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Preface

The introductory paragraph of the preface to both the first and second editions of this
encyclopedia, published in 1988 and 2002, respectively, notes that pharmaceutical science
and technology have progressed enormously in recent years, and that significant advances
in therapeutics and an understanding of the need to optimize drug delivery in the body
have brought about an increased awareness of the valuable role played by the dosage form
in therapy. In turn, this has resulted in an increased sophistication and level of expertise in
the design, development, manufacture, testing and regulation of drugs and dosage forms.

This statement is as true today as it was back in 1988 and 2002—and perhaps more so,
given the increasing emphasis being placed on the discovery, development, and use of large
molecular entities as therapeutic and diagnostic agents. The pace at which these advances
are being made is reflected in the fact that, after only four years, it has been felt necessary
to publish this, the third edition, of the Encyclopedia of Pharmaceutical Technology. As
with the second edition, the third edition is available in print and also online.

The third edition continues the focus on the discovery, development, design, manufac-
ture, testing, regulation, and commercialization of drugs and dosage forms. Areas of
emphasis include pharmaceutics, pharmacokinetics, analytical chemistry, quality assur-
ance, drug safety, and manufacturing processes. Both more traditional and newer technol-
ogies and processes are included, with an increased emphasis on biotechnology and large
molecule development. Current trends relating to solid state aspects of drug entities are
also included, reflecting again the advances made in this area.

While of primary interest to pharmaceutical scientists and management in the pharma-
ceutical and related industries, including regulatory agencies, the encyclopedia will be of
value to those in academia undertaking pharmaceutical research and those responsible
for the education and training in pharmaceutical science and technology of graduate
and undergraduate students.

The print version of the third edition consists of six volumes totaling about 4400 pages,
an approximately 45% increase in content compared to the second edition. The number of
articles has increased to almost 300 titles arranged alphabetically by subject and the num-
ber of contributors has risen by over 50% to in excess of 500 individuals. The new edition
now contains a Topical Table of Contents, whose purpose is to group article titles
into categories and subcategories, thereby making the reader aware of other related and
relevant articles.

As was the case with the second edition, the online version includes everything in the
print version and also offers the convenience of a keyword search engine as well as the
inclusion of color illustrations. New and revise articles will be digitally posted quarterly
and available to all subscribers of the electronic version.

Preparation of the third edition began under the auspices of Marcel Dekker, Inc. before
it became part of Informa Healthcare USA, Inc. last year. I would be remiss therefore if 1
did not acknowledge the fantastic support received from Carolyn Hall, Managing Editor
of the Encyclopedia Department of Marcel Dekker, Inc. prior to the merger. At the same
time, it is a pleasure to acknowledge to contributions to the development of this third
edition from staff in The Encyclopedia Group of Informa Healthcare USA, Inc., in parti-
cular Louisa Lam, Claire Miller, and Yvonne Honigsberg.

I must note the absence of Jim Boylan’s name as an editor on the third edition. Jim and
I worked closely in partnership as co-editors on both the first and second editions. After
17 years commitment to the encyclopedia Jim decided to relinquish his role as co-editor,
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a move that both I and the publisher greatly regretted. And so, it is fitting that this new
edition, which relies in large part on Jim’s past contributions, is dedicated to him.

Finally, you the readers are to be thanked for your support and comments. I trust you
will find that the third edition continues the high standards set by the previous editions. As
always, I welcome your comments and suggestions for new titles.

James Swarbrick, Editor
Pinehurst, NC
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21 CFR Part 11 Revisited

Thomas Linz
Sigrun Seeger
Schering AG, Berlin, Germany

INTRODUCTION

21 Code of Federal Regulations (CFR) Part 11! has
been discussed at length in the pharmaceutical industry
over the past years, within the companies as well as
in working groups across company borders, industry
associations, seminars, and conferences. By now, the
regulation is eight years old, and its implementation
has moved from a project to a routine phase. This is
now a point in time where the developments of these
years can be revisited and the experience summarized.
We will give an overview over the regulatory back-
ground of Part 11 and related regulations from other
regulatory authorities. We will discuss the process of
implementing of Part 11 in the regulated industry, as
well as individual requirements of Part 11 concerning
electronic records and electronic signatures. Finally,
we will show some examples about how successful
implementation of Part 11 can be achieved.

REGULATORY BACKGROUND
Development of 21 CFR Part 11

21 CFR Part 11 was originally developed on the basis
of industry request. Owing to the increased use of
electronic means in the pharmaceutical industry, com-
panies wanted to move away from paper and toward
electronic systems. This included a wish to be able to
replace traditional paper signatures by electronic
equivalents. Based on this request, work on a regu-
lation covering the aspects started in the early 1990s,
and the final rule came out on August 20, 1997.
The final rule contains the text of the law itself and
a Preamble consisting of a summary of industry
comments to the draft document and the Food and
Drug Administration (FDA) answers to those com-
ments. The Preamble is intended as a support in
interpreting Part 11. The regulation does not only
cover the use of electronic signatures, but also the
requirements concerning the use of electronic records
where no signatures are included.

Currently discussions within the FDA are being
conducted concerning rewriting 21 CFR Part 11 itself.

Guidance Documents

After 21 CFR Part 11 was issued, the FDA published
a number of guidance documents related to the
interpretation of the law. They covered validation,
maintenance, time stamps, and electronic copies. Most
of these never went beyond draft status before being
published for guidance purposes; these documents
and a glossary of terms were eventually withdrawn.
The reason for withdrawing the drafts was that their
interpretation by the FDA seemed to hamper inno-
vation instead of supporting it, which had not been
the original intention of Part 11. Especially certain
aspects (e.g., the strict requirements for electronic
archiving of electronic records and preserving all
functionality) had raised concerns in the industry
regarding the possibility of implementation at reason-
able costs, as compared to the compliance and business
benefits.

In September 2003, a new guidance document!
came out, which was in line with the overall risk-based
approach of the FDA ! Tt narrowed the scope of Part 11
to those records explicitly required by predicate rules.
Furthermore the guidance stated that until Part 11 is
reworked, enforcement discretion would be applied to
certain aspects of Part 11 concerning validation, audit
trail, and electronic copies and archiving, as long as
predicate rule requirements are met. It also indicated
that a risk-based approach would be suitable to evaluate
which measures are necessary for complying with
Part 11. As will be discussed further below (see section
“Definition of Electronic Records’’), this applies mainly
to audit trail and electronic copies, and archiving.

Industry Standards

Within Europe, the good automated manufacturing
practices (GAMP) Forum has been a well-known
industry association for a number of years, with its
publications being used as guidance throughout the
pharmaceutical industry. With the association with
International Society for Pharmaceutical Engineering
(ISPE) and a stronger involvement of US partners,
the latest GAMP guidance, GAMP 4% has become
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a worldwide de facto standard for state-of-the art
validation of computerized systems. This has been
been acknowledged by the FDA, who explicitly accepts
in their guidance document GAMP4 as presenting a
suitable approach to computer validation.

In addition to the main document, a number of
additional guidance documents have been published
during recent years. These include an article in Phar-
maceutical Engineering®™ about a risk-based approach
to computer validation. The article starts from the risk
assessment given in GAMP 4 and provides a model for
a system risk assessment based on the risk level of
the business process supported by the system and the
system vulnerability. As an outcome of this assessment,
it summarizes which validation activities are appropri-
ate for which risk level.

The system risk assessment is seen by the authors as
one step of risk assessment when the system produces
electronic records. The second part would be an
assessment of the risks to the records stored in the
system. Very recently, a new guidance document'® on
a risk-based approach to e-records and signatures
was published, focusing more on the risks related to
records and signatures once they are maintained
electronically, and proposes risk mitigation strategies
for several types of records based on their risks.

European Regulatory Environment
as Compared to the Part 11

The use of computerized systems in the GMP environ-

ment in Europe is mainly driven by Annex 11 to the
Guide to Good Manufacturing Practices.”? As Annex 11

Table 1 Comparison of Part 11 and Annex 11
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was finalized already in 1992, technological aspects are
not described in the same detailed manner. Electronic
signatures are not a major topic in the European guidance;
the focus lies clearly on the data and the system itself.

Those topics of Annex 11 not addressed specifically
in Part 11 are covered implicitly by the requirement
of 21 CFR Part 11 to validate systems coming under
Part 11. Table 1 shows the relationship between both
documents.

Electronic and digital signatures are addressed in
Europe in a directive!® that describes what is con-
sidered a suitable substitute for traditional handwritten
signatures. The directive is not specific for the pharma-
ceutical industry, but was intended mainly to regulate
electronic commerce between companies and the
correspondence between industry and authorities or
between authorities. Therefore not all concepts and
requirements presented apply in the same manner to
the signatures used within a company for internal
documentation where other security mechanisms as
to the identity and accountability of employees exist.

Other Regulatory Environments

In addition to the European GMP Guide, Pharmaceu-
tical Inspections Convention Scheme (PIC/S) has an
impact on pharmaceutical companies situated mainly
in Europe. The Pharmaceutical Inspections Conven-
tion Scheme tries to harmonize inspections across the
member countries. Therefore, even if the documents
are not legally binding, they will be used by inspectors
to measure companies against. This organization
published in 2003 a new guidance document? for
the life-cycle management of computerized systems.

21 Part 11 FDA Annex 11 EU
Validation 11.10 (a) 2
Copies for inspections 11.10 (b) 12
Ensure readability for the entire 11.10 (c) 9,13, 15
retention period
Limit system access 11.10 (d) 8, 10
Audit Trail 11.10 (e) 10
Sequence of entries 11.10 (f) 6
Authority checks 11.10 (g) 8, 10, 19
Device checks 11.10 (h) —
User training 11.10 (i) 1
Documentation 11.10 (k) 4,11
Electronic signatures 11.10 (j) + 11.50, 11.70, 19%

11.100, 11.200, 11.300

“Requirement is limited to ensuring the identity of the qualified person when releasing the batches electronically and limiting the access to the

functionality of releasing to this person.
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As U.S.A. is not a member of PIC/S, Part 11 is not
cited as an explicit requirement, but when describing
the use of electronic records and electronic signatures,
references are made to the US regulations as well as to
European directives and guides and GAMP.

In Japan, the Ministry of Health, Labor, and
Welfare published recently a guideline!'” for the use
of electronic records and signatures, whose main point
is clearly in line with Part 11.

IMPLEMENTATION OF 21 CFR PART 11
IN THE REGULATED INDUSTRY

From Part 11 Implementation Project
to Routine

After 21 CFR Part 11 was published, the companies
had to assess whether the systems in place came under
the law, if they were compliant with the law and, if not,
how remediation could take place. In many companies,
this was done in the context of a project started
somewhere between 1997 and 2001. Usually, this
project included all regulated areas in a company and
consisted of the following steps:

Gaining management sponsorship for the project.
Creating Corporate standards for the interpretation
and implementation of 21 CFR Part 11.

e Inventorying all computerized systems, as far as
such inventory lists are not already available.

e Carrying out a first prioritization of the systems.

— This step is done to identify certain high-risk
systems that have to be considered first in the
further course of the project. These include
e.g. systems that will have a direct relationship
to product release.

e Assessing all systems as to

— Applicability of 21 CFR Part 11 for electronic
records and/or signatures

— Criticality of the records stored in the system
(record risk assessment)

— Compliance with the individual items of 21
CFR Part 11

e Creating an overall master plan for remediation,
prioritizing the systems that need to be brought into
compliance first

e Creating remediation plans for each individual sys-
tem, stating necessary technical and organizational
measures, responsibilities and timelines

e Performing the remediation actions
e Creating procedures that bring the activities related
to 21 CFR Part 11 into routine.

Often enough the project was connected to an over-
all review of the validation activities in the company.
This makes sense for those systems coming under the
purview of Part 11; a review of the validation docu-
mentation has to be done at any rate to check whether
certain specific aspects have been covered during
validation. These aspects are discussed further below
(see section “Validation™’).

Many technical remediation activities—mainly the
costly ones—were set on hold after the publication of
the draft guidance “Scope & Application,”’ and after
publication of the final rule, particularly the system
assessments were reevaluated. This way, planned bud-
gets for Part 11 remediation could be decreased dra-
matically and adjusted to a reasonable level, money
was focused on bringing critical systems into full
compliance, instead of trying to bring all systems to
the same level of technical compliance independent of
the risk the records impose.

Part 11 as Integral Part of System Life Cycle

Once the project is completed, the aspects of Part 11
have to be integrated routinely into the system life
cycle management. During the system life cycle Part 11
impacts on several steps:

e When setting up the requirements of a new system,
it should be assessed at the beginning of the project
whether the system will store electronic records or
may be using electronic signatures. This should
include an initial risk assessment of the records.

e The user requirements documentation has to include
those aspects of Part 11, which have to be implemen-
ted technically for those records or signatures that are
to be managed by the system.

e The system design documentation has to include
how the requirements have been implemented.

e Especially when implementing for the first time
electronic signatures, the organizational measures
have to be in place before the system will go live.

e During change control, the Part 11 requirements
have to be considered.

The transition from the project to routine should be
accompanied by training of all parties included in the
system life cycle. The training programs for computer
validation and change control should be amended by
the aspects of Part 11, so that there is a comprehensive
understanding of what the implications of Part 11 are
when implementing and maintaining systems.




Legacy Systems

The guidance “Scope & Application’’'! contains state-
ments regarding “legacy systems:”’

e “In addition, we intend to exercise enforcement
discretion and do not intend to take [...] action to
enforce any part 11 requirements with regard to
[...] legacy systems [...] under the circumstances
described in section II1.C.3 of this guidance.”” (44—47)

e [...]criteria [...] (section III.C.3, 264-270):

— The system was operational before the effective
date.

— The system met all applicable predicate rule
requirements before the effective date.

— The system currently meets all applicable
predicate rule requirements.

— There is documented evidence and justification
that the system is fit for its intended use (includ-
ing having an acceptable level of record secur-
ity and integrity, if applicable).

Following an interpretation of these criteria, this
means that—independent from the effective date—it
is required that

e GXP [Summary of GMP, Good Laboratory Prac-
tice (GLP), and Good Clinical Practice (GCP)]
requirements have been met/are met.

e An appropriate degree of data security and
reliability is assured.

e The system is fit for its intended use.

Some more aspects can be found in the new GAMP
Guide for a risk-based approach for electronic records
and signatures.' These make clear that a legacy system
only remains as such as long as no major changes have
been made to the system. Therefore the term will only
apply to a very limited number of systems in each
organization because while several systems may have
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been in place since before August 1997, only very few
of them will not have undergone a major upgrade in
functionality since then.

Summarizing all these aspects, this allows only
one conclusion: there is no major difference between
legacy systems and new systems regarding Part 11
compliance requirements. Also, systems in place before
Part 11 became effective should be assessed in the same
manner as any other. If any specific aspects have to be
considered for a true legacy system, then these can be
addressed during the remediation phase for the system.

Part 11 vs. Computer Systems Validation

As described above, Part 11 activities were often con-
nected to an overall review of the computer validation
activities in the projects. In the initial phase of the
projects, there was often some confusion about how
Part 11 and validation interact. The scheme in Fig. 1
demonstrates how systems will be classified.

The figure clearly shows that the systems where
Part 11 compliance is required are a subset of the
GXP-relevant systems. Especially under the narrower
scope for Part 11 as given by the new FDA guidance
document, many systems used for regulated purposes
will come under the classification that they require vali-
dation, but not Part 11 compliance. On the other hand,
if a system does not require validation, it will definitely
not fall under the purview of Part 11.

Some examples of what differences in the activities
required for both types of systems are given below:

System validation

Calculations, interfaces, ... tested
access rights defined and limited,

if applicable backup/restore
procedure available

training of technical staff and users

Accuracy and
reliability of
data ensured

Maintenance of the
validated status

Change control system in place
current system documentation
available

GxP relevant

= Validation required

System 1 | | System 2

not GxP

relevant S
s;gmllurcs

= Part 11 Compliance
required

Electronic records and/or

Fig. 1 GXP-relevant systems vs. systems coming
under Part 11.
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If electronic data are used to perform GMP relevant
activities (e.g., batch record review) and/or electronic
signatures are used:

Part 11 compliance

Audit trail resp. protection
of data

Changes are
visible/traceable
or are impossible
Archiving of the
electronic data

GMP requirement

Possibility to create
electronic copies

In case of inspection

21 CFR PART 11
Definition of Electronic Records

Under the narrow interpretation of 21 CFR Part 11
as given in the FDA’s latest guidance document, only
those records come under the purview Part 11 are
required by predicate rules. This means that the
records have to mention, explicitly or implicitly, any
of the sections of 21 CFR, which deal with GxP
or regulatory requirements. Furthermore the new
guidance document leaves the option open to define
whether the paper or the electronic record is to be
considered the official record.

Therefore, it is the first task of the business process
owner to define which records under his area of
responsibility are electronic records and which not.
The best approach is to have a defined and documented
business process. Then the records growing out of this
process can be determined. In the next step, systems
supporting the process are identified, and records in
the system assessed. The business process definition will
also be needed as a basis for the record risk assessment
and validation activities of a system. An example on
how this can be documented is given in Fig. 2.

Specific care has to be taken to not only consider the
point in time when the records are created but also
what they are used for in later parts of the process.
Also here, a clearly defined business process descrip-
tion becomes an important tool to identify where
records are used. There is a serious trap in considering
the paper as the official record, but nevertheless using
the electronic records for GxP-relevant activities. The
new Guidance for Industry specifically states:

“...f [...] you use a computer to generate a paper
printout of the electronic records, but you nonetheless
rely on the electronic record to perform regulated
activities, the Agency may consider you to be using
the electronic record instead of the paper record.”’
(Part 11-Scope & Application, lines 189-193)

Hybrid systems

Hybrid systems are those systems where both the electronic
and the paper records have regulatory relevance. While
originally discouraged by the authorities, they are still a
reality today. It is now acknowledged that these systems
may be used, as long as they are under suitable controls.

Often enough hybrid systems are legacy systems,
specifically systems not supporting electronic signa-
tures. In these cases, it is very important to define
either in the system documentation and/or in proce-
dures, the business process, and use of the records. This
includes the purposes for which both records are used
and also the interfaces between paper and electronic
system. Table 2 illustrates an example of the use of a
hybrid system.

Risk assessment for electronic records

Based on the information gathered during the defi-
nition process for electronic records, the risk for the
records can be assessed. Such a risk assessment is

Process
Step 1 Step 2
@
Al | | | 2|
sicel 2 | 2| 2| 2| %
D |z E =] o o X o
SIES| @ | @ | @ o | @
GxP relevant X X X
Electronic record X X
System A |
Functionality 1 | X X
Functionality 2 X X
Functionality 3 | X | X X X
Functionality 4 | X | X X
System B ! Fig. 2 Example on how to link process and sup-
Functionality 1 | X porting systems.




Table 2 Chromatography data system as hybrid system
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Description of the situation

A laboratory data management system has been implemented some years ago. For technical limitations,
the review of the raw data collected in the system is done on paper, but the data in the system is used

later on for the GMP-relevant evaluations
Question
What needs to be considered in such hybrid systems?

Assessment and solution

As the data in the system is used for further evaluation, the main issue to be considered is the reliability and integrity of the data
in the CDS. It means that the information about successful review has to be traceable in the system and changes to data
have to be reconciled between paper and system. This can be done by defining that a certain status that can be set in the
system will identify the fact that a review has been performed and the data afterwards frozen. The status change will be
performed only after the review had been completed and the data reconciled. The use of this functionality is described

in the procedures governing the use of the system; the reviewers are trained that the correctness of the data on paper

as well as in the system is their responsibility. Under these circumstances, the evaluation is done based on reliable

data clearly identified as being reviewed and reconciled

very useful to determine later on which controls are
appropriate for the electronic records.

An approach for a risk management program for
electronic records and signatures can be found in the
corresponding GAMP document.!® The assessment
should be based on the impact that the record has on
regulated activities. The outcome of the risk assess-
ment can be used to determine what level of controls
to apply to the system.

Requirements for Electronic Records

This section will not provide an all-encompassing over-
view of all requirements of Part 11. It will focus on those
requirements where the current interpretation of Part 11
has changed in the light of the Guidance document.

Validation

In accordance with the guidance document enforce-
ment, discretion will be exercised as to validation. In
the pharmaceutical industry, it may nevertheless be dif-
ficult to argue why systems storing regulated electronic
records do not need to be validated. Validation is here
already a predicate rule requirement. Nevertheless a
risk-based approach can be applied to validation.
Validation of system coming under the requirements
of Part 11 must include testing of specific aspects such as:

e The ability of the system to discern invalid records.
e Audit trail functionality.

Most other technical requirements, such as system
security, have always been a part of system validation.

Table 3 Validation of an electronic document management system

Description of the situation

An electronic document management system is used for the maintenance of corporate and local standard operating
procedures (SOPs). It includes functionality for document control, but also a workflow component for creating
drafts, reviewing, approving, and distributing documents and supports electronic signatures

Question

How can a risk-based approach help to focus validation activities?

Assessment and Solution

When using the traditional approach for validation, the only real focus is set on the approval step, using electronic
signatures where extensive testing is performed. For all other steps, testing is performed at a similar and relatively

intense level, which requires a lot of capacity

When applying consistently a risk-based approach for the electronic records, all documents in a draft status will be considered
as not being GMP relevant, because only final documents after approval are used for any regulated purposes. Although basic
testing for the first steps remains to demonstrate that the overall goal of producing secure approved documents can be reached,
the test strategy now focuses on the GXP-relevant steps beginning with the first signature and all activities relating to the once
approved documents. It makes both the validation more robust, as key functionality is better covered during testing,

and reduces the overall capacity needed for validation (Fig. 3)
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These aspects should be included into a risk-based
approach for validation. A risk-based validation will
be founded on the assessment as described in section
“Definition of Electronic Records,”” where the critical-
ity of the electronic records has been assessed. The
information collected during the assessment can be
used as a basis for evaluating which functionality is
critical in the system. Testing can then be focused on
these critical aspects instead of covering all system
functionality in an undifferentiated manner. In the
same manner, necessary organizational measures can
be derived from evaluating the high-risk steps. Table 3
gives an example on how risk assessment can be applied
to an Electronic Document Management System.

Record retention and archiving

Records required by the predicate rules have to be
maintained throughout the required record retention
periods. This also holds true for records generated elec-
tronically, but the guidance document from 2003
allows the application of a risk-based approach to

Table 4 Archiving certificates of analysis created electronically

Approval and managing approved
electronic documents

Fig.3 Application of risk assessment to validation.

the archival of records concerning the form in which
they are archived. This means, for instance, that there
is a possibility to select electronic, paper, or microfiche
archiving, so long as corresponding controls are
in place, and the original content and meaning are
preserved.

Printing out electronic records and archiving them
in paper format will be an option when only a limited
amount of data has to archived, and there is no need to
maintain the processeable data. In this case, printing
and signing off for the correctness of the printout
may be a valid and efficient procedure.

It is rarely an option to consider when the system
had been implemented in the first place with—among
others—the aim to reduce the amount of paper created
during a certain business process. Then electronic ways
of archiving should be thought of. If the data does not
need to be processable in the future to fulfil the
requirements, storage in a long-term portable format
in a secure environment will often be the choice to
make. This long-term archiving environment does not
need to be system specific, but it may be one platform

Description of the situation

Certificates of analysis are created electronically from the data stored in a laboratory information management system (LIMS).
The certificates are signed electronically by the qualified person and may be printed as secured files in portable format.
The files are created at the point of time they are retrieved in the system out of the current data and not stored in the system

Question

The original data is stored in the database and signed there. How can the data be archived for the record retention period?

Assessment and result

Certificates of analysis should be considered to be records of high regulatory impact. Therefore, appropriate technical
controls should be applied. Additionally, the amount of data created makes it unrealistic to create a paper-based archive.
On the other hand, long-term storage does not require processability of the data, as the end result is a document. In this
case it is a certificate with electronic signatures that is provided as a file in portable format for printing. Originally, this file
is not stored in the system, but it provides all information that is needed including electronic signatures. The approach is
therefore to create an interface to the already long-term archiving system where the files can be stored

The validation approach for the system will include also validating the fact that the transfer to the long-term archive is
consistently done every time a new certificate is signed by the Qualified Person and that the file has appropriate security

in order not to compromise the electronic signature applied to it




Table 5 Alternatives to the computer-generated audit trail

For non-critical data that
may have an indirect influence
on quality and safety

A manual log book

An efficient change
control system

For non-frequent changes

The best method if there is no need
to modify data once generated
(e.g., analytical raw data)

Protection of records
against modification

connected via interfaces to several systems. Such an
environment would then be designed specifically for
the purpose.

If data needs to remain processable in the future,
then migration to a new platform should also be taken
into account as an option. The storage in long-term
stable formats would usually mean that the processa-
bility is lost; therefore it is rarely an option for these
cases. But in the course of determining the way to
archive, care should be taken to go through the avail-
able alternatives and perform a detailed risk assessment
about how data may still be needed and how long
it needs to be stored. An example on how such an
assessment can be used is given in Table 4.

Copies of records

The solutions that are currently available for copies
strongly resemble those for the archiving. Also in this
case, what format copies may be provided in has to
be considered. For documents, either portable formats
or printouts may be the best option. More difficult
areas are those where electronic records consist of data
in a proprietary format that is evaluated later in the
process by electronic means.

21 CFR Part 11 Revisited

There are two aspects to consider. The first covers the
question of the definition of an electronic record. If the
data is collected by the system, or is transferred to it
via an interface, and the following evaluations are done
without human interference, then it may be wise to revise
the definition of the electronic record. The result of the
evaluation, which is used for GxP-related decisions
should be considered to be the first electronic record
created during the process. This evaluation result may
not have the same demands as to processability (e.g.,
the individual data point collected by a process control
system vs. the curve generated to evaluate the batch).

Nevertheless, in many cases, there will be no possi-
bility to use a suitable definition of electronic records
to avoid the copying problem. Usually then the only
way will be to provide the data itself and the methods
used for the evaluation in a generally readable format,
e.g., ASCII. Even though the reprocessability of
the data is then not given as such, this approach at
least guarantees that copies are available within the
described limits.

Audit trail

The agency stated that they will exercise enforcement
description on the issue of audit trails. The new guid-
ance document also revises the former interpretation
that the audit trails are only accepted in the form of
a computer-generated log. The implementation of an
audit trail should be subject to a risk assessment.

In principle, there are some alternatives to the
computer-generated logfile as required by Part 11
(Table 95).

In practice, this means that for each system it has to
be assessed whether the audit trail should be techni-
cally implemented or whether organizational measures
will replace the electronic log. As a general rule, when

Table 6 Log book for an heating, ventilation and air conditioning (HVAC) system

Description of the situation

Pharmaceutical products for clinical trials and market supply are manufactured in a multipurpose building. The building is
equipped with a flexible HVAC system that allows individual clean room parameter settings for separate rooms. These
parameters are set by the employees and documented in a traditional paper logbook

Question

Do we need an audit trail for the parameter settings (costs approximately 100,000 €)?

Assessment and solution

The parameter settings are stored in the system and are considered to be electronic records, but they can be considered to have
low impact on the product quality. There is a monitoring system in place that controls whether the required environmental
conditions are met, and for the evaluation of the product quality during the batch record review, only the results of the

monitoring systems are included

There is no need to implement an audit trail for the parameter settings, but the completeness of the logbook entries must be
ensured, e.g., via double check and/or additional training of the employees. Nevertheless, the data in the monitoring system
must be assessed regarding their Part 11 relevance. In this case all data are printed, and the printout is used for the

batch record review. There is no further regulated activity based on the electronic data
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Table 7 Requirements for (electronic) signatures according to 21 CFR 210, 211

88 Topic Kind of signature
211.22 Responsibilities of quality control unit Approval
211.84 Testing and approval or rejection of components, Approval
drug product containers, and closures
211.100 (a) Written procedures; deviations Approval
211.160 General requirements for laboratory controls Approval
211.182 Equipment cleaning and use log Initial or signature
211.186 (a), (b) 8) Master production and control records Signature
211.188 (a) Batch production and control records Signature
211.192 Production record review Approval

211.194, (a) 7), 8) Laboratory records

Initial or signature

records with high regulatory impact are considered,
then a built-in audit trail is recommended. The same
is the case when the organizational overhead created
by recording manually a large number of changes to
electronic records outweighs the costs of implementing
a technical solution. It may also be difficult to argue
that, in this case, the manual log is reliable. But when
the records are low impact and the number of records
and changes is limited, organizational measure may be
a suitable way of both ensuring compliance and
keeping investments limited, if the system under
consideration does not offer audit trail functionality.
This is demonstrated in Table 6.

ELECTRONIC SIGNATURES

In general, the technical and organizational require-
ments for electronic signatures were almost not
discussed, and it is clear how to interpret them. The
main challenge is to define when an electronic signa-
ture is really required or performed as such. Coming
from a paper-based world, signatures or initials are
used in many situations. For the transfer to the elec-
tronic world, the clear distinction between an electronic
signature (i.e., legally required) and the automatic log
of who did what and when (i.e., authentication of the
individual) is very important.

Definition of Electronic Signatures

Like for electronic records, the first step when con-
sidering electronic signatures will be to define where
electronic signatures are being used to replace hand-
written signatures. The Preamble to 21 CFR Part 11
states that ‘“Electronic signatures which meet the
requirements of the rule will be considered to be equiva-
lent to full handwritten signatures, initials, and other
general signings required by agency regulations.”

According to the predicate rules (21 CFR 210 and
211), there are only some requirements for a legally
binding electronic signature as can be seen in Table 7.

In accordance with the guidance document published
by the FDA, these include all parts of the predicate rules
where signing, approval, verification, or initials is
required. In contrast to traditional paper signatures,
there is no differentiation made between initials and full
signatures. Both come under the same requirements as
long as required by predicate rule requirements.

For every company, this means that a strict separ-
ation is needed between business convenience for
internal processes and required signatures as listed
in Table 7. Only for the latter case, the respective
Part 11 requirements apply. Nevertheless, the signa-
ture functionality may be used to control critical
parts or tasks of business processes. But it has to be
clearly documented either in the system specifications

Table 8 Comparison between electronic signatures and audit trails

Electronic signature

Audit trail

Common aspects

Includes name, date, and time
Linked to the respective e-record

Computer-generated logfile

Purpose Legally binding equivalent to
handwritten signature
Action Intentional

Examples Batch release

Unconscious
Log book
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Table 9 Audit trails and signatures in an electronic batch record (EBR) system

Description of the situation

A batch recording system is implemented. During the life cycle of a paper batch record a number of initials and signatures is
recorded on the paper. Now the complete batch recording process will be supported electronically in the future without
any paper printouts

Question
Where are electronic signatures required and where logging of activities in an audit trail is sufficient?
Assessment and solution

During the life cycle of a batch record, a number of initials and signatures are required. If this will be transferred from paper
to an electronic system, some basic definitions must be done. For some activities, an electronic signature is definitely required,
whereas most of the initials can be recorded automatically. This is easily implemented by using a well-designed access control
concept and an audit trail functionality that documents each activity of the individual being logged in. The following diagram

(Fig. 4) shows a typical design for the entire process

or the procedures controlling the system, which steps
when using a system consist in performing electronic
signatures and which not.

In many cases, initials on paper are used not
because there is an explicit predicate rule requirement
but to be able to trace, who performed certain activi-
ties. As an alternative, when changing from paper to
an electronic system the audit trail or any other logfile
can be used to automatically record who did what and
when. The Table 8 outlines the differences. Table 9
illustrates the application of signatures and automatic
logs in an example.

Requirements for Electronic Signatures

Part 11 requirements for electronic signatures can be
classified into technical and organizational issues.
The technical requirements have to be taken into
consideration during the compilation of the technical
specification and the organizational ones must be
implemented before the productive use of the system.
We will not discuss in detail the technical requirements.
These are system specific and will be dependent of the
individual implementation of the system.

The following Table 10 summarizes the organiza-
tional requirements for the use of electronic signatures
based on user ID and password.

These requirements are normally addressed in
respective SOPs.

Accountability

Requirements no. 1, 3, and 5 can be easily fulfilled by
preparing a form sheet for each organizational unit
(Fig. 5). This sheet should be signed by the individuals,
and it is recommended to do this during a training
session on the use of electronic signatures. With the
signature of the head of the unit, also the verification

of the identity is appropriately documented. This sheet
must be updated immediately in case of any changes.

Once the equivalence of handwritten and electronic
signatures has been confirmed by the user, the conse-
quences in case of misuse are based on national
laws on signature misuse or falsification. Depending
on the firm’s internal regulations, this may lead to a
dismissal without notice in serious cases. At any rate,
it is important for multinational companies using
electronic signatures to verify the legal possibilities
of disciplinary action in the case of falsification of elec-
tronic signatures in each country.

The uniqueness of user IDs (requirement 2) can be
secured by using unique personal IDs, which is a
common practice in many firms. The administration is
normally done by the responsible human resources
organization. To maintain system integrity, the IDs are
not reused once a person leaves the company; this would
eventually contradict the requirement of uniqueness.

Creation of the

iaster batch fecotd e-signature (21 CFR 210.186)

h 4

Creation of the batch record
derived from the MBR

e-signature (21 CFR 210.188)

r
Execution of the batch record,
completion of individual
manufacturing steps

Log-in of authorized individual,
documentation of who did
what and when by audit traif
(see 21 CFR211.188(11))

h 4

Double check of executed batch
record by supervisor

Log-in of authorized
supervisor, documentation
by audit trail

4
Batch record review

e-signature (21 CFR 211.192)

Fig. 4 Life cycle a batch record.
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Table 10 Organizational requirements for electronic signatures using ID and password

() - .. Hold individuals accountable and responsible for actions under their electronic signature ...

combined identification code and password, such that no two individuals have the same combination

are intended to be the legally binding

1. §11.10
2. §11.100 (a) Uniqueness to one individual, no reuse or reassignment
§11.300 (a) Maintaining the uniqueness of each

or identification code and password.

3. §11.100 (b)... Verify the identity of the individual

4. §11.100 (c)... Certify to the agency that the electronic signatures ...
equivalent of traditional handwritten signatures.

5. §11.200 (a, ii, 2) ...be used only by their genuine owners

6. §11.300

(b) Ensuring that identification code and password issuances are periodically checked, recalled, or revised ...

If cards or tokens are used instead of user IDs additional requirements must be fulfilled as given below.

7. §11.300
or other devices ...

8. §11.300
altered in an unauthorized manner

(c)...Loss management procedures to electronically de-authorize lost, stole, missing [...] tokens, cards,

(e) Initial and periodic testing of devices [...] to ensure that they function properly and have not been

Certification to the FDA

The certification letter to the FDA (requirement 4)
indicates that a firm uses the electronic signature as
an equivalent to the traditional handwritten signature,
but there is no obligation to use it exclusively. It can
still be defined per system or record, where electronic
signatures are used and where traditional handwritten
signatures are used. This letter may be very brief, e.g.:

“To whom it may concern: In reference to elec-
tronic signatures pursuant to Title 21 Code of Federal
Regulations, Part 11.100(c), this letter is to certify that
all electronic signatures executed to electronic records
in Schering AG systems, used on or after August 20,
1997 pertaining to records relevant to Federal Food
and Drug Administration regulations, are intended

to be the legally binding equivalent of traditional
hand written signatures.’’

User ID and password management

Requirement 6 can be fulfilled by a mixture of techni-
cal and organizational measures. First of all, the
organization should have a general procedure for
password management including rules for password
assignment (minimum number of digits, rules for
including special characters, etc.) and password aging.
A requirement to regularly change the password
should be built into the system, wherever this is possible.
Otherwise user training has to take place to enforce the
manual change of passwords on a regular basis.

Company -

pass on my password used for electronic signature to

<department

With this | recognize the electronic signature used in [Company]
know that the electronic signature is intended to be the legally
equivalent of traditional and handwritten signature. | confirm that |

user D name

handwritten signature

Date, signature <site

With this | verify the identity of the individuals signed on this

Fig. 5 Form sheet for e-signatures.
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To have invalid or inactive users removed from a
system, the password can be set as invalid if an individ-
ual has not logged in for a certain period of time.

Nevertheless, additional organization measures
are needed to ensure that persons who left the com-
pany or their positions are removed from the access
rights groups. The process should be described in an
SOP or working procedure. It should include the
case when someone leaves the company or retires,
which can usually be resolved by going to the sources
where the information is readily available. This is the
human resource department or the IT support group,
which manages the access to networks. They are usually
the first to know after HR who has left the company.

Often enough it is more difficult to find out who
changed his position. Here a regular check of the
access rights list is needed. One possible solution is that
the person responsible for maintaining the access
rights sends regularly to all organizational units utilizing
system, a list of users to confirm continued access to the
system. An additional help can be to have the system
provide the information about users who have not been
working on a system for a certain time frame.

CONCLUSIONS

Part 11 has now been around for nine years and has
over the years become a routine for the pharmaceutical
industry. By promoting a risk-based approach, the
guidance document published in September 2003 was
very helpful in supporting realistic concepts for the
implementation of Part 11. This approach to records
and signatures was recently further refined by the
GAMP Good Practice Guide. In parallel, the industry
developed concepts and gained experience in imple-
menting Part 11 and reaching compliance in an efficient
manner. The step from project work to routine has
been done, and the concepts can be applied to new
and existing systems.

21 CFR Part 11 Revisited
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Absorption Enhancers
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INTRODUCTION

There is enormous literature on the use of absorption
enhancers. Here, the most important absorption
enhancers for topical, transdermal and mucosal drug
delivery are reviewed.

TOPICAL AND TRANSDERMAL

It is generally accepted that the bioavailability of most
topically applied drugs remains low. Various methods
to increase this bioavailability have been used. One
of the approaches is the use of absorption enhancers,
and over the years, there has been a great interest in
new chemical absorption enhancers. An absorption
enhancer should be pharmacologically inert, non-toxic,
have a rapid and reversible onset of action, be chemi-
cally and physically compatible with other formulation
compounds, and be cosmetically acceptable.!! Of
course not all absorption enhancers possess all of these
characteristics, and a benefit—to-risk evaluation will
determine the choice of a molecule as an absorption
enhancer. The range of absorption enhancers that
has been researched is large. Thus, overview of the
most researched compounds is presented.

Alcohols and Polyols

Some solvents are able to remove lipids from the stra-
tum corneum, and several topical preparations (e.g.,
gels) and transdermal reservoir systems contain high
concentrations of ethanol capable of modifying the lipid
content of the skin.”! Solvents, such as ethanol, but also
others such as propylene glycol, N-methylpyrrolidone,
and Transcutol™, might also increase the drug flux
through the skin by increasing the solubility of the per-
meant in the skin. It has also been suggested that the
activity of propylene glycol results from solvatation of
a-keratin within the stratum corneum, hereby promoting
permeation by reducing drug-tissue binding.

Amines and Amides

Some excipients might intercalate into the structure of
lipids of the skin and disrupt the ordered packing

making so the structure more fluid and influencing
positively the diffusion coefficient. Azone® and its
analogues have been widely studied in that respect,
and it has been shown that the hydrogen bonding
between the polar head group in Azone® probably
interacts with the skin ceramides.”) Godwin et al.l
compared the penetration-enhancing ability of a wide
range of pyrrolidone compounds, including those with
different chain lengths and functional groups. Using
hydrocortisone as a model drug, these authors sug-
gested that N-dodecyl-2-pyrrolidone and its acetate
analogue were the two most effective penetration
enhancers using in vitro hairless mouse skin model.
Several studies dealed also with the mechanism of
action of Azone™ and its analogues. Compounds with
short alkyl chains, such as N-methylpyrrolidone,
seemed to have no effect on the phase transition
temperature and probably work through its action of
solvency rather than through a structural change of
the skin barrier function. Using multilamilar DDPE
liposomes, Hadgraft et al.”! showed that their phase
transition temperature was lowered by the Azone and
its analogues in the same rank order as their enhancing
abilities. This indicates that the modifier activity
might be related to the fluidising effect on the lipid
lamellae.

Studies involving the structure activity relationship
of several groups of enhancers showed that the pre-
sence of a cyclic structure in the molecule plays an
important role in the activity determination of the
enhancers. In addition, the greatest barrier disruption
activity was recorded for compounds with long alkyl
chains between Cg—C,6.l”) Unfortunately, these mole-
cules show also irritating potentials.[”! Recently,
Hadgraft!”! described some new molecules with similar
structures but with low irritance potential.

Urea promotes transdermal permeation by facilitat-
ing hydration of the stratum corneum and the forma-
tion of hydrophilic channels.®!

Fatty Acids

The perturbation of the intercellular lipid bilayers in
the stratum corneum seems to be the most important
reason for the enhancing activity of fatty acids such
as oleic acid. Oleic acid has been described to decrease
the phase transition temperatures of the skin lipids
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with a resultant increase in motational freedom—or
fluidity—of these lipids."”’

Terpenes

Mono- and sesquiterpenes are known to increase per-
cutaneous resorption by increasing the diffusion in
the stratum corneum and/or disruption of the intercel-
lular lipid barrier."®"" It has been shown that there is
a major difference between different types of terpenes:
e.g., it was shown that d-limonene did not disrupt the
intercellular bilayers, whereas 1-8-cincole seemed lipid
disruptive at physiological temperatures.!'”

Menthol also has been described as a potential
penetration enhancer due to its preferential distribu-
tion into the intercellular spaces of the stratum
corneum and its possible reversible disruption of the
intercellular lipid domain."?!

Esters

A typical example of an ester acting as a penetration
enhancer is isopropyl myristate. Isopropyl myristate
might show a double action: influence on the partition
between vehicles and skin by solubilization and disruption
of lipid packing, thus increasing the lipid fluidity.'*!"!

Sulfoxides

Dimethylsulfoxide (DMSO) has been found to be a
potent enhancer, but unfortunately high concentra-
tions which produce irreversible skin damage,
erythema, and wheals, are required to obtain a desired
effect. Recently, novel molecules were produced by
modifying DMSO, by replacing the oxygen atom with
a nitrogen atom that was substituted with an aryl-
sulfonyl, aroyl, or aryl group. The S, S,-dimethyl-N-
(4-bromobenzoyl)iminosulfurane produced the highest
activity. But these compounds require more activity
and toxicity studies, especially in less permeable mod-
els such as the human skin.!'®!

Cyclodextrins

Cyclodextrins can form inclusion compounds with an
increase in solubility of lipophilic compounds, but they
seemed less effective alone than in combination with
fatty acids and propyleneglycol.!”)

Surface Active Agents

The effect of surface active agents on the skin barrier
function depends on the agent’s chemical structure.

Absorption Enhancers

In general, anionic surfactants tend to be more effec-
tive than cationic ones, whereas non-ionic surfactants
are considerably less effective. Most anionic surfactants
can induce swelling of the stratum corneum, as well as
uncoiling and stretching of o-keratin helices, thereby
opening up the protein controlled polar pathways.['®]
The impact of anionic surfactants is a function of
the alkyl chain length of the molecule. A maximum
was observed for surfactants having a linear alkyl chain
of 12 carbon atoms (e.g., sodium lauryl sulphate). Unfor-
tunately, anionic surfactants are reported to be irritative.
Non-ionic surfactants might increase the membrane
fluidity of the intercellular regions of the stratum cor-
neum (e.g., Brij*) and may extract lipid components
and additionally, though of minor importance, they
might interfere with keratin filaments and create a disor-
der within the corneocytes.'”! It should be emphasized
that surfactant form micelles which, if used above their
CMC, might negatively influence the drug bioavailability.

Other Enhancers

Other potential penetration enhancers have also been
described, such as N-acetylprolineestersi*” and glyceryl
monocaprylate/caprate.[21]

It should be emphasized that the activity of any
enhancer should be evaluated in terms of function of
the vehicle used and that the selection of the combina-
tion enhancer-vehicle is a function of the final
therapeutic objectives.

(TRANS)MUCOSAL PERMEATION
ENHANCERS

At all mucosal sites, the coadministration of absorp-
tion enhancers is normally necessary to achieve thera-
peutic relevant plasma levels of (large) hydrophilic
molecules such as peptides or proteins. Table 1 gives
an overview of the most used and researched absorp-
tion enhancers and their possible mechanism of action.

Next, an overview is given of the most used trans-
mucosal drug delivery routes and the use of permea-
tion enhancers in each of them.

Oral and Buccal Mucosa

There are clear differences between the oral mucosal
membrane and other epithelial membranes of the intes-
tine, nasal cavity and rectum. The oral mucosal mem-
branes are less keratinized than the skin membranes
and show a more loosely packed intercellular lipid
domain. In terms of function of the absorption
enhancement through the oral mucosal membrane,
it can be said that it occurs principally through the
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Table 1 Most used and researched mucosal permeation enhancers

Type Examples

Mechanism of action

Laureth-9

sodium lauryl sulphate
polysorbate 20 and 80
PEG-8 laurate
sorbitan laurate
glyceryl monolaurate

Synthetic surfactants

membrane interaction
extraction of membrane proteins
and lipids

solubilization of peptides

saponins (e.g., Quillaja saponins)

Bile salts sodium deoxycholate
sodium glycocholate

sodium fusidate

sodium taurodihydrofusidate

oleic acid

caprylic acid
lauric acid
palmitoylcarnitine
Na,EDTA

citric acid
salicylates

Fatty acids and derivatives

Chelators

Inclusion complexes

Other agents Azone®

cyclodextrins and derivatives

denaturation of proteins
decrease of mucus viscosity
decrease of peptidase activity
solubilization of peptides
formation of reversed micelles

fosfolipid acylchain disruption

Ca" complexation (influencing tight junctions)

increasing peptide stability
increasing solubility
enzyme inhibition

lipid structure disruption

lipid-filled intercellular spaces. One could suggest that
the mechanism of increasing lipid fluidity of intercellu-
lar lipids, as indicated previously for the skin, should
also apply for the oral mucosal membranes.”? As
has been reported in the case of skin, other mechan-
isms can be applied here. For example, sodium deoxy-
cholate appeared to denature and extract proteins
from rabbit buccal mucosa and affected membrane
lipids and inhibited proteases.

There are only a limited number of studies compar-
ing the systematic changes in the structure of enhancers
and their influence on the oral mucosal membranes.
For example, for insulin absorption in rats, it was
shown that sodium glycocholate, laureth-9, sodium
laurate, and sodium lauryl sulphate were approxi-
mately equipotent. Several non-ionic surfactants hav-
ing a C;, hydrophobic tail were much less
effective.[>2%

A study related to the buccal bioavailability of
testosterone indicated the absorption enhancing effect
of hydroxypropyl-B-cyclodextrine with a relative bioa-
vailability of 165% versus the administration without
absorption enhancers. This effect was probably due
to an increased solubility of testosterone, although
cyclodextrins might also extract lipids from the inter-
cellular matrix.”””! In the same study, sodium tauro-
24,25-dihydrofusidate and sodium deoxycholate did
not show any enhancing properties.

Nasal Mucosa

Many papers have been published on the use and effi-
cacy of absorption enhancers for nasal peptide and
protein delivery. The enhancing effect of bile salt
seemed dependent on its lipophilicity: The bioavailabil-
ity of gentamicin increased with increasing lipophilicity
of trihydroxy bile salts (cholate > glycocholate > taur-
ocholate), and the enhancement of nasal insulin bioa-
vailability followed the rank order of deoxycholate,
chenodeoxycholate, and cholate. However, most stu-
dies reported severe damage of bile salts to the mucosa.
Deoxycholate had the most ciliotoxic effect, whereas
taurocholate had the least ciliotoxic effect.”® In the
case of dihydrofusidates, a dose-dependent increase
in bioavailability was reported for peptides such as
insulin.

A number of dihydrofusidate derivatives have
been synthesized in order to evaluate the stucture-
enhancement relationship. Acidic derivatives achieved
a higher enhancement than basic derivatives, but the
safety of dihydrofusidates remains a contradictory issue
and some structural damage to the mucosa has been
reported.””!

In the past years, much research has concentrated on
the use of cyclodextrins to enhance bioavailability of pep-
tides and proteins especially because of their mild and
reversible effect on the nasal mucociliary clearance.”®
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Among the cyclodextrins, the use of DMBCD was
shown to have the highest effect on the transnasal
bioavailability of insulin in rats. Several studies
reported on their concentration-dependent effect.
Besides for peptides, the methylated B-cyclodextrins
have shown to be useful in nasal delivery of lipophilic
drugs. The toxicological profile of dimethyl B-cyclo-
dextrins and of randomly methylated B-cyclodextrins
appeared excellent. Attention should be paid, if possi-
ble, onbioavailability differences between animal and
human models.

Vaginal Mucosa

Laureth-9, lysophosphatidylcholine and palmitylcarni-
tine chloride were found to be highly effective absorption
enhancers, but all induced epithelial damage.* Insulin
was also administered to ovariectomized rats, and
the coadministration of sodium taurodihydrofusidate,
laureth-9, lysophosphatidylcholine, and -glycerol signifi-
cantly increased hypoglycemia. Lysophosphatidylgly-
cerol showed only minor damage of the vaginal
epithelium, in contrast to the other absorption enhancers
used.””! The combination of lysophosphatidylcholine
and starch microspheres showed promising insulin bio-
availability results.*!

Deoxycholate and quillajasaponins were reported
to have a positive effect on the vaginal absorption of
calcitonin.*?

Rectal Mucosa

Due to a combination of poor membrane permeability
and metabolism at the site of absorption, rectal bioa-
vailability of peptide and proteins is low. As in other
mucosal bioavailability testing, insulin is the most
studied polypeptide with respect to rectal absorption.

Sodium salicylate and 5-methoxysalicylate increased
the absorption of insulin.**! Sodium glycocholate was
more effective than sodium taurocholate but less effec-
tive than sodium-deoxycholate and PE-9-laurylether in
enhancing rectal insulin absorption in rabbits.**! The
role of disodium EDTA in the enhancement of rectal
drug absorption, along with the damaging effects on the
rectal mucosa, has been described for several drugs.[3 5.36]

Bile salts were also used for the enhancement of
drug absorption, but several studies indicated severe
damage due to their use in rectal drug delivery.”!
Sodium tauro-24, 25-dihydrofusidate (STDHF) had a
positive effect on the availability of cefoxitin, vasopres-
sine, and insulin in rats.>®

The possible use of mixed micelles (e.g., made of
unsaturated fatty acids and monoglycerides) has been
shown for the enhanced rectal absorption of several
compounds, including o and B interferon and insulin.

Absorption Enhancers
Pulmonary Absorption Enhancers

Only a few studies are available related to the effect of
known absorption enhancers on the pulmonary
absorption of poorly absorbable drugs, including
peptides and proteins.

It was reported that oleic acid, oleyl alcohol, and
Span 85 can increase the transfer rate of disodium
fluorescein in isolated rat lungs.*® Pulmonary insulin
absorption was reported to be increased in the pre-
sence of glycocholate and Span 85.! Fluorescein
isothiocyanate, insuline, and a calcitonin analogue
were better absorbed when coadministered with
n-lauryl B-p-maltopyranoside, sodium glycocholate,
and linoleic acid mixed micelles.*"! The same authors,
however, reported on the toxicity of n-lauryl B-p-malto-
pyranoride. A large number of questions are still remain-
ing, such as why sodium caprate enhances the
bioavailability of phenol red and isothiocyanate-labeled
dextrans but not of insulin and a calcitonin analogue.

Hydroxypropyl-B-cyclodextrin ~ and  especially
dimethyl-B-cyclodextrin have been shown to enhance
the pulmonary bioavailability of insulin in rats, and
indications were found of a relatively low acute
mucotoxicity.[*?

Intestinal Absorption Enhancers

The optimization of oral bioavailability is of common
interest because low bioavailability is often the cause of
variable and poorly controlled clinical and toxic
effects. This is of major importance for polar molecules
such as peptides and proteins.!*”

Table 2 reviews the most commonly described com-
pounds to enhance intestinal absorption and indicates
some examples.*¥

It should be emphasized that absorption enhancers
might act selectively on some parts of the GI tract,
and this fact implicates that the formulation will play

Table 2 Some of the commonly used intestinal absorption
enhancers

Bile salts Sodium cholate, sodium deoxycholate
Non-ionic Polysorbates and polyoxyethylene
surfactants alkyl esters and ethers

ITonic surfactants Sodium lauryl sulphate and dioctyl

sulfosuccinate

Fatty acids Sodium caprate, oleic acid

Glycerides Medium-chain glycerides,
phospholipids

Acyl carnitines Palmitoylcarnitine

Chelating agents EDTA

Swellable polymers Polycarbophil and chitosan




Absorption Enhancers

a major role in the optimal delivery of drug and
absorption enhancers.

Bile salts have proven to act very differently on the
intestinal absorption of drugs. In some cases, the drug
absorption was reduced due to micelle formation,
whereas in other cases, the absorption was enhanced
due to intestinal membrane disruption caused by
the solubilization of phospholipids or by Ca’*"
complexation.[*>7]

Non-ionic and anionic surfactants haven been shown
to be able to enhance the intestinal absorption of drugs.
Some studies have shown that in the area of non-ionic
surfactants ethers were more effective than esters, but this
phenomenon was not always confirmed. There is an
indication that the surfactants cause membrane damage,
which can be correlated with their enhancement activ-
ity.[*® It has been shown that some tensioactive agents
might influence tight junction permeability.*”’

Fatty acids

Fatty acids increase intestinal absorption via their
influence on the paracellular and transcellular trans-
port route. Most interesting results were obtained with
lauric acid, palmitic acid, capylic acid, and oleic acid or
their salts. Cytotoxic effects of fatty acids are concen-
tration dependent long-chain unsaturated fatty acids
especially can cause epithelial cell damage.>*->%

Glycerides

Medium-chain glycerides (mainly Cg—C() are known
to increase the intestinal absorption of poorly perme-
able drugs, mono- and diglycerides, especially, improve
bioavailability, and it is believed that mainly transcel-
lular permeation is increased.

It should be emphasized that the formulation plays
an important role in the effect of these glycerides
(emulsification, enteric coating, etc.) The main advan-
tage of these products is their general acceptance for
use in oral drug administration.’*3%

Finally, it should be noted that during the last
decade both weakly crosslinked poly(acrylic acid) deri-
vatives and chitosan derivatives were described as safe
penetration enhancers for hydrophilic compounds
especially as they can trigger mechanisms of tight junc-
tion opening of mucosal tissues and did not show acute
toxicity. Poly(acrylic acid) derivatives were shown to
have excellent mucoadhesive properties and can inhibit
the activity of gut enzymes, such as trypsin, chymo-
trypsin, and carboxypepsidases.>>>® Chitosan salts
and N-trimethylchitosan chloride revealed to be
potential absorption enhancers for nasal absorption
of calcitonin and insulin and for the intestinal absorp-
tion of buserilin."”!
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INTRODUCTION

In the first edition of this encyclopedia the section on
absorption covered a range of topics that included
discussion of the cell membrane, parenteral and enteral
absorption, clinical factors, and pharmacokinetic char-
acterization of absorption.

During the intervening time many of these areas
have changed, some more than others. There also have
been changes in emphasis, reflected particularly in the
rapidly expanding interest and discoveries in membrane
penetration, exploitation of various dosage routes,
formulation factors, and absorption enhancers.

Emphasis in this section will reflect these activities.
In order to conserve space, the pharmacokinetic treat-
ment of drug absorption has been omitted.

OBJECTIVES OF DRUG ABSORPTION

Absorption may be defined as the process by which
a compound penetrates one or more biological mem-
branes to gain entry into the body. Absorption is not
to be confused with bioavailability, which describes
entry of administered compounds into the systemic
circulation. For some drugs and dosage routes, absorp-
tion and bioavailability may be identical, i.e., after
intravenous (IV) dosing. However, in many cases
they are not. For a drug that does not undergo any
metabolic transformation between an immediate post-
absorption site and entry into the systemic circulation,
absorption and bioavailability are likely to be the same.
All of the absorbed drug enters the systemic circulation.
This is regardless of any drug that may be degraded or
changed in some other wayj, i.e., preabsorption.

On the other hand, for any drug that is degraded at
a point between the postabsorption site and entry into
the systemic circulation, the systemic availability—
bioavailability—will be less than the absorption. An
orally administered drug that undergoes extensive first-
pass hepatic clearance may give rise to poor oral bio-
availability despite being efficiently absorbed from the
gastrointestinal (GI) tract into the splanchnic circulation.

The pharmacologic activity profile of a systemically
active drug is a function of its intrinsic activity and
of the concentration profile that is achieved in the cir-
culation. The speed of onset of action and the intensity

and duration of activity are functions of the drug
concentration profile.

The speed of onset of drug action is determined by
the rate of drug absorption. Extreme cases are the
use of bolus IV injection, which yields immediate and
usually maximal pharmacologic effect, and slow con-
trolled release, not necessarily by the oral route, where
the onset of action is deliberately prolonged to achieve
a desired therapeutic profile.

The intensity of pharmacologic effect is generally a
function of the concentration of drug achieved in the
circulation. Actual pharmacokinetic/pharmacodynamic
relationships are often complex, but it is reasonable to
generalize that higher circulating drug concentrations
yield greater effect.

The levels of circulating drug that are achieved are a
function of dose, absorption efficiency, overall bio-
availability, distribution, and also clearance. The major
determinant of drug distribution volume is its lipo-
philicity. As lipophilicity increases, so does the ability of
the drug to cross biological membranes and move into
extravascular environments, particularly into fatty
tissue and the central nervous system (CNS).

Many drugs bind to plasma proteins, in particular to
plasma albumin. Although binding of drugs to plasma
proteins is dynamic and reversible, any drug that is
bound at a particular time is necessarily confined to
the plasma volume and thus cannot participate in extra-
vascular distribution.

The last factor affecting circulating drug levels is
clearance. The faster a drug is cleared from the circula-
tion as a result of metabolism or any other process (i.e.,
the shorter its elimination half-life) the lower are its cir-
culating levels. High circulating levels are less likely to
be achieved with a high clearance drug than with a low
clearance drug, and accumulation of a high clearance
drug in the circulation with repeated dosing is unlikely.

Thus, the phenomenon of drug absorption is only
one, albeit an important one, of several factors that
determine a drug profile in the circulation. It is important
to understand all of these factors before drug profiles,
and in particular pharmacokinetic/pharmacodynamic
relationships, can be fully characterized, particularly in
a predictive sense.

All of the above factors are functions of the physical
and chemical properties of a drug. While distribution
and clearance are affected only by drug properties
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and cannot generally be altered except by introducing
some kind of interaction, drug absorption and bio-
availability are often markedly influenced by route of
administration, dosage form, and coadministration
of other substances. Some of the major thrusts of
pharmaceutical research during the last two decades
have been devoted to these latter issues.

DOSAGE ROUTES

A required drug absorption profile is achieved by a
variety of dosage routes. These routes may be divided
into parenteral and enteral. Due to of the importance
of the various routes of administration in drug deliv-
ery, and of recent advances in optimizing route-
dependent drug delivery, they are briefly reviewed here.

PARENTERAL ROUTES

Parenteral delivery routes are those that do not give
rise to drug absorption into the splanchnic circulation.
Thus, they avoid the possibility of hepatic first-pass
metabolism. It should be noted that some parenteral
routes do not avoid other first-pass metabolism effects
(e.g., pleural metabolism for some inhaled drugs).
Some major parenteral drug delivery routes are intra-
arterial, intrathecal, intravenous, intramuscular, trans-
dermal, intranasal, buccal, inhalation, intraperitoneal,
vaginal, and rectal.

Intra-arterial

Intra-arterial injection is used to deliver drugs directly
to organs, for example, in cancer chemotherapy, and in
the use of vasopressin for GI bleeding. Intra-arterial
carmustine is effective to treat brain tumors!!! and
pelvic intra-arterial actinomycin D is used for malig-
nant trophoblastic disease.”’

Intra-arterial drug administration has potential
safety implications. Embolization, arterial occlusion,
and localized drug toxicity have been reported.

Intrathecal

Injection directly into the cerebrospinal fluid (CFS)
ensures complete CNS bioavailability for drugs that
cannot cross the blood-brain barrier. This dosage
route is used to treat serious CNS infections such as
meningitis and ventriculitis, and with such agents as
mepivacaine and prilocaine for spinal anesthesia. Drugs
injected intrathecally initially distribute into approxi-
mately 140 ml of CSF, thus producing high concentra-
tions in the CNS with low risk of systemic toxicity.

Absorption of Drugs
Intravenous (IV)

IV administration introduces drug directly into the
venous circulation. The shape of the resulting circulat-
ing drug profile is determined by the size, rate, and
duration of injection. IV bolus is used for immediate
therapeutic effect, typically for general anesthesia and
for treatment of cardiac arrhythmia. IV dosing is pop-
ular for preclinical testing of compounds during
drug development and also as a standard to determine
absolute bioavailability from other dosage routes.

Intramuscular (IM)

Following intramuscular (IM) administration, drugs
must cross one or more biological membranes in order
to enter the systemic circulation. Intramuscular injec-
tion is used mainly for drugs and vaccines that are not
absorbed orally, for example, aminoglycosides, insulin,
and hepatitis vaccine. The IM route is often used for
sustained medication and specialized vehicles, such as
aqueous suspensions, oily vehicles, complexes and
microencapsulation, which has been developed for
slow delivery of drugs by this route.”’

Transdermal

Since the introduction of transdermal scopolamine,™
many transdermal delivery systems have been devel-
oped for systemic activity. Major advantages claimed
for this drug delivery route include continuous release
of drug over a specified period, low presystemic clear-
ance, facile drug withdrawal by simply removing the
device, and good patient convenience and compliance.
Some disadvantages relate to barrier properties of
the skin, skin reactions, and the relatively large dose
size. Transdermal delivery is a realistic option only for
drugs generally given in small doses (<10 mg) and which
have good membrane penetration. Drugs currently
approved for transdermal delivery include clonidine,
estradiol, nicotine, nitroglycerin, and scopolamine.

Intranasal

Intranasal administration may be used for local or sys-
temic effects. Local effects include treatment of nasal
allergies, rhinitis, and nasal congestion. Nasal delivery
for systemic effects is established for a small number of
drugs and is being examined for many others.

The sophisticated structure and specialized function
of airways and membranes in the nasal cavity, and also
the small surface area of this region, may limit its capa-
city for drug delivery. The effect of chronic drug expo-
sure on the integrity of nasal membranes must also
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be considered. This problem may be compounded by
the evident need for surfactants to achieve good sys-
temic penetration with this dosage route.

Notwithstanding these factors, the physical charac-
teristics of compounds for optimal intranasal absorp-
tion are the same as for other absorption routes. The
drug must dissolve in the fluids of the nasal mucosa
and must be sufficiently lipophilic to cross the mem-
branes of the nasal epithelium. Nasal absorption is
facilitated by the high permeability of small venules
and capillaries associated with the nasal mucusa.

A variety of delivery systems have been described for
nasal drug delivery, including drops, aerosols, nebuli-
zers, and soluble matrices.™)

Small peptide molecules seem to be ideally suited for
intranasal drug delivery. Vasopressin analogues and
oxytocin are commercially available for intranasal
dosage. Thyrotropin-releasing hormone agonists and
antagonists, other vasopressin analogs, and peptides
are being examined. Intranasal delivery of sex hormones
has produced interesting results in animals. Intranasal
delivery of insulin has been examined, but only with
moderate success.

Buccal

Early recognition of buccal and sublingual absorption
was manifested in the use of nitroglycerin by these
dosage routes to treat severe headache and to relieve
angina pectoris.

Drugs can be absorbed from the oral cavity itself or
sublingually. Absorption from either route is rapid,
sublingual more so apparently because of greater
permeability of sublingual membranes and rich blood
supply. The mean pH of saliva is approximately 6 so
that drug absorption, predominantly passive in nature,
is favored for unchanged molecules, acids with pK,
values >3, and bases with pK, values <9.

Compounds that are currently marketed or are being
considered for buccal or sublingual routes include
organic nitrates, barbiturates, papaverine, trypsin, pro-
chlorperazine, benzodiazepines, buprenorphine, capto-
pril, isoprenalin, oxytocin, and nifedipine. Oxytocin is
currently the only peptide marketed in sublingual form.
Sublingual steroids have been examined with moderate
success.

Inhalation

When a substance is inhaled, it is exposed to mem-
branes of the mouth or nose, pharynx, trachea,
bronchi, bronchioles, alveolar sacs, and alveoli (Fig. 1).
The lung has a potential absorption surface of some
70m?, a much larger surface than the small intestine.
However, the lungs and their associated airways are
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Fig. 1 The human respiratory tract.

designed to deny access of administered compounds
to the highly absorptive peripheral lung surfaces. The
system is designed to deny access to particulate matter.
However, if compounds can reach the peripheral region
of the lung, absorption can be very efficient.

Particle (droplet) size and velocity of application
control the extent to which inhaled substances pene-
trate into airway spaces. Optimum size for deep airway
penetration is 3-5 uM. Large particles tend to deposit
in upper airways.

Most inhalation devices deliver approximately 10%
of the administered dose to the lower respiratory tract.
A number of devices have been developed to increase
lung delivery, and delivery of up to 21% has been
reported with a pressurized metered-dose inhaler.[®!
Despite these advances, drug delivery via the lung is
still inefficient.

Systemic availability of inhaled drugs may be inhib-
ited by first-pass pulmonary metabolism. The lungs
contain many drug metabolizing enzymes, including
mixed function oxidases, monoamine oxidase, and
esterases.

Several animal models principally the rat, rabbit, and
dog, are used to study drug inhalation.

Intraperitoneal

Intraperitoneal drug administration is not common. It
is used pedominantly to administer compounds during
preclinical discovery and development. Its clinical use
is generally limited to chemotherapy for tumors with
peritoneal involvement.

Peritonitis occurs frequently in renally impaired
patients who are receiving continuous ambulatory
peritoneal dialysis (CAPD). Peritonitis is often accom-
panied by systemic infection so that therapeutic levels
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of antibiotic are needed both in the peritoneal cavity
and in the systemic circulation.

Drugs may be given orally or by injection in order
to achieve adequate systemic levels in the hope of also
achieving therapeutic levels in the peritoneal cavity.
Alternatively, drugs may be administered directly into
the peritoneal cavity with the objective of also achieving
systemic levels by intraperitoneal absorption.”! To the
author’s knowledge, there is little definitive information
on the relative merits of these alternatives.

Vaginal

The human vagina, a fibromuscular tube 10-15cm
long, extends upwards and backwards from the vulva
to the lower uterine cervix. Blood is supplied to the
vagina via the uterine and pudendal arteries, and is
drained from the vagina by a rich plexus, which flows
into the internal iliac veins. The surface of the vaginal
epithelium is kept moist by cervical secretions. The pH
of vaginal fluid is 4-5.

Vaginal drug delivery is used mostly for local effects,
but vaginal absorption can give rise to rapid and effi-
cient systemic delivery. Good systemic absorption, and
also the ability of the vagina to retain delivery devices,
has given rise to many vaginal dosage forms, in particu-
lar for steroid contraceptives. A large number of vaginal
controlled release dosage forms are available, including
vaginal rings and biodegradable microspheres.

Rectal

The human rectum is 15-20cm long. It is normally
empty and contains 2-3ml of mucous fluid with pH
7-8. There are no villi and only a limited surface area
of 200400 cm? is available for absorption.

Blood and lymph vessels are abundant in the rectal
submucosa. Veins from the upper rectum drain into
the portal circulation, while veins from the middle
and lower rectum drain directly into the inferior vena
cava. However, there are extensive anastomoses among
these veins so that precise anatomical differentiation is
difficult. It appears that compounds absorbed from the
lower rectum, in contrast to those absorbed from the
upper rectum, avoid hepatic first-pass metabolism.

Rectal absorption is generally slower than oral
absorption, but for some drugs, rectal absorption
exceeds oral absorption presumably due to avoidance
of first-pass metabolism after rectal delivery. This
has been reported for morphine, metoclopramide,
ergotamine, lidocaine, and propranolol. Human rectal
systemic availability of the extensively metabolized
drug lidocaine is 65% as compared to 30% after oral
administration.®!

Absorption of Drugs

Rectal absorption of drugs from aqueous or
alcoholic solutions is generally much faster than from
suppositories. Non-surfactant adjuvants, such as salic-
ylates, increase rectal absorption of water-soluble
drugs and also of high molecular weight compounds,
such as insulin, heparin, and gastrin.

ENTERAL ROUTES

Enteral routes of drug absorption are from the
stomach and the small and large intestine. Substances
absorbed from these areas enter the splanchnic circula-
tion and pass through the liver before entering the
systemic circulation.

The GI tract is the site of absorption for most
nutrients. Thus, the GI tract has evolved to facilitate
absorption of substances. The peristaltic action of the
stomach, secretion of enzymes and hydrochloric acid,
the villi and microvilli of the intestine, as well as the rich
blood supply and lymphatics in this region, all facilitate
absorption. Enteral absorption is generally by far
the most effective drug delivery route and, whenever
possible, drugs are administered in this way.

Any orally absorbed compound is exposed to an
absorption environment that is both friendly and
hostile, depending on the compound and the patient.
A brief review of the structure and physiology of the
GI tract relative to drug absorption follows.

Physiology of the Gl Tract

Fig. 2 shows the pH of various regions of the GI tract.
From the slightly acidic region of the mouth, a com-
pound enters the more acidic region of the stomach.
Acidity is a consequence of hydrochloric acid secretion

.................. Mouth pH 6.8

Bile pH 7.8-8.6 --------
----------- Stomach pH 1-3

Duodenum pH 5-7 ------

~~~~~~ Small and large
..... intestine pH 7-8

Fig. 2 Approximate pH values in the human gastrointest-
inal tract.
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by the parietal cells of the stomach. This plays an
important role in food digestion by facilitating conver-
sion of pepsinogens and zymogens to active proteolytic
enzymes.

The acidic environment in the stomach tends to
favor gastric absorption of acidic drugs provided the
drugs are in solution. On the other hand, basic drugs
tend to dissolve readily in the stomach but absorption
may be prevented because the drug will be ionized
and therefore not sufficiently fat soluble for efficient
membrane penetration. The acidic environment in the
stomach may give rise to reduced drug absorption
due to acid-catalyzed degradation.

If a drug dissolves in the stomach or is a liquid, and
if it is fat-soluble and acid stable, then it is likely to be
absorbed efficiently from the stomach. Ethyl alcohol
is a liquid that is completely miscible with water and
sufficiently lipophilic to cross biological membranes.
It is efficiently absorbed from the stomach.

After passing through the pyloric sphincter, a
compound reaches the duodenum, jejunum, and ileum.
These regions of the small intestine differ from the
stomach with respect to pH, the presence of digestive
enzymes, and the absorptive surface area. Excretion
of alkaline bile into the duodenum raises the pH of the
duodenal and more distal intestinal contents to 5-7.
The change in pH from acidic to essentially neutral
causes many changes that affect drug absorption.
Enteric coatings that were impermeable in the stomach
will dissolve. Acidic drugs will dissolve more rapidly
and yet the pH will not be sufficiently high to prevent
dissolution or cause precipitation of weakly basic drugs.

Gl Structure and Motility

The stomach is a pouch-like organ lined with a rela-
tively smooth epithelial surface. Although compounds
can be absorbed from the stomach, the contribution of
this organ to overall enteral drug absorption is modest.
The absorptive properties of the proximal small intes-
tine are superior to those of the stomach or any other
region of the GI tract. The rate at which compounds
pass from the stomach into the small intestine is a
rate-limiting step controlling drug absorption.
Stomach motility is complex and is influenced by
nervous and hormonal stimuli. Stomach emptying rate
is a function of rhythmic contractions that have a
frequency of approximately three per minute in a
fasted person, and less when food enters the stomach.

Food passes from the stomach into the duodenum as
a result of these rhythmic contractions. The heavier the
meal and the higher the fat content, the longer it will
take for a meal, and any drug that may be ingested with
it, to pass into the small intestine. This process acts as a
defense mechanism by which substances are prevented
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from entering the proximal small intestine and injuring
the delicate absorptive surface of this region until they
are reduced to a suitable consistency in the stomach.

Whereas solid food delays stomach emptying, liquids
tend to accelerate the process. Acceleration results from
activation of stretch receptors in the stomach wall.
When the fluid is water, activation of the inhibitory
receptors is stopped. This results in rapid emptying of
stomach contents into the duodenum.

By far the most important difference between the
proximal small intestine and the stomach is the nature
ofthe mucosal surface of the epithelium. The mucosal
surface of the small intestine is increased by finger-
likeprojections, or villi, that arise from the folds of
Kerckring, and in turn by microvilli that arise from
the villi. These invaginations increase the surface area
of the intestinal mucosa some 600-fold to approxi-
mately 200 m?, and 1.0-1.5L of blood passes through
intestinal capillaries each minute. Corresponding
values for the stomach are only 100 m? of surface area
and a blood flow rate of 150 ml/min. Thus, the small
intestine has a surface areaapproximately double that
of the stomach and a blood perfusion rate 6-10 times
faster. Both factors strongly favor more efficient
absorption from the small intestine.

The villi and microvilli of the small intestine are lined
by a sulphated mucoprotein, glycocalyx. Fluid trapped
within the glycocalyx is stationary, and a series of thin
layers, each progressively more stirred, extends to the
bulk phase of the intestinal lumen. This series of unstirred
layers has an effective thickness of 0.01-1.0 mm.

Molecules move within the unstirred layers by diffu-
sion at a rate inversely proportional to the square root
of molecular weight below 450, and inversely propor-
tional to the cube root of molecular weight above
450. The glycocalyx is negatively charged, with coun-
terions in the unstirred layer. If a substantial propor-
tion of these cations is composed of hydrogen ions,
as is often the case, then the microclimate within the
brush border of the epithelium is likely to be acidic
relative to the bulk phase. This may influence drug
ionization at the membrane surface, and provides a
basis for the “acid microclimate’” frequently associated
with the GI mucosa.

The length of time during which material stays in the
small intestine is approximately 5 min in the duodenum,
2h in the jejunum, and 3-6h in the ileum. Material
then enters the large intestine.

The large intestine does not have villi or microvilli
at its mucosal surface. Its contents are neutral or
alkaline. Therefore, absorption of drugs from the large
intestine is less efficient than from the small intestine.
The large intestine and colon contain an active bacte-
rial microflora that can degrade foreign molecules that
also tends to reduce absorption of drugs from this
region of the GI tract.
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Gl Secretions

The rate of acid secretion into the stomach is con-
trolled by parietal cells. Acetylcholine, histamine, and
gastrin are important for regulation of hydrochloric
acid secretion, and they act directly on parietal cells
to enhance acid secretion rate.

Phases of gastric acid secretion

The basal rate of hydrochloric acid secretion varies
diurnally, being highest in the evening and lowest in
the morning. After ingestion of a meal, the rate of acid
secretion in the stomach increases. The three phases
of increased acid secretion in response to food are
the cephalic phase (before food reaches the stomach),
the gastric phase (elicited by the presence of food
in the stomach), and the intestinal phase (elicited by
input from the duodenum and upper jejunum).

Cephalic phase

The sight, smell, and taste of food elicit this phase.
Acid secretion during this phase can be as much as
40% of the maximum rate. Other stimuli sensed in
the brain, in addition to those related to the presence of
food, may evoke acid secretion through vagal impulses.

Gastric phase

The presence of food in the stomach evokes gastric
secretion. The principal stimuli include distension of
the stomach and the presence of amino acids and pep-
tides. Distension of the stomach stimulates mechanor-
eceptors that bring about secretion of acetylcholine,
hydrochloric acid, and gastrin.

Intestinal phase

The presence of chyme in the duodenum stimulates
neuronal and endocrine responses that stimulate and
later inhibit secretion of acid into the stomach. The sti-
mulatory influences dominate when the pH of gastric
chyme is above 3. However, when the buffer capacity is
exhausted and the pH falls below 2, inhibitory influences
dominate.

Gastric acid secretion may be regulated by several
brain peptides, some of which may enhance secretion,
while others may act centrally to inhibit secretion.

Gastric Juice

Gastric juice contains a mixture of secretions from
surface epithelial cells and gastric glands. Salts,
water, pepsins, intrinsic factor, and mucus are main
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components of gastric juice. Gastric secretions increase
after a meal. Ionic composition of gastric juice is
related to the rate of secretion. The higher the secretory
rate, the higher the hydrogen ion concentration.. The
rate of gastric acid secretion varies among individuals.
In humans, the basal rate is 1-5mEq/h. With hista-
mine or pentagastrin stimulation, acid output rises
to 5-40mEq /h.

Other Secretions

Bile, pH 7.8-8.6, is produced continuously in humans.
Hepatic bile is concentrated and stored in the gall blad-
der between meals. It is ejected from the gall bladder
and flows into the duodenum when food enters the
intestine. The main constituents of bile are bile salts,
bilirubin, end products of hemoglobin breakdown,
the electrolytes sodium, chloride, and bicarbonate,
cholesterol, phospholipids, and lecithin. The gall
bladder contracts within 30 min after eating due to lib-
eration of cholecystokinin. The most effective stimulus
to this is food high in fat.

Bile salts, which are surface active, promote dissolu-
tion of lipophilic drugs and lipophilic drug formula-
tions, enteric coatings, and waxy drug matrices. Bile
salts may also promote membrane permeability of
lipophilic molecules through micelle formation and
solubilization.

Pancreatic juice contains an alkaline fluid and
enzymes, both of which empty into the duodenum.
The alkaline pH contributes to neutralization of the
acid that empties from the stomach. The enzymes
amylase, lipase, trypsin, and chymotrypsin play major
roles in the digestion of carbohydrates, fats, and pro-
teins. Trypsin and chymotrypsin are secreted as inactive
precursors and are converted to the active forms
enzymatically.

As a result of proteolytic enzyme secretion into the
duodenum, protein or peptide drugs, such as cortico-
tropin, vasopressin, and insulin, are rapidly degraded
and generally cannot be given orally. Secretory activity
of the pancreas is under hormonal and neuronal control.

Intestinal secretions do not exist in the same sense as
gastric, pancreatic, or biliary secretions. Nonetheless,
large fluid fluxes take place throughout the intestine.
Any secretions from the intestinal mucosa appear to
have a lubricant and protective effect.

Gl Blood Flow in Relation to Drug Absorption

Drugs may be transported away from the serosal side
of the GI tract by one or both of two mechanisms.
The GI tract is supplied by a blood capillary network
from the splanchnic circulation. Drugs may also be
taken up by the lymph vessels in the GI epithelium
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and carried by the lymphatic system that drains the
abdominal area into the thoracic duct. Any drug that
is absorbed via this system enters the systemic circula-
tion directly and is not susceptible to first-pass hepatic
metabolism. Despite the presence of both the blood
capillary network and the lymphatic system, absorp-
tion of the great majority of drugs appears to occur
predominantly via the capillary system associated with
the splanchnic circulation.

The reason for this appears to lie in the relative flow
rates of blood and lymph. The rate of blood flow in the
splanchnic circulation is 1.0-1.5L/min, or 30% of
cardiac output. This rate may increase to 2L/min
after a meal. Lymph flow through the same region is
only 1-2ml/min, but may increase to 5-20ml/min
after a meal. Lymph flow in this region is thus 500-
700 times slower than blood flow. Relatively fast
splanchnic blood flow establishes virtual sink condi-
tions on the serosal side of the GI epithelium and
ensures a steep concentration gradient. These condi-
tions promote efficient absorption into the bloodstream
rather than into lymph.

Only a small number of drugs are absorbed via the
lymph system. These include drugs with high molecular
weights that cannot enter the capillaries and specific
molecules such as steroids.

Hepatic First-Pass Metabolism

The majority of compounds absorbed from the
stomach and intestines enter the splanchnic circulation.
This leads to the portal vein, the liver, and then to the
general circulation. Compounds absorbed via this
route must therefore pass through the liver and will
do so initially at a higher concentration relative to
when they eventually distribute into the general circu-
lation and elsewhere.

As hepatic metabolism is generally first order in
nature, a large proportion of any orally administered
drug that is highly and efficiently metabolized in the
liver will be cleared during the initial first pass. A drug
could be efficiently absorbed from the GI tract and
yet poorly available to the general circulation as a
consequence of first-pass hepatic clearance. Such high
extraction drugs include acebutolol, alprenolol, desi-
pramine, isoproterenol, and lidocaine.

ABSORPTION MECHANISMS

An orally administered drug must pass through a
number of membranes in order to be absorbed into the
systemic circulation. Many physiological membranes
differ in structure and function. Despite this, there is
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general consensus regarding the basic structure of the
cell membrane.

The Cell Membrane

The primary structure of the cell membrane, shown
in Fig. 3® is a 5-nm thick bimolecular lipid film that
separates intracellular and extracellular fluids. The
lipid is composed mainly of the phospholipids phos-
phatidylserine and phosphatidylinositol, and contains
saturated and unsaturated fatty acids and sterols. The
bilayer exhibits high permeability to hydrophobic mole-
cules and low permeability to hydrophilic molecules.

The cell membrane is associated with intrinsic and
extrinsic proteins. Intrinsic proteins are globular pro-
teins that generally span the bilayer and are held within
the membrane by hydrophobic and electrostatic inter-
actions. The proteins can form channels, carriers, or
pumps that enable polar molecules to cross the
membrane.

Membrane Transport

Several mechanisms have been identified for drug
transport across membranes. One of them is passive.
The remainder utilize some type of carrier mechanism.

Simple or Passive Membrane Transport

This mechanism, based primarily on lipid solubility
and concentration gradient, is responsible for mem-
brane transport of the great majority of drugs.

Glycoprotein

Oligosaccharide

Glycolipid
Q
. (g

Integral prot

Phospholipid
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\T Hydrophilic polar
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Integral protein
Cytoplasm

Fig. 3 Structural model of the cell membrane. The mem-
brane is composed of a bimolecular leaflet of phospholipid
with the polar head groups facing the extracellular and cyto-
solic compartments and the acyl groups in the middle of the
bilayer. Integral membrane proteins are embedded in the
lipid bilayer. Integral proteins are glycosylated on the exter-
ior surface and may be phosphorylated on the cytoplasmic
surface. Extrinsic membrane proteins, peripheral proteins,
are linked to the cytosolic surface of the intrinsic proteins
by electrostatic interactions. (From Ref "))
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The range of membrane permeabilities is very high.
Typically, hydrophobic molecules have high partition
coefficients, while hydrophilic molecules have low par-
tition coefficients. The direction and rate of transport
are determined by the concentration gradient of a
substance across the membrane.

Molecules that are weak acids or bases cross mem-
branes more readily when they are in the non-ionized
form. However, aqueous solubility is favored for the
ionized form. In order to be available to cross any
membrane, a drug must be in solution. This paradoxi-
cal requirement of both aqueous and lipid solubility is
of particular concern in the area of drug absorption
and presents a constant challenge in pharmaceutical
formulation.

Transport Proteins

Many substances, particularly polar molecules, cross
membranes at rates greater than those predicted from
solubility and permeability data. Some can cross mem-
branes against a concentration gradient. Unexpectedly
high membrane permeability is related to transport
proteins. Many transport proteins have been identified,
cloned, and sequenced. Current knowledge has per-
mitted an operational definition of carrier proteins
as channels, carriers, and pumps. The current state of
the art in identification and characterization of these
systems has been described by Wright.!”!

Channels

Initial speculation on the existence of small aqueous
pores in membranes was based on high membrane
permeability of small polar molecules. For example,
the permeability of water is 1000-fold more, and that
of urea 10- to 100-fold more, than predicted. These
types of observations led to the prediction of aqueous
channels with radii of approximately 4A.

Water channels

The presence of water channels has been demonstrated
by successful cloning of proteins that increase mem-
brane water permeability. These have been expressed
in erythrocytes and in cells of the renal tubule.

lon channels

Evidence for ion channels in biological membranes was
introduced in the 1970s. Possibly the most significant
experiment was by Neher and Sakmann,'” who
recorded single ion channel currents in muscle fibers.
Many types of channels for sodium, potassium,
calcium, and chloride ions have been described, and
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each has a specific conductance, ion selectivity, and
probability of opening. Ion channel opening may be
controlled by voltage or by ligand, and channels are
thus designated voltage-gated or ligand-gated. Each of
the ion channels has a specific pharmacology. Sodium
channels are 12 times more selective for sodium than
for other cations. Calcium channels are 1000 times
more selective for calcium than for other cations.

Facilitated Diffusion

Facilitated diffusion is a simple mechanism proposed
to explain transport of water soluble compounds. The
main characteristics of this transport system are that
membrane permeability exceeds that predicted from
partition coefficients, transport occurs down a concen-
tration gradient, transport is saturable, and competi-
tion occurs between isomers. Facilitated diffusion has
been used to explain cellular uptake of sugars and
amino acids.

Six human sugar transporters with different tissue
distributions, substrate kinetics, and specificities have
been identified. A number of facilitated amino acid
transporters have also been identified in mammalian
cells. System L, which transports neutral amino acids,
such as leucine and phenylalanine, is probably the best
known of these.

Pumps

Pumps are proteins that can transport ions against
electrochemical potential gradients using adenosine-
S-triphosphate (ATP) as an energy source. Sodium—
potassium pumps maintain intracellular sodium and
potassium concentrations in animal cells and also con-
trol salt and water absorption by the epithelial cells in
the intestine and kidney. The sodium—potassium pump
transports three sodium ions out of the cell and two
potassium ions into the cell at the cost of one molecule
of ATP. The 3:2 coupling ratio results in net loss of
sodium ions into the cell down an electrochemical
gradient and maintains cell volume. Currently, consid-
erable research is attempting to elucidate the structures
of the various isoforms and subunits of sodium
potassium pumps.

Cotransporters and Exchangers

There are many other examples of ions and ionized
molecules accumulating in cells against their concentra-
tion gradient, such as uptake of iodine by the thyroid
gland, accumulation of acids in liver cells, and absorp-
tion of sugars and phosphate by the small intestine.
Recent studies have shown that these are governed
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by cotransport mechanisms. In all cases tested to date,
sodium or hydrogen ion gradients are used to drive
cotransporters, and these gradients are maintained by
ion pumps. Glucose transport across the brush border
of the small intestine is coupled with sodium transport,
and uphill sugar transport is driven by the sodium
gradient.

Cotransporters

Cotransporters use the sodium or hydrogen ion
gradient to drive transport of a substrate. Many
cotransporters have been described, cloned, sequenced,
and expressed. The sodium—glucose cotransporter just
described is one of these.

Other cotransporters facilitate the transport of other
sugars, osmolytes, and amino acids. In humans, a
disorder of intestinal glucose and galactose absorption
is due to a defective sodium-glucose transporter.

Antiporters

The best characterized antiporters, or exchangers, are
the chloride-bicarbonate, sodium-hydrogen ion, and
sodium—calcium exchangers. The cellular sodium-
hydrogen ion exchanger controls cell volume, pH,
growth, and sodium transport. Mammalian isoforms
of these exchangers have been cloned and sequenced.
Sodium-hydrogen exchangers play a dominant role in
the regulation of intracellular calcium, and thus the
force of contraction of the heart. The therapeutic effect
of cardiac glycosides is probably related to decreased
sodium-calcium exchange in the heart caused by a
decreased sodium-hydrogen gradient across the cell
membrane.

Permeability Glycoprotein

Permeability glycoprotein (p-glycoprotein) is an ATP-
dependent efflux pump responsible for pumping
substances out of cells. It is implicated in development
of drug resistance in tumor cells. Localization of
p-glycoprotein in the apical membranes of intestinal,
liver, and kidney cells, and also at the blood brain
barrier, provides potential for this pump to have a
profound effect on drug absorption, distribution, and
elimination, as well as in drug-drug interactions.

Pinocytosis and Endocytosis

Pinocytosis is a non-specific process whereby a sub-
strate enters a cell by invagination to form an intra-
cellular vesicle. Receptor-mediated endocytosis occurs
when substrate binds to a specific membrane receptor.
Substrates ingested by cells in this way are stored in
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vesicles or degraded. Receptor-mediated endocytosis
is involved in cellular uptake of immunoglobulin and
low density lipoprotein.

FORMULATION FACTORS AFFECTING
DRUG ABSORPTION AND ABSORPTION
ENHANCERS

The chemical and physical properties of a drug and its
formulation can affect drug stability and absorption
characteristics.

Chemical Factors

A variety of chemical options can be used to improve
the stability and systemic availability of drugs. For
example, esters can be prepared of both acids and
bases to produce more stable derivatives, which hydro-
lyse to the active parent once absorbed. The stability
and solubility of both acids and bases tend to increase
when they are in the form of salts. Typically, adminis-
tration of soluble salts of penicillin give rise to higher
circulating antibiotic levels than the free acid. When
the salt of a weak acid dissolves in the stomach, it
generates a diffusion layer of relatively high pH which,
in turn, promotes further dissolution. The same
argument could theoretically be used for basic drugs.
However, the pH effect in this case is swamped by
the very low pH present in stomach fluids. Thus, salts
of basic drugs are used primarily for handling and
solubility rather than for improved dissolution.

Physical Factors

Different physical forms of a drug can affect its
absorption. Typically, the crystal or polymorphic form,
the state or nature of hydration or solvation, and phys-
ical size of drug particles may have considerable
impact on the rate and extent of drug absorption.

Polymorphism and amorphism

Many compounds form crystals with different molecu-
lar arrangements, or polymorphs. These polymorphs
may have different physical properties, such as dissolu-
tion rate and solubility. The vitamin riboflavin exists in
several polymorphic forms, and these have a 20-fold
range in aqueous solubility. Polymorphs that have no
crystal structure, or amorphic forms, have different
physical properties from the crystalline forms.
Absorption of many orally administered drugs
is controlled by dissolution rate. Amorphous forms
generally dissolve faster than crystalline forms because
no energy is needed to break up the crystal lattice.
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For this reason, the amorphous form is often preferred
over the crystalline form and several drugs, including
hydrocortisone and prednisolone, are marketed in the
amorphic form.

Solvation

During their preparation, drug crystals may incorpo-
rate one or more solvent molecules to form solvates.
The most common solvate is water. If water molecules
are already present in a crystal structure, the tendency
of the crystal to attract additional water to initiate the
dissolution process is reduced, and solvated (hydrated)
crystals tend to dissolve more slowly than anhydrous
forms. Significant differences have been reported in
the dissolution rate of hydrated and anhydrous forms
of ampicillin, caffeine, theophylline, glutethimide, and
mercaptopurine. The clinical significance of these dif-
ferences has not been examined but is likely to be slight.

Particle size

Particle size may play a major role in drug absorption.
Dissolution rate of solid particles is proportional to
surface area, and hence to particle fineness. Particle
size reduction has been used to increase the absorption
of a large number of poorly soluble drugs, such as
bishydroxycoumarin, digoxin, griseofulvin, nitrofuran-
toin, and tolbutamide.

Griseofulvin has extremely low aqueous solubility,
and material of normal particle size gave rise to poor
and erratic absorption. Microsize particles improve
absorption, but it is improved even more when it is for-
mulated in ultramicrosize particles as a monomolecular
dispersion in polyethylene glycol.

Formulation Factors

Drug formulations are designed to provide an attractive,
stable, and convenient method to use products. Conven-
tional dosage forms may be broadly characterized in
order of decreasing dissolution rate as solutions, solid
solutions, suspensions, capsules and tablets, coated cap-
sules and tablets, and controlled release formulations.

Solutions

Aqueous solutions, syrups, elixirs, and emulsions do
not present a dissolution problem and generally result
in fast and often complete absorption as compared
to solid dosage forms. Due to their generally good
systemic availability, solutions are frequently used as
bioavailability standards against which other dosage
forms are compared.
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Solid solutions

The solid solution is a formulation in which drug is
trapped as a solid solution or monomolecular disper-
sion in a water-soluble matrix. Although the solid
solution is an attractive approach to increase drug
absorption, only one drug, griseofulvin, is currently
marketed in this form.

Suspensions

A drug in a suspension is in solid form, but is finely
divided and has a large surface area. Drug particles
can diffuse readily between the stomach and small
intestine so that absorption is relatively insensitive to
stomach emptying rate.

Similar to solutions, suspensions are useful for
patients who have difficulty taking solid medication.
Adjusting the dose to a patient’s needs is easier with
solutions and suspensions than with solid dosage
forms. Liquid dosage forms, therefore, have several
practical advantages besides simple dissolution rate.
However, they also have some disadvantages, includ-
ing greater bulk, difficulty in handling, and perhaps
reduced stability.

Capsules and tablets

Capsules and tablets are the most common oral dosage
forms. These formulations differ from each other in
that material in capsules is less impacted than in
compressed tablets. Once a capsule dissolves, the con-
tents generally disperse quickly. The capsule material,
although water soluble, can impede drug dissolution
by interacting with the drug, but this is uncommon.

Tablets generally disintegrate in stages, first into
granules and then into primary particles. As particle
size decreases, dissolution rate increases due to of
increased surface area.

Tablet disintegration was once considered a suffi-
cient criterion to predict in vivo absorption. This was
proven inadequate, however, and dissolution is now
recognized as a better criterion. Regulatory agencies
now require dissolution rate data for all new oral
formulations. The increasingly wide acceptance of
dissolution as the best available in vitro parameter to
predict in vivo absorption is reflected in the prolifera-
tion of such tests in official compendia.

Excipients. Along with active material contained
in tablets and capsules, a variety of so-called inert
ingredients are present, for example, starch, magne-
sium aluminum silicate, methylcellulose, carboxy-
methylcellulose, lactose, kaolin, talc, calcium sulfate,
and magnesium stearate. Tablets may also have a
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variety of coatings to improve stability, taste, appear-
ance, and drug release characteristics. Although con-
sidered to be inert, these additives can affect drug
dissolution and absorption. Changing an excipient
from calcium sulfate to lactose and increasing the pro-
portion of magnesium silicate, increases the activity of
oral phenytoin. Systemic availability of thiamine and
riboflavin is reduced by the presence of Fuller’s earth.
Absorption of tetracycline from capsules is reduced by
calcium phosphate due to complexation.

Most of these types of interactions were reported
some time ago and are unlikely to occur in the current
environment of rigorous testing of new dosage forms
and formulations.

Coated tablets

Tablets may be formulated with coatings such as
shellac, resin, or styrene-maleic acid copolymer. These
coatings are insoluble in acid but dissolve readily at
neutral or alkaline pH. Thus they are ideally suited
to prevent drug release until the formulation has
passed from the stomach into the small intestine. Pre-
venting drug release in the stomach may protect drugs
that are acid labile. It may also protect the patient
from irritant substances like iron salts, diethylstilbo-
estrol, and some anti-inflammatory agents. Release, and
subsequent systemic availability of drugs from these
formulations is likely to be highly sensitive to stomach
emptying patterns.

In Vitro-In Vivo Correlations. The relationship
between in vitro dissolution and in vivo bioavailability
is of considerable interest today. The U.S. Food and
Drug Administration (US FDA) has spearheaded a
research program to examine these relationships with
the objectives to gain a better understanding of their
interdependence and to use the relationships as a
means to predict in vivo performance from in vitro
data. The cost savings of realization of this second
objective would be significant. The main thrust of
research in this area is based on differentiation of
drugs or formulations in terms of solubility and mem-
brane permeability.['!

Drugs or formulations can be considered in four
groups: 1) high solubility and low permeability; 2)
high solubility and high permeability; 3) low solubility
and high permeability; and 4) low solubility and low
permeability. For drugs in group 3, dissolution is
likely to be rate-limiting for absorption and in vitro
dissolution data may be useful. For drugs in group 1,
on the other hand, permeability is probably rate-
limiting and in vitro data are less likely to be useful.
For groups 2 and 4, the picture is less clear and in
vitro—in vivo relationships would need to be deter-
mined experimentally.
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Controlled release formulations

Appreciation of the advantages of controlled drug
release, development of many novel controlled release
systems, and also the interest of major pharmaceutical
houses in protecting marketed drug products, have led
to increased interest in this type of dosage form. Most
controlled release products currently marketed include
diuretic agents, cardiovascular and respiratory drugs,
and compounds acting on the CNS. Little attention
has been paid to antimicrobial agents.

Advantages of Controlled Drug Release. Due to of
their generally higher cost, controlled release dosage
forms can be justified only if they offer therapeutic
advantages, i.e., improved maintenance of therapeutic
drug levels in the circulation, reduced dosing fre-
quency, reduced fluctuation in circulating drug levels,
increased convenience to the patient, reduced patient
care time, less nighttime dosing, more uniform phar-
macologic response, reduced GI irritation, and reduced
side effects. The second of these, reduced dosing fre-
quency, has often been claimed as a sufficient rationale
for development of a controlled release dosage form,
but has become unacceptable as a sole criterion. This
is understandable given the current emphasis on cost
containment in health care.

Disadvantages of Controlled Drug Release. Potential
disadvantages of controlled release dosage forms
include the possibility of dose dumping, less facile dose
adjustment, increased potential for hepatic first-pass
metabolism, possible delay in onset of action, possibly
lower system availability, and time of drug release lim-
ited to residence time of formulation in the optimum
absorption region(s) of GI tract.

Dose dumping, or inadvertent rapid release of drug,
is important for potent drugs that have a narrow ther-
apeutic index. Good manufacturing practice (GMP)
generally reduces the probability of this happening.
Fine dose adjustment is often difficult with controlled
release formulations. Controlled release tablets that
use a granule matrix may be subdivided in order to
reduce the dose, but repeat action tablets or osmotic
pump devices lose their controlled release properties
once the dosage form is fractured. Increased first-pass
metabolism may occur with drugs that are cleared by
the liver, but only if hepatic clearance is saturable
following rapid absorption from conventional dosage
forms. Reduced systemic availability is common with
controlled release dosage form, availability generally
being 80-85% of that from conventional formulations.
Limited residence time in the GI tract is a potential
disadvantage of oral controlled release products, and
this distinguishes oral from other controlled release
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dosage forms (e.g., skin patches, which can provide
slow release of drug over a prolonged period).

Drugs that are Unsuitable for Controlled Release. Some
drugs are unsuitable for controlled release formula-
tions. Typical characteristics of such drugs include
short biological half-life, long biological half-life,
potent drug with narrow therapeutic index, large dose,
poorly absorbed, low or slow dissolution, active absorp-
tion, time course of activity not the same as that of cir-
culating drug levels, and extensive first-pass metabolism.

A controlled release form of a drug that has a short
biological half-life, <2h, or is administered in large
doses may need to contain a prohibitively large
amount of drug. Drugs with long biological half-lives
(>8h) are generally sufficiently sustained in the body
from conventional doses, and prolonged release is
unnecessary. Incorporating slowly dissolving com-
pounds into a controlled release formulation is likely
to be counterproductive since dissolution is rate-
limiting anyway. Administering drugs like warfarin,
whose pharmacologic effect is prolonged relative to
its blood profile, offers no therapeutic advantage.
Incorporating such compounds as some beta-lactam
antibiotics, fluorouracil, and some amino acids, which
appear to be absorbed predominantly from the proxi-
mal intestine, is likely to reduce their efficacy and
achieve little or no prolongation of effect. As stated
earlier, if a drug undergoes saturable first-pass metabo-
lism from conventional doses, its systemic availability
may be decreased after controlled release.

Although the above arguments provide useful gen-
eral rules, there are many exceptions. Nitroglycerin
has a biological half-life of less than 0.5h. It is gener-
ally considered to be poorly absorbed and is rapidly

Table 1 Some oral controlled-release dosage forms
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metabolized by the liver, with obvious first-pass impli-
cations. However, a large number of oral controlled
nitroglycerin products are marketed. Low circulating
levels of nitroglycerin obtained from these products
appear to provide adequate prophylaxis against angina
attacks, but not against acute angina episodes. Some
established and more recently introduced controlled
release dosage forms are given in Table 1.'4

Absorption Enhancers

Although oral dosing is generally more convenient
than other dosage routes, oral absorption of many
drugs is poor. As molecules become larger, more com-
plex, and generally more lipophilic in the quest for new
or improved efficacy, their absorption tends to decline.
To address this problem, absorption enhancers con-
tinue to be examined, so far with variable success.
Some compounds that have been shown, largely in
animal studies, to increase absorption of drugs are
shown in Table 2.'¥ Little or no information is avail-
able in humans for most of these compounds.

Nonsteroidal antiinflammatory agents (NSAIDs)

NSAIDs, in particular indomethacin, diclofenac,
mepirazole, phenylbutazone, and salicylate, can pro-
mote absorption of other drugs, including insulin,
ampicillin, cephalothin, cefoxitin, and cefmetazole.
Most of these observations were made in the rat and
frequently after rectal administration. Several mechan-
isms by which NSAIDs promote drug absorption have
been postulated, but exact mechanisms are not known.
As NSAIDs are often irritating to the GI mucosa,

Category Product

Active ingredient

Slow erosion with initial Tedral SA

fast release dose
Erosion core only Tenuate Dospan
Repeat action tablets
Pellets in capsules

Pellets in tablets

Combid spansule
Theo Dur

Leaching Desbutal gradumet

Ton exchange resin Biphetamine

Complexation Rynata

Microencapsulation Nitrospan

Flotation—diffusion Valrelease

Osmotic pump Acutrim
ProcardiaXL

Chlor-trimeton repetabs

Theophylline, ephedrine, phenobarbital

Diethylpropion

Pseudoephedrine, chlorpheniramine
Isopropamide, prochlorperazine
Theophylline

Methamphetamine, pentoparbital
Amphetamine, Dextroamphetamine
Chlorpheniramine, phenylephrine, pyrilamine
Nitroglycerin

Diazepam

Phenylpropanolamine

Nifedipine

(From Ref.l'2))
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Table 2 Some types of oral drug absorption enhancers

Non-steroidal anti-inflammatory agents
Surfactants

Bile salts

Medium chain fatty acids

Mixed micelles

Liposomes

Azone

Cell permeation enhancers
Nanoparticles

(From Ref.["%)

and this may well relate to their absorption enhancing
ability, the feasibility of their use to promote drug
absorption is uncertain.

Surfactants

In view of their solubilizing effects and also their
potential to change membrane permeability, surfactants
have been considered as absorption enhancers, again
mostly in animals. Polyoxyethylene ethers have been
shown to enhance gastric or rectal absorption of linco-
mycin, penicillin, cephalosporins, and fosfomycin in rats
and rabbits. In rats, colonic absorption of interferon—
alpha is increased from 3 to 8% by polyoxyethylene
esters of oleic acid and oleic acid glycerides.

Some studies have examined the effects of surfac-
tants on intestinal absorption of insulin, with variable
results. Both rectal and jejunal absorption of insulin
was increased by anionic and cationic surfactants.
However, in humans, oral polyoxyethylene-20-oleyl
ether resulted in poor and variable insulin absorption.!'*!

Any enhancing effect of surfactants on drug absorp-
tion appears to be related to increased drug solubili-
zation, modification of mucosal permeability, or
reduction of resistance of the unstirred water layer at
the GI membrane surface. In general, unionic surfac-
tants have little effect on membrane structure but
cationic surfactants have been associated with reversi-
ble cell loss and loss of goblet cells. These effects must
limit consideration of surfactants as absorption
promoters, particularly for long term treatment.

Bile salts

Bile contains conjugates of cholic acid and cheno-
deoxycholic acid, which emulsify dietary fat, facilitate
lipolysis, and transport lipid molecules through the
unstirred layer of the intestinal mucosa by micellar
solubilization. The ability of bile salts to promote lipid
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absorption has prompted their investigation as absorp-
tion enhancers for drugs, with modest success. Studies
in animals have demonstrated increased intestinal
absorption of heparin and interferon-alpha. Absorp-
tion of insulin can be increased by bile salts, both in
experimental animals and in humans. The effect on
drug absorption appears to correlate with mucosal
damage. This, together with possible cocarcinogenic and
comutagenic properties of secondary bile salts, reduces
the attractiveness of bile salts as absorption enhancers.

Medium-chain fatty acids and glycerides

The presence of medium chain fatty acids and glycer-
ides in food products has stimulated interest in their
potential utility as absorption enhancers. Some fatty
acids and glycerides have been shown to increase
drug absorption under a variety of conditions, almost
always in animals and in most cases after rectal dosing.
However, some studies have yielded positive results
after oral dosing. Oral insulin bioavailability was
increased to 9-13% relative to IM administration by
a mixture of sodium dodecanoate and cetyl alcohol.!'!
Aftiraxone absorption was enhanced by glyceryl-
l-monooctanoate after oral, duodenal, and rectal
administration to animals.

Despite the potential of these classes of compounds
as absorption enhancers, they have been shown to
have negative effects on mucosal membrane integrity.
Additional research is needed to evaluate risks and
benefits.

Mixed micelles

Mixed micelles consist of fatty acids solubilized by sur-
factants or bile salts. The effects of mixed micelles on
drug absorption were reviewed by Muranishi!'® Mixed
micelles are effective absorption enhancers for com-
pounds such as heparin, streptomycin, gentamycin,
and insulin. The effect of mixed micelles on drug
absorption tends to be greater at the distal region of
the GI tract. The mechanism for increased absorption
is not known. Some publications claim that they
are safe to use. Others report a disordering effect on
intestinal epithelial cells.

Liposomes

Liposomes consist of vesicles composed of bilayers
or multilayers that contain phospholipids and choles-
terol surrounding an aqueous compartment. Drug is
entrapped within the liposome and is released from
the liposome for absorption at the intestinal membrane
surface. This dosage form received considerable
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attention during the 1970s and 1980s, and several ani-
mal studies demonstrated potential for absorption
enhancement. However, lack of effect in other studies,
and also stability problems, have resulted in reduced
interest in liposomes as absorption enhancers.

Azone

Azone (1-Dodecylazacycloheptan-2-one) and related
compounds have been studied as transdermal penetra-
tion and oral absorption enhancers. Although some
efficacy has been shown, an emulsifying agent appears
to be necessary for azone to penetrate the intestinal
mucosal membrane in order to promote drug absorp-
tion. One study reported the absence of gross morpho-
logical damage after exposure of mucosa to azone!'”)
but additional information on the effect of azone on
overall mucosa structure is not avalable.

Cell permeation enhancers

Although the objective of most absorption enhancers
is to avoid direct interaction with the mucosal mem-
brane, cell permeation enhancers use this as a means
to increase drug absorption. One form of enhancer
currently of interest consists of glycosylated molecules,
or facial amphiphiles. It is claimed that these com-
pounds temporarily increase membrane permeability.
Molecules are designed to self-assemble in membranes
to form transient pores that permit hydrophilic com-
pounds to cross the membrane. This technology has
considerable potential for absorption enhancement.
No adverse effects have been reported to date.!'®!

Nanoparticles

From known relationships between surface area and
dissolution, it is reasonable to predict that ultrafine
particles may increase the dissolution rate of relatively
insoluble compounds. If these particles are then stabi-
lized to avoid aggregation and agglomeration, and yet
retain fluidity, then a useful drug product could be
obtained.

This concept has found expression in a proprietary
nanoparticle technology in which a drug is reduced
to nanometer-size particles in the presence of stabili-
zers. Originally developed for IV computer imaging,®!
this technology shows considerable promise to increase
absorption of poorly water soluble compounds. As the
nanoparticle system is purely “formulation’’ in nature,
it is unlikely to affect GI mucosal integrity. Nano-
particles are sufficiently small that they can be used
parenterally, apparently without ill effects. More is
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likely to be heard about this novel absorption enhancer
technology.

CONCLUSIONS

The rate and extent of drug absorption into the
systemic circulation are key factors that influence drug
pharmacologic activity. Drugs may be administered by
a variety of routes, each with its own advantages and
disadvantages. The route of administration for a parti-
cular drug is dictated by the properties of the drug and
the systemic activity profile required.

Increased knowledge of membrane structure and of
transmembrane transport has improved understanding
of the mechanisms of drug absorption and of ways
in which this may be modulated.

Formulation continues to play a pivotal role in drug
absorption. Many enhancer technologies have been
examined, with varying success. However, some recent
technologies based on formulation or membrane effects
show considerable potential to increase absorption of
orally administered compounds.
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Adsorption at Solid Surfaces: Pharmaceutical Applications

Hong Wen
Wyeth Research, Pearl River, New York, U.S.A.

INTRODUCTION

Adsorption at solid surfaces is involved in nearly every
aspect of pharmaceutical development, from formu-
lation design, process development, and manufacturing
to storage of finished dosage forms. Achieving content
uniformity, especially for low-dose drugs, exhibits a
challenge faced in the manufacturing of solid dosage
formulations. One of the solutions is by adsorbing
small drug particles onto the surface of large excipi-
ents. The adsorption of binder solution onto solid
surfaces is the basis for granulation, which can improve
excipient properties such as flowability, compactibility,
and bulk density. In compaction, moisture adsorption
generally facilitates particle deformation and increases
the area of contact between particles during compression.
However, when compressible and non-compressible
excipients are mixed together, the adsorption of non-
compressible excipients onto the surface of compressible
excipients will reduce mixed powder compressibility.
During storage, water molecules adsorbed on solid
surface have significant impacts on pharmaceutical
development such as compaction and tensile strength of
tablets. Therefore hygroscopicity needs to be taken into
consideration for selecting excipients in formulation
design.

Solid dispersion is frequently used to improve the
dissolution rate of poorly water-soluble compounds.
By adsorbing drug molecules onto the surface of
adsorbents with large surface areas, the total surface
area of the drug is increased, and the drug may even
be transformed from crystalline form to amorphous
form. By adsorbing a surfactant onto the crystal
surface of poorly water-soluble drugs, dissolution rate
can also be enhanced, even though the mechanism is
yet not fully understood. In many approaches used
to increase dissolution rate, because drugs exist in
higher-energy state than their crystal state, dissolved
or amorphous drugs can be crystallized and may cause
a decrease in dissolution rate. To maintain a high
dissolution rate, polymers have been widely used to
inhibit crystallization by adsorbing onto crystal surfaces.

Besides process development and dissolution rate
enhancement, the phenomenon of adsorption at solid
surfaces is also useful in many other aspects of phar-
maceutics. By adsorbing moisture onto its large surface
area, colloidal silica has been frequently used as a

desiccant for stabilizing moisture-sensitive drugs such
as aspirin. Some special formulation designs, such
as dry powder inhalation (DPI) and sublingual nitro-
glycerin tablets, have been designed based on the
adsorption of drugs onto a carrier surface. Addition-
ally, the adsorption of liquid and gas on solid surfaces
is utilized to measure the surface area of solid materials.

OVERVIEW

The basic approach regarding how adsorption at solid
surfaces affects different aspects of pharmaceutical
development, especially for solid dosage forms, is briefly
reviewed. The three broad fields addressed are: general
pharmaceutical processing, dissolution rate enhance-
ment for poorly water-soluble compounds, and some
other applications using adsorption at solid surfaces.
Case studies are introduced to aid in understanding the
applications and/or principles involved.

Adsorption could generally be classified as physical
adsorption and chemical adsorption.!"! Forces involved
in adsorption include van der Waals force, hydrogen
bonding or electrostatic force in physical adsorption,
and covalent chemical bonds in chemical adsorption.
Adsorption could occur between solid and solid, solid
and liquid, or solid and gas. In pharmaceutical devel-
opment, these adsorptions could take place during
different processing stages, and affect the properties
of the final products. There are cons and pros of these
adsorptions, which will be discussed in this article.

ADSORPTION IN GENERAL
PHARMACEUTICAL PROCESSING

Because of the interactions existing between different
materials as well as between like materials, the perfor-
mance of excipients in a formulation could be different
from the performance of the excipients themselves. The
most frequently used procedures in pharmaceutical
processing for solid dosage formulations are mixing,
granulation, and compaction, as well as storage of
finished dosage forms. The effects of adsorption on
these procedures have been studied, observed, and
utilized widely in the pharmaceutical industry.
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Adsorption in Mixing

Adsorption of drugs onto the solid surfaces of excipi-
ents plays an important role in the preparation of
pharmaceutical mixtures and can affect many aspects
of the final formulations, especially the content uni-
formity of low-dose drugs. During mixing, there are
many factors that can affect the content uniformity
of mixtures, and adsorption generally plays a role
when the average particle size is <400 ym.”” In drug
manufacturing, it is a challenge to achieve content uni-
formity when mixing a small amount of one material
with a much larger amount of another material. To
achieve content uniformity for potent drugs in solid
dosage forms, it is beneficial to produce mixes with
good homogeneity if drugs can be dispersed very
finely.®! If there are no interactions between mixed
particles, ordered mixing and random mixing should
achieve the same results. However, due to interactions
between particles, such as aggregation between small
particles and adsorption of small particles onto large
carrier particles, ordered mixing and random mixing
may have significantly different outcomes.™
Adsorbing drugs onto carrier particles (Fig. 1) by
ordered mixing can be very beneficial in several ways,"’
such as facilitating the preparation of master batches,
avoiding segregation in stable systems, promoting
excellent homogeneity in mixtures, and improving
content uniformity of tablets especially at low dosage.
For excipient particles, larger size and better flowabil-
ity are beneficial for achieving content uniformity.?!
Those excipients that can adsorb drugs more strongly
exhibit a faster disintegration of agglomerates, and
achieve higher homogeneity in both random and
ordered mixing. Tablets of 120 mg containing 0.1 mg
of digitoxin have been manufactured with very good
content uniformity by adsorbing small particles onto

Fig. 1 Adsorption of small particles onto the surfaces of
larger carrier particles.
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larger carrier particles in ordered mixing.™ In the
design, digitoxin, dissolved in a mixture of methylene
chloride and methanol, is first deposited onto milled
critical micellar concentration (CMC). After mixing,
the solvent is removed, and this dry blend is mixed with
crystalline lactose. Other excipients are added later
without affecting the content uniformity.

The most important factors in the adsorption
process are moisture content and particle size distri-
bution.’® Moisture content and the state of adsorbed
water affect the adsorption of fine antibiotic powders
onto the surface of sorbitol by plasticizing sorbitol,
forming an adherent monoparticle layer that affects
the capillary forces and hydrogen bonding interactions
between sorbitol and the drugs, as well as masking the
interparticle forces. It was observed that high moisture
content has caused higher adsorption onto sorbitol
for those fine antibiotic powders with low interfacial
energy, internal location of adsorbed water, and the
ability to form hydrogen bonding with sorbitol. When
stored under high humidity, moisture adsorbed onto
the surfaces of drugs and carriers could form a liquid
bridge whose capillary interaction may significantly
increase adhesion in the mixture.

However, high moisture does not always increase
the adsorption of drugs onto the solid surface of
excipients.””) For example, as to antibiotics with high
interfacial energy and external location of adsorbed
water, low moisture content is beneficial for achieving
higher adsorption onto sorbitol.’”! Overall, the mech-
anism by which moisture content affects the adsorption
of drugs onto the solid surfaces of other excipients is
very complex and can be affected by many factors.

Other factors such as the surface structure of parti-
cles, reduction of interparticle distance (e.g., by means
of intensive mixing processes), as well as particle size
also affect surface adsorption.” It was observed that
irregular particles of sorbitol with a structured surface
could adsorb more vitamins than regular particles.[!
By adjusting the ratio of three vitamins in the starting
mixture, the proportions of vitamins Bl, B2, and B6
in the adsorbed state can be changed. Because of the high
fraction of vitamins not adsorbed onto sorbitol surface,
the ordered mixing was arranged, at first, by mixing each
vitamin with sorbitol separately, then by combining the
individual mixtures to make the final mixture.

Milling can affect the adsorption of actives on the
carrier surface by altering the surface properties of
excipients.”) It was noticed that milled actives fre-
quently failed blend uniformity criteria, but unmilled
active batches consistently met the blend uniformity
criteria. By adding lubricant magnesium stearate, the
blending content uniformity of the milled batches
can be significantly improved. A small amount of
amorphous materials could affect the blending charac-
teristics of a direct compression formulation."’
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Overall, factors that might affect the adsorption of
actives on the carrier surface include surface proper-
ties, moisture content, the type and particle size/shape
of carriers and actives, as well as the mixing ratio of
actives and carriers. Pharmaceutical processes (i.e.,
milling and granulation) could affect the adsorption
process by altering carrier and active properties
(i.e., surface properties, size, and shape), hence the
characteristics of blending and the quality of the final
dosage form.

Adsorption in Granulation

In solid dosage forms, granulation is frequently used
to improve excipient properties such as flowability,
compactibility, bulk density, granule strength, disso-
lution rates, and so on.''¥ The granulation process
generally includes binder atomization, fluidization,
adsorbing and spreading on powder surfaces, particle
agglomeration, and so on. In addition, binder adsorbed
onto the particle surface can also provide solid bridges
between particles. Of course, due to the complexity of
the granulation process, many factors can affect the pro-
cess and the final properties of the granules. However,
the adsorption of the binder solution on solid surfaces,
especially at the point of contact between particles or
granules, is the key to the granulation process.

The adsorption process can be affected by the
surface tension and the viscosity of a binder, and more
energy may be consumed during granulation. As
shown in Fig. 2, the surface tension and the viscosity
of a binder play important roles in granulation because
these properties influence the liquid bridges between
the particles, as well as the distribution of the binder
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Solution

Shearing path
of mixer blades

Fig. 2 Shearing path of mixer blades through wet mass at
capillary state. (From Ref'%. © John Wiley and Sons, Inc.)
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during the wet massing stage.''? For similar poly-
mer binders, even at an equivalent viscosity, different
molecular weights can affect binder surface tension
and thus influence the granulation process and related
granule properties. It is worthwhile to note that
source and batch variation of both drugs and excipi-
ents can have profound effects on the final product
performance.

A suitable amount of binder adsorbed onto the
granular surface at the points of contact, as well as
their physical properties such as viscosity and flowabil-
ity, are very important for granule growth.'*'¥ Four
mechanisms of granule growth are shown in Fig. 3,
and the mechanism that plays the main role is
determined by the degree of binder dispersion in the
powder.!"*!* Many factors, such as binder atomiza-
tion, addition rate, state of fluidization, and shear
forces in the mixer, can affect the degree of binder dis-
persion. In the “nucleation’ mechanism, particles stick
together with the help of the liquid binder adsorbed on
the powder surface; in the “coalescence’” mechanism,
through deformation and bonding, two large agglom-
erates combine to form one granule with the help of
a surface-adsorbed binder; and in the “layering”
mechanism, fine particles stick to either a large granule
or a binder droplet. In a mixer, shear forces will cause
particles to collide and bond together if some binder is
present at the point of contact, as shown in Fig. 4.
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Fig. 3 Granule growth mechanisms: (A) agglomerate for-
mation by nucleation of particles; (B) agglomerate growth
by coalescence; (C) layering of a binder-coated granule;
and (D) layering of a partially filled binder droplet. (From
Ref!"*. © John Wiley and Sons, Inc.)
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Fig. 4 Coalescence of two binder-covered particles. (From
Ref . © John Wiley and Sons, Inc.)

Of course, two colliding particles may not always bond
together, but may rebound and fail to achieve granule
growth. Once granules have been formed and reach a
certain size, they have to survive the shear forces in
the mixer, which are determined by the relationship
between shear forces of the outer shearing mass and
the inner strength of the granules.

Besides the traditional wet granulation, surface
adsorbents, especially porous materials, are very helpful
for maintaining liquid in a granulation. For example,
calcium silicate, a fine porous powder, has been success-
fully used to adsorb an oily medicine, tocopheryl
nicotinate.' Due to the high capillarity of the pores
inside calcium silicate, the adsorbent has an excellent
liquid-holding ability. In the formulation preparation,
after drug dissolved in ethanol was adsorbed on calcium
silicate, hydroxypropylcellulose (HPC) was added to the
mixture and granulated to improve flowability.

Adsorption in Compaction

In the manufacturing of tablets, compaction is a
very important step, and many factors are involved
in affecting the properties of excipients and final
products, such as surface structure and wettability
of excipients.'® For formulations, the larger is the
surface area of compressible excipients, the greater is
the compressibility.!!’~1°!

When compressible and non-compressible excipients
are mixed together, the adsorption of the non-
compressible excipients onto the surface of the compress-
ible excipients will reduce mixed powder compressibility.
Lerk et al.'® and te Wierik et al." studied a new genera-
tion of starch products, which have a high surface area as
excipients in pharmaceutical tablets, and confirmed that
there is a positive relationship between the specific sur-
face area and the binding capacity (i.e., compactibility).
The surface area that takes part in the interparticle
attraction is small, and only a minor fraction of the
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geometrical surface area may be available for tablet
bonding.m] The addition of some materials, such
as binder and lubricant, may decrease particle frag-
mentation during compression and affect the “true’”’
bonding surface area. In tablet manufacturing, lubri-
cants such as magnesium stearate act by adsorbing
onto the surface of granules and forming a film,
thus decreasing the crushing force and ejection force
during compression.?!! It was noticed that the dis-
tribution of adsorbed magnesium stearate was non-
uniform on the surface of excipients, and much more
lubricant existed on edges and defective parts of the
sodium chloride crystals in their study, thus increasing
the effective area for compaction.

Besides the surface area of the excipients, moisture
adsorbed to the excipients is one important factor in
compaction. Nyqvist®?! reported that by affecting the
surface structure of excipients, a small amount of water
in furosemide could significantly affect the compaction
properties of the direct compressible formulation.
When water content was increased from 0.06% to
0.24%, the elastic recovery was increased and network
was decreased at compaction. Besides, by adjusting the
water content of furosemide, it was possible to avoid
tablet capping as well. Because adsorption of water
in furosemide did not change the internal structure of
the crystals, water may be adsorbed onto the crystal
surface with weak forces detectable with thermal
analysis. The area of contact formed between particles
was increased during compression due to the particle
deformation facilitated by the higher moisture content.
Two types of interparticulate bonds, adsorption bonds
and diffusional bonds, have been involved in the
increased bond strength between particles. It has been
observed that increased moisture content in amor-
phous lactose particles could increase tablet tensile
strength and reduce tablet porosity by direct com-
pression.”! Overall, moisture content can influence
bonding forces by affecting both the contact area
between particles and the relative fractions of adsorp-
tion and diffusion bonds in the tablet.

Adsorption in Storage

The physical and chemical stabilities of finished dosage
forms stored at high humidity have always been
concerns in the pharmaceutical industry and have been
extensively studied. The adsorption of water molecules
onto the solid surface can affect tablet strength. For
tablets stored under humid conditions, the tensile
strength of tablets increases initially when relative
humidity (RH) increases; however, as RH further
increases, the tensile strength of tablets starts to
decrease.>**! During storage, the sublimation of drugs
such as bromhexine HCI (BHCI) can be prevented by
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selecting suitable excipients based on their surface
adsorption capacity.?*3?

Hygroscopicity of excipients

Based on hygroscopicity (i.e., the tendency of materials
to absorb water under different conditions of humid-
ity), solids have been classified into four categories,
as follows:4

1. Non-hygroscopic: No increase in water content
at RH below 90%.

2. Slightly hygroscopic: No moisture increases at
RH below 80% with less than 40% moisture
increase at RH above 80% after 1 week.

3. Moderately hygroscopic: Less than 5% water
content increase at RH below 60%, with less
than 50% water content increase at RH above
80% after 1 week.

4. Very hygroscopic: Substantial water content
increases at RH as low as 40-50%.

Different drugs and excipients have different
hygroscopic properties, and the amount of moisture
absorbed by drugs and excipients can affect not only
their own properties but also the properties of the fin-
ished dosage forms, such as flowability, compression
properties, and hardness of granules and tablets. The
hygroscopicity of different excipients has been stud-
ied,***! and research on moisture adsorption may
provide useful information in selecting excipients such
as disintegrants, binders, and fillers in formulation
design, as well as in choosing suitable manufacturing
and storage conditions.

Effects of moisture on tablet strength

Increasing RH during storage will increase tensile
strength and decrease the surface area of tablets
initially.”*** Water can adsorb onto solid surfaces at
three locations: monolayer-adsorbed moisture, normally
condensed moisture, and adsorbed moisture, as shown
in Fig. 5.4 Adsorbed water molecules affect tablet
tensile strength by influencing interparticle separation
and interparticle forces, especially van der Waals inter-
actions, as well as the ratio of the binding to diffusion
forces for water molecules on the solid surface. The
initially adsorbed water molecules on the solid surface
may form a monomolecular layer, increase the van
der Waals interactions between particles, smooth out
surface microirregularities, and reduce interparticle
separation, thus increasing tensile strength.”>! As more
water molecules adsorb onto the particle surface, they
are subjected to both surface binding and diffusion
forces, and the diffusion forces induce water to
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Fig. 5 Three locations of adsorbed water molecules in solid
materials: monolayer adsorbed moisture, condensed moist-
ure, and moisture adsorbed inside solid.

penetrate into the particles.”® The penetrated water
may soften the particle surface, increase contact area
between particles under high pressure due to plastic
deformation, and form more solid bonds.?”! All those
effects may explain the observed initial increase in
tensile strength when RH increases.

However, as RH further increases, tablet strength
decreases for most tested tablets, and it was suggested
that condensed water on the solid surface at high RH
weakens intermolecular attraction forces between
particles in the tablets and the further softened parti-
cles and solid bonds cause the tensile strength to
decrease.”¥ In addition, at high RH, water may form
multilayers on the solid surface, which can act as a
lubricant and reduce the frictional forces between
particles, thus decreasing tensile strength as well.*®!
Ultimately, the effects of adsorbed moisture on particle
surfaces are very complex, affected by many factors,
especially the properties of the tablet excipients.

Preventing drug sublimation during storage

During storage, BHCI can sublime away from solid
dosage formulations and reduce the dosage potency.***
It was observed that BHCI prefers to adsorb to the
surface of magnesium aluminum silicate (MAS) rather
than to the package material polyethylene film. The
adsorption to MAS was accelerated at high temperature
and reduced pressure, and the BHCI adsorbed onto the
surface of MAS was amorphous rather than crystalline.
BHCI could also adsorb onto many other solid excipi-
ents, such as kaolin, Avicel PH101, and Avicel PH102,
and many factors affect the adsorption. When pH
increased, adsorption by microcrystalline cellulose
(MCQC) increased moderately. As particle size increased,
adsorption decreased. Within the range of 20-46°C,
temperature did not affect the adsorption of BHCI on
MCC. Thermodynamic analysis showed that both
entropy and enthalpy changes favored the adsorption
on MCC. Overall, selecting suitable excipients to keep
BHCI from sublimating during storage proved a very
useful application of adsorption at solid surfaces.
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EFFECTS OF ADSORPTION ON DISSOLUTION
Solid Dispersion

Solid dispersions are frequently used to improve
the bioavailability of poorly soluble compounds
for enhancing the dissolution profiles of these com-
pounds.[36’3843] Boraie, El-Fattah, and Hassan*” have
successfully used the approach of adsorbing poorly
water-soluble compounds onto the surface of adsor-
bents to improve dissolution rate. The main idea is to
increase the surface area of the compound in contact
with the dissolution medium, thus increasing dissol-
ution rate. Aerosil, MCC, montmorillonite, and modi-
fied starch were tested as adsorbents. An obvious
improvement of dissolution rate is observed—100%
of the drug was released from tablets containing 50%
Avicel, whereas only 32% was released from pure drug
tablets. The weak physical bonding between the drug
and the adsorbent was proposed to explain the rapid
release of the drug from the adsorbent surface.

Due to their large surface area for adsorption,
porous materials are useful excipients for solid disper-
sions. For example, 2-naphthoic acid (2-NPA) solid
dispersion with porous crystalline cellulose (PCC) has
been successfully prepared by heat treatment of 2-
NPA and PCC mixture* PCC is derived from
MCC, but with a larger surface area. Different from
2-NPA mixed with PCC, 2-NPA mixed with MCC still
maintained a crystalline form under the same mixing
and heating conditions. Various experimental data
such as X-ray powder diffraction, Fourier transform
infrared (FT-IR) spectroscopy, and solid-state fluores-
cence measurements suggest that 2-NPA is adsorbed
onto the surface of PCC and becomes molecularly
dispersed into the system.

Using a combination of solid dispersion and surface
adsorption, the dissolution of a poorly water-soluble
drug, BAY 12-9566, has been enhanced significantly.*®!
Gelucire 50/13 was used as the solid dispersion carrier,
and the melt of the drug and Gelucire 50/13 was
adsorbed onto the surface of Neusilin US2 (magnesium
aluminosilicate), the surface adsorbent (Fig. 6), using hot

i
O0—H
O/Q» H O/“
\ 0
. w9 oN 2 o~ On
VAT G
/Ot | /
A=

39

melt granulation. The dissolution of BAY 12-9566
increased as Gelucire 50/13 and Neusilin US2 loading
increased, but decreased as drug loading increased. The
solid dispersion granules were successfully compressed
into tablets. Different from the usually observed
decrease in dissolution on storage at 40°C/75% RH,
the dissolution rate increased at 2 and 4 weeks.

The transformation of drugs in solid dispersion
from amorphous form to crystalline form is one critical
obstacle to making solid dispersion a practical
approach in pharmaceutical industry. Utilization of
surface adsorbents can be used as one approach to
solve the problem. Gupta et al.*® used seven different
poorly water-soluble compounds and observed that the
dissolution rates for some compounds in solid disper-
sions increased when stored at 40°C/75% RH. In their
study, crystalline drugs were prepared as ternary solid
dispersion granules using hot melt granulation, two
solid dispersion carriers, poly(ethylene glycol) (PEG)
8000 and Gelucire 50/13, as well as Neusilin US2 as
surface adsorbent.

Drug adsorption onto Neusilin US2 through
hydrogen bonding interactions (Fig. 7) was proposed
to explain the drug transformation from crystalline
form to amorphous form, and to cause the increase
in drug dissolution during storage. However, during
storage especially under high humidity, crystallization
will decrease the dissolution rate of drugs. Whether
or not a drug is highly soluble in the dispersion carrier
is a very important factor in determining which of the
two competing mechanisms, tendency to crystallize or
to stay in amorphous state, plays the dominant role
in solid dispersions during storage.*® When a drug is
highly soluble (>10% wt/wt) in the dispersion carrier,
the molecularly dispersed drug can diffuse significantly
onto the surface of Neusilin and form more hydrogen
bonds with Neusilin in the formulations. For a drug
with low solubility in the dispersion carrier, the drug
in a molecularly dispersed state cannot readily
diffuse onto the surface of Neusilin and form more
hydrogen bonds with the adsorbent. For drugs with
low solubility, even though they may have formed
hydrogen bonds with Neusilin and will not revert to
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Fig. 6 Some possible hydrogen bonding arrangements on the surfaces of silica gel particles. (From Ref.?"!)
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the crystalline state, crystallization will become the
dominant mechanism and cause the dissolution rate
to decrease during storage.

As to the mechanism of drug adsorption onto the
surface of adsorbents, besides hydrogen bonding inter-
actions, Pignatello, Ferro, and Puglisi[45] noticed that
there exist electrostatic interactions between ammo-
nium groups in a polymer backbone and the carboxyl
group in selected drugs. The polymers examined
were Eudragit S100 (RS) and RL100 (RL), and the
drugs were three non-steroidal anti-inflammatory
drugs: diflunisal (DIF), flurbiprofen (FLU), and pirox-
icam (PIR). In the presence of Tris—=HCI buffer (pH
7.4), due to the competition between the chloride ions
and drug anions for the polymer-binding sites, drug
adsorption on polymer particles was reduced. Overall,
these interactions are stronger for drugs with a carbox-
ylic moiety and lower pK, values, and the interactions
can be utilized to design a suitable drug release profile
from a solid dispersion.

Effects of Surfactant on Dissolution

It has been observed that by adsorbing surfactants
onto the crystal surfaces of poorly water-soluble drugs,
dissolution rate can be enhanced. Chen et al.*% showed
that the dissolution rate of CI-1041, a poorly water-
soluble compound, in 0.1 N HCI may be affected by
the surfactant Tween 80. The effects of surfactant are
complicated, and many factors are involved. Above
the CMC of Tween 80, the adsorption of the surfactant
onto the crystal surface may inhibit crystal nucleation
on the surface, and causes the dissolution rate
to increase. By adsorbing a very small amount of
poloxamer onto the hydrophobic drug particle surface,
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the dissolution profile can be significantly improved
compared with untreated drugs.[*”4%!

Utilizing the adsorption of surfactants at solid sur-
faces, the release profile of a drug can be controlled.[*”!
For example, the release profile of oxprenolol can be con-
trolled by adsorbing different amounts of the wetting
agent sodium laurylsulphate (SLS) onto microporous
polypropylene powder. In the process, matrix tablets
containing oxprenolol HCI, polypropylene powder, and
other excipients were made first, then were dry-coated
with a drug—polymer mixture by a single compression.
The coat contained polypropylene powder pretreated
with a suitable amount of SLS and a small amount of
oxprenolol HCIL. With the adsorbed SLS, both wetting
problems of hydrophobic polypropylene powder and
food effects on release profile were successfully solved.

The reason why the adsorption of some polymers
onto a drug particle surface can improve the dissolu-
tion rate, but some cannot, is not fully understood.
Some surfactant molecules may adsorb onto solid sur-
faces by utilizing the strong hydrophobic interactions
between hydrophobic moieties of drugs and surfac-
tants and orient the polar headgroups to the aqueous
phase, thus increasing the overall wettability of the drug
surface. Some polymers may specifically interact with
drug molecules at the drug crystal surface, and either
increase or decrease the dissolution rate of drugs.™”
Acetaminophen has been dissolved in aqueous solutions
of different polymers. Fig. 8 shows that surface etching
patterns have been altered in the presence of polymers.
In the absence of polymers, on the (010) face, the etching
patterns follow the a-axis and c-axis exactly. However,
polymers such as polyvinylalcohol (PVA), PEG, and
polyvinylpyrrolidone (PVP) can adsorb onto crystal
surface, and alter the etching patterns of acetaminophen
on the (010) face, thus affecting dissolution rate.
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Fig.8 Atomic force microscopy (AFM) images of the acetaminophen (010) face etched by (A) water; (B) 25 mg/mL PVA (15K);
(C) 12.5mg/mL PEG (1000); and (D) 1 mg/mL PVP (K30). The a and ¢ axis were marked on corresponding images. (From

Ref %)

Crystallization Inhibition

In the formulation designs used to improve dissolution
rate, drugs adsorbed onto the surface of adsorbents
exist completely or partially in the amorphous state.
The drug in solution becomes supersaturated relative
to the solubility of the crystalline drug. Because the free
energy of both amorphous drug and supersaturated
drug in solution is higher than the free energy of
the crystalline drug, crystallization may occur for
both amorphous drugs and supersaturated drugs in
solution.[°!

Polymers that can interact with drug molecules
especially adsorbed onto crystal surfaces have been
widely used to inhibit drug crystallization to maintain
supersaturated states for drug delivery systems.>>~>
Raghavan et al’>*¥ observed that methylcellulose
(MC) and HPMC could significantly inhibit the crys-
tallization of supersaturated hydrocortisone acetate
(HA). The mechanism of nucleation retardation was
believed to be due to the hydrogen bonding inter-
actions between HA and the polymers. As to the

inhibition of crystal growth and crystal morphology
change by polymers, it is believed to be due to the
hydrodynamic boundary layer surrounding the crystal,
and the adsorption of polymer molecules onto the
crystal surface. Hasegawa et al.’* found that carboxy-
methylethylcellulose (CMEC) could inhibit the
crystallization of drugs from supersaturated solutions.
The inhibitory effect of CMEC might be due to the
adsorption of CMEC at the solid—water interface in
which a hydrophobic drug crystal surface is formed,
and hinders the deposition of drug molecules on the
crystal surface. There were significant differences for
the dissolution profiles of nifedipine, spironolactone,
and griseofulvin solid dispersions in the presence or
absence of CMEC in the dissolution medium. Because
CMEC is an anionic polymer whose hydrophobicity
increases with decreasing pH, the inhibitory effect of
CMEC on crystallization increases as pH decreases.
The observation of the pH effect also supports the
hypothesis that CMEC inhibits drug crystallization
by adsorbing onto the hydrophobic surface of poorly
water-soluble drugs.
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Due to the difference of the polymer adsorption
onto different faces of different crystal forms, polymer
adsorption onto the crystal face has played an impor-
tant role in crystal polymorphic transformation.>¢-%
Garti and Zour®® have studied the effects of surfac-
tants on the polymorphic transformation of glutamic
acid. Glutamic acid has two crystal forms, o and B,
with the B-form being more stable than the o-form.
Those surfactants that preferentially adsorb onto the
surface of the a-growing crystals retard the transfor-
mation of the o-form to the B-form. A Langmuir
analysis indicates that the kinetic coefficient of crystal
polymorphic transformation is related to the volume of
the surfactant adsorbed at the crystal surface.

Trace amounts of impurity that adsorbed onto the
surface of a growing crystal can cause a marked differ-
ence in dissolution rate. Grant, Chow, and Chan”]
reported that in the presence of even trace amounts
of n-alkanoic acid, the adipic acid crystal grown from
an aqueous solution will have changes in crystal energy
and dissolution rate. It was suggested that additive n-
alkanoic acid could adsorb onto the surfaces of growing
crystals even when incorporated into adipic acid crystals.
The additive-induced difference in intrinsic dissolution
rate (IDR) cannot be ignored.

OTHER APPLICATIONS USING ADSORPTION
AT SOLID SURFACES

Desiccant for Stabilizing
Moisture-Sensitive Drug

Colloidal silica has been successfully used by Gore and
Banker®” to improve the chemical stability of aspirin,
whose hydrolytic tendency is well-known. Colloidal
silicas have a large surface area and a highly polar sila-
nol surface, which imparts a high moisture adsorption
capacity. Water adsorbs onto the surface of colloidal
silicas by forming hydrogen bonds with silanol.
Colloidal silicas are commonly used as desiccants in
the pharmaceutical industry, especially for hygroscopic
or hydrolabile drugs. Even though the desiccant effect
of colloidal silica is not the only factor that helps
to stabilize aspirin in the studied formulation, its
strong moisture adsorption capacity has played a very
important role.

Dry Powder Inhalation

The surface adsorption approach has been used to
make a DPI device.® First, a fatty acid or fatty
alcohol derivative or a poloxamer is dissolved or
dispersed in a solvent in which drugs and carriers
are insoluble. The preferred solvent is n-hexane or
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cyclohexane. Second, the fatty acid solution or suspen-
sion is adsorbed onto the surface of soluble micronized
drugs and/or acceptable carriers such as lactose mono-
hydrate, anhydrous glucose, polylactides, or PVA. The
surface modification of drugs via adsorption has
several advantages in making DPI formulations, such
as the reduction of electrostatic charge during proces-
sing and handling, reduction of adhesion on contact
surfaces, improvement of powder flowability in pneu-
matic transport, and improvement of drug content
uniformity. This approach has made the scaling up
of DPI formulations easier, and has significantly
improved the inhalation properties of powders.

Sublingual Nitroglycerin Tablets

Waaler et al.'?! have successfully applied the adsorp-
tion approach to make sublingual nitroglycerin tablets
by direct compression with better content uniformity,
lower weight variation, and much higher stability than
tablets made from a molding approach. In the molding
approach, nitroglycerin will migrate to the surface of
a tablet during the drying process. During manufactur-
ing as well as storage, there may be potency loss due to
the volatility of nitroglycerin. Tablets can also be made
by wet granulation, where drying may also induce
unblending. In the direct compression approach,
nitroglycerin dissolved in alcohol was first added to
MCC, and triturated slowly for about 5min to assure
content uniformity. The powder is left at room
temperature for 12hr with occasional stirring. Then
alcohol is evaporated and nitroglycerin becomes
adsorbed onto MCC. Afterward, MCC/nitroglycerin
is mixed with other excipients to achieve suitable
properties for the finished tablets, including solubility
and disintegration rate.

Surface Area Measurement

Besides liquid adsorption on solid surfaces, gas adsorp-
tion on solid surfaces is also very useful in measuring
surface area in the pharmaceutical industry.[%3¢
Based on the Brunauer—Emmet-Teller (BET) equa-
tion, Vertommen, Rombaut, and Kinget[63] used
krypton adsorption to measure the specific surface area
of pellets made from wet granulation, extrusion, and
spheronization. Westermarck et al.'® noticed that
nitrogen adsorption was more sensitive to changes in
the surface area of mannitol tablets caused by com-
pression. In measuring pore size, nitrogen adsorption
can measure smaller pores (diameter range 3-200 nm)
than high-pressure mercury porosimetry, with a range
of 7nm-14 um. It is the large number of small pores
with diameters <200nm that contribute to the
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increased compactibility of granules and, ultimately,
greater tablet strength.

The surface morphology of five commonly used
excipients has been studied using both particle size dis-
tribution and nitrogen adsorption methods.”” The five
tableting excipients were unmilled dicalcium phosphate
dihydrate (Di-Tab), MCC (Avicel PH102), corn starch,
croscarmellose sodium (Ac-di-sol), and sodium starch
glycolate (Primojel). A surface irregularity index (SII)
was established to indicate surface roughness due to
porosity, and its value was consistent with the direct
microscopic observation of a powder sample. The
nitrogen adsorption—desorption isotherms showed
certain hystereses, especially for Avicel PHI102,
Di-Tab, and Ac-di-sol, and the remaining nitrogen
adsorbed on the surface during desorption process
was believed to be due to pores on the powder surface.

CONCLUSIONS

Adsorption at solid surfaces has been addressed in
relation to many aspects of pharmaceutical develop-
ment. Besides process development and dissolution
rate enhancement, the phenomenon of adsorption at
solid surfaces is also useful in many other aspects of
the pharmaceutical industry, such as making special
formulations such as DPI, surface area measurement,
and so on. In pharmaceutical processing, adsorbing
drugs onto the solid surface of other excipients can
help to achieve content uniformity, especially for
low-dose drugs, during the mixing process. The
adsorption of binder solution onto solid surfaces is
important in granulation for improving excipient
flowability, compactibility, and so on. The adsorption
of moisture onto excipients not only facilitates com-
pression, but also affects both the physical and chemi-
cal properties of finished solid dosage forms during
storage. Desiccants can help to control environmental
humidity by adsorbing moisture via their large hydro-
philic surface and to stabilize moisture-sensitive drugs.

Adsorption at solid surfaces has also been applied in
different approaches to improve the dissolution rate of
poorly soluble compounds. In solid dispersions, by
adsorbing drug molecules onto the surface of adsor-
bents with a large surface area, the dissolution rate
can be significantly increased due to the increase in
surface area and/or the decreased crystallinity of
drugs. Adsorbing surfactant onto solid surfaces of
poorly soluble drugs can enhance the dissolution rate
by mechanisms that are not fully understood. The
adsorbed surfactant may affect dissolution rate
through mechanisms such as improving the wettability
of drug surfaces, having specific interactions with
drug molecules on the crystal surface, or increasing
equilibrium drug solubility in aqueous solution.
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By adsorbing onto crystal surfaces, polymers have been
widely used to inhibit the crystallization of dissolved
drugs or unstable amorphous drugs during dissolution,
to maintain good dissolution rate during dissolution,
and to improve the bioavailability of poorly soluble
compounds. Exactly how polymers adsorb onto, and
interact with, solid surfaces and why some polymers
are more effective as crystallization inhibitors than
others are topics of ongoing investigation.

ACKNOWLEDGMENTS

The author wishes to thank Dr. Sharon Pan, Dr. Marc
Tesconi, and Dr. Yung-Cheng Chen (Wyeth Research)
for their contributions to the preparation of this
manuscript.

REFERENCES

1. Rupprecht, H.; Lee, G. Adsorption at solid surfaces. In
Encyclopedia of Pharmaceutical Technology, 1st Ed.;
Swarbrick, J., Boylan, J.C., Eds.; Marcel Dekker, Inc.:
New York, 1988; 73-114.

2. Greco, G.T. Segregation of active constituents from tablet
formulations during grinding: theoretical considerations.
Drug Dev. Ind. Pharm. 1982, 8, 565-578.

3. Sallam, E.A.; Orr, N.A. Studies relating to the content uni-
formity of ethinyloestradiol tablets 10 pg: effect of particle
size of excipients. Expo. Congr. Int. Technol. Pharm., 3rd
1983, 3, 28-37.

4. De Jong, E.J.; De Blaey, C.J. A new approach of ordered
mixing applied to digitoxin tablets. Pharm. Weekbl., Sci.
Ed. 1984, 6, 16-17.

5. Schmidt, P.C.; Benke, K. “Supersaturated’” ordered mix-
tures on the basis of sorbitol. Drugs Made Ger. 1985, 28,
49-52, 54-55.

6. Nikolakakis, I.; Newton, J.M.; Malamataris, S. Solid state
“adsorption’” of fine antibiotic powders onto sorbitol:
effects of particle size, state of sorbed water and surface
free energy characteristics. Eur. J. Pharm. Sci. 2002, /7,
229-238.

7. Barra, U.; Lescure, F.; Doelker, E. Taste masking as
a consequence of the organization of powder mixes. Pharm.
Acta Helv. 1999, 74, 37-42.

8. Padmadisastra, Y.; Kennedy, R.A.; Stewart, P.J. Influence
of carrier moisture adsorption capacity on the degree of
adhesion of interactive mixtures. Int. J. Pharm. 1994, 104,
R1-R4.

9. Mackin, L.; Sartnurak, S.; Thomas, I.; Moore, S. The
impact of low levels of amorphous material (<5%) on the
blending characteristics of a direct compression formula-
tion. Int. J. Pharm. 2002, 2317, 213-226.

10. Parker, M.D.; York, P.; Rowe, R.C. Binder—substrate inter-
actions in wet granulation: 1. The effect of binder character-
istics. Int. J. Pharm. 1990, 64, 207-216.

11. Parker, M.D.; Rowe, R.C. Binder-substrate interactions in
wet granulation: 2. The effect of binder molecular weight.
Int. J. Pharm. 1991, 72, 243-249.

12. Parker, M.D.; Rowe, R.C. Binder-substrate interactions in
wet granulation: 3. The effect of excipient source variation.
Int. J. Pharm. 1992, 80, 179-190.

13. Tardos, G.I.; Khan, M.L.; Mort, P.R. Critical parameters
and limiting conditions in binder granulation of fine
powders. Powder Technol. 1997, 94, 245-258.




44

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

Tardos, G.I.; Mort, P.R. Chemical Industries; The City
College of the City University of New York: New York,
2003; 443-468.

Yuasa, H.; Asahi, D.; Takashima, Y., Kanaya, Y.
Shinozawa, K. Application of calcium silicate for medicinal
preparation: I. Solid preparation adsorbing an oily medi-
cine to calcium silicate. Chem. Pharm. Bull. 1994, 42,
2327-2331.

Ohta, K.M.; Fuji, M.; Takei, T.; Chikazawa, M. Effect of
geometric structure and surface wettability of glidant on
tablet hardness. Int. J. Pharm. 2003, 262, 75-82.

Aly, S.A.S. A new approach for evaluating the compressional
behaviour of pharmaceutical powders: II. Surface area of
formulation excipients in a tablet system containing a non-
compressible component. STP Pharma Sci. 1994, 4, 414-420.
Lerk, C.F.; Arends-Scholte, A.W.; Bergsma, J.; Eissens,
A.C.; Ramaker, J.; te Wierik, G.H.P. High surface area
starch products as filler-binder in direct compression
tablets. Pharmazie 1996, 51, 311-315.

te Wierik, G.H.P.; Bergsma, J.; Arends-Scholte, A.W.;
Boersma, T.; Eissens, A.C.; Lerk, C.F. A new generation
of starch products as excipient in pharmaceutical tablets:
1. Preparation and binding properties of high surface area
potato starch products. Int. J. Pharm. 1996, 134, 27-36.
Nystrom, C.; Karehill, P.G. Studies on direct compression
of tablets: XVI. The use of surface area measurements
for the evaluation of bonding surface area in compressed
powders. Powder Technol. 1986, 47, 201-209.

Hussain, M.S.H.; York, P.; Timmins, P.; Humphrey, P.
Secondary ion mass spectrometry (SIMS) evaluation of
magnesium stearate distribution and its effects on the
physico-technical properties of sodium chloride tablets.
Powder Technol. 1990, 60, 39-45.

Nyqpvist, H. Influence of substance properties on scaling up of
tablet formulations. Drug Dev. Ind. Pharm. 1989, 15, 957-964.
Sebhatu, T.; Ahlneck, C.; Alderborn, G. The effect of
moisture content on the compression and bond-formation
properties of amorphous lactose particles. Int. J. Pharm.
1997, 146, 101-114.

Malamataris, S.; Dimitriou, A. Moisture sorption profiles
and tensile strength of tableted phenobarbitone formula-
tions. J. Pharm. Pharmacol. 1990, 42, 158—163.

Eaves, T.; Jones, T.M. Effect of moisture on tensile strength
of bulk solids: I. Sodium chloride and effect of particle size.
J. Pharm. Sci. 1972, 61, 256-261.

York, P. Analysis of moisture sorption hysteresis in hard
gelatin capsules, maize starch, and maize starch: drug pow-
der mixtures. J. Pharm. Sci. 1981, 33, 269-273.

Bangudu, A.B.; Pilpel, N. Effects of composition, moisture
and stearic acid on the plasto-elasticity and tableting of
paracetamol-microcrystalline cellulose mixtures. J. Pharm.
Pharmacol. 1985, 37, 289-293.

Coelho, M.C.; Harnby, N. Moisture bonding in powders.
Powder Technol. 1978, 20, 201-205.

Ahlneck, C.; Alderborn, G. Moisture adsorption and table-
tting: II. The effect on tensile strength and air permeability
of the relative humidity during storage of tablets of 3 crys-
talline materials. Int. J. Pharm. 1989, 56, 143-150.
Ahlneck, C.; Alderborn, G. Moisture adsorption and table-
tting: I11. Effect on tablet strength—post compaction storage
time profiles. Int. J. Pharm. 1991, 73, 249-258.

Danjo, K.; Kato, H.; Otsuka, A.; Wakimoto, T. Influence
of moisture adsorption on volume shrinkage an diametral
tensile strength of sucrose tablets. Chem. Pharm. Bull.
1993, 41, 2147-2150.

Kukita, T.; Yamaguchi, A.; Okamoto, A.; Nemoto, M.
Interaction between polyethylene films and bromhexine
HCI in solid dosage form: IV. Prevention of the sorption
by addition of magnesium aluminum silicate. Chem.
Pharm. Bull. 1992, 40, 1257-1260.

Qtaitat, M.A.; Zughul, M.B.; Badwan, A.A. Bromhexine
hydrochloride adsorption by some solid excipients used in
the formulation of tablets. Drug Dev. Ind. Pharm. 1988,
14, 415-429.

34.

3s.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Adsorption at Solid Surfaces: Pharmaceutical Applications

Callahan, J.C.; Cleary, G.W.; Elefant, M.; Kaplan, G.;
Kensler, T.; Nash, R.A. Equilibrium moisture content of
pharmaceutical excipients. Drug Dev. Ind. Pharm. 1982,
8, 355-369.

Faroongsarng, D.; Peck, G.E. The swelling, water uptake of
tablets: III. Moisture sorption behavior of tablet disinte-
grants. Drug Dev. Ind. Pharm. 1994, 20, 779-798.

Gupta, M.K.; Goldman, D.; Bogner, R.H.; Tseng, Y.C.
Enhanced drug dissolution and bulk properties of solid
dispersions granulated with a surface adsorbent. Pharm.
Dev. Technol. 2001, 6, 563-572.

Pan, X.S. The application of porous adsorbents to increase
the dissolution rate of low solubility drugs. In Pharmaceu-
tical Sciences; University of Maryland, 2002, p. 15.
Gupta, M.K.; Tseng, Y.C.; Goldman, D.; Bogner, R.H.
Hydrogen bonding with adsorbent during storage governs
drug dissolution from solid-dispersion granules. Pharm.
Res. 2002, 79, 1663-1672.

Chiou, W.L.; Riegelman, S. Oral absorption of griseofulvin
in dogs: increased absorption via solid dispersion in poly-
ethylene Glycol 6000. J. Pharm. Sci. 1970, 59, 937-942.
Boraie, N.A.; El-Fattah, S.A.; Hassan, H.M. Use of adsor-
bents in enhancement of hydrochlorothiazide dissolution.
Pharm. Ind. 1986, 48, 1202-1206.

Monkhouse, D.C.; Lach, J.L. Use of adsorbents in enhance-
ment of drug dissolution I. J. Pharm. Sci. 1972, 61, 1430-1435.
Monkhouse, D.C.; Lach, J.L. Use of adsorbents in enhance-
ment of drug dissolution II. J. Pharm. Sci. 1972, 61, 1435-
1441.

Sanghavi, N.M.; Munot, D.S.; Kamath, P.R.; Shaikh, F.A.R.
Solvent deposition of griseofulvin on excipients and its effects
on dissolution rate. Indian Drugs 1988, 26, 23-27.

Tozuka, Y.; Yonemochi, E.; Oguchi, T.; Yamamoto, K.
Molecular states of 2-naphthoic acid in solid dispersions
with porous crystalline cellulose, as investigated by
fluorescence spectroscopy. Bull. Chem. Soc. Jpn. 2000, 73,
1567-1572.

Pignatello, R.; Ferro, M.; Puglisi, G. Preparation of solid
dispersion of nonsteroidal anti-inflammatory drugs with
acrylic polymers and studies on mechanisms of drug—
polymers interactions. AAPS Pharm Sci Tech 2002, 3, 1-11.
Chen, L.R.; et al. Dissolution behavior of a poorly water-
soluble compound in the presence of Tween 80. Pharm.
Res. 2003, 20, 797-801.

Rouchotas, C.; Cassidy, O.E.; Rowley, G. Comparison of
surface modification and solid dispersion techniques for
drug dissolution. Int. J. Pharm. 2000, /95, 1-6.

Cassidy, O.E.; Haskayne, L.; Rowley, G. Electrostatic
charge and dissolution of surface modified phenylbutazone.
Eur. J. Pharm. Sci. 1998, 6, 89.

Verhoeven, J.; Schutte, S.C.; Perchier, L.J.C.; Danhof, M.;
Junginger, H.E. The design of a dry-coated controlled-
release tablet for oxprenolol with microspherous poly-
propylene powder. J. Control. Release 1989, 10, 205-217.
Wen, H. Effects of additives on dissolution and growth of
drug crystals. In Industrial and Physical Pharmacy; Purdue
University: West Lafayette, IN, 2002; 34-84.

Hancock, B.C.; Zografi, G. Characteristics and significance
of the amorphous state in pharmaceutical systems. J.
Pharm. Sci. 1997, 86, 1-12.

Raghavan, S.L.; Trividic, A.; Davis, A.F.; Hadgraft, J.
Effect of cellulose polymers on supersaturation and in vitro
membrane transport of hydrocortisone acetate. Int. J.
Pharm. 2000, 793 (2), 231-237.

Raghavan, S.L.; Trividic, A.; Davis, A.F.; Hadgraft, J.
Crystallization of hydrocortisone acetate: influence of
polymers. Int. J. Pharm. 2001, 212, 213-221.

Hasegawa, A., et al. Supersaturation mechanism of drugs
from solid dispersions with enteric coating agents. Chem.
Pharm. Bull. 1988, 36, 4941-4950.

Ziller, K.H.; Rupprecht, H. Control of crystal growth
in drug suspensions: 1. Design of a control unit and appli-
cation to acetaminophen suspensions. Drug Dev. Ind.
Pharm. 1988, /4, 2341-2370.



Adsorption at Solid Surfaces: Pharmaceutical Applications

56.

57.

58.

59.

60.

61.

62.

63.

64.

Garti, N.; Zour, H. The effect of sulfactants on the crystal-
lization and polymorphic transformation of glutamic acid.
J. Cryst. Growth 1997, 486-498.

Otsuka, M.; Ohfusa, T.; Matsuda, Y. Effects of binders on
polymorphic transformation kinetics of carbamazepine in
aqueous solution. Colloids Surf., B 2000, 145-152.

Sugita, Y. Polymorphism of L-glumatic acids crystals and
inhibitory substance for beta-transition in beet molasses.
Agric. Biol. Chem. 1988, 52 (12), 3081-3085.

Grant, D.J.W.; Chow, K.Y.; Chan, H.K. Modifications of
the physical properties of adipic acid by crystallization in
the presence of n-alkanoic acids. AIChE J. 1991, 87, 38-43.
Gore, A.Y.; Banker, G.S. Surface chemistry of colloidal sil-
ica and a possible application to stabilize aspirin in solid
matrixes. J. Pharm. Sci. 1979, 68, 197-202.
Bechtold-Peters, K.; Nguyen, H.; Rowely, G. PCT Int. Appl.;
Boehringer Ingelheim Pharma KG: Germany, 2002, Wo.
Waaler, T.; Gundersen, H.; Kvaleid, I.; Shangraw, R. The
manufacture and evaluation of stabilized nitroglycerin
tablets prepared by direct compression. Medd. Nor. Farm.
Selsk. 1976, 38, 213-229.

Vertommen, J.; Rombaut, P.; Kinget, R. Internal and exter-
nal structure of pellets made in a rotary processor. Int. J.
Pharm. 1998, 161, 225-236.

Westermarck, S.; Juppo, A.M.; Kervinen, L.; Yliruusi, J.
Pore structure and surface area of mannitol powder, granules

65.

66.

67.

68.

69.

70.

45

and tablets determined with mercury porosimetry and nitro-
gen adsorption. Eur. J. Pharm. Sci. 1998, 46, 61-68.

Suzuki, T.; Kikuchi, H.; Yamamura, S.; Terada, K.
Yamamoto, K. The change in characteristics of micro-
crystalline cellulose during wet granulation using a high-shear
mixer. J. Pharm. Pharmacol. 2001, 53, 609-616.
Westermarck, S.; Juppo, A.M.; Kervinen, L.; Yliruusi, J.
Microcrystalline cellulose and its microstructure in phar-
maceutical processing. Eur. J. Pharm. Sci. 1999, 48, 199—
206.

Stanley-Wood, N.G.; Shubair, M.S. The influence of binder
concentration on the bond formation of pharmaceutical gran-
ules. J. Pharm. Pharmacol. 1979, 37, 429-433.

Alderborn, G.; Glazer, M. Studies on direct compression of
tablets: XVIII. Surface areas and particle size distribution
of compressed sodium chloride. Acta Pharm. Nord. 1990,
2, 11-20.

Sautel, M.; Lepinasse, G.; Leveiller, F. Study of the textural
changes occurring during a solid state polymorphic trans-
formation induced by temperature and relative humidity.
Colloids Surf., A Physicochem. Eng. Asp. 2001, /87-188,
337-347.

Faroongsarng, D.; Peck, G.E. Surface morphology study of
solid powders evaluated by particle size distribution and
nitrogen adsorption. Drug Dev. Ind. Pharm. 1994, 20,
2353-2367.




Adverse Drug Reactions

Therese 1. Poirier
Department of Clinical Pharmacy, Duquesne University,
Pittsburgh, Pennsylvania, U.S.A.

Robert L. Maher, Jr.
Dugquesne University, Pittsburgh, Pennsylvania, U.S.A.

INTRODUCTION

Adverse drug reactions (ADRs) are types of adverse
drug events (ADEs).'! ADEs include ADRs, medica-
tion errors, and other drug-related problems. ADEs
are the negative consequences of drug misadventures.
Henri Manasse defined drug misadventure as the iatro-
genic hazard that is an inherent risk when drug therapy
is indicated. This chapter will focus on ADRs.

DEFINITIONS

The World Health Organization’s (WHO) and Karch
and Lasagna’s definitions of an ADR are quite similar.
An ADR is any response to a drug that is noxious and
unintended, and occurs at doses used for prophylaxis,
diagnosis, or therapy, excluding failure to accomplish
the intended purpose.””! The Food and Drug Adminis-
tration (FDA) focuses on ADRs that have unexpected
reactions and/or those of more significant morbidity.
These ADRs would include those where the patient
outcome is death, life-threatening, hospitalization, dis-
ability, congenital anomaly, or required intervention to
prevent permanent impairment or damage.”*! The Joint
Commission on Accreditation of Healthcare Organiza-
tions (JCAHO) is concerned with the reporting of sig-
nificant ADRs. Those that result in morbidity, require
additional treatment, require an increased length of
stay, temporarily or permanently cause disability, or
cause death must be reported to the FDA. The
American Society of Health-System Pharmacists
(ASHP) defines significant ADRs as any unexpected,
unintended, undesired, or excessive response to a drug
that includes the following:

Requires discontinuing the drug
Requires changing the drug therapy
Requires modifying the dose
Necessitates admission to the hospital
Prolongs stay in a health care facility
Necessitates supportive treatment

e Significantly complicates diagnosis
e Negatively affects prognosis or results in temporary
or permanent harm, disability, or death™!

The ASHP definition does not include reactions due
to drug withdrawal, drug abuse, poisoning, or drug
complications.

Other terms that may be included as ADRs are side
effects, drug intolerance, idiosyncratic reactions, toxic
reactions, allergic reactions, or hypersensitivity reac-
tions.[%) Side effects are reactions that are unintended
and unwanted but are known pharmacologic effects
of the drug and occur with predictable frequency.
Drug intolerance is a mild reaction to a drug that
results in little or no change in patient management.
Idiosyncratic reaction is an unexpected response that
occurs with usual dose of a drug. Toxic reaction is a
predictable response that results from greater than
recommended drug dosages or drug concentration in
the body. Allergic or hypersensitivity reaction is an
unusual sensitivity to a drug of an immunologic nature.

CLASSIFICATION SYSTEMS

Four classification systems are used to describe
ADRs!""! ADRs can be classified according to the-
pharmacologic effect of the drug—Type A, B, C, and
D reactions. Type A reactions are exaggerated but
normal pharmacologic actions of a drug. They are
predictable and dose dependent. Type B reactions are
not predictable given the known pharmacologic action
of a drug and are not dose related. Many of these Type
B reactions are hypersensitivity or immune-based.
These reactions can be further subdivided into type I
(IgE-mediated reaction), II(IgG or IgM-mediated cyto-
toxic reaction), III(IgG-mediated immune complex
reactions), and IV(cell-mediated immune reaction).
Type C reactions are those due to long-term use of a
drug. Type D reactions are delayed drug effects, such
as due to carcinogenicity or teratogenicity.
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ADRs can also be classified according to the dose
relationship, i.e., dose-related and non-dose-related
reactions. Another classification system is based on
the causal relationship between the reaction and the
drug. One of the most widely used causality classi-
fications is based on Naranjo’s descriptions. These
categories include definite (drug is likely the true
cause), probable (drug is the apparent cause), possible
(drug appears to be associated), and remote (drug is
not likely to be the cause). The fourth classification
system is based on degree of injury or severity of reac-
tion. There are mild reactions (temporary discomfort
and tolerable), moderate (significant discomfort), and
severe (potentially life threatening or causing perma-
nent disability or death).

INCIDENCE

The frequency of ADRs in the general population
is unknown. However, the reported rates of new
occurrences for ADRs are noted for selected patient
populations. A meta-analysis of 39 prospective studies
reported an overall incidence of serious ADRs in
hospitalized patients of 6.7% and of fatal ADRs of
0.32%."® The fatality rate makes ADRs the fourth to sixth
leading cause of death in the United States. Another
meta-analysis of 36 studies indicated that approximately
5% of hospital admissions are due to ADRs.”) The
costs of ADRs are estimated to be $1.56-$4 billion in
direct hospital costs per year in the United States.!'"!

FACTORS PREDISPOSING TO ADRs

Two major factors predispose to adverse drug reactions:
the drug itself and patient factors. Factors related to the
drug include its dose, dosage form and delivery system,
and interactions between drugs. Patient-related factors
include age, disease states, genetics, gender, nutrition,
multidrug therapy use, and use of herbal therapies.

Drug-Related Factors
Dose

ADRs may be the result of ingestion of increased
amounts of a drug. Dosing issues are especially likely
with narrow therapeutic index drugs. Examples of
these types of drugs include digoxin, anticoagulants,
anticonvulsants, antiarrhythmics, antineoplastic agents,
bronchodilators, sedatives, and hypnotics.'!!

Dosage form and delivery system

Many of the ADRs related to the dosage form and
delivery system are the result of local irritation or
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hypersensitivity reactions.!'? Local irritation to the
gastrointestinal (GI) tract can occur with oral dosages.
For example, toxicity resulting in mouth ulcerations is
associated with antineoplastic drugs. In addition, the
use of certain formulations, such as sustained release
preparations, can increase esophageal injury if esopha-
geal transit is delayed. For example, a controlled
release wax matrix of potassium chloride has been
associated with significant esophageal erosions. Factors
identified to predispose to esophageal injury include
large film-coated tablets, capsules, large sustained-
release preparations, rapidly dissolving formulations,
and ingestion of solid oral dosage forms before bed rest
with very little water intake.!'”

Localized tissue irritation can be seen from the
intramuscular (IM) route. This is especially an issue
when the formulation pH differs from the pH of the
surrounding tissue or when precipitation of poorly
soluble drugs occurs.'? Incorrect administration of IM
injections is probably the most important factor that
causes local adverse effects. Local skin irritation can also
be seen with transdermal delivery systems due to the
alcohols, nonionic surfactants, and adhesives.

Hypersensitivity reactions can occur due to the pre-
sence of contaminants or excipients in pharmaceutical
dosage forms (e.g., outbreaks of eosinophilia-myalgia
syndrome associated with oral tryptophan contami-
nants in various drugs).'” Another example is the ana-
phylactoid reactions to the surfactant Cremaophor EL,
which is used in paclitaxel (Taxol).

Direct toxicity effects related to use of preservatives
also has been documented. For example, severe meta-
bolic acidosis and death in infants was attributed to
the presence of benzyl alcohol, a preservative used in
bacterostatic normal saline that was used to flush
catheters./?

The use of specific intravenous (IV) delivery devices
also can cause ADRs. For instance, use of plastic infu-
sion sets for IV administration of nitroglycerin has
resulted in subtherapeutic effects due to diffusion of
the drug into the plastic tubes.!'

Formulation effects, such as bioavailability differ-
ences, can cause ADRs when patients are switched to
generic products. For example, significant adverse
effects have occurred with anticonvulsants and thyroid
preparations.!'”!

Interactions between drugs

It has been estimated that 6.9% of ADRs are due to
drug-drug interactions.!”’ The most likely reason for
an adverse drug interaction is the pharmacokinetic
changes that result in altered metabolism or excretion
of drugs, or the pharmacodynamic changes that result
in synergistic or additive effects of drugs.
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Patient-Related Factors

Age, disease states, genetics, gender, nutrition, multi-
drug therapy use, and herbal therapies use are
patient-related factors that influence the likelihood of
adverse drug reactions.

Age—qeriatrics

Age-related alterations in pharmacokinetics and phar-
macodynamics may affect the response of elderly
patients to certain medications, and may increase the
susceptibility for ADRs among elderly patients!'*~!”
(Table 1). The risk of ADRs among elderly patients
is probably not due to age alone. ADRs may be related
more to the degree of frailty and medical conditions of
the patient.’™ On average, older persons have five
or more coexisting diseases that may increase the risk
of adverse events. Polypharmacy seems to be more of
a common problem among the elderly. The average
elderly patient takes 4.5 chronic medications and fills
13 prescriptions yearly.'” Elderly patients appear to
have a decline in homeostatic mechanisms. The imbal-
ance of homeostatic mechanisms and the decline in
function reserves may put a patient at greater risk for
ADEs due to decreased tolerance of medications and
the ability to handle stressful situations.['®’

Age—pediatrics

The two factors responsible for increasing risks of
ADRs in children are pharmacokinetic changes and
dose delivery issues. Age-related differences in pharma-
cokinetics in children are documented.['”? However, the
data on both efficacy and safety are often limited or
not studied at all in this population. Thus, it is unclear
whether an increased risk for ADRs exists in this
group. However, there is a potential risk for increased
ADRs if appropriate considerations are not taken into
account in view of pharmacokinetic changes.!'®]

Table 1 Geriatric age-related changes in pharmacokinetics

Adverse Drug Reactions

It is important to note that only one-fourth of the
drugs approved by the FDA have indications specific
for use in a pediatric population.'” Medications used
in adults are often given to children without FDA
safety and efficacy data. Compatibility and stability
issues with dosage forms intended for adults that have
been altered (e.g., dilution or reformulation) can
increase risks for ADRs.

Information on pediatric age-related difference in
neonates, children, and adolescents may aid in preven-
tion of pediatric ADRs (Table 2).'"®! Further studies of
drug use in pediatrics are needed in order to prevent
ADRs.

Concurrent diseases

Diseases such as hepatic or renal diseases can influence
the incidence of ADRs by altering the pharma-
cokinetics of drugs, such as absorption, distribution,
metabolism, or excretion.!®

Hepatic disease

Patients with liver disease have an increased suscept-
ibility to certain drugs due to decreased hepatic clear-
ance for drugs metabolized by the liver or due to
enhanced sensitivity.”) For example, impaired hepatic
metabolism can precipitate central nervous system
(CNS) toxicity in patients on theophylline, phenytoin,
or lidocaine; or ergot poisoning on ergotamine.!'”!
Increased sensitivity to drugs is also encountered in
liver disease.'”! The use of anticoagulants increases the
risk of bleeding due to the reduced absorption of
vitamin K or decreased production of vitamin K-
dependent clotting factors. There is an enhanced risk
for respiratory depression and hepatic encephalopathy
due to morphine or barbiturates in patients with severe
liver disease. Vigorous use of diuretics can precipitate
hepatic coma due to potassium loss in liver disease.
There is an increased risk of hypoglycemia with

Pharmacokinetic phase

Pharmacokinetic parameters

Gastrointestinal absorption

Unchanged passive diffusion and no change in bioavailability for most drugs

| Active transport and | bioavailability for some drugs
| First-pass effect and 1 bioavailability

Distribution

| Volume of distribution and | concentration of water soluble drugs

T Volume of distribution and | half-life for fat soluble drugs
1 or | free fraction of highly plasma protein-bound drugs
| Clearance and 7 half-life for some Phase 1

Oxidation drugs

Renal excretion

| Clearance and 71 half-life of drugs with high extraction ratio

| Clearance and 71 half-life of renally eliminated drugs

| = Decreased; 7 = Increased.



Adverse Drug Reactions

Table 2 Pediatric age-related risk factors and causes
of ADRs

Neonates:

Placental transfer of drug before birth

Differing drug action

Altered pharmacokinetics

Increased percutaneous absorption

Decreased renal/hepatic function

Decreased plasma protein binding

Use of multiple drugs

Limited information on drug action in critically ill and
premature neonates

Children:

Paradoxical effect of medications (excitability rather
than sedation from antihistamines)

Excipients of liquid dosage forms

Sugar as sweeteners

Propylene glycol as solvent

Large volume intravenous solutions

Treatment of viral infections with antibiotics
Disruption of neurologic and somatic development

Adolescents:

Autonomy seeking

Use and misuse of devices (e.g., tampons)

Use and misuse of prescription and nonprescription
medications

Poor compliance with instructions

Use of multiple medications

Recreational use of alcohol and illicit drugs

Effects of changing hormone levels on drugs

(From Ref.")

sulphonylurea antidiabetic drugs due to decreased
glycogenesis in liver disease.

Liver disease can also cause hypoalbuminemia due
to decreased liver synthesis of albumin. For drugs that
are extensively bound to albumin, such as phenytoin,
an enhanced risk of drug toxicity could occur because
of the increase in free drug concentration.

There are no useful methods to quantify the degree
of liver disease that can assist in dosage adjustment.
A practical approach involves checking patients for
elevated prothrombin time, rising bilirubin levels,
and/or falling albumin levels. In such instances, drugs
that have an altered response in liver disease or cause
hepatotoxicity need to be avoided.

Renal disease

Impaired renal function increases the incidence of
ADRs for drugs that depend on the kidney for their
elimination. Unlike liver disease, use of pharmacokinetic
dosing principles can minimize the risk for adverse effects.

Mechanisms responsible for enhanced ADRs in
renal disease include delayed drug excretion, decreased
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protein binding due to hypoalbuminemia, and
increased drug sensitivity.!” Delayed renal excretion
is responsible for enhanced toxicity with drugs such
as aminoglycosides, digoxin, vancomycin, chlorpropa-
mide, H2-antagonists, allopurinol, lithium, insulin,
and methotrexate.””! For some drugs, the accumula-
tion of a toxic metabolite during renal failure is
responsible for ADRs. This is the case with meperi-
dine, where a toxic metabolite, normeperidine, accu-
mulates in renal failure.*”

Patients with accumulation of uremic toxins have
increased sensitivity to certain drugs. There may be
an enhanced response to CNS depressants (such as
barbiturates and benzodiazepines), hemorrhagic effects
from aspirin or warfarin, and other bleeding effects
from antibiotics that inhibit platelet aggregation, such
as carbenicillin, ticarcillin, and piperacillin.

Other diseases

On theoretical grounds, other diseases associated with
hypoalbuminemia could predispose patients to adverse
reactions and to altered responses to drugs that are
highly protein bound (Table 3).!

The presence of other diseases can influence the risk
for ADRs. Many of these adverse effects are related to
an extension of the pharmacologic effects of the drug
in the presence of certain pathophysiology. Numerous
examples are given in Table 4.1

Patients who have had a previous reaction to drugs
are also more likely to experience an ADR.*? Patients
with history of allergic diseases also have an increased
risk due to a genetically related ability to form immu-
noglobulin E.

Genetic factors

Genetic factors account for some ADRs due to
either altered pharmacokinetics or by altering tissue
responsiveness. Altered metabolism of drugs occurs
due to differences in hydrolysis, acetylation, and
hepatic oxidation of drugs. Altered pharmacodynamic
reactions could be either an exaggerated response or a

Table 3 Conditions associated with hypoalbuminemia

Aging Liver disease
Burns Nephrotic syndrome
Cancer Nutritional deficiency

Cardiac failure
Protein-losing enteropathy

Pregnancy
Renal failure

Inflammatory diseases Sepsis
Injury Stress
Immobilization Surgery
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Table 4 Influence of diseases on adverse drug reactions

Adverse Drug Reactions

Disease

Drug

Adverse reactions

Gastrointestinal
Peptic ulcer

Cardiovascular
Heart failure

Myocardial ischemia

Bradycardia

Hypertension

Hematologic

Bleeding disorders—hemophilia

Neurologic disorders
Myasthenia gravis

Epilepsy

Cerebrovascular

Rheumatic
Systemic lupus

Hyperuricemia

Respiratory
Asthma
Respiratory insufficiency
Endocrine disorders
Diabetes mellitus

Hypothyroidism
Hyperthyroidism

Ocular
Narrow-angle glaucoma

Aspirin, corticosteroids,
nonsteroidal
antiinflammatory drugs

B-Blockers
Lidocaine, theophylline
Tricyclic antidepressants

Digoxin

B-Blockers

Quinidine

Oral contraceptives,
vasoconstrictors
Phenothiazines, nitrates
Tricyclic antidepressants

Aspirin

Aminoglycosides
Quinidine, quinine
Phenothiazines

Tricyclic antidepressants
Ergotamine

Drugs

Thiazide diuretics, furosemide

B-Blockers
Narcotic analgesics

Thiazide diuretics, furosemide,

corticosteroids,

oral contraceptives
Digoxin

Oral anticoagulants
Digoxin

Anticholinergics

Risk of bleeding or perforation of ulcer

Aggravate or precipitate heart failure
Enhanced toxicity—seizures
Disturbances of cardiac rate, rhythm,
and conduction

Arrhythmias

Cardiac standstill

Increased blood pressure

Decreased blood pressure

Increased risk of hemorrhage

Aggravate muscle weakness
Paralysis
Lower seizure threshold

Ischemic episodes

Increased incidence of
drug reactions

in general

Gouty attack

Acute bronchospasms
Hypoventilation, respiratory arrest

Hyperglycemia; aggravates
diabetic control

Enhanced response

Enhanced response
Decreased response

Glaucoma attack

qualitative response. These types of reactions are
unpredictable. Examples of altered drug response due
to genetic factors are found in Table 5.

Gender

A higher incidence of ADRs has been reported for
women in comparison to men.[! One reason for this
observation is that women take more drugs than
men. Yet, no sex-linked differences in drug pharmaco-
kinetics have been documented. Other reports have not

supported a higher incidence of ADRs in women as
compared to men. Thus, sex alone is unlikely to be a
major determinant of ADRs.

Nutrition

Nutritional factors are also responsible for ADRs.
These factors include the interaction of drugs and
nutrients, and altered pharmacokinetics related to
nutritional status.
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Table 5 Genetic factors and altered drug responses
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Genetic mechanism Drug(s) Adverse drug response
Pharmacokinetic
Low plasma pseudocholinesterase Succinylcholine Prolonged neuromuscular

Slow acetylator

Rapid acetylator
Deficiency of epoxide hydrolase

Pharmacodynamic
Glucose 6-phosphate
dehydrogenase
deficiency (G-6-PD)

Methemoglobin reductase
deficiency

Isoniazid

Hydralazine, procainamide
Phenelzine, sulfasalazine
Isoniazid

Phenytoin, carbamazepine,
phenobarbital

Aspirin, BAL (dimercaprol),
chloroquine, chloramphenicol,
dapsone hydroxychloroquine,
nalidixic acid, nitrofurantoin,
primaquine, probenecid, quinine,
quinidine, sulfonamides
Acetaminophen, anesthetics,
topical, benzocaine, chloroquine,

blockade leading to apnea

Increased incidence of peripheral
neuropathy; SLE-like syndrome;

and more prone to phenytoin toxicity
Increased incidence of SLE-like syndrome
More prone to side effects

More prone to hepatitis

Life threatening hypersensitivity
syndrome due to accumulation

of toxic intermediates

Hemolytic anemia

Methemoglobinemia

dapsone, nitrites, primaquine,

sulfonamides
Abnormality of calcium
regulation

Anesthetics, general, (halothane),
muscle relaxants (succinylcholine)

Malignant hyperpyrexia

One study reported a very low incidence (0.4%) of
clinically significant drug-nutrient interactions in a
teaching hospital.>) Three mechanisms postulated
for drug-nutrient interactions are interference with
drug absorption, alteration of drug excretion, and
affecting drug activity. For example, the absorption
of tetracycline is reduced by chelation with iron, cal-
cium, and magnesium. Foods that acidify or alkalinize
the urine can affect drug excretion. Foods that contain
a large amount of vitamin K can inhibit the activity of
warfarin. A listing of important drug-nutrient interac-
tions is found in Table 6.%°! A review article on drug—
food interactions in clinical practice is found in Ref.*%,

Drug-nutrient interactions may be more highly sig-
nificant in renal failure patients. A review article of
drug-nutrient interactions in renal failure has been
published.*”

Nutritional status can affect drug pharmacokinetics.
Malnutrition states can cause the following: 1) the liver
and kidneys changes affect drug elimination; 2) GI sys-
tem changes affect drug absorption; 3) changes in the
heart affect blood flow; 4) hormone changes affect
metabolic enzymes and drug binding proteins; 5)
plasma, tissue proteins, and body composition changes
affect protein binding and elimination; 6) mineral and
electrolyte changes affect drug metabolism and protein
binding; and 7) tissue changes affect uptake of drugs
and drug-receptor interactions.*®!

Multidrug use

According to several epidemiological studies, multiple
drug use has a strong association in the causality of
ADRs. It has been suggested that the more medica-
tions used, the higher the risk for ADRs.7 Consistent
drug regimen reviews by healthcare providers in order
to reduce polypharmacy may decrease the risk of ADRs.

Herbal therapy use

The use of herbal therapies increased dramatically
during the 1990s. Herbal therapy sales are estimated
to be $4 billion a year, with sales increasing at 20%
per year since the early 1990s.*®) Patients often mis-
takenly believe that since these products are natural,
they do not possess the potential harm as in prescrip-
tion medications. Since herbal medications are sold
and marketed without stringent FDA approval and
guidelines, limited evidence-based data on efficacy,
adverse effects, and drug interactions exist. Recently,
two review articles examined available data on ADRs
for the most common herbal medications.”***! Many
of these available reports fall short on documentation
of temporal relationship with the specific ADR and
the herbal drug.

For most conditions, herbal products are not a repla-
cement for proven prescription or non-prescription drugs.
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Table 6 Important drug-nutrient interactions

Adverse Drug Reactions

Drug Nutrient

Interaction

Phenytoin Alcohol

Enteral feedings

Tetracycline Dairy products
Theophylline Caffeine
Warfarin

Chlorpropamide, tolbutamide, tolazamide, Alcohol

acetohexamide, metronidazole

Foods high in vitamin K

Enhanced metabolism of phenytoin
Decreased phenytoin absorption

Impaired drug absorption
Potential for toxic effects
Decreases anticoagulant response

Disulfiram-like reaction

Trancylcypromide Foods high in tyramine Hypertensive crisis

Disulfiram Alcohol Nausea, blurred vision, chest pain, dizziness,
fainting

Spironolactone Foods high in potassium Hyperkalemia

(Adapted from Ref.*])

Patients should be aware that health care practitioners
cannot guarantee the safety and consistency of herbal
products. Patients should start with the recommended
effective doses and report any unusual side effects to
their health care practitioner. Patients should always
consult with their pharmacist for possible drug-herbal
interactions. Side effects and possible drug interactions
for the ten most commonly used herbals are listed
in Table 7.

ADVERSE DRUG REACTION
REPORTING SYSTEMS

The WHO, the FDA, the JCAHO, and the Health
Care Financing Administration (HCFA) have all
addressed and mandated the need for health care insti-
tutions to implement an ADE detection and reporting
system. Detection systems are instrumental in postmar-
keting surveillance of ADRs. The JCAHO requires all
accredited health care institutions to have an ongoing
drug surveillance program.™ The goals of ADR detect-
ing and reporting systems are to aid in postmarketing
surveillance of FDA approved medications and to
identify ways to decrease ADR risks. The main focus
of all of these reporting systems is to aid in promoting
improvements in the medication use process.

ADR Screening Methods

The best methodology for screening for ADRs has not
been determined. However, several screening methods
have been proposed. In particular, the literature has
highlighted five screening methods wusing clinical
data.P°>* The five include screening for: 1) “tracer
drugs,”’ e.g., antidotes such as vitamin K and diphen-
hydramine; 2)“narrow therapeutic range drugs,”” e.g.,

follow-up of computer lab values for warfarin and
digoxin; 3) change in medications, e.g., documentation
of discontinued medications or decreased dose; 4) diag-
nosed ADRs documented in the medical record, e.g.,
chart review or reviewing ICD-9 CM (International
Classification of Diseases, Ninth Revision, Clinical
Modification) codes; and 5) ADR computer report
tracking systems. Although each of these ADR screen-
ing methods has been described in detail, limited data
are available on the productivity of these screens.

Systems for Pharmaco-Epidemiologic
Studies

Pharmacoepidemiology is used to detect ADRs.*>3
Several types of systems use pharmacoepidemiologic
methods. These include spontaneous reporting, studies
of therapeutic classes, and studies of specific medical
syndromes.

Spontaneous reporting

Spontaneous reporting is currently the major back-
bone for the detection of ADRs.”! It occurs in one
of three ways:

1. Reporting to the FDA as part of clinical trials;

2. Reporting by practitioners to medical journals;
or

3. Patients’ self-reporting to either manufacturers
or the FDA ¥

Clinical trials in new drug development cannot
detect all the possibilities for drug safety. Limitations
in Phaselll clinical trials include a relatively small
sample size, short duration of the trial, restricted
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Table 7 ADRs for the top ten herbal medicines
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Herb Common use

Side effects and interactions

Echinacea Treatment and prevention
of upper respiratory infections,

common cold

St. John’s wort Mild to moderate depression

Gingko biloba Dementia
Garlic

Saw palmetto Benign prostatic hyperplasia

Ginseng General health promotion,
sexual function, athletic ability,
energy, fertility

Goldenseal Upper respiratory infections,
common cold

Aloe Topical application for dermatitis,

herpes, wound healing, and psoriasis,

orally for constipation

Siberian ginseng Similar to ginseng

Valerian Insomnia, anxiety

Hypertension, hypercholesterolemia

Rash, pruritis, dizziness, unclear long-term
effects on the immune system.

Gastrointestinal upset, photo-sensitivity.

Mild serotonin syndrome with the

following medications: paroxetine,

trazodone, sertraline, and nefazodone.

May decrease digoxin levels.

May decrease cyclosporine serum
concentrations.

Combined oral contraceptives—breakthrough
bleeding.

Mild gastrointestinal distress, headache, may affect
warfarin (increase INR).

Interaction with aspirin (spontaneous hyphema)
Gastrointestinal upset, gas, reflux, nausea, allergic
reactions, and antiplatelet effects.

May effect warfarin (increase INR)

Uncommon

High doses may cause diarrhea, hypertension,

insomnia, nervousness, may affect warfarin
(decreased INR)

Diarrhea, hypertension, vasoconstriction

May delay wound healing after
topical application.

Diarrhea, and hypokalemia with oral use

May raise digoxin levels.
May affect warfarin (increased INR)

Fatigue, tremor, headache, paradoxical insomnia
(not advised with other sedative-hypnotics)

populations (e.g., geriatrics and pediatrics), uncompli-
cated patients, (e.g., limited disease states), and limited
power for adverse drug reaction detection.*” Thus, the
FDA relies heavily on spontaneous reporting of sus-
pected ADRs.*?! Spontaneous reporting is important
in early market history of the drug to determine
previously unidentified drug reactions. This has been
particularly true in the last few years because of
numerous new medications that have entered the mar-
ket and now carry a black box warning. For example,
Rezulin® and Trovan® are associated with hepatotoxi-
city and carry black box warnings.

Additional advantages of spontanecous reporting
systems include the detection of extremely rare ADRs
and ability to identify at-risk subgroups. In order to
enhance the spontaneous reporting system approach,
the FDA developed the MedWatch form. This form
can be faxed to the agency (1-800-FDA-1078) or called
in (1-800-FDA-1088).4) The forms also can be

obtained by the “MedWatch Online’’ internet-based
website (http://www.fda.gov/medwatch/).
Limitations of FDA spontaneous reporting include
both under-reporting and over-reporting.
An example of over-reporting occurs with recently
approved drugs. This is partly due to enhanced publi-
city about these drugs.

Studies of therapeutic classes

Observational cohort or case control designs have been
used to determine ADR relationships with specific
therapeutic classes.*®*! Medical claims data are often
used in these studies and caution should be warranted
due to lack of definite confirmation of drug exposure
and the potential for confounding variables.*® How-
ever, these studies have been beneficial in determining
risk of ADRs with specific classes (e.g., NSAIDs and
the risk of peptic ulcer disease).l*”




54
Studies of specific medical syndromes

Observational cohort or case control designs can also
be useful to study possible causality relationships of
specific medical conditions or syndromes due to drug
exposure.®*! These types of studies have been parti-
cularly useful in examining ADRs in a specific popula-
tion, such as geriatric or pediatric patients. These
groups of patients are often excluded in Phase III
trials. However, a disadvantage of these studies is that
they also often use administrative data. These data can
warrant risk of problems in determining causality due
to potential confounding variables.l*®

Assessing Adverse Drug Reactions

After detection of a possible ADE, causality assess-
ment needs to be performed. It is important to be able
to rank the likelihood of an ADR as unlikely, possible,
probable, or definite. A major problem with determin-
ing causality is that confounding variables can contri-
bute to the complexity of causality assessment.**! In
order to determine causality, several important points
of data are required. These include the nature of the
adverse event, name of the putative drug, other poten-
tial causes, and the temporal relationship between the
drug and adverse event. Potential causes are obtained
by examining the medical history, physical examina-
tion findings, and directed diagnostic tests.
Identification of causality can be performed simply
by using a health care provider’s clinical reasoning

Table 8 ADR Naranjo causality algorithm

Adverse Drug Reactions

and judgment. The main disadvantage to this approach
is a low inter-rater and intra-rater agreement for ADR
causality.[**4!

An ADR causality algorithm addresses the issue of
inter-rater and intra-rater reliability with a series of
clinical questions. For example, the Naranjo algorithm
consists of a series of clinical questions that focus on
temporal and dose-response relationships, consistency
of the ADR with previous clinical reports or patient
experiences, placebo response, drug dechallenge and
rechallenge, toxic blood drug concentrations, alterna-
tive causes of the reaction, and whether the event
was confirmed by objective evidence (Table 8).[*
Numerous health care institutions and the FDA use
some type of causality algorithm to minimize disagree-
ment among different evaluators and improve inter-
rater and intra-rate agreement.

PREVENTING ADVERSE DRUG REACTIONS

ADRs are problematic in that they cause significant
morbidity and mortality. Almost 95% of ADRs are
Type A (predictable) reactions, and thus with quality
improvement measures, ADRs can be avoided and
prevented.%! Knowledge of causative factors and an
increase in patient education may help prevent ADRs.
Improvements in the documentation of allergic reac-
tions (e.g., via computer tracking), development of
tools to enhance compliance, and application of tools
to improve prescribing and administration of drugs
are other preventative approaches to ADRs.

Do not

Yes No know Score
Are there previous conclusive reports on this reaction? +1 0 0
Did the adverse event appear after the suspected drug was administered? +2 -1 0
Did the adverse reaction improve when the drug was discontinued, or a specific +1 0 0
antagonist was administered?
Did the adverse reaction reappear when the drug was readministered? +2 -1
Are there alternative causes (other than drug) that could on their own caused -1 +2 0
this reaction?
Did the reaction reappear when a placebo was given? -1 +1 0
Was the drug detected in the blood (or other fluids) in concentrations known +1 0 0
to be toxic?
Was the reaction more severe when the dose was increased, or less severe when the +1 0 0
dose was decreased?
Did the patient have a similar reaction to the same or similar drugs in any +1 0 0
previous exposure?
Was the adverse event confirmed by any objective evidence? +1 0 0

Total score

Probability category scores: Definite > 9; Probable 5-8; Possible 1-4; Doubtful < 0.
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In 1994, the ASHP, the American Medical Associa-

tion

(AMA), and the American Nurses Association

(ANA) generated the following system of recommen-
dations to prevent ADRs in health care systems:

1.

Health care systems should establish processes
in which prescribers enter medication orders
directly into computer systems.

Health care systems should evaluate the use of
machine-readable coding (e.g., bar coding) in
their medication use processes.

Health care systems should develop better sys-
tems for monitoring and reporting adverse drug
events.

Health care systems should use unit dose medi-
cation distribution and pharmacy-based intra-
venous medication admixture systems.

Health care systems should assign pharmacists
to work in patient care areas in direct collabora-
tion with prescribers and those administering
medications.

Health care systems should approach medica-
tion errors as system failures and seek system
solutions in preventing them.

Health care systems should ensure that medica-
tion orders are routinely reviewed by the pharma-
cist before first doses and should ensure that
prescribers, pharmacists, nurses, and other work-
ers seek resolution whenever there is any question
of safety with respect to medication use.”)

CONCLUSIONS

Adverse drug reactions are of significant concern in the
pharmaceutical technology arena. Various drug and
patient factors that predispose to ADRs have been
identified. Reporting systems used to screen and assess
ADRs facilitate the understanding of risk factors and
contribute to the development of systematic improve-
ment in the prevention of ADRs.
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Advertising and Promotion of Prescription
and Over-the-Counter Drug Products

Wayne L. Pines
Pharmaceutical Consultant, Washington, D.C., U.S.A.

INTRODUCTION

Pharmaceutical companies aggressively market their
products to assure that everyone who needs to know
about them receives information in a timely way. The
marketing of drugs has many aspects that are unique
in the world of product marketing:

1. Pharmaceutical marketing is directed to a large
extent at audiences who are not the ultimate
users of the products (i.e., physicians, pharma-
cists, HMO managers).

2. Even in an age when mass media predominate,
marketing to certain audiences such as physi-
clans remains very personal.

3. The very fact that pharmaceutical companies
market their products is controversial, as there
are critics who believe that essential health care
products should not be marketed.

4. The federal government dedicates significant
resources and has established far-reaching and
complicated rules to assure that pharmaceutical
promotion is accurate and balanced.

A number of significant issues linger, such as how
companies can communicate scientific information that
is not within FDA-approved labeling; how to regulate
the Internet; and the role of the brief summary. These
and other issues make the field of advertising and pro-
motion of pharmaceuticals dynamic and ever-changing.

BACKGROUND

The advertising and promotion of prescription drugs is
inherently controversial. The drug industry maintains
that such promotion provides an essential educational
benefit and is needed to assure that the benefits of new
drugs are made available to patients through their
physician, pharmacist, or other health care provider.
The industry stresses that promotion encompasses a
variety of objectives beyond just selling more products.
These objectives include informing consumers about
new and existing products that may be of value in

improving their health; educating health care providers
about new and existing products and how to use them;
and providing information needed by those who
finance or pay directly for medical products.[")

Further, the industry and advertising/promotion
advocates contend that in the modern age there is an
inherent need for pharmaceutical companies to commu-
nicate information about their research and new pro-
ducts. The public demands information about health
care products; everyone wants to know about medical
progress. Investment capital for new biotechnology
companies is dependent on understanding the potential
value and research progress of new products. Health
care providers need to know, on a continuing basis, what
kinds of advances are being made in their specialty.

When a new drug is introduced, pharmaceutical
companies dedicate substantial resources to providing
information to the health care provider through the
sales force, and through advertising, direct mail, semi-
nars, dinner meetings, presentations at medical meetings,
exhibits, etc. In the 1990s promoting new drugs directly
to the ultimate user, the patient, became common, and
companies began to invest in magazine, newspaper,
radio, television, and Internet promotional activities.

Critics of drug marketing say that such efforts are
inappropriate ways to communicate information about
prescription drugs. They say that pharmaceuticals are
different from other heavily-promoted products in that
they are necessary for health, can be harmful if misused
or overused, and that they can mean the difference
between life and death.

The critics say that advertising and promotion can
endanger health by leading consumers to seek out and
take certain prescription drugs that are inappropriate
for their illness. They also say that promotional activ-
ities by drug companies are too expensive, adding to
the price of prescription drugs and thereby denying
access to those who cannot afford the drugs they need.
They say that promotional activities are not needed, as
medical information can best be conveyed through the
medical literature to physicians who then can determine
what is best for their patients.””!

Finally, the critics have expressed concern about
the accuracy and truthfulness of information issued
by prescription drug manufacturers, fearing that such
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information will be biased because it comes from com-
panies whose principal interest is in increasing the sales
of its products.

The debate over the appropriateness of pharmaceu-
tical promotion is one that will go on forever. The rea-
lity is that, at least in the United States, pharmaceutical
promotion is an integral part of the process of health
care delivery. It is heavily regulated by FDA to assure
accuracy and balance. For the foreseeable future phar-
maceutical companies will continue to use communica-
tions to capture the attention of various audiences.

EXTENT OF PHARMACEUTICAL ADVERTISING
AND PROMOTION

There is no entirely accurate way to calculate how
much is spent on advertising and promoting prescrip-
tion drugs. The reason is that the term encompasses
so many different activities. It includes, for example,
traditional advertising in medical journals, visits to
physicians and other health professionals by the com-
pany’s sales force, dinner meetings, extensive exhibits at
medical meetings, CME sponsored by drug companies,
public relations programs, promotion directly to
consumers using all media available, and outreach to
professional and patient organizations.

Within drug companies the amount spent on pro-
moting a particular product comes from many differ-
ent budgets. Estimates on how much is spent in the
U.S. on promoting prescription drugs range as high as
$13.9 billion. In 1999 the amount spent on direct-to-
consumer television advertising alone was $1.1 billion.’!
Direct-to-consumer advertising of prescription drugs in
consumer magazines, newspapers and on television has
raised the visibility of prescription drug promotional
activities.

Drug companies generally spend most on drug
promotion when a new drug is being launched. Very
often the promotional budget is cut dramatically, if
not altogether, when a drug faces generic competition
at the conclusion of its patent life.

REGULATORY HISTORY

The FDA'’s role is to assure that all advertising and
promotion of prescription drugs is accurate, provides
full disclosure of risks and is fairly balanced. There
are two legal bases for FDA jurisdiction over all
advertising and promotional materials and programs
issued by or sponsored (i.e. funded) by drug companies.

One legal basis of FDA jurisdiction is the 1962 Drug
Amendments to the Food, Drug & Cosmetic (FD&C)
Act. In 1962, the Congress added major amendments
to the FD&C Act. The thalidomide incident—in which

Americans were spared birth defects by a vigilant FDA
that kept this potent teratogenic drug off the market—
spurred enactment of the 1962 Amendments. But the
Congress paid considerable attention in its legislative
hearings to alleged advertising and promotion abuses
by pharmaceutical companies.

Section 502(n) of the 1962 Drug Amendments dealt
specifically with advertising. It assigned responsibility
for prescription drug advertising to the FDA; pre-
viously, the jurisdiction had resided with the Federal
Trade Commission (FTC). Section 502(n) was narrow
in scope and vague in requirements. It said a prescrip-
tion drug is misbranded

. unless the manufacturer, packer or distributor
thereof includes in all advertisements and other
descriptive printed matter issued or caused to be issued
by the manufacturer, packer or distributor with respect
to that drug a true statement of 1) the established name
as defined in Section 502(e), printed prominently and
in type at least half as large as that used for any trade
or brand name thereof; 2) the formula showing quan-
titatively each ingredient of such drug to the extent
required for labels under Section 502(e); and 3 ) such
other information in brief summary relating to side
effects, contraindications, and effectiveness as shall
be required in regulations which shall be issued by
the Secretary in accordance with the procedure speci-
fied in Section 701(e) of this Act: Provided, that a)
except in extraordinary circumstances, no regulation
issued under this paragraph shall require prior
approval by the Secretary of the content of any adver-
tisement, b) no advertisement of a prescription drug,
published after the effective date of regulations issued
under this paragraph applicable to advertisements of
prescription drugs, shall ... be subject to the provi-
sions of sections 12 through 17 of the Federal Trade
Commission Act, as amended . ...

Basically, the law said that for a drug to not be
misbranded, the generic name must be in the advertise-
ment; the drug’s formula must be included; and a
“brief summary’’ of risks must accompany each
advertisement. The FDA was barred from requiring
that advertising be approved in advance of use, a pro-
vision that addressed and accommodated First
Amendment (“free speech’’) issues. In the 1960s the
FDA promulgated detailed regulations to implement
Section 502(n).?

The second legal base for the FDA’s current regula-
tory authority over prescription drug advertising and
promotion stems from the definition of “labeling’” in
Section 201(m) of the FD&C Act. This section defines
“labeling’’ as printed or graphic materials accompanying

421 C.F.R., Part 201 contains these regulations.
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a drug product. FDA regulations further define
“labeling’’ to mean

brochures, booklets, mailing pieces, detailing pieces, file
cards, bulletins, calendars, price lists, catalogs, house
organs, letters, motion picture films, film strips, lantern
slides, sound recordings, exhibits, literature and reprints
and similar pieces of printed audio or visual matter
descriptive of a drug and references published for use
by medical practitioners, pharmacists or nurses, contain-
ing drug information supplied by the manufacturer,
packer, or distributor and which are disseminated by
or on behalf of its manufacturer, packer or distributor.”!

In effect, the FDA combines Sections 502(n) and
201(m) and their implementing regulations to declare that
any materials issued by or sponsored by a drug company
about its prescription drugs are subject to regulation. In
effect, promotional materials that are not deemed to be
“advertising’’ are regulated as “labeling.”” the FDA has
established virtually the same requirements for all promo-
tional material, whether it comes under the definition of
“advertising”” or under the “labeling” definition.

Even though the FD&C Act as amended in 1962 did
not envision the FDA taking broad authority over all
communications and marketing materials issued by
drug companies, the drug industry has acquiesced to
the FDA’s increasingly broad definition of its authority.
The industry has taken the view that just so long as the
FDA enforces the regulations even-handedly, the regula-
tions help provide an underlying confidence in the accu-
racy of their materials. Further, the industry over the
years has chosen not to challenge the FDA’s assumption
of authority in this area, choosing instead to wage its
jurisdictional battles with the FDA over other matters.

Over the years, a huge array of formal regulations,
guidances, informal policies, and enforcement actions
through warning letters has evolved from the FDA.
Combined, they establish a highly intricate system for
regulating the advertising of prescription drugs.

The FDA has established authority over every
word, footnote, picture and nuance of all promotional
activities issued by or sponsored by drug companies.
That includes promotion to the consumer, press
materials, detailing aids, continuing medical education,
seminars, materials for managed care organizations.
The agency has jurisdiction over oral statements made
by a company representative to a physician.

Similar requirements exist for other medical pro-
ducts regulated by the FDA. While pharmaceutical
products are regulated by the FDA’s Center for Drug
Research and Evaluation (CDER), the comparable
center that regulates biological products—the Center
for Biologics Research and Evaluation (CBER)—
basically applies the same standards. The regulation
of the advertising of medical devices has its own legal
basis, Section 502(r) of the FD&C Act.

FDA regulations that apply to the promotion of
medical products are spread out in several sections of
the Code of Federal Regulations (Title 21). Among
the applicable sections are Part 200 and, most particu-
larly, Part 201 for pharmaceutical promotion; Part 510
for veterinary drugs; Part 601 for biological products;
and Part 801 for medical devices.

The FDA’s regulation of advertising and promotion
was stepped up dramatically during the 1990s.I”) The
agency recognized that new forms of communications
about prescription drugs had become more common,
such as press releases, brochures for consumers, and
cable television shows directed at physicians. The
surge in promotional activity directed both at health
professionals and consumers led the FDA to increase
significantly the resources dedicated to monitoring
such activities and enforcing the regulations more
aggressively, as well as the issuance of new policies to
cover the new forms of communication. The increase
in staff and enforcement occurred in every product
category of the FDA’s regulatory jurisdiction but
was most pronounced in the pharmaceuticals area.

BASIC PRINCIPLES OF FDA REGULATION

The agency’s policies continue to evolve, in response to
newer forms of communications and new needs of the
medical marketplace. However, a few basic principles
have been at the foundation of the FDA’s regulatory
approach.®®!

All information in prescription drug advertising and
promotional materials issued by or sponsored by drug
companies must be truthful and not misleading. Only
information consistent with FDA-approved labeling
may be disseminated in promotional materials.

Any claims made about the product must be sup-
ported by scientific studies that have been reviewed
by the FDA or that are subject to FDA review. If a
company wants to make, for example, a cost-effective-
ness claim or a quality of life claim for a product, the
claim must be substantiated by studies.

All benefits information must be fairly balanced
with risk information. The FDA defines “fair balance’’
as a “‘balanced presentation of benefits and risks.”” This
means that, in an advertisement, for example, to the
extent that a particular benefit is described, the medical
risks associated with that benefit also must be
described. “Fair balance’’ also may mean that a pro-
duct’s limitations must be delineated. “Fair balance”’
differs for each individual drug and communication
technique. The FDA requires that the presentation of
all side effects and contraindications must have a pro-
minence and readability that is reasonable, comparable
to the presentation of benefits information.
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All relevant material facts about the product must
be disclosed. If an advertising or promotional piece
omits to mention a material fact that would influence
the prescribing, use or purchase of a product, then
the piece would be rendered violative.

Whenever a product and its medical claim are
promoted, there must be provision for the recipient
of the information to obtain additional comprehensive
information about the product. Advertising in print
must be accompanied by the “brief summary’’ of risks.
The FDA permits print advertising directed at the con-
sumer to be accompanied by a consumer-directed
“brief summary,”” which can be in the form of a
Q&A. If a product is promoted directly to the consumer
through a television commercial, then provision must
be made to assure that the consumer can obtain sub-
stantial additional information needed to assess the ben-
efits and risks of the product. Under an FDA guidance
issued in August 1999, this requirement can be met
through four mechanisms: an 800 number that the
consumer can call to ask that the information be mailed
or read; referral to an internet site; information in an
advertisement in a current issue of a magazine; or mate-
rials that can be obtained from a health care provider.”!

The rules apply to any product-specific information
issue or caused to be issued by a company, either
directly or through any agent. Anyone with whom a
prescription drug company has a financial relationship
is, in effect, bound by the same communications rules
as the company. A physician hired by a drug company
to speak on its behalf is obligated to restrict promo-
tional claims to approved labeling. The drug company
is required to assure that this occurs.

SPECIFIC FDA ISSUES

The FDA has expressed, through its guidances, policies
and enforcement actions, particular concerns about
certain issues.

Launch materials: These are defined as materials
that are used to promote a product or a new indication
when it first comes into the marketplace. The FDA
regards such materials as its highest review priority,
because claims made in an introductory campaign for
a new product or new indication establish certain
expectations in the minds of health professionals or
patients. The review of launch materials is FDA’s
top advertising/promotion priority.'” While the
FDA by law cannot require the submission of such
materials in advance of use, most companies submit
launch materials before using them. The FDA will
not officially “approve’” such materials, but will pro-
vide detailed comments on them. The failure by a com-
pany to change materials to address the FDA’s
comments creates a risk of an enforcement action.

Off-label promotion: This has become a highly
controversial area involving FDA regulation. Promot-
ing a marketed product for an unapproved use poses,
in the view of the FDA, a significant potential threat
to the public health. If health care providers and con-
sumers are led to believe that a product is safe and
effective for a use for which it is not approved, then
adverse health consequences may occur. Further, if
a product is approved for one use and then can be
promoted for other uses, there is no incentive for
companies to conduct the needed additional research.

The FDA defines an unapproved use very simply: it
is a use that is not in the FDA-approved labeling. It
makes no difference to the FDA whether a use is widely
practiced or is universally accepted by the medical com-
munity. The sole criterion for whether a claim can be
promoted is whether it is included in the FDA-approved
labeling. Thus, the FDA can take action against a com-
pany when it promotes an indication not included in the
approved labeling, even when medical scientists believe
that a particular use is safe and effective. For example,
in a 1993 consent decree signed by one company, the
FDA objected to its efforts to promote a drug for a
use that was approved and widely accepted overseas,
but not included in the product’s U.S. labeling.!'

The FDA’s efforts to prohibit or restrict the provision
of off-label information has been at the center of debate
and controversy since the early 1990s. The Washington
Legal Foundation, a conservative legal organization, filed
a petition with the FDA in October 1993 challenging
the constitutionality of the FDA rules regulating educa-
tional activities such as Continuing Medical Education
(CME) programs. The petition led to a case eventually
wound up in the federal courts with rulings that, for most
of the 1990s, left the issue unresolved.'?!

While the Washington Legal Foundation case was
wending its way through the courts, the Congress
sought to resolve some of the central issues. Section
401 of the FDA Modernization Act of 1997 set forth
a procedure for companies to secure FDA approval
when they wanted to disseminate reprints and text-
books containing off-label to health care professionals.
This procedure requires that the company be investi-
gating the off-label use with the intention of seeking
approval; that records be kept of who received the
off-label information; that FDA clearance for the dis-
semination be sought; and that the information include
a physician package insert, a bibliography and a dis-
claimer that the information is off-label.'*!

As the debate over off-label information dissemina-
tion continues, the FDA has other legal remedies to
pursue if it believes that a company is issuing informa-
tion that could lead to mis-prescribing or jeopardize
the health of patients. The FDA has said it can and will
invoke a section of its regulations that prohibit the dis-
semination of information that is “false or misleading.”’['¥!
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The issue of off-label information is certain to
remain controversial for some time, with the FDA
seeking ways to restrict the dissemination of off-label
information about prescription drugs and the legal
community and industry seeking ways to provide
such information to health professionals without sti-
mulating enforcement actions.

Pre-approval promotion: The FDA objects to the
promotion of a product before approval. The agency’s
view was set forth in 1994 correspondence with a
company, expressing the agency’s interpretation of
Section 312.7 of the regulations:

Prior to approval, promotional materials provided by
the sponsor are often inaccurate with respect to the
indications and risk information that ultimately
appear in the approved product labeling. This inaccu-
racy occurs because the sponsor does not know what
indications and other information the final product
labeling will contain. Additionally, the sponsor’s
assessment of the drug may be overly optimistic,
exaggerating efficacy while minimizing risk. Thus, the
sponsor’s biases may be incorporated into the promo-
tional materials it provides prior to approval of final
product labeling. Such promotional materials do not
fulfill the needs of health care providers or benefits
managers to obtain balanced, accurate information
about new drugs, but instead disseminate misinforma-
tion and create potential risk and misuse.!'*!

Comparative claims: The FDA requires that any
comparative claim made by a company for its pharma-
ceutical product be substantiated with scientific evi-
dence. Examples of comparative claims are ‘“drug of
choice,”” “unsurpassed,”” or “more effective.”” The sup-
porting studies must be “head-to-head’’—that is, they
must be designed prospectively to compare the two pro-
ducts directly. The FDA prohibits a claim of superiority
based solely on data derived from two or more studies
that are compared, even when those studies have similar
protocols. Further, the FDA requires that any compara-
tive claim be clinically relevant to patients. And, if a com-
parative claim is made, it cannot be false or misleading
and cannot leave out other measurements by which the
company’s product is inferior to its competitor.

Pharmacoeconomic and quality of life claims:
Claims that a product is cost-effective, or that it will
improve an individual’s quality of life, may be made
so long as there is proof. There is no firm standard
for how such proof must be documented. In the case
of pharmacoeconomic claims, the Food and Drug
Administration Modernization Act of 1997 said that
companies can provide cost-effectiveness information
to managed care and other purchasing or reimbursing
organizations, so long as the claims were based on
“competent and reliable”” information. This was
intended to be a lesser standard than the usual one that

the FDA applies to claims of safety and effectiveness
(which must be based on studies that are “adequate
and well-controlled’”).'® Quality of life claims, on the
other hand, must be demonstrated in clinical studies.

Reminder advertisements: Companies often spon-
sor advertising that does not mention the indications
for a product, but that is intended to “remind’’ readers
or viewers of the name. Such advertising is called
“reminder’’ advertising. Under an FDA regulation,
such advertising may delineate the name (including the
generic name), the ingredients, the dosage form and the
name and address of the manufacturer, packager or
distributor. The advertisement may not mention what
the product is used for, and may make no safety or
efficacy claim or any other representation about the
product. Such advertising is exempt from the require-
ment for a “brief summary.”” “Reminder advertise-
ments’> may not be sponsored for prescription drugs
for which there is a “boxed’’ warning in the FDA-
approved labeling, or, in the case of older drugs, whose
efficacy has not been reaffirmed by the FDA.

Press releases: The FDA takes jurisdiction over
the content of company-issued press releases by declar-
ing them to be “labeling.”’® As such, press releases
must contain fair balance of risk information and must
be accompanied by the full package insert. The FDA
also expects press releases to contain disclaimers that
will help put the product into regulatory context
(e.g., in a research announcement for a product not
yet approved, the release should make clear that the
product is not approved, or that an application is
pending before the FDA.) Press releases issued before
product approval must avoid stating that the product
has been shown to be safe and effective and should
avoid any statements that might be construed as pro-
motional, such as through use of words like “promis-
ing”’ or “breakthrough.”’

Video news releases: Video news releases are 75- to
90-second electronic versions of press releases. They are
regulated by the FDA as promotional labeling, and
therefore must contain balancing information. In addi-
tion, FDA expects the recipients of video news releases
to have easy access to a physician package insert.!!”

Publications intended for stockholders and inves-
tors: The FDA regulates publications and other mate-
rials intended for stockholders and investors with the
same rules as apply to materials for other audiences.
However, the agency generally does not enforce the
rules very aggressively when it is clear that the materi-
als are for financial purposes rather than to promote a
product’s use among physicians and patients. For
example, the FDA has never required annual reports

®The FDA initially asserted jurisdiction over the content of product-
specific press releases in 1983.
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issued to investors that mention ongoing research or
newly approved products in a cursory way to include
the labeling as an attachment.

Scientific exchange: The FDA has adopted
the view that “scientific exchange’’—the well recog-
nized need for scientists to communicate with each other
about research findings—should be protected. When such
“exchange’’ crosses over into “promotion’’—and the line
is hard to define—then FDA regulations are invoked.

Any scientific meeting whose content is fully under
the control of a company and that is product-specific
must meet all criteria for fair balance and full disclo-
sure. This means that the materials and speeches must
be within approved labeling.

A mechanism for drug companies to see that health
professionals receive the latest results of medical
research is for drug companies to sponsor CME
programs. The FDA has set forth detailed rules for
how companies may influence and interact with legiti-
mate CME programs about their products or product
category. The FDA permits such company-sponsored
CME so long as the financial grant is provided to an
accredited third party and the CME is conducted inde-
pendently of the company. Companies that sponsor
CME generally have standard contracts with providers
that set forth the specific relationship that is intended
to assure independence of the program, the presenters
and the derivative material such as monographs or
publications.['®!

Exhibits: Exhibits sponsored by drug companies at
medical or other meetings are regulated by the FDA.
The regulations require that all materials at the exhibit
booth, including the headings in the booth itself, must
be within approved labeling. There is provision within
the FDA’s regulations for scientific exchange outside
of approved labeling so long as such discussions are
not promotional, are conducted between health profes-
sionals, and so long as there is a clear distinction
between approved indications and new research or
off-label uses of a product. Companies often sponsor
multiple booths at meetings, one for promotion of
approved indications and the other for scientific
exchange where new research is discussed.

Internet: The Internet has posed some unprece-
dented regulatory challenges. The FDA has declined to
issue a written guidance on Internet activities sponsored
by drug companies, saying instead that it will apply the
same standards to Internet advertising and promotional
statements as it does to other means of communica-
tion.'"”? For the most part, corporate information that
is not product-specific may be put on the Internet with-
out regulation. So too, can information about approved
products, so long as the information is consistent with
labeling and provides ready and easy access to product
labeling. The challenges arise with links to other Internet
sites or with chat rooms, especially those that may

contain off-label information, and how to manage
information that emanates from overseas.

Regquests for information: Companies may respond
to requests for information from any external
source. However, the FDA differentiates between
requests that are solicited by the company—that is, that
the company has encouraged in any way—and those
that are totally unsolicited.

If a request for information is solicited, then the
company must stay within labeling in responding. If
a request is totally unsolicited, then questions about
off-label uses can be answered with information that
is not restricted to approved label information. Com-
panies can respond by providing research studies or
other information. Generally, the medical affairs
departments within companies handle responses to
unsolicited requests for information. Companies usually
keep records of such requests, and those records are
subject to FDA inspection. If off-label information is
sent to the requester, then the cover letter must make
clear that the FDA does not approve the indication.

Accelerated approval drugs: These are drugs that
receive priority attention by the FDA and that, because
they are for life-threatening conditions, are approved on
the basis of limited or surrogate marker data. The FDA’s
regulations require that any advertising or promotional
pieces for drugs approved through the accelerated pro-
cess be approved prior to use. This requirement includes
pieces used during the launch period as well as pieces
used thereafter, for as long as the drug approval comes
under the accelerated approval status.*”!

Direct to consumer promotion: The promotion of
pharmaceuticals directly to consumers began in the
1980s but came of age in the 1990s. In 1996, the
amount spent on advertising prescription drugs to con-
sumers exceeded the amount spent on advertising to
physicians (though a company’s promotional budget
directed at physicians is still much higher than the
consumer budget, since the highest spending is on sales
representatives and direct promotion to physicians).

Print advertising directed at consumers must meet
the same standard as print advertising directed at
physicians. It must not only be accurate; it also must
include a ‘““fair balance’’ of benefits and risks, and
it must include a ‘“brief summary’” of risks. The
FDA encourages companies to print ‘“‘brief summary”’
information in consumer-friendly language.

Under a guidance issued in August 1999, FDA per-
mits direct to consumer advertising on television. TV
advertising must include a “major statement’’ of risk
information. The TV commercial must also make-
provision for the consumer to obtain full labeling
via the Internet or a toll-free number, and must also
state that additional information is available from
physicians, pharmacists or in an advertisement in a
current publication.*!!
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The FDA also permits advertising to consumers
that does not mention the product name, but that iden-
tifies a disease condition and urges consumers to see
their doctors. These are called “help-seeking’” adver-
tisements. However, the FDA is sensitive to efforts to
make implicit product claims that, while not mentioning
the product by name, might be understood by a reason-
able consumer as referring to a particular product.

FDA ENFORCEMENT

The FDA monitors the promotional marketplace in a
variety of ways. Staffers attend medical meetings, read
consumer and medical publications, and watch TV.
They are also asked to review materials in advance of
use by drug companies. In addition, the FDA learns of
marketplace violations from competitor complaints.
Finally, all advertising and promotional materials for
prescription drugs must be submitted to the FDA at the
time of their first use. Materials are submitted to the Divi-
sion of Drug Marketing, Advertising and Communica-
tions (DDMAC) in CDER, or to the Advertising and
Promotional Labeling Staff (APLS) in CBER. These
are the staff that regulate the advertising and promotion
of pharmaceuticals and biological products, respectively.

The growing prominence of advertising and promo-
tion regulation during the 1990s made it necessary for
pharmaceutical companies to dedicate more resources
to the development and review of such materials.
Virtually allcompanies have written policies and pro-
cedures for reviewing promotional materials and
programs, including an internal review process. They
also have dedicated regulatory staff that oversee the
process. In addition, many companies regularly train
staff on regulatory requirements. Periodic training has
become a major focus for companies that want to be
sure that everyone in the company, from top manage-
ment to the sales force, is aware of the company’s
philosophy towards promotion and of FDA’s rules.

The most common actions that the FDA takes when
it detects a violation are to send the offending com-
pany a letter (once known as a “Notice of Violation”
or NOV, now known as an untitled letter) or a warning
letter. An untitled letter identifies the FDA’s concern
and seeks remedial action such as discontinuation of
the promotional piece at issue.

Warning letters, which are sent far less frequently
than untitled letters (the average is less than a dozen
per year from DDMAC) are reserved for more serious
situations. The issuance of a warning letter means that
the agency has concluded that a legal violation has
occurred and remedial action is needed. Usually the
remedial action includes withdrawal of the violative
materials and the company-wide dissemination of the
warning letter. The FDA may also seek a “Dear

Health Professional’’ letter or other corrective measures
such as mandatory training or pre-clearance of any new
promotional materials for a period of time. In one
instance, the FDA required a company to produce cor-
rective television commercials to address issues raised
in a TV commercial that the FDA found violative.
Untitled and warning letters provide 10 to 15 days
for the company to respond and present a plan of
action. Companies may appeal the FDA’s finding
and discuss the appropriateness of the remedial action,
but the FDA always retains the authority to seek more
stringent action such as a consent decree. Warning
letters are made public immediately upon issuance by
the FDA, and thus become a potential source of negative
publicity. Untitled letters also are publicly available.
The FDA has other enforcement options if it finds
that a company has violated the advertising regula-
tions. It can seek to negotiate a consent decree with a
company if it feels that such a decree is needed to keep
the company in compliance. Three consent decrees
involving advertising violations were signed in the
1990s. The FDA may also seek a seizure, injunction
or criminal action (misdemeanor or felony) against
violative companies or products, but as a practical
matter these more severe and time-consuming legal
actions are unlikely. The most dramatic enforcement
action taken by the FDA in this area involved a fine
of $50 million against a company that allegedly over-
promoted a product over a substantial period of years.®

FTC REGULATION

The FDA has jurisdiction over prescription drug
advertising and promotion, while the FTC has juris-
diction over the advertising and promotion of over-
the-counter (OTC) medicines, as well as dietary
supplements and medical devices (other than restricted
devices as defined in the FD&C Act). The FDA retains
full jurisdiction over the labeling of all medical pro-
ducts, including OTC drugs and dietary supplements.
The FTC’s authority over advertising, which pre-
dates the FDA’s, stems from Section 5 of the FTC
Act, which gives the Commission authority to prevent
companies from “using unfair methods of competi-
tion...and unfair or deceptive acts or practices in or
affecting commerce.”” (The FTC technically retains
some legal jurisdiction over prescription drug advertis-
ing, but as a practical matter defers entirely to the
FDA, even for direct-to-consumer advertising.d)

“The three consent decrees were with Syntax, Kabi, and ICN. The
$50 million fine involved Genentech. See FDA Advertising and Pro-
motion Manual for details.

9FTC regulations are contained in 16 C.F.R. Part 251 and 255.
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The FTC’s organizational structure, regulatory
approach and enforcement tools differ considerably
from those of the FDA. This means that, in effect,
there are different systems in place for regulating pre-
scription drug advertising and OTC drug advertising.
The FDA and FTC work together in cases involving
medical products. FTC does not have a medical staff,
and any FTC action must be based on FDA-approved
labeling. The FDA and FTC operate under a Memo-
randum of Understanding dating back to 1971 and
amended in 1992 that sets forth how the relationship
between the two agencies will work.®

The FTC requires that a company have substantia-
tion of any advertising or promotional claim. At any
point, the FTC may launch an investigation of an
advertisement campaign for a specific product, or,
more commonly, for a category of products. An FTC
investigation can originate from multiple sources—from
any of the five commissioners or the semi-independent
FTC staff. The commissioners must approve any
enforcement actions recommended by the staff.

FTC procedures permit companies to engage in
formal discussions with its staff before any matter is
resolved. The usual resolution of an FTC investigation
is the signing of a consent decree in which the company
admits no wrongdoing but agrees never to do it
again. The FTC also has the authority, however, to
seek a temporary restraining order or an injunction.

Over the years, the FTC’s enforcement has been
directed to a large extent at advertising for fringe pro-
ducts, such as medical devices sold directly to the con-
sumer that promise dramatic weight loss or some other
body enhancement.

PRESCRIPTION DRUG MARKETING ACT

An important aspect of drug marketing is the provision
of samples to physicians to provide to their patients.
The Prescription Drug Marketing Act of 1987 is the
statute that provides the FDA with the authority to
regulate drug marketing practices. It prohibits the
diversion of prescription drug or biological products
into illegitimate commercial channels. It also prohibits
the sale of drug samples. The law provides that compa-
nies must obtain the signature of a physician for all
drug samples. The law also requires record-keeping
and careful storage of samples. Whenever a manufacturer
discovers any diversion, it must report this to the FDA.
Under the PDMA, physician requests for samples
must be provided in writing. There must also be a
signed receipt for the delivery of the samples. The FDA

°A copy of the Memorandum of Understanding, as amended, is in
FDA Advertising and Promotion Manual.

regulations require drug companies to establish detailed,
written procedures for product sampling programs, and
to keep records of its sample distribution.

“ANTI-KICKBACK”

Another federal law that applies to the marketing
of medical products is the so-called “anti-kickback”’
law.” This law, which dates from 1972, is not part of
the FD&C Act; instead, it relates to Medicaid and
Medicare statutes.

The ““anti-kickback’’ statutes are intended to pre-
vent overuse of and overcharging for medical products
that are subject to government reimbursement either
under Medicaid or Medicare (or other government-
reimbursed health care programs). They prohibit any
activity in which a medical products company may
try to persuade, other than with sound therapeutic
arguments, a physician or another health care provider
or facility to use a particular product.

Specifically, the law prohibits a company from
offering “any remuneration (including any kickback,
bribe or rebate) directly or indirectly, overtly or
covertly, in cash or in kind’’ to anyone to induce them
to purchase a product or service for which reimburse-
ment may be sought under Medicaid or Medicare.
Regulations provide for “safe harbors.”

Many companies, in their internal training, include
information about the “anti-kickback’ statute. The
Office of the Inspector General in the Department of
Health and Human Services (HHS) enforces the “anti-
kickback’> law. HHS administers the Medicaid and
Medicare programs. Any serious violations are referred
for potential criminal prosecution to the Department
of Justice; administrative sanctions also are possible.

LINGERING ISSUES

Many of the issues raised by the FDA’s regulation of
advertising and promotion remain subject to continued
debate and lack resolution. These are issues that are
important to resolve because until they are, there will
be uncertainty in the marketplace and an uneven
playing field from a regulatory standpoint.

Among the FDA’s policies that are most contro-
versial are those that seek to restrict the dissemination
by pharmaceutical companies of information from the
scientific literature that is outside of FDA labeling. The
issue revolves around the extent to which the FDA can
and should restrict such information, in an environment
in which so much information is available from other
sources such as the news media and the Internet.

42 US.C., §1320a-7b.
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Another issue is what are appropriate penalties for
issuing violative materials. If a company issues infor-
mation that is misleading, what are the appropriate
remedies—e.g., letters to health professionals, correc-
tive advertising? Further, and perhaps more impor-
tantly, what corrective measures are most effective?
There has never been a study of the effectiveness of
corrective measures imposed by the FDA.

Still another issue is how the FDA should regulate
DTC advertising. How much information should the
consumer receive about risks, and what is the best
way to convey that information? A related issue is
what role the “brief summary’’ should play in the
future. Does it still serve a useful purpose, or is it just
an additional advertising expense for drug companies?

The Internet poses still another challenge to FDA
regulation. The FDA’s jurisdiction extends to promo-
tional activities in the United States or directed at Uni-
ted States citizens. The Internet eliminates political
borders and makes it impossible for the FDA to
regulate everything issued by drug companies on an
international basis.

Issues like these are likely to remain for some time
to come, as new means of communication evolve and
as the FDA, the Congress and the industry reevaluate
the proper role and dimensions of regulation.

CONCLUSIONS

The regulation of marketing practices by medical
product companies—specifically their promotional
programs—has become a highly specialized field
within food and drug law. The rules are set forth in a
variety of ways—in FDA regulations, in guidances
and in enforcement actions, and are refined in public
discussions by the regulators themselves.

The rules continue to evolve as new products are
introduced and new means of communications become
available, but basically a few principles apply. In essence,
programs and materials must not only be truthful, they
must also contain prominently appropriate risk informa-
tion, and there may be no efforts by medical products
manufacturers to persuade or induce health care provi-
ders to use products for uses not approved by FDA.
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INTRODUCTION

Although alternative medicine has the oldest healing
practices, it is regaining popularity against a back-
ground of rapidly increasing technology in conventional
medicine. For conventional health care practitioners,
accepting the validity of alternative practices can be
difficult, particularly because so little alternative medical
training is provided at conventional medicine colleges
and universities.

For pharmacy practitioners, herbal medicine pre-
sents a contradiction. Pharmacognosy, the study of
natural product medicines, is a historical field of study
in pharmacy. In addition, many conventional medi-
cines are derived from herbs and other plants. However,
in recent years, pharmacy has abandoned its “roots’” in
favor of clinical practice, and most pharmacists have
little knowledge of herbals. No matter the level of phar-
macist knowledge or bias on whether herbals can be
helpful, the fact of the matter is that more patients are
using them. This is sometimes at the risk of significant
toxicity. All health care providers, but particularly
pharmacists, need to develop a knowledge base of herbal
medicines in order to best care for patients.

DEFINITIONS
Alternative Medicine

Often called “complementary and alternative medi-
cine,”” this group of medical practices has also been
termed “unconventional,”” “unorthodox,”” “unproven,’’
and even “quackery.”’[!] Because these terms have signif-
icant negative connotations, terms such as ‘“‘alternative
medicine”’ are preferred. Alternative medicine is not
one form of medicine, but rather a diverse group of
health practices that are outside of what is considered
usual or conventional by the medical establishment.!”!
Alternative medicine spans the range of practices, from
home remedies to manufactured products, from patient
self-treatment to care by a skilled practitioner, from
efficacious to potentially dangerous. Specific definitions
of more common alternative medicine practices used in
the United States are listed in Table 1.I"

ERINTS

Herbal Medicine

Although alternative medicine encompasses a very
broad range of practices (more than 150 in fact), the
area of most interest to pharmacy practitioners is
herbal medicine. Interestingly, there is no definition of
“herb’’ in any federal legislation or in any Food and
Drug Administration (FDA) regulation.’! Definitions
vary considerably depending upon the source. For
example, botanists define an herb as a plant whose
stem dies back in winter (vs. trees or shrubs). On the
contrary, pharmacognosists define herbs as the aerial
parts of plants (vs. seeds or roots).’ The Herbal
Trade Association, a group that has economic interests
in this definition, defines an herb as a plant, plant part,
or extract thereof used for flavor, fragrance, or medicinal
purpose.” In any case, herbal medicine implies the use of
the whole plant or plant part as a remedy, rather than a
single, active constituent derived from a plant.

SIGNIFICANCE OF HERBAL USE
Prevalence of Use

Phone surveys were done in 1990 and 1997 by
Eisenberg et al. to determine the prevalence of alterna-
tive medicine use in the United States. Over 1500
participants were surveyed in 1990, as well as over
2000 in the follow-up survey in 1997. The percentage
of participants surveyed who reported using at least
one form of alternative medicine in the preceding
12mo was 34% in 1990 and 42% in 1997.*°) This is
the oft-quoted “1 in 3 Americans use alternative med-
icine”” statistic. Herbal medicine use rose from only
2.5% in 1990 to 12% in 1997, making it one of the fast-
est growing alternative medical practices used in the
United States.*"]

Demographics of Users

According to the surveys conducted by Eisenberg et al.,
alternative medicine users tend to be educated, younger
to middle-aged, female, and have chronic medical con-
ditions. They self-refer 90% of the time, meaning that
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Table 1 Complementary and alternative medical practices

Practice Definition
Acupuncture Ancient Chinese technique that uses needles to pierce the skin
Taps into a grid of flowing energy (‘‘qi’’) that controls organ function
Aromatherapy Uses botanical oils and essences to treat both physical and psychological disorders
Ayurveda “Life knowledge”’
Ancient Indian practice that uses diet, exercise, yoga, meditation, herbs, and massage to
treat imbalances in physical, emotional, and spiritual harmony
Bioelectromagnetics Study of living organisms and their interaction with electromagnetic fields
Belief that magnetic fields penetrate the body and heal damaged tissues
Chiropractic Practitioners use manipulation to treat disorders of the spine, joints, and muscles

Herbal medicine

Homeopathy

Mindfulness meditation
Naturopathy
Osteopathy

Reflexology
Therapeutic touch

Plants that are made into pills or extracts to prevent and cure physical and
psychological disorders

“Like cures like”’

Belief that very small doses of substances that would at high doses cause adverse effects can
be used to cure those effects

Preparations may be so dilute that the active ingredient no longer remains

Belief that the mind can influence health and control physiologic responses
Relies on diet, fasting, massage, herbs, homeopathy, and other natural treatments

Practitioners use manipulation to expedite recovery from disease or injury
Practitioners also receive conventional medical training and prescribe drugs

Spots on the foot are massaged to stimulate specific organs
Caregiver moves hands inches above the patient’s body to realign disturbed energy fields

or remove “blockages’’

(From Ref.")

their primary care practitioners are not involved in the
decisions to pursue alternative therapies.*~")

The use of alternative medicine varies with the
patient population. For example, up to 80% of cancer
patients report use of alternative medicine vs. one-third
in the general population. Surveys also find that
two-thirds use herbal medicine.l”~'" Interestingly, can-
cer patients do not abandon conventional therapies
when using alternative medicine, with close to 90%
using both conventional and alternative medicines
together.*! Particularly with herbal medicine use,
this creates the potential for conventional drug inter-
actions. In fact, in Eisenberg’s[sl 1997 survey, 20% of
participants admitted to using conventional prescrip-
tion medications with herbal supplements. Because less
than 10% of herbal medicine users are under the care
of an herbalist, pharmacists are often the only health
care providers who can help to avoid potentially
dangerous adverse effects and interactions.!'” Similar
to cancer patients, a large proportion (45%) of AIDS
patients also report alternative medicine use.''l Of
those patients, two-thirds use herbal supplements,
and most use alternative practices with their conven-
tional HIV treatments.!'

Reasons given by patients as to why alternative
medicine is used include the following: the perception

that conventional therapies are ineffective and/or
toxic; frustration when no effective conventional
therapy exists; the desire to take a more active role in
their own care; distrust of conventional practitioners;
and the belief that alternative practitioners focus on
the whole patient.*!” Although most patients still
use conventional medical practices with alternative
medicine, only one-third tell their conventional practi-
tioner that they are doing so.*>® This again means
that the pharmacist may be the only conventional
health care practitioner who is aware of both patients’
conventional and alternative medicine use.

Cost

It is estimated that over $20 billion are spent each
year on visits to alternative practitioners.l”! Sixty per-
cent of patients pay all of these costs out-of-pocket,
with only 20% of health maintenance organizations
(HMOs) and third-party payers supplementing at least
some of these health care costs.”) It is also estimated
that $1-5 billion are spent on herbal supplements per
year, and interestingly, less than 5% of patients who
use herbals report that they bought those products in
a pharmacy."’
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What Pharmacists Know

Given the recent rise in herbal supplement use and the
potential dangers of misuse, one would expect that
the pharmacy profession would be prepared to deal
with public’s need for reliable information on herbs.
Unfortunately, this is generally not the case. A 1998
survey done by the University of Mississippi found
that only 2% of pharmacists felt confident in their
herbal medicine knowledge.!'” Another survey in 1998
performed in North Carolina and Virginia included a
15-point test on five of the most common herbal supple-
ments."*! Of the 164 participants, 68% worked in a
community setting and 74% sold herbals. However,
the mean score on the 15-point test was only 6.3, indi-
cating that pharmacists have inadequate knowledge
with which to advise patients taking herbals.['*!

One would also hope that Colleges of Pharmacy
would have increased the education they give to phar-
macy students on herbal medicine, to prepare them
better for the needs of consumers. This has also been
quite slow to change. There is very little detailed litera-
ture in this area; however, a 1997 survey was done and
asked Colleges about alternative medicine courses in
the curricula. Although three-fourths responded that
they taught about alternative medicine, only one-third
of the courses were required, and less than 40% of con-
tent taught was about herbals.'? Comparison of this
statistic to a survey of breast cancer patients found that
71% of herbal users thought that herbals were “per-
fectly safe,”” a fact known to be untrue.'” Pharmacists
will not be able to help patients avoid harmful effects
from herbals unless they are educated about uses,
toxicities, and potential herb—drug interactions.

REGULATION AND OVERSIGHT

National Center for Complementary
and Alternative Medicine

The federal government has had some insight into the
need for a federal office to oversee dissemination of
information on alternative medicine. Previously known
as the Office of Alternative Medicine (established in
1992), the National Center for Complementary and
Alternative Medicine (NCCAM) was established in
1998 as part of the National Institutes of Health.['”]
The mission of the NCCAM is to “give the public reli-
able information on the safety and effectiveness of
complementary and alternative medicine,”” with an
emphasis on clinical trial sponsorship.”) The budget
of the NCCAM has grown from $2 million in 1992
to almost $70 million in 2000, and almost half the bud-
get is mandated to fund peer-reviewed grants.”! The
NCCAM also helps to disseminate information to
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the public, sponsors literature evaluations, and acts
as an international liaison for alternative medicine.
The NCCAM actually divides alternative medicine
into seven broad categories: 1) alternative systems of
medical practice (such as ayurveda and Chinese medi-
cine); 2) bioelectromagnetics; 3) diet and nutrition
(such as macrobiotics); 4) herbal medicine; 5) manual
healing methods (such as chiropractic and therapeutic
touch); 6) mind/body techniques (such as yoga and
meditation); and 7) pharmacological and biological
treatments (such as shark cartilage).”! More specific
information about the NCCAM may be found at the
website: http://nccam.nih.gov/.

Dietary Supplement Health and
Education Act

One would assume that the federal government would
also take a significant role in regulating substances
(e.g., herbal therapies) that have the potential to cause
significant harm. Although the FDA does want to hold
many herbs to a higher standard, political pressure has
led to the passage of legislation that makes herbal sup-
plements more widely available with less oversight.
This legislation is the Dietary Supplement Health
and Education Act (DSHEA).

Prior to the DSHEA, herbs were inconsistently
regulated as drugs, foods, and/or food additives. Sev-
eral events led to the passage of the DSHEA. In
1990, 258 ingredients in over-the-counter drug pro-
ducts were banned for sale by the FDA due to inade-
quate efficacy data. Eighty-five of these ingredients
were of herbal origin. Manufacturers responded by
either pulling the products from the market or, more
importantly, selling the products as “dietary’’ supple-
ments.!'! This caught the attention of the FDA, and
in 1993, the then Commissioner David Kessler publicly
proposed that herbal supplements be held to the same
standards as drugs, that is, be proven safe and effective
or be removed from the market. These comments led
to much public concern about continued availability
of herbals, and many letters were written to members
of Congress. The political pressure was great enough
that in 1994, the DSHEA was passed.

The DSHEA was a bipartisan bill cosponsored by
Orrin Hatch of Utah and Tom Harkin of Iowa. First,
it broadened the definition of a “dietary supplement”’
to include any product designed to supplement the diet
that contained one or more of the following: a vitamin,
mineral, herb, botanical, amino acid, or any metabolic
constituent or extract thereof. To be removed from the
market, supplements must be proven unsafe by the
FDA. This is in contrast to drugs, where the burden of
proof (both safety and efficacy) is on the manufacturer.
Supplements must contain the labeling “Not evaluated
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by the FDA. This product is not intended to diagnose,
treat, cure, or prevent disecase.”” They must also be
labeled either “dietary supplement’” or “herbal supple-
ment,”” as well as have the common name, Latin
binomial, quantity, and plant part used on the label.
Products may be sold as dietary supplements as long
as no health or therapeutic claims are made. So, struc-
ture/function claims are permitted, and the label may
state things such as “elevates mood”’ or “maintains
cardiovascular health.”” Disease claims, however, are
prohibited. For example, supplement labels may not
state “treats depression’” or “lowers cholesterol.””l*14!

Limitations of Regulations

There are several limitations that lead to potential for
patient harm with the current regulation of herbals
under the DSHEA. First, botanical nomenclature is
not standardized. Common names for herbals may
vary depending on the region of the country. A single
herb may have more than a dozen common names
(e.g., echinacea), or one common herbal name may
refer to several different species (e.g., yellowroot and
snakeroot).'" To avoid confusion, the American
Herbal Products Association (AHPA) has published
Herbs of Commerce, a text of more than 500 herbs
with the preferred common name, Latin binomial,
and appropriate synonyms.

Second, good manufacturing practices (GMPs) of
herbal supplement manufacturers are not regulated
by the FDA. This means that there is no guarantee that
what is on the label of the supplement is actually what
is in the bottle. An example of this is a study published
by Gurley, Gardner, and Hubbard.['% examining the
ephedra alkaloid content of 20 herbal weight-loss sup-
plements. Ten of the 20 supplements assayed (50%)
had more than a 20% discrepancy between the actual
ephedra content and the labeling. Four products also
had significant lot-to-lot variation, up to 1000% of
labeled ephedra content in one. Interestingly, one
product contained no ephedra alkaloids at all.l')

Third, safety assurance is the responsibility of the
FDA, not the manufacturer. This means that the
FDA must accumulate a significant amount of proof
that something is unsafe before pulling it from the
market. In addition, to help professionals, the AHPA
has published The Botanical Safety Handbook that
summarizes safety data of more than 600 herbs. How-
ever, there is no guarantee that any particular
manufactured product is safe. An example is a recent
recall of PC-SPES supplements by the FDA.!'Y The
PC-SPES is a combination of eight herbs marketed
as a treatment for prostate cancer. It is known to have
estrogenic activity, which is presumably how it affects
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prostate cancer.'”! However, laboratory analysis per-
formed at the California Department of Health found
that the recalled products were contaminated with
warfarin.'® The implications of this are that even if
PC-SPES is thought to be safe, any given product
could contain other potentially harmful substances.

Finally, efficacy of herbal supplements is difficult to
establish. Many reported uses for herbs are hundreds
of years old and anecdotal in nature. Because most
herbal supplements cannot be patented, large pharma-
ceutical firms are reluctant to spend the money that is
necessary to conduct randomized, placebo-controlled
trials. To overcome this problem, in 1978, the German
government established Commission E to evaluate the
safety and efficacy of herbs. To date, more than 300
have been evaluated, and the monographs were trans-
lated into English in 1998. Unfortunately, most consum-
ers do not have access to these monographs, and the
language in the DSHEA simply adds to the potential
for patient harm, with structure/function claims lead-
ing to vague and potentially dangerous messages to
consumers. For example, echinacea is often marketed
as a supplement to “boost’’ the immune system. This
may lead patients with HIV disease to believe echina-
cea would enhance their impaired immunity. Actually,
the opposite is true: effects of echinacea may actually
decrease CD4 cell counts in HIV patients, leading to
increased risk of infection.['®!

COMMONLY USED HERBAL
SUPPLEMENTS

Many dozens of herbal supplements are available to be
purchased over-the-counter. Discussion of all these
herbal supplements is beyond the scope of this article.
Listed below is a brief discussion of each of the more
commonly available and used supplements, including
highlights of known active constituents, pharmacol-
ogy, dosing, supporting clinical literature, adverse
effects, and interactions with conventional medica-
tions. The known and potential drug—herb interactions
are summarized in Table 2.2

Black Cohosh (Cimicifuga racemosa)

Black cohosh is also known as black snakeroot, bug-
bane, bugwort, rattleroot, and rattleweed. It should
not be confused with blue cohosh, a uterine stimulant
historically used to induce labor."® Black cohosh is
used to treat menopausal symptoms, including hot
flashes, excessive sweating, emotional lability, and
sleep changes.”®! The exact active constituents are
not known but are thought to include the triterpene
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Table 2 Reported and potential herb—drug interactions

Alternative Medicines

Herb Interacting drug or drug class Effect
DHEA Antidiabetic agents® Decreased hypoglycemic effects
Garlic ASA, NSAIDs Additive antiplatelet effects
Clopidogrel, ticlopidine Additive antiplatelet effects
Warfarin Increased risk of bleeding
Ginger ASA, NSAIDs Additive antiplatelet effects
Clopidogrel, ticlopidine Additive antiplatelet effects
Warfarin Increased risk of bleeding
Ginseng ASA, NSAIDs Additive antiplatelet effects
Antidiabetic agents Additive hypoglycemia
Clopidogrel, ticlopidine Additive antiplatelet effects
CNS stimulants, caffeine Additive CNS toxicity
Corticosteroids Additive CNS toxicity
Digoxin Falsely elevated levels
MAO inhibitors Increased toxicity
Warfarin Increased risk of bleeding
Ginkgo Anticonvulsants Decreased antiseizure effects
ASA, NSAIDs Additive antiplatelet effects
Clopidogrel, ticlopidine Additive antiplatelet effects
Warfarin Increased risk of bleeding
Green tea Warfarin Decreased anticoagulant effects
Hawthorne Antihypertensives Additive hypotension
Digoxin Potentiation of (4) inotropic effects
Kava CNS depressants, ethanol Additive sedation, risk of coma
Hepatotoxins Additive hepatotoxicity
Licorice Antihypertensives Antagonism of hypotensive effects
Corticosteroids Additive mineralocorticoid effects
Digoxin Risk of toxicity due to hypokalemia
Diuretics Additive hypokalemia
Ma huang CNS stimulants, caffeine Additive CNS stimulation
Digoxin Additive toxicity
MAQO inhibitors Hypertensive crisis
Melatonin CNS depressants, ethanol Additive sedation

St. John’s wort

Valerian

Cyclosporine
Digoxin

Indinavir, neverapine
MAO inhibitors
Oral contraceptives
Simvastatin

SSRIs

Warfarin

CNS depressants, ethanol

Decreased levels and decreased effect
Decreased levels and decreased effect
Decreased levels and decreased effect
Increased risk of MAO toxicity

Decreased levels and decreased effect
Decreased levels and decreased effect
Increased risk of serotonin syndrome
Decreased levels and decreased effect

Additive sedation

ASA = aspirin; NSAIDs = non-steroidal anti-inflammatory drugs, such as ibuprofen, naproxen, and diclofenac; CNS stimulants include drugs
such as pseudoephedrine, dextroamphetamine, theophylline, and caffeine; MAO = monoamine oxidase; CNS depressants include drugs such as
benzodiazepines, barbiturates, and ethanol; SSRIs = selective serotonin reuptake inhibitors, such as fluoxetine, sertraline, and paroxetine.

#Antidiabetic agents include drugs such as insulin, glipizide, glyburide, and metformin.
(From Refs.['822)

glycosides (such as actein, 27-deoxyactein, deoxyacetyl-
acteol, and cimicifugoside), phytosterins, and isoflavones
found in root extracts."'®**! For many years, practitioners
thought that black cohosh must be estrogenic, but more
recent animal and human data suggest that its pharmacol-
ogy does not involve acting as an estrogen.'”? This was

confirmed by a recent controlled trial in breast cancer
patients with treatment-related hot flashes found no
difference in efficacy when compared to placebo.”¥
However, the compound was considered to be safe in these
patients. No changes in luteinizing hormone (LH) or
follicle stimulating hormone (FSH) levels were noted
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between the two groups, indicating limited estrogenic
activity.®* The most studied doses range from 20 mg to
40 mg twice daily.['®*? Initial effects may be seen within
2 weeks, but maximal benefit generally takes 8 weeks of
continued therapy.** Black cohosh is quite well tolerated,
with only mild gastrointestinal (GI) effects noted. Long-
term data is not available, and patients should be advised
to limit use to six months.!'®! Again, the concern that black
cohosh may stimulate breast or endometrial cancer cells
by acting as an estrogen is not founded based on recent
data.**?* However, this herb should be avoided in preg-
nancy as miscarriages have been reported. Black cohosh
has no known herb—drug interactions.!"® However, post-
menopausal patients should be advised that black cohosh
is not a direct substitute for estrogen replacement therapy,
as it has undetermined benefits for osteoporosis and
cardiovascular disease.*”!

Dehydroepiandrosterone (DHEA)

Dehydroepiandrosterone is not truly an herb but
rather a natural steroid product of the adrenal glands.
In addition, DHEA is the steroid precursor to 50% of
androgens in men, 75% of estrogens in premenopausal
women, and close to 100% of estrogens in postmeno-
pausal women. Levels peak between age 20 and 30,
then decline approximately 2% per year thereafter.[*”)
Because levels are known to decline with age, DHEA
is often marketed as an “‘antiaging’’ supplement. There
are absolutely no clinical trials published examining
this effect. In addition, DHEA levels are known to
be lower in many chronic disease states, including some
cancers, cardiovascular disease, systemic lupus erythe-
matosis (SLE), Alzheimer’s, and progression of HIV
disease. Dehydroepiandrosterone has been studied in
small trials as a treatment for fatigue in HIV patients
as well as for treatment of depression in middle-aged
patients and for SLE.*>! Replacement doses in patients
known to be deficient (due to long-term corticosteroid
use or chronic disease) are 20 mg—50 mg per day in men
and 10mg-30 mg per day in women.””! Doses for the
other indications listed above are much higher, ranging
from 200 mg to 500 mg per day.*>! Adverse effects are
directly related to increased androgen production and
include acne, insomnia, irritability, and hirsutism.!'®2
Perhaps, the most serious potential adverse effect of
DHEA is stimulation of hormone-dependent cancers
such as prostate, breast, and endometrial. Because of
this potential, patients with known risk factors or a
personal history of these tumors should not take
DHEA.!'823 1t has not been reported to cause herb—
drug interactions. However, it is a mild inhibitor of
the cytochrome P450 3A4 isoenzyme system and may
increase concentrations of metabolized drugs to a
minor extent.!'®!
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Echinacea (Echinacea angustifolia, E. pallida,
and E. purpurea)

Echinacea has a host of other common names,
including American coneflower, black Sampson, black
Susans, comb flower, Indian head, Kansas snakeroot,
purple coneflower, red sunflower, survey root, and
Sampson root.'® It is used as a non-specific immune
stimulant and has several active constituents. Caffeic
acid derivatives and high-molecular weight polysac-
charides stimulate phagocytosis of macrophages and
natural killer cells. They also increase production of
tumor necrosis factor-alpha (TNF-alpha) and interleu-
kin-1. In addition, echinacea contains alkylamides that
have anti-inflammatory properties.*® The portions of
the herb used are the dried root or the fresh juice from
the root and aerial parts. The form most commercially
available is the dried root in capsules. Because the
active constituents are not water soluble, tinctures
and teas are not likely to be as effective.'®! The best
form of echinacea is likely an alcoholic extract of the
root, either 1:1 or 1:5 in 45% ethanol. Doses are
usually 1 ml-2 ml taken 3-4 times a day. The most stu-
died indications include prevention of viral upper
respiratory infections (URIs) in patients at high risk,
as well as adjunct treatment of URIs, to decrease sever-
ity of infection. The strongest data are with treatment,
rather than prevention, and a recent review of random-
ized trials published since 1997 found two negative
and three positive. The positive trials found that
echinacea decreased the frequency, duration, and mag-
nitude of URI symptoms.’”! For this indication,
patients should be advised to begin echinacea at the
onset of symptoms and continue therapy until 24 hr
after symptom resolution.”®’ For prevention, studies
have examined taking echinacea daily for 8 weeks
during the “cold and flu’” season; however, this indica-
tion is not generally recommended due to inadequate
data."® Adverse effects are rarely reported, although
patients may experience allergic reactions.*® There
are also a few reports of immunosuppression with
more than 8 weeks of continuous use, and long-term
use should be avoided. There are no known herb—drug
interactions with echinacea, but there are several herb—
disease state contraindications. HIV patients should
avoid using echinacea, because it may increase TNF-
alpha levels, which in turn decreases CD4 counts.
Also, due to the potential for immunostimulation,
patients with autoimmune diseases should not take
echinacea (e.g., multiple sclerosis, collagen—vascular
diseases).[18’26] Of interest, there is one controlled trial
in women who took echinacea during pregnancy. More
than 400 women were monitored for pregnancy out-
come: 200 who took echinacea and 200 who did not.
There was no difference in the rate of spontaneous
abortion or the rate of fetal malformations, indicating
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echinacea may be safe for limited use during preg-
nancy.”® No other herbal product has such conven-
tional literature published for use and exposure
during pregnancy.

Evening Primrose Oil (EPO,
Oenothera biennis)

Evening primrose oil is named for the flowers on the
plant that open in the late afternoon. It is also known
as king’s cure-all'™® The seeds contain 7%-10%
gamma-linoleic acid (GLA), an essential omega-6 fatty
acid. The body relies on the metabolic conversion of
linoleic acid to GLA, and this conversion is defective
in a number of disease states, including fibrocystic
breast disease, diabetic neuropathies, and various skin
disorders (such as atopic dermatitis and eczema).l'®]
The EPO has been studied in numerous small
trials for these indications as well as for premenstrual
syndrome. Trials in various breast diseases have been
positive, although it may take 6 mo or more to see
effects. Doses range from 2g to 4g EPO (which is
200mg—400mg GLA) per day in 2-3 divided doses.
Doses for neuropathy treatment are generally
higher.[lgl At all these doses, EPO is well tolerated, pro-
ducing only mild GI upset and headache. Patients
should take doses with food. In addition, EPO has
no known contraindications and no reported herb—drug
interactions.['®!

Garlic (Allium sativum)

The active component of garlic is formed when alliin, a
compound in the bulbs, is converted by the enzyme
allinase to allicin."® During food preparation, this
conversion takes place when the bulbs/cloves are
crushed. The conversion may also take place in the
Gl tract, although the conversion is reduced in the pre-
sence of stomach acid. Fresh garlic intake is considered
to be the most efficacious way to consume this herb for
disease—treatment indications, although many forms of
tablets, capsules, tincture, and juices are available. For
non-fresh intake, tinctures and oils should be avoided
due to instability of allicin. Enteric-coated tablets,
prepared by drying the crushed bulbs and then com-
pressing them into tablets, are also likely effective, as
they bypass the effect of stomach acid.'® Garlic has
been most studied for the treatment of dyslipidemias
and hypertension. Its effects on blood pressure are
not well substantiated; however, in a recent meta-
analysis of 13 randomized trials, garlic was found to
produce modest reductions (20%) in total cholesterol
and triglycerides.””! Doses used range from 600mg
to 900 mg per day, which is roughly equivalent to 4 g
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of fresh garlic cloves per day.”! In addition, a recent
review of 45 trials found not only reductions in total
cholesterol, low density lipoprotein (LDL) cholesterol,
and triglycerides with garlic therapy, but also noted
decreases in platelet aggregation. No effects on blood
glucose were seen.’”) Garlic has minimal adverse
effects, with the exception of GI effects (such as heart-
burn and flatulence) and the characteristic body
odor. Contact dermatitis has been reported with exten-
sive handling of the fresh cloves.'"¥ Again, garlic
inhibits platelet aggregation that may cause herb—drug
interactions with other antiplatelet and anticoagulant
drugs.!'®

Ginger (Zingiber officinale)

The part of this herb used is the root that contains
1%-3% gingerols. When the root is dried, the gingerols
are converted to shogaol and zingerone, but the clinical
significance of this conversion is not known.*!" The
gingerols are thought to stimulate upper GI motility,
similar to the effects of metoclopramide.®" This gives
rise to ginger’s most common indication, that of an
antiemetic. Ginger has no known central effects on
the chemoreceptor trigger zone in the brain. Dosing
for motion sickness and morning sickness is 1g-4g
per day fresh ginger or 500 mg-1000 mg as dry pow-
dered root. Daily intake is generally divided into 2-4
doses. For motion sickness, ginger has been shown to
be superior to placebo and even to dimenhydrinate in
some small trials.®"? A recent randomized trial in 70
pregnant women with morning sickness also found
ginger to be superior to placebo for reducing both
nausea and vomiting.** Ginger has also been studied
in postoperative nausea/vomiting but with less positive
results. It has also been marketed as a treatment for
osteoarthritis, but the data for this indication are weak
at best.'®3! No significant adverse effects have been
observed with ginger. It may be a mild inhibitor of
platelet aggregation, and therefore, the potential for
herb—drug interactions exist.'"® These antiplatelet data
are not as strong as for garlic, ginseng, and ginkgo.

Gingko (Gingko biloba)

The ginkgo tree is also called the kew tree, maidenhair
tree, and fossil tree.l'® It is the oldest known tree spe-
cies, and the largest commercial farm of gingko trees is
in Sumter, South Carolina. The most common indica-
tions for ginkgo are related to increasing mental
capacity, as well as to treat cerebral and peripheral vas-
cular disease. This may be due to touted benefits of
flavonoids and terpenoids (gingkoloides and others)
that may inhibit platelet-activating factor, increase
cerebral circulation, inhibit arterial spasms, decrease
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capillary permeability and fragility, and improve brain
tolerance to hypoxia. They may also act as free radical
scavengers.'8 It is recommended that extracts from
the seeds and leaves be used that have been standard-
ized to 24% flavonoids and 6% terpenoids. The most
studied tablets contain 40 mg of this extract. Use for
general improvements in cognitive function are not
well studied; however, there have been several trials
for Alzheimer’s-type dementia. Doses from 40 mg to
80mg 3 times daily have been shown to improve cog-
nitive skills, although results may take 3 mo or longer
to be seen.!'®33! In addition, a recent meta-analysis
examined the results of eight randomized trials treating
intermittent claudication with ginkgo 40 mg 3-4 times
daily. This dose significantly improved pain-free walk-
ing distances.* The reported adverse effects of gingko
include nausea/vomiting, diarrhea, and seizures with
overdose or excessive intake of the seeds (rather than
the leaves).'®! There have also been case reports of
excessive postoperative bleeding, likely due to the
antiplatelet effects of gingko.*> Due to these antiplate-
let effects, there is the potential for herb—drug inter-
actions with conventional anticoagulant and antiplatelet
agents.[lg]

Ginseng

The herb known as “ginseng’’ is representative of the
dangers of inconsistent nomenclature. There are actu-
ally three herbs that are known by this common name:
American or western ginseng (Panax quinquefolius),
Asian or Chinese ginseng (Panax ginseng), and
Siberian ginseng (Eleutherococcus senticosus), a very
different albeit related plant species.'® For the pur-
poses of this text, ginseng refers to both American
and Asian, as they have very similar therapeutic and
adverse effects. The active components in ginseng are
12 ginsenosides isolated from the root.!'® Ginseng is
marketed to enhance both physical and mental perform-
ance, and certainly the ginsenosides are CNS (central
nervous system) stimulants. However, data for the
therapeutic effectiveness of these compounds are lim-
ited. A recent trial in 83 otherwise young healthy adults
(mean age 26 years) compared two doses of ginseng
(200 mg and 400 mg per day) to placebo.**! There were
no differences noted in psychological well-being.*®
Adverse effects reported for ginseng are numerous
and include chest pain, palpitations, hypertension,
headache, insomnia, irritability, nervousness, hypogly-
cemia, impotence, and GI effects (such as nausea,
vomiting, and diarrhea). Reported and potential drug
interactions are related to ginseng’s antiplatelet and
CNS stimulant effects.["®! Due to these adverse effects
that occur more frequently than with other previously
discussed herbals, ginseng should be used cautiously,
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particularly in patients with a history of cardiovascular
or CNS disease.

Glucosamine/Chondroitin

Glucosamine is an endogenous aminomonosaccharide
used in the synthesis of proteoglycans in cartilage,
which are depleted in osteoarthritis.?”) Current con-
ventional treatment of osteoarthritis is supportive only
and includes treatment with acetaminophen or non-
steroidal anti-inflammatory drugs (NSAIDs). These
drugs decrease the pain and inflammation associated
with the disease, but they do not change the overall dis-
ease process.m] Glucosamine, on the other hand, may
increase cartilage production, or at least slow break-
down, as well as provide mild anti-inflammatory
effects.*”! Chondroitin is extracted from the cartilage
in bovine trachea and may increase collagen synthesis
in cartilage.'® Short-term trials with each agent used
individually have shown modest results compared to
placebo and NSAIDs.!"® A meta-analysis of 15 random-
ized, placebo-controlled trials was positive overall in
favor of glucosamine/chondroitin, but the authors
remarked that bias was likely as almost all the trials
were sponsored by the manufacturer.*®! They con-
ceded that efficacy in osteoarthritis appears “prob-
able.”’ 3% Unfortunately, the additional benefit of
chondroitin to oral tablets is minimal at best, because
glucosamine is 95% absorbed but chondroitin has
minimal oral bioavailability."® The combination is
well tolerated, producing only mild headache, nausea/
vomiting, and occasional rash.'8! The Arthritis Foun-
dation does not recommend the use of this supplement,
but due to few adverse effects, a trial in patients
intolerant to other conventional analgesics would not
be unreasonable. Doses are often weight-based and
range from 1000mg to 2000mg per day, divided.!'®
Unfortunately, there are no long-term studies pub-
lished with this long-term condition. Animal data have
reported hyperglycemic effects, so diabetic patients
should monitor blood glucose levels closely.!'®!

Grapeseed (Vitis vinifera)

Grapeseed extracts from the seeds of the herb contain
flavonoids, as well as some essential fatty acids and
tocopherols. The flavonoids are considered as the pri-
mary active constituents, inhibiting lipid peroxidation.
Tocopherols, related to vitamin E, are also antioxidant
in nature."® The most studied patient population with
grapeseed is cardiovascular disease patients, particu-
larly patients with dyslipidemias. Doses range from
25mg to 300 mg daily. No adverse effects or drug inter-
actions have been reported for grapeseed, although
conventional clinical data are limited.!'™!
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Green Tea (Camellia sinensis)

Green tea is made in a curing process that withers and
then ferments the leaves of this herb before drying
them. This process is thought to preserve the activity
of the polyphenols contained in the fresh leaves. Most
teas are standardized to contain 60% polyphenols,
which are purported to have antioxidant, lipid-
lowering, and potentially anticancer effects.'®! Green
tea also contains 1%-4% methylxanthines, including
caffeine.'"®! Clinical trials looking at the efficacy of
green tea are few, but it is thought that significant con-
sumption (6-10 cups per day) is necessary to see
effects.["® A recent phase 1 trial in patients with refrac-
tory solid tumors found no objective responses with
5% stable disease.’”! The dose-limiting toxicities were
caffeine-related, and the maximum tolerated dose was
equivalent to 7-8 cups per day of green tea.’! Dairy
products may inhibit the polyphenols in green tea, so
concurrent consumption should be avoided. The only
reported adverse effects are rare allergic reactions.
Patients should be advised, however, of the modest
caffeine content of green tea, particularly because
many herbal teas are “caffeine-free.””!'8! Green tea may
contain significant vitamin K content as well; there-
fore, the effects of warfarin may be inhibited.[*"!

Kava (Piper methysticum)

Kava is a member of the black pepper family and is
also known as ava, awa, kew, sakaw, tonga, and
yagona.''"® The root contains kavapyrones that inhibit
the limbic system, and they are sedating and may ele-
vate mood to a minor degree. Kava is marketed as
an anxiolytic and as treatment for depression and
insomnia.*!! Doses used range from 60mg to 120 mg
daily at bedtime.l"® Unfortunately, several potentially
dangerous effects have been recently attributed to
kava. Clearly, sedation, visual changes, and decreased
motor reflexes are potential toxicities. Coma has even
been reported with concurrent use of kava and alpraz-
olam.™! In addition, the FDA is investigating at least
25 cases in Europe of hepatotoxicity attributed to
kava.l'! Caution should be exercised when using kava
with other CNS depressants, especially benzodiaze-
pines, or hepatotoxins. Kava does not appear to cause
psychological dependence.['®!

Ma Huang (Ephedra sinica and nevadensis)

Ephedra has also been called Brigham tea, desert tea,
herbal fen-phen, joint fir, Mexican tea, Mormon tea,
natural ecstasy, popotillo, sea grape, squaw tea, team-
ster tea, and yellow horse."® The active component,
ephedrine, was isolated in the 19th century and was
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used extensively in the 20th century in nasal deconge-
stants and as a CNS stimulant. Extracts of ephedra
seeds and stems contain 0.5%-2.5% alkaloids, not only
including ephedrine, but also pseudoephedrine, methyl-
ephedrine, and norephedrine. All are CNS stimulants,
with effects similar to amphetamines and caffeine.['®!
Although ephedra is no longer available in conven-
tional nasal decongestants due to the risk of toxicity,
it is commonly found in many herbal weight-loss prod-
ucts. This is due to its ability to suppress the appetite
and increase metabolic rate. Ephedra is available as
capsules, tablets, teas, and tinctures. The FDA advises
consumers not to take more than 24 mg in 24 hr and to
limit use to no more than 7 days.''® The primary prob-
lem with ephedra is the high potential for toxicity. It
is a CNS stimulant, and as such, can cause anxiety,
confusion, headache, insomnia, and irritability. These
effects are greatly increased when ephedra is taken with
caffeine. In addition, ephedra has significant cardiovas-
cular effects, including reported hypertension, tachy-
cardia, myocardial infarction, and cardiac arrest,
usually when the labeled maximum daily dose is
exceeded. These potentially fatal effects have been
reported even in previously healthy young adults. A
recent review of 98 events thought to be possibly or
probably related to ephedra intake in a 2-yr period
(1997-1999) found 47% cardiovascular effects (primar-
ily hypertension, as well as palpitations and tachy-
cardia), as well as 18% CNS effects, including strokes
and seizures. Ten deaths were reported.[*?! All of these
adverse effects also lead to potential herb—drug inter-
actions with other stimulant drugs. In addition, patients
with glaucoma, cardiovascular disease, thyroid disease,
psychiatric conditions, diabetes, or prostate disease
should avoid using ephedra. Pregnant women should
also not take this supplement due to the potential for
uterine contractions and preterm labor.'® The FDA
is still investigating all reports of serious effects (more
than 800 to date) due to ephedra and may ban this
product from the market in the future.!'®)

Melatonin (N-Acetyl-5-methoxytryptamine)

Melatonin is not an herb but rather is a naturally
occurring hormone produced in the pineal gland from
tryptophan. It is also commercially synthesized.
Endogenously, melatonin is released during sleep peri-
ods, and levels are low during the day.'"®*! As a
supplement, melatonin has been most studied as a
preventative/treatment for jet lag and as a sedative—
hypnotic. For jet lag, patients are advised to take
Smg daily at bedtime beginning three days prior to
travel and continuing for three days after travel is
complete.!'®*! Levels of melatonin decrease with age,
so it has been studied in elderly patients with sleep
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disorders. This patient population is more sensitive to
the effects of melatonin; therefore, they should start
with lower doses, usually 1mg-2mg at bedtime.*’!
Patients with liver disease should use melatonin cau-
tiously, as clearance of the compound is impaired.™’!
Adverse effects reported with melatonin use include
headache, confusion, sedation, and mild hypothermia.
Concurrent use of CNS depressants, including alcohol,
should be avoided.!'84!

Milk Thistle (Silybum marianum)

Milk thistle is also known as Our Lady’s thistle, Mary
thistle, Marian thistle, and St. Mary’s thistle.'"® The
active constituent, silymarin, has been isolated and
the structure determined for many years. Only the fruit
of the herb contains the active ingredient, 1%-4% as a
mixture of three related compounds: silibinim, silidya-
nin, and silychristin.*¥ Silymarin may act to stabilize
hepatocyte membranes, as well as stimulate RNA
polymerase, aiding liver regeneration after cell damage.
It is also thought to be a free radical scavenger.'®
Interestingly, milk thistle is the only known antidote
for poisoning by the “death cap’” mushroom, Amanita
phalloides. The dosing for this poisoning is intrave-
nous silymarin, which is only available in Europe.!'®
Milk thistle is also marketed and studied as a treat-
ment for acute and chronic alcoholic and viral hepati-
tis, as well as a treatment for hepatotoxicity from
drugs such as haloperidol and prochlorperazine.¥
Decreased complication rates have been observed in
acute viral hepatitis, as well as improvement in liver
function tests in alcoholic hepatitis. However, no survi-
val benefit with milk thistle has been observed.[**! The
most studied dose for liver diseases is 140 mg silymarin
three times daily, which are 200 mg milk thistle extract
doses standardized to 70% silymarin.''® Teas should be
avoided as a dosage form due to silymarin being prac-
tically water-insoluble.** Milk thistle has no known
herb—drug interactions and causes minimal toxicity,
including diarrhea and occasional allergic reactions.
Milk thistle should be avoided in pregnancy due to
its ability to cause uterine contractions.!'*!

S-Adenosylmethionine (SAMe)

This is an endogenous substance produced from
adenosine triphosphate and the amino acid methionine.
It is naturally involved in a range of biological pro-
cesses.*”) As a supplement, it is most studied in the
treatment of depression, as well as treatment of liver
disease. In a recent meta-analysis, doses of 400 mg—
1600 mg per day were found to be superior to placebo
and as efficacious as moderate-dose tricyclic anti-
depressants.[*”! A few small trials in patients with
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liver disease have demonstrated improvement in liver
enzymes with doses of 1600 mg per day or more.*!
Due to limited bioavailability, SAMe was previously
only available intravenously. Enteric-coated tablets
are now available as well, but bioavailability studies
are lacking. Doses should be titrated, starting with
200 mg once daily and increasing by 200 mg increments
every 1-2weeks.[*”) The SAMe is well tolerated, with
only mild GI distress noted as an adverse effect and
no known drug interactions.*>!

Saw Palmetto (Serenoa repens)

Saw palmetto is also known as the cabbage palm and
American dwarf palm tree.'"® The ripe berries are
thought to contain the active ingredients (perhaps fatty
acids and sterols); however, the exact active compo-
nents are not known.'® Saw palmetto is mainly used
in the treatment of benign prostatic hypertrophy™®
due to postulated inhibition of 5-alpha-reductase, the
same mechanism as the conventional drug finasteride.
The dose most studied is 160 mg twice daily. In a recent
meta-analysis of 18 randomized trials, saw palmetto
improved urologic symptoms to a rate similar to finas-
teride and better than placebo.*®! Saw palmetto is well
tolerated, causing mild abdominal pain, nausea/vomit-
ing, and occasional decreased libido.*® Due to the risk
of birth defects, pregnant women should avoid the use
of saw palmetto.'® No known herb—drug interactions
are reported; however, saw palmetto will reduce
prostate-specific antigen (PSA) levels. This test is used
to screen for prostate cancer; therefore, men at risk of
this disease should avoid saw palmetto due to the risk
of a false negative result.['®!

St. John’s Wort (Hypericum perforatum)

This herb is also known as St. Joan’s wort, klamath
weed, and goatweed.!'® It has historically been used
for many purposes, but most recently it is marketed
as an antidepressant. In fact, it outsells all conven-
tional antidepressants in Germany. The active con-
stituent is hypericin that seems to act as a weak
monoamine oxidase MAO inhibitor and a selective
serotonin reuptake inhibitor (SSRI). Dopamine and
norepinephrine uptakes are also mildly inhibited.!'®
St. John’s wort is available in many forms, as a tablet,
tea, tincture, and the raw dried herb. For best results, a
tablet standardized to contain 0.3% hypericin should
be taken; Kira® by Lichtwer Pharma is the most exten-
sively studied."® Randomized, placebo-controlled
trials using 300 mg of St. John’s Wort three times daily
have found it to be superior to placebo in mild to mod-
erate depression. Response rates are generally regarded
as inferior to conventional antidepressants, including
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tricyclic antidepressants and SSRIs.#7*8 1n addition,
St. John’s Wort is not without toxicity. Reported adverse
effects include dizziness, headache, sleep changes, rest-
lessness, dry mouth, and photosensitivity.'8! Perhaps
most significant are the reported herb—drug interactions.
St. John’s Wort is a significant inducer of the cytochrome
P450 3A4 isoenzyme system, which is responsible for
metabolizing up to 60% of conventional drugs. There
are several case reports of clinically significant decreases
is serum cyclosporine concentrations, leading to trans-
planted organ rejection.”>” Also, decreases in indinavir
concentrations have been reported, which could poten-
tially lead to HIV treatment failures and resistance.")
Other drugs metabolized via 3A4, including warfarin,
digoxin, oral contraceptives, and simvastatin could
potentially have levels decreased by St. John’s Wort.['®]
Finally, because of its weak MAO inhibition and
serotonin re-uptake effects, St. John’s Wort should not
be taken concurrently by patients on MAO inhibitors
or SSRIs.['8]

Valerian (Valeriana officinalis)

Valerian has also been called All Heal, amantilla,
Baldrianwurzel, and setwell.'¥ The root extract
contains iridoid triesters (valepotriates) that stimulate
the release of gamma-aminobutyric acid (GABA).5%
This pharmacology is similar to that of the benzo-
diazepine sedatives.'® Animal studies confirm this
pharmacology, as valerian attenuates benzodiazepine
withdrawal symptoms in rats’? As a sedative/
hypnotic, valerian doses range from 400mg to
900 mg taken at bedtime. Placebo-controlled trials are
small and have mixed results. Some have shown
increased quality of sleep and decreased sleep latency,
while others have shown no difference vs. placebo.>?
Data for using valerian as an anxiolytic are equally
weak. Patients desiring to take valerian prior to an
anxiety-producing event should be advised of the ques-
tionable efficacy and that the doses are much smaller
than as a sedative, 100mg taken 90min prior to
the event.’? Adverse effects include sedation, visual
changes, headache, rare allergic reactions, nausea/
vomiting, and case reports of hepatotoxicity. Use with
other CNS depressants, including alcohol, should be
avoided.!"®]

Potentially Unsafe Herbs

Any herb may be unsafe or cause serious adverse
effects when used incorrectly. The herbs listed in
Table 3, however, have been more commonly reported
to cause serious or life-threatening effects. Many are
on the FDA’s official list of unsafe herbs.!'®!

Alternative Medicines

Many unsafe herbs are anticholinergic in nature,
often due to significant hyoscyamine (and to a lesser
extent, scopolamine) content. This includes belladonna,
the nightshades, henbane, jimsonweed, and mandrake.
These herbs cause a constellation of symptoms often
referred to as “Hot as a hare, blind as a bat, dry as
a bone, red as a beet, mad as a hatter.”” This includes
confusion, hallucinations, agitation, elevated tempera-
ture, hypertension, tachycardia, mydriasis, dry mucous
membranes, dry/flushed skin, and nausea/vomiting.
Ultimately, respiratory arrest, seizures, and life-
threatening arrhythmias can occur.>’!

One herb, the calabar bea, actually causes choliner-
gic toxicity (as seen with pesticide overdoses) due to
the physostigmine content in the ripe seeds. This toxi-
city includes bradycardia and hypotension, potentially
leading to cardiac and respiratory arrest.!'®]

Several herbs have significant content of cardiac
(digitalis) glycosides, including A Scotch broom,
Canadian hemp, hedge mustard, Lily of the Valley,
monkshood, wallflower, and foxglove, of which the
conventional medication digoxin is derived. These
herbs can cause bradyarrhythmias and heart block.['®!

Other potentially unsafe herbs have varying degrees
of neurotoxicity, GI toxicity, and hepatotoxicity. Many
cause multiorgan toxicity. Nux vomica contains strychi-
nine in the seeds and bark. Jalap and castor bean are
cathartic laxatives. Callamus, chapparal, and comfrey
are potential hepatocarcinogens.® Autumn crocus
contains colchicine, and lobelia has nicotine-like effects.
All of these herbs should be avoided, and their high
potential for toxicity re-enforces the idea that “natural”’
certainly does not always mean “safe.”’['8:33:53-3¢]

PATIENT ASSESSMENT AND
COUNSELING TIPS

When assessing a patient who wants to begin an herbal
supplement, both past medical history as well as con-
current conventional medication used should be taken
into account for potential interactions, as discussed
before. Patients should be counseled to inform the
pharmacist of all medications being taken, both con-
ventional and otherwise. They should be told that
herbals may be helpful or harmful and that limited
efficacy data are usually available that is done in a con-
trolled, scientific manner. If the pharmacy practitioner
feels that the supplement is safe to be taken by the
patient, then several counseling points should be
stressed to maximize the potential of taking a quality
supplement product. Multi-ingredient products should
generally be avoided unless the patient is under the
care of an herbalist. Labels should list both the com-
mon and Latin names, as well as the name and address
of the manufacturer. It is likely better to purchase a
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supplement made by a reputable, well-known manu-
facturer who has a history of conforming to GMPs.
The patient should be told to be aware of the different
dosage forms available and that not all herbals work
best when taken as a tablet. “Whole herb’’ products
are generally ground plant parts and are not standard-
ized at all. They should be avoided. Of course, patients
should be cautioned to not believe every efficacy claim
made for supplements. Finally, patients should be told
to promptly report any adverse effects they think may
be due to the supplement.

ALTERNATIVE MEDICINE RESOURCES

Of course, published review articles, clinical trials, and
case reports can be found on Medline. To aid the phar-
macy practitioner in evaluating the potential safety
and efficacy of various herbal products, the following
is a list of additional reputable resources.>’>!

Textbooks

e The American Cancer Society’s Guide to Comple-
mentary and Alternative Cancer Methods (American
Cancer Society, 2000).

e The Botanical Safety Handbook (McGuffin, CRC
Press, 1997).

e Herb Contraindications and Drug Interactions
(second edition, Brinker, Eclectic Medical Publica-
tions, 1998).

e Herbal Medicinals: A Clinician’s Guide (Miller &
Murray, Haworth Press, 1998).

e Herbal Medicine: Expanded Commission E Mono-
graphs (Blumenthal, Brinckmann, Goldberg, Inte-
grative Medicine Communication, 2000).

o The Professional’s Handbook of Complementary
and Alternative Medicine (Fetrow & Avila, Spring-
house, 1999).

e Rational Phytotherapy: A Physician’s Guide to
Herbal Medicine (fourth edition, Schulz, Springer-
Verlag, 2001).

e Tyler's Herbs of Choice: The Therapeutic Use of
Phytomedicinals (second edition, Robbers & Tyler,
Haworth Press, 1999).

e Tyler's Honest Herbal: A Sensible Guide to the Use
of Herbs and Related Remedies (fourth edition,
Foster & Tyler, Haworth Press, 1999).

Periodicals

e Alternative Medicine Alert.
e Alternative Medicine Journal.
e HerbalGram (American Botanical Council).

Alternative Medicines

Journal of Alternative and Complementary Medicine.
Journal of Natural Products (American Society of
Pharmacognosy).

e Natural Medicines Comprehensive Database (The
Pharamcists’ Letter).

e The Review of Natural Products (Facts and
Comparisons).

Web Resources

e Alternative Medicine Foundation Herbal Medicine
(http://www.herbmed.org).

e American Botanical Council (http://www.herbalgram.
org).

e American Cancer Society’s Alternative and Compli-
mentary Therapies.

e Herbal Research Foundation (http://www.herbs.
org).
HerbNet (http://www.herbnet.com).
NAPRALERT at the University of Illinois at
Chicago (http://www.pmmp.uic.edu).

e National Cancer Institute PDQs on Alternative
Cancer Therapies (http://www.cancer.gov).

e National Center for Complimentary and Alterna-
tive Medicine (http://nccam.nih.gov).

e The Natural Pharmacist (http://www.tnp.com/home.

asp).

CONCLUSIONS

Use of alternative medicine is on the rise, with herbal
medicine being one of the fastest growing practices.
Herbal medicines are not held to the same efficacy
and safety standards as conventional medicines, but
are rather sold as dietary supplements under the
DSHEA of 1994. Limitations of this legislation
include: non-standard botanical nomenclature, little
guarantee of GMPs, the burden of safety being on
the FDA rather than the manufacturer, and efficacy
data lacking. Nonetheless, dangerous adverse effects
and herb-drug interactions are being reported with
increasing frequency. Current pharmacy practitioners
have not received formal training in herbal medicine,
yet they need to be familiar with herbal uses, dosing,
toxicities, contraindications, and potential drug inter-
actions. This is necessary to help patients who choose
to use supplements safely. Echinacea, garlic, ginseng,
ginkgo, St. John’s wort, ma huang, and valerian are
among the most commonly used supplements, but
there are many others readily available with potentially
harmful effects. Fortunately, in addition to conven-
tional periodicals, a number of reputable herbal texts
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and journals are available to provide the pharmacy
professional with reliable herbal drug information.
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Amorphous Pharmaceutical Systems
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INTRODUCTION

Interest in amorphous pharmaceutical systems has been
steadily growing over the last 10 years.!" This is mainly
because of:

e An increased understanding of amorphous systems
in allied disciplines (e.g., food science and materials
science).

e Greater prevalence of protein and peptide thera-
peutic agents that cannot be readily crystallized.

e An increasing need to work with active pharmaceu-
tical ingredients (APIs) that have very low solubility
in aqueous biological fluids.

e Greater regulatory scrutiny of the physical form of
active and inactive pharmaceutical materials and
dosage forms, and the manufacturing processes
used to make them.

This article provides an overview of the properties
and occurrence of amorphous pharmaceutical materi-
als, and outlines their key applications in dosage form
development. It describes their characteristics and the
fundamental scientific basis for these characteristics.
It also highlights the topical issues of chemical/
physical stability and “polyamorphism.”’

BACKGROUND

Amorphous materials are a distinct class of solids,
separate from the more common and well-known crys-
talline solids. At the molecular level, they lack the
three-dimensional long-range order that is characteris-
tic of crystalline solids; instead, their molecules are
randomly arranged in space and the interactions
between neighboring molecules (e.g., hydrogen bonds
and electrostatic repulsion) are not repeated with any
regularity throughout the sample. Amorphous materi-
als may be single chemical entities (e.g., a drug sub-
stance or excipient), or molecular-level mixtures of
materials (e.g., drug—polymer dispersions). The latter
trait is a property of amorphous materials that is rarely
shared with crystalline solids.

Lack of molecular order in amorphous phar-
maceutical systems may be because of difficulty in
crystallizing the material in question, such as for

high-molecular-weight proteins and polymers, or may
be the result of selecting a processing operation that
prevents crystallization from occurring (e.g., quench
cooling a molten drug). It is also possible that a
normally crystalline sample can become partially
amorphous (and thus partially crystalline) by being
handled or processed in a manner that causes the
crystal structure to be damaged. The creation of amor-
phous character within pharmaceutical materials
occurs both intentionally (e.g., to improve handling
characteristics) and unintentionally (e.g., by poor con-
trol of a manufacturing process); in either case, it will
have a significant effect on the physical and chemical
properties of the sample because the material will have
higher average level of molecular mobility, and a
higher entropy and enthalpy than the crystalline form
of the same material.[’!

APPLICATIONS

Amorphous materials are used for a wide range of
pharmaceutical applications:

e Therapeutic proteins typically exist in a non-
crystalline or amorphous form because their macro-
molecular structures are not readily crystallized.
These materials are commonly prepared in an
amorphous dispersion with bulking and stabilizing
excipients to ensure an adequate product shelf life
and ease of administration. Examples of such ther-
apeutic proteins include insulin and interferon.!

e Amorphous materials typically have a higher rate
of dissolution and a higher kinetic solubility that
their crystalline counterparts (Fig. 1).¥ These char-
acteristics can be exploited to enhance the rate and
extent of absorption of poorly water-soluble APIs
from the gastrointestinal tract.”) Such formulation
approaches have been described for many APIs
including indomethacin, griseofulvin, and several
barbiturates.>~"!

e Theability of amorphous materials to form molecular-
level mixtures has been used by many workers in
an attempt to stabilize, and otherwise modify,
the properties of difficult-to-handle pharmaceutical
materials. Several reviews of the uses of such solid
dispersion systems have been published.’™

Encyclopedia of Pharmaceutical Technology DOI: 10.1081/E-EPT-120014345
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Fig. 1 Aqueous solubility of the amorphous and crystalline
forms of indomethacin. (From Ref.[*.)

e A greatmany of the materials that are used as pharma-
ceutical excipients occur naturally in the amorphous
or partially amorphous state (e.g., gelatin and starch).
Many others have been found to possess improved
handling and mechanical properties when processed
in such a manner as to render them at least partially
amorphous. Examples of this include the grades of
microcrystalline cellulose and lactose monohydrate
used as pharmaceutical tableting diluents.!'"!

e Pharmaceutical materials that are processed by
“high-energy processes’” such as freeze drying,
spray drying, jet milling, and melt extrusion are
often rendered at least partially amorphous. This
occurs by virtue of the fact that these processes
create conditions that can prevent crystallization
from occurring as the solid material is formed, or
they can mechanically disrupt the structure of an
existing crystalline material. In commercially
freeze-dried cephalosporin antibiotics, the proces-
sing conditions are such that the drug is usually in
the amorphous state in the final formulation.!'"!?
Likewise, in jet-milled drug substances used for
aerosol drug delivery devices, the API is often in a
partially amorphous state after it has been milled.!'”!

OCCURRENCE

There seems to be no limit to the types of pharmaceu-
tical systems that can be isolated in the amorphous
state. In the literature, samples of sugars, acids, bases,
polymers, buffers, inorganics, salts, natural products,
proteins, and low-molecular-weight APIs have all been
reported to exist in an amorphous form."" Likewise,
pharmaceutical raw materials, intermediates, and final
products that include these amorphous materials are
widespread and varied (Table 1).

Amorphous Pharmaceutical Systems

The most common methods by which amorphous
pharmaceutical materials are intentionally manufac-
tured are freeze drying, spray drying, and melt extru-
sion; however, many other processes that would
create an amorphous sample can be envisaged (Fig. 2).
Processes that have been reported to unintentionally
induce amorphous character in pharmaceutical sam-
ples include milling, blending, wet granulation, and
drying,»'#!*1 although one can appreciate that
almost any handling or processing operation has the
potential to cause the molecular disruption of a sensi-
tive crystalline material.

Different localized levels of molecular order can
coexist in some pharmaceutical materials, giving rise
to the occurrence of “partially crystalline’” (and
“partially amorphous’”) systems. In most cases, the
properties of such materials (e.g., density) are inter-
mediate to those of the 100% amorphous and 100%
crystalline samples. By deliberately varying the level
of crystallinity in such systems, their properties can
be customized for a particular purpose. An example
of this is with the tableting excipients microcrystalline
cellulose and spray-dried lactose, which have had their
compression characteristics optimized by manipulating
their amorphous content.'>!'®) The properties of par-
tially crystalline materials may be approximated in
many instances by making physical mixtures of the
totally amorphous and crystalline samples. This is
known as the “two-state’” model for partially crystal-
line systems.!'”! However, such experiments should be
undertaken with caution as the mixed “two-state”
material can sometimes have significantly different
properties from the partially crystalline material that is
manufactured directly (the real “one-state’” system).l'”!¥!

The presence of low levels of amorphous character
in predominantly crystalline samples (and vice versa)
occurs quite often, and can be the cause of unexpected
processing or stability problems in pharmaceutical sys-
tems.!'¥) Much effort has been directed at developing
analytical tools both to detect and to quantify small
amounts of one phase in another, primarily through
the use of calorimetric and spectroscopic meth-
ods.l'”"1 This is an important area of research and
development because the performance and stability
of seemingly 100% amorphous (or 100% crystalline)
materials can be significantly altered by the presence
of very low levels (<1%) of the opposite phase.*”
This includes the phenomenon known as amplification
that has been eloquently described by Ahlneck and
Zografi.'¥!

CHARACTERISTICS

The common physical characteristics of amorphous
pharmaceutical materials are quite different from those
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Table 1 Examples of some amorphous pharmaceutical materials

Material types

Material categories

Organic small molecules (e.g., lactose)
Polymers (natural and synthetic)

(e.g., xanthan gum and povidone)
Sugars and carbohydrates

(e.g., sucrose and dextran)

Peptides and proteins (e.g., insulin)
Lipids and oils

Salts, acids, and bases (e.g., zinc oxide)
Buffer systems

Frozen aqueous solutions

Active pharmaceutical ingredients (API)

(e.g., nelfinavir mesylate)

Tablet fillers (e.g., microcrystalline cellulose)
Glidants (e.g., silicon dioxide)

Suspending agents (e.g., tragacanth and guar gum)

Dosage forms

Therapeutic areas

Tablets (e.g., quinapril hydrochloride)
Capsules (e.g., pancrease)

Oral suspensions (e.g., cefuroxime axetil)
Injectables (e.g., coumadin)

Sterile powders (e.g., cefoxitin)

Topicals (e.g., zinc oxide powder)

Anti-infectives (e.g., erythromycin ethyl succinate)
Anti-coagulants (e.g., warfarin sodium)
Anti-asthmatics (e.g., montelukast sodium)
Anti-psychotics and anxiolytics

Hypnotics and anticonvulsants (e.g., barbiturates)
Anti-hypertensives

Anti-inflammatories (e.g., indomethacin)
Analgesics (e.g., aspirin)

Antacids (e.g., aluminum hydroxide)

Diuretics

Enzymes (e.g., pancreatin)

Hormones
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From the current EP, USP/NF, and Physician’s Desk Reference.

the birefringence that is characteristic of crystalline
materials. This provides a very simple qualitative
test for amorphous or crystalline character in a
pharmaceutical powder.

of their corresponding crystalline materials (Table 2).
Generally:

e The true or absolute density of the amorphous

phase is 5-20% less than that of the crystalline
phase (Table 3). This is because of the less efficient
packing of molecules that are randomly oriented
relative to each other.

When viewed using polarized light microscopy,
particles of an amorphous sample will not exhibit

Amorphous materials will not diffract X-rays in a
coherent manner; thus powder X-ray diffraction
patterns are broad halos with no or very few char-
acteristic peaks for these materials (Fig. 3).*'*%

The apparent aqueous solubility of amorphous
materials is much higher than that of their crystal-

line counterparts (Fig. 1). Thisis a kinetic phenomenon
and, eventually, the solute in the supersaturated
solution that is formed will begin to crystallize
and the equilibrium solubility of the crystalline
phase will be attained. The transient increase in
solubility is often significant (>10 x) and can be
exploited to give markedly improved biopharma-

CRYSTAL (Disruption)
Irradiation, Grinding,
Compression, Reaction,

SOLUTION (Solvent removal)
Freeze drying, Spray drying,
Precipitation, Polymerization,

Decompression, Reaction

Dehydration, ceutical performance.
/ e Amorphous materials will absorb significant
AMORPHOUS STATE amognts of wgter vapor from their sur[g%und%ng's
relative to their crystalline counterparts.””™ This is

/ \ true even for very hydrophobic materials.*%

VAPOUR (Energy removal) LIQUID (Energy removal) e When analyzed using common thermal analytical
Sublimation, Rapid cooling, _ methods [e.g., differential scanning calorimetry
Reaction Nucleation suppression, (DSC)], amorphous materials will exhibit an appar-

Polymerization, Reaction ..
y ent second-order phase transition (the so-called

Fig. 2 Methods of forming an amorphous sample. “glass transition temperature’’ or T,) in a temperature
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Table 2 Characteristics of amorphous and crystalline systems

Amorphous Pharmaceutical Systems

Amorphous systems

Crystalline systems

True density of the amorphous form is
5-20% less than the crystalline form

Amorphous particles appear dark under
polarized light microscope

X-rays are randomly diffracted by amorphous
powders resulting in a broad halo for the
diffraction pattern (Fig. 3)

Amorphous materials typically exhibit a
significant initial increase in aqueous solubility
and dissolution rate relative to the crystalline
material (>2 x) (Fig. 1)

Water vapor is sorbed by amorphous samples

in large and non-stoichiometric amounts relative

to crystalline samples (Fig. 6)

Amorphous materials usually exhibit an

apparent second-order thermal transition,

the glass transition, at about two-thirds of the
crystalline melting temperature (measured in Kelvin)

True density of pharmaceutical crystals is
typically between 1 and 2.5g/mL

Crystalline particles exhibit characteristic birefringence
patterns when viewed under a polarized light microscope

X-rays are diffracted in a coherent manner by crystalline
powders to produce a diffraction pattern with well-defined
and characteristic peaks (Fig. 3)

Crystalline samples sorb water in relatively small quantities
unless they form stoichiometric crystalline hydrates (Fig. 6)
Crystalline materials exhibit a distinct melting point and
associated enthalpy of fusion but no glass transition event

range that is significantly below the melting point of
the crystalline material. The 7, of an amorphous
material is one of its characteristic properties and
can be used to assess its likely stability and suitability
for use in pharmaceutical dosage forms.!!!

e The degree of molecular mobility (assessed as the
average molecular relaxation time 7) of amorphous
systems in the region near T, follows a non-
Arrhenius temperature dependence. This so-called
“fragility’” (dt/dT at T,) of amorphous materials
is a defining characteristic.!

e The mechanical properties of amorphous materials
are noticeably different from their crystalline coun-
terparts because of the different number and type of
intermolecular interactions (Table 4).*>2°! Hancock
et all® found that at temperatures more than
50K below T,, an amorphous drug powder formed
compacts that were significantly more brittle than
those formed from the crystalline form of the drug
although the tensile strengths of the compacts
were similar.

Table 3 True densities of amorphous and crystalline
systems measured by helium pycnometry

Crystalline Amorphous Percent
(g/mL) (g/mL) difference
Indomethacin 1.38 1.32 5
Sucrose 1.59 1.43 11
Lactose 1.60 1.48 8.23

From Ref.!"!

FUNDAMENTAL DESCRIPTION
AND DEFINITION

Although amorphous pharmaceutical materials can be
readily isolated and may persist for many thousands of
years,?”! they are in fact a thermodynamically meta-
stable state and will eventually revert to the more
stable crystalline form. Fig. 4 shows a ‘“‘snapshot in
time’’ of the free energy—temperature relationship for
a material that can be isolated as both an amorphous
form and a crystalline form. This quasi-equilibrium
thermodynamic view of the amorphous state shows
that the amorphous form has a significantly higher free
energy than the crystalline form, and illustrates why it is
expected to have a much higher aqueous solubility and
significantly different physical properties (e.g., density).

Fig. 4 also illustrates one common pathway for
forming amorphous materials (i.e., supercooling the
molten material to temperatures below the melting
point of the crystalline phase). To achieve this, rapid
cooling rates are usually required. As the material is
cooled, the speed of molecular motions within the sam-
ple decreases dramatically and the viscosity of the
material increases markedly. In the region known as
the glass transition temperature (7y), the average mole-
cular mobility is sufficiently slow that the system falls
out of energetic equilibrium with its surroundings,
and the material forms a so-called glassy phase. Such
glasses share many of the properties of crystalline
materials (e.g., solid macroscopic appearance, low spe-
cific heat capacity, and low thermal expansivity), which
makes them attractive for use in pharmaceutical
dosage forms. However, all glasses are metastable
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relative to both the equilibrium supercooled liquid and
the crystalline forms of the material, and their long-
term physical stability needs to be demonstrated before
they can be relied on for use in the manufacture of
pharmaceutical products. This has been done for the
amorphous drug delivery systems that are currently
marketed, and such studies have been the subject of
many reports in the literature.['!"13-28-31]

STABILITY

The chemical and physical stability of amorphous
pharmaceutical materials is controlled by the same
basic factors as for crystalline materials [i.e., molecular
structure (chemistry), purity (absence of catalysts,
chemical reactants, or nucleating agents), molecular
orientation (physical form), and molecular mobility
(related to temperature)]. For any sample of a given
molecular structure and purity, there will be more pos-
sible molecular orientations that occur in an amor-
phous sample than in a crystalline sample. Thus

Table 4 Mechanical properties of the crystalline and
amorphous forms of phenobarbitone

Vickers hardness Bending strength

(N/em?) (N/em?)
Form II 42,000 187
Form IIT 28,000 567
Amorphous 6,500 1056.24

From Ref.”°,

30

powdered amorphous and crystalline
samples of an experimental drug sub-
stance. (From Ref %)

40

many more different types of chemical and physical
transformations could potentially take place. At a
given temperature, the molecular mobility in an amor-
phous material will also be significantly higher than in
any of the corresponding crystalline forms, and this can
give rise to a greater chemical and physical reactivity in
the amorphous sample (Fig. 5).*2' However, it is
important to realize that a very close interdependence
(or “coupling’’) between the mechanism of the chemi-
cal or physical instability of interest (e.g., charge trans-
fer, free radical attack) and the molecular orientation
and/or mobility of the sample is necessary for an
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2 crystal . amorphous
[ . supercooled
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Fig. 4 Free energy diagram for a material in the amorphous
and crystalline states (7, denotes the glass transition tem-
perature; Ty indicates the melting/fusion point).
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amorphous sample to be significantly less stable than its
crystalline counterpart.** In many instances (e.g., free
radical-initiated oxidation reactions), the stability of a
drug compound is not significantly affected by either
its molecular mobility or the orientation of the mole-
cules; thus the amorphous form has comparable stabi-
lity to the crystalline material. In some instances (e.g.,
insulin),BO] the more ordered structure of the crystal-
line material can actually increase the likelihood of cer-
tain intermolecular contacts and cause the crystalline
form to have a lower level of stability.

From a snapshot of the current literature, it would
appear that:

e Physical transformations (usually solid-state crys-
tallization) are more often directly linked to mole-
cular mobility and orientation than the most
common chemical reactions (oxidation and hydro-
lysis); thus the major stability concern for amor-
phous materials is with their tendency to revert to
the crystalline state. As with all crystallization
processes, there are the normal nucleation and pro-
pagation (crystal growth) stages to consider, and
procedures that increase the barrier to nucleation
or slow the rate of crystal growth can be used to
physically stabilize many amorphous materials.

e One additional factor to keep in mind in mind is
the greater purity of most crystalline materials,
which can contribute significantly to their enhanced
stability, especially during the earliest stages of drug
development.

e The tendency for amorphous materials to sorb
significant amounts of water vapor from their
surroundings (Fig. 6) can give rise to a markedly
reduced chemical and physical stability relative to
the crystalline form of the material. The sorbed
water may participate in a chemical reaction
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Fig. 5 Chemical stability of the crystalline and amorphous
forms of cefoxitin. (From Ref.??.)
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(e.g., hydrolysis), or may simply act as a catalyst
for a chemical reaction.

e Sorbed solvents such as water will also plasticize
most amorphous pharmaceutical materials,** and
this can have a negative impact on both physical
and chemical stability by increasing the molecular
mobility of the sample at any given temperature
(Fig. 7). A large number of studies of the water
vapor sorption behavior of amorphous pharmaceu-
tical materials and its impact on the glass transition
temperature have been reported in the litera-
ture.?%>->") Hancock and Zografi®*** summa-
rized the results of many of these studies and
provided a simple way in which to predict the mag-
nitude of the plasticizing effect when amorphous
materials are exposed to water vapor.

MOLECULAR MOBILITY

To fully understand the performance of amorphous
materials, it is necessary to be able to measure the
molecular mobility of the samples on interest. This is
because at temperatures as far as 50 K below the glass
transition temperature, pharmaceutical glasses exhibit
significant molecular mobility that can contribute to
both chemical and physical instability.****! The main
techniques that have been developed for monitoring
molecular motions in amorphous materials are nuclear
magnetic resonance (NMR) and calorimetric techni-
ques (e.g., DSC and isothermal microcalorimetry).
Average molecular relaxation times and relaxation
time distribution functions obtained from these
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Fig. 6 Water vapor sorption isotherm for crystalline and
amorphous samples of indomethacin. (®) Amorphous; (e)
crystalline. (From Ref?¥.)
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Fig. 7 Glass transition vs. water content relationship for
amorphous indomethacin. Lines show fit to the Gordon—
Taylor equation with K values of 0.33 (predicted) and 0.11
(best fit). (From Ref.>*)

techniques have been used to predict the relative stabi-
lity of different materials and the storage conditions
required for a normal product shelf life.***° This
requires an assessment of the speed of the fastest mole-
cular motions relative to the duration of storage that
is anticipated for the product and has utilized the
well-known concept of the dimensionless Deborah
number."*! Such studies have also shown that the
temperature dependence of molecular motions in
amorphous materials (their fragility) is significantly
different from that of crystalline materials (non-Arrhe-
nius), especially at temperatures above the glass transi-
tion temperature (7,) (Fig. 8). This can give rise to
marked differences in the effects of temperature on
the chemical and physical stability of amorphous and
crystalline pharmaceutical materials. At temperatures
below T,, amorphous materials may exhibit an
Arrhenius-like temperature dependence of molecular
mobility, particularly over the relatively narrow tem-
perature ranges where pharmaceutical materials are
usually handled. However, above T,, the temperature
dependence of molecular motions is non-linear and
more pronounced, and often needs to be described
by the so-called Vogel-Tamman-Fulcher (VTF) or
Williams-Landel-Ferry (WLF) relationships. %2

POLYAMORPHISM

The occurrence of multiple polymorphic forms of crys-
talline drugs and excipients is well known to pharma-
ceutical scientists, and the possible occurrence of
polymorphic forms of amorphous pharmaceutical
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Fig. 8 The temperature dependence of average molecular
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materials has recently been reviewed.*?! “Polyamor-
phism’’ is an intriguing concept from both a scientific
and commercial perspective because of the significant
impact amorphous character can have on the perform-
ance of pharmaceutical materials and the potential
opportunities that might arise to exploit (and may be
patent) new and improved forms of existing pharma-
ceutical materials. Polyamorphism is strictly defined
as the existence of two distinct amorphous states of
the same material separated by a clear phase transition.
In the most well-known example, it has been noted,
based on a thermodynamic analysis of the heat capa-
city of water and ice, that there are differences in the
properties of amorphous ice samples formed by vapor
deposition and by quench cooling from the liquid state.[**]

There have been several anecdotal reports of appar-
ently different forms of amorphous pharmaceutical
materials with readily discernable physical and chemi-
cal characteristics, and some marked differences in
their pharmaceutical performance. Examples include
an antibiotic prepared by lyophilization!'" and glasses
of an anti-inflammatory agent produced by fast cool-
ing of the molten material*”! For these particular
materials, even though the amorphous samples had
significantly different physical properties, there was
no direct evidence of polyamorphism according to
the strict thermodynamic definition. Inspection of the
relevant literature reveals that most apparently polya-
morphic amorphous pharmaceutical materials have
been isolated and/or stored below their calorimetric
glass transition temperatures. Such “glassy’’ amor-
phous materials are, by definition, not at energetic
equilibrium with their surroundings, and their proper-
ties reflect the conditions under which they were
isolated and subsequently stored. As a result of their
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departure from equilibrium and the very long time that
it takes glasses to spontaneously relax back to the equi-
librium supercooled liquid state, it appears that it is
possible to isolate amorphous materials with distinct
physical and chemical properties, which are not true
polyamorphs. It has been proposed*® that the term
“pseudo-polyamorph’> be used to describe glassy
amorphous materials that have different energetic
states as a result of their different conditions of pro-
duction and storage, by analogy to the term “pseudo-
polymorph,”” which is used to describe different
crystalline forms that do not fit the strict thermodynamic
definition for crystalline polymorphs. Because such
pseudo-polyamorphs can exist for significant periods
of time (certainly longer than the shelf life of pharmaceu-
tical products), they can present very real and significant
challenges for practicing pharmaceutical scientists.
These systems still need to be carefully characterized
and understood if they are to be incorporated in phar-
maceutical dosage forms and, to this end, techniques
need to be developed to monitor and distinguish their
characteristics, and to track their very slowly evolving
physical and chemical properties (e.g., heat capacity
and true density).

CONCLUSIONS

Amorphous substances are an important class of phar-
maceutical materials that exhibit distinct physical and
chemical properties. They are ubiquitous, and may be
formed both intentionally and unintentionally during
normal pharmaceutical manufacturing operations.
The properties of amorphous materials can be
exploited to improve the performance (e.g., bioavail-
ability and dissolution rate) of pharmaceutical dosage
forms, but these properties can also give rise to
unwanted effects (e.g., physical instability) that need
to be understood and managed in order for the systems
to perform as required.
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INTRODUCTION

To the pharmaceutical world, the meaning of analyti-
cal methods validation is the process to confirm that
a method does what it purports to do, that is, to docu-
ment through laboratory studies that the measurement
procedure can reliably assess the identity, strength,
and/or quality of a bulk drug substance, excipient,
or finished pharmaceutical product. To provide consis-
tent, worldwide regulatory expectations, previously
unavailable, the International Conference on Harmo-
nization (ICH,""™) has defined the methods validation
process for the release and stability testing of all new
products. This chapter interprets these ICH regulatory
definitions and requirements,[2’3] as well as provides
direction toward rational and efficient validation.

Regulatory methods can be compendial or non-
compendial. Wherever possible, methodologies are to
be employed which are documented, generally recog-
nized as official pharmacopoeia or compendial. Com-
pendial methods are considered valid; however,
suitability must be verified under actual conditions of
use. Non-compendial methods require validation, and
must be selected if a compendial method does not exist.
A non-compendial method can be chosen over an
existing compendial method, if it can be demonstrated
to be superior to the compendial test.

Before a product dossier has been submitted to an
agency for regulatory market approval, analytical
laboratories have utilized validated methods to sup-
port toxicological, clinical, stability, development,
scale-up, optimization, process, and cleaning valida-
tion studies. Unreliable data for any of these studies
have the potential to completely undermine the speed
and success of approval. A method’s “life cycle”?!
parallels the drug development process. Starting with
early (preclinical) development projects, the related
methods for drug substance and finished drug product
require only some rudimentary validation to provide
sufficient confidence in the results, eventually leading

“http://www.ifpma.org/ich5q.html (accessed March 2001).

to a complete methods validation package for the final
stages of product development and commercialization
(see section “Validation During Drug Development
and Manufacturing’’). The methods life cycle con-
cludes with methods transfers, monitoring of routine
quality control (QC) usage, and revalidation. We
define revalidation as repeating those parts of valida-
tion that are affected by a modification, for example,
specificity, if the column has changed. Repeating the
whole validation periodically is superfluous; instead,
continuous monitoring of the performance of the ana-
lytical procedure should be performed (see section
“Maintenance of the Validation Status’’). Many tests
may be specified in the early development of a product
or process that will not be ultimately selected for
routine release testing. Clearly not all products reach
the approved and marketing stage, due to toxicology,
efficacy, or even business conditions. Multiple other
changes can occur along the way toward approval
such as active pharmaceutical ingredient (API, drug
substance), synthetic route changes, drug product
formulation, and process changes, as well as newly
identified degradation pathways. All of these affect
the method applied. Therefore, methods (development)
validation requires efficient planning of resources to
match the accuracy and precision requirements needed
to assess product quality.

Methods Selection and Applicability
for Routine Use

The target laboratory [development (R&D) or QC]
where the methods will be utilized and the stage of
development are just as important as the analyte/sam-
ple to be measured when considering the selection of a
method as these will affect the accuracy and precision
requirements, as well as laboratory economic, environ-
mental, and ergonomic factors. Methods should be
selected that are adequate for testing the attribute to
be measured. They must be sufficiently selective, accu-
rate, precise, and robust to demonstrate conformance
to proposed specifications. It should be noted that a
precise method is an extremely important attribute
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in QC. A precise method permits a fluctuation in the
manufacturing process to be detected before it can
cause an out-of-specification (OOS) event. With a suf-
ficiently precise method, subsequent tightening of the
specification should not necessitate modification or
revalidation of the test method.

Additionally, these procedures should be devised
with the explicit objective of transferring the methods
to a qualifiable laboratory. The development labora-
tory should specify test techniques, parameters, and
other details in the final dossier submission that have
the highest likelihood of being transferred successfully
to a QC site. Methods shall be selected that experience
shows will likely be reproducible. Reproducibility is
assessed late in the validation process. Methods should
be designed to minimize direct analysis and turn-
around time, to maximize efficiency, and to shake the
convenience, safety, health and environmental impacts
of the test as consistent with the other primary
objectives of method development. Development con-
siderations should include equipment and expertise
limitations of the receiving laboratory, expected sample
volumes, and achieving a balance between acceptable
traditional validation parameter values (accuracy, preci-
sion, etc.) and analysis time and robustness. The receiv-
ing laboratory should participate in the early review of
these methods to provide and prepare for the transfer
(e.g., purchase equipment, obtain reference standard
supply) and should also assess safety, meaningful system
suitability parameters (derived from robustness studies),
and overall clarity of the written method. Automated
tests may be desirable. Where a method has been devel-
oped and performed on automated equipment, an early
assessment should be made as to whether automation
is critical to the accuracy, precision, reproducibility,
and robustness of the method compared to a manual
method.

Validations and Specifications (Limits)

Method validations and drug substance or finished
pharmaceutical product specifications are intimately
linked. To ensure transferability of the method and
to ensure the method will operate successfully in a
QC site, the method variation (from the intermediate
precision) should be known and monitored. The
method variation is an estimate of the variation that
will be experienced in routine use of the method. More
method variation will create unacceptable random
failure rates, and provide no room for reasonable
product variation or even minor stability changes.
The method variation should be less than one-third
of the interval from the mean or target (typically the
midpoint of the upper and lower specification limit)
value to the nearest specification limit, or one-sixth
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of the in-specification operating range of the method,
whichever is smaller. Otherwise, OOS results may
occur, even for product that was produced at target
and with zero process variation.

If a reasonable opportunity exists (based on com-
mon belief and experience) to improve the method
variation to one-fourth or preferably less of the specifi-
cation interval, this effort should be made. In the
example of a drug product where the specification is
95%-105% with a target of 100%, then the maximum
method variation must be less than 1.67%; however, if
the method variation is above 1.25%, efforts should be
made to reduce its variation. Ideally, the method varia-
tion should not be greater than 2.0% even if the specifi-
cation range is wider than 10%. The 2.0% maximum
method variation requirement does not apply to tests
where the variation of the method is substantially con-
founded with variation of the product being measured.

Validation as a Good Business Practice

While compliance to legal requirements is paramount
to the pharmaceutical industry and its associated regu-
latory bodies, it is by far not the only reason to judi-
ciously develop and validate analytical procedures.
Well-developed and validated methods represent good
business practices, as haphazardly chosen and/or
poorly validated methods can haunt a company finan-
cially for the short and long term.

Extensive sample preparation with long cycle times,
and excessive hazardous solvents usage and disposal
are casily calculable financial and safety losses. Impre-
cise stability data can easily lead to erroneous or short-
ened expiration dating assignments. Poorly validated
methods increase the chances of OOS results and inves-
tigations absorb costly laboratory resources. Incapable
methods (inadequate precision for the associated speci-
fication) cannot readily discriminate passing from
failing products: therefore, one can release unaccept-
able product, leading to product recalls. Inaccurate
methods can lead to sub- or superpotent products.
Non-reproducible methods do not transfer quickly or
efficiently and can become limiting factors of pre-
approval inspections with potential to affect product
launches.

REGULATORY REQUIREMENTS

Due to the importance of demonstrating the suitability
of new analytical procedures described in submission
dossiers, in the 1980s many regulatory agencies pub-
lished requirements for analytical validation, in vary-
ing details. The U.S. Food and Drug Administration
(FDA) issued two guidelines, one for the applicant,!'”
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the other for inspectors and reviewers.!'!! The first one
is also intended to ensure that the analytical procedure
can be applied in an FDA laboratory and requires,
therefore, a detailed description of the procedure,
reference materials, discussion of potential impurities,
etc. With respect to validation, data should be provided
to demonstrate an appropriate accuracy, precision,
linearity, selectivity, and quantitation limit (QL) for
impurities and degradation products. For drug product,
recovery, lack of interference from placebo, and
variability with respect to time, laboratory, operator,
and column should be demonstrated.

The second guideline is focused on reversed-phase
chromatography and gives details regarding critical
methodological issues, as well as acceptable results
for parameters. A revised draft for the first guideline,
published in 2000,!'*® focused on providing raw data
in detail. However, this has nothing to do with valida-
tion and should be an inspection issue, as there is a real
danger to burden the validation documentation with
huge amounts of data, which make it difficult to con-
centrate on a scientifically justified demonstration of
suitability. Additionally, there are some inconsistencies
with the ICH documents, which are not helpful for the
harmonization process.

The same validation characteristics were described
in the U.S. Pharmacopoeia (USP).'"* Three categories
of analytical procedures were distinguished: quanti-
tation procedures for main components in drug
products, procedures for determination of impurities,
and procedures for pharmaceutical-technical charac-
teristics (e.g., dissolution). The guidance on validation
of the European Community!'¥ was rather general and
incorporated in the respective sections of the submis-
sion documentation. In the Canadian guideline,[lsl a
very detailed discussion is provided for requirements
and especially acceptance criteria. Although this gives
some orientation, the given acceptance criteria were
sometimes a bit ambiguous, for example, the inter-
mediate precision/reproducibility of below 1% for
drug substances.

International Conference on the
Harmonization of Technical
Requirements for the Registration of
Pharmaceuticals for Human Use (ICH)

This process was initiated in 1990 in order to harmo-
nize the submission requirements for new pharmaceu-
ticals in the three main regions of Europe, the United
States, and Japan and to avoid duplication, inefficien-
cies, and delays. A forum was created for a constructive

Phttp://www.fda.gov/cder/guidance/2396dft.htm.
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dialogue between regulatory authorities and industry.
The six cosponsors of ICH were the European Commis-
sion, the European Federation of Pharmaceutical
Industry Association (EFPIA), the Japanese Ministry
of Health (MHW), the Japanese Pharmaceutical
Manufacturers Association (JPMA), the Food and Drug
Association (FDA), and the Pharmaceutical Research
and Manufacturers of America (PhRMA). Several
organizations such as the Canadian Health Protection
Branch (HPB), the USP, and the European Pharmaco-
poeia (EP) participated as observers. Within the Quality
section, seven topics were taken into account:!!! stability,
validation,”>* impurities,*® pharmacopoeial harmoni-
zation, biotechnological products, speciﬁcations,[7’8] and
good manufacturing practice (GMP).

The ICH was very valuable in harmonizing terms
and definitions!?! as well as basic requirements?® for
analytical validation. Of course, due to the nature of
the harmonization process, there are some compro-
mises and inconsistencies, but the importance of a
proper validation is currently widely known and
accepted. In Table 1, the required validation character-
istics for the various types of analytical procedures are
shown. In the following, the main ICH requirements
for the wvalidation characteristics are summarized.
However, the ICH guidelines must not be regarded
as a checklist. “It is the responsibility of the applicant
to choose the validation procedure and protocol most
suitable for their product.”’™*

Specificity

“Specificity is the ability to assess unequivocally the
analyte in the presence of components which may be
expected to be present. Typically, these might include
impurities, degradants, matrix, ete.”’! For identifi-
cation, discrimination between closely related com-
pounds likely to be present should be demonstrated
by positive and negative samples. For assay and
impurity tests, available impurities/degradants can be
spiked to the corresponding matrix or degraded
samples can be used. Specificity can also be demon-
strated by verification of the result with an indepen-
dent analytical procedure. The overall specificity can
(and often will) be obtained by a combination of
several analytical procedures, for example, in case of
a partly specific titration with a chromatographic
impurity determination. In case of chromatographic
separations, resolution factors should be obtained for
critical separations. Tests for peak homogeneity, for
example, by diode array detection (DAD) or mass
spectrometry (MS) are recommended. All tested sub-
stances should be documented including the rationale
of their selection. All relevant results, e.g., as tables
or chromatograms, should be provided, discussed,
and evaluated.
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Table 1 Validation characteristics normally evaluated for the different types of test procedures and the minimum number of

determinations required

Analytical procedure

Impurities

Validation characteristics Minimum number Identity Quantitative Limit Assay®
Specificity® Not applicable + + + +
Linearity 5 — + — +
Range Not applicable — —+ — —+
Accuracy 9(eg,3 x 3) — —+ — +
Precision

Repeatability 6or9(eg,3 x 3) — —+ — —+

Intermediate precision /reproducibility® 2 series — + — +
DL Approach dependent — —d + -
QL Approach dependent — —+ - -

(+) normally evaluated; (—) normally not evaluated.
“Including dissolution, content/potency.

Lack of specificity of one analytical procedure could be compensated by other supporting analytical procedure(s).

“Reproducibility not needed for submission.
9May be needed in some cases.
(From Refs.>3)

Linearity

“The linearity of an analytical procedure is its ability
(within a given range) to obtain test results which are
directly proportional to the concentration (amount)
of analyte in the sample.””™ It can be distinguished
between the linearity of the detector/instrument,
obtained from a dilution of the analyte and the linear-
ity of the analytical procedure, obtained from indepen-
dent preparations (spiking, weighing) including (as far
as possible) the complete sample pretreatment. At least
five concentrations over the whole working range
should be analyzed. Besides a visual evaluation of the
analyte signal as a function of the concentration,
appropriate statistical calculations are recommended,
such as a linear regression. The parameters slope and
intercept, the sum of squares, and the coefficient of
correlation should be reported.

Range

“The range of an analytical procedure is the interval
between the upper and lower concentration (amounts)
of analyte in the sample (including these concentra-
tions) for which it has been demonstrated that the ana-
lytical procedure has a suitable level of precision,
accuracy and linearity.”’?)

The following minimum ranges are required:

e Assay: 80-120% of the test concentration.
e Content uniformity: 70-130% of the test concen-
tration.

e Dissolution: 20% below to 20% above the specified
range.

e Impurities: reporting level to 120% of the specifica-
tion.

e 100% method: reporting level of the impurity to
120% assay specification.

Accuracy

“The accuracy of an analytical procedure expresses the
closeness of agreement between the value which is
accepted either as a conventional true value or an
accepted reference value and the value found.”’™

This validation characteristic is an indication of
systematic errors (bias). Accuracy can be demonstrated
by the following procedures:

Inferred from precision, linearity, and specificity.
Comparison of the results with those of a well
characterized procedure.

e Application to a reference
substance).

e Recovery of drug substance added to placebo (drug
product).

e Recovery of the impurity added to drug substance
or drug product (impurities).

material (drug

For the quantitative approaches, at least nine deter-
minations across the specified range should be
obtained, for example, three determinations at three
concentration levels. The percent recovery or the
difference between the mean and the accepted true
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value together with the confidence intervals (Cls) are
recommended.

Precision

“The precision of an analytical procedure expresses the
closeness of agreement (degree of scatter) between a
series of measurements obtained from multiple sam-
pling of the same homogeneous sample under the pre-
scribed conditions. Precision may be considered at
three levels: repeatability, intermediate precision, and
reproducibility.”’!?! Precision measures random errors
and should be obtained preferably with authentic
samples. As parameters, the standard deviation, the
relative standard deviation (RSD) (coefficient of
variation), and the Cls should be calculated for each
level of precision. Repeatability reflects the analytical
variability under the same operating conditions over
a short interval of time (within-assay, intra-assay). At
least nine determinations across the specified range or
six determinations at 100% test concentration should
be performed. Intermediate precision includes the influ-
ence of additional random effects according to the
intended use of the procedure, i.e., within laboratories
variations, for example, different days, analysts, equip-
ment, etc. Reproducibility, i.e., the precision between
laboratories, is not required for submission, but can
be taken into account for standardization of analytical
procedures. The variations should be selected according
to the intended use of the analytical procedure.

Detection and quantitation limit

“The detection limit (DL) of an individual analytical
procedure is the lowest amount of analyte in a sample
which can be detected but not necessarily quantified as
an exact value. “The QL of an individual analytical
procedure is the lowest concentration of analyte in a
sample which can be quantitatively determined with
suitable precision and accuracy.”’*!
Various approaches can be applied:

Visual definition.
Calculation from the signal-to-noise ratio (DL and
QL correspond to the 3- or 2- and 10-fold of the
noise level, respectively).

e Calculation from the standard deviation of the
blank [Eq. (1)].

e Calculation from the calibration line at low concen-
trations [Eq. (1)].

F x SD
= (1)

where F is the factor of 3.3 (DL) or 10 (QL): SD is the
standard deviation of the blank, standard deviation of

DL;QL =
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the ordinate intercept, or residual standard of the lin-
ear regression; and b is the slope of the regression line.

The estimated limits should be verified by analyzing
a suitable number of samples containing the analyte at
the corresponding concentrations. DL or QL and the
procedure used for determination as well as relevant
chromatograms should be reported.

Robustness

“The robustness of an analytical procedure is a mea-
sure of its capacity to remain unaffected by small,
but deliberate variations in method parameters and
provides an indication of its reliability during normal
usage.”’® During the development phase of the analy-
tical procedure, susceptible parameters should be iden-
tified, for example, stability of analytical solutions,
extraction time, pH and composition of mobile phase,
column lots and suppliers, temperature, flow rate, etc.
A factorial design is encouraged.

System suitability tests

“System suitability testing is an integral part of many
analytical procedure . ...’ Suitable parameters depend
on the type of analytical procedure; reference is given to
pharmacopeias.

RATIONAL AND EFFICIENT VALIDATION

As analytical procedures are used throughout drug
development and the manufacturing and release of
drug substances and drug products, the reliability of
their results is essential. Important decisions such as
the establishment of the shelf-life from stability studies,
the need for additional toxicological trials if new impu-
rities appear or if known impurities exceed the quali-
fied levels, and the reworking of batches and batch
release or rejection are based on analytical results.
Therefore, an appropriate validation to demonstrate
the performance and suitability of the analytical proce-
dures is much more than a formal requirement.

Suitability of the Analytical Procedure

What does ‘‘suitability for its intended purpose’
mean? Basically, suitability is determined by the speci-
fication limits (or the aim of the analytical investiga-
tion) and the design of the given test item. For some
applications, the requirements are explicitly defined in
the ICH guidelines. For example, the reporting level
for unknown impurities in drug substances is set to
0.05% or 0.03%:;* thus the corresponding test procedure
must be able to quantify impurities at this concentration
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with an appropriate level of precision and accuracy.
A maximum permitted analytical variability can be
calculated from assay specification limits!'® [Fig. 1
and Eq. (2)], based on the concept of Cls to describe
analytical and manufacturing variability."” At least,
the compatibility between specification limits and
analytical variability should be verified. Preferably,
the limits are established taking the analytical and
manufacturing variability into account. In this case,
an analytical variability normally expected for the
given kind of analytical procedure (analytical state of
the art) can be defined as acceptance criterion. Of
course, the thus-obtained limits must primarily meet
necessary quality and safety requirements. However, if
this is satisfied, limits can reflect analytical variability.”*!
With respect to assay determinations, the variability of
the analytical procedure is often larger than the variability
of the manufacturing.

(BL - SL)|Va

1h-1,0.95

(2)

Smax =

where BL is the basic limit, obtained from the theore-
tical content and the manufacturing variability, with
respect to the critical “half’’ of the specification range;
SL is the (overall) specification limit with respect to the
critical “half”’ of the specification range; n is the
number of repetitions in the assay; ¢ is the Student’s

Analytical manufacturing
variability

ol |
<& P&

v

N SPI'OCESS

Probability

5%
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Fig. 1 Construction of specification limits from 95% Cls of
the probability distribution of experimental results. The pro-
cedure is shown for the lower limits. BL = basic limits,
imposed by the variability of the manufacturing process.
SL = overall specification limit, combination of BL and
the (lower) limit of the one-sided 95% confidence interval
of the analytical variability. (From Ref.!'!)
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t-factor for (n — 1) degrees of freedom in the valida-
tion and 95% statistical confidence (one-sided).

It must also be demonstrated that the design of the
analytical procedure, for example, the intended cali-
bration mode, the number of repetitions, etc. is suit-
able. Therefore, suitability is strongly connected with
the given, individual analytical procedure. The perfor-
mance parameters are of varying importance and have
different acceptance criteria. In consequence, a “check-
list’” approach to validation must be avoided. The ana-
lyst has to identify critical parameters, which are of
importance for the required performance of the indivi-
dual analytical procedure, to design the experimental
studies accordingly and to define acceptance criteria
for the results.

Statistical tests should only be carefully (directly)
applied as acceptance criteria due to the small number
of data normally obtained. Sometimes, because of
abnormally small variabilities in the analytical series,
differences are identified as significant which are of
no practical relevance.!'® In addition, when comparing
independent methods for the proof of accuracy, different
specificities can be expected which add a systematic bias,
thus increasing the risk of the aforementioned danger.
The analyst must decide whether detected statistical
differences are of practical relevance. On the other hand,
a large variability can also obscure differences which are
not acceptable. If validation software is used, it must be
flexible enough to meet these precautions.!'”*

The analytical state of the art should be taken into
account, although it is not the ultimate goal to optimize
an individual analytical procedure as well as possible. It
is also very important to recognize that the release of a
given batch is based on a whole set of test procedures
which complement and supplement each other. Their
selection in the specification design[7’8] has, therefore,
considerable influence on the required performance of
the individual control test and, hence, on its validation.

Validation Characteristics
Specificity

There has been some controversy regarding the techni-
cal term for this validation characteristic, i.e., specifi-
city vs. selectivity.’”! This may be partly attributed to
the fact that in contrast to an isolated test procedure
in analytical chemistry, in pharmaceutical analysis,
the sum of various control tests and hence their com-
bined specificity is used for the overall evaluation.

In spite of all discussions, there is a broad agree-
ment that this validation characteristic is of crucial
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importance and builds the critical basis for each analy-
tical procedure. As no absolute and quantitative
measure exists (at least for the overall specificity), the
requirements depend on the individual analytical
procedure as well as on its combination with others.

Chromatographic Separation. With respect to chro-
matographic techniques, specificity can be demon-
strated by a sufficient separation of the substances
present. For the assay, appropriate separation means
an adequate resolution between the peak of interest
and other peaks (e.g., impurities, placebo or matrix
components), which need not to be separated from
each other. In contrast, universal procedures for the
determination of impurities require a sufficient separa-
tion of all relevant impurity peaks. The required reso-
lution is strongly dependent on the difference in the
size of the corresponding peaks as well as on their
elution order.?!! Therefore, if separation factors are
determined, the typical concentration levels or the spe-
cification limits (as worst case) of the impurities should
be maintained. Resolution factors can be calculated
according to EP [Eq. (3)] and USP [Eq. (4)] at half
height and at the baseline, respectively. However, this
is only sensible for baseline-separated peaks. The
USP approach is less sensitive toward tailing, but more
complex to determine.

Rs = LI8(rRo — Ra) (3)
Wo.sa + Wo.sb

2(try — IRa)
Ry = ==~ 4
s Wa + Wy ( )

where fr, 1 1S the retention time of peaks a and b with,
IRb > IRa, Wosap 18 the peak width a and b at half
height, and w,, is the peak width a and b at baseline.

In case of incomplete separations, especially for
peaks of different magnitude, calculations according
to Egs. (3) and (4) are not possible or are biased due
to the additivity of the peak curves. Here, other separa-
tion parameters such as the peak-to-valley ratio (p/v)
should be used.” This approach, which measures
the height above the extrapolated baseline at the lowest
point of the curve separating the peaks with respect to
the height of the minor (impurity) peak (Fig. 2), is
directly related to the peak integration and indepen-
dent on tailing or “smearing’’ effects in the elution
range behind the main peak.**2*

Besides a ““physical’”’ improvement of the separa-
tion, it can also be optimized “‘visually’’ if the spectra
of the two concerning peaks are different. Then, a
suitable wavelength can be selected to suppress inter-
ferences. However, such an approach has to be
balanced with respect to the QL and the robustness
of the quantitation if the detection wavelength does
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Fig. 2 Peak separation indices: peak-to-valley ratio p/v =
a/b. If the calculation is modified as p/v = 1 — b/a, the
parameter is normalized and has the same sense as the resolu-
tion factor, i.e., increasing values indicate better separation,
with a maximum of 1.

not correspond to a stable region of the spectra, such
as (relative) maxima or minima or shoulders.

Peak Purity Investigations. In order to be able to detect
the coelution of unknown substances, peak homogeneity
(also termed peak purity) investigations should be
performed.

In case of not too large concentrations differences of
the coeluting peaks, simple methods of one-dimen-
sional detection can be applied. For normal eluting
pure substances, the peak width at half height is pro-
portional to the retention time. Therefore, performing
isocratic chromatography with different concentra-
tions of organic modifier, a plot of the peak width vs.
the retention time will give a linear relationship for
homogeneous peaks. For a single chromatographic
separation, the symmetry factor is independent on
the height of pure substance peaks.*¥

In case of small amounts of coeluting impurities,
rechromatography of suspected peaks represents a
simple, universally available and sensitive approach.
The more the two applied chromatographic methods
differ, the greater is the power of the investigation.
Various combinations can be taken into consideration
such as coupling of reversed phase (RP) chromatog-
raphy with another RP method (different eluent, pH,
column), size exclusion chromatography, ion
chromatography, thin layer chromatography (TLC),
capillary electrophoresis (CE),*”! gas chromatography
(GC), etc. The rechromatography can be performed
off-line with isolated peak fractions, or as a direct
orthogonal coupling of the two methods. Working
with isolated peak fractions, care should be taken to
avoid artifacts due to degradation.
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With diode array detectors or scanning detectors,
the spectral peak homogeneity can be investigated.!*®!
However, such an approach requires a difference
in both the spectra and in the retention time of the
coeluting substances. If this is fulfilled, detection of
inhomogeneities with commercially available software
is easy, if the concentration difference is not too large
(Fig. 3B). However, impurities below 1% are difficult
to recognize (Fig. 3C).

The most discriminating technique for investigation
of the peak purity is mass spectrometric detection.?”-**]
Using on-line LC-MS coupling, mass spectra are taken
over the whole elution range of the suspected peak
(Fig. 4). In a first step, the obtained signals (mass-
to-charge ratio, m/z) must be assigned to the main
substance. In the given example, m/z 275.8 and 295.6
belong to the drug substance (Fig. 4B) and represent
the doubly charged molecular ion and a cluster formed
by the doubly charged ion and acetonitrile (from the
eluent). If during the spectra “‘scrolling’’ additional
masses are detected such as m/z 324.9 (Fig. 4A), the
corresponding mass chromatogram is extracted.
Differences in the retention time or elution behavior
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with respect to the UV peak is proof of a coeluting
impurity. Even peaks with identical retention can be
attributed to impurities if a change in the mass-to-
charge ratio cannot be explained by the drug substance
itself. In the given example, the impurity amounts to
0.5%. Of course, the DL depends on the individual
MS response of the concerned substances and dias-
tereomers cannot be detected. If LC procedures with
non-volatile buffers are validated, the corresponding
peak fractions can be isolated and rechromatographed
under MS-compatible conditions. Alternatively, the
coupling can be performed on-line.”” Although not
often applied in routine (pharmaceutical) analysis,
MS detection offers tremendous gains in efficiency
and reliability of the procedures, such as highly specific
detection (largely) without interferences, for monitor-
ing of impurity profiles and identification.**!

If samples from stress testing are used to demon-
strate appropriate separation power, care should be
taken to avoid overdegradation as this would result
in secondary (or even higher order) degradants which
are of no practical relevance. Therefore, degradation
should be restricted to about 10%. Alternatively, samples

substance

Impurity
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Fig. 3 Investigation of chromatographic peak purity by diode array detection: (A) spectra of drug substance and impurity;
(B) coelution of a mixture containing about 10% impurity; (C) coelution of a mixture containing about 0.5% impurity. The spec-
tra were obtained in the peak maximum, at about 5% and 50% of each side of the peak. The normalization was performed
with respect to the first spectrum at the peak front (a matchfactor of 1000 means identical spectra) using commercial software.
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Fig. 4 Investigation of chromatographic peak purity by means of LC-MS. The top and bottom trace show the UV chromato-
gram at 240 nm and the extracted ion chromatogram for a mass-to-charge ratio (m/z) 325. Insets A and B display (two of the)
mass spectra taken at different retention time ranges of the UV-peak. Optimizing the chromatographic conditions resulted in a
separation of the impurity which amounts to 0.5% area at 240nm (data not shown).

from regular stability studies (accelerated storage condi-
tions) may be used.

Linearity and range

Although a linear relationship between the analyte
concentration and the measured signal will exist for
most methods used in pharmaceutical analysis, there
are some exceptions such as TLC and fluorescence
detection. Therefore, the term ‘“‘analytical response’’
would be more appropriate.

Prerequisites for the Calibration Types. It depends
on the design of the analytical procedure as to
which regression parameters are meaningful and which
results are acceptable. In other words, the model to be
used for quantitation must be justified. For a single-
point calibration (external standardization), a linear
function, zero intercept, and the homogeneity of
variances are required. The prerequisites for a linear
multiple-point calibration are a linear function and in
case of an unweighted calibration also the homogene-
ity of variances. A non-linear calibration requires only
a continuous function. With respect to the 100%

method (area normalization for impurities), both for
the main peak and the impurities, a linear function
and a zero intercept are required, within their working
ranges.

The required linearity range must be obtained from
the working range of the analytical procedure. It may
be useful to extend the minimum concentration range
when applying a single-point calibration in order to
avoid an extensive extrapolation to zero. This might
cause problems in the evaluation of the significance
of the intercept. If the calibration for an analyte
determination in a complex matrix (drug product,
impurities, and degradants by external standards) or
with a complex sample preparation is intended to be
performed with a simple solution of the reference
standard, this linearity should be compared with the
linearity of the whole procedure using reconstituted
(spiked) samples.

The homogeneity of variances over the whole range
(homoscedasticity) is a prerequisite for an unweighted
linear regression in order to ensure the same influence
of all concentrations (Fig. 5). This can be verified by
performing a suitable number of repeated measure-
ments (n = 6—10) at the minimum and the maximum
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Fig. 5 Dependence of the variability on the analyte concentration (A) and its influence on the regression line (B). (A) Three
concentration levels with dispersion parameters, calculated from six determinations each. The same scaling with respect to the
signal axis is used. Whereas the absolute standard deviation decreases about 14-fold over three orders of concentration magni-
tude, the RSD increases considerably. The line obtained by unweighted linear regression of experimental data ranging from
0.05pg/ml to 100 pg/ml is shown by the diagonal lines. (B) The lines obtained from weighted (upper line), weighting factor
1/x and unweighted (lower line) linear regression from 0.05 pg/ml to 100 pg/ml are shown in the lower concentration range.

of the required linear range, and comparing the
variances with an F-test. However, in pharmaceutical
analyses, as the concentration range of interest is
usually not very large, it is not required to perform a
separate test for the homogeneity of variances. In gen-
eral, the homogeneity of variances is maintained over
about two orders of magnitude when using UV absor-
bance (within the linear range of the detector/
instrument). If a calibration is extended over several
orders of magnitude (which is more common for
bioanalysis, but may also be considered for impurity
determinations), variances are not likely to be homoge-
neous. As an unweighted linear regression minimizes
the absolute residual sum of squares, higher concentra-
tions with larger absolute scattering dominate (Fig. 5SA)
and are better fitted to the regression line. Conse-
quently, large deviations will occur if such a regression

line is used for quantitation of small concentrations
(Fig. 5SB). For a better representation of the lower con-
centrations, additional weight must be given to their
signals performing a weighted linear regression. As
weighting factors, the reciprocals of the individual
standard deviations or variances can be used or, as
an approximation the reciprocals of the concentrations
themselves or of their squares. The equations can
be found in statistical textbooks or in corresponding
software products.

If deviations from linearity are detected or known,
non-linear response functions must be applied, for
example, quadratic regressions. However, these models
should be used carefully if a linear relationship is
normally assumed for the analytical procedure. Other-
wise, it would also fit erroneous experimental values
due to the larger flexibility of the regression curve.
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Fig. 6 Deviation from a linear response function. The experimental data were obtained by an LC procedure with nitrogen detec-
tion. (A) Unweighted linear regression (y = a + bx). The regression line and the limits of the 95% prediction interval are
shown. The following parameters were calculated: slope with 95% ClIs: 0.374 £ 0.015; intercept with 95% ClIs:
—23.09 + 10.72; residual sum of squares: 189.68; residual SD: 5.62; relation standard error of slope: 2.41%; RSD of sensitivities:
10.12%; coefficient of correlation: 0.99916. (B) Quadratic regression (y = a + bx + cx?). The regression line and the limits of
the 95% prediction interval are shown. The following parameters were calculated: coefficient a: —9.217; coefficient b: 0.314; coef-
ficient ¢ with 95% CIs: 0.000048% + 65.04%; residual sum of squares: 45.965; residual SD: 3.032. (C) Sensitivity plot (ratio of
signal to analyte vs. analyte). (D) Residuen plot (difference of experimental to calculated signals vs. analyte) for the unweighted
linear regression (diamonds) and the quadratic regression (squares).

According to the principle of Ockham’s blade, the
model should be kept as simple as possible. Even in
the case of intrinsic non-linear response functions, it
can be investigated if deviations resulting from linear
regression are acceptable in the required working
range. In the example given in Fig. 6, the difference
between the results obtained by the quadratic regres-
sion and a linear regression from 400 ng to 700 ng ana-
lyte (to represent a multiple-point linear calibration) is
calculated to 0.4% and 0.55% at the lower and upper
limit of the range, respectively. This must be evaluated
with respect to a precision of about 2% for this type of
procedure.

Evaluation of Linearity. In the ICH guideline, there
are only scarce hints how to evaluate linearity. Pri-
marily, a qualitative statement is sufficient for the
evaluation of linearity (linear function): Does a linear
relationship exist in the required working range? When
aiming at a single-point calibration, a positive answer
is sufficient (in addition to a zero intercept) because
the regression parameters obtained during validation
are not used further in routine testing. In pharmaceu-
tical analysis, this is also the case using a multiple-
point calibration. However, relevant parameters may
be selected to define acceptance limits for a system suit-
ability test in routine calibration.
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The coefficient of correlation is generally expected
(and also mentioned in the ICH guideline), but it is
not a quantitative measure for the degree of linearity.
It just gives an indication of whether a relationship
exists between two sets of data.*” This is illustrated
in Fig. 6. The coefficient of correlation for a linear
regression shown in Fig. 6A was calculated as
0.99916. However, the more narrow 95% prediction
interval of the quadratic regression (Fig. 6B) as a mea-
sure for the expected deviation of (future) experimental
data from the regression line indicates a deviation from
linearity. This is also easily recognized by investigation
of the sensitivities, i.e., the ratio of analytical signal and
the corresponding concentration (Fig. 6C). Their gra-
phical presentation as a function of the concentration
results in a horizontal line for the linear range of the
procedure (Fig. 7). The ASTME! recommends an
interval of +5% around the sensitivity mean. This
interval should be adjusted to the concentration range
in question; an acceptable precision can be used for
orientation purposes. For concentrations around the
QL, a wider interval can be accepted than for an assay
procedure (e.g., £2%). Plotting the differences between
the experimental values and the values calculated using
the regression function vs. the concentration (residual
plot, scatterplot) is another possibility of graphical
linearity evaluation. With the proper response func-
tion, the residuals display a random (and narrower)
scattering around the zero line; otherwise a sys-
tematical pattern is observed (Fig. 6D). However, in
case of only few data (e.g., five according to ICH), a
systematic pattern might be difficult to recognize.
Here, the sensitivity plot is preferable as trends are
better detectable as an upward or downward sloping
of the data points.
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Fig. 7 Sensitivity plot (ratio of signal to analyte vs. analyte)
for an LC-assay procedure with UV detection. The means
(squares) and the individual (diamonds) sensitivity values,
the average sensitivity (solid line) and the £2% limits (dotted
lines) are displayed. The larger scattering for the lower con-
centrations is caused by their larger influence (weight) on
the ratio, compared with larger concentrations.
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The standard error of slope is a suitable numerical
parameter for the evaluation of linearity. It measures
the deviation of the experimental values from the
regression line and thus represents a performance
parameter with respect to the precision of the regres-
sion. Expressed in percent (relative standard error of
slope), it is comparable to the RSD obtained in preci-
sion studies in the given concentration range (e.g.,
10%-20% RSD at the QL, 1%-2% for assay). There-
fore, this parameter is better suited for evaluation pur-
poses than the residual sum of squares and the residual
standard deviation, which are also measures of the
deviation between the experimental data and the
regression, but they depend on the absolute magnitude
of the signal values and are difficult to compare with
results from other equipment or with other procedures.

As statistically based linearity test, the significance
of the quadratic coefficient can be checked (Fig. 6B).
If the CI of the quadratic coefficient ¢ (y = a +
bx + c¢x?) includes zero, the quadratic term becomes
zero and the equation is reduced to a linear function.
However, if a statistical difference is obtained, their
practical relevance should be evaluated. For example,
if the data display a very small scattering, combined
with a slight trend, a quadratic regression could result
in a (statistically) better fit. But this does not justify the
use of the more complex model, if the difference
between the results of the two regression models is neg-
ligible in the working range compared with the
expected precision (e.g., 0.1% maximum deviation
and 1.4% RSD at the working concentration).

Evaluation of the Intercept. The occurrence of (non-
negligible) ordinate intercept is an indication of sys-
tematic errors, as it can be seen in Fig. 6A. If there
are no matrix effects, adsorption of the analyte, etc.
the regression line must pass through the origin (within
the random error of the experimental values). This is a
prerequisite for the establishment of a single-
point calibration and of the 100% method for the
determination of impurities. The so-called single-point
calibration represents, in fact, a two-point calibration
line where one point equals zero and the other the
standard concentration. The zero intercept can be
demonstrated statistically when the CI (usually at
95% level of significance) of the intercept includes zero.
Again, such a statistical test should be interpreted care-
fully and a statistical significance should be evaluated
with respect to its practical relevance. On the other
hand, a large variability can obscure a substantial
deviation of the intercept from zero. Therefore, as an
absolute parameter, the intercept should be expressed
as a percentage of the analytical signal of a 100%
working concentration. For the acceptance limit, a
basis for orientation may be sought in an acceptable
value for the precision (e.g., 1%-2% for assay). In fact,
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this approach can be regarded as an extrapolation of the
variability at the working concentration to the origin. In
order to avoid weighting effects, very large extrapolation
may be disadvantageous. Even if the required range for
an assay determination is 80%—120%, the linearity for a
single-point calibration should be validated starting with
approximately 10%—50%.

Accuracy

Accuracy by Comparison. For drug substance, the
only possibility of a quantitative assessment of accu-
racy is the comparison to the results of another analy-
tical procedure or to a reference (if established with
other procedures and/or additional characterization).
This can be performed statistically with a r-test (see
statistical textbooks or corresponding software).
However, the shortcomings of these statistical tests
(or better the justification of their use) are especially
important here. It must be taken into consideration
that two independent analytical procedures most
probably differ in their specificity. This may lead to a
systematic influence on the results (Table 2). If the
effect can be quantified, the means should be corrected
before performing the statistical comparison. If a

Table 2 Investigation of accuracy by comparison of an LC
assay procedure with a nitrogen determination according to
Dumas. The content obtained from the latter is corrected for
the amount of impurities determined with LC. The critical
value for the mean t-test is larger than the tabulated one,
therefore, a (statistically) significant difference of the means
is observed. However, the absolute difference between the
two procedures, which have a completely different
methodology, is only 0.89%

No. Content LC (%)  Content N (%)
1 92.93 94.18

2 91.32 93.22

3 92.66 92.84

4 93.50 92.77

5 92.41 92.58

6 92.58 92.77

7 91.27 93.03

8 90.66 92.96

9 91.56 92.96

10 93.17

Mean 92.21 93.03
95% CI 91.53-92.88 92.68-93.39
RSD 1.02 0.50
t-test (df = 17, 95%)

Critical value 2.11

Test value 2.38
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correction is not possible, the presumptions of the
statistical test are violated and the t-test should
consequently not be performed. Instead, it should be
evaluated if the absolute magnitude of the difference
is below an acceptable value (e.g., 2%).

Accuracy by Recovery. Interferences between the
matrix (placebo) and the analyte, adsorption within
the equipment, incomplete extraction of the analyte
during the sample treatment, degradation, etc. can be
verified by spiking known amounts of the analyte
to the matrix (placebo). For example, drug substance
is spiked to placebo (reconstituted drug product) or
impurities/degradants are added to drug substance
or drug product and are subsequently analyzed.
This should be performed as near as possible to the
authentic conditions. Ideally, the drug product is pre-
pared with different contents of active ingredient.
The least authentic approach would be the addition
of standard stock solutions to a placebo solution.

The recovery can be calculated either at each level
separately as a percent recovery, or as a linear regres-
sion of the found analyte vs. the added one (recovery
function) (Table 3).

In the former case, it can be tested, whether the
recovery mean differs significantly from the theoretical
value of 100% (e.g., by the inclusion of 100 within the
95% CI). However, again it should also be taken into
consideration if the absolute magnitude of the differ-
ence is acceptable, especially with respect to impurities
in low concentration ranges.

With respect to the recovery function, the slope and
intercept can be tested vs. the theoretical values of
1 and 0 (by their 95% ClIs) or vs. acceptable limits for
deviation. Due to the different weighting effects, the
two approaches might lead to different results. The
percent recovery calculation gives easily interpretable
results and should therefore be preferred, at least for
narrow working ranges.

It is absolutely essential that the accuracy be vali-
dated with the same quantitation method that is used
in the control test procedure. Recovery deviations
from the theoretical values while performing a calibra-
tion with a drug substance alone may indicate interfer-
ences between the analyte and placebo components.
In such a case, the calibration should be done with a
synthetic mixture of placebo and drug substance stan-
dard. Such interferences may also be detected by the
separate determination of linearity for dilutions of
the drug substance and for a spiked placebo.

Precision
Precision should be measured using homogenous,

authentic samples. According to the ICH recommen-
dation of nine determinations over the whole range,



Analytical Procedures: Validation

105

Table 3 Investigation of accuracy by recovery. Drug substance was added in the solid state to a granulation of placebo tablets
in a range from 80% to 120% of the nominal content of 50 mg. The further sample preparation is performed according to the

control test

Analyte added (mg)

Analyte found (mg) Recovery (%)

39.880 39.640 99.40
40.030 39.950 99.80
40.590 40.140 98.89
49.930 49.780 99.70
49.880 50.180 100.60
50.200 50.450 100.50
60.470 60.050 99.31
60.190 60.490 100.50
60.130 59.830 99.50

Percent recovery (%)

Average 99.80

Difference to theoretical value 0.20

95% CI 99.33-100.27
no significant difference to100%

RSD 0.61%

Recovery function

Slope 1.005

95% CI 0.975-1.036
no significant difference to 1

Intercept —0.353
—1.909-1.202
no significant difference to 0

Relative standard error of slope 0.63%

Coefficient of correlation 0.99942

it may also be measured using artificially prepared
samples or sample solutions, combining the validation
characteristics linearity, accuracy, and precision in one
experimental series. However, it should be noted that a
larger variability can result due to the additional pre-
paration steps. On the other hand, problems of the
sample homogeneity and of the sampling itself
cannot be detected.

It is essential to be absolutely aware of the different
levels of precision, especially if acceptance limits are
defined or if the resulting variabilities are used for
further calculations. Often, the real uncertainty of
results is underestimated, especially with respect to
long-term applications.*? The large variability of the
experimentally determined standard deviation has also
to be taken into account (Fig. 8).

In addition to the ICH levels repeatability and inter-
mediate precision, the system precision, i.e., repeated
injections/determinations of a single sample solution
(also referred to as injection repeatability or injection
precision), provides valuable information. Evaluation
of these data will help us to show that the chosen
equipment is suitable for its intended use. Injection
precision will also become part of the system suitability
requirements of the method and an acceptance

criterion should be appropriately set. In the EP, a
procedure is described which links the maximum per-
mitted injection precision with the specification limits,
thus allowing a specific evaluation of the suitability.”*!
However, this approach requires that the specification
limits are established appropriately, i.e., taking the
analytical and manufacturing variability into
account.*?!

The various levels of precision may be calculated by
means of an analysis of variances.** The overall varia-
tion is divided into the contributions within and
between the series, allowing us to assess the most
sensitive part of the analytical procedure as well as
the robustness (Table 4). Acceptance limits for assay
determinations can be derived from specification
limits established on the basis of experience and the
analytical state of the art. With the former approach,
the suitability of either the specification limits or the
precision of the analytical procedure is tested. Typical
RSDs for system precision of LC assay procedures
should range below 1%, for repeatabilities up to
1-2%, and for intermediate precision/reproducibility
twice the value for the (average) repeatability can be
expected (depending on the amount of variations, time
period, etc.).”>?®! For impurity determinations, the
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Fig. 8 Repeatability standard deviations for several types of drug substance assay procedures obtained from collaborative
studies. The standard deviations from six determinations are ranked in order of increasing values. Cochran’s test was applied
to remove outlying SDs (not shown). The reproducibility was calculated from the remaining means after passing Grubb’s outlier
test. For procedures a—c, the true content is 100%, for d the overall mean is calculated to 96.77%. (Dark gray line) Potentiometric
titration of racemic ephedrine hydrochloride. Thirty-nine laboratories participated, two were removed. The mean repeatability
and the reproducibility are 0.41 and 0.64, respectively. (Medium gray line) UV spectrometry of prednisolone acetate (specific
absorbance). Sixty-four laboratories participated, 12 were removed. The mean repeatability and the reproducibility are 0.63
and 1.38, respectively. (Light gray line) UV spectrometry of cinnarizine (specific absorbance). Sixty-four laboratories partici-
pated, seven were removed. The mean repeatability and the reproducibility are 0.82 and 1.91, respectively. (Light gray line)
LC of cloxacillin sodium. Thirty-four laboratories participated, one was removed. The mean repeatability and the reproducibility

are 0.65 and 0.60, respectively. (Data from Ref.®.)

variability is strongly dependent on the concentration
level. The reproducibility of the sum of impurities
can sum up between 10% and 30%.5”

Detection and quantitation limit

One should be aware that the determined QL (or DL)
is strongly related to the equipment used at the time of
determination. They may represent more system para-
meters than characteristics of the analytical proce-
dure.["®3" They are also dependent on the calculation
procedure applied.

In cases where a general QL is required, as in phar-
maceutical analysis, it is essential to define a realistic
QL (or DL) for the analytical procedure, indepen-
dently from the equipment used, because this limit
has important consequences (e.g., for the consistent
reporting of impurities or for method transfer). They
may be derived by taking QL (or DL) from various
instruments into account (“‘intermediate QL,”” during
the development process) or can be defined taking
the requirements of the control test (specification limits
imposed by toxicology or by a qualified impurity pro-
file) into consideration. For example, a QL which

amounts to 50% of the specification limit would allow
an appropriate quantitation. For unknown impurities,
the ICH reporting thresholds of 0.05% or 0.03%*
can be defined as QL. During validation, it is just
verified, that the actual QL is below the defined limit
(regardless of how much below).”® For this purpose,
each of the approaches described in the ICH guideline
can be used.

Calculation from Noise. For chromatographic meth-
ods, DL and QL can be calculated from the noise. Here
the (random) fluctuations of the baseline performing a
blank injection is regarded as ‘“noise.”” It is recom-
mended to obtain the difference between the highest
and the lowest signal (amplitude) in a range corre-
sponding to at least 20 peak widths of the (expected)
analyt