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Abstract

There are no guidelines regulating the technologies available for Fallopian tube occlusion. Generally accepted
regulatory requirements cannot be applied directly to the safety assessment of these technologies. The more
appropriate guidelines are those regulating medical devices. Each method has to be evaluated on its own merits taking
into consideration the duration of contact with tissue and the chemical and physica composition of the occlusive

agents.
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1. Introduction

The techniques available for Fallopian tube
occlusion have been developed either to sclerose
the tubular lumen or to serve as occlusive agents.
There are chemical sclerosing agents, notably
quinacrine [1], but in the main, the technologies
are best classified as devices, for they do not rely
on their pharmacological action to achieve the
intended effect [2]. Medical devices are produced
from biomaterials. The study of biomaterials is
usualy a study of mixtures rather than of asingle
chemical entity.

The generaly accepted guidelines and regula
tory requirements apply to chemicals but are not
directly applicable to the safety assessment of
biomaterials. As the chemical composition of
these agents and their modes of use and applica-
tion differ widely, it is not possible to establish a
standard package of safety tests: each agent hasto

be evaluated on its own merits, on the basis of its
intended clinical use, chemical composition, dura-
tion of contact and possible metabolism or degra-
dation. Priorities for safety testing can be
established and a set of safety evaluations can be
devised to support applications for registration.
The testing of chemicals, biomaterials and medi-
cal devicesisdirected to biosafety and biocompat-
ibility.

2. Safety tests

2.1. Biosafe ty

Chemical and physical properties of the biomate-
rial or device. The biomaterial should be chemi-
cally defined and the impurities should be known.
Impurities are often starting materias, or are
process intermediates or degradation products.
With some compounds, the potential for toxicity
can be identified before testing in vivo is started.

0020-7292/95/$09.50 © 1995 International Federation of Gynecology and Obstetrics

SSDI0020-7292(95)0257 | -S

Toxicological requirements for sclerosing agents or other chemicals for female sterilization.

X-6



International Journal of Gynecology and Obstetrics 1995; 51(Suppl):S41-S45. - (CREATED FROM SCANNED DOCUMENT,

PLEASE REFER TO ORIGINAL)

$42 R. Heywood / International Journal of Gynecology & Obstetrics 51 Suppl. 1 (1995) S41-545

Some preformed devices may have to be steril-
ized, maximal allowable concentrations of
ethylene oxide (5 ppm), ethylene chlorohydrin (10
ppm) and ethylene glycol ( 10 ppm) have been
proposed for intrauterine devices by the US Food
and Drug Administration (FDA) [3].

The physical properties of the biomateria give
indications of its potential to cause damage. inter-
action with water and proteins, ion exchange,
oxidation and biodegradation are parameters that
should be considered.

3. Toxicity tests

3.1. Safety/compatibility tests

The United States Pharmacopoeia (USP XXI)
and Nationa Formulary (NF XVI) has produced
guidelines for Biological Tests for Plastic Contain-
ers, Transfusion and Infusion Assemblies, elas-
tomeric closures, and containers for ophthalmics
[4]. These compendial tests have been adapted for
evaluating the safety of awide variety of biomate-
rials and medical devices. Evauation of medical
devices for biological hazards is now covered by
guidelines laid down by organizations such as the
American Society for Testing Materials (ASTM)
and the British Standards Institute (BSI). Testsin
the UK are carried out according to British Stan-
dard 5736 [5]. The British Standard 5736 ad-
dresses the evaluation of medical devices by
categorization based on the end use of the device
(long-term implant, long-term or repeated contact
with a mucosal surface or ocular tissue, short-
term use within the body or contact with a mu-
cosal surface or skin). The tests rely on simple
procedures in vivo in laboratory animals in which
the test materials, or extracts of the materials, are
administered.

The standard models for toxicological evalua-
tion of biomaterials are systemic and local toxicity
models with variable periods of duration [6]. In
the systemic models, an extract of the material is
the test article. The British Standard 5736 requires
that extracts of the test material be prepared using
polar (0.9% saline) or non-polar (cotton seed ail
USP) solvents. The extraction procedures are
defined. For the USP XXI tests, extracts are aso
required in acohol/sdine and polyethylene glycol
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400. The extracts are then tested in animals using
either an intravenous or an intraperitonea route
of administration.

Toxicity testing or any statistical exercise based
on toxicological data cannot demonstrate an ab-
sence of toxicity, but one can, by defining toxic
events, deduce doses that cause” no effect. The
no-effect leve is an important concept for regula-
tory agencies, for it is the basis for assessing
safety and establishing acceptable daily intakes. In
these tests for systemic biosafety, the limitations
of the model do not permit demonstration of
toxicity. Low levels of potentially toxic substances
are found in the extracts obtained from biomateri-
als but the volume that can be administered intra-
venoudly is limited by the vascular volume of the
rodent model. Using the intravenous route of
administration, exposure is maximized by giving a
bolus injection of an extract. The intraperitoned
route of administration appears to minimize the
rate of absorption.

The local toxicity models for biomaterias are
intracutaneous injection, subcutaneous implanta-
tion, muscle implantation or direct application to
the skin or to mucous membranes. The loca
toxicity models have been shown to be more
sengitive than the systemic toxicity models. There
is aso a high correlation between cytotoxicity in
vitro and implantation tests in vivo. The US
Pharmacopoeia proposes reductions in the use of
animals in compendial testing.

3.2. General toxicology

If the sclerosing agent is a single chemical or a
mixture of chemicals, then the regulations relating
to proprietary medicinal products apply. Repeat-
dose toxicity tests are required to reveal any phys-
iological and/or pathological changes induced by
repeat administration of the active substance or
combination of active substances under examina-
tion, with due regard to the route of administra-
tion (intrauterine) and the pharmacokinetic
properties of the test compound(s). The duration
of the study is defined by the proposed frequency
and duration of clinical use, the route of applica-
tion to humans, the reproductive physiology of
the test animal species and the pharmacokinetic
characteristics of the compound(s).

Toxicological requirements for sclerosing agents or other chemicals for female sterilization.
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3.3. Reproductive studies

Despite the generaly low predictive value of
these studies, chemicals will have to be investi-
gated to determine if there are embryotoxic or
teratogenic effects of in utero exposure. If the
method is not 100% efficient in blocking the
Fallopian tubes, a fertility and general reproduc-
tive study may be required. There are technical
problems in conducting reproductive studies with
devices and biomaterials.

3.4. Genotoxicity

The EEC regulations [7] require that chemicals
used for medical purposes are subjected to tests to
define their mutagenic potential. These tests are
directed to investigating gene mutations in bacte-
ria and mammalian cells and cytogenetics in vivo
(usually a micronucleus test monitoring gross
chromosomal damage in rodent bone marrow)
and in vitro (usualy a metaphase anaysis in
human lymphocytes or CHO cdlls).

3.5. Carcinogenicity

If achemical isretained in tissue or if a device
or biomaterial is to be left in situ over a long
period it may be necessary to test the potential for
carcinogenic hazard. This can be done only by
lifetime studies in rodent models.

3.6. Immunogenicity

Foreign substances may be capable of activat-
ing the immune system by functioning as antigens.
Low-molecular weight chemicals are not antigenic
in themselves but may become immunogenic after
binding with tissue or body fluid macromolecules.
Hypersensitivity reactions occur as a consequence
of antigenic stimulation and tissue damage may
result.

3.7. Hemolytic and thrombogenic effects

When blood comes into contact with an artifi-
cia surface, a complex series of reactions occurs.
These reactions are controlled by the psysico-
chemical nature and structure of the surface of the
material, blood composition and non-physiologi-
cal blood interfaces and blood flow rate. Tests are
available to measure blood interaction and the
potential for thrombogenesis. Most of the systems
reported are in vitro.

3.8. Biocompatibility

Biocompatihility is related to the safety in use
of medical devices and is defined as the ahility of
a material to perform with an appropriate host
response in a specific application. The emphasisis
on the active role of the biomaterial, although
there is a relationship with both the safety and
efficacy of the device.

Test procedures are required that alow bio-
compatibility to be characterized. Biocompatibil-
ity is concerned with the behavior of the host
tissue and of the host in response to contact with
the material or its released substances, and with
the behavior of the material implanted in the host
tissue. It is difficult to study these parameters
together. Tests are often reduced to an assessment
in vitro of the interface of a human cell system
with the biomaterial. Two protocols are usually
followed, the first investigating the direct cyto-
compatibility with the biomaterial, the second
investigating by means of material extracts pre-
pared from the test biomaterial, the indirect cyto-
toxicity of products released from the biomaterial.
These studies can be directed to investigating
basal cytocompatibility, specific biocompatibility
and assessments using prolonged contact times.
For basal cytocompatibility the parameters that
can be measured include viability, proliferation,
cell cycle, cel protein and plasma membrane lysis.
For specific biocompatibility, tissue morphology,
and concentrations of collagens, non-collagenous
proteins or specific enzymes can be assessed. Col-
onization of the material by cells can be assessed
using prolonged contact times; the indices that
can be monitored include cell attachment, spread-
ing, mobility, cel and interface morphology, as
well as the material surface modification and/or
biodegradation.

To test for foreign body reactions, mechanical
and chemical stress effects, toxicity and integra-
tion into the implant site, appropriate studies in
vivo may have to be considered.

4. Product evaluation

These tests must address the adverse effects of
biomaterial applied in a manner similar to that
proposed for use in humans. The application or
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implantation of the material should be consid-
ered, together with the performance, resistance to
wear and tear, and tissue compatibility.

5. Discussion

The regulatory viewpoint on the safety of bio-
materials is confused. Drug regulations are found
in most countries, whereas medical devices are
regulated only in a limited number. Some coun-
tries where medical devices and biomaterias are
regulated have assigned devices to different regu-
latory classes. Devices pose different types of risk:
the risk of a device used in a life-threatening
situation is very different to the risk of a device
used for sterilizing healthy humans. If a device is
of asimilar type or principle as one that has been
marketed previoudy, then in use experience gives
good guidance.

The importance of defining the chemical and
physical characteristics of a biomaterial before
testing starts in vivo cannot be overemphasized,
for many potential hazards can be identified. For
example, acrylate copolymers may contain resid-
ual amounts of acrylamide monomer. Silicone
elastomers came under suspicion because they
contained stannous octoate, hydrolysis of which
yields 2-ethylhexanoic acid, and questions of
safety have been raised with respect to the latter.
Cyanoacrylates were widely used as tissue adhe-
sives, as they polymerize when placed on tissue.
Recently, these compounds have falen into disfa-
vor because of their irritant properties and their
rapid degradation to products including formalde-
hyde and cyanoacetate, which were considered to
pose a potentia toxic hazard.

It is possible to design materials with surfaces
that reduce immunological bioincompatibility.
Complement activation induced by artificial mate-
rials requires the presence of OH and/or NH
‘acceptor sites that allow the covaent binding of
C3b molecules to the surface.

The., tests for biocompatibility are largely a
search for biologically active extractables. A bat-
tery of tests is used because of the variety of
extractables that may be present in a material and
the various mechanisms by which they exert their
biologica effects. The test procedures are compro-

mises, for quantification and quaification of any
components released from the device are nearly
always impossible. It is usualy possible only to
demonstrate that no adverse effects are produced
in tests that are undertaken currently.

All biomaterials induce host reactions. The
more biocompatible materials may induce host
reactions that can be beneficial: for example, mice
in which silicone rubber is introduced subcute-
neously show increased resistance against Listeria
monocytogenes infection and against the Lewis
carcinoma [8§].

If the method of obstructing Fallopian tubes is
not 100% effective, then the possibility of terato-
genic risk is real. Anima studies are of vaue in
assessing the risk of embryotoxicity and terato-
genic effects. However, the risk of ectopic preg-
nancy can only be assessed in careful clinical trial.

Materials used for sclerosing or obstructing the
Fallopian tube do not present a significant risk
with respect to immunotoxic potential and their
contact with blood is limited.

Mutagenicity tests give rise to a number of
false-positive and false-negative results. A positive
mutagenic test is a matter of concern to the
regulatory authorities: for example, residues such
as acrylamide have a potential to cause clasto-
genic damage. Similarly, the anti-maarial drug
quinacrine has been suggested as a potential scle-
rosing agent; however, quinacrine is a mutagen in
bacterial test systems, it is a DNA intercalator
and there is evidence that it inhibits DNA exci-
sion repair [9]. Such positive data will have to be
put into a biological context before quinacrine
can be developed for international markets.
Genotoxicity data provide a basis for support of a
carcinogenic hazard; hereditable mutation as a
separate end point is an academic concept, for no
chemica with such properties has been identified
and there is no way of obtaining human evidence
of such an event. The genotoxic risk of biomateri-
as should not be overemphasized.

Some authorities insist that biomaterials and
devicesto be used in the uterus or Fallopian tubes
must be implanted in rodents to demonstrate the
absence of carcinogenic risk. These studies are
nonsensical and are a profane use of animals.
Neoplastic responses to intralumina foreign ma
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terials in rats are well documented. Stedl cails,
polyethylene rods, cotton string with paraffin-
vinyl copolymer mixtures and silk sutures im-
planted into the uteri of rats, have all been shown
to induce squamous cell carcinomas [10-12]; in-
deed, isolated foci of squamous metaplasia can be
induced with silk sutures in uteri of ovariec-
tomized rats within 10- 14 days. In rats, a decid-
ual reaction is caused by the foreign body, which
reaction can progress through to tumors in these
animals.

It may be difficult to evaluate a prototype
device or a miniature of the device using animal
models; devices used in humans cannot aways be
administered or implanted into laboratory ani-
mals. For example, in macague monkeys the tor-
tuous configuration of the endocervical cand
necessitates surgical insertion of intrauterine
devices by hysterotomy. Some of the materials
used for occlusion are injected in a viscous state
and form in place. If a material is to be intro-
duced into the Fallopian tube, the possibility of
spillage into the peritoneal cavity must be consid-
ered as a secondary hazard. However, the long-
term implantation of materials and devices in
anima models does give some indication of per-
formance and wear and tear of the product, to-
gether with indications of tissue compatibility.

Chemical sclerosing agents pose particular
problems, for if these materials are to be used
then they must be delivered to the appropriate site
in precise quantities. The technology to carry out
such a procedure as aroutine is not available. The
use of quinacrine is controversial and many safety
issues remain unresolved. Tissue promoters and
the new collagens may be potential new materials,
but their use is dependent on developing asimple,
reliable, non-incisiona transcervical approach of
delivery.

On the basis of knowledge of the clinica use of
chemicals and biomaterials, the site of applica-
tion, the duration of contact with human tissue

"
\

and the chemical and physical composition, a list
of priorities for safety testing for each product
can be established. One must hope that any future
regulation will focus on real issues of safety to
humans, rather than on organizational or eco-
nomic issues, and will take international aspects
into consideration.
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