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PREFACE

Cosmetics and personal care products have played an essential role in our lives for
thousands of years. Today, an increasing number of products are aimed at special
target audiences and gain importance in groups that have not received as much
attention in the past. Innovation, creative thinking, and problem solving are essential
skills needed in the cosmetic industry. However, the most important skill of all
is a strong foundation and basic understanding of the main principles. Cosmetic
science is a delicate blend of a variety of knowledge, including chemistry, biology,
formulation science, pharmacology, marketing, and law. Until now, these knowledge
bases were presented in separate books written for specific professional audiences.
Non-professionals were often left with no options to find a single, comprehensive
source containing all the information they need.

This book seeks to bridge the gap between basic science books and the highly
advanced published literature and is intended to serve as a comprehensive reference
for the field of cosmetic science. It covers all the major aspects of cosmetic formu-
lation and technology at both fundamental and practical levels. In this regard, this
book aims at broadening the readers’ knowledge and introduces them to the intrigu-
ing world of cosmetics and personal care products. It is designed to provide a basic
understanding of cosmetics and personal care products, including their regulation,
main characteristics, ingredients, formulation, testing, and packaging, with the pri-
mary focus on the products available in the United States.

This book is divided into seven chapters. The first two chapters are concerned
with general concepts and basic definitions and include an overview of the current
legislation covering cosmetics and drugs in the United States. The next five chapters
discuss the various types of color cosmetics and personal care products. The most
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beneficial way to discuss products used in our everyday lives is by application sur-
face and function. This book is organized in such a manner. Chapter 3 focuses on the
various types of skin care products, including skin cleansing products, skin moisturiz-
ing products, products for special skin concerns, such as aging and acne, sunscreens,
as well deodorants and antiperspirants. Chapter 4 relates to makeup products for the
lips, eyes, face, and nails. Chapter 5 discusses various products applied to the hair,
including hair cleansing products and conditioners, hair styling products, and hair
coloring products. Chapter 6 provides an overview of dental and oral care products,
including toothpaste and mouthwash. Finally, Chapter 7 discusses smaller, but sig-
nificant, product categories, including hair removal products, sunless tanners, baby
products, and feminine hygiene products.

Each of these five chapters focusing on various products follows the same struc-
ture and includes an overview of the structure and function of the relevant application
surfaces; basic principles relevant to the chapter; types and definition of various prod-
ucts related to the chapter; history of product use; how the products may affect the
application surfaces; required qualities and characteristics of products and consumer
needs; an overview of the main ingredients, characteristics, and formulation of the
products; typical quality problems related to the formulation and/or use of products;
product testing and, finally, packaging.

Each chapter of this textbook features a unique structure to enhance the readers’
experience and facilitate the learning process. At the beginning of each section is a
list of learning objectives telling the readers what important information they will be
expected to know after reading and studying the chapter. The terms they will need
to know in each section are also provided at the beginning of the section in a box.
Throughout the text, brief “Did you know?” paragraphs draw attention to interesting
information that will enhance the understanding of the material in the text. FYI (For
Your Information) boxes direct readers to a particular website or other resource for
further information. Each section ends with questions designed to test the readers’
understanding of the section’s information. The answers to these review questions
can be found at the end of the book. All key terms and their definitions are included
in a glossary of terms at the end of each section.

The wide variety of topics found in this book should benefit a large audience
interested in cosmetic science, including undergraduate students, graduate students,
researchers, students in beauty schools, and those concerned with regulation, sales,
and marketing of cosmetics and personal care products. The up-to-date and com-
prehensive content of this book may also be of interest to the non-specialist reader.
Finally, it is our hope that this book would serve as a standard textbook for cosmetic
science education.
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1

GENERAL CONCEPTS

SECTION 1: BASIC DEFINITIONS

[%J LEARNING OBJECTIVES

Upon completion of this section, the reader will be able to

1. define the following terms:

Claim Personal care product Cosmetic science Drugs
Cosmeceutical FD&C Act Dietary supplement  Soap
Cruelty-free USDA Cosmetics Organic
Intended use Hypoallergenic FDA Toiletries

2. discuss whether cosmetic science is really a science or not;

3. discuss what knowledge and background education are necessary if one wants to
work in the cosmetic industry;

4. differentiate between a cosmetic and a drug;

5. explain what the main factor is that legally differentiates cosmetics and drugs in
the United States;

Introduction to Cosmetic Formulation and Technology, First Edition. Gabriella Baki and Kenneth S. Alexander.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.



WWW.

11.

TALOANPRESS. COM

CHAPTER 1: GENERAL CONCEPTS

. explain how certain products can be both drugs and cosmetics;
. explain how a cosmetic product’s intended use is established in the United States;
. explain why cosmeceuticals represent a gray zone between cosmetics and

over-the-counter (OTC) drug—cosmetic products in the United States;

. discuss if dietary supplements are cosmetics or not in the United States;
10.

explain what the following terms mean and how their use is regulated in the
United States: organic, hypoallergenic, cruelty-free, preservative-free, dermatol-
ogist recommended, clinically proven, patented formula, and pH balanced;

explain how soaps are regulated in the United States;

KEY CONCEPTS

1.

Cosmetic science is a real science, and it is a multidisciplinary field since it
includes basic knowledge and a wide range of information from a number of
different scientific fields.

. Cosmetics are articles intended to be rubbed, poured, sprinkled, or sprayed on,

introduced into, or otherwise applied to the human body or any part thereof for
cleansing, beautifying, promoting attractiveness, or altering the appearance with-
out affecting structure or function.

. Drugs are articles intended for use in the diagnosis, cure, mitigation, treatment, or

prevention of disease and articles (other than food) intended to affect the structure
or any function of the body of man or other animals.

. The legal difference between a cosmetic and a drug in the US is determined by a

product’s intended use, i.e., what the product is used for.

. In the US, certain products can be cosmetics and drugs at the same time since they

meet the definitions of both cosmetics and drugs.

. A cosmetic product’s intended use can be established in a number of ways, includ-

ing claims, consumer perception of the product, and the history of an ingredient.

. Many claims commonly used today for cosmetic products are not recognized or

used by the Food and Drug Administration (FDA) in any sense and have only
limited scientific evidence behind them. However, the use of these words is not
prohibited, which is why they are used.

. True soaps are regulated by the Consumer Product Safety Commission and not by

the FDA.

What is Cosmetic Science?

Generally speaking, science is the organized body of knowledge that is derived from
a systematic observation of natural events and conditions and that can be verified or
tested by further investigations.! Examples for science include chemistry, biology,
and physics. Is cosmetic science considered a real science? When trying to answer
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this question, we tend to think of information we saw, heard, or read in the news or
on TV. In addition, public opinion and religion may also influence the perception of
what constitutes a real science. Today, there are a number of doubtful consumers and
even professionals who are wondering what cosmetic science is all about. Depending
on the source of the information, cosmetic science has been identified as follows:

Commercial science that tries to find reasons for selling a product.

Comparative science based on the fact that many manufacturers compare their
own products to other manufacturers’ products and try to convince consumers
why to buy their products instead of other companies’ products.

Traditional science, such as chemistry or physics, where there are hypotheses
and scientists try to justify or deny them by performing a number of tests and
reactions.

Borderline science as it is a transition among a number of different scientific
fields, including pharmacy, chemistry, dermatology, and marketing, among oth-
ers.

Some consumers believe that it is really not a science.”

Let us review what knowledge and background education is needed if someone
wants to work in the cosmetic industry as a scientist.

Basic knowledge of anatomy and physiology is needed to understand the struc-
ture and function of the skin, hair, lips, teeth, and so on, to where products are
usually applied.

To be able to formulate effective, stable, and safe products that have appeal-
ing aesthetics, appropriate performance, and compatibility with the applica-
tion surfaces, it is necessary to understand the basic physical, chemical, and
physicochemical properties of the raw ingredients that are typically used. There-
fore, a chemical background, including organic, inorganic, colloid, and poly-
mer chemistry, is also required.

To be able to choose appropriate ingredients, the basic properties and thera-
peutic effects of the raw materials on the target surfaces have to be known.
Therefore, a basic pharmacological education is also inevitable.

Future formulators also need to be aware of and understand the different dosage
forms from which they can choose to incorporate the ingredients. Additionally,
they have to know the various manufacturing techniques that are used to produce
the dosage forms. Therefore, they need to be taught formulation technology.
It goes without saying that basic knowledge and understanding of the cur-
rent guidelines, rules, and regulations relevant for cosmetics and OTC
(over-the-counter) drug—cosmetic products are essential. As part of the
regulations, one needs to be aware of and understand the rules that regulate
labeling and packaging of a final cosmetic product.

Education in analytical sciences as well as microbiology is also important in
order to understand the different types of tests and testing methods that are
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performed for cosmetics and OTC drug—cosmetic products to evaluate their
performance, efficacy, safety, and stability.

®m Additionally, understanding what consumers expect from products and what
their needs are is also required in order to be able to target those needs and
satisfy consumers (consumer needs).

B Finally, basic understanding of marketing and business is essential to under-
stand how a business, such as the cosmetic industry, works.

Based on all of the above, we can conclude that @ cosmetic science is a real
science, and it is a multidisciplinary field since it includes basic knowledge and
a wide range of information from a number of different scientific fields. It is
involved with developing, formulating, and producing cosmetics and personal care
products. See a summary of this information in Figure 1.1.

Formulation
technology

Pharmacology‘

Currentrules |
and regulation: Analytical
sciences

Microbiology

Customer

Chemistry needs

Anatomy and [ Cosmetic '|\
physiology v science | "\

Figure 1.1 Scientific areas contributing to cosmetic science.

Marketing and
business

Basic Definitions

Is It a Drug or a Cosmetic? Today, we can find cosmetics and personal care products
almost everywhere, including grocery stores, pharmacies, beauty salons, or even gas
stations. But, what are cosmetics? Is there a definition for them? When people are
asked the question “What do you think cosmetics are?”, the answer is often “The
hundreds of makeup products that my wife puts on her face,” “The products that an
aesthetician uses,” “I guess my shaving cream,” or “My antiwrinkle cream.” These
answers do not completely cover the spectrum of cosmetics available, and some of
them are even not true. You as a health science professional have to be aware of the
basic definitions and able to apply them and act in accordance with them.
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United States In the United States, the Food and Drug Administration (FDA) has
authority over cosmetic products, drugs, and foods. Within the FDA, the Office of
Cosmetics and Colors, which is within the Center for Food Safety and Applied Nutri-
tion (CFSAN), regulates cosmetics (see more information in Section 2 of Chapter
2).3 The legal responsibilities and requirements are laid down in the Food, Drug and
Cosmetic (FD&C) Act, which was introduced in 1938 as a revision of the Food and
Drugs Act of 1906. The FD&C Act defines two main categories of products, namely
cosmetics and drugs.

®m Cosmetics The FD&C Act defines @ cosmetics by their intended use as
follows:* “Articles intended to be rubbed, poured, sprinkled, or sprayed on,
introduced into, or otherwise applied to the human body or any part thereof
for cleansing, beautifying, promoting attractiveness, or altering the appearance
without affecting structure or function.” Among the products included in this
definition are skin moisturizers, lipsticks, nail polishes, eye and facial makeup
products, shampoos, permanent waves, hair coloring products, and deodorants
as well as any material intended for use as a component of a cosmetic product.

B Drugs Drugs are also regulated under the FD&C Act by a different office,
namely the Office of Nonprescription Drugs, within the Center for Drug Eval-
uation and Research (CDER) (see more information in Section 2 of Chapter 2).
According to the FD&C Act, © drugs are®: “Articles intended for use in the
diagnosis, cure, mitigation, treatment, or prevention of disease” and “articles
(other than food) intended to affect the structure or any function of the body of
man or other animals.”

As regulated by the FDA, there are two categories of drugs: OTC drugs and
prescription-only drugs. OTC drugs can be purchased without a prescription, as their
name states. These products are considered safe and effective for use by the general
public without a prescriber’s authorization. Examples include products we can buy
for headache, sore throat, and allergy. On the other hand, prescription medications
require a prescription written by a licensed doctor before they can be purchased by
patients. These drugs are not safe for self-treatment for several reasons; this is why
they cannot be used without a doctor’s supervision. Examples include antibiotics,
contraceptives, and drugs taken for high blood pressure.

The two definitions (i.e., that of cosmetics and drugs) provided by the FD&C Act
legally determine whether a formulation is a drug or a cosmetic. It is important to
note that @ the legal difference between a cosmetic and a drug in the US is deter-
mined by a product’s intended use,’ i.e., what the product is used for, and not
the ingredients in the product. Therefore, if the intended use relates to the prevention
and treatment of a disease, the substance is a drug; if its intended use is described in
advertisements as promoting attractiveness, the product is a cosmetic.

You may wonder why you have to know the definition of both cosmetics and drugs
if you want to work for the cosmetic industry. At this point, you have to understand
that, @ in the US, certain products can be cosmetics and drugs at the same time
if they meet the definitions of both cosmetics and drugs. These products will be
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referred to as OTC drug—cosmetic products in this textbook. As described previously,
the main factor that legally differentiates a drug from a cosmetic in the US is the
intended use of the product. Double function may happen when a product has two
intended uses. For example, a shampoo is a cosmetic because its intended use is to
cleanse the hair. An antidandruff ingredient is considered a drug because it is intended
to be used to treat dandruff. Consequently, an antidandruff shampoo is both a cosmetic
and a drug (see Figure 1.2).

g e > - ‘“\\ g \
/ \\ \ /Antidandruﬂ

Shampoo | [ 1 Ai:t;;?:crj]iil:tﬁ ] shampoo |

. |
Cosmetic | Drug and
Drug : cosmetic

Figure 1.2 An antidandruff can be considered an OTC drug—cosmetic product.

Additional examples for products that have both drug and cosmetic functions
include the following:

m Toothpaste that contains fluoride to prevent tooth decay. Its cosmetic function
is to clean and refresh the teeth and oral cavity. The presence of fluoride (e.g.,
sodium fluoride), however, makes this product to be considered an OTC drug
product, which, in addition to cleaning and freshening, also prevents a disease,
i.e., tooth decay.

B Deodorants that not only mask bad body odor but also alter the normal process
of perspiration, i.e., antiperspirants.

B Mouthwash that contains ingredients to prevent and/or treat gingivitis (i.e.,
inflammation of the gums).

m Facial foundations that also contain sunscreens to protect the skin from the
harmful radiation of the sun.

® Facial cleansers that contain antiacne active ingredients to prevent and/or treat

acne vulgaris.

m Hand soaps that contain antibacterial agents to kill germs.’

It has to be emphasized that neither the term “OTC drug-cosmetic product” is
recognized by the FDA, nor there is an official definition for this terminology. How-
ever, these products are subject to the FDA’s regulations for both drugs and cosmetics
(not just for drugs as allergy medications). Therefore, this term will be used in this
textbook. The purpose of using this terminology is to make readers understand the
uniqueness of this category from a regulatory perspective. Simple OTC products,
such as painkiller tablets, have only one intended use and do not have any cosmetic
function. However, products called OTC drug—cosmetic combination products have
both drug and cosmetic functions, which makes them unique among OTC products.
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In the US, most cosmetics that are also drugs are considered OTC drugs. These
products are regulated by both CDER and CFSAN.?# There are only a small number
of products that are prescription-only drugs and still offer cosmetic benefits for the
users.

@ DID YOU KNOW?

While the FDA only defines cosmetics and drugs, consumers and companies often
use the terms “personal care product,” “decorative care product,” “makeup,”
“color cosmetic,” and “toiletries.” But what are these terms? The term “toiletries”
is often used for products that are used to clean the body, hair, and teeth, for
example, a bodywash, shampoo, and toothpaste, respectively. This term is
quite often used interchangeably with personal care products. The terms “color
cosmetics,” “makeup,” and “decorative care products” are generally used for
products primarily applied by women to make themselves more attractive, for
example, a lipstick, mascara, and nail polish. However, it should be kept in mind
that these terms do not reflect the legal state of the products, i.e., whether they
are cosmetics or drugs. Even a lipstick can be a drug if it contains sunscreens.

Definition of Cosmetics in Other Markets In addition to the US, the major markets
for cosmetics are considered to be in Europe, Canada, and Japan. The definitions
and regulations of cosmetics in these markets are slightly or significantly different
from those in the US and also from one another. It means that the same product types
may be categorized in a different way in different markets. It is especially important
for companies that export their products from one country to another, since in this
case, they have to meet the other countries’ definitions and regulations. To provide
readers with a general picture, the basic definitions in these markets are reviewed
here.

EuroPEAN UNION In the European Union (EU), cosmetics are regulated under the
Cosmetic Products Regulation (EU Regulation 1223/2009), which replaced the Cos-
metics Directive (76/768/EEC of 1976). The provisions of the EU Cosmetic Products
Regulation aim at ensuring that consumers’ health is protected and that they are well
informed by monitoring the composition and labeling of products. According to the
Regulation, a cosmetic is’: “Any substance or mixture intended to be placed in con-
tact with the external parts of the human body (epidermis, hair system, nails, lips
and external genital organs) or with the teeth and the mucous membranes of the oral
cavity with a view exclusively or mainly to cleaning them, perfuming them, changing
their appearance, protecting them, keeping them in good condition or correcting body
odors.”
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The requirements and procedures for the marketing authorization of medicinal
products for human use, as well as the rules for the constant supervision of products
after they have been authorized, are primarily laid down in different regulations,
namely Directive 2001/83/EC (which has been amended in 2004 by Directive
2004/27/EC) and Regulation (EC) No. 726/2004. A medicinal product (i.e., drug) is
defined as follows:'®!! “(a) Any substance or combination of substances presented
for treating or preventing disease in human beings or animals. (b) Any substance or
combination of substances which may be used in or administered to human beings
or animals with a view to making a medicinal diagnosis or to restoring, correcting or
modifying physiological functions by exerting a pharmacological, immunological
or metabolic action.”

The definition of a medicinal product covers substances that have an effect on
the human body. However, as it is agreed in the EU, this definition is only relevant
to ingredients that significantly affect the metabolism of the human body. Products
such as toothpastes that simply help protect against certain diseases, for example,
dental caries, do not qualify them as a medicinal product in the EU member states.!?
Now you understand that a cosmetic in the EU can have a mild activity and possess
pharmaceutical activity. It results in the fact that sunscreens and antidandruff sham-
poos, for instance, are considered cosmetics in the EU; however, they are considered
drugs in the US. An important difference is that in the EU, a product can be either a
cosmetic or a drug but not the combination of both.

CaNADA In Canada, cosmetics and drugs are regulated by Health Canada under
the Food and Drugs Act and its Cosmetic Regulations.'® Let us review how they
define these product categories. Legislation in Canada identifies two main categories
of products: cosmetics and drugs, including nonprescription (OTC) drugs.

According to Health Canada, a cosmetic product is:'* “Any substance used to
clean, improve or change the complexion, skin, hair, nails or teeth. Cosmetics include
beauty preparations (makeup, perfume, skin cream, nail polish) and grooming aids
(soap, shampoo, shaving cream, deodorant).”

The Food and Drug Act defines drugs as follows:'* “Any substance or mixture
of substances manufactured, sold or represented for use in (1) the diagnosis, treat-
ment, mitigation or prevention of a disease, disorder, abnormal physical state, or the
symptoms thereof in man or animal, (2) restoring, correcting or modifying organic
functions in man or animal, or (3) disinfection in premises in which food is manufac-
tured, prepared or kept.”

According to Health Canada, a personal care product can be defined as a substance
or mixture of substances that is generally recognized by the public for use in daily
cleansing or grooming. Depending on the ingredients and the claims of a product (i.e.,
statements referring to the expected effect of products found on product labels, on the
Internet, in advertisements, and in any promotional materials), a personal care product
can be regulated as a cosmetic or a drug. As you can see, Canada also differentiates
between drugs and cosmetics; however, unlike in the US, a product can be included
only within a single category.
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JapaN InJapan, cosmetics and drugs are regulated by the Ministry of Health, Labour
and Welfare (MHLW) under the Pharmaceuticals Affairs Law (PAL). The PAL was
first adopted in 1943 and was amended several times until 2001. The current PAL was
implemented in 2001, and it is often referred to as the “deregulation” since a number
of mandatory requirements were ablated by the new regulation. The PAL defines
three relevant categories of products: cosmetics, quasi-drugs, and drugs. According
to the PAL of Japan, the term “cosmetic” refers to:!> “Items (other than quasi-drugs)
with mild action on the human body and which are intended to be applied to the
human body by means of rubbing, sprinkling and the like for the purpose of cleaning,
beautifying, adding to the attractiveness, altering the appearance, or keeping the skin
or hair in good condition.”

Under the same act, the term “drug” is defined as follows: "> “(1) Items recognized
in the Japanese Pharmacopoeia; (2) items (other than quasi-drugs) which are intended
for use in the diagnosis, cure or prevention of disease in humans or animals, and which
are not equipment or instruments (including dental materials, medical supplies and
sanitary materials), and (3) items (other than quasi-drugs and cosmetics), which are
intended to affect the structure or functions of the body of humans or animals, and
which are not equipment or instruments.”

Unlike the US, Canada, and EU, Japan has an additional category, the so-called
quasi-drugs, and includes products that fall in between the two abovementioned cat-
egories. According to the PAL, the term “quasi-drug” applies to:'> “Items that have
mild action on the human body but are not intended for the uses in the diagnosis, cure
or prevention of disease or to affect the structure or function of the body. The pur-
poses of use of quasi-drugs are specified in the PAL as: prevention of nausea or other
discomfort, foul breath or body odor; prevention of prickly heat, sores and the like;
prevention of hair loss, to promote hair growth, or for hair removal; and eradication
of or repellence of rats, flies, mosquitoes, fleas, etc. for the health of man or other
animals.”

A quasi-drug is defined in Japan as a product that has minimal to moderate
pharmacologic activity but is restricted in use to specific indications. Products in this
class include bath preparations, skin whitening products, acne products, antidandruff
shampoos, fluorinated toothpaste, hair dyes, and many others. These products are
considered borderline medicinal products, which are categorized differently in
various markets.

15 <«

Summary Now that we reviewed the four major markets’ definitions of cosmetics
and drugs, you understand that these definitions are not the same and do not cover the
same types of products. It results in the fact that a simple product, such as a sunscreen,
is defined and regulated in a different way in the US, EU, Canada, and Japan. The most
important consequence of this is that it makes import quite difficult. After reading
Chapter 2, which is about the rules and regulations of cosmetics and drugs in the
US, you will understand that the deviations previously make big differences from a
regulatory aspect.
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How is a Product’s Intended Use Established in the United States?

You saw that the intended use of the product has an essential role in categorizing a
product in the US. But how is the intended use of a product determined? @ A cosmetic
product’s intended use can be established in a number of ways, including claims,
consumer perception of the product, and the history of an ingredient.®

B Claims Claims reflect the expected effects of a particular product. It should be
noted that certain claims may cause a product to be considered a drug, even if the
product is marketed as a cosmetic. Examples for cosmetic claims include “mois-
turizes skin,” “cleans hair,” and “freshens breath,” while drug claims include
“reduces wrinkles,” “helps prevent chapped lips,” and “restructures the deepest
epidermal layers.” Cosmetics cannot be marketed with drug claims; therefore,
products sold as cosmetics but advertised with drug claims are subject to reg-
ulatory action. In the majority of the cases, the FDA issues a warning letter
to the companies making drug claims to their cosmetic products and recom-
mends them to change the wording of their claims in order to avoid regulatory
difficulties.

B Consumer Perception Consumer perception is established through the prod-
uct’s reputation. This means asking consumers to fill out questionnaires about
why they buy a particular product and what they expect the product to do. It
provides a basic understanding of the claims by the consumer. In addition, it
reflects whether a claim that was intended to be a cosmetic claim is understood
as a cosmetic claim and is not misinterpreted.

® The History of an Ingredient’s Use The presence of a pharmacologically
active ingredient in a therapeutically active concentration can make a product a
drug, even in the absence of explicit drug claims. When an ingredient is known
to have drug-like effects (such as sodium fluoride can prevent cavities), and
it is incorporated into a product, it will automatically make the product to be
considered a drug as the intended use will be the prevention and/or treatment
of a disease. Although the explicitly stated intended use is the primary factor
in determining the cosmetic versus drug product category, the type and amount
of the ingredient(s) present in a product must be considered in determining its
regulatory status, even if a product does not make explicit drug claims.

Popular Cosmetic Claims

Claims are statements found on product labels, in TV and radio ads, and in magazines,
indicating the expected positive effects of a product (e.g., softens and smoothens skin,
visibly tightens pores), the look the product provides (e.g., vibrant color, flawless fin-
ish), or the absence of ingredients that may cause safety concerns (e.g., paraben-free,
noncomedogenic). This part reviews some of the most popular cosmetic claims in
the US, such as cosmeceutical, organic, hypoallergenic, and cruelty-free. What do
these terms mean? Do they have an official definition for them? Are these recog-
nized by the FDA? The truth is that many of these terms were created by marketing
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people to make products sound catchy, innovative, trustworthy and appealing and
raise consumer’s interest. @ Many claims commonly used today for cosmetic prod-
ucts are not recognized or used by the FDA in any sense and have only limited
scientific evidence behind them. However, the use of these words is not prohib-
ited, which is why they are used. Since these words are used in TV commercials, in
advertisements, and on product labels, it is worth discussing them.

Cosmeceuticals When the term “cosmeceutical” was introduced in the 20" century,
it was used for prescription-only products that addressed appearance issues, such
as acne.'® Today, this term is mainly used for multifunctional products that can be
purchased as cosmetics and that are advertised to offer additional skin benefits over
simple cosmetics. The term itself sounds like the combination of the terms “cosmet-
ics” and “pharmaceuticals” (i.e., drugs), which catches the consumers’ interest.

Cosmeceuticals are generally advertised to contain bioactive ingredients that,
although are not drugs, have visible and measurable short-term and long-term effects
on the skin, such as improvement of fine lines. Examples for bioactive ingredients
include vitamins, antioxidants, proteins, anti-inflammatory agents, and many others.

Although it is a frequently used word by skin care professionals and physicians,
the term is not recognized by the FDA. The FDA states “a product can be a drug, a
cosmetic, or a combination of both; therefore, the term cosmeceutical has no meaning
under the law.” As discussed previously, Japan has a specific category of products that
are in between cosmetics and drugs (called quasi-drugs). In the US, however, there
is currently no such category.

These products represent a gray zone between cosmetics and drugs (see
Figure 1.3) as many of them are sold as cosmetics; however, they may have drug-like

Cosmetics

Figure 1.3 The two legal categories of personal care products in the US, i.e., drugs and cos-
metics, are shown as black and white, while cosmeceuticals represent a gray zone between
these two categories.
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effects on the applied surfaces. For example, a number of today’s anti-wrinkle
formulations are advertised as cosmeceuticals and sold as cosmetics. As we do not
have a long history of use for many bioactive ingredients, we lack the established
pharmacological profile for them. Cosmeceuticals are currently defined by the
claims made about their intended use and ingredients they contain. For example, a
product that “eliminates wrinkles” is a drug, while a product that “minimizes the
appearance of wrinkles” is a cosmetic, even though they both may contain the same
ingredients.'®

Nutraceuticals There is a distinct category of products, known as dietary supple-
ments or nutraceuticals, that are often thought to be cosmetics by consumers based
on the claims heard on TV and seen on the Internet and printed media (i.e., “beauty
from the inside out” and “beauty from within”). These products often claim to make
the hair, skin, and nails look healthier, shinier, and stronger.

Although they may be believed to be cosmetics, dietary supplements represent a
specific category separate from foods, drugs, and cosmetics. The word “nutraceuti-
cal” refers to the combination of natural ingredients and pharmaceuticals. Dietary
supplements are also regulated by the FDA; however, they are defined in the Dietary
Supplement Health and Education Act (DSHEA) of 1994 it is not the FD&C Act that
regulates cosmetics.!” These products contain dietary ingredients such as vitamins,
minerals, herbs or other botanicals, amino acids, and substances such as enzymes,
organ tissues, glandulars, and metabolites. Dietary supplements can also be extracts
or concentrates and may be found in many forms such as tablets, capsules, softgels,
gelcaps, liquids, or powders. According to the FDA, a dietary supplement is: “A
product taken by mouth that contains a dietary ingredient intended to supplement the
diet.”

Whatever their form may be, DSHEA places dietary supplements in a special cat-
egory under the general umbrella of foods, not drugs, and requires every supplement
to be labeled as a dietary supplement. Keep in mind that dietary supplements are a
legal category; however, they are not cosmetics.

Organic Products Today, there is a growing consumer demand for products con-
taining organic ingredients, also known as natural, ingredients. These ingredients are
believed to be healthier and safer than their synthetic pairs. However, this is not nec-
essarily true. An ingredient’s source does not determine its safety. There are many
toxins produced by animals and plants that are poisonous to the human body (e.g.,
the venom of vipers and the poison-dart frog or the alkaloids found in poison hem-
lock). A more common example is the “poison” (known as cyanogenic glycoside)
found in apple seeds and apricot seeds. Their amount in a single apple or apricot is
usually not enough to be dangerous to humans, but it is possible to ingest enough
seeds to provide a fatal dose and eventually die.



WIWW. FALOANPRESS. COM

SECTION 1: BASIC DEFINITIONS 13

@ DID YOU KNOW?

Socrates, a Greek philosopher, was killed by the poison of poison hemlock in
399 BC. Its main alkaloid is a neurotoxin; ingestion in any quantity could result
in respiratory collapse and death. The alkaloid causes death by blocking the neu-
romuscular junction. It results in an ascending muscular paralysis with eventual
paralysis of the respiratory muscles, which results in death due to lack of oxygen
to the heart and brain.

To many consumers, naturally sounding ingredients, such as aloe extract,
chamomile extract, and lemon seed extract, mean natural ingredients and equal
safety. However, it should be known that these ingredients can be synthetized
in laboratories, which results in the exact same chemical structure and physical
characteristics. Therefore, the name of an ingredient does not mean it has a natural
origin. A general concern with natural ingredients is that they often contain a mixture
of various ingredients, depending on the amount of light, humidity, temperature, and
nutrients the plants received during cultivation. In the case of synthetic ingredients,
their exact composition is always known and is easy to control; however, this is
not true for natural products. Therefore, natural ingredients may have a higher
chance of interactions with other ingredients in products. Additionally, we do not
have an established safety profile for a number of natural ingredients, and we do
not know whether they can cause allergic reactions, and if yes, to what extent.
Moreover, the actual prevalence of adverse effects when using organic ingredients
is often unrecognized or underreported.'® Therefore, consumers should be careful
with natural ingredients as adverse effects, such as skin irritation, sensitizations,
phototoxicity, and allergy, have been reported.!®?

The term “organic” is not defined in any of the FDA’s laws or regulations. How-
ever, the term is regulated by the Agricultural Marketing Service of the US Depart-
ment of Agriculture (USDA) as it applies to agricultural products through its National
Organic Program (NOP) regulation.?! In addition to agricultural products (organic
foods and beverages), the USDA also certifies cosmetics and personal care products
if they contain or are made of agricultural ingredients and can meet the USDA/NOP
organic production, handling, processing, and labeling standards. The USDA, how-
ever, has not created specific organic standards for formulating and labeling personal
care products that contain organic ingredients; the standards used are the same for
foods, beverages, and personal care products. The USDA has four categories of ingre-
dients/products based on the amount of organic ingredients in a product and other
factors. The categories are the following: 100% organic, organic, made with more
than 70% organic ingredients, and made with less than 70% organic ingredients.
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Products in order to be labeled “100% organic” must contain only organically
produced ingredients. These products can display the USDA organic seal.

Products in the “organic” category must contain at least 95% organically pro-
duced ingredients. The regulation has requirements for the remaining 5% as
well. These products can also display the USDA organic seal.

Products in the “made with more than 70% organic ingredients” contain at least
70% organic ingredients. They can be labeled “made with organic ingredients.”
These products can list up to three of the organic ingredients on the princi-
pal display panel (see more information on this type of panel in Section 1 of
Chapter 2). The products may not display the USDA organic seal.

Products in the last category cannot use the term “organic” anywhere on the
principal display panel. However, they may identify specific ingredients that
are USDA certified on the information panel (see more information on this type
of panel in Section 1 of Chapter 2). These products may not display the USDA
organic seal.”!

In addition to the USDA, cosmetics and personal care products may be certified

by other certification programs, including the ANSI 305 established by the National
Sanitation Foundation (NSF) International®> and the OASIS (Organic and Sustainable
Industry Standards) program established by the cosmetic industry.??

@ DID YOU KNOW?

Cosmetic products labeled with organic claims must comply with both USDA reg-
ulations (or other certifier’s regulations) for the organic claim and FDA regulations
for labeling and safety requirements for cosmetics.

When purchasing organic cosmetics and personal care products, consumers should

be looking for the certifying agency’s name and/or logo as well as the ingredients
being identified as organic. As discussed previously, the name of an ingredient does
not refer to its source.

@ DID YOU KNOW?

The NOP is the federal regulatory framework governing organic food. It is admin-
istered by USDA. The NOP covers in detail all aspects of food production, pro-
cessing, delivery, and retail sale.>*
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Hypoallergenic Products Hypoallergenic cosmetics are products claimed to pro-
duce fewer allergic reactions than other non-hypoallergenic cosmetic products. Con-
sumers with hypersensitive skin and even those with normal skin may be led to believe
that these products will be gentler to their skin than non-hypoallergenic cosmetics.
However, it should be noted that there is no federal standard or definition for the
use of the term “hypoallergenic.” The term means whatever the particular company
or consumers want it to mean. Manufacturers of hypoallergenic cosmetics are not
required to submit data and test results to the FDA to substantiate their hypoaller-
genicity claims.?> The term usually refers to products that do not contain ingredients
known to cause allergic reactions, such as fragrances. However, as the use of the term
is not regulated, it is recommended that consumers with sensitive skin check the list
of ingredients on cosmetic labels and see whether there are any ingredients in the
product that may cause problems to them.

Cruelty-Free Products “Cruelty-free” or “Not tested on animals” claims can often
be found on labels or advertisements. Animal testing is a hot topic all over the world.
Various animal protection organizations have protested against testing cosmetic prod-
ucts on animals, and in certain markets, testing has already been prohibited. In the
EU, testing of finished products and ingredients on animals has already been prohib-
ited (it is referred to as the testing ban). In addition, marketing of finished cosmetics
or cosmetic products that have been tested on animals or that contain ingredients that
have been tested on animals is being prohibited after March 11, 2013 (it is referred
to as the marketing ban).?

In the US, the FD&C Act does not specifically require the use of animals in testing
cosmetics for safety. However, the agency advises cosmetic manufacturers to employ
whatever testing is appropriate and effective for substantiating the safety of their
products. Therefore, it remains the responsibility of the manufacturer to substanti-
ate the safety of both ingredients and finished cosmetic products prior to marketing.
It means that animal testing may be used to establish product safety. Alternative
methods to replace animal experiments, such as ex vivo studies (i.e., studies using
tissues from an organism in an external artificial environment), have been developed
in the past decade. However, they are still not accepted officially by the regulatory
agencies in the US due to various reasons. One of the biggest challenges is to try
mimicking the complexity of the human tissues as they act together in an artificial
environment.

With respect to the “cruelty-free” and “not tested on animal” claims, there is no
legal definition for them. Therefore, companies can use these phrases as they like. An
important note is that, even if they use these terms for products that were not tested
on animals, it does not mean that the raw materials were not tested on animals years
ago when they were first introduced. The FDA says that “a cosmetic manufacturer
might only use those raw materials and base their cruelty-free claims on the fact that
the materials or products are not currently tested on animals.”?’

Preservative-Free Products Preservatives protect cosmetic formulations from
microbiological contamination, for example, overgrowth of molds, yeast, and
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bacteria in lotions (see more information in Section 2 of this chapter). As the
majority of cosmetic formulations contain water, protection against bacteria, molds,
and yeast is essential. All products containing water should contain some types of
preservative to provide appropriate beyond use date for their products and safety for
consumers. Therefore, a “preservative-free” claim is questionable most of the time.
We can rarely find products that have an acceptable shelf life without any preser-
vatives. As the major problem is water, which necessitates the use of preservatives,
products not containing water (the so-called anhydrous formulations) do not have
to contain preservatives and can still have acceptable shelf life. Other product types
that can claim to be “preservative-free” include formulations containing a higher
percentage of ethanol, which is widely known to have an antimicrobial activity. In
addition, certain products have a specific pH value that does not favor the growth of
microorganisms. There are also special types of packaging materials, such as airtight
packaging, which ensures the absence of organisms.

@ DID YOU KNOW?

Water-based cosmetic products provide a perfect environment for microbial
growth, and the products’ additional components can serve as nutrients for these
microorganisms. It should be kept in mind that a contaminated product (which
may show no visible signs of contamination) is much more dangerous for users
than preservatives.

It should be noted that one of the most widely and most frequently used preser-
vatives are called the parabens. These ingredients are very effective even in very
low concentration; however, they can cause allergic reactions in sensitive consumers.
Additionally, concerns arose with regard to the safe use of parabens (see more infor-
mation in Section 2 of Chapter 3). They were linked to breast cancer and endocrine
disruption.?$? Although no study has confirmed the potential risks of using parabens
on human health, the claims that they can cause breast cancer and endocrine dis-
ruption have been widely spread. As many consumers are afraid of using products
containing parabens, many formulators have substituted parabens with other types
of preservatives to ensure product longevity. They usually also claim their products
to be “paraben-free.” If you see this claim on a product, it refers to the fact that the
product does not contain parabens. However, it does not mean that it does not contain
any sort of preservatives.

Another frequent claim with regard to preservatives is “no added preservatives.”
It means that the product formulators did not add any ingredients to the formula-
tion whose primary function would be preservation. However, there are a number
of cosmetic ingredients that have a primary effect, such as skin conditioning, and
have a limited antimicrobial property as well. In such cases, the ingredient added
for its conditioning activity will also prevent microbial contamination in the product
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to a certain extent. These types of preservatives are usually called “nonpreservative
preservatives” as their primary function is not the prevention of contamination. Their
efficacy, however, may be not as good as that of parabens; therefore, formulations
often have to use a higher amount of these ingredients.

“Dermatologist Recommended” Products The claim “dermatologist recommend-
ed” is commonly used on cosmetic products. It may lead consumers to believe that
a medical panel of dermatologists has evaluated the product thoroughly and recom-
mends it based on proven results. The truth is that there is no governing body in the
US requiring cosmetic companies to show data on whether a dermatologist, a few,
or a large number of them tested and recommend a cosmetic product. A “dermatol-
ogist recommended” claim is probably based on a product survey, and one or many
dermatologists could have endorsed the product. It would also be valuable to know
how many of them were neutral, disliked, or hated the product. In addition, it is also
worth mentioning that even ingredients considered safe can initiate allergic reactions
in sensitive patients. Therefore, unless the products were tested on a wide majority of
users over an extended period of time, such a claim has only a little scientific value.

“Clinically Proven” Claims The claim “clinically proven” is scientific and powerful
in the consumers’ mind. Since claims made about cosmetic products must be truthful
and proven (as required by the Federal Trade Commission, see more information on
the FTC in Section 3 of Chapter 2), usually there is a science behind such claims, and
companies perform tests to back up their claims. It should be noted that clinical testing
is not required for cosmetic products that do not have drug claims. The “clinically
proven” claim refers to the fact that a product was tested in a clinical environment on
humans; however, the details of the clinical testing are usually not provided. Important
factors to consider in the case of clinical studies include the number of participants,
whether they truly represent a wider group of usual consumers, skin condition of the
participants (whether they had any skin sensitivity, allergy, skin disease, etc.), the use
and type of a reference product, length of the study, frequency of application, use of
other products, the type of data analysis used in the study, and many other factors.
Therefore, the claim “clinically proven” without being aware of the study details is
still not very informative.

“Patented Formula” Claims Another commonly used claim is the “patented for-
mula.” Consumers believe that a product that has been patented must be more serious
and scientific; therefore, it works better than other products. The truth is that patent-
ing a product is often related to the technology of how the product is manufactured
and not the actual effect of the product. Therefore, it does not necessarily mean that
the product is more effective or has a longer performance.

“pH Balanced” Claims Companies that make “pH balanced” claims try to imply
some level of superiority over products that do not make this claim. They want con-
sumers to believe that the products will be less irritating and will work better. How-
ever, any decently formulated product is formulated in a pH range that is compatible
with the skin, hair, underarms, or other application surfaces. A consumer will never
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notice a difference between a product that is “pH balanced” and one that is just nor-
mally formulated.

@ DID YOU KNOW?

In Canada, the regulatory agency for cosmetics, called Health Canada, has an
entire list of acceptable and unacceptable claims for cosmetic products, which
provides guidance for manufacturers. In the US, currently there is no such list.

A Special Category: Soap

Soap is a category that needs special explanation. This is because the regulatory def-
inition of a soap is different from the way in which people commonly use the word.
People usually associate the word “soap” with a cleaning aid used for washing our
hands and body. In a strictly chemical sense—and this is the definition that the FDA
takes into account—soap is a salt produced from fatty acids (e.g., stearic acid) and
alkalis (e.g., sodium hydroxide). It is referred to as ordinary or true soap. @ True
soaps are regulated by the Consumer Product Safety Commission, and not by
the FDA. The reason for this is that soap was not included in the first regulation of
cosmetics, which is the FD&C Act of 1938, and it has not been included since then.
Based on the FDA’s definition for cosmetics, a soap would be clearly a cosmetic, as it
will clean our hands and body; however, the regulation excludes it from the definition
of a cosmetic. In the following box, you can find the official, legal definition of a true
soap.’® According to the FDA, a true soap is: “(1) The bulk of the nonvolatile mat-
ter in the product consists of an alkali salt of fatty acids and the product’s detergent
properties are due to the alkali-fatty acid compounds; (2) and the product is labeled,
sold, and represented solely as soap.”

Today, there are only a small number of true soaps in the traditional sense on
the market. Most hand and body cleansers on the market are actually synthetic
surfactant-based products and go under the jurisdiction of the FDA. These surfactant
cleansers are popular because they easily make suds in water and do not form
deposits. Some of these synthetic surfactant products are actually marketed as soaps;
however, they are not true soaps by the legal definition of the word.

With regard to the claims made by soap manufacturers, a soap can be considered
a simple noncosmetic product, a cosmetic, or a drug. If no cosmetic claims are made
for a soap, other than that it cleanses our hands and body, and no drug claims are
made, a soap is considered a noncosmetic, nondrug product, similar to a dishwashing
detergent. If a cosmetic claim is made on the label of a true soap, such as moisturizing
or deodorizing, it is considered a cosmetic and regulated by the FDA. If a drug claim
is made for a soap, such as antibacterial, antiperspirant, or anti-acne, the product is
considered an OTC drug—cosmetic product and regulated by the FDA.
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GLOSSARY OF TERMS FOR SECTION 1

Claim: A statement referring to the expected effect of a product found on product
labels, on the Internet, in advertisements, and in any promotional materials.

Cosmeceutical: This term is used for multifunctional products that can be purchased
as cosmetics and that are advertised to offer additional skin benefits over simple
cosmetics.

Cosmetic science: An interdisciplinary science involved with developing, formulat-
ing, and producing cosmetics and personal care products.

Cosmetics: The FD&C Act defines cosmetics by their intended use as follows“Ar-
ticles intended to be rubbed, poured, sprinkled, or sprayed on, introduced into, or
otherwise applied to the human body or any part thereof for cleansing, beautifying,
promoting attractiveness, or altering the appearance without affecting structure or
function.”

Cruelty-free: A term used on cosmetic labels to indicate that no animals were
involved in product testing. This term does not have an official FDA definition,
and its use is not regulated by the FDA.

Dietary supplement: A product that is intended to supplement the body with vita-
mins, minerals, herbs, and other ingredients, which may not be consumed in a
sufficient amount.

Drugs: The FD&C Act defines drugs by their intended use as follows “Articles
intended for use in the diagnosis, cure, mitigation, treatment, or prevention of dis-
ease” and “articles (other than food) intended to affect the structure or any function
of the body of man or other animals.”

FDA: Food and Drug Administration; in the United States, cosmetics and drugs are
regulated by the FDA, which is an agency of the US Department of Health and
Human Services.

FD&C Act: Food, Drug and Cosmetic Act; the FDA regulates cosmetics, foods, and
drugs under the authority of the Food, Drug and Cosmetic Act.

Hypoallergenic: A term used on cosmetic labels to indicate that the product is
unlikely to cause allergic reactions. This term does not have an official FDA
definition, and its use is not regulated by the FDA.

Intended use: The purpose for what a product is used.

Organic: A term often used on cosmetic labels to indicate the presence of naturally
derived ingredients. This term does not have an official FDA definition, and its use
is not regulated by the FDA.

Personal care product: A term often used for products that are used to clean the
body, hair, and teeth, for example, a bodywash, shampoo, and toothpaste, respec-
tively.

Soap: In a strictly chemical sense, soap is a salt produced from fatty acids (e.g.,
stearic acid) and alkalis (e.g., sodium hydroxide).

Toiletries: A synonym for personal care products.
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USDA: The United States Department of Agriculture, which certifies ingredients
and products as organic if they meet the USDA standards and requirements.

©©%| REVIEW QUESTIONS FOR SECTION 1

Multiple Choice Questions

1. Which of the following is necessary if you want to work in the cosmetic industry?
a) Pharmacology
b) Chemistry
¢) Marketing
d) All of the above

2. Which of the following regulates cosmetics in the United States?
a) Consumer Product Safety Admission
b) European Commission
¢) Food and Drug Administration
d) Product manufacturers

3. In the United States, cosmetics are regulated under the ___.
a) DSHEA Act
b) FD&C Act
¢) TUPAC Act
d) CDC Act

4. In the United States, OTC drug—cosmetic products are ___.
a) Regulated as drugs
b) Regulated as cosmetics
¢) Not regulated
d) Regulated as dietary supplements

5. Which of the following is true for OTC drug—cosmetic products?
a) They are subject to the FDA’s regulations for both drugs and cosmetics
b) They are cosmetics that also have drug functions
¢) They are regulated by the FDA
d) All of the above

6. Which of the following is an example for an OTC drug—cosmetics product?
a) A dry hair shampoo
b) A deodorant
¢) An anticavity toothpaste
d) A lipstick
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7.

10.

11.

12.

Cosmeceuticals represent a “gray” zone between drugs and cosmetics in the US
because .

a) They are considered dietary supplements but should be considered drugs

b) They are sold as drugs but are actually cosmetics

¢) They are sold as cosmetics but may have drug-like effects

d) They are packaged into gray boxes

Which of the following is NOT true with respect to dietary supplements in the
United States?

a) They are regulated as cosmetics

b) They are a legal category of products

¢) They contain a dietary ingredient intended to supplement the diet

d) All of the above

Which of the following can certify a cosmetic product as organic in the United
States?

a) FDA

b) USDA

¢) Manufacturer

d) Customer

What is the legal difference between a drug and a cosmetic product in the United
States?

a) Color

b) Intended use

¢) Application surface

d) All of the above

Which of the following is used to determine the intended use of a product in the
United States?

a) Questionnaire

b) Claims

c¢) Ingredients

d) All of the above

What happens if you add an active ingredient to a cosmetic product?

a) It will be considered a drug

b) It will be considered a cosmetic
¢) I do not know, but I will not use it
d) It will be hypoallergenic
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13.

14.

15.

16.
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Which of the following is TRUE for organic cosmetics in the United
States?

a) They are considered drugs

b) They are a subcategory of cosmetics, which are recognized by the FDA
c) They are always safer than cosmetics containing synthetic ingredients
d) They are cosmetics that contain naturally derived ingredients

What is the FDA’s statement on hypoallergenic products?

a) They are less allergenic than non-hypoallergenic products
b) There is no such category

c¢) Every cosmetic product should be hypoallergenic

d) They should be used by hypersensitive consumers only

Which of the following is NOT true for “true soaps” in the United
States?

a) They can only claim to clean the skin

b) They are salts of fatty acids and alkalis

¢) They are regulated by the FDA

d) They are regulated by the Consumer Product Safety Commission

In the United States, cosmetic companies are test their products on ani-
mals.

a) Not allowed to

b) Allowed to

c¢) Forced by the government to
d) None of the above

Fact or Fiction?

a) Natural ingredients are always safer than synthetic ingredients.

b) Even if a product is labeled hypoallergenic, it may contain substances
that can cause allergic reactions for some people.

¢) Animal testing is prohibited in the United States.

d) The commonly used term “cosmeceutical” is not recognized by the
FDA.

e) Dietary supplements are cosmetics.
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You can see two products in the below. Which one is a cosmetic and which one
is an OTC drug-cosmetic product? Justify your answer.

g

Hand soap Antibacterial
hand soap
A B

Sace. o Wy,
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SECTION 2: CLASSIFICATION OF COSMETICS AND OTC
DRUG-COSMETIC PRODUCTS. COSMETIC INGREDIENTS
AND ACTIVE INGREDIENTS USED IN COSMETICS AND OTC
DRUG-COSMETIC PRODUCTS

[:‘%J LEARNING OBJECTIVES

Upon completion of this section, the reader will be able to

l.

Define the following terms:

Target group Dosage form  Application surface  Color additive
Active ingredient ~ Antioxidant Chelating agent Anticaries ingredient
Flavoring agent Preservative =~ Moisturizer Antidandruff ingredient
Plasticizer Solvent Propellant Anti-acne ingredient
Surfactant Astringent Thickener Lip protectant
pH buffer Sunscreen Antiperspirant Cosmetic ingredient
Abrasive Sweetener

2. list various factors based on which cosmetics and OTC drug—cosmetic products

® N kW

10.

11.

can be classified;

list some examples for target groups of cosmetic products;

list some examples for application surfaces for cosmetics;

list some examples for functions of cosmetic products;

differentiate between cosmetic ingredients and active ingredients;

explain why cosmetics cannot contain active ingredients;

discuss how color additives are regulated in the United States, including premar-
ket approval and batch certification;

explain the function of the following types of cosmetic ingredients and pro-
vide some examples for each group: abrasives, antioxidants, chelating agents,
color additives, flavoring agents, fragrances, moisturizers, pH buffers, plasticiz-
ers, preservatives, propellants, solvents, surfactants, sweeteners, and thickeners;
explain where a formulator can find a list of active ingredients approved for OTC
drugs;

explain the function of the following types of active ingredients and provide some
examples for each group: antiacne ingredients, anticaries ingredients, antidan-
druff ingredients, antiperspirants, skin protectants, and sunscreens.
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KEY CONCEPTS
1. Cosmetics and OTC drug—cosmetic products can be classified based on the target

groups, dosage forms, legal status, application surfaces, function, and numerous
other ways.

. Since cosmetics do not treat any conditions or affect the structure of the skin, they

do not contain active ingredients. Cosmetic products contain cosmetic ingredients
only.

. Since OTC drug—cosmetic products are used for the prevention, diagnosis, cure, or

treatment of a disease, they contain active ingredients, in addition to the cosmetic
ingredients. In these products, cosmetic ingredients are referred to as inactive
ingredients.

. Cosmetic ingredients are used in products to provide them with appropriate aes-

thetics, texture, pH, color, and smell as well as to fulfill the cosmetic claims for
products.

. Although color additives are not classified as active ingredients, they are still sub-

ject to a stricter regulation in the US.

. Active ingredients deliver the claimed therapeutic action and have an effect on the

human body, i.e., to prevent and/or treat a disease.

. Active ingredients for cosmetic products are either listed in OTC monographs or

are new ingredients.

Classification of Cosmetics and OTC Drug-Cosmetic Products

O Cosmetics and OTC drug—cosmetic products can be classified in many ways.
They can be classified based on the target groups, dosage forms, legal status,
application surfaces, function, and numerous other ways. This section provides
an overview of these classification systems (see Figure 1.4).

B Target Groups: A target group or target audience can be defined as a specific
group of customers at whom a cosmetic product or OTC drug—cosmetic prod-
uct is aimed. Target groups for cosmetics can include women, men, teenagers,
and babies. The groups, such as women, can be further categorized into sub-
categories, such as pregnant women, African American women, women with
sensitive skin, young women, and aging women.

B Dosage Forms: A dosage form is the final physical form of a mixture of ingre-
dients that consumers can take in their hands, purchase, and use. The various
dosage forms available for cosmetics and OTC drug—cosmetic products are dis-
cussed in Section 3 of this chapter.

B Legal Status: As discussed in Section 1, a product can be a cosmetic, a drug,

or a combination of both, depending on the intended use. As a reminder, other
product categories, such as cosmeceuticals, are not recognized by the FDA.
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Figure 1.4 Categories for classification of cosmetics and OTC drug—cosmetic products in
the United States.

B Application Surfaces: An application surface or area of application can be
defined as a body surface to which cosmetics or OTC drug—cosmetic products
are applied. These can include the skin of the face, lips, eyelids, body, and
hands; hair on the scalp and body and eyelashes; teeth and oral cavity; and
nails, among others.

B Function: Cosmetics and OTC drug—cosmetic products can have a variety of
functions. Examples include cleansing, which is the function of shampoos,
bodywashes, hand soaps, and eye makeup removers; moisturizing, which is
the function of facial creams, hand creams, body lotions, aftershave balms,
and cuticle softeners; coloring, which is the function of many color cosmetics,
such as lipstick, mascara, and blush; and protection, which is the function of
sunscreens, diaper rash creams, and lip balms. Additionally, there are many
other functions cosmetics and OTC drug—cosmetic products can fulfill. They
will be further reviewed in the relevant chapters under the various product
types.

B Others: The cosmetic industry often classifies products into 5—6 different
groups based on the combination of their function and application surface.
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Lip makeup products
« Lipstick, lip gloss, lip balm, and lip liner

Eye makeup products
- Mascara, eye liner, eyebow liner, eye shadow, and eye makeup remover

(a)
Facial make-up products
« Facial foundation, blush, concealer

) Nail care products

«Nail polish, nail hardener, nail moisturizer, cuticle remover, artificial nail, and nail polish remover

) Skin care products

«Cleansers, moisturizers, products for special skin concerns, sunscreens, deodorants, and antiperspirants

Hair care products
« Shampoo, conditioners, styling products, permanent waving and straightening products, and colors

(b)

Oral and dental care products
« Toothpaste, mouthwash, and dental floss

Other products
« Hair removal, baby care products, sunless tanners, and feminine hygiene products

Figure 1.5 Major product categories in the cosmetic industry: (a) major categories of color
cosmetics and (b) major categories of personal care products.

Popular categories include color cosmetics, skin care products, hair care
products, oral care products, perfumes, and other products.

This textbook reviews color cosmetics in one chapter with the ultimate function of
coloring. The various product types to be covered are shown in Figure 1.5a. Personal
care products are broken down into various chapters based on the application surfaces
and main functions (see Figure 1.5b).

Major Ingredient Types in Cosmetics and OTC Drug-Cosmetic Products
and Their Functions

Cosmetic Ingredients @ Since cosmetics do not treat any conditions or affect
the structure of the skin, they do not contain active ingredients. Cosmetic prod-
ucts contain cosmetic ingredients only. ©® Since OTC drug—cosmetic products
are used for the prevention, diagnosis, cure, or treatment of a disease; they con-
tain active ingredients, in addition to the cosmetic ingredients. In these products,
cosmetic ingredients are referred to as inactive ingredients.

O Cosmetic ingredients are used in products to provide them with appro-
priate aesthetics, texture, pH, color, and smell as well as to fulfill the cosmetic
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claims for products. They have a variety of functions in cosmetics and OTC
drug—cosmetic products, including helping mix immiscible ingredients, stabilizing
formulations, moisturizing the skin, adding luster to the hair, providing color to
products, helping expel the content of aerosol cans, removing stain from the teeth,
just to mention a few. A commonly used and practical way to classify ingredients
is based on the functions of the ingredients. As many ingredients have multiple
functions, they can belong to more than one group. This section is a part that reviews
the most commonly used types of cosmetic ingredients (without completeness) and
their main functions, including examples for each type of ingredient.

Abrasives The term “abrasive” refers to an ingredient that is capable of polishing
or cleaning a harder surface by rubbing or grinding. Abrasives are solid particles and
are generally used in toothpastes and skin care products, such as face, hand, foot, and
body scrubs. Although the effect these ingredients provide is the same, the types used
in oral and skin care products are different.

® [n skin care formulations, abrasives provide an exfoliating effect, which means
that they help rub off and peel the outer layer of the skin, known as the stratum
corneum (SC). The skin has its own normal peeling process known as desqua-
mation. However, in certain cases, it can be beneficial to help the skin peel off
the dead cells from its surface.

e Examples for abrasives used in facial and body formulations include seeds of
fruits, such as peach, apple, and apricot; nutshells, such as almond and wal-
nut; grains, such as oats and wheat; synthetic components, such as polyethy-
lene and polypropylene beads; nylon powder; synthetic waxes; and natural
waxes, e.g., rice bran wax.

B Abrasives also contribute to the physical cleaning effect and stain removal of
toothpastes as well as increase the gloss of the teeth. Abrasives in toothpastes
are usually finely ground particles that will not hurt and wear away the enamel
but are able to clean the teeth and remove discoloration to a certain extent.

e Examples for abrasives used in toothpastes include mineral powders, such
as hydrated alumina, dehydrated silica, magnesium and calcium carbonate,
dicalcium phosphate, and sodium bicarbonate.

Antioxidants Antioxidants, as their name implies, provide protection against oxida-
tive reactions. This property is generally utilized to provide stability to cosmetic
formulations and can also be used to slow down skin aging caused by various oxida-
tive mechanisms. Based on these, antioxidants can be used to fulfill two different
functions in cosmetics and OTC drug—cosmetic products.

B Antioxidants can prevent undesirable chemical changes (such as decomposi-
tion, rancidity, color change, and odor formation) within a formulation triggered
by oxygen in the presence of light, heat, or metal ions. Therefore, they contribute
to the stability of cosmetic products. These ingredients are found in the majority
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of cosmetics and OTC drug—cosmetic products, especially in those containing
oils, fats, butters, and waxes since these ingredients are generally more sensitive
to oxidation reactions than other ingredients.

e Examples for antioxidants used as stabilizers in cosmetic products include
mainly synthetic compounds, such as butylated hydroxytoluene (generally
referred to as “BHT”), butylated hydroxyanisole (generally referred to as
“BHA”), and propyl gallate.

B [n addition, they are also beneficial for the users’ skin since they fight against
free radicals in the skin. It is known that oxidative stress initiated by free radi-
cals accelerate skin aging and contribute to the formation of lines and wrinkles,
pigmentation, or even malignant processes. We have natural antioxidants and
defense mechanisms in our skin to neutralize free radicals; however, applying
antioxidants helps inactivate these reactive molecules and prevent symptoms
related to sunlight-induced skin aging.! Antioxidants for this purpose are often
found in skin moisturizing products.

e Examples for skin antioxidants include vitamins, such as vitamin A, vitamin
C (ascorbic acid), and vitamin E (tocopherol), as well as natural extracts,
isoflavones and polyphenols.

Chelating Agents Chelating agents are molecules with a specific three-dimensional
structure that are able to complex with metal ions. Metallic impurities can come
from many different sources, including cosmetic ingredients, water system, metallic
equipment, and storage containers. If not deactivated, they can deteriorate cosmetic
products by reducing clarity, compromising fragrance integrity, and causing rancid-
ity. Chelating agents can help stabilize cosmetics and prevent their deterioration by
catching (sequestering) metal ions.

® Examples for chelating agents used in cosmetics and OTC drug—cosmetic
products include ethylenediaminetetraacetic acid (generally referred to
as “EDTA”), its derivatives, including disodium and tetrasodium EDTA;
phosphoric and phosphonic acid derivatives; as well as citric acid and its
derivatives.

@ DID YOU KNOW?

The word “chelate” comes from the Greek word for crab’s claw. It refers to a
three-dimensional, pincer-like structure of the chelating molecule and the metal
ion. The chelating agent seizes the metal ion as if with a claw and keeps it from
reacting with other substances.
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Color Additives Color additives add color to cosmetic and OTC drug—cosmetic
products, making them attractive, appealing, appetizing, and informative.
© Although color additives are not classified as active ingredients, they
are still subject to a stricter regulation in the US. Therefore, they are discussed
here in more detail.

@ DID YOU KNOW?

9%

The terms “colorant,” “coloring agent,” and “color additive” can be used inter-
changeably; however, the official term used by the FDA is “color additive.”

According to the FD&C Act, a color additive is:> “Any material that is a dye,
pigment, or other substance [ ... ] when added or applied to a food, drug, or cosmetic
or to the human body or any part thereof, is capable of imparting a color thereto.”
Based on the properties and composition of these ingredients, several subclasses can
be distinguished.

B A dye is a chemical compound that is soluble in the particular solvent
in which it is dispersed (e.g., oil or water). Examples include indigo and
Green 3.

B A pigment is a component that is insoluble in the particular solvent in which it
is dispersed. An example is black iron oxide.

B A lake is a water-insoluble pigment formed by chemically reacting dyes with
a substratum, for example, aluminum, calcium, or barium. These pigments are
widely used in lipsticks and nail lacquers. An example is Yellow 5 Al Lake.

As mentioned previously, color additives are subject to a strict system of approval
under US law. Color additives (except for coal-tar hair dyes) must go through a pre-
market approval process before they may be used in cosmetics (see more information
on coal-tar hair dyes in Chapter 5).3 There is a list available for approved color addi-
tives, otherwise known as the positive list. The list specifies areas to which color
additives can be applied, as well as limitations, restrictions, and comments on their
use. It may happen that a color additive is approved for cosmetic use in general, but
not for the eye area. Product manufacturers can only use color additives that have
been approved by the FDA for intended uses stated in the regulations that pertain to
them. The reason for this approval is that many color additives can cause skin irrita-
tion and allergic-type reactions; therefore, not all of them can be used in cosmetics,
and there are some restrictions even for approved ingredients.
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@ DID YOU KNOW?

The FDA has not approved any tattoo pigments for injection into the skin. This
applies to all tattoo pigments, including those used for ultraviolet (UV) and
glow-in-the-dark tattoos. Many pigments used in tattoo inks are industrial-grade
colors suitable for printers’ ink or automobile paint.*

In addition to premarket approval, a number of color additives must be batch certi-
fied in the US. Based on whether a color additive has to be certified or not, the FD&C
Act classifies color additives into two main categories: those subject to certification
(called certifiable color additives) and those exempt from certification.> In general,
batch certification is required when the composition of a color additive needs to be
controlled to protect public health. Some color additives may contain impurities of
toxicological concern. For ingredients that are certifiable, the law requires each and
every batch of these color additives to be tested and certified by the FDA before it
can be used in cosmetics.

m Colors subject to certification include synthetic organic dyes, lakes, or pig-
ments. These ingredients have either three-part names, including a prefix, a
color, and a number (such as FD&C Yellow No. 5), or a shorter name without
a prefix (such as Yellow 5).

® Colors exempt from certification are generally obtained from mineral, plant,
or animal sources. They usually have simple or chemical names (such as bis-
muth citrate, caramel, dihydroxyacetone, lead acetate, and titanium dioxide).

Flavoring Agents A flavor is generally described as the sensory impression of food
or other substance and is determined by the texture, taste, and smell of a product.
Flavoring agents provide a characteristic taste and/or smell to products. In addition,
they can also mask bad taste. Overall, they contribute to product acceptance. Flavor-
ing ingredients are primarily used in products that come into contact with the taste
buds, including lip care formulations, such as lipstick, as well as dental and oral care
products, such as toothpaste.

® Examples for flavoring agents used in cosmetics and OTC drug—cosmetic prod-
ucts include ingredients providing natural flavors, such as peppermint, winter-
green, menthol, eucalyptol, strawberry, and banana, and those providing artifi-
cial flavor, such as chocolate, bubble gum, and punch.

Fragrances Fragrances are natural or synthetic compounds with a characteristic
smell that are added to cosmetics and OTC drug—cosmetic products to create an aes-
thetic impression for consumers and make them feel more attractive due to the nice
smell. Fragrances can also be added to cosmetics and OTC drug—cosmetic products
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to mask the undesirable odor of one or more of the raw ingredients. Unlike perfumes,
which are hydroalcoholic solutions with a high fragrance content sprayed on the skin
to transit a pleasant redolence to the user, personal and cosmetic care fragrances have
a lower perfume content and are generally used in makeup products and skin and hair
care formulations to increase product acceptance and mask the natural smell of the
ingredients.

m Examples for fragrances used in cosmetics and OTC drug—cosmetic products
include natural components, such as essential oils obtained from different parts
of flowers, fruits, roots, leaves, and seeds. They may also be obtained from ani-
mal glands and organs. Another class includes synthetic fragrance components
such as linalool and citronellol. Nowadays, mainly synthetic fragrances are
used to ensure reproducibility. In addition, synthetic fragrances can be stronger,
longer lasting, more complex, easier to manufacture and sophisticated, more
reproducible from lot to lot, and less expensive than natural fragrances.’

Moisturizers The term “moisturizer” is an umbrella term used to describe ingredi-
ents that add moisture to the skin and help retain moisture in the skin. They make the
skin feel softer and smoother and reduce roughness, cracking, and irritation. These
ingredients are used in many of today’s formulations either as a main component of a
formulation, for example, in a daily facial moisturizer, or as ingredients that provide
additional benefits, for example, in a nail polish remover. Currently, four subclasses
of moisturizers are distinguished (see more detail on the various types of moisturizers
in Section 3 of Chapter 3).

® Humectants are hygroscopic ingredients. In general, they can serve two func-
tions in cosmetics and OTC drug—cosmetic products, which are the following:

e They can contribute to skin hydration by drawing water from the deeper lay-
ers of the epidermis and dermis to the outer layer of the skin (SC). Examples
for humectants used for their moisturization properties include glycerin, sor-
bitol, urea, and propylene glycol.

e In addition, they inhibit water evaporation from cosmetic products, i.e., pro-
vide protection against drying out. Typically, sorbitol and glycerin are used
for this purpose.

® Emollients replenish oils and lipids in the skin. They soften and smooth the
skin by filling void spaces on the skin surface and replacing lost lipids in the

SC. They also provide protection and lubrication on the skin surface, minimize

chafing, and enhance the skin’s aesthetic properties.

e Examples for emollients used in cosmetics and OTC drug—cosmetic products
include vegetable oils; seed and nut oils; fruit butters; lanolin; synthetic esters
of fatty alcohols and fatty acids, such as isopropyl palmitate and glyceryl
stearate; polymers, such as polyquaterniums; hydrocarbons, such as mineral
oil and paraffin; siloxanes, such as dimethicone and cyclopentasiloxane; and
many others.
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B QOcclusives are hydrophobic in nature and form a water-repellent layer
over the skin. It physically blocks, or at least retards, water loss through
the skin.

e Examples for occlusives used in cosmetics include hydrocarbon oils and
waxes, such as petrolatum, mineral oil, paraffin, carnauba, and candelilla
wax; silicone oils, such as dimethicone; vegetable oils and animal fats; fatty
acids, such as stearic acid; fatty alcohols, such as cetyl alcohol; and many
other ingredients.

® Enhancers of the skin barrier (otherwise known as skin rejuvenators) help
restore, protect, and enhance the skin’s barrier function. Additionally, they
create a film over the skin surface that aesthetically smoothens the skin and
stretches out fine lines.®
e Examples for enhancers of the skin barrier used in cosmetics include proteins,
such as collagen, keratin, and elastin.

As the mechanism of action is different for the various moisturizers, they are
generally used in combination with each other to provide tailored benefits for
consumers.

pH Buffers The pH buffers can change the pH of cosmetics and OTC drug—cosmetic
formulations. pH adjustment may be necessary in formulations for many reasons.
Examples include matching the formulation’s pH with that of the application sur-
face, stabilizing formulations since certain ingredients are stable at specific pH val-
ues only, and thickening formulations as certain thickeners must be neutralized in
order to achieve optimum viscosity. An example for these types of thickeners is the
carbomers.

® Examples for pH buffers used in cosmetics and OTC drug—cosmetic products
include citric acid and lactic acid as acidic ingredients as well as sodium hydrox-
ide and the commonly used triethanolamine as alkaline ingredients.

Plasticizers Plasticizers are ingredients that can soften films and impart flexibility
to films, such as nail polish film or hair spray film, as the film dries. Often, the devel-
oping film is very rigid and brittle, which makes nail polish sensitive to chipping and
cracking or hair spray film stiff and brittle. Plasticizers can help prevent these unde-
sired effects. Plasticizers are often used in nail polishes, nail hardeners, sunscreens,
and film-former-based hair styling products.

m Examples for plasticizers used in nail polishes include camphor, castor oil, glyc-
eryl tribenzoate, triphenyl phosphate, citrate esters, and acetyl tributyl citrate,
among others. In film-forming ingredient-based hair styling products, mainly
mineral oil, dimethicone, and castor oil are used.
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@ DID YOU KNOW?

Plasticizers are added to hard, brittle plastics to make them more flexible. Many
cosmetic packaging materials, e.g., shower gel containers, liquid soap containers,
and toothpaste tubes, also contain plasticizers, so that we are able to squeeze the
bottle and get a small amount of it out of the container. If no plasticizers were
added to these plastics, they would be too hard and easy to break.

Preservatives Preservatives are used to prevent undesirable growth of molds, yeast,
and bacteria in liquid, semisolid, and powder products. Their use is especially impor-
tant in water-based products since water provides an ideal environment for microbial
growth. The mechanism of action and range of efficacy usually vary among the dif-
ferent types of preservatives. Therefore, they are generally used in combination with
each other to provide protection against a wide variety of microorganisms.

® Examples for preservatives used in cosmetics and OTC drug—cosmetic
products include parabens, such as methylparaben and propylparaben;
formaldehyde donors, such as DMDM hydantoin, imidazolidinyl urea, and
glutaraldehyde; cationic surfactants (generally referred to as “quats”), such
as benzalkonium chloride and benzethonium chloride; alcohols, such as
ethanol and benzyl alcohol; phenol derivatives, such as phenoxyethanol;
isothiazolones, such as methylchloroisothiazolinone; and other components,
such as sorbic acid.

Propellants Propellants are added to aerosol formulations to maintain a suitable
pressure within the aerosol can and expel the content of the container when the
valve is open. They are usually compressed or liquefied gases. Propellants are used in
aerosol products, such as shaving creams, hair sprays, antiperspirants, and sunscreen
products, among others.

® Examples for propellants used in cosmetics and OTC drug—cosmetic products
include isopentane (liquefied gas), butane, isobutane, and propane (compressed
gases).

Solvents Solvents are important parts of most cosmetics and OTC drug—cosmetic
formulations. They are typically liquids used to dissolve solid ingredients, mix with
liquids, provide a vehicle for formulations, and contribute to the texture of products.
Solvents can aid in the development of body lotions, facials creams, foundations,
nail polish, hair spray, sunscreens, hand sanitizer, and many other products. They can
contribute to the stability of formulations, regulate evaporation rate, provide a cooling
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effect, aid in product application, modify the skin feel, modify the viscosity, influence
the film-forming properties, and have many other functions.

The solubility of an ingredient in a given solvent is largely a function of the polar-
ity of the solvent. Solvents work under the general rule of like dissolves like. The term
“like” refers to the overall polarity of the solvent molecule (whether polar or nonpo-
lar) and the overall polarity of the solute (i.e., ingredient to be dissolved). Based on the
dielectric constant, which refers to polarity, solvents are typically broadly classified
into three categories: polar, semi-polar, and non-polar solvents.

m Polar solvents contain strong dipolar molecules and exhibit hydrogen-bonding
properties. Therefore, their dielectric constant is high. Polar solvents generally
dissolve polar solutes.

e Typical polar solvents used in cosmetics and OTC drug—cosmetic products
include water and glycols, such as glycerin and propylene glycol.

B Semi-polar solvents are also made up of strong dipolar molecules; however,
they do not form hydrogen bonds. Semipolar solvents are capable of dissolv-
ing both polar and non-polar substances. Therefore, they can serve as a medium
for a multicomponent homogeneous system containing polar and non-polar sol-
vents.

e Examples for semipolar solvents used in cosmetics and OTC drug—cosmetic
products include alcohols, such as ethanol and isopropyl alcohol; ketones,
such as acetone; and esters, such as ethyl acetate.

® Non-polar solvents contain molecules that have only a small or no dipolar char-
acter (i.e., their dielectric constant is low). They dissolve non-polar molecules.

e Examples for non-polar solvents used in cosmetics and OTC drug—cosmetic
products include oils, such as mineral oil, petrolatum, sunflower oil, almond
oil; silicone oils; hexane; toluene; and dimethyl ether.

This widely used classification for solvents is not exclusive. There are many sol-
vents that can fit into more than one of these broad categories. For example, glycerin
can be considered both polar and semi-polar although it can form hydrogen bonds.

Solvent selection for cosmetics and OTC drug—cosmetic products typically
depends on the types of ingredients in the formulation, types of dosage form, and
compatibility with the application surface. For example, nail polish formulas usually
contain semipolar solvents, such as ethyl acetate and isopropyl alcohol, since the
resins used as film-formers are only soluble in these solvents. However, these
solvents are not used for sunscreens as sunscreen ingredients are not soluble in these
solvents, and they could also irritate the skin. Many organic UV filters are oil-soluble
crystalline solids, which need to be dissolved in oils. If the solvent properties of the
oil phase are poor, the filters can recrystallize during storage, dramatically reducing
the efficacy. See more examples for solvents in the individual chapters for various
products.
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Surfactants Surfactants, also known as surface active ingredients, are the most
widely used ingredients in cosmetics and OTC drug—cosmetic products. They
have a very unique chemical structure, including both a hydrophilic (i.e., water
loving) and a hydrophobic (i.e., oil loving) portion (depicted in Figure 1.6), which
enables them to be dissolved both in water and in oil. Surfactants can lower the
surface tension between two liquids or between a liquid and a solid, making them
suitable for many applications. They contribute to the formulation, stability, and
applicability of personal care and cosmetic products. They can fulfill a variety of
functions in cosmetics and OTC drug—cosmetic products, including emulsification
(they help two immiscible phases, e.g., water and oil, mix with each other to form an
emulsion), solubilization, cleansing, foaming, foam boosting, wetting, antifoaming,
conditioning, preserving, stabilizing, controlling viscosity, and many others.

Hydrophilic head Hydrophobic tail

Figure 1.6 The basic structure of a surfactant molecule.

Surfactants can be classified based on their hydrophobic chain into hydrocarbon
and silicone surfactants. A more general classification is based on the charge of their
hydrophilic part, and the four subtypes are anionic, cationic, amphoteric, and non-
ionic surfactants.

B Anionic surfactants contain a negative charge in their hydrophilic head.
Anionic surfactants are typically utilized for their foaming and excellent
cleaning properties. Their major drawback is the irritating potential, especially
for sulfates, which may cause concerns for many consumers.

e Examples for anionic surfactants used in cosmetics and OTC drug—cosmetic
products include carboxylic acid compounds, such as stearic acid; soaps,
such as triethanolamine stearate and potassium laurate; sulfates, such as
sodium lauryl sulfate, ammonium lauryl sulfate, and sodium laureth sulfate;
sulfonates, including taurates, isothionates, and olefin sulfonates; and
sulfosuccinates, such as disodium laureth sulfosuccinate.

® Cationic surfactants contain a positive charge in their hydrophilic head. They
represent the most powerful conditioning agents for the skin and hair. As the
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overall surface charge of the skin and hair is negative, cationic surfactants are
electrostatically attracted to these negative sites.

e Examples for cationic surfactants used in cosmetics and OTC drug—cosmetic
products include amines and their derivatives and the most frequently used
quaternized ammonium compounds (often referred to as “quats”), such as
cetrimonium chloride, stearalkonium chloride and benzalkonium chloride,
and quaternium and polyquaternium molecules.

Amphoteric surfactants have both a negative and a positive charge in their

hydrophilic head. They have good cleansing, bactericidal, bacteriostatic,

lathering, and softening properties and are able to stabilize and induce
foam formation. Therefore, they are used in shampoos, baby products, and
aerosols.

e Examples for amphoteric surfactants used in cosmetics and OTC drug—
cosmetic products include betaines, such as coco betaine, lauryl betaine,
cocamidopropyl betaine, and hydroxysultaines.

Nonionic surfactants do not dissociate into ions, and their hydrophilic head
does not carry any charge. Their surface activity is due to the alcohol and/or
ethylene oxide groups. They are the most frequently used surfactants in cos-
metics and OTC drug—cosmetic products. Their application areas include emul-
sion stabilization, conditioning, and solubilization. Their advantages over other
types include independency from pH and the presence of electrolytes as well as
low irritation potential and compatibility with other types.

e Examples for nonionic surfactants used in cosmetics and OTC drug—cosmetic
products include glycol and glycerol esters, such as glyceryl monos-
tearate; sorbitan esters, such as sorbitan stearate and sorbitan palmitate;
polysorbates (otherwise known as ethoxylated sorbitan esters), such as
polysorbate 20; fatty alcohols, such as cetyl alcohol and stearyl alcohol,
polyoxyethylene—polyoxypropylene block copolymers (otherwise known
as poloxamers), such as Poloxamer 407; amine oxides, such as cocamine
oxide and cocamidopropylamine oxide; alkanolamides, such as cocamide
monoethanolamine (MEA) and diethanolamine (DEA); alkylglucosides,
such as lauryl glucoside; and many others.

Surfactants are typically characterized by their HLB numbers. The abbreviation

“HLB” stands for hydrophile—lipophile balance. HLB is an empirical expression
for the relationship of the hydrophilic and hydrophobic groups of a surfactant. The
HLB system uses a scale of 1-20 based on the affinity of the surfactant to oil and
water; the higher the HLB value, the more water soluble the surfactant. In general,
emulsifiers with HLB values of 1-3 are antifoaming agents, those with values of
4-6 are water-in-oil (W/O) emulsifiers, those with values of 7-9 are wetting agents,
those with values of 8—18 are oil-in-water (O/W) emulsifiers, those with values
of 13—15 are cleansing agents, and those with values of 10—18 are solubilizing
agents.9
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@ DID YOU KNOW?

Based on the cleansing and foaming properties, surfactants can be divided into pri-
mary and secondary surfactants (the latter are also known as co-surfactants). The
main function of primary surfactants is cleansing and foaming. Co-surfactants are
used to reduce irritation and drying caused by primary surfactants. Additionally,
some co-surfactants also have conditioning effects. Therefore, many skin and hair
cleansing products contain a mixture of primary and secondary surfactants.

Sweeteners Sweeteners provide a sweet flavor and contribute to product acceptance
in cosmetics and OTC drug—cosmetic products that come into direct contact with the
taste buds. These products include toothpastes, mouthwashes, lipsticks, lip balms,
and lip glosses. Sweeteners are generally categorized into two major groups: true
sweeteners (also known as no-calorie sweeteners) that do not provide any calories,
and low-calorie sweeteners that add some calories to products. They are usually used
in combination with flavors as the combination of flavors and sweeteners provides an
acceptable and attractive taste for the formulations.

® Examples for no-calorie sweeteners used in cosmetics and OTC drug—cosmetic
products include sodium saccharin, acesulfame, aspartame, sucralose, and ste-
via, and examples for low-calorie sweeteners include xylitol, mannitol, and
sorbitol.

@ DID YOU KNOW?

Most artificial sweeteners are not sugars; only sorbitol and xylitol are sugar deriva-
tives, i.e., sugar alcohols. However, these molecules are still able to provide an
intensive sweet taste ranging from 10 to 100 times sweeter than table sugar. For
example, sodium saccharine is 700 times sweeter than table sugar. We can find
these components in gums and diet beverages that have a sweet taste but pro-
vide a low- or no-calorie intake. An important property of these ingredients is that
they do not promote the growth of bacteria that causes cavities (i.e., Streptococcus
mutans).

Thickeners Thickeners are ingredients that can increase the viscosity of cosmetics
and OTC drug—cosmetic products. They also improve stability, modify appearance
and products aesthetics, improve applicability, and modify the rheology of a product.
Thickeners can also be used to build viscosity in suspensions and act as suspending
agents, for example, in nail polish formulations.
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We generally differentiate between viscosity-increasing agents for aqueous sys-
tems, which increase the viscosity of the aqueous (water) phase, such as the water
phase of an O/W emulsion, and for nonaqueous systems, which increase the thickness
of the oil phase of cosmetic products, such as the oil phase of a W/O emulsion.

® Examples for water-based thickeners include gums, such as xanthan gum
and guar gum; cellulose and its derivatives, such as hydroxyethyl cellulose;
hydrophilic clays, such as hectorites, bentonites, and magnesium aluminum
silicates; polyethylene glycols (PEGs), such as PEG 200; and synthetic
polymers, such as carbomers; and also sodium chloride. Examples for
non-water-based systems include waxes, such as carnauba wax; long-chain
alcohols, such as cetyl alcohol; organoclays; fumed silica; synthetic polymers;
and polyethylenes, among others.

For the selection of thickeners, a variety of factors should be taken into considera-
tion, including the products’ use, application surface, compatibility with other ingre-
dients in the formula, pH (certain thickeners, e.g., carbomers, are alkali swellable,
and they need an alkaline pH to reach optimum viscosity; therefore, they cannot be
used in an acidic environment), clarity, the presence of electrolytes, temperature dur-
ing processing (waxes have to be melted in order to be mixed with oils; if a product
is made without heating, waxes cannot be used), and shear during processing (some
ingredients, such as carbomer, require shear in order to be activated and gain optimum
viscosity, while others may be sensitive for shearing, such as fumed silica).

@ DID YOU KNOW?

Separation of emulsions and sedimentation of suspensions can be described with
the following equation, called Stokes’ law:

_ 2728(1)1 —-D,)
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where V is the particle’s settling velocity (m/s), r is the radius of the particle, g
is the gravitational acceleration (m/s?), D, is the density of the particles (kg/m?),
D, is the density of the fluid (kg/m3), and u is the viscosity of the fluid (Pa-s). It
is obvious from the equation that the higher the viscosity, the lower the settling
velocity. Therefore, an emulsion or suspension will be more stable if it has a higher
viscosity. An essential role in the formulation of emulsions and suspensions is to
have a slow settling velocity. This is one of the main reasons for using thickeners
in the formulations.

Active Ingredients As discussed previously, OTC drug—cosmetic combination
products also contain active ingredients. @ Active ingredients deliver the claimed
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therapeutic action and have an effect on the human bodyj, i.e., to prevent and/or
treat a disease.

@ Active ingredients for cosmetic products are either listed in OTC mono-
graphs or are new ingredients. OTC monographs can be described as a “recipe
book™ that tells formulators what ingredients and in what concentration can be used.
Active ingredients are broken down into categories and characterized together in the
monographs. The monographs also describe what types of formulations an ingredient
can be used for and also provide information on claims and labeling. For some prod-
uct types, such as sunscreens, testing is described as well. OTC monographs define
the safety, effectiveness, and labeling of all OTC active ingredients. They are con-
tinually updated by adding, changing, and removing ingredients, labeling, and other
pertinent information, as needed.

The OTC monograph system was set up in 1972 with the FDA’s OTC Drug
Review. The Drug Review is an ongoing process by which the safety and efficacy of
OTC ingredients are assessed. An expert advisory panel reviews the data relating to
claims and active ingredients for different therapeutic classes. The panel recommen-
dations become mandated in an official OTC monograph through a three-step public
rule-making process (see Figure 1.7).1°

ANPR

TMF

FM

ﬁld\tlf’:lncfed Tentative Final |
p:)ogfs:dr Final Monograph
Rulemaking Monograph

« Category 1: GRASE
- Category 2: Not GRASE
- Category 3: Insufficient data

Figure 1.7 The three-step OTC monograph process.

B Step 1: In this step, the panel reviews active ingredients to determine
whether they could be generally recognized as safe and effective for use
in self-treatment. Panel reports are published in the Federal Register as an
advanced notice of proposed rulemaking (ANPR). The ingredients in this
phase are classified into one of these three categories:

e Category I: Generally recognized as safe and effective for the claimed ther-
apeutic indication (GRASE).

e Category II: Not generally recognized as safe and effective or unacceptable
indications (not GRASE).

e Category III: Insufficient data available to permit final classification.
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Step 2: Following FDA review and public comment, a tentative final monograph
(TFM) is issued by the FDA and published in the Federal Register, proposing
approved ingredients, uses, doses, required warning, and appropriate claims.

Step 3: The final step is the implementation of the final monograph (FM). The
monographs establish conditions under which certain OTC drug products are
generally recognized as safe and effective. FMs are also published in the Federal
Register.

If an OTC active ingredient does not have an FM, it means that there is not enough
data on its safety and effectiveness to make a final decision about the ingredient.
Since TMFs are in place for all categories of OTC drugs, in such cases, formulators
should follow the guidelines of the TMFs. This is the case with many antimicrobial
ingredients used in hand sanitizers.

If a company wishes to formulate an OTC drug—cosmetic product and use an
active ingredient, it has several options to choose from, including the following:

If the active ingredient can be found in an FM, the company can make and
market the OTC product using the ingredient in its approved concentration for
its approved indication. No FDA preapproval is necessary for this to occur. The
OTC monograph system enables quick entry of conforming products to the mar-
ketplace.

If the active ingredient cannot be found in any FMs, but can be found in a TFM,
the company can use the ingredient based on the TFM. It should kept in mind
that no final decision has yet been made on the status of the active ingredient,
and it may change in the future. Therefore, it should regularly check the actual
status of the ingredient.

If the active ingredient cannot be found in any OTC monographs, it must
undergo a separate review and approval; it is referred to as the New Drug Appli-
cation (NDA). The company has to submit information on the safety and effi-
cacy of the active ingredient with regard to the particular OTC drug—cosmetic
product.

If the active ingredient can be found in an OTC monograph (either a TFM or
an FM); however, the indication for which the company wants to use the active
ingredient cannot be found, and it must also undergo the NDA process (similar
to the previous situation).

A company may also petition to change an FM to include additional ingredi-
ents or to modify current labeling practice. In this case, it has to submit infor-
mation on the safety and efficacy of the active ingredient. It cannot market the
product with the new condition (e.g., higher dose) until the FM is amended.

Now, let us review the major active ingredient types (without completeness) that
can be found in various types of OTC drug—cosmetic products.
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FYI

The electronic Code of Federal Regulations (eCFR) and OTC monographs are
freely accessible for everyone. For more information, visit www.ecfr.gov and
select Title 21 (Foods and Drugs).

Anti-Acne Ingredients Acne is a complex skin disorder that develops when the
hair follicles become plugged with oil and dead skin cells (see more information in
Section 4 of Chapter 3). Acne most commonly occurs on the face, neck, back, and
chest. Bacteria can grow in this plug and cause inflammation. Acne symptoms may
vary from invisible clogged pores, through small, hardly noticeable clogged pores
with a small white or black head, to red, enlarged, inflamed, and painful lesions,
including papules, pustules, nodules, or cysts (depending on the severity).

Anti-acne ingredients are listed in the OTC monograph!! for topical antimicro-
bial drugs. The listed ingredients have abrasive, exfoliating (peeling), and antiseptic
effects to remove the excess amount of oil and peel the skin. These ingredients can be
found in skin care products, such as facial washes, toners, and moisturizers, as well
as in makeup products, such as concealers.

m Examples for FDA-approved anti-acne ingredients used in the topical treatment
of mild acne include benzoyl peroxide (in 2.5—-10%), salicylic acid (in 0.5-2%),
sulfur (in 3—10%), and resorcinol (in 2% when combined with sulfur).

Anticaries Ingredients Caries (otherwise known as tooth decay or cavities) is char-
acterized by brown spots or holes on the chewing surface of the teeth. Cavities usually
do not hurt, unless they grow very large and affect the nerves or cause a tooth fracture.
However, untreated tooth decay can destroy the inside of the tooth (pulp), which can
lead to tooth loss (more information on cavities can be found in Chapter 6).
Anticaries ingredients are listed in the OTC monograph!? for anticavities drugs.
These ingredients are used to prevent caries; strengthen the tooth enamel and slow
down the formation of an invisible, sticky film (called plaque) that leads to caries
formation; as well as restore and harden the teeth. These ingredients are available in
all types of oral care products, including toothpaste, toothpaste gel, and mouthwash.

® Examples for FDA-approved anticaries ingredients used in OTC drug—cosmetic
products include fluoride components, such as sodium monofluorophosphate,
sodium fluoride, and stannous fluoride. Concentrations are specified for each
ingredient for each product type, such as gel, paste, and mouthwash.

Antidandruff Ingredients Dandruff is a common non-contagious condition of the
scalp, characterized by an increased rate of shedding of dead cells from the scalp.
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Although shedding of dead cells is continuous and imperceptible for most people, the
rate of shedding is greatly accelerated in dandruff. The usual symptoms include white,
oily-looking flakes on the hair and shoulders and itching. The causes of dandruff are
thought to be the combination of an overproduction of skin oil and irritation from
yeast called Malassezia.

Antidandruff ingredients are listed in the OTC monograph'® for miscellaneous
external drug products. These ingredients have antimicrobial properties, and some
of them also have exfoliating properties. Generally, they are formulated into
shampoos.

m Examples for FDA-approved antidandruff ingredients used in OTC
drug—cosmetic combination products include coal tar (in 0.5-5%), zinc
pyrithione (in 0.3—2% when washed off), salicylic acid (in 1.8—3%), selenium
sulfide (in 1%), and sulfur (in 2—5%).

Antiperspirant Ingredients Antiperspirants affect the function of the body by reduc-
ing the amount of sweat that reaches the skin surface and not just masking bad body
odor as do deodorants do. Underarm odor is caused by the bacterial breakdown of
sweat (see more detail in Section 6 of Chapter 3).

Antiperspirants are listed in the OTC monograph!'* for antiperspirant drug
products.

® Examples for FDA-approved antiperspirant used in OTC drug—cosmetic prod-
ucts include aluminum chloride (up to 25%), aluminum chlorohydrate (up to
25%), aluminum sesquichlorohydrate (up to 25%), aluminum dichlorohydrate
(up to 25%), and PEG and zirconium complexes, such as aluminum chloro-
hydrex PEG (up to 25%) and aluminum zirconium octachlorohydrate (up to
20%).

Skin Protectant Ingredients Skin protectant ingredients are listed in the OTC
monograph!® for skin protectant drug products. This category includes several
subcategories, such as astringents, lip protectant ingredients, and skin protectant
ingredients.

Astringents are applied to the skin or mucous membranes for a local and limited
protein coagulant effect. They are commonly used in facial toners and aftershave
solutions to tighten pores.

® Examples for FDA-approved astringents used in OTC drug—cosmetic products
include aluminum acetate (in 0.13—0.5%), aluminum sulfate (in 46—63%), and
witch hazel.

Lip protectants temporarily prevent dryness and help relieve chapping of the
exposed surfaces of the lips. They are traditionally called lip balms. Drying of the
lips is a typical sign of dehydration. Ingredients used as lip protectants moisturize the
lips as well as provide protection against further water loss.
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® Examples for FDA-approved lip protectants used in OTC drug—cosmetic prod-
ucts include allantoin (in 0.5—-2%), cocoa butter (in 50—100%), dimethicone (in
1-30%), and petrolatum (in 30—100%), among many others.

Skin protectants temporarily protect injured or exposed skin or mucous mem-
brane surfaces from harmful or annoying stimuli. In addition, they may provide relief
to such surfaces. Skin protectants are usually formulated as lotions, creams, and oint-
ments. Examples for skin protectants are the same as those for lip protectants.

Sunscreens Sunscreens (also known as UV filters) protect the skin from the harmful
radiation of the sun. Sunscreens are listed in the OTC monograph'® for sunscreen
drug products. They can be formulated into a variety of products forms, includ-
ing aerosol sprays, lotions, sticks, and gels (see more detail on this in Section 5 of
Chapter 3).

UV filters protect the skin via two separate mechanisms: either reflecting sunlight
(physical filters) or absorbing sunlight and converting it to heat (chemical filters).
Currently, there are 16 UV filters listed in the OTC monograph.

® Examples for FDA-approved sunscreen ingredients used in OTC drug—cosmetic
products include physical filters, such as titanium dioxide (up to 25%) and zinc
oxide (up to 25%), as well as chemical filters, such as avobenzone (up to 3%),
octocrylene (up to 10%), and padimate O (up to 8%).

Cosmetics and OTC drug—cosmetic products can contain additional types of
ingredients. The purpose of this section was to provide the readers with a general
understanding of the major and commonly used minor ingredients types before
moving on to discuss the various product categories. More information is provided
on the ingredient types, their function, and characteristics in the individual chapters
for the various products.

GLOSSARY OF TERMS FOR SECTION 2

Abrasive: An ingredient that is capable of polishing or cleaning a harder surface by
rubbing or grinding.

Active ingredient: An ingredient in OTC drugs or prescription-only drugs that
delivers the claimed therapeutic action.

Antiacne ingredient: An ingredient that has abrasive, exfoliating (peeling), and/or
antiseptic effects and can treat acne skin.

Anticaries ingredient: An ingredient that can help prevent the formation of brown
holes in the teeth (i.e., tooth decay), strengthen the tooth enamel, slow down plaque
formation, and harden the teeth.

Antidandruff ingredient: An ingredient that has antimicrobial and exfoliating
effect and can treat dandruff.
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Antioxidant: An ingredient that provides protection against oxidative reactions.

Antiperspirant: An ingredient that can reduce the amount of sweat reaching the
skin surface.

Application surface: A body surface to which cosmetics or OTC drug—cosmetic
products are applied.

Astringent: An ingredient that can provide the mucous membranes with a local and
limited protein coagulant effect.

Chelating agent: An ingredient that is able to complex with metal ions.

Color additive: An ingredient that adds color to a product, making it attractive,
appealing, appetizing, and informative.

Cosmetic ingredient: An ingredient that is used in cosmetic products to provide
them with appropriate aesthetics, texture, pH, color, and smell, as well as to fulfill
cosmetic claims for products. OTC drug—cosmetic products also contain cosmetic
ingredients that are called inactive ingredients in their case.

Dosage form: The final physical form of a mixture of ingredients that consumers
can take in their hands, purchase, and use.

Flavoring agent: An ingredient that provides a characteristic taste and/or smell to a
product.

Lip protectant: Aningredient that can temporarily help prevent lip dryness and help
relieve chapped lips.

Moisturizer: An ingredient that adds moisture to the skin and help keep moisture in
the skin.

pH buffer: An ingredient that can change or maintain the pH of a product.
Plasticizer: An ingredient that can soften films and impart flexibility to films.

Preservative: An ingredient that can prevent undesirable growth of molds, yeast,
and bacteria in a product.

Propellant: An ingredient that is added to aerosol formulations to maintain a suitable
pressure within the can and expel the content of the container.

Solvent: An ingredient that is used to dissolve solid ingredients, mix with
liquids, provide a vehicle for formulations, and contribute to the texture of
products.

Sunscreen: An ingredient that can provide protection to the skin against the harmful
UV radiation.

Surfactant: A surface active ingredient that can lower the surface tension between
two liquids or between a liquid and a solid.

Sweetener: An ingredient that provides a sweet flavor to a product.

Target group: A specific group of customers at whom a cosmetic product or OTC
drug—cosmetic is aimed.

Thickener: An ingredient that can increase the viscosity of a product.
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% REVIEW QUESTIONS FOR SECTION 2

Multiple Choice Questions

1.

Which of the following ingredients do OTC drug—cosmetic products contain?
a) Cosmetic ingredients, which are called inactive ingredients

b) Active ingredients

¢) Aand B

d) None of the above

The use of preservatives is extremely crucial in the case of ___-based formula-
tions.

a) Oil

b) Water

¢) Preservative
d) Silicone

Anionic surfactants are primarily used as ___ agents in cosmetic products.
a) Cleansing

b) Conditioning

c¢) Flavoring

d) Coloring

What does the abbreviation “HLB” refer to?

a) An empirical expression for the relationship of hydrophilic and hydrophobic
groups in surfactants.

b) A type of certification that has to be received before selling color additives to
customers.

¢) A type of antioxidant that is used in anti-aging products.
d) An expression for the relationship of sedimentation rate of suspensions.

Who certifies certifiable color additives?
a) WHO
b) EPA
¢) FDA
d) OTC

Why is batch certification necessary for certain color additives?
a) To make sure that these color additives have a natural origin
b) To certify that they can be used for tattoos

c¢) To ensure that there are no impurities of toxicological concern
d) To check whether they are soluble in water
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7. Flavors and sweeteners are typically included in formulations that can come into
contact with the .

a) Eyes

b) Hair

c) Sweat glands
d) Taste buds

8. OTC monographs contain ___ingredients that can be used in OTC products ____
receiving an FDA premarket approval.

a) Active/with

b) Inactive/with
¢) Active/without
d) Inactive/without

Matching

Match the terms in column A with their appropriate definition in column B.

Column A Column B

1. Abrasives A. Ingredients that are strictly regulated in the
United States.

2. Antioxidants B. Ingredients that bind to metal ions.

3. Antiperspirants C. Ingredients that help adjust the pH of cosmetic

formulations.
4. Astringents D. Ingredients that help expel the contents of aerosol
containers.
5. Chelating E. Ingredients that make cleansing products, e.g.,
agents shampoo’s bubble.
6. Color additives F. Ingredients that make films more flexible.
7. Moisturizers G. Ingredients that make the skin softer and
smoother.
8. pH buffers H. Ingredients that prevent the growth of bacteria,
molds, and yeast.
9. Plasticizers I. Ingredients that provide a local and limited
protein coagulant effect.
10. Preservatives J. Ingredients that provide a sweet taste for
formulations.
11. Propellants K. Ingredients that provide a vehicle for
formulations.
12. Solvents L. Ingredients that provide protection against free

radicals.
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Column B

13. Sunscreens
14. Surfactants

15. Sweeteners
16. Thickeners

z =

o O

Ingredients that provide protection from the sun.

Ingredients that provide viscosity control for
cosmetic formulations.

Ingredients that reduce the amount of sweat.

Ingredients used in facial scrubs for their
exfoliating effect.

Matching

Match the terms in column A with their appropriate definition in column B.

Column A

Column B

1. Amphoteric A. A type of solvent that have a high dielectric
constant.
2. Anionic B. A type of solvent that have a low dielectric
constant.
3. Aqueous C. A type of surfactant that do not have any charges
in their head part.
4. Cationic D. A type of surfactant that have a negative charge
in their head part.
5. Dye E. A type of surfactant that have a positive charge in
their head part.
6. Hydrophilic F. A type of surfactant that has both negative and
positive charges in the head part.
7. Hydrophobic G. Ingredients insoluble in the solvent in which they
are dispersed.
8. Non-aqueous H. Ingredients soluble in the solvent in which they
are dispersed.
9. Nonionic I. Non-water-based.
10. Non-polar J. Water-based.
11. Pigments K. Water hating.
12. Polar L. Water loving.
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SECTION 3: DOSAGE FORMS FOR COSMETICS AND OTC
DRUG-COSMETIC PRODUCTS

E} LEARNING OBJECTIVES

Upon completion of this section, the reader will be able to

1. Define the following terms:
Anhydrous Hydroalcoholic Solution Dosage form
Liquid dosage form  Solid dosage form  Semisolid dosage form  Emulsion
Lotion Cream Suspension Gel
Paste Ointment Powder Capsule
Stick Aerosol Sedimentation Stokes’ law
Aqueous

2. explain the concept of a dosage form;

3. differentiate between a solution and an emulsion;

4. distinguish between an emulsion and a suspension;

5. explain the difference between a lotion and a cream;


http://www.fda.gov

WIWW. FALOANPRESS. COM

SECTION 3: DOSAGE FORMS FOR COSMETICS AND OTC DRUG 51
6. explain the difference between regular pastes and toothpastes;
7. discuss the advantages of gels when used as cosmetic products;
8. discuss the advantages of using sticks;
9. briefly discuss the main advantages and disadvantages of creams and ointments;

10.
. briefly discuss the potential use of capsules as cosmetic products;
12.
13.

briefly discuss the importance of thickeners as it applies to suspensions;

explain the concept of an aerosol product;

provide a few cosmetic and/or OTC drug—cosmetic examples for the follow-
ing dosage forms: solution, cream, lotion, ointment, suspension, loose powder,
pressed powder, capsule, gel, stick, aerosol, foam, and paste.

KEY CONCEPTS

. Cosmetics and OTC drug—cosmetic products are available as hundreds of types

of formulations, which can be broken down into some basic groups, called dosage
forms, based on their physical and pharmaceutical properties.

A dosage form is defined as the final physical form of a mixture of chemical ingre-
dients that consumers can take in their hands, purchase, and use as a cosmetic
product or an OTC drug—cosmetic product.

Dosage forms can be classified based on their physical form as liquids, semisolids,
and solids.

Liquid dosage forms available as cosmetics and OTC drug—cosmetic products
include solutions, lotions, and suspensions.

Solid dosage forms available as cosmetics and OTC drug—cosmetic products
include loose powders, pressed powders, sticks, and capsules.

Semisolid dosage forms available as cosmetics and OTC drug—cosmetic products
include creams, ointments, pastes, and gels.

O Cosmetics and OTC drug—cosmetic products are available as hundreds of

types of formulations, such as a shower gel, baby powder, lipstick, bath bomb, liquid
eyeliner, shaving foam, lip liner pencil, toothpaste, roll-on deodorant, and many oth-
ers. However, all these different formulations can be broken down into some basic
groups, called dosage forms, based on their physical and pharmaceutical prop-
erties. This section provides an overview of the most common dosage forms available
for cosmetics and OTC drug—cosmetic products and their main characteristics. It also
summarizes the main advantages and disadvantages of the different dosage forms and
provides ideas on how and when the various dosage forms should be selected.
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What Is a Dosage Form?

Before starting to discuss the different dosage forms, let us first understand what a
dosage form is. @ A dosage form is defined as the final physical form of a mixture
of chemical ingredients (cosmetic ingredients and/or active ingredients) that con-
sumers can take in their hands, purchase, and use as a cosmetic product or an
OTC drug-cosmetic product.

A relevant question would be: “Why are there dosage forms?”” Cosmetic and/or
active ingredients cannot be applied individually to the skin, hair, or mucous
membranes; for example, consider a simple mouthwash. It is composed of at least
6-8 different ingredients. The consumer cannot just buy the individual ingredients
and apply them one after another to mimic a mouthwash formulation. The ingredients
have to be put into a form (a dosage form) that contains all ingredients in a specific
ratio and can be applied to the oral mucous membrane.

© Dosage forms can be classified based on their physical form as liquids,
semisolids, and solids. Figure 1.8 illustrates the major cosmetic dosage form sub-
classes.

® If a dosage form is pourable and consists of liquid ingredients, it is classified
as a liquid dosage form. These dosage forms cannot be directly taken into the
hands as they would flow off the hands. @ Liquid dosage forms available as
cosmetics and OTC drug—cosmetic products include solutions, lotions, and
suspensions.

Cosmetic dosage forms

Liquid Semi solid Solid
— Solution |f=  Cream Loose
powder

|- Lotion - Ointment COS:)F\’A';ZZ?ed
— Suspension | == Paste - Capsule
- Gel . Stick

Figure 1.8 The major types of dosage forms and their subclasses typically used for cosmetic
products.
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B If a dosage form consists of dry solid particles, mixed and/or pressed together,
or waxy materials that are present in a solidified form having a characteristic
shape, the dosage form is classified as a solid dosage form. @ Solid dosage
forms available as cosmetics and OTC drug-cosmetic products include
loose powders, pressed powders, sticks, and capsules.

m [f a dosage form has a consistency in between solid and liquid forms, it is clas-
sified as a semisolid dosage form. The difference is usually in the viscosity of
these dosage forms. If a dosage form has a low viscosity, meaning that it can
be easily poured and will quickly flow off the hands, it is a liquid. If it is more
viscous, and more force is needed to dispense and apply it, it is a semisolid.
O Semisolid dosage forms available as cosmetics and OTC drug-cosmetic
products include creams, ointments, pastes, and gels.

When selecting dosage forms for a product, a formulator has to take many factors
into account. These include the properties of the ingredients used: whether they are
water-soluble (hydrophilic) or oil-soluble (lipophilic), liquid or solid, and their com-
patibility with each other. Formulators must also consider the purpose of the product’s
application and the application surface. For example, for the treatment of hair, an eas-
ily applicable and washable dosage form should be chosen, e.g., a lotion instead of a
greasy ointment. If a longer-lasting effect is desired, such as for diaper rash formula-
tions, the product type can be greasier and more water resistant, containing a higher
amount of oils.

Dosage Forms for Cosmetic Applications

The FDA has a standard for drug dosage forms, including their definitions.! This
standard will be used as the basis of our discussion since the definition of a dosage
form is the same regardless of the product’s status, i.e., a cosmetic or an OTC
drug—cosmetic product. In addition, all dosage forms can be used for both cosmetics
and OTC drug—cosmetic products.

Solution Solution is the simplest type of formulation. Solutions are liquids, they are
pourable; they flow and conform to their container at room temperature. According
to the FDA’s definition, ... a solution is a clear, homogeneous liquid dosage form
that contains one or more chemical substances dissolved in a solvent or mixture of
mutually miscible solvents.”

Solutions can be classified based on the types of solvent used. Three major types
are usually distinguished, which are the following:

® Water-based (i.e., aqueous) solutions contain water as the vehicle. Examples
for water-based solutions include eye makeup remover, hand soap, and many
shampoos.

m Hydroalcoholic solutions contain a mixture of water and alcohol as the vehicle.
Examples for hydroalcoholic solutions include hair spray, mouthwash, after-
shave cologne, and facial toner.
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B Anhydrous (i.e., waterless) solutions contain ingredients other than water as
the vehicle. The solvents can be organic solvent, such as for base coat or nail
polish remover. Solvents can also be oily components, such as for bath oils or
prewaxing oils.

A solution is considered a thermodynamically stable dosage form; it does not tend
to change over time. The formulation of solutions is usually simple. Soluble solid
ingredients are dissolved first, starting with those that need heating for the dissolution
process. Smelly, easily evaporating ingredients are usually added at the end to prevent
their loss from the product. Similarly, colored ingredients and color additives are also
added at the end since they could make the completion of the dissolution process more
difficult to detect.

@ DID YOU KNOW?

Cleansing wipes can also be classified as solutions since the dry, usually nonwoven
clothes are soaked into a cleansing solution.

Emulsion The majority of cosmetic raw materials are not miscible or just partially
mixable with each other; in these cases, formulators have to choose a dosage
form that can contain immiscible ingredients together. According to the FDA’s
definition, ... an emulsion consists of a two-phase system comprised of at least two
immiscible liquids, one of which is dispersed as droplets (this is usually referred to
as the internal or dispersed phase) within the other liquid (otherwise known as the
external or continuous phase), generally stabilized with one or more emulsifying
agents.”

Based on this definition, there are three essential ingredients for an emulsion,
namely an oil phase, a water phase, and an emulsifier. There are two main types of
emulsions: O/W and W/O. In an O/W emulsion, oil is dispersed in water; the oil is
present in the form of droplets, while the water is present as the outer (continuous)
phase. The emulsifier molecules coat the surface of the oil droplets, making them
more miscible with water and preventing them from flowing to the surface (see an
O/W emulsion depicted in Figure 1.9). In an O/W emulsion, the surfactant molecules
have their hydrophilic head groups oriented towards the continuous water phase and
their hydrophobic tails facing the oil droplets.

Emulsions are the most widely used dosage forms in the cosmetic industry due
to their advantages over other dosage forms. They have a unique texture and pro-
vide a nice skin feel, and they are used as vehicles to deliver both hydrophilic and
hydrophobic ingredients.
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Figure 1.9 An oil-in-water (O/W) emulsion consisting of an oil phase, a water phase, and
surfactant molecules surrounding the oil droplets.

Generally, O/W emulsions are chosen for applications that require a relatively
small amount of fatty materials, such as for hair conditioners, shaving creams,
or facial moisturizing creams.

On the other hand, W/O emulsions are preferred when a larger amount of oil is
desired in the formulation. W/O emulsions are greasier, leave a longer-lasting
residue, and are more water resistant (as they contain oils in the outer phase).
Typical products for which W/O emulsions are preferred include diaper rash
products, sunscreens, and barrier creams.

From a cosmetic perspective, water-in-silicon (W/Si) emulsions are also
important. These formulations provide a unique, nongreasy skin feel and quick
drying effect, leaving the skin smooth. Examples for such formulations include
facial foundations, cream eyeshadows, and certain sunscreens.

In addition to the simple two-phase emulsions, more complex types may also be
formed, such as water-in-oil-in-water (W/O/W) emulsions, which are basically
an emulsion in an emulsion.

Emulsions are generally opaque formulations due to the size of the internal phase’s
droplets. This white, creamy appearance is generally appealing to consumers. They
are thermodynamically instable, which means that they tend to separate over time.
As we know, water and oil do not mix. Emulsions incorporate these two ingredients
using emulsifiers, which help keep the phases mixed in each other for a longer period
of time. However, even with emulsifiers, the phases try to reach the state of low-
est energy” to be stable. According to Stokes’ law, the stability of emulsions can be
increased by decreasing the droplet size of the internal phase (which can be achieved
by intensive mixing); the densities of the two phases should be as close as possible
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(usually, this factor cannot be modified since it depends on the types of ingredients

used); and the viscosity of the continuous phase should be increased, which then
can act as a barrier against merging of the internal phase’s droplets. In addition,
proper selection of the emulsifiers’ type and amount used is an essential step,
which should be performed according to the oil phase’s HLB need. Additionally,
the final product should not be kept at high temperature, since high tempera-
ture affects the viscosity of formulations and the oxidation stability of oils and
fats.

@ DID YOU KNOW?

The proportion of the phases does not necessarily correlate to the type of the
emulsion. For example, a formulation that consists of 65% water phase and 35%
oil phase does not necessarily mean that it is an O/W emulsion. The main factor
that determines the type of an emulsion is the solubility of the emulsifier agents.
According to Bancroft’s rule, ““... the phase in which the emulsifier is most sol-
uble becomes the continuous phase.”® Therefore, water-soluble emulsifiers (with
high HLB values) promote the formation of O/W emulsions, whereas oil-soluble
emulsifiers (with low HLB values) promote the formation of W/O emulsions.

Based on their viscosity, usually two types of emulsions are distinguished for cos-
metic applications, namely lotions and creams.

® Lotions are low-viscosity (thin) emulsions behaving as liquids; therefore, they
can be poured from a bottle or pumped from a jar. They are designed to be
applied without heavy rubbing. According to the FDA'’s definition, * ... a lotion
is an emulsion, liquid dosage form.” Lotions contain a higher amount of water
in the continuous phase than creams. Due to the higher amount of water phase,
they are less greasy and easily washable. Lotions are often referred to as “milks”
and “balms.” Examples for lotions include facial cleansing milks, liquid foun-
dations, aftershave balms, and non-aerosol sunscreen sprays.

B Creams are high-viscosity (thicker), semisolid emulsions. According to the
FDA'’s definition, ... a cream is an emulsion usually containing > 20% water
and volatiles and/or < 50% hydrocarbons, waxes, or polyols as the vehicle.”
Since creams contain a higher amount of oil phase, they are generally more
greasy, even the O/W types. Creams do not flow readily; therefore, they can be
packed into a jar or a tube for dispensing. Examples for creams include facial
moisturizing creams, leave-in hair conditioners, sunscreens, cream eyeshadows,
and depilatory creams.

The conventional method of preparing a cosmetic emulsion is the hot method.
It includes heating the two phases separately and, when both of their temperatures



WIWW. FALOANPRESS. COM

SECTION 3: DOSAGE FORMS FOR COSMETICS AND OTC DRUG 57

are the same, mixing them together vigorously. Mixing should generally continue
until the emulsion is cool to prevent immediate separation. Once cool, additional
temperature- and shear-sensitive ingredients can be added and mixed into the emul-
sion.

Another method, known as the cold process, can also be used for certain emulsions.
In this process, the phases can be mixed at room temperature without heating. The
advantage of this technique is that it saves energy since no heating is needed, and
also saves the processing time as all ingredients, including the temperature-sensitive
ingredients, can be combined prior to mixing the two phases. However, it limits the
types of thickeners that can be used for the formulations; for example, waxes cannot
be used as they require heating.

@ DID YOU KNOW?

Foams can also be categorized as emulsions where the gas phase is dispersed in a
liquid continuous medium.

Ointment Ointments are superthick semisolid products compared to lotions or
creams. According to the FDA’s definition, “... an ointment is a semisolid dosage
form, usually containing <20% water and volatiles and >50% hydrocarbons, waxes,
or polyols as the vehicle. They are usually used topically for protection or as
medicated skin products.”

Ointments have an occlusive nature and provide a seal over the skin. They can
contain a small amount of water or can be anhydrous. In the case of anhydrous for-
mulations, the chance for microbiological contamination is low, which is a distinct
advantage. However, ointments have a less aesthetic appeal for skin care and der-
matology products as they are oily, waxy, greasy, sticky, tacky, and heavy. They
are advantageous for smaller skin areas that are extremely dry and need moisture
retention, and for areas that are prone to friction from clothing and need protection.
Ointments are often opaque and yellowish due to the high amount of oils. Due to the
undesired skin feel, there are only a small number of cosmetic products formulated
as ointments. Examples include some hair styling products, such as hair pomade; and
diaper rash ointments.

The formulation steps for ointments depend on whether they contain water. If they
contain water, they can be considered very thin W/O emulsions. These are processed
with the hot method. If anhydrous, their formulation consists of mixing the oily ingre-
dients until a homogeneous mixture develops. Heating may be needed.

Paste Pastes are very thick semisolid formulations that are difficult to apply and
spread over the skin surface due to their high solid content. They are similar to
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ointments but contain more solids and, therefore, are stiffer. According to the
FDA'’s definition, “...a paste is a semisolid dosage form that contains a large
proportion (20—-50%) of solids finely dispersed in a fatty vehicle. This dosage
form is generally used for external application to the skin or mucous membranes.”

From a cosmetic perspective, pastes as dosage forms can be used as diaper
rash treatment products. Additionally, toothpastes are also pastes that are meant to
clean and/or polish the teeth. According to the FDA’s definition, ... a toothpaste
is intended to clean and/or polish the teeth, and it may contain certain additional
agents.” However, there is a huge difference between “regular” paste and toothpaste
from the vehicle’s perspective. Regular pastes are anhydrous formulations, based on
a fatty vehicle; therefore, they are highly adhesive to surfaces and hard to remove
with water. Toothpastes, on the other hand, are water-based formulations that mix
well with the saliva. If they were based on a fatty vehicle, their application would be
uncomfortable.

Suspension A suspension is a dosage form for delivering insoluble solid ingredients
in a liquid medium. According to the FDA’s definition, *... a suspension is a liquid
dosage form that contains solid particles dispersed in a liquid vehicle.”

Based on the type of the liquid vehicle, usually three types of suspensions are
distinguished, including the following:

® Water-based suspensions;
® Hydroalcoholic formulations, such as certain facial toners;

B Anhydrous formulations, such as silicone-based antiperspirant sprays,
organic solvent-based nail polishes, and any liquid colored cosmetics con-
taining pigments as color additives, such as mascara, liquid eyeliner, and lip
gloss.

Suspensions, similar to emulsions, are thermodynamically unstable. The insoluble
particles—due to gravitation—tend to sediment to the bottom of the container over
time. The rate of sedimentation can be characterized by the Stokes’ equation that
was discussed under emulsions. According to Stokes’ law, factors influencing the
stability of suspensions include the viscosity of the liquid phase, difference in densi-
ties between the two phases, particle size of the insoluble particles, and gravitational
acceleration. Of these factors, the viscosity of the liquid phase and particle size of
the dispersed phase can be easily modified to increase suspension stability. Thicken-
ers are essential parts of suspensions since they can increase viscosity and, therefore,
slow down the rate of sedimentation of insoluble solid particles and increase the sys-
tems’ overall stability (see Figure 1.10). The smaller the particle size of the insoluble
ingredient(s), the slower the sedimentation. Size reduction can be achieved by grind-
ing the powders using a mortar and a pestle on a laboratory-scale basis or using mills
on a larger scale.
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(b)

Figure 1.10 Sedimentation of solid particles in a suspension over time: (a) if no thickeners
are used, the insoluble solid particles sediment at the bottom of the container in a short period
of time and (b) when thickeners are used, they can increase the viscosity of the liquid phase and
keep the solid particles dispersed in the liquid medium, slowing down the rate of sedimentation.

The formulation of suspensions usually starts with the size reduction step as well
as preparation of the thickener solution, which can be a lengthy procedure. After
proper hydration and swelling of the thickener, other liquid ingredients can be mixed
into the liquid phase. Finally, the solid particles are wetted and a concentrated slurry
is made using a small portion of the liquid phase to get a smooth, uniform prepara-
tion. Additional liquid phase can be added after the mixture becomes uniform and no
clumps or non-wetted powder aggregates are present.

@ DID YOU KNOW?

The labeling of certain facial toners, body toners, and eyeshadows indicates that
the product should be shaken before use to activate the main ingredients. Usu-
ally, this description designates suspensions since suspensions sediment over time;
therefore, shaking redisperses (“‘activates’) the insoluble powders.

@ DID YOU KNOW?

The major difference between a solution and a suspension is the type of solid
ingredient dispersed in the liquid vehicle. Solutions contain soluble ingredients;
therefore, they are clear formulations. Suspensions contain insoluble ingredients,
which make the formulations cloudy.

Powder (Including Loose and Pressed Powder) Powders are solid dosage forms.
According to the FDA’s definition, ... a powder is an intimate mixture of dry, finely
divided chemicals.”
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Usually, two major types of powders are distinguished, namely loose and pressed
powders.

B Loose powders are freely flowing mixtures of different dry solid chemicals.
This dosage form is used for some makeup products, including mineral facial
powders, blushes, and some eye shadows, as well as for baby powder and bath
salts. Bath salts are usually grittier and have a larger particle size than other loose
powders. The formulation of loose powders usually starts with grinding of the
raw materials to provide a similar, fine particle size for them (unless they are
purchased as a fine powder). After grinding, the ingredients are mixed together
and then sieved before filling them into the container. Geometric dilution is
used when blending two or more powder ingredients of unequal quantities. In
this method, ingredients are mixed in approximately equal volumes. Geomet-
ric dilution provides uniform distribution for powders, which contain various
powder ingredients in varying quantities.

B Pressed powders are made of a blend of freely flowing powders via compres-

sion. Pressed powders are popular for eyeshadows, facial powders, finishing
powders, and blushes as well. Bath bombs are also examples for pressed pow-
ders, which are available in various shapes.
The first steps of their formulation are similar to those of loose powders
(grinding and mixing); however, instead of filling them into the container, they
are pressed into shape. Today, a wide variety of shapes are available on the
market, including rectangular, triangle, round, flower, heart, and many others.
In the case of cosmetic formulations, it is usual that the powders are directly
compressed into their final container (called a godet, i.e., an aluminum plate).
Pressed powders usually contain binders, which keep the particles together and
prevent breaking and crumbling upon shaking. Examples for binders include
solid ingredients, such as zinc stearate, and starches, as well as liquids, such as
isopropyl isostearate, triglyceride, and dimethicone.

Capsule According to the FDA’s definition, “... a capsule is a solid dosage form
consisting of a shell and a filling. The shell is composed of a single sealed enclosure,
or two halves that fit together and which are sometimes sealed with a band. Capsule
shells may be made from gelatin, starch, or cellulose, or other suitable materials, may
be soft or hard, and are filled with solid or liquid ingredients that can be poured or
squeezed.”

From a cosmetic perspective, capsules are always soft gelatin capsules that contain
an oily liquid ingredient inside. Examples for such products include bath oil beads
and anti-aging serum capsules. Bath oil beads are used in the bathtub. Due to the
gelatin, the capsules easily dissolve when they come into contact with bathwater and
release their contents into the bathtub. Anti-aging serum capsules usually have a small
tab that can be gently twisted or cut to open the capsule. Since soft capsules are easy
to squeeze, the product can be get released the shell by gently squeezing it.
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Gel Gel is usually a transparent, semisolid dosage form. According to the FDA’s
definition, ... a gel is a semisolid dosage form that contains a gelling agent to provide
stiffness to a solution or a colloidal dispersion.”

Gelling agents are synonymous with thickeners, which increase viscosity and pro-
vide a complex internal structure (to find examples for thickeners, refer to Section
2 of this chapter). Gels may also contain fragrance beads and exfoliating beads, as
some skin cleansing gels do. Additional examples for gels include hair styling gels,
facial cleansing gels, shaving gels, aftershave gels, after-sun gels, extrudable deodor-
ant and/or antiperspirant gels, and hand sanitizer gels, among others.

Based on the nature of the vehicle, two main types of gels are distinguished, includ-
ing the following:

® Water-based formulations, such as facial cleansers; and
® Hydroalcoholic formulations, such as hair styling gels and hand sanitizers.

Gels contain a higher amount of water compared to other semisolid dosage forms.
As water evaporates after application, it provides a cooling effect. This can be advan-
tageous in the case of sunburn products when the cooling sensation can also be
perceived as an analgesic (i.e., pain reliever) effect, and also in the case of aftershave
gels where water and/or alcohol evaporation has a refreshing effect.

The formulation of gels usually starts with hydration of the thickener, which
may take hours. As discussed in Section 2 of this chapter, certain thickeners are
not stable at extreme pH values, and they may be sensitive to shearing. These
characteristics should be taken into account when selecting the thickener. After the
thickener is completely hydrated, the additional ingredients can be added and mixed
until uniform. Smelly and colored ingredients are usually added at the end, similar
to solutions.

@ DID YOU KNOW?

Today, toothpaste gels are also available on the market. They can be considered a
combination of a toothpaste and a gel. Their purpose of use is identical to that of
toothpastes, i.e., cleaning and polishing the teeth and stain removal.

Stick A stick is a solid dosage form that is made of waxes and a smaller amount of
oils. According to the FDA’s definition, ... a stick is a dosage form prepared in a
relatively long and slender often cylindrical form.”

Examples for sticks include color cosmetics, such as lipsticks, lip liners, eye-
shadow sticks, eyeliners, blush pencils, and concealers, as well as personal care prod-
ucts, such as deodorant/antiperspirant sticks and sunscreen sticks. Sticks are advan-
tageous when consumers do not want to touch and apply products with their fingers.
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They deliver the colors or active ingredients, such as antiperspirant or sunscreen
ingredients, by a rubbing action.

Sticks are made by a specific technique called molding. First, the waxy ingredients
that are solid at room temperature are melted and mixed with the oils and additional
ingredients. While still hot, the mix is poured either into the final containers, such as
lip balm cases, or into metal or plastic molds and allowed to cool. As the sticks cool,
they take the shape of the mold/package. For lipsticks, a final step, called flaming, is
usually also included to provide the sticks with a shiny surface (see more detail on
the molding technique in Section 1 of Chapter 4).

Aerosol Aerosols are more of a packaging choice than a specific product type. Many
of the above-discussed dosage forms can be produced in the form of an aerosol,
including lotions, creams, and suspensions, if a proper can, propellant, and nozzle
setup is used. They are composed of a product concentrate and a liquefied or com-
pressed gas propellant. According to the FDA’s definition, “... an aerosol is a product
that is packaged under pressure and contains various ingredients that are released
upon activation of an appropriate valve system.”

Aerosols are easy to use and provide a quick drying effect, which makes them
popular for certain applications. Examples for aerosol products include hair sprays,
hair mousse, shaving cream, deodorants/antiperspirants, sunscreens, and sunless
tanners.

The product concentrate is made as if it were a regular product, such as a cream.
Then, the concentrate and the propellant are filled into a can, usually using the
pressure filling technique. During this technique, first the product concentrate is
filled into the can and the valve is crimped in place. Then, the propellant is filled into
the can under pressure through the valve. This procedure requires special caution;
therefore, aerosols are usually packaged in specialized buildings by specialized
personnel.

Aerosol cans are made up of four components: the container, the valve, the actu-
ator, and the cap. The type of actuator and product concentrate has to be selected
according to the required application. For shaving foam, an actuator with a larger
nozzle and a good foaming emulsion are optimal. These together can provide a prod-
uct that is able to stand on the palms/face. On the other hand, for an aerosol sunscreen,
an actuator with a small nozzle and a light, easily dispersible, and quickly evaporating
product is recommended.

@ DID YOU KNOW?

Foams can be generated from aerosol cans and non-aerosol containers as well.
In the case of foams generated from aerosol cans, the product concentrate is an
emulsion, which is filled into the can with propellants. An example for this type
of foam is shaving foam.
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GLOSSARY OF TERMS FOR SECTION 3

Aerosol: A product that is packaged under pressure and contains various ingredients
that are released upon activation of an appropriate valve system.

Anhydrous: Waterless, water free.

Aqueous: Water-based.

Capsule: A solid dosage form consisting of a shell and a powder or liquid
filling.

Cream: A semisolid emulsion with medium viscosity. It is more viscous than a
lotion, but less viscous than an ointment.

Dosage form: The final physical form of a mixture of ingredients that consumers
can take in their hands, purchase, and use.

Emulsion: Usually a white, opaque system that consists of at least two immiscible
liquids, one of which is dispersed as droplets (internal phase) in the other (external
phase). The system is generally stabilized with emulsifiers.

Gel: A clear semisolid dosage form that contains a gelling agent, which provides
stiffness to the product.

Hydroalcoholic: Containing a mixture of water and alcohol.

Liquid dosage form: A dosage form that has a liquid consistency and is freely
flowing. It cannot be directly taken into the hands since it would flow off the
hand.

Loose powder: A solid dosage form containing a freely flowing mixture of different
dry solid ingredients.

Lotion: A low-viscosity liquid emulsion.

Ointment: A highly viscous, usually greasy, semisolid dosage form. It is more vis-
cous than a cream.

Paste: A very thick semisolid dosage form containing a high amount of solids finely
dispersed in the vehicle.

Pressed powder: A solid dosage form that contains a freely flowing mixture of dif-
ferent dry solid ingredients in a compressed form.

Sedimentation: A process during which suspended particles in a suspension slowly
settle down at the bottom of the container.

Semisolid dosage form: A dosage form that is highly viscous; it is thinner than
solids but thicker than liquids.

Solid dosage form: A dosage form that consists of primarily dry solid particles
mixed and/or pressed together, or waxy ingredients molded into a specific
shape.

Solution: A clear, homogeneous liquid dosage form that contains one or more chem-
ical substances dissolved in a solvent or mixture of mutually miscible solvents.
Stick: A solid dosage form that is made of waxes and a smaller amount of oils and

is prepared in a relatively long cylindrical form.
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Stokes’ law: A mathematical equation that describes the separation of emulsions

and sedimentation of suspensions.

Suspension: An opaque liquid dosage form that contains solid particles dispersed in

a liquid vehicle.

% REVIEW QUESTIONS FOR SECTION 3

Multiple Choice Questions

1.

Which of the following dosage forms is made of a gelatin shell?
a) Paste

b) Gel

c) Capsule

d) Lotion

Which of the following is a liquid dosage form?
a) Solution

b) Paste

c) Gel

d) Powder

What is the internal phase in an oil-in-water (O/W) emulsion?
a) Oil

b) Water

¢) Both

d) None of them

Which of the following contains the highest amount of water typically?
a) Oil-in-water emulsion

b) Water-in-oil emulsion

¢) Ointment

d) Gel

Which of the following dosage forms typically contain thickeners?
a) Gels and suspensions

b) Solutions and gels

¢) Ointments and gels

d) Sticks and gels
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6. What is the major difference between a solution and a suspension?
a) The type of the propellant
b) The type of the vehicle
c) The solubility of solid ingredients dispersed in the liquid vehicle
d) All of the above

7. What is the major difference between a cream and a lotion?
a) Color
b) Viscosity
¢) pH
d) The type of the vehicle

8. Which of the following increases an emulsion’s instability according to Stokes’
law?
a) Viscosity of the continuous phase
b) Internal phase’s droplet size
c¢) Difference in the phases’ densities
d) All of the above

9. The term “dosage form” can be defined as ___.
a) The physical form of the ingredients (cosmetic ingredients and/or active
ingredients)
b) The amount of the cosmetic ingredients and/or active ingredients used in a
product

¢) The final physical form of a mixture of ingredients (cosmetic ingredients
and/or active ingredients)

d) The amount of a product that is recommended to be used daily

10. When mixing oils with water in the presence of an emulsifier, what does the type
of the forming emulsion depend on?

a) The amount of the water phase

b) The amount of the oil phase

¢) The solubility of the emulsifier, if it is water-soluble, O/W emulsion forms
d) The solubility of the emulsifier, if it is water-soluble, W/O emulsion forms

Fact or Fiction?

a) Both lotions and creams are emulsions.

b) All foams are aerosols.

c¢) Suspensions are thermodynamically instable formulations.
d) Creams are more viscous than lotions.
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Matching

Match the dosage forms in column A with their appropriate definition in column B.

Column A Column B

1. Aerosol foam  A. A long, slender solid dosage form based on
waxes and oils

2. Capsule B. Clear, homogeneous liquid dosage form
3. Cream C. Compressed solid dosage form made of a blend
of powders
4. Gel D. Emulsion containing a propellant
5. Loose powder E. Liquid dosage form containing insoluble solid
particles
6. Lotion F. Opaque, thick semisolid dosage form
7. Ointment G. Opaque, thin liquid dosage form
8. Paste H. Solid dosage form consisting of a shell and a
filling
9. Pressed powder 1. Solid dosage form, a mixture of freely flowing
powders
10. Solution J. Usually transparent, viscous semisolid dosage
form
11. Stick K. Very thick semisolid dosage form with a high
amount of solids
12. Suspension L. Yellowish, opaque, greasy, and sticky semisolid
dosage form

Matching

Match the examples in column A with their appropriate dosage form in column B.

Column A Column B
1. Aftershave balm A. Aerosol
2. Baby powder B. Capsule
3. Bath bead C. Cream
4. Compact blush D. Gel
5. Hair pomade E. Loose powder
6. Hair spray F.  Lotion
7. Hand sanitizer gel G. Ointment
8. Leave-in hair conditioner H. Pressed powder
9. Lip balm I.  Solution
10. Mouthwash J. Stick
11.  Nail polish K.  Suspension
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LEGISLATION FOR COSMETICS AND
OTC DRUG-COSMETIC PRODUCTS

SECTION 1: CURRENT RULES AND REGULATIONS FOR COSMETICS
AND OTC DRUG-COSMETIC PRODUCTS IN THE UNITED STATES
AND EUROPEAN UNION

%} LEARNING OBJECTIVES

Upon completion of this section, the reader will be able to

1. define the following terms:

Adulterated Import Inspection Misbranded
Premarket Prohibited Recall Responsible
approval ingredient person
Restricted VCRP

ingredient

2. name the authority that regulates cosmetics in the US;

Introduction to Cosmetic Formulation and Technology, First Edition. Gabriella Baki and Kenneth S. Alexander.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
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10.

11.
12.
13.
14.

15.
16.

17.

18.
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name the authority that regulates OTC cosmetic—drug products in the US;

. name the authority that regulates cosmetics in the EU;

explain what options cosmetic manufacturers and distributors have for registering
their facilities and products;

explain what the Voluntary Cosmetic Registration Program (VCRP) is and how
it works;

. define the term “premarket approval” and discuss whether it is necessary for cos-

metic products in the US and the EU, respectively;
explain how a manufacturer can assure and maintain high quality of its products;

. discuss how the use of cosmetic ingredients is restricted in the US and the EU,

respectively;

explain who is responsible for the safety of cosmetic products in the US and the
EU, respectively;

discuss how the FDA can monitor if the cosmetics are safe;

explain what makes a cosmetic product adulterated under the US law;

explain how the safety of OTC drug—cosmetic products is established in the US;
discuss how animal testing of cosmetic products is regulated in the US and the
EU, respectively;

explain what makes a cosmetic product misbranded under the US law;

discuss what rules cosmetics imported to the US and the EU must meet, respec-
tively;

define the term “recall” and explain who can initiate a recall in the US and the
EU, respectively;

discuss what the FDA can do with an unsafe cosmetic product.

KEY CONCEPTS

1.

From the consumers’ perspective, it does not make a difference if a mouthwash is
considered a drug or a cosmetic. However, the regulatory consequences of classi-
fying a product as a drug rather than as a cosmetic are substantial.

In the US, cosmetic manufacturers are not required to register either their cosmetic
manufacturing establishments or their cosmetic products and ingredients with the
FDA.

In the US, cosmetic products are not subject to FDA premarket approval.

. The FDA does not require all manufacturers to use the same quality standards and

systems.

. In the United States, cosmetic manufacturers can use almost any raw materials

they want as cosmetic ingredients without any approval or limitation. Restrictions
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only apply for the use of color additives, a small number of prohibited and
restricted ingredients, as well as active ingredients.

6. In the US, cosmetic products have to be safe, and cosmetic manufacturers are
responsible for substantiating safety of their products and ingredients before mar-
keting.

7. All cosmetic products imported into the US are subject to the same laws and reg-
ulations as those produced in the US.

8. The FDA has no authority to order a mandatory recall of a cosmetic product;
this process is based on a voluntary action. However, the FDA can take author-
itative legal actions against manufacturers that persist in marketing a defective
product.

Introduction

After reading Chapter 1, you understand how a cosmetic and an OTC drug are defined
in the US. @ From the consumers’ perspective, it does not make a difference
if a mouthwash is considered a drug or a cosmetic. However, the regulatory
consequences of classifying a product as a drug rather than as a cosmetic are
substantial. It is due to the fact that the requirements for drugs are more extensive
than the requirements applicable to cosmetics. When consumers understand that the
FDA regulates cosmetic products, the majority of them assume that their regulation
is very similar to that of drugs. However, this is not true. To tell the truth, the FDA
has only limited regulatory authority over cosmetic products (unlike over drugs). The
FDA can and does monitor companies on a randomized basis; however, many actions
with respect to cosmetics are voluntary, and it is the manufacturers’ responsibility to
meet the current requirements. A reason for this limited authority is that in the US,
the basic legislation regulating cosmetics has remained largely unchanged for a sig-
nificant period of time (the FD&C Act was introduced in 1938). The definition of a
cosmetic was developed when the range of cosmetic products and ingredients used
in them was quite limited.

By contrast, the legislation in the European Union (EU) was subject to numerous
amendments, corrections, and adaptations since it was introduced due to technical
progress. It enabled definitions and controls to keep pace with product developments.
As a result, many new products, including sunscreens and toothpaste, were included
within the category “cosmetics” instead of being categorized as “drugs.” Due to con-
tinuous updates, the EU Cosmetics Directive, and then the EU Cosmetic Product
Regulation, became a model of modern cosmetic regulations worldwide. Countries
around the world are trying to harmonize their regulations covering cosmetics and
tend to get their own regulation closer to the one of the EU. Therefore, this section
reviews both the US and the EU regulations.
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Regulation in the United States

Registration of Manufacturing Facilities and Products

Cosmetics ©1In the US, cosmetic manufacturers are not required to register
either their cosmetic manufacturing establishments or their cosmetic products
and ingredients with the FDA. However, manufacturers and distributors of cosmetic
products are encouraged to register their facilities and submit information on their
cosmetic products through the FDA’s voluntary reporting system, the VCRP.!? As
its name implies, it is a voluntary step that might be taken if the cosmetic company
desires to do so. An important fact to emphasize is that it does not apply to cosmetic
products for professional use only, such as products used in beauty salons, and prod-
ucts that are not for sale, such as hotel samples, free gifts, or cosmetic products you
make at your home to give them to your friends.> The purpose of this program is to
provide a way for the cosmetic industry to report information to the FDA on their
manufacturing facilities as well as cosmetics products after they are on the market.
Initially, the VCRP was divided into three parts: establishment registration, product
notifications, and adverse event reporting. Today, adverse event reporting is no longer
part of the VCRP.* The VCRP helps the FDA assure the safety and proper labeling
of cosmetic products sold in the US. In addition, information reported is also used
by the Cosmetic Ingredient Review (CIR) panel (see more detail in Section 3 of this
chapter) in assessing ingredient safety and determining priorities for ingredient safety
reviews.

@ DID YOU KNOW?

Since registration of cosmetic products is not required in the US, the use of an
“FDA-registered” logo is not allowed. It could mislead consumers to believe that
a product bearing the logo is better than another not bearing the logo.

OTC Drugs Companies manufacturing OTC products, including OTC cosmetic—
drug products, such as a sunscreen, are required to register their companies every
year with the FDA and update their list of all manufactured drugs twice annually.>

@ DID YOU KNOW?

Participation in the VCRP does not mean that a cosmetic manufacturing establish-
ment or cosmetic product is approved. Uninformed consumers might assume that
a company’s product participating in the VCRP is better than another company’s
product that does not participate in the VCRP. However, it is not true since taking
part in this program only means that a company voluntarily provides information
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to the FDA. As a result, using the VCRP participation as a promotional tool is
prohibited by the FDA. Companies using the fact of participation in their product
advertisements, for instance, are misleading the consumers, and it is against the
law.”8

Premarket Approval

Cosmetics Premarket approval is a process in which a product is approved by a reg-
ulatory authority before entering the market and being sold to consumers to ensure
its safety and efficacy for its intended use(s). @ In the US, cosmetic products are
not subject to FDA premarket approval.

OTC Drugs In the case of OTC medications, including drug—cosmetic products,
premarket approval may be necessary. If a manufacturer uses ingredients listed in the
OTC monograph and complies with the monograph, premarket approval is not neces-
sary since the conditions stated in a monograph ensure safety and efficacy. In contrast,
new active ingredients are subject to the FDA’s premarket approval. In the premar-
ket approval, companies have to prove that their product is effective and safe for its
intended use(s). This process requires companies to perform clinical trials. Clinical
trials are experiments that use human subjects to see whether a drug is effective and
what side effects it may cause.’

Manufacturing

Cosmetics Manufacture of cosmetic products should be performed in such a way
that products are safe and effective and their quality is constant throughout all batches.
© The FDA does not require all manufacturers to use the same quality stan-
dards and systems. However, it encourages them to follow the Good Manufacturing
Practices (GMPs). It is worth emphasizing that, although following the GMPs is
not a requirement in the case of cosmetics, the FDA has a cosmetic GMP guid-
ance for the industry. This document provides guidance for the industry in identifying
the standards and potential issues that can affect the quality of cosmetics (see more
information on the cosmetic GMPs in Section 4 of this chapter). In addition, qual-
ity assurance guidelines are also published by the Personal Care Product Council
(PCPC) to help cosmetic manufacturers establish their GMPs and quality assurance
programs.

OTC Drugs The law requires strict adherence to GMP requirements for drugs, and
there are regulations specifying the minimum current GMP requirements.!%-!!

Use of Ingredients
Cosmetics ©In the US, cosmetic manufacturers can use almost any raw
materials they want as cosmetic ingredients without any approval or limitation.
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Restrictions only apply for the use of color additives, a small number of
prohibited and restricted ingredients, as well as active ingredients.

B As discussed in Chapter 1, there is a positive list of color additives. It includes
ingredients that are specifically approved for cosmetics. All color additives must
be tested for safety and approved for their intended use by the FDA before they
can be marketed in the US.

®m [n the US, there is only a short list of prohibited ingredients, including
bithionol, chlorofluorocarbon propellants, chloroform, halogenated salicy-
lanilides, methylene chloride, vinyl chloride, zirconium-containing complexes,
and some prohibited cattle materials.

B In addition, there are some restrictions regarding the use of hexachlorophene
and mercury compounds in cosmetics as well as the use of the term
“sunscreens.” %13

B As discussed previously, cosmetics cannot contain any active ingredients.

OTC Drugs OTC drug-active ingredients are strictly regulated. In general, they must
either receive premarket approval by FDA through the New Drug Application (NDA)
process or conform to an OTC monograph for a particular drug category (as discussed
previously in Section 2 of Chapter 1).

@ DID YOU KNOW?

An NDA is an application submitted to the FDA if a company would like to intro-
duce a new drug product (i.e., active ingredient) into the US market.

As for the inactive ingredients, there is no list of “approved” ingredients that man-
ufacturers can select their ingredients from. For OTC drug—cosmetic products subject
to FDA premarket approval (new drugs), inactives are only approved as components
of new drugs. For OTC drug—cosmetic products that are regulated under the FDA’s
monograph system, there is no required approval for the excipients. Inactive ingredi-
ents that are incorporated into OTC drug—cosmetic products must only be determined
to be safe and suitable by the manufacturer before use.'*

Testing and Product Safety

Cosmetics ©1In the US, cosmetic products have to be safe and cosmetic manu-
facturers are responsible for substantiating safety of their products and ingre-
dients before marketing. However, there is no specific protocol in the relevant reg-
ulations on how to perform safety testing. It is each manufacturer’s task to determine
how to test a product and ensure that it is safe for human use. They usually follow
guidelines developed by the industry.
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As for the safety of cosmetic ingredients, the US has an independent expert panel,
usually referred to as the “CIR,” that reviews relevant data on cosmetic ingredients
and decides whether they are safe under their current conditions of use. It helps
manufacturers choose ingredients for their products and continuously be informed
about the safety of ingredients. In addition, in 2008, the PCPC (see more information
on PCPC in Section 3 of this chapter) initiated a program called the Consumer Com-
mitment Code (CCC) on voluntary basis for all companies in the cosmetic industry.
The code goes beyond the existing law, and its purpose is to help companies ensure
safety of their products. Under this code, participating companies agree to follow the
recommendation of the CIR, use ingredients that are substantiated for safety, par-
ticipate in the VCRP, report serious and unexpected adverse reactions with cosmetic
products, produce their products in a manner consistent with good manufacturing
procedures, and substantiate the safety of their raw materials and finished goods."?

In the US, manufacturers also have an option of not performing safety testing. In
such cases, they have to put the following warning statement on the principal display
panel (PDP) of the product’s label: “Warning — The safety of this product has not
been determined.”!® It should be noted that this action is very rare.

@ DID YOU KNOW?

In the US, cosmetic companies can still test their cosmetic products on animals.
The Food, Drug, and Cosmetic (FD&C) Act does not specifically require the use
of animals in testing cosmetics for safety. However, the agency has consistently
advised cosmetic manufacturers to employ any testing appropriate and effective
for substantiating the safety of their products. It remains the responsibility of the
manufacturer to substantiate the safety of both ingredients and finished cosmetic
products prior to marketing.

As in-market surveillance, the FDA monitors the safety of cosmetic products that
are being marketed. The FD&C Act authorizes the FDA to conduct inspections of
cosmetic firms (on the basis of complaints or suspicion of violation of law) without
prior notice in order to assure compliance with the regulations. If they find proof for
the harmfulness of a product to consumers when used as intended, the FDA takes
regulatory action. In addition to inspections, the FDA has a number of ways to mon-
itor the safety of cosmetic products. A short list of the possible ways is provided as
follows:!”

B FDA encourages cosmetic firms to report product information through the
VCRP since it uses the information provided in the database.

B In addition to the on-site inspections, FDA works with US Customs and Border
Protection to examine imported cosmetics and make sure that they meet the US
regulations.



WIWW. FALOANPRESS. COM

76 CHAPTER 2: LEGISLATION FOR COSMETICS AND OTC DRUG

B FDA periodically buys cosmetics and analyzes them, especially if it is aware of
a potential problem. The information obtained can be used to alert consumers,
support regulatory actions, or issue guidance for industry.

® FDA takes the results from the CIR into consideration when evaluating safety.

® FDA also monitors peer-reviewed literature and takes data provided by other
governmental agencies, such as the National Toxicology Program (NTP) into
consideration.

® Bad reactions to cosmetics can be reported by consumers and health-care
providers to the FDA to notify it about unsafe cosmetics. This information is
also being used by FDA in monitoring the safety of cosmetics.

To ensure safety of marketed cosmetic products, the FD&C Act prohibits the distri-
bution of adulterated cosmetics. Under this law, a cosmetic can become adulterated
in a number of ways, such as if!8

B it contains any poisonous or deleterious substance, which may render the prod-
uct harmful to consumers under customary conditions of use;

B it consists of any filthy, putrid, or decomposed substance;

B it is manufactured or held under insanitary conditions whereby it may have
become contaminated with filth, or may have become harmful to consumers;

B its container is composed of any poisonous or deleterious substance, which may
render the contents injurious to health;

B it contains a color additive that is not approved for the intended use.

@ DID YOU KNOW?

A coal-tar hair dye is not considered adulterated in the US as long as it bears
the required caution statement on its label and gives instructions for performing
a patch test, even if it causes irritation to the skin or is otherwise harmful to the
human body.

As part of the safety requirements for cosmetic products, there are a number of
mandatory warning and caution statements for specific products that have to appear
on the label of a cosmetic (see more detail on labeling statements in Section 2 of this
chapter).

OTC Drugs In the case of drugs, evidence of efficacy and safety is essential in
order to receive premarket approval for a product from the FDA. If a manufacturer
uses OTC-monographed active ingredients, safety and effectiveness are ensured since
monographs ensure these characteristics. In such cases, clinical studies are generally
not required to prove safety and efficacy; however, there may be exceptions. Prod-
ucts that confirm to a final monograph may be marketed without further FDA review.
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Those that do not conform, or are new ingredients, must be reviewed by the NDA pro-
cess, including clinical trials, to gain information on the drug. In addition, to further
ensure the safe use of OTC products, the FDA conducts studies to learn if potential
consumers understand the label, can properly choose the medicine for their needs, and
use it according to the directions. An additional requirement for OTC drug—cosmetic
product — which is only voluntary in the case of cosmetics — is the mandatory report-
ing of serious adverse events.

Packaging and Labeling

Cosmetics Products must be packaged and labeled before they can go on the market
to inform consumers about the intended uses, ingredients, safety issues, and other
important facts required by the law. There are certain rules for labeling that manufac-
turers are required to meet. In general, labels of cosmetic products and OTC drugs
have to be legible, easy to understand, and truthful (i.e., not misleading). Labeling
and packaging of cosmetic products are regulated under the FD&C Act and the Fair
Packaging and Labeling (FP&L) Act of 1967, while that of OTC drugs are laid down
in the Code of Federal Regulations (CFR).'® The regulation on labeling for both types
of products is very detailed and requires all consumer products in interstate commerce
to be honestly and informatively labeled. The FDA has a Labeling Manual on its web
site providing information on the labeling requirements for cosmetics. As part of the
manual, it has a Labeling Guide that helps manufacturers and distributors answer
their labeling questions through examples.

All cosmetic products are subject to the FP&L Act excluding products for profes-
sional use only (e.g., preparations used by professionals on customers at their place
of work) or which are not distributed for retail sale (e.g., free product samples). This
is why only limited information can be found on free products received in hotels. (See
details of labeling rules in Section 2 of this chapter.)

As part of ensuring compliance with the relevant labeling regulations, the FDA
prohibits the marketing of misbranded cosmetics. The term “misbranding” applies
to labeling and packaging. Under the FD&C Act, a cosmetic is considered mis-
branded if2°

its labeling is false or misleading;

its label does not include all required information;

the required information is not adequately prominent and conspicuous;
its container is formed or filled as to be misleading;

it is a color additive and its packaging and labeling are improper;

its packaging or labeling does not comply with the Poison Prevention Packaging
Act of 1970, which requires child-resistant packaging (for some products only;
e.g., primers and glue removers of artificial nails).

When sold for retail, certain products, such as liquid oral hygiene products (e.g.,
mouthwashes) and all cosmetic vaginal products (e.g., douches), must be packaged
in tamper-resistant packages, which if breached or missing, alert a consumer that
tampering has occurred.?!
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Since OTC medications are used directly by consumers without consultation with
a physician or pharmacist, the labeling of these products has to ensure that patients
have enough information in an easily understandable form so they can appropriately
self-select the products. The information panel has to bear a so-called Drug Facts
box, which contains information in a standardized format (see more information on
this in Section 2 of this chapter).

Import of Products

Cosmetics Companies importing products considered to be solely cosmetics in the
US are not required to register with the FDA, and no registration number is required
for importing cosmetics into the US. However, @ all cosmetic products imported
into the US are subject to the same laws and regulations as those produced in
the US. It means that they must be safe for their intended uses and must comply with
all labeling and packaging rules.??

As discussed previously, there are certain products that are considered drugs in
the US, but cosmetics in another country. Examples include antidandruff shampoos,
cosmetics with ultraviolet (UV) filters, or antiacne medications. The importer of such
products has to pay attention to the US classification of the product and make sure
that it complies with all relevant rules. When cosmetics enter the US border, they
are subject to examination by the US Customs. Products that do not comply with
FDA laws and regulations are subject to refusal of admission into the US. The most
common reasons for import refusals of cosmetics are labeling violations, the illegal
use of color additives, and the presence of poisonous or deleterious substances such
as pathogenic microorganisms.

As not all cosmetics are inspected or sampled on entry, the FDA issues import
alerts to help inspectors target their efforts. Products listed in import alerts are sub-
ject to detention without physical examination. In general, import alerts on cosmetics
focus on therapeutic claims, use of unapproved color additives and poisonous or dele-
terious substances, microbial contaminations, and labeling failures.

OTC Drugs All foreign drug establishments whose products are imported or offered
for import into the US are required to register their establishment with the FDA and
renew it annually. In addition, similar to US manufacturers, they are required to list
all of their drug products in commercial distribution in the US and update it twice
annually. Imported products are subject to inspection at the time of entry by the US
Customs, and all shipments that do not comply with the US are subject to retention.
In addition, to ensure that the FDA is notified of all drugs imported into the US, the
importer has to file an entry notice and an entry bond with the US Customs, pending
a decision regarding the admissibility of the product.?

Recalls
Cosmetics Recall is a voluntary action taken by manufacturers and distributors as
their responsibility to protect the public health and well-being from products that
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present a risk of injury or gross deception or are otherwise defective. Recalls of
cosmetics and OTC drug—cosmetic products may be conducted on a firm’s own ini-
tiative or on a FDA request.”* @ Under the FD&C Act, the FDA has no authority
to order a mandatory recall of a cosmetic product; this process is based on a
voluntary action. However, the FDA has roles in facilitating recalls and can
take authoritative legal actions against manufacturers that persist in market-
ing a defective product. A summary of all actions the FDA can take is provided as
follows:!7-?

B [t can request that a firm recall a product by issuing a warning letter. In a
warning letter, the FDA informs firms that it is aware of violations and a cor-
rective action is needed. Warning letters are usually posted on the FDA’s web
site.

m ]t can have targeted establishment inspections to check whether compliance
with the regulations.

B [t can monitor the progress of a recall.

B ]t can conduct an audit at the wholesale or retail level for customers to verify
the recall’s effectiveness.

B [t can evaluate the health hazard represented by the product and assign it a clas-
sification.

m [f notification of the public is necessary, it assures that the company performs
the notification or if the company fails in this duty then the FDA itself notifies
the consumers.

B [t can ask a federal court to issue an injunction (the court issues an order requir-
ing a company to do or cease doing a specific action, e.g., production or distri-
bution of a defective product).

B [t can request that US marshals seize the products (it means that the products
are taken in possession by a district court until the problem is resolved).

B [t can initiate criminal action.
B [t can also refuse entry of an imported product.

Manufacturers and/or distributors may initiate a recall at any time to fulfill their
responsibility to protect the public health from products that present a risk of injury or
gross deception or are otherwise defective. Firms may also initiate a recall following
notification of a problem by FDA or a state agency, in response to a formal request
by the FDA, or as ordered by the FDA 26

@ DID YOU KNOW?

You can often hear the terms “withdrawal” and “recall.” They both refer to removal
or correction of a marketed product; however, they are not the same. Recall is
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initiated when a product, according to the FDA, is in violation of the laws and
against which the FDA would initiate legal action. Therefore, manufacturers
typically initiate voluntary recalls when a defect is found to avoid a potentially
more significant enforcement action by FDA. On the other hand, a withdrawal
is performed when there is only a minor violation that would not be subject to
legal action by the FDA or there is no violation at all, e.g., routine equipment
repairs.

OTC Drugs Similar to cosmetics, recall is a voluntary action for OTC drugs. The
FDA does not have authority to recall OTC drugs; however, it can initiate the same
actions for OTC drug—cosmetic combination products as for cosmetics.

Summary In conclusion, the regulations are stricter for OTC drug—cosmetic prod-
ucts and their manufacturers and distributors have more obligations as well. Table 2.1
summarizes the rules and regulations for cosmetics versus OTC drug—cosmetic prod-
ucts in the US.

Regulation in the European Union

The provisions of the EU Cosmetic Products Regulation (EU Regulation 1223/2009)
aim at ensuring that the consumers’ health is protected and they are well informed by
monitoring the composition and labeling of products. The Regulation also provides
information on the assessment of product safety and the prohibition of animal testing.
The European Commission (EC) has overall responsibility for cosmetics legislation
within the EU. Each member state designates a competent authority that enforces
the legislation. This part reviews the EU cosmetic regulations. It should be kept in
mind that certain EU cosmetics, e.g., sunscreens and antiacne products, are consid-
ered drugs in the US.

Registration of Manufacturing Facilities and Products The EU regulation does
not require registration of cosmetic products in the EU. However, completion of a
premarket notification of each cosmetic product is mandatory as per Article 13 of
the Regulation. Notification is an administrative process performed electronically
requiring submission of some essential data regarding cosmetic products. The data
include the following among others: category of cosmetic product, member state in
which the cosmetic product is to be placed on the market, identity information of the
responsible person, the presence of substances in the form of nanomaterials, informa-
tion on substances classified as carcinogenic, mutagenic, or toxic for reproduction,
and relevant product specifications. Providing the address of a so-called responsi-
ble person, which is the manufacturer in certain cases, is also a requirement of the
regulation.?’
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TABLE 2.1 Summary of the Rules and Regulations for Cosmetics and OTC
Drug—Cosmetic Products in the United States

Cosmetics

OTC Drug—Cosmetic Products

Registration of
companies

e Voluntary through VCRP

e Required
e Has to be done every year

Registration of

e Voluntary through VCRP

e Required

products e Has to be done twice annually
Premarket e Not a requirement e Required for new drugs
approval e Not required for ingredients
listed in the OTC monograph
Product o GMP is recommended e GMP is required
manufacturing

Use of ingredients

e Strict regulation for color
additives

e Eight prohibited ingredients

e Three restricted ingredients

e No active ingredients can
be used

e Active ingredients: either new
drugs or are listed in the OTC
monograph

o Inactive ingredients are
approved as part of the final
product

Testing and e Products have to be safe e Safety and efficacy have to be
product safety e Testing is manufacturers’ proven
responsibility
e No official protocol
e CIRs ingredient safety
Packaging and e Strict regulation e Strict regulation
labeling e Labeling manual available e Drug Facts table is required
Import e Registration is not required e Companies importing products
e Imported products are subject to the United States have to
to the same rules as products register with the FDA
manufactured in
the United States
Recalls e Voluntary by e Voluntary by

manufacturer/distributor

manufacturer/distributor

e FDA does not have authority to
order a mandatory recall

e FDA does not have authority to
order a mandatory recall

Premarket Approval In the EU, cosmetics are not subject to premarket approval.
However, the regulation requires the designation of a responsible person for each
cosmetic product in order to place a product on the market. As its name implies, this
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person will be responsible for the cosmetic product. Without a responsible person,
cosmetic products cannot be placed on the EU market.8

Manufacturing The EU Cosmetic Product Regulation states that the manufacture
of cosmetic products shall comply with the GMPs. EN ISO 22716:2007 Cosmetics,
GMPs, Guidelines on GMPs provides a basis for the cosmetic GMP, and it has already
become universally accepted across the EU.?8

Use of Ingredients The EU also has restrictions on the use of cosmetic ingredients.
It has lists of permitted color additives, preservatives, UV filters and prohibited and
restricted ingredients in Annexes II-VI of the Cosmetic Product Regulation. How-
ever, it has to be emphasized that these lists are more exhaustive and include many
more ingredients than the US lists.

B Annex II lists over 1300 substances that are prohibited from use in cosmetic
products.

B Annex IIT lists over 250 substances that cosmetic products must not contain
except those subject to the restrictions laid down (this is the restricted ingredient
list).

B There is a separate positive list of color additives allowed in cosmetic products
(Annex IV).

® The EU has a positive list of preservatives permitted in cosmetics prod-
ucts (Annex V) as well as UV filters permitted in cosmetic products
(Annex VI).

In addition, the Regulation prohibits the use of substances recognized as car-
cinogenic, mutagenic, or toxic for reproduction, excluding certain exceptions.? 33
EU manufacturers and EU importers of cosmetic ingredients or finished cosmetics
products also have to comply with the so-called REACH regulation (EC No.
1907/2006) before they place their cosmetic products on the EU market. REACH
is the EU regulation concerning the Registration, Evaluation, Authorization and
Restriction of Chemicals. Under this regulation, chemical ingredients must be
(pre)registered with the European Chemical Agency if their annual tonnage exceeds
1 ton.3

Testing and Product Safety Similar to the US, the safety of cosmetic products
placed on the EU market is not the responsibility of the competent authority.
In the EU, it is the responsibility of an assigned responsible person. Safety
assessment has to be performed before placement of a product on the market.
Although the regulation requires safety assessment, the types of safety testing
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are not included in the Regulation itself. Guidelines for safety testing have been
prepared by the Scientific Committee on Consumer Safety (SCCS). Under the
EU regulation, the responsible person has to prepare a product information file
(PIF), including data on safety and efficacy of a product. The PIF also serves
as a basis for premarket notification of cosmetic products. Safety of products
is assured by an in-market surveillance system controlled by each member
state.>

The Regulation provides (and the previous regulation, the Cosmetic Directive also
provided) regulatory framework for phasing out of animal testing for cosmetic pur-
poses. Today, performing animal tests to evaluate cosmetic products is completely
prohibited in the EU. Animal testing of finished cosmetic products and cosmetic
ingredients has been banned since 2004 and 2009, respectively (these two bans on
testing are referred to as the “testing ban”). The marketing ban, i.e., ban on the market-
ing of cosmetic products tested on animals and products containing ingredients tested
on animals, has applied since 2009 for all human health effects with the exception
of repeated-dose toxicity, reproductive toxicity, and toxicokinetics. For these specific
health effects, the marketing ban has applied since March 11, 2013, regardless of the
availability of alternative nonanimal tests.?

Packaging and Labeling General labeling requirements are listed in Article 19 of
the Regulation. Labeling requirements are similar to those of the FDA (see more
information on the US label information in Section 2 of this chapter). The EU regu-
lation requires the following information to be present on a cosmetic label:3

Name and address of the responsible person

Country of origin for imported cosmetic products

Nominal content

Expiry date

Precautions

Batch number reference for identifying cosmetic products

Function of the cosmetic product, unless it is clear from its presentation

List of ingredients in descending order down to 1%, under 1% in any order.

A main difference is that in the EU, expiration date (shelf life) of cosmetic products
must be indicated.?’

B For products having a minimum durability of more than 30 months, the period
after opening (PAO) should be indicated by an open jar symbol. The open jar
is accompanied by a number indicating the durability of the product after it has
been opened and the letter “M” referring to months (see Figure 2.1a).
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(a) (b)

Figure 2.1 Expiration date of cosmetic products in the European Union. (a) Period after
opening. (b) Hourglass symbol. Adapted from the Regulation (EC) 1223/2009 of the European
Parliament and of the Council of 30 November 2009 on cosmetic products.

B For products having a minimum durability of less than 30 months, the actual
expiration date must be indicated using an hourglass symbol or the following
words: “best used before the end of”” and the date (see Figure 2.1b).

Another difference is that in the EU, nanomaterials have to be listed among the
ingredients using the name “nano.”

The Commission has a glossary of common ingredient names that must be used
for labeling of cosmetics, and it continuously updates this list. For the glossary, the
Commission takes into account the internationally recognized nomenclatures, includ-
ing the International Nomenclature of Cosmetic Ingredients (INCI).?® The glossary
is published in the Official Journal of the European Union.

Import of Products

Companies importing products to the EU have to ensure that they comply with all
EU regulations. A PIF should be prepared for each cosmetic product — similar to
cosmetics manufactured in the EU — and made available to the authorities. Rules
relevant for products manufactured in the EU are also relevant for cosmetics imported.
Examples for these include the prohibition of use of banned ingredients, competence
with labeling information (including the date of minimum durability), notification of
competent authority about the product, and prohibition of animal testing.

Recalls

In the EU, product recall is the responsibility of the responsible person assigned by
the manufacturer. However, the Regulation states that the competent authority can
also withdraw or recall a product from the market if immediate action is necessary or
if the responsible person does not take all appropriate measures within the set time
limit.39~4!
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GLOSSARY OF TERMS FOR SECTION 1

Adulterated: A product that is generally impure or unsafe due to its composition,
manufacturing process, storage location, or container.

Import: The process of bringing products into a country from abroad for sale.

Inspection: A detailed examination performed by the FDA at establishments that
manufacture, process, pack, or hold FDA-regulated products to determine the
establishment’s compliance with laws determined by the FDA.

Misbranded: A product that is false or misleading due to its labeling, packaging,
or container.

Premarket approval: A process in which a product is approved by a regulatory
authority before entering the market and being sold to consumers to ensure its
safety and efficacy for its intended use(s).

Prohibited ingredient: An ingredient that cannot be used in cosmetic products in
the US.

Recall: A voluntary action taken by manufacturers and distributors to protect the
public health and well-being from products that present a risk of injury or gross
deception or are otherwise defective.

Responsible person: A person who is liable for the regulatory compliance
of cosmetic products on the EU market. According to the EU Cosmetics
Regulation, each cosmetic product has to be guaranteed by a responsible
person.

Restricted ingredient: An ingredient that can be used in cosmetic products in the
US, but only under the restrictions stated in the regulations.

VCRP: The Voluntary Cosmetic Registration Program is a program established
by the FDA to provide a way for the cosmetic industry to report information
on their manufacturing facilities and cosmetic products after they are on the
market.

©©%| REVIEW QUESTIONS FOR SECTION 1

Multiple Choice Questions

1. What is a cosmetic product recall?
a) A voluntary removal of the product from the market
b) The approval of the product by the FDA before selling it to consumers
¢) Removal of the product from the market by the FDA

d) A type of advertisement for cosmetic products that are approved by the
FDA
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What is the FDA’s statement on animal testing with respect to
cosmetics?

a) The FDA does not specifically require the use of animals in testing cosmetics
for safety

b) Manufacturers may perform animal tests to establish product
safety

c) The FDA prohibits animal tests in safety evaluation of cosmetics
d) aand b are true

Which of the following cosmetic products has to meet the FDA’s cosmetic reg-
ulations?

a) Products marketed in the US
b) Products made in the US

¢) Products imported to the US
d) All of the above

Which of the following is responsible for the safety of cosmetic products in the
US and the EU, respectively?

a) FDA/EC

b) Product manufacturer/responsible person

c¢) Personnel performing safety testing/personnel performing safety testing
d) Responsible person/product manufacturer

Premarket notification of cosmetic products in the EU is:
a) A voluntary action

b) A mandatory action

c) There is no premarket notification in the EU

d) None of the above

The use of the following ingredients in cosmetics is strictly regulated in the
US:

a) Color additives and restricted and prohibited ingredients
b) Color additives, UV filters, and preservatives

c¢) Prohibited and restricted ingredients

d) UV filters, fragrances, and preservatives

What is the current regulation for the registration of cosmetic companies in the
us?

a) Registration is required for each and every new company

b) Registration is required every year after the initial registration

c) Registration is required twice annually after the initial registration

d) Registration is not required; it is voluntary
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8.

10.

11.

12.

How can the FDA monitor cosmetic product safety?

a) By performing an on-site inspection

b) By buying and analyzing cosmetics

¢) Using consumer reports on bad reactions to cosmetics
d) All of the above

Which of the following is true for cosmetic products imported to the US?
a) The products have to be registered in the US

b) The company importing products has to register with the FDA

¢) Product labels have to be in accordance with the US rules

d) Color additives not approved in the US can be used in products that are
imported to the US

Which of the following is true for active ingredients used in OTC drug—cosmetic
combination products in the US?

a) Any ingredients listed in the OTC monographs can be used in the concentra-
tion listed and under the conditions detailed

b) Any active ingredients can be used in any concentration
¢) New active ingredients can be used in less than 1% without any approval
d) Only ingredients that have been used for at least 50 years can be used

The “FDA-registered” logo can be used on __.
a) Any cosmetic products

b) Skin care products only

¢) Cosmetics containing preservatives

d) No products

Premarket approval is:

a) A voluntary action to remove a cosmetic product from the market

b) A legal action that can be taken by the FDA against cosmetic companies that
do not manufacture safe products

¢) A process through which a regulatory authority (e.g., the FDA) approves the
marketing of a product in the US before it is actually sold to consumers

d) A type of an inspection the FDA regularly performs at shampoo manufactur-
ing companies

Fact or Fiction?

a) Cosmetics must be safe in the US.

b) The FDA can inspect cosmetic companies without prior notice.

¢) The FDA can initiate recalls for cosmetics.

d) The VCRP is a cosmetic approval program.

e) The FDA can buy and analyze cosmetic products to evaluate their
safety.
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Misbranded or Adulterated?

1. Here is a list of problems that may occur in and/or related to cosmetics. Cat-

egorize the problems based on which makes a product adulterated (A) or
misbranded (M).

Misbranded or adulterated

1. Contains any poisonous substance
2. Labeling is false
3. Contains a nonpermitted ingredient
4. Label does not include all required information
5. Contains a noncertified color additive
6. Information is not legible on the labeling
7. Product is prepared under insanitary conditions
8. Misleading container presentation or fill
9. Container is composed of poisonous substance
10. Labeling is misleading
11. Contains filth
12. Product is stored under insanitary conditions
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SECTION 2: LABELING TUTORIAL FOR COSMETICS AND OTC
DRUG-COSMETIC PRODUCTS MARKETED IN THE UNITED STATES

E} LEARNING OBJECTIVES

Upon completion of this section, the reader will be able to

1. define the following terms:
Alphabetical order Country of origin Descending order of predominance
Directions for safe Drug Facts box Expiration date FP&L Act
use
Identity statement Immediate container INCI INCI names
Information panel Ingredient Label Labeling
declaration
Net quantity of Outer container Principal display panel
content
Retail sale Warning statement
2. name the regulations that regulate the labeling and packaging of cosmetic prod-

N kW

ucts in the US;

differentiate between a package and a label;

differentiate between an outer and an inner container;

differentiate between a label and labeling;

differentiate between the PDP and the information panel;

list what information has to appear on the PDP of a cosmetic product in the US;
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8.

9.

10.

11.

12.
13.

14.

15.
16.

17.

list what information has to appear on the information panel of a cosmetic product
in the US;

explain how flavors and fragrances can be indicated on the label of a cosmetic
product;

list what information has to appear on the PDP of an OTC drug—cosmetic product
in the US;

list what information has to appear on the information panel of an OTC
drug—cosmetic product in the US;

name the official language for labeling a cosmetic product marketed in the US;

briefly discuss the requirements for ingredient declaration in the case of a cos-
metic product and an OTC drug—cosmetic product, respectively;

explain what the official rule is for ingredient declaration on a cosmetic product
that is distributed free of charge, e.g., a free shampoo sample in a hair salon;

explain what labeling rules a cosmetic product imported to the US has to meet;
explain what the abbreviation “INCI” stands for and how INCI names are estab-
lished;

briefly discuss whether consumers know the exact composition of a cosmetic
product or an OTC drug—cosmetic product in the US.

KEY CONCEPTS

1.

Cosmetics distributed in the US must comply with the labeling regulations pub-
lished by the FDA under the authority of the FD&C Act and the FP&L Act. OTC
drug—cosmetic products must comply with the cosmetic regulations and OTC
drug regulations as well.

2. Labeling has a significant role in the classification of a product in the US.

et

Cosmetic products must have both a PDP and information panels.

According to the current US regulations, the following information must be indi-
cated on the PDP of cosmetics marketed in the US: an identity statement, net
quantity of contents, and, in specific cases, a warning statement referring to the
safety of the product

According to the current US regulations, the following information has to be
included on the information panels of cosmetics marketed in the US: name and
place of business, country of origin, directions for safe use, warning and caution
statements, and ingredient declaration.

OTC drug—cosmetic products must have a combination of cosmetic and OTC
labeling.

According to the current US regulations, the following information must be indi-
cated on the PDP of OTC drug—cosmetic products marketed in the US: an iden-
tity statement and net quantity of contents.
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8. According to the US regulations, the following information must be indicated
on information panels of OTC drug—cosmetic products marketed in the US: a
Drug Facts box, the name and place of business, expiration date, lot number, and
country of origin.

9. In the US, cosmetic ingredients must be listed by their established or adopted
names, which in general are the INCI names.
10. You never know the exact composition of a cosmetic product or OTC
drug—cosmetic product if you are not the product manufacturer.

Introduction

O Cosmetics distributed in the US must comply with the labeling regulations
published by the FDA under the authority of the FD&C Act and the FP&L Act.
OTC drug-cosmetic products must comply with the cosmetic regulations and
OTC drug regulations as well. Requirements for the labeling of OTC drugs are
regulated under the CFR.! This section reviews the FDA’s labeling requirements with
regard to cosmetics and OTC drug—cosmetic products.

As mentioned previously, neither the FD&C Act nor the FP&L Act requires cos-
metic products, including their labeling to undergo premarket approval by the FDA.
It is the manufacturer’s and/or distributor’s responsibility to ensure that products are
labeled properly. Failure to comply with labeling requirements may result in a mis-
branded product. As discussed in Section 1 of this chapter, the FDA prohibits the
marketing of misbranded cosmetics.

It is important to note that these regulations are relevant for all cosmetics mar-
keted in the US, whether they were manufactured in the US or were imported from a
foreign county. It has to be emphasized that @ labeling has a significant role in the
classification of a product in the US since the major differentiating factor between
a drug and a cosmetic, i.e., the intended use, is determined from the statements on a
product’s labeling. The courts, in deciding whether a product is a cosmetic, a drug,
or a combination of a drug and a cosmetic, have relied principally on the consumer’s
perception of the meaning of a label statement and less so on the interpretation of the
meaning of a label statement by the labeler or a regulatory agency.

Definitions

Before discussing the particulars of a label, there are some definitions we should
understand.

® The package is the outer container of a product, such as a box or folding carton.
However, the package can also be the immediate container, for example, bottle,
jar, or aerosol container that holds the product if the immediate container is not
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displayed in a box or folding carton. Figure 2.2 shows the difference between
an outer and an immediate container.

The term “label” refers to a written, printed, or graphic display of information
on the container of a cosmetic or affixed to or appearing on a package containing
a product.>™*

Labeling refers to all labels and other written, printed, or graphic matter on
or accompanying a product. This includes labels, inserts, risers, display packs,
leaflets, promotional literature, or any other written or printed information dis-
tributed with a product.>®

The principal display panel (known for short as PDP) is the panel of a pack-
age that is most likely to be shown or examined under customary conditions of
display for retail sale.”-

Toothpaste

] Toothpaste

Figure 2.2 A cosmetic package, including an outer container (i.e., a folding carton) and an
immediate container (i.e., a plastic tube).

Principal
display
panel Information
panel

Principal
display
panel

Information
panel

Information  Information
panel panel

Information
panel

Figure 2.3  Principal display panel and information panels.
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/BRAND NamE

Statement of identity
Required as a common, usual,
descriptive of fanciful name
indicating the nature and use of
a product

Net quantity of content

Required in weight,
fluid measure, numerical count
or their combination,
in nonmetric units

Safety warning
If applicable

The safey of this product
has not been determined.”

Figure 2.4 Information required to be indicated on the principal display panel of a cosmetic
product in the United States.

B The information panel refers to the labels of the package other than the PDP.
Back, bottom, and side panels are generally called information panels. Since
the information must be legible, the bottom of the package is generally not
acceptable for placement of required information such as the cosmetic ingredi-
ent declaration. Figure 2.3 shows a general layout of the PDP and information
panels on a cosmetic package.

Cosmetic Products

© Cosmetic products must have both a PDP and information panels.

Principal Display Panel @ According to the current US regulations, the follow-
ing information must be indicated on the PDP of cosmetics marketed in the US:
an identity statement, net quantity of contents, and, in specific cases, a warning
statement referring to the safety of the product (see Figure 2.4).

1. The identity statement indicates the nature and use of the product, by means
of either the common or usual name, a descriptive name, a fanciful name
understood by the public or an illustration.” Some examples for identity state-
ments are “nourishing hand cream,” “shimmer glow dust,” “refreshing shower
gel,” “matte-wear liquid foundation,” and “shave gel.”

99 ¢
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@ DID YOU KNOW?

You can find the brand name on the front panel of the majority of products. How-
ever, it is not a requirement of the current regulations.

2. The net quantity of content indicates the amount of product in the container
in terms of weight, fluid measure, numerical count, or a combination of these.
In the case of an aerosol product, the net content statement must express the
net quantity of the contents expelled. In the US, the net content must be in
terms of nonmetric (US) system, e.g., ounce or fluid ounce, and it may addi-
tionally be stated in terms of the metric system, e.g., grams or milliliters. For
cosmetic containers smaller than 1/4 oz. or 1/8 fl. oz. in capacity, declaration
of the net quantity of contents may appear on a tear-away tag, tape, or card
affixed to the container.!® Examples for the net quantity of contents include
2 fl. 0z./59 ml, Net Wt. 0.21 0z./6 g, and 25 wipes.

3. If the safety of the cosmetic product has not been evaluated, the required
warning statement (“Warning — The safety of this product has not been
determined””) must be stated on the PDP.!!

Note: If there is an outer and an inner package, the identity statement, net quantity,
and warning statement always go on the outer package, while on the inner package,
only the identity statement (i.e., name of the product) is required.

Information Panels © According to the current US regulations, the following
information has to be included on the information panels of cosmetics marketed
in the US: name and place of business, country of origin, directions for safe use,
warning and caution statements, and ingredient declaration (see Figure 2.5).

1. Name and place of business, which may be of the manufacturer, packer, or
distributor.!? If the distributor is not the manufacturer, the label must say “Man-
ufactured for ...” or “Distributed by ...” or similar.

2. Country of origin has to be indicated only if the product is imported to the
US.13.14

3. Directions for safe use are necessary to be indicated if misuse of a cosmetic
product may be hazardous to consumers. It is a type of material facts that
if missing can result in misleading labeling and therefore renders a product
misbranded.'> An example can be a shampoo where a direction for safe use
can be given as “Massage into wet hair and rinse off with warm water. Avoid
eye contact.” For a facial foundation, it may be provided as follows: “Blend on
face with brush or fingertips.”
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I?

Directions for safe use
Required if misuse may be
hazardous to consumers
Warning and caution
statements

Required for the safe use of
specific products

Ingredients

Required in descending order of
predominance (down to 1%)

Name and place
of business
Required
Country of origin

Required if imported to the
United States

Figure 2.5 Information required to be indicated on the information panels of a cosmetic prod-
uct in the United States.

4. The law says that cosmetic labels must bear warning and caution statements.

Warning statements can be general warning statements issued whenever nec-
essary to prevent health hazard. They may include statements on where the
product should be used, how it should be used safely, when it should be dis-
continued, or whether it should be stored in a place where children cannot have
an access to it. In addition to these general statements, some cosmetics must bear
specific warnings or cautions required and worded by regulation.'® Cosmetics
in self-pressurized containers (aerosol products), suntanning preparations, fem-
inine deodorant sprays, foaming detergent bath products, and children’s bubble
bath products are examples of products requiring such statements. For example,
the labeling of suntanning preparations that do not contain a sunscreen ingre-
dient must display the following warning: “Warning — This product does not
contain a sunscreen and does not protect against sunburn. Repeated exposure of
unprotected skin while tanning may increase the risk of skin aging, skin cancer,
and other harmful effects to the skin even if you do not burn.”!”

. Ingredient Declaration: Ingredients have to be indicated on cosmetic products

that are produced or distributed for retail sale to consumers.'8 However, cosmet-
ics not customarily distributed for retail sale, for example, hair products used
by professionals on customers at their establishments, hotel samples, or sam-
ples distributed free of charge, are exempt from this requirement. Since these
products are not sold to consumers, they are not required to bear an ingredient
label.
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@ DID YOU KNOW?

If you see the term “professional” on a product, it does not mean that it is used
by professionals only. Many products labeled as “For professional use only” are
produced for retail sale; therefore, they have to bear an ingredient label.

An important requirement is that the ingredient declaration must be legible. It may
appear on any information panel of a package and may also appear on a firmly affixed
tag, tape, or card, i.e., in case of a mascara or eyeliner pencil. Cosmetic ingredients
must be declared in descending order of predominance if present in greater than 1%.
Ingredients other than color additives present at 1% or less, i.e., fragrances and preser-
vatives, may be listed in any order after all the ingredients listed present at more than
1%. This 1% limit is not visible on the label, only the manufacturer is aware of the
actual concentrations. Color additives of any concentration may be listed in any order
after listing all other ingredients.'®

Ingredients must be identified by names established or adopted by regulation.
There are some names that have been established by the FDA by regulation, such as
chlorofluorocarbon 11 for trichlorofluoromethane.'® If the ingredient is not listed in
this group, i.e., the majority of ingredients, the next source of information is the INCI
dictionary (see more information on this in Section 3 of this chapter). If there is no
INCI name, the name on the label may be listed in the US Pharmacopoeia (USP),
National Formulary (NF), US Homeopathic Pharmacopoeia, and Merck Index. If
none lists a name for an ingredient, the common or usual name must be used, which is
understood by consumers. As a last choice, a chemical or technical name or descrip-
tion can be used; however, trade names are not acceptable.

@g DID YOU KNOW?

Some color additives are added to a cosmetic for color matching to provide
the same shade for each batch, i.e., in blushes. These ingredients are not
necessarily present in each batch; however, they still have to be labeled. These
ingredients can be found at the end of the ingredient list after the phrase “May
Contain.”

Fragrances and flavors may be declared in descending order of predominance
as “fragrance” and “flavor” or can be declared individually by their appropriate
names. If a fragrance also serves as a flavor, it must be declared as flavor and
fragrance.'8
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Some ingredients do not even have to be labeled. The FDA regulations do not
require the disclosure of incidental ingredients that are present at an insignificant
level and have no technical or functional effect in the cosmetic product. An example
is a preservative of a raw ingredient. When the raw material preserved with preser-
vative X is added to a cosmetic product, the concentration of preservative X will
reduce to a level at which it will not be effective as a preservative any longer. So, in
the final formulation, it will only be an incidental ingredient. In addition, the name
of an ingredient accepted by the FDA as a trade secret need not be disclosed on
the label. It may be listed as “and other ingredients” at the end of the ingredient
declaration.

An additional requirement of the regulations is that all label and labeling state-
ments must be in English. The only exception to this rule is for products distributed
solely in a US territory where a different language is predominant, such as Puerto
Rico." If a second language is also used for labeling, all information present in
English must be present in the other language as well.

OTC Drug-Cosmetic Products

O OTC drug-cosmetic products must have a combination of cosmetic and
OTC labeling. They also bear a PDP and one or more information panels; how-
ever, the content and format of these labels are different from those of cosmetic
products.

Principal Display Panel @ According to the current US regulations, the follow-
ing information must be indicated on the PDP of OTC drug-cosmetic products
marketed in the US: an identity statement and net quantity of contents (see
Figure 2.6).

1. The identity statement indicates the established name of the active ingredient
(if there is any) and its general pharmacological category or primary intended
action.?? Some examples for identity statements are “antibacterial hand soap,”
“hand sanitizer,” “foundation primer sunscreen,” “acne cleanser salicylic acid
acne medication,” and “antiperspirant and deodorant.”

2. The net quantity of contents indicates the amount of product in the container
in terms of weight, fluid measure, numerical count, or a combination of these.
In the US, for example, for cosmetics, the net content must be in terms of
nonmetric system, and it may additionally be stated in terms of the metric
system.21

Information Panels © According to the US regulations, the following informa-
tion must be indicated on information panels of OTC drug-cosmetic products
marketed in the US: a Drug Facts box, the name and place of business, expiration
date, lot number, and country of origin (see Figure 2.7).

1. Drug Facts box includes information about the product in a standardized
form. This type of labeling is intended to make it easier for consumers to read
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BRraND NAME

Statement of identity

Required as a established name
of the active ingredient (if any)

and its general pharmacological

action or principal intended action

Net quantity of content

Required in weight, fluid measure, or
numerical count or their combination,
in nonmetric units

Figure 2.6 Information required to be indicated on the principal display panel of an OTC
drug product in the United States.

Required

(Drug facts 2] \

Active ingredient Purpose

ACHVE INGredient % ..........cccvrvevrveee Purpose
Use

Warnings

E.g., For external use only. Keep out of reach of children.
Directions

Other information
Inactive ingredients
Descending order of
\Questions? or Questions and comments J

Name and place
of business
Required
Country of origin

Required if imported to the
United States

Lot no./Batch code
Required
Expiration date
If applicable

Figure 2.7 Information required to be indicated on the information panels of an OTC drug
product in the United States.
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and understand product labeling and use OTC drug—cosmetic products safely
and effectively. This information must appear on the outside container of the
retail package or on the immediate container if there is no outside container.
All information must be organized according to the following headings in the
following order:??

e Active Ingredient: An active ingredient refers to any component that has
pharmacological activity or other direct effect in the diagnosis, cure, mit-
igation, treatment, or prevention of disease or affects the structure or any
function of the body. Its concentration must be indicated in percentage.

e Purpose(s): A short description of each active ingredient must also be pro-
vided in the Drug Facts label. It may be the statement of identity found in
the relevant OTC drug monograph. If there is no statement of identity or no
applicable OTC drug monograph, it may be the general pharmacological
category or principal intended action of the active ingredient. Examples
for purposes include “antiseptic,” “sunscreen,” “acne medication,” “an-
tiplaque/antigingivitis,” and “skin protectant.”

o Use(s): It describes the indications of the OTC drug—cosmetic product. It
is important to emphasize that this part includes information only on the
active ingredients. An example would be an antibacterial moisturizing hand
lotion. Use in the Drug Facts label would include information only on the
antibacterial activity of the product, i.e., to decrease bacteria on the skin,
but nothing on the moisturizer activity since it is a cosmetic function.

e Warning(s): There are a number of warning statements that may appear
in this section if applicable. Examples include “For external use only,”
“Flammable. Keep away from heat and flame,” and “Keep out of the reach
of children.” If there is an age limit for the use of the product, it will also
appear in this section. In addition, information should be provided on what
side effects consumers may experience when using the product, as well as
what they should do if they experience such effects.

e Directions: Information on the proper use of the product must be listed in
this section.

e Other Information: Information on the storage of a product, its potential
harmful effects, e.g., on fabric or plastics, is provided here. However, this
section is applicable.

e Inactive Ingredients: The order of listing ingredients and their nomencla-
ture are the same as those of cosmetics, i.e., listing is provided in descend-
ing order of predominance down to 1%, and <1% in any order, color addi-
tives are listed at the end in any order. The names used should be primarily
INCI names.
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e Questions? Or Questions or Comments?: This section is optional; a phone
number may be indicated here, which may be called if consumers would
like to obtain more information on the product.

In addition to the Drug Facts box, the following information must also be
provided on the information panels:

2. Name and place of business of manufacturer, packer, or distributor. If the
distributor is named on the label, its name must be provided using phrases
such as “Manufactured for ...,” “Distributed by ...,” or similar. If the packer
is identified, the name must be identified by the phrase “Packed by ...” or
“Packaged by ....”?

3. Expiration date of a product if required by the regulations.?*

4. Lot number or batch code is generally required to be indicated on
OTC drug—cosmetic products. It is a specific number that helps identify a
product for manufacturers.?

5. Country of origin is required if a product is imported to the US.!3

INCI Naming

As mentioned earlier, @in the US, cosmetic ingredients must be listed by their
established or adopted names, which in general are the INCI names. The abbre-
viation “INCI” stands for the International Nomenclature of Cosmetic Ingredients.
INCI names were created by the PCPC (formerly known as CTFA, Cosmetic,
Toiletry, and Fragrance Association) and can be found in the International Cosmetic
Ingredient Dictionary and Handbook (otherwise known as INCI dictionary). The
first edition of the dictionary was published in 1973; since then, many changes have
taken place. In 2013, its 14th edition is used. A committee of the PCPC, called the
International Nomenclature Committee (INC), has responsibility to maintain the
integrity and validity of the data incorporated into the dictionary. The main purpose
of the INCI names as well as dictionary is to standardize ingredient names, minimize
language barriers, and help international trade. The same cosmetic ingredient may
be manufactured and distributed by multiple suppliers, resulting in different trade
names. Using trade names would make understanding ingredient labels more difficult
and export/import almost impossible. However, with a standardized nomenclature,
it is easier for concerned consumers to make educated decisions by checking
ingredient lists and finding ingredients they might be allergic to. In addition, it
helps manufacturers use standardized names on their products, which are mutually
accepted by many countries.

INCI names and the dictionary are used in a number of markets, including the
US, China, Japan, countries in Europe, and many others for listing ingredients on
cosmetic product labels. It should be noted that despite the efforts at harmonization
of the INCI nomenclature, there are still some differences between the INCI system
in different countries in terms of the nomenclature of colors, botanicals, and trivial
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ingredients. For example, the INCI name for H,O in Europe is aqua, while in the
US, it is water. Or the US requires the use of US color names, such as Red 4, while
the EU requires the use of color index numbers, such as CI 14700. In such cases, the
alternative name can be provided brackets, for example, Red 4 (CI 14700). They seem
to be minor differences; however, they can cause serious difficulties for importers and
exporters. Additionally, in some countries, INCI names are being translated into the
local language, which also results in differences.

INCI names are assigned on the basis of the chemical composition and structure
of an ingredient; however, they are generally different from the official chemical
names (i.e., IUPAC names; IUPAC stands for the International Union of Pure
and Applied Chemists) of a molecule that can be used to write a structural for-
mula for any ingredient.?® For example, the IUPAC name of a frequently used
preservative is methyl 4-hydroxybenzoate, while its INCI name is methylparaben.
Based on the IUPAC names, one can define the proper structure of the molecule;
however, the INCI name will not provide a basis for that. INCI names are specif-
ically used to identify ingredients in cosmetic and personal care products and
OTC drug—cosmetic products, but not in OTC drugs, prescription-only drugs, or
foods.

New ingredients that are not listed in the dictionary are continuously named by
the INC and added to the dictionary. In the INCI naming process, the INC works
from the written information provided by manufacturers; therefore, it is the suppliers’
responsibility to ensure that the information submitted is complete and accurate. The
dictionary provides additional information and references for cosmetic ingredients
provided by manufacturers.?’

How Do You Know the Exact Composition of a Cosmetic Product or OTC
Drug-Cosmetic Product?

The true answer is that ® you never know the exact composition of a cosmetic
product or OTC drug-cosmetic product if you are not the product manufacturer
(more specifically the formulator working for the manufacturer). Manufacturers are
required to appropriately label their products according to the relevant labeling reg-
ulations; however, there is certain information that you as a consumer will never be
aware of.

It is a fact that you can see the list of ingredients on product labels. However, as
it discussed earlier, there are some ingredients that can be listed as umbrella terms,
and you will not know what ingredients those terms include. This is the case with
fragrances and flavors. The term “fragrance” may include over 50 ingredients, so you
are not able to identify the individual components. In addition, incidental ingredients
are not listed since they do not have any technical or functional effect in the formu-
lation. The list of ingredients may be helpful for customers with sensitive skin in
making decisions about a product. However, consumers still cannot see the quantity
of ingredients that remain as confidential information, and only a limited number of
people are privy to it.
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The bottom line is that you never know the exact composition of a cosmetic prod-
uct or OTC drug—cosmetic product. However, it is worth reading the product labels
before using a product to understand how it should be used, whether there is any warn-
ing or caution with regard to its use, or to check the ingredients if you are sensitive
or allergic.

GLOSSARY OF TERMS FOR SECTION 2

Alphabetical order: An indexing method in which names are arranged in the same
sequence as the letters of the alphabet.

Country of origin: The country where the product was manufactured and imported
from.

Descending order of predominance: An indexing method in which names are
arranged based on their amount in the product. The ingredient presenting in the
highest amount goes first and the ingredient presenting in the lowest amount is
the last item on the list.

Directions for safe use: Statements on a product label that indicate how the product
should be used safely.

Drug Facts box: A box found on the information panel of OTC drugs, which con-
tains information about the products’ active ingredients, purpose, use, warnings,
directions, and inactive ingredients, among other information. It has a standard
format in the US.

Expiration date: A date that indicates until when a product should be used. After
the expiration date, the product is no longer expected to be stable and provide the
claimed benefits.

FP&L Act: Fair Packaging and Labeling Act regulates the labeling and packaging
of cosmetic products.

Identity statement: A statement on the PDP that indicates the nature and use of a
product.

Immediate container: A container that is in direct contact with the product. An
example is an aerosol can.

INCI names: Standard names used to indicate cosmetic ingredients on cosmetic
product labels in a number of countries, including US, China, Japan, and many
countries in Europe. These are often different from the chemical names of the
ingredients.

INCI: International Nomenclature of Cosmetic Ingredients.

Information panel: Labels of a cosmetic package other than the PDP.

Ingredient declaration: A list of ingredients printed on the label of cosmetic prod-
ucts.
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Label: A written, printed, or graphic display of information on the con-
tainer of a cosmetic or affixed to or appearing on a package containing a
product.

Labeling: All labels and other written, printed, or graphic matter on or accompany-
ing a product.

Net quantity of content: It is a statement on a product label that indicates the
amount of product in the container.

Outer container: A container that is in indirect contact with a product. An example
is a carton box.

Principal display panel: PDP, the panel of a cosmetic package that is most
likely to be shown or examined under customary conditions of display for retail
sale.

Retail sale: The direct sale of products in small quantities to consumers.

Warning statement: A statement on a product label, which contains important
information regarding the composition, safety, and storage of the product that
consumers should know before using the product.

u REVIEW QUESTIONS FOR SECTION 2

Multiple Choice Questions

1. Which of the following regulates cosmetic packaging and labeling in the US?
a) FDA
b) WHO
c) ABC
d) CDC
2. In an OTC drug—cosmetic product, cosmetic ingredients are listed in __ and
active ingredients are listed in __.
a) Alphabetical order/descending order
b) Descending order/alphabetical order
¢) Descending order/descending order
d) Increasing order/descending order

3. Cosmetic ingredients have to be identified on product labels using _____ names.
a) INCI
b) IUPAC
¢) Chemical
d) Physical



WIWW. FALOANPRESS. COM

REVIEW QUESTIONS FOR SECTION 2 105

4.

Which of the following is true for labeling of cosmetic products?

a) Itis not regulated in the US

b) Itis strictly regulated in the US

¢) Rules are the same for cosmetics and drugs

d) Rules are the same for each and every country in the world

Which of the following is true for expiration dates regarding cosmetics in the
Us?

a) An open jar symbol is used to indicate the expiration date

b) The FDA requires manufacturers to indicate the number of years for which
the product can be used

¢) No expiration date has to be indicated on the labels
d) Expiration date has to be indicated on skin care products only

What is the official language for labeling cosmetics and OTC drug—cosmetic
products in the US?

a) English

b) Spanish

¢) The importing country’s official language
d) None of the above

The “Drug Facts” box can be found on ___.

a) All cosmetic products

b) All color cosmetics

¢) All OTC drug products, excluding OTC drug—cosmetic combination products
d) All OTC drug products, including OTC drug—cosmetic combination products
Which of the following ingredients do not have to be indicated on cosmetic prod-
uct labels?

a) Colors used for color matching

b) Incidental ingredients

¢) Active ingredients

d) Preservatives

Matching

1.

2.

Match the numbered parts of the cosmetic label with the appropriate terms found
in the following box. There are extra terms that you do not have to use. Use every
term only once.

Indicate whether the items are mandatory or not in the US according to the current
FDA regulations.
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90 @)

Bra nd Na me Apply to the areas of the face
where needed.
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Caution: Avoid eye area. 4
Facial moisturizer
for healthy skin ) ) .
Ingredients: water, mineral oil,

glycerin, stearic acid, glycol stearate,
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Expiration date Date of manufacture Directions for safe use
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Match the terms in column A with their appropriate description in column B.

Column A Column B
1. “And other A. A product type that does not have to bear
ingredients” labeling that meets the current US rules
and regulations
2. Active B. A product type that has to bear labeling
ingredients that meets the current US rules and
regulations
3. Color C. A written, printed, or graphic matter on or
additives accompanying a cosmetic product
4. Cosmetic D. All written, printed, or graphic matter on or
ingredients accompanying a cosmetic product
in <1%
5. Cosmetic E. An act that regulates cosmetic packaging
ingredients and labeling
in>1%
6. FD&C Act F. An act that regulates cosmetics in general
7. FP&L Act G. Container in direct contact with the
cosmetic product
8. Free hotel H. Container in indirect contact with the
sample cosmetic product
9. Immediate I. Ingredients that are listed in alphabetical
container order on cosmetic labels
10. Incidental J. Ingredients that are listed in descending
ingredients order of predominance on cosmetic
labels
11. Label K. Ingredients that are used as processing aids
and have no functional effect in cosmetic
products
12. Labeling L. Ingredients that are used to match the color
of a colored cosmetic with the standard
color
13. “May contain” M. Ingredients that can be listed in any order
ingredients after all other ingredients on cosmetic
labels
14. Outer N. Ingredients that can be listed in any order
container after ingredients present in >1% on
cosmetic labels
15. Retail sale O. Trade secret ingredients accepted by the

product

FDA




WIWW. FALOANPRESS. COM

108

CHAPTER 2: LEGISLATION FOR COSMETICS AND OTC DRUG

REFERENCES

RN NN NN = — s
AU EON —~S 0w O & WP

8]
~

—_ =

. CFR Title 21 Part 201

. Food, Drug and Cosmetic Act Section 201 (k)

. Fair Packaging and Labeling Act, Section 10(c)
. CFR Title 21 Part 1.3(b)

Food, Drug and Cosmetic Act Section 201(m)

. CFR Title 21 Part 1.3(a)

. Fair Packaging and Labeling Act, Section 10(t)
. CFR Title 21 Part 701.10

. CFR Title 21 Part 701.11

. CFR Title 21 Part 701.13

. CFR Title 21 Part 740.10

. CFR Title 21 Part 701.12

. Title 19 United States Code, Chapter 4 (Tariff Act of 1930), § 1304(b)
. CFR Title 19 Part 134

. CFR Title 21 Part 1.21

. CFR Title 21 Part 740

. CFR Title 21 Part 740.19

. CFR Title 21 Part 701.3

. CFR Title 21 Part 701.2(b)

. CFR Title 21 Part 201.61

. CFR Title 21 Part 201.62

. CFR Title 21 Part 201.66

. CFR Title 21 Part 201.10

. CFR Title 21 Part 201.17

. CFR Title 21 Part 201.18

. Abrutyn, E. S.: The INCI process: a chairman’s perspective. Cosmet Toiletries.

2007;122(9):22-30.

. PCPC: INCI Name Process, Accessed 5/14/2013 at http://www.personalcarecouncil

.org/science-safety/inci-name-process


http://www.personalcarecouncil

WIWW. FALOANPRESS. COM

SECTION 3: GOVERNMENT AND INDEPENDENT ORGANIZATIONS 109

SECTION 3: GOVERNMENT AND INDEPENDENT ORGANIZATIONS IN
THE COSMETIC INDUSTRY

%} LEARNING OBJECTIVES

Upon completion of this section, the reader will be able to

1. define the following terms:

CDER CFSAN CIR Cosmetics Europe
EC FDA FTC Office of Cosmetics and Colors
PCPC SCCS

2. describe what types of products are regulated by the FDA;

e

name which center/office is responsible for cosmetics within the FDA;

4. name which center/office is responsible for OTC drug—cosmetic products within
the FDA;

5. discuss the responsibilities of the PCPC;

6. discuss the responsibilities of the Federal Trade Commission (FTC);

7. discuss how the safety of cosmetic ingredients is evaluated in the US and the EU,
respectively;

8. describe the responsibilities of the EC with respect to cosmetics;

9. describe what the function of Cosmetics Europe is in the EU and name some activ-
ities in which it is involved.

KEY CONCEPTS

1. The FDA is the main consumer protection agency of the US government.

2. The Center for Food Safety and Applied Nutrition (CFSAN) is responsible for
foods and cosmetic products.

3. Within the FDA, the Center for Drug Evaluation and Research (CDER) is respon-
sible for ensuring that drugs, including both prescription-only and OTC drugs, are
safe and effective.

4. The PCPC is the leading US personal care trade association that represents the
cosmetic and personal care industry at the federal, state, and local levels.

5. The CIR panel is an independent, voluntary panel that assesses the safety of cos-
metic ingredients under normal conditions of use in the US.

6. The FTC has principal authority over advertising for foods, dietary supplements,
OTC drugs, medical devices, and cosmetics.
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7. The EC has overall responsibility for cosmetic legislation within the EU.

8. The SCCS is a scientific advisory board of the EC. It evaluates health and safety
risks of nonfood consumer products.

9. The Cosmetics Europe is a representation of European cosmetic companies.

Introduction

In addition to the FDA, there are a number of organizations that have an impact on
the cosmetic industry and take part in developing various guidelines. In this section,
you can find a summary of the most important organizations related to cosmetic and
OTC drug—cosmetic products.

Food and Drug Administration

O The FDA is the main consumer protection agency of the US government. Its
origins can be traced back to about the 1850s. Its modern regulatory function began in
1906 with the Pure Food and Drugs Act, which was the predecessor of the FD&C Act.

The FDA has a number of responsibilities in protecting the public health in the
US. It assures safety, efficacy, and security of human and veterinary drugs, biological
products, medical devices, food supply, cosmetics, and products that emit radiation.
The FDA also has responsibility for regulating the manufacturing, marketing, and
distribution of tobacco products to protect public health and to reduce tobacco use by
minors. In addition, the FDA plays a significant role in counterterrorism capability.!
The FDA is also responsible for advancing public health by helping to speed up prod-
uct innovations. It provides accurate, science-based information for professionals and
consumers on its web site to educate people and continuously inform them about the
news related to drugs, cosmetics, medical devices, foods, and other topics.

With respect to cosmetics, the FDA is responsible for assuring that cosmetics
are safe and properly labeled. If it finds noncompliance with the relevant regula-
tions, it can take various regulatory actions. The FDA is working together with a
number of national and international governmental and nongovernmental groups and
organizations to ensure safety of cosmetic products and harmonize the rules and regu-
lations of these products. The FDA’s goals with respect to international harmonization
include facilitation of international trade and promote mutual understanding; facili-
tation of exchange of scientific and regulatory knowledge with foreign governments;
and acceptance of equivalent standards, compliance activities, and enforcement pro-
grams of other countries. In the case of OTC drug—cosmetic products, it is responsible
for safety and labeling as well as efficacy of product. The FDA inspects cosmetic and
OTC drug—cosmetic manufacturing facilities to verify that all procedures performed
meet the regulations. It also works with the US Customs and inspects imported prod-
ucts at the border to ensure that they meet US regulations.
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Center for Food Safety and Applied Nutrition

© The CFSAN is part of the FDA. CFSAN is responsible for foods and cosmetic
products. It helps promote and protect public health by ensuring safety and honest
labeling of these products. The CFSAN plays an important role in consumer educa-
tion and international harmonization of standards as well. Within CFSAN, the Office
of Cosmetics and Colors regulates and monitors the safety and labeling of cosmetic
products. They provide in-market surveillance for marketed cosmetic products and
are responsible for the related compliance activities. They are responsible for the
VCRP and its daily operation. In addition, they deal with batch certification of certi-
fiable color additives as well.?

Center for Drug Evaluation and Research

© The CDER is also part of the FDA. CDER is responsible for ensuring that
drugs, including both prescription-only and OTC drugs, are safe and effective.
This center regulates all cosmetics that are also drugs, such as sunscreens, antiacne
medications, antidandruff shampoos, and antiperspirants. The CDER evaluates new
drugs before they are sold and checks drugs on the market to ensure that they meet the
highest standards. In addition, it oversees the research, development, and manufacture
of drugs and monitors their marketing to make sure they are truthful. They also play
an important role in informing health professionals and consumers about drugs and
their safe use.’

Personal Care Product Council

@ The PCPC is the leading US personal care trade association that represents
the cosmetic and personal care industry at the federal, state, and local levels. It
was founded in 1894 as the CTFA. Currently (as of June 2014), it has more than 600
member companies who represent manufacturers and distributors of finished products
and suppliers of raw materials, packaging, and other services used in the production
and marketing of finished products, as well as consumer and trade publications. The
council promotes safety of cosmetic products by establishing product safety assess-
ments (through its review panel, see CIR) and keeps consumers informed through
its dedicated web site (CosmeticsInfo.org). In addition, PCPC is actively engaged in
international efforts to align global regulatory standards for consumer products and
eliminate trade barriers worldwide.*

Cosmetic Ingredient Review Panel

© The CIR panel is an independent, voluntary panel that was established in 1976
by the US industry trade association (CTFA, now known as the PCPC), with the
support of the FDA and the Consumer Federation of America. Although funded by
PCPC, the CIR and the review process are distinctly separate and independent from
PCPC and the cosmetic industry. The CIR assesses the safety of cosmetic ingre-
dients under normal conditions of use in the US. It typically evaluates cosmetic
ingredients whose safety is questionable or related to which some issues occurred in
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the past.’ The CIR is a nonprofit panel of scientific and medical experts, including
toxicologists, dermatologists, and chemists, which serve as voting members. Nonvot-
ing members of the panel include representatives from the FDA, PCPC, and consumer
groups. CIR assesses ingredient safety in an unbiased, expert manner.

When selecting ingredients, CIR monitors data in the published literature, safety
reports of cosmetic products in the case of adverse reactions, and reports made by
manufacturers and distributors through the VCRP. Referring back to the VCRP, it
means that by participating in the VCRP, companies support this safety review pro-
cess. Before CIR prepares its final safety assessment, comments from the public can
also be made. CIR’s findings have established a public record of the safety of cos-
metic ingredients. CIR safety assessments are made available as monographs and are
also accessible in the International Journal of Toxicology. Each year, CIR publishes
the CIR Compendium, a comprehensive collection of findings from all CIR reports.

Although findings provide information for the FDA, they have no legal authority
and the FDA is not obliged to act on the findings. However, the FDA usually takes
into account the CIR’s conclusion on ingredients in its decision-making process.

Federal Trade Commission

O The FTC was established in 1914 with the purpose of preventing unfair methods
of competition in commerce. Since then, the FTC has been directed to adminis-
ter a wide variety of consumer protection laws. The FTC works to prevent fraudu-
lent, deceptive, and unfair business practices in the marketplace. It is an independent
executive-branch agency whose members are appointed by the President and con-
firmed by the Senate. The FTC has principal authority over advertising for foods,
dietary supplements, OTC drugs, medical devices, and cosmetics. As discussed
in the previous section, labeling for these products is regulated by the FDA.® Under
the FTC Act, advertising must be truthful and nondeceptive, advertisers must have
evidence to back up their claims, and advertisements cannot be unfair. The FTC inves-
tigates advertisements and can take action against an ad if it does not meet the FTC
Act’s requirements. The aims of the FTC include the following: to identify illegal
practices; stop and take action against illegal practices through law enforcement;
prevent consumer injury through education of consumers and businesses; enhance
consumer benefit through research, reports, and advocacy; and protect American con-
sumers globally.

European Commission

The EC is the EU’s executive body and represents the interests of Europe as a whole
(as opposed to the interests of individual countries). It is one of three main EU insti-
tutions; the other two are the European Parliament and the Council (of the EU). The
EC prepares legislation for adoption by the Council (representing the member coun-
tries) and the Parliament (representing the citizens).” With respect to cosmetics, @ the
EC has overall responsibility for cosmetic legislation within the EU. Individual
responsibility over cosmetics remains in each member state, which designates its own
competent authority that enforces the legislation and monitors if companies comply
with it or not.
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Scientific Committee on Consumer Safety

O The SCCS is a scientific advisory board of the EC. It evaluates health and
safety risks of nonfood consumer products. Examples of the types of issues within
the scope of the SCCS include cosmetic products and personal care products, toys,
textiles and clothing, and etc., as well as services, such as tattooing and artificial
suntanning. It reviews a particular ingredient in question and issues an opinion prior to
any regulation changes by the EC. This committee is similar to the US CIR. It usually
evaluates ingredients on request and publishes the findings of their risk assessment
on the EC’s web site. Similar to the CIR, the SCCS also provides an opportunity
for interested parties to comment on the findings. At the end of the risk assessment
process, the Committee adopts SCCS opinions.3

Cosmetics Europe — The Personal Care Association

O Cosmetics Europe is a representation of European cosmetic companies, includ-
ing major international cosmetics manufacturers and small businesses, as well as
associations involved in the cosmetic industry. It is a nonprofit association that was
established in 1962. It was formerly known as the “Colipa” (an acronym initially
standing for “Comité de liaison de la parfumerie”) and renamed in 2012 to “Cosmet-
ics Europe — the Personal Care Association.” Its purpose is to promote the cosmetic
industry in Europe.® It can be identified as a sister association of the US PCPC.
Cosmetics Europe works with the EC and individual member states and many other
international and national groups and organizations. It is committed to help EU mem-
ber states implement the new cosmetic regulations. It is involved in international
activities to align regulatory issues and help trade. It also supports the development
of animal-free safety assessment methods for cosmetic ingredients and products. It
has some of its own publications for the cosmetic industry, including guidelines for
safety assessment of cosmetics, efficacy testing of cosmetics, in vitro determination
of UVA protection, and others.

GLOSSARY OF TERMS FOR SECTION 3

CDER: Center for Food Safety and Applied Nutrition is part of the FDA it is respon-
sible for ensuring that drugs are safe and effective.

CFSAN: Center for Food Safety and Applied Nutrition is part of the FDA. It is
responsible for foods and cosmetic products.

CIR: Cosmetic Ingredient Review is an independent, voluntary panel that
assesses the safety of cosmetic ingredients under normal conditions of use in
the US.

Cosmetics Europe: It is a representation of European cosmetic companies.

EC: European Commission has the overall responsibility for cosmetics legislation
within the EU.
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FDA: Food and Drug Administration is the main consumer protection agency of the
US government.

FTC: Federal Trade Commission has principal authority over advertising for foods,
dietary supplements, OTC drugs, medical devices, and cosmetics in the US.

Office of Cosmetics and Colors: Part of the CFSAN, it regulates and monitors the
safety and labeling of cosmetic products.

PCPC: Personal Care Product Council represents the cosmetic and personal care
industry at the federal, state, and local levels in the US.

SCCS: Scientific Committee on Consumer Safety is a scientific advisory board of
the EC. It evaluates health and safety risks of nonfood consumer products.

Y| REVIEW QUESTIONS FOR SECTION 3

Multiple Choice Questions

1. Which of the following is NOT true for the FDA?
a) It regulates drugs, cosmetics, and foods among others
b) It is the main consumer protection agency of the US government
c¢) It has authority over advertising for drugs, cosmetics and foods among others

d) It works with the US Customs to ensure imported products meet the US regu-
lations

2. Who has authority over cosmetic advertising in the US?
a) Federal Trade Commission
b) Food and Drug Administration
c) Cosmetic Ingredient Review
d) Personal Care Product Council

3. What is the function of the Personal Care Product Council?
a) It represents the cosmetic and personal care industry in the US
b) It represents the cosmetic and personal care industry in the EU
c¢) It regulates cosmetics in the US
d) It represents the US personal care industry in the EU

4. What is the function of the Cosmetic Ingredient Review panel?
a) To assess the quality of cosmetic ingredients in the US
b) To assess the safety of cosmetic ingredients in the US

¢) To help cosmetic companies register in the Voluntary Cosmetic Registration
Program

d) To assess the FDA’s regulatory activity
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5.

With who is the CIR affiliated?

a) No one; it is independent

b) Food and Drug Administration
¢) European Commission

d) World Health Organization
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. Which of the following is TRUE for the European Commission?

a) It evaluates the safety of cosmetic ingredients in the US

b) It revaluates the safety of cosmetic ingredients in the EU

¢) Itregulates drugs in the US

d) It regulates cosmetics in the EU

Matching

Match the government and independent organizations in column A with their appro-
priate function in column B.

Column A

Column B

1. Center for Drug
Evaluation and
Research

2. Center for Food
Safety and
Applied Nutrition

3. Cosmetic Ingredient
Review Panel

4. Cosmetics Europe

5. European

Commission
6. Federal Trade

Commission
7. Food and Drug

Administration

8. Personal Care
Product Council

9. Scientific
Committee on
Consumer Safety

Advisory board in the EU,
evaluates the health and safety
risks of nonfood products

Independent panel, assesses the
safety of cosmetic ingredients

Part of the FDA, ensures that
drugs are safe and effective

Part of the FDA, regulates the
safety and labeling of cosmetics

Regulates cosmetic and OTC drug
advertising in the US

Regulatory authority for
cosmetics and drugs in the US

Regulatory authority for
cosmetics in the EU

Represents cosmetic companies in
Europe

Represents the cosmetic and
personal care industry at the
federal, state, and local levels in
the US
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SECTION 4: COSMETIC GOOD MANUFACTURING PRACTICES

E} LEARNING OBJECTIVES
Upon completion of this section, the reader will be able to

1. define the following terms:

ISO 22716 Cosmetic GMPs Rule Standard
ICCR Risk minimization Quality Batch
ISO GMP cGMPs Internal audit

2. define the term “manufacturing” and differentiate among products, raw ingredi-
ents, and packaging material manufacturers;

3. discuss how the use of cosmetic GMPs is regulated in the US and the EU, respec-
tively;

4. differentiate between a standard and a rule;

5. define the term “quality”;
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6. name some areas for which GMPs contain guidelines regarding cosmetic
products;

7. explain through some examples why a manufacturer should follow the GMPs dur-
ing the manufacturing of cosmetic products.

KEY CONCEPTS

1. General requirements for cosmetic products, whether sold in the US or the EU, are
that they must be safe, effective, stable, and have the same quality over batches.

2. In the US, there is no official mandatory quality assurance system for cosmetic
manufacturing. However, the FDA highly recommends cosmetic manufacturers
to follow the GMPs.

3. In the EU, all cosmetic products placed on the market must be manufactured
according to the cosmetic GMPs.

4. The FDA’s guideline can effectively help manufacturers self-inspect their oper-
ations. The guideline provides recommendations for the following areas: docu-
mentation, records, buildings and facilities, equipment, personnel, raw materials,
production, laboratory controls, internal audit, complaints, adverse events, and
recalls.

5. The cosmetic GMPs do not specify the type of technique or equipment manufac-
turers have to use; it just states minimum requirements.

6. The GMPs are designed to minimize the risks involved in any production that
cannot be eliminated through testing the final product.

7. An additional important reason for using the GMPs is to ensure that all manufac-
tured products, including those that are not tested, meet the quality specifications.

Cosmetic Good Manufacturing Practices

Manufacturing is a process during which a new cosmetic product is produced from
raw materials based on a formula using specific techniques and equipment in a con-
trolled environment. The person or entity responsible for the production of a cosmetic
product is usually referred to as the product manufacturer (or finished good manufac-
turer). It should also be mentioned that manufacturing may refer to the production of
raw materials. Companies responsible for the production of raw materials are usually
referred to as the raw material manufacturers or suppliers. In addition, manufactur-
ing may refer to the production of packaging materials. These companies are usually
known as packaging material suppliers. This section focuses on the manufacture of
cosmetic products.

O General requirements for cosmetic products, whether sold in the US
or the EU, are that they must be safe, effective, stable, and have the same
quality over batches. As discussed in Section 1 of this chapter, @in the US,



WIWW. FALOANPRESS. COM

118 CHAPTER 2: LEGISLATION FOR COSMETICS AND OTC DRUG

there is no official mandatory quality assurance system for cosmetic manu-
facturing. However, the FDA highly recommends cosmetic manufacturers to
follow the Good Manufacturing Practices (hereinafter referred to as “GMP”).
The FDA issued a guidance for the industry regarding cosmetic GMP (as of
June 2014, the draft version is available). This guidance reflects the FDA’s
current thinking. It is a recommendation that should be followed; however, its
implementation is not required. The guidance is intended to help the industry in
identifying the standards and potential issues that can affect the quality of cosmetic
products.!

Unlike cosmetics, OTC drug—cosmetic products must be manufactured in accor-
dance with the GMP requirements, or otherwise, they are considered adulterated in
the US.? As discussed previously, ®in the EU, all cosmetic products placed on
the market must be manufactured according to the Cosmetic GMPs described
in the ISO 22716 standard. Therefore, all non-European markets importing to the
EU are concerned since they have to meet the European standard to be able to enter
their products into the market. To keep up with the EU regulations, many compa-
nies follow the GMP outside the EU as well, even if they do not want to import to
the EU. Understanding the basics of GMP is essential for everyone who wants to be
employed at any level of the cosmetic industry. This section provides an overview of
the cosmetic GMPs.

@ DID YOU KNOW?

The abbreviation “ISO” refers to International Organization of Standardization.
ISO is a nongovernmental organization, the world’s largest developer of voluntary
international standards. These standards are state-of-the-art and help the industry
to be more efficient. The ISO standards are developed through global consensus,
and their purpose is to help break down the barriers to international trade.?

@ DID YOU KNOW?

The terms “rule” and “standard” are not synonyms. Rules are mandatory, con-
straining, and rigid directions or instructions. If not met or applied, legal conse-
quences may follow them. However, standards, also called guidelines, are more
flexible, providing a greater range of choices. Standards are recommended to be
followed in order to meet rules; however, they are not mandatory. An example for
the rules and standards can be the GMP for cosmetics in the US and the EU. The
FDA does not require manufacturers to follow GMPs, it only recommends it. The
GMPs in the US are considered a guideline. Of course, the best way to provide
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safety to cosmetic products is to follow the GMPs, but manufacturers can follow
other appropriate standards as well. However, application of the GMPs is a rule in
the EU that must be followed in order to place a product on the European market.

The International Cooperation on Cosmetics Regulation (ICCR) is an international
voluntary partnership of the health regulatory authorities from the United States,
Japan, the EU, and Canada, with participation from the cosmetic industry associa-
tions. This group maintains the highest level of global consumer protection, while
minimizing barriers to international trade. ICCR provides a forum for discussions
on alignment of cosmetic regulations between the four members.* The ICCR recog-
nized the importance of the GMPs and the need to work toward a common approach.
In 2007, the regulators agreed to take the ISO Standard 22716 (cosmetic GMPs) into
consideration when developing or updating their guidelines on the cosmetic GMPs.
The FDA updated its guideline in 2013 and incorporated elements of ISO 22716 into
the new guideline as appropriate.

FYI

The GMP guidance is freely accessible for every manufacturer through the FDA’s
website. For more information, visit the FDA’s website: Home, Cosmetics, Guid-
ance and Regulation, Guidance Documents, Draft Guidance for Industry: Cos-
metic Good Manufacturing Practices.

The GMP is part of quality assurance, which ensures that products are consistently
produced and controlled according to quality standards appropriate to their intended
use and as required by the product specification.’ Talking about quality assurance and
quality standards, let us stop here for a minute and think about what the term “quality”
means. Quality can be defined as the totality of characteristics of an entity that bears
on its ability to satisfy stated and implied needs.® It is more a theoretical definition
stating that quality is suitable for the purpose for which the product will be used. How-
ever, it might still differ depending on the product type, since different groups have
different needs and may require different characteristics for a product. It is especially
true for cosmetics. For example, a “high-quality mascara” might mean five differ-
ent characteristics if you ask five women. Consumer satisfaction is a very important
part of a product’s quality; however, in itself it would be too subjective to outline
the required characteristics. To make it more objective, we usually use requirements
based on measurable characteristics, e.g., viscosity, color, and pH, just to mention
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a few. By meeting these requirements, manufacturers are able to provide the same
quality for each batch of their products. This is the main purpose of following quality
assurance systems such as the GMPs.

@ DID YOU KNOW?

The term “batch” refers to the total amount of products manufactured in one oper-
ation.

GMPs are often referred to as the current GMPs and are abbreviated as “cGMPs.”
The term “current” refers to techniques and equipment that are state of the art, inno-
vative, and help manufacturers meet the minimum requirements of GMPs. However,
what is considered current; is not defined, it is left to the manufacturers to decide
that. Systems and equipment that may have been the best to prevent contamination,
mix-ups, and errors a decade ago may be less than adequate by today’s standards.
Therefore, manufacturers should keep up with the technical advances and upgrade
their equipment from time to time.

As discussed in the previous sections of this chapter, the FD&C Act prohibits
the introduction of adulterated or misbranded cosmetics into the US market. Fin-
ished goods manufacturers are recommended to follow the cosmetic GMPs in order
to reduce the risk of producing adulterated or misbranded cosmetics. @ The FDA’s
guideline can effectively help manufacturers self-inspect their operations. The
guideline provides recommendations for the following areas:'

B Documentation, i.e., the process of documenting information in either elec-
tronic or paper-based format during all operations performed at a company,
including manufacturing and testing for future reference. The term can also
refer to the documents compiled.

® Records, i.e., documentation created.

® Buildings and facilities, i.e., all buildings and facilities used for manufacturing
cosmetics at a company.

® Equipment, i.e., all equipment and utensils used in processing, holding, trans-
ferring, and packaging of cosmetics at a company.

B Personnel, i.e., everyone supervising or performing cosmetic manufacturing or
quality control at a company.

® Raw materials, i.e., starting materials used for cosmetic manufacturing.

B Production; i.e., the process of manufacturing cosmetics.

® Laboratory controls, i.e., sample collection techniques, specification, test
methods, laboratory equipment, and technician qualifications for testing newly
manufactured and retained cosmetic samples.
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® Internal audit, i.e., systematic and independent examination made by compe-
tent personnel inside the company, the aim of which is to determine whether
activities covered by these guidelines and related results comply with planned
arrangements and whether these arrangements are implemented effectively and
are suitable for achieving objectives.’

m Complaints, adverse events, and recalls.

© The cosmetic GMPs do not specify the type of technique or equipment
manufacturers have to use, it just states minimum requirements; e.g., equipment
should be clean. The GMP requirements are general and flexible; each manufacturer
can meet them on its own way. It is each manufacturer’s responsibility to find out how
it can best meet requirements. They do not necessarily have to implement the same
cleaning measures and use the same cleaning aids. The most important aspect is the
end result; i.e., cleanliness must be provided.

After reading the GMP guideline, you will have a general idea of how deeply
it controls manufacturing. Let us now review the main reasons for the use of the
cosmetic GMPs.

® @ The GMPs are designed to minimize the risks involved in any produc-
tion that cannot be eliminated through testing the final product. The main
risks may include unexpected contamination of products, causing health dam-
age; incorrect labels on containers, which could mean that consumers receive
the wrong product; insufficient or too much ingredients, resulting in undesired
effects; etc.. It is more expensive to find mistakes after they have been made
than preventing them in the first place. If a company does not follow any type
of quality assurance system and after producing a batch, it finds out that the
batch does not meet the quality standards, the manufacturer has to throw the
entire batch away and start producing another one. We can admit that this pro-
cess would be time and money consuming, so quality assurance should be part
of each and every manufacturing procedure. GMPs prevent errors that cannot
be eliminated through quality control of the finished product.

B Quality and maintaining quality are essential characteristics of cosmetic prod-
ucts and their production. Every consumer is looking for reliable, safe, and
high-quality products. Quality is continuously checked during manufacturing;
however, only a small percentage of finished products is actually tested. Without
the implementation of a good in-place quality assurance system, the manu-
facturer cannot ensure that every item of a batch is of the same safety and
quality. Therefore, @ an additional important reason for using the GMPs
is to ensure that all manufactured products, including those that are not
tested, meet the quality specifications.

A very important thought is that “good quality must be built in during the manu-
facturing process; it cannot be tested into the product afterwards.”®
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GLOSSARY OF TERMS FOR SECTION 4

Batch: The total amount of products manufactured in one operation.

c¢GMPs: Current GMPs refers to techniques and equipment that are state of the
art, innovative, and help manufacturers meet the minimum requirements of
GMP.

Cosmetic GMPs: Cosmetic good manufacturing Practices.

GMP: GMP is part of quality assurance which ensures that products are consis-
tently produced and controlled according to quality standards appropriate to their
intended use and as required by the product specification.

ICCR: International Cooperation on Cosmetics Regulation is an international vol-
untary partnership between the health regulatory authorities of the United States,
Japan, the EU, and Canada. It provides a forum for discussions on alignment of
cosmetic regulations between the four members.

Internal audit: Systematic and independent examination made by competent per-
sonnel inside the company, the aim of which is to determine whether activities
covered by these guidelines and related results comply with planned arrangements
and whether these arrangements are implemented effectively and are suitable for
achieving objectives.

ISO 22716: Itis a standard that describes the Cosmetics Good Manufacturing Prac-
tices.

ISO: International Organization of Standardization is a nongovernmental organiza-
tion and the world’s largest developer of voluntary international standards.

Quality: The totality of characteristics of an entity that bear on its ability to satisfy
the stated and implied needs.

Risk minimization: GMPs are designed to minimize the risks involved in any pro-
duction; e.g., contamination and incorrect labeling, which cannot be eliminated
through testing the final product.

Rule: Mandatory, constraining, and rigid direction or instruction. If not met or
applied, legal consequences may follow.

Standard: Flexible direction or instruction that is recommended to be fol-
lowed; however, it is not mandatory. No legal consequences may follow if not
met.
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% REVIEW QUESTIONS FOR SECTION 4

Multiple Choice Questions

1.

Which of the following is TRUE with respect to the regulation of cosmetic product
manufacturing in the US?

a) The regulation in the US is the same as the regulation in the EU
b) The FDA requires manufacturers to follow the cosmetic GMPs

¢) The FDA has a cosmetic GMP guidance and recommends that manufacturers
follow this guidance

d) The FDA prohibits manufacturers to follow the cosmetic GMPs

. Which of the following is the main purpose of following the cosmetic

GMPs?
a) To ensure that all cosmetic companies participate in the VCRP

b) To help minimize risks that could affect the quality, safety, and/or effectiveness
of cosmetic products

c¢) To help the FDA approve premarket applications for cosmetics
d) To eliminate the need for quality and safety testing of cosmetics

. Which of the following is NOT true for the FDA’s GMP guidance?

a) It provides specific directions on how to meet the requirements

b) It does not provide specific directions on how to meet the requirements
¢) Itincludes general requirements that should be met

d) It is freely accessible for every manufacturer

. Which of the following are members of the International Cooperation on Cosmetic

Regulation (ICCR)?

a) Japan, Canada, China, European Union

b) Japan, Canada, United States, European Union

¢) Canada, United Kingdom, Japan, European Union
d) China, Canada, United States, European Union

. What is the ISO 227167

a) A standard that provides guidance on the cosmetic Good Manufacturing
Practices

b) A chapter of the FDA’s guidance on the cosmetic Good Manufacturing
Practices

¢) A world meeting organized annually to discuss barriers to international trade
of cosmetics

d) None of the above
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6. Rules are , while standards are .

a) Recommended/required (mandatory)

b) Recommended/recommended

¢) Required (mandatory)/required (mandatory)
d) Required (mandatory)/recommended

Fact or Fiction

a) GMP is designed to ensure that every manufacturer has the same type
of processing, transferring, and filling equipment.

b) Rigorous adherence to Good Manufacturing Practices minimizes risk
of adulteration or mislabeling of cosmetics.

¢) The FDA recommends manufacturers to follow the cosmetic GMPs.

d) During product testing, only a small percentage of a batch is tested.

e) Quality can be easily defined through questionnaires given to
consumers.
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SKIN CARE PRODUCTS

INTRODUCTION

Skin care products are the most widely used product types among all cosmetics and
personal care products. They have been the largest sector of the cosmetics market
for many years, and their market still continues to grow. In the past, skin care prod-
ucts were primarily used to clean and moisturize the skin. Over the years, with the
introduction of new raw materials and advanced technologies, a variety of innovative
products have been developed that perform better and have cosmetically more appeal-
ing properties. Today, we have a variety of products that offer multiple functions,
including moisturization, protection from the sun, and prevention of aging among
others, and they can even help prevent and/or treat some skin care problems.

This chapter provides a basic understanding of the structure of human skin and
its main functions as well as various products that are applied to the skin. These
include products used to remove dirt and makeup from the skin, improve the skin
quality, maintain and/or restore the skin’s youthful appearance, and aid in alleviating
the symptoms of various skin diseases. It also reviews the main characteristics, ingre-
dients, formulation technology, and testing methods and packaging materials for skin
cleansing products, skin moisturizing products, products for special skin concerns,
and sunscreens as well as deodorants and antiperspirants.

Introduction to Cosmetic Formulation and Technology, First Edition. Gabriella Baki and Kenneth S. Alexander.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
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SECTION 1: SKIN ANATOMY AND PHYSIOLOGY

CHAPTER 3: SKIN CARE PRODUCTS

E} LEARNING OBJECTIVES
Upon completion of this section, the reader will be able to

1. define the following terms:

Acid mantle Basal cell layer Brick-and-mortar

model
Corneocyte Corneodesmosomes  Cornified lipid
envelope
Desquamation  Elastin Epidermis
Keratinization =~ Keratinocyte Langerhans cell
Melanocyte Merkel cell NMF
Resident flora  Stratum corneum Subcutis

Transient flora

Collagen
Dermis

Intercellular

lamellar lipid
Melanin
Pilosebaceous unit
TEWL

name the layers of the human skin;

explain the functions of the stratum corneum;

briefly describe the structure of the stratum corneum;
explain the importance of the natural moisturizing factor;

differentiate between keratinization and desquamation;

R A o

,_.
e

explain where vitamin D is produced in the human skin;

—
—

. briefly discuss the main functions of the epidermis;

—_
[\S]

. describe the main structure of the dermis;

—_
[98]

. differentiate between collagen and elastin;

—_
~

. briefly discuss the main functions of the dermis;

—_
9

. describe the main functions of the hypodermis;

—_
@)}

. explain the normal process of water loss through the skin;

—_
~

. explain what the term “transepidermal water loss” refers;

briefly discuss the consequences of losing the natural moisturizing factor;

briefly discuss the importance of the basal cell layer in the epidermis;
explain where melanocytes can be found and what their function is;

—_
oo

. explain what keeps water loss from the skin at a minimum level;

—_
Nel

. differentiate between the resident and transient flora of the skin;

[\
=]

. explain what the pH and surface charge of the human skin are;
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21.
22.
23.
24.

25.

explain what the practical advantages of the skin surface charge are;

briefly describe Fitzpatrick’s classification system for the human skin;
differentiate between normal, dry, oily, combination, and sensitive skin;

explain how the hormonal differences between males and females influence the
skin’s structure;

explain how the differences in the skin’s function and structure between males
and females can be utilized in product formulation.

KEY CONCEPTS

l.

10.

The human skin consists of two main layers, namely the epidermis and dermis.
Underneath the dermis, there is a third layer, called the hypodermis.

Epidermis is the outer layer of the skin that functions as a protective layer against
external influences.

The skin’s outermost layer, the SC, is a natural barrier, which has a very unique
structure, often referred to as the “brick and mortar” structure.

The dermis is located under the epidermis, and it functions as a supporting
frame to the epidermis, supplying it with nutrients and oxygen via the blood
capillaries.

Hypodermis is a loose connective tissue that stores fat in the fat cells.

In normal skin, there is a continuous movement of water from the deeper layers
toward the superficial layer where water eventually evaporates.

Human skin is continuously inhabited by many different bacteria and fungi,
which under normal circumstances in a healthy individual are harmless and are
even beneficial. Microbes on the skin are generally divided into two categories:
resident flora and transient flora.

Normally, the skin surface is slightly acidic and ranges between pH 4.5 and 5.5.
Since the isoelectric point of the proteins found in the skin’s upper layers is
between 3.5 and 4.5, the skin has a negative charge at physiological pH.
Human skin can be categorized based on gender, its color, UV sensitivity, vul-
nerability, oiliness, healthiness, and special needs, among others.

Introduction

Skin is the number one target for most cosmetics and personal care products. Con-
sumers apply products to their skin to cleanse, protect, moisturize, peel, or cover it.
As mentioned earlier, cosmetics are not intended to change the structure of the skin.
However, OTC drug—cosmetic products and prescription-only drugs and even some
cosmeceutical products alter the structure of the skin. Therefore, understanding the
structure and function of the skin is essential.
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Structure and Function of Human Skin

Skin is the largest sensory and contact organ in the human body. Its surface area in
adults is approximately 1.5—2 m?.! @The human skin consists of two main layers,
namely the epidermis and dermis.” Underneath the dermis, there is a third layer,
called the hypodermis, which consists mainly of fat cells and is not considered a
component of the skin. Figure 3.1 depicts the basic anatomical parts of the human
skin. The skin is a complex organ made up of dead cells, epithelium, connective tissue,
muscles, nerves, blood vessels, as well as the so-called appendages (i.e., accessory
structures), including the nails, hair, and glands, such as sebaceous glands, eccrine
and apocrine sweat glands.’

. |Epidermis

Dermis

Figure 3.1 Basic structure of the human skin.

Epidermis

OEpidermis is the outer layer of the skin that functions as a protective layer
against external influences. The layers are depicted in Figure 3.2. It is composed of
five main layers, which have Latin names, including the following*:

m Stratum corneum (hereinafter referred to as the “SC”), otherwise known as the
horny layer, is made up of dead cells that continuously shed and are replaced
by cells in the adjacent layer. This layer is very thick compared to the others; it
contains 15-30 layers of dead cells.

B Stratum lucidum, the translucent or clear layer, contains 3—5 rows of densely
packed flat dead cells.
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Stratum corneum

Stratum lucidum

Stratum granulosum

- Langerhans cell
Stratum spinosum
. Melanocyte
Stratum basale

Dermis

Figure 3.2 Main layers of the epidermis.

B Stratum granulosum, the granular layer, consists of 3—5 layers of flattened ker-
atinocytes that begin to die. In this layer, granules can be observed in the cells,
this is from where the name comes.

®m Stratum spinosum, the prickle cell layer, contains 8—10 rows of cells. This layer
is responsible for lipid and protein synthesis.

®m Stratum basale (or stratum germinativum), the basal cell layer, is made up of a
single layer of cells. This is the layer where cells divide continuously to form
new keratinocytes. Melanocytes, Langerhans cells, and Merkel cells are also
found in this layer.

The epidermis differs in thickness in thin and thick skin. Thick skin is found on
the palms of the hands and soles of the feet and has all five layers. Thin skin, which
covers the rest of the body, does not have a stratum lucidum and has a thinner SC than
thick skin.

©The skin’s outermost layer, the SC, is a natural barrier, which has a very
unique structure, often referred to as the “brick and mortar” structure. The SC
is made up of tightly packed, water-resistant dead cells (called corneocytes), which
are embedded in a complex lipid material (called intercellular lamellar lipids).
The intercellular lamellar lipid membrane is made up of layers of lipids (the term
“lamellar” refers to this layered appearance), and it is mainly made up of ceramides,
cholesterol, and fatty acids.”~” This lipid matrix waterproofs the epidermis, prevents
dehydration, and provides necessary moisture permeability to the SC. Corneocytes
are protected by a cornified envelope, which consist of two components: proteins and
ceramide lipids. It is believed that the covalently bound lipids provide a hydrophobic
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___—— Sebum

——— Natural moisturizing
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__— Corneocyte
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envelope

Figure 3.3  Structure of healthy stratum corneum. Adapted from Harding, C. R.: The stratum
corneum: structure and function in health and disease. Dermatol Ther. 2004;17:6—15.

surface to the corneocytes, which is important for the water barrier function.® Corneo-
cytes are bound together with the corneodesmosomes. Corneodesmosomes, referred
to as rivets of the horny layer, are primarily composed of proteins and ceramide. In
the brick and mortar structure, dead cells represent the bricks, while lipids and cor-
neodesmosomes represent the mortar.” Their three-dimensional structure is shown in
Figure 3.3.

Corneocytes contain a blend of hygroscopic compounds, collectively referred to
as the natural moisturizing factor (hereinafter referred to as the “NMF”), which plays
a vital role in maintaining the hydration of the SC.!° NMF acts as a natural humec-
tant, i.e., it keeps the skin hydrated. Its main ingredients include amino acids and their
derivatives, such as pyrrolidone carboxylic acid, urocanic acid; lactic acid; urea; cit-
rate; sugars and minerals, such as potassium, calcium, sodium, and magnesium. ' The
lipid matrix helps prevent the loss of NMF. Since the NMF components are water sol-
uble, they are easily leached from the cells, especially when the skin is drier.!> For
this reason, NMF can be washed away, if not protected by the cornified lipid enve-
lope. This is why skin cleansing with soaps can be detrimental to its barrier function.
If NMF is lost from the corneocytes, the skin becomes dry, flaky, and uncomfort-
able (see Figure 3.4). In healthy skin, the SC is impenetrable to irritants and aller-
gens, and water loss is minimized. However, when the skin dehydrates, the corneo-
cytes shrink, causing cracks to appear between them, allowing penetration of external
irritants, which trigger a local inflammatory response, causing discomfort, itching and
scratching, and further skin damage.

__———Sebum

- Natural moisturizing
factor

——Corneocyte

Intercellular lipid
matrix

~ ——Corneodesmosome

— Cornified lipid
envelope

Figure 3.4 Structure of damaged stratum corneum.
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Keratinization, also known as cornification, is the dynamic process of epidermal
renewal. It begins in the basal layer where new skin cells, known as keratinocytes,
are formed and are continually pushed upward. As keratinocytes are pushed upward
through the different layers of the epidermis, they go through a “makeover” where
their composition and shape change significantly. By the time the cells reach the third
layer, stratum granulosum, most have stopped dividing and have started producing
keratin. As keratin develops, keratinocytes becomes flattened cells their membrane
thickens, and becomes less permeable. By the time they reach the SC, they are dead
skin cells, which are eventually shed from the surface of the skin. This latter process
is referred to as desquamation.'® The turnover of the epidermis normally proceeds
in about 4 weeks. During that time, the cells are part of the SC for about 2 weeks
before being shed from the skin surface.'* As the connection provided by the cor-
neodesmosomes is very tight, keratinized cells are generally shed in large groups or
sheets rather than individual cells.

@ DID YOU KNOW?

Keratinization and shedding are continuous processes, they happen every moment
in our lives. Normally, these processes are invisible. When the physiological bal-
ance is disturbed, shedding becomes visible and may be accompanied by addi-
tional symptoms, such as dryness, itching, and redness.

In addition to the keratinocytes, the epidermis contains other types of cells as
well, including melanocytes, Langerhans cells, and Merkel cells. Melanocytes
are found in the basal cell layer and are responsible for melanin production (see
Figure 3.2). Melanin is a pigment that gives the skin its color. Another pigment
responsible for skin color is called carotene. It is also found in the epidermis and has
an orange-yellowish color. Carotene is also found in a variety of orange vegetables,
such as carrot. One eating of a lot of vegetables containing carotene may actually
get an orange skin tone. Melanin also provides photoprotection to the skin against
ultraviolet (UV) light.!> Langerhans cells play an important role in the body’s
immune system.!® Merkel cells tend to lie close to sensory nerve endings in the
stratum basale. They function as touch receptors.

@ DID YOU KNOW?

Albinism is a condition resulting from the skin’s inability to synthesize melanin
and is characterized by milky or translucent skin, pale or colorless hair, and pink
or blue iris.!”
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Vitamin D production also occurs in the epidermis, which is known to be the main
source of vitamin D in humans. UV light stimulates the conversion of the precursor
7-dehydrocholesterol (also known as provitamin Ds) to vitamin D5.'® Vitamin D is
essential for skeletal development. An interesting fact is that since melanin acts as
a photoprotective substrate, it affects the time required for the synthesis of vitamin
D. African American skin absorbs more UVB light than Caucasian skin; therefore,
it requires 3—5 times longer exposure to make the same amount of vitamin D as
Caucasian skin does."”

@ DID YOU KNOW?

When the skin is immersed into water, osmotic forces may move water into or out
of the cells. Sitting in a bathtub filled with tap water causes water to move into the
epidermis since tap water is hypotonic (i.e., contains fewer dissolved molecules)
than body fluids. Cells may swell four times their normal volume, a phenomenon
particularly noticeable on the palms and soles. Swimming in the ocean reverses
the direction of osmotic flow since the ocean is a hypertonic solution. It makes
water leave the body. The process is slow but may lead to severe dehydration on
a longer-term basis.

Epidermis contains no blood vessels; it is entirely dependent on the underlying
dermis for nutrient delivery. As discussed earlier, this skin layer is made up of a large
quantity of keratin, which is responsible for the skin’s strength. In summary, the basic
functions of the epidermis include the following:

Maintaining an optimal water content for the skin.

Limiting water loss through the skin.

Sustaining optimal lipid content.

Providing immune protection;

Acting as an antioxidant barrier against reactive oxygen species.
Synthetizing vitamin D.

Providing photoprotection.

Providing skin color.

Allowing for desquamation of SC cells.

Dermis

OThe dermis is located under the epidermis, and it functions as a supporting
frame to the epidermis, supplying it with nutrients and oxygen via the blood cap-
illaries. Its internal three-dimensional structure can be described as an amorphous
(i.e., without shape or structure) substance, which acts like a mortar for all com-
ponents of the dermis. This amorphous substance includes the following elements:
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fibroblasts (which produce the intercellular substance and collagen fibers), nerves
and sensory organs, blood vessels, sebaceous glands, sweat glands, and hair follicles
as well as connective tissue containing collagen and elastin fibers.> Collagen fibers
give the skin its strength, while elastin is responsible for the skin’s elasticity, i.e., its
ability to spring back after being stretched.? If these fibers are damaged, for example,
as a result of aging, the skin becomes loose and looks thin and wrinkled. In addition,
collagen plays an important role in wound healing.?

Sebaceous glands are found all over the body, except for the palms, soles, and
dorsum of the feet. They are the largest and most concentrated in the face and scalp,
where they are sites of origin of acne and other skin disorders. Sebaceous glands are
part of the pilosebaceous unit, which also includes hair follicles and a small mus-
cle. There are only a small percentage of sebaceous glands that are not attached to
hair follicles. These are referred to as “free” glands and mainly occur in the vermil-
ion border of the lips or in the eyelids (for more detail, see Chapter 4). The normal
function of sebaceous glands is to produce and secrete sebum, a group of complex
oils, consisting of triglycerides and fatty acid breakdown products, wax esters, squa-
lene, cholesterol, and cholesterol esters.!>> Sebum gets to the skin surface through
small openings, which are often referred to as pores. It lubricates the skin to protect
against friction and provides a protective layer on the skin to reduce water loss from
the skin. In addition, it transports antioxidants and has antibacterial activity and pre-
and anti-inflammatory function.”

Nerve endings are responsible in transmitting sensory signals, such as touch, pres-
sure, pain, and temperature from the skin. Blood vessels play an essential role in
supplying the epidermis with oxygen and nutrients. In addition, they are particularly
important in the regulation of body temperature, along with the sweat glands. As
water from sweat evaporates from the skin, it has a cooling effect, which subsequently
decreases the body temperature.

Hypodermis

As mentioned previously, there is a fat layer beneath the dermis, which is called the
hypodermis (hypo means “below”), subcutaneous (sub means “under,” cutaneous
means “skin”) layer, or subcutis. @Hypodermis is a loose connective tissue that
stores fat in the fat cells. It acts as a cushioning layer to protect the vital organs from
trauma and provides protection against cold. In addition, the fat serves as an energy
deposit for the body and defines the body’s contours.

Moisture Content of Normal Skin

The water content of the skin, including the epidermis and dermis, is approximately
80%. The SC has a lower water content of approximately 10—30%.>* The water level
in the superficial layers of the human skin is of utmost importance in determining
many of its properties. When the water content of the skin is normal, it appears
smooth, soft, and glowing. When its water content is lower than normal, lines are
more visible, the skin feels tight and dry, and itching and redness can be experienced.
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OIn normal skin, there is a continuous movement of water from the deeper
layers toward the superficial layer where water eventually evaporates. A
commonly used term with regard to the skin’s hydration state is “transepidermal
water loss” (TEWL). It describes the total amount of water lost from the skin
(g of water/meter square per hour), a loss that occurs constantly by passive diffusion
through the epidermis.>> Keratinized skin cells, NMF, and intercellular lipids keep
TEWL to an acceptable minimum.

@ DID YOU KNOW?

Water has two options for crossing the skin from the viable tissues toward the outer
environment: active transport by sweating through the sweat glands and passive
diffusion through the horny layer. Sweating is a mechanism for body temperature
control. In addition, it can express psychological stress. In contrast, TEWL is not
visible to the naked eye. With no air turbulence, the skin is covered by a transition
layer where moisture is transferred from the skin surface to the atmosphere. The
quantity of water leaving the SC is estimated at 300—400 ml per day under normal
conditions, which is about 1/10—1/20 of sweating.°

TEWL and skin hydration have been widely used as indices in evaluating skin
barrier function.?” TEWL can be defined as the diffusion of water through the skin,28
while skin hydration reflects the water content of the SC.?® If the skin is damaged
by either physical or chemical agents, the barrier function is somewhat compromised
and an increase in TEWL can be observed.3? This problem is further compounded by
the fact that the resulting water loss will decrease the barrier’s ability even more.

Water is necessary for the skin to maintain its flexibility. When the skin is overly
dry, it loses its ability to stretch, causing it to crack and peel more easily. Faster peeling
means the skin cells are being shed more rapidly, which triggers an increase in the rate
of cell production in the basal layer. When the process of cell growth, migration, and
shedding is accelerated, the barrier is significantly weakened since cells providing the
barrier do not have time to fully mature.3! As the new cells rise to the surface of the
skin, they lose all their components, except their protein skeleton structure.?? It is this
layer of protein that provides the barrier against water loss. When the process of cell
turnover is sped up, the cells reach the top of the skin before they have completely
flattened and lost the rest of their components. These immature cells cannot prevent
water from moving across them as well as the older ones can. Therefore, water is
lost from the skin at a faster rate, and the skin is less able to defend against foreign
invaders.

However, water alone will not increase the skin’s moisture level. A protective lipid
layer is necessary to prevent water from evaporating off the skin. There are various
types of moisturizer ingredients acting in different ways to increase the moisture con-
tent of the skin. These ingredients are discussed in Section 2 of this chapter.
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Skin Flora and Skin pH

@Human skin is continuously inhabited by many different bacteria and fungi,
which under normal circumstances in a healthy individual are harmless and are
even beneficial. Microbes on the skin are generally divided into two categories:
resident flora and transient flora.’3

B The resident flora consists of relatively fixed types of microorganisms;
however, species contained in the resident flora cannot be rigidly defined
for all humans since the type and density of species vary from individual to
individual, depending on the anatomic location, local humidity, amount of
sebum and sweat production, physiological differences, diet, age, geographic
location, hormonal status, medicines, and other factors.>* The most common
bacteria include Corynebacterium, Streptococcus, Staphylococcus, Neisseria,
Peptococcus, Acinetobacter, and Proprionibacterium species, while the most
common fungal genus is Malassezia.*>-® The resident flora protects the host
from pathogenic bacteria.’” It cannot be easily removed from the skin by
mechanical friction.

B The transient flora consists of nonpathogenic or potentially pathogenic (i.e.,
capable of causing a disease) microorganisms that inhibit the skin and mucous
membranes for hours, days, or even weeks. The transient flora changes all the
time depending on what we touch. Members of the transient flora are generally
of little significance as long as the normal resident flora is intact. However, if the
resident flora is disturbed, transient microorganisms can colonize, proliferate,
and produce disease. Because of its constant exposure to and contact with the
environment, the skin is particularly apt to contain transient microorganisms.
The transient flora is easier to remove by mechanical friction than the resident
flora.

Maintenance of the resident flora and their barrier function requires the skin pH to
be maintained at the physiological level as well as the ability of the bacteria to adhere
to the skin surface and rapidly readhere during the normal process of desquamation.®
ONormally, the skin surface is slightly acidic and ranges between pH 4.5 and 5.5,
which may vary depending on the gender and body site.3*~#! This acidic environment
is often referred to as the “acid mantle” of the skin. Skin pH influences a number of
parameters, including barrier homeostasis, SC integrity, and cohesion as well as the
bacterial defense mechanisms. Increase in pH leads to reduced desquamation, dry
and scaly skin, and an optimal environment for the growth of pathogenic bacteria. It
is essential, therefore, to maintain the skin’s acidic pH.42

Surface Charge of Normal Skin

Isoelectric point (pl) of a protein occurs at the pH where the positive and negative
charges are balanced. At their isoelectric point, proteins behave like zwitterions
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(which have both negative and positive charges; however, their overall charge is
neutral). At any pH below its pl, the protein has a positive charge, and at pH above
its pl, it has a negative charge. @Since the isoelectric point of the proteins found
in the skin’s upper layers is between 3.5 and 4.5, the skin has a negative charge
at physiological pH.* Therefore, ingredients with positive charges (i.e., cationic
compounds) are attracted to it. The interactions of positively charged molecules with
skin surfaces contribute to surface improvements, such as smoothness, softness, and
enhanced manageability. This process is usually referred to as “conditioning.”

The negative surface charge has another practical advantage. Antiseptic hand
washes and hand sanitizers may contain positively charged surfactant molecules that
have antibacterial activity. The attraction of these cationic entities is very high to the
negatively charged skin surface, which makes them stay on the skin for an extended
period of time.

Skin Types

When it comes to skin types, there is a number of different classification systems
published in the current literature. @ Human skin can be categorized based on gen-
der, its color, UV sensitivity, vulnerability, oiliness, healthiness, and special needs
among others. The most relevant classification systems for the use of cosmetics and
personal care products are discussed here.

Skin Types Based on Sensitivity to Ultraviolet Light Skin color (otherwise known
as skin phototype) and hair type account for the major differences in the skin of the
various ethnic groups. Fitzpatrick developed a skin type classification in 1975 based
on how the skin behaves to UV radiation exposure. It correlates the skin color (i.e.,
its melanin content) with its ability to tan or burn with UV light exposure. It has six
categories, including the following**:

® Type I includes people with red and blond hair, blue eyes as well as freckles,
and very fair skin. This is the type of skin that never tans and burns very easily.
People with this skin type are extremely sun sensitive.

® Type II includes people with fair skin, red or blond hair, and blue, hazel, or
green eyes. This skin is very sun sensitive, burns easily, and tans minimally.

® Type III includes people with cream white to olive skin, fair with mainly brown
or sandy hair, and any eye color. This skin type is sun sensitive; however, it can
gradually tan to a light brown and sometimes burns. It is a very common skin
type.

B Type IV includes those who have dark brown skin, dark brown hair, and green,
hazel, or brown eyes. This skin type always tans to a moderate brown with
minimal burning and has minimal sun sensitivity.

® Type V includes people with dark brown skin who tan well, very rarely burn,
and have sun-insensitive skin. They usually have dark black hair and dark brown
eyes.
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B Type VI describes deeply pigmented black skin. They have black hair and dark
brown eyes. This skin type is sun insensitive, which always tans and never burns.

@ DID YOU KNOW?

The Fitzpatrick classification was developed to classify persons with white skin
to select appropriate doses of UVA light for phototherapy patients. Although it
was never designed for cosmetic purposes, it is frequently used as a criterion to
determine the safety of a variety of cosmetic procedures in individuals with white,
olive, brown, or black skin.**

It is important to keep in mind that everybody, regardless of race or ethnicity, is
subject to potential adverse effects from overexposure to the sun. However, some skin
types are more vulnerable, than others to the harmful effects of the sun.

The FDA has a classification system similar to the Fitzpatrick system; it takes
into account the skin’s reaction to sun exposure. It has six categories as shown in
Table 3.1.4

TABLE 3.1 FDA’s Classification of Skin Types

Skin Type Skin Color Reaction to Sun Exposure

1 Pale white Always burns — never tans

I White to light beige Burns easily — tans minimally

111 Beige Burns moderately — tans gradually to light brown
v Light brown Burns minimally — tans well to moderately brown
A% Moderate brown Rarely burns — tans profusely to dark brown

VI Dark brown or black Never burns — tans profusely

Skin Types Based on Hydration State and Lipid Content

As discussed earlier, it is essential to keep the skin hydrated in order to maintain
the integrity of the skin barrier and prevent loss of water as well as penetration of
physical and chemical substances.*® Scientists differentiate among oily, dry, combi-
nation, and normal skin. These types have different characteristic features. It should
be emphasized that the skin type of an individual is not constant; it may change over
time depending on several internal factors, such as hydration state, lipid content, pH,
moisture binding capacity, as well as some external factors, such as UV light, wind,
temperature, and humidity content. This classification is often used when selecting
cosmetics, such as cleansers and moisturizers.

® Normal skin has no exact definition; it is usually compared to other skin types
as a reference. It is generally described as not too oily and not too dry. At a
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cosmetological level, normal skin is structurally and functionally balanced, and
it has fine pores; it is smooth and well supplied with blood. In addition, it has
no or only a few imperfections, no severe sensitivity, and a radiant complexion.
Dry skin is relatively common; most people experience it from time to time due
to various factors. It can be characterized as scaly, rough, and dull, which can
lead to tautness and itchiness. In addition, it generally has red patches and can be
characterized with less elasticity and a rough complexion. Dry skin tends more
toward premature aging and is likely to have more wrinkles. Environmental
factors, such as low relative humidity, cold weather, and sunlight, in addition
to repeated contact with water, surfactants, and solvents, plus numerous skin
diseases and dietary deficiencies, can produce dry skin.

QOily skin has enlarged pores; therefore, it is very shiny as a result of overac-
tivity of the sebaceous glands. Oiliness is most visible on the forehead, nose,
and chin, and these parts are oily to the touch. Oily skin usually develops with
the onset of puberty and affects a large percentage of young people. There are
several factors that can cause and/or contribute to oily or greasy skin, including
genetic inheritance, hormonal changes, diet, stress, and external agents (such
as cosmetics, chemicals, UV light). Individuals with this skin type often tend to
suffer from acne and dandruff as adolescents.

Combination skin, as its name implies, is the combination of normal and oily
skin, or of oily and dry skin. This type of skin has a tendency to be greasy in
the central T-zone of the forehead, nose, and chin. The skin on the other areas
(cheeks and hairline) is normal or dry.

@ DID YOU KNOW?

Skin types should be determined when the face is clean, i.e., without any mois-
turizers and makeup products. Since facial cleansers may have a drying effect, its
type cannot be properly determined right after washing the face.

m Sensitive skin is a complex dermatological condition, defined by abnormal sen-

sory symptoms, for example, tingling, chafing, burning, or prickling, and pos-
sibly pain or pruritus by various chemicals (e.g., cosmetics, soaps, water, pol-
lution), physical factors (e.g., UV light, heat, cold and wind), microorganisms,
psychological factors (e.g., stress), and hormones (e.g., menstrual cycles).*” It
is often thought to be a specific skin type, similar to oily or dry skin. However,
it is more of a condition since normal, oily, dry, and combination skin can also
be sensitive to various irritants. The term “sensitive skin” mainly refers to facial
skin, but it can also concern other body areas, such as hands, scalp, or genital
area.*8 It is a very common condition in the US, affecting a larger percentage of
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women.* Its pathophysiology includes the alteration of the skin barrier, allow-
ing potential irritants and microorganisms to penetrate the skin and generate an
inflammatory reaction.>

According to the American Academy of Dermatology (AAD), there are four dis-
tinct types of sensitive skin: acne, rosacea, burning and stinging, and contact dermati-

tis. They all have one characteristic in common: inflammation.

51

Skin Types Based on Gender

The basic structure, function, and biochemical processes of male and female skin are
similar; however, distinct differences exist.

There are obvious differences driven by hormonal differences between the
sexes. It is well known that testosterone plays a key role in facial and body hair
growth, sebum production, and overall masculine features. Androgen stimula-
tion causes an increase in the thickness of the skin; male skin is reported to
be approximately 25% thicker than that of women.’? Estrogen, however, neg-
atively regulates body hair growth, affects body fat distribution, and positively
impacts wound repair rates.

Men appear to age slower than women, which may be related to the increased
thickness of the skin, its higher collagen content 3*, and the presence of facial
hair that covers up the fine lines. Although both genders experience the same
rate of collagen loss, women have lower collagen content at baseline. Therefore,
this decrease results in more visible signs of aging.

Regarding skin thickness, it has also been shown that male skin gradually thins
with advancing age, whereas female skin stays more constant until menopause.
Upon entering menopause, female skin progressively thins, suggesting a hor-
monal regulation of skin thickness in females versus males.>>

As for other skin features, it has been shown that the sebum content is higher
in men than in women at all body locations (e.g., forearm, hands) and in all age
groups. The sebaceous gland activity remains stable in men with aging, whereas
it decreases over lifetime in women, especially from the age of 50—60.>% The
reduction in sebum is also accompanied by a reduction in the SC lipids in
women, which may be attributed to a reduction in estrogen with advancing age.

In addition to the biochemical differences, there are also differences in skin
functionality. Studies have demonstrated that TEWL is lower in men than in
women under the age of 50. It can be assumed that sebum lipids might have a
potential occlusive effect on the skin surface; the higher sebum content in men
might be a possible explanation for their lower TEWL compared with women.
However, with aging, gender-related differences in TEWL assimilate.’

Most recent studies have shown that young men show higher SC hydration
in comparison with women. SC hydration is stable or even increases in women
over lifetime, whereas the skin hydration in men progressively decreases, begin-
ning at the age of 40.56-8
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B An additional difference between male and female skin biochemistry is that
men tend to sweat more than women. It creates an environment favorable for
bacterial growth, which results in odor production. Male sweat also remains
longer on the skin. In addition, more body hair in the case of men increases the
body surface for bacterial colonization. The presence of sweat may contribute
to differing skin pH between men and women. It has been shown that women’s
skin is significantly more alkaline than men’s skin (average pH = 5.4 vs 4.4,
respectively); however, the underarm pH is similar in both genders.”®

® Male skin appears to be more sensitive to UV radiation, both from an acute
exposure and from a longer time frame associated with more chronic exposure.
Therefore, they have an increased risk for skin cancer.>

These differences can be utilized to formulate targeted cosmetics and personal care
products for both genders to better meet their needs.

After discussing the basic characteristics of human skin and its general classifica-
tions, detailed discussion of products applied to the skin follows. Additional anatomi-
cal features, such as sweat glands as well as skin concerns, for example, acne vulgaris
and aging, are reviewed in other sections.

GLOSSARY OF TERMS FOR SECTION 1

Acidic mantle: Normally, the skin has an acidic pH; usually, this is referred to as
the “acidic mantle.”

Basal cell layer: The innermost layer of the epidermis, which includes the
melanocytes, Langerhans cells, and Merkel cells.

Brick and mortar model: The unique three-dimensional structure of the stratum
corneum, in which dead cells represent the bricks, while lipids and corneodesmo-
somes represent the mortar.

Collagen: A structural protein found in the dermis, which provides the skin with
strength.

Corneocyte: Water-resistant dead cells in the stratum corneum.

Corneodesmosomes: Units primarily composed of proteins and ceramide that bind
corneocytes together.

Cornified lipid envelope: A unit consisting of proteins and lipids that protects the
corneocytes.

Dermis: A skin layer located under the epidermis. It functions as a supporting frame
to the epidermis, supplying it with nutrients and oxygen via the blood capillaries.

Desquamation: A process during which dead skin cells shed from the skin surface.

Elastin: A structural protein found in the dermis, which provides the skin with
elasticity.

Epidermis: The outer layer of the skin, which functions as a protective layer against
external influences.
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Intercellular lamellar lipid: Lipids mainly made of ceramides, cholesterol, and
fatty acids structured into a layered form. Corneocytes are embedded into this
lipid matrix in the stratum corneum.

Keratinization: A process during which epidermal cells renew.

Keratinocyte: Newly formed epidermal cell.

Langerhans cell: A cell located in the basal cell layer of the epidermis, which plays
an important role in the body’s immune system.

Melanin: A pigment that gives the skin its color.

Melanocyte: Cells found in the basal cell layer of the epidermis that are responsible
for melanin production.

Merkel cell: A cell located in the basal cell layer of the epidermis, which functions
as a touch receptor.

NMF: Natural moisturizing factor, a blend of hygroscopic compounds located in the
corneocytes, which acts as a natural humectant and keeps the skin hydrated.

Pilosebaceuos unit: A unit located in the dermis that includes the sebaceous gland,
a hair follicle, and a small muscle.

Resident flora: Species of microorganisms that are always present on the skin and
are not easily removed by mechanical friction.

Sebaceous gland: A gland located in the dermis, which produces sebum. It is part
of the pilosebaceuos unit.

Stratum corneum: It is the horny layer that is present at the outermost layer of the
epidermis.

Subcutis: A skin layer located under the dermis. It is a loose connective tissue that
stores fat in fat cells.

TEWL: Transepidermal water loss, the amount of water lost (gram of water per
meter square per hour) through the epidermis by passive diffusion.

Transient flora: Species of microorganisms that may be present on the skin under
certain conditions for certain lengths of time. It changes all the time depending on
what we touch. By applying mechanical friction it is easier to remove the transient
flora than the resident flora.

%] REVIEW QUESTIONS FOR SECTION 1

Multiple Choice Questions

1. Which of the following is NOT true for the basal cell layer in the epidermis?
a) Melanocytes are found here
b) Cosmetics are applied to this layer
¢) New skin cells form here
d) All of the above
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2. Which of the following is responsible for the elasticity of the skin?
a) Collagen
b) Keratin
¢) Elastin
d) Melanin
3. How long does it take on an average basis for a newly formed skin cell to travel
to the top layer of the skin and be shed?
a) About 1 month
b) About 3 months
c) About | year
d) More than 1 year

4. What happens if the NMF is lost from the skin?
a) Skin becomes oily
b) Skin becomes dry and flaky
¢) Skin becomes hydrated
d) Skin becomes wrinkled

5. Cosmetics and personal care products are applied to the following skin layer:
a) Epidermis
b) Dermis
c) Fat cell layer
d) Cuticle

6. Corneodesmosomes are .
a) Dead cells in the skin
b) Newly formed living cells in the skin
¢) Building units of the stratum corneum made of proteins and ceramide
d) Building blocks of the dermis that bind dead cells together

7. In which layer of the human skin is melanin found?
a) Dermis
b) Fat cell layer
¢) Stratum corneum
d) Stratum basale

8. Which of the following is NOT true for melanin?
a) It is a pigment that provides skin color
b) It provides photoprotection to the skin against UV radiation
c¢) It plays a role in the body’s immune system
d) Itis produced by melanocytes
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9. What is the normal water content of the human skin, including the epidermis and

10.

11.

12.

13.

14.

15.

dermis?

a) 0%

b) 100%
c) 10-30%
d) 80%

What is the normal pH of the human skin?
a) 1-2

b) 4.5-5.5

c) 7

d) 9-10

The skin’s overall surface charge is ___.
a) Negative

b) Neutral

¢) Positive

Which of the following is part of the pilosebaceuos unit?
a) Sebaceous gland

b) Hair follicle

¢) Small muscle
d) All of the above

What does the term “transepidermal water loss” refer to?

a) The amount of water lost from the skin through the sweat glands

b) The amount of water lost from the skin through the sebaceous glands
c) The rate of water lost from the skin through the epidermis

d) The amount of water lost from the skin through the epidermis

What is Fitzpatrick’s skin classification system based on?
a) The skin’s sensitivity to detergents

b) The skin’s sensitivity to UV exposure

c) The skin’s sensitivity to water loss

d) The skin’s sensitivity to fragrances

Which of the following is NOT true for the resident flora of the human skin?

a) It changes all the time depending on what we touch
b) It consists of relatively fixed types of microorganisms
c¢) It protects the host from pathogenic bacteria

d) If it is disturbed, transient microorganisms can colonize and produce

disease
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Fact or Fiction?

a) Skin loses water continuously even without sweating.

b) The outer surface of the skin is made up of dead cells.

c¢) All germs found on the skin should be properly removed with skin
cleansing products.

d) Women'’s skin is more acidic than men’s skin.

e) NMF acts as a natural humectant in the epidermis.
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SECTION 2: SKIN CLEANSING PRODUCTS

%} LEARNING OBJECTIVES

Upon completion of this section, the reader will be able to

1. define the following terms:
Actuation force  Antiseptic Bath product Chemical cleansing
CMC Disinfectant Extrudability Facial cleanser
Firmness Foamability Foaming cleanser = Hand cleanser
Hand sanitizer Hardness In vitro test In vivo test
Low-foaming Non-foaming pH Physical cleansing
cleanser cleanser
Rancidification  Separation of Shower product Soap
emulsions
Spreadability Syndet Texture Viscosity
2. explain the basic function of skin cleansing;
3. briefly discuss how skin cleansers can negatively affect the stratum corneum;
4. list the main concerns with regard to the use of alcohol-based hand sanitizers;
5. list the various required cosmetic qualities and characteristics that an ideal skin
cleanser product should possess;
6. list the various required technical qualities and characteristics that an ideal skin
cleanser product should possess;
7. differentiate between soaps and syndets;
8. differentiate between chemical and physical skin cleansing;
9. explain how surfactants remove dirt from the skin;
10. explain how solvents remove dirt from the skin;
11. differentiate between foaming and non-foaming cleansing products;
12. explain why nonfoaming products do not foam;
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list the major ingredient types of facial cleansers, and provide some examples for
each type;

list some problems that the pH of traditional soaps can cause;
differentiate between facial scrubs and facial toners;

differentiate between rinse-off and peel-off facial cleansers;
differentiate between dry and wet cleansing cloths;

discuss the advantages of liquid body cleansers over bar soaps;
explain what the effects of body cleansers containing abrasives are;
differentiate between regular, moisturizer, and specialty body washes;
briefly discuss how bath oils should be used;

differentiate between floating and soluble bath oils;

explain the function of surfactants in floating bath oils;

name a few commonly used salts in bath salts;

explain how effervescent bath bombs work when they are placed in water;
differentiate between antiseptics and disinfectants;

briefly discuss how alcohol kills germs on the hands;

name active ingredients used in alcohol-based hand sanitizers;

name active ingredients used in water-based hand sanitizers;

explain why alcohol-based hand sanitizers do not have persistent killing
effect;

list some typical quality issues that may occur during the formulation and/or use
of skin cleansing products, and explain why they may occur;

list the typical quality parameters that are regularly tested for skin cleanser prod-
ucts, and briefly describe their method of evaluation;

briefly discuss the potential safety issues with regard to the use of parabens, tri-
closan, sodium lauryl sulfate, and microbeads in skin cleansers;

name the efficacy parameter that is generally tested for topical antiseptics claim-
ing antimicrobial effects, and describe the method of evaluation;

list the typical containers available for skin cleanser products.

KEY CONCEPTS

1.

Skin cleansing products, including facial cleansers, bath and shower products,
and hand cleansing products, can be classified as either cosmetics or drugs in the
US, depending on the claims made and ingredients present.

. Skin cleansing products contain surfactants that are capable of emulsifying

water-insoluble ingredients into micelles, which can be easily washed away
from the skin. Ideally, cleansers should not damage the skin’s complex structure
and lead to irritation, dryness, redness, and itching. Unfortunately, many skin
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cleansers do cause changes in the skin’s structure and barrier function, leading
to various signs and symptoms.

3. Cleansing products can be categorized in several ways, including their cleansing
mechanism, chemical nature, harshness (mildness), and dosage form.

4. In general, skin cleansers are used to remove dirt, makeup, environmental pollu-
tants, germs, and other types of soilage from the skin.

5. In addition to simple cleansing, hand washing has an essential role in infection
control as well.

6. Although the public belief is that hand sanitizers may replace hand washing, the
CDC recommends that hand sanitizers should not be used in place of soap and
water but only as an adjunct.

7. Typical quality-related issues of skin cleansing products include sticky bath salts
and bath bombs, broken bath bombs, discoloration of bar soaps, poor foam-
ing activity of foaming formulations, separation of emulsions, cloudy solution,
microbiological contamination, clumping, and rancidification.

8. Parameters commonly tested to evaluate the quality of skin cleansing products
include spreadability, extrudability, texture, and firmness of lotions, creams, and
gels; actuation force; foaming property, foam stability, foam viscosity, foam den-
sity, and foam structure; hardness of batch bombs; disintegration time and dis-
solution time of bath bombs, bath salts, and bath beads; preservative efficacy;
viscosity; and pH.

9. The most frequently tested efficacy parameter is the antimicrobial activity of
hand sanitizers and antibacterial skin cleansers.

10. Ingredients causing safety concerns regarding skin cleansing products include
parabens, triclosan, sodium lauryl sulfate, and microbeads.

Introduction

Human skin is in continuous contact with the environment, which can modify its nor-
mal flora, pH, and barrier properties, leading to unwanted conditions. Skin cleansing
serves as a foundation for healthy skin with an intact barrier function, and it also
contributes to the skin’s aesthetic appearance. It includes the removal of dirt, oil, cos-
metics, and dead skin cells. In addition, skin cleansing is the initial step in overall
skin care and prepares the skin for the application of moisturizing, protective, and
nourishing products. Furthermore, beyond skin care, it also plays an important role
in psychological well-being.

In general, both genders are concerned about their skin and feel that they have
to take care of it. Skin cleansing products include a number of different formula-
tions. The characteristics of an ideal skin cleanser vary according to the needs of the
consumers.

This section provides a general overview of the various cleansing mechanisms
and cleansing ingredients. It also reviews the commonly used cleansing products for
the face, body, and hands as well as their basic ingredients, formulation, and testing
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methods as well as packaging. In addition, it also provides a summary on how these
products may affect the skin and what consumers’ general requirements are.

Types and Definition of Skin Cleansing Products

OSkin cleansing products, including facial cleansers, bath and shower products,
and hand cleansing products, can be classified as either cosmetics or drugs in the
US, depending on the claims made and ingredients present. The majority of skin
cleansing products are intended to remove dirt and oil from the skin, which are cos-
metic claims. Many skin cleansing products contain moisturizing ingredients today,
which help avoid the skin from getting dry. These products are also considered cos-
metics. However, products removing and/or killing bacteria that may cause infections,
such as antibacterial hand soaps and hand sanitizers and facial washes proven to fight
against bacteria causing acne, are considered drugs in the US.

m Facial cleansers are designed to clean the facial skin, remove dirt and makeup,
provide exfoliation, and remove potentially harmful microorganisms. Available
products include lathering and foamless emulsions, gels, scrubs, toners, masks,
and cleansing wipes.

m Bath and shower products are designed to remove dirt, perspiration, and dead
cells from the body skin as well as enhance the bathing experience, soften and
moisten the skin, provide a relaxing experience, and leave the skin feeling clean
and fresh. Bath salts can change the salinity of bath water to increase buoyancy
and make the body feel lighter in the bath, mimicking the properties of natural
mineral baths or hot springs. Product types may vary from bar soaps, bath salts,
bath bombs, and bath oils to bubble bath products and shower gels.

® Hand cleansing products are designed to clean the hands. These products are
identical to facial cleansers and body washes. They include bar soaps and syndet
bars as well as liquid soaps. They are often enhanced with additional mois-
turizing ingredients. Hand sanitizers are used specifically to remove microor-
ganisms from the hands with the intent of preventing infections and reducing
the spread of infectious diseases. These product types are classified as OTC
drug—cosmetic products in the US. The classification includes alcohol-based
and non-alcohol-based hand sanitizers in the form of bar soaps, gels, lotions,
creams, and cleaning wipes.

History of Using Skin Cleansing Products

Cleaning the skin has been part of humans’ lives from prehistoric times. As early as
the 2700 BC, the Chinese were already using salt for medicinal purposes. Egyptians
and later Greeks also recognized the antiseptic qualities of salt.

Many different civilizations can be given credit for discovering soap. The first
recorded evidence of the manufacture of soap-like materials dates back to around
2800 BC in ancient Babylon. Soap was made from fats boiled with ashes and water
and was mostly for cleaning textile as well as treating skin diseases.! A big part of
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Egyptian culture was dedicated to beauty and cleanliness through skin care. Cleopatra
is well-known for her skin care regimen, including bathing in milk high in lactic acid,
which turned out to be quite favorable for skin exfoliation.> The early Greeks bathed
for aesthetic reasons. They used clay, sand, pumice, and ashes as well as a metal tool
known as a “strigil” to scrape off the oil and dirt from their body. As the Romans
dwelled in a water-rich area, they built aqueducts to bring clean water into towns and
used soaps to clean themselves. The baths were luxurious, and bathing became very
popular.’

@ DID YOU KNOW?

According to an ancient Roman legend, the name “soap” originates from Mount
Sapo (Rome), where burnt animals were sacrificed. Rain washed a mixture of
melted animal fat, or tallow, and wood ashes down into the clay soil along the
Tiber River. Women found that this clay mixture made their wash cleaner with
much less effort.*

After the fall of Rome in the Middle Ages, bathing declined. Poor sanitary habits
lead to people suffering from a number of hygiene-related diseases and illnesses.
One of the most well-known diseases caused by the lack of personal hygiene was the
Black Death of the 14" century. Personal cleanliness started to become popular again
in most of Europe only in the 17" century. Small soap manufacturing businesses were
established all over Europe using animal and vegetable oils with ashes of plants to
produce soaps. Italy, Spain, and France were early centers of soap manufacturing,
due to their ready supply of raw materials such as oil from olive trees.

A major step toward large-scale commercial soapmaking occurred in the late
18" century when a French chemist, Nicolas Leblanc, patented a process for
making soda ash (i.e., sodium carbonate) from common salt. Modern soapmaking
(i.e., saponification) was born in the early 19" century. Another French chemist,
Michel Eugene Chevreul, is credited with discovering the chemical nature and
relationship between fats, glycerin, and fatty acids. In the 1860s, a Belgian chemist,
Ernest Solvay, further improved the process by reducing the cost of soda and, at
the same time, improving both the quality and the quantity of this material, which
was vital to support the growth of the soapmaking industry. The chemistry of soap
manufacturing stayed essentially the same until the early 20" century, when the first
detergent was developed in Germany.> After that, there was a great improvement
in the manufacturing of bubble bath products and liquid hand cleansers, and they
started to become popular.?

The first concerns about the importance of hand sanitizers as part of the infection
control arose in the mid-1800s. Professor Ignaz Semmelweis (called the savior
of mothers) is credited with the first groundbreaking work in this field. He was a
Hungarian obstetrician working in a hospital in Vienna. He disproved the belief that
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childbed fever (an infection of women after childbirth or miscarriage) was caused by
“poison air.” The hospital where he worked had two obstetric departments. The first
was reserved for doctors and trainee doctors, while Ward 2 was where only midwives
learned their profession. At the Vienna Hospital, it was very common for obstetri-
cians to carry out autopsies (i.e., examination of a cadaver to determine or confirm
the cause of death) in the morning and then carried on with their other work in
Ward 1. Midwives did not do autopsies. The incidence of maternal death was high
in Ward 1, but low in Ward 2. Semmelweis believed that there had to be a link
between the work done in the postmortem room and the obstetricians coming into
Ward 1. He concluded that the cause of high death rate is related to the cadavers and
infection was transmitted by hand to women attended by medical students in the first
department. He ordered hand washing in a chlorine solution before entering Ward 1
and examining women; after which the incidence of childbed fever significantly
decreased.®’

The evolution of skin cleansing products through the ages, cultures, and traditions
did not stop its pace in our modern times. Synthetic detergents now form the basis of
many present-day skin cleansing products. New ingredients, technologies, and prod-
ucts are continuously developed and introduced into the market. In addition, today,
hand washing with soap and water and hand antisepsis using hand sanitizers are the
cornerstone of many infection control programs.

How Skin Cleansing Products May Affect the Skin?

Skin cleansing is essential in maintaining the skin health and contributing to its aes-
thetic appearance. Dirt found on our skin consists of sweat, sebum and its breakdown
products, dead skin cells, residues of cosmetics and personal care products applied
to the skin, dust, and other environmental impurities carried in the air. Most of these
compounds are not soluble in water, so washing the skin with simple water would
not be sufficient to remove dirt. @Skin cleansing products contain surfactants
that are capable of emulsifying water-insoluble ingredients into micelles,
which can be easily washed away from the skin. Ideally, cleansers should not
damage the skin’s complex structure and lead to irritation, dryness, redness,
and itching. Unfortunately, many skin cleansers do cause changes in the skin’s
structure and barrier function, leading to various signs and symptoms. The
major negative effects of skin cleansers and additional concerns are summarized as
follows:

B Many skin cleansers solubilize lipids that are found on the skin surface to pro-
vide protection and may even extract skin components, such as the NMF
during cleansing. Additionally, surfactants may also remain in the SC after
even rinsing the product with water. Surfactants can disrupt the SC’s structure,
likely in the lipid lamellae,® and weaken its barrier function (see Figure 3.4 in
Section 1). In addition, cleansers can lead to a reduction in the level of NMF
in the skin.® The disruption of the SC lipid order by surfactants contributes to
the barrier-damaging side effects of skin cleansing.'” It has been shown that



WIWW. FALOANPRESS. COM

SECTION 2: SKIN CLEANSING PRODUCTS 153

cleansing can increase TEWL, leading to dehydration of the skin.!! In addi-
tion to damaging the skin barrier, surfactant penetration can cause irritation and
inflammation ! and alter barrier renewing processes by affecting keratinocyte
differentiation and desquamation.'?

® [t has been shown that the tendency of surfactants to damage skin proteins is
related to the charge density of the surfactant aggregates.'* This explains the
following well-known order for the irritation potential of surfactants, namely,
anionic surfactants > amphoteric surfactants > nonionic surfactants. As cleans-
ing products are primarily based on anionic surfactants, approaches have been
developed to decrease the tendency of these surfactants to damage skin proteins.
Common approaches include increasing the size of the head/polar group of the
surfactant'> and using a combination of anionic surfactants with amphoteric or
nonionic surfactants.'

B Another factor that may contribute to SC damage is the cleanser’s pH.
Soap-based cleansers are alkaline in nature, while the pH of most syndets
(synthetic surfactant-based cleansers) is close to neutral or slightly acidic. It
has been shown that soap-based cleansers have a higher potential to irritate skin
than cleansers with synthetic surfactants (syndets).!” The balance between the
soap damage and the recovery power of skin determines the skin’s condition
of soap users. In winter, with the additional stress of cold, drying weather,
many soap users will experience dry, itchy skin. Soap is also drying in hot, dry
climates, but usually causes minimal dryness when the weather is warm and
humid.'8

m A further concern with regard to the use of skin cleansing products is irritation,
itching, inflammatory responses, and allergies to product ingredients, includ-
ing antibacterial actives, preservatives, and perfumes. It is not necessary for the
surfactant to penetrate into dermal layers to trigger such conditions. An increase
in the production of cytokines can also elicit a response from the dermis.!® If
soaps damage the skin barrier, they can easily get into the deeper layers of the
SC, leading to irritation, reddening, and itching.

B Hand washing has traditionally been identified as the most important infec-
tion control intervention to prevent the transmission of microorganisms and
diseases®” ever since Semmelweis observed its immense effect on the inci-
dence of childbed fever.?! In recent years, a number of hand hygiene products,
including many with antimicrobial activity, have become available, and some
are marketed to the general public. It has been demonstrated in clinical stud-
ies that antibacterial agents, such as ethanol, isopropanol, chlorhexidine, are
effective in preventing diseases.?>>* However, concerns have arisen with regard
to the long-term safety of some ingredients. It is questionable whether some
ingredients may increase the resistance of microorganisms to antimicrobials. If
these agents increased the resistance of antibiotic resistance, it may lead to an
increase in the number of multiresistant microorganisms, increasing financial
burden and costs for patients and their families, and even the number of deaths
in healthcare settings.
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There are some occupations where frequent hand washing is a must; examples
include healthcare settings, such as pharmacies and hospitals; pharmaceutical
manufacturing companies; as well as the food industry. In such cases, frequent
handwashing may lead to long-term changes in the skin, such as chronic dam-
age, irritant contact dermatitis and eczema, and concomitant changes in skin
flora.

Products containing alcohol are potentially flammable; therefore, it is an addi-
tional safety concern. Extra precautions have to be taken during manufacturing,
shipping, and handling of such products.

An additional concern regarding the use of alcohol-based hand sanitizers is that
they may be accidentally (or intentionally) consumed.>* Based on the National
Poison Data System data,” intentional hand sanitizer exposures have greatly
increased in the last several years. The term “alcohol” may sound inviting for
people with alcoholic problems. In addition, it may be accidentally ingested
by children. Acute ethanol intoxication can result in several serious, even
life-threatening, clinical effects. These include decreased body temperature,
central nervous system and respiratory depression, abnormal heart rhythm,
low blood pressure, nausea and vomiting, liver injury, and many other severe
symptoms.?® This problem raises questions about the unrestricted use of such
products. Hand sanitizers are a must in promoting and maintaining hand
hygiene in healthcare settings; however, their use may be restricted in locations
with at-risk patients.?’

Alcohol also removes dirt and oils from the skin, which may dry out the skin.
It may be beneficial for patients with oily skin; however, it will lead to dryness
if overused. Alcohol-based formulations, however, should not be used on dry
or aging skin since it will worsen their condition.

Required Qualities and Characteristics and Consumer Needs

From a consumer perspective, a quality skin cleansing product should possess the
following characteristics:

Neutral or pleasant odor and color

Easy to rub on with appropriate foaming property

Easy to spread

Pleasant feeling during application

Non-oily/non-greasy feeling

Leaves no residue

Moisturizes the skin while cleaning

Non-comedogenic

Well tolerated and non-allergenic

Hand sanitizers: do not dry the skin, but kill bacteria and viruses.
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The technical qualities of skin cleansing products can be summarized as follows:

Long-term stability

Smooth texture

No microbiological contamination and growth
Appropriate rheological properties
Appropriate foaming activity

Appropriate performance

Appropriate pH

Dermatological safety.

Cleansing Products — Basic Concepts

©Cleansing products can be categorized in several ways, including their cleans-
ing mechanism, chemical nature, harshness (mildness), and dosage form. Before
moving on to discuss the various types of products and their major characteristics, it
is worth to understand the difference between soaps and syndets.

Classification Based on Chemical Nature and Mildness

Based on chemistry, three basic types of compounds can be found in skin cleansing
products, including soaps, synthetic surfactants, and solvents.

Soaps are salts of fatty acids. If the alkali used contains sodium, potassium,
or ammonium ions, water-soluble soaps are formed, whereas zinc and magne-
sium make insoluble so-called metallic soaps. Skin cleansing products contain
water-soluble soaps. The pH of soaps is alkaline and is usually in the range of
9.5-10. This is one of the main reasons why soap-based cleansers can irri-
tate the skin. Soaps are amphiphilic molecules having both hydrophilic and
hydrophobic groups, i.e., they are soluble in both oil and water. They are anionic
surfactants. Soaps are often referred to as natural surfactants since most oils and
fats used for their production can be found in nature.

Synthetic surfactants, which are often referred to as “soapless” soaps or syn-
dets, are also amphiphilic compounds. The most frequently used surfactants are
anionic in nature, similar to soaps; however, they are much milder to the skin
and are, therefore, more popular. The difference in the chemical structure of the
molecule and the pH of the final product (usually around pH 7) makes them
much milder.

Solvents, as reviewed earlier, can be classified broadly as polar, semipolar, and
nonpolar type. Nonpolar solvent-based products, such as those containing min-
eral oil, may be potentially advantageous for dry skin consumers since they can
deposit a thin oil layer on the skin surface; however, they may be disadvanta-
geous for users with oily skin, for the same reason. Skin cleansing products
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containing alcohol can dry the skin, which may be beneficial for oily skin but
not for dry skin. It is very important, therefore, to select skin cleansing products
in accordance with the skin type.

Classification Based on Cleaning Principle

With regard to the working principle, two basic mechanisms can be attributed to the
cleaning effect, namely, chemical cleaning and physical cleaning.

B Chemical cleaning can be achieved through emulsifying and dissolving the dirt
on the face. The skin feel and application profile are different for these products.

e Surfactants work by reducing the interfacial tension between oil and water,
i.e., emulsifying oily components on the surface of the skin with water.
The process is depicted in Figure 3.5. The stronger the surfactant, the more
hydrophobic material removed, the greater the potential skin damage from
excessive removal of naturally occurring skin lipids and the greater the
compromise of the skin barrier function. Therefore, correct and careful
selection of surfactants is required to ensure proper mildness. Soap- and
surfactant-based cleansers usually require water and generally include a
rinsing step.
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Figure 3.5 Removal of oily dirt from the skin surface by emulsifiers.

e Solvent-based systems clean the skin by dissolving sebum and external oils
present on the skin as residues of cosmetics and similar materials. Solvents
work under the chemical premise that “like dissolves like.” Solvent-based
cleansers are usually not used in conjunction with water; rather, they are
applied and then wiped off with a tissue or cotton ball. Solvents used
in cleansing products include non-polar solvents, such as mineral oil;
semi-polar solvents, such as alcohol; and polar solvents, such as water.
There are some non-lathering cleansers that are emulsions; however, they
do not foam. They also remove dirt by dissolving it on the face.

®m Physical cleaning is an alternative to chemical cleaning; the working principle
is abrasion (friction), which is generated primarily by the direct interaction of a
washcloth, tissue, cotton ball, cleansing cloth, or abrasive particles and the sur-
face of the skin. Friction works to help remove dirt and increase the interaction
of chemical cleaning agents with oils.
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Classification Based on Foamability

Segmenting by foaming activity, there are three major categories of skin cleansing
products on the market: foaming products, low-foaming products, and non-foaming
products.

B Foaming cleansers contain a significant amount of well-foaming surfactants.
These products are the most popular today and often provide the most refreshing
sensation afterward. Most body washes, hand soaps, and facial cleansing prod-
ucts belong to this category. These products are typically surfactant solutions,
gels, scrubs, and O/W emulsions with a high cleaning power. Foaming prod-
ucts can contain the same basic ingredients for the body and the face. However,
for the face, a different sensation and greater mildness are required. Therefore,
generally, combinations of milder surfactants are used. Although these products
contain mild surfactants, they can still significantly damage the skin barrier if
left on the skin for a longer period of time.

m Low-foaming products contain a lower level of well-foaming surfactants com-
pared to foaming products and are milder to the skin. Product forms avail-
able as low-foaming products include lotions, gels, scrubs, and creams. They
still foam when mixed with water; however, mildness is often obtained at the
expense of effective cleansing and lathering. These products primarily contain
nonionic surfactants, often combined with amphoteric and polymeric types.
Foam-booster secondary surfactants may also be added to increase the user
experience. Low-foaming products are typically marketed for the face, but in
some cases, for the body as well.

® Non-foaming cleansers include surfactant solutions, creams, lotions, bath oils,
bath salts, and toners. Cleansers in this category tend to be the mildest due to
their low well-foaming surfactant or soap content. Non-foaming cleansers can
be solvent-based, such as facial toners and hand sanitizers, and emulsion-based,
such as most facial cleansers, body washes, and hand soaps (which solubilize
dirt). Emulsion-based non-foaming products contain the highest level of oils
compared to the other two groups; therefore, they are ideal for depositing a thin
layer of oil onto the skin, which remains on the skin even after rinsing. For this
reason, these preparations are generally more effective for dry skin users and
not recommended for oily and acne-prone skin. They are primarily formulated
for the face and, in some cases, for the body. Emulsion-based products are often
referred to as moisturizers or emollient body washes. Body washes with high
emollient content have been shown to be beneficial for very dry skin users and
for those whose only source of topical moisturization is their body cleanser.?

Classification Based on Product Types

Skin cleansing products classified based on their form include solid cleansing aids,
such as soap bars, bath salts, bath beads, and cleansing wipes; liquid products, such
as surfactant solutions, low-viscosity emulsions, toners, two-phase cleanser; as well
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as semisolid products, such as creams, pastes as facial masks, scrubs, and gels. It is
important to understand that a cream may be foaming, low-foaming, or non-foaming,
depending on the ingredients it is made of.

Typical Ingredients and Formulation of Skin Cleansing Products

OIn general, skin cleansers are used to remove dirt, makeup, environmental pol-
lutants, germs, and other types of soilage from the skin. Since the basic needs of
the skin on the face, body, and hands are slightly different, products are discussed
according to these main areas of the body.

Face

Facial skin and its cleansing has always been a big concern for both men and women.
According to studies, most women in the US wash their face twice a day (in the
morning and at bedtime), which is twice as often as they typically wash their bodies.?’
As already discussed, the main ingredients in cleansing products are soaps and/or
surfactants and solvents. A short summary of the typical ingredient types is provided
as follows:

m Surfactants act as cleansing agents and emulsifiers. There are four main groups
of surfactants with different characteristics. Usually, they are used in combina-
tion with each other to build appropriate properties into the formulations.

e Anionic surfactants have good lathering and detergent properties, which
are necessary to remove dirt. As mentioned earlier, natural soaps are anionic
molecules as well. Examples for anionic surfactants include lauryl sulfates,
such as sodium lauryl sulfate (SLS); laureth sulfates, such as sodium laureth
sulfate; sarcosinates, such as triethanolamine lauroyl sarcosinate; isethion-
ates, such as sodium cocoyl isothionate; taurates, such as sodium methyl
cocoyl taurate; sulfosuccinates, such as sodium dioctyl sulfosuccinate; and
more recently the monoalkyl phosphates, such as potassium lauryl phosphate.

e Cationic surfactants have a positive charge which makes them attracted to
the skin. Therefore, they can be employed as conditioning agents. Examples
include amines, alkylimidazolines, alkoxylated amines, and quaternary
ammonium.

e Amphoteric surfactants are well tolerated and lather well and, therefore, are
also often used in facial cleansers as secondary surfactants to help boost foam,
improve conditioning, and reduce irritation. Examples include betaines, such
as cocamidopropyl betaine; imidazolinium derivatives; amine oxides, such as
cocamidopropylamine oxide; and alkylamino acids.

e Nonionic surfactants, such as fatty alcohols; poloxamers; alkylene oxides;
polyglucosides, such as lauryl glucoside; amides, such as cocamide
diethanolamine (DEA), are very mild; thus, they are commonly used as
emulsifiers, conditioning agents, and solubilizers. Their main drawback
is that they do not lather particularly well. However, they form a perfect
combination with anionics.
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® Solvents act as cleansing agents as well as provide a vehicle for various formu-
lations.

e General examples include water (the most commonly used vehicle in emul-
sions), ethanol, isopropyl alcohol, or mineral oil as a non-polar solvent for
cleaning purposes.

® Thickeners are structuring agents, primarily used for gels, lotions, and creams.

They provide appropriate rheological properties for the systems as well as con-

tribute to their stability.

e Examples include hydrophilic ingredients, such as cellulose derivatives,
gums, acrylates, and other types of polymers, as well as waxes for the oil
phase.

m Skin conditioning agents (otherwise known as moisturizers) counteract the

SC-disruptive properties of soaps and surfactants.

e Examples include glycerin, olive oil, almond oil, mineral oil, silicone oils,
waxes, panthenol, and allantoin.

@ DID YOU KNOW?

Cleansing agents may contain various types of moisturizers, although part of them
is removed from the skin when rinsing with water. Therefore, significant amounts
of moisturizers will not be left on the skin surface after cleansing. This is why
proper moisturization is important after cleansing the skin for all skin types.

B pH buffers may be used for various reasons in facial cleansing products.

e Alkaline solutions are used for saponification. Examples include potassium
hydroxide, sodium hydroxide, and ammonium hydroxide.

e Additional ingredients that may alter the formulation’s pH include citric acid
and lactic acid. They shift the pH into the acidic range, which is closer to the
natural pH of the skin and are less irritant.

e pH buffers, such as triethanolamine, may also be needed to thicken the for-
mulation via neutralizing the thickeners.

B Abrasives Facial scrubs contain specific exfoliating components that are
responsible for physical cleaning.

e Examples include natural components, seeds of many fruits (such as peach,
apple, apricot), nut shells (such as almond, walnut), and grains (such as
oats, wheat). Synthetic scrub particles include polyethylene or polypropy-
lene beads. In addition, aluminum oxide particles and sodium tetraborate
decahydrate can also be used.
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Colorants may contribute to the marketing appeal of the product. Both natu-
ral and synthetic colorants can be used as facial cleansers. In certain products,
titanium dioxide or glycol stearate is used as an opacifier.

Fragrances are often added to facial cleansing preparations to mask the odor of
the raw ingredients. It should be kept in mind, however, that they may be highly
irritative, especially for users with sensitive skin.

Preservatives provide protection against microbiological contamination.

e Most systems contain preservatives, including parabens, phenoxyethanol,
and benzoates.

Antibacterial agents are widely used in today’s formulations. They may be

beneficial for controlling certain skin conditions, such as acne (it is discussed

in detail in Section 4 of this chapter); superficial skin infections, such as folli-

culitis; and control infections after exposure to dirt or other potential sources of

contamination. These are generally considered active ingredients in products.

e The most commonly used compound is triclosan; however, its safety and
efficacy are currently being investigated in cleansing products by the FDA.
Additional examples include benzoyl peroxide and lactic acid (soaps con-
taining a higher amount of lactic acid have an acidic pH, which is thought to
be antibacterial).

Absorbents are mainly used in facial masks to absorb sebum from the skin.

These are water insoluble, mainly inorganic compounds.

e Examples include zinc oxide, titanium dioxide, kaolin, calamine, clay, and
natural mud.

Astringents are the major ingredients in facial toners. They tighten pores and

refresh the skin. Most of them are generally considered active ingredients.

e Examples include alcohol and witch hazel.

Certain soaps contain other ingredients, such as vitamins, and a variety of exotic
natural ingredients (usually derived from fruits, other plants, etc.).

@ DID YOU KNOW?

Lathering formulations are generally more popular among consumers. Although
it is possible to formulate cleaning products that do not foam or just slightly foam
and are effective in removing dirt, most users expect skin cleansing agents to gen-
erate foam when cleaning. They feel that foaming is a sign of proper cleaning.

There is a wide variety of skin cleansing products available today, including bar
soaps, syndet bars, gels, scrubs, creams and lotions, toners, masks, and cleans-
ing wipes. Let us review these product types and their main properties:
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B Traditionally, bar soap made with natural surfactants was used as a skin
cleanser. Soap bars are available in several major types, differing in the types
of surfactants used, lather provided, rate of lathering, color, smell, and skin
compatibility. It is effective in removing grime and is relatively inexpen-
sive; however, the washing solution formed by soap is extremely alkaline
(pH 9.5-11.0)* and can cause irritation, dryness, and scaling. Although
several subtypes of bar soap have been developed over the years to decrease its
harshness, they are gradually losing their popularity.

e Superfatted soaps contain more oil than required to a stoichiometric reaction.
The excess oil may serve as a moisturizer and an emollient and improves the
mildness of the product.’®

e Transparent soaps have a higher concentration of glycerin, which is a skin
moisturizer. Although they contain natural soaps and therefore their pH is
alkaline, they are still considered milder due to the presence of glycerin.

® Syndet bars are similar to soap bars, although they contain synthetic emulsifiers
instead of natural soaps. Therefore, syndet bars have a better skin compatibility
profile than traditional soaps. Their cleaning effect is very good, and the residue
left on the skin is minimal. Due to their more gentle nature, they are becoming
more important as skin cleansers. Nearly all common synthetic detergent bars
are based on an anionic surfactant, acyl isethionate.

@ DID YOU KNOW?

Soap bars are not necessarily made of soap (i.e., natural surfactants). Today, a
variety of soap bars containing synthetic surfactants are available on the market.
However, many consumers relate the shape and name to the harsh effect regular
products would cause. Most consumers are not aware that a soap in the form of a
bar can be made of different types of surfactants and is, therefore, not necessarily
harsh.

m Cleansing gels are water-based systems, containing various types of thickening
agents. As discussed in Chapter 1, they typically have a transparent appear-
ance. Gels are a popular cleansing form; they are used with water since they are
foaming formulations. Inert particles (i.e., beads) are often incorporated into
gels, which may provide an additional exfoliating effect.

B Scrubs are generally O/W emulsions or gels that contain small particles of nat-
ural or synthetic origin. Scrubs are intended to provide a deep cleansing effect,
including skin exfoliation from abrasion with the particles, and they also polish
the skin. It is important to keep in mind that the skin regularly and continuously
sheds; therefore, additional exfoliators should not be used every day. They affect
the skin barrier and can lead to damage if used too vigorously. Massaging and
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rubbing these preparations onto the skin must be done with the utmost care and
gentleness and in strict accordance with the manufacturer’s instructions.

Cleansing creams and lotions are typically O/W emulsions. As discussed in
Chapter 1, the main difference between a cream and lotion is their viscosity;
lotions have lower viscosity. They are usually made of relatively delicate sur-
factants, and their irritation potential is much lower than that of soaps. They can
be lathering, low-foaming, or non-lathering formulations.

Toners are clear solutions, generally based on various types of solvents and
a low amount of surfactants. Waterless cleansers for the face are often based
on alcohols and glycols since sebum is soluble in these solvents. Toners are
usually applied with cotton balls, tissues, or washcloths and evaporate quickly
after application. These products may be beneficial when there is no access to
water and can be effective for very oily skin; however, long-term use may be
harmful to the skin barrier. Toners are popular for younger users because of the
perceived acne benefits and pore-tightening effect.

Facial masks are a unique product type for cleaning the face. Certain products
are rinsed off with water, while others can be peeled off as a film.

e Masks that rinse off are removed from the skin with warm water 15—-30 min
after application. They usually contain insoluble, absorbent materials, such
as clays, zinc oxide, kaolin, and others. These masks can effectively absorb
sebum on the skin and, therefore, are primarily recommended for users with
oily skin. Certain rinse-off masks are based on moisturizers and/or cleansing
agents and do form an actual dried layer on the skin. They are more beneficial
for users with dry skin.

e Masks that peel off are made of rubbery substances, such as polyvinyl alcohol
or rubber-based substances, such as latex. As these masks dry on the skin,
they harden and form a thin, flexible, and usually transparent film on the skin.
This film can be easily peeled off the face. Their major benefit is that they
increase the skin’s water content by inhibiting water evaporation. Therefore,
these masks are recommended for persons with drier facial skin.

Cleansing wipes, often referred to as cloths, represent one of the latest tech-
nologies among facial cleansing products. They are quite popular as they offer
ease of use. Cleansing wipes are beneficial in cases when there is no access
to water. They are usually designed to be used for one time only; therefore,
they can be more hygienic than bar soaps. They consist of low levels of mild
detergents with additional conditioning ingredients that may be deposited on
the skin. The wipes can be made of natural fibers, such as cotton, synthetic
fibers, such as polypropylene, or a blend of these. Wipes clean the facial skin
by a combination of physical and chemical cleaning, which may provide much
cleaner skin. Two popular product types are available today: dry wipes and wet
wipes.
e Dry cleansing cloths consist of lathering surfactants that are deposited onto
a disposable cloth. In addition, moisturizing ingredients such as glycerin can
also be deposited onto the wipes. The cloth is to be wetted before use and
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rubbed to generate lather. A unique advantage of the dry cleansing cloth tech-
nology is that the product can be manufactured so that different ingredients
can be placed in different “zones” on a cloth.3! This approach enables for-
mulators to use ingredients that are not compatible in a liquid cleanser.

o Wet cleansing cloths are pre-wetted by the manufacturer and packaged and
distributed in a ready-to-use form. Wet clothes are used without additional
water; they are generally non-foaming types. The major advantage of wet
cloths is that small amounts of moisturizers can be deposited on the skin.
This property makes these products highly favorable for users with dry skin.

@ DID YOU KNOW?

Although cleansing creams and lotions may deposit moisturizer ingredients on the
skin, they should not be used as moisturizers and left on the skin. These products
contain cleansing agents that are mild; however, if left on, it may lead to irritation.
For the same reason, it is preferable to wash them off the skin than just wiping
them off with a dry cloth.

The formulation methods of various products are attributed to the basic dosage
forms.

® The formulation of facial cleanser gels usually start with hydration of the thick-
ener. This process can be aimed by premixing the gelling agent with glycerin.
After full hydration, all other components can be added and mixed thoroughly
to prepare a uniform final product.

B Cleansing toners are usually solutions of water and alcohol with additional
soluble and miscible ingredients added. The formulation typically starts with
dissolving solid ingredients in the liquid phase taking into consideration their
solubility (i.e., whether they are soluble in the water phase or alcohol phase).
After complete dissolution, all liquid ingredients can be mixed to the proper
liquid phase, which is followed by mixing the two phases together.

B The formulation of cleansing creams and lotions follows the general steps of
emulsification.

®m Scrubs are usually formulated as creams or gels, and the abrasive particles are
mixed into them in a later stage of the formulation.

B Abrasive masks can be formulated as powders that will be mixed with the liquid
phase right before use by the users. In such cases, the formulation follows the
general steps of powder mixing (including grinding at the beginning and sieving
at the end). When formulated as creams or gels, the formulation follows the
general steps of emulsification or gel formulation. The formulation of rinse-off
masks in the form of pastes requires special techniques to avoid lumping, that
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is, formation of dry powder aggregates. Usually, the absorbents, such as kaolin,
are slowly dispersed and wetted in water with constant, intensive mixing. After
hydration, additional ingredients can be added to the phase. In order to avoid
lumping, the final product, which has a high viscosity, is usually also mixed in
high-shear mixers for 15—-30 min and can be passed through a special mill.

B Soaps can be made by two processes, namely saponification and neutralization.
Saponification involves heating fats and oils and reacting them with a liquid
alkali to produce soap and water (neat soap) plus glycerin. In the case of neu-
tralization, fats and oils are hydrolyzed to yield crude fatty acids and glycerin.
The fatty acids are then purified and neutralized with an alkali to produce neat
soap (water and soap).? The industrial production of soap involves a continu-
ous process, including continuous addition of fat and removal of the product.
Smaller scale-size production involves the traditional batch process. Both con-
tinuous and batch processes produce soap in liquid form, called neat soap, and
a valuable by-product, glycerin. Glycerin is recovered by chemical treatment,
followed by evaporation and refining. The next processing step after saponifi-
cation or neutralization is drying, i.e., converting the neat soap into dry soap
pellets. The moisture content of the pellets will vary depending on the desired
properties of the soap bar. The dry soap pellets are then mixed with other ingre-
dients and refined. In the final processing step, the mix is extruded and cut into
bar-size units and shaped into the final shape.

Body

Cleansing products for the body include bath products that are used in bathtubs
and shower products that are used in the shower. The most popular forms of body
cleansers are liquid body washes, including bubble bath, shower gel, and shower
cream. These products often include emollients and other moisturizing ingredients
and, therefore, can be used to hydrate the skin in addition to cleaning it. By delivering
greater emollient deposition and milder surfactants than simple soap bars, liquid
body washes can actually improve the skin over time.?

Body skin, including the trunk, arms, legs, and genitalia, accounts for about 90%
of the total body surface area. However, interestingly, facial cleansing products still
receive more attention than body cleansing products. Many consumers focus on
whether they have acne-prone or sensitive facial skin, but do not take into account
their body skin type. As mentioned earlier, the type of the skin changes over time and
may vary even among different body parts in individuals. One may have combination
facial skin, normal body skin, and extremely dry hand skin. Therefore, the type of
product used should be carefully selected according to the skin’s needs.

Bath and Shower Products Bath and shower products include a wide variety of
formulations, starting from solid dosage forms, such as bar soaps, bath salts, bath
bombs, and bath beads (i.e., capsules), to semisolid forms, including shower gels and
creams to liquids such as bubble bath products and bath oils.
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B Similar to facial cleansing, soap bar was used as the traditional product to clean
the body. It contained natural soaps, i.e., alkali salts of fatty acids. Due to the
disadvantages, which were discussed in the previous part, and the appearance of
syndet bars, the use of soap bars has significantly diminished in the past decades.
An additional disadvantage of natural surfactants when used in bathtubs is that
they tend to form scum and rings on the wall of the tub in the presence of hard
water. Soap rings do not rinse away easily. In addition, they tend to remain
behind and produce visible deposits on clothing and make fabrics feel stiff.
Syndet bars for cleaning the body are similar to those for facial cleansing. They
contain synthetic surfactants, which are known to be gentler to the skin.

@ DID YOU KNOW?

Hardness of water is caused by the presence of mineral salts, mostly calcium and
magnesium salts, but sometimes also iron and manganese. These mineral salts can
react with natural soap to form an insoluble precipitate known as scum.?

B Liquid cleaning products offer an improved skin feel and more convenient
and hygienic dispensing than wash bars. In addition, most liquid body washes
include more emollients and, therefore, can benefit the skin in more ways than
just cleansing it. Bubble bath products, also known as foam bath products,
as their name implies, are intended to fill the bath with a light, frothy lather.
These liquid formulations are one of the most popular bath preparations today.
Shower gels are transparent gel-like products. They are very popular as they
are easy to apply and rinse. Inert particles are often incorporated into gels,
providing an additional exfoliating and polishing property. Shower creams
are offered as an alternative to shower gels. They have a milk- or cream-like
appearance and are usually O/W emulsions. They have an opaque appearance
and usually contain skin conditioning agents. Inert exfoliating particles can
also be incorporated into this form of body cleaning products. In general,
shower gels and shower creams do not foam as much as bubble bath products
do, and their viscosity is higher than that of bubble bath products.

There are three main types of body washes currently available in the market:

m Regular body washes contain mild surfactants and other additives to modify
the product feel. Their primary function is to provide skin cleansing.

® Body washes containing a higher level of moisturizers (such as glycerin and
emollient oils) are usually referred to as moisturizing body washes. These prod-
ucts may provide additional benefits to dry skin in addition to performing the
base skin cleansing function. It has been clearly demonstrated that incorpora-
tion of high levels of emollients into liquid cleansers improves the mildness and
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moisturization of these cleansers.>? It has also been shown that body washes
rich in humectants tend to be less beneficial than the lipophilic-rich products.
The reason for that is humectants are water-soluble ingredients and leave sig-
nificantly lower levels of deposit on the skin than lipophilic materials and thus
do not provide the same level of clinical benefit. The only way to tell whether
a formula is humectant rich or emollient rich is to check the list of ingredients
in the product label.

B There are products that fall into a broad category usually referred to as specialty
body washes. They may be considered a subcategory of the aforementioned
two groups since they contain cleansing and moisturizing ingredients as well as
ingredients with special functions. Examples for such ingredients include exfo-
liating beads or other grit materials (e.g., pulverized fruit seeds) to provide exfo-
liation. These products are referred to as body scrubs. An additional example is
ingredients providing a warming or cooling sensation to the skin after applica-
tion. Menthol, spearmint oil, and peppermint oils provide a cooling effect, while
pepper oil stimulates blood flow and provides a warming sensation.>* In addi-
tion, body washes may contain antibacterial ingredients, most often triclosan,
for additional benefits. These products are usually referred to as antibacterial
body washes. The use of such products has decreased due to safety and efficacy
concerns, which are discussed under the safety parameters of skin cleansing
products.

@ DID YOU KNOW?

Solutions of anionic surfactants can be thickened with the addition of sodium chlo-
ride. The reason for this phenomenon is the change in micellar size. As discussed
in Chapter 1, surfactants form micelles in solutions above their critical micelle
concentration (CMC). Micelles with anionic heads repulse each other. Salts reduce
the repulsive forces between the charged head groups on the micellar surface,
and it decreases the charge density of micelles, which in turn decreases the CMC
and increases micellar size. As viscosity depends on the size and packing struc-
ture of micelles, if they are getting larger, viscosity increases.* Viscosity can be
increased only until a certain point. If too much salt is added, the formulation will
get thinner. Plotting a salt curve is used in practice to determine the optimal salt
concentration needed in such solutions.?

The types of ingredients used in bubble bath products, shower gels, and creams
are generally the same; therefore, they are summarized together.

®m Surfactants are the main ingredients as in most cleansing products. The princi-
pal foaming agents used in bubble baths are anionic surfactants, including alkyl
ethoxylated sulfates, such as sodium laureth sulfate; alkyl sulfates, such as SLS
and triethanolamine lauryl sulfate; isothionates, such as sodium cocoyl isethion-
ate; as well as sulfosuccinates and sarcosinates. Anionic surfactants have
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excellent foaming and cleansing power; however, they are generally irritating.
Therefore, they are often combined with nonionic and amphoteric surfactants,
which act as secondary surfactants and decrease the irritating potential of
anionic surfactants and leave the skin with a pleasant feel as well as contribute
to foam stability.

® Thickeners provide the appropriate rheological properties for the systems as
well as contribute to the foam stability.

e Surfactant-based products can be thickened by increasing the surfactant con-
centration; using various hydrophilic thickening agents, such as cellulose
derivatives, gums, and acrylic acid derivatives; and, in certain cases, adding
sodium chloride. For example, sodium laureth sulfate can be easily thickened
with sodium chloride.

B Foam stabilizers are generally surfactants, which do not have a good foam-
ing property by themselves; however, they can improve the stability of foam
generated by anionic surfactants.

e The most frequently used ingredients include nonionic surfactants, such as
cocamide DEA.

® Water is the main vehicle for the formulations.

®m Skin conditioning agents are moisturizers, which can be deposited on the skin
surface. They are especially beneficial for consumers with dry skin.

e Examples include petrolatum, olive oil, almond oil, mineral oil, shea but-
ter, silicone oils, waxes, vitamins, panthenol, and allantoin. Certain nonionic
surfactants have emollient properties as well.

B Abrasives may be added to specialty body washes to provide an exfoliating
effect. See examples under facial cleanser scrubs.

B Preservatives are essential ingredients in water-based formulations to prevent
microbiological contamination.

e Examples include parabens, phenoxyethanol, methylisothiazolinone, and
benzoates.

® Additional ingredients may include FDA-approved colorants; fragrances;
pearls to provide a special and unique appearance to the products; chelating
agents, such as EDTA and its derivatives; as well as natural ingredients, such
as herbal extracts, vitamins, and minerals.

These products are either solutions containing surfactants or O/W emulsions, if
emollients are included as well. Therefore, the formulation steps should follow the
general routine established for solution making or emulsification processes.

Bath Oils Bath oils and essences represent a unique category of bathing prepara-
tions today. These are oily products containing a high amount of emollients, often
combined with fragrances. They are intended to be used in the bathtub to moisturize
the skin. Bath oils and essences are typically non-foaming formulations.

The main ingredients of such formulations are the emollients. Originally, mineral
oil was incorporated as the main emollient since it has excellent hydrating properties.
It forms an occlusive layer on the skin and prevents water loss through the skin. Its
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major disadvantage is that it may feel heavy and greasy on the skin. Newer emol-
lients used in bath oils include isopropyl myristate, isopropyl palmitate, and other
isopropyl esters; polypropylene glycol (PPG) ethers; natural oils, such as grape-seed
oil, olive oil, sweet cherry oil, and tea tree oil; as well as vegetable oil. Surfactants
act as solubilizers in these formulations and help the oils spread on the surface of
water instead of forming smaller concentrated patches (what simple oils would nor-
mally do) or even disperse with water. Generally, nonionic surfactants are used for
this reason, many of which may actually act as emollients as well. Examples include
polysorbates, other ethoxylated sorbitan esters, such as PEG-40 sorbitan peroleate,
and ethoxylated carboxylic acids, such as PEG-12 laurate. Additional ingredients
may include fragrances and antioxidants and colorants in some cases.

The major types of these products include floating oils, water-dispersible oils, and
soluble oils.*

® Floating oils contain a higher percentage of oils and a smaller amount of sur-
factants, which help spread the oil. However, surfactants do not solubilize the
oil in the bath water. The choice of surfactant is important and depends on the
spreadability and HLB value of the oils to be spread. Ideal surfactants permit
the oil to form a continuous film rather than exist as individual droplets. Ideal
surfactants should demonstrate a reasonably high HLB (approximately 9) yet
remain soluble in the oily composition.3” It maximizes the surface of the film on
the water and allows for better evaporation of the perfume as well as adherence
to the skin. The main disadvantages of floating oils is that they may form an oily
ring around the edge of the bathtub, and it is difficult to get the soap to lather in
this environment since mineral oil, lanolin, and many other emollients likely to
be present are excellent defoaming agents (i.e., decreasing the foaming activity
of the surfactants). In addition, oils can make the bathtub or floor quite slippery
and pose a serious hazard. As these are anhydrous formulations, they can be
packed into gelatin capsules of spherical or some other shape. The capsules can
be coated with a pearling agent, and these products are often referred to as bath
pearls. When the gelatin capsules are added to the hot bath, the gelatin dissolves
in the hot water and the contents disperse.

@ DID YOU KNOW?

Aromatherapy products are very popular today. They contain a high level of fra-
grances and essential oils, which can provide various experiences for users, such
as relaxation, stimulation, and stress relief. Aromatherapy products are generally
considered cosmetics in the United States; however, products claiming that they
help a person to quit smoking, act as a sleeping aid, and treat depression or high
blood pressure are regulated as drugs.3®
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® Dispersible oils contain high levels of fragrances, emollient oils, and surfac-
tants, which are capable of dispersing these oils in the bath water to produce an
in situ emulsion (i.e., instantly formed emulsion). When the emulsion forms,
it may give a white cloud due to micelle formation. As the surfactant level is
higher in this type of product, there is a lower chance for the formation of an
oily ring around the edge of the bathtub.

®m Soluble oils are solutions of nonionic surfactants in water containing a small
amount of emollients in a solubilized form. Due to the smaller amount of oils,
these products can produce some foam when mixed with the bath water. How-
ever, nonionic surfactants do not have excellent foaming properties; therefore,
these are only slightly foaming products.

The formulation of floating oils and water-dispersible oils is a simple mixing
process where all the components can be mixed together until a homogenous prod-
uct is formed. The formulation of soluble bath oils is a solution preparation where
emollients are captured by the surfactant molecules and transformed into a solubi-
lized form.

Bath Salts and Bath Bombs Solid body cleansing aids, including bath salts and bath
bombs, represent the oldest form of products to clean the skin and give it a pleas-
ant odor. Originally, they were intended to simulate the salt content of natural spas.
Most of these products contain sodium salts of weak acids and are therefore alka-
line. When greatly diluted, just like in the bathtub, they are considered harmless.
Salts often used in these products include sodium carbonate, sodium bicarbonate,
sodium sesquicarbonate, disodium phosphate, sodium chloride, sodium borate (it has
a mild bacteriostatic action and slight astringent properties), and sodium perborate.
Additional minerals, such as magnesium sulfate, sodium sulfate, sodium thiosulfate,
magnesium chloride, and potassium bitartarate, may also be incorporated to mimic
spa water. Surfactants, colorants, and fragrances as well as various oils and botanical
extracts may also be added to the formulations.

Effervescent bath bombs usually contain sodium bicarbonate and an acid, such as
citric acid or tartaric acid. The chemical reaction between these ingredients releases
carbon dioxide when the product is placed in water. The intention is to simulate the
effect of natural carbonated spas. Such products must be carefully formulated and
packaged to avoid moisture, which can start the carbonation reaction.

Colorants are typically sprayed onto the powder mixture as an aqueous, alcoholic,
or hydroalcoholic solution. Another method, which is preferred for larger quantities
of products, is to immerse salts in a tank containing the solution of colorant for a
short period of time. After the coloring process, the salts are spread evenly on trays
and allowed to dry. Perfumes and botanical extracts can also be sprayed onto the salt
followed by quick drying. The final product should then be packed immediately to
avoid loss of perfume.

Bath bombs can contain binders, i.e., ingredients that hold individual particles
together and prevent breaking of the cubes/balls into smaller pieces during packaging
and shipping. Bath bombs are usually pressed into final shape after slightly wetting
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the powder mixture with a mixture of water, oils, and fragrances. Water dissolves a
small amount of the salts during mixing. When water evaporates during drying, the
dissolved salts recrystallize and act as a bridge for the particles. Air humidity level
should be taken into account during formulation of bath salts and bath bombs since
many of these ingredients are highly hygroscopic and can readily absorb water from
the air.

Hand

Hands represent the body parts that are the most frequently cleaned during a day.
©In addition to simple cleansing, hand washing has an essential role in infection
control. There are numerous diseases that can be spread by not washing the hands;
therefore, keeping the hands clean is one of the most important steps that can be
taken to avoid getting sick and spreading germs to others. There is information
posted at many communal places, which draws attention to the importance of
hand washing. Often the proper technique to be used in order to remove all the
necessary dirt and microorganisms is also depicted. Studies demonstrated that
washing the hands with soap and water is more effective in removing pathogen
bacteria than hand washing with water alone.?* According to the US Centers for
Disease Control and Prevention (hereinafter referred to as the “CDC”), if soap and
water are not available, alcohol-based hand sanitizers should be used to clean the
hands.*? It should also be kept in mind, however, that cleansing the hands without
moisturizing them afterward will damage the skin barrier and lead to dry skin
symptoms.

Hand cleansing products include bar soaps, liquid soaps without and with antibac-
terial agents, hand cleansing wipes, as well as alcohol-based and non-alcohol-based
hand sanitizers.

B Similar to facial and body cleansing, bar soap is mostly replaced by syndet
bars due to their milder effect on the skin. These products clean the hands and
remove bacteria by chemical and physical means. Although bars are popular
forms of hand cleaning in most parts of the world, it should be kept in mind
that there is a high incidence of soap contamination and, therefore, the spread
of infections. The soaps are in contact with dirty hands, and if the soap bar
itself is not completely rinsed off, microorganisms may remain and grow on its
surface.*!

® For this reason, at most communal restrooms, such as in restaurants, healthcare
institutions, and educational institutions, soap bars have been generally replaced
with liquid soaps, including gels and creams.

Most ingredient types used in hand cleansing products are the same as those
employed in facial and body cleansing products. A brief summary of the common
ingredients is provided here (for more detail, refer back to the previous parts of this
section).
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® Water is the vehicle for the formulations.

® Surfactants are typically used as a blend of various types to optimize foam
and cleansing properties while minimizing negative effects. Types include mild
anionic agents, such as fatty acid carboxylates, sarcosinates, isethionates, sul-
fosuccinates; nonionic surfactants, such as amine oxides; amphoteric agents,
such as betaines; and even certain cationic components, such as cetrimonium
chloride, which have an antiseptic effect as well.

® Skin conditioning agents include various types of emollients and humectants
to provide the hands with a soft and smooth feeling.

® Thickeners adjust the product’s viscosity to an optimal level. They are typi-
cally of the hydrophilic type. Certain hand soaps may be thickened with sodium
chloride (for more detail, refer back to the previous part).

B Preservatives are usually added to liquid hand cleansers although they may
contain other antibacterial agents. Antibacterial agents are designed to kill
microorganisms on the skin and may not be adequate to protect the product
from microbes that generally contaminate water-based products. Examples
include DMDM hydantoin, parabens, methylchloroisothiazolinone, and
methylisothiazolinone.

® Natural components include aloe extract, chamomile extract, lavender extract,
cinnamon extract, and many others. These ingredients may have various effects,
such as antiseptic, anti-inflammatory, and soothing.

®m Additional ingredients may include chelating agents, fragrances, colorants, and
pH buffers.

Topical Antiseptic (Antimicrobial) Products Inrecent years, numerous hand hygiene
products, including many with antimicrobial activity, have become available for the
general public. Antibacterial products combine the cleaning action of the physical
removal of foreign materials with an antiseptic agent that kills microorganisms. These
products are primarily targeted toward reducing the level of transient bacteria and
viruses on the hands.

@ DID YOU KNOW?

The terms “antiseptics” and “disinfectants” may be used sometimes interchange-
ably; however, they are not exactly the same. Antiseptics are chemical agents used
to prevent infections by killing or inhibiting the growth of microorganisms in or
on living tissue (e.g., healthcare personnel hand washes). In contrast, disinfec-
tants are used on inanimate surfaces or objects to destroy or irreversibly inactivate
infectious microorganisms. Currently, antiseptics, such as antibacterial soaps and
hand sanitizers, are regulated by the FDA, whereas disinfectants are regulated by
the US Environmental Protection Agency (EPA).*?
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Currently available antiseptic products are diverse; they can be divided into three
broad categories based on the proposed use: healthcare antiseptics, consumer anti-
septics, and food handler antiseptics.

m Healthcare antiseptics are intended for use by healthcare professionals and
consist of healthcare personnel hand washes, hand sanitizers, surgical hand
scrubs, and patient preoperative skin preparations.

® Consumer antiseptics, also called antiseptic hand washes, are intended to be
used by the general public in a variety of settings. They are largely marketed as
antibacterial soaps, hand sanitizers, and antibacterial wipes.

® Food handler antiseptics are marketed for hand washing in a variety of food
handling establishments. These include hand soaps and hand sanitizers.

Currently, the majority of the topical antiseptic products are marketed under the
Tentative Final Monograph (TFM) for OTC Healthcare Antiseptic Drug Products,
established in 1994 (for more information on what a TEM is, refer back to Section 2
of Chapter 1). Similar to final monographs, TFMs also specify the active ingredients
that can be used for OTC drug products and for labeling, product testing, and other
general requirements. The TFM makes no distinction between healthcare personnel
hand washes and antiseptic hand washes for consumer use with regard to the testing
criteria and effectiveness requirements.

In the US, antimicrobial actives that can be incorporated into these products are
classified into three categories as follows:

m Category I: ingredients Generally Recognized As Safe and Effective (GRASE)
for the claimed therapeutic indication

m Category II: ingredients generally not recognized as safe and effective or have
unaccepted indications (not GRASE)

m Category III: insufficient data available to permit final classification; ingredi-
ents for which there is insufficient evidence; however, the FDA is not objecting
to marketing or sale of these products.

The TMF currently lists only two active ingredients as Category I for antiseptic
and healthcare hand washes: ethanol and povidone iodine. Ethanol is widely used
in consumer products as well as in products for healthcare professional, while
povidone iodine is primarily used in healthcare antiseptics. Other ingredients used
in consumer antiseptics are currently classified as Category III. They include benza-
Ikonium chloride, benzethonium chloride, para-chloro-meta-xylenol, triclocarban,
and triclosan. As the monograph is currently in a tentative state, manufacturers are
able to market hand sanitizers based on Category III ingredients. However, they
are required by the FDA to submit further safety and/or efficacy data to prevent
these ingredients from being excluded in the Final Monograph as GRASE active
ingredients.
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The majority of consumer liquid hand soaps labeled as “antibacterial” contain
triclosan.** Although the FDA does not formally regulate the levels of triclosan used
in consumer products, most liquid hand soaps contain between 0.1% and 0.45%
weight/volume.45 A chemically related compound, triclocarban, is used in antibac-
terial bar soap formulations. Currently, no natural active ingredients, such as thyme,
are listed in the TFM. Thus, natural antimicrobials are precluded from legal use in
the US, unless an approved New Drug Application (NDA) is obtained. Hand sanitizer
wipes usually contain other antibacterial actives, such as benzalkonium chloride (in a
concentration of approximately 0.1%) and benzethonium chloride (in a concentration
of approximately 0.3%).

Antibacterial hand sanitizers are applied to dry hands followed by rubbing.
These products dry fast and rinsing is not necessary. Hand sanitizer products are
usually categorized according to their alcohol content, based on this fact we can dis-
tinguish between alcohol-based and water-based formulations.

® Most alcohol-based formulations contain either ethanol or isopropyl alcohol, or
a combination of these two ingredients. The antimicrobial activity of alcohols
results from their ability to denature proteins.*® Alcohol solutions containing
60—95% alcohol are recognized as being the most effective, with higher concen-
trations being less potent.*’*8 This paradox results from the fact that proteins
are not denatured easily in the absence of water.*® Alcohol concentrations in
antiseptic hand sanitizers are often expressed as a percentage by volume. It has
been shown that products containing less than 60% alcohol, which may be mar-
keted to consumers, are less effective in reducing the number of microorganisms
on the hands.* 1t is important, therefore, that consumers check the alcohol
concentration in hand sanitizers before purchasing any products. In addition
to alcohol, alcohol-based hand sanitizers typically contain water; skin condi-
tioning agents, such as glycerin, propylene glycol, isopropyl myristate, and
vitamin E; thickeners; colorants; and fragrances. Preservatives are also added
to most formulations since alcohol may not be effective against all microorgan-
isms that may contaminate the product. Alcohol-based products’ ability to kill
bacteria ends once the product has dried on the skin where products with other
antimicrobial ingredients continue to provide protection well after the solution
has dried.

m Water-based formulations are generally based on water, surfactant, and antimi-
crobial ingredients to which emollients can be added. They are typically sup-
plied as liquids, gels, and foams. Commonly applied antimicrobial ingredients
include benzalkonium chloride and triclosan. These water-based formulations
are often labeled as “alcohol-free” formulations. The main reason for their intro-
duction to the market was to offer a hand sanitizer product without the negative,
drying effect of alcohols. Water-based formulations are better for the skin, they
pose much less of a threat in cases of accidental ingestion, and they are not
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flammable. Another clear benefit is that they offer immediate and persistent
killing activity.

@ DID YOU KNOW?

The FDA does not allow hand sanitizer manufacturers to make claims against spe-
cific types of pathogens (such as Methicillin-resistant Staphylococcus aureus,
known as MRSA, as well as Salmonella and Escherichia coli) due to FDA con-
cerns that consumers will presume that the particular illness caused by these germs
will be completely prevented through use of the product, although they may claim
that the products “help reduce bacteria that can potentially cause disease.”"

The formulation of the products can be attributed to the classical dosage forms.

B The formulation of hand sanitizer gels usually starts with the hydration of the
thickener. After the process is completed, all other components are added and
mixed thoroughly to prepare a homogenous final product.

B The formulation of soap and syndet bars is identical to that of the facial cleans-
ing soaps and syndets.

B Foaming hand sanitizers are usually supplied as liquid soaps, and the foam is
generated by a special disperser. Liquid soaps are either simple solutions or
O/W emulsions if emollients are added; therefore, their formulation is identical
to the formulation of liquid facial and body cleansers.

B Hand cleansing wipes are produced by wetting the dry cloths, folding them
together, or packing them in separate foils for single use. Formulation of the
solution or O/W emulsion usually follows the general solution mixing or emul-
sification process.

CDC Recommendations on Proper Hand Hygiene Hand washing done properly and
regularly is considered to be the gold standard for removing transient bacteria from
the hands and preventing the spread of infection and illness. @Although the public
belief is that hand sanitizers may replace hand washing, the CDC recommends
that hand sanitizers should not be used in place of soap and water but only as an
adjunct. In addition, it states that hand sanitizers may not be as effective when the
hands are visibly dirty. Even in healthcare settings, CDC guidelines recommend soap
and water on the hands that are visibly soiled or contaminated with proteins, rather
than using the alcohol-based sanitizers. The reason for this is that alcohol cannot ade-
quately reduce a number of important pathogens. Fats and proteins may not be visible
on the hands, and these materials can coat and protect pathogens from the action of
alcohol and may interfere with and neutralize alcohol efficacy.’!3? In addition, alco-
hols have very poor activity against bacterial spores, protozoan oocysts, and certain
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nonenveloped viruses.’>>* Soap, friction, and running water effectively remove the
fatty materials and reduce pathogens of concern. Proper hand hygiene involves the
use of soap and warm, running water and rubbing the hands vigorously for at least
20s. The use of a nail brush is not necessary or desired, but close attention should
be paid to the nail areas, as well as areas between the fingers. Wet hands have been
known to transfer pathogens much more readily than dry hands or hands not washed at
all. Careful hand drying is a critical factor for bacterial transfer to the skin, food, and
environmental surfaces. Hand sanitizers should primarily be used only as an optional
follow-up to traditional hand washing with soap and water, except in situations where
soap and water are not available. In those instances, use of an alcohol gel is certainly
better than nothing at all. It is also worth noting that the amount of alcohol-based
hand antiseptic is important to its overall effectiveness. Failure to cover all surfaces
of the hands and fingers will also greatly reduce the efficacy of alcohol-based hand
antiseptics.>

Considerations When Selecting Skin Cleansing Products

Dermatologists and consumers are faced with a variety of choices when recommend-
ing or selecting a personal cleansing product. It has been shown that skin cleansers can
impact the skin in a number of ways and produce a range of skin effects. To choose the
most appropriate cleanser, consumers should consider their skin type, skin problems,
and any skin allergies. First, the skin type should be determined, i.e., dry, oily, or nor-
mal for the particular body part when selecting a skin cleanser. After determining the
skin type, any skin problems, such as acne, dryness, or excessive flakiness, and skin
allergies should be assessed and taken into consideration.>! Based on the individual
differences in skin type and sensitivity, cleanser selection is somewhat subjective in
most cases.

Here is a brief summary of the general properties of skin cleansing products that
should be considered when selecting such products.

®m Traditional soaps provide effective cleansing; however, they can irritate the skin
due to their pH and remove the majority of the protective lipid layer from the
skin. They tend to leave the skin with a tight and dry feeling.

® Facial toners are mainly used after cleansing (as a second step before applying
moisturizers) to remove soap, oil, and makeup residue from the skin. As they
contain astringents, they can dry the skin and leave it with a tight feeling. They
are a good option for oily skin users; however, they are not recommended for
consumers with dry skin.

m Exfoliating agents help physically remove dirt and cellular debris from the
skin and provide a smooth skin surface. They are advantageous for aging skin,
acne, and other skin conditions when high exfoliation is required. As mentioned
previously, proper use is important to avoid damaging the SC barrier. Manufac-
turers’ directions for use should be followed to avoid skin damage when using
these products.
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B Facial cleansing wipes are very efficient in removing makeup and debris from
the skin. In addition to the chemical cleansing provided by the various ingre-
dients deposited on the cloths, they also provide physical cleansing through
the rubbing action. They may deposit emollients on the skin surface, which is
beneficial for users with dry skin.

B Water temperature also impacts the interaction between the skin and cleansing
products.’® Bathing in warm rather than hot water is recommended to reduce
drying and irritation.

® For consumers with dry skin and for those who do not like applying moistur-
izing products after taking a bath/shower, moisturizer body washes that can
deposit light emollients on the skin while taking a shower are recommended.

Typical Quality Problems of Skin Cleansing Products

Although the formulation of skin cleansing products is precisely controlled at cos-
metic companies, sometimes batches formulated do not meet the quality specifica-
tions set. This section reviews @the typical quality-related issues of skin cleansing
products, which include sticky bath salts and bath bombs, broken bath bombs,
discoloration of bar soaps, poor foaming activity of foaming formulations, sepa-
ration of emulsions, cloudy solution, microbiological contamination, clumping,
and rancidification, as well as their potential causes and solutions.

Sticky Bath Salts and Bath Bombs Humidity and the hygroscopic property of the
ingredients can be a major issue in the case of solid bath products, especially in the
case of effervescent products. These products can take water up from the environment
and start dissolving in that water, becoming sticky. In order to avoid such problems,
manufacturing and storage conditions should be kept under strict control to overcome
this problem.

Broken Bath Bombs Compression force influences the breaking hardness of the
products. Bath bombs should be hard enough to “survive” packaging and shipping
without breaking. Some of the products may contain starch as a disintegrant, which
also acts as a binding agent, increasing the internal binding force between the indi-
vidual particles. Salts, such as sodium chloride, can also be used as a binder. It is
partially dissolved in water, then recrystallizes and forms solid bridges between the
particles during drying. If low breaking hardness is an issue, either the formulation
parameters or the composition should be checked. If salt is used as a binder, more
liquid may be needed to provide appropriate hardness. Additionally, humidity may
be an issue during storage if starch is used since it is a hygroscopic material. It acts
as a disintegrant by taking up water and swelling. The swelling effect will lead to
breaking of the bath bomb.

Discoloration of Bar Soaps Discoloration is a quality and aesthetic problem that
may occur in part of a bar, with some parts being lighter and others being darker, or in
the whole bar. Chemical changes, such as oxidation, may cause discoloration assisted
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with or without light. Incompatibility among the components, or other stability prob-
lems, such as pH stability, may also cause discoloration. Fragrance components are
very sensitive to pH and pH changes, which may trigger oxidation and discoloration
in fragranced bar soaps. Metal ions can also be the source of the problems; thus, the
incorporation of chelating agents is recommended.

Poor Foaming Activity of Foaming Formulations As discussed earlier, most con-
sumers expect cleansing formulations to generate foam as a sign of proper cleaning.
However, low-foaming and non-foaming formulations are also effective cleansing
alternatives to foaming cleansing aids. Due to this consumer expectation, most cleans-
ing aids are foaming formulations. The type and amount of surfactants used have a
huge influence on the foaming activity and foam quality. In addition, thickeners may
also affect foam generation; therefore, their type and amount should also be taken into
consideration. Defoaming agents, such as fatty acids, produced by the hydrolysis of
bar soaps, as well as emollients, may also result in poor foaming characteristics.

Separation of Emulsions As discussed in Section 3 of Chapter 1, emulsions are
thermodynamically unstable formulations, which tend to separate over time (it may
take only a few hours to years, depending on the formulation and process parameters).
Separation can be reversible and also irreversible, and the latter needs reformulation.
The main mechanisms of physical emulsion instability are illustrated in Figure 3.6.
Reversible changes include creaming, sedimentation, and flocculation, while irre-
versible changes include phase inversion, coalescence, and Ostwald ripening.>’-8

B Creaming and sedimentation usually occur due to the density mismatch
between the two droplets and the continuous phase. Creaming usually occurs
in O/W emulsions. In this phenomenon, the less dense phase (i.e., oil phase)
migrates to form a thin, milky layer at the top of the emulsion. Sedimentation
usually occurs in W/O emulsions where the denser water phase migrates
to form a milky layer at the bottom of the emulsion. Both creaming and
sedimentation are reversible by agitation.

B During flocculation, the dispersed droplets aggregate; however, they do not lose
their identity. Flocculation often gives a fluffy cloudy appearance, which can be
reversed by agitation.

B During phase inversion, the emulsion inverts from one type to another, for
example, a W/O emulsion inverts to an O/W. It can happen when the emulsifier
becomes more soluble in the dispersed phase than in the continuous phase. This
process is irreversible.

m Coalescence is similar to flocculation, except the droplets cluster and merge
to form a larger droplet. This is an irreversible process; it leads to complete
separation of the two immiscible phases.

m Ostwald ripening is a process in which components of the dispersed phase
diffuse from smaller to larger droplets through the continuous phase. Generally,
this phenomenon is found in W/O emulsions. It is an irreversible process.
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Figure 3.6 Reversible and irreversible types of physical emulsion instability. Modified with
permission from Leal-Calderon, F.: Emulsified lipids: formulation and control of end-use
properties. OCL. 2012:111-119.

@ DID YOU KNOW?

Although both Ostwald ripening and coalescence look similar, including the for-
mation of larger droplets from smaller ones, these are different phenomena. In
coalescence, droplets of the internal phase come into direct contact, while in Ost-
wald ripening, the external phase serves as a transfer medium and the droplets are
enlarged through the external phase.””

Cloudy Solution Facial toners may contain fragrances to increase consumer satis-
faction. These oily components are typically present in a solubilized state provided
by surfactants; therefore, facial toners are clear solutions. If the type and/or amount
of the solubilizers are not appropriate, the solution may become opaque to a certain
extent due to the particle size of the oil droplets in the solution. Alternatively, the
oily components may just rise to the top of the formulation and merge into a large
droplet.
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@ DID YOU KNOW?

The term “solubilization” can be defined as the preparation of a thermodynami-
cally stable solution of a substance normally insoluble or very slightly soluble in
a given solvent by the introduction of a surfactant. Surfactants must be used at a
concentration at or above their CMC. By solubilization, oils can be incorporated
into solutions (primarily water-based or hydroalcoholic), which otherwise would
just float on the surface of the solution.

Microbiological Contamination The majority of cleansing aids are water-based for-
mulations; therefore, microbiological contamination may occur in their case. Water
is an optimal environment for the growth of microorganisms, and many cosmetic
ingredients may actually serve as a nutrient for them. Commercial cosmetics are not
expected to be completely sterile; however, they must be safe. Safety includes being
free of high-virulence microbes and the total number of aerobic microbes per gram
must be low. There are no widely accepted standard for the number of microbes in the
US; therefore, most often, temporary guidelines are used. Microbiological contami-
nation is not necessarily visible in cosmetic products, but can lead to severe irritation
and infection if such products are used. The use of preservatives is, therefore, highly
recommended to keep the number of microbes at a minimum level. Alcohol-based
hand sanitizers contain alcohol, which is also a preservative; however, it may not be
able to effectively prevent the contamination of the product against a wide range of
bacteria and molds. Therefore, even hand sanitizers may contain preservatives.

Clumping It may occur in water-based formulations that are thickened with
hydrophilic thickeners. Certain hydrophilic thickeners, for example, carbomers and
gums, tend to aggregate and form clumps (i.e., powder particles stuck together
having a dry core and a wet surface), which become difficult to disperse. This
phenomenon can be avoided by properly dispersing and wetting out the polymer. It
is important that the polymer be slowly added/sprinkled to rapidly agitated water,
which may be heated beforehand if needed. Certain polymers may be prewetted with
other ingredients in the formulations. For example, prewetting with glycerin may
help uniformly disperse the polymer in water. Other non-solvent ingredients, lower
HLB nonionic surfactants (HLB ~7-9), may also be used to wet out the polymer
prior to adding it to water. This bulk dispersion of the polymer with a non-solvent
delays the rate at which the polymer swells and hydrates into water, thus minimizing
clumping.

Rancidification Rancidification is the chemical decomposition of fats and oils,
which can lead to the formation of unpleasant odor, compromised stability, and a
change in appearance of emulsions. Rancidity can be initiated by oxygen, light,
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and elevated temperature, which leads to oxidation of the unsaturated bonds in fats
and oils. The formation of volatile chemicals causes changes in smell and taste.
Hydrolytic rancidity initiated by the presence of air, temperature, and moisture
leads to the hydrolysis of ester linkages in fats and oils and the formation of fatty
acids. This is normally this is accomplished through enzymatic peroxidation,
where enzymes found naturally in plant oils and animal fats can catalyze reactions
between water and oil. The formed fatty acids can then undergo further autoxidation.
Oxidation primarily occurs with unsaturated fats by a free radical-mediated process.
Antioxidants can fight against these free radicals and retard the development of
rancidity due to oxidation. This is why the addition of antioxidants is recommended
to all formulations containing fats and oils. In addition, rancidification can be
decreased by storing fats and oils in a cool, dark place with little exposure to heat,
light, oxygen, or free radicals. Rancidification may also be triggered by enzymes
produced by microorganisms, such as bacteria, molds, and yeast. Preservatives
added to the formulation can inactivate these organisms and prevent this type of
rancidification.

Evaluation of Skin Cleansing Products

This part discusses the various tests usually performed to evaluate the quality, perfor-
mance (efficacy), and safety of skin cleansing products.

Quality Parameters Generally Tested

OParameters commonly tested to evaluate the quality of skin cleansing prod-
ucts include spreadability, extrudability, texture, and firmness of lotions, creams,
and gels; actuation force; foaming property, foam stability, foam viscosity, foam
density, and foam structure; hardness of batch bombs; disintegration time and
dissolution time of bath bombs, bath salts, and bath beads; preservative efficacy;
viscosity; and pH. The range of acceptance and other limiting factors are usually
determined by the individual manufacturers.

Spreadability of Lotions, Creams, and Gels Spreadability is a measure of the con-
sistency of a lotion, cream, or gel, which refers to the ease of spreading a product on
the skin. This parameter depends on various factors, such as type and amount of oils,
fats, waxes, and butters; type and amount of surfactants and thickeners; as well as
the water content of the formulation. A lipid-rich cream has poor spreadability with
a higher viscosity, making the cream greasy, tacky, and difficult to spread. A lower
viscosity cream, lotion, or gel spreads easily on the skin.

Spreadability can be determined by conventional methods, utilizing an extensome-
ter, also known as the parallel-plate method. In this case, a defined weight of the
lotion or cream is placed onto the middle of a glass plate. Another glass plate is
carefully placed on top of the product, avoiding slide off of the plate. The area (diam-
eter) is measured over which the sample spreads between the glass plates during a
defined period of time (e.g., I min). A weight can be placed at the center of the plate
to enhance spreadability.®
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There is another method for the measurement of spreadability, which is often
referred to as the penetration test. The equipment used includes a spreadability rig
that measures the ease with which a product, such as a cream, can be applied in a
thin, even layer. The equipment, depicted in Figure 3.7, comprises a 90° cone probe
and precisely matched perspex cone-shaped product holders. The material is either
deposited and allowed to set up in the lower cone holders in advance of testing or
is filled with a spatula and then the surface is leveled. The sample holders can be
stored in frozen, refrigerated, or ambient environments before testing of the sample.
During the measurement, the rig moves down and the probe penetrates the sample
at a specified rate and depth. The product is forced to flow outward at 45° between
the upper cone and the product holder during the test, the ease of which indicates the
degree of spreadability. When the specified penetration distance has been reached, the
probe withdraws from the sample. Withdrawal of the probe from the sample provides
information about adhesive characteristics that may be present.5!

Figure 3.7 Spreadability testing of lotions, creams, and gels. Adapted from Texture Tech-
nologies Corp.

Lotion, Cream, and Gel Extrudability One desirable factor in product development
is having a product that easily squeezes out of a tube and breaks off cleanly after
squeezing. Extrudability test indicates the ease of extruding a cream, lotion, or gel
from a tube. The equipment is shown in Figure 3.8. The extrusion rig moves forward,
imitating squeezing, and the force necessary for squeezing out the product from a
tube is measured. This method can only be used for products packaged into tubes.

Lotion, Cream, and Gel Texture Texture (consistency) can be measured using an
extrusion rig that can move down (forward) and up (backward).
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Figure 3.8 Extrudability testing of lotions, creams, and gels. Adapted from Texture Tech-
nologies Corp.

The forward method measures the compression force required for a piston disc
to extrude a product through a standard size outlet at the base of the sample con-
tainer. This measurement simulates the force required to extrude the sample by the
consumer. The method is shown in Figure 3.9a.

The rig for the backward method comprises a sample container located under a
disc plunger as shown in Figure 3.9b. The disc plunger performs a compression test,
which extrudes the product up and around the edge of the disc. The results relate to
the product structure and flow properties. This test is useful for testing the consistency
of viscous products.

e d
N

Figure 3.9 Evaluating the texture of lotions, creams, and gels. (a) Forward extrusion method
and (b) Backward extrusion method. Adapted from Texture Technologies Corp.
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Lotion and Cream Firmness Firmness also refers to the consistency of a product
and indicates how much a product can resist an external force (e.g., application). It can
be measured using a hemispherical probe. It is an imitative test simulating the ease
by which a human finger will deform the sample during application of the cream.
The probe shown in Figure 3.10 moves down into the sample at a specified rate to
a specified depth and then it withdraws to its starting position. This test allows the
consistency of creams, lotions, and gels to be assessed. The force required to penetrate
the cream is a measure of the firmness of the cream.

1]

Figure 3.10 Firmness testing of lotions and creams. Adapted from Texture Technologies
Corp.

Actuation Force Actuation force testing allows the measurement of the force
required to release liquid cleansing products from pump-head dispensers. Manually
actuated pump dispensers rely on the user to generate a pressure in order to dispense
the product. The equipment used for the test is shown in Figure 3.11. It is important
to test how much force is required for adults and even for children to get the product
out of the container. When operating a pump-type liquid soap dispenser, a child may
have difficulty applying sufficient force in the appropriate direction to operate the
pump, which may cause the dispenser to move, tip, or otherwise fail to discharge
the product toward the intended target. An actuation force test is an imitative test to
assess such issues.
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Figure 3.11 Actuation force testing of a pump-head container. Adapted from Texture Tech-
nologies Corp.

Foaming Property (Foamabililty) As discussed earlier, most skin cleansing aids
are foaming formulations; therefore, measurement of the foaming activity is cru-
cial. Foamability is a measure of how much foam can be generated from a product.
The most widely used procedure for foam height measurement is the Ross-Miles
test method, which is also approved by American Society for Testing and Materials
(ASTM) as a standard method (ASTM D1173-07).2 The Ross-Miles foaming appa-
ratus consists of two concentric vertical tubes, the outer forming a warm water jacket
for the inner. A volume of 200 ml of fluid is allowed to drain at a controlled rate from a
glass pipette into a receiving cylinder containing 50 ml of the same fluid. The 200 ml
solution generates foam when it mixes with the 50 ml solution. When all the fluid has
drained out of the pipette, the foam height is measured initially and after 1 and 5 min.
It also provides valuable information on foam stability.%?

In addition to the Ross-Miles method, several other foam tests may be used to test
the foaming property. A simpler method is the shake foam test. It includes placing
a solution of the product into a calibrated cylinder and then inverting the cylinder
a number of times or beating it with a perforated disc attached to a rod for a fixed
time. The foam height generated is measured immediately after generation and after
1 min, 5 min, etc. These methods are easy ways to distinguish between solutions that
do not foam from those that foam well. A better procedure consists of sparging a
fixed amount of gas at a constant flow rate through a surfactant solution. The foam
height in a specified container immediately after the foam has been produced gives a
measure of foamability.®*
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Foam Stability Foams are thermodynamically unstable systems, and foams gener-
ated from skin cleansing products do not need to be stable for a long period of time.
Consumers expect bubble bath formulations to generate and keep foam for a longer
period of time (e.g., 10—15min); however, it is not a major requirement for most
other formulations.

Foam stability can be described as the ability of the foam formed to sustain itself
against its breakdown or collapse. Foam stability and longevity depend on the bubble
size, diffusion of the gas phase from the bubble to another or into the bulk gas phase
surrounding the foam; weakening of bubble walls and bubble coalescence; and hydro-
dynamic drainage of liquid between bubbles, leading to rapid collapse. The presence
of surfactant molecules can play an important role in strengthening the bubble walls
against factors described earlier. For example, such molecules can increase the bulk
viscosity of the bubbles, helping it withstand additional weight and pressure caused
by the flow of fluids.%

A general method to determine foam stability is to determine the foam height
against time and calculate the half-life of the foams. Half-life can be defined as time
taken by the generated foam to reach half of its initial volume. Foam generation can
be achieved in numerous ways, including the methods described earlier.

Foam Viscosity Viscosity influences the rheological behavior of skin cleansing
products. Its measurement is similar to that of other cosmetics and personal care
systems. The challenge is that the viscosity should be measured immediately
after creating the foam since over time, it will collapse. Today, there are special
viscometers and rheometers to measure the viscosity of such systems.

Foam Density Density is another factor that contributes to foam stability: the denser
the foam, the more stable. This property can be determined by generating a foam,
transferring the foam into a cylinder, and dropping a small item into the cylinder,
for example, a rubber stopper fitting into the cylinder. The time for the item to pass
between two points is measured and translated to density. New dynamic foam ana-
lyzers are also available.®® They are able to measure the foam decay kinetics as well
as traditional foam parameters, such as specific volume.

Foam Structure The volume fraction of liquid in a liquid foam is the most important
parameter affecting the foam structure. There are different methods to determine the
foam structure, including electrical conductivity, low-power light microscopy, elec-
tron microscopy, or video microscopy.

Hardness of Bath Bombs Hardness is an important factor of bath bombs that influ-
ences packaging and shipping. Hardness is a measure of the relative resistance of a
solid product to chipping or breaking. In the test, a bath bomb is placed onto a measur-
ing surface to which a punch comes down with a constant speed (see Figure 3.12). The
force at which the bath bomb breaks down is called the breaking or crushing force.
Hardness is usually inversely proportional to the disintegration/dissolution time since
the harder the tablet, the longer time it takes to break down to smaller particles and
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dissolve in the water. On the other hand, if the hardness is too low (i.e., the bath bomb
is too soft), it may not be able to withstand the handling, packaging, and shipping
operations.

Figure 3.12 Hardness testing of a bath bomb. Adapted from Texture Technologies Corp.

Disintegration Time and Dissolution Time of Bath Bombs, Bath Salts, and Bath
Beads Disintegration is the process where a compressed product, such as bath bomb,
breaks down into smaller pieces in a liquid medium (i.e., hot bath water). The dis-
integration test is a measure of the time required under a given set of conditions for
bath bombs to disintegrate. Disintegration time can be measured by placing a product
sample into a sample holder, which contains water at a given temperature. The time
can be measured with a stopper watch.

Dissolution is the process where a compressed and disintegrated (e.g., bath bomb)
or initially uncompressed product (such as bath salt) becomes part of the dissolution
medium in a molecular state (i.e., becomes invisible in the bath water). Dissolution
can be simply measured by placing the sample into a reasonable amount of suitable
liquid, mostly water, which is maintained at a given temperature (e.g., bath water
temperature for bath bombs). The time required for dissolution can be checked with
a stopper watch. As bath beads and bath salts are not compressed, they do not need to
disintegrate. Additionally, they are made of water-soluble ingredients, which results
in very quick dissolution in hot water. Bath bombs also consist of water-soluble
materials; however, a bath bomb needs time to disintegrate and dissolve due to its
compressed nature.
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Preservative Efficacy As mentioned earlier, cosmetics are not expected to be
completely free of microorganisms. However, they must be free of pathogenic
microorganisms (i.e., those that can cause diseases) and the number of non-
pathogenic microorganisms must be low. Therefore, they should be adequately
preserved products containing one or more preservatives. The effectiveness of a
preservative depends on all ingredients used in a product as well as the packag-
ing. Therefore, preservative efficacy cannot be predicted based on the individual
ingredients. To ensure that the preservatives used are appropriate for preserving
products and preventing the growth of microorganisms, companies perform extensive
microbiological testing of final formulations.

There are no widely accepted standards for the tolerable number of microor-
ganisms in products; therefore, temporary guidelines are used. For eye-area
products, counts should not be greater than 500 colony-forming units (CFU)/g; for
non-eye-area products, counts should not be greater than 1000 CFU/g.%” Pathogens
whose incidence is of particular concern, especially in eye-area cosmetics, include
Staphylococcus aureus, Streptococcus pyogenes, Pseudomonas aeruginosa, and
Klebsiella pneumonia, among others.®’

A number of methods, guidelines, and approaches have been developed over the
years for preservative efficacy testing of cosmetics by regulatory agencies, standard
organizations, industry and individual companies, including the PCPC, ASTM,
the Association of Analytical Communities (AOAC), and various pharmacopoeias
(EP/BP, JP, USP).%8 Today, the most commonly used test is the microbial challenge
test. The microbial challenge testing is designed to evaluate the ability of cosmetics
to prevent microbiological growth in products upon contamination with microbes
that may be introduced into the products during manufacturing, storage, and/or
normal consumer use.

The standard method is the United States Pharmacopeia (USP) <51> challenge
test, which was designed for the pharmaceutical industry.®® In the test, the cosmetic
product is inoculated with five microorganisms (three bacteria: S. aureus, E. coli, and
P. aeruginosa and two fungi: Candida albicans and Aspergillus brasiliensis), and the
survival rate of the microorganisms is evaluated at specific intervals within a 28-day
testing period. The effectiveness of the preservative system is determined based on
the USP <51> criteria.

Many companies found the USP <51> challenge test to be a low-level challenge
and prefer using other protocols and approaches. Generally, the main principles of the
methods are the same: products are inoculated with microorganisms, and their sur-
vival rate is monitored over time. The tests typically pass/fail based on the preestab-
lished criteria. The main differences are the following:

B Type of microorganism used: there are protocols that use additional microor-
ganisms representative of species reported as manufacturing or in-use contam-
inants.

B Number of sampling.
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® Number of inoculations: there are double challenge methods in which products
are reinoculated.

m Test duration.

Although a number of cosmetic and personal care companies use the USP or
PCPC tests, many companies have developed their own “in-house” methodologies.
These methods are often more stringent than the standard protocols. Approaches
include the following (without completeness): using more microorganisms than the
recommended standard level, dilution of the samples before inoculation, longer test-
ing periods, repeated inoculation, real-time testing, and more stringent acceptance
criteria.”®

Viscosity Viscosity (1) is a measure of the internal friction of a fluid. In other words,
it is the resistance to flow. Viscosity is defined as shear stress (o, otherwise known
as shear force, i.e., the force applied per unit area, which allows the material to start
flowing; shear occurs whenever the fluid is physically moved by pouring, spreading,
spraying, mixing, etc.) divided by the shear rate (y) (i.e., the velocity with which the
material starts flowing upon applying a force).

o
n=-
4

Viscosity measurement is one of the most widely performed tests for all liquid
and semisolid dosage forms to ensure all manufactured batches have a consistent
viscosity. It is an important property since it may have a large effect on the applica-
bility, spreadability, pumpability, and stability of products. The viscosity of a system
depends on multiple factors, including the oil/wax versus water content, concentra-
tion of thickeners and emulsifiers, electrolytes, type and amount of surfactants, pH,
and temperature, among others.

There are two basic types of measuring devices used for the rheological evalua-
tion of different cosmetic systems: viscometers and rheometers. These names are not
strictly defined. Viscometers, in comparison to rheometers, are usually relatively sim-
ple instruments. Most viscometers operate by a spindle rotating in one direction in
the sample. Rheometers can operate by other types of movements, such as oscillation
as well; therefore, they can be used to determine more complex properties.

Figure 3.13 depicts some characteristic spindles (i.e., vertical solid bodies). Dur-
ing the measurement, the spindle is immersed into the sample and is moved (rotated
or oscillated) by the motor. The resistance to that movement is a measure of the inher-
ent viscosity. When measuring viscosity, it is important to specify temperature since
viscosity changes with temperature; for most cosmetic and personal care products,
viscosity decreases as temperature is increased.

pH pH as a number refers to the degree of acidity or basicity of a solution, which
depends on the hydrogen ion [H*] concentration in a solution. The pH value is defined
as the negative logarithm of the H* concentration in a given solution. In other words,
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Figure 3.13 Various types of spindles used for viscosity testing. (a) cylindrical spindle,
(b) conical spindle, and (c) disc spindle.
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at a high concentration, e.g., 1 mol/l = 100, pH =0 (acidic), while at a low concen-
tration, e.g., 104 mol/l, pH=14 (alkaline). Different solutions are objectively com-
pared with each other, where pH 0 is extremely acidic, pH 14 is extremely alkaline,
and pH 7 is neutral (see Figure 3.14).

pH, similar to viscosity, is one of the most widely measured parameters for cos-
metics and personal care products. In order to measure the pH value of a solution,
a measuring electrode (pH electrode) and a reference electrode are needed, both of
which are immersed in the same solution. The pH electrode uses a specially formu-
lated pH-sensitive glass, which develops a potential (voltage) proportional to the pH
of the solution. The reference electrode is designed to maintain a constant potential
at any given temperature and serves to complete the pH measuring circuit within the
solution. It provides a known reference potential for the pH electrode. The difference

Acidic Neutral Alkaline
0 7 14

Antiperspirants Hydroxide-based hair

. ; ) Human tear straightening products
Neutralizing lotion Human skin
in permanent waving

step 2

Chemical depilatories
Demineralization

of enamel starts

Figure 3.14 pH scale indicating the acidity/alkalinity of some common products and pro-
cesses related to cosmetics and personal care products.
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in the potentials of the pH and reference electrodes provides a millivolt signal propor-
tional to pH. Figure 3.15 depicts a combination electrode, which has a glass electrode
and a reference electrode in the same housing. Today, such pH meters are used.

Electrode

Internal solution

buffer

Reference
electrode

Measuring

electrode Junction

pH-sensitive

| membrane )

Figure 3.15 Combination electrode used in today’s pH meters.

Efficacy (Performance) Parameters Generally Tested

OThe most frequently tested efficacy parameter, the antimicrobial activity of
hand sanitizers and antibacterial skin cleansers, is discussed here.

Evaluation of Antimicrobial Activity According to the WHO, every new hand
antiseptic, with the exception of non-medicated soaps, should be tested for its
antimicrobial efficacy.”! The formulation with all its ingredients should be evaluated
to ensure that ingredients added (e.g., to ensure better skin tolerance) do not in
any way compromise its antimicrobial action. Many studies are available to test
the antimicrobial efficacy; however, they differ in their usefulness and relevancy.
The TFM for hand antiseptics requires the same tests for consumer antiseptics as
healthcare personnel hand washes. The currently proposed testing consists of both
in vitro and in vivo studies.
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B [n vitro studies are designed to demonstrate the product’s spectrum and kinet-
ics of antimicrobial activity, as well as the potential for the development of
resistance associated with product use. These studies usually include the deter-
mination of the minimum inhibitory concentration (MIC) and time—kill studies
using various bacteria and viruses. The major concern with such studies is that
the efficacy is only proven in laboratory settings, and they do not reflect the
human skin conditions.”?

B [n vivo tests and the evaluation criteria are based on the assumption that reduc-
tion in the number of bacteria translates to a reduced potential for infection and
that reduction in the number of bacteria can be properly demonstrated in simu-
lated studies. In vivo studies are designed to demonstrate antimicrobial efficacy
in the presence of a bacterial challenge. There are different protocols and stan-
dards for different countries. In the US, hand washes and hand sanitizers are
currently evaluated according to the ASTM standard E 1174.%°

In the test, the subjects’ hand and lower forearms are artificially contaminated with
the selected marker bacteria. It is followed by the treatment with an antimicrobial
agent and determination of the remaining viable bacteria. The before-use (baseline)
data are compared to the after-use results and the reduction in the number of bacteria
is determined. This contamination and hand wash procedure is repeated 10 times, and
bacterial reductions are determined after the first, third, seventh, and tenth wash. This
aspect of the study design is intended to mimic the repeated use of the product. After
the first, third, seventh, and tenth washes, rubber gloves or polyethylene bags used for
sampling are placed on the right and left hands, and the sampling solution is added
to each glove, and the gloves are secured above the wrist. All surfaces of the hand
are massaged for 1 min, and samples are obtained aseptically for quantitative culture.
The product must achieve a specified reduction after the first and tenth washes. The
current efficacy criteria are as follows: a 2log;, reduction of the indicator organism
on each hand within 5 min after the first use, and a 3 log;, reduction of the indicator
organism on each hand within 5 min after the tenth use.”>74

Ingredients Causing Safety Concerns

@Ingredients causing safety concerns regarding skin cleansing products include
parabens, triclosan, SLS, and microbeads. The findings and current statements on
their safety are summarized here.

Parabens Parabens, including methylparaben, ethylparaben, propylparaben, and
butylparaben, among other examples, are among the most commonly used and
most effective preservatives for cosmetics and personal care products. Parabens are
typically combined with each other and other types of preservatives to provide a
broad-spectrum protection against microorganisms. The use of mixtures of parabens
allows the use of lower individual levels and higher preservative efficacy.

Concerns have recurrently arisen regarding the safe use of parabens. A summary
of the main findings is provided here.
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B The Cosmetic Ingredient Review (CIR) Panel initially reviewed the safety of

the most commonly used parabens (methyl-, ethyl-, propyl-, and butylparaben)
in 1984.73 It concluded that they were safe for use in cosmetics at levels up to
25%. (Note: typically, these ingredients are used in lesser than 1% in cosmetic
products.)

In the early 21% century, the CIR reexamined the safety of parabens due to
increasing concerns regarding their safety. A study published in 2004 linked
parabens to breast cancer, based on animal experiments.’® It discussed this
activity in context of the estrogen-like properties of parabens. The study had
severe limitations and was rejected by most cancer research organizations, such
as the American Cancer Society (ACS)’’ and the National Cancer Institute
(NCI).”® The weak estrogen-like activity of parabens has been known (estro-
gens are hormones naturally found in men and women, which can be associ-
ated with the development of certain forms of breast cancer). However, stud-
ies have shown that even the most potent paraben, butylparaben, produces an
estrogen-like activity 10,000—100,000 times weaker than that of naturally pro-
duced estrogens.”® In 2006, the CIR concluded that there was no need to change
its original conclusion from 1984 that parabens are safe for use in cosmetics.

The European Commission’s Scientific Committee on Consumer Safety
(SCCS) also investigated the safety of parabens. In 2011, it concluded that
methylparaben and ethylparaben were safe at current levels (0.4% if used
alone, or 0.8% if used in combination); however, it recommended that the
levels of propylparaben and butylparaben (the two most potent parabens)
should be reduced so that the sum of their individual concentrations does not
exceed 0.19%.89 As for other parabens, it stated that human risk cannot be
evaluated due to lack of data.3? In Denmark, the government introduced a ban
on 15 March 2011, against the use of propyl- and butylparaben in cosmetic
products aimed at children under 3 years old. The Danish ban triggered a new
SCCS assessment, which led to a ban on parabens in leave-on products for the
nappy area in children under 6 months old.?!

In 2011, the PCPC requested the CIR to reexamine the review on parabens in
the light of the new SCCS opinions. In 2012, the CIR carefully reviewed the
SCCS opinions and reaffirmed its earlier conclusions that parabens are safe for
use as cosmetic ingredients.??

Although no studies have confirmed the potential risk of using parabens on human
health, the claims that they can cause breast cancer and endocrine disruption have
been widely spread, forcing cosmetic manufacturers to remove this ingredient from
their formulations and substitute it with alternative preservatives.

Triclosan Triclosan is one of the most widely used antibacterial agents in a number
of personal care products, including cleansing products, deodorant, and toothpaste.
One of the concerns is that it is not clearly demonstrated that triclosan is clinically
beneficial for patients. Studies have found that triclosan does not have any added
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benefit over non-antibacterial hand soaps in reducing infectious disease symptoms or
bacterial counts on the hands.®? Difference was seen only if the hands were washed for
a longer time with soap containing relatively higher concentrations of triclosan.?* A
further concern is that triclosan may contribute to the development of antimicrobial
resistance and even cross-resistance in bacteria. It would lead to severe issues and
additional burden as well as high cost in healthcare settings.®> Additionally, it may
also have unanticipated hormonal effects. These conclusions only apply to consumer
antibacterial products and not to those used in hospitals or other clinical areas.

Due to these facts, triclosan is currently under the radar of the FDA, which is
reevaluating its safety and efficacy in antibacterial cleansing products. The FDA is
also collaborating with other federal agencies, such as the EPA, to study the effects
of this substance on animal and environmental health.

Sodium Lauryl Sulfate SLS is an anionic surfactant that is widely used in cosmetics,
and personal care products, such as skin cleaning products, toothpastes, shampoos,
and shaving foams. SLS is highly effective in removing oily stains and residues and
has good foaming property. There were concerns with regard to the safe use of this
ingredient. It has been known that it is a highly irritative ingredient, which may cause
dermatitis (i.e., inflammation in the skin) by interfering with the SC and may also
irritate the eyes and mucous membranes.®® SLS is often used as a positive control in
studies evaluating the irritation potential of various chemicals.?” Additional concerns
include its heavy deposition on the skin and in the hair follicles, which may lead to
damage and even hair loss; potential penetration through the skin; its comedogenic
potential; carcinogenicity; and damaging potential to the immune system. The safety
of SLS has been reviewed numerous times by a number of governments, including
the EPA, CIR Expert Panel (in 1983 and 2005), and FDA. The major findings are
summarized here:

m Studies on rat skin found heavy deposition of SLS on the skin surface and in the
hair follicles. Further, it has been reported that 1-5% SLS produced significant
number of comedones in rabbits. These problems along with proven irritancy
should be considered in the formulation of cosmetic products.®®

B Animal studies did not show SLS to be carcinogenic; however, it has been
shown that it causes severe epidermal changes to the area of the skin to which it
was applied.?? Currently, there is no direct or circumstantial evidence that this
ingredient has any carcinogenic potential.*®

®m SLS can cause skin irritation in some users, which is considered its primary side
effect. This effect is dependent on the level and duration of exposure; therefore,
it is important to follow the label instructions when using a cleaning product.
SLS appears to be safe when used for short periods of time (e.g., cleansing the
skin) followed by thorough rinsing off the skin surface. In leave-on products,
concentrations should not exceed 1%.°!

Microbeads Microbeads are tiny particles used in skin cleansers, mainly in facial
cleansers as exfoliators. As discussed earlier, they can be of both natural origin
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and synthetic origin, i.e., plastics. In recent years, the use of plastic microbeads
has increased, which lead to environmental concerns. An average consumer now
has a microplastic-containing product in their home and uses it on a daily or at
least weekly basis. Once used in facial washing, microbeads travel through city
wastewater systems, and due to their small size, they are likely to go through the
preliminary treatment screens in wastewater plants without being filtered out and
finally enter the oceans.”> These particles contribute to pollution of the ocean by
potentially impacting the marine food chains.”® These facts may question the use
and need of such particles in facial cleansers in the future.

Packaging of Skin Cleansing Products

The most commonly used packaging materials for skin cleansing products include
the following:

B Plastic Bottles: The majority of skin cleanser products are supplied in plastic
bottles with a screw top, disc top, or flip-flop cap. Some facial cleansers, body
washes, liquid hand soaps, and hand sanitizers are packaged into plastic jars
with a special pump head. This solution provides the user with a “single dose”
of the product that is generally enough for one application. This way the appli-
cation may be more comfortable as well as the contamination of the products
may also decrease since the bottle is not opened on a daily basis. There is a con-
tainer with a hook, especially designed for shower gels; it enables the product
to hang in the shower stall.

B Foam Pump: Liquid hand soaps and hand sanitizers can be dispensed from spe-
cial dispensers, which create foam from a solution at the time of dispensing the
product. There are automatic dispensers where customers do not have to touch
the equipment. These products have a motion sensor that detects the user’s hand
and automatically dispenses a dose of foam soap.

B Glass Bottles: Bath oils, bath beads, and bath salts can be supplied in glass
bottles. A concern with using glass packaging is that it may be dangerous if
broken in the bathtub or shower and users may cut themselves.

B Paper: Bath bombs are usually packaged into paper boxes or supplied in paper
wrap. They can be packed in a simple to a very elegant style. Facial soaps and
syndets are usually also supplied in paper wrap or paper box.

B Facial Wipe Containers: Most cleansing wipes, including facial cloths and hand
sanitizer wipes, are either individually packaged into small sachets with an alu-
mina interior or placed into larger soft sachets with a resealable flap. This way
the moisture content of the products will not decrease during continuous use,
and they are easily portable.

GLOSSARY OF TERMS FOR SECTION 2

Actuation force: A measure of the force required to release liquid cleansing prod-
ucts from pump-head dispensers.
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Antiseptic: A chemical used to prevent infections by killing or inhibiting the growth
of microorganisms in or on living tissue.

Bath product: A personal care product used in the bathtub that is designed to
remove dirt, perspiration, and dead cells from the body skin as well as enhance the
bathing experience, soften and moisten the skin, provide a relaxing experience,
and leave the skin feeling clean and fresh.

Chemical cleansing: A method for cleaning the skin by emulsifying and dissolving
dirt.

CMC: Critical micelle concentration is the concentration at which micelles first
form in a surfactant solution.

Disinfectant: A chemical used on inanimate surfaces or objects to destroy or irre-
versibly inactivate infectious microorganisms.

Extrudability: A parameter of creams, lotions, and gels packaged into tubes, which
refers to the ease of extruding a cream, lotion, or gel from a tube.

Facial cleanser: A personal care product that is designed to clean the facial skin,
remove dirt and makeup, provide exfoliation, and remove potentially harmful
microorganisms.

Firmness: It also refers to the consistency of a product and indicates how much a
product can resist an external force (e.g., application).

Foamability: A measure of how much foam can be generated from a product.

Foaming cleanser: A cleanser that produces a high amount of foam during use. It
contains a significant amount of well-foaming surfactants.

Hand cleanser: A personal care product that is designed to clean the hands.

Hand sanitizer: A personal care product used to remove microorganisms from the
hands with the intent of preventing infections and reducing the spread of infectious
diseases. It is classified as an OTC drug—cosmetic product in the US.

Hardness: A measure of the relative resistance of a solid product to chipping or
breaking.

In vitro test: A test performed in a test tube, Petri dish, or elsewhere outside a living
organism.

In vivo test: A test performed on a living organism.

Low-foaming cleanser: A cleanser that provides a moderate amount of foam dur-
ing use. It contains a lower level of well-foaming surfactants and is milder to the
skin.

Non-foaming cleanser: A cleanser that does not foam during use. It contains the
lowest level of well-foaming surfactants as compared to foaming and low-foaming
products.

pH: A number referring to the degree of acidity or basicity of a solution.

Physical cleansing: A method for cleansing the skin by physically removing dirt via
abrasion.
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Rancidification: A chemical decomposition of fats and oils, which can lead to the
formation of unpleasant odors, compromised stability, and changes in appearance
of emulsions.

Separation of emulsions: A quality issue of emulsions, which are thermodynami-
cally unstable systems. On the long term, emulsions tend to separate. The main
reversible changes include creaming, sedimentation, and flocculation, while irre-
versible changes include coalescence and Ostwald ripening.

Shower product: A personal care product used in a shower stall that is designed
to remove dirt, perspiration, and dead cells from the body skin as well as enhance
the bathing experience, soften and moisten the skin, provide a relaxing experience,
and leave the skin feeling clean and fresh.

Soap: Amphiphilic compounds made of fatty acids and alkali solutions.

Spreadability: A measure of the consistency of a lotion, cream, or gel, which refers
to the ease of spreading a product on the skin.

Syndet: Amphiphilic compounds made of synthetic surfactants.
Texture: Consistency of a product.

Viscosity: A measure of the internal friction of a fluid. In other words, it is the resis-
tance to flow.

ui: REVIEW QUESTIONS FOR SECTION 2

Multiple Choice Questions

1. Which of the following is the unwanted effect of skin cleansers?
a) Can solubilize lipids in the epidermis
b) Can extract NMF
¢) Can remain in the SC after rinsing
d) All of the above

2. Non-foaming formulations do not foam due to the following:
a) No surfactants in the formulation + high amount of emollients
b) Low surfactant content in the formulation + high amount of emollients
¢) Low emollient content 4+ high amount of surfactants
d) No emollients + higher amount of surfactants

3. What is the main drawback of nonionic surfactants?
a) They irritate the skin
b) They do not foam well
¢) They are unstable
d) They smell bad
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4.

Facial toners are generally beneficial for the following type of skin:
a) Oily

b) Dry

¢) Sensitive

d) Aging

Which of the following is a main issue regarding alcohol-based hand sanitizers?
a) Intentional consumption leading to toxicity

b) Flammability

¢) Can dry out the skin

d) All of the above

According to the CDC, which of the following is the most important infection
control intervention?

a) Washing the hands with water

b) Washing the hands with soap and water

¢) Cleaning the hands with alcohol-based hand sanitizers

d) Cleaning the hands with non-alcohol-based hand sanitizers

Facial cleansing cloths remove dirt from the skin via the following mechanism:
a) Physical cleansing

b) Chemical cleansing

¢) Both A and B

d) None of the above

Facial gels remove dirt from the skin via the following mechanism:
a) Physical cleansing

b) Chemical cleansing

¢) Both A and B

d) None of the above

Sodium chloride can thicken anionic surfactant—based products via the following

mechanism:

a) Reducing the repulsive forces between micelles and increasing micellar
size

b) Increasing the repulsive forces between micelles and increasing micellar
size

¢) Reducing the repulsive forces between micelles and decreasing micellar
size

d) Increasing the repulsive forces between micelles and decreasing micellar
size
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10. Antiseptics are chemicals used to ____ and are regulated by the ___.
a) Inanimate surfaces/FDA
b) Kill germs on living tissues/FDA
¢) Inanimate surfaces/EPA
d) Kill germs on living tissues/EPA

11. Order the following types of surfactants based on their irritation potential. Start
with the most irritative.

a) Nonionic, anionic, amphoteric
b) Anionic, nonionic, amphoteric
¢) Anionic, amphoteric, nonionic
d) Amphoteric, nonionic, anionic

12. Which are the major ingredients in facial scrubs with cosmetic claims?
a) Astringents
b) Absorbents
c) Abrasives
d) Antibacterial agents

13. Which of the following refers to the ease of applying a product to the skin?
a) Spreadability
b) Extrudability
c) Texture
d) Viscosity

14. Which of the following parameters is tested usually for bath bombs?
a) Spreadability
b) Viscosity
c¢) Disintegration time
d) Extrudability

15. What is the main safety issue with triclosan?
a) It may contribute to the development of antimicrobial resistance
b) It is not proven that it is more effective than simple soap and water
¢) It may have negative hormonal effects
d) All of the above

Fact or Fiction?

a) Any soap that comes in the form of a bar is harsh to the skin.

b) Regular soap bars have a very alkaline pH.

¢) 100% alcohol is not as effective in killing germs as 60-90%
alcohol.

d) Microbeads found in skin cleansers pose an environmental risk.
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Match the skin cleanser ingredients in column A with their appropriate ingredient

category in column B.

Column A Column B
A. BHT 1. Abrasive
B. Castor oil 2. Absorbent
C. Cocamide DEA 3. Amphoteric surfactant
D. Coco betaine 4. Anionic surfactant
E. EDTA 5. Antibacterial agent
F. Kaolin 6. Antioxidant
G. Polyethylene bead 7. Astringent
H. Sodium lauryl sulfate 8. Chelating agent
I. Triclosan 9. Emollient
J. Triethanolamine 10. Hydrophilic thickener
K. Water 11. Nonionic surfactant
L. Witch hazel 12. pH adjustor
M. Xanthan gum 13. Solvent
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SECTION 3: SKIN MOISTURIZING PRODUCTS

E} LEARNING OBJECTIVES

Upon completion of this section, the reader will be able to

1.

N kW

define the following terms:

Aesthetics Barrier cream Ceramides Emollient
Humectant Hygroscopic Irritant Moisturizer
dermatitis efficacy
Moisturizer Non-invasive Occlusive Oil-in-water
product method emulsion
Skin hydration  Skin protectant Skin rejuvenator  Skin surface
roughness
Water-in-oil Water-in-silicone
emulsion emulsion

briefly discuss whether skin moisturizer products are considered cosmetics or
drugs in the US;

explain what the term “skin protectant” refers to;

explain why there are specific moisturizer products for face, body, and hands;
list a few beneficial effects skin moisturizers can have on the human skin;
briefly discuss the negative effects skin moisturizers can have on the human skin;
list the various required cosmetic qualities and characteristics that an ideal skin
moisturizer should possess;

list the various required technical qualities and characteristics that an ideal skin
moisturizer should possess;

. briefly discuss which factors influence the elasticity of the stratum corneum;
10.

explain what the term “moisturizer” refers to;
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11.
12.

13.

14.
15.

16.

17.
18.

19.

20.

21.

22.

23.
24,

differentiate between humectants and emollients;

briefly discuss how the following ingredients moisturize skin: humectants, emol-
lients, and occlusives;

provide examples for each of the following ingredients: humectants, emollients,
and occlusives;

briefly explain what ceramides are;

list the major ingredient types of skin moisturizers, and provide some examples
for each type;

briefly discuss the main product types that skin moisturizers are usually formu-
lated into;

explain what barrier creams are and what they are used for;

list some typical quality issues that may occur during the formulation and/or use
of skin moisturizers, and explain why they may occur;

list the typical quality parameters that are regularly tested for skin moisturizer
products, and briefly describe their method of evaluation;

name the efficacy parameter that is generally tested for skin moisturizers, and
briefly discuss the various ways for evaluating this parameter;

briefly explain why aesthetic properties are especially important in the case of
skin moisturizers;

briefly discuss how aesthetic properties of skin moisturizers products are gener-
ally tested;

name some ingredients that can cause safety issues in skin moisturizers;
list the typical containers available for skin moisturizers.

KEY CONCEPTS

1.

Moisturizers are designed to improve the skin quality, maintain and/or restore
the moisture content of the SC as well as keep it smooth and pliable, and aid in
alleviating the symptoms of dry skin.

. The term “moisturizer” is a generic term used to describe ingredients that add

moisture to the skin. Today, four major types of moisturizers are distinguished
based on their physical and chemical properties and mechanism of action, includ-
ing humectants, emollients, occlusives, and skin rejuvenators.

. It has been shown that ceramides applied externally, in the form of moisturizers,

can effectively reduce dry skin symptoms.

Skin moisturizers are typically used after proper skin cleansing. Most of these
formulations are emulsions, including both low-viscosity lotions and higher vis-
cosity creams.

Barrier creams are used to avoid unpleasant reactions and prevent irritant der-
matitis.
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6. The typical quality-related issues of skin moisturizer products include separation
of emulsions, microbiological contamination, clumping, and rancidification.

7. Parameters frequently tested by cosmetic companies to evaluate the quality of
skin moisturizers include the determination of the emulsion type; spreadability,
extrudability, texture, and firmness of lotions, creams, and gels; actuation force;
preservative efficacy; viscosity; and pH.

8. The most commonly tested performance parameters include the moisturizing
effect and aesthetic properties of the products.

9. There is a critical balance between clinical measurements and consumer percep-
tion of performance. By most accounts, consumers perform an initial assessment
of a moisturizer’s performance based on how the product applies to their skin,
how it smells, and how it feels on the skin, in addition to perceptions later in the
day of relief from dry skin symptoms.

10. Ingredients causing safety concerns regarding skin moisturizing products include
fragrances, lanolin, urea, propylene glycol, and herbal extracts.

Introduction

Today, skin care products form the largest sector of all cosmetics and personal care
products, out of which skin moisturizer and protective and nourishing products have
the highest market share. Moisturizers are used by people all over the world, including
men and women. A study reports that 75% of the young population uses moistur-
izers daily.! Over the years, with the introduction of many new raw materials plus
advances in surfactant/emulsion technology, products with good functionality and
aesthetic appeal have been developed.

This section reviews the various types of skin moisturizers, their ingredients, main
characteristics, formulation, and testing methods. In addition, it also provides a sum-
mary on how these products may affect the skin and what consumers’ general require-
ments are.

Types and Definition of Skin Moisturizers

OMoisturizers are designed to improve the skin quality, maintain and/or restore
the moisture content of the SC as well as keep it smooth and pliable, and aid
in alleviating the symptoms of dry skin. Such products beautify users and help
them maintain and/or restore their skin’s youthful appearance without initiating any
changes in its function or structure. Therefore, most moisturizer products are consid-
ered cosmetics in the US. Certain products contain active ingredients to smooth out
lines and wrinkles. They are considered drugs in the US. There are additional prod-
ucts available and marketed as cosmeceuticals, claiming to turn back time and make
users look years younger. As discussed in Chapter 1, from a regulatory standpoint,
there is no meaning of the word “cosmeceutical.” If a product changes the structure
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or function of the skin, it is considered a drug even if a company wants to sell it as a
cosmetic.

Some ingredients, including mineral oil, petrolatum, and dimethicone, are listed
in the OTC monograph for skin protectants. The monograph specifies the ingredients
that can be used with their individual concentration. If the concentration of the ingre-
dients falls into the specified range, the formulations are considered OTC drugs in
the US.

Moisturizers for the face, body, and hands do not differ significantly in their
ingredients. However, many products on the market are specifically recommended
for certain body parts. The main reason for that is that the hydration state of the
skin may vary among different body areas. For example, the hands of a person
working in a hospital may be extremely dry due to regular hand washing and the
continuous use of hand sanitizers, whereas the hydration state of his/her other body
parts may be normal. In addition, the sensitivity of different body parts to certain
conditions may also differ. For example, facial skin typically is more prone to
acne and rosacea than other body parts, or the face and neck are more often drier
than the back since these areas are more exposed to the elements, such as sun and
wind. For all these reasons, it is worth selecting moisturizers according to the skin’s
needs.

History of Using Skin Moisturizers

Moisturizing the skin has been viewed throughout history as a compliment to beauty
and hygiene. Products have been found at ancient burial sites in Egypt” as well as in
ancient Greece and Rome.>* The purpose of applying different lipids, oils, waxes and
butters, and animal fats on the facial skin and the overall body was primarily to protect
the skin from the weather (e.g., wind and cold) as well as to prevent dry skin, soften
the skin, and slow down the formation of wrinkles. The type of moisturizer used
depended on the natural ingredients available in the various geographic locations.
Popular ingredients used included avocado oil, palm oil, olive oil, sesame seed oil,
black seed oil, neem seed oil, rosehip oil, and animal fats. Even the Bible mentions
that that lotions made of olive oil and spices were used to maintain skin smoothness
and suppleness.’ Olive oil was a popular ingredient among the ancient Greeks. The
ancient Olympics were conducted by men greased in olive oil. To prepare for training,
an athlete in the ancient times would cover his body with olive oil and then dust it
with fine sand. This combination was believed to help regulate their body temperature
and provide protection from the sun.® Ancient Greek and Roman women used bread
and milk as antiaging ingredients. Galen, a famous physician in ancient Rome, is
credited with the formulation of the forerunner of cold cream (i.e., W/O emulsion).
He added as much water as could be incorporated into a mixture of beeswax and olive
oil. The product provided the skin with a cooling sensation as well as moisturization.”
For many centuries, most products were made at home, using mainly natural-sourced
ingredients, such as vanilla, cloves, lemon, honey, as well as oils, fats, and waxes.
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Queen Elizabeth used a cowslip cream for her skin to keep herself young and prevent
wrinkling.® The cream became very popular afterward.

In the 19" century, pharmacies and then industrial companies manufactured and
sold raw ingredients for homemade products. Later, they started to manufacture com-
plete formulations. One of the most commonly used ingredients today, petroleum jelly
was discovered in the mid-1800s in Pennsylvania by a chemist called Chesebrough.
He discovered that a gooey substance was causing problems to the oil rig workers
since it stuck to the drilling rigs. He also noticed that this substance had the property
to heal cuts and burns. After months of testing, he successfully extracted petroleum
jelly in a usable form.? By 1870, Chesebrough was marketing his new product made
of petroleum jelly, called Vaseline®. It has been used since then for treating dry
skin; healing cuts, wounds, and burns; protecting the skin; and other reasons.

The first significant advancement of simple moisturizers occurred in the 19" cen-
tury when emulsifiers were developed to create stable emulsions. Pond’s introduced
its first skin cream in the 1840s, which had soothing and reparative benefits of hazel
extract.!? Silicone oils were started to be used in cosmetics and personal care products
during the 20" century; since then, the use of these materials has been increasing.!!
Today, there are hundreds of thousands of different types of moisturizers for various
skin conditions; even combination products that fulfill both cleaning and moisturiz-
ing functions are available. Many products now use special ingredients for specific
reasons, such as alpha hydroxy acids (AHAs) for antiaging claims.

How Skin Moisturizers May Affect the Skin?

The main reason for using skin moisturizers is to help maintain the skin’s integrity
and its barrier functions. As discussed previously, the interaction of surfactants in skin
cleansing products with the skin can have severe consequences. Repetitive and exces-
sive contact with cleansers and water, or low temperature, wind, and humid air, can be
very drying and irritating to the skin. On the other hand, limited contact with milder
cleansers followed by the use of skin moisturizers can help maintain the skin in good
condition. The beneficial effects of using moisturizers are summarized as follows.

B Moisturizer products contain ingredients that can keep the skin hydrated,
replace the lost NMF in the corneocytes, replenish the skin with intercellular
lipids, and form a protective layer over the skin. The main benefit of such
formulations is that they can keep all types of skin hydrated by varying the
type and amount of ingredients used. Many consumers feel that applying
products to their skin, especially to the legs, back, and chest, is pointless if
no symptoms indicate they have dry skin. This is not true since all skin types
need moisturization. Dryness is a stage when the skin visually appears dry.
Consumers should not wait with applying moisturizers until dryness becomes
visible.

® Today, concerns about the potential damaging effect of the sun and its
short-term and long-term consequences, e.g., burning, aging, and skin cancer
development, are increasing. Therefore, many facial moisturizers contain
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sunscreens (similar to facial foundations), which can chemically or physically
filter the UV radiation reaching the skin and prevent these negative effects.

B More and more moisturizer products contain ingredients that are claimed to
fight aging. One of the most frequently used ingredients is AHAs. They were
the first very effective anti-aging ingredients introduced to the market in the late
20" century. Additional ingredients are discussed in Section 4 of this chapter.

m Cellulite is fat that collects in pockets under the skin surface. It forms around the
hips, thighs, abdomen, and buttocks. The skin with cellulite is often described
as one with “orange peel” or “cottage cheese” appearance.!? Cellulite deposits
cause the skin look dimpled. 13 Cellulite is not a serious medical condition; how-
ever, it is an aesthetically unacceptable cosmetic problem for most women.'# It
can be unsightly and may cause social and psychological problems. Today, there
are specialty moisturizer formulations containing various ingredients known to
be beneficial in improving cellulite.

B Acne often causes concerns to patients, and many consumers categorize
themselves to have acne-prone skin (i.e., more susceptible to having acne than
others). Many moisturizer ingredients have been categorized to be comedo-
genic (i.e., clog the pores in the skin) and, therefore, are not recommended
by dermatologists. However, more and more ingredients thought to be come-
dogenic are demonstrated not to be comedogenic but beneficial for the skin.
One of these ingredients is mineral oil, which has been known as one of the
most irritating ingredients for years. However, animal and human studies have
demonstrated that it does not to cause comedo formation (see more detail in
Section 3 of Chapter 4). Another ingredient that was thought to cause acne
problems is lauric acid, which can be found in high amounts in coconut oil.
Recent studies indicate that this ingredient has antibacterial properties and
potential to be used in antiacne products. '

Although moisturizers may strengthen the skin barrier function, some may also
weaken it. Moisturizers are generally considered safe; however, skin reactions, such
as allergic contact dermatitis, may occur.'® Individuals with impaired barrier function
are especially at risk for adverse reactions.

B Exposure of mildly irritating preparations to sensitive areas may lead to irrita-
tion. Facial skin has been found to be more sensitive to moisturizers than other
body parts. The reason for this is a less efficient barrier, a decreased number
of SC layers, and larger follicular pores in the facial skin. It has been shown
that fragrances are the main irritating components in skin care products. Addi-
tional highly irritating ingredients include parabens, vitamin E, essential oils,
and lanolin, among others.!”

® AHAs are widely used ingredients in cosmetics. A concern with regard to the
use of such formulations is that they sensitize the skin to the damaging effects of
UV light. This condition is called photosensitivity. It has been shown, however,
that photosensitivity is reversed within a week of terminating treatment with
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products containing AHAs. It is advisable, therefore, to use daily sun protection
for up to 1 week after discontinuing the use of AHA-containing products.'® In
addition, AHAs can cause mild skin irritation, redness, swelling, itching, and
skin discoloration. '

Required Qualities and Characteristics and Consumer Needs

From a consumer perspective, a quality skin moisturizer should possess the following
characteristics:

Neutral or pleasant odor and color

Easy to spread and a pleasant feeling during application

Non-oily/ non-greasy after application

Non-comedogenic

Provides effective hydration and prevent transepidermal water loss

Provides protection from environmental factors, for example, wind, cold tem-
perature, UV light

Reduces dryness, improve dull appearance

® Smoothens and softens the skin

Well-tolerated and non-allergenic

The technical qualities of skin moisturizers can be summarized as follows:

Long-term stability

No microbiological contamination and growth
Appropriate rheological properties

Smooth texture

Appropriate performance

Dermatological safety

Typical Ingredients and Formulation of Skin Moisturizers

It is known that the elasticity of SC is dependent on a proper balance of lipids,
NMEF, and water, in conjunction with its keratin proteins. Water is a plasticizer for
keratin, allowing the SC to bend and stretch, avoiding cracking and fissuring. It has
been shown that corneocytes that possess the highest concentration of NMF retain
more water and appear more swollen.?? Furthermore, water increases the activity
of enzymes involved in the desquamation process. The capacity of the SC to hold
onto water is greatly influenced by the NMF in the corneocytes as well as the SC’s
lipids.
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When the skin is cleaned, lipids covering the skin surface are partially or totally
removed, which exposes the SC to potential damage. As discussed earlier, surfac-
tants may penetrate the SC and remain there, causing further problems. Itis, therefore,
important to apply moisturizers as part of the skin care regimen. Although people may
think that only dry skin needs regular moisturization, it is not true. Consumers with
oily skin often tend to use products with harsher surfactants and toners to effectively
remove oil from their face. In addition, they may believe that applying additional
moisturizers make their skin even oilier; therefore, they would often skip the mois-
turization step. Over time, this regimen can lead to tightness and drying. In the light
of these, it is important to keep in mind that all types of skin need moisturization to be
able to maintain its barrier functions. Of course, the type of moisturizing ingredients
and products should be selected based on the individual needs, similar to cleansing
products.

The term “moisture” means water or other liquid. @The term “moisturizer” is a
generic term used to describe ingredients that add moisture to the skin. Today,
four major types of moisturizers are distinguished based on their physical and
chemical properties and mechanism of action, including humectants, emollients,
occlusives, and skin rejuvenators. Unfortunately, these terms are often used inter-
changeably. However, each of these materials provides different benefits to the skin,
as discussed in the following sections.

Humectants Humectants are hygroscopic ingredients that can increase the water
content of the top layer of the skin by enhancing water absorption from the
dermis into the epidermis (see Figure 3.16). Some also think that humectants
can hydrate the SC by absorbing water from the external environment.>! Humec-
tants also allow the skin to feel smoother by filling the holes in the SC through
swelling.?>?3

These ingredients serve to replace the skin NMF that has been washed away or
otherwise depleted. Humectants act in the same way as NMF, and indeed, some of
the humectants commonly used in moisturizers are components of the skin NMF,
e.g., lactic acid and urea. The key functionality of a humectant is to form hydrogen
bonds with molecules of water. Examples for humectants include glycerin, AHAs
(e.g., lactic acid, glycolic acid), pyrrolidone carboxylic acid, propylene glycol, urea,
hyaluronic acid, and sorbitol. The most common humectant used in moisturizers is
glycerin. It acts on several different parameters, which makes it the gold standard. It is
an effective moisturizer, accelerates the maturation of corneocytes, reduces dryness,
and enhances the cohesiveness of intercellular lipids. Overall, when combined with
occlusive agents, glycerin has the ability to produce significant moisturizing effects
in the skin.?*
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Figure 3.16 Working principle of humectants.

@ DID YOU KNOW?

Since humectants can enhance water absorption upward from the dermis, these
compounds can cause excessive water loss from the dermis through evaporation
into the environment if humidity is low. This may be of special concern if the skin
barrier is compromised. Due to this phenomenon, moisturizer formulations often
contain a mixture of humectants and occlusives that prevent water loss.>*
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Emollients Emollients are designed to plasticize, soften and smooth the skin, usu-
ally by filling in the void spaces between the corneocytes and replacing the lost lipids
in the SC (see Figure 3.17). Emollients can also provide protection and lubrication
on the skin surface to minimize chafing and enhance the skin’s aesthetic smoothness
and softness.

Figure 3.17 Working principle of emollients.

The most popular emollients are based on hydrocarbons, such as mineral oil and
petrolatum and their derivatives; fatty acids, such as stearic acid, linoleic acid, and
lauric acid and their derivatives, such as alcohols and esters; vegetable oils, such as
almond oil; synthetic triglycerides; silicones; waxes, such as beeswax, carnauba wax,
polyethylene wax, and cetyl alcohol; lanolin derivatives; and polymers. Essential fatty
acids (i.e., C;g unsaturated linoleic and alpha-linoleic acids) influence the skin phys-
iology via their effects on skin barrier functions, eicosanoid production, membrane
fluidity, and cell signaling.?

Occlusives Occlusive agents create a hydrophobic barrier to physically block TEWL
from the SC (see Figure 3.18). In moisturizer formulations, occlusives complement
the water-attracting nature of humectants. As they prevent water evaporation from the
skin, they can be particularly effective in the treatment of dry skin, which is already
damaged. They may have additional emollient effects.

Although occlusives are not the most appealing ingredients to most consumers
since they are sticky, not easy to remove, and may leave the skin with a greasy feeling,
they are very effective in reducing TEWL. The most commonly used ingredient is
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Figure 3.18 Working principle of occlusives.

petrolatum. In addition to forming an impermeable layer on the skin, it can penetrate
into the skin’s upper layers and initiate the production of intercellular lipids.?® Lano-
lin was also very popular in the past; however, its use diminished as it is a known
irritant ingredient and has an unpleasant odor. Today, there are newer occlusives that
have cosmetically more appealing characteristics. These include silicone derivatives,
such as dimethicone (polydimethylsiloxane). They further enhance the aesthetic
quality of the formulation by imparting a “dry touch.” They dry very quickly, are
easy to apply and remove, do not block the pores on the skin (non-comedogenic),
and are able to provide nice and shiny products. Additional examples for occlusives
include vegetable oils, fatty acids, fatty alcohols, waxes, and cholesterol.

Skin Rejuvenators Skin rejuvenators, otherwise known as enhancers of the skin
barrier, are claimed to restore, protect, and enhance the skin’s barrier function,
thereby reinforcing skin hydration. This is the newest class among moisturizer
ingredients. This category includes proteins, primarily skin proteins, such as keratin,
elastin, and collagen. Proteins may provide temporary relief from dry skin by filling in
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the irregularities in the SC. When they dry on the skin, they slightly shrink, leaving a
protein film that appears to smooth the skin and stretch out some of the fine wrinkles.

Ceramides Ceramides can be naturally found in the SC. They are the most impor-
tant structural elements of the intercellular lipids, which are necessary to link the
protein-rich corneocytes into a waterproof barrier that is capable of protecting the
underlying skin tissues and regulating body homeostasis.”’” Ceramides are orderly
arranged in lamellar form to act as a membrane and fill the intercellular space in the
SC. They function to help maintain the integrity of the skin barrier. There are cer-
tain diseases when lipid metabolism in the skin is abnormal, causing a deficiency of
ceramide and NMF and impairment of the epidermal barrier function.”” @It has been
shown that ceramides applied externally, in the form of moisturizers, can effec-
tively reduce dry skin symptoms. These lipid molecules have been used increas-
ingly in recent years in the treatment of dry skin and in cosmeceuticals.?®

Additional Ingredients in Skin Moisturizers If we take a look at the products that
can be found on the market, we can hardly find two similar compositions. This is
not surprising since formulators can choose from numerous types of raw materials
with varying characteristics. The actual composition always depends on various fac-
tors, including the application time of the products (day vs night), target age group,
target skin type, product type, compatibility issues, aesthetic needs, formulation cost
constraints, packaging needs, product claims, safety, whether makeup will be applied
over the product, and others. Despite the large number of different formulations, the
general ingredient types used are quite similar. Now we will review the major ingre-
dient types, their characteristics and functions, and some examples for them.

® Emulsifiers are an essential part of the formulations since the majority of mois-
turizing, nourishing, and protective formulations are emulsions. Thousands of
emulsifying agents are available on the world market today. Emulsifier selec-
tion is not only crucial for the stability of an emulsion but also has also a large
impact on consistency and viscosity, skin feel, color, odor, and care properties
of the final formulation. Generally, different types of emulsifiers are used in
formulations to best tailor the formulation’s properties to consumers’ needs.
The most commonly used types include nonionic and polymeric surfactants.
Cationic emulsifiers can also be used; they have additional conditioning prop-
erties.

® Thickening agents, otherwise known as texturizing agents, play an important
role in the skin feel of emulsions. They contribute to the stability as well as
appropriate rheological property of the formulations.

e Examples for thickeners commonly used in skin moisturizing products
include hydrophilic ingredients, such as gums (e.g., xanthan gum), cellulose
derivatives (e.g., hydroxyethyl cellulose), and acrylic polymers, among
others, as well as liposoluble ingredients, such as waxes (e.g., cetyl alcohol);
many emollients used may also have additional thickening properties.
Certain nonionic emulsifiers may also have additional thickening effects.
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B Water is a basic component of emulsions.

B Preservatives inhibit bacterial growth in the formulation and prevent microbi-

ological deterioration.
e Examples include parabens and methylisothiazolinone.

Antioxidants: Fats, oils, and butters are sensitive to oxidative processes, which
may trigger deterioration of these components, leading to color change, odor
formation, and stability problems. Antioxidants prevent the oxidization of sen-
sitive components and thus rancidity.

e Examples include BHT and BHA.

Fragrances improve the overall aesthetic qualities of moisturizer products,
which may be important to consumers, especially for formulations applied to
the face. These components may be employed to mask the natural taste of raw
ingredients without adding any characteristic smell or to provide a pleasant
scent.

Sunscreens: Some facial formulations have additional benefits over moistur-
ization, including sun protection. Sunscreens prevent the skin from the harmful
radiation of sunlight. Due to the increasing incidence and mortality rates of skin
cancer, sunscreen use as a daily protecting agent has become more important to
consumers. See more detail on sunscreens in Section 5 of this chapter.

Coloring Agents: Most formulations do not contain coloring agents, but if they
do, they contain soft colors. The reason for this is that, on the one hand, if the
formulations contained vivid and strong colors, they could leave a visible color
on the skin, which is obviously undesired. On the other hand, no one would be
familiar with applying strong colors (such as orange or sea blue) with the aim of
moisturizing and nourishing the facial skin. However, tinted moisturizers, such
as BB creams, are also available today, which are colored products (find more
detail in Chapter 4).

Aesthetic Agents: Pearlescent pigments, soft-feeling agents, may also be added
to the products to make them unique and enhance their appearance. Formula-
tions can also contain opacifying agents, which help cover up the formulations’
color and provide a uniform appearance. The most frequently used opacifiers
are titanium dioxide and glycol stearate.

Electrolytes: W/Si emulsions usually contain electrolytes, such as sodium cit-
rate, magnesium sulfate, sodium chloride, or sodium tetraborate, in approxi-
mately 1-2% concentration to improve the formulations’ stability.
Functional Ingredients: Many other ingredients may be incorporated into
moisturizer products, which can have endless functions, including mois-
turizing, nourishing, protecting, improving the skin’s structure, softening,
vitalizing, anti-inflammatory, and others. The main types of ingredients include
the following:
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e Natural Additives: During the past several years, the demand for natural
products has increased. Thus, more manufacturers have incorporated ingre-
dients with natural origin in their formulations. Examples include fruit and
vegetable extracts, vitamins, and amino acids.

e Vitamins: In addition to the positive nutritional effect of vitamins, there is a
growing interest in their topical application. The most commonly used vita-
mins include E, A, and panthenol. They have an antioxidant effect, improve
the skin tone, and reduce wrinkles.

e Peptides and Proteins: Protein derivatives such as hydrolyzed proteins,
amino acids, and proteoglycans are very substantive to the skin, leaving it
feeling soft and smooth. The most popular types include collagen, hyaluronic
acid, milk proteins, silk proteins, and amino acids.

o Essential Fatty Acids: 7-Linolenic acid is an essential fatty acid, which
occurs naturally in many vegetable seed oils. It improves the skin’s efficiency
as a barrier to TEWL. In addition, it is thought to be incorporated into the
skin’s structural lipids, thus increasing the suppleness and flexibility of the
epidermis.

e Hydroxy Acids: The use of AHA and, more recently, f-hydroxy and a-keto
acids in the treatment of aging skin has attracted much interest over the past
decade. See more detail on the use of AHAs in Section 5 of this chapter.

e fB-Glucans: They are polysaccharide materials derived from natural oats,
wheat, and baker’s yeast. They are used in medicine in the management of
wound healing and aging.

Product Types As discussed earlier, skin cleansing products can contain moistur-
izing ingredients, which are then deposited on the skin. When using moisturizing
cleansers, taking a shower may serve two functions, i.e., cleaning and moisturizing.
However, it should be kept in mind that part of the moisturizers is washed away dur-
ing rinsing. For this reason, it is believed that this type of moisturization is not as
effective as using moisturizing products after cleaning the skin. Non-foaming skin
cleansers offer a higher amount of emollients deposited on the skin surface. Moistur-
izing cleansing wipes also offer a pleasant way to clean and moisturize the skin at the
same time.

OSkin moisturizers are typically used after proper skin cleansing. Most of
these formulations are emulsions, including both low-viscosity lotions and higher
viscosity creams. Droplet size is usually, but not necessarily, large enough to interfere
with the path of light, and thus, emulsions are usually white (these are referred to
as macroemulsions). Special cases exist where the particle size is so small that the
liquid is clear. These are special types of emulsion, known as microemulsions and/or
nanoemulsions.

B Most commonly, facial moisturizers are O/W and water-in-silicone (W/Si)
emulsions. In O/W emulsions, water in the external phase of the emulsion helps
hydrate the SC of the skin. This is desirable when one desires to incorporate
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water-soluble active ingredients in the vehicle. These emulsions are easy to
apply and absorb quickly due to the quick evaporation of the external water
phase. In addition, due to their relatively high water content, the O/W emol-
lients exert a cooling effect as water evaporates following topical application.
W/Si emulsions are desired for customers with oily and sensitive skin. Silicone
is known to be noncomedogenic, nonacnegenic, and hypoallergenic. These
formulations go on smoothly, dry fast, and they leave the skin with a smooth
feeling.

® Products for the hand and body are more frequently water-in-oil (W/O)
emulsions. In these emulsions, the oil phase forms the external phase, which
is deposited on the skin surface after the water evaporates. They are very
beneficial for consumers with dry skin; however, they may feel slightly greasy.
Silicones may also be incorporated into the oil phase to improve its aesthetic
properties.

B Recently, there has been a growing interest in alternative emulsions, including
water-in-oil-in-water (W/O/W) emulsions, also referred to as multiple emul-
sions. Their benefit is the claimed sustained release of entrapped materials in
the internal phase and the potential for using incompatible ingredients in the
same formulation.

Additional product types include ointments, oils, and gels. Gels provide a rapid,
cooling watery feel to the skin and are commonly used in body massage products and
cellulite products.

A specialty product type is the barrier creams. Chronic exposure to even mild
irritants, including antiseptic and cleansing products, insult the skin. ©@Barrier
creams are used to avoid unpleasant reactions and prevent irritant dermatitis,
i.e., inflammation of the skin caused by irritants.? They are also often referred to as
“skin protective creams.” In practice, their use still remains subject to a lively debate.
In general, there is a lack of evidence supporting their efficacy. Some authors even
suggest that inappropriate barrier cream applications are prone to induce additional
irritation rather than providing benefit.3%-3!

B Products aimed to prevent aqueous solutions are typically W/O emulsion. They
are usually heavier in occlusives and emollients than regular moisturizers and
serve as protective formulations. Preparations that exhibit water repellency may
be based on petroleum jelly, lanolin, and silicones, such as dimethicone.

® For oil protection, non-oil-soluble film-formers such as gum acacia, tragacanth,
or sodium alginate can be used. Glycerin can be utilized as a plasticizer to the
gum film.

As mentioned previously, these products are considered drugs in the US since they
prevent and/or treat irritation and related conditions.
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Formulation of Skin Moisturizers The formulation procedure for moisturizers is
emulsification in the majority of the cases. Emulsifiers are generally dispersed in
the external phase of the emulsion. Water-soluble components are mixed and/or
dissolved in the water phase, while oil-soluble components are mixed and/or
dissolved in the oil phase. Both phases are heated, and when both are at the same
temperature, the phases are mixed; typically, the internal phase is added slowly to
the external phase using intensive mixing. After the mixture has cooled down and
the emulsification process is complete, temperature-sensitive ingredients can be
added with preservatives and fragrances.

In the case of multiple emulsions, the process is somewhat different. When prepar-
ing a W/O/W emulsion, first the W/O primary emulsion is created by combining
the water phase and the oily phase that contains the lipophylic emulsifier. Next, the
hydrophilic emulsifier is added to the remaining amount of water. This water phase is
combined with the W/O primary emulsion at either room or higher temperature with
continuous mixing to form the W/O/W multiple emulsion.

Considerations When Selecting Skin Moisturizers

Similar to skin cleansing products, a variety of skin moisturizers are available today.
Skin moisturizers have different texture, speed of absorption, oil/water content, emol-
lient properties, irritating potential based on the ingredient used, and dosage forms
formulated. Therefore, they can impact the skin in a number of ways and produce a
range of skin effects, similar to skin cleansers. To choose the most appropriate mois-
turizer, consumers should consider their skin type on the particular body part, such
as dry, oily, or normal; then the skin problems and any skin allergies should also be
taken into account. Based on the individual differences in the skin type and sensitivity,
moisturizer selection is somewhat subjective in most cases.

Here is a brief summary of the general properties of skin moisturizing products
that should be considered when selecting such products.

B To maintain the moisture content of normal skin, formulations with humectants
and emollients work very well. They provide a light, non-greasy feel.

m Qily skin is often prone to breakouts and acne. Although it is oily, it still needs
moisturizers, especially after using skin care products that remove oils and
dry out the skin. Primarily, water-based formulations, such as lotions and gels,
work the best, and they do not contain and deposit too much oil on the skin. In
addition, oily skin consumers should look for non-comedogenic formulations,
which are proven not to clog the pores.

B For dry skin, products with humectants only will not be enough. Dry skin users
are recommended to use products that contain both humectants and occlusives,
which can also be combined with emollients. They may leave the skin with a
greasy feeling due to the occlusive content; however, these are the most efficient
ingredients in blocking water loss through the skin.

B Fragrances may irritate and sensitize the skin; therefore, consumers with sensi-
tive skin should avoid using products with fragrances.
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® Although parabens (which are well-known and widely used preservatives) may
be irritating to the skin, formulations without preservatives are more dangerous
to the users. Most moisturizers are water-based products, and with all the addi-
tional ingredients, they provide a favorable environment for bacteria, yeast, and
molds to growth. Users dip their fingers into the jar every day (or even twice
daily if they used moisturizers in the morning and evening as well), and with
all the microorganisms present on the hands, it is quite easy to contaminate
products. If no preservatives are present, microorganisms may start growing in
formulations within weeks or even days. In addition, parabens have been known
to be one of the most effective preservatives; therefore, consumers should not
worry about them.

Typical Quality Issues of Skin Moisturizer Formulations

OThe typical quality-related issues of skin moisturizers products include separa-
tion of emulsions, microbiological contamination, clumping, and rancidification.
Since these problems were revised in the previous section, they are not discussed here.

Evaluation of Skin Moisturizing Products

Quality Parameters Generally Tested @Parameters frequently tested by cos-
metic companies to evaluate the quality of skin moisturizers include the
determination of the emulsion type; spreadability, extrudability, texture, and
firmness of lotions, creams, and gels; actuation force; preservative efficacy;
viscosity; and pH. Tests that were revised in the previous section are not reviewed
in detail here.

Determination of the Emulsion Type Various types of tests can be employed to deter-
mine the type of emulsion formulated. Here, a few of the most commonly used tests
are discussed.

B Conductivity Measurement. The basic principle of this test is that water is a
good conductor of electricity. In this test, an assembly is used in which a pair
of electrodes connected to an electric bulb is dipped into an emulsion. If the
emulsion is O/W type, the electric bulb glows, indicating that water is the outer
phase. For W/O emulsions, the bulb will not glow.

® Solubility: By using either oil-soluble or water-soluble dyes, one of the phases
of an emulsion can be stained and then it can be checked under a microscope.
As an example, imagine using a poorly water-soluble red dye, such as Sudan
III. It is added to the preparation and stirred until homogenous. If we can see
red cells in a clear field under the microscope, it means that we have an O/W
emulsion since the dye stained the oil phase, which is the internal phase in this
case. On the other hand, if we see a red field with clear globules, we have a W/O
emulsion.
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® Dispersion by Dilution. Emulsions can be diluted with their external phase;
however, addition of the internal phase leads to instability and separation of the
phases. If the emulsion is O/W and it is diluted with water, it will remain stable
and dispersed since water is the dispersion medium. However, if it is diluted
with oil, the emulsion will separate.

Efficacy (Performance) Parameters Generally Tested ©The most commonly
tested performance parameters include the moisturizing effect and aesthetic
properties of the products.

Moisturizing Effect As discussed earlier, the main goal of skin moisturizers is to
add moisture to the skin as well as help maintain, restore, and enhance the skin’s
barrier function and its natural reparative processes. It is essential in the cosmetic
product development process to evaluate the product’s performance, i.e., whether it
effectively moisturizes the skin or not. There are various ways to objectively assess
the skin’s barrier function of the skin based on the SC integrity. Most commonly,
noninvasive methods are used as part of clinical testing. The choice of subjects,
skin properties, ethnicity, age, sex, disease, and drug ingestion are important factors
to be taken into consideration when performing a clinical study. Usually, inclusion
and exclusion criteria are set up, that help objectively select the subjects for the
study.

@ DID YOU KNOW?

Clinical studies usually fall into two major categories: proof-of-concept trials
and full clinical trials. Proof-of-concept trials are generally small studies (10—15
subjects) aimed to determine whether the study protocol is feasible, see which
measurement techniques will be used, and see if products show any effects.
Full clinical studies are larger and more complex and provide opportunity for
head-to-head comparisons.3?

Measurements are typically performed by experts before applying any moisturizer
products (this is referred to as the “baseline data”), and after using the product. The
before and after values are compared, and the results provide a good estimate con-
cerning the moisturizing efficacy of the product. In addition, subjects have to perform
self-grading and fill in questionnaires. The functional, structural, and beauty param-
eters generally measured in the cosmetic industry to evaluate moisturizer products’
performance include the following:

m Skin’s water content (hydration) and rate of water loss (a measure of barrier
integrity)
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®m Skin Surface Properties: roughness, friction, scaling, sebum, and elasticity
m Skin pH
m Skin color (for skin lightening, darkening, and inflammation)

Since moisturizers primarily modify the skin’s water content and surface proper-
ties, the evaluation of these parameters are discussed in more detail here.

® Skin Hydration: Methods evaluating the SC’s water content are very popular
today. The two commonly used techniques include the conductance and capac-
itance methods.

e Conductance Method: This method is based on the changes in the electri-
cal properties of the SC. It is known that water is a conductor of electricity;
therefore, the amount of current conducted in the skin is directly related to its
water content. Dry SC has weak electrical conduction, whereas hydrated SC
is more sensitive to the electric field, inducing an increase in the dielectric
constant.

e Capacitance Method: Corneometry is an example for such methods.?* The
instrument (Corneometer®) used for this test consists of a probe that is
placed onto a hair-free skin surface with slight pressure. It determines the
capacitance of the skin due to its behavior as a dielectric medium.>* The
measurement can detect even the slightest changes in hydration level. A
disadvantage of this method is that salts or ions on the skin surface can affect
the reading.

® TEWL: TEWL is one of the most commonly measured skin parameters and
widely considered an indicator of the skin’s barrier function. A damaged SC
allows water to evaporate, resulting in high TEWL readings. The device mea-
sures the amount of water vapor leaving the skin. Open chamber and closed
chamber devices may be used to measure TEWL.

e Open chamber devices (such as Evaporimeter® and Tewameter®)3S are
open to the atmosphere. They contain two water sensors. When the probe
is placed on the skin surface in a stable ambient environment, the sensors are
able to determine the vapor pressure gradient above the skin surface. This
gradient is translated into the amount of water leaving the SC per hour and
square meter of the skin surface (g of water/h m?). The value is an estimate
of the skin’s ability to retain moisture as well as an index of the extent of pos-
sible damage of the skin’s water barrier function. As open chamber sensors
are highly sensitive to the ambient and body-induced airflow, closed chamber
systems have been developed.

e Closed chamber devices (such as VapoMeter®)3¢ can measure the humidity

in the chamber or the diffusion gradient, similar to open chamber systems.

These devices, however, are not sensitive to the angle at which the device is

held and the environmental conditions.3” The closed chamber method does

not permit recording of continuous TEWL since when the air inside the cham-
ber is saturated, skin evaporation ceases.3?

m SKin surface (topography).
e Roughness: Assessing the skin’s appearance is often used to determine its
texture, which can be related to its hydration state. There are a number
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of different ways by which the skin surface topographic features can be
non-invasively analyzed for the degree of roughness. Certain instruments
move over the skin surface and translate surface unevenness to an electrical
signal. A widely used method is to cast a replica of the skin surface by using
one of the many excellent silicone rubber impression materials, which can
be analyzed later. Another method to measure the roughness (as a measure
of hydration state of the skin) is the measurement of tactile acuity. The more
hydrated the skin is, the softer and more supple it becomes. Consequently,
it becomes more sensitive in terms of its tactile acuity, i.e., its ability to
have a discriminating sense of touch. This method is often referred to as
the two-point gap discrimination method. The experiment consists of the
discrimination of two small metal points pressed on the subject’s skin. The
distance between the two points is reduced, until only one point can be
discerned. It is then identified as the acuity threshold.

e Friction: Various devices can be employed to measure skin friction, includ-
ing a rotating wheel, a revolving ground glass disc, a sliding sled, and
others.*~*! In all the cases, the underlying principle is that the frictional
properties of human skin in vivo can be assessed by determining how
much force is required to drag an object across the skin surface. It may be
assumed that the smoother the skin, the less force is required. In practice,
however, smooth skin can actually increase friction as a result of increased
contact area with the moving surface of the measuring device.*!"*> These
measurements, therefore, sometimes correlate very poorly with the real
smoothness of the skin.?

e Desquamation: Recently, D-squame® discs have become a very popular way
to sample the skin surface and objectively determine the level of dryness and
scaling. D-squame® discs are circular, clear, adhesive discs placed on the
skin surface with firm pressure and then pulled away. The removed skin is
observed and parameters such as the amount of skin removed, size of flakes,
and coloration can be recorded. Differences between dry skin and normal
moisturized skin are clearly evident upon examination of the disc, and fur-
ther characterization can be carried out to differentiate levels of dryness and
qualitative differences in desquamation.*3

o Sebum: Excess sebum production can contribute to packing of horny cells at
the follicle surface, leading to an occlusive plug or comedo. This is why its
quantification and suppression are of great interest to dermatologists and cos-
metic scientists. The measuring principle of this instrument (Sebumeter®) is
based on the observation that a ground glass plate of certain opacity becomes
translucent when its surface is covered by lipids. The translucency is propor-
tional to the amount of lipids on the surface. The head of the device is pressed
against the skin for 30s during which the plastic tape becomes transparent
due to the absorbed sebum.** This transparency can be translated into actual
numbers, expressing the surface sebum amount of the skin.

e FElasticity: SC hydration state influences the skin’s softness and extensibility
(i.e., the extent of how quickly it regains its shape after stretching); therefore,
the assessment of these mechanical properties can be related to its hydration
state. There are devices available (such as the Dermal Torque Meter®*) that
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can analyze deformation of the skin. The instrument consists of a fixed disc
that is attached to the skin and a central moving (rotating) disc. A weak torque
is applied to the rotating disc and the angle of rotation of the central disc is
measured by a highly sensitive angle sensor.

Aesthetic Properties of the Products @There is a critical balance between clini-
cal measurements and consumer perception of performance. By most accounts,
consumers perform an initial assessment of a moisturizer’s performance based
on the product’s aesthetics, i.e., how it applies to their skin, how it smells, how
it feels on the skin, in addition to perceptions later in the day of relief from dry
skin symptoms. A formulator can formulate the best body lotion ever; however, if
consumers do not like how it feels on their skin or how it smells, they will not buy
it more than once. It is very important, therefore, to emphasize that, in addition to
product’s performance, consumers’ opinion should also be taken into account.
Product aesthetics is usually tested by experts and volunteers. The description of
product aesthetics may differ from person to person. Therefore, these evaluations are
more subjective than those used to determine the moisturizer effectiveness. Here is a
brief summary of the sensory properties typically tested for skin care products.*>4’

® Rub-out refers to the easiness with which a product absorbs (spreads) upon
application. This property depends on several things, including initial viscosity
and viscosity under shear stress (i.e., spreading), amount of water, and type of
the emulsion.

B Appearance refers to the physical appearance of the product, includ-
ing its gloss, i.e., how shiny it is; its thickness, i.e., whether it holds its
shape after dispensing it and whether it has clumps; and similar types of
defects.

® Pick-up refers to the product’s texture when it is rubbed between a finger and
thumb. It is usually evaluated after removing the product from its container.

B Greasiness depends on the amount of emollients and occlusives used in the
formulation. If their oil phase is higher, they may feel sticky, greasy, and tacky
on the skin.

B Tackiness is determined by both the oil phase and the water phase. Certain
oils may feel tacky when applied to the skin, such as lanolin or cetyl alcohol.
In addition, certain hydrophilic thickeners, such as gums, or proteins may also
produce a tacky feeling.

® Break refers to the behavior of the product on the skin and is primarily related
to the components of the formulation. This property is determined when the
product is being spread on the skin.

® Slip describes how the product glides on the skin. Products for damaged skin
will have advanced slip to avoid additional damage to the skin.

m After-feel can be described as softness and smoothness of the skin after applica-
tion. It depends on some of the earlier discussed parameters, such as greasiness,
tackiness, as well as how much product is still on the skin. This property has a
vital role in product selection from the consumer’s viewpoint.
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® Delayed after-feel is usually evaluated by measuring the amount of product
that is still on the skin 5, 10, and 30 min after applying the product.

It is important to take into account the target group for the product when analyzing
the results from of sensory evaluations. For example, tackiness may be undesired for
a daily moisturizer for normal skin; however, it may be beneficial (or at least not
negative) when formulated for users with dry skin.

Ingredients Causing Safety Concerns ®Ingredients causing safety concerns
regarding skin moisturizing products include fragrances, lanolin, urea, propy-
lene glycol, and herbal extracts. The findings and current statements on their safety
are summarized here.

Moisturizers are usually free from strong irritants; however, repeated exposure
of sensitive areas to mildly irritating preparations may cause various skin reactions,
including dryness, redness, burning sensation, and itching. Strong irritants are typi-
cally easy to identify; however, weak irritants are less obvious to avoid. Here is a brief
summary of the main ingredients that usually cause safety concerns for consumers.

® Fragrances are usually identified as the major sensitizers in skin care products.
They may consist of more than 50 ingredients, of which many are very irritating.
While these ingredients may increase consumers’ willingness to buy products,
their components may be mild irritants, causing concerns.

® Lanolin is often believed to be a main sensitizer. It is derived from the fleece of
sheep and comprises hundreds of different chemicals, making it difficult to iso-
late the contact allergens. However, the true prevalence of positive reactions is
unknown since reactions are often not reproducible and false positives and nega-
tives commonly occur.*® Therefore, patch testing with the patient’s own product
may be of value before starting to use a product containing this ingredient.

B Urea, an effective humectant, was found to be irritating to the skin in a few
clinical studies. However, most studies evaluating urea’s effect did not report
severe irritation, even in higher concentrations. The CIR Expert Panel evaluated
the safety of urea and concluded that urea was safe to be used in cosmetics and
personal care products. The CIR Expert Panel did note that urea can increase
the absorption of other ingredients through the skin and that this should be taken
into account when conducting product safety assessments.*’

B Propylene glycol is used in a number of products as a humectant and a solvent.
Questions arose regarding the potential for adverse effects from the cosmetic
use of propylene glycol in light of skin sensitization studies that reported posi-
tive results. The CIR Expert Panel evaluated propylene glycol in personal care
products and concluded that propylene glycol was safe for use in cosmetic prod-
ucts at concentrations up to 50%.%° It was noted that consumers with damaged
skin barriers were at a higher risk of developing irritation/sensitization reactions
even at low concentrations. It was also noted that in normal subjects, propy-
lene glycol may be an irritant under occlusive patches. However, when used in
cosmetics and personal care products, it is simply spread on the skin surface
without applying a patch over it. Reviews from independent studies also found
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that true allergic reactions to propylene glycol are uncommon and the clinical
significance is probably overestimated.>' Similar to urea, propylene glycol can
also increase the cutaneous penetration of applied other ingredients, including
drugs, which should be taken into account.’?

® Herbal extracts may also cause sensitization and irritation. However, these
reactions are rare, possibly due to the low concentration of such extracts in skin
moisturizer formulations.

Packaging of Skin Moisturizers

The most commonly used packaging materials for skin moisturizers include the fol-
lowing:

B Plastic Bottles: The majority of body moisturizing products are supplied in
plastic bottles. Some facial and hand moisturizers may also be packaged into
plastic bottles. Many containers have a pump head that dispenses a small dose
of the product. Plastic bottles may also be supplied with a flip-top, disc top, or
screw-on cap.

B Soft Tubes: The majority of hand lotions and creams are supplied in soft tubes
with a screw-on, disc top, or flip-top cap.

B Plastic and Glass Jars: Some body lotions and creams, and the majority of
facial moisturizers, are packaged into plastic or glass jars. Glass jars are more
dangerous in the sense that they can cause serious damage if broken. Manufac-
turers often take the target group’s needs and expectations into account when
designing a new package.

GLOSSARY OF TERMS FOR SECTION 3

Aesthetics: A set of properties of a product that refers to how a product looks, smells,
applies to the skin, and feels on the skin.

Barrier cream: A type of moisturizing product that is used to avoid unpleasant reac-
tions and prevent irritant dermatitis, that is, inflammation of the skin caused by
irritants.

Ceramides: Structural elements of the intercellular lipids in the stratum corneum,
and they help maintain the integrity of the skin barrier.

Emollient: A type of moisturizing ingredient that can soften and smoothen the skin
by filling in the void spaces between the corneocytes and replacing the lost lipids
in the stratum corneum.

Humectant: A type of moisturizing ingredient that can increase the water content
of the top layer of the skin by enhancing water absorption from the dermis into the
epidermis.

Hygroscopic: An ingredient that tends to absorb moisture from the air.
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Irritant dermatitis: Skin inflammation caused by contact with various chemicals,
such as surfactants, solvents, and fragrances.

Moisturizer product: A personal care product that is designed to improve the skin
quality, maintain and/or restore the moisture content of the stratum corneum as
well as keep it smooth and pliable, and aid in alleviating the symptoms of dry
skin.

Moisturizing efficacy: The ability of a cosmetic product to hydrate the skin and
increase its water content.

Non-invasive method: A test method that does not involve the introduction of
instruments into the human body.

Occlusive: A type of moisturizing ingredient that can create a hydrophobic barrier
to physically block transepidermal water loss from the stratum corneum.

Oil-in-water emulsion: An emulsion in which the internal phase consists of oils and
oil-soluble and oil-miscible ingredients, while the external phase consists of water,
emulsifier(s), and water-soluble and water-miscible ingredients.

Skin hydration: Skin’s water content.

Skin protectant: An OTC drug product that temporarily protects injured or exposed
skin or mucous membrane surfaces from harmful or annoying stimuli and may
help provide relief to such surfaces.

Skin rejuvenator: A type of moisturizing ingredient that can restore, protect, and
enhance the skin’s barrier function, thereby reinforcing skin hydration.

Skin surface roughness: A quality parameter that refers to the texture of the skin
surface. The state of roughness can be related to the skin’s hydration state.

Water-in-oil emulsion: An emulsion in which the internal phase consists of water
and water-soluble and water-miscible ingredients, while the external phase con-
sists of oils, emulsifier(s), and oil-soluble and oil-miscible ingredients.

Water-in-silicone emulsion: An emulsion in which the internal phase consists of
water and water-soluble and water-miscible ingredients, while the external phase
consists of silicone oils, emulsifier(s), and silicone-soluble and silicone-miscible
ingredients.

¥| REVIEW QUESTIONS FOR SECTION 3

Multiple Choice Questions

1. Glycerin is the gold standard for ___.
a) Humectants
b) Emollients
¢) Occlusives
d) Enhancer of the skin barrier
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2. Which of the following is true for ceramides?
a) They are the most important structural elements of dead cells
b) They are the most important structural elements of the intercellular
lipids
¢) They disrupt the integrity of the skin barrier
d) They induce dry skin symptoms when applied to the skin

3. Evaluating the moisturizing effect of a skin moisturizer isa ___ test.
a) Safety
b) Quality
¢) Performance
d) Stability
4. Which of the following methods can be used to evaluate the water content of the
skin?
a) Conductance method
b) Capacitance method
¢) Both A and B
d) None of the above

5. Which of the following is used to evaluate skin topography?
a) Water content of the skin
b) Water loss from the skin
¢) Rub-out of the product
d) Roughness of the skin
6. Which of the following is used to evaluate the aesthetic properties of skin mois-
turizers?
a) Appearance, friction, desquamation
b) Appearance, pick-up, after-feel
¢) Conductance, capacitance, TEWL
d) None of the above
7. Which of the following is used to evaluate the moisturization efficacy of skin
moisturizers?
a) Skin topography measurement
b) Skin hydration measurement
¢) TEWL measurement
d) All of the above
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8.

10.

Which of the following is NOT true for barrier creams?

a) They provide sun protection

b) They are used to prevent skin irritation

¢) Products for water protection are typically W/O emulsions

d) Products for oil protection are usually based on nonoil-soluble film-
formers

Which of the following ingredients is known to provide a “dry touch™?
a) Glycerin

b) Lanolin

¢) Almond oil

d) Dimethicone

What is the most common dosage form for skin moisturizers?
a) Cream

b) Ointment

¢) Gel

d) Paste

Fact or Fiction?

a) Lauric acid (found in coconut oil) is comedogenic.

b) Alpha hydroxy acids (AHAs) make the skin sensitive to ultraviolet
light.

¢) Only dry skin needs daily moisturization.

d) Emulsions can be diluted with their internal phase.

Matching

Match the skin cleanser ingredients in column A with their appropriate ingredient
category in column B.

Column A Column B
A. Collagen 1. Aesthetic agent
B. Dimethicone 2. Electrolyte
C. Glycol stearate 3. Emollient
D. Gum acacia 4. Film-former, hydrophilic thickener
E. Lanolin 5. Functional ingredient
F. Methylisothiazolinone 6. Humectant
G. Mineral oil 7. Occlusive
H. Propylene glycol 8. Preservative
I. Sodium citrate 9. Silicone
J. Vitamin E 10. Skin rejuvenator
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SECTION 4: PRODUCTS FOR SPECIAL SKIN CONCERNS - AGING
AND ACNE

E} LEARNING OBJECTIVES

Upon completion of this section, the reader will be able to

1. define the following terms:

Acne vulgaris ~ Antibiotic Antibiotic Antioxidants
resistance

Blackhead Botanical Chronological Comedo
extract aging

Cyst Extrinsic Hydroxy acids Hyperkeratinization
aging

Intrinsic aging  Keratolytic Liposome Microcomedo

Nodule Noisome Oxidative stress P, acnes

Papule Photoaging Photosensitivity ~ Pustule

Retinoids Whitehead
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2. differentiate between intrinsic and extrinsic aging;

3. briefly discuss what changes occur in the skin during aging;

4. name some environmental factors that can accelerate the normal aging process;

5. briefly discuss whether anti-aging products are considered drugs or cosmetics in
the US;

6. name some non-invasive technologies and products that can be used for the pre-
vention and/or treatment of aging skin;

7. name some invasive technologies that can be used for the prevention and/or treat-
ment of aging skin;

8. name some botanical extracts that can be used in the prevention and/or treatment
of aging skin;

9. explain how oxidative stress contributes to aging;

10. explain how the following can prevent/treat aging skin, and name some examples
for each: antioxidants, peptides and proteins, topical retinoids, and hydroxy
acids;

11. list the major factors that generally influence the penetration of an active ingre-
dient into the skin;

12. name some delivery systems that can be used for anti-aging ingredients;

13. differentiate between liposomes and niosomes;

14. briefly discuss the main formulation challenges that can occur when formulating

15.

16.
17.
18.

19.
20.
21.
22.

23.

24.
25.

products with common anti-aging actives;

briefly discuss the main safety concerns that arose in the past with regard to
the use of the following ingredients: alpha hydroxy acids, topical retinoids, and
peptides and proteins;

explain how acne vulgaris develops;

name the major factors contributing to the development of acne;

briefly discuss how the following factors contribute to the development of acne:
diet, sunlight, facial cleansing, and makeup use.

differentiate between inflammatory and non-inflammatory acne;

explain the typical signs and symptoms of acne;

explain how noninflammatory acne can progress into inflammatory acne;
briefly discuss the main types of ingredients used in the topical treatment of acne,
and provide some examples for each type;

briefly discuss the main types of ingredients used in the systemic treatment of
acne, and provide some examples for each type;

name some alternative treatments that can be used in the treatment of acne;
briefly discuss the main safety concerns that arose in the past with regard
to the use of the following ingredients: topical retinoids, oral retinoids, and
antibiotics.
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KEY CONCEPTS
1. The general aging process, which is genetically determined and occurs by the

10.

passing of time alone, is called intrinsic skin aging or the chronological aging
process, whereas the skin aging process induced by environmental factors is
called extrinsic skin aging.

Today, there is a wide range of products and procedures for the prevention and/or
treatment of aging skin, ranging from non-invasive technologies to invasive
methods.

. Botanical extracts, antioxidants, proteins and peptides, retinoids, hydroxy acids,

and sunscreens are claimed to prevent oxidative reactions and the formation of
free radicals, resurface the epidermis, and promote the natural synthesis of col-
lagen and elastin.

The majority of anti-aging formulations are emulsions since they offer cosmet-
ically elegant formulations with the potential to include oil- and water-soluble
components at the same time.

. Concerns arose regarding the safe use of some anti-aging ingredients, including

AHA:s, topical retinoids, and peptides and proteins.

. Acne vulgaris is a common dermatological disorder of the pilosebaceuos unit

that has a complex pathophysiology and can be triggered by a number of factors.

. The clinical presentation of acne can range from mild comedonal (i.e.,

non-inflammatory) form to severe inflammatory cystic acne.

. Acne vulgaris is also often graded based on its severity, including the number of

comedones, inflammatory lesions, total lesion count, and cysts.

Milder cases are best managed with OTC and prescription-only topical regimens,
whereas systemic, prescription-only drugs are indicated in more severe cases.

The main safety issues associated with the use of acne treatments include irrita-
tion and dryness caused by many topical ingredients and teratogenicity of oral
retinoids. An additional concern is the risk for antibacterial resistance when using
antibiotics.

Introduction

Skin aging is a complex biological process influenced by a combination of endoge-
nous and exogenous factors, which leads to structural and physiological alterations in
the skin layers as well as changes in skin appearance, especially on the sun-exposed
skin areas. Acne vulgaris is a very common skin condition, especially among
teenagers and young adults. It primarily affects the face; however, in severe cases, it
may also affect the chest, neck, and back. In addition to the visible symptoms it can
cause, it has clear detrimental psychosocial effects on the patients’ quality of life
(QoL). As skin health and beauty are considered principal factors representing the
overall well-being and the perception of health, skin care formulations targeting the
signs of aging and acne have gained great importance over the ages.
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This section reviews the skin aging process, possible preventive measures, as
well as some currently used ingredients and formulation techniques. In addition, the
section also provides an overview of acne, its major signs and symptoms, current
treatment options, and some formulation considerations for anti-acne products.

Part 1: Anti-Aging Products

Changes in Skin Structure and Function during Aging Today, most consumers are
familiar with the aging process and its visible signs. It is known that young individu-
als have soft, smooth, and supple skin, which becomes less elastic, tougher, uneven,
and wrinkled over the years. Aging of the skin is influenced by two separate pro-
cesses. @The general aging process, which is genetically determined and occurs
by the passing of time alone, is called intrinsic skin aging or the chronological
aging process, whereas the skin aging process induced by environmental factors
is called extrinsic skin aging. Each skin aging process leads to characteristic skin
aging signs as discussed here.!

Intrinsic aging occurs as a natural result of aging; it affects the skin on the entire
body, including the photoprotected areas in a similar manner. Intrinsic aging can
be considered as a slow, continuous, and irreversible tissue degradation.2 However,
people of identical chronological age may appear to have younger- or older-looking
skin. The reason for this is their different genetic makeup, which plays an important
role in intrinsic aging.® Clinically, intrinsically aged skin is smooth, thin, pale, and
finely wrinkled. Histologically, the intrinsically aged skin can be characterized pri-
marily by functional alterations, such as thinning of the dermis, degeneration of the
elastin network, and loss of hydration.

® Thinning of the dermis is related to its collagen content. Collagen synthesis
gradually diminishes over time, which leads to a reduction in the amount of
collagen in the skin. As collagen is responsible for the strength of the skin
and plays an important role in wound healing, its decreasing amount leads to
reduced strength, atrophy (i.e., weakening and thinning) of the dermis, and a
reduced rate of wound healing.*

® [n addition to collagen, the synthesis of elastin also decreases, which results in
a loss of skin elasticity.’

m The superficial muscles on the face begin to shrink, which causes lines to appear.
Typical facial wrinkles form in the areas where muscles contract to make facial
expressions. These include “worry lines” spanning the forehead, “laugh lines”
around the eyes and mouth, and “crow’s feet” radiating from the outside corners
of the eyes.

® Additionally, the production of immune cells also decreases over time, which
also contributes to the compromised wound healing properties.® The loss of
strength, thickness, and healing properties causes the skin to become more vul-
nerable.

B There is a gradual flattening of the wavy attachment between the epidermis
and dermis due to reduced production of keratinocytes. It is believed that this
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flattening may contribute to the increased fragility of aging skin and may also
lead to reduced nutrient transfer between the dermal and epidermal layers.”

® With advancing age, both the mortar and bricks of the skin are affected, which
leads to a reduction in the SC lipid content, damaged barrier functions, increased
epidermal water loss, and drier skin .82

Additional changes that occur during aging include changes in the skin pigmenta-
tion and size of the sebaceous glands.

® With the onset of intrinsic aging, there is a decrease in the density of
melanocytes. This decrease contributes to the pale appearance of older skin,
which is also related to a decrease in skin vascularity. Older patients are less
able to protect themselves from the sun because of a decrease in melanin.
Therefore, they are more susceptible to developing sun-induced cancers.”

B The number of sebaceous glands remains approximately the same throughout
life, although their size tends to increase with age. As a result, the skin’s pores
may widen.

Extrinsic aging can be defined as the acceleration of intrinsic aging caused by
exposure to various environmental factors, such as sun, wind, smoking, and air pol-
lutants. The primary factors causing human skin aging are UV radiation from the sun
as well as smoking. When aging is caused by the sun, the process is referred to as
“photoaging.” Photoaging is a cumulative process, which means that exposure adds
up over the years. Individuals who have outdoor lifestyles, live in sunny climates,
and are lightly pigmented will experience the greatest degree of photoaging.'” It has
been estimated that photoaging accounts for more than 90% of the skin’s associated
cosmetic problems.!! In the vast majority of individuals, photoaging and aging due
to smoking overshadow intrinsic changes, especially in the skin of the face, neck,
hands, and forearms. On an individual basis, the rate and extent of extrinsic skin
aging depend on the individual exposure pattern to different environmental factors
and also on the individual’s genetic makeup.

@ DID YOU KNOW?

It has been known that smoking leads to premature aging, i.e., smokers in gen-
eral look older than their chronological age. It is more interesting, however, that
smoking has been shown to be a great contributor to facial wrinkling than sun
exposure.'?

In contrast to intrinsic aging, the extrinsically aged skin can be characterized by
more visible morphologic and physiologic changes. Clinically, extrinsically aged skin
can be described as a course skin with wrinkles, hyperpigmented areas, sallowness,
increased fragility, textural roughness, and dilated blood vessels that are visible under
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the skin (which is referred to as “telangiectasia” as a medical term). Histological
features of externally aged skin include significant epidermal and dermal alterations.

B The epidermal thickness may be increased or decreased, leading to thickening
or thinning, respectively. Skin type significantly influences the clinical signs of
photoaging. An extreme example is fair-skinned individuals with freckles in
early childhood. After chronic sun exposure, thinning of the skin and fine wrin-
kling develop in such persons. In contrast, in darker-skinned individuals, the
skin becomes coarse and leathery over years upon sun exposure.'! In general,
the epidermis becomes thinner over the years with thicker, coarse areas. Blood
vessels can be easily seen through the skin where it is thinner, and in these areas,
the skin bruises and bleeds more easily than normal.

B Loss of Langerhans cells and immune cytokins can be observed in the case of
photoaged skin as well, leading to compromised immune competency of the
skin.

B Due to UV exposure and smoking, the skin starts to lose its normal pink glow
and a sallow yellow color develops instead. In areas of the skin that are exposed
to the sun, usually there is an increased number and activity of melanocytes.
This is manifested by the appearance of darker spots (i.e., age spots) on the
skin. Hypopigmented areas also often appear on photodamaged skin.

B Changes triggered by photodamage and smoking can also be observed in the
dermis. Repeated exposure to such factors leads to the degradation of collagen
and elastin and the accumulation of abnormal elastin (medically termed “elas-
tosis”). The subcutaneous fatty layer decreases in thickness as well. All these
result in decrease in the skin strength and elasticity as well as wrinkling and
sagging.'® It has been shown that sun exposure significantly speeds up the rate
of degradation of collagen, leading to dramatic structural changes in the exposed
areas.'*

As you can see, age-associated skin changes and sun-exposed skin changes are
similar; however, the latter are more dramatic and can potentially lead to more severe
outcomes.

@ DID YOU KNOW?

UV light is divided into three groups based on the light’s wavelength. It includes
UVC, which is largely blocked by the ozone layer and has little impact on the skin.
UVB penetrates only into the epidermis and is responsible for the redness, sun-
burn, DNA damage, hyperpigmentation, and skin cancer. UVA requires a much
higher dose to cause sunburn, and for this reason, it was long considered irrelevant
to skin damage. However, because it can penetrate deeper into the skin than UVB,
today, UVA is thought to play a more substantial role in the photoaging. UVA is
believed to be responsible for most chronic skin damage associated with photoag-
ing; therefore, photoprotection should cover both UVA and UVB radiation. '’
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Drug or Cosmetic?

Anti-aging products can be either drugs or cosmetics. According to the FDA,
“whether a wrinkle remover product should be regulated as a drug or a cosmetic
depends on the claims the manufacturer makes for the product.” Referring back to
the definition of a drug and cosmetic in the US (Section 1 of Chapter 1), the main
difference between these two categories is the intended use of the products. It is the
manufacturers’ responsibility to decide whether their claims and/or ingredients used
in their products make the products to be considered drugs based on the regulations
and act according to that.'®

Some ingredients used in anti-aging formulations are listed in the OTC mono-
graph as skin protectants in certain concentrations.!” Examples were discussed in the
previous sections. If they are included in anti-aging formulation in the listed concen-
trations, the products are considered drugs.

As discussed earlier, anti-aging products are often advertised as cosmeceuticals
and claim to offer additional benefits over “simple cosmetics” (i.e., not cosmeceuti-
cals). However, since most anti-aging products are sold as cosmetics, manufacturers
cannot use the term “active ingredient” on the labels. Therefore, the main ingredients
are often called “bioactive” ingredients (or functional ingredients). As most of these
formulations contain one or more ingredients aimed at delaying the appearance of the
first signs of aging and/or removing these signs, there is a base for claiming additional
benefits. The term is widely used not only in cosmetic advertising but also in period-
icals and promotional materials. However, as discussed in Section 1 of Chapter 1, it
is not recognized by US law. New anti-aging ingredients are continuously developed
and synthetized, leading to an increasing number of available ingredients. Their
mechanism of action, however, is not precisely understood in all cases. Therefore,
even if a manufacturer does not claim drug-like effects for a product and sells it as
a cosmetic, it may still affect the structure and/or function of the human skin.

Typical Ingredients Used in Topical Anti-Aging Products

@Today, there is a wide range of products and procedures for the prevention
and/or treatment of aging skin, ranging from non-invasive technologies to inva-
sive methods.

® Non-invasive technologies include primary prevention, such as healthy
lifestyle, refraining from smoking, and using sunscreens, topical cosmetics
and drug products applied directly to the skin, microdermabrasion, certain
laser devices, as well as systemic treatments, including hormone replacement
therapy.

B Invasive technologies include chemical peels, topical injections of chemicals,
such as botulinum toxin and various dermal fillers, dermabrasion, various laser
devices, as well as corrective surgeries. This section focuses on the non-invasive
treatment options, primarily on the topically applied products and their main
ingredients.
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A healthy skin barrier is an important protector against dehydration and penetra-
tion of various physical and chemical entities and contributes to skin regeneration,
elasticity, and smoothness.!® Therefore, its daily maintenance is an essential part of
the anti-aging therapy. A further step in the anti-aging therapy is to prevent or at least
slow down the degradation of skin elements, such as collagen and elastin, which nat-
urally occurs over time. @Botanical extracts, antioxidants, proteins and peptides,
retinoids, hydroxy acids (HAs), and sunscreens are claimed to prevent oxidative
reactions and the formation of free radicals, resurface the epidermis, and pro-
mote the natural synthesis of collagen and elastin. Their main characteristics with
commonly used examples are discussed here.

B Botanical extracts are very popular today, and they are frequently used as
bioactive ingredients in anti-aging products. Botanical extracts are naturally
sourced ingredients with various, often, multiple effects, including antioxida-
tion (such as coffee and pomegranate),'® photoprotection (such as black tea and
olive),20 smoothing, calming, anti-inflammatory effects (such as chamomile and
various mushrooms),?!?? skin lightening (such as blueberry and ginseng),??
skin tightening (such as peppermint and witch hazel), and emolliating effect
(such as jojoba and coconut extract). Most commonly, botanical extracts are
used in combination with one another for their combined benefits.Natural prod-
ucts, including herbal extracts, are very popular today. However, there are some
facts that should be kept in mind regarding these products. In general, herbal
extracts exhibit more variation than synthetic products, regarding their ingredi-
ents. The constituents of herbs and other botanicals highly depend on multiple
factors, including growing conditions, climate, weather, harvesting methods,
and extraction methods. Herbal extracts are often used in very small amounts
in cosmetic products, which fall far below their therapeutic ranges. Although
some extracts (including green tea) have been shown to be able to influence
mechanisms in the skin that are beneficial for anti-aging via antioxidant and
anti-inflammatory properties, there is only a limited number of clinical studies
performed with topical formulations containing such extracts. For this reason,
the real usefulness of such ingredients in providing anti-aging benefits is still
questionable.

m Oxidative stress is considered to be the cornerstone of the biochemical path-
ways, leading to both chronological aging and photoaging.”* Human skin has
an efficient antioxidant system, which is able to counteract the negative effects
of oxidative stress.2> However, in the case of chronic or severe oxidative stress,
this endogenous network is not effective enough; therefore, tissue damage
may occur.?® According to the free radical theory of aging, oxidative stress
increases with age and, at the same time, the endogenous antioxidant system
becomes less effective.”’ Developing free radicals promote degradation of
collagen, elastin, and hyaluronic acid and cause signs of aging. Therefore,
supplying the skin with antioxidants is believed to be beneficial in slowing
down aging. Antioxidants protect the cells from damage by neutralizing the
free radicals. Today, antioxidants can be found in an increasing number of
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cosmetic and OTC drug—cosmetic products and also in drinks and foods.
Commonly used ingredients include vitamins, such as vitamin C, vitamin B;,
and vitamin E; botanical extracts, such as green tea and grape-seed extract; and
other ingredients, such as resveratrol, lipoic acid, ferulic acid, and coenzyme
Q10 or ubiquinone. In terms of preventing the effects of photoaging, it is not
yet known which antioxidants are the most effective. It is believed that, for
the best results, foods and drinks containing antioxidants should be consumed
in addition to using topical products.’® Antioxidants not only can serve as
protective molecules against oxidation but also, some of them, can stimulate
collagen production, preserve hyaluronic acid levels in the skin, and also exert
anti-inflammatory effects.?’

Peptides and proteins are also very popular today as antiaging ingredients that
are formulated into topical formulations as well as injectable products. They
have multiple effects, including anti-inflammatory, wrinkle reduction by stimu-
lating collagen production, thickening the skin and firming it; smoothing; mois-
turization; and skin protective effects. Examples for commonly used peptides
and proteins include natural ingredients, such as collagen, elastin, hydrolyzed
wheat, and soy proteins; a number of synthetic ingredients, such as matrikines,
neuropeptides, including botulinum toxin; and a variety of enzymes, such as
proteolytic enzymes.

@ DID YOU KNOW?

Hyaluronic acid is a linear polysaccharide naturally found in the dermis. It is a
natural humectant that keeps the skin moisturized. Hyaluronic acid is commonly
used as a dermal filler in the US to fill in facial wrinkles.

B Retinoids are a class of substances comprising vitamin A (retinol) and its

derivatives. These ingredients are incorporated into both prescription-only
medications and OTC drug—cosmetic products. Retinoic acid and its deriva-
tives adapalene, tazarotene, and bexarotene are registered prescription drugs.
Topical retinol derivatives that are used in antiaging formulations include
retinyl esters, retinol, retinaldehyde, and oxiretinoids.3?

In general, retinoids are lipophilic molecules that can penetrate the epider-
mis and enter the dermis.' Their effects include the improvement of surface
roughness, improvement of age spots, and reduction of fine lines by decreas-
ing the amount of collagen breakdown and stimulating the production of new
collagen.?>33 Retinoids work at the molecular level through receptors in the
skin cells.

Retinoic acid was originally intended for acne treatment. Clinical studies, how-
ever, demonstrated that it is not only effective in treating acne but also prevents
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both skin aging and improves the already damaged skin. It has been extensively
studied since then and used as an effective topical treatment for photoaging,
acne, and other dermatological disorders. It is available in prescription strength
only. One of its major drawbacks is that it can be irritating to the skin, and the
condition developed is usually referred to as “retinoid dermatitis” or “retinoid
reaction,” which limits its use. The topical effects, such as the burning sen-
sation, redness, and peeling, mainly occur in the first weeks of the retinoic
acid treatment and are almost always transient and diminish with continued
application.?* However, many patients discontinue the therapy upon appear-
ance of such symptoms. Approaches have been made to decrease the irritating
potential of retinoic acid. These include the formulation of specific delivery
systems as well as synthesis of new derivatives.* An additional side effect
associated with retinoid therapy is photosensitization, which normally occurs
at the beginning of the therapy. Patients on retinoid therapy are advised to avoid
excessive sun exposure and take precautionary measures (such as the use of sun-
screens) for sun protection. However, after a few months of therapy, the skin’s
response to UV radiation returns to normal.¢

Retinaldehyde and retinol are gentler derivatives of retinoic acid, which are
also scientifically proven to deliver anti-aging effects. They are available with-
out prescription. Both retinaldehyde and retinol are precursors of retinoic acid
(i.e., they are converted into retinoic acid, the biologically active form of vita-
min A in the skin).37 Retinol has been shown to be safe, effective, and better
tolerated than retinoic acid in low concentrations.3¥ 4% Currently, retinol is the
most often used retinoid, which has been shown to have positive effects not only
on extrinsic aging but also on intrinsic skin aging.*! To prevent irritation, prod-
ucts should be used at night in small amounts. Using moisturizers is also often
recommended by dermatologists to prevent dryness. The use of sunscreens is
also essential when using retinoids since these products make the skin photo-
sensitive. Retinoids are best used at night as they are photoinactivated, meaning
that direct sunlight will break them down and make them less effective.*> When
using retionoids, it has been shown that most of the improvement in aging signs
occurs within the first year of treatment and improvement is maintained with
continued use by up to 4 years.*3

@g DID YOU KNOW?

Some AHAs are also BHAs when the molecule contains two or more carboxyl
groups. In this case, the hydroxyl group is in the alpha position to one carboxyl
group and, at the same time, is in the beta position to the other carboxyl group.
For example, malic acid (apple acid) containing one hydroxyl and two carboxyl
groups is both an AHA and a BHA.
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® HAs are naturally occurring organic carboxylic acids, which have attracted

much interest over the past decade in the treatment of aging. They include
AHAs, such as lactic acid, glycolic acid, malic acid, tartaric acid, and citric
acid; beta hydroxy acids (BHAS), such as beta-hydroxybutonic acid; poly-
hydroxy acids (PHAs), such as gluconolactone; bionic acids (BAs), such
as lactobionic acid; and aromatic hydroxy acids (AMAs), such as salicylic
acid. These organic acids are normally synthesized; but some of them can be
derived from natural sources, such as sugar cane, sour milk, apples, grapes,
and citrus fruits. HAs can deliver numerous skin effects, including exfoliation,
moisturization, anti-inflammatory properties, and antioxidative effects. One of
their major beneficial effects is the improvement of photoaged skin. Visible
results include a decrease in roughness, skin discoloration and overall pigmen-
tation, an increase in total skin thickness and in the density of collagen, and
an improved quality of elastic fibers, which makes the skin look firmer.4+*3
In low concentrations (4—10%), HAs are components of nonprescription
creams and lotions that are promoted as being effective for skin aging. In high
concentrations (>20%), they can be used as chemical peels to treat various
conditions and diseases, including calluses, acne, and photoaging.

AHAs, such as glycolic acid and lactic acid, are widely used in skin care
products to provide exfoliation (as a chemical peeling agent) and skin resurfac-
ing. Citric acid is widely used in topical formulations as an antioxidant and
pH adjustor, as well as an anti-aging ingredient.*® Gluconolactone, a PHA,
is also commonly used in cosmetic formulations since it strengthens the skin
barrier function,*’ and it is a gentle moisturizing and antioxidant substance.*®
In addition, it delivers anti-aging benefits. An advantage of this ingredient is
that it does not lead to an increase in sunburn after UVB irradiation, which
is known to occur with glycolic acid.** Gluconolactone can also be formu-
lated with oxidative drugs, such as benzoyl peroxide, to help reduce irrita-
tion potential and erythema caused by the oxidative drug.’® BAs are hygro-
scopic materials, and their aqueous solution turns into a gel at room temperature
since water evaporates from it. This gel can provide protective and soothing
effects for inflamed skin; therefore, it can be used after cosmetic procedures
that weaken the skin’s barrier, such as superficial chemical peels.’! Lactobionic
acid, a BA, also provides significant benefits against sun-initiated damage of
the skin, preventing wrinkle formation, skin laxity, and the formation of vis-
ible red spots.”? Salicylic acid, an AMA, is also a widely used ingredient in
OTC and prescription-only cosmetic preparations for a variety of applications.
Salicylic acid is a lipophilic (i.e., fat soluble), which makes it useful in sub-
jects with oily skin. It has keratolytic (peeling) effect and has antibacterial
properties.>?
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@ DID YOU KNOW?

Chemical peeling is a minimally invasive procedure used for the cosmetic
improvement of the skin. During this procedure, a chemical agent of a defined
strength is applied to the skin, which causes a controlled destruction of the skin
layers (epidermis and/or dermis) with subsequent regeneration and rejuvenation
of the tissues, resulting in improvement of texture and surface abnormality.>*
Chemical peels are classified into three categories, depending on the depth of
the wound created by the peel: (a) superficial peels penetrate the epidermis
only, causing surface desquamation®; (b) medium-depth peels damage the
entire epidermis and upper part of the dermis, causing coagulation of membrane
proteins and destroying living cells*®; and (c) deep peels create a wound to the
level of the mid-dermis, leading to protein coagulation and complete peeling of
the epidermis as well as restructure of the basal layer and restoration of the dermal
structure.”® HAs, primarily glycolic acid, lactic acid, and salicylic acid, are often
used as superficial peeling agents in practice, either alone or in combination
with other dermatologic devices, to provide complementary benefits and enhance
outcomes of procedures, including injectable fillers, microdermabrasion, and
laser therapy. Chemical peeling is usually a safe procedure when performed
by qualified and experienced professionals. However, these procedures are not
recommended for everyone. Patients should visit their dermatologists and find
out whether this treatment is indicated for them.

B Sunscreens provide photoprotection by physically blocking the sunlight or
absorbing and transforming it in the skin. As sunscreens are discussed in a
separate section (Section 5 of this chapter), these ingredients are just mentioned
here as anti-aging ingredients. Although there are several treatments available
for aged skin, prevention of extrinsic aging remains the best approach to
prevent aging. This includes avoiding sun exposure and using sunscreens when
sun exposure cannot be avoided, avoiding smoking and pollution, preventing
unnecessary stretching of the skin, eating a diet rich in vegetables and fruits, as
well as consuming antioxidants and using topical antioxidants.

Formulation Considerations for Topical Anti-Aging Products

The majority of cosmetic formulations applied to the skin are not required to penetrate
into the deeper skin layers as they act topically on the skin surface. Skin cleansers
remove dirt and soil, moisturizers hydrate the SC and smoothens it via supplying
the SC with lipids, while makeup products enhance the appearance, even out skin
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tone, and cover skin problems. Most anti-aging formulations, on the other hand are
examples for formulations that are necessary to penetrate the skin (deeper layers of
epidermis and dermis) for optimal effects.

Penetration of the actives through the skin is not an easy process as many would
think. First, the actives need to be in a dissolved state in order to be absorbed into
the skin (penetrate the skin). After applying the emulsion (the majority of cosmetic
products) to the skin, certain ingredients, including water, start to evaporate. Evapo-
ration changes the composition and structure of the emulsion on the skin surface. If
the active is dissolved in the oil phase, water evaporation is a beneficial phenomenon
since it may accelerate the delivery of the active into the skin. On the other hand, if
the active is dissolved in the water phase, water evaporation can significantly affect
the amount of actives remaining in the dissolved state, i.e., staying “deliverable.” In
such cases, water evaporation retardants have to be used to slow down the water’s
evaporation rate as much as possible.>’

From the active’s perspective, there are many factors that can influence its success-
ful delivery to the skin. The SC has a lipoid characteristic due to its lipid components.
The deeper layers of the epidermis and also the dermis are more aqueous compared to
the SC. An ingredient has to penetrate the SC from the vehicle and be able to diffuse
through the SC to the viable epidermis and upper dermis in order to be efficacious.
There are a number of factors influencing the ability of a given molecule to penetrate
through the SC and get down to the dermal layer. The two most important consider-
ations are the molecular size and solubility.57 In general, molecules with more than
500 Da do not penetrate easily through the SC. As for solubility, hydrophobic (i.e.,
lipophilic) components have a better chance of penetrating the lipids in the SC than
water-soluble components. However, highly lipophilic components may move into
the SC and stay there instead of moving to the more aqueous epidermis and dermis.
Additionally, unionized molecules penetrate the skin better than an ionized molecule.
As pH can significantly influence the ionization state of molecules, the formulations’
pH is always critical to have optimal penetration. Beyond these prime determinants,
there are additional molecular properties that can affect penetration of drugs into the
skin. Such factors include binding of the active to skin components (such as lipids,
proteins, and enzymes), interaction between the active and the tissue, and particle
size if the active is in a suspended state in the formulation.>®

There are a number of techniques to increase the penetration of the ingredients
through the skin. Examples include formulating a supersaturated solution of the
main ingredient in the vehicle using specific solvents, lowering the melting point of
the main ingredient, altering the solubility of the main ingredient, using ingredient
that can enhance the penetration of the main ingredient (the so-called penetration
enhancers), and many others.

OThe majority of anti-aging formulations are emulsions (both lotions and
creams) since they offer cosmetically elegant formulations with the potential to
include oil- and water-soluble components at the same time. When water evapo-
rates from O/W emulsions, a thin film is left behind on the skin that contributes to the
silky feeling on the skin. In the case of W/O emulsions, the film left behind is much
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oilier, providing a higher degree of moisturization and/or occlusive effect. However,
their aesthetic properties are not as appealing to patients.

In addition to simple macroemulsions, other delivery systems have also been
developed to deliver ingredients to the skin surface, including gels, foams, masks,
cloths, and serums, as well as more advanced delivery systems, such as liposomes,
niosomes, solid lipid nanoparticles (SLNs), and nanostructured lipid carriers (NLCs),
among others. The latter systems can be also formulated as lotions, creams, and gels.
The main advantage of these systems is that they can increase the stability of the
sensitive, unstable ingredients, reduce the irritating potential of irritating ingredients,
and also increase the aesthetics (i.e., skin feel) of formulations. A short summary of
the main characteristics of some advanced delivery systems is provided here.

@ DID YOU KNOW?

Petrolatum is a very effective ingredient for skin healing; however, patients do not
like applying petrolatum to their skin since it feels sticky and greasy and is not
easy to wash off the skin. When formulated into advanced delivery systems, such
as liposomes, the system could allow small amounts of petrolatum to be released
onto the skin surface, avoiding the aesthetic drawbacks.>®

B Liposomes are microscopic spherical vesicles that have a lipid bilayer structure
resembling the natural structure of the biomembranes. In the case of unilamellar
liposomes, the core (interior) is hydrophilic, while the inside of the phospholipid
layers is lipophilic (see Figure 3.19a). Based on this feature, both hydrophilic
and lipophilic active ingredients can be incorporated into liposomes to enhance
their skin penetration and thus efficacy. In addition, the phospholipids used as

(b)
Figure 3.19 (a) Liposome and (b) micelle.
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the membrane components can function as moisturizers to the skin.>® Despite
these positive features, a major problem is the limited physical stability of lipo-
somes in emulsions. Liposomes tend to fuse with one another and with the
surfactant layer of oil droplets, shortening the shelf-life of such formulations.5°
Additionally, studies show that they are rigid and cannot deeply penetrate the
skin.6!

@ DID YOU KNOW?

Liposomes may look similar to micelles; however, these are not similar entities
(see Figure 3.19a, b). They are composed of a lipid bilayer and have one or
more hydrophilic compartments (depending on the number of lipid bilayers)
and lipophilic compartments. Micelles are monolayered structures, and they are
surfactant aggregates. They typically have a lipophilic core and a hydrophilic
surface, or a hydrophilic core and a lipophilic surface (in the case of inverted
micelles).

® Niosomes are also spherical vesicles similar to liposomes; however, instead of

phospholipids, they are made of nonionic surfactants of the alkyl and dialkyl
polyglycerol ether class and cholesterol.®> Niosomes have a structure consist-
ing of hydrophilic, amphiphilic, and lipophilic moieties together, and therefore,
they can accommodate active ingredients with a wide range of solubility (simi-
lar to liposomes).®3 Niosomes do not contain phospholipids; therefore, they do
not provide the skin surface with a moisturizing effect. However, they tend to
have better oxidative stability compared to liposomes.

SLNs and NLCs are both specific delivery systems belonging to the nanoma-
terial scale. Both systems contain solid particles (i.e., solid lipids) at room as
well as body temperature into which the liposoluble active ingredients can be
encapsulated. NLCs have been shown to be more beneficial since they are capa-
ble of including more actives compared to SLNs and provide a better long-term
stability. It has also been demonstrated in clinical studies that NLCs form a
thin protective layer on the skin surface and lower water evaporation, thus have
a hydrating effect. This effect is similar to the effect provided by occlusives;
however, NLC formulations are aesthetically more appealing compared to prod-
ucts containing occlusives.®* In addition to the hydrating effect, occlusion also
enhances the penetration of actives into the skin.%5 Due to their ultrafine size,
it has been shown that NLCs can provide better skin hydration and occlusion
compared to traditional delivery systems (e.g., macroemulsions). The degree of
occlusion can be altered by changing the particle size. In general, the smaller
the size of the particles, the less water evaporates from the skin.%0-67
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It is well known that the vehicle plays an important role in the penetration of the
actives and efficacy of formulations. In addition, using an appropriate vehicle can
also decrease the irritation potential of retinoids, for example, and can increase the
stability of unstable ingredients, such as vitamin C (which has oxygen sensitivity).%®
Therefore, selecting an appropriate vehicle is essential for optimal results.

Formulation Challenges for Common Anti-Aging Ingredients

When formulating anti-aging products, enhancing the penetration of the ingredients
to the deeper viable layers of the skin (if needed) is just part of the challenge. Many
ingredients are highly sensitive to light, oxygen, and aqueous environment, and
therefore, additional precautions should be taken during product formulation. Some
examples for these challenges are discussed here.

® When working with retinoids, safety, efficacy, and tolerability of the formula-
tions should be taken into account at the same time. Although certain retinoids
are proven to be more efficacious than other, their tolerability is worse, which
leads to discontinuation of the therapy early on.®® Therefore, selection of the
active ingredient and optimization of the formulation to reduce the irritation
potential, even with the inclusion of anti-inflammatory ingredients, are essen-
tial.

m Retinoids are unstable, especially in the presence of oxygen and light. To
increase their stability, special delivery systems can be employed, as well
as both formulation and packaging should be done in an environment with
minimal exposure to oxygen and light.”?

®m Vitamin C and its derivatives are highly oxygen sensitive, leading to degrada-
tion of the active compound. Despite various stabilization strategies, such as
exclusion of oxygen during formulation and packaging, using advanced deliv-
ery systems, changing pH of the formulation, and using antioxidants, ascorbate
stability is still a challenge.”® Another issue with vitamin C is its poor penetra-
tion into the skin. It is a water-soluble compound, and due to its polarity, it will
not readily enter the SC. Similar to improving its stability, various approaches
have been made to enhance its skin penetration, including lowering the pH and
using derivatives. At pH 3.5, the ionic charge on the molecule is removed, and
it is transported well across the SC.”!

® AHAs have a low pH. It has been shown that the lower the pH, the greater the
efficacy is and, unfortunately, also the irritation.”> As for the formulation, this
low pH may be challenging from a thickening perspective since some common
thickeners, such as carbomers, are not effective at such low pH.

® Delivery of peptides and proteins can be very challenging due to their solubility,
charge, and size. It has been shown that the addition of a lipophilic chain to
the molecule highly increases the penetration.”? Additionally, using advanced
delivery systems, such as liposomes, may also help in penetration. Additional
challenges include their limited stability in aqueous environments’* as well as
their high cost.
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As seen in this short summary, there are many challenges that formulators have
to overcome in order to have a stable, aesthetically appealing, safe, effective, and
well-tolerated formulation.

Safety Issues Regarding the Use of Topical Non-invasive Anti-Aging
Ingredients

Anti-aging ingredients, as seen earlier, can absorb and significantly alter the
structure and physiological function of the skin. As most products are used for a
long period of time and ingredients may have mild, moderate, or severe side effects,
Oconcerns arose regarding the safe use of some anti-aging ingredients, includ-
ing AHAs, topical retinoids, and peptides and proteins. The major concerns are
discussed here.

Alpha Hydroxy Acids (AHAs) One of the major concerns with regard to the use
of AHAs is that they can increase the skin’s UV sensitivity. The type and extent of
additional side effects of AHA therapy depend on the type and concentration of the
ingredients used, but generally, they can include burning, rash, pigmentary changes,
peeling, and itching. The more serious adverse reactions appear to occur most often
with products that cause the greatest degree of exfoliation, such as chemical peels.
Both the FDA and the CIR investigated the safety of AHAs. The FDA concluded that
sensitivity is reversible and does not last long after discontinuing the use of the AHA
cream. In their study, one week after the treatments were discontinued, no significant
differences in UV sensitivity among the various skin sites were found. Additional
studies concluded that glycolic acid did not affect photocarcinogenesis (i.e., the devel-
opment of cancer cells associated with exposure to light) in mice and that salicylic
acid had a photoprotective effect (protection against the effects of light) in mice.””
Currently, the FDA has the following labeling recommendation for topically applied
cosmetics containing AHAs: “Sunburn Alert: This product contains an alpha hydroxy
acid (AHA) that may increase your skin’s sensitivity to the sun and particularly the
possibility of sunburn. Use a sunscreen, wearprotective clothing, and limit sun expo-
sure while using this product and for a week afterwards.””® Its purpose is to educate
consumers about the potential safety issues. The CIR Expert Panel has also evaluated
the safety of AHAs. To reduce the risk of irritation, they recommended that AHAs
concentration should not be higher than 10% and the pH should be at or above 3.5.
In addition, the CIR Panel recommended that AHA-containing products should be
formulated to avoid enhancing sun sensitivity and that consumers should be advised
to use sun protection daily.

Topical Retinoids Safety concerns for the use of topical retinoids have been dis-
cussed earlier (under ingredients). The major concerns include retinoid dermatitis,
which diminishes within a few weeks of use, and sun sensitivity, which also disap-
pears after a few months of therapy. Over the past decades of research, no systemic
side effects on long-term treatment with topical retinoids have been observed in young
adults. This is related to the insignificant systemic absorption of the applied doses
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of retinoids.”” Nevertheless, pregnant women are generally advised to cease topical
retinoid treatment during pregnancy.

Peptides and Proteins Cosmetics, including anti-aging formulations, contain pro-
teins and peptides for their beneficial effects. Certain ingredients can be found in
nature, including wheat and oat proteins (in plants), as well as collagen and elastin (in
animals). There were severe concerns in the past century about the use of beef proteins
and hormonal extracts from bovine organs and glands in cosmetics due to their poten-
tial to cause mad cow disease (medically termed bovine spongiform encephalopa-
thy, BSE). Mad cow disease is a fatal disorder of cattle, belonging to a group of
progressive degenerative neurological diseases known as transmissible spongiform
encephalopathies (TSEs). “Bovine” means that the disease affects cows, “spongi-
form” refers to the way the brain of a sick cow looks spongy under a microscope,
and “encephalopathy” indicates that it is a disease of the brain. Currently, the most
accepted theory is that the agent causing BSE is a modified form of a normal cell pro-
tein known as a prion. It is believed that BSE was spread via meat and bone meal fed
to cattle. The vast majority of BSE cases (over 90%) were reported from the United
Kingdom (UK), and other places included some European countries. In the US, only
four cases have been reported to date.”® There are TSEs affecting humans, and these
include the classical Creutzfeldt—Jakob disease (CJD) and variant Creutzfeldt—Jakob
disease (vCJID), among others. The classical CJD is an extremely rare disease, while
vCJD cases were reported in a higher number in the past two decades, mainly from
the UK.7-80 It is not known whether using topical cosmetics containing BSE agents
on intact, broken, or abraded skin would lead to neurodegenerative diseases in human;
however, it cannot be ruled out. To prevent any infections, certain cattle-sourced mate-
rials are on the prohibited ingredient list in the US and cannot be used to manufacture
cosmetics. These include ingredients sourced from specific risk organs, such as the
brain, eyes, spinal cord, and others. It is important to emphasize that milk and milk
products, among others, are not included in this list.®!

Part 2: Anti-Acne Products

Introduction ®Acne vulgaris is a common dermatological disorder of the
pilosebaceous unit that has a complex pathophysiology and can be triggered
by a number of factors. It primarily affects teenagers; however, it can also affect
adults. Acne is estimated to affect 40—50 million people in the US, with an 85%
prevalence in those aged 12—24 years,3> which makes it the most common skin
disorder that dermatologists treat.®33* With regard to gender, acne is significantly
higher among women than among men in all age groups.®> Acne primarily affects
the skin; however, it may also cause distress and, in some individuals, contributes to
lowered self-image.
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