
Abstract. – OBJECTIVES: Recently, it has
been observed that weight loss is accelerated
by human chorionic gonadotropin (hCG) hor-
mone preparation used for hypothalamic dys-
function in obesity treatment in both sexes.
hCG is also used for in vitro fertilization and in
treatment of hypogonadotropic hypogonadism.
Our aim was to observe the ultrastructural

changes caused by local injections of hCG made
for purpose of weight loss and to present them to
inform those receiving such therapy.

MATERIALS AND METHODS: In our study,
10 obese female, 10 male obese, 10 non-obese
female and 10 non-obese male rats were used.
In each group, single dose of subcutaneous
hCG injection has been applied to 7 rats for 5
weeks in 5 days of the week, and placebo has
been applied to the remaining 3 rats. Following
the injection, the tissues were evaluated mor-
phologically, immunohistochemically and ultra-
structurally.

RESULTS: Leptin immunoreactivity was simi-
lar in all groups. When the adipose tissue sam-
ples were examined under electron microscope,
they were observed to exhibit normal structure
with organelles located around the nuclei and
nucleoli, and no distinctive features were found
among the groups.

CONCLUSIONS: Administering hCG in addi-
tion to diet had no advantage on weight reduc-
tion in rats.
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Introduction

Recently, it has been observed that weight loss
is accelerated by human chorionic gonadotropin
(hCG) hormone preparation used for hypothala-
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mic dysfunction in obesity treatment in both sex-
es1-19. hCG is used for in vitro fertilization and in
treatment of hypogonadotropic hypogonadism20.
Its mechanism of action is via hypothalamic-pi-
tuitary-gonadal axis. It has been shown to have
effects on many endocrine organs such as thy-
roid, suprarenal glands, the ovaries, and the testi-
cles21-23. This method has been investigated in
many studies on human. Currently, it is widely
used in such practices as beauty centers and
weight loss resorts because it has been reported
to accelerate weight loss and causing regional
thinning. Our study was planned because of lack
of reports showing effects of widespread use of a
hormone preparation affecting whole metabolism
for obesity treatment on the tissues at ultrastruc-
tural level. Our objective was to observe the ul-
trastructural changes caused by local injections
made for purpose of weight loss therapy.

Materials and Methods

Obtaining and Grouping the Experimental
Animals
For the present study, it was planned to use a

total of 40 Wilstar albino rats. The rats were di-
vided into two groups in such a way that half of
them would be male and other half would be fe-
male. Then, male and female rats were divided
into two sub - groups of obese and non - obese
rats. They were used in four groups in such a
way that each group would contain ten male and
female adult rats. They were obtained in such a
way that the female rats of 6 months would be
400 g averagely and male rats of 6 months would
be 400 g averagely. For the rats to be used in the
study, two sub-groups of female and male rats
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to primary antibodies to ER-α (sc: 787, Lot:
C0209, Santa Cruz Biotechnology, Santa Cruz,
CA, USA), ER-β (sc: 8974, Lot: E2809, Santa
Cruz Biotechnology, Santa Cruz, CA, USA) and
Ob-R (sc: 8391, Lot: D1309, Santa Cruz Biotech-
nology, Santa Cruz, CA, USA) without rinsing.
Then, binding to the primary antibody was al-
lowed by applying secondary antibody (Lot:
K97702D, Splink HRP Broad Spectrum, Golden
Bridge International Inc., Life Sciences Division,
Mukilteo, WA, USA) with biotin for 10 minutes
after the slides were rinsed three times with PBS
for 3 minutes. Then, tissues rinsed with PBS were
exposed to streptavidin peroxidase enzyme-com-
plex (Lot: K97702D, Splink HRP Broad Spec-
trum, Golden Bridge International Inc., Life Sci-
encew Division, Mukilteo, WA, USA) for 10 min-
utes in order for the tissues to bind biotin. After
the slides had been washed with PBS again, visi-
ble immune reaction was allowed to appear by us-
ing DAB (3,3 aminobenzidine tetrahyrochloride-
Plus kit) (Lot: K97717A, Invitrogen, Carlsbad,
CA, USA) as chromogen. Harris’s hematoxylene
was used for background dyeing. The stained
slides were subjected to alcohol and xylole series
and covered with entallan. The sections were as-
sessed by photographing on Leica Q Vin 3 soft-
ware in the Leica DM 4000 (Germany) computer-
assisted imaging system.

TEM Method
Tissue samples cut into pieces of 1 mm3 were

fixed in 2.5% glutaraldehyde (pH: 7.4) in 0.1 M
phosphate buffer for 2 hours. The tissues rinsed
with buffer three times at the end of fixation
process were post-fixed by exposing to 1% osmi-
um tetroxide for 1 hour. The tissues were dehy-
drated by means of subjecting to serial dilutions of
ethanol. Lastly, the tissues exposed to propylene
oxide were prepared in blocks with embedding
material prepared with Araldite CY212 kit. Semi-
thin sections were taken from the blocks polymer-
ized for 48 hours in the autoclave at 56oC and
stained with toluidine blue and then examined un-
der light microscope. Fine sections from the
marked areas were stained with uranyl acetate-
lead citrate and photographed with Carl Zeiss
EVO LS 10+ED Transmission Electron Micro-
scope: TEM (Jena, Germany).

Results

In the present study, cells of the fat tissue were
distinguished with their normal appearance in the

from 4 groups were fed ad libitum with cafeteria
diet for 6 to 8 weeks in order for them to gain
weight and then they were continued to be fed
standard ad libitum for 5 weeks like in the non-
obese groups. All rats making the study group
were given regular tap water in the laboratory
setting under 12:12 hours of light-dark periods.

Administration of the Therapeutic
Agents
All of the obese and non-obese groups started

to receive hCG and placebo. hCG injection was
made subcutaneously once-daily on 5 days every
week for 5 weeks. In each group, 7 rats received
hCG injections and remaining 3 received place-
bo. Distant and local fat tissue taken from the
rats at the end of previously determined times
were morphologically examined under light and
electron microscope and expression of estrogen-
alpha, estrogen-beta and leptin receptors was as-
sessed immunohistochemically.

Tissue Examination Under Light
Microscope
All tissue samples were fixed in 10% neutral

formaldehyde for 72 hours. Then, paraffin blocks
were prepared. Sections 4 to 5 micron in thick-
ness were taken from the paraffin blocks on the
slides with polylysine and they were used in im-
munohistochemical examination.

Immunohistochemical Method
After the sections in 4 micron thickness taken

on the slides with polylysine had been kept in au-
toclave at 37°C for one night, they were kept in
the autoclave for one more hour by elevating the
temperature to 57°C in order to facilitate the de-
paraffinization process. After the slides had been
hold in xylole for 15 minutes twice in order to
complete the deparaffiniziation process, they were
hold in alcohol series of 100%, 96% and 80% for
ten minutes and then cleared of alcohol by holding
in distilled water for 5 minutes twice. 3% hydro-
gen peroxide was prepared with methanole and
then applied for 15 minutes to the slides washed
with phosphate buffer saline (PBS) and activity of
endogenous peroxidase was blocked. Then, Ultra
V Block (Lot: K97702D, Splink HRP Broad
Spectrum, Golden Bridge International Inc., Life
Sciences Division, Mukilteo, WA, USA) was ap-
plied for 5 minutes in order to prevent non-specif-
ic bindings after the slides were rinsed three times
with PBS (pH: 7.4) for 3 minutes. After the block-
ing stage, the sections were exposed for one night
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non-obese groups when estrogen receptor (ER)-α
immune reaction was assessed in the local fat tis-
sue. Deformation of the fat cells was remarkable in
the obese control groups. It was observed that the
cells made small groups by coalescing with each
other. Reactivity in these groups was remarkable
both on the plasma membrane and in the nucleus.
Although similar appearance was observed in the
obese hCG treated groups, it was remarkable that
amount of connective tissue and reactivity in these

groups increased relatively (Figure 1). In the non-
obese hCG treated groups, the adipose cells were
distinguished with their various sizes in the ER-β
staining of local adipose tissue. In the obese groups,
however, the plasma membranes were observed to
coalesce locally. The coalescing cells were ob-
served to occupy big spaces in whole tissue espe-
cially in the obese hCG treated groups. ER-β reac-
tivity was observed to be similar in all groups (Fig-
ure 2). In examinations in local adipose tissue, lep-

Figure 1. ER-α immunoreactivity
of the local fat tissue in the non-
obese control group (A), non-obese
hCG treated group (B), obese con-
trol group (C) and obese hCG treat-
ed group (D) (Immunoperoxidase-
Haematoxylin A, B, C, D X400).

Figure 2. ER-β immunoreactivi-
ty of the local fat tissue in the
non-obese control group (A), non-
obese hCG treated group (B) ,
obese control group (C) and obese
hCG treated group (D) (Im-
munoperoxidase-Haematoxylin A,
B, C, D X400).
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guished with their normal shape and appearance
when the distant adipose tissue was examined. The
connective tissue was normal in structure. ER-α im-
mune reactivity was remarkable on the plasma
membranes and in connective tissue and was equal
to each other in all groups (Figure 4).
In the ER-β staining of this tissue, the immune

reactivity increased in connective tissue in the

tin immune-reactivity was observed to exist on the
plasma membrane of the adipose cells and connec-
tive tissue in the non-obese control groups. Reactiv-
ity in the connective tissue was intermediate and
widespread in the obese hCG treated groups. How-
ever, reactivity of connective tissue in the obese
hCG treated groups was decreased compared to the
last group (Figure 3). The adipose cells were distin-
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Figure 3. Leptin immunore-
activity of the local fat tissue
in the non-obese control
group (A), non-obese hCG
treated group (B), obese con-
trol group (C) and obese hCG
treated group (D) (Im-
munoperoxidase-Haema-
toxylin A, B, C, D X400).

Figure 4. ER-α immunoreactivi-
ty of the distant fat tissue in the
non-obese control group (A), non-
obese hCG treated group (B) ,
obese control group (C) and obese
hCG treated group (D) (Im-
munoperoxidase-Haematoxylin A,
B, C, D X400).



Immunohistochemical and ultrastructural changes in rat fat tissue related to the local hCG injection

3107

cleoli, and no distinctive feature was found
among four groups (Figure 6).

Discussion

Estrogen and progesterone produced by the
ovaries cause total increase of fat in the thoracic
and gluteo-femoral regions. These hormones al-

non-obese hCG treated group in contrast to all
other groups. Leptin immune-reactivity in the
same tissue was observed to exist on the vessels
and on the adipose cells located in the adipose
tissue in all groups. Reactivity was similar in all
groups (Figure 5). When the adipose tissue sam-
ples were examined under electron microscope,
they were observed to exhibit normal structure
with organelles located around the nuclei and nu-

Figure 5. ER-β immunoreac-
tivity of the distant fat tissue in
the non-obese control group
(A), non-obese hCG treated
group (B), obese control group
(C) and obese hCG treated
group (D) (Immunoperoxi-
dase-Haematoxylin A, B, C, D
X400).

Figure 6. Leptin immunoreactivi-
ty of the distant fat tissue in the
non-obese control group (A), non-
obese hCG treated group (B) ,
obese control group (C) and obese
hCG treated group (D) (Im-
munoperoxidase-Haematoxylin A,
B, C, D X400).
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so have impacts on the ovaries24. The estrogen
and progesterone receptors are located on the
granulosa cells of the follicle25. In the rat, two
subtypes of the estrogen receptor have been de-
fined as estrogen receptor-α and estrogen recep-
tor-β26. ER-β with high analogy among species
has been cloned in mice and humans. Estrogen
receptor-α is expressed in Leydig and reproduc-
tive cells in the testicles as well as in epithelium
of the prostate, vesicular seminalis, breast tissue,
ovaries, theca interna cells, and epithelial and
stromal cells of the uterus27,28. Furthermore, its
mRNA expression has been reported in the epi-
didimis, pituitary, kidneys, suprarenal glands,
and in variable extent in the thymus, heart and
liver. It has been stated that affinity of estrogen
to ER-α is higher than to ER-β and that estrogen
increases transcriptional activity of ER-α29-32.
Moreover, it has completely opposite transcrip-
tional effects on the ER-α and ER-β activating
protein-1 domain. The fact that ER-α and ERβ
have similar hormone-binding properties indi-
cates that they respond to the same hormones at
comparable levels. It was found in the studies
performed at cellular level that ERβ suppressed
ERα when they are transferred to ER-negative
cells and reduced sensitivity of the cells to estra-
diol. It has been observed that obesity may de-
velop in rodents when the ovaries are removed,
and similarly fat accumulation increases in hu-
man during menopausal period33-35. Peterson ob-
served that the ER-alpha and ER-beta mutant
mice developed obesity36. In human adipose tis-
sue, ER-alpha and ER-beta have been demon-
strated in the pre-adipocytes and mature
adipocytes. Researchers have reported that ER-
alpha and ER-beta have similar affinity charac-
teristics and concluded that maintenance of nor-
mal body weight is dependent on the balance be-
tween them36,37. In the current study, when ER-
alpha immune reactivity in the local adipose tis-
sue was assessed in ER-alpha and ER-beta stain-
ing performed in the distant and local adipose
tissue, cells of the adipose tissue were distin-
guished with their normal appearance. It was re-
markable that the adipocytes were deformed in
the hCG treated obese group. It was observed
that the cells made small groups by coalescing
with each other. In this group, reactivity was re-
markable both on the plasma membranes and on
the nuclei. Although similar appearance was ob-
served in the hCG treated obese group, it was re-
markable that amount of connective tissue and
reactivity in these groups increased relatively. In

ER-β staining on local adipose tissue, plasma
membranes were observed to coalesce on some
locations in the obese groups, and ER-β reactivi-
ty was observed similarly in all groups. ER-α
immune reactivity on the distant adipose tissue
was remarkable on the plasma membranes and
in connective tissue and was equal to each other
in all groups. In the ER-β staining of this tissue,
the immune reactivity increased in connective
tissue in the non-obese group receiving hCG in
contrast to all other groups. Therefore, the defor-
mities in adipocytes especially in the obese
groups might be a consequence of obesity. Find-
ing coalesced cells due to hCG in the same
group suggested that hCG might have dissolved
and, thus, reduced content of these cells. Leptin
is mainly released by adipocytes in the white
adipose tissue and shows its effects on the neu-
rons of arcuate nucleus in the hypothalamus.
Many studies have showed that leptin plays im-
portant role in regulating body weight in animals
and human. The studies revealed that leptin
might affect pulsed release of hCG. Plasma level
of leptin correlates with body mass index and es-
pecially fat rate in the body and its level in the
circulation reflects the amount of energy stored
in the adipose tissue. As amount of adipose tis-
sue increases, level of leptin increases. Com-
pared to men, it is higher in women. Reason for
this difference between two sexes is believed to
be that women have more adipose tissue and that
testosterone in men inhibits leptin release. hCG
hormone, on the other hand, mimics LH released
by the pituitary. In the present study, leptin im-
mune reactivity was found on the plasma mem-
branes of the local fat tissue and connective tis-
sue in the non-obese control group not receiving
hCG. Reactivity of connective tissue in the hCG
treated obese group was intermediate and wide-
spread but increased in the this group compared
to the former. Immune reactivity of leptin in dis-
tant adipose tissue was observed on the
adipocytes and vessels in the connective tissue.
Reactivity was similar in all groups. When dis-
tant and local adipose tissues were assessed to-
gether, the fact that leptin immune reactivity in-
creased in the hCG treated obese group although
there was no significant change in the distant
adipose tissue suggested that this hormone might
have exerted its effects locally. When the sam-
ples of adipose tissue were examined under elec-
tron microscope, the tissues were found to show
normal structure with normal appearing nuclei
and nucleoli and organelles located around them
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whereas there was no distinctive feature among
four groups.
Although the deformities in the adipocytes ob-

served especially in the obese groups in examina-
tions of distant and local adipose tissues were
considered to be a consequence of obesity, find-
ing cells with membranes coalesced in this group
suggested that hCG administration might have
dissolved content of these cells. When distant
and local adipose tissues were assessed together,
the fact that leptin immune reactivity increased in
the hCG treated obese group although there was
no significant change in the distant adipose tissue
suggested that this hormone might have exerted
its effects locally. In ultrastructural assessments,
there was no distinctive features among the
groups.

Conclusions

The administering hCG in addition to diet had
no any advantage on weight reduction in rats.
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