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The purpose of this experiment was to observe the alterations in bioactivity of chorionic go-
nadotropin CG associated with early fetal loss EFL  induced by the environmental toxin TC-
DD 2 3 7 8-tetrachlorodibenzo- p-dioxin in the cynomolgus macaque. Ten of twelve females
administered single doses of 1 2 or 4 pg/kg TCDD on gestational day GD 12 had EFL from
ten to twenty days later. Seven control animals treated only with the vehicle had normal pregnan-
cies. Blood samples were repeatedly collected for hormone evaluation from two days before
treatment to thirty-one days following treatment. Immunoreactive monkey chorionic gonado-
tropin mCG  was measured in serum using ELISA and bioactive mCG was measured using a
luminescence LH/CG bioassay. No change in immunoreactive mCG levels was detected as a result
of TCDD treatment but bioactive mCG levels were significantly lower in TCDD-treated animals
compared to controls. This change in bioactivity of mCG was also reflected in the ratio of mCG
bicactivity to mCG immunoreactivity B/I ratio which began to rise in normal pregnancies by
GD 20 but did not rise in TCDD treated animals. These results demonstrate that normal preg-
nancy in the monkey as in humans is characterized by a post-implantation change in the B/ ra-
tio of CG. These findings therefore suggest that changes in the production of bioactive CG may
be used as a biomarker of environmental toxicant exposures which lead to EFL.

INTRODUCTION

During very early pregnancy the human trophoblast undergoes a series of devel-
opmental changes resulting in the production and secretion of the heterodimeric form
of human chorionic gonadotropin hCG  which stimulates steroidogenesis by the
corpus luteum of the ovary through interaction with specific hormone receptors

Hearn 1986 . Recent studies have demonstrated that during the peri-implantation
period of normal human pregnancy the heterodimeric hCG  initially secreted has
limited capacity to transduce a biological signal through the LH/CG seceptor but as
implantation progresses the hCG in circulation has increasing bioactivity. In cont-
rast the trophoblast of pregnancies which later end in spontaneous abortion tends to
produce hCG with lower biological activity than the hCG of normal pregnancies and
this deficiency is most pronounced in pregnancies that abort early in the post-implant-
ation period. These observations are consistent with the concept that the normal
physiological changes which occur in trophoblast cells during implantation as well as
abnormalities in this process are reflected in the biochemical properties of the tropho-
blastic hormones and that these changes in hormone production and secretion can be
detected using assays of hormone bioactivity Wang Segal and Koide 1988 and
1989 .

Immunoreactive hCG has been used to detect early human pregnancies and urinary
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hCG has been used to estimate the frequency of early fetal loss EFL in large popula-
tions of women in some epidemiologic studies Wilcox et a/. 1988 . The early hu-
man embryo is particularly sensitive to environmental hazards. One difficulty in asso-
ciating EFL with environmental exposures is the relatively high spontaneous failure
rate of pregnancy in non-exposed women Wilcox et al. 1988 . Approximately one-
third of all conceptions end in abortion with two-thirds of these being EFL which is
detected only by the transient appearance of immunoreactive hCG. Only a pregnancy
loss over the usual thirty percent spontaneous rate would be indicative of toxicant in-
duced losses since the pattern of hCG production in induced and spontaneous losses
are not known to be different. A biomarker which identifies abnormal pregnancies
immediately following exposure to an environmental hazard would improve the capa-
bility to detect environmentally-induced pregnancy losses.

In the present study we utilized laboratory macaque to characterize the immu-
noreactivity and bioactivity of monkey chorionic gonadotropin mCG  in normal preg-
nancies and in pregnancies which aborted following treatment with TCDD 2 3 7 8-
tetrachlorodibenzo- p-dioxin . TCDD is a very toxic chemical and is present at various
levels in the environment. A monkey model is required for such studies because of
biological specificity in maternal-embryo signaling which is characteristic of closely re-
lated primate species. First use tested the hypothesis that changes in the production
of immunoreactive and bioactive CG in the peri-implantation period of normal preg-
nancy are similar in humans and in the macaque model. Second use tested the hypot-
hesis that the pattern of CG secretion and in particular the pattern of secretion of
bioactive CG are altered in pregnancies that fail because of a toxic exposure. The
overall objective of the study was to demonstrate that the macaque is a useful model
for investigating changes in the biochemical properties of CG which occur during early
pregnancy and which may be altered as a result of an environmental exposure to toxi-
cants.

MATERIALS AND METHODS
Animals

Female cynomolgus macaques Macaca [ascicularis  6-12 years of age and
weighing from 3. 1-4. 3 kg with a known reproductive history were purchased from
the Primate Center University of California Davis. All animals were housed and ma-
intained according to the guidelines for laboratory animal care and were fed Purina
Monkey Chow 25% protein twice daily. Animal rooms maintained on a 12:12
hour light-dark cycle lights on at 0600 hour  had a year-round temperature of ap-
proximately 22°C and 60% relative humidity and were equipped with an automatic
watering system for provision of water ad libitum.

TCDD Treatments and Blood Sample Collections

Crystalline TCDD was purchased from Cambridge Isotope Laboratories Inc
Andover MA . 99.9% purity . TCDD was dissolved in acetone and diluted with
corn oil to prepare doses of 1 2 and 4 pg/kg body weight 2 =4 animals per dose
group and was administered as a single dose by nasogastric intubation. The control
group n =7 received the same dosing volume 1 mlL/kg of acetone-corn oil. Early
morning urine samples were collected from cycle day 9 to cycle day 15 cycle day 1
was the first day of vaginal bleeding so as to identify the preovulatory estrone conju-
gates E1C peak and to determine the day of ovulation defined as the day of the
urinary E1C peak Behboodi ez a/. 1991 . The day of the E1C peak was designated
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gestational day GDO . Animals were treated once with TCDD on GD 12 the initial
day of pregnancy detection by ultrasonography.

Serum samples were collected from treated animals from treatment day — 2 to
day +16 the day of TCDD treatment was treatment day 0  and for control animals
from treatment day —6 to + 16 then samples were collected every third day in all
groups until treatment day 31.

Hormone Assays

Serum immunoreactive mCG was determined by ELISA Munro ez al. 1997
serum bioactive mCG concentrations were determined by methods previously de-
scribed Guo et al. 1999 . The inter- and intra-assay errors expressed as coeffi-
cients of variation for the serum immunoreactive and bioactive mCG were 10.2% 8.
04% and 9.32% 6.78% n =30 respectively.

Statistics

Data are presented as x + s. The comparison between the treatment groups and
control group were analyzed by repeated-measures ANOVA. P<0.05 was considered
to be significant.

RESULTS

As a result of single exposure to TCDD on GD 12 the pregnancy was subse-
quently aborted in 10 of 12 treated animals and EFL occurred from GD 22 to 32. The
two surviving pregnancies occurred in the low dose group. All seven animals in the
control group had normal term pregnancies Table 1 . Maternal toxicity was also ob-
served following TCDD exposure Table 2 .

TABLE 1

Effect of TCDD on Early Fetal Loss EFL in Macaques

Dose pglkg Animal Number EFL Number
1 4 2
2 4 4
4 4 4
control 7 0

Among the TCDD-treated animals the immunoreactive mCG concentrations in
the low- mid- and high-dose groups did not differ from one another and were not
significantly lower than those in the controls P>0.05 Fig. 1A . Immunoreactive
mCG in treated and control animals began to rise on the second day post treatment
and rose to peak values on treatment day 13 or 14 then declined steeply from peak
values in treated and control animals and was undetectable in both the treated and
control groups at about day 25 post treatment.

But bioactive mCG began to rise a day later in the treated animals than in control
animals and by day 8 post treatment bioactive mCG was three fold high in control
animals than in treated animals Fig. 1B . Bioactive mCG continued to be signifi-
cantly lower in treated animals than in controls until treatment day 19 P <0.01
when levels in both treated and control groups were near baseline Fig. 1B . Al-
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though there was variation between animals the profiles of mCG bioactivity were
similar in the different treatment groups.

TABLE 2

TCDD Maternal and Developmental Toxicity Following Exposure to TCDD

Maternal Toxicity”

Dose  Animal Embryo . Facial &
,ug/kg ID Death® Weight Poor Hepato- cular SlOUgth]_)erma‘[itis Death

.. Alopecia Anemiz . . .
Loss”  Appetite opecia crma toxicity® 4Fingernails
Changes

1 1 17 4% 33 R 10 10

2 130 S/B 1% 26 26 23 26

3 - 23% 12 R 37

4 19 19% 27 R 27 27 28
2 1 11 14% 50 R 71 33 45 82

2 20 6% 44 R

3 19 - R

4 19 17% 53 R 38 36 58
4 1 20 13% 37 10 62

2 10 13% 34 R 12 31

3 14 23% 17 R 12 42 37 55

4 19 14% 32 28 44 49 57 45 348

“Days post-TCDD treatment S/B= stillbirth R = reported.

YMaximum weight loss relative to pre-treatment weight days post-treatment .

¢Includes hepatomegaly and/or elevated liver enzymes.

dIncludes swollen eyes ocular discharge inflammation tearing and/or loss of eyelashes.

When the ratio of mCG bioactivity to immunoreactivity B/I ratio was calculated
for the control and treated groups the B/I ratios of all groups were relatively low for
the first six days following treatment Fig. 1C . After that the B/I ratio of control
animals rose rapidly to reach a peak value on treatment day 10. The B/I ratio in treat-
ed animals remained significantly lower than those in control animals throughout the

period of mCG production P<0.001 Fig. 1C .
DISCUSSION

The data demonstrate that circulating concentrations of bioactive but not immu-
noreactive CG are reduced in association with TCDD-induced EFL in the non-human
primate model. These experimental findings are consistent with clinical observations
that bioactive hCG is reduced in the immediate post-implantation period of human
pregnancies that later abort spontaneously Ho et al. 1997b  and also are consis-
tent with the results of experiments in vitro which demonstrate that normal growth
and development of the human trophoblast is associated with a change in bioactivity of
the hCG molecule Ho et al. 1997a .

The mechanism by which TCDD induces EFL in macaques is unclear. The pri-
mary endocrine alteration associated with embryo loss was lower levels of progesterone
and estrogen which could be a result of direct action of TCDD on the ovary or a re-
flection of the reduced secretion of bicactive mCG. The relatively long time from TC-
DD exposure to embryonic death 10 to 20 days is consistent with a delayed effect on
the conceptus that could involve the endocrinology of the maternal-fetal unit or be the
result of a direct action on the embryo.

In the previous report describing changes in the B/I ratio of hCG during early
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human pregnancies two well-characterized immunoassays for hCG were employed
both of which are known to detect the intact hCG dimer Ho ez al. 1997b and ¢ .
These methods and the use of the same standards in the immunoassays and bioassay
enabled the authors to make direct comparisons between the amount of immunoreac-
tive versus bioactive hCG in each sample. The immunoassay for mCG does not have a
sensitivity or specificity which is comparable to the immunoassays that are available
for hCG. For example the immunoassays for mCG does not detect pregnancy until
approximately day 12 post ovulation in macaques Munro et al. 1997  whereas
hCG assays detect human pregnancy by day 9 post ovulation Stewart et al. 1993 .
By comparison to control values using the same assays it is apparent that TCDD did
not suppress the immunoreactive forms of mCG at any dose whereas the effect of
TCDD on the bioactive forms of mCG was profound.

There are two reasons for expressing the values as a B/I ratio. The first is that
there is a good deal of animal-to-animal woman-to-woman variation in CG produc-
tion a simple profile may not show a difference between normal and failing pregnan-
cies. The second is that the authors wish to emphasize that while the amount of im-
munoreactive hCG is similar in normal and failing pregnancies the difference is in the
portion of the total hCG secreted that has full bioactivity. The primary objective of
this study was to determine if the shift in B/I ratio associated with spontaneous preg-
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nancy loss in human could be observed when EFL was induced in a non-human pri-
mate model as the result of an exposure to a toxicant. The results demonstrate that
normal pregnancy in monkey as in human is characterized by a post-implantation
change in the B/I ratio of CG. These findings suggest that the macaque is a useful an-
imal model to conduct experiments on the physiologic and biochemical basis of this
previously unrecognized aspect of embryo-maternal signaling. This monkey model can
also be used for experiments in which exposures to toxicant at different stages of preg-
nancy demonstrate the utility of monitoring changes in the production of bioactive CG
as a biomarker of environmental exposures which lead to EFL.
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