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Abstract  

Background:  Delayed gastric emptying with prolongation  
of gastrointestinal transit time resulting in nausea and vomiting  
of pregnancy (NVP) which is the most common disorder  
during the first trimester of pregnancy with significant mor-
bidity and adverse birth outcomes, few percentage of women  
develop a severe form of NVP called hyperemesis gravidarum  
(HG). The mechanism of NVP remains unclear with wide  
controversy, Several observational studies have suggested  
that NVP are related to the high levels of human chorionic  
gonadotropin (hCG), others relate it to hCG induced transient  
hyperthyroidism that commonly occur during pregnancy, these  
studies did not ascertain the possible relationship and mech-
anism either which hormone is the direct responsible?.  

Aim of the Study:  To investigate the effect of hCG treatment  
and thyroid hormone changes on gastric transit in hCG treated  
female rats.  

Material and Methods:  This study was done on 18 female  
Wister albino rats, were divided to 3 groups (n=6): Control  
group (I) treated with saline, hCG treated group (II), and hCG  
+ Methimazole treated group (III). After 2 weeks, at the end  

of the study, in all group, serum levels of Thyriod stimulating  
hormone (TSH), free (thyroxine) T4, hCG, estrogen and  
progesterone were estimated and gastric empting time was  
calculated. Groups comparison were done by applying one  
way analysis of variance (ANOVA) and the relationship  
between various parameters was evaluated by calculating  
coefficient of correlation, "r".  

Results:  Gastric emptying time was significantly decreased  
in both hCG treated groups and correlate negatively with hCG  
levels. Free serum T4 was significantly increased and TSH  

levels was significantly decreased in hCG treated group (II)  
in comparison to both control (I) and Methimazole treated  
(III) groups. Estrogen and progesterone levels showed no  
significant changes in both hCG treated groups when compared  
to control.  

Conclusion:  Our results are confirmative of the involve-
ment of hCG in the pathogenesis of NVP and HG through a  
mechanism involving delaying gastric emptying time with no  
implication of hCG induced hyperthyroidism in this patho-
genesis.  
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Introduction  

DELAY  in gastric emptying time, is one of the  
most common disorder in pregnant female [1] ,  
Pregnant women with delayed gastric emptying  
suffer from nausea, vomiting, or abdominal disten-
sion during the course of pregnancy, mainly during  
the first trimester [2] . Nausea and Vomiting of  
Pregnancy (NVP) is a very common disorder re-
ported in 70-80% of all pregnant female [3,4,5] . It  
peak between 9 and 16 weeks of gestation and  
generally resolve by 22 weeks gestation, the sever-
ity of symptoms for NVP range from mild to mod-
erate nausea and vomiting to a severe form of NVP  
called hyperemesis gravidarum (HG), which may  
lead to adverse birth outcomes with significant  
maternal morbidity and mortality [6-11] .  

Human chorionic gonadotropin (hCG), a hor-
mone secreted by the placental trophoblast, it is  
suspected to be involved in NVP and HG pathology,  

as hCG concentrations rise rapidly during the first  
trimester and peak at 10-12 weeks of gestation  
[12,13] . In 1992, Goodwin et al. [14] , reported that  
serum hCG concentrations are significantly in-
creased in women with HG compared with female  
of comparable gestational age. Furthermore, hCG  
concentrations correlate with the severity of vom-
iting, those findings suggest that hCG may play a  
role in the pathogenesis of NVP and gastrointestinal  

transit.  

Despite the numerous studies linking hCG to  
NVP and HG, the role of hCG in these pathologies  
is not clear, Research has offered conflicting data  
about the relationship between serum hCG levels  
and severity of symptoms of NVP [15] .  
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On the other hand, it was observed that hyper-
thyroidism was present in 70% of women with HG  

[16] . As hCG stimulates the thyroid gland by cross-
reacting with the alpha-subunit of TSH receptor  
[14] . This hCG effect leads to suppression in TSH  
and slightly elevation in free T4, this effect resolves  

spontaneously by the second trimester [6,17,18] .  
Moreover, Rodien et al. [19]  suggested a direct  
relationship between hyperthyroidism and HG, as  
treatment of thyrotoxicosis led to improvement of  
vomiting.  

In controversy, some studies assumed that es-
trogen and progesterone, that increased in pregnan-
cy may be directly and indirectly involved in the  
pathogenesis of NVP [20,21,22] , as they may be  
mediators of esophageal dysmotility in pregnancy  

as well as changes in gastric rhythmic activity that  

may contribute to NVP [6,24,25] . In addition, total  
estradiol are reported to be higher in female with  

HG [25,26] , although other studies could not confirm  
these findings [15] . Moreover, it has been reported  
that stimulation with hCG increase serum concen-
trations of progesterone and estrogen in a mouse  

model [27] .  

It was found that estradiol treatment inhibits  

gastric emptying in Female rats [28,29,30] . This  
study also demonstrated that estrogen and a com-
bination of estrogen and progesterone inhibit gastric  
emptying, but progesterone alone enhances gastric  
emptying in female rats [31] . Furthermore, in male  
rats, low-dose progesterone has been reported to  

increase gastric emptying, while high-dose proges-
terone inhibits it [32] .  

Although the pathogenesis of NVP and HG  
remain unclear, it is likely to be multifactorial and  
that various endocrine, genetic, and gastrointestinal  

factors may be involved [33] .  

Material and Methods  

Experimental animals:  

In the period from 1st of May 2018 to 30 th  May  
2018, this study was performed on 18 female albino  

rats in Faculty of Medicine, Zagazig University.  
Rats were 4-5 weeks old weighing 90-110gm and  
were obtained from the animal house of Faculty  

of Veterinary Medicine, Zagazig University. Ani-
mals were kept in clean wire cages at comfortable  

temperature with 12-hour light/dark cycles and  
with free access to food and water. All rats received  

care in accordance with the national health guide-
lines and the study protocol was approved by the  

Institutional Review Board and Ethics Committee  

of Faculty of Medicine, Zagazig University. After  

two weeks' acclimatization period, the animals  

were randomized into three main groups:  

Animal grouping and drug treatment:  
Control animals group (I):  

Control animals (n=6): Control rats were intra-
peritonially injected with vehicle alone (0.1ml  
saline).  

HCG treated group (II):  
(n=6): (To mimic the condition of pregnancy),  

each rat was subjected to a single daily dose of  

hCG (100IU). The H.C.G. is available in the market  

as Epiphasi 5000IU (Epico, Egypt).  

The Ampoule/Vial Size: 5000IU hCG was di-
luted with a total of 5m1 distilled water then each  
l ml of the mixture was divided for ten rats. Injected  

intraperitoneally for 2 weeks [34]  with some mod-
ification.  

HCG + Methimazole treated group (III):  

(n=6): Each rat was subjected to a single daily  
dose of hCG (100IU) injected intraperitoneally for  

2 weeks. In addition to Methimazole (antithyriod  

drug was given by minimal dose to antagonize  
effect of hCG on thyriod stimulation without caus-
ing hypothyriodism) added to drinking water [35]  
by dose of 10mg/dL (0.01%) for 2 weeks in the  
form of carbimazole tablets each tablet contains  

5mg Methimazole (Amoun Co. S.A.E., Cairo,  
Egypt).  

At the end of the study period, all animals were  

anaesthetized, sacrificed by decapitation, blood  
was allowed to clot then centrifuged and serum  

was separated and kept frozen in dark containers  
till the time of analysis. In all group, serum levels  
of hCG, TSH, free T4, estrogen and progesterone  

were estimated and gastric emptying time was  

calculated.  

Measurement of gastric emptying time:  

According to [40] , after fasting (18-20 hours)  
for food with free access to water, rats housed one  

per cage, then pre-weighed, 10g pellet of rat chow  
for consumption. All rats had no food left in the  
cage before assessment of emptying. Collected  
spillage was weighed in order to accurately measure  

how much of the 10g meal was consumed, each  
rat were treated by intraperitoneal injection of hCG  

100IU at the same time of refeeding. The percentage  

of gastric emptying of the ingested meal was as-
sessed 2 hours after the end of food exposure. Mice  

were killed by cervical dislocation followed by  
thoracotomy. The abdominal cavity was opened,  
the pylorus and cardia clamped and the stomach  
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removed. The stomach was weighed, opened and  
the gastric content was washed out with tap water.  

The gastric wall was wiped dry and weighed. The  
amount of food (g) contained in the stomach was  

calculated as the difference between the total weight  

of the stomach with content and the weight of the  

stomach wall after the content was removed. The  
solid food ingested by each animal before any  
treatment was determined by the difference between  

the food weight before and 2h after the feeding  

period. The percentage of gastric emptying for the  
2h period was calculated according to the equation:  
Percentage of gastric emptying (%) =  

[1 – Gastric content (g) / Food intake (g)] x 100  

Biochemical measurements:  
Determination of Serum hCG levels: By ADVIA  

Centaur immunoassay System (Siemens), according  
to Wilde et al. [36] .  

Determination of serum T4 and TSH level:  By  
radioimmunoassay according to Lethotaty et al.  
[37]  and Cardosi et al. [38]  respectively Using Elec-
sys D-68298 Mannheim, Germany kits (T4) and  
Chemiluminescence immunoassay Biotech TSH  
CLIA kits (Jei Daniel Biotech Corp. Inc., France).  

Determination of serum estrogen and proges-
terone levels: According to Tietz [39]  using rat kits:  
BC-1031, BC-1029, BC-1111, BC-1113 and BC-
1115,  respectively, BioCheck Inc 323 Vintage Park  
Dr. Foster City, CA 94404.  

Statistical analysis:  Values are expressed as  
mean ±  standard deviation (SD). Means were com-
pared by using one way analysis of variance (ANO-
VA) with LSD post hoc test. For bivariate correla-
tions Pearson correlation coefficient " r" was used.  
Statistical analysis was performed using the IBM  
Statistical Package for the Social Sciences (IBM-
SPSS), version 24 (SPSS Inc., Chicago, IL, United  

States) for Windows. p-value <0.05 was regarded  
as significant.  

Results  

Effect of hCG treatment on gastric emptying in  

female rats:  
Table (1) shows a comparison of gastric emp-

tying in the 3 groups of rats. Gastric emptying was  
significantly decreased in both hCG treated (Group  

II) and hCG + Methimazole treated group (Group  

III) in comparison to control rats ( p<0.01). In  
addition, serum hCG levels showed significant  

negative correlation with gastric emptying (p<0.01)  
in both hCG treated and hCG + Methimazole treat-
ed groups as shown in Table (2).  

Effect of treatment with hCG + low dose Me-
thimazole on gastric emptying in female rats:  

As shown in Table (1), significant decrease in  
gastric emptying in hCG + Methimazole treated  
group (Group III) in comparison to control rats  

(p<0.01). However, there was no significant dif-
ference in gastric emptying time between hCG  

treated group and hCG + methimazol treated group  
(p>0.05).  

Effect of hCG treatment on free serum T 4  levels  
and serum TSH in hCG treated group (group II)  
in comparison to control rats:  

As shown in Table (1), hCG treatment in group  

II resulted in an significant increase in free serum  

T4  concentration when compared with control  

(p<0.05), on the other hand a significant decrease  

in TSH concentration when compared with controls  

(p<0.05). I addition, serum hCG showed significant  
positive correlation with free serum T 4  (p<0.05)  
while significant negative correlation with TSH  

(p<0.05) as shown in Table (2).  

Table (1): Show serum levels of hCG (mIU/ml), free T4 (ng/dl) and TSH (µIU/mL), estrogen (pg/ml), progesterone (ng/ml)  

and gastric emptying time (%) in the three studied groups.  

N=6  Control  
(group I)  

HCG treated group  
(Group II)  

HCG + Methimazole treated  
group (Group III)  

Parameters  X  ±  SD  X  ±  SD  PVS group I  X ±  SD  PVS group I  PVS group II  

HCG (ng/mL)  12.3 8±5.89  7733.19±658.35  <0.001**  7684.9±465.46  <0.001**  >0.05  

Gastric empting time%  79.3±7.99  49.8±6.05  <0.001**  48.8±8.82  <0.001**  >0.05  

Free T4  (ng/ dL)  1.7±0.19  2.29±0.16  <0.001**  1.49±0.26  >0.05  <0.001**  

TSH (µIU/mL)  0.009±0.001  0.003±0.001  <0.01*  0.011±0.005  >0.05  <0.001**  

Estrogen pg/ml  35±4.6  38.68± 11.21  >0.05  36.35±9.67  >0.05  >0.05  

Progesterone ng/ml  16.1667± 1.47  17.57± 1.65  >0.05  17.9± 1.85  >0.05  >0.05  

Data expressed as mean ±  SD. p-value is significant at <0.05. *Significant.  
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Effect of treatment with hCG + low dose Me-
thimazole on free serum t4 levels and serum TSH:  

Table (1) show that in hCG + Methimazole  
treated group (group III) there was significant  

decrease in free serum t4, while significant increase  

in TSH concentration when compared with hCG  

treated group (Group II) ( p<0.05 ), but no signifi-
cant change when compared with control (p>0.05).  

Effect of hCG on serum estradiol and proges-
terone in comparison to control rats:  

As shown in Table (1), hCG treatment in both  

group insignificantly increase serum estradiol and  

progesterone levels (p>0.05).  

Table (2): Correlation between serum hCG levels and levels  
of TSH, free T4, Estrogen, progesterone and gastric  

emptying time in both hCG treated and hCG +  
Methimazole treated groups.  

HCG +  
Methimazole  
treated group  
(Group III)  

r  p 
 

r  p 
 

TSH (µIU/ml)  –0.882*  <0.05  –0.577  >0.05  
T4  (ng/dl)  0.78 1 *  <0.05  0.225  >0.05  
Estrogen pg/ml  –0.367  >0.05  0.058  >0.05  
progesterone ng/ml  0.316  >0.05  0.372  >0.05  
Gastric empting time%  –0.932**  <0.01  –0.897*  <0.05  

r  = Correlations with serum hCG levels of the same group.  

p<0.05 is significant.  
*Significant correlation vs hCG level.  

Discussion  

In this study, we evaluate gastric emptying time  

as an indicator for NVP and HG, we depend in this  
concept on many studies that confirm that NVP  

pathogenesis is due to delay gastric emptying time  

[1,2] .  

In the current study we showed that hCG treat-
ment resulted in inhibition of gastric emptying in  

young female rats, hCG showed significant negative  

correlation with gastric empting.  

Our result is supported by many studies that  
observed increase levels of hCG with onset of NVP  
or HG, Besides, hCG levels decline in a similar  
manner to the decline of the HG symptoms, more-
over, nausea and vomiting are often worse in preg-
nant women with conditions associated with ele-
vated hCG levels such as molar pregnancies,  
multiple gestations [6,13,15,34,41,42] .  

On the other hand, Niemeijer et al. [43]  did not  
find relationship between serum hCG in pregnant  

female and the occurrence and severity of nausea  
and vomiting.  

These conflicting results about the role of hCG  

in NVP is based on reports suggesting that the  

increased levels of acidic hCG isoforms which  

appears to play a role in NVP [44] . These different  
isoforms of hCG are likely the result of genetic or  

epigenetic factors which may explain the differ-
ences in NVP incidence found in different popula-
tions [6] . In addition, hCG receptor mutations may  

explain some of the variability in the relationship  
between NVP and hCG [14] .  

Our result observed significant effect for hCG  

on thyroid stimulation in consistent with some  

observational studies on pregnant women that  

observed positive correlation between hCG and  

thyroid hormone levels with negative correlation  
with TSH with conclusion suggesting thyroid stim-
ulating effect of beta hCG [45,46,47] .  

As observed in our result gastric emptying  
delayed with hCG elevation in both groups with  

and without hyperthyroidism so we approved no  

role for thyroid hormone in delaying gastric empt-
ing so no contribution for transient gestational  

hyperthyroidism in NVP or HG.  

On coincide with us [48,49]  observed no rela-
tionship between thyroid dysfunction and the se-
verity of HG symptoms, moreover, treatment with  
propylthiouracilntithyriod does not alleviate the  

nausea and vomiting in HG patients and patients  

with primary hyperthyroidism rarely have vomiting  

[50] , moreover, transient gestational hyperthy-
roidism does not affect pregnancy outcomes [16] .  

However, other results are suggestive of the  

involvement of thyroid in the pathogenesis of  
morning sickness and HV as they observed that  

thyroxin levels were significantly changed and the  

increase or decrease in their level correlated with  

the severity of symptoms [51,52] .  

In our study, decreased gastric emptying was  

seen in rats with normal levels of estrogen and  
progesterone as our finding showed no significant  

effect for hCG on estrogen and progesterone levels,  

as this model is not true pregnancy (no placenta),  

even though hCG was applied to mimic the first  

trimester in pregnancy, the present animal model  

does not completely mimic pregnant women, in  

whom hCG given for short duration and done on  
young rats with premature ovaries. But this model  
was suitable to study the effect of hCG on gastric  

emptying without interference of other hormones.  

HCG treated  
group  

(Group II)  
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Normal estrogen and progesterone levels ex-
clude any effect for these two hormones on delay  

of gastric empting time in our study, this support  
our conclusion that hCG is the main responsible  

for this effect with the possible mechanism men-
tioned above.  

Further studies are needed to clarify the contri-
bution of hyper secretion of estrogen and proges-
terone on gastric emptying and gastric rhythmic  

activity in female rats.  

On supporting of our finding, Seow et al. [34]  
showed that hCG inhibit gastric emptying in ovarec-
tomized rat model and suggested that hCG could  
stimulate cholycystokinin hormone (CCK) release  

through binding with hCG/LH receptors in the  
brain, neurons or small intestine, the inhibition of  
gastric emptying induced by hCG via a peripheral  

mechanism involving CCK hypersecretion and  
CCK1 receptor activation that may explain the  

gastric distension and NVP seen in women during  
the first trimester of pregnancy. However, further  

studies should be done to prove this relationship.  

Conclusion:  
This study showed that hCG treatment inhibit  

gastric emptying in female rats with no role for  

thyroid hormone, in addition to absence of any  

possible effect for estrogen and progesterone on  

gastric emptying suggesting that NVP mediated  
mainly by hCG and the gestational transient hyper-
thyroidism if present it is just association and not  
a cause for NVP or HG.  

Further studies are needed to confirm mecha-
nisms behind hCG effect on gastric emptying.  
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