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ABSTRACT

Hepatocellular carcinoma is one of the most common occurring
malignancies in the world and has been reported in various species of
animals including dogs, cats, sheep and pigs. The aim of this study was to
assess the ameliorative effects of nanoforms of silibinin and resveratrol on
the body weights, feed intake, and water intake of hepatocarcinogenesis
induced rats. One hundred and eight male Wistar rats were randomly divided
into nine groups and feed intake, water consumption, body weight gains were
recorded. The study revealed a significant difference in the feed intake, water
intake, body weights in carcinogen group with control and treatment groups.
Nano resveratrol and nano silibinin groups effectively ameliorated compared
to raw resveratrol and raw silibinin groups there by suggesting their usage in

therapy for liver cancer.
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INTRODUCTION

Hepatocellular  carcinoma (HCC)
is the most common type of primary liver
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carcinomas. It is one of the most common
cancers all over the world that is also one of
the leading causes of cancer death (Forner
et al., 2018). Cirrhosis, intake of aflatoxin B1-
contaminated food, prolonged alcohol usage,
and hepatitis B and C virus infections are all
major risk factors for the development of HCC
(Roy and Gadad, 2016).The threat of this fatal
cancer is projected to grow in the future years,
owing to alarmingly high rates of occurrence,
late diagnosis, a lack of clear treatment, and
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a terrible prognosis. Chemoprevention has
been shown to improve the prognosis of
liver cancer patients with a poor prognosis.
Among different classes of anticancer agents,
plant derivatives, particularly the dietary
polyphenols, have received greater attention
due to their abundance in natural foods and
minimal or no adverse effects (Talari ef al.,
2014).

Resveratrol (3, 4', 5-trihydroxy-
trans-stilbene) is a phytochemical found
in grapes, berries, peanuts, and red wine,
among other foods. Resveratrol can help to
prevent or slow the progression of a variety of
diseases, including cancer, neurodegenerative
diseases, cardiovascular disease, ischemic
injury, and viral infections, as well as improve
stress resistance and extend the lifespan
of various organisms. Resveratrol affects
cellular proliferation and growth, apoptosis,
inflammation, invasion, angiogenesis, and
metastasis (Baur and Sinclair, 2006).

Silibinin is a major bioactive
flavanone present in milk thistle seeds and
has been used for approximately 2000 years
to treat various liver conditions. Silibinin
is clinically used in Europe and Asia as a
hepatoprotective agent to treat hepatic injury
due to bile duct inflammation, cirrhosis, fatty
liver, mushroom poisoning, and viral hepatitis.
The anticancer efficacy of silibinin is mainly
through targeting proliferation, apoptosis,
inflammation, angiogenesis and cancer cell
metabolism (Jie ef al., 2018).

Despite the benefits of resveratrol and
silibinin, they show poor oral bioavailability
and higher metabolism, which further limits

their therapeutic potential in the treatment of
cancer. To overcome these problems, the use
of solid lipid nanoparticles (SLN) can be an
effective alternative. SLN material has already
been licensed for use in pharmaceutical or
cosmetic products such as triacyl glycerides,
diacyl glycerides, monoacyl glycerides, waxy
or fatty acids, and surfactants authorized in
medical goods for use. It provides controlled
drug release that is feasible for industrial
scale production (Doktorovova et al., 2014).
Nanoparticles made from solid lipids are
attracting major attention as novel colloidal
drug carrier as they have been proposed as an
alternative particulate carrier system. Solid
lipid nanoparticles are in submicron size
range between 50 — 1000 nm and composed
of lipids which remain in solid state at room
temperature. Main goal for the preparation of
SLN are increased drug stability, controlled
drug release, avoidance of organic solvent,
incorporation of lipophilic and hydrophilic
drugs, improved bioavailability and no
biotoxicity to the carrier (Krishna Sailaja
etal, 2011).

To make advances in research in the
prevention of HCC, several experimental
models have been developed to investigate the
aspects of the pathogenesis and aetiology. Due
to the similarity to histological and genetic
features of patients, diethyl nitrosamine (DEN)
-induced HCC model, is commonly used to
imitate the process of hepatocarcinogenesis
(Duan et al., 2014). In this study, the effects of
nanoforms of silibinin and resveratrol on the
body weights, feed intake and water intake in
DEN induced HCC model of rats have been
reported.
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MATERIALS AND METHODS

Wistar albino male rats weighing
200 = 10 g purchased from Tamil Nadu
Veterinary and Animal Sciences University,
Chennai, were used in this study. They were
housed in polypropylene cages with 12 hrs
light and dark cycle. All animal experiments
were performed in accordance with the strict
guidelines prescribed by the Institutional
Animal Ethical Committee (IAEC) and after
getting necessary approval (Approval Lr. No.
370/DFBS/IAEC/2021, dated: 16.08.2021).

Rats were divided into nine groups
with twelve animals in each group. Control
group (Sham control), Blank Solid Lipid
Nanoparticles group (1.5 ml thrice in a
week / P.O). DEN group (0.01% DEN in
drinking water every day for 17 weeks). Raw
Resveratrol and raw Silibinin groups (0.01%
DEN in drinking water every day for 17 weeks
+ 50 mg/ Kg B. wt. thrice a week P. O). Nano
Resveratrol and nano silibinin groups (0.01%
DEN in drinking water every day for 17 weeks
+ 50 mg/ Kg B. wt. thrice a week P. O), Nano
combination group (0.01% DEN in drinking
water every day for 17 weeks +50 mg/ Kg B.
wt. of nano silibinin thrice a week P. O +50
mg/ Kg B. wt. of nano resveratrol thrice a
week P. O), Sorafenib group (0.01% DEN in
drinking water every day for 17 weeks + 7.5
mg/ Kg B. wt. thrice a week P. O). On 30-
day, 60-day, 90-day and 120-day of the trial, 3
rats from each group were sacrificed to study
the tumour progression. The body weight (g)
and feed intake (g) were recorded at weekly
intervals for 17 weeks by weighing balance
(Goldtech®, Model GTC Reg. No. 42863734)
and rounded to the nearest gram. Water

consumption (mL) per week was calculated.
The data generated from different parameters
of the experimental study was subjected to
one-way analysis of variance (ANOVA),
followed by the Duncan’s multiple range test
by using IBM SPSS software version 20 for
windows.

RESULTS AND DISCUSSION

Changes in the body weight have
been used to assess the cause of the disease
and response to therapy of drugs. Body
weight gain of the animal is directly related
to feed conversion ratio and it depends on the
functional capacity of liver. The mean (+SE)
alterations in body weights of rats in induced
and treated groups is presented in table I. The
present study reports a significant (p<0.05)
reduction in the body weights in the DEN
group and Sorafenib groups from second
week onwards. This decrease in body weights
might be due to less feed intake following the
damage of hepatic parenchyma (Kushida et al.,
2011). The control group and BSLNPs groups
showed an increase in bodyweights steadily
from week 1. Raw resveratrol and raw silibinin
groups also showed a gradual increase in body
weights from week 1. Nano resveratrol, nano
silibinin and nano combination groups showed
a decrease in body weights in week 2, but later
from 3™ week there was a gradual increase.
This decrease may be due to decreased water
intake from the chloroform smell in solid lipid
nanoparticles and which is directly related to
feed intake in rats and in turn body weights.
Sorafenib group rats showed a gradual
decrease in body weights from week 1 to week
17 except for a slight increase on week 6, 7
and 8. These observations are in accordance
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with earlier works (Rajasekaran et al., 2011;
Naina et al., 2015).

The mean (xSE) feed consumption
pattern in control and experimental groups
is presented in table II. There is a significant
difference (p<0.05) in feed intake between the
control groups and other treatment groups.
There is no significant difference among
treatment groups in feed intake. DEN treated
group showed a great reduction in feed intake
compared to other treatment groups from 2nd
week which could be due to damage to liver
from carcinogen DEN. The other treatment
groups including sorafenib group showed
a decrease in feed intake when compared to
control and blank solid lipid nanoparticle
groups. These findings are similar to the
findings of EI Mesallamy er al. (2011). Song
et al. (2013) also observed similar effects that
after eight weeks exposure to DEN, rats in the
tumor control group displayed loss of appetite
compared to normal control group which
may be due to the alteration in the hepatic
activity due to which the enzyme responsible
for digestion may be altered leading to
physiological and pathological changes
affecting feed consumption of rats.

The mean (£SE) water intake in rats
during the experimental period is represented
in table III. There is a significant difference
(p<0.05) in water intake between the control
groups and other treatment groups. There is
no significant difference among treatment
groups in water intake. DEN treated group
showed a great reduction in water intake
compared to other treatment groups from 3rd
week which could be due to loss of appetite
from damage to liver from DEN. The nano

treated groups showed less water intake than
raw treated groups which might be due to taste
of nano compounds as they have chloroform.
Sorafenib group showed a steady increase
in water intake from week 1 to week 17
when compared to other treatment groups.
These findings correlate with the findings
of Karabekir and Ozgorgulu (2020) and
Rajasekaran et al. (2011).

CONCLUSION

Nano resveratrol and nano silibinin
are more effective than the raw forms in
ameliorating the adverse effects of DEN and
thereby improving the feed intake, water
consumption and body weights. Hence, solid
lipid nanoparticles of resveratrol and silibinin
may be used for alleviating the harmful effects
caused by carcinogen DEN.
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