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 Cholestasis, a multi-faceted liver complication arising from an imbalance in bile production 
and secretion, can lead to damage in extra-hepatic organs, including the reproductive system. 
This study aimed to investigate the therapeutic potential of Livergol®, a silymarin-based drug, 
in the reproductive complications induced by experimental cholestasis in mature male rats. 
Twenty adults male Wistar rats were randomly divided into four groups (n = 5), including 
group 1 (control) remained untreated, group 2 (sham) underwent laparotomy and bile duct 
manipulation without ligation, group 3 (cholestasis) underwent bile duct ligation (BDL) to 
induce experimental cholestasis, and group 4 (cholestasis + Livergol®) received oral Livergol® 
(300 mg kg-1) for 4 weeks post-BDL. After the study period, testicular histopathology was 
evaluated using Johnsen's score and the Cosentino criterion. Epididymal sperm parameters, 
including count, viability, and motility, were also assessed. The BDL-induced cholestasis caused 
significant testicular damage, evidenced by a decreased Johnsen's score and an increased 
Cosentino criterion. It also led to a significant reduction in sperm count, viability, and motility. 
Treatment with Livergol® significantly ameliorated these effects, leading to a higher Johnsen's 
score, a lower Cosentino criterion, and marked improvements in all evaluated sperm 
parameters compared to the untreated cholestatic group. Oral administration of Livergol® 
effectively attenuates testicular damage and improves spermatogenesis and sperm quality in 
rats with experimental cholestasis. These findings suggest Livergol® as a promising protective 
agent against cholestasis-induced reproductive toxicity, likely due to the anti-oxidant 
properties of its active component, silymarin. 

© 2026 Urmia University. All rights reserved. 
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Introduction 
 

Cholestasis is a complex hepatobiliary disorder 
characterized by impaired bile flow, which can occur in a 
wide range of liver diseases. This condition not only 
damages the liver but can also have profound systemic 
effects, including injury to other organs.1 Among these, 
the male reproductive system appears to be particularly 
vulnerable. Clinical and experimental reports have 
indicated a high prevalence of reproductive disorders, 
including hypogonadism, following the onset of 
cholestasis.2,3 The pathogenesis of cholestasis-induced 
reproductive toxicity is multi-factorial, involving 
hormonal imbalances, systemic oxidative stress, and 
direct cytotoxic effects of accumulated bile acids on 
testicular tissue.4,5 Studies have shown that cholestasis 
leads to reduced testosterone levels, atrophy of 
 

 

 reproductive organs, and significant impairments in 
sperm parameters.3,6  

The Livergol® is a pharmaceutical preparation, 
containing an extract of Silybum marianum (milk thistle), 
standardized for its active complex, silymarin. Silymarin is 
well-known for its potent hepato-protective, anti-oxidant, 
and anti-inflammatory properties.7,8 Beyond its hepatic 
benefits, emerging evidence suggests that silymarin can 
positively influence reproductive function. It has been 
shown to improve testosterone levels, enhance sperm 
function, and reduce reproductive disorders in various 
experimental models.9,10  

Given the established reproductive toxicity of 
cholestasis and potential therapeutic benefits of silymarin, 
this study was designed to evaluate the efficacy of 
Livergol® in mitigating the reproductive complications 
associated with experimental cholestasis in male rats. 

 

 *Correspondence:  

Rahim Mohammadi. DVM, DVSc 
Department of Surgery and Diagnostic Imaging, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran  
E-mail: r.mohammadi@urmia.ac.ir 

Veterinary 
Research 

Forum 

 

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0) 
which allows users to read, copy, distribute and make derivative works for non-commercial purposes from the material, as long as 
the author of the original work is cited properly. 



560 SS. Shariatpanahi et al. Veterinary Research Forum. 2026; 17 (8): 559 - 564 

 
Materials and Methods 
 

Animals and ethical consideration. Twenty adult 
male Wistar rats, weighing 255 ± 15.00 g, were obtained 
from the Animal Resource Center of the Urmia University, 
Urmia, Iran. The animals were housed under standard 
conditions (natural light/dark cycle, 25.00 ± 2.00 ˚C, and 
50.00 ± 10.00% humidity) with free access to food and 
water. All experimental procedures were approved by the 
Veterinary Ethics Committee of the Urmia University (IR-
UU-AEC-3/56) and conducted in strict accordance with the 
3R principles (replacement, reduction, and refinement). 

Experimental design and grouping. After a 15-day 
acclimatization period, the rats were randomly allocated 
into four groups (n = 5 per group), including group 1 
(control): healthy rats with no surgical intervention or 
treatment, group 2 (sham): animals underwent 
laparotomy and identification/manipulation of the 
common bile duct without ligation, group 3 (cholestasis): 
rats underwent bile duct ligation (BDL) to induce 
experimental cholestasis; briefly, under general 
anesthesia using xylazine hydrochloride (5.00 mg kg-1; 
Alfasan International, Woerden, Holland) combined with 
ketamine hydrochloride (90.00 mg kg-1; Alfasan 
International), the common bile duct was double-ligated 
and resected between the ligatures, and group 4 
(cholestasis + Livergol®): animals underwent BDL and 
subsequently received Livergol® 140 tablet, containing 
192.50 mg S. marianum (Goldaru Pharmaceutical 
Company, Isfahan, Iran), at a dose of 300 mg kg-1 per day 
orally via gavage for 4 weeks. Surgical procedures, 
prescribed dosage, and treatment duration were all 
based on previous reports.3,11,12  

Sample collection. Twenty-four hour after the last 
treatment, all animals were euthanized under deep 
anesthesia. The testes and epididymides were carefully 
dissected out. The testes were fixed in 10.00% neutral 
buffered formalin for histological processing. The caudal 
epididymis was immediately placed in pre-warmed 
human tubal fluid medium (Embryotech Laboratories Inc., 
Haverhill, USA) for sperm analysis. 

Sperm analysis. For sperm count, the caudal 
epididymis was minced in human tubal fluid, and sperm 
count was performed using a hemocytometer, and 
recorded as 106 mL-1.13 For sperm viability, a smear of 
sperm suspension (10.00 μL) mixed with Eosin-Nigrosin 
solution (10.00 μL) was prepared. Then, live (unstained) 
and dead (pink-red) sperms were counted under a light 
microscope after a 2-min incubation at the room 
temperature.14 For sperm motility, a drop of sperm 
suspension was placed on a warm slide, and the 
percentage of motile sperms having rapid progressive 
forward, slow progressive forward, and circumferential 
movements was assessed under 400× magnification in 10 
microscopic fields of view.15 

 

 Histopathological evaluation. The fixed testicular 
tissues were processed through dehydration, clearing, and 
embedding in paraffin. Sections of 5.00 µm thickness were 
stained with Hematoxylin and Eosin. For Johnsen's score, 
one hundred seminiferous tubules per animal were scored 
on a scale of 1-10 based on the presence and organization 
of germinal epithelial cells, where 10 represents complete 
spermatogenesis and one represents tubular depletion.16 
For Cosentino criterion, testicular damage was scored 
from one to four based on the integrity of germinal 
epithelium, presence of necrotic cells, and hemorrhage, 
where one represents normal structure and four 
represents severe damage.17 

Statistical analysis. Data were analyzed using SPSS 
Software (Version 18.0; IBM Corp., Armonk, USA). One-
way ANOVA followed by Tukey's post-hoc test was used 
for multiple comparisons. A p-value of less than 0.05 was 
considered statistically significant. Data are presented as 
mean ± standard deviation. 
 
Results 
 

Testicular histopathology. Microscopic evaluation of 
Hematoxylin and Eosin-stained testicular sections 
provided a detailed account of the structural damage 
induced by cholestasis and the subsequent protective 
effects of Livergol®. In groups 1 (Fig. 1A) and 2 (Fig. 1B), 
the architecture of the testicular parenchyma was normal 
and well-preserved. The seminiferous tubules were closely 
packed, with intact basement membranes. The 
spermatogenic series was complete and orderly, 
presenting all stages of germ cells in various phases of 
differentiation. Mature, elongated spermatids and 
spermatozoa were abundantly present in the tubular 
lumen. The Sertoli cells displayed their characteristic 
cytoplasmic projections and pale nuclei. The interstitial 
spaces appeared normal, with clearly identifiable clusters 
of Leydig cells. In group 3 (cholestasis), induction of 
cholestasis resulted in severe and widespread 
histopathological alterations in the testicular tissue. The 
most prominent findings included: 1) Disorganization and 
depletion of germ cells, and the orderly arrangement of the 
germinal epithelium was profoundly disrupted. There was 
a marked reduction in the number of germ cells, leading to 
a significant thinning of the seminiferous tubules germinal 
epithelium. 2) Arrest of spermatogenesis that a substantial 
number of tubules showed arrested spermatogenesis, 
primarily at the spermatocyte stage. There was a 
conspicuous absence of later-stage spermatids and 
spermatozoa, characterizing a state of oligospermia or 
even azoospermia in many tubules. 3) Vacuolization that 
numerous vacuoles of varying sizes were observed within 
the germinal epithelia of seminiferous tubules, indicating 
testicular degeneration. 4) Sloughing and necrosis in 
which detached clusters of germ cells were frequently 
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seen in the tubular lumen. Pyknotic nuclei, indicative of 
cellular necrosis and apoptosis, were common among 
the remaining germ cells. 5) Interstitial edema and 
atrophy in which, the interstitial spaces were widened 
due to the edema, and a reduction in the population of 
mature Leydig cells was noted, suggesting interstitial 
atrophy (Fig. 1C). However, the extent of degenerative 
changes in the testicular tissue and spermatogenic 
failure were significantly reduced in the experimental 
cholestasis + Livergol® group. The testicular 
architecture was significantly better preserved 
compared to the untreated cholestatic group. Findings 
of restoration of seminiferous tubules showed that the 
seminiferous tubules exhibited a more normal cellular 
organization. The loss of germ cells was substantially 
less, and the epithelial thickness was notably improved. 
Findings of resumption of spermatogenesis showed that 
active spermatogenesis was observed in a majority of 
the tubules. All stages of germ cells, including mature 
spermatozoa, were present in the lumen, indicating a 
recovery from the spermatogenic arrest. Findings of 
reduced degenerative changes showed that the 
incidence of vacuolization and sloughing of germ cells 
was markedly decreased. The interstitial tissue also 
appeared more compact, with a healthier population of 
Leydig cells (Fig. 1D). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 1. Cross-sections of testicular tissue. In the control (A) 
and sham (B) groups, the testicular seminiferous tubules of 
adult rats have a normal histological structure and no obvious 
disorder in the process of spermatogenesis is observed. 
Experimental cholestasis (C) caused degenerative changes in 
the testicular seminiferous tubules of adult rats, a clear 
disorder in the process of spermatogenesis, hypoplasia of 
testicular germ cells, oligospermia, and tubular atrophy (black 
arrows), depletion, and vacuolation (white arrows). However, 
the extent of histopathological changes in the testicular 
seminiferous tubules and spermatogenic disorders were 
significantly reduced in the experimental cholestasis + 
Livergol® group (D). (Hematoxylin and Eosin staining, 400 ×). 

 

 Spermatogenesis. The mean Johnsen's score for the 
cholestatic group was significantly lower (p < 0.05) than 
that of the control and sham groups, confirming a severe 
impairment of spermatogenic function. Conversely, the 
mean Cosentino criterion was significantly higher (p < 
0.05), indicating a greater degree of pathological damage, 
including cellular disintegration and injury. In group 4 
(cholestasis + Livergol®), treatment with Livergol® 
following BDL induction led to a remarkable amelioration 
of testicular damage. The mean Johnsen's score in the 
Livergol®-treated group was significantly higher than 
cholestatic group (p < 0.05), though it did not fully reach 
the level of the control group. Similarly, the mean 
Cosentino criterion was significantly lower in group 4 
compared to the group 3 (p < 0.05), demonstrating a clear 
reduction in the histopathological damages (Fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
Fig. 2. Results of histopathological examination. A) Testicular 
histopathology index (Cosentino criterion) in different 
experimental groups; B) Testicular biopsy index (Johnsen’s 
score) in different experimental groups.  
abc Different letters indicate significance at the p < 0.05 level.  

 
Sperm parameters. Cholestasis caused a significant 

deterioration in all sperm parameters. The untreated 
group 3 showed a profound reduction in sperm count, 
viability, and motility compared to the control and sham  
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groups (p < 0.05). Oral administration of Livergol® for 4 
weeks after cholestasis induction significantly restored 
these parameters. The Livergol®-treated group exhibited a 
significantly higher sperm count, viability, and motility 
compared to the group 3 (p < 0.05; Fig. 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 3. Sperm analysis. Comparison of the A) Viability, B) 
Motility, and C) Number of epididymal sperms in different 
experimental groups. 
abc Different letters indicate significance at the p < 0.05 level. 

 
Discussion 
 

The present study demonstrates that experimental 
cholestasis, induced by BDL, inflicts significant damage on  
 

 the male reproductive system, manifesting as severe 
testicular histopathological alterations and a pronounced 
decline in sperm quality. More importantly, our findings 
provide compelling evidence that subsequent treatment 
with Livergol®, a silymarin-based drug, confers a 
substantial protective effect, effectively mitigating these 
adverse outcomes. This discussion seeks to interpret these 
results by exploring the multi-factorial pathogenesis of 
cholestasis-induced reproductive toxicity and elucidating 
the potential mechanisms through which Livergol® exerts 
its therapeutic benefits. The observed reproductive 
impairment in the cholestatic group aligns with the well-
documented phenomenon of hypogonadism in patients 
with chronic liver disease.1,2 The pathogenesis is complex 
and multi-factorial. A central mechanism is the systemic 
accumulation of hydrophobic bile acids, being known to 
have direct cytotoxic effects. Studies have shown that bile 
acids can induce apoptosis in germ cells by activating 
death receptors and mitochondrial pathways.3,4 This direct 
cellular insult is a likely explanation for the sloughing of 
germ cells, pyknotic nuclei, and the overall disorganization 
of the seminiferous epithelium being observed. 
Furthermore, cholestasis is a potent inducer of systemic 
oxidative stress.5 The liver's compromised ability to 
handle reactive oxygen species leads to their spillover into 
the systemic circulation, creating a pro-oxidant 
environment being particularly detrimental to the testes. 
The testicular tissue, with its high metabolic rate and 
abundance of poly-unsaturated fatty acids in sperm 
membranes, is exceptionally vulnerable to oxidative 
damage.3 This oxidative stress can peroxidize lipids, 
damage sperm DNA, and impair the function of key 
somatic cells, namely Sertoli and Leydig cells.6 The 
resulting Leydig cell dysfunction contributes to the 
decreased testosterone production, which in turn disrupts 
the hormonal support necessary for maintaining 
spermatogenesis and the integrity of sex organs, as 
evidenced by testicular atrophy in our study. 

The efficacy of Livergol® in counteracting these 
changes can be primarily attributed to the robust 
pharmacological profile of its active component, silymarin. 
Silymarin is a complex of flavonolignans renowned for its 
potent anti-oxidant activity.7 It functions as a direct free 
radical scavenger and also enhances the endogenous 
anti-oxidant defense system by up-regulating enzymes, 
like glutathione peroxidase and superoxide dismutase.8 
By quenching reactive oxygen species and reducing lipid 
peroxidation, Livergol® likely preserved the integrity of 
germ cell membranes and sperm DNA, being reflected in 
the significantly improved sperm viability and count in 
the treated group. The improvement in sperm motility 
can be linked to the silymarin's documented role in 
protecting mitochondrial function.9 Sperm motility is an 
energy-intensive process reliant on mitochondrial 
adenosine triphosphate production. Cholestasis-induced  
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mitochondrial dysfunction, as reported by Ommati et al., 
severely compromises this energy supply.5 Silymarin's 
ability to stabilize mitochondrial membranes and 
improve oxidative phosphorylation would directly 
contribute to restoring the energetic capacity necessary 
for flagellar movement. 

Beyond its anti-oxidant properties, silymarin possesses 
significant anti-inflammatory and anti-apoptotic capabilities. 
The inflammatory response is a key contributor to 
cholestatic liver injury and can have systemic 
repercussions.10 Silymarin has been shown to inhibit the 
activation of the central inflammatory transcription factor 
nuclear factor-kappa B, thereby reducing the production of 
pro-inflammatory cytokines, such as tumor necrosis factor 
alpha and interleukin-6.11 The reduction in interstitial 
edema and the overall preservation of testicular 
architecture in the Livergol® group may be partly due to 
this dampening of the inflammatory cascade. Furthermore, 
the observed reduction in germ cell apoptosis suggests an 
anti-apoptotic effect. Studies have indicated that silymarin 
can modulate the expression of Bcl-2 family proteins and 
inhibit caspase activation, thereby shifting the balance 
towards cell survival.10 This is consistent with our 
histopathological findings of fewer pyknotic nuclei and a 
more populated germinal epithelium. 

Our results are strongly supported by a growing body 
of literature on silymarin's benefits for male reproductive 
health. For instance, it has been demonstrated that 
silymarin protects against varicocele-induced testicular 
damage and improves sperm parameters by reducing 
oxidative stress and modulating the expression of early 
region 2 binding factor 1 (E2F1), a transcription factor 
involved in cell cycle regulation.18 Similarly, it has been 
reported that silymarin administration leads to a 
significant increase in serum testosterone levels in rats, 
corroborating our indirect evidence of improved Leydig 
cell function.10 Likewise, previous findings showing that 
silymarin could protect human sperm from lithium 
chloride-induced oxidative damage in an in vitro model 
further validate the direct protective effect of this 
compound on spermatozoa.19 

While our study focused on post-cholestasis treatment, 
it is worth noting that the therapeutic window is crucial. It 
has been suggested that silymarin's anti-apoptotic effects 
are most potent when administered in a preventive or 
protective regimen, as it may struggle to reverse fully 
established apoptotic cascades driven by powerful 
inducers, like doxorubicin.20 Our positive results with a 4-
week treatment regimen post-BDL indicate that the 
ongoing damage in cholestasis is amenable to intervention, 
likely because the injury is a continuous process driven by 
persistent oxidative stress and inflammation, rather than a 
single acute insult. 

This study concludes that experimental cholestasis 
causes significant testicular damage and impairs sperm 
 

 quality in rats. The oral administration of Livergol® 
exerts a substantial protective effect, attenuating histo-
pathological damage and improving key sperm 
parameters. These beneficial effects are likely mediated 
through the anti-oxidant, anti-inflammatory, and 
membrane-stabilizing properties of silymarin. Therefore, 
Livergol® presents itself as a promising adjunctive 
therapy for mitigating reproductive complications in 
conditions associated with cholestasis. Conducting 
molecular studies to elucidate the precise mechanisms 
behind Livergol® protective action, such as its effects on 
specific apoptotic pathways (e.g., p53) and inflammatory 
cytokines, disclosing sustained effects of Livergol® on 
fertility outcomes, and investigating a range of Livergol® 
doses to determine the optimal therapeutic 
concentration for maximal protective efficacy are of 
importance in future research. 
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