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Abstract

Liver cirrhosis, a highly prevalent chronic disease, is frequently
associated with endocrine dysfunctions, notably in the gonadal axis.
We evaluated lactotroph population by immunohistochemistry, go-
nadotropins and prolactin by immunoradiometric assay and testoster-
one and estradiol by radioimmunoassay in adult male Wistar rats with
cirrhosis induced by carbon tetrachloride. No significant difference in
mean ± SEM percentages of lactotrophs was found between cirrhotic
animals and controls (N = 12, mean 18.95 ± 1.29%). Although there
was no significant difference between groups in mean serum levels of
prolactin (control: 19.2 ± 4 ng/mL), luteinizing hormone (control:
1.58 ± 0.43 ng/mL), follicle-stimulating hormone (control: 19.11 ±
2.28 ng/mL), estradiol (control: 14.65 ± 3.22 pg/mL), and total
testosterone (control: 138.41 ± 20.07 ng/dL), 5 of the cirrhotic animals
presented a hormonal profile consistent with hypogonadism, all of
them pointing to a central origin of this dysfunction. Four of these
animals presented high levels of estradiol and/or prolactin, with a
significant correlation between these two hormones in both groups
(r = 0.54; P = 0.013). It was possible to detect the presence of central
hypogonadism in this model of cirrhotic animals. The hyperestrogen-
emia and hyperprolactinemia found in some hypogonadal animals
suggest a role in the genesis of hypogonadism, and in the present study
they were not associated with lactotroph hyperplasia.
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Introduction

In liver cirrhosis, a highly prevalent
chronic disease, the gonadal axis is notably
affected. There are reports of a prevalence of
hypogonadism in 70 to 80% of cirrhotic
patients (1) or even 89% in individuals with
liver cirrhosis of different etiologies (2). The

production of testosterone by cirrhotic indi-
viduals is, on average, 25% of that found in
normal individuals (3). Low levels of this
hormone are already noted even in Child-
Pugh A cirrhotic patients, and the decline is
directly proportional to the degree of liver
failure (4,5).

In cirrhosis, hypogonadism can be pri-
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mary or central, resulting from the inhibition
of the hypothalamus-pituitary-gonadal axis
(6), with studies showing simultaneous (go-
nadal and central) damage (5,7). Most of the
times, however, despite marked gonadal fail-
ure, serum levels of gonadotropins are low,
indicating central involvement (8). Hyper-
prolactinemia is often present in these pa-
tients, as well as hyperestrogenemia, both
responsible for the clinical characteristics of
feminization. Hyperprolactinemia and hy-
perestrogenemia can contribute to the gene-
sis of hypogonadism.

To the best of our knowledge, there are
few clinical studies or experimental studies
evaluating the histological behavior of the
pituitary gland in cirrhosis. El Etreby and
Gunzel (9), in an extensive review focusing
on lactotrophs in the presence of exogenous
and endogenous hyperestrogenemia, de-
scribed isolated cases of lactotroph hyper-
plasia in cirrhotic human livers. In cirrhotic
rats, a study failed to show altered serum or
pituitary prolactin levels, but the immuno-
histochemical technique was not used for
the evaluation of pituitary histology (10).

The aim of the present study was to evalu-
ate the pituitary lactotrophs and the lacto-
tropic and gonadotropic hormones in an ani-
mal model of carbon tetrachloride-induced
liver cirrhosis.

Material and Methods

Animals, drugs and procedures

Adult male Wistar rats were housed in
groups of 4 under controlled light/dark cycles
(lights on from 7 am to 7 pm) and tempera-
ture (22 ± 4ºC), and received standard rat
chow (Purina-Nutripal, Porto Alegre, RS,
Brazil) and water ad libitum. At the begin-
ning of the experiment the mean age of the
rats was 45 days and the mean weight 200 g.
The carbon tetrachloride (Merck, Rio de
Janeiro, RJ, Brazil) was diluted at 1:7 in
mineral oil (Schering, Rio de Janeiro, RJ,

Brazil). The animals submitted to carbon
tetrachloride (group 1; N = 8) received 0.5
mL of the solution intraperitoneally using
disposable needles and syringes, once a day,
with the first 10 doses administered every 5
days, next 10 doses every 4 days, and the last
5 doses every 3 days, for a total of 25 doses
along 105 days of treatment. The control
animals (group 2; N = 12) received 0.5 mL
of mineral oil intraperitoneally using the
same schedule adopted for the group of rats
submitted to carbon tetrachloride. At the end
of treatment the rats were decapitated, a
trunk blood sample was obtained and the
entire pituitary gland and the liver were rap-
idly removed.

Morphological study of the liver

The livers were placed in Bouin solution
for 4 h. The fragments were then washed in
running water, transferred to flasks with 50%
alcohol for 30 min and subsequently stored
in 70% alcohol until being embedded in
paraffin blocks. Three-micron thick slices
were obtained from the paraffin blocks and
the material was submitted to hematoxylin-
eosin staining for routine histological evalu-
ation, and to picrosirius for assessing the
extent of liver fibrosis. The extent of fibrosis
was graded as follows: mild, 25% of portal
spaces affected; moderate, 25-75% of portal
spaces affected; severe, more than 75% of
portal spaces affected. A diagnosis of liver
cirrhosis was defined when the extent of
liver fibrosis of the animals was severe.

Hormonal evaluation

Prolactin (PRL), luteinizing hormone
(LH) and follicle-stimulating hormone (FSH)
levels were determined by immunoradio-
metric assay using liquid phase MAIAclone
kits (Adaltis Italia S.p.A; Rome, Italy). The
kits, originally designed for quantitative de-
termination of these hormones in human
serum, plasma or urine, were adapted for rat
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serum and plasma (11,12). Standards, samples
and controls were analyzed in duplicate in a
single batch. In all assays, the coefficient of
intra- and inter-assay variability was below
10%. The minimum detectable concentra-
tion was established at 0.2 ng/mL for FSH, at
0.14 ng/mL for LH and at 0.5 ng/mL for
PRL, which correspond to the concentra-
tions obtained from the mean of 20 determi-
nations in duplicate of the zero standard. The
cross-reactions of FSH, LH and PRL were
less than 0.56% for all hormones examined
(FSH, LH, PRL, growth hormone, and thy-
roid-stimulating hormone). The accuracy of
the assay was determined according to the
values obtained for serum of control rats
(Biocode-Hycel, Liège, Belgium), whose
concentrations were previously known, and
was 14.4, 1.7, and 16.3 ng/mL for FSH, LH,
and PRL, respectively, considering controls
ranges of 11.3-16.7, 1.0-2.2 and 10.4-20.2.

Circulating testosterone and estradiol lev-
els were determined by radioimmunoassay
using solid phase DPC-Medlab kits (Los
Angeles, CA, USA) previously adapted for
determination in rats (13,14). The sensitivity
of the testosterone assay was 10.0 ng/mL,
and intra-assay and inter-assay coefficients
<8%. The sensitivity of the estradiol assay
was 2.0 pg/mL and intra-assay and inter-
assay coefficients were <10%.

Reference values used were the values
found in the control group.

Morphological study of the pituitary gland

After resection, the whole pituitary gland
was placed in 10% formalin for subsequent
embedding in paraffin. Three-micron sec-
tions of the blocks were obtained and mounted
on glass slides prepared with organosilane,
for a total of 10 sequential sections from
each block on separate slides. After drying,
the sections were maintained at room tem-
perature until the time for the immunohisto-
chemical procedure, in which an anti-pro-

lactin polyclonal primary antibody (Santa
Cruz, Biotechnology, Santa Cruz, CA, USA)
was used at 1/800 dilution, followed by the
avidin-biotin-peroxidase technique. Positive
and negative controls were obtained from
normal pituitaries. In the negative control,
the primary antibody was replaced with nor-
mal horse serum.

One slide of each pituitary was selected
by the same pathologist, using as a criterion
the quantity of the material visualized by the
immunohistochemical technique. The se-
lected slides were examined by light micros-
copy using a reticulated lens at 400X magni-
fication. At least 500 cells per slide per
animal were evaluated, using as many fields
as needed to reach this number. The number
of lactotrophs is reported as a percentage of
the total number of cells. Slides were read by
three independent observers, and the final
result reported is the mean as percentage.

Statistical analysis

Data are reported as means ± SEM of N
values. The Student t-test was used to com-
pare the groups. Differences were consid-
ered significant when P < 0.05. The Mann-
Whitney test was used for the lactotroph
count and the Spearman test was used to
assess correlation between the data.

The present study was approved by the
Ethics Committee on Animal Experimenta-
tion of Fundação Faculdade Federal de Ci-
ências Médicas de Porto Alegre.

Results

All the animals in group 1 developed
liver cirrhosis, whereas no animal in group 2
showed any alteration in liver histology at
the end of the experiment.

It was not possible to perform immuno-
histochemical evaluation in one animal of
the control group because of the small quan-
tity of adequate material. The analysis of the
percent lactotroph counts obtained by three
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observers did not show any significant dif-
ference between readings, permitting us to
obtain a mean percentage of the three counts.
The mean ± SEM percentage of lactotrophs
was 17.72 ± 0.96% for cirrhotic rats and
18.95 ± 1.29% for control rats. No signifi-
cant difference in mean percentage of lacto-
trophs was found between groups.

The mean and the respective SEM of
each hormone evaluated in both groups are
presented in Table 1. There was no statisti-
cally significant difference between groups
in any of the hormones evaluated. Serum
hormone levels of each cirrhotic animal are
presented in Table 2.

No significant correlation was found be-
tween the percentage of lactotrophs and se-

rum levels of any of the hormones evalu-
ated.

Discussion

Carbon tetrachloride has been recognized
as an agent able to produce acute and chronic
liver failure (15-17). This study used the
protocol of cirrhosis induction modified by
Rhoden et al. (18), whereby intraperitoneal
CCl4 administration at lower doses and for
longer than originally proposed allowed the
development of liver cirrhosis in all treated
animals, with no fatal losses, validating the
method. To the best of our knowledge, there
are no studies concomitantly evaluating his-
tological behavior of lactotrophs by immu-
nohistochemistry and presence of hypogo-
nadism in an animal model of liver cirrhosis.

Ingleton et al. (10), in a study on male
Wistar rats with CCl4-induced liver cirrho-
sis, did not find changes in pituitary or serum
prolactin compared to a control group. In
our study there were 3 cases (37.5%) of
hyperprolactinemia. The relationship be-
tween hyperprolactinemia and hyperestro-
genemia has been described in cirrhosis, but
the mechanisms determining hyperprolac-
tinemia are unclear and literature data about
the influence of estrogens in this context are
controversial. Generally, a positive correla-
tion between estrogenemia and prolactinemia
is not found in cirrhosis (19,20). There is
evidence of altered hypothalamic regulation
of prolactin secretion in cirrhosis, preferen-
tially correlating hyperprolactinemia to an
impaired balance between the neurotrans-
mitters involved in its regulation (21-23). In
the present study, there was a significant
positive correlation between estradiol and
prolactin in the cirrhotic and control groups
but probably the direct stimulation of the
pituitary by estradiol is only one of the fac-
tors determining hyperprolactinemia, with
hypothalamic dysfunction probably being
associated, as observed in hypogonadism. In
support of this, there is evidence of estrogen

Table 1. Serum hormone levels of the cirrhotic and control rats.

Cirrhotic rats (N = 8) Control rats (N = 12)

Testosterone (ng/dL) 122.96 ± 22.92 138.41 ± 20.07
LH (ng/mL) 1.53 ± 0.23 1.58 ± 0.43
FSH (ng/mL) 18.27 ± 5.13 19.11 ± 2.28
Prolactin (ng/mL) 20.37 ± 4.35 19.2 ± 4
Estradiol (pg/mL) 19.81 ± 5.27 14.65 ± 3.22

Data are reported as means ± SEM. LH = luteinizing hormone; FSH = follicle-
stimulating hormone. There were no statistical differences between the cirrhotic and
control rats (Student t-test).

Table 2. Serum hormone levels of the cirrhotic rats.

Animals Testosterone LH FSH Prolactin Estradiol
(ng/dL) (ng/mL) (ng/mL) (ng/mL) (pg/mL)

1 184.0 2.0 52.0 19.5 16.5
2a,b,c 109.8 1.9 17.4 27.5 50.0
3a,c 103.0 1.5 6.0 13.0 30.5
4 201.0 2.2 9.6 9.0 7.0
5a,b 47.0 0.9 22.3 42.5 14.0
6a,b,c 50.1 0.2 15.2 30.0 24.5
7a 85.1 1.9 11.0 5.5 5.0
8 203.7 1.5 12.7 16.0 11.0

Reference values used (means ± SEM of serum hormone levels of the control group):
testosterone (138.41 ± 20.07 ng/dL), luteinizing hormone (LH, 1.58 ± 0.43 ng/mL),
follicle-stimulating hormone (FSH, 19.11 ± 2.28 ng/mL), prolactin (19.2 ± 4 ng/mL), and
estradiol (14.65 ± 3.22 pg/mL). aAnimals with hypogonadism. bAnimals with hyperpro-
lactinemia. cAnimals with hyperestrogenemia.
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receptors in the anterior hypothalamus, which
could interfere on the regulation of prolactin
secretion in these cases (24).

Most of the studies evaluating hypogo-
nadism in liver cirrhosis point to a central
origin of the dysfunction (25). In the present
study, in the 5 animals with a hormonal
profile consistent with hypogonadism, se-
rum LH levels were inappropriately normal
for the extent of gonadal failure, or even
decreased, indicating central dysfunction. It
should be emphasized that in some of these
animals, estradiol and/or prolactin levels were
increased. This allows us to consider that
hyperprolactinemia, whether or not result-
ing from hyperestrogenemia, is at least partly
responsible for the central origin of hypogo-
nadism in our study, and that hyperestrogen-
emia per se may also be involved in the
central mechanism of induction of hypogo-
nadism.

The percentage of lactotrophs found in
the control group was within the range pre-
viously reported for adult male Wistar rats,
i.e., 10.5% (26), 15% (27), 21.7% (28), and
26% (29).

Three studies reporting histological evalu-
ation of the pituitary gland in humans with
cirrhosis have respectively described an in-
creased number of acidophilic cells (which

produce growth hormone and prolactin), con-
firmed by immunohistochemistry (30), a case
in which the pituitary gland presented lacto-
troph hyperplasia evaluated by a second tech-
nique other than immunohistochemistry (9),
linking this fact to associated hyperestro-
genemia, and an increased number of lacto-
trophs, in the absence of immunohistochemi-
cal evaluation (31).

The fact that adequate methods for lacto-
troph characterization were used in the pres-
ent investigation (immunohistochemistry)
allows us to suggest that, in an animal mo-
del, hyperprolactinemia and hyperestrogen-
emia associated with cirrhosis do not paral-
lel lactotroph hyperplasia, a fact corrobo-
rated by the lack of correlation between
serum prolactin levels and the number of
these cells. However, since only 50% of the
cirrhotic rats developed hyperprolactinemia
or hyperestrogenemia, the lack of effect on
the number of the lactotroph cells must be
confirmed by other studies.

In the experimental model of liver cir-
rhosis used here, hyperestrogenemia and/or
hyperprolactinemia found in some hypogo-
nadal animals were not associated with lac-
totroph hyperplasia, which suggests a hypo-
thalamic disorder in the genesis of hypogo-
nadism.
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