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Summary. The primary objective of this research 
project was to study the role of sex steroids in the 
pathogenesis of cholelithiasis using the Syrian hamster 
as a model. In addition to the morphological 
examination of the gallbladder epithelium, we thought it 
imperative to observe the changes induced in the biliary 
tract in response to the sex steroid treatment. This report 
focuses on the morphological changes induced in the 
liver. The hamsters were randomly divided into 4 
groups, control (C), estrogen-treated (E), estrogen and 
medroxyprogesterone-treated (E+MP), and medroxy- 
progesterone-treated (MP) groups. The E group 
hepatocytes demonstrated proliferation of the smooth 
endoplasmic reticulum, lipofuscin-like granules, 
aggregates of glycogen rosettes, and dense bodies. Lipid 
droplets in the hepatocyte cytoplasm as well as the 
nuclei were detected in this group. E+MP combined 
treatment induced an exacerbation of al1 the changes 
observed in the E group, furthermore, there appeared to 
be a disruption of the hepatic parenchymal architecture. 
The MP-treated group also exhibited the architectural 
changes observed in the E+MP group, but also showed 
sinusoidal dilation. In response to MP alone, the fatty 
changes in the liver appeared to be accentuated. A 
striking feature induced in response to MP treatment, 
was a focal area suggestive of adenomatous changes. 
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lntroduction 

Despite the fact that the development of oral 
contraceptive pills represents a major advancement in 
population control, the chronic administration of these 
drugs can interfere with various aspects of hepatic 
function. Contraceptive steroids are intrinsic hepato- 
toxins, which induce cholestasis (Thulin and Nermark, 
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1966; Dooner et al., 1971), and peliosis hepatis (Winkler 
and Poulsen, 1975; Balazs et al., 1981). Thrombosis of 
the hepatic veins or the inferior vena cava producing the 
Budd-Chiari syndrome, is a rare complication of 
contraceptive steroids administration (Ishak, 1981). In 
recent years, increasing incidence of hepatocellular 
neoplasms have been reported in patients on oral 
contraceptives, particularly hepatocellular adenomas 
with focal nodular hyperplasia and hepatocellular 
carcinomas (Klatskin, 1977; Moesner et al., 1977; 
Neuberger et al., 1980). 

During pregnancy, liver function tests may frequently 
deviate from the normal range, but in general the liver 
adapts well to the increased metabolic demands of this 
physiological state. The incidence of liver injury is 
approximately 1 in 1500 pregnancies (Rustgi, 1989). 
Pregnancy is a state characterized by high levels of 
endogenous estrogen, progesterone, and metabolites, 
thus administration of female sex steroids to the 
hamsters for a prolonged period simulates extended 
gestation. Cholelithiasis is a common occurrence during 
or following pregnancy, therefore, in addition to the 
morphological exarnination of the female Syrian harnster 
gallbladder (Gilloteaux et al., 1992; Karkare et al., 1995; 
Karkare and Gilloteaux, 1995), it was thought that it 
would be enlightening to determine the changes 
occuning simultaneously in the liver and cystic duct in 
response to the sex steroid treatment. 

A series of one, two, and three-month treatment 
studies were conducted (Karkare, 1993). However, in 
this report, the morphological changes observed in the 
female Syrian hamster liver in response to the one- 
month sex steroid treatment are presented and for the 
purpose of comparison and discussion references to the 
prolonged treatments (two and three month groups) are 
made. 

Materials and methods 

A. lnduction of gallstones 

A total of 22 nulliparous, F1B strain, female Syrian 
hamsters (85-90 days old) were purchased from 
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BioBreeders (Watertown, MA.). Al1 were housed two 
per cage and received standard rodent Purina formulab 
chow 5008 containing 6.5% of fat and 280.0 ppm of 
cholesterol and water ad libitum; they were kept at 20- 
21 "C temperature and under 12 h/12 h darkllight cycles 
in the AAALAC approved Comparative medicine unit of 
the college. They were subdivided into the following 
groups: (1) One-month treatment: 22 hamsters were 
divided into the following 4 groups: 

(a) Control (1C) group: 6 hamsters received one 
intraperitoneal injection (i.p.) of com oil (Sigma Chem. 
Co. St. Louis, MO) every week for a month. 

(b) Estrogen (1E) group: 6 hamsters received one 
weekly i.p. injection of estradiol benzoate (Sigma Chem. 
Co. St. Louis, MO) dissolved in com oil (8-10 pg/100 
grn body weight [b.w.]) for a one-month period. 

(c) Estrogen and Medroxyprogesterone (E+MP) group: 
6 harnsters received one weekly i.p. injection of estradiol 
benzoate dissolved in com oi1 (8-10 p d 0 0  gm b.w.) on 
day 1 of each week and on day 5 of the same week they 
were injected intramuscularly (i.m.) with 8-10 mg/lOO 
gm b.w. of medroxyprogesterone acetate (Depo-Provera 
from Upjohn Co. Kalamazoo, MI) for a one-month 
period. 

(d) Medroxyprogesterone (MP) group: 4 hamsters were 
administered a weekly i.m. injection of medroxy- 
progesterone acetate (8-10 mgJ100 gm b.w.) for a one- 
month period. 

Two- and three-months treatments with female sex 
steroids were also studied but this publication will focus 
on the one-month treatment. 

B. Blood samples 

At the end of each of the treatments, the hamsters 
were euthanized with Nembutal (6-7 mgJ100 gm b.w. 
i.p.). Approximately 3-4 m1 of blood/hamster was 
collected by cardiac puncture from the hamsters of each 
treatment group. 

C. Microscopy 

Following collection of bile, the gallbladder with a 
portion of the cystic duct, liver and uterus were excised 
from each hamster per group and wet weight was 
recorded. Consequently, the gallbladders, cystic ducts, 
and pieces of liver were prepared for light and electron 
microscopical topographical, histo- and cytochemical 
examination. Gallbladder and liver samples for light 
microscopy were fixed by 10% neutral buffered formalin 
and embedded in paraffin. Five to six pm thick sections 
were prepared and stained using Hematoxylin-Eosin 
(H&E) and Alcian blue-Periodic acid Schiff (PAS) 
methods. For the purpose of ultrastructural study, the 
gallbladder and liver samples were fixed by 3.5% 
glutaraldehyde buffered with 0.1M sodium cacodylate 
(pH 7.35) for 15 minutes at room temperature and then 
for 2 hour at 4 'T. The liver samples were cut into fine 
pieces prior to their fixation in glutaraldehyde. The 

gallbladder samples were split into two parts, and both 
the gallbladder and liver samples were washed in 
sucrose cacodylate buffer and fixed by 1% aqueous 
osmium tetroxide solution for 2 hours at 4 T. The 
washing step using sucrose cacodylate buffer was 
repeated and followed by dehydration by graded 
alcohols (30-100%). One half of each gallbladder was 
prepared for scanning electron microscope (SEM) 
examination. The other half of each gallbladder and the 
smaller pieces of liver were processed by propylene 
oxide and embedded in epoxy resin 812 (Polysciences, 
Wamngton, PA.). After selection of an appropriate area 
on 1 pm-thick sections stained by Toluidine blue, grey- 
silver to grey ultrathin sections (65-95 nm in thickness) 
were cut and collected on 100 mesh copper grids and 
contrasted by uranyl and lead salts, and were examined 
at 80 k v  in a Jeol JSM 100s transmission electron 
microscope (TEM). The gallbladder morphological 
changes have been reported elsewhere, and this report 
focuses on the morphological changes induced in the 
liver of the Syrian hamsters. 

Results 

Light Microscopy 

Control (C) group (Fig. 1 row C) 

The Syrian hamster liver is composed of four lobes, 
the right and left dorsocaudal, dorsal median, and the 
ventral median lobes. The dorsal median lobe is further 
divided into a larger right dorsal part and a smaller left 
dorsal part. An umbilical fissure subdivides the ventral 
median lobe into a right cranioventral part and lateral 
left cranioventral part (Nettleblad, 1954). The liver is 
covered by a thin connective tissue capsule and exhibits 
hepatic lobules, which like in the humans have sparse 
amount of perilobular connective tissue that does not 
form a continuous boundary between adjacent lobules 
and thus making it difficult to discem the limits of the 
various lobules. Each lobular unit is distinguished by the 
presence of a branch of the hepatic vein in its center 
(central vein) and peripherally located portal spaces of 
Kieman (also named portal triads). The portal triads are 
present in the interlobular spaces and are each typically 
composed of at least an arteriole (hepatic artery branch), 
a venule (hepatic portal vein branch), and a bile duct 
with an occasional lymphatic embedded in a connective 
tissue sheath. The bile duct is lined by simple cuboidal 
epithelium. 

In the Syrian hamster, hepatocytes are polyhedral in 
outline and are usually arranged in one-cell thick plates 
which run radially between the central veins and the 
portal triads. Located in the spaces between the cell 
plates we notice that the liver sinusoids are principally 
lined by discontinuous endothelial cells and subjacent 
Kupffer cells (darkly stained). The hepatocytes 
demonstrate spherical and centrally located nuclei with 
prominent nucleoli and scattered clumps of hetero- 
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