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ABSTRACT

The seed extracts of milk thistle (Silybum marianum) are
commonly known in traditional medicine as cleansers of the liver.
However, its potency in preventing or reducing pesticide
hepatotoxicity has not been investigated. Therefore, the current
study aimed to evaluate the hepatoprotective effects of the ethanolic
extract of seeds of S. marianum (ESM) against thiobencarb (TBC)-
induced toxicity in males of white albino rats. The animals were
grouped and orally received repetitive sublethal doses of TBC (1/20
LDso; 51.65 mg/kg b. w) and ESM (8 mg/kg b. w) for 28 days. Results
showed that TBC increased the lipid profile (triglycerides, cholesterol,
low-density lipoprotein, and high-density lipoprotein), antioxidant
enzymes (catalase and glutathione reductase), and malonaldehyde
and glutathione contents in serum samples. Also, the results of TBC
treatment showed alterations in the histopathology of hepatocytes
and positive expression of the apoptotic proteins including caspase-3
and proliferating cell nuclear antigen. In contrast, the ESM treatment
counteracted the adverse effects of TBC in rats to control levels. This
ameliorative action of ESM might be attributed to its role in enhancing
the antioxidant scavenging activity and avoiding apoptosis of the
hepatocytes.
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INTRODUCTION

Silybum marianum L Gaertn is classified as an herbaceous weed plant belonging
to the family Compositae and native to the Mediterranean region (Tdmova et al.,
2010). Milk thistle has been used for decades to treat hepatic and biliary problems.
It was also employed as an antidote to the poisoning of Amantia mushroom and other
toxic medications to the liver and kidney (El-Kamary et al., 2009). In Germany, it
was recommended as a therapy for dyspeptic symptoms toxicity-induced harm to the
liver, hepatic alcoholic liver disease, and supportive treatment for chronic
inflammation liver diseases(Tamayo and Diamond 2007). The seed powder extract
of S. marianum was suggested as a beneficial treatment of several liver illnesses
(degenerative necrosis and functional impairment) and provided hepatoprotection
against glucosamine, thioacetamide, halothane, and carbon tetrachloride intoxication
(Luper, 1998; Tamayo and Diamond 2007; Kshirsagar et al., 2009). Additionally, it
shields hepatocytes from ischemia, radiation, iron toxicity, iron excess, and viral
hepatitis (Shaker et al., 2011). Moreover, silymarin, isolated from S. marianum, is
utilized in healthcare as a new therapy that protects the liver (ElImowafy et al., 2013;
Cordero-Pérez et al., 2013; Raj and Gothandam, 2014).

Milk thistle’s protective effectiveness is determined by its antioxidant capacity,
promotion of protein synthesis, effect on lipid metabolism, and stabilization of the
membrane phospholipid (Raskovi¢ et al., 2011). Furthermore, the seed extracts of
S. marianum (ESM) are formed of various flavonolignan isomers (65-80%), with
smaller levels of flavonoids and fatty acids (20-35%). Further, it is a mixture of five
main compounds: silybinin, isosilychristin, silydianin, and taxifolin (Lee and Liu,
2003; Polyak et al., 2010).

On the other hand, herbicide usage is essential to control weeds and
significantly help increase agricultural production (Qu et al., 2021). In addition to
their known or suspected carcinogenic or mutagenic effects, carbamate herbicides
have shown cumulative effects on the human body that might cause neurological,
hormonal, and reproductive complications (Almeida and De Souza, 2023). The
herbicide thiobencarb (TBC) kills weeds by inhibiting the production of extremely
long-chain fatty acids, which suppress the growth of broadleaf weeds (An et al.,
2022). It is used to destroy weeds in rice farming in Egypt and other nations where
it kills weeds by preventing cellular division in seedlings (Abba et al., 2007). Although
Gramineous weeds are the main target of TBC, but it can be hazardous to non-target
species both acutely and chronically (Wang et al., 2021). TBC substance is
categorized as low toxic (acute) in humans (Group D; according to EPA classification
of toxicity hazard) (USEPA, 1997).TBC residues were detected in tap and rice field
water, which accentuates the urgent need to remove them from affected areas
(Duc et al., 2023). The TBC is stable for hydrolysis and anaerobic aquatic metabolism
(Shimasaki et al., 2013; USEPA, 2000). Additionally, exposure to this herbicide was
reported to cause oxidative stress, immunomodulation, disruption of reproductive
systems, lower fertility, abnormal abortions, birth defects, and histopathological
disorders (Mecdad et al., 2011). Herbicides induce oxidative stress by producing free
radicals that cause DNA and cell damage (Al Basher et al., 2020; Nassar et al., 2021;
Abuzeid et al., 2022). According to Muniz et al. (2008), oxidative stress causes an
imbalance in the amounts of antioxidant defense mechanisms and inflammatory
mediators, resulting in programmed cell death (apoptosis) (Abdel-Daim and Abdeen,
2018; Nassar et al., 2021).

However, prior studies showed severe unfavorable effects of TBC and its
breakdown products on cultured rats’ hepatocytes (Jinno et al., 1997) and induced
oxidative stress in fish, Gambusia affinis (Abdel-Halim and Massoud, 2014; Abdel-
Halim et al., 2016). After administrating 44.78 mg/kg of TBC orally three days a week
for six weeks, male Wister rats experienced significant reductions in testicular
malondialdehyde (MDA), serum testosterone, and testicular total antioxidant capacity
(Ahmed, 2017). To the best of our knowledge, information on the protective activity
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of ESM against herbicide toxicity in mammals is scarce. Therefore, the current study
aimed to assess the protective role of ESM against the hepatotoxicity of TBC in male
rats following a 28-day exposure.

MATERIAL AND METHODS

Chemicals

Chemicals and reagents J.T. Baker Chemical Co., Philipsburg, N.J. 08805 USA,
provided the following chemicals: sodium chloride (NaCl; No. 1-3624), potassium
phosphate mono (1-3251)/dibase (1-3252). Hydrochloric acid (HCI; No 56333) was
supplied by SDFCL Chem-Limited 315-317, T.V. Industrial Estate, 248, Worli Road,
Mumbai-30-India. Trichloroacetic acid (TCA; UN No.: 1839), and sodium azide (NaNs;
FW 65.01) were provided by LOBA Chemieg, pvt, Ltd, 107, Wodehouse Road, Mumbai,
400005, India. BDH Chemical Ltd Poole, England provided ethylene diamine
tetraacetic acid (EDTA; product No. 28025). Methanol (P09337G21) was provided by
Carlo Erba Reactifs-SDS Chaussee du Vexin-BP616 F-27106 Valde Reuil.
El-Gamhouria Co. for pharmaceuticals and chemicals (Cairo, Egypt) provided maize
oil and hydrogen peroxide (H202 50%; CAS No. 7733-19-6). Thiobarbituric acid (TBA)
(C4H4N202S; FW 144.15) (Product No 91584-25G) was provided by ADVENT
CHEMBIO PVT LTD®, Mumbai-400701, India. Sigma Chemical Co. (St. Louis, Mo
63178 USA) provided the isoflurane (1,1,1-isoflurane-trifloro-ethane) (CsH2CIFsO;
FW 184.5) (247-897-7), 5, 5'-dithiobis-2-nitrobenzoic acid (DTNB; 69-78-3)
(C14HsN208S2; FW 396.3), haematoxylin (CieH140s; FW 302.28) (208-237-3), eosin
(56360-46-4) (C20HsN202Br2; FW 580.1), xylene (95-47-6), and tris-HCl (77-86-1)
(C4H11NOs3; FW 121.1). The supplier of 96% a.i. thiobencarb (TBC) was Kafr El-Zayat
Pesticides and Chemicals Co. in Egypt.

Ethanol extract of S. marianum preparation

Dry seeds of S. marianum were collected during the Spring season (in May) of
2022. In a shaking water bath, the fine seed powder of ESM was extracted overnight
in absolute ethanol (Sigma-Aldrich) with continuous agitation at 250 rpm. Ethanol
was evaporated at 35°C using a rotary evaporator to a soft yellow slurry (Serge
et al., 2016). Then the ethanol extract was kept at -20°C until dissolved in saline
solution for rat administration. Additionally, about 0.1 g of dried extract was
redissolved in methanol for the GC-MS analysis.

Gas chromatography-mass spectrometry (GC-MS) analysis

The chemical composition of ESM was conducted using a GC 1310-ISQ mass
spectrometer (Thermo Scientific, USA) with a 30 mx 0.25 mm x 0.25 pm film
thickness capillary column (HP-5MS). The injector temperature was programmed at
270°C. Helium was used as a carrier gas at a constant flow rate. The column oven
temperature was held at 55°C, increased by 5°C/min to 200°C and held for 2 min,
and then increased to 300 at 15 °C/min and held for 3 min. The spectral results were
collected at 70 eV ionization voltages from 50-600 m/z in full scan mode. The ion
source and transfer line temperatures were set at 200 and 250°C, respectively.
The phytochemical constituents were identified by their retaining times and mass
spectra with those of WILEY 09 and NIST 11 (National Institute of Standards and
Technology, Gaithersburg, MD) Mass Spectral databases.

Animals and accommodation

The care of laboratory animals was carried out following the NRC's (2013)
suggested guidelines for this study. Male Rattus norvergicus Wistar rats, weighing
150 £ 10 g at 8-10 weeks of age, were acquired from the Animal House at Alexandria
University in Egypt. The animals were housed individually in wire mesh cages made
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of stainless steel with clean wood husk bedding during the study period. The cages
were cleaned and changed every 3 days. During the adaptation period, the animals
were kept in cages as groups. The animals were kept under 22 £ 4 °C, 55 £ 15 %
RH, artificial illumination cycle set to 12 hours L/D, and the air exchange rate at 10
times per hour. During the pre-test period (one week), animals were given Ground
Purina Laboratory Chow (GPLC) and observed concerning weight gain, eating habits,
and any clinical signs of disease. Tap water in polyethylene bottles with a capacity of
about 300 ml (700 ml during the adaptation period), was available without restriction.
The animal care ethics procedure (No. DUFA-2024-12) was approved by the Faculty
of Agriculture Institutional Animal Care and Use Committee at Damanhour University.

Experimental design

The study was carried out following the regulatory requirements recommended
by the OECD (2008). Five experimental groups (five rats each) were randomly
assigned to the animals. The following oral medications were given to the rats: G1,
the NC (normal control) group, got 1 ml/100 g b. w. of saline solution; G2, the group
receiving the positive control (PC) received 1ml/100 g b. w. of maize oil and G3, the
group receiving the ESM treatment, got ESM (8 mg/100 g b. w.) (National Toxicology
Program, 2011). The G4, receiving 51.65 mg/kg b. w. (equal 1/20 LDso) of TBC and
G5, the rats were administered both TBC and ESM at the previously described doses.
The animals were checked twice a day for clinical symptoms and death. The entire
clinical assessment was carried out. The animals fasted overnight (for about 17 hrs)
on the last day before the introduction of anesthesia. All rats were given isoflurane
(inhalation method) anesthesia at the end of the experiment and used for gross
necropsy examinations. After 24 hrs of the last dose (on the thirties day), the rats
were slaughtered, liver tissues were removed for biochemical quantifications and
blood samples were taken from the abdominal aorta for blood biochemistry studies.

Lipid profile assessment

High-density lipoprotein (HDL), triglycerides (TG), and total cholesterol (TC)
were measured using the kits bought from Biodiagnostic Co. for diagnostics and
research reagents, Egypt, following the techniques of Young (2001), Stein (1987),
and Lopes et al. (1977) (www.Biodiagnostic.com). A method of calculating
low-density lipoprotein (LDL) was developed by Friedewald et al. (1972).

Oxidative stress enzymes

Catalase (CAT)

Based on a decrease in absorbance at 240 nm that occurs when hydrogen
peroxide (H202) is consumed, catalase (CAT) activity was determined (Beers and
Sizer, 1952). One milliliter (12.5 mM H202) (substrate), two milliliters (66.7 mM
phosphate buffer, pH 7.0), and two milliliters of enzyme source made up the reaction
mixture. The unit of CAT is the quantity of enzyme that releases half of the peroxide
oxygen from an H20: solution at 25°C, and this unit of measurement is used to
express the activity as U/mg protein.

Malondialdehyde (MDA) content

The thiobarbituric acid reactive substances (TBARS) approach was used to
perform spectrophotometric determination of malondialdehyde (MDA) level in tissue
homogenate (Rice-Evans et al., 1991). An aliquot (250 pl) of homogenate was
combined with 2 ml of thiobarbituric acid (TBA; 0.37%), 1 ml of 15% (w/v)
trichloroacetic acid (TCA) in 25 mM HCI. After 10 min of boiling, the mixture was
rapidly cooled and centrifuged for 5 min at 5000 rpm. At 535 nm, the developing
color was measured. The MDA level was calculated as nM/g of tissue using an
extinction coefficient of 156 mM1,
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Reduced glutathione (GSH)

A yellow composite, measured at 405 nm, is produced when 5, 5’-dithiobis-2-
nitrobenzoic acid (DTNB) is reduced with reduced glutathione (GSH) (Beutler et al.,
1963). Precisely, 500 pl of the enzyme source was combined with the same volume
of 500 mM TCA, and the mixture was centrifuged for 15 min at 3000 rpm. 500 pl of
the supernatant was thoroughly combined with 1 ml of DTNB (1 mM) and 1 ml of
phosphate-buffered saline (PBS; 100 mM, pH 7.4). The absorbance was measured at
405 nm compared to the blank after 10 min. The protein expression for GSH was nM/mg.

Glutathione peroxidase (GPx)

The method used to measure GPx enzyme activity was that of Flohe and Gunzler
(1984). The enzyme was thoroughly mixed with the phosphate buffer solution
(100 mM, pH 7.0), EDTA (50 mM), sodium azide (250 mM), and H202 (10 mM). After
that, for 40 seconds at 340 nm, the absorbance change was measured every 3
seconds. The activity was reported as mU GPx/mg protein, where a GPx unit is the
quantity of enzyme needed to oxidize one microgram of NADPH per minute.

Histopathological examination

The liver tissues were separated, embedded in paraffin wax at (56-58 °C),
dehydrated, cleaned, and sectioned at 4 pm using a rotary microtome after being
instantly fixed in 10% formalin for 24-48 hrs at room temperature. Hematoxylin and
eosin (H & E) stains were used on the sections according to Martinez et al. (2014).
To identify any tissue damage, the slides were inspected under a light microscope
and microphotographed (De Jesus et al., 2016).

Immunohistochemical expression of caspase-3 and PCNA proteins

The expression patterns of proliferating cell nuclear antigen (PCNA) protein and
caspase-3 in liver tissues were measured immunohistochemically using the
peroxidase technique (Karen et al., 2002). Formalin-preserved tissues were fixed in
paraffin and sectioned into four-millimeter pieces on glass slides coated with poly
L-lysine. The slides were immersed in xylene three times, each lasted 5 minutes.
Then rehydrated using graded alcohol solutions ranging from 70 to 100%, followed
by 30 minutes under tap water. Endogenous peroxidase activity was suppressed by
0.3% H202 in methanol for 20 minutes of incubation. After a 5-minute TBS wash and
1-hour treatment with normal blocking serum to prevent non-specific binding sites,
the sections were incubated for an additional night with the primary polyclonal
antibodies proteins at a dilution of 1:150 (Thermo-scientific). Following a 5-minute
TBS wash, the primary antibody enhancer was applied to the slides, and they were
then left to incubate for ten minutes at room temperature. After that, it underwent
four buffer rinses before being exposed to the secondary antibody conjugated to
horseradish peroxidase (HRP) for fifteen minutes at room temperature. They were
cleaned as previously mentioned, allowed to develop color in a solution containing
peroxidase substrate (a chromogen compatible with peroxidase), and then rinsed
four times with deionized water. In order to prepare the slides for light microscopy
examination, they were cover-slipped with an aqueous mounting solution and
counter-stained with hematoxylin (Jha et al., 2017). Using the Image J software, the
positive immune-histochemistry stain for caspases-3 and PCNA proteins was
assessed, and the color intensity was estimated.

Statistical analysis

The statistical analysis system (SAS ver. 9.3) was employed to statistically
analyze the results. Tukey’s multiple comparison post-hoc test was used to compare
the significant means of treatments at a probability level of 0.05 (SAS, 2016).
Furthermore, the relevance of the data retrieved from the photos was assessed at
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the 0.01 and 0.05 probability levels using the least significant difference (LSD)
comparison method.

RESULTS

The therapeutic effects of ESM against TBC toxicity in male rats were studied
after 28 days of oral administration. Results indicated no observed mortality or
toxicological signs on tested animals. Except for TBC-treated rats, which showed a
considerable rise in liver weight following scarification of the treated animals, the
weight of organs in the treated groups did not differ significantly from the control
group. The gross necropsy examination indicated normal morphological patterns in
the treated rats, except for the TBC group where morphological defects in the liver
and accumulation of extensive lipid vesicles were observed.

Lipid profiles

Alterations in serum lipid profiles were attributed to stress from tested
chemicals that might cause injury to liver cells. As illustrated in Figure 1, TBC-treated
rats showed the greatest cholesterol level (88.80 mg/dL), with respect to the NC
group (56.36 mg/dL). The TBC+ESM-treated rats exhibited the least cholesterol
content (49.17 mg/dL), followed by ESM (59.56 mg/dL), and were similar to the NC
and PC groups of rats (Figure 1A).
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Figure 1. Lipid profiles in serum samples of male albino rats treated with the herbicide,
thiobencarb (TBC), ethanol extract of S. marianum (ESM), TBC+ESM, positive (PC),
and negative (NC)controls for 28-days orally. [A] cholesterol (mg/dL), [B]
triglycerides (mg/dL), [C] LDL (mg/dL), and [D] HDL (mg/dL). Each block represents
the mean * SE at a 5% probability level.
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Regarding the triglycerides, TBC-treated rats had the greatest content
(44.44 mg/dL) compared to 28.52 mg/dL in samples of the NC group. No significant
differences were reported between other treatments, where triglyceride levels ranged
from 31.37 to 39.36 mg/dL (Figure 1B). A significant increase in the level of LDL
(52.38 mg/dL) was reported in the TBC-treated group compared to the ESM-treated
rats (32.53mg/dL). The ESM, TBC+ESM, and PC groups did not statistically differ
from one another however, they did significantly differ from the NC rats (Figure 1C).
The TBC-treated rats had significantly greater HDL value (219.15 mg/dL) compared
with the TBC+ESM (186.49 mg/dL), PC (176.62 mg/dL), NC (169.58 mg/dL), and ESM
(155.91 mg/dL). The lowest value in HDL (155.91 mg/dL) was reported in serum
samples of the ESM-treated rats, but it was no different from the NC rats (Figure 1D).

Oxidative stress

As shown in Figure 2, the ESM treatment markedly counteracted the elevation
in CAT enzyme activity caused by TBC treatment. The CAT activity was 5.14 U/mg
protein in samples of TBC rats and was significantly different from all other tested
groups. The CAT activities were 3.52, 3.33, 3.08, and 2.72 U/mg protein in rats
of PC, TBC+ESM, NC, and ESM groups, respectively, and were not different
statistically (Figure 2A). Similarly, the TBC-treated rats remarkedly elevated the GSH
content to 1.83 nM/mg protein compared to ESM, TBC+ESM, NC, and PC treatments
(Figure 2B). No statistical differences were reported between ESM, TBC+ESM, NC,
and PC groups of rats in the GSH activities of 0.116, 0.065, 0.052, and 0.040 nM/mg
protein, respectively. TBC+ESM and ESM treatments showed GSH activities similar
to negative (NC) and positive (PC) control treatments.
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Figure 2. Antioxidative stress enzyme activities of (A) CAT (U/mg protein), (B) GSH
(nM/mg protein), (C) GPx (mU/mg protein), and (D) MDA (nM/g tissue) level in the
serum samples of male albino rats orally administered sublethal doses of thiobencarb
(TBC), ethanol extract of S. marianum (ESM), TBC+ESM, positive (PC), and negative
(NC) controls for 28-days. Data presented as mean +SE at a 5% probability level,
n=>5.

Also, results presented in Figure 2C showed that TBC treatment significantly
increased the GPx activity (56.14 mU/mg protein) compared to other tested
treatments. The ESM treatment reversed the increase in the GPx activity to the
control levels. About MDA, a remarkable increase (4.20 nM/g tissue) was induced by
TBC treatment, followed by TBC+ESM (2.16 nM/g tissue) compared to negative
control (0.910 nM/g tissue) and ESM treatment (0.924 nM/g tissue)(Figure 2D).

Milk thistle extract alleviates histological defects in rats

Hepatic histopathological changes indicate the extent of liver injury directly,
and routine H & E staining is used to evaluate hepatocyte modifications.
As demonstrated in Figure 3A, NC treatment showed normal histological architecture
of the liver containing parenchyma (P), central vein (V), and homogenous distribution
of nucleus (N). In comparison with the NC group, vacuolated cytoplasm, proliferating
blood vessels, ballooning degeneration of hepatocytes, and enlargement of the
nucleus (N) appeared in the TBC-treated tissues (Figure 3B). In the case of ESM
treatment, liver parenchyma (P), and central vein (V) appeared. Moreover, less
vacuolated cytoplasm and numerous sizes of nucleus (N) were noted (Figure 3C).
In vehicle treatment (PC), no significant changes were noted compared with the NC
group (Figure 3D). However, ESM pretreatment of TBC administration alleviated liver
injury as recovered cellular nuclei, not swollen hepatocytes, regular central vein (V),
and homogenous nucleus (N) size (Figure 3E).
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Figure 3. Photomicrographs of (A) normal histological architecture of liver from
control rats, section showed liver parenchyma (P), and homogenous size of nucleus
(N), (B) TBC treatment showed vacuolated cytoplasm (stripped right arrow),
proliferating blood vessels (yellow arrow), ballooning degeneration of hepatocytes
(double arrow), enlargement of the nucleus (N), and in some cases, double nucleus
(N*), [C] ESM-treated rats showed liver parenchyma (P), central vein (V), fewer
vacuolated cytoplasm, and numerous size of the nucleus (N), [D] maize oil treatment
revealed liver parenchyma (P), central vein (V), and homogenous distribution of
nucleus (N) (arrow), and [E] TBC+ESM for 28-days of oral gavage showed recovered
cellular nuclei, regular central vein, less hepatocellular damage, and homogenous of
nucleus size, H&E 40X.
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Milk thistle extract reduces expressed apoptosis proteins

The caspase-3 protein was infrequently expressed only in the cells of NC
samples of liver tissues (Figure 4A). Rats treated with TBC showed an increased
expression pattern of this protein (Figure 4B). At such expression, the mean surface
area was 82.95 ym?, which is 30.07 times greater than the mean surface area of
2.89 um? of the NC rats (Figure 5A). Moreover, this area showed an integrated
density (mean; 679.42) of 11-folds of the NC group (61.71) (Figure 5B). In the case
of TBC administration in concomitant with ESM, a decline in the expressed caspase-
3 protein was noticed compared with the TBC administration alone (Figure 4C). Such
decline indicated a surface area of 32.22 ym? which was 11.88-folds of the negative
control and an integrated density of 111.74 (about 1.81-folds of the PC group).
The ESM induced a significant decline in the expressed caspase-3 protein (Figure 4D),
showing a mean surface area (26.72 um?) and an integrated density of 81.45 which
was statistically different compared to the PC and NC groups. Rats given the vehicle
treatment showed weakly expressed caspase-3 protein (Figure 5A) and an integrated
density of 61.05 (Figure 5B).
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Figure 4. Photographs of paraffin-embedded sections through (A) normal control
(NC) liver tissues, (B) TBC-treated rats, (C) TBC+ESM-treated rats, (D)
ESM-treated rats, and (E) vehicle-treated rats (corn oil) for 28 days. It illustrated
the immuno-stained with caspase-3 antibody and counterstained with
hematoxylin. The strong positive expression was obtained with brown color
(arrow) [40X].
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Figure 5. Boxplot of mean + SE of (A) integrated density and (B) surface
area (Um?2) of hepato-sections of albino rats for expressed caspase-3 protein
in TBC-treated rats in concurrent with the ethanolic extract of S. marianum
(TBC+ESM) (orally; 8 mg/100 g b. w) for 28-days. The significant
differences were estimated at a 5% probability level according to the Tukey
post-hoc test.

Regarding the expressed PCNA protein, weak expressions were found in tissue
sections of the NC group (Figure 6A). Rats treated with TBC had the liver tissues with
the highest PCNA expression pattern (Figure 6B), with an integrated density of
478.55 (8.15-folds of the NC group) and a mean surface area of 69.27 um?, which is
about 125.95-times that of the NC group but does not exceed 0.549 um? (Figure 7B).
A significant decline in the expressed protein was noticed in TBC+ESM-treated tissue
(Figure 6C), indicating a mean value of surface area of 22.23 ym? (40.49-fold of NC),
and integrated density of 113.15 (1.93-fold of NC). A marked decline in the expressed
protein was noticed in ESM-treated rats (Figure 6D), where the mean value of surface
area declined to 14.18 ym? (25.83-fold of NC), and an integrated density did not
exceed 115.30 (1.96-fold of NC). No significant differences were obtained for vehicle-
treated rats (Figure 6E), which showed a mean surface area of 0.412 um? and an
integrated density of 69.06 (1.18-fold of NC).
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Figure 6. Photographs of paraffin-embedded sections through (A) normal control
(NC) liver, (B) TBC-treated rats,(C) TBC-treated rats in concomitant with the
ethanolic extract of S. marianum (TBC+ESM), (D) ESM-treated rats, and (E)
vehicle-treated rats (corn oil) for 28 days illustrate immuno-stained with PCNA
antibody and counterstained with hematoxylin. The strong positive expression
was obtained with dark-brown color (arrow) [40X].
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Figure 7. Boxplot of mean * SE of (A) integrated density and (B) surface area
(pm2) of hepato-sections of albino rats for expressed PCNA protein in TBC-
treated rats in concurrent with the ethanolic extract of S. marianum (TBC+ESM)
(orally; 8 mg/100 g b. w) for 28-days. The significant differences were estimated
at a 5% probability level according to the Tukey post-hoc test.

DISCUSSION

The liver is an essential organ for chemical metabolism and the elimination of
toxins from the human body (Merrell and Cherrington, 2011). The present study
findings showed a protective role of ESM against hepatotoxic sublethal toxicity of the
herbicide, TBC. Particularly, it was reported that S. marianum either the whole
ground seeds or extracts were used for several years as a liver cleaner and natural
hepatoprotective agent against hepatic disorders (Wellington and Jarvis, 2001;
Abenavoli et al., 2010).
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The current study adds to the literature supporting evidence that ESM could
shield the liver against the herbicide (TBC)-induced damage. It ameliorates oxidative
stress by elevating the antioxidant enzyme activities, minimizing LPO, and reducing
apoptosis induction. Changes in histopathological features and serum biochemical
measures serve as clear markers of the liver’'s diseased state (Wang et al., 2018).
Serum lipid profiles that are elevated following toxicant exposure include cholesterol,
triglycerides, LDL, and HDL. These lipid profiles are discharged into the circulation from
injured hepatocytes and are linked to severe liver dysfunction (Singh et al., 2016).

Consistent with earlier research, the current investigation demonstrated that
repeated administration of sublethal (1/20 of the LDso) dosages of TBC caused serious
liver impairment in rats, as seen by significantly higher blood levels of lipid profiles
when compared to the NC group (Xing et al., 2015; Ali et al., 2016). Additionally, the
results reported in our study also indicated that ESM treatment significantly
countered TBC-induced hepatic toxicity by improving hepatic functions. Moreover,
the hepatic architecture was clearly damaged (histological investigation), which
resulted in significant pathological abnormalities like vacuole formation, infiltration,
and localized necrosis due to TBC treatment. On the other hand, the presence of
degraded hepatic cells was significantly decreased by ESM treatment. The absence
of inflammation and cellular necrosis in the hepato-sections demonstrated the
protection provided by ESM.

The ESM was chosen for clinical experiments based on unpublished data where
a comparison between different polarity solvents was conducted. The positive
ameliorative effects of ESM against TBC hepatotoxicity were due to its richness in
phytochemicals (Table 1). The 9, 12-Octadecadienoic acid (Z,Z), linoleic acid ethyl
ester, n-hexadecanoic acid hexadecanoic acid ethyl ester, linoelaidic acid, 2-methyl
hexadecanal, squalene, 10,13-octadecadienoic acid methyl, furfural, diglycerol,
mequinol, trans-isoeugenol, Z,E-7,11-hexadecadien-1-yl acetate, and 1,11-
tridecadiene. In general, these bioactive agents that have strong antioxidant capacity
might be effective in preventing hepatotoxicity (Cao et al., 2016). By promoting
scavenging oxygen free radicals and increasing hepatocyte regeneration, the ESM
works as an antioxidant to lower the LPO (Saller et al., 2001; Zhang et al., 2013;
Surai, 2015; Feng et al., 2016). Additionally, the flavonoid phenolic structure allows
free radicals and ROS to be electronically donated, stabilizing them and preventing
LPO by binding with intracellular GSH (Karimi et al., 2011). It was shown that ESM
has immune-modulatory, anti-fibrotic, anti-proliferative, and anti-apoptotic qualities
(Tsai et al., 2008; Sasu et al., 2015). It has been shown to suppress the expression
of tumor necrosis factor-alpha (TNF-a) (Ahmad et al., 2013).

The ESM treatment significantly reduced the production of proliferating cell
nuclear antigen proteins and caspase-3, which are both increased in TBC-induced
liver damage. These results were verified by the immunohistochemistry results in
Figures 5 and 7. The quantitative results of ESM showed fewer positive cells for the
expressed proteins that might inhibit the mitochondrial-controlled apoptosis (Islam,
2017) as proposed mechanisms of ESM against TBC-induced hepatotoxicity.
The primary source of ROS production is found in the complexes in the mitochondria,
and numerous pesticides have been demonstrated to block these complexes (Sherer
et al., 2007; Bhat et al., 2015). Endoplasmic reticulum (ER) stress and apoptosis
are often linked to mitochondrial malfunction in fish and mammals (Malhotra and
Kaufman, 2011; Yang et al., 2020).

Pesticides have been documented to make apoptosis by triggering several
signaling pathways including intrinsic pathways linking to the mitochondria and DNA
damage as well as extrinsic pathways such as modulation of death receptors (Green
and Reed, 1998; Ashkenazi and Dixit, 1998). The present findings are in accordance
with those obtained by Wang et al. (2018), where pre-treatment of rats with ESM
showed a decline in the expressed caspase-3 and Bcl-2 proteins after oral
administration for 7 days. Eid et al. (2021) reported another similar finding, where
ESM treatment inhibited liver damage and effectively inhibited the modulation of
TNF-a and IL-6 in amiodarone-treated rats (orally administrated for 8 weeks).
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Table 1. Major detected chemical constituents of the ethanolic extract of seeds of
Silybum marianum using GC-MS and ameliorated thiobencarb herbicide adverse
effects to liver parameters of white albino rats.

RT. % of Area Compound CAS#
(min)
4.430 0.12 Benzoyl isothiocyanate 000532-55-8
6.194 1.01 Furfural 000098-01-1
9.439 0.02 6-Methoxy-2-hexanol, TMS derivative 1000216-63-4
9.994 0.02 Diglycerol 000627-82-7
13.007 0.01 Mequinol 000150-76-5
22.711 0.06 trans-Isoeugenol 005932-68-3
26.923 0.15 4-((1E)-3-Hydroxy-1-propenyl)-2- 1000297-95-5
27.175 0.51 1,11-Tridecadiene 1000130-76-4
28.583 0.15 Hexadecanoic acid, methyl ester 000112-39-0
28.753 0.01 Silane, trimethylphenyl- 000768-32-1
29.185 6.69 Hexadecanoic acid, ethyl ester 000628-97-7
29.690 5.53 9,12-Octadecadienoic acid (Z,2)- 000060-33-3
30.119 2.77 10,13-Octadecadienoic acid, meth... 056554-62-2
30.367 6.85 n-Hexadecanoic acid 000057-10-3
30.773 15.81 Linoleic acid ethyl ester 000544-35-4
31.086 45.76 9,12-Octadecadienoic acid (Z,2)- 000060-33-3
33.340 4.00 Linoelaidic acid 000506-21-8
34.116 0.40 Hexadecanal, 2-methyl- 055019-46-0
36.268 0.27 3-n-Butylthiophene-1,1-dioxide 142076-45-7
36.828 2.64 9,12-Octadecadienoic acid (Z,2)-... 003443-82-1
37.118 1.41 9,12-Octadecadienoic acid (Z,2)- 000060-33-3
38.462 2.10 Squalene 000111-02-4
39.240 0.01 Z,E-7,11-Hexadecadien-1-yl acetate 051607-94-4
39.428 0.01 Methyl 9,12-heptadecadienoate 1000336-36-2
40.019 0.38 9,12-Octadecadienoic acid (Z,2)- 000060-33-3
CONCLUSION

The present study reported that short-term administration of ESM exerted
pronounced effects against TBC-induced liver injury. The results reported that ESM
caused a reduction in LPO and an elevation of the enzymatic antioxidant activity
revealing enhanced hepatic antioxidative defense systems, counteracted cell
apoptosis, and strengthened liver vitality. However, these findings indicated that ESM
may be a potential candidate for treating TBC-induced hepatotoxicity. Extracts of
specific members of the reported flavolignans, flavonoids, terpenoids, fatty acids and
alcohols, and hydrocarbons should be tested against hepatotoxicity of pesticides.
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