Insulin-Like Growth Factor-1 Reverts Testicular Atrophy in Rats
With Advanced Cirrhosis
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The pathogenesis of hypogonadism in cirrhosis is not
completely understood. The levels of insulin-like growth
factor-1 (IGF-1), an anabolic factor with trophic actions on
testes, are reduced in cirrhosis. This study was undertaken
to evaluate whether rats with advanced cirrhosis develop
hypogonadism and whether the administration of IGF-I
exerts beneficial effects on testicular structure and func-
tion. Wistar rats with ascitic cirrhosis induced with CCl,
were allocated into 2 groups (n = 10, each) to receive
recombinant IGF-I (20 pg - kg=! - d=1, subcutaneously) or
vehicle for 3 weeks. Healthy rats receiving vehicle were
used as the control group (n = 10). At baseline, both
cirrhotic groups showed similar deterioration of liver func-
tion tests. Compared with controls, nontreated cirrhotic
rats showed decreased serum levels of IGF-I (P < .05),
reduced testicular size and weight (P < .001), and intense
histopathological testicular abnormalities, including re-
duced tubular diameters (P < .001), loss of the germinal
line (P < .001), and diminutions in cellular proliferation,
spermatogenesis (P < .001), and testicular transferrin expres-
sion (P < .001). In addition, low serum testosterone (P <
.01) and high serum LH (P < .01) were present in untreated
cirrhotic animals. Cirrhotic rats that received IGF-I showed
full recovery of testicular size and weight and of all histopatho-
logical abnormalities (P < .001 to < .01 vs. nontreated cirrhotic
rats; P = ns vs. controls). Serum levels of sex hormones
tended to normalize. In conclusion, IGF-1 deficiency may
play a pathogenetic role in hypogonadism of cirrhosis. Low
doses of IGF-I for a short period of time revert testicular
atrophy and appear to improve hypogonadism in advanced
experimental cirrhosis. (HEPATOLOGY 2000;31:592-600.)
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Hypogonadism is a frequent complication of advanced
cirrhosis. This condition is characterized by low testosterone
levels and relative hyperestrogenism and is frequently associ-
ated with loss of libido, sexual impotence and feminine body
habitus in men and amenorrhea in women.! It has been
attributed to a variety of mechanisms including gonadal
toxicity of alcohol, malnutrition, and increased production of
estrogens from androgens in peripheral tissues as a result of
the existence of portal systemic shunting.-®

On the other hand, insulin-like growth factor—I (IGF-I) is
an anabolic hormone produced in different tissues, although
the liver accounts for 90% of the circulating hormone that is
synthesized in response to growth hormone (GH) stimula-
tion.®10 In cirrhosis, the reduction of receptors for GH in
hepatocytes and the diminished synthesizing ability of the
liver parenchyma cause a progressive fall of serum IGF-I
levels. The clinical impact of the reduced production of IGF-I
in advanced cirrhosis is largely unknown.10-14 Recent studies
from our laboratory have demonstrated that short courses of
treatment with low doses of IGF-1 are able to induce marked
improvements in nutritional state,!® intestinal absorption,6-18
osteopenia,’® and liver function? in rats with experimental
cirrhosis. These data suggest that IGF-1 deficiency plays a
pathogenetic role in several systemic complications occurring
in cirrhosis.

It is well known that IGF-1 stimulates testosterone synthe-
sis and spermatogenesis.?-28 Thus, it is possible that its
deficiency could contribute to the development of hypogonad-
ism associated with cirrhosis. This study was undertaken to
evaluate whether rats with advanced cirrhosis show hypogo-
nadism as assessed by morphological, histopathological, and
hormonal parameters, and whether the administration of
IGF-I to these rats has beneficial effects on testicular struc-
ture and function.

MATERIALS AND METHODS

Induction of Cirrhosis. All experimental procedures were performed
in conformity with The Guiding Principles for Research Involving
Animals.?® Cirrhosis was induced as previously described.>20 Briefly,
male Wistar rats (3 weeks old, 130-150 g) were subjected to CCl,
inhalation (Merck, Darmstadt, Germany) twice a week for 11 weeks
with a progressively increasing exposure time from 1 to 5 minutes.
From that time until the 30th week, rats were exposed to CCl, once
a week for 3 minutes. During the whole period of cirrhosis
induction, animals received phenobarbital (Luminal; Bayer Leverku-
sen, Germany) in the drinking water (400 mg/L). Rats were housed
in cages placed in a room with 12-hour light-dark cycle and constant
humidity and temperature (20°C). Both food (standard semipurified
diet for rodents; B.K. Universal, Sant Vicent del Horts, Spain) and
water were given ad libitum. Healthy age- and sex-matched control
rats were maintained under the same conditions, but receiving
neither CCl, nor phenobarbital.

592



HepaToLoGy Vol. 31, No. 3, 2000

Study Design. The treatment was administered the last 3 weeks
(27th-30th ) of CCl, exposure (from day 0 to day 22). In the
morning of day 0, animals were weighed and blood samples were
drawn from the retro-ocular venous plexus from all rats with
capillary tubes (Marienfeld, Mergenheim, Germany) and stored at
—20°C until used for analytical purposes. Cirrhotic rats were
randomly assigned to receive either vehicle (saline) (Group Cl; n =
10) or recombinant human IGF-1 (Pharmacia-Upjohn, Stockholm,
Sweden) (20 pg - kg=! - d~1 in 2 divided doses, subcutaneously)
(Group CI + IGF; n = 10) for 3 weeks. Control rats (Group CO; n =
10) received saline during the same period. The last dose of IGF-I
was administered on day 21 at 6 pm.

In the morning of the 22nd day (at 8 am), rats were weighed,
blood was obtained again and processed as previously indicated, and
animals were decapitated. After the abdominal cavity was opened,
the liver and the testes were carefully dissected and weighed. A
sample from the left major liver lobe and the testes was processed for
histological examination (fixed in Bouin's solution). The testicular
diameters (AP and LM) were measured in testes previously fixed for
histology, using a precision calliper (Mituyoto® [£0.05 mm]).

Liver Histopathology. Bouin-fixed tissues were processed and sec-
tions (4-um) were stained with hemotoxylin-eosin and Masson'’s
trichrome. Livers were scored from 1 to 4, according to histopatho-
logical findings: 1) pericentral venous fibrosis; 2), fibrous septa not
forming full-shaped regenerative nodules; 3) established cirrhosis
with fibrous septa delimiting full-shaped regenerative nodules of
variable size (mixed micro-macronodular pattern); and 4) estab-
lished cirrhosis with fibrous septa delimiting full-shaped regenera-
tive nodules with a difuse micronodular pattern.3® Pre-established
criteria for inclusion of CI animals in the final analysis were the
presence of: 1) altered baseline biochemical data of liver function;
and 2) in retrospect, histologically proven cirrhosis (score 3 or 4 of
the classification) in CCl,-treated animals.

Testicular Histopathology and Proliferating Cell Nuclear Antigen (PCNA)
and Transferrin Immunohistochemistry. For histopathological evalua-
tion of testes, 30 seminiferous tubules from each rat of the 3 groups
were blindly evaluated by 2 observers, and the arithmetic mean of
the scores was taken as the final result. Transversal sections of
seminiferous tubuli were examined and evaluation of histological
changes was made using a light-projection microscope (Micro
Promar Leitz GMBH, Wetzlar, Germany) at 150X magnification.
The following parameters were studied: tubular diameter, quantita-
tion of the presence of the different types of cells in tubuli, presence
of peritubular fibrosis, and the number of proliferating cells. For
general purposes, hematoxylin-eosin and Masson’s trichrome stain-
ing were used. Specific techniques for other purposes are specified in
the corresponding paragraphs.

Tubular diameters were expressed in micrometers. Changes in
tubuli were classified into 5 categories (category I: highest damage
to Category V: full normality). Category I: presence of only Sertoli
cells; category Il: Sertoli cells plus spermatids; category Ill: Sertoli
cells plus spermatids plus spermatocytes; category IV: presence of all
kinds of cells, but showing some morphological alterations (i.e.,
severe vacuolization, aberrant cells); category V: presence of all
kinds of cells without morphological alterations. The presence of
peritubular fibrosis was evaluated in Masson’s trichrome prepara-
tions according to the thickness of the staining of collagen deposi-
tion surrounding tubuli. Proliferating cells were identified by
immunostaining of proliferating cellular nuclear antigen (PCNA)
using an avidin-biotin peroxidase method3! with retrieval of antigen
by means of microware irradiation. Specific anti-PCNA antibody
(mouse anti-PCNA, clone PC 10; DAKO, Glostrup, Denmark)
biotinylated rabbit anti-mouse 1gG (DAKO) was used, and the
avidin-biotin complex technique (ABC, DAKO kit) was performed.
The bound antibodies were visualized by means of 3,3'-diaminoben-
zidine tetrahydrochloride (SIGMA Chemical Company, St. Louis,
MO) with nickel enhancement.®! Finally, samples were slightly
counterstained (10 seconds) in hematoxyilin, dehydrated, and
mounted in DPX. Controls were performed by substitution of the
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primary antibody by Tris-buffered saline (TBS). The number of
PCNA-positive cells was recorded. The result was expressed as
stained cells per tubuli (arithmetic mean of 30 screened tubuli).

Taking into account all the parameters specified above, an overall
score of testicular histopathological damage was adopted according
to the following guidelines: Tubular diameter (in um) scored from 0
to 3 points: >260 = 0 points; from 240 to 259 = 1 point; from 220
to 239 = 2 points; and <219 = 3 points. Cellular counts in tubuli:
category | (8 points), category Il (6 points), category Il (4 points),
category IV (2 points), and category V (0 points). The score was
obtained by multiplying the number of tubuli in each category by its
respective points divided by 30 (the number of tubuli evaluated in
each animal). Peritubular fibrosis was scored from 0 (absent or
minimal) to 1 (evident). Cellular proliferation (PCNA) was scored
from 0 to 3 according to the following criteria: When the number of
PCNA-positive cells per tubule was higher than 60, the score was 0.
When the number of PCNA-positive cells per tubuli was lower than
60, the score was obtained according to the following formula: (60 —
PCNA-positive cells) X 0.05. Therefore, the overall score of histopatho-
logical damage ranged from 0 (complete normality) to 15 (full ab-
normality).

In addition, the expression of transferrin in tubuli was evaluated
by immunostaining using similar technique as for PCNA with
specific anti-transferrin antibody (obtained from rabbit, RARa/TRf;
Nordic Immunological Laboratories, Teknovas, the Netherlands).
Transferrin expression was scored from O to 4 points. If 30 tubuli
expressed transferrin normally all over the germinal epithelium: 0
points. The remaining scores were obtained according to the
following formula: (30 — tubuli showing expression of transferrin
all over the germinal epithelium) x 0.075.

Analytical Methods. Serum levels of albumin, total proteins, glu-
cose, cholesterol, bilirubin, alkaline phosphatase, transferrin, aspar-
tate transaminase (AST), and alanine transaminase (ALT) were
determined by routine laboratory methods using a Hitachi 747
autoanalyzer (Boehringer-Mannheim, Germany). Serum levels of
the different hormones were assessed by radioimmunoassay in a
GammaChen 9612 Plus (Serono Diagnostics, Rome, Italy) using
specific commercial assay systems: total and free testosterone and
estradiol-6, Coat-a-Count, DPC (Diagnostic Products Corporation,
Los Angeles, CA); rat luteinizing hormone (rLH) and rat follicle-
stimulating hormone (rFSH) from Amersham International plc
(Little Chalfont, Buckinghamshire, England); IGF-I by extraction
(Nichols Institute Diagnostics, San Juan Capistrano, CA).

Statistical Analysis. Data are expressed as mean *+ SEM. To assess
the homogeneity among the 3 groups of rats, a Kruskal-Wallis test
was used, followed by multiple post-hoc comparisons using the
Mann-Whitney U test (2-tailed) with Bonferroni adjustment. A
regression model was fitted considering histopathological score,
PCNA or transferrin expression scores, and IGF-I plasma concentra-
tion as the dependent and independent variables, respectively.
Within-groups differences between pre- and posttreatment values
were assessed by means of Wilcoxon matched pairs signed rank sum
test. P < .05 was considered to be statistically significant. Calcula-
tions were performed with the SPSSWin v.6.0. program.

RESULTS

At baseline, groups Cl and CI + IGF showed similar serum
levels of alanine transaminase, aspartate transaminase, glu-
cose, cholesterol, alkaline phosphatase, bilirubin, total pro-
teins, and albumin, all of which were significantly abnormal
as compared with those in control rats. No differences were
found between cirrhotic groups (Table 1). At the end of the
experimental period, all rats from groups Cl and CI + IGF
showed variable amounts of ascites at the opening of the
abdominal cavity and mixed micro-macronodular cirrhosis
on liver histopathology.

Testicular Morphology and Morphometry. There was an evi-
dent reduction in testicular size and volume in group CI as
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TasLE 1. Biochemical Data (day 0) Before Treatment
in the Three Experimental Groups
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TaBLE 2. Body Weight and Testicular Size and Weight
in the 3 Experimental Groups (day 22)

Cirrhotic
Rats Before
IGF-I Treatment

Untreated
Cirrhotic Rats

Control
Rats

Parameters (CO,n=10) (Cl,n=10) (CI+ IGFn=10)
Aspartate transaminase (IU/L) 35+ 2 95 + 18t 101 + 20t
Alanine transaminase (1U/L) 21 +1 51 + 5% 53 + 5*
Glycemia (mg/dL) 161+ 9 133 + 11* 132 + 11*
Albumin (g/dL) 34+01 24=x02t 2.3 + 0.2t
Total proteins (g/dL) 6.7+0.1 57=x02* 5.7 = 0.1*
Cholesterol (mg/dL) 97 + 4 161 = 26* 164 * 26*
Alkaline phosphatase (IU/L) 240 =17 565 + 83t 575 + 967
Bilirubin (mg/dL) 03+01 11=*04* 1.1+ 0.3*

NOTE. Entries are mean + SEM.
*P <.05and tP < .01 vs. CO.

compared with control and CI + IGF groups (Fig. 1).
Morphometric study showed a marked and significant reduc-
tion in testicular weight (both in absolute values and when it
was corrected by body weight) in group CI as compared with
controls and the Cl + IGF group. Of note, this last group
exhibited full recovery of testicular weight, showing no
significant differences with respect to controls. Findings
regarding longitudinal and transversal testicular diameters
were similar to those in testicular weight. Morphometric data
in the 3 groups are summarized in Table 2.

Testicular Histopathology. In group CI, histological examina-
tion revealed testicular atrophy with marked decrease in
tubular diameter (CO: 283 = 3; Cl: 210 = 17 nm; P < .001).
Tubular diameter, however, was not significantly different
from controls in rats treated with IGF-1 (268 =+ 4; P < .005 vs.
group Cl and ns vs. controls). Histopathological findings in
untreated cirrhotic rats included: vacuolization of Sertoli’s
cells, loss of germinal line, detached germ cells, reduction of
spermatogenesis, presence of abnormal spermatids (multi-

Fic. 1.

Macroscopic appearance of testes from healthy controls (CO),
untreated cirrhotic rats (Cl), and cirrhotic animals treated with IGF-1 (CI +
IGF). Reduced volume of testes is appreciated in cirrhotic rats and recovery
to normal size in cirrhotic animals treated with IGF-I.

Untreated Cirrhotic
Healthy Cirrhotic Rats Treated
Control Rats Rats With IGF-I
(CO,n=10) (Cl,n=10) (CI+ IGFn=10)
Body weight (g) 509.9 =+ 4.1 416.8 = 7.3t 4451 + 12.6*
Testes (g) 1.69 +0.06 0.99 +0.16F1 1.46 + 0.078
(X100 g bw™1) 0.33 £0.14 0.24 =0.35* 0.33 =0.013%
External testicular diameters
(mm):
Longitudinal 19.26 + 0.28 15.5 + 0.86t 18.04 = 0.32%
Transversal 9.85 £0.19 8.28 =0.49* 9.43 = 0.28%

*P <.01; TP < .001 vs. CO.
P < .01; 8P < .001 Clvs. Cl + IGE

nucleated cells and cells with intense nuclear staining), and
peritubular fibrosis. These alterations were much less intense
or almost absent in rats receiving IGF-I (see Fig. 2 for
morphological comparison among groups). These changes
are presented in Table 3 according to a pre-established score
(see Materials and Methods).

Testicular cellular proliferation, as evaluated by PCNA, was
significantly reduced in ClI rats, while CI + IGF rats showed
values similar to controls (CO: 63 = 5; ClI: 35 = 27; Cl +
IGF:51 = 5; P <.01Clvs.COandCl + IGF; P = ns CO vs.
CI + IGF groups). Figure 3 shows PCNA immunohistochem-
istry in the 3 groups. Taking together all the morphological
data, a score of histopathological testicular damage was
established (see Materials and Methods). Score values were:
CO: 1.18 = 0.07; Cl: 7.41 + 1.61 (P < .001 vs. CO); and
Cl + IGF: 2.09 = 0.12 (P < .005 vs. Cl and ns vs. CO),
demonstrating severe testicular damage in Cl rats and rever-
sion to normal histology in CI + IGF rats.

Testicular transferrin, a marker of the integrity of the
hemato-testicular barrier,3? was evaluated from 0 to 4 points
by immunohistochemistry in testicular slices (see Materials
and Methods). Transferrin expression was decreased in Cl
rats (1.83 = 0.43 points; P < .001 vs. groups CO and CI +
IGF) as compared with controls (3.79 = 0.05 points) and
with cirrhotic rats receiving IGF-1 (3.60 = 0.05 points). The
last 2 groups showed similar values (Fig. 4). A close inverse
correlation was found between testicular transferrin expres-
sion and histopathological testicular score (r = —.95; P < .001).

Pituitary-Gonadal Axis. Nontreated cirrhotic rats showed
hypogonadism as manifested by a significant reduction of
serum levels of both total and free testosterone serum levels
in association with significant increases of LH and estradiol/
testosterone ratio and decrease of FSH, as compared with
control rats (Table 4). However, as shown in Table 4, in the
group of cirrhotic rats treated for 3 weeks with low doses of
IGF-I, there was a tendency for the levels of free and total
testosterone, estradiol/total testosterone ratio, and LH concen-
tration to move toward normal values, but without reaching
significant differences as compared with controls and un-
treated cirrhotic rats.

Serum Levels of IGF-I. At the time of killing (day 22),
cirrhotic rats showed a significant decrease of serum IGF-I
levels as compared with controls (CO: 676 = 46; Cl: 449 +
111 ng/mL; P < .05), while ClI + IGF rats showed values
significantly higher than those in the other 2 groups (966 =
70 ng/mL; P < .01 vs. group CO and P < .001 vs. group CI).

Correlation Between Serum IGF-I, Liver Function, and Testicular
Histopathology. An inverse correlation was found between
serum levels of albumin at the end of the treatment and the
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Fic. 2. Microscopy of testes. Testicular
histological section of normal rat (CO)
demonstrating active spermatogenesis in
normal-size seminiferous tubuli with thin
basement membranes and minimal peritu-
bular fibrosis (arrowheads). Leydig cells are
scarce, being widely separated by seminifer-
ous tubuli. Seminiferous tubuli in testes from
untreated cirrhotic animals (CI) appear seri-
ously damaged. These animals show a de-
crease of tubular diameter, vacuolization on
germinal epithelium, loss of germinal line,
total or partial reduction of spermatogen-
esis, presence of abnormal spermatids (mul-
tinucleated cells, and cells with an intense
stained nuclei), and increased collagen depo-
sition (arrow). Cirrhotic rats treated with
IGF-I (CI + IGF) show reversal of all these
alterations. (Masson’s stain; original magni-
fication x150.)
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TasLE 3. Cellular Analysis

| 1 11 v \%
Category (number of tubules) (number of tubules) (number of tubules) (number of tubules) (number of tubules)

Controls (CO) (n = 10) X 0 0 0 5 295

30 tubuli
Untreated cirrhotic rats (Cl) 26 14 63 57 140

(n = 10) X 30 tubuli
IGF-treated cirrhotic rats 0 0 0 20 280

(Cl + IGF) (n = 10) X

30 tubuli
Statistical analysis P <.001 Cl vs. P <.001 Cl vs. P <.001 Cl vs. P <.001 Clvs. CO P <.001Clvs. CO

other groups other groups

P <.01Clvs.Cl + IGF P <.01Clvs.Cl + IGF

P =nsCOvs. Cl + IGF

other groups

NOTE. Thirty seminiferous tubuli were examined in each preparation. The table summarizes the number of tubuli in each category: category | = only
Sertoli’s cells; category Il = | + spermatids; category Il = Il + spermatocytes; category IV = all types of cell but with some alterations; category V = all types

of cells with normal features.

histopathological score of testicular damage (r = —.718; P <
.001), suggesting a relationship between liver function and
gonadal dysfunction in cirrhotic animals. Besides, a signifi-
cant direct correlation (r = .735; P < .001) was present
between IGF-I plasma concentrations and serum levels of
albumin at the end of the treatment (day 22) in both
untreated and IGF-treated cirrhotic animals.

Of interest, a close inverse correlation was observed
between IGF-I serum levels and histopathological score of
testicular damage in both cirrhotic groups (r = —.824; P <
.001). Also, a significant direct correlation was found be-
tween IGF-I levels and both testicular PCNA (r = .89; P <
.001) and testicular transferrin expression (r = .97; P <
.001), suggesting that IGF-I deficiency may play a role in
testicular atrophy associated with advanced cirrhosis.

DISCUSSION

This study demonstrates that rats with advanced CCl,-
induced cirrhosis show a severe testicular atrophy and gonadal
insufficiency. In addition, the treatment of these animals
during 21 days with low doses of IGF-I restores structural
testicular integrity and tends to normalize testicular hor-
monal function.

The occurrence of testicular atrophy and gonadal dysfunc-
tion in advanced cirrhosis is a well-known clinical event.1-®
Both testicular histopathological abnormalities and low levels
of serum testosterone have been described in previous years
in patients with alcoholic and nonalcoholic cirrhosis.*® Data
regarding experimentally induced gonadal dysfunction asso-
ciated with cirrhosis are, however, scarce. Our data show a
severe testicular damage as manifested by macroscopic testicu-
lar atrophy and a variety of histopathological abnormalities
that include alterations in tubular diameters, presence of
aberrant cells in tubular lumen, peritubular fibrosis, loss of
the germinal line, and a marked reduction in cellular prolifera-
tion. These alterations resemble those found in necropsic
studies in alcoholic cirrhotics? and those reported in experi-
mental models of testicular damage, such as chronic testicu-
lar ischemia.®3

The mechanisms reponsible for the alterations described in
this article are not fully understood. The increased levels of
serum LH associated to a significant reduction of total and
free serum testosterone defines a picture of primary hypogo-
nadism, thus ruling out hypothalamic-pituitary dysfunction
as the responsible mechanism. In cirrhosis caused by either
hemochromatosis or alcohol intake, testicular damage is
secondary, at least in part, to testicular toxicity caused by iron

deposition and metabolic effects of alcohol, respectively.356
However, in cirrhosis secondary to other etiologies, hypogo-
nadism also occurs.>27 Cirrhosis produces two major patho-
physiological events: hepatocellular insufficiency as a result
of a progressive reduction of liver mass, and portal-systemic
shunting owing to the development of portal hypertension.
Van Thiel et al. proposed that portal-systemic shunting may
contribute to hypogonadism present in cirrhotic patients as a
result of the conversion of weak adrenal androgens and
estrogens bypassing the liver to estrogens by aromatization in
peripheral tissues.! In this way, a recent study published by
Zaitoun et al.®* shows that portacaval shunt in rats induces
testicular atrophy by reduction in mitosis, maturation arrest,
and increased apoptosis of the germinal epithelium. Because
these animals were not cirrhotic and thus had normal hepatic
function, these results support a major role for portal-
systemic shunting in the induction of testicular damage.
Although not evaluated in our study, portal-systemic shunt-
ing has been demonstrated in the CCl, model of cirrhosis,3*
and therefore could have contributed to testicular findings in
this article.

On the other hand, no factor has been described directly
linking hepatocellular insufficiency and gonadal dysfunction
in cirrhosis. Patients with advanced cirrhosis are usually
malnourished,%”3% a condition associated with hypogonad-
ism.” This factor may contribute to hypogonadism in this
study, because cirrhotic rats showed reduced body weight.
Indeed, we have previously demonstrated the occurrence of
malnutrition in cirrhotic rats and its improvement after IGF-I
treatment.’>18 However, there is no reported association
between malnutrition and testicular atrophy, with the only
exception being patients with acquired immune deficiency
syndrome with chronic infections, orchites, sexually transmit-
ted diseases, and chemotherapy.*

In addition, the inverse significant correlation observed in
cirrhotic rats between serum albumin and the histopathologi-
cal score of testicular damage suggests a relationship between
testicular state and the hepatic biosynthetic capability. It is
possible, therefore, that some substance or substances pro-
duced by the liver might be important for testicular integrity.
A good candidate for this function would be IGF-1. However,
a parallel amelioration in albumin levels and testicular
damage related to an improvement in malnutrition by the
effect of IGF-1 cannot be excluded as an alternative explana-
tion for this correlation.
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Fic. 3. Study of proliferative activity, assessed
by PCNA immunostaining. Reduced or absent (arrow-
heads) cellular proliferation in untreated cirrhotic
group (CI) and a normal germinal line in IGF-1-
treated cirrhotic rats (Cl + IGF) can be observed.
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Until now, no relationship has been demonstrated between
IGF-1 deficiency and testicular damage in cirrhosis. Advanced
cirrhosis leads to a progressive decrease of serum IGF-I levels
because of the combination of a reduction of hepatic recep-
tors for GH in the cirrhotic liver and the declining liver
function.®-17 In fact, our cirrhotic rats showed significantly
reduced levels of IGF-l1. Moreover, we have previously
demonstrated that cirrhosis induces changes on the serum
profile of IGF-1 binding proteins, and specifically, it increases
IGF-I binding protein 3 levels.? This binding protein reduces
the release of IGF-I to tissues. Thus, the composite effect of
the reduction of total IGF-I and its increased sequestration by
this binding protein could lead to a marked reduction of
IGF-I bioavailability in cirrhosis. The administration of IGF-I
was followed by a marked increase in IGF-1 levels in the
treated group 16 hours after the injection on the last day of
the study. Although IGF-I half-life in rats is reported to be 3 to
6 hours,*-% it has not been measured in cirrhotic animals,

TaBLE 4. The Pituitary-Gonadal Axis (on day 22) in the
Three Experimental Groups

IGF-I- Treated
Healthy Untreated Cirrhotic Rats
Control Rats Cirrhotic Rats (Cl + IGF,
(CO, n = 10) (Cl,n = 10) n = 10)
Total testosterone
(ng/dL) 61 = 13 10 = 5t 33+ 15
Free testosterone
(pg/mL) 2.67 = 0.79 0.36 = 0.17* 0.81 = 0.42
Estradiol (pg/mL) 94+16 11.7 £ 3.9 95+19
Estradiol/total testos-
terone 03*01 36.2 = 13.5* 18.8 = 10.5
LH (ng/mL) 3.3*+03 4.4 + 0.3t 40+0.2
FSH (ng/mL) 27.7+1.8 22.2 = 1.5* 236 *+1.1

*P < .05, TP < .001 CO vs. Cl group.
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Immunohistochemistry for testicular transferrin in seminiferous tubuli. Transferrin immunostaining can be seen at the level of Sertoli cells and in
germ cells in normal rats (CO) and in cirrhotic rats treated with IGF-I (CI + IGF), but absent transferrin immunostaining is observed in untreated cirrhotic
rats (Cl).

and therefore, an increased IGF-1 half-life cannot be excluded
in these rats.

Because IGF-I is a well-recognized trophic factor for testis,
its deficiency could be a contributing factor to testicular
damage in cirrhosis. The close inverse and significant correla-
tion between serum IGF-I and parameters of testicular
damage observed in this study supports this contention. A
major finding in this study was the full recovery of testicular
structure after a 21-day course of low doses of IGF-1. No
significant differences were observed between control rats
and cirrhotic rats treated with IGF-I regarding data of
testicular morphometry and histopathological findings. All
these parameters showed significant improvement when
compared with those of untreated cirrhotic rats. The elucida-
tion of the mechanisms by which IGF-1 exerts these beneficial
effects requires further investigation. The preservation of the
liver function by IGF-1 is a possible factor involved.

In a previous study, we showed that parameters of liver
function (i.e., serum albumin, clotting factors, clotting tests,
and bilirubin) were significantly improved in cirrhotic rats
after a treatment such as that used in this study.?’ However,
the recovery of the testes seems to be disproportionate to the
amelioration of liver function, because in the model of
advanced cirrhosis used in the present study, the animals
remained cirrhotic and ascitic after completion of the treat-
ment. Similarly, a reduction of porto-systemic shunting
capable of restoring testicular structure to normal also seems
unlikely, although it might play a contributory role. A direct
effect of IGF-1 on testes seems to be the most important factor
to explain our findings. This idea is supported by the
existence of receptors for IGF-1 in Sertoli cells, germ cells,
and Leydig cells,?22327.28 and by findings demonstrating a
direct effect of IGF-I on testes.?%2426 Patients with Laron
dwarfism, a condition of IGF-I deficiency caused by the
absence of receptors for GH, show an increase in testicular
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size and serum testosterone levels following treatment with
exogenous IGF-1.%8 Stopping IGF-1 administration led to a
return of both parameters to the pretreatment situation,
indicating a specific effect of IGF-I. In mouse, IGF-I gene null
homozygous mutation led to a reduced testicular size and
infertility.®® These mice show developmental delay of Leydig
cells, and reduced in vitro production of testosterone by
testicular parenchyma under basal and LH-stimulated condi-
tions.® It has also been reported that FSH-induced aromatiza-
tion of androgens to estrogens in rat Sertoli cells in culture is
markedly inhibited by IGF-I treatment through the reduction
of aromatase MRNA.** Whether this effect of IGF-1 might also
take place in peripheral tissues remains to be investigated.

In addition, other metabolic functions of Sertoli cells are
also influenced by IGF-1.42 Of interest, the recovery of
transferrin expression in Sertoli cells observed in our study
suggests a role of IGF-I in maintaining the integrity of the
hematotesticular barrier.3237 Although all these data indicate
that IGF-1 exerts potent trophic and hormonogenetic effects
on testis, the mechanisms by which IGF-1 causes such
dramatic changes in testicular structure and function in
cirrhotic rats as those demonstrated in this work require
further investigation. In our study, however, the recovery of
the pituitary-gonadal axis in cirrhotic rats receiving 1GF-I
was partial. It seems reasonable to think that full recovery
could possibly be achieved with a more prolonged treatment,
because a normal hormonal production should follow the
structural recovery.

In summary, our data suggest that IGF-I deficiency may
play a critical role in testicular atrophy and hypogonadism of
cirrhosis, and that exogenous administration of this anabolic
factor may be useful for the treatment of these alterations in
cirrhotic patients.
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