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ABSTRACT

Introduction: Ethylene glycol, a common ripening agent for fruits can induce oxidative damage to healthy tissues, which can
lead to organ failure. However, milk thistle, a plant with traditional medicinal use, can eliminate harmful free radicals and
regulate inflammatory reactions.

Aim of the Work: In this work, the efficacies of milk thistle aqueous extract to mitigate the detrimental effects of ethylene
glycol on the organs of male albino rats were explored.

Materials and Methods: Four groups of forty rats were allocated as control group (G1), milk thistle extract treated group
(G2) received a daily intake of 151.2 mg/kg milk thistle for Imonth, G3 received ethylene glycol to induce toxicity (2 ml/kg/
day for 3 days), and G4 received both ethylene glycol and milk thistle extract. Biochemical analysis for blood samples as liver
function (ALT, AST and ALP), total protein and albumin, kidney function (urea and creatinine), mineral levels (Ca++ and P)
and lipid peroxidation (MDA) and antioxidant Capacity (SOD, CAT and TAC). Histological examination was performed on
liver, kidney and lung tissues collected from the rats.

Results: The exposure to EG increased MDA, ALT, AST, ALP, total protein, urea, creatinine, minerals, while reducing antioxidant
markers levels, indicating oxidative stress, liver dysfunction, as well as acute renal failure with crystal deposition and primary
pulmonary toxicity. Treatment with ethylene glycol and milk thistle extract (G4) resulted in significant improvements, marked
by significant increase in the levels of antioxidant enzymes, decreased levels of MDA, ALT, AST, ALP, urea, creatinine,
minerals in the serum, and improved histological structure of the liver, kidney, and lung tissues, indicating tissue recovery.

Conclusion: Milk thistle extract relieve ethylene glycol-induced hepatic, renal and pulmonary toxicity, via increasing
antioxidants and decreasing lipid peroxidation.
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INTRODUCTION throughout the body™. This disruption can result in
various harmful effects, such as hepatorenal toxicity,
pulmonary system dysfunction, acidosis, and the release of
inflammatory enzymes*>.

Consuming fruits and vegetables daily is recommended
to improve immunity and reduce the likelihood of
developing chronic illnesses. Producers are using chemical

ripen substances such as ethylene gas, acetylene, ethanol, Antioxidants are effective in hindering the formation
and methyl jasmonate to provide fully grown fruits in to of free radicals or their propagation, which can decrease
satisfy customer needs!". Despite the possible hazards to oxidative stress and enhance the immune function!®.
health, farmers continue to use these ripen compounds to Botanical remedies are recognized for their antioxidant and
accelerate the maturation of fruits!"-2. anti-inflammatory characteristics, which can help prevent

Ethylene glycol (EG) is used to create cthylene gases and defend against diseases and environmental toxins!”.

which break down complex carbs into simpler sugars, For centuries, milk thistle, or Silybum marianum,
speeding up the maturation process and enhancing fruit an Asteraceae plant grown in Northern Africa has been
appearancel’. This practice is common in Egypt where utilized to treat a variety of health conditions, like liver,
ethylene is used to ripen various climacteric fruits and gallbladder, kidney, lung, spleen, prostate, and nervous
vegetables such as persimmons, bananas, and tomatoes!'’. system disorders®!%. Its seeds contain a 26.2 mg/g of
When ingested, EG disrupts the body's redox and silymarin, a compound composed of silibinin, silychristin,
antioxidant balance because of its high levels of water silydianin, isosilybin, isosilychristin, polyphenols, and
solubility, which allows its faster absorption and dispersion fatty acids!!!12],
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Milk thistle extract contains silymarin, a compound that
has antioxidant and anti-inflammatory effects. It can reduce
oxidative stress, lipid peroxidation, insulin resistance,
mitochondrial dysfunction, and cellular necrosis caused
by chemical intoxication® 131, Additionally, it can inhibit
the release of inflammatory cytokines and neutrophil
migration, which are associated with inflammation
inductiont.

Although milk thistle tea is often used as an herbal
remedy for liver ailments!'), its potential to alleviate the
toxic effects of ethylene glycol has not been explored.
Therefore, this study's goal is to uncover whether milk
thistle extract (silymarin) can reduce the oxidative stress
and damage to liver, kidney and lung tissues caused by
ethylene glycol in male albino rats.

MATERIALS AND METHODS

Chemicals and extract preparation

A solution of ethylene glycol (Sigma—Aldrich) was
created by dissolving 3g/ml in distilled water to be given
at a dosage of 6 g/kg rat!'®. Milk thistle extract (silymarin)
was obtained by infusing 100 g of freshly ground milk
thistle seeds obtained from different supplies (target market
or market) local market with 1200 ml of boiling water at
100°C for 210 minutes!!”). The extract was then sieved and
heated to 40 °C before being dried and stored at -20°C.
The extract was administered at dosages equivalent to the
human therapeutic dose!®.

Animals and experimental design

The Ethical Research Committee of the Faculty of
Science at Damanhour University in Beheira, Egypt,
granted ethical permission for the experiment prior to its
begin (DMU-SCI-CSRE-22-12-01(2022)). Forty adult
male albino rats Rattus norvgicus, 150-180g in weight,
were obtained from the Veterinary Science Institute
in Cairo, Egypt. The rats were left for two weeks to
acclimatize in groups of five each cage in an animal home
before the experiment beginning of the experiment, with
unlimited water and food available to them. The animal
housing provided an environment at 20-25°C and a natural
lighting cycle.

The rats were separated into four groups (10 rat/ group):

Group 1- Control: rats served anormal dietand provided
with drinking water for 30 days without intervention.

Group 2- Milk Thistle extract (MT): rats were given
151.2 mg/kg/day of milk thistle extract orally for 30 days.

Group 3- Ethylene Glycol (EG): rats received 2 ml of
ethylene glycol/kg/day orally for only three days.

Group 4- Ethylene glycol and milk thistle extract (EG
+ MT) : rats were given 2 ml of ethylene glycol/kg/day
orally for the first three days, followed by treatment with
151.2 mg/kg/day of milk thistle extract orally for 1 month.

Atthe end of the experiment, under sodium pentobarbital
anaesthesia, blood was drawn using a Micro Hematocrit
Capillaries from the retro-orbital sinus area from overnight
fasted rats. After allowing the blood to coagulate, the
samples were spun for 15 min at 10,000 g to separate the
clear serum samples which were stored at 20°C for later
analysis. After cervical dislocation under anesthesia, the
rats were immediately dissected for then samples of liver,
kidney, and lung tissues were collected.

Liver functions

The levels of alanine aminotransferase enzyme (ALT),
aspartate aminotransferase enzyme (AST), and alkaline
phosphatase enzyme (ALP) using enzymatic method!'”
with Diamond Diagnostics kits (Egypt) (CAT. NO. AL 10
31 (45), CAT.NO. AS 10 61 (45) and CAT. NO. AP 10 20,
respectively).

Protein levels

A commercial kit from Diamond, Egypt (CAT. NO.
TP 20 20) was used to quantify total protein content as
according Henry®” instructions”, whereas another kit
(CAT. NO. AB 10 10) from the same manufacturer was
used to estimate albumin content according to Wotton and
Freeman!l,

Kidney functions

A commercial kit from Biodiagnostic, Giza, Egypt
(CAT. NO. UR 21 10) was used to measure the amount of
urea in accordance with Fawcett and Scott®®? instructions,
while a different kit (CAT. No. CR 12 10) from the same
supplier was used to determine the quantity of creatinine
in accordance with Henry™ kinetic colorimetric method.

Mineral levels

According to the manufacturer's instructions for
Biodiagnostics kits (CAT. NO. CA 12 10 and CAT. No. PH
17 10) for blood levels of mineral including calcium (Ca)
and phosphorus (P) were assessed the method described
by Gindler and King®! and El-Merzabani, Anwer-El-
Aaser®], respectively.

Assessing Oxidative Stress: Lipid Peroxidation and
Antioxidant Capacity in the blood

Superoxide dismutase enzyme (SOD), catalase enzyme
(CAT), and polyunsaturated fatty acids peroxidation marker
malondialdehyde (MDA) activity were measured using
test kits from Bio-diagnostics, Egypt (CAT. No. SD 25 21,
CAT. No. CA 25 17 and CAT. No. MD 25 29), according
to the methods described by Claiborne, McCord and
Fridovich?” and Draper and Hadley®®), respectively,
while kits from Bio-diagnostics, Egypt (CAT. NO. TA
25 13), were applied in accordance with the procedure
described by Koracevic, Koracevic?”, to estimate the total
antioxidant capacity (TAC).

Histopathological investigation

Tissues from the liver, kidney, and lung were rinsed
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quickly with a normal saline solution (0.9% NaCl), fixed
in 10% formaldehyde solution for 24 hours, before being
dehydrated, and embedded in paraffin, as initially outlined
by Suvarna, LaytonP”. Hematoxylin and eosin (H&E)
was used to stain tissue slices, and an Olympus CX40
microscope was used to view the sections. NIH Imagel
1.53t software was used to evaluate (length and diameters,
percentage, area etc.).

Statistical Analysis

A statistical software program (SPSS) version 20.0 for
windows (SPSS Inc., Chicago, IL, USA) with a significant
difference was used to perform a one-way ANOVA
followed by a Post Hoc test (Tukey) multiple comparison
test to determine differences between groups. The mean
value along with the standard deviation was used to express
the data.

RESULTS

Effect of ethylene glycol on Mortality percentage

The rats that received ethylene glycol without milk
thistle extract treatment had a mortality rate of 30%, while
the rats treated with milk thistle extract after ethylene
glycol intoxication had a mortality rate of 10%.

Milk thistle extract modulated ethylene glycol-induced
disturbance of liver function

(Table 1) shows that there were no significant changes
in the levels of serum liver enzymes (ALT, AST, ALP), and
protein between the milk thistle extract treated group (G2)
and the control group (G1). Nevertheless, compared to the
control group (G1), ethylene glycol-intoxicated rats (G3)
had significantly higher levels of liver enzymes, and total
protein as well as significantly lower levels of albumin
(p < 0.001). Remarkably, administration of milk thistle
extract to ethylene glycol-intoxicated rats (G4) resulted in
a significant reduction in liver enzymes, and total protein
levels, whereas albumin levels were significantly higher
when compared to the ethylene glycol-treated group (G3)
(p <0.001).

Milk thistle extract modulated ethylene glycol-induced
disturbance of kidney function

In comparison to the control group (G1), rats given milk
thistle extract (G2) caused insignificant effect in the levels
of urea, calcium, or phosphorus, as depicted in (Table 2).
Conversely, a significant reduction (p <0.001) in creatinine
levels was detected in the milk thistle extract-treated group
(G2) compared to the control group (G1). Ethylene glycol
intoxicated rats (G3) exhibited significant elevations (p <
0.001) in their serum levels of urea, creatinine, calcium, and
phosphorus compared to the control group (G1). However,
treatment with milk thistle extract after ethylene glycol
intoxication (G4) significantly decreased the markers of
kidney function and minerals compared to ethylene glycol-
intoxicated rats (G3).

Milk thistle extract inhibited lipid peroxidation
mediated by ethylene glycol and improved the
antioxidant status

In (Table 3), the mean + S.D values of lipid peroxidation
(MDA) and antioxidant capacity (CAT, SOD, and TAC) are
presented. The administration of milk thistle extract (G2)
significantly improved the overall antioxidant capacity of
rats and reduced MDA levels. However, the intoxication
with ethylene glycol (G3) caused a significant elevation
in MDA, as well as significant declines in CAT, SOD, and
TAC levels compared to the control group of rats (G1) (p
< 0.001). Nevertheless, rats given milk thistle extract after
being intoxicated with ethylene glycol (G4) exhibited a
significant elevation in CAT, SOD, and TAC levels and
a significant decline in MDA levels when compared to
ethylene glycol-treated group of rats (G3) (p <0.001).

Histological examination

Milk thistle extract modulated ethylene glycol-induced
hepatotoxicity

Liver tissue analysis was conducted on control group
(G1) and milk thistle-treated group (G2) (Figure 1 A-F).
The liver tissue showed typical hepatic lobule structure
in both groups, with hepatocyte strands extending
from the central vein and separated by blood sinusoids
(Figure 1 A-F). The polygonal hepatocytes have big
basophilic eccentric nuclei and homogeneous eosinophilic
cytoplasm (Figure 1 C, F). The margin of the liver lobule
contained portal triad elements, which included branch
of portal vein, branch of hepatic artery, and bile ductules
(Figure 1 B, E). In rats treated with milk thistle extract
(G2), there was mild congestion and dilation observed in
the portal vein in the liver sections (Figure 1 E).

The liver tissue of rats intoxicated with ethylene glycol
(G3) showed severe hepatic injury, including disorganized
hepatic cords, congested and dilated central veins,
hypertrophic hepatocytes with cytoplasm with vacuoles
(Figure 1 G, H, I). The morphometric data analysis showed
a significant increase in the area of the central vein and
the dimensions of hepatocytes, along with a significant
decrease in the dimensions of hepatocyte nuclei, in
ethylene glycol treated rats (G3) in comparison to control
groups (G1&G2) as indicated in (Figures 2-3).The portal
area showed inflammatory cell infiltration, proliferated
bile ductules, and congested and dilated portal veins
(Figure 1 G, H). However, in rats treated with milk thistle
extract after ethylene glycol intoxication (G4), normal
hepatic lobular structure with well-defined sinusoids
and normal centrilobular hepatocytes were observed
(Figure 1], K, L). Mild hypertrophic periportal hepatocytes,
minor cellular infiltration, mild bile ductule proliferation,
and mild portal vein dilation and congestion were also
present in this group (Figure 1J, K). The morphometric
data analysis revealed insignificant increase in central
vein area in comparison to milk thistle treated group (G2)
along with insignificant increase in hepatocyte length and
insignificant decrease in nuclear dimensions in comparison
to control groups (G1&G2) (Figures 2-3).
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Milk thistle extract modulated ethylene glycol-induced
renal toxicity and crystals deposition

The kidney tissue of control groups (G1&G2) displayed
the normal structure of renal corpuscles and renal tubules
(Figure 4 A-F). The renal corpuscles were found to contain
multiple glomerular capillary loops encircled by a limited
Bowman's space and capsule. Bowman's capsule bordered
with simple squamous epithelium (Figure 4 B, C, E, F).
Juxtaglomerular smooth muscle cells were also identified
between the vascular pole of the glomerulus and macula
densa cells (Figure 4 C, E, F). Proximal convoluted tubules
were observed to have a narrow lumen lined with a single
layer of long cuboidal cells with brush border microvilli,
while distal convoluted tubules had a comparatively larger
lumen surrounded by smaller, flattened cubical epithelium.
The epithelium of the collecting tubules appeared as short,
pale-stained cuboidal cells with a relatively wider lumen
than the distal tubules, and the Henle's loop was lined with
simple squamous epithelium (Figure 4 B, C,E ).

Conversely, the kidney sections of rats (G3) intoxicated
with ethylene glycol displayed disrupted cortical
architecture with significant distortions in the renal
corpuscles and severe dilations of the renal tubules (Figure
4 G). The renal corpuscles exhibited severe damage
to the glomeruli, including widening of the Bowman's
space, hypertrophic glomerular capillary, congestion, and
ruptured Bowman's capsules (Figure 4 H, I). Morphometric
analysis revealed significant increase in renal corpuscles,
Bowman's space, and glomeruli size compared to control
groups (G1&G2) (Figure 5).

The renal tubules showed severe dilation with
epithelial vacuolization and nuclear pyknosis, and some
tubules even showed ruptured epithelial lining (Figure 4
H, I). Additionally, a significant increase in proximal and
distal tubule diameter and collecting duct dimensions in
comparison to control groups (G1&G2) were identified
(Figure 6). Furthermore, the lumen of the renal tubules
contained numerous polymorphic irregular crystals
accompanied by hemorrhage (Figure 4 G, H, I).

In the group of rats treated with ethylene glycol
and milk thistle extract (G4), kidney sections revealed
significant tissue recovery compared to the ethylene glycol-
intoxicated group (Figure 4 G-L). The cortical architecture
appeared nearly normal with normal renal corpuscles and
mildly dilated collecting tubules (Figure 4 K,L). In G4,
Renal corpuscles exhibited significant decrease in size
compared to ethylene glycol treated group (G3) while
exhibited a significant increase in renal corpuscles size
compared to G1&G2 (control groups) (Figure 5). However,
there were insignificant increases in the size of glomeruli,
Bowman's space, and the diameter of proximal and distal
convoluted tubules, as well as the length of the collecting
duct, compared to control groups (G1&G2) (Figures 5-6).
Additionally, the damage to the renal tubules was almost

recovered, with limited hemorrhage spots and no crystal
deposition observed (Figure 4 K, L).

Milk thistle extract modulated ethylene glycol-induced
pulmonary toxicity

The lung tissues of the control group (G1) and milk
thistle treated group (G2) were examined, revealing
normal lung spongy architecture with bronchioles, clusters
of alveoli (alveolar sacs), thin alveolar septa, pulmonary
blood vessels, and fibrous tissues (Figure 7 A-F). The
bronchioles appeared as thin-walled tubules lined with
folded columnar cells and goblet cells and encircled with
a thin bronchiolar smooth muscles layer (Figure 7 A, D).
Alveoli are lined with alveolar epithelium (pneumocytes)
thatappeared as flattened or rounded in shape cells separated
by thin interalveolar septa (Figure 7 C, F). Nevertheless,
compared to the control group of rats (G1), milk thistle-
treated rats (G2) exhibited a significant increase in alveolar
space (aeration area percentage) (Figure 8).

Conversely, lung tissue examination of rats intoxicated
with ethylene glycol (G3) showed remarkable pathological
changes. These changes included the presence of severe
congestion and edema, severe bronchiole dilation,
infiltration of inflammatory cells, disruption of alveolar
septa and interstitial cell expansion (Figure 7 G- I). The
bronchioles showed collapsed epithelial folds, and in
some areas, the bronchiolar epithelium was desquamated,
filled with red blood cells and surrounded with thickened
peribronchiolar tissue (Figure 7 G). The interalveolar
septa were severely thickened, and there were large,
irregular emphysema spaces resulting from septal rupture
(Figure7l). Morphometric analysis revealed significant
increase in interalveolar septa resulting in significant
decrease in aeration area compared to control groups
(G1&G2) (Figures8-9). Additionally, the pulmonary
vessels exhibited severe dilation, congestion, and wall
hyperplasia, (Figure 7 H).

On the other hand, examination of lung tissue sections
of rats intoxicated with ethylene glycol and treated with
milk thistle extract (G4) revealed a significant restoration
of normal lung morphology (Figure 7 J-L). The sections
showed normal bronchiolar and alveolar architecture
with mild interalveolar septa thickening in some areas,
mild pulmonary vessels congestion, and mild cellular
infiltration (Figure 7 J-L). The bronchioles showed a lining
of folded epithelial cells that bordered by a thin layer of
smooth muscle cells, with mild peribronchial infiltrated
cells (Figure 7 J). Additionally, slightly widened alveoli
with a thin layer of pulmonary cells were also observed
(Figure7L). The interalveolar septa showed significant
decrease in their thickness if compared to ethylene glycol
treated group (G3) resulting in significant increase in
aeration area percentage if compared to ethylene glycol
treated group (G3) (Figure8-9).
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Fig. 1: Liver sections of different experimental groups. Liver sections of control group (G1) (A-C), milk thistle treated group (G2) (D-F) showing normal liver
architecture including central vein (CV), blood sinusoids (BS),bile ductules (BD), hepatic artery (HA) and portal vein (PV). G-I: liver sections of ethylene
glycol treated group (G3) showing hepatic cords disorganization, blood vessels congestion (*), dilated central vein (CV), dilated portal vein (PV), cellular
infiltration (black arrows), vacuolated hepatocytes (V) with pyknotic nuclei (Py) and ill-defined blood sinusoids, cellular necrosis marked by black circle.
J-L: liver sections of ethylene glycol and milk thistle treated group (G4) showing normal hepatic cord separated by blood sinusoids (BS), few congested blood

vessels (*),infiltrated cells (black arrow). H&E
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Fig. 2: Morphometric analysis of central vein area (um?2) in liver sections
of different experimental groups. Ethylene glycol-administration (G3)
caused significant increase in central vein area compared to control groups
(G1&G2), while ethylene glycol rats treated with milk thistle group (G4)
displayed significant decrease in central vein area compared to G3. *Data
are means + SD (standard deviation). Bars with distinct superscript letters
indicate statistically significant differences at p < 0.05.

= Hepatocyte length = Hepatocyte width
= Nuclei length = Nuclei width

b

-
5]

Meaurement (pm
S

o o

G1 (Control)

G2 (MT) G3 (EG)
Groups

G4 (EG+MT)

Fig. 3: Morphometric analysis of hepatocyte and nuclear dimensions
(um) in liver sections of different experimental groups. Ethylene glycol-
administration (G3) significantly increases hepatocyte dimensions and
significantly decreases in nuclear dimensions compared to control groups
(G1&G2). Ethylene glycol and milk thistle treated rats (G4) showed
insignificant increase in hepatocyte length and insignificant decrease in
nuclear dimensions compared to control groups (G1&G2). *Data are
means + SD (standard deviation). Bars with distinct superscript letters
indicate statistically significant differences at p < 0.05.
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Fig. 4: Kidney sections of different experimental groups. Kidney sections of control group (G1) (A-C), and milk thistle treated group (G2) (D-F) showing
normal kidney structure with renal corpuscles (RC), glomerular capillaries (G) surrounded by bowman’s capsule (BC). Notice, juxtaglomerular cells (JC),
macula densa cells (MD), proximal convoluted tubule (PCT), distal convoluted tubule (DCT), collecting tubules (CT), and Henle's loop (HL). G-I: kidney
sections of ethylene glycol treated groups (G3), notice few atrophic glomeruli (AG), dilated Henle's loop (DHL), hypertrophic glomeruli (curled arrow), dilated
congested bowman’s space (*),ruptured epithelial lining of Bowman's capsule (black circle), hypertrophic collecting tubules (HCT) with ruptured epithelial
lining (red circle), and precipitated crystals (CRY) causing hemorrhage (head arrows). J-L: kidney sections of ethylene glycol and milk thistle treated group
(G4) showing nearly normal renal corpuscle (RC) structure with regular renal tubules lining, except for some areas of hemorrhage in collecting tubule lumen

(head arrow). H&E
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Fig. 5: Morphometric analysis of renal capsules, glomeruli, and
Bowman's space areas (um?2) in kidney sections of different experimental
groups. Ethylene glycol administration (G3) caused significant increase in
renal capsules, glomeruli, and Bowman's space size compared to control
groups (G1&G2), while ethylene glycol and milk thistle extract-treated
group (G4) showed significant decrease in renal capsules size compared
to G3 and insignificant increase in glomeruli, and Bowman's space size
compared to control groups (G1&G2).*Data are means = SD (standard
deviation). Bars with distinct superscript letters indicate statistically
significant differences at p < 0.05.
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Fig. 6: Morphometric analysis of renal tubules dimensions (um) in kidney
sections of different experimental groups. Ethylene glycol administration
(G3) caused significant increase in renal tubules dimensions compared
to control groups (G1&G2), while ethylene glycol and milk thistle
extract-treated group (G4) showed insignificant increase in diameter of
proximal and distal convoluted tubules (PCT&DCT) compared to control
groups (G1&G2) and insignificant increase in collecting duct (CT) length
compared to control groups (G1&G2). *Data are means + SD (standard
deviation). Bars with distinct superscript letters indicate statistically
significant differences at p < 0.05.
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a .

(G1) (A-C). and milk thistle treated group (G2) (D-F). Showing normal lung morphology
which consist terminal bronchiole (TB) with columnar cells (CC) lining and surrounded by bronchiole muscles fibers (BMF), peribronchiolar tissue (black
arrow), bronchiole (B), blood vessel (BV), alveolar sacs (AS), alveoli (A), air duct (AD), pulmonary artery (PA), interalveolar septa (IS) and pneumocytes
(head arrow). G-I: Lung sections of ethylene glycol treated group (G3) notice, congestion of terminal bronchiole and blood vessels (*), desquamation of
bronchiole epithelia (black circle) , hypertrophic blood vessels (HBV), interstitial cells hyperplasia (blue arrow), thick interalveolar septa (blue double headed
arrow), trophic alveoli (TA), emphysema (blue asterisk).J-L: Lung section of ethylene glycol and milk thistle treated group (G4) showing almost normal lung
tissue morphology, with wise alveolar space (AS), thin interalveolar sepata (IS).H&E
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Fig. 8: Morphometric analysis of aeration area percentage (%) in lung Fig. 9: Morphometric analysis of interalveolar septa thickness (um)
sections of different experimental groups. Milk thistle treatment (G2) in lung sections of different experimental groups. The administration
significantly increases aeration area in comparison to control group of ethylene glycol (G3) significantly increases in interalveolar septa
(G1), while ethylene glycol treatment (G3) caused significant decrease in thickness compared to control groups (G1&G2). However, ethylene
aeration area compared to control groups (G1&G2). However, rats treated glycol rats treated with milk thistle (G4) showed significant decrease in
with ethylene glycol and milk thistle (G4) showed insignificant decrease interalveolar septa thickness in comparison to G3. *Data are means +
in aeration area in comparison to control groups (G1&G2). *Data are SD (standard deviation). Bars with distinct superscript letters indicate
means + SD (standard deviation). Bars with distinct superscript letters statistically significant differences at p < 0.05.

indicate statistically significant differences at p < 0.05.
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Table 1: Serum Biomarkers for Liver Function Assessment

ALT (U/L) AST(U/L) ALP(U/L) Total protein (mg/dL) Albumin (mg/L)
G1 (Control) 36.07+1.10° 113.3+1.53¢ 195.9+41.21° 5.355+0.025% 4.18+0.1°¢
G2 (MT) 34.7+0.44* 116.7+1.532 164.2+1.04* 5.47+£0.15%> 4.02+0.13¢
G3 (EG) 54.65+0.65°¢ 177.2+£1.04 ¢ 982.3+1.55¢ 7.175+0.055¢ 3.15+0.05¢
G4 (EG+MT) 41.5+0.5° 151.2+1.06° 357.2+2.02¢ 5.65+£0.05° 3.63+0.07°
Reference range Up to 45U/LBY, Up to 40U/LBY. 200-1000U/LE2 6.5-8.7mg/dLB) 3.5-5.5mg/dLB¥

*Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase, ALP; alkaline phosphatase, MT; milk thistle, EG; ethylene glycol, U/L (unit

per liter) mg/dL (milligrams per deciliter).

*Data are means + SD (standard deviation). Means in the same column with different superscript letters are statistically significant (P < 0.001) using one-way

ANOVA.

Table 2: Serum Biomarkers for kidney Function Assessment

Urea (mg/AL) Creatinine (mg/L) Ca" (mgAL) P (mg/AL)
G1 (Control) 28.15+0.35° 0.55+0.04° 6.61+0.31° 5.3840.54°
G2 (MT) 26.15+0.55* 0.46+0.035° 6.98+0.16* 6.1£0.53*
G3 (EG) 115.1+1.7° 1.27+0.021¢ 13.05+0.07¢ 7.35+0.25°
G4 (EG+MT) 42.05+1.05° 0.67+0.015¢ 8.9+0.35° 5.86+0.06*

Reference range 15-50 mg/dLB

0.46-3.93 mg/dLB¢

8.1-10.4mg/dLP7 2.5-5 mg /dLB¥

*Abbreviations: Ca++, calcium; P, phosphorus, MT; milk thistle, EG; ethylene glycol, mg/dL (milligrams per deciliter).

*Data are means + SD (standard deviation). Means in the same column with different superscript letters are statistically significant (P < 0.001) using one-way

ANOVA.

Table 3: Serum Biomarkers for Lipid Peroxidation and Antioxidant Enzymes

MDA (nmol/ml) TAC (mM/L) SOD (U/ml) CAT (U/L)
G1 (Control) 12.52+40.2° 4.22+0.10¢ 19.25+0.55¢ 38.25+0.65¢
G2 (MT) 14.62+0.3° 4.1240.11¢ 20.7+0.6¢ 36.15+0.25¢
G3 (EG) 26.23+0.11¢ 1.68+0.18¢ 7.38+0.28° 13.1+0.6°
G4 (EG+MT) 19.35+0.25¢ 3.43+0.20° 13.42+0.2° 28.65+1.15°
Reference range 0.9-1.8 umol/LE” 0.5 - 2 mM/L¥ 4.7-166 U/mLE! 0.29-0.41 U/mL¥!

*Abbreviations: MDA; malondialdehyde, TAC; Total antioxidant capacity, SOD Superoxide dismutase enzyme, CAT; catalase, MT; milk thistle, EG; ethylene
glycol, nmol/ ml (nanomole/milliliter) , mM/I (millimolar per liter), U/ml (unite per milliliter) and U/L (unit/ liter).

*Data are means + SD (standard deviation). Means in the same column with different superscript letters are statistically significant (P < 0.001) using one-way

ANOVA.

DISCUSSION

The utilization of ethylene glycol (EG) as a food ripening
agent has been increasing due to the growing demand
for off-season products, even though ingestion of this
substance can lead to toxicity in multiple organs®*? which
highlights the need for investigating natural products that
can reverse its toxicity. Milk thistle extract (silymarin) has
antioxidant, free radical scavenger, and anti-inflammatory
properties that could potentially mitigate the harmful
effects of chemical toxins!”'4.

Previous studies have indicated that the consumption
of ethylene glycol leads to inflammation and oxidative
damage due to the generation of free radicals which
promotes oxidative degradation of lipids and reduces the
body's antioxidant defense mechanism*>4],

In this study, ethylene glycol intoxication (G3) resulted
in a significant elevation in MDA levels, which is a marker
of lipid peroxidation. This elevation was paralleled with a
significant decline in the levels of SOD, CAT, and TAC,
indicating a compromised antioxidant defense mechanism
in scavenging free radicals. As a result, the liver, kidney,
and lung tissues were subjected to pathological damage
caused by these free radicals. These results agree with
those stated by El Menyiy, Al Waili®, who demonstrated
that exposure to ethylene glycol leads to oxidative damage
as verified by rise in MDA levels and decline in SOD and
CAT levels. The decrease in levels of SOD and CAT can
cause an accumulation of free radicals, resulting in lipid
peroxidation, increased cell membrane permeability,
complete cell disintegration, and the release of cellular
components into the bloodstream!'*44,
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The current study revealed that intoxication with
ethylene glycol (G3) caused oxidative damage to
hepatocytes, resulting in loss of membrane integrity,
hypertrophic and necrotic hepatocytes, and elevated blood
levels of ALT, AST, ALP, albumin, and total protein. These
results are in line with earlier researches that reported
similar effects of ethylene glycol on hepatocytes, such as
ballooning appearance, vacuolated cytoplasm, necrosis,
and increased levels of hepatic enzymes and proteins in the
bloodstream*#1. Additionally, ethylene glycol toxicity
induced bile duct hyperplasia and ALP accumulation
in the blood, which is attributed to oxidative damage to
hepatocytes and impaired biliary system function leading to
reduced bile secretion*®. Similarly, diclofenac intoxication
can cause the proliferation of biliary ducts and increase in
plasma ALP and bilirubin levels*”.

The current study found that the liver tissues of rats
exposed to ethylene glycol (G3) exhibited blood vessel
congestion, which matching with the results of previous
research after treatment experimental animals with
ethylene glycol and caused histopathological changes in
liver tissuel*l. The earlier study reported that ethylene glycol
exposure led to changes in liver morphology, including
cytoplasmic vacuolization and necrosis of hepatocytes, as
well as blood vessel congestion!,

The damaging effects of ethylene glycol on the kidneys,
which frequently lead to renal failure and acidosis, have
been documented in several investigations. Hepatocytes
change ethylene glycol into oxalic acid, which results in
calcium oxalate crystal development in the kidney tubules
and eventually renal failure'®l. Moreover, the presence of
high levels of MDA can stimulate the formation of ROS in
renal cells, leading to renal cell necrosis and the release of
kidney enzymes into the bloodstream™”48!,

In the current research, ethylene glycol intoxication in
rats (G3) caused several forms of renal damage, including
Bowman capsule enlargement, glomerular atrophy, renal
epithelium necrosis, cytoplasmic vacuolization, and
interstitial inflammation, as well as elevated levels of
urea, creatinine, and proteins in the serum. These findings
are consistent with previous researches, that reported
similar outcomes of renal corpuscle widening, glomerular
degeneration, and cellular infiltration in rats treated with
ethylene glycol®3. Urea, creatinine, and proteins can
accumulate in the bloodstream as a result of ethylene
glycol-induced renal failure, along with accompanying
problems like acidosis and changes in electrolytest™.

In the present study ethylene glycol toxicity (G3)
caused renal damage through multiple mechanisms,
including changes in the concentrations of antioxidant
enzymes, and inflammatory reactions Husseiny, Farag 1.
This is along with increased serum levels of calcium and
phosphorus, which can precipitate as crystals in the renal
tubules, leading to widening, and necrosis of the tubular
epithelium, edema, and inflammation. Earlier studies have
reported similar outcomes.

Previous studies have shown that ethylene glycol
intoxication causes elevated serum levels of calcium and
phosphorus, which can lead to failure in the renal tubules
by formation of calcium phosphate and calcium oxalate
crystals, resulting in widening of the proximal convoluted
tubules, tubular epithelium necrosis, edema, and interstitial
inflammation34549],

Ethylene glycol causes oxidative damage that leads to
vascular dysfunction, characterized by hyperplasia of the
pulmonary vessels, congestion, and leakage of red blood
cells. This damage affects the blood vessels' epithelium.
Previous studies have reported similar outcomes, indicating
that oxidative stress caused by ethylene glycol can lead to
pulmonary toxicity and vessel congestion?4443],

This study demonstrated that ethylene glycol
administration (G3) caused significant lung damage,
including loss of normal architecture, emphysema, and
interalveolar septal thickening and rupture bronchiolar
desquamation, and proliferation of fibrous tissue, leading
to inflammation and edema. These findings are consistent
with previous reports of ethylene glycol-induced
respiratory abnormalities. Similar pulmonary dysfunction
has been observed in rats treated with nicotine and
amiodarone*’!l, This observation is consistent with prior
findings on ethylene glycol's impact on lung tissue2.
Somade, Ajayil*y observed similar respiratory anomalies
in rats exposed to ethylene glycol monomethyl ether,
including respiratory distress, alveoli inflammation, and
vessel congestion and hyperplasia.

Milk thistle extract (silymarin) has antioxidant and
anti-inflammatory properties’*%2, In the current study,
rats treated with both ethylene glycol and milk thistle
extract (G4) had restored redox balance, as evidenced
by lower MDA and higher SOD, CAT, and TAC levels
when compared to ethylene glycol-only treated rat. These
results suggest that milk thistle extract's antioxidant and
anti-inflammatory properties may have played a role in
reversing ethylene glycol-induced oxidative damagel®*.

In the present study, milk thistle extract improved liver
and kidney function in ethylene glycol treated rats (G4),
as well as recorded decrease in levels of ALT, AST, ALP,
proteins, and albumin in the serum. This confirms its
ability to reduce lipid peroxidation, minimize cell necrosis
and enzyme leakage. Previous studies also showed milk
thistle extract's hepatorenal protective effects against lead
acetate, carbon tetrachloride, and sepsis-induced oxidative
damage through normalization of liver and kidney
enzymes and proteins serum levels!®!!*2.. Earlier research
has demonstrated that milk thistle extract (silymarin)
can protect against oxidative damage in animal models
treated with paraquat’™ and busulfan® by decreasing
lipid peroxidation (MDA), enhancing antioxidant defense
mechanisms (SOD and CAT), and improving liver and
kidney parameters.

In the same study, milk thistle extracts reduced serum
calcium and phosphorus levels, preventing renal tubule
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damage, crystal formation and hyperproteinemia in
ethylene glycol-treated rats (G4). The extract also improved
glomerular morphology, reduced tubular congestion, and
restored kidney interstitial tissue. Its antioxidant enzymes
and anti-inflammatory reactions may have prevented
kidney dysfunction, consistent with previous studiest*!,

The results of the study reveal that treatment of milk
thistle extract has a possible protective effect on lung tissue
against ethylene glycol-induced damage. The treated rats
(G4) showed improved lung morphology with regular
bronchiolar structure, decreased septal thickness and
cellular infiltration. These findings align with previous
researches that demonstrate the protective effects of milk
thistle extract on lung tissue against various toxic agents,
including hydrochloric acid, mercuric chloride!!?,
titanium dioxide nanoparticles® and paraquatt7. It
is hypothesized that milk thistle extract (silymarin),
is believed to involve various molecular and cellular
pathways that regulate lung tissue remodeling, bronchial
muscle relaxation, and alveolar expansion resulting in
increasing bronchial muscle and alveolar size, improving
gas exchange and the delivery of oxygen from the blood
to the tissues in the lungst®. These investigations found
that milk thistle extract can decrease inflammatory cell
infiltration, peribronchial inflammation, and septal
widening in the lungs.

CONCLUSION

Milk thistle extractsreversed ethylene glycol's damaging
effects on liver, kidney, lung, and serum parameters in
experimental rats. The extract's antioxidant property
restored redox balance and reduced cellular damage. These
results point to the effect of milk thistle extract as a non-
pharmacological treatment and preventative measure for
ethylene glycol poisoning. This work offers vital insights
into the possible advantages of milk thistle extract as a
protective agent against harmful chemicals, while more
research is required to discover whether these findings are
pertinent to human health.

CONFLICT OF INTERESTS

There are no conflicts of interest.

REFERENCES

1. Bayoumi Y, Osman S, Etman A, El-Semellawy E-S,
Solberg SO, and El-Ramady H: Regulating Enzymatic
Antioxidants, Biochemical and Physiological
Properties of Tomato under Cold Stress: A Crucial
Role of Ethylene. Agriculture.(2023) 13(2): 1-20
DOI: 10.3390/agriculture13020266

2. Bini M, Rajesh B, and Babu TD: Acute and subacute
toxicity evaluation of calcium carbide and ethylene
glycol in Wistar albino rats. J Basic Clin Physiol
Pharmacol.(2020) 31(1): 1-8 DOIL  10.1515/
jbepp-2019-0126

3. Bini M, Rajesh B, and Babu TD: Chronic exposure of
industrial grade calcium carbide and ethylene glycol

exert genotoxic effect in Wistar albino rats. J Basic
Clin Physiol Pharmacol.(2021): 1-10

10.

11.

12.

13.

Bini M, Rajesh B, and Babu TD: Chronic exposure of
industrial grade calcium carbide and ethylene glycol
alter histological architecture of systemic organs by
disrupting redox balance in rat. J Basic Clin Physiol
Pharmacol.(2022) 33(3): 265-271 DOI: 10.1515/
jbcpp-2020-0087

El Menyiy N, Al Waili N, Bakour M, Al-Waili H, and
Lyoussi B: Protective effect of propolis in proteinuria,
crystaluria, nephrotoxicity and hepatotoxicity induced
by ethylene glycol ingestion. Am. J. Clin. Pathol.(2016)
47(7): 526-534 DOI: 10.1016/j.arcmed.2016.12.010

Tan BL, Norhaizan ME, Liew WP, and Sulaiman
Rahman H: Antioxidant and Oxidative Stress: A Mutual
Interplay in Age-Related Diseases. Front. Pharmacol.
(2018) 9: 1-28 DOI: 10.3389/fphar.2018.01162

Fanoudi S, Alavi MS, Karimi G, and Hosseinzadeh H:
Milk thistle (Silybum Marianum) as an antidote or a
protective agent against natural or chemical toxicities:
a review. Drug Chem. Toxicol.(2020) 43(3): 240-254
DOI: 10.1080/01480545.2018.1485687

Abd FElalal NS, Elsemelawy SA, and Elhassaneen
YA: Potential Effects of Wild Milk Thistle (Silybum
marianum L.) Seed Extract Intervention on Oxidative
Stress Induced by Busulfan Drug in Different Organs
of Rats. Int ] Med Sci Public Health (2022) 8(3): 19-
34 DOLI: 10.32861/ijhms.83.19.34

Abd Eldaim MA, Barakat ER, Alkafafy M, and Elaziz
SAA: Antioxidant and anti-apoptotic prophylactic
effect of silymarin against lead-induced hepatorenal
toxicity in rats. Environ. Sci. Pollut. Res.(2021)
28(41):  57997-58006 DOI: 10.1007/s11356-021-
14722-8

El Hassanen YA, Badran H, Abd EL-Rahman
AN, and Badawy NM: Potential Effect Of Milk
Thistle (Silybum Marianum) On Liver Disorders
Induced By Carbon Tetrachloride. J. Home Econ.
(2021) 31(1): 83-93

Zaki DA, Abdel-Ghany AS, and Gomaa A: Therapeutic
effect of milk thistle (Silybum marianum L) seeds on
carbon tetrachloride-induced hepatotoxicity in rats.
Alex. Sci. Exch. .(2019) 40(JANUARY-MARCH):
19-29 DOI: 10.21608/asejaiqjsae.2019.26436

Mukhtar S, Xiaoxiong Z, Khalid W, Moreno A, and
Lorenzo JM: In Vitro Antioxidant Capacity of Purified
Bioactive Compounds in Milk Thistle Seed (Silybum
marianum) Along with Phenolic Profile. Food Anal.

Methods.(2023): 1-13 DOI: 10.1007/s12161-023-
02449-w
Sheta NM, Boshra SA, Mamdouh MA, and

Abdel-Haleem KM: Design and optimization of
silymarin loaded in lyophilized fast melt tablets
to attenuate lung toxicity induced via HgClI2 in
rats. Drug Deliv.(2022) 29(1): 1299-1311 DOI:
10.1080/10717544.2022.2068696

1018



Barakat and Badr

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ahmed RF, Moussa RA, Eldemerdash RS, Zakaria
MM, and Abdel-Gaber SA: Ameliorative effects of
silymarin on HCl-induced acute lung injury in rats;
role of the Nrf-2/HO-1 pathway. Iran. J. Basic Med.
Sci.(2019) 22(12):  1483-1492 DOIL: 10.22038/
1JBMS.2019.14069

Tien HTT, Loan PT, Van Huy N, Le Thu HT, Nghia
PC, Kien TT, Trung NQ, and Van Toan N: Effect of
processing factors on the quality of silymarin milk
thistle tea bag. J. Sci. Technol. .(2021) 25(4): 94-100

Le Dudal M, Huguet L, Perez J, Vandermeersch
S, Bouderlique E, Tang E, Martori C, Chemaly N,
Nabbout R, and Haymann J-P: Stiripentol protects
against calcium oxalate nephrolithiasis and ethylene
glycol poisoning. J. Clin. Investig.(2019) 129(6):
2571-2577 DOI: 10.1172/1C199822.

Barreto J: Extraction of silymarin compounds from
milk thistle (Silybum marianum) seed using hot, liquid
water as the solvent. Inquiry Univ Ark Undergrad Res
J.(2002) 3(1): 1-14

Soleimani V, Delghandi PS, Moallem SA, and
Karimi G: Safety and toxicity of silymarin, the
major constituent of milk thistle extract: An updated
review. Phytother. Res.(2019) 33(6): 1627-1638 DOI:
10.1002/ptr.6361

Reitman S and Frankel S: A colorimetric method for
the determination of serum glutamic oxalacetic and
glutamic pyruvic transaminases. Am. J. Clin. Pathol.
(1957) 28(1): 56-63

Henry R, Colorimetric determination of total protein.
Clinical Chemistry. Harper and Row Publ., New York,
USA.(1964).

Wotton I and Freeman H, Microanalysis in medicinal
biochemical. Churchill Livingstone, Edinburgh,
London.(1982) pp: 1974.

Fawcett J and Scott J: A rapid and precise method for
the determination of urea. J. Clin. Pathol.(1960) 13(2):
156-159 DOI: 10.1136/jcp.13.2.156

Henry R, Creatinine in: Clinical Chemistry, principles
and techniques. 2nd edn ed: Harper and Row
Publishers, New York.(1974) pp: 525.

Gindler M and King J: Chemical method for
determination of calcium in serum. Am. J. Clin. Path.
(1972) 58: 376

El-Merzabani MM, Anwer-El-Aaser A, and Zakhary
NI: A New Method for Determination of Inorganic
Phosphorits in Serum without Deproteinization. J.
Clin. Chem. Clin. Biochem.(1977) 15: 715-718 DOI:
10.1515/cclm.1977.15.1-12.715

Claiborne A, Catalase activity. CRC handbook of
methods for oxygen radical research: CRC press.
(2018) pp: 283-284.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

McCord JM and Fridovich I: Superoxide dismutase: an
enzymic function for erythrocuprein (hemocuprein).
J. Biol. Chem.(1969) 244(22): 6049-6055 DOI:
10.1016/S0021-9258(18)63504-5

Draper H and Hadley M, [43] Malondialdehyde
determination as index of lipid Peroxidation. Methods
in enzymology: Elsevier.(1990) pp: 421-431.

Koracevic D, Koracevic G, Djordjevic V, Andrejevic
S, and Cosic V: Method for the measurement of
antioxidant activity in human fluids. J. Clin. Pathol.
(2001) 54(5): 356-361

Suvarna KS, Layton C, and Bancroft JD, Bancroft's
theory and practice of histological techniques E-Book:
Elsevier health sciences.(2018).

Ruckmani K, Kavimani S, An R, and Jaykar B: Effect
of Moringa oleifera Lam on paracetamol-induced
hepatotoxicity. Indian Journal of Pharmaceutical
Sciences.(1998) 60(1): 33

El-Garhi M, Zayed M, El-Sayed H, Sherif H, and El-
Bordeny N: Impact of using encapsulated and non-
encapsulated probiotics on the performance of young
suckling calves. AVMJ.(2019) 65(162): 51-62 DOI:
10.21608/avm;j.2019.168940

Gornall AG, Bardawill CJ, and David MM:
Determination of serum proteins by means of the
biuret reaction. J. Biol. Chem.(1949) 177(2): 751-766

Ozolua R, Anaka O, Okpo S, and Idogun S: Acute and
sub-acute toxicological assessment of the aqueous
seed extract of Persea americana Mill (Lauraceae)
in rats. Afr J Tradit Complement Altern Med.(2009)
6(4): 573 - 578 DOI: 10.4314/ajtcam.v6i4.57214

Fawcett J and Scott J: A rapid and precise method
for the determination of urea. Journal of clinical
pathology.(1960) 13(2): 156-159

Keppler A, Gretz N, Schmidt R, Kloetzer H, Grone
H-J, Lelongt B, Meyer M, Sadick M, and Pill J:
Plasma creatinine determination in mice and rats: an
enzymatic method compares favorably with a high-
performance liquid chromatography assay. KI1.(2007)
71(1): 74-78 DOI: 10.1038/sj.ki.5001988

Gindler EM and King JD: Rapid colorimetric
determination of calcium in biologic fluids with
methylthymol blue. AJCP.(1972) 58(4): 376-382
DOI: 10.1093/ajcp/58.5.376

Ibrahim I, Elsayed AM, Adel, Ali A, and Mahmoud
H: Estimation of some trace elements in healthy and
diseased sheep in gena governorate. AVMJ.(2017)
63(152): 183-188 DOI: 10.21608/avmj.2017.169271

Wong S, Knight J, Hopfer S, Zaharia O, Leach Jr CN,
and Sunderman Jr FW: Lipoperoxides in plasma as
measured by liquid-chromatographic separation of
malondialdehyde-thiobarbituric acid adduct. Clin.
Biochem.(1987) 33(2):  214-220 DOI: 10.1093/
clinchem/33.2.214

1019



MILK THISTLE VS ETHYLENE GLYCOL TOXICITY

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Nishikimi M, Roa N, and Yogi K: Measurement
of superoxide dismutase. Biochem. Biophys. Res.
Commun.(1972) 46: 849-854

Slaughter MR and O’Brien PJ: Fully-automated
spectrophotometric method for measurement of
antioxidant activity of catalase. Clin. Biochem.(2000)
33(7): 525-534 DOI: https://doi.org/10.1016/S0009-
9120(00)00158-2

Doostkam A, Fathalipour M, Anbardar MH,
Purkhosrow A, and Mirkhani H: Therapeutic
Effects of Milk Thistle (Silybum marianum L.) and
Artichoke (Cynara scolymus L.) on Nonalcoholic
Fatty Liver Disease in Type 2 Diabetic Rats. Can.
J. Gastroenterol. Hepatol.(2022) 2022: 1-8 DOI:
10.1155/2022/2868904

Rashid S, Sameti M, Algarni MH, and Bar FMA: In
vivo investigation of the inhibitory effect of Peganum
harmala L. and its major alkaloids on ethylene glycol-
induced urolithiasis in rats. J. Ethnopharmacol.(2023)
300: 115752 DOI: 10.1016/j.jep.2022.115752

Somade OT, Ajayi BO, Adeyi OE, Adeshina AA,
Adekoya MO, and Abdulhameed RO: Oxidative
stress-mediated induction of pulmonary oncogenes,
inflammatory, and apoptotic markers following time-
course exposure to ethylene glycol monomethyl ether
in rats. Metabolism Open.(2021) 9: 100075 DOI:
https://doi.org/10.1016/j.metop.2020.100075

Elghouizi A, Al-Waili N, Elmenyiy N, Elfetri S,
Aboulghazi A, Al-Waili A, and Lyoussi B: Protective
effect of bee pollen in acute kidney injury, proteinuria,
and crystalluria induced by ethylene glycol ingestion
in rats. Sci. Rep.(2022) 12(1): 1-11 DOI: 10.1038/
s41598-022-12086-8

Kumari S, Sharma M, and SK S: Potential protective
effect of apocynin in ethylene glycol-induced hepatic
damage by attenuation of mitochondrial oxidative
stress. Asian J Pharm Clin Res.(2016) 9(1): 119-123

Alabi QK and Akomolafe RO: Kolaviron diminishes
diclofenac-induced liver and kidney toxicity in wistar
rats via suppressing inflammatory events, upregulating
antioxidant defenses, and improving hematological
indices. Dose-Response.(2020) 18(1): 1-12 DOI:
10.1177/1559325819899256

Yousefi Ghale-Salimi M, Eidi M, Ghaemi N, and
Khavari-Nejad RA: Antiurolithiatic effect of the
taraxasterol on ethylene glycol induced kidney calculi
in male rats. Urolithiasis.(2018) 46(5): 419-428 DOI:
10.1007/s00240-017-1023-9

Husseiny N, Farag Al, and Mohammed HO:

50.

51.

52.

53.

54.

55.

56.

57.

58.

Histological and immunohisto-chemical study of toxic
effect of gibberellic acid postnatally on renal cortex of
albinorats. Egyptian Journal of Histology.(2020)43(4):
1070-1086 DOI: 10.21608/¢jh.2020.21044.1214

Patankar S, Fanthome B, and Bhalerao SS: Efficacy of
Herbmed Plus in urolithic rats: An experimental study.
J Ayurveda Integr Med.(2020) 11(3): 250-255 DOI:
10.1016/5.jaim.2019.09.007

Gawad FAE-R, Rizk AAE-E, Jouakim MF, and Abd
El Halem MZ: Amiodarone-induced lung toxicity and
the protective role of Vitamin E in adult male albino
rat. Eur J Anat.(2018) 22(4): 332-333

Hendawy AK, El-Toukhey NES, AbdEl-Rahman SS,
and Ahmed HH: Ameliorating effect of melatonin
against nicotine induced lung and heart toxicity in rats.
Environ. Sci. Pollut. Res.(2021) 28: 35628-35641

Al-Kadi A, Ahmed A-S, El-Tahawy NFG, Khalifa
MMA, and El-Daly M: Silymarin protects against
sepsis-induced acute liver and kidney injury via
anti-inflammatory and antioxidant mechanisms in
the rat. JABS.(2020) 3(4): 190-197 DOI: 10.21608/
jabps.2020.37074.1091

Saadh MJ: Hypoglycemic and hypolipidemic activity
of combined milk thistle and fenugreek seeds in
alloxan-induced diabetic albino rats. Vet. World.(2020)
13(8): 1732 DOLI: 10.14202/vetworld.2020.1732-1736

Jia C, Zhang Z, Wang J, and Nie Z: Silymarin protects
the rats against paraquat-induced acute kidney injury
via Nrf2. Hum. Exp. Toxicol.(2022) 41: 1-8 DOI:
10.1177/096032712210743

Abd El-Haliem NG: The possible role of milk thistle
extract on titanium dioxide nanoparticles-induced
lung toxicity in male albino rat: a histological and
immunohistochemical study. Egyptian Journal of
Histology.(2016) 39(2): 179-190 DOI: 10.1097/01.
EHX.0000490004.09559.3a

Jamalian M, Solhi H, Ghasemi P, Rahbari A, and
Kazemifar AM: Prevention of lung complications
following paraquat poisoning by silymarin, n-acetyl
cysteine and hydrocortisone: An experimental study.
Iran. J. Toxicol.(2020) 14(4): 193-200 DOI: 10.32598/
ijt.14.4.710.1

Vargas-Mendoza N, Angeles-Valencia M, Morales-
Gonzélez A, Morales-Martinez M, Madrigal-Bujaidar
E, Alvarez-Gonzalez I, Fregoso-Aguilar T, Delgado-
Olivares L, Madrigal-Santillan EO, and Morales-
Gonzalez JA: Effect of silymarin supplementation
in lung and liver histological modifications during
exercise training in a rodent model. J. Funct. Morphol.
(2021) 6(3): 1-14 DOI: 10.3390/jfmk6030072

1020



Barakat and Badr

A padlal)
o JsSala Gl 3 L) el i) ada (L pan sl Onaliadl) & pd) ol 3o lS il
slaanl) Gl ) g8

oR Ol a8 (S o ) ) Ja

Da Gasaa A Gy 38 4K 4 il i) JalaS aild (S dadiine 3ale J5S0a Gl a2 sdaaial)
(S 53 calall) oy pall Cpaliadl s Gy Qi) 3 eliac V) 8 Gl g (B ) (595 Lae cAansD (52uSls
Al Cllain¥) apdati o5 jlall (g0l s all) 3ol ) sdad) (e palaill e 43 508, 2o dail) dpdall aslalaainly
b il e Cagadll A S o) Cadad) i) el Galiciial) Al and ) Al Hall s2a Cangd sduwl jal) Ciaa
bzl 3 sall &3 elzac] e Jo<0a cpliid 5 jlall

oaliivg dalladll de sana ((G)) daall de sanall ile sana a sl 13 a Gana )l e 23 2kl g 3 gall
S (GY) A Ao sanall ¢ e 3l aliiuall (e e sy aaS/aale 10),Y il 3l (GY) (Sl cagdal)
e IS il (G E) Aadl ol A paaall 5 (bl ¥ 524 o gr/paS/da Y) Al o Caall JSa GaldinY) il
O T) Sl ol g il ol e 4 goal) Al Jllail) e (S gl sl aldiie 5 J S0 Galisy)
Ofisodl (A ALYl ((ALP) (sl Olilan dll ((AST) Dl w5 gisel i jlasl ¢(ALT) Sl _jsusdl 53 isal
Sl bl o s sill 5 a gndl€ll) alaall il ginse ol KUyl SN Caildag eppa sl ¢ IS
(SOD) i spamnd 2S5l g 3i) 32008Y) lalian il gina s «((MDA) 2l sllall) laull (g ausHl)
(S AN Al sl Gandll ¢l jal 23 LS ((TAC) 320SY) Cilaliadl Alaay) 538l o(CAT) SdulS
O

¢ 3l i siaal YT 5 ealgaallons Il il siase 8 A pale sl ) ) O SDla bt im el (sl sl
A snaa caall (alaas et SN 5 eyl 5 o JASU gl 5 ¢ (o st SUan gdl) 5 ¢ 31 i) 55 giaal Ul
s i e S5 Al il g 8 Iy ansl alga) L judh Lee S Cilalias <l gie A (alaaily
Culal) paliive g JsS0s GaliYL Aallaal) de geanall 8 Wl ) (555 pand () ALl ¢ IS <l 5L
il sise (i) s SO saliadll ey 33Y1 bl sl ) 8 Caliad b gale Cliead Calaa o) 288 ¢ S 5
ety S 5 by sall 5 ¢ g st Ui g8l 5 ¢ 31 s 53 saal S jland 5 ¢ 31 aa 53 siaal VT 5 calgpallu slLal
Al e e Ju Las ol 5 ¢ S ST o) Sl A Gt ) A8la) ¢palaall

Oy e Al 4y 6 1) 5 oAy SIS Apasll dpanall (o gl 3308 S BBl Culall paliiiie jeda sz Uiy
(Aol ilall) clapll ol Jlail) ey siune Juli g 3008 calalizae Tl 3 323 JDA e J S0l

1021



