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Abstract— Dehydration is a dangerous environmental stress
that disturbs water and electrolyte balance, causing significant
pathological changes in vital organs, especially the liver and
kidneys. Therefore, the present study was planned to examine
preventive benefits of Silybum marianum (milk thistle) seeds
contains an effective water insoluble compound knowns
silymarin, recently has been widely employed as therapeutic
component as a hepato-renal protective, in this study used
against dehydration-induced hepatic and renal abnormalities in
guinea pigs. Twenty-four adult guinea pigs (Cavia porcellus)
were randomly separated into four groups (n=6); control,
Silypbum marianum, dehydration groups and dehydration +
Silybum marianum groups. Dehydration was induced for four
weeks by restriction 30% of water intake. Hydroalcoholic
extract of silymarin was administered orally to the treated
groups during the study period, at a dose of 150 mg/ kg per day
for 4 weeks. At the end of the experiment statistical analysis of
serum biochemical parameters were performed. Liver and
Kidney tissues were taken for histological, histochemical and
immunohistochemical examinations utilizing Hematoxylin and
Eosin (H&E), Periodic Acid-Schiff (PAS) and Caspase-3
immunostaining. Histopathological results showed
Histopathological alternation in the dehydration group,
including necrosis of the proximal convoluted tubules, vacuolar
degeneration of the hepatocytes, congestion of the blood
vessels, and inflammatory infiltration. PAS staining also
revealed a reduction in the reactivity of the tissue in the
dehydrated animals. However, the tissue architecture and
staining intensity were significantly improved in the
dehydration +  Silybum  marianum  group.  Further
immunohistochemical evaluation indicated higher expression
of Caspase-3 in dehydration group indicating increased
apoptotic activity and a decrease of expression after treatment
with Silybum marianum. In conclusion, results reveal that
Silybum marianum has hepatorenal protective effects against
dehydration induced tissue injury by antioxidant and anti-
apoptotic mechanisms.
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INTRODUCTION

Daily water intake is a crucial aspect of veterinary care
for animal dietary habits, the volume of drinking water is also
affected by the moisture content of the food, the total quantity
of dry matter consumed, and the composition of the diet. Due
to its involvement in many physical body functions, water
consumption differs among the animal’s organs and tissues.
Mammal’s bodies are composed of 60 to 65 percent water.
Water is biologically expended through the excretion of urine
and feces, necessitating continuous replenishment. Only one-
third of the body's water is extracellular (plasma, interstitial
space), and the remaining two-thirds is intracellular, the latter
compartment is essential for regulating water balance (1). The
hepatorenal relationship represents a critical biological
crosstalk where the functional integrity of the liver and kidneys
is deeply inseparable. In various conditions, such as chronic
dehydration and prolonged osmotic stress, a significant
impairment often occurs due to systemic vascular dynamics
specifically, repeated occurrences of water deprivation cause a
marked decrease in renal blood flow and effective blood
volume. This leads to a narrowing of renal vessels and reduced
glomerular filtration, which may precipitate a progression from
acute tubular injury to permanent interstitial fibrosis.
Consequently, the simultaneous dysfunction of these two
organs, often termed hepatorenal failure, exacerbates by
oxidative stress and metabolic disturbances (2,3). The
programmed cell death is an energetic biological process that is
highly regulated to be the mode by which damaged and surplus
cells that are unneeded anymore in the body will be removed
from lesional vital organs that initiated either an extrinsic or an
intrinsic pathways by 14 members of the caspase family in
mammals called caspase-1-14 , Caspase-3 enzyme has been
called the key executioner caspase in apoptosis , CPP32 apoptin
or YAMA are its other synonyms , caspase-3 is stimulated by
caspase 9 and 8 to induce the apoptosis (4,5). The
pharmacological importance of milk thistle seeds which
scientifically called Silybum marianum that belongs to
Asteraceae family is polyphenolic extract knowns as Silymarin,
which is a complex consist of several flavonolignans such
silybin , silycristin , silydianin snd isosilybin, along with
flavonoid taxifolin , all these constituents form a strong
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antioxidants and anti-inflammatory compound that is protect
the cellular integrity by stabilizes the cell’s membranes and
protect the vital organs tissues from systemic stress impact as
well acting as a divers natural curative from environmental and
osmotic negative conditions (6,7). The gold standard and the
most commonly used staining procedure in histology and
diagnostic pathology is the routine hematoxylin and eosin
(H&E) stain. It provides a concise and detailed demonstration
of tissue architectural, that is stain cell nuclei blue or purple and
extracellular matrix pink color (8). Periodic Acid Schiff or PAS
stain is a common histochemistry stain for carbohydrate
identification in biological and pharmaceutical sciences.
Periodic acid oxidizes glycol in the tissue to aldehydes which
react with Schiff reagent to give a magenta stain. PAS stains
glycogens, basement membranes and mucosubstances,
helping distinguish between pathological states, especially in
specimens of kidney and liver (9). This study aimed to
investigated histological and immunohistochemical changes in
liver and kidney induced by dehydration and the protective role
of silymarin in mitigating inflammation, oxidative stress and
tissue degeneration caused by dehydration in guinea pig.

MATERIALS AND MTHODS

In this study 24 healthy adult Guinea pig weighing 300-500
g commonly used due to their sensitivity to pharmacological.
Animals were obtained from the local market in Kerbala and
maintained under standard laboratory conditions with free
access to food and water. Approved by the research ethic
committee at University of Kerbala, College of Veterinary
Medicine, under reference number UOK.VET. AN. 2025.140.
The guinea pigs were divided into four groups 6 animals in each
group (n=6) , control group was normal group received
standard diet and water ad libitum, silymarin group received
orally silymarin hydro-alcoholic extraction at a dose of 150 mg/
kg per day (10), dehydration group were under dehydration
condition by reduce 30% of the daily water intake (11),
according to Anderson, the daily water consumption of healthy
guinea pigs ranges between 100 and 150 mL/kg of body weight
(10-15 mL/100g). Animals were weighed regularly every day
to ensure precision their basic need for water was estimated,
then a specified quantity which was 30% less than what they
required was calculated and administered to them as a
requirement, provided only a dry food. And dehydration plus
silymarin group were induced dehydration as above and treated
with silymarin as the same dose of silymarin group every day
for 4 weeks. The silymarin extraction method by using 70%
ethanol to socking the finely grounded seeds in it then was
heated and filtered to be dried by low temperature to had a
powder extract, The silymarin content was evaluated by HPLC
analysis model SYKAM (Germany) it was used to analyses add
detection of silymarin. the stock solution had been prepared by
dissolved the extraction powder in 99% dimethyl sulfoxide
(DMSO) then diluted by a normal slain 0.9% to have a
20%DMSO concentration dose 1mL/kg. At the end of the
experiment liver and kidney tissues were collected for paraffine
sectioning that fixed with neutral buffered formalin 10% then
dehydrated by used an escalated levels of ethanol for the
preparation of paraffines blocks were microtome sectioning of

6-5 um thickness and stained with H&E that gives a dark blue
to the cellular nucleic acids and pink or orange color to the
cellular proteins appearance , PAS Highlights carbohydrates
and glycogen stains structures and immunohistochemistry
caspase-3 test to investigated the tissues apoptosis lesions
microscopically .

RESULT

Histological examination of renal and hepatic tissues
demonstrated distinct and consistent structural changes
between the experimental groups. The control group showed
normal histoarchitecture of both organs with well preserved
parenchyma, intact cellular organization and clearly defined
structural units (e.g., Fig. 1A, Fig. 3A). Similar to the Silybum
marianum group, the renal and hepatic morphology was
conserved in the majority, with very minor histological changes
in the pattern of the renal and hepatic tissue (e.g., Fig. 1B, Fig.
3B). The dehydration group, however, exhibited significant
degenerative effects in both kidney and liver tissues such as
prominent structural disruption, vascular and cellular
congestion, infiltration of inflammatory cells and features of
cellular injury such as tubular and hepatocellular degeneration
(e.g., Fig. 1C, Fig. 3C). Conversely, treatment with Silybum
marianum in the plus dehydration group induced significant
histological improvement in both organs, with partial recovery
of normal architectural pattern, decreased in inflammatory
changes and evidence of tissue regeneration with better cellular
organization. Collectively these findings suggest that silymarin
has a remarkable preventive and ameliorative effect against
dehydration induced histopathological damage in both renal
and hepatic tissues (e.g., Fig. 1D, Fig. 3D).

Histological and histochemical examination PAS staining
demonstrated constant modifications in renal and hepatic
tissues in the experimental groups. PAS positivity was intense
in the tubular basement membranes, brush borders of proximal
tubules and glomerular tufts of the control group indicating
normal structural integrity (e.g., Fig. 2A), while the Silybum
marianum group demonstrated mostly preserved PAS reactivity
with rare hyaline cast deposition (e.g., Fig. 2B). However, in
the dehydration group, the PAS staining intensity was
significantly reduced. Tubular and glomerular components
were weakly reactive and mesangial matrix expansion was
seen, showing considerable structural disturbance (e.g., Fig.
2C). However, administration of silymarin in dehydration
group resulted in moderate restoration of PAS positive
suggesting partial repair of renal histoarchitecture (e.g., Fig.
2D). Similarly, in hepatic tissue, the control group showed the
high PAS reaction in blood vessel walls, bile ducts and
hepatocyte cytoplasm (e.g., Fig. 4A), whereas the Silybum
marianum group showed only minor loss of glycogen content
(e.g., Fig. 4B). The dehydration group had a significant
depletion of PAS-positive material indicating decreased
glycogen reserves (e.g., Fig. 4C). The dehydration plus Silybum
marianum group had improved PAS staining intensity with
moderate recovery of glycogen distribution in hepatocytes and
associated structures (e.g., Fig. 4D). Collectively, these findings
demonstrate that Silybum Marianum has a protective effect
against the depletion of PAS positive components caused by
dehydration in renal and hepatic ~ organs.The
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immunohistochemical examination of caspase-3 expression in
the kidney and liver tissues showed evident and consistent
variations among the experimental groups. In kidney, the
control group showed weak caspase-3 immunostaining in renal
tubules and negative expression in the glomeruli, indicating
little baseline apoptotic activity (e.g., Fig. 5A). In contrast, the
Silybum marianum group showed modest tubular expression
exclusively (e.g., Fig. 5B). On the other hand, dehydration
group exhibited intense caspase-3 immunostaining mainly in
cortical tubular areas, with a marked increase in apoptosis (e.g.,
Fig. 5C). Dehydration plus Silybum marianum group showed
mild to moderate expression, suggesting that apoptotic activity
was partly attenuated (e.g., Fig. 5D). Similarly, poor caspase-3
expression was detected in liver tissue of the control group (e.g.,
Fig. 6A), while mild immunoreactivity was observed in
Silybum marianum group (e.g., Fig. 6B). However, the
dehydration group showed high caspase-3 positivity in
hepatocytes associated with increased apoptotic cell death(e.g.,
Fig. 6C). Treatment with Silybum marianum showed moderate
expression largely concentrated in hepatocytes and periportal
bile duct regions (e.g., Fig. 6D). In summary, these results
suggest that Silybum marianum exhibits a strong anti-apoptotic
impact in renal and hepatic tissues after dehydration caused
damage.

Figure 1. Histological section of Guinea pig’s kidney, (A :
Control group , B : Silybum marianum group , C : Dehydration
group , D : Dehydration +Silybum marianum group ) cross
section (H &E).

A : control group kidney Showing Normal morphology of the
renal parenchyma with well-defined glomeruli (black arrow)
and renal tubules (red arrow), (40 x) .

B :Histological section of Silybum marianum group kidney
showing well-defined Bowman's capsules and intact capillary
tufts (red arrow) with regular tubules & brush border of the
proximal tubules remains intact (yellow arrow) H&E stain (40
X) .

C : Histological section of dehydration group kidney showing
vacuolation and congestion of the glomerular , dilated capillary
spaces with congestion (black arrow) with detachment of
capillary basement membrane (white arrow) and flattening of
the podocytes (yellow arrow) & increased mesangial matrix
(red arrow) with necrosis in the proximal convoluted tubules
(green arrow) H&E stain (40 x) .

D :Histological section of dehydration +Silybum marianum
group kidney showing regeneration of renal tubules(black

arrow) and improved glomerular morphology (green arrow) by
improved tubular epithelial integrity with slight interstitial
congestion (red arrow) with slight infiltration of inflammatory
cells in the interstitial tissue (yellow arrow) H&E stain (40 x) .

7y; T = 954 4. 5 = s a
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Figure 2. Histological section of Guinea pig’s kidney , (A :
Control group , B : Silybum marianum group , C : Dehydration
group , D : Dehydration +Silybum marianum group ) cross
section (PAS).

A : Histological section showing strong PAS reaction for
basement membrane of tubules (green arrow) & brush border
(white arrow) and glomeruli with glomerular tuft (yellow
arrow) PAS stain (40 x).

B : Histological section Silypbum marianum group showing
strong PAS reaction for blood vessels wall (green arrow) that
stained purplish color (10 X) , and PAS reaction for basement
membrane of tubules (white arrow) and glomeruli with
glomerular tuft (red arrow) with deposition of hyaline cast in
the tubules (yellow arrow) PAS stain (40 x).

C : Histological section in the kidney of dehydration showing
mild PAS reaction for basement membrane of tubules (yellow
arrow) and brush border of proximal tubules (black arrow) with
glomerular basement membrane (white arrow) with
Mesangial cells ( red arrow) PAS stain (40 x).

D : Histological section of dehydration +Silybum marianum
group showing moderate PAS reaction for basement membrane
of tubules (white arrow) &»Dbrush border of proximal
tubules(yellow arrow) and glomeruli with glomerular tuft (red
arrow) PAS stain (40 x).
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Figure 3. Histological section of Guinea pig’s Liver, (A :
Control group , B : Silybum marianum group , C : Dehydration
group , D : Dehydration +Silybum marianum group ) cross
section (H &E).

A : Histological section of the liver of control group showing
regular architecture of hepatic lobules (red arrow) H&E stain
(40 x).

B : Histological section of Silybum marianum group showing
slight vacuolization of sporadic hepatocytes (yellow arrow)
with apparent Kupffer cell activation (red arrow) H&E stain
(40x) .

C : Histological section of dehydration group liver showing
centrilobular necrosis (green arrow) and inflammatory cells
infiltration (red arrow) H&E stain .

D : Histological section of the liver of dehydration +Silybum
marianum group showing regular architecture of hepatic cord
(yellow arrow) with mild inflammatory cells infiltration (red
arrow) around dilated central vein with mild congestion (black
arrow) , slight sinusoidal congestion (green arrow) & Kupffer
cell hyperplasia duct (yellow arrow) H&E stain (40,10 x) .

5 = v 4

(A
Control group , B : Silybum marianum group , C : Dehydration
group , D : Dehydration +Silybum marianum group ) , cross
section (PAS).

Figure 4. Histological section of Guinea pig’s Liver

A : The liver of control showing strong PAS reaction around
blood vessels (yellow arrow) with around bile duct (white
arrow) and cytoplasm of hepatocytes(red arrow).

B : Liver of Silybum marianum group showing mild intensity
of staining for glycogen in the wall of blood vessels & bile duct
(red arrow) with cytoplasm of hepatocytes (yellow arrow) .

C : The liver of Dehydration group showing mild PAS reaction
for cytoplasm of hepatocytes (red arrows).

D : Histological section of dehydration +Silybum marianum
group liver showing moderate Intensity of staining for glycogen
in the wall of blood vessels & bile duct (red arrow) with
cytoplasm of hepatocytes (yellow arrow) PAS stain (40 x).
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Figure 5. Immunohistochemistry (IHC) section of Guinea
pig’s kidney , (A : Control group , B : Silybum marianum group
, C : Dehydration group , D : Dehydration +Silybum marianum
group ) .

A : Kidney of control group showing weak caspase-3
expression in the tubules & negative caspase-3 expression in
the glomerular.

B: Kidney of Silybum marianum group showing mild caspase-
3 expression in the proximal convoluted tubules.

C: Kidney of dehydration group showing strongly caspase-3
expression in cortical areas in the tubules.

D: Kidney of dehydration +Silypbum marianum group show
moderate caspase-3 expression in the glomerular (Caspase-3
immune Staining, 40x).
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Figure 6. Immunohistochemistry (IHC) section of Guinea
pig’s Liver , (A : Control group , B : Silybum marianum group
, C : Dehydration group , D : Dehydration +Silybum marianum
group ) A: Liver of control group showing weak caspase-3
expression, B: Liver of Silybum marianum group showing mild
caspase-3 expression ,C: Liver of dehydration group at one
month showed strongly caspase-3 expression , D: Liver of
dehydration +Silybum marianum group showing moderate
caspase-3 expression in the bile duct & hepatocytes around
portal area that stain brown color (Caspase-3 immune
Staining,10x ) .

DISCUSSION

The present investigation offers wide histological, and
immunohistochemical evidences for the structural and
functional effects of dehydration on renal and hepatic tissues in
addition to the protective role of Silybum marianum. In control
group, both kidney and liver tissues revealed preserved
cytoarchitecture in H&E and PAS staining, with intact
glomeruli, well-organized tubular structures and normal hepatic
lobular organization. This is consistent with previously reported
normal histology of mammalian renal and hepatic tissues
(12,13). On the other hand, dehydration caused severe
degenerative changes in the organs including destruction of the
tubular epithelium, disruption of the glomeruli, vascular
congestion, hepatocellular necrosis and infiltration of
inflammatory cells. The substantial drop in PAS reactivity also
reflects depletion of glycogen storage and disruption of
basement membrane integrity, indicating profound metabolic
and structural damage. These findings are in agreement with
prior studies of renal dysfunction and reduction in glomerular
filtration generated by dehydration accompanied with
hypoperfusion (14). The high expression of Caspase-3 in the
dehydration group was a strong indication of the activation of
the apoptotic pathway. This activation is probably due to the
accumulation of reactive oxygen species (ROS) because of
prolonged water deprivation which impairs the integrity of the
mitochondrial membrane and releases pro-apoptotic molecules.
Mechanistically, agree with study that is observed tissue
damage might be attributed to oxidative stress and excessive
production of ROS leading to lipid peroxidation, protein

denaturation and DNA damage (15). This oxidative cascade
favors activation of apoptotic pathways as evidenced by the
substantial elevation of caspase-3 expression in both renal and
hepatic tissues in the dehydration group. Furthermore, the
infiltration of inflammatory cells and necrosis of hepatocytes in
the liver further enhance the ROS-mediated tissue injury and
the development to organ failure (16,17,18). Importantly,
Silybum marianum treatment ameliorated these degenerative
alterations. Histological amelioration of renal and hepatic
architecture, partial restoration of PAS-positive components
and diminished caspase-3 expression indicate abatement of
structural damage and apoptosis. These effects are consistent
with earlier research revealing hepatoprotective and
renoprotective activities of Silybum marianum and its active
component silymarin (19,20). The protective function is could
be attributed to its potent antioxidant capacity, free radical
scavenging activity , as well as its ability to stabilize cellular
membranes and alter apoptotic signaling pathways (21).In
conclusion, the integrated findings of this study reveal that
silymarin extract a profound multi-target protective effect on
dehydration-induced renal and hepatic injury via suppressing
oxidative stress, inhibiting apoptosis, and preserving structural
and metabolic integrity.

CONCLUSION

This study approved the protective role of Silybum
Marianum as antioxidant by reduce the free radicals that
induced by dehydration situation to stabilized the basement
membrane of hepatorenal tissue and the prophylactic role to the
cellular apoptosis by stabilizing the programed cell death when
it is used as corroborative supplement.
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