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Abstract

Recent studies revealed functional extragonadal gonadotropin receptors at several sites of
the human body. The human chorionic gonadotropin/luteinizing hormone (hCG/LH) receptor
messenger RNA and protein were found in the endothelial and vascular smooth muscle layers of
the human uterine arteries. In vivo administration of hCG decreased the blood flow resistance in

the human uterus and in vitro increased vasodilating eicosanoids in the vascular wall.
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Aim of the Study

Whether the administration of hCG to patients with signs of threatened abortion has any

beneficial effect.

Material & Methods

The patients were treated with either magnesium or progesterone and/or hCG.

The results

Showed that the rate of patients reaching second trimester was higher when hCG was
included in the treatment protocol, and a parallel significant decrease in uterine blood flow
resistance was also found. Analyzing the long-term results, the rate of preterm and growth-

retarded deliveries was lower when hCG was administered in the first trimester.

Conclusion

The uterine vascular LH/hCG receptors play a significant role in the peri-implantation

period. The hCG might also participate in angiogenesis, enhancing long-term clinical results.

Introduction

For a long time, it was believed that gonadotropin receptors were localized and had an
effect only on gonadal tissues. Researchers in different laboratories, especially Professor Rao's
group, found and characterized in detail luteinizing hormone/human chorionic gonadotropin
(LH/hCG) receptors in several nongonadal tissues including placenta and fetal membranes,|[1]
myometrium,[2] fallopian tube,[3] breast,[4] lymphocytes,[5] and the central nervous system.[6]
Following detection and molecular biological characterization of these receptors, we learned that
they are functional, and the next step was to find their functional significance. During

characterization of myometrial LH/hCG receptors, it was found by immunohistochemistry that
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LH/hCG receptor protein was located in blood vessels of the myometrium as well as the main

trunk of the uterine artery.

Subsequent studies were directed toward characterizing in detail the vascular LH/hCG
receptors and their functional relevance.[7] These studies showed that the human uterine artery
contains LH/hCG receptor protein and messenger RNA (mRNA), and the receptor protein binds
1 -labeled hCG. Also, we learned that both the endothelium and smooth muscle layer of the
arteries contain the receptor protein and mRNA and there is a gradient in the concentration of the
receptors. Quantitative immunohistochemistry revealed that the receptor protein is more
abundant in the small intramyometrial arteries than in the main trunk of the uterine artery. Thus,
the receptor is located in most abundant fashion in the part of the uterine circulation that is

important in the regulation of vascular resistance.

Regarding function, it was hypothesized that hCG can influence local eicosanoid
metabolism in the vascular wall, thus regulating the smooth muscle tone. The basis for this
hypothesis was the earlier finding that hCG regulates local eicosanoid production in the

ovarium.[8]

Tissue culture studies with isolated uterine artery segments provided evidence for the
influence of the vascular wall's eicosanoid metabolism by hCG.[7] Subsequent studies detected
that hCG acts on the local eicosanoid synthases and production in different kind of tissues, such

as fallopian tube,[3] fetal membranes,[9,10] and brain.[11]

In vivo evidence for the vascular resistance-regulating role of the vascular LH/hCG
receptors was obtained by Doppler blood flow measurements. hCG was given to patients in an
infertility treatment program and Doppler blood flow measurements were carried out before and
after hCG was administered. After 16 hours of hCG treatment, a significant decrease in the
peripheral resistance of the uterine circulation was observed. Measurements of estradiol and
progesterone did not show significant change in this time frame, so it was supposed that the
effect on blood flow was due to a direct vascular tone-regulating mechanism possibly via a local

eicosanoid mechanism.
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These results initiated a further study presented here. The question raised was whether
hCG treatment, in the case of threatened abortion, could be beneficial and, if so, whether it could
influence uterine vascular resistance. From a clinical point of view, it is important to find new
therapy possibilities for threatened and/or repeated abortion because most pregnancy loss occurs
at early gestation.[12] Many pathomechanisms such as immunological, corpus luteum
insufficiency, and delayed trophoblast invasion are accepted and treatment trials are focused on
these factors. The peri-implantation period is extremely important because more than one third of

lost pregnancies are spontaneous abortions during that time.[13]

Methods

The presented study is ongoing, so results summarized here are a preliminary evaluation

of the study. The following experiments and measurements were completed:

Participants were recruited from patients admitted to the 2nd Department of Obstetrics
and Gynecology, Semmelweis University for signs of threatened abortion. Patients were divided
in four treatment groups based on severity of the symptoms and were not selected randomly.
Severity was assessed by clinical signs regarding subjective grade of abdominal cramps, light

vaginal spotting, or vaginal bleeding.
Patients with signs of threatened abortion were treated with four different protocols.

1. Magnesium 2 X 250 mg/day

Magnesium 2 X 250 mg/day + progesterone (Duphaston, Solvay Pharma) 2 X 10 mg/day
Magnesium 2 X 250 mg/day + hCG (Choriogonin, Richter Ltd.) 2 X 4500 IU/week
Magnesium 2 X 250 mg/day + hCG (Richter Ltd.) 2 X 4500 [U/week + progesterone

A

(Duphaston, Solvay Pharma) 2 X 10 mg/day

The number of treated patients was 154, and their gestational age was 5-11 weeks of

pregnancy at the start of therapy. Effectiveness of the combined therapies were compared with

467



Diyala Journal For Pure Sciences Vol:6 No:2, April 2010 [, #%% Rﬂs
BB v er T fSCINCE
Ali Hassan Mohammed "Clinical Data Supporting the Importance of Vascular LH/ hCG Receptors of Uterine Blood Vessels "

that of the magnesium-only therapy. By definition, therapy was considered effective if pregnancy

continued in the second trimester.

Next, blood flow parameters were measured before and 16 hours after hCG addition to
magnesium treatment in patients hospitalized for threatened abortion at 6-8 weeks of gestation.
The resistance index (RI) and systolic/diastolic (S/D) ratio were measured by using a

transvaginal 7.5-MHz pulsed Doppler probe.

Blood for serum progesterone and estradiol levels was drawn and compared at the same

time as the Doppler measurements.

The clinical outcome of pregnancy was assessed in a subset of patients (n = 37) treated
with magnesium or magnesium and hCG in early gestation and could be followed until delivery.
The birth weight of the fetus, length of gestation, relative frequency of intrauterine growth

retardation (IUGR), and premature delivery were compared.

The unpaired Student's test and Fisher's test were used in the study for statistical analysis.

Results

Most patients were treated with only magnesium (Fig. 1). They were of 92 and had the
slightest signs of threatened abortion. Assignment of patients to magnesium plus Duphaston
and/or hCG therapy did not show a significant difference. However, patients with the most
serious signs of threatened abortion received combined therapy with magnesium, Duphaston, and

hCG.

Patients with threatened abortion were treated with either magnesium or magnesium
combined with progesterone and/or hCG. Treatment started between 5 and 11 weeks of gestation
and continued for 14 weeks of gestation. It was considered effective when spontaneous abortion

did not occur until the beginning of the second trimester.
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Figure 1.

Patients with threatened abortion were treated with either magnesium or magnesium
combined with progesterone and/or hCG. Treatment started between 5 and 11 weeks of gestation
and continued for 14 weeks of gestation. It was considered effective when spontaneous abortion

did not occur until the beginning of the second trimester.

When only magnesium was applied even with slight signs of threatened abortion, almost
one third (30.6 %) of the patients miscarried (Fig. 2). The combination of magnesium with
progesterone or hCG yielded better results. The best response, even in the case of the most
severe clinical signs, was achieved with the combination of magnesium, progesterone, and hCG.
The first-trimester abortion rate was then as low as 16.6%. Regarding the data, the combination
of magnesium with only hCG yielded almost the same success rate (18.1% abortion rate). Thus,
magnesium and hCG therapy was almost as effective as its further combination with
progesterone. Calculating the change in abortion rate as a percentile after hCG addition to
therapy, there was a 46.8% decrease compared with magnesium treatment only. Contrary to this,
progesterone addition (25% abortion rate) decreased the abortion rate by only 18.4% compared

with magnesium treatment only.
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The rate of spontaneous abortion in the first trimester after treatment with magnesium and

magnesium combined with progesterone and/or hCG because of threatened abortion.

Medscape® www.medscape.com
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Figure 2.

The rate of spontaneous abortion in the first trimester after treatment with magnesium

and magnesium combined with progesterone and/or hCG because of threatened abortion.

The results and previous data raised the possibility that hCG's effect might be explained
by two mechanisms: the hormone can act directly on vascular smooth muscle through its own
receptor or increase the level of the steroid hormone estradiol and/or progesterone, thus

indirectly lowering vascular resistance in the uterine circulation and improving implantation.

When RI was measured (Fig. 3) by intravaginal pulsed Doppler probe in the main uterine
artery, it was shown that 16 hours after hCG treatment, RI significantly decreased in the uterine

circulation (0.761 + 0.009 versus 0.715 £ 0.015).

The resistance index (RI) values measured in the uterine artery before and 16 hours after

the hCG administration. The hCG significantly decreased the RI in the uterine circulation (0.761
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+ 0.009 versus 0.715 £ 0.015, n = 8 patients).

Medscape® www.medscape.com
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Figure 3.

The resistance index (RI) values measured in the uterine artery before and 16 hours after
the hCG administration. The hCG significantly decreased the RI in the uterine circulation (0.761
+ 0.009 versus 0.715 £ 0.015, n = 8 patients).

This result suggests a decrease in smooth muscle tone of the vessel wall in the resistance
arteries. These changes are similar to those of the decrease when hCG was administered in

ovulation induction courses. [7]

Blood was drawn from patients who participated in the Doppler blood flow study at the
time of flow measurements to test the hypothesis of whether hCG increases the estradiol and/or
progesterone levels. These hormones mediate hCG's effect by acting on the smooth muscle of the
vessel wall or by other local effects in the gestational tissues. However, values of estradiol
measurements (Fig. 4, 758.4 £ 113.5 versus 758.5 = 172.6) showed no significant change after

hCG administration in the time frame investigated.

The serum estradiol measurements were made at the time of Doppler examinations. hCG
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did not change significantly in the frame of investigation of the estradiol level (758.4 + 113.5
versus 758.5 = 172.6 pg/mL, n = § patients).

Medscape® www.medscape.com
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The serum estradiol measurements were made at the time of Doppler examinations. hCG
did not change significantly in the frame of investigation of the estradiol level (758.4 + 113.5
versus 758.5 = 172.6 pg/mL, n = § patients).

As in the case of estradiol, there was a hypothesis that hCG can increase the progesterone
level, thus increasing the success rate in the treatment of threatened abortion. The progesterone
level increased slightly 16 hours after hCG administration (Fig. 5); however, it did not reach a
significant change in the investigational time frame (22.1 + 7.68 versus 23.2 + 4.46). Results of
these hormone measurements did not support the hypothesis that steroid hormones might

influence the uterine vascular resistance shortly after hCG administration.

For serum progesterone measurements, blood samples were collected at the time of
Doppler ultrasound examinations. As with estradiol, besides a slight increase, hCG did not

significantly change the progesterone level in the time frame of investigation (22.1 + 7.68 versus
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23.2 £ 4.46 ng/mL, n = 8 patients).
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Figure 5.

For serum progesterone measurements, blood samples were collected at the time of
Doppler ultrasound examinations. As with estradiol, besides a slight increase, hCG did not
significantly change the progesterone level in the time frame of investigation (22.1 + 7.68 versus

23.2 £4.46 ng/mL, n = 8 patients).

A subset of 37 patients (28 patients in the magnesium group and 9 patients in the
magnesium plus hCG group) treated with either magnesium or magnesium plus hCG at an early
gestational age could be followed to delivery. There was no significant difference in the length of
gestation until delivery between the two groups (Table 1). However, the magnesium-treated
group had a higher premature delivery rate (6/28, 21.42%) than the hCG-treated group (1/9,
11.11%). Whereas the magnesium-treated group had three IUGR fetuses (3/28, 10.71%), we did
not find any in the hCG-treated group. However, because of the small number of patients
especially in the hCG-treated group, it necessary to collect additional clinical data in this part of

the study.
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As an extension of the study, patients with recurrent pregnancy loss in the first trimester
were treated with hCG according to the protocol mentioned earlier. Prior to a new pregnancy, a
detailed laboratory examination was done to rule out immunology or phospholipid metabolism
alterations. One of the patients had previously had 10 spontaneous abortions. Until the
preparation of this article, four patients were followed. All patients had ovulation induction for
their present pregnancy to optimize follicular function. After they became pregnant, regular
serum progesterone and B-hCG level measurements were made with uterine artery Doppler
studies. The hCG treatment given was 4500 IU intramuscularly twice a week until the 14th week
of gestation. Three patients delivered mature fetuses (one had twins) and one pregnancy is now
in the 36th week of gestation. In this small group of patients, there was no fetal loss even in the

presence of a poor obstetrical medical history.

Discussion

The results show that hCG added to the therapy protocol in cases of threatened abortion
might increase the success rate of therapy in the first trimester of pregnancy. This increase is
almost double that seen in the case of magnesium therapy only. Also, it can be concluded that
addition of progesterone to the therapy in this study was less effective than that of hCG. Another
important observation was that magnesium might not be effective enough in the case of

threatened abortion even if the signs are less serious.

To explain the beneficial effect of hCG, there can be many possible mechanisms. hCG
can exert its effect by more mechanisms. The gap junctions between myometrial cells are
regulated by hCG, [14] which can affect myometrial contractile activity. hCG can affect
prostacyclin metabolism in myometrium [15] and eicosanoid synthesis in gestational tissues,[9]
which again might contribute to the quiescence of the myometrium. Much less is understood
about the embryo-maternal intertalk; however, hCG can be one important signal transducer in
this process. hCG plays an important role in implantation. [16] Implantation and vascular
resistance of the uterine blood flow may be closely related to each other. For a long time, we

have known that the success rate in in vitro fertilization cycles depends on the vascular resistance
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measured in uterine arteries. [17] On the other hand, while it is easy to measure Doppler indices
in the uterine arteries, it is also not cumbersome for the patients and can easily be repeated. On
the basis of previous observations, [7] it was hypothesized that the beneficial effect of hCG
observed in the present study might at least be due to the regulation of vascular resistance.
Therefore, blood flow in uterine arteries was measured by a pulsed Doppler ultrasound probe
before and after hCG treatment. The short-term effect on the vascular resistance was also
studied. The finding that hCG decreased resistance raised two hypotheses; it could be mediated
either by a change of eicosanoid metabolism in the vascular wall or by stimulation of estradiol
and progesterone. Earlier it was shown that hCG in vitro can increase vasodilating eicosanoid
synthesis in the vessel wall of the uterine [7] and umbilical [18] artery. It was also shown that

sex steroids can influence vascular resistance in uterine arteries.[19]

In this human study, it was not possible to measure local eicosanoid metabolism in vivo.
Therefore, we investigated the other hypothesis on the effect of hCG on estradiol and
progesterone levels during the time frame when blood flow resistance changes were measurable.
In that time frame, hCG did not significantly increase the level of sex steroids, and this required
an explanation of the vascular eicosanoid metabolism influence. However, it cannot be ruled out
that, in a long-term fashion, sex steroids might increase the blood flow to the gestational tissues

as well.

There is a trend for a lower incidence of IUGR and premature delivery when threatened
abortion is treated with hCG. This can be seen as a long-term effect. Peripheral resistance can
also be influenced by local angiogenesis. However, it belongs to the long-term effects and, if
hCG can influence angiogenesis in the field of uterine blood circulation, that could be an
explanation for effects such as a lower incidence of IUGR in pregnancy. Our unpublished

observations and other results [20] indicate that hCG indeed influences angiogenesis.

Summarizing the results, hCG administration in threatened and repeated abortion can be
a part of the treatment. Its effect can be monitored with Doppler blood flow measurements in
uterine arteries and serum progesterone and estradiol measurements. To secure more supporting

evidence, collecting clinical data is now ongoing.
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