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ABSTRACT
Background: Hepatocellular carcinoma  (HCC) is the utmost familiar 
form of liver distortion, a prevalent high incidence that ensures 
the fifth most recurrent primary malignancy around the world. 
Objectives: To investigate the chemopreventive and apoptotic 
effect of vernodalin in diethylnitrosamine  (DEN) induced HCC. 
Materials and Methods: Rats were distributed into four sets of 
experimental animals every six rats: control group, DEN alone, 
DEN  +  vernodalin, (10  mg/kg bw), and vernodalin  (10  mg/kg bw) alone. 
The analysis was conducted to measure the liver and body weight. The 
assay was designed to analyze hepatic toxic markers, antioxidants, lipid 
peroxides, and inflammatory cytokines, in addition, histopathology and 
western blot analysis were also conducted. Results: DEN with vernodalin 
diminished weight of the body and antioxidant level whereas raised the 
liver weight, toxic marker concentration, oxidative stress and cytokines. 
Vernodalin also prevents oxidative stress, lipid peroxides level, toxic 
markers, pro‑inflammatory, and cytokines. Vernodalin suppressed the 
P13K/AKT signaling that enhances apoptosis and maintains the morphology 
of cells. Conclusion: The results indicate that vernodalin exerts a promising 
chemopreventive and apoptotic natural agent for DEN‑induced HCC in rats.
Key words: Chemoprevention, diethylnitrosamine, hepatocellular 
carcinoma, P13K/AKT signalling, Vernodalin

SUMMARY
•  Vernodalin treatment maintains body weight, liver weight, and antioxidant 

levels of DEN induced rats
•  Vernodalin suppressed the PI3K/AKT signaling pathways
•  Vernodalin induced apoptosis in DEN induced rats.

Abbreviations used: DEN: Diethylnitrosamine; HCC: Hepatocellular 
carcinoma; ROS: Reactive oxygen species; H&E: Hematoxylin and 

eosin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; 
ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase; 
γGT: Gamma glutamyltranspeptidase; SOD: Superoxide dismutase; 
CAT: Catalase; GPx: Glutathione peroxidase; GR: Glutathione reductase; 
GST: Glutathione‑S‑transferase.
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INTRODUCTION
Hepatocellular carcinoma  (HCC) is accountable for the third 
malignant‐allied mortality worldwide, estimated that, by 2025, >1 million 
individuals will be affected.[1,2] Numerous risk factors include: chronic 
HBV infection, chronic HCV infection, NAFLD and NASH, alcoholic 
liver disease, hereditary hemochromatosis, and any other causes leading 
to cirrhosis. The principal risk factors associated with HCC are alcohol 
consumption, aflatoxin B1, hormone exposure, hemochromatosis, 
Hepatitis B and C, pollutants, and diethylnitrosamine  (DEN).[3] The 
environmental cancer‑initiating compound DEN is also actively 
contributing to the initiation of liver tumours. DEN prompts fitness 
problems in humans and primarily exists in whiskey, tobacco, processed 
meat, pharmaceuticals, and cosmetics.[4,5] DEN triggers progressive, 
proliferative, neoplastic lesions and an extremely mutagenic hepatic 
tumour.
DEN is comprised of carcinogenic compounds N‑nitrosamine present 
in various foods,[6] and its carcinogenicity is renowned for the DNA 

alkylating effect.[7] Hepatic carcinogens create free radicals responsible 
for oxidative stress and interfere with redox balance, which stimulates 
antioxidative repair mechanisms.[8] HCC activates the cytochromes 
P450 (CYP450) enzymes to generate the reactive oxygen species (ROS) 
in the liver.[9] The prolonged exposure to DEN promotes hepatic necrosis 
and ultimately leads to liver failure. Notably, the free radical assembly has 
been activated by the PI3K/Akt cell‐survival signaling cascades.[10,11] As 
a result, HCC induced by DEN mimics the human HCC with equivalent 
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sequential progression. Moreover, the molecular mechanisms elaborate 
in liver cancer are well recognized in DEN‐induced HCC rats.[12]

Comprehensive research was focused to discover the unique bimolecular 
from conventional sources as a chemopreventive agent that restrains 
the various paces in cancer. Recently, natural compounds such as 
umbelliferone,[13] syringic acid,[14] and nerolidol,[15] have substantial 
prominence, due to their huge application as an antioxidant and to 
prevent the oxidative devastation of cells. Vernodalin is a sesquiterpene 
lactone isolated from numerous medicinal plants. It exerts cytotoxic, 
apoptotic, antioxidant, and anticancer activity against various cancers.[16,17] 
Pratheesh Kumar et  al., 2011[18], has been demonstrated that vernolide 
induces apoptosis by regulation of pro‑inflammatory cytokines in 
B16F‑10 melanoma cells. Nguyen et  al., 2020,[19] reported vernolide 
has potent cell proliferation, metastasis, angiogenesis, and apoptosis 
property in cancer. Looi et  al., 2013,[20] demonstrated that vernodalin 
treatment with 10  mg/kg/bw suppressed the development of breast 
tumors via down‑regulation of PI3K/Akt signalling pathways. From this 
study, 10 mg/kg bw were selected for our dose fixation study for current 
research. However, the molecular action of vernodalin (10 mg/kg/bw) on 
DEN‑induced HCC has not been fully elucidated. Therefore, we explored 
the chemopreventive effect on cell proliferation and apoptotic pathway 
of vernodalin through PI3K/Akt signalling in the DEN‑prompted HCC 
model.

MATERIALS AND METHODS
Chemicals
Diethylnitrosamine, Vernodalin, Phosphate buffer saline, EDTA, 
and Tris buffer were bought from Merck, Germany. ELISA assay kits 
were achieved from Cayman chemicals, USA. The primary antibodies 
(P13K, AKT, and β‑actin), and secondary antibodies, were procured 
from Himedia Pvt Ltd, USA.

Experimental Animals
The study was carried out on Wistar albino male rats each group 
contains six rats, and their body weight ranged between 130 and 
150 g was well‑preserved in precise temperature under standard 25°C, 
humidity for 12 h day/night cycles. The control group animals were fed 
with standard rat chow and water ad libitum. The food was withdrawn 
18–24  h before the experiment. The care and handling of laboratory 
animals were done according to the guidelines of the Shaanxi Provincial 
Hospital of Traditional Chinese Medicine animal ethical committee 
(Approved No. 202100) under Good Laboratory Practice (GLP).

Induction of HCC
DEN (0.01%) is used for inducing HCC in rats described by the method 
reported previously by Sivaramakrishnan et al., 2007.[21]

Experimental design
The Wistar albino rats were separated into four sets of six each. Group I 
control rats, in group  II was given DEN  (0.01%) in drinking water. 
Group  III was provided DEN  (0.01%) + vernodalin  (10  mg/kg bw) 
and group IV was administered with vernodalin  (10 mg/kg bw) alone. 
Bodyweight was recorded during the trial. Finally, the rats were preserved 
by fasting overnight and then euthanized by decapitation. The blood and 
liver samples were collected in ice‑cold dishes for biochemical analysis.

Tissue homogenate preparation
In the experimental animal section (The food was withdrawn 18–24 h 
before the experiment for the control group). The liver was detached, 
cleaned with saline, weighed, and evened out with 0.9% NaCl, centrifuged 
at 4°C for 20 min. The supernatant was collected for biochemical analysis.

Histopathological assessment of exploration of liver
The hepatic tissues were static with 10% formaldehyde and subsequently 
implanted in the paraffin wax. By using a rotary microtome, cut the liver 
tissues into 3–5 µm sections and successively stain with H  &  E stain. 
Hepatocytes alterations were perceived through a light microscope. The 
slides stained with hematoxylin‑eosin were photographed using a loupe 
in the image and necrosis in the entire tumour was analyzed using the 
WinROOF software package.

Assay of cancer markers enzymes in the liver
The hepatic enzymes marker alkaline phosphatase  (ALP), lactate 
dehydrogenase  (LDH), aspartate aminotransferase  (AST), alanine 
aminotransferase  (ALT), and gamma glutamyl transpeptidase  (γGT) 
were used to conduct the assay according to the instructions of 
Randox (Randox Laboratories Ltd., Antrim, UK). The absorbance was 
recorded using the PerkinElmer spectrophotometer, Lambda 25 UV/VIS.

Antioxidant enzymes assays
The antioxidant enzyme status of hepatic SOD,[22] CAT,[23] GPx,[24] GR,[25] 
and GST,[26] were determined using the method of spectrophotometry. The 
absorbance was recorded during the PerkinElmer spectrophotometer, 
Lambda 25 UV/VIS.

Lipid peroxidation (LPO) measurements
TBARS were assessed according to the technique of Ohkawa, 1979,[27] 
Lipid hydroperoxides,[28] conjugated dienes  (CD).[29] The absorbance 
has been reported with the PerkinElmer spectrophotometer, Lambda 
25 UV/VIS for all measurements.

Determination of cytokines in serum
The cytokines namely TNF‑α, IL‑6, IL‑1β, and NF‑κB in serum were 
measured by the ELISA kits obtained from Cayman Chemicals, USA. 
The concentration was expressed as pg/mL.

Western blot analysis
The P13K/AKT expression was analyzed by western blot. Briefly, the rat 
liver was crushed with lysis buffer and centrifuged at 4°C at 10,000 g. 
Pooled the supernatant and whole protein were assessed by the Bradford 
technique.[30] The protein  (20 µg) was electrophoresed by SDS‑PAGE 
and shifted to nitrocellule membrane. About 3% bovine serum 
albumin was added to block the membrane for 2  h. Added primary 
antibodies followed by the secondary antibody for 60  min, and blots 
were detected with ImmunoStar LD (Wako Pure Chemical Ind., Tokyo, 
Japan). Immunoreactive bands were visualized by using FluorChem™ 
FC3 (Protein Simple, San Jose, CA, USA).

Statistical analysis
Data were presented as means standard deviations  (SD) of three 
independent experiments. Statistical significance was determined 
using the Student’s t‑test or analysis of variance  (ANOVA). Statistical 
significance was observed as P ≥ 0.05.

RESULTS
Influence of vernodalin on body weight and liver 
weight
The diet and water intake in all groups do not show any noticeable 
variations. The weight of the body, and liver was lessened 
pointedly  (P  <  0.05) in DEN administered group against the normal. 
The body weight and liver weight were markedly (P < 0.05) high in the 
DEN alone group. Administration of vernodalin  +  DEN augmented 
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the body weight, and liver weight of the liver was decreased. Similar 
results were detected in the control and vernodalin alone administered 
rats [Figure 1].

Influence of vernodalin on liver marker enzymes
The level of toxicity enzymes via ALT, ALP, AST, γGT, and LDH in 
serum was raised expressively (P < 0.05) in DEN stimulated rats versus 
normal. These hepatic enzyme levels were dropped in the treatment 
of vernodalin together with DEN. Normal marker enzyme levels were 
detected in vernodalin treated rats [Figure 2].

Influence of vernodalin on antioxidant enzyme 
activity
The antioxidant enzymes for instance CAT, SOD, GPx, and GR were 
pointedly  (P  <  0.05) condensed in DEN‑treated HCC rats versus 

control. Vernodalin has reverted the enzymatic antioxidant status to 
near normal, thereby improving the defence mechanism. Vernodalin 
alone treated rats showed normal antioxidant status [Figure 3].

Impact of vernodalin on LPO
TBARS, LOOH, and CD levels were elevated remarkably (P < 0.05) in 
DEN‑induced rats than in normal control. Oral supplementation of 
vernodalin accompanied by DEN fell considerably  (P < 0.05) in these 
parameters versus DEN alone treated rats. The vernodalin alone treated 
rats showed similar results as the control [Figure 4].

Histopathological analysis of liver
In control, rats showed normal histology of the liver with even nuclei. 
HCC induced by DEN treated rats’ livers described as a cytosolic region 
with abnormal arrangements, uneven nuclei, and fats infiltration. 
DEN along with vernodalin upgraded the cytosolic arrangement and 
the normal histology was  (P  <  0.05) prevented. Vernodalin alone 
treated groups exhibited normal liver histology [Figure 5].

Influence of vernodalin on cytokines
The inflammatory cytokines namely TNF‑α, IL‑1β, IL‑6, and NF‑κB 
were raised in DEN‑driven HCC rats. These cytokine levels were 
significantly (P < 0.05) reduced by vernodalin in DEN‑influenced rats. 
Normal rat’s cytokine levels were maintained in the vernodalin alone 
supplementation [Figure 6].

Influence of vernodalin on P13K/Akt pathway
In the HCC development, the protein expression of P13K/Akt has a 
profound role in the apoptotic pathway. DEN treated rats showed P13K 
and Akt protein expression was significantly  (P  <  0.05) augmented in 
counter to control. Treatment with vernodalin in the HCC rats dropped 
P13K/Akt expression, whereas the vernodalin alone treated rats’ protein 
expressions were parallel with the normal [Figure 7].

Figure 1: Effect of vernodalin on the body weights, and liver weight in 
control and experimental rats. Values were stated as mean  ±  SD of six 
observations. #, *P  <  0.05 indicates the values not sharing a common 
superscript deliberated as significance

Figure  2: Effect of vernodalin on hepatic toxicity marker enzymes in serum of control and experimental rats. Results were stated as mean  ±  SD of six 
observations. #, * P < 0.05 indicates the values not sharing a common superscript deliberated as significance
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DISCUSSION
The liver is a key vital organ, which is regulating intermediary metabolism and 
physiological developments in the body.[31] DEN is a typical hepatocarcinogen 
used to initiate liver neoplasm in a live model. DEN‑initiated HCC in rats is 
widely used as hepatic cancer animal model.[32] The chemopreventive approach 
of natural products performed the possible actions including detoxification 
of carcinogen, subdual of mutation, inhibition of cell multiplying, apoptosis 
stimulation, and immune system inflexion.[33] Successfully, bioactive agents 
are consumed extensively in hepatic illnesses globally. Hence, we proved the 
shielding impact of vernodalin in DEN‑induced HCC and elucidated its 
molecular protective actions.
Vernodalin is a well‑known sesquiterpene lactone sequestered 
from numerous plant sources comprising Vernonia amygdalina and 
Centratherum anthelmintica.[34] Vernodalin demonstrates anti‑bacterial, 
anti‑malarial, and anticancer activities.[35,36] Previous studies have 
documented the anti‑cancer and cytotoxic effect of vernodalin on 
ovarian cancer and melanoma cell line,[37] and nasopharynx human 
carcinoma.[38] This is maybe the primary report on the chemopreventive 
and anticancer tool of vernodalin on DEN‑induced HCC.
Our findings confirmed that hepatic toxicity enzymes were elevated 
due to the uptake of DEN which makes ROS activity ensuing oxidative 

stress and cellular damage.[39] Cell destruction indicates the association 
of hepatic enzyme leakage into the serum. Liver impairment is analyzed 
by the noticeable rise in the serum activity of AST, ALT, ALP, LDH, and 
GGT.[40] It commences on the hepatocellular damage leads to the hepatic 
hypofunction and disturbance in the serum enzymes markers, with loss 
of membrane porousness.[41] Vernodalin administration brought back 
these enzymes by altering liver membrane integrity.
ROS formed due to the triggering of oxidative stress has been implicated 
in lipid peroxidation, DNA impairment, and mutagenesis linked with 
tumour formation.[42] ROS possibly will impair protein, lipid, DNA, prone 
to mutations, unstable chromosomes, and inflexion of cell development 
that may upshot to the form neoplasm. Antioxidants retain the stimulation 
of enzymes in drug‑metabolizing that prevent hazard‑persuaded 
mutagenesis and free radicals foraging.[43] An endogenous system of 
antioxidants may stabilize the ROS and diminish oxidative stress through 
the action of enzymatic antioxidants. In the current study, HCC animals 
exhibit reduced enzymatic antioxidants (SOD, CAT, GPx, GST, and GR) 
activities and the findings are correlated with prior findings.[44,45]

In the present findings, there was a substantial escalation of hepatic TBARS, 
LOOH, and CD in DEN treated rats, which confirms the inception of 
oxidative stress in the liver. Declined oxidative stress hepatic markers levels 
of DEN‑induced animals together with vernodalin exposed the radical 

Figure  4: Effect of vernodalin on serum TBARS and hepatic TBARS, LOOH, CD in control and experimental rats. Data were stated as mean  ±  SD of six 
observations. #, * P < 0.05 indicates the values not sharing a common superscript deliberated as significance

Figure 3: Effect of vernodalin on hepatic enzymatic antioxidant status on control and experimental rats. Results were stated as mean ± SD of six observations. 
#, * P < 0.05 indicates the values not sharing a common superscript deliberated as significance
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scavenging activity. Histopathological observation of DEN‑induced rats 
exhibited the degeneration and loss of architecture in counter to control. 
Several studies have documented that the liver is a crucial centre for the 
creation of pro‑inflammatory cytokines, which pass through lymphocytes 
and monocytes accompanied by Kuffer cells. DEN reveals the waves on the 
Kuffer cells mediated triggering of NF‑κB; which induces liver cancer.[46] 
Vernodalin could reduce the inflammatory mediators in DEN‑induced 
HCC in rats. Remarkably, vernodalin was established to guard counter to 
DEN‑made HCC by aiming the PI3K/Akt pathway as it repressed PI3K 
and Akt proteins. Hence, our findings suggested that verolidine has been a 
protective effect against DEN induced liver cancer, and confirmed that it is 
a good chemotherapeutic drug for future studies.

CONCLUSION
In summary, the upshots of our current research demonstrated that 
vernodalin employs as a chemopreventive substance versus DEN‑induced 
HCC in rats. The vernodalin possesses antioxidant higher elevation, 
potent hepatoprotective, anti‑inflammatory, apoptotic induction, and 
anti‑cancer activities. Vernodalin was successfully protected from HCC 
via its action of cell proliferation and apoptotic induction by the regulation 
of marker PI3K/Akt apoptotic signaling. Hence, vernodalin can be used 
as a therapeutic material for the treatment of hepatic malignancy.
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