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Chairrﬁan's Introduction

H. O. CONN

Veterans Administration Medical Center, West Haven,
and Yale University School of Medicine, New Haven,

Connecticut, USA

“The truth is more important than the
facts.”
Frank Lloyd Wright

Several years ago I was one of a group of
hepatologists who was introduced to and asked to
evaluate (+)-cyanidanol-3 (Catergen®); which has
now officially been given the international non-
proprietary name, cianidanol. At the time only a
few clinical papers describing (+ )-cyanidanol-3 in
acute viral hepatitis and several basic pharmaco-
logical papers had been publishca. The panel of
physicians of which I was a member was not overly
impressed with these meagre data, and recom-
mended that additional studies of the mechanism
of action be obtained and that additional con-
trolled clinical trials be performed.

About the end of 1979, Dr Gerard Golden of
Zyma SA told me that a number of these controlled
clinical and basic investigations had been com-
pleted or were in progress, and invited me to
servep as chairman of a’ workshop to assess
(+)-cyanidanol-3 in hepatic disorders." I agreed
with certain provisions: firstly, that I be free to
appoint a select committee of:experienced investi-
gators of stature in the profession and of im-
peccable integrity—in current sporting parlance
they could be called “‘world class™; secondly, that
my committee and I would be free to design the
format and select the programme; thirdly, that all
investigators who had studied this agent would be
invited to submit abstracts from which the prg-
gramme would be selected; fourthly, that the
proceedings of the workshop would be published
(“win, lose or draw”, I believe were my exact
words).

Without hesitation, Dr Golden replied: “Of
course”. It was a response that might well send a
gambling man directly to his stockbroker. During
the preparation for the workshop, Dr Golden and

his associate, M. Michel Yosbergue have been
extremely supportive in all professional aspects of
his programme and were fully in charge of all
administrative aspects. i

Each member of the select committee, none of
whom had any special knowledge of or previous
involvement with (+ )-cyanidanol-3, was selected
to moderate one session and to present a State of
the Art lecture in an arga of his expertise. They
are listed in order of the sessions they moderated:

Pharmacology Professor Curtis D. Klaassen
of the University of Kansas
School of Medicine.

Clinical Professor Rudolf Preisig of

pharmacology  the University of Berne.

Acute viral Professor Arie J. Zuckerman

hepatitis of the University of London.
Professor Jay H. Hoofnagle
of the National Institutes of
Health.

Chronic hepatitis  Professor Hyman J. Zimmer-
man of the George Washing-
ton School of Medicine.

Alcoholic Professor Niels Tygstrup of

hepatitis the University of

Copenhagen.

Drug induced Professor Steven Schenker of

hepatitis the Veterans Administration
and Vanderbilt University
School of Medicine.
Summary Professor David Sackett of
session McMaster University,

Ontario.

The format of the symposium was designed as
follows. Each session was initiated by a State of
the Art presentation by one of the committee mem-
bers. In the pharmacology sessions, it outlined the
evaluation of a new therapeutic agent, focusing on
those used in the treatment of liver diseases. In each

Conn, H. 0., Ed., (+)-Cyanidanol-3 in Diseases of the Liver, International Workshop (Royal Society of Medicine
International Congress and Symposium Series No. 47); Crans-Montana, Switzerland 1981, 284 pages; published
Jointly by Academic Press Inc. (London) Ltd and the Royal Society of Medicine.
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clinical session the State of the Art presentation
served as a yardstick against which the effects of
(+)-cyanidanol-3 could be compared in the dis-
order under discussion. The remainder of each
session consisted of shorter presentations selected
from submitted abstracts. Selections were made
exclusively on the basis of the excellence and
objectivity of the studies. In some of the papers
selected only the design of the study was known;
the results of these investigations were not avail-
able at the time of selection. No controlled,
randomized and double-blind study was excluded.
Most presenters were allotted 10 minutes. Pre-
viously published papers were assigned 5 minutes,
except when additional new information was to be
presented. Discussion periods were scheduled after
every group of papers.

' Our goals in publishing the proceedings are to
indicate the status of pharmacological and clinical
knowledge about (+)-cyanidanol-3 at the time
of the workshop, to permit comparison of (+)-
cyanidanol-3 as a therapeutic agent with other
modes of treatment in current use and to collect
in one place all of the available information about

H. 0. Conn

(+)-cyanidanol-3. To this end we have included
a complete bibliography of all papers on the agent
published including those submitted to or. pre-
sented at the workshop. We hope therefore that
this volume will serve as the definitive reference
source about (+ )-cyanidanol-3 for the forseeable
future. .

Because the programme was so busy—12 State
of the Art lectures, 33 scientific presentations and
8 summations—a tight schedule was necessary. All
speakers regardless of colour, creed, national
origin or their own assessment of the importance
of their data were requested to adhere to the time
assignments. To assist the speakers, M. Bernard
Chevallier was assigned the thankless task of time-
keeper, which he performed with aplomb and
precision based on his long musical experience as
a conductor, employing the clear, unignorable
tones of a Swiss cowbell. Never have so many said
so much so punctually.

We hope that this volume provides everything
the reader wanted to know about liver disease and
(+)-cyanidanol-3 but didn’t know whom to ask.



Pharmacology
Moderator: C. D. Klaassen

" State of the Art

Pharmacological and Toxicological
Evaluation of a New Therapeutic Agent

C. D. KLAASSEN

Department of Pharmacology. University of Kansas

Medical Center, Kansas City, USA

The history of drug regulation reflects the growing
involvement of governments of most countries to
assure the highest degree of efficacy and safety in
marketed medicinal agents. The first act in the
USA, the Federal Pure Food and Drug Act of
1906, was concerned only with the purity of drugs.
There were no restrictions on drug sales nor any
obligations to establish efficacy and safety. How-
ever, few new drugs were marketed between 1908
and the advent of the sulphonamides in the
mid-1930s. The Federal Act was amended in 1938,
following a series of deaths that resulted from
the marketing of a solution of sulphanilamide in
diethylene glycol, an excellent but highly toxic
solvent. The amended act, which is enforced by
the Food and Drug Administration (FDA), was
primarily concerned with the labelling and safety
of drugs. Toxicity studies were required, as well as
approval of a new drug application (NDA), before
“a drug could be promoted and distributed. How-
ever, no proof of efficacy was required. Drugs
could go from the laboratory to clinical testing
without approval from the FDA.

Research in basic and clinical pharmacology
flourished during this era, resulting in the intro-
duction of many new drugs. The risk-to-benefit
ratio was seldom mentioned, but it emerged in a
dramatic fashion early in the 1960s. At that time
thalidomide, an hypnotic agent, was introduced in
Europe. The incidence of a relatively rare birth
defect, phocomelia, increased and soon reached
epidemic proportions. Retrospective epidemiologi-
cal research firmly established the causative agent
to be thalidomide, taken early in the course of preg-
nancy. The reaction to the dramatic demonstration
of the teratogenicity of thalidomide was world-
wide. In the USA it resulted, in 1962, in the

Harris-Kefauver Amendment to the Federal Pure
Food and Drug Act. 3

The Harris-Kefauver Amendment is sound legis-
lation. It requires extensive pharmacological and
toxicological research before a drug ean be tested
in man. The data from such studies must be sub-
mitted as an Investigational New Drug (IND)
application and approved by the FDA before
clinical studies can begin. Proof of efficacy and
documentation of relative safety in terms of the
risk-to-benefit ratio for the disease to be treated
are both required. Three extensive phases of clinical
testing must be completed before a new drug appli-
cation (NDA) can be submitted.

Any new drug, therefore, must be submitted to
a set of animal tests before administration to man.
While there are no absolute requirements in the
USA as to which tests are necessary before ‘a
drug can be marketed, general guidelines have
developed. Information generally deemed neces-
sary before a chemical substance can be adminis-
tered to man includes data on chemical and physical
properties, deposition and pharmacokinetic be-
haviour and pharmacological and toxicological
activity.

The various chemical and physical data relating
to a drug should be known before it is given to
man, or even to animals. The chemical structure
is extremely important because the experienced
toxicologist might predict the toxic effects of the
drug by comparing it to compounds with similar
structures and functional groups for which the
toxicology and pharmacology are known. Drug
purity is also important. Whilst it is ideal to test
and sell the pure chemical, this is not always
feasible. If the chemical is not pure, the identity
and composition of the impurities should be deter-

Conn, H. 0., Ed., (+)-Cyanidanol-3 in Diseases of the Liver, International Workshop (Royal Society of Medicine
International Congress and Symposium Series No. 47); Crans-Montana, Switzerland 1981, 284 pages; published
Jjointly by Academic Press Inc. (London) Ltd and the Royal Society of Medicine.
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mined. The toxicity tests should be performed with
the same purity of substance as that sold to the con-
sumer. The stability of the drug should also be
known, including its stability in the diet to be
administered, before subchronic and chronic ex-
periments are performed. Stability at various pH
values, especially at low pH like those found in the
stomach, to which the chemical is exposed, after
oral administration and in feeding studies should
be determined. The dissociation constant and the
organic solvent-water partition coefficient of the
drug should be known. These parameters will give
the toxicologist some idea of the absorption and
distribution of the substance, and of the effect of
urinary pH on its excretion.

Information on the disposition and pharmaco-
kinetics of a drug are invaluable in evaluating its
safety. Data on absorption of the drug from all
clinically anticipated routes of administration are
desirable. Distribution to various tissues is often
determined by using the radioactively labelled
drug. The extent of binding to plasma proteins is
important because significant drug interactions
may occur with other agents that are also bound
to these proteins. The identities of major bio-
transformation products are also highly relevant
as are the major pathways of excretion. The half-
life of the drug in the blood is important in deter-
mining dosage schedules and whether it is likely to
be cumulative. Knowledge of the chemical agent’s
effects on drug metabolizing enzymes would again
help to predict potential drug interactions.

The pharmacological properties of the new sub-
stance, in addition to those effects for which it is
to be marketed, should be delineated. At the least,
its action on the cardiovascular system, the influ-
ence of the drug on the electrocardiogram, heart
rate, blood pressure and regulatory mechanisms
should be delineated. Its effects on the sympathetic
and cholinergic branches of the autonomic nervous
system and its interaction with histamine and the
histaminergic receptors should also be examined.
Central nervous system effects are extremely
important. It should be determined whether the
drug produces sedation and/or ataxia, whether it
has convulsant, anticonvulsant, and/or analgesic
properties and the dose required to produce these
effects. In studying any new drug’s influence on
renal function, its effect on urine production, urine
osmolarity and sodium excretion are commonly
measured.

The first toxicity test performed on a new
chemical substance is determination of the LD,
by two routes of administration (usually oral and
i.v., one being the intended route of exposure) in
several species. Those most often used are the
mouse, rat, rabbit and dog. In the mouse and rat
the LD, is usually determined using considerable

C. D. Klaassen

numbers of animals, but in larger species only an
approximation of the LD, is obtained by increas-
ing the dose until serious toxic effects are demon-
strated. The number of animals that die in a 7 or
14 day period after a single dose is tabulated. In
addition to mortality, periodic examination of test
animals should be conducted for signs of intoxi-
cation, lethargy, behavioural modifications or
morbidity. .

The ability of a chemical substance to irritate the
skin and eyes after acute exposure is usually deter-
mined in the rabbit. For the dermal irritation test,
rabbits are prepared by removal of the fur on a
section of their backs. The substance is applied to
the skin under a covered patch and usually kept
in contact for a period of either 4 or 24 h. The
degree of skin irritation is scored for erythema
and eschar formation, presence of oedema and
corrosive action. These dermal irritation observa-
tions are repeated at various intervals after the
covered patch is removed. To determine ocular irri-
tation, the agent is instilled into one eye of each
rabbit. Both eyes are then examined at various
times after application.

Toxicity after subchronic exposure is then deter-
mined. Subchronic exposure tests may last for
different periods of time, but 90 days is the most
common test duration. The subchronic study is
usually performed in two species (rat and dog) by
the route of intended use or exposure. At least three
doses are employed: a high dose which produces
marked toxicity, a low dose which produces no
toxic effects and an intermediate dose. Usually,
15 rats of each sex and four dogs of each sex are
used per dose.

Observations on these test animals include mor-
tality, body weight changes, dietary consumption,
haematology and clinical chemistry. Haematology
measurements usually include haemoglobin con-
centration, haematocrit, erythrocyte counts, leuco-
cyte counts (including differential counts), clotting
and prothrombin times. Clinical chemistry deter-
minations commonly made include glucose, urea
nitrogen, glutamic-pyruvic transaminase, alkaline
phosphatase, creatinine, bilirubin, triglyceride and
cholesterol. At the end of the experiment, the gross
and microscopic condition of thé organs and tissues
(from 15-20) and the weight of various organs
(about 12) are recorded and evaluated. Subchronic
toxicity studies characterize the dose-response
relationship of a test substance following repeated
administration and also provide data for a more
reasonable prediction of appropriate doses for the
chronic exposure studies.

After completion of acute and subchronic studies
and any special studies that might be required
because of the known toxicity of the class of agents,
one may file an Investigational New Drug or IND
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to the FDA and, if approved, clinical trials can
commence. At the same time that Phase I, Phase I1
and Phase III clinical trials are being performed,
chronic exposure to the test compound can be per-
formed in laboratory animals as well as any
additional, specialized tests.

Long-term or chronic exposure studies are per-
formed in a way similar to subchronic studies, ex-
cept that the period of exposure is longer, and is
somewhat dependent on the intended period of ex-
posure in man. If the drug is planned to be used for
short periods of time, as is the case with an anti-
microbial agent, a chronic exposure of 6 months
might be sufficient. However, if the drug will be
used in man for a much longer duration, then a
chronic study of 1-5-2 years is likely to be required.

Chronic exposure studies are often used to
determine the carcinogenic potential of chemical
substances. Such studies are usually performed in
rats and mice and extend over the average lifetime
of the species. Thus, the exposure time for a rat
is 2 years. To assure that 30 rats per dose survive
the 2 year period, 60 rats per group per sex are
often started in the study. Gross and microscopic
pathological examinations are made on those
animals that survive the chronic exposure and also
on those that die early.

The teratogenic potential of chemicals is also
determined in laboratory animals. Teratology is
defined as the study of malformations induced
during development from conception to birth.
Teratogenic studies are usually performed in rats
and rabbits with two doses of the test chemical
(both of which produce no maternal toxicity).
Teratogens are most effective when administered
during the first trimester, the period of organo-
genesis. Thus the animals are usually exposed on
days 6-15 of gestation and the foetuses removed
by Caesarean section prior to the estimated time
of delivery.

The uterus is examined for the number of im-
plantations and dead and living foetuses are
counted, weighed and examined grossly. Some
foetuses are examined histologically and others are
stained for skeletal abnormalities. Since teratogens
can produce functional as well as morphological
changes, functional changes in the offspring, such
as changes in behaviour, are sometimes monitored
at various times after delivery.

Fertility and reproductive toxicity studies are
usually performed in rats at dosage levels similar
to those used for the teratology investigations. In
a typical reproductive study the male parent is
given the agent for 60-80 days and the female for
14 days prior to mating. The percentage of animals
that become pregnant is determined, together with
the number of still-born and live offspring, their
weight, growth, survival and general condition
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during the first 3 weeks of life. The perinatal and
postnatal toxicities of chemical agents are also
often examined by administering the test agent
to the rat from day 15 of gestation throughout
delivery and lactation and determining its effect on
birth rate, survival and growth of the offspring.

Investigation of the mutagenic potential of the
chemical substance is becoming increasingly im-
portant. Mutagenesis is the ability of chemicals to
cause changes in the genetic material in the nucleus
of the cell in ways that can be transmitted during
cell division. If mutations are present in genetic
material at the time of fertilization in either egg
or sperm, the resulting genetic combination may
not be viable and death may occur in the early
stages of embryonic cell division. Alternatively, the
mutation in the genetic material may not affect
early embryogenesis but may result in death of the
foetus at a later developmental period and abor-
tion. Congenital abnormalities may also result
from mutations.

Since initiation of chemical carcinogenesis is
thought to be a mutagenic event, mutagenic tests
are often used to screen for potential carcinogens.
Several in vivo and in vitro procedures have been
devised to test chemicals for their ability to cause
mutations. Since some mutations are visible with
the light microscope, cytogenic analysis of bone
marrow smears after exposure to the test agent is
often employed. Since most mutagens are incom-
patible with normal development, the mutagenic
potential of a substance can also be measured by
the dominant lethal test, usually performed in
rodents. The male is exposed to the test compound
for 3 months and then mated with two untreated
females. The females are sacrificed before term and
the number of live embryos and corpora lutea
determined.

The mutagenic test receiving the widest attention
at the present time is the reverse mutation test
developed by Ames and colleagues. This test uses
a mutant strain of Salmonella typhimurium that
lacks coding for the enzyme phosphoribozyl ATP
synthetase, which is required for histidine syn-
thesis. Thus, the strain is unable to grow in a histi-
dine deficient medium unless a reverse mutation
has occurred. Since many chemicals are not muta-
genic or carcinogenic unless they are transformed
to a toxic product by the microsomes of the endo-
plasmic reticulum, rat liver microsomes are usually
added to the medium containing the mutant strain
and reverse mutation is then quantitated by the
growth of the strain in a histidine deficient medium.

The overall purpose of these tests is to determine
the biological effects which a chemical substance
can produce in the mammalian system. Special
attention must be given to determine whether these
effects also occur in man. The difference in dose
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between that required to produce the therapeutic the drug’s relative safety, in terms of risk-to-
effect and that which produces undesirable effects  benefit, for the condition to be treated.
must also be assessed, in an attempt to determine )
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Biochemical, Pharmacological
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(+)-Cyanidanol-3 (Fig. 1) is a naturally occur-
ring flavonoid with the composition (+)-3",4",5,7-
tetrahydroxyflavan-3-ol. It is also known as (+)-
catechin. It has the empirical formula C,sH, 0,
molecular weight 290-28 and a melting point of
210°C. It has recently been found to be active

as a hepatotropic drug in a systematic biochemi- -

cal, pharmacological and toxicological evaluation
(Bertelli, 1975).

Pharmacology and Biochemistry

The pharmacokinetic behaviour of (+ )-cyanidanol-
3 was studied with regard to absorption, distri-
bution, metabolism and excretion with oral and
parenteral administration in the rat, rabbit, guinea-
pig, monkey, and in man, The drug is readily
absorbed from the gastrointestinal tract and metab-
olized mainly in the liver. The unchanged substance
and metabolites are excreted in the urine and
bile (Das and Sothy, 1971). One major metabolite
is 3’-O-methyl-(+ )-cyanidanol-3 (Shaw and Grif-
fiths, 1980).

Numerous classical pharmacological models
have been used to establish the hepatotropic
activity of (+4)-cyanidanol-3 on experimental
steatosis, necrosis, inflammation, cholestasis and
fibrosis of the liver. (+)-Cyanidanol-3 showed
protective activity against specific hepatotoxic
agents like CCl,, CCIl;Br, phalloidin, galacto-
samine, paracetamol, ANIT, depletors of hepatic
glutathione (diethylmaleate, vinylidene chloride,
phorone and ethanol), ethionine and orotic acid,

as well as against steatosis induced by specific
dietary regimens (Bertelli, 1975; Kdster-Albrecht
et al., 1979; Wiinsch and Heine, 1979; Younes
and Siegers, 1980). From the experimental models
employed certain conclusions about possible mech-
anisms of action may be suggested.
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Figure 1.

(1) (+ )-Cyanidanol-3 acts as a radical scavenger
and anti-oxidant (Slater and Eakins, 1975) in
vitro and in vivo, thus preventing lipid peroxida-
tion (Koster-Albrecht ez al., 1979; Kappus et al.,
1979) induced either by halogenated hydro-.
carbons or by depletion of hepatic glutathione
content (Younes and Siegers, 1980).

(2) (+)-Cyanidanol-3 changes the basic proper-
ties of cytoplasmic and other cell membranes. In
particular, this substance reduces the membrane
permeability of low molecular weight solutes
transported by free and exchange diffusion. The
agent appears to be adsorbed at the membrane
site, thus exerting stabilizing properties as indi-
cated by a shift of the transition temperature of
the liquid crystal state to the solid gel state of
membrane lipids (Ring et al., 1976, 1977).
Some additional features of the mode of action

Conn, H. 0., Ed., (+)-Cyanidanol-3 in Diseases of the Liver, International Workshop (Royal Society of Medicine
International Congress and Symposium Series No. 47); Crans-Montana, Switzerland 1981, 284 pages; published
Jjointly by Academic Press Inc. (London) Ltd and the Royal Society of Medicine.



