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Abstract

Drug-induced hepatotoxicity is a frequent cause of liver injury worldwide. The present study was designed to evaluate the possible hepato-
protective potential Agaricus bisporus extract (ABE; a type of mushrooms) in albino rats using Carbon tetrachloride (CCls)-model of liver
injury. Forty-two albino rats were utilized in this experiment arranged randomly in seven groups, six rats each, of different treatments. He-
patic injury model was induced by administration of CCls (25% in corn oil) at a dose of 2.5 ml/kg, interperitoneally, twice weekly for 8
weeks (+ve control); test group rats received ABE at escalating doses of 200 or 400 mg/kg, orally, daily for 8 weeks with exposure to CCly;
standard group rats received Silymarin at dose of 100 mg/kg, orally, daily for 8 weeks along with CCls; further 2 groups of rats received
only ABE at the same dose levels; while rats of -ve control group received only the vehicles of the used drugs. Blood and liver tissue sam-
ples were picked out at the end of the experimental course for different assays. Biochemical analysis revealed that ABE exhibited dose-
dependent hepatoprotection indicated by almost normalized biomarkers, including, enzymatic liver function parameters, namely, AST,
ALT, GGT & ALP with potential % of 93.1, 58.2, 65.2, 68.9, respectively, after ABE large dose when standardized by Silymarin; non-
enzymatic parameters, namely, total protein, albumin, globulins, total bilirubin, conjugated bilirubin, unconjugated bilirubin, TAGs, Cho-
lesterol, HDL, LDL & VLDL with potential % of 59.3, 54.5, 57.3, 81.8, 81.0, 80.0, 75.5, 90.4, 80.8, 84.5 & 78.7, respectively, after ABE
large dose when standardized by Silymarin. The mechanism of the obtained hepatoprotection of ABE may be based on impeding the
oxidative stress mediated by the used hepatotoxin, indicated by reduced MDA (37.9 % of Silymarin), and restored SOD, Catalase & GPx
in liver homogenate with potentials of 94.9, 63.0 & 88.4 % of Silymarin, respectively. Pathological findings, both macroscopic and micro-
scopic, were supportive to the biochemical findings, where the pathological lesions caused by CCl4 as fatty degeneration of hepatocytes
with vacuolated cytoplasm, proliferated fibrous connective tissue with eosinophilic edematous fluid cells plus focal and diffuse necrotic
areas and hyperplastic biliary epithelium, were ameliorated dose-dependently when ABE was administered together with CCls. Data of the
present study may suggest ABE as a good natural source for promising hepatoprotective and antioxidative remedies.
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1. Introduction

The Liver is vital organ and plays important role in drug metabolism. Using a lot of drugs increases risk of liver injury. Drug-induced
hepatotoxicity is a frequent cause of liver injury in Egypt and developed countries who are suffering from various complications in the
liver (Omar et al. 2013). Population-based studies that accurately estimate the incidence and full spectrum of drug-induced liver injury are
limited. However, using a prospective, population-based French study with an annual estimated incidence of 13.9 + 2.4 drug induced liver
injury (DILI) cases per 100,000 inhabitants, it has been extrapolated that nearly 44,000 individuals in the United States will suffer from
DILI each year (Bell & Chalasani 2009). The mechanisms of DILI indicate that mitochondria are critical targets for drug toxicity, either
directly or indirectly through the formation of reactive metabolites which leads to structural alterations of proteins and mitochondrial DNA,
apoptosis and necrotic cell death (Russmann et al. 2009).

If the drug injury caused by using drug(s) for a short term for treatment of acute disease conditions, it could be reversed upon cessation of
dug(s). However, DILI is not avoidable along using of drugs in controlling chronic diseases where drug administration continuation is a
must, such as analgesic anti-inflammatories, anti-infective agents and anticonvulsants (Hong 2019). So, in chronic cases we need to use
supportive agents for liver to decrease risk of hepatic injury specially those derived from natural sources which is not a further load on the
liver such as fishes, vegetables, fruits and medicinal plants (Koumbi 2017).

Among medicinal plants, mushroom (Agaricus), which is used in traditional medicine to maintain a state of good health, necessary to
reduce the risk of many diseases. Modern pharmacological studies confirmed scientific evidence for such traditional applications of mush-
rooms including, anti-fungal (Wang & Ng 2006), antibacterial (Karaman et al. 2009), anticancer (Khan et al. 2010) and antiviral properties
(Teplyakova et al. 2012).

However, the effects of mushroom, namely Agaricus bisporus species that is growing in Egypt, as a liver supportive agent has not been
studied yet. Therefore, the aim of the present study was to evaluate the hepatoprotective properties of mushroom extract (Agaricus bisporus
extract, ABE) in context of its antioxidant properties. To achieve this aim, the following objectives have been investigated: liver enzymatic
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markers in plasma as AST, ALT, GGT, ALP; liver non-enzymatic parameters in plasma as proteins, bilirubins, triglycerides, cholesterol
and lipoproteins; oxidative stress markers in liver homogenate as MDA, superoxide dismutase, catalase and glutathione peroxidase; patho-
logical examination of the liver both macroscopic and microscopic.

2. Materials and methods

2.1. Plant part and its identification

Agaricus bisporus is a mushroom belongs to Phylum: Basidiomycota; Class: Agaricomycetes; Order: Agaricales; Family: Agaricaceae;
Genus Agaricus; Species: Agaricus bisporus (Bas & Marks 1991). Agaricus bisporus is a young fungus either light-yellow or light-brown
in color with an abutted cap, known as common mushroom, white mushroom or button mushroom (Bhushan & Kulshreshtha 2018). The
plant was identified by Dr. Gamal Ashour, Assistant Professor of Plant pathology Department, Faculty of Agriculture, Benha university,
Egypt; voucher number 2383. The mushroom was obtained from the Golden mushroom group, Benha, Qalioubeya, Egypt. The mushroom
was obtained in December 2019 (Fig. 1).
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Fig. 1: The used part of Agaricus bisporus in extraction and its identification.
2.2. Preparation of plant extract

The buttons of Agaricus were washed by running tap water then dried in shadow at room temperature and sliced to small slices. Extraction
was done by maceration viz. soaking known amount of the sliced mushroom (1 kg) in a known volume of 70:30 v/v hydro-ethanol (6 liters
consisted of 4200 ml distilled water + 1800 ml ethyl alcohol). Soaking continued for 72 hours in refrigerator with shaking every 4-6 hours.
The extract was strained with muslin mesh and then filtered by Whatman paper #1. The filtrate was concentrated on a shaking water bath
at 70° C till semisolid extract was obtained and weighed (245 g were obtained). It was stored in dark tight air bottle in refrigerator.

The concentrated extract was re-constituted by dissolving 8 g in 200 ml of isosaline (0.9%) for high dose extract and dissolving 4 g in 200
ml of isosaline (0.9%) for low dose extract. The extract was stored in dark tight air bottle in refrigerator. The concentrations of the prepared
extracts were 40 mg/ml and 20 mg/ml which were used for assessment of the hepatoprotective effect of Agaricus at high dose (400 mg /
kg) and small dose (200 mg / kg), respectively, in rats (Harborn 1973, Ruthes et al. 2015). Percentage of yield was determined using the
formula:

Yield % = (weight of extract) / (weight of plant material) x 100
2.3. Chemicals, reagents and Kits

Carbon tetrachloride: CCls was used to induce hepatic injury as a common model for hepatoprotective drug development. CCls was ob-
tained as 99.8% pure liquid from Satya Sai chemicals, Andhra Pradesh, India. The chemical is formulated as bottles of one liter. CCls was
diluted in oil corn (1:4 v/v). It was used at dose of 2.5 ml of 25 % CCl4 in corn oil /kg intraperitoneally; where a rat weighing 200 g receives
0.5 ml using syringe with 22-gauge needle (Singhal & Gupta 2012).

Silymarin: It is the main ingredient is milk thistle extract and considered as one of the most powerful currently known antioxidants and
hepatoprotective agent. silymarin was obtained as Hepaticum®, Produced by MUP, Ismailia, Egypt. It is formulated as suspension of 50
mg/5ml. Silymarin was used as such without dilution, where a rat weighing 200 g received 2 ml of a Hepaticum® suspension, equivalent
10100 mg/kg (Kshirsagar et al. 2009).

Kits: The kits for estimating AST, ALT, GGT, ALP, total protein, albumin, total bilirubin and conjugated bilirubin in plasma, were supplied
from Centronic GmbH Company, Am Kleinfeld, Wartenberg, Germany. The kits for estimating triglycerides, cholesterol, HDL and LDL
in plasma, as well as kits of estimating oxidative stress markers, Malondialdehyde (MDA), Glutathione peroxidase (GPx), superoxide
dismutase (SOD) and Catalase (CAT) in liver tissue homogenate were purchased from BioDiagnostic Company, Dokki, Giza, Egypt.

2.4. Experimental animals

Albino rats were used in this experiment to study the effect of ABE on liver injury induced by CCls. Forty-two male rats aging 6 weeks
and of average body weight 150 -220 g were obtained from the animal house, Faculty of Veterinary Medicine, Benha University, Egypt.
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Rats were housed in wire cages at room temperature and kept under normal healthy conditions. Rats were kept in laboratory for 14 days
for adaptation before the beginning of the experiment. Rats were provided with standard dietary supplements were required for growth,
including, 18 % protein, 4 % fiber, 4 % lipid, 3 % minerals and vitamins (Krinke 2000); water was provided ad libitum.

2.5. Experimental design
A parallel experimental study design was done according to the international accepted principles for laboratory animal use.
2.5.1. Grouping

The acclimatized 42 rats were randomly divided into 7 groups in a parallel study design as follows:

Group (1): Negative control group: Six rats have taken 2 ml saline, orally, once daily; and 0.5 ml of corn oil intraperitoneally, twice weekly,
for 8weeks.

Group (2): Positive control group: Six rats have taken carbon tetrachloride (CCls4 25%) at a dosage of 2.5 ml/kg, intraperitoneally, twice
weekly for 8 weeks to induce liver injury.

Group (3): Standard group: Six rats have taken 2 ml Silymarin (Hepaticum)® at a dosage of 100 mg/kg through oral gavage once daily for
8 weeks as hepatoprotective agent; and CCla via intraperitoneal route as mentioned for group (2).

Group (4): Intoxicated, ABE small dose-treated group: Six rats received 2 ml of low dose of Agaricus extract (200 mg/kg), orally, once
daily for 8 weeks as possible hepatoprotective agent; and CCla via intraperitoneal route as mentioned for group (2).

Group (5): Intoxicated, ABE high dose-treated group: Six rats received 2 ml of high dose of Agaricus extract (400 mg/kg), orally, once
daily for 8 weeks as possible hepatoprotective agent; and CCla via intraperitoneal route as mentioned for group (2).

Group (6): Normal, ABE small dose-treated group: Six rats have taken 2 ml of low dose of Agaricus extract (200 mg/kg), orally, once
daily, for 8 weeks.

Group (7): Normal, ABE high dose-treated group: Six rats have taken 2 ml of high dose of Agaricus extract (400 mg/kg), orally, once
daily, for 8 weeks.

2.5.2. Sampling

Blood samples: At the end of 8-week different treatments, blood samples were collected into test tubes containing lithium heparin as
anticoagulant at room temperature, then centrifuged at 900Xg for 5 minutes to collect plasma for biochemical analysis. These plasma
samples were kept frozen at -50 °C till used for determination of total protein, albumin, total bilirubin, conjugated bilirubin, aspartate
aminotransferase, alanine aminotransferase, alkaline phosphatase, gamma glutamy| transferase, triglycerides, cholesterol, LDL and HDL.
Tissue samples: Some liver specimens were collected for determination of oxidative stress markers (MDA, catalase, SOD, GPx) and some
other specimens for histopathological examination. Liver tissue specimens collected for oxidative stress assessments were homogenized
according to (Del Maestro & McDonald 1985). Briefly, weighed specimens were rapidly removed and washed in ice cooled saline, dried
and weighed. Then it was homogenized by electric homogenizer and centrifuged (1200Xg) in cooling centrifuge for excluding debris from
the homogenate. The clear homogenate supernatants were kept frozen at -50 °C till analysis. While liver specimens taken for histopathology
examination were washed and placed in closed cups containing formalin (10 %) solution for fixation till analysis.

2.6. Assessments

All biochemical assessments were conducted spectrophotometrically using the above-mentioned parameter-specific kits and measuring
absorbances at specific wavelengths, following the instructions of the manufacturer with minor modifications. Enzymatic activities of AST,
ALT, GGT and ALP in plasma were determined according to principles described by Reitman & Frankel (1957), Reitman & Frankel
(1957), Sacchetti et al. (1988) and Belfield & Goldberg (1971), respectively.

Total protein and albumin were according to Gornall (1949) and Doumas et al. (1971), respectively; while total globulins fraction was
calculated mathematically by subtracting the value of plasma albumin from the value of total protein (Busher 1990). Total and conjugated
bilirubins were measured according to Walter & Gerade (1970), while unconjugated one was calculated mathematically by subtraction
(Walter & Gerade 1970). TAGs, Cholesterol, HDL and LDL determination was based on the principles of Fassati & Prencipe (1982),
Richmond (1973), Lopes-Virella et al. (1977), Wieland & Seidel (1983), respectively; VLDL concentration was calculated by dividing the
triglyceride value by 5 to be the value in mg/dL according to Wilson et al. (1981) and as cited by EI-Mahmoudy et al. (2014).

Oxidation markers in liver homogenate were also determined spectrophotometrically using specific kits according to Ohkawa et al. (1979)
and as cited by Gheith & EI-Mahmoudy (2018) (MDA), Nishikimi et al. (1972) (SOD), Aebi (1984) (Catalase) and Paglia & Valentine
(1967) (GPx), following the instructions of the manufacturer. Liver histopathological examination was done according to the technique
described by Bancroft & Gamble (2008).

2.7. Statistical analysis
All data are represented as mean + SE of 6 observations. One-way analysis of variance (ANOVA) followed by Tukey’s post-hoc tests were

done using GraphPad Prism v. 6 software to determine the significant differences among groups. Values were considered significant at P
value < 0.05.

3. Results

3.1. Liver function parameters

Results of the effects of ABE on enzymatic liver parameters are presented in Table 1; while its effects on liver non-enzymatic parameters
as proteins, bilirubins, lipids and lipoproteins are presented in Tables 2, 3 & 4, respectively.
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Table 1: The effect of Agaricus bisporus extract (ABE, 200 and 400 mg/Kg, po, daily) and Silymarin (100 mg/Kg, po, daily) on activities of liver enzymes
in plasma of normal and CCl,-intoxicated rats (2.5 ml/Kg, 25%, twice weekly) after 8 weeks of different treatments

Group / Parameter AST activity (IU/L) ALT activity (IU/L) GGT activity (1U/L) ALP activity (IU/L)
C 6.83 + 3.70° 40.17 £ 2.96° 1.87 £0.07¢ 218.3 +9.46°

D 26.5+13.18% 109.2 +3.10% 5.50 + 0.39? 563.7 +43.9%

S 158.8 + 9.0 51.83 + 3.20° 2.38 £ 0.14°¢ 225.8 + 18.5°

DSD 183.7 +6.2° 86.17 + 2.96° 3.85+0.21° 3825 +32.3"

DHD 165.2 + 6.5 75.83 +£2.97° 3.47+0.17° 330.7 £ 26.3°

SD 6.00 + 3.67¢ 40.63 £ 2.50° 1.60 £ 0.08¢ 2242 +7.12°

HD 63.0 + 3.66° 40.38 £ 2.52¢ 156 £0.11°¢ 226.8+0.11°
Potential % from standard (SD) 71.0% 40.1 % 52.9% 53.6 %

Potential % from standard (HD) 93.1% 58.2 % 65.2 % 68.9 %

Values are presented as means + SE of 6 rats per group. Means within a column with different letter superscripts are significantly different
(P <0.05, ANOVA followed by Tukey’s post-hoc). C: Control rats; D: Diseased rats; S: Standard, rats administrated with silymarin and
carbon tetrachloride; DSD: Diseased rats treated with small dose of ABE; DHD: Diseased rats treated with high dose of ABE; SD and HD:
Rats were given ABE only.

Table 2: The effect of Agaricus bisporus extract (ABE, 200 and 400 mg/Kg, po, daily) and Silymarin (100 mg/Kg, po, daily) on total protein, albumin and
globulin levels (g/dL) in plasma of normal and CCl,-intoxicated rats (2.5 ml/Kg, 25%, twice weekly) after 8 weeks of different treatments

Group / Parameter Total protein (g/dL) Albumin (g/dL) Globulins (g/dL)
C 6.52 + 0.15° 4.13+£0.19° 2.43+0.16°

D 2.17 £ 0.09° 1.43 +0.08° 0.76 £ 0.06°

S 5.65+0.19? 3.67+0.17° 2.37£0.12*
DSD 3.78+0.37° 2.53+0.14° 1.43+£0.11°
DHD 4.23+0.29° 2.65+0.15° 1.63 +0.19°

SD 6.63 +0.18° 417 £0.19° 2.58 +0.16°

HD 6.72 +0.19° 4.25+0.19° 2.68 £0.14°
Potential % from standard (SD) 46.4 % 49.3 % 44.7 %

Potential % from standard (HD) 59.3 % 54.5 % 57.3%

Values are presented as means + SE of 6 rats per group. Means within a column with different letter superscripts are significantly different
(P <0.05, ANOVA followed by Tukey’s post-hoc). C: Control rats; D: Diseased rats; S: Standard, rats administrated with silymarin and
carbon tetrachloride; DSD: Diseased rats treated with small dose of ABE; DHD: Diseased rats treated with high dose of ABE; SD and HD:
Rats were given ABE only.

Table 3: The effect of Agaricus bisporus extract (ABE, 200 and 400 mg/Kg, po, daily) and Silymarin (100 mg/Kg, po, daily) on total bilirubin, conjugated
bilirubin and unconjugated bilirubin levels (mg/dL) in plasma of normal and CCls-intoxicated rats (2.5 ml/Kg, 25%, twice weekly) after 8 weeks of different
treatments

Group / Parameter Total bilirubin (mg/dL) Conjugated bilirubin (mg/dL) Unconjugated bilirubin mg/dL)
C 0.48 +£0.03° 0.13+0.02° 0.36 +£0.02°

D 1.04 £0.042 0.24 +0.02* 0.89 +0.082

S 0.67 £0.01° 0.15+0.01° 0.49 +0.02°

DSD 1.02 £0.06% 0.19 +£0.02* 0.85+0.072

DHD 0.74 £0.01° 0.17 £0.02° 0.57 +0.01°

SD 0.47 £0.023° 0.12 +0.02° 0.34 £ 0.02¢

HD 0.46 +£0.03° 0.14 +0.01° 0.33+0.03°

Potential % from standard (SD) 9.3 % 51.7 % 11.3%

Potential % from standard (HD) 81.8 % 81.0 % 80.0 %

Values are presented as means + SE of 6 rats per group. Means within a column with different letter superscripts are significantly different
(P <0.05, ANOVA followed by Tukey’s post-hoc). C: Control rats; D: Diseased rats; S: Standard, rats administrated with silymarin and
carbon tetrachloride; DSD: Diseased rats treated with small dose of ABE; DHD: Diseased rats treated with high dose of ABE; SD and HD:
Rats were given ABE only.

Table 4: The effect of Agaricus bisporus extract (ABE, 200 and 400 mg/Kg, po, daily) and Silymarin (100 mg/Kg, po, daily) on lipid parameters (mg/dL)
in plasma of normal and CCl,-intoxicated rats (2.5 ml/Kg, 25%, twice weekly) after 8 weeks of different treatments

Group / Parameter TAGs (mg/dL) Cholesterol (mg/dL) HDL (mg/dL) LDL (mg/dL) VLDL (mg/dL)
C 67.00 + 3.75° 93.28 + 0.06° 32.67 £2.29* 4767 +1.3¢ 13.4+0.7°

D 157.7 + 3.88° 196.7 + 4.41° 10.25 £ 0.77° 185.0 + 4.6* 32.2+£0.6°

S 81.33 £2.94° 117.5+23.1° 28.50 +2.22° 79.50 + 4.2° 154 £0.5°
DSD 111.0 £ 3.07° 129.2 +3.50° 13.83 +30.8° 106.3 £ 4.2° 21.8+0.7°
DHD 100.0 + 3.42° 125.0 +2.92° 25.00 + 1.90° 95.83 +3.2° 20.0+0.7°

SD 64.50 + 3.34° 93.18 + 0.65° 33.70 £ 2.30° 46.00 +1.1¢ 13.1+0.7°

HD 64.83 + 3.85° 93.38 £ 0.67° 34.15+ 2.09° 44.80 +0.9¢ 13.0+0.8°

SD Pot. % 61.2 % 85.2 % 19.6 % 74.6 % 63.57 %

HD Pot. % 75.5 % 90.4 % 80.8 % 84.5 % 78.77 %

Values are presented as means + SE of 6 rats per group. Means within a column with different letter superscripts are significantly different
(P <0.05, ANOVA followed by Tukey’s post-hoc). C: Control rats; D: Diseased rats; S: Standard, rats administrated with silymarin and
carbon tetrachloride; DSD: Diseased rats treated with small dose of ABE; DHD: Diseased rats treated with high dose of ABE; SD and HD:
Rats were given ABE only; TAGs, Triacylglycerols; HDL, High-density lipoprotein, LDL, Low-density lipoprotein, VLDL, Very low-
density lipoprotein; Pot. %, Potential % from standard effect.
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3.2. Oxidative stress parameters

Results of the effects of ABE administration on oxidative stress markers are presented in Fig. 2a, b, ¢ & d.
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Fig. 2: Bar graph demonstrating the effects of Agaricus bisporus extract (ABE) and Silymarin on MDA (Malonyl-di-Aldehyde, nmol/g wet wt, A), SOD
(Superoxide dismutase, 1U/g wet wt, B), Catalase (I1U/g wet wt, C) and GPx (Glutathione peroxidase, 1U/g wet wt, D) in liver tissue homogenate of normal
and Carbon tetrachloride-intoxicated rats after 8 weeks of different treatments. Values are presented as Means + SE of 6 rats/group. Bars with different
letters are significantly different (P < 0.05, ANOVA followed by Tukey’s post-hoc test). C: Control, rats received only vehicles; D: Diseased, rats given
CCl4 (2.5 ml/Kg, 25%, ip, twice weekly); S: Standard, rats administrated with CCl, and Silymarin (100 mg/Kg, po, daily); DSD: Diseased rats treated with
small dose (200 mg/Kg, po, daily) of ABE; DHD: Diseased rats treated with high dose (400 mg/Kg, po, daily) of ABE; SD and HD: Normal rats given only
ABE at small and high doses, respectively.
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3.3. Pathological findings

As shown in Fig. 3-a, gross examination revealed that the livers of rats within the control group received only vehicles (normal saline, po;
corn oil, ip) showed deep red color, soft, smooth and shiny surface texture with no abnormalities. While the livers of rats within diseased
group (given carbon tetrachloride, 2.5 ml/kg, 25%, ip, twice weekly) for 8 weeks, showed grey-red color, loss of luster and fatty deposits,
with a yellowed rough surface, blunt edges and slight swelling (Fig. 3-b). In contrast, the livers of diseased rats but treated concurrently
with silymarin (100 mg/kg, po, once daily) for 8 weeks were comparatively healthier, with bright, shiny, deep red color and smooth surfaces
(Fig. 3-c). The livers of diseased rats treated with ABE (200, 400 mg/kg, po, once daily) for 8 week showed dose-dependent obvious signs
of recovery as red color, moist, low fatty deposits, capsule smooth, complete, and a soft texture of liver (Fig. 3-d & 3-e). The livers of
normal rats given only ABE (200 or 400 mg/kg, po, once daily) for 8 week showed deep red color, soft, smooth and shiny surface texture
with no abnormalities (Fig. 3-f, only that treated with HD is presented).

Microscopically, no histopathological changes were detected in the examined livers obtained from control group as the liver showed
normal histological criteria of blood vessels, bile ducts and hepatic cords (Fig. 4a). The livers of rats treated with CCl4 showed congestion
and dilatation of central and portal veins, the blood sinusoids were occasionally dilated and congested with activation of Kuepfer cells. The
portal areas were moderately expanded by aggregates of inflammatory cells around hyperplasia of the lining epithelium of bile duct with
peri-portal proliferation of fibrous connective tissue (Fig. 4b). Furthermore, ectatic bile duct with newly formed bile ductules as well as
periductal fibrosis infiltrated by mononuclear inflammatory cells were observed. Extensive degenerative changes, including, hydropic
degeneration and fatty change that characterized by swollen, pale, vacuolated cytoplasm were demonstrated in the hepatocytes (Fig. 4c).
Occasionally, focal areas of coagulative necrosis, characterized by retention of hepatic cord architecture, shrunken hepatocytes with hyper-
eosinophilic cytoplasm and pyknotic nuclei in association with leukocytic cellular infiltration were detected. Additionally, diffuse areas of
lytic necrosis characterized by replacement of the hepatic parenchyma with cellular and karyorrhectic debris admixed with fibrin and
inflammatory cells were also demonstrated (Fig. 4d). Multifocally, there were variable size strands of fibrous connective tissue infiltrated
by mononuclear inflammatory cells that replacing the hepatic parenchyma. The proliferated fibrous connective tissue was frequently seen
adjacent to degenerated hepatocytes, around the central vein and in portal areas. Fibrous connective tissue proliferation in between the
hepatic lobules with distinct nodular pattern which separate the hepatic lobules from each other resulting in formation of pseudo-lobulation
(Fig. 4e) at which fibrous septa appeared thick and contained proteinaceous eosinophilic edematous substance admixed with mononuclear
inflammatory cells (Fig. 4f).

Meanwhile, the microscopical examination of the livers obtained from rats treated with Silymarin revealed mild degeneration of the hepato-
cytes, characterized by enlargement of the cells by multiple variably sized discrete empty vacuoles that distend the cell cytoplasm were
observed (Fig. 5a). The prominent microscopical findings in the liver were marked reduction in the intensity and spreading of fibrous tissue
proliferation that appeared as thin strands in between hepatic lobules in most examined sections was detected (Fig. 5b). Interestingly,
normal portal area was demonstrated.

However, the histopathological examination of livers obtained from animals treated with CCls and small dose of ABE for 8 weeks revealed
less prominent histopathological changes when compared with the group treated with CCls alone for the same period. Focal areas of
vacuolar and hydropic degeneration in the hepatocytes mainly periphero-lobular (Fig. 5¢) with expansion of the portal areas with few
inflammatory cells mainly lymphocytes and fewer macrophages. Multifocally, there were remnant of small sized discrete strands of fibrous
connective tissue proliferation in the hepatic parenchyma (Fig. 5d). The proliferated fibrous tissue was infiltrated and rimmed by mononu-
clear inflammatory cells.
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Concerning the histopathological examination of livers obtained from rats of group 5 that received CCls and high dose of ABE for 8 weeks
revealed restoration of the hepatic parenchymal cells, as mild congestion of the central vein and hepatic sinusoid. Nearly normal histological
structures of the portal area Moreover, mild degenerative changes in the hepatocytes particularly fatty change as the hepatocytes have
multiple variably sized small discrete intracytoplasmic clear vacuoles was observed (Fig. 5e). However, marked reduction in the intensity
and spreading of fibrous tissue proliferation that appeared as thin strands of the fibrous connective tissue in between hepatic lobules in only
two examined cases. Finally, liver specimens from groups 6 & 7 that received ABE only at small or high dose showed normal hepatic
histological structures (Fig. 5f; only that of high dose group is presented).

Fig. 3: Macroscopic picture of livers obtained from rats of Control (A), CCls-treated (B), CCl, + Silymarin-treated (C), CCl, + ABE SD-treated (D), CCl,
+ ABE HD-treated (E), ABE HD (F), showing: (A) no abnormalities, (B) grey-red color, loss of luster and fatty deposits, with a yellow rough surface, blunt
swollen edges, (C) showing deep red, moist, glossy, capsule smooth, complete, and a soft texture of liver, (D) faint red, moist, less fatty deposits, complete,
and a soft texture of liver, (E) marked restoration of the liver manifested by deep red, moist, capsule smooth, complete, and a soft texture, (F) normal-like
liver with no abnormalities.

4. Discussion

Drug-induced liver disease covers a broad spectrum, from acute hepatic necrosis, chronic hepatitis, and vascular injury to bile ductular
injury and neoplasms. A role of drugs in liver injury can also be suggested by the characteristic time interval between the administration
of the suspected toxin and onset of the injury. Co-existing liver disease also can impact the pattern of injury. The most feared pattern of
injury is massive necrosis, presenting as acute liver failure (ALF). About 2,000 cases of ALF occur annually, often in the relatively young
and in women (75% of the total). More than 50% of ALF cases in the United States are due to drug toxicity: 36% from acetaminophen and
16% idiosyncratic drug reactions (Bissell et al. 2001).

Availability of simulating liver disease models is a must to discover hepatoprotectives. Many chemicals are known to induce liver injury
and thus are commonly used to prepare experimental animal models to understand pathogenesis of liver disease and to evaluate the possi-
bility of future remedies.

CCl4 was discovered in 1839 and was used later as a competitor to chloroform but was rejected as too toxic. It was resurrected as an
anthelmintic against hookworm. Next, its power as a solvent have been widely applied to industrial uses. Its toxic power is described,
particularly on the liver and kidneys. Probably its toxicity depends largely on its power of dissolving fats, whereby it causes necrosis of
the central part of the liver lobule (Hardin Jr 1954). So, hepatic damage by CCls exposure is one of the most common models for hepato-
protective drug development. CCls induces hepatotoxicity after metabolic activation, where it binds to cytochrome P450 reductase. The
enzyme substrate complex then loses a chloride ion and a free radical (CCls.) intermediate is generated which reacts with oxygen or takes
a hydrogen from a donor to yield a secondary radical or reacts with lipids or proteins. The lipid radicals thus formed add on molecular
oxygen to generate lipid peroxyl radicals, which take the hydrogen atoms from other lipid molecules and the process of lipid peroxidation
propagates. Trichloromethyl (CCls.) radical even reacts with reduced glutathione (GSH) and causes various pathological and toxicological
manifestations. CCla increases intercellular Ca2+ concentration and activates Kupffer cells, there by releasing harmful cytokines that leads
to the death of the hepatic tissue and oxidative stress (Acharya et al. 2012).

Antioxidants play a crucial role in hepatoprotective ability and hence the search for crude drugs of natural origin with this property has
become a central focus of study of hepatoprotection today. Antioxidative action plays an important role in protecting the liver against CCls-
induced liver injury. The usage of herbal drugs for the treatment of liver diseases has increased all over the world. Developing therapeuti-
cally effective agents from natural products may reduce the risk of toxicity when the drug is used clinically.

Among the most common antioxidant and thus hepatoprotective agents is Silymarin which is a natural compound derived from the species
Silybum marianum. The hepatoprotective and antioxidant activity of silymarin is caused by its ability to inhibit the free radicals that are
produced from the metabolism of toxic substances such as ethanol, acetaminophen, and CCls. Silymarin enhances hepatic glutathione and
may contribute to the antioxidant defense of the liver (Vargas-Mendoza et al. 2014).
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Fig. 4: H&E stained sections of livers obtained from rats of Control group (A), Group 2 (E-F), showing: (A) normal histological criteria of hepatocyte (X
200), (B) hyperplasia of the biliary epithelium (arrow) with peri-portal fibrosis (asterisk) infiltrated by mononuclear inflammatory cells (X400), (C) extensive
degenerative changes in the hepatocytes (D, X100), (D) diffuse area of lytic necrosis (N) characterized by replacement of the hepatic parenchyma with
cellular and karyorrhectic debris with fibrin and inflammatory cells (X400), (E) strands of fibrous connective tissue proliferation (arrow) forming pseudo-
lobulation (SL) in the hepatic parenchyma (X 100), (F) fibrous connective tissue proliferation admixed with eosinophilic proteinaceous substances (FT)
replacing the hepatic parenchyma (X 400).
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Fig. 5: H&E stained section of livers obtained from rats of Group 3 (A-B), Group 4 (C-D), Group 5 (E) and Group 7 (F) showing: (A) degeneration of
hepatocytes characterized by swollen, pale, vacuolated cytoplasm (arrow) with normal portal area (X400), (B) fine strands of fibrous connective tissue
(arrow) adjacent to the degenerated hepatocytes (D, X400), (C) periphero-lobular degenerative changes in the hepatocytes (arrow) with fine strands of
fibrous connective tissue (X100), (D) fine strands of fibrous connective tissue adjacent to the degenerated hepatocytes (arrow, X400), (E) mild fatty change
in the hepatocytes (X400), (F) normal histological criteria of hepatocyte with very mild congestion (X 400).
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More than one trial has been done to find out Silymarin-like drug. Researchers at the Pennsylvania State Mushroom Research Laboratory
found that mushrooms contain significant levels of Ergothioneine, which has shown antioxidant properties as a scavenger of strong oxidants
(Al-Dbass et al. 2012). Feng et al. (2020) stated that Agaricus bisporus (A. bisporus), known as a cultivated mushroom or button mushroom,
is a very important edible and medicinal basidiomycete fungus. The numerous health benefits of A. bisporus may be related to their poly-
saccharides, which have significant dietary value and bioactivity, including immunity stimulation and high antioxidant, hepatoprotection,
anti-inflammation and anti-obesity functions.

The effect of Agaricus bisporus species that is growing in Egypt, as a liver supportive agent has not been studied yet. The present study
discusses the hepatoprotective properties of Agaricus bisporus (one among mushrooms) in context of its antioxidant properties.

4.1. Liver function parameters

In the present study, liver enzymatic markers (ALT, AST, ALP, and GGT) have significantly increased in the group intoxicated with CCls
25% (2.5 ml/kg) as presented in table1l. However, co-administration of ABE (200 and 400 mg/kg) along with CCl4 for 8 weeks resulted in
dose-dependent significant (P < 0.05) decrease in plasma (AST, AST, ALP, and GGT) activities, compared to the hepato-intoxicated group,
with potentials of 93.1, 58.2, 68.9 and 65.2% of silymarin, respectively. Even though, ABE alone has no significant modulatory effects on
liver enzymatic markers.

These effects may be attributed to the antioxidant potential of ABE that is proved later in the present study.

These findings may be consistent with those of Liu et al. (2018) who reported that aqueous extract of Agaricus bisporus at dose of 0.5 g/kg
body weight daily, decreased the liver index, serum GGT, ALT, ALP, and AST activities in the CCls-treated by necrogenic dose (1.5 ml/kg
body weight of 80% CCla in corn oil) in rats model.

On the other hand, the findings may be inconsistent with those of Chang et al. (2011) who found that Agaricus blazei at high dose 2000
mg/kg produced slightly elevated serum AST and ALT levels in mice model treated by 40% CClas/olive oil (1 ml/kg body weight per day,
i.p. twice per week for 8 weeks) in comparison with the negative control group. These differences among our data and those of the above-
mentioned researchers could be attributed to different methodological and environmental conditions, including, model, species of Agaricus,
dose of extract and hepatotoxin, extraction procedures...€tc.

In the present study, plasma proteins (total, albumin and globulins) have been decreased significantly in the rats intoxicated with CCls 25%
(2.5 ml/kg) in table 2. However, co-administration of ABE (200 and 400 mg/kg) along with CCl4 for 8 weeks resulted in dose-dependent
significant (P < 0.05) increase in plasma protein levels, compared to the hepato-intoxicated group, with potentials of 59.3, 54.5 and 57.3
% of silymarin, respectively. However, ABE alone did not affect protein parameters.

These finding may be partially consistent with those of Bastos et al. (2016) who found that animals (sheep model) treated with trichlorfon
(10 mg/g bw) and Agaricus blazei (11.14 g/kg bw) showed progressive recovery of albumin, globulins, and total protein concentrations,
returning to the baseline level after 21 days, unlike that in the control group received trichlorfon only.

However, our findings may be inconsistent with those of Junior et al. (2016) who found that Agaricus blazei extract (2.5 g/kg bw) given
for 21 days to albino mice has no significant differences in the levels of serum concentrations of total protein, albumin, and inhibited the
increase of gamma-globulin with Ehrlich tumor that is associated with marked decrease in albumin (thus, is considered to be a protein of
the negative acute phase) and other protein fractions. These differences could be attributed to different methodological and environmental
conditions, including, model, dose of extract and hepatotoxin, extraction procedures, and species of Agaricus used.

In the present study, total bilirubin, conjugated bilirubin and unconjugated bilirubin increased significantly in the rat group intoxicated with
CCls 25% (2.5 mi/kg) as shown in table 3. However, administration of ABE (400 mg/kg) only along with CCl4 for 8 weeks resulted a
significant (P < 0.05) increase in plasma bilirubin levels, compared to the hepato-intoxicated group, with potentials of 81.8, 81.0 and 80.0
% of silymarin, respectively. Even though, ABE alone was without effect on bilirubin markers.

These finding may be in partial consistence with those of Shekhany et al. (2012), who found that Agaricus bisporus aqueous extract (500
mg/kg) significantly decreased serum total bilirubin which had been greatly increased by Zearalenon (ZEA; 2.4 mg/kg b.w.) which had
hepatotoxic effect compared to control mice. While the mean differences of serum total bilirubin between control group and animals treated
with combination of ZEA and mushroom extract were non-significant. In contrast, our findings may be inconsistent with those of Nieminen
et al. (2009) who found that aqueous extract of Agaricus bisporus (9 g/kg bw) significantly increased plasma bilirubin concentrations
compared to normal control. This discrepancy could be explained on the basis of methodological and environmental differences.

In the current study, plasma levels of triglycerides, total cholesterol, LDL and VLDL have been significantly increased, while that of HDL
has been decreased in the group intoxicated with CCls 25% (2.5 ml/kg) as presented in table 4. However, co-administration of ABE (200
and 400 mg/kg) along with CCls for 8 weeks resulted in dose-dependent significant (P < 0.05) decrease in plasma (triglycerides, total
cholesterol, LDL and VLDL) levels, while plasma HDL was restored only upon administration of Agaricus extract (400 mg/kg) only,
compared to the hepato-intoxicated group, with potentials of 75.5, 90.4, 84.5, 78.7 % and 80.8 % of silymarin, respectively. Again, ABE
alone did not affect lipid profile of normal rats.

These lipid profile findings may be in partial agreement with those of Kanaya et al. (2011) who found that white button mushroom (Agari-
cus bisporus) at dose of (120 g powder/kg) reduced the cholesterol level in serum and liver in a mouse model of postmenopausal women
(seven-week old, female mice were ovariectomized and fed a high fat diet, 45% wt/wt fat diet). The authors concluded that Agaricus
bisporus, has protective effects against liver steatosis in ovariectomized mice characterized by lowered liver weight and hepatic injury
markers. Also, data of the present study may be consistent with those of Jeong et al. (2010) who found that Agaricus bisporus powder
(ABP; 200 mg/kg of body weight) for 4 weeks resulted in a significant decrease in plasma total cholesterol (TC) and low-density lipoprotein
(LDL) (22.8% and 33.1%, respectively) (P <.05) in rats with type 2 diabetes induced by injection of streptozotocin (STZ) (50 mg/kg body
weight).

In contrast, our results may be inconsistent with those of Khudhair (2018) who reported a significant increase in cholesterol (CH) in female
albino mice the received 2 ml/kg body weight of peroxide used as a toxicant (second group) and mice received 2 ml/kg body weight of
peroxide plus 25 mg/ml A bisporus (third group), while there was no significant decrease in CH level of mice received 25 mg/ml of A.
bisporus (fourth group) as compared with control group (first group). As well, there was a significant increase in Low Density Lipoprotein
(LDL) in second and third groups, while there was a significant decrease in fourth group as compared with the control one. Differences
among our data and those of the above-mentioned researchers could be attributed to different methodological and environmental conditions,
including, model, dose of extract and hepatotoxin, extraction procedures.

Generally, all the above-mentioned improvements of Agaricus bisporus extract could be explained on the basis of its antioxidant effect
that is proved in the present study and discussed below.
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4.2. Oxidative stress parameters

Malondialdehyde (MDA) is the end product of the lipid peroxidation, while SOD, CAT and other antioxidants are involved in the elimi-
nation of free radicals. They are assumed to represent pro-oxidant and antioxidant factors respectively in the cellular free radical metabo-
lism. The balance of these two decide the net result of cellular and/or tissue oxidation/peroxidation state (Pujar et al. 2011).

In the current study, activities of anti-oxidant enzymes (SOD, CAT and GPX) in liver tissue homogenate were significantly decreased;
while the oxidative stress marker (MDA) level in the homogenate was found significantly higher in the group intoxicated with CCls 25%
(2.5 ml/kg) as presented in figure 2. However, co-administration of ABE (200 and 400 mg/kg) along with CCl4 resulted in dose-dependent
significant (P < 0.05) increase in liver (SOD, Catalase and GPX) activities and administration of ABE (400 mg/kg) only along with CCla4
for 8 weeks resulted in a significant (P < 0.05) decrease in MDA of the homogenate, compared to the hepato-intoxicated group, with
potentials of 94.9, 63.0, 88.4 % and 37.9 % of silymarin, respectively. Even though, ABE alone did not affect the measured oxidative stress
markers significantly.

Our findings may be consistent with those of Liu et al. (2018) who found that Agaricus bisporus polysaccharide at dose (0.5 g/kg body
weight daily) significantly decreased MDA contents in liver injured by CCls (1.5 ml/kg body weight of 80% CCl4 ) in mice model, while
increased antioxidant capacities of hepatic GPx and SOD. Also, data of the present study may be consistent with those of Al-Dbass et al.
(2012) who found that the production of MDA was increased in CCls-treated rats (1.5 ml/kg body weight of 80% CCla ) unlike what was
found in animals treated with Agaricus blazei Muril at dose of 0.5 g/kg body weight daily.

On the other hand, data of the present study may be inconsistent with those of Chang et al. (2011) who found that post-treatment with
ethanolic extract of Agaricus blazei Murrill at dose (200 mg/kg body weight) did not significantly reverse the alterations of GPx and
catalase caused by CCls (1.5 ml/kg body weight of 80% CCla) in mice. These differences among our data and those of the above-mentioned
researchers could be attributed to different methodological and environmental conditions, including, model, dose of extract and hepato-
toxin, extraction procedures.

4.3. Pathological findings

Pathological observations presented above in the “Results” section, may be consistent with those of Ali et al. (2018) who found that aqueous
extract (25 mg/ml in drinking water) of A. bisporus protected against acute hepatotoxicity in mice induced by 2 ml/kg body weight of
peroxide (H202) indicated by reduced mononuclear cells (neutrophils and monocytes) aggregation. Also, the present observations may be
consistent with those of Chang et al. (2011) who found that the broad cavitation and fibrosis in liver caused by CCla (1.5 ml/kg body weight
of 80% CCla) in mice were greatly reduced upon treatment with (200 mg/kg body weight) of Agaricus blazei extract. In contrast, findings
of the present study may be inconsistent with those of Soares et al. (2013) who found that liver damages caused by paracetamol (2 g/kg
body weight) were not significantly modified by (200 mg/kg body weight) of Agaricus blazei extract pretreatment in mice model; where
both groups showed a damaged liver architecture in the form of twisted cords of hepatocytes and veins, disorganized parenchyma, inflam-
matory infiltrates around the central veins, with the presence of neutrophils and monocytes.

5. Conclusion

In conclusion, the data achieved by this study revealed that Agaricus bisporus is a good antioxidant and hepatoprotective agent against
carbon tetrachloride-induced liver injury in rats, which would be exploited as a potentially natural nutraceutical for hepatic protection.
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