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NON-HUMAN PRIMATES IN CONTRACEPTIVE RESEARCH

By

Joseplh W. Goldzicher, Sharad Joshi
and Duanc C. Kiacmer

ABSTRACT

An cxtensive review of the use of non-human primates in contraceptive
vescarch was compiled in Decanbed 19710 An cffort has been made to
updale ceitain topics from that symposium, specifically (1) similaiitics
and dilfciences belween humans and other primates with respect lo
gamelogenesis and gemete (ransport, implantation and ovim development,
sexual cycles and sexual belaviour; (2) metabolism of steroids in non-
human primates; (3) certain metabolic offects of sternids in non-human
primates, canines, and humans; and, (4) the seievance of certain aspects
of toaicity, such as tumorigenesis, when sludied in non-human prinates
and othar species

I. Comparative 1efraductive physiology

Introduction

In December 1971 a symposium was convened by the World Health Oi -
nization in collaboration with the Ministiy of Health of the USSR to consides
the valuc of non-huinan primates as animal models for the study of problems
in human reproduction. The proccedings have been published in book form
(The Use of Non-Human Primates in Rescarch on Human Reproduction; Karo-
linska Institutet, 1972) and as Supplement 166 of Acla endocrinologica. The
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present communication is intended as a supplement to that volume, sum-
marizing information which has become available since that time and pre-
senting cerfain data not covered in that symposium. We have tried to avoid
repetition as much as possible, and we acknowledge our great indebicdness to
the wealth of information which was compiled. Other relevant surveys which
have appearced since that time deal with comparative anatomy of the reproduc-
tive tract of non-human piimates (I7ill 1972), compaiative biology of non-
human primates (Hafcz 1971), the biology of human conception and coitra-
ception (Hafez & Evans 1973}, and the pharmacology of progestalional com-
pounds in man and non-primate laboratory auimals (Tausk 1972).

Gamelogenesis

Basically, the process of gamelogenesis appcars to be very similar in man
and other primates, although theie are some differences in detail, and there is
much that is not documented in many species. There are two recent reviews of
gametogenesis in non-human primates (Butler 1971; Baker 1972). Tt is unlikely
that gametogencsis is the same in any non-human primate species as in man,
if for no other reason than that the chromosome number (in the 110 of the 180
living primale species for which chromosome number is known) is never
2n = 46, as in man (Chiarelli 1971). The 2n chiomosome number for the apes
varies from 44 to 52; Old World monkeys vary from 42 to 72, New World
monkeys from 44 to 62, and prosimians {rom 38 o 62 (Buettner-Janusch 1963;
Hill 1966; Chiarelli 1971). In addition to differences in chromosome number,
there arc also differences in chromosome morphology and DNA content,
Chimpanzee and human karyotypes have been compared in some detail. Ten
of the chromosomes show remarkable similaiity, seven display some analogy,
and six appear quite different (Ghiwelli 1971). The remarkuble similarity
between the features of a chimpanzee with trisomy of a small acrocentric
chromosome and Down's syndrome in man (trisomny-21) demonstrates marked
genetic homology of a particular chromosome in these species (McCline ¢t al.
1978). Weiss et al. (1973) have also described a rhesus monkey with an XO
anomaly, ovarian dysgenesis, and other stigmata 1esembling Turner’s syndrome
in man. The most striking differences between gametogenesis in non-human
primates and man aie (1) the timing of various cvents in the process, probably
related to differences in gestation length and age at puberty and (2) the
scasonality of gonadal activity in some of the non-human primate species.
Gamete transport '

Transport of sperm in the female reproductive tract, including that in man
and non-human primates, has been reviewed recently by Hafez (1973a). Ana-
tomically, the uterine cervix is more complex in the smaller non-human pri-
mates than in the apes and man. However, the basic epithelial structure of the

91



cervical mucosa appears to be similar, as is the percentage of ciliated cells:
7-9 %, in the macaque and 3 9/, in women (Fluhmann 1961; Hafez 1973b). The
Macaca senica and Macaca radiata appear to be unique in that they produce
large amounts of cervical mucus (Hafez 1978a; Ovadia et al, 1971). Jaszczak
& Hafez (1978) have studied sperm migration through the uterine cervix of
Macaca fascicularis; however, comparable studics have not been reported for
man. The pattern of movement of the spermatozoa through the cervical canal
was primarily random. However, in the mid-cervix and endocervix many
spermatozoa were aggregated along stiands of cervical mucus. Some of these
spermatozoa were isigiating directly into the uterus, while others were moving
awng strands which led into the ceivical erypts. The pattern of sperm move-
ment through the uterus has not been determined in the primate. Appearance
of spermatozoa in the human oviduct occurs within 5 minutes of insemination
in women (Settlage et al, 1973). Sperm distiibution is uniform throughout the
oviduct by 15 minutes after inscmination and this state is maintained for at
least 12 hours. Manabe & Mastioianni (1967) recovered occasinnal spermaltozoa
from rhesus monkey oviducts 90 min after artificial insemination. Hafez (per-
sonal communication) observed 200 or less spermatozoa in serially sectioned
Macaca fascicularis oviducts 8 hours after mating. Sperm distribution and
ovum transport in human and non-human primates are apparently unaffzcted
"by plastic intraulerine devices (Marston et al. 1969).

Anatomically, the non-human primate oviduct is generally more tortuous
than that of man, with the exception of the marmoset and squirre! monkey
(Hill 1972). Transport of the ovum through the oviduct requires approximalely
8 days in both man and non-human primates, although the lack of a mecthod
for exact {iming of ovulation has limited the precision of this determination
(Croxatto ¢l al. 1972; Hendhicks et al. 1971; Hartman 1944). Pharmacological-
ly, the oviduct of the rhesus monkey and man tend to respond similarly to
epincphrine and pituitrin (Woodruff & Paucrstein 1969). For a recent biblio-
graphy and review of the physiology and pharmacology of the primate ovi-
duct, sce Coutinho (1972).

Implantation and ovum development

Implantation has been covered in great detail by Blandai (1972) and in the
commentary by Lindner (1972) in the Symposium, and no significant addenda
can be made at this writing. This subject is of particular interest for problems
of teratogenesis, which have reccived a great deal of attention iollowing the
thalidomide tragedy.

Interpretation of the findings in non-luman primates depends on proper
staging of embryogenesis, and considerable work has been done along these
lines (Hendrickx 1972 and in press). All four macaque species studied to date
develop on the same time scale, which is somewhat faster than that of man.
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The galago and African green monkey embryos develop at a rate more like
that of man. This is 1cmarkable in that the gestation period for the galago is
133 + 4 days and for the green 155 + 7, compared to 165 for macaques and 175
for baboons. The cmbryo development rate evidently must be accelerated in
both galago and gicen.

Non-human primate teratological studics have largely been directed toward
developing a model using thalidomide as the noxious agent, to show human
relevance. Poswillo et al. (1972) have recently shown the marmoset to be sen-
sitive to thalidoinide, bringing the list of primates to nine (man, baboon, rhesus,
four other macaques, African green and marmoset). Only the galago has been
insensitive. The scnsitive period for the marmoset is pooily defined; for all
other species it falls in the interval between 24 and 30 days except in the
green monkey, whose slower developmental 1atc moves the sensitive period
up to 30-83 days. Other studies (Poswillo 1972) have shown that solanine, the
toxin in spoiled potatocs. produces malformations in the marmosct which are
similar to those in man. Corticosteroids have been associated with cleft palate
in humans, and triamcinoloac has now been shown to produce similar oro-
facial defects in the baboon and the bonnet monkey (Iendiicky, in press), as
well as in the usual laloratory 1odents.

Sexual cycles

Exhaustive studics of the integrated mechanism which controls reproductive
cycles in rat (Schwartz 1969) and man (Vande Wiele et al. 1970) have been
published. Investigation of the mechanism in non-human primates has been
made possible by radioimmunoassay techniques for measurement of gonadzi
steroids in plasma and for assay of rclcasing factor and gonadoliophic ac-
tivities. Since the results of experiments in this field are so critically dependent
on the precisc experimental situation, on dose-duraiion characterislics, on the
time of the ocstrous or menstrual cycle (or absence thercof), and on previous
hormonal cvents, it is extremely difficult to compare experiments performed
in the various species.

Much of our knowledge of neurophysiological control of the ovarian cycle
rests upon studics in rodents, for example the functions of the preoptic nucleus
.as a “biological clock” regulating the tonic output of the ventromedial-arcuate
region. Studics in the baboun by our collcague, N, Hagino, indicate substantial
differences in the cffect of electrolytic lesions and deafferentation: in contrast
to the rat, injury to the arca of the preoptic nucleus of the baboon produccs
transient or a delayed effect on menstrual cycle rhythm. (unpublished).
Another important difference between these iwo species is the inability of
constant illumination to alter ovarian cycles in the baboon, whereas the pheno-
menon of anovulatory persistent oestrus is readily produced in the rat {(Hagino
1971). On the other hand, a “critical period” during rat prooestrus (the time
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when ovulation can be blocked by pentobarbital) bas now been shown to cyist
in a non-human primate (Bahoon) as well. A further interesting development
has been the demonstration that svnthetic (but not natural) corticosteroids can
block induced ovulation in the immature rat; a similar observation has now
been made ia non-human primates (I/agino 1972). In the baboon, the blocking
effect of (riamcinolone acetonide can be overridden by adininistration of
gonadotiophin releasing factor (unpublished).

Synthetic gonadotrophin 1cleasing factor has been shown to be active in a
wide variely of animal species including man. In the rhesus, for some reason,
there scems to be less response than in other specics vested (Ehara et al. 1979),

The pattern of plasma levels of ¥SH, LH, oestiogen and progestin has been
examined threughout the cycle in numerous specics, and remarkable similaiities
may be observed in the data from 1at, macaque, baboon, chimpanzee, and man.
Quantitative differences exist, as may be expected. Qualitative differences in
steroid 1csponse have been louched upon elsewhere. In rhesus, baboon, and
man, indcpendence of corpus luteum function from a uterine factor has been
convincingly demonstrated. The similarity of corpus luteum function during
pregnancy between human and rhesus has also been commented upon (Knobil
1978).

Rapid pusatite dischaige of FSH and LI in the normal and/or the castrate
situation has been demonstrated in both human subjects and rhesus. The
dynamics of positive and ncgative feedback cffects of ocstrogens and pro-
gesterone or synthetic progestins have been extensively investigated in the rat
and in man, and 1ecently by Knobil and his gioup in the thesus. Kasch et al.
(1978) have shown that in the 1hesus, as in man, “the negative feedback con-
trol of LH secrction by ocstrogen is a finely tuncd system with a set-point
which appcars to change as a function of time after castration.” Differences in
the cffeci of various steioids from 1at to rhesus to man (Karsch el al. 1973,
Leycudecker et al. 1972; Nillius & Wide 1971) may, as indicated above, be
the consequence of small but important differences in experimental conditions,
and arc difficult, to interpret.

Nixon et al. (1971) cxamined the similarity of antigenic determinants in
pituitary and chorionic gonadotrophins from primates. A marked similarity
between chorionic and pituitary gonadotrophins exists both in the chimpanace
and in man. Pituitary gonadotrophins f;om rhesus, chimpanzee, baboon and
man gave similar responscs in radioimmunoassay (RIA) and these were similar
to the response (o HCG. The RIA slope of chimpanzee chorionic gonadotrophin
was also similar to that of HCG, while the responscs of baboon and rhesus
chorionic gonadotrophin were different. These data suggest a large degice of
similarity in antigenic sites, and thus by inference in primary structure, of
pituitary gonadotrophins in several primalc specics. Substantial differences
appear to cxist, however, in the gonadotrophins of chorionic origin.
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Sexual behaviour in human ard non-human primates

As one ascends the phylogenetic scale, it is gencrally believed that gonadal
hormones assume less importance in the interaction between sexes. However,
studics of the sexual behaviour of non-human primates (reviewed by Michael
et al. 1972 and Goy & Resko 1972) demonstrate thal endocrine factors play a
significant role in their behaviour.

In lower primates the endoctine control of sexual behaviour is somewhat
similar to that in non-primate mammals, Thus, in Lemur catta, which has an
ovarian cycle length of 33-41 days, receptivily to the malc is limited to about
twelve hours (Evans & Goy 1968). In Galaga crassicaudatus, in which oestrus
persists for about 12 days, the onsct of sexual behaviour occurs after 3-4 days
of endogenous ocstiogen stimulation. The inlensity of behaviour reaches its
peak promptly and remains clevated for 1-2 days, after which there is . rapid
decline. In contrast, many monkeys and apes copulate throughout the menstiual
cycle, although completed copulation is increased at mid-cycle and diminishes
shortly after ovulation. In studics of Michael et al. (1972) on thirty-two pairs of
rhesus monkeys followed over a five-year period, the maximum incidence of
cjaculation occurred 17 days before onset of the next menstruation. Frequency
then declined progressively throughout the lutcal phasc and the nadir was
reached two days before menstruation. In other studies on rhesus monkeys
(Goy & Resko 1972), the percentage of fests culminating in cjaculation in-
creased markedly at the time when female cestiogen levels reached their peak.
The establishment of the corpus luteum was promptly followed by a rapid
decline in the incidence of full copulatory activity. However, the inhibitory
cffect of the corpus luteum on sexual behaviour was incomplewe. Some pig-
tailed macaques continue to copulate for prolonged periods even after bilateral
ovariectomy. The effect of pregnancy on primate sexual behaviour is generally
onc of suppression of ordinary sexual activity with occasional passive coopera-
tion with thc male,

Various behavioural parameters have been used to study the effects of endo-
genous and exogenous hormones on sexual behaviour (Michacel ef al. 1972),
Since the number and frequency of female invitational gestures depend not
only on the attitude of the female to the male, but also upon the malc's attitude
towards the female, several behavioural parameters of the pair need to be
observed in order to assess hormonal cffccts on female behaviour. Ovaricctomy
markedly reduces the interactions between males and females. Administration
of ocstradiol to females restores both male sexual activity and female recep-
livity and attractiveness; progesteronc treatment counteracts the effects of
ocstrogen (Fig. 1). '

Implantation of steroid hormones in specific areas of the female rhesus
monkey brain has been used to study direct effects of hormones on neural
mechanisms, The behaviour of the male partner is influenced by oestrogenizing
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Fig. 1.
Two types of jesponse to the administration of progesterone in castrate, oestrogen-
primed rhesus monkeys. In one group, female rejection was predominant, while in the
other, male disinterest was the major effect of progesterone.

the deeper, phylogencticaily older parts of the female brain. Testosteronc pro-
pionate, administered intracerebrally (hypothalamaus, amygdala and thalamus)
clicited a well-marked increase in female invitations but only a moderate -
crease in male mounting behaviour., However, the intracerchral testosterons
implants raised plasma testosicrone levels so that interpretation of the results
is equivocal (Plant & Michael 1971).

The effects of cestrogen on female sexval motivation have been studied in
a free-cage operant conditioning situation where the female rhesus monkey
was trained to press a lever and operate a partition which permitted free
movement of the female between compartments but obstructed passage of the
male. A marked incicase in operant behaviour by the female was observed
during a period of time around ovulation which correlated with increased ex-
cretion of urinary ocstrone and increase in serum oestradiol. A similar dosc-
dependent behavioural response was produced in ovaricctomized fcmales by
graded amounts of oestradiol.

The influence of sexual behaviour by olfactory communication via phero-
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mones has been recognized in the breeding of farm animals. Prosimians are
believed to possess specialized apocrine scent glands which arc used for self
marking, territorizl marking and for marking cach other. However, as one
ascends the phylogenetic scale, the size of rhinenczphalic stiuclures is cor-
respondingly reduced. Olfactory stimuii might therefore be expected to play
a lesser role in communication between male and female non-human primaies.
However, under both natural and laboratory conditions males of several species
of macaque display scenting activily related to ocstrogen-induced stimuli
aroused by vaginal sccretions. Such substances have been termed “copuline”
and five or six shoit-chain aliphatic acids have been identified. It has been
possible to obtain behavioural effects in the rhesus monkey by using vaginal
secretions from baboons (Keveirnc & Michael 1971).

In humans, sexual behaviour is the result of complex interactions of endo-
crine, sociocultural and psychological factors. Women are reported to display
a premenstrual pecak in scxual desire when levels of endogenous ovarian hor-
mone are low and falling rapidly (Davis 1929). Ovaricctomy or spontancous
menopause do not significantly alter sexual responsc (Masters & Johnson 1967).
On the other hand, adrenalectomy or hypophysectomy decrease libidv and
orgasm, suggesting that adrenal androgens may be endocrinologically im-
portant.
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Fig, 2. L7
Effect of contraceptive steroid preparations on sexual behaviour in rhesus monkeys
(after Michael). Administration of an agent which incorporated a syntheti¢ progestin
throughout the treatment cycle had a depressant effcct on sexual activity, while a
sscquentiale preparation, in which progestin administration occurs only at the end
of the regimen, did not.
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The effect of progestational substances in decreasing sexual activity in labo-
ratory primates has been amply demonstrated (Fig. 2). Widespread use of con.
traceptive preparations containing a variely of progestational substances Las
afforded an opportunity for rclated studies in humans. The vast clinical
literature on the psychogenic cffects of oral contraceptives is largely of an
anecdotal character, and its interpretation is highly equivocal (Goldzieker et al.
1971). However, a few well designed sludies are relevant. Nilsson & Solvell
(1967) administered four oral contraceptives varying widely in ocstrogen and
progestin content in a randomized, double-blind crossover study; no changes in
libido were demonstrated upon institution of the medication, nor were there
any differcnces between the four preparations. Udry & Morris (1970) carricd
out an even more significant investigation of sexual activity in 51 women who
were double-blind and randomly assigned to placebo, sequential, or combina-
tion-type oral contraceptives (Fig. 3). In the placcbo group the observation of
interest is a transient fall in coilal frequency in the mid-luteal phase. Sui-
prisingly, this depression in coital activity was abolished by both contraceptive

Coital Activity in Primotes
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Fig, 8.
Coital frequency, by cycle day, in a group of women randomly assigned placebo or
oral contraceplive medication (after Udry & Morris). In the placebo group, a depres-
sion in activily during the mid-luteal phase is observed. This is abolished in the contra-
ceptive users; there was no difference between combinations of sequential agents. For
comparison, a curve oi rhesus coital activity during the cycle is shown.
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preparations. It is to be noted that with one medication, progestational exposure
was continuous from menstrual cycle day five for 20 days. With the sequential
preparation, no progestational steroids were given until the 25th day of the
cycle. That both these agents should abolish the normal mid-luteal depression
is interesting in itself; in addition these data cast substantial doubt on the role
of both endogenous progesterone and adminisicred progestational steroids on
human coital frequency. The poogestational agent was a 19-norsteroid; it would
be interesting to know if a 17-acctoxyprogestin exerted the same influence.
A comparison with the sexual activity of the macaque is shown in the figure.

Thus, while the meager clinical evidence available is at variance with the
clear-cut effect of progestins in non-human primates, the difficulty in ob-
taining valid information in the human cannot be underestimated. Richter
(1967) has demonsirated the profound importance of extrancous factoss. In
this study, oral contraceptives were administered to a large population of wo-
men, and the colour of the tableted medication was randomly changed every
six months. With each change in the appearance of the medication, a sharp
decrease in the libido index resulted, and this phenomenon could be reproduced
four times over a two-ycar observation period. In sum, one may infer that the
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Fig. 4.

Separation by chromatography on Sephadex LH-20 of radioactivity in baboon and
human urine after administration of tracer doses of labelled ethynyloestradiol. Analysis
of the fraction excreted as free (i. e, unconjugated) steroid,
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Table 1.

Metaholic fate of some oestrogens and progestins in various primates,

Excretion
Species Steroid administered | Per cent in | Per cent in Comment
urine faeces
(days) (days) |

Homo sap2) Ocstrone, Oestradiol 50-80 (4-6) 15-20 (4-6G, MCR 1000-1400 L/d;
plasma chielly as
E,-S0O4

Pan satyrus®) Ocstrone 72 (8) - Little urinary By

M. mulatta¥) Ocstradiol 48-100 (5) 5(4) At first Ey, later
epiEg important

Papio sp56) " 50-70 (8) - Mostly E,

Homo sap.18) Ethynyloestradiol 23-60 9(5) MCR = 1850 £ 220 L/d;
EE;-SOy4 chiel plasma

: constituent

Papio sp8) » 77-88 (6) -

Homo sap.1%) Mestranol 10-52 (5-8) - 14CR = 1740+ 390 L/d;
EE;-S0y4 chicfl plasma
constituent

Homo sap910)  Progesterone 50-60 (5-7) 10 MCR =1740+140 L/d;
mostly pregnancdiols
in urine

P, satyrust)) " 83-50 (8) - Mostly urinary
pregnanediols

Papio sp5i12) " 33-41 (4) 14-17 (4)  Urinary wndrosterone

) B important, Pregnanc-
diols insignificant

M. mulattai.M) » 28-46(9)  41-57(9) "

M. nemestrinat) " 44-60 (6) 17 (5) "

M. mulattalt) Chlormadinone acetate  85-36 (7)  206-28 (7)

M. mulattalt) Megestrol acetate 14-83 (6) 3644 (6)

Papio 5p.19) . 33-48(5) 04-28(5)

Homo sap.t) Trengestone 50 in @, 90a and f reduction;

) 10in & in human only 20a;

in rat, 16a-hydroxy-
lation only

I
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influence of oestrogens and progestins on . level of human sexual activity is
minimal, certainly far less important than a basal leve! of ﬁndrggens in the
female, and that cnvironmental, psychosocial, and other factarsflare probably -
of overriding importance, ’

II. Metabolism of steroids in non-human primates

The fate of ocstrogenic and progestational steroids has been examined to some
extent in several species (Table 1). With respect to the natural oestrogens
{oestronc and ocstradiol), data are available for rhesus, baboon, and chim-
panzee. In all three, more than hall of an intravenous tracer dose appears in
the urine within four to six days. On a semilog plot, urinary excretion appears
to be almost linear. Approximately 189/ of administered oestrogenic radio-
activity appears in the faeces in man; data are not available for the other
species. The urinary metabolites are mostly glucuronides in all species tested
However, the pattern of individual urinary mectabolites differs considerably.
In man, approximately 20 % of radioactivity is ocslrone, 20 9/s oestriol, 20 9/,
2-hydroxyocstrone, and 5 /o 2-methoxyoestrone. The gorilla appears to be the
only species which, like man, has a substantial ability to 16-hydroxylate, for-
ming urinary oestriol. The increase in urinaiy oestriol during pregnancy in
the gorilla is similar to that in man; it is not seen in pregnancy in the other
primates which have been examined. In the baboon, the urinary radioactivity
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is mostly oestrone; oestriol is a very minor constituent. Similarly, judging from
the oestrogen excretion in normal ovulatory cycles in chimpanzees, oestriol
appears to be a minor metabolite. The rhesus shows an unusual pattern. In the
first 24 hours after administration of radioactive ocstrogen the major meta-
bolite is oestrone, but thereafter there is a gradual increase in epioestriol, which
after several days constitutes 33 to 50 /o of the urinary metabolites.

A few cstimates of plasma clearance of radicactive oestrone or oestradiol
have been carried out. In man, the biphasic curve of plasma radioactivity dis-
appearance yiclds two half-lives of 20 and 70 minutes. In rhesus, oestrone
yiclds half-lives of 81/2 and 34 minutes; approximately the same has been found
for oestradiol. Total plasma radioactivity from oestradiol has an estimated
90-minute half-life for the slower component in baboons.

Ethynyloestradiol and its 3-mecthyl ether, mestranol, are widely used in
clinical contraceptive preparations, and their metabolism is of major interest.
Very few data arc available in non-human primates; these were summarized
by Goldzicher & Kraemer (1972). In man, 25 to 509/ of ethynyloestradiol
radioactiyity appears in the urine within 5 days, and a semilog plot gives a
nearly linear relationship. Approximately half of the radioactivity appears

Conjugoted urinory radloactivity ofter
Wnjection of 9,11- "H- ethynylestrodiol

~——= Humon femoles
«=== Boboon femoies

RADIOACTIVITY =

VOLUME ey

Fig. 5.
Chromatographic separation of radioactivity in baboon and human urine after ad-
ministration of tracer doses of labelled ethynyloestradiol. Fraction excreted as con-
jugated radioactivity.
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Fig. 6.
Scphadex LH-20 chromatogiaphy of radioactivity in baboon and human urine after
administration of tracer doscs of cthynyloestradiol. The major peak scen in Fig. 5 has
been hydrolyzed with glucwionidase, purified, se-catracted, and chromatographed in
the system used for free steioids. The location of relevant marker compounds in this
system is indicated at the top of the figure,

during the first day. In two baboons, Kulkarni (1970) reported that 77 to 83 9/
of the radioactivity appearcd in the urine within six days, suggesting a slightly
faster turnover than in man. The biological half-life, as judged by urinary
studies, ranged from 20 to 44 hours. In man as in the baboon, most of the
urinary .uctabolites are glucuronides, with 10-159%/ a. sulphates. However,
there appcar to be qualitative differences in the relative proportion of various
conjugates and metabolites, as judged by chromatographic separation. Fig. 4
shows the pattern of unconjugated urinary radioactivity after cthynyloestradiol
administration to scveral normal adult human females, compared to a urine
collection from a female baboon. Tig. 5 shows the pattern of conjugated radio-
activity. The major peak is almost exclusively glucuronide. When this is hydro-
lyzed and re-chromatographed, certain differences are observed between baboon
and human (Fig. 6).

Mestranol has been studied only in man and the baboon. In man, from 10
to 40/, of injected radioactivity appcars in the urine in five to eight days.
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The biological half-life, as estimated from urinary excretion, has ranged from
44 to 71 hours. Urinary metabolites in man scem to consist chiefly of ethynyl-
oestradiol and the metabolites of that substance. Mestranol apparently does not
appear as such in the urine. About 189/ of continuously infused mestranol is
converted to plasma ethynylocstiadiol (Bird & Clark 19738). This compares quite
favourably with the physiological conveision of oestradiol to oestrone. The
metabolic clearance rate of mestranol (Bird & Clark 1973) has been shown to
be higher than that of cthynyloestiadiol in man (1700 £ 400 L/d, compared (o
1350 * 220 L/d). Our siudies in man indicated a much lower initial plasma
level of mestranol radioactivity, bul a disappcarance rate about the same as
for cthynyloestradiol. In the bahoon, the plasma levels following the adminis-
tration of mestranol were also considerably lower than those after cthynyl-
ocstradiol; the disappearance 1ate could not be determined satisfactorily. There
scems o be some discrepancy in the accumulated data: urinary excretion of
mestravol radioactivity scems to he slower than that of cthynyloestradiol in
both species; plasma radioactivity levels with mestranol are considerably lower
in both baboon and man than for ethynyloestradiol. On the other hand, the
metabolic clearance 1ate for mestianol is higher than that of ethynyloestradiol
in man. Possibly, this 1epresents rapid sequestration of the mestranol in peri-
pheral tissues, such as fat, followed by fuither metabolism and excretion.

These prelimmary findings of differences in the urinary metabolite patiern
between baboon and man are not surprising, since conjugation of other sub-
stances is also known to vary among the non-human primates, The conjugation
of sulphadimethoxine (Williams 1967) is an example (Table 2).

Table 2%,
Conjugation of sulphadimethoxine in various specics.

%5 of drug excreted /6 composition of 24-h excretion

Species .
in24 h Ni-glucuronide Ni.acetyl
Man 25 70 21
Baboon 42 72 16
Rhesus monkey 42 70 21
Capuchin monkey 8 48 15
Squirrel monkey 9 51 . 87
Rat 9 7 46
Rabbit 438 0 94
Dog 23 19 0

* From Williams (1967).
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The metabolism of ethynyloestradiol has been studied in blood as well. Bird
& Clark (1973) have shown that the metabolic clearance rate of ethynyloestra-
diol in man (1850 * 220 L/d) is not significantly different from that of vestra-
diol itsclf. Moreover, the major circulating metabolite of ethynyloestradiol is
the sulphate, a situation which corresponds closely to the physiological rela-
tionship between cndogenous ocstradiol and plasma oestrone sulphate. The
conversion rate of EE; to EE, sulphate is similar to that of oestrone to oestrone
sulphate. In baboons, we have found that levels of 1adioactivity in the blood
after administiation of labelled cthynyloestradiol are considerably lower than
those following oestradiol administration. This may well be rclated to the
more rapid turnover of this substance in the baboon, as shown in the total
amount excreted in the urine.

Far more substantial differences are seen in the metabolism of pogesterone
among various non-human primate species. In man, 50 to 60 % of administercd
progesterone radioactivity appears in the urine, approximately half of it during
the first day. In the 1hesus monkey, only 26 to 48 9/ appears in the urine over
seven days; on the other hand, 40 to 60 % of the total radioactivity appears in
the faeces, compaied to 10 9/ in the baboon and 17 %/ in the pig-tailed monkey.
Of particular interest is the paitern of winary mectabolites. In man, reduction
of the 44-3-keto-configuration and reduction of the 20-kelone to a 20-hydroxy!
group form the major routes of metabolism, with G-hydroaylation and 16-
hydroxylation cach accounting for less than 59/y of the metabolites. On the
other hand, the major human urinary metabolite, 58-pregnanc-3¢,20a-diol is
insignificant in most of the non-human primate specics. Andiosterone is a
major metabolite in rhesus, pigtail, and baboon. In the chimpanzee, urinary
pregnancdiol is present. Whereas the plasina progesterone levels in man and
chimpanzee are quite similar in the follicular and luteal phascs of the menstrual
cycle, urinary pregnanediol in the chimpanzee luteal phase rarcly exceeds 2 mg
per day, while values of several times this magnitude aie normally encountered
in man. This suggests that alteinate pathways of metabolism may be relatively
more important in the chimpanzee. In Saimiri, neither pregnanediol nor an-
drosterone can be detected in significant quantitics even in the pregnant state.

Whether these significant differences in metabolic pathways extend to syn-
thetic progestational substances as well, is unknown. Studics of such compounds
in non-human primates arc virtually non-existent; their metabolism and pro-
pertics in man and other species have been summarized by Tausk (1972) and
Fotherby & James (1972).

It may be seen that our knowledge of the metabolism of both natural and
synthetic steroids is extremely limited in non-human primates, However, the
available information indicates relatively minor qualitative differences be-
tween man and the Old World monkeys, except for the predominance of 16-
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hydroxylation in the metabolism of oestrogens in man and gorilla, and the
importance of side-chain cleavage in the metabolisin of progesterone by the
monkeys. This stands in sharp contrast to comparisons of man to the dog or rat.

111. Metabolic effects of steroids

The effects of oestrogens and of oestrogen-progestin combinations on various
parameters of lipid metabolism in man are well recognized. Their possible
relevance to the problem of atherogenesis has been the subject of extensive
clinical investigation and debate. The enormous volume of rescarch using small
laboratory animals is beyond the scope of this presentation. Much less has
been donc to study the cffect of these sex hormones on lipid metabolism in the
non-human primate than might be anticipated even though some baseline data
have been accumulated (Kritchewsky 1970; Wilson 1970; de la Pena et al.
1972). We are currently studying the interaction of high-cholesterol diets,
physical inactivity, and various oestrogens on blood lipids and lipoproteins as
well as on the vascular system of baboons. In another study, both beagle dogs
and baboons are being given cyclic treatment with the two synthetic ocstrogens
used in contraceptive formulations, at first by themsclves, and subsequently
with the addition of representatives of the various classes of progestins used
in thesc formulations. These studies will be compared with similar clinical
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Fig. 7.

Concentration of plasma triglycerides in three species treated in cyclic fashion

with ethynylocstradiol or mestranol. In the human, the legend indicates a dosage

of 50 ug/day of cthynyloestradiol, or 80 ug/day of mestranol. In the animal ex-

periments, the dosages are 1 or 4 ug/K/day of either oestrogen, given for 8 wecks
of a 4-week ticatment cycle,

106



CANINE BABOON

mg/at

o

»d
~
-

i H 3 0 t : 3
TIME (months)
Fig. 8.
Concentration of phospholipids in the chylomicron fraction of plasma lipoprotcins in
three species treated with ethynyloestradiol (EE) or mestranol (ME).

investigations. While this work is still in the carly stages, some of (he specics
differences, for example in ultracentrifugally separated plasma lipoprotein
fractions, arc striking. All three species show a slight tendency for an increase
in cholesterol concentrations in the various density fractions. However, there is
a marked difference between human triglyceride response and that of dogs
and baboons (Fig 7). A consideruble risc of triglyceride in the chylomicron,
axlipoprotein and g-lipoprotein fractions is cvident in man, but no such
changes are observed in the two other species. The phospholipids show a similar
disparity (Fig. 8): in women, there is a tendency for the phospholipid level in
the chylomicron and as-lipoprotein fractions to rise; in the f-lipoprotein frac-

Table 8.
Effects of oestrogens and pregnancy on baboon serum proteins,
Group N Tolt)a:)tse.rum Albumin Ceruloplasmin
rolein
gm "/o gm n/0 A Asgo
Normal males 5 6.7 £0.38 30+ 04 0.33 £ 0.07
Normal females 5 7.1 %04 82+ 03 048 + 0.15
Amenorrhocic females 4 70+ 04 8.6 %05 0.41 * 0.16
Pregnant females 4 63 + 04 2.8 % 0.8 0.92 + 0.07
Ocstrogen-treated females 5 56 % 0.6 1.9 X 04 1.08 * 0.08
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tion they do not appear to change within three months of oestrogen exposure.
In the other two species, however, there is a profound fall in the phospholipids
in all threc density fractions.

Depending on the parameter sclected, the two animal species may or may
not be suitable models for the study of human lipid metabolism. Since the exact
relationship of the various plasma lipid and lipoprotein constituents to the
process of atherogenesis is unclear, it is impossible to identify the relevant
parameters and thus to judge the adequacy of either species as a model in
this context. In the sense that neither animal specics responds to oestrogen
administration in cxactly the same way as man, the interpretation of experi-
ments both in beagles and baboous, and their relationship to human athero-
genesis, must be undertaken with the greatest of caution.

The levels of various plasma proteins arc altered by oestrogen therapy, pre-
sumably from changes in hepatic biosynthesis. Albumin synthesis is depressed
in human subjects on combination-type o1al contraceptives (Honger & Rossing
1969), and a lowering of total plasma protein has also been observed by us in
baboons and dogs trcated with synthetic ocstrogens. A consideralle poition of
this decrease is attributable to a drop in albumin (Table 3). A number of im-
portant plasma protcins, such as ceiuloplasmin, haptoglobin, plasminogen,
thyroxine-binding globulin, and corticostervid-binding globulin are altered by
oestrogen treatment in humans (Seal & Doe 1969). Studics by Barbosa et al.
(1971) in several species of macaques demonstrated that these animals do nol
show an clevation of CGB during pregnancy or upon administration of oestro-
gens; thus they do not scrve as adequate models for studics of adrenal steroid
metabolism under these conditions. The gicen monkey does respond in the same
manner as man, and our collaborative studies with Seal (unpublished) show
that the response of baboon CBG, TBG and ccruloplasmin is similar to the
human (Tables 8 & 4). The comparative responsc of human, baboon and dog
{o synthetic oestrogen administration on total plasma cortisol level (as an in-
dicator of CBG) is shown in Fig. 9.

Table 4.
Effccts of oestrogens and pregnancy on baboon hormones and binding proteins.
: CBG . TBG
C 1 T
Group N ;:;:so ) hf;);:nc ug'lo
F bound ) T, bound

16t 24 27%f 4 6011 9
26+ 99 381+ 8 5816 15
26104 29% 14 60%27 16
81 74 40% 36 88149 18+ 3
73118 77£16 14 E21 40X 10

Normal males

Normal females
Amenorrhocic females
Pregnant females
Oecstrogen-treated females
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H
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Effect of cthynyl ocstrogens on total plasma cortisol level in three species.

IV. Relevance of toxicity results from non-human primates to humans

In a previous publication (Goldzicher & Kraemer 1972) we summarized the
available information on tumorigenesis in dogs and monkeys receiving oral
contraceplive steroids singly and in combination. An updating of FDA-sup-
ported studies on mestranol, anagestone, cthynerone, and chlorocthynyl nor-
gestrel has recently been presented (Weazeler et al. 1973). Dogs and monkeys
have been maintained on cyclic medication at 10 to 50 times the human dose
for intervals ranging from 194 to 242 weeks. The study has been summarized
by the investigators in these words: “Becausc positive results (with regard to
mammary tumours) have becn obtained in dogs and negative results have been
oblained in monkeys thus far, most of this report will deal with dogs.”
A number of the dogs on medium or high doses of the combination agents
also developed diabetes, but no monkeys were so affected.

Prospective studics on the incidence of mammary tumours in human subjects
recciving steroid preparations for contraceptive purposes have not yet ap-
peared in the literature. The long time interval between certain oncogenic
stimuli and the appearance of tumours in man, which is alleged to apply also
to the oestrogens as potential tumorigens, probably makes such studies pre-
maturc. However, the only uncquivocal cases of oestrogen-induced breast
malignancy in the human (male transvestites) showed an induction period of
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less than 6 years. The available information at this timne is in the form of
clinical studies carried out by the retrospective case-control approach. The
controversy regarding the validity of this epidemiological technique (Feinstein
1978) is beyond the scope of this presentation. In any event, Vessey et al.
(1972) have reported findings consistent with the monkey experiments: their
data “do not suggest that the use of oral contraceptives is related in any way
to the risk of breast cancer, but provide some evidence that the preparations
may actually protect against benign breast disease. This protective effect is
largely confincd to women who have. .. used them altogether for more than
two years. Such women appear to have only about 259 as great a risk of
being admitted to a hospital for a breast biopsy as women who have never
used oral contraceptives at all.”

Toxicity studics with respect to blood coagulation and other parameters of
interest in relation to contraceptive steroid preparations, as well as studies of
prostaglandin toxicity in non-human primates and man will be discussed by
others,

A few substances of possible contraceptive interest, such as methallibure,
colcemid and crgocornine, have been examined in rhesus and in man, but the
toxicity of these agents is such as to make the data of academic intcrest only.
The same is true of «-chlorohydrin (3-chloro-1,2-propancdiol), which is an
effective antifertility compound in the male rat, hamster, guinca pig, ram and
rhesus monkey. Toxicily studies in male rhesus monkeys showed that the dif-
ference between the effective level (25 mgrkg/day) and the toxic level (30
mg/kg/day) was too narrow to warrant testing in man (Kirlon et al. 1970).
Toxic levels produced severe bone marrow depression and central nervous
system disturbances. Administered orally to an adult male baboon at 35
mg/kg/day for 107 days, chlorohydrin caused a drop in the bone marrow
erythrocyte series and in corresponding peripheral blood elements. There was
no significant change in the scmen profile during treatment (unpublished data).
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DISCUSSION

Prasad: Dr. Goldzicher, you pointed out in your presentation that you can get from
wuh-human primate studies data which are similar to those obtained from laboratory
;udents. In what way do you think that the primates are better models than the
Jaburatory rodents?

Guld=icher: 1 think what nceds to be determined here is really the sequence of the
experiments that need to be done. A great deal of time can be lost in carrying out
evperiments on an animal in which the metabolism or the efficacy of a compound
wrns out to be irrelevant to man. Once some promising compound has been identi-
fied. its uscful activity should be validated in a primate, on the piemise that this is
Iess likely to yicld irrelevant data, on the average. The next item should be a search
for a suitable experimental animal, which might be simpler and more cconomical
to use, but which still has the desired responsiveness. Once you can demonstrate that
that which is seen in the primate is also seen in a small, more convenient animal,
then one has added confidence in going ahcad and making the investment in time
and cffort to study the compound further. There are some things which 1 do not
think can be done in the lower animals. A study of the menstrual cycle and effects
thereupon has to be donc in the primate. Problems of placentation probably have to
be done in the primate, and onc must select the specics very carcfully. To study
steroid metabolism, one must look among non-human primates as well as the usual
laboratory animals to find out which onc will suit the purpose. For certain studies
of conjugation, some of the sub-human primates are not good at all. On the other
hand, in terms of steroid metabolism studics, the dog may be very bad or the rat
may be quite good. The sub-human primate has to be included in looking for a
valid model for the human,

Diczfalusy: 1 would like to ask whether you have any explanation to offer as to the
differences in triglyceride levels in baboons, on the onc hand, and in humans, on the
other hand, when treated with cthynyloestradiol and mestranol,

Gold:icher: Triglyceride levels are notoriously susceptible to dietary fat content and
also to cxercise. We currently have underway some studies in baboons as to the
effect of high fat and high cholesterol dicts on exactly this question, but T regret
that I do not have any answers at the moment. Certainly the dictary differcnces
would be a most important factor.

Chaudhury: Can you cnvisage, in ycars to come, toxicity testing requirements in cach
specics identificd with certain parameters only where the human responses can be
replicated — rather than doing everything in onc or two or three species?

Guldzicher: 1 would certainly agree with the notion that different specics might be
used to test different parameters, It seems quite clear that no single specics will serve.
all purposes. On the other hand, the use of various species introduces the complexity
of the peculiaritics associated with each species; thus the problems multiply and inter-
pretation might become exponentially more difficult.

Ouverbeck: One of the main problems when trying to change the ratio of progestational
compounds and ocstrogens is the occurrence of breakthrough bleedings in women. Is

it possible to use primates to predict what will happen in the human with such pre-
parations?

113
Fharmacological Models ’



Goldzicher: 1 do not think that the rhesus or the baboon could be used, because their
menstrual blecding is minimal, and thesc would really be the only animals which
could be usable on a practical basis. For menstrual phenomena I would say that
there is probably no substitute for the human female,

Lipsett: Why should we study the pharmacology of steroids in any experimental ani-
mal, except for intrinsic intcrest? If we are really interested in what is happening in
man, we can synthesize radioactive steroids and give them to man,

Goldzicher: 1f we are going to look at the side effccts of these compounds in large
doses, there is a limitation to what we can do in the human being, whereas there is
no problem at all in giving many multiples of the ordinary dose to the primate. As
another cxample, the ques ion of drug interaction is one which is difficult to study
in humans, because it is a little hard to come by liver tissuc and things of that kind;
in many pharmacological experiments a sub-human primate, whose mctabolic pathways
are similar to those of man, is most uscful. Finally, if we look at the problem which
Dr. Galal raised before, what about these steroids in populations which are not well
nourished, or which smoke cigarcttes, or which have a variety of hepatic or renal
discases? Somectimes one can provide a much cleancr model in a specifically-deprived
sub-human primate than one can find in a population of people who have a host of
parasites, various nutritional deficiencies and so forth, making it almost inpossible
to unravel the relative roles of the nutritional deficiencies and the discases on the
question of interest.

Fotherby: In general 1 agree with Dr. Lipsett. In our own work 1 think that about
80% of our metabolism studies have been carried out in humans and very little in
experimental animals, The difficulty until recently was that one had to use labelled
steroids and it is not possible to give repeated doscs of radioactive steroids to humans.
However, the development of new sensitive technigues for measuring the synthetic
compounds has now overcome this difficulty. In our own work we have studied the
tissue distribution of a number of the synthelic compounds in humans, but of course.
there are certain tissues which you cannot get at laparotomy and which onc would
very much like to investigate, so that onc has to resort to animal studies. The other
rationale for studying metabolism in animals is in order to iy to correlate meta-
bolism with toxicological effect.

Mishell: Dr. Goldzicher, 1 was very interested in sceing your slides showing the lach
of parallelism in corticosteroid binding globulin between the human and the dog as
well as the baboon. Are you implying that these studies negate other studies in species
where there is a lack of parallelism of corticosteroid binding globulin? For cxample,
arc toxicologic effccts given by high doses of steroids on the adrenal in certain ani-
mals meaningless because there is not a similar metaholism or effect on the protein
-as there is in the human?

Goldzicher: Not entirely. What T intend to say is this: if the dosage of cortico-
steroids in a given experiment is so high that the corticosteroid binding capacity is
overwhelmed, then it really does not make any difference, but if onc is studying
physiological adrenal steroid dynamics, and particularly how it might be influenced
by ocstrogens or pregnancy, then one must have an animal which has corticosteroid
binding globulin whose synthesis in the liver responds to ocstrogens. I am not saying
that the effects of adrenal steroids or the nature of adrenal steroid metabolism cannut
be studied in this species, but 1 am saying that the adrenal steroid physiology, as it is
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influenced by ocstrogens, cannot be studicd in species whose CBG does not res) ond
toe ucstrogen,

Skewrman: Dr. Goldzieher, you mentioned the importance of diet on, for example,
the niglycerides. Atre there any other clements in the toxicologic screening for which
dictary control is important? How long does it take after you receive an animal for
dictary stabilisation to be reflected by stability in the parameters you are measuring?

My second question relates to the possible mediation of some undesirable effects by
prolactin. We heard this morning of the difference in response of rats to oestrogens
and of dogs to some progestins and not to others. Dr. Berliner mentioned that
galactorrhoca is often scen in women with medroxyprogesterone acetate, but of course,
1 is often scen in women who were taking other steroids and cqually frequently seen
m women who have taken no steroids at all (Shearman & Smith 1972), Is the non-
human primate, particularly the chimpanzee, a suitable model to look at pituitary
mudiation of the impact of progestins and ovestrogens on things other than LH and
18H, such as prolactin and such as growth hormone, for extrapolation to the human?

Goldzicher: T am not familiar with prolactin studies which would give you the answer
that you want, From what little is known about growth hormonc in rhesus 1 think
there are some reasonably good parallels to man. With respect to dict, it is difficult
to answer because animals are routinely hept in quarantine for 8-6 months until their
cyes stabilize and so we have no data before 3 months. An interval of 2-8 months
is a reasonable onc for an animal to come into dictary balance, provided it is treated
medically first, to get rid of intestinal parasites and other discases. Incidentally, the
baboon is particularly convenient because it is the oie availahle laboratory sub-human
primate which does not go into a summer anovulatory period. Therefore, for breeding
for reproductive purposes, you can use it all year round, whereas a rhesus colony shuls
down in part during the summer period.

Bryson: There is talk about adrenal steroid hormones possibly antagonizing androgen
and oestrogen and creating a type of biological population control under conditions of
uress, such as crowding, by antagonizing the action at the receplor side, This work
has heen proposed in rats and the non-primate type of rescarch organism. Do you
have anything to say about whether this would be an applicable model in non-human
primate research? .

CGialdzicher: Certainly, the observation from prisons and concentration camps regarding
amenurrhoca suggest no medical adverse effects. This is a spontancous antifertility
mechanism which certainly deserves exploration. Tt has, undoubtedly, a most complex
mechanism which probably would require the sub-human primate as an animal model,
i indeed any animal could serve that purpose.

Liputt: Adrenal corticosteroids do not antagonize the binding of oestrogen or pro-
Festerone to any receptor protein,

Heyson: 1 was actually addressing mysclf to the theory of Christian et al, (1965) about
that. which refers not to a direct pharmacological antagenism of the steroids to the
sex hormones but to their effects, that there is competitive inhibition at the receptor
te. if 1 recall correctly,

Lipwtt: Whatever the antagonism reported, it is not at the level of the steroid protein
faeeptor, -7
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Briggs: 1 was intcrested to see the relatively high production of 2-hydroxylated ocstro.
gens from cthynyloestradiol in the studies with baboons. These compounds are said to
be inhibitors of catechol-0-mcthyl transferase (Ball et al. 1972), which may be in-
volved in the actiology of depression in humans (Cohn et al. 1970). 1 was wondering
if you thought this has any relevance to behavioural studies in sub-human primates
trcated with synthetic ocstrogens.

Goldzicher: 2-Hydroxylation is also very impoitant in the human. The reason it is
gencrally not scen is that these compounds are very unstable in the urine, Without
very substantial precautions, this material simply turns into pigments and gums and
gets lost. The reason that we are sceing 2-hydroxylated and 2-methoxylated com-
pounds is a matter of methodological improvements. Now then, to extrapolate actions
at the 0-methyl transferase level into the realm of animal behaviour or human psycho-
logical disturbances is a little further than I would care to reach,

Prasad: What arc the recent developments in newer methods, sensitive methods like
radioimmunoassays, for mecasurcments of compounds circulating in the blood as well
as of their metabolites?

Goldzicher: There are two classes of technological improvement. One is the recognition
that all mgthods for processing or isolating these compounds have to be donc at
neutral pH. Therefore the older procedures, using acids and bascs, arc not acceptable.
Nor can one indiscriminately expose minute quantities of these steroids to the
atmosphere, as for example in thin layer chromatography The other class of im-
provement is radioimmunoassay, which is well on its way. Several groups now have
antibody to cthynyloestradiol. There are problems with antibody to mestranol, because
mestranol is hydrolysed in the body to cthynyloestradiol, Thus one is likely to get
antibodics to both mestranol and ecthynyloestradiol. Certainly, radioimmunoassay
should make investigation of blood levels, half-lives, etc. far more practical and far
more fcasible in large numbers of patients.

Diczfalusy: A certain proportion of women develop hypertension on contraceptive
steroids, others may show signs of diminished carbohydrate tolerance. Do you sec
something similar in the baboon or any other non-human primatc, or would you
suggest a suitable animal for screcning compounds for these side cffccts?

Goldzicher: The problem is that one must identify the mechanism for the final cffect,
namely the diminution of carbohydrate tolerance or the elevation of the blood pressure,
before one can talk absut an animal model. I did illustrate that mestranol reacts the
same way in rhesus monkey as in man with respect to the insulin tolerance test. Beck
(1969) has shown that progesterone has similar effects in rhesus monkeys and in the
human with respect to carbohydrate tolerance. One really should look at insulin, gluca-
gon and growth hormone dynamics to cstablish whether or not the animal model is
suitable. The situation is complicated in hypertension, because although a lot of
changes have been demonstrated in the renin-angiotensin-aldosterone mechanism, these
occur equally in women who do or do not develop hypertension. Until we can better
identify that factor which is highly correlated with the development of hypertension.
1 do not think we can specify an animal model.

Lipsett: Unfortunately, in the rat, renin substrate activity goes up uniformly, but the
rat does not develop hypertension. In women, renin substrate activity increases In
response to ordinary doses of contraceptives, but only some women become hyper-
tensive.
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Maodge: Renin substrate and activity risc in womcen on the pill, but renin concentra-
pon usually falls, presumably by feedback inhibition (Skinner et al. 1969). Plasma
sldosterone levels also rise (Beckerhoff et al. 1978). 1 agree the mechanism of hyper-
tension in women on the pill is obscure, but one possible cause might be found in those
women whose renin concentration doces not fall.

Westorholm: What about bloud clotting studies in the baboon? Have you done any
of these?

Coaldzicher: No, we have not investigated the coagulation mechanism at all in the
tuboon, for two reasons, First of all, the mcthodology is highly personal, and certain
laburaturics get nice results with a technique and others do not. The sccond reason
s that no matter how many haematologists 1 have asked, none of them are able to
tell me that any coagulation test corrclates with or is predictive of the development
of thromboembolic discase.

Prasad: Dr. Goldzicher, now that you have said that no onc species of primate is an
ideal madel, for different studies thot need to be carried out you have to use different
specics, do you think that with reference to the macaque and to the baboon there are
any specific arcas of research in the female in the context of development of new
contraceplives?

Gold:zicher: 1 think that is far too broad a question for me to embark en now, I would
cmphasize once again that a knowledge of the peculiaritics of each specics would be
very helpful, For example, if the uterus must be approached by way of a trans-
cervical approach, the baboon cervix is much more amenable than the tortuous passage
of the rhesus. Similarly, if one is involved in some agent which is going to affect
placentation or placental function, the baboon has a haemochorial placenta, the rhesus
docs not. The Sukhumi Symposium (Diczfalusy & Standley 1972) specifically addressed
#tself to questions of this type.

Kirton* Two comments with regard to Dr. Prasad’s question of the relevance of dif-
ferent species of primates as models: anatomical differences preclude use of some
species with highly convoluted cervix for studics involving mechanical devices, and
in general non-human primates seem to be especially sensitive to alteration of the
teproductive cycle by stress. Abortion and cerpus luteum regression may be induced
in some species by stressful situations, so a great degree of care is required when
dealing with these phenomena,

Tuchmann-Duplessis: Did people use guinca pigs for this type of studies and what
would be the value of this specics?

Gold:icher: Our only experience with the guinea pig has been on the male side in
studying methods for reversible vasectomy. We were forced to use the guinea pig in-
stead of the primate for reasons of granting-agency cconomy, and this choice turned
uut to be disastrous. Otherwise, 1 cannot make any contribution to the potentials of
the guinca pig.

Tuchmann-Duplessis: 1 mentioned the guinea pig because the duration of pregnancy is
long and the placentation is rather closely related to that of humans, '

Prasad: In the Sukhumi Symposium (Diczfalusy & Standley 1972), when we were dis-
cussing the question of implantation, it was pointed out that the hamster could be as
roud a model.as the guinea pig, if not better.
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