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The purpose of the study is to explore the bioactive compounds present in Laetiporus versisporus (LVEE)
Lloyd Imazeki ethanolic extract and its anticancer activity against hepatocellular carcinoma (HCC)
induced by DEN in rats. The bioactive compounds present in the LVEE was analyzed by GCMS. The anti-
cancer activity of LVEE was analyzed with the DEN induced rats were orally treated with LVEE (250 mg/
kg), cyclophosphamide (50 mg/kg) to the respective treatment groups for 45 days. The levels of tissue
markers, phase-I metabolizing enzymes was measured calorimetrically. ELISA was used to determine
the level of AFP and CEA. The expression of apoptotic genes Bcl-2, p53, caspase 3 and caspase 9 was
assessed by real time RT-PCR. Results of the phytochemical screening analysis showed that 12 bioactive
molecules were existing in LVEE. Results of pharmacodynamics analysis showed that the 45 days of treat-
ment with LVEE and cyclophosphamide (CPA) therapy significantly (p < 0.05) decreased the levels of
MDA, AFP, CEA, cytochrome P450 and cytochrome b5, and increased levels of tissue markers and bilirubin
in serum. The findings of RT-PCR analysis showed that the LVEE and CPA were significantly (p < 0.05)
downregulated the pro-apoptotic genes Bcl-2 and upregulated the p53, caspase 3 and caspase 9 mRNA
expression through mechanisms involved in promoting the cell apoptosis, and preserving the functional
integrity of the liver membrane. L. versisporus (LV) can be considered as new anticancer agent that offers
new opportunities for anticancer therapy.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

According to the World Health Organization report in 2018,
liver cancer is the fourth most important cause of morbidity and
mortality worldwide. Among 9.6 million cancer deaths in 2018,
liver cancer accounts for 782,000 deaths. Hepatocellular carcinoma
(HCC) represents approximately 90% cases of principal liver cancer
and leads to chronic liver disease and cirrhosis, which predomi-
nantly occurs in patients (Llovet et al., 2016). Most of the essential
biological features called metastasis are the key cause of treatment
failure and death due to liver cancer. Metastasis and recurrence
rate can reach up to 50% even in the case of small HCC. Liver cancer
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is a disease which is chronic and associated with a defect in the
regulation of a various number of signaling pathways which results
from several metabolic processes (Khan et al., 2011). Alcohol con-
sumption, viral infection with hepatitis B or hepatitis C, chronic
inflammation of the liver due to metabolic dysfunction that causes
either cirrhosis or fibrosis or both, and ultimately contributes to
the growth of HCC. Severe inflammatory damage (necrosis), liver
cirrhosis and disease have been related to liver immune functions
that lead to liver defense (Llovet et al., 2016).

Apoptosis is strictly regulated by the mechanism of cell death
and is necessary for cytotoxicity induced by anticancer compounds
(Cotter, 2009). The Beta cell lymphoma-2 (Bcl-2) protein family is
an important metabolic regulator of apoptosis; it is expressed in
some tumor cells that are recognized as a key factor in regulating
apoptosis. Bcl-2 protein family regulates intracellular signals both
pro- apoptotic and anti-apoptotic and mediates the mitochondrial
membrane potential. Bcl-2 protein overexpression facilitates sur-
vival of cells (Charo et al., 2005). Tumor-suppressor protein p53
acts as the genomes most essential shield. Most human cancers,
including HCC, are linked to p53 mutations and demonstrate their
promising role in the process of HCC. Caspase-3 belongs to the
cysteine-aspartic acid protease family of proteins and had a signif-
icant role in the process of execution of cell apoptosis. Inhibition of
caspase-3 can cause hepatocyte death due to DNA damage, causing
liver cancer (Shang et al., 2018). Caspase-9 belongs to protease
family that initiates mitochondrial apoptotic pathways by activat-
ing multimeric-protein complexes and is a primary therapeutic
drug target for various pathogenesis induces apoptosis.

Fifty percent of the approved anticancer drugs may be either
original natural products, semi-synthetic products, natural
product-based synthesized biomolecules, and pharmacophores
discovered by the anticancer drugs investigation. Natural products
include a wide range of bioactive or chemical compounds that are
biologically active, including anticancer activities (Begnini et al.,
2014). Edible mushrooms are commonly used as a health supple-
ments for medicinal purposes and have therapeutically active com-
pounds that have pharmacological activities such as anticancer,
chronic bronchitis and immune enhancement (Wasser and Weis,
1999). Laetiporus Murrill is a world-wide edible mushroom; it
belongs to the family Fomitopsidaceae and the order Polyporales
is a cosmopolitan genus and is generally referred to as Chicken of
the woods or sulphur shelf. This fungus is found in trees, boreal
areas, tropical zones, on the stumps, stems and logs of several tree
species (Klaus et al., 2013). However, the morphological character-
istics of Laetiporus versisporus (Lloyd) Imazeki are entirely differ-
ent. Aging fruit bodies are semiglobose and have hymenophore
in the form of more chlamydospores. Initially, the color of the fruit
bodies is lemon yellow, and then when matured, turns to white
and brown. Edible mushrooms have been studied for their potent
bioactivities, but no scientific assessment of the anticancer activity
of Laetiporus versisporus (Lloyd) Imazeki has been published to
date. Therefore, in this present study, our objective is to examine
the underlying potential anticancer defense mechanism by treat-
ing with Laetiporus versiporus ethanolic extract (LVEE) against
diethylnitrosamine (DEN)-induced hepatocarcinoma in male wis-
tar albino rats.
2. Materials and methods

2.1. Preparation of the mushroom extract

Laetiporus versisporusmushrooms were collected from Kodaika-
nal (Latitude: 10.2278 and Longitude: 77.4595), India during the
rainy season and was taxonomically identified and stored at
Biotechnology Department, Mother Teresa Womens University,
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Kodaikanal, India under voucher specimen number MTWU P26.
They were cleaned and washed with distilled water. The fruiting
bodies of mushrooms were cut into small pieces and dried at room
temperature and finely ground. The fruiting bodies powder were
extracted with 70% ethanol using the Soxhlet apparatus. The dried
content was obtained after the removal of solvent by the rotary
evaporator. Finally, the collected ethanolic extract of fruiting bod-
ies of mushroom was stored at 20̄ C for further studies.
2.2. Bioactive compounds analysis of LVEE using GCMS

Laetiporus versisporus mushroom was subjected to Gas
Chromatography-Mass Spectrometry (GCMS) analysis to deter-
mine bioactive constituents using Clarus 500 GC/MS PerkinElmer.
The sample data was acquired on a Elite-5MS capillary column.
Helium is utilized as the carrier gas with the flow rate of 1 ml/
min. 1 çl of sample (LVEE) was infused in to the column with the
injector temperature at 270¯C. The spectrum of bioactive con-
stituents present in extracts can be achieved with 70 eV electron
ionization and detector scan mode was set to 40450 amu. A 0.5
sec scan interval and fragments range 40450 Da was maintained
with the total running duration of 30 min.
2.3. Animals and diets

In this experimental study, healthy Male wistar albino rats and
its weight range 120150 g were procured from Tamilnadu Veteri-
nary & Animal Sciences University (TANUVAS), Tamil Nadu, India
and was maintained at 25̆ 5̄ C in an animal house cage that is well
ventilated with 50˘ 15% humidity with a normal photoperiod of
12 h light and dark cycles for 7 days period. The commercial pellet
diet for rats with ad libitum water was provided for rats. The ani-
mal care and handling of animals was done as per regulations of
Committee for the Purpose of Control and Supervision of Experi-
ments on Animals (CPCSEA) and experimental model reviewed
and approved by Institutional Animal care Ethics Committee with
Institutional Animal Ethics Committee (IAEC) number 11/2016/
IAEC/MTWU, Mother Teresa Womens University, Kodaikanal,
Tamil Nadu, India. All the experimental studies were carried out
as per the guidelines suggested by IAEC.
2.4. Experimental model

Wistar albino rats male weight ranges between 120 and 150 g
was selected for experiment and were consigned into six rats in
each of the four groups. The DEN (0.01%) mixed with drinking
water and provided for the duration of 16 weeks to induce hepato-
cellular carcinoma as the method described by Ramakrishnan et al.
(2006). Control group rats (Group 1) were administered orally with
normal saline. Group 2 (HCC control) rats with overnight fasting
were received 0.01% DEN. Group 3 HCC rats were provided with
LVEE (250 mg/kg) for the duration of 45 days. HCC rats treated
(Group 4) with 50 mg/kg of cyclophosphamide (CPA; positive con-
trol) for the period of 45 days.
2.5. Experimental procedures

All the rats were sacrificed by cervical decapitation under mild
anesthesia after the completion of experimental regimens. From
the rats blood samples were collected into the centrifuge tubes
by cardiac puncturing. Hepatic marker enzymes were analyzed
using separated serum. From the rats, liver was collected then
washed with saline (ice cold) and stored in formalin (10%). Har-
vested tissues were used for histopathological examination.
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2.6. Blood chemistry analysis for liver function and cancer markers

Aspartate transaminase (AST) and alanine transaminase (ALT)
in serum were examined for hepatic marker enzymes by the
method of Reitman and Frankel (1957) alkaline phosphatase
(ALP) activity was predicted by the method of Bessey et al.
(1946); Acid phosphatase (ACP) and lactic acid dehydrogenase
(LDH) was estimated by the method of King (1965). -Glutamyl
transferase (-GT) and 5-Nucleotidase (5NT) activity was predicted
by the method of Persijn and Silk (1976); Bilirubin was measured
by Malloy and Evelyn (1937).

2.7. Determination of AFP and CEA by ELISA

The solid phase type of enzyme linked immunosorbent assay
(ELISA) was performed by utilizing UBI MAGIWELL (USA) enzyme
immunoassay kit to estimate the markers enzymes namely
Alpha-feto protein (AFP) and carcino embryonic antigen (CEA).

2.8. Analyses of phase I metabolizing enzymes in serum

Cytochrome P450 reductase (cyto P450) is a phase I enzymes
was examined by the method of Omura and Takesue (1970) and
cytochrome b5 reductase (cyto b5) activity was estimated by the
method of Mihara and Sato (1972).

2.9. Analysis of gene expression by quantitative RT-PCR

The RNA in the cell was extracted from the liver tissues at the
end of the experiment, based on the manual protocol using an
RNeasy lipid tissue kit (Qiagen, Valencia, CA). Extracted RNA was
quantified with UV/Vis spectrometer-ACT gene. cDNA using oligo
(dT) primers was synthesized with cellular RNA (500 ng) and for
RT-PCR (Invitrogen) Superscript III first strand synthesis system
will provide reverse transcriptase. Using the Applied Biosystem
7500 PCR system (Applied Biosystem, Foster City, CA) fast-real
time PCR were carried out. The gene expression levels of BCL-2
(Forward -AAACTGAACCAGAAAGGGAGAC and Reverse-CTGCTGC
CATGGGGATTACC), p53 (Forward-ATGAGCGTTGCTCTGATGGT and
Reverse-GGTGGCTCATACGGTACCAC), caspase-3 (Forward-GGAC
AACAACGAAACCTCCG and Reverse-ACACAAGCCCATTTCAGGGT)
and caspase-9 (Forward-TTGAGGTGGCCTTCACTTCC and Reverse-
GTGGGCAAACTTGACACTGC) were normalized against the -actin
(Forward- CCACCATGTACCCAGGCATT and Reverse-GAGCCACCA
ATCCACACAGA) gene (housekeeping gene).

2.10. Tissue collection and histopathological examination

The liver tissues were sliced from normal, DEN, DEN + LVEE, and
DEN + CPA groups were subjected to histopathological examina-
tion to depict the cellular architecture. After fixation of liver, kid-
ney and spleen tissue to the neutral formalin solution (10%) for
48 h, followed by 6 h fixation with bovine solution. Tissues embed-
ded in paraffin after the process of fixation, sections were sub-
jected cut using microtome and placed on the slides and stained
with H & E stain visualized in the light microscope, finally the
images were acquired by the method of Dunn (1974).

2.11. Statistical analysis

All the experimental values were reported as mean̆ standard
error of the mean for six animals in each group. All the datas were
statistically evaluated and compared by Statistical Package of
Social Science (SPSS-16.0, SPSS, Inc., Chicago, IL). Differences
among means were analyzed by LSD and significant level is repre-
sented as p < 0.05.
3

3. Results

3.1. Bioactive constituents analysis

GCMS chromatogram of LVEE shows many bioactive con-
stituents with the subsequent peaks at different retention time
(Fig. 1). Thirteen peaks of LVEE were identified on GCMS. The iden-
tified bioactive constituents retention time, molecular formula and
their biological activities are shown in Table 1.
3.2. Effect of LVEE on body weight and relative liver weight

To evaluate anticancer activity of LVEE in DEN-induced rats,
LVEE treatment was started on 10th week since induction of DEN
and lasting for 45 days. Body weight and liver weight of the rats
were analyzed. The results of the effects of DEN, LVEE and CPA
on body and liver weights are shown in Fig. 2a-b. Compared with
DEN-induced HCC rats, LVEE (250 mg/kg) and CPA (50 mg/kg)
showing significant increase in the body weight (p < 0.05). While,
decreased in liver weight than that in DEN induced group
(p < 0.05).
3.3. Effects of LVEE on liver function related biomarker in serum

The hepatic marker enzymes activities namely AST, ALP, ACP,
ALT, LDH, -GT, 5NT, and bilirubin (mg/dl) in serum were deter-
mined to evaluate the hepatic cellular damage. The current result
shows that animals treated with DEN significantly increased the
activities of serum AST, ALT, ALP, ACP, LDH, -GT, and 5NT compared
to control group (Fig. 3a-d) but when treated they decreased in the
dose dependent manner. The DEN treated rats showed significant
enhancement in the activity of serum bilirubin compared to con-
trol rats (Fig. 4a). This result confirmed that the LVEE has hepato-
protective activity.
3.4. Effect of LVEE on AFP and CEA in serum

The most important indicators of serum AFP and CEA for hepa-
tocellular carcinoma was determined by utilizing ELISA assay.
From the results, LVEE and CPA could decrease the serum AFP
and CEA levels when compared with DEN-induced HCC rats. Mean-
while, LVEE treatment shows the reduction of the serum AFP and
CEA level compared with CPA treated rats (Fig. 4b).
3.5. Effect of LVEE on phase I metabolizing enzymes in serum

DEN-induced HCC rats exhibited significantly increased the
level of cyt P450 and cyt b5 reductase activity with respect to nor-
mal rats (Fig. 4c). When DEN-induced rats treated with LVEE shows
significant reduction in the level of cyt P450 and cyt b5 reductase
activity (p < 0.05). Moreover, no significant difference was
observed in LVEE treated rats with respect to CPA treated rats.
3.6. Effect of LVEE on the apoptotic related mRNA expression

To demonstrate the apoptotic activity of LVEE, Bcl-2, p53,
caspase-3, and caspase-9 were measured. The DEN induced HCC
rats showing the increase in the level of anti-apoptotic protein
Bcl-2 when compared with normal group rats, but it was signifi-
cantly reduced in LVEE (250 mg/kg) and CPA (50 mg/kg) group rats.
Compared to DEN induced group rats, increase in the level of
caspase-3 and caspase-9 in LVEE treated group rats, suggesting
the activation of caspases. Furthermore, we investigated significant
negative regulator p53, mRNA expression was decreased in DEN-



Fig. 1. The Gas chromatography-mass spectroscopy (GCMS) chromatogram of LVEE with 13 peaks by comparing retention time with standard.

Table 1
Identification and determination of compounds in LVEE by GCMS and their biological activities.

Number Retention
time
(min)

Molecular
formula

Compounds Pubchem
Id

Biological activities

1 11.83 C10H18O -terpineol 442,501 Anticancer activity (Hassan et al., 2010), Antioxidant activity (Bicas et al.,
2011), Cardioprotective activity (Sabino et al., 2013), Antiulcer activity
(Matsunaga et al., 2000).

2 16.08 C15H10O2 Flavone 10,680 Anti-inflammatory and Antimicrobial (Cushnie and Lamb, 2005), Anti-
allergic and Antioxidant (Havsteen, 1983).

3 16.75 C16H32O2 n-Hexadecanoic acid 985 Antitumor activity (Harada et al., 2002).
4 17.83 C19H36O2 11-Octadecenoic acid, methyl ester, (Z) 5,364,505 Antibacterial, Antifungal and Antioxidant (Asghar et al., 2011)
5 18.03 C19H38O2 Octadecanoic acid, methyl ester 8201 Antimicrobial (Gehan et al., 2009)
6 19.62 C13H16N2O5 8-Carbethoxy-1-methyl-1,4,5,6,7,8-

hexahydropyrrolo[2,3-b] azepin-4-
one-3-carboxylic acid

624,386 Not found

7 20.65 C17H20O5 2,6-Naphthalenedicarboxylic acid, 3,4-
dihydro-3,7-dimethyl-5-methoxy-,
dimethyl ester

627,617 Not found

8 20.98 C15H8N2O6 Coumarine, 3-(2,4-dinitrophenyl)- 596,144 Not found
9 21.35 C21H38O2 6,11-Eicosadienoic acid, methyl ester 5,364,621 Not found
10 22.58 C20H20N2O Hexanediamide, 2,5-bis(Methylene)-N,

N-diphenyl
615,074 Not found

11 22.83 C22H42O2 E-13-Docosenoic acid(Brassidic Acid) 5,282,772 Not found
12 23.17 C21H42O3 Methoxyacetic acid, octadecyl ester 542,201 Not found
13 18.53 C20H40 1-Eicosene 18,936 Not found
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induced HCC rats, but it was increased in LVEE and CPA group rats
(Fig. 5).
3.7. Effect of LVEE on liver histopathology

The therapeutic effects exhibited by LVEE in DEN-induced hep-
atocarcinoma were studied by the histopathological assessment
(Fig. 6). Microscopically, the control rats hepatic section of liver tis-
4

sue showed central vein with usual cell architecture, and sinusoids
with mild dilatation (Fig. 6a). DEN-induced rats liver tissue showed
the caused observable histological injury in the hepatocytes,
abnormal cells with focal area of fatty change, inflammation,
necrosis, congestion and some loss of liver parenchymal cells
(Fig. 6b). DEN-induced rats treated with LVEE depicted mild injury
with normal cellular architecture and hepatocyte showing central
vein with slight inflammation and reduces the fatty change



Fig. 2. Effect of LVEE on (a) body weight and (b) liver weight of DEN group rats. Results are shown as mean̆ S.D (n = 6). * p < 0.05 compared with normal group.

Fig. 3. Effects of LVEE on liver function markers of (a) AST and ALT, (b) ALP and ACP, (c) LDH and (d) -GT and 5NT activity in DEN group rats. Results are shown as mean̆ S.D
(n = 6). *p < 0.05 compared with normal group.
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(Fig. 6c). CPA treated group showed normal lobular architecture
with slight inflammation (Fig. 6d).
4. Discussion

DEN is a heptocarcinogen and produces promutagenic products
that are responsible for carcinogenic activity namely, O6-
ethyldeoxyguanosine, O4 and O6-ethyldeoxythymidine by its
metabolic biotransformation process (Hussain et al., 2012). In the
current study, we observed the decreased body weight in DEN
induced rats that are in concurrence with an earlier report on the
weight loss in rats when exposed to DEN which is a cytotoxic agent
could damage DNA caused by electrophilic ethyl diazonium ion
5

production by reacting with nucleophiles and subsequent cellular
damage of the affected rats body organs due to more oxidative
stress (Heindryckx et al., 2009). In DEN-induced rat, liver weight
increases significantly when compared to control group and that
could be due to the effect of DEN on the liver. The liver weight
increase might be due to progression of the tumor growth in the
liver which shows liver enlargement markedly in DEN treated rats.
After treatment with LVEE, the liver enlargement caused by DEN
was reduced. This study showing that liver weight of treated rats
has decreased as compared with DEN induced liver cancer, so in
this manner these results are consistent with that C. carandas
showed positive effect against hepatic carcinoma (Singh et al.,
2018), the liver weight increased in DEN treated rats as compared
with that of normal group.



Fig. 4. Effects of LVEE on cancer markers of (a) bilirubin, (b) AFP and CEA, (c) cyto-P450 and cyt-b5, in DEN group rats. Results are shown as mean̆ S.D; (n = 6). *p < 0.05
compared with normal group.
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Current clinical settings, liver cancer markers in tissues such as
ALT, ALP, AST, and -GT are commonly used indicators to detect the
liver diseases. This study results revealed that the level of AST, ALT,
ALP, ACP, LDH, and -GT in serum were elevated extensively in rats
groups induced with DEN than that of normal group rats. Mean-
while, LVEE and CPA treated rats group showed the lowered level
of these enzyme activities, which put forth LVEE protective effect
by stopping membrane damage and loss of integrity against
DEN-induced HCC rats. This study results are in agreement with
Krishnan et al. (2017) who shows a similar observation on Tetilla
dactyloidea crude methanolic extract against DEN-induced HCC
rats shows the liver marker enzymes activities levels decreases sig-
nificantly after the treatment with CPA.

The reversible oxidation of L-lactate to pyruvate was catalysed
by the enzyme LDH which is present in the cytosol. The enhance-
ment of hepatocyte membrane permeability and cellular leakage
was due to increase of LDH activity in serum. The increase in
LDH activity during cancer condition increases rate of glycolysis
in the tumor cells which lead to the energy producing pathway
for the malignant cells (Nandakumar and Balasubramanian,
2012). -GT is early enzyme marker of hepatocarcinogenesis and
it is located in the hepatic cells outer membrane, their elevation
leads to bile duct necrosis and cholestasis (Reynaert et al., 2001).
5NT is an another marker enzyme and serves as a diagnostic tool
for liver damage. In this study, LVEE treatment shows significant
reduction in the levels of 5-NT activity in the serum that is because
of the secondary metabolites in LVEE to effectively restrain expan-
sion. Elevation of bilirubin level was indicator with many liver dis-
eases. The slight increase in the serum bilirubin associated with
liver injury in rats or leads to bile duct obstruction (Rasekh et al.,
2008). The release of the unconjugated bilirubin and mass obstruc-
6

tion of conjugated response from injured hepatocytes was associ-
ated with the increase level in the serum bilirubin in the DEN
administered mice. After the treatment of LVEE, decrease in the
serum bilirubin demonstrates the viability of the L. versisporus
mushroom which enhances the liver health.

To estimate the protective function of LVEE in DEN-induced
HCC rats, the tumor markers AFP and CEA activity has been stud-
ied. AFP is a onco-fetal protein present in serum that is gradually
lost in the development process and completely absent in the
healthy individuals (adult) and increase in circulating AFP level
will found in DEN-induced rats. AFP is a tumor marker enzyme
and its increased level is found in HCC because more than 70% of
HCC patients have increase AFP level in the serum because of
tumor secretion. CEA is a heavily glycosylated protein with molec-
ular weight of 180200 kDa, belongs to immunoglobulin family and
elevated levels of CEA used as tumor marker enzyme which widely
utilized to detect presence of different types of cancers. Increased
CEA levels associated with an increase tumor size and metastasis.
The study results showed after the treatment of LVEE and CPA
could decrease the level of serum AFP and CEA in DEN induced
HCC rats, which suggests there was rate of decrease in tumor pro-
duction. This study results similar with Vishnu Priya et al. (2018)
have revealed the decrease in tumor markers after administration
of T. chebula aqueous extract that reduce tumors production rate.

Cytochrome P450 is a membrane bound heme proteins that is
found predominantly in the hepatocyte cells endoplasmic reticu-
lum which involved in metabolism of endogenous xenobiotics
and compounds (Moon et al., 2006). Along with cyt P450 reductase,
cyt b5 involves in the molecular oxygen activation by cyt P450,
which requires electrons produced by donor NADH cyt b5 reduc-
tase. Therefore, we determined these enzymes serum levels of



Fig. 5. Gene expression analysis of LVEE effect at the mRNA quantification using qRT-PCR. Gene expression of (a) Bcl-2, (b) p53, (c) Caspase 9 and (d) Caspase 3 at mRNA level
in the liver tissue of DEN group rats. Values are shown mean̆ S.D (n = 6). *p < 0.05 compared with normal group.

Fig. 6. Histopathology study on the effect of LVEE + DEN group rats liver. After 45 days treatment, liver tissue was collected from six albino rats in each groups and viewed
under light microscope after H & E staining (40 æ magnification) (a) Group 1 (control) rats depicting normal hepatocytes (h) with central vein (cv), and sinusoid (s) (b) HCC
control group rats depicting massive fatty accumulation (fc) in central vein (cv), congestion, some reduction in parenchymal cells (pc) and necrosis injury (n), (c) HCC rats
groups treated with LVEE (250 mg/kg b.wt/day) showing decreased fatty accumulation, distinct progress of sinusoid and central vein with mild inflammation (mi) in
hepatocytes (h); (d) HCC group treated with CPA (50 mg/kg b.wt/day) showing a normal sinusoids and central veins in the hepatocytes.
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DEN-induced HCC rats. Compared with DEN induced HCC rats,
LVEE and CPA decreased cyt-P450 activity and cyt-b5 activity.
The present study results are agreed with Mangalamani Daisy
and Devaki (2011) who reported that chrysin (5, 7 dihydroxy fla-
vone) is an isoflavone naturally occurring biological compound
from flowering plants, effectively modulates the phase I and phase
II metabolizing enzymes during DEN induced liver carcinoma.

The principal mechanism played by chemotherapeutic agents in
the initiation of cell apoptosis in tumor formation and this may be
appropriate for HCC development. Bcl-2 family proteins have a
vital regulatory function in the mitochondrial pathway that
involves the pro and anti-apoptotic member of proteins. The DEN
induced HCC rats showing the increased level of anti-apoptotic
Bcl-2 protein while up on treatment with LVEE and CPA, Bcl-2
was significantly (p < 0.05) decreased. Caspase-3 is an important
mediator of apoptosis which is triggered by caspase-9 an activator.
In this experimental study, compared to DEN induced group rats,
the increased level of caspase-3 and caspase-9 expression after
the treatment with LVEE which activates the caspase-3 expression.
Caspase-3 and caspase-9 are an activator proteins that play an
important function in the execution period of cell death (apopto-
sis) (Yin and Ding, 2003).

It was shown that p53 tumor suppressor gene act as an impor-
tant regulator of apoptosis mechanism and arrests cell cycle. Fur-
thermore, this regulation subsequently inhibits the activity of cell
cycle-regulating enzymes and the Bcl-2 protein (anti-apoptotic)
expression (Santoro et al., 2014). Reduction in the expression of
Bcl-2 signaling molecules has been reported as anticancer mecha-
nisms in diverse types of cancers. Our data also revealed that LVEE
activated the p53 gene, causing a series of events which leads to
the activation of caspase-3 and finally cell apoptosis. Our study
results supported with Moreira et al. (2015) who stated that p53
levels were decreased in DEN-induced HCC rats and causes down-
regulation of p53 gene. Taken together, the data suggest that LVEE
had anti-cancer activity against DEN-induced HCC rats by activat-
ing p53 induced apoptotic signaling pathway. Meantime, LVEE
could control the biochemical markers. Hence, LVEE can be a good
therapeutic source for HCC.
5. Conclusion

In conclusion, LVEE treatment exerted chemoprotective effect
on DEN- induced hepatocellular carcinoma rats as this mushroom
extract can revive serum liver marker enzymes, cancer marker
enzymes AFP and CEA, and phase-I enzymes cyt P450 and cyt
b5 activity. LVEE preserves the cellular architecture of liver tissue
towards DEN induced HCC rats. Furthermore, downregulation of
anti-apoptoptic Bcl-2 activity and upregulation of p53, caspase-3
and caspase-9 activities upon LVEE treatment suggests its hepato-
protective activity against DEN-induced HCC rats. Thus, the results
of this investigation have established the efficacy of LVEE as an
effectual chemotherapeutic agent.
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