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Abstract
Hepatocellular carcinoma is emerging as one of the most common forms of cancer resulting in thousands of death worldwide. 
The purpose of this study was to screen nimesulide for anticancer activity in chemically induced hepatocellular carcinoma 
in Wistar rats as well as in BEL 7402 and HEP G2 cell lines. HCC in rats was induced by administering a single dose of 
diethyl nitrosamine (150 mg/kg) intraperitoneally. Duration of the in vivo study was 12 weeks and the anticancer potential 
was further confirmed by in vitro cell line study. Administration of DENA in Wistar rats significantly elevated the levels of 
serum biochemical parameters and α-feto protein. Treatment with different dose of nimesulide significantly decreased the 
markedly raised serum levels of biochemical parameters as well as maintained the histology of the liver tissues nearly similar 
to the normal. Further study of hepatocytes enzymes showed that treatment with nimesulide also improved the antioxidant 
enzyme levels. Our study also examined the cytotoxicity and DNA synthesis inhibition by nimesulide in BEL 7402 and Hep 
G2 cell lines. Cell viability was assessed by [3H]-thymidine uptake procedure. The results obtained by in vitro cell line study, 
histopathological and biochemical data concluded that nimesulide, a preferential COX-2 inhibitor, has anticancer activity, 
which is by first reducing the formation of reactive oxygen species and second by inhibiting the PGE2 effect via Wnt signal-
ing pathway (cell invasion, angiogenesis, and cell proliferation).
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Abbreviations
HCC	� Hepatocellular carcinoma
ALP	� Alkaline phosphatase
TBi	� Total bilirubin
AFP	� α-Feto protein

Introduction

Hepatocellular carcinoma (HCC) is the primary hepatic 
malignancy which has gradually emerged as the most com-
mon cancer in the world ranking fifth in male mortality and 
eighth in case of females (Ghouri et al. 2017). Diethylni-
trosamine (DENA) has been identified to cause severe liver 
toxicity, and in many cases, it caused HCC by releasing 
free radicals (Thirunavukkarasu and Sakthisekaran 2003). 
DENA has also been found responsible for ravaging various 
enzymes which are responsible for the repair mechanism of 
DNA. Therefore, nowadays, it is commonly employed as 
an established model in chemical-induced liver cancer in 
animals (El-Serag and Mason 1999). Nimesulide, a well-
known drug to counter inflammatory process, is a preferen-
tial cyclooxygenase-2 (COX-2) inhibitor extensively used in 
Asia, Africa, and whole of Europe to get relief from inflam-
matory conditions. There are two most common isoforms 
of fatty acid cyclooxygenase enzymes, COX-2 and COX-
1, which are held responsible for limiting the rate of reac-
tion for the synthesis of prostaglandins from arachidonic 
acid. COX-2 is responsible for producing inflammation 
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and is auto-induced in the inflammatory cells during cell 
injury. It forms many inflammatory mediators by catalyzing 
two molecules of oxygen in the arachidonic acid molecule 
including pro-inflammatory bioactive molecule Prosta-
glandin E2 (PGE2), which again possesses pro-angiogenic 
activities (Subbaramaiah and Dannenberg 2003). Factors 
of growth like fibroblast-growth factor [FGF-2], vascular-
endothelial growth factor [VEGF], endothelial growth factor 
[EGF], cytokines such as tumor necrotic factor-α [TNF-α], 
interleukin-1β [IL-1β] and interleukin-α [IL-α], and tumor 
promoters such as v-Ha-ras, v-src, Wnt., and HER-2/neu 
induce a massive increase in COX-2 level. Overexpression 
of COX-2 was reported in various human cancers including 
colon, prostate, breast, skin, and lung (Subbaramaiah and 
Dannenberg 2003). Contrastingly, overexpression of COX-2 
is not seen in the vasculature of normal tissues. Novel nime-
sulide analogs have been reported to regulate the aromatase 
expression selectively in breast cells (Buckman et al. 1998; 
Koki and Masferre 2002). Several research studies have sug-
gested that in vitro COX-2 inhibition by nimesulide has been 
associated with induction of apoptosis in cancer cell as well 
as the seizure of angiogenic process (Fodera et al. 2004; 
Hida et al. 2000). Moreover, it prevents in vivo metastasis 
and tumor development by suppressing telomerase activity 
in cancerous cells. The concept of COX-2 possessing anti-
carcinogenic potentials was conceived because prostaglan-
dins, which are subsequently responsible for tumor growth, 
are synthesized by COX-2, and its inhibition terminates the 
entire cascade which leads to the tumor cell growth (Boland 
et al. 2004; Keller and Giardiello 2003). According to Liang 
et al. and Esteves-Souza et al., nimesulide has anticancer 
activity due to its dual action: first, it stops the cancer cell 
proliferation via COX inhibition; and second, it stimulates 
the immune responses of the cancerous cell which makes 
it to respond to the apoptotic stimuli (Liang et al. 2009; 
Esteves-Souza et al. 2006). These findings motivated us to 
undertake the study, it main aim was to screen nimesulide 
for anti-cancerous activity together with the evaluation of 
cytotoxicity in BEL 7402 and HepG2.

Methods

Drugs and chemicals

Nimesulide in pure powder form was purchased form Him-
giri traders Dehradun, Uttarakhand; DENA was obtained 
from St. Louis, USA, through Sigma-Aldrich Chemicals 
Co. Ltd. Kits for the estimation of biochemical parameters 
were procured from Nicholas India Private, Limited. All 
reagents and chemicals procured were of the standard ana-
lytical grade.

Animals

Adult, healthy, male and female Wistar albino rats that 
weigh around 100–125 g were obtained from Siddhar-
tha Institute of Pharmacy, Dehradun. The animals were 
randomly grouped and kept in standard cages under con-
trolled conditions of IAEC. The temperature was set at 
(22 ± 3 °C) and light (14:10 h dark and light cycle) was 
provided along with standard quality pallet diet and water 
ad libitum. This research study was approved by the Insti-
tutional Animal Ethical Committee (IAEC) of Siddhartha 
Institute of Pharmacy (Ethical approval no. SIP/IAEC/
PCOL/O7/2016 on 02 April 2016). The protocol was car-
ried out as per the guidelines of the CPCSEA, India. All 
institutional and national guidelines for the care and use 
of laboratory animals were followed.

Initiation of hepatocellular carcinoma

HCC was induced using an established oncogenic dose of 
DENA, i.e., 200 mg/kg body weight administered (i.p.). 
Animals were maintained on a schedule of fasting and then 
refeeding for the administration of aforementioned dose of 
DENA (Alwahaibi et al. 2010; Muzio et al. 1999; Xu-yinga 
et al. 2009).

Research methodology

In vivo study

Animals were acclimatized and randomly divided into four 
groups (n = 6). These groups were given different treatment 
for a period of 12 weeks. Group-I: Normal Control group 
(NC), rats were treated with saline water. Group-II: DENA 
Control group (Disease control), a single dose of 200 mg/
kg DENA was administered. Group-III: DENA + nimesulide 
(2 mg/kg), rats were administered with DENA (200 mg/kg) 
on day 1, and after the 7th day, they were given nimesulide 
(2 mg/kg) until the day before their sacrifice. Group-IV: 
DENA + nimesulide (6 mg/kg), the rats were given sin-
gle dose (200 mg/kg) of DENA on day 1 and after the 7th 
day administered with nimesulide (6 mg/kg) until the day 
before the sacrifice of animals. Group-V: DENA + nime-
sulide (9 mg/kg), the rats were given single dose (200 mg/
kg) of DENA on day 1 and after the 7th day administered 
with nimesulide (9 mg/kg) until the day before the sacrifice 
of animals. Group-VI: Wistar rats were doctored only with 
nimesulide at a dose of 6 mg/kg and served as nimesulide 
only group. The duration of the entire study was 12 weeks. 
Effective dose fixation study was also performed for the 
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selection of dose. Induction of HCC was confirmed by the 
estimation of AFP a week after DENA administration.

Estimation of biochemical parameters

Whole blood was collected from the retro-orbital plexus of 
the rats under the influence of light anesthesia. On the termi-
nation day of the experiment, whole blood was left to stand 
for 30 min at normal room temperature without any antico-
agulant. Then, it was centrifuged for 10 mins at 2500 rpm 
to separate the serum. The obtained serum was stored at 
low temperature (2–4 °C) for further estimation of various 
biochemical parameters. Estimation of serum glutamate 
pyruvate transaminase (SGPT), serum glutamate oxalate 
transaminase (SGOT), total cholesterol (TC), high-density 
lipoprotein (HDL), triglycerides (TG), alkaline phosphatase 
(ALP), blood glucose, albumin (ALB), total protein (TPR), 
and total bilirubin (TBR) was carried out with regular kits 
procured from Nicholas India Private Limited using semi-
auto analyzer (Nicholas India Private Limited). Serum level 
of α-feto protein (AFP) in serum was also assessed.

Histopathological examination

Isolated liver samples preserved in formalin solution with 
10% phosphate-buffer and subsequently fixed in paraffin 
were utilized for histopathology. The liver sample was sliced 
in sections with 5 µm thickness and was abridged; paraffin 
was removed and then tainted with eosin and hematoxy-
lin. The segments were scrutinized for any cell swelling, 
changed hepatic architecture, ballooning, tubular dilatation, 
and edema of interstitium and necrosis of cell in all treated 
groups.

In vitro study

Cell culture

BEL7402 and HepG2 cell lines were used for the study. 
These cell lines were cultured in Dulbecco’s Eagle medium 
(DMEM) at optimum temperature (37 °C), further appended 
with bovine serum (10%), which was sought from Life 
Technologies India Pvt Ltd. in addition with 100 U/mL of 
penicillin and l00 μg/mL of streptomycin (Himgiri Trad-
ers, Dehradun) in a dampened incubator with CO2 (5%) and 
passed every 3 days. Mycoplasma contamination was rou-
tinely examined.

Preparation of nimesulide in different dilutions

Nimesulide was freshly prepared by dissolving it in DMSO at 
different dilutions. After obtaining the anticipated strength of 
drug in solution, it was mixed with media and applied to the 

growing cells. The last strength of DMSO was about 0.1%, the 
vehicle concentration was also maintained (0.1% v/v) for all. 
Different strengths of nimesulide ranging from 0.1 to 50 µm 
were chosen for the in vitro study (Ding et al. 2005).

Cell viability assay

MTT assay was carried out to examine the cell viability. The 
principle is based on the MTT reduction via enzyme mito-
chondrial dehydrogenase of integral cells to a purple color 
product. 525 cells were scattered into 60 mm plates of 100 mL 
volumes in a 96-well culture plates. After 24 h of development, 
the old medium was replaced with a newly formed medium 
having nimesulide at different strengths ranging from 0.1 to 
50 µm and the cells were left to grow for 4 days. Every group 
enclosed within 6 wells arranged parallel and every strength 
stated above was observed as 1 treated group. There was no 
nimesulide in the control group. Afterwards, MTT (20 μL) as 
a working solution was mixed in cultured wells and then incu-
bated for 4 h. The colored insoluble crystals of formazan were 
formed during the period for which the sample was incubated. 
It was then solubilized by adding a solubilizing agent to each 
well (Zhang et al. 2007) and measured by spectrophotometry 
at 570 nm.

[3H]‑thymidine uptake

3H-thymidine treatment in cell cultures is used to access the 
proportionality of DNA synthesis. 21 × 105 cells were scattered 
into the plates of 24 wells. These cell cultures were then given 
with various dilutions of nimesulide. After 0, 24, and 48 h of 
incubation, 1 μCi [3H]-thymidine was adjoined to every plate 
and then incubated for another 6 h at 37 °C, and the cultured 
cells were then nurtured onto a glass fiber filter mat by a cell 
harvester. Incorporation of 3H-thymidine was calculated with 
TM scintillation counter (1450 Microbeta). The assays were 
repeated two times and mean CPM values were analyzed 
(Rumi et al. 2001).

Statistical analysis

The final data were calculated as mean ± SEM (standard error 
mean). The significance of results among more than two 
groups was examined via one-way ANOVA and then Stu-
dent’s t test was applied using software (Graph Pad, Prism 
5.0). The differences of (p < 0.05) were taken to be significant 
statistically.
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Results

Animal weight

The groups which received DENA showed significant 
drop in their body weight as compared to NC animals. In 
DENA + nimesulide group and nimesulide only treated 
group, the body weights were increased considerably 
when compared to disease control animals (Table 1).

Blood glucose

Animals of disease control group displayed considerable 
lowering of blood glucose level in comparison to NC ani-
mals. Such major alterations were not found in the blood 
glucose levels of DENA + nimesulide and nimesulide only 
groups when compared to DENA-treated animals (Table 1).

Albumin (ALB)

In DENA-treated animals, the level of albumin declined 
drastically (p < 0.001) as compared to NC. However, 
DENA + nimesulide groups of different dose showed 
slight rise in the albumin levels. In the nimesulide only 
treated rats, there was no alteration in ALB level as com-
pared to NC (Table 1).

Total protein (TPR)

Disease control groups revealed a significant reduction in 
TPR levels when assessed against NC. Nimesulide increased 
the level of TPR dose dependently as compared to the DENA 
Control animals. Group-IV displayed a significant decline in 
TPR levels when compared to NC (Table 1).

Alanine transaminase/serum glutamate pyruvate 
transaminase (ALT/SGPT)

DENA-treated animals revealed substantial elevation in the 
levels of ALT when assessed against NC animals, while 
DENA + nimesulide group animals with increased dose 
showed remarkable normalization of SGPT levels in com-
parison to DENA control animals. SGPT levels of nime-
sulide only treated group remained near the normal value 
(Table 2).

Serum glutamate oxaloacetate transaminase/
aspartate transaminase (SGOT/AST)

Levels of serum AST were significantly elevated 
(p < 0.001) in diseased animals when contrasted with NC. 
DENA + nimesulide and nimesulide only treated groups 
exhibited depression in SGOT levels towards normal value 
when compared to the diseased animals (Table 2).

Serum alkaline phosphatase (ALP)

There was a substantial decline in ALP levels in 
DENA + nimesulide group animals with increased dose 
when analyzed against DENA control while the levels 
remained unaltered in the nimesulide only treated rats 
(Table 2).

Gamma‑glutamyltranspeptidase (GGTP)

No significant alteration was found in GGTP levels in the 
disease control when equaled to NC. In DENA + nime-
sulide group animals at the different dose, the amount of 
GGTP substantially improved when matched to disease con-
trol. There were no major changes observed in the level of 
GGTP in the nimesulide only treated rats as compared to 
NC (Table 2).

Table 1   Effect of various pharmacological interventions on body weights, total proteins, and blood glucose of animals

Values are expressed as mean ± SEM, (N = 6)
** p < 0.01, as compared to Normal control group
*** p < 0.001, as compared to Normal control group
a p<0.001, as compared to vehicle control
b p<0.01, as compared to DENA control

Groups Body weight (g) Total protein (mg/dL) Blood glucose (mg/dL) ALB (mg/dL)

Normal control 125.11 ± 2.71 6.90 ± 0.52 66.33 ± 2.09 3.91 ± 0.02
DENA control 112.23 ± 4.23 2.93 ± 0.70a/** 55.43 ± 5.33a/*** 1.97 ± 0.08a/***

DENA + nimesulide (2 mg/kg) 89.92 ± 3.41 3.88 ± 0.99b/*** 66.60 ± 4.54b/*** 2.48 ± 0.09b/**

DENA + nimesulide (6 mg/kg) 91.14 ± 2.11 4.18 ± 0.39b/*** 65.14 ± 2.86b/*** 2.71 ± 0.18b/**

DENA + nimesulide (9 mg/kg) 93.46 ± 2.39 4.20 ± 0.46a/*** 66.99 ± 2.68a/*** 2.74 ± 0.21b/**

nimesulide only 112.18 ± 3.01 5.93 ± 0.70a/** 67.67 ± 3.14a/*** 3.91 ± 0.21a/***



Antineoplastic influence of nimesulide in chemically induced hepatocellular carcinoma by…

1 3

Total bilirubin (TBR)

TBR levels remained unaltered in every group (Table 2).

Serum α‑feto protein (AFP)

DENA-controlled animals exhibited remarkable elevation 
in the serum level of AFP (p < 0.05) when compared to NC. 
The concentration of serum AFP in DENA + nimesulide 
groups was around the normal values (Table 2).

Lipid profile

In DENA control animals, the levels of TC and TG were 
significantly elevated whereas it was decreased in case of 
HDL as compared to NC. These parameters were maintained 
towards the normal levels by different treatment groups of 
nimesulide dose dependently and there were no altera-
tions found the lipid profile of nimesulide only treated rats 
(Table 3).

Histopathological study

The sections of hepatic tissues of NC group exhibited typi-
cal histology with discreet central veins; no evidence of 
hepatocellular injury, fibrosis, or malignancy was detected. 
In DENA control animals, massive necrosis and inflamma-
tory insinuate were encircling the central veins, revealing 
the clusters of the necrotic liver cell along with portal tract 
having pronounced atypia and overgrowth of the bile duct. 
The pleomorphic behavior of hepatic cells was seen and 
they were clustered in a group of 2–8 cells; broad trabecu-
lae were separated with sinusoidal spaces which in turn 
were layered by endothelial cells. Dilation in blood vessels 
was seen in the different DENA + nimesulide groups. The 
slight proliferation of bile duct was witnessed along with 
intrusion of intra-acinar inflammatory cells. The section 
of liver tissue from the nimesulide only treated group was 
spotted with normal structural design and without necrosis 
(Fig. 1).

Table 2   Effect of nimesulide on serum SGOT, SGPT, ALP, GGTP, and TB of animals

Values are expressed as mean ± SEM, (N = 6)
** p < 0.01, as compared to Normal control group
*** p < 0.001, as compared to Normal control group
a p<0.001, as compared to normal control
b p<0.01, as compared to disease control

Treatment SGPT (IU/L) SGOT (IU/L) ALP (IU/L) GGTp (IU/L) Total bilirubin (IU/L) AFP (ng/dL)

Normal control 055.43 ± 0.43 52.23 ± 2.054 06.13 ± 0.51 1.26 ± 0.09 0.65 ± 0.03 25.14 ± 1.38
DENA control 072.71 ± 2.05a/*** 75.83 ± 2.784a/*** 11.13 ± 0.23a/*** 3.53 ± 0.51ns 1.41 ± 0.47ns 289.11 ± 25.11b/***

DENA + nimesulide (2 mg/
kg)

103.51 ± 2.01b/*** 62.17 ± 2.03b/*** 06.89 ± 0.65b/*** 1.12 ± 0.67b/* 0.42 ± 0.07ns 49.13 ± 1.99a/***

DENA + nimesulide (6 mg/
kg)

71.35 ± 1.29b/*** 60.28 ± 1.27a/*** 06.11 ± 0.48a/*** 1.23 ± 0.55b/* 0.45 ± 0.09ns 45.51 ± 1.59b/***

DENA + nimesulide (9 mg/
kg)

63.29 ± 1.38b/*** 58.38 ± 1.56b/*** 06.20 ± 0.45b/*** 1.19 ± 0.39b/* 0.49 ± 0.08ns 39.46 ± 1.67b/***

nimesulide only 037.58 ± 1.39a/*** 49.55 ± 2.2a/*** 05.65 ± 0.23a/*** 0.62 ± 0.07ns 0.41 ± 0.01ns 31.22 ± 0.29b/*

Table 3   Effect of nimesulide on 
serum lipid parameters

Values are expressed as mean ± SEM, (N = 6)
** p < 0.01, as compared to Normal control group
*** p < 0.001, as compared to Normal control group
a p<0.001, as compared to normal control
b p<0.01, as compared to DENA control

Groups TC (mg/dL) TG (mg/dL) HDL (mg/dL)

Normal control 092.25 ± 2.74 35.18 ± 0.60 32.71 ± 1.24
Disease control 036.50 ± 3.44b/*** 97.23 ± 2.14a/** 11.52 ± 0.94a/***

DENA + nimesulide (2 mg/kg) 89.56 ± 2.49a/*** 56.67 ± 2.22b/*** 20.96 ± 1.1b/***

DENA + nimesulide (6 mg/kg) 90.12 ± 1.67b/*** 50.14 ± 1.06b/*** 25.45 ± 1.2b/***

DENA + nimesulide (9 mg/kg) 91.45 ± 1.79b/*** 48.38 ± 1.31b/*** 28.56 ± 1.3b/***

Nimesulide only 86.67 ± 4.13a/*** 44.61 ± 2.92a/** 33.84 ± 1.32b/***
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Fig. 1   Histopathological studies showing normal (a), DENA-treated 
(b), DENA + nimesulide 2  mg/kg (c), DENA + nimesulide 6  mg/
kg (d), DENA + nimesulide 9 mg/kg (e), and nimesulide control (f). 

*Arrows indicating the centrilobular necrosis, hepatocyte ballooning, 
and infiltration of inflammatory cells, respectively, in DENA-treated 
rats
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Antioxidant estimation

Superoxide dismutase (SOD)

In the diseased group, the SOD level was tremendously 
declined when equated with NC. While in the different 
groups treated dose dependently with nimesulide and nime-
sulide only treated animals, the SOD concentration was 
remarkably increased when compared to DENA-treated 
animals (Table 4).

Catalase

The DENA-administered animals exhibited major decline in 
the levels of catalase in comparison to NC, while the dose-
dependent treatment of DENA + nimesulide group animals 
showed significant restoration of catalase levels when com-
pared to DENA-treated animals. The concentration of cata-
lase in nimesulide only treated group remained maintained 
towards the normal value (Table 4).

Lipid peroxidation (LPO)

In DENA-treated animals, the amount of LPO was remark-
ably increased as compared to the NC. While DENA + nime-
sulide group animals exhibited a significant decrease in LPO 
concentration when equated with DENA control animals 
(Table 4).

Glutathione peroxidase (GPx)

Diseased animals where DENA was administered showed 
a remarkable drop in the GPx level when compared to NC. 
However, DENA + nimesulide groups as well as nimesulide 
only administered animals depicted a significant increase in 
GPx level as compared with disease control group (Table 4).

Glutathione (GSH)

GSH was (p < 0.001) decreased drastically in DENA-treated 
rats as compared to NC. DENA + nimesulide group animals 
at different dose showed remarkable elevation (p < 0.001) 
in GSH concentration, while the only drug-treated animals 
exhibited stagnant concentration as in the NC (Table 4).

Nimesulide‑induced cell growth inhibition on HCC cells

The cytotoxic effect of nimesulide on HCC cells was inves-
tigated on BEL-7402 and HepG-2 cells which show over-
expression of COX-2 (Rahman et al. 2000). These were cell 
lines which were treated with different strengths of nime-
sulide for a period of 0, 24, and 48 h. Nimesulide (over 
1 µm) exhibited remarkable anticancer effects on these cells 
by diminishing the growth size. Cell viability was reduced 
significantly when the cells were treated with 10 µm nime-
sulide for 48 h (Fig. 2).

Nimesulide inhibits DNA synthesis

DNA synthesis inhibition induced by nimesulide was con-
firmed by the 3H-thymidine administration in every can-
cer cell lines after half an hour of drug incorporation. A 
major decline was observed in a dose-dependent manner 
after introduction of 3H-thymidine at all concentration in 
Hep-G2 and Bel-7402 cells. The data revealed that drug at 
a dose of 50 µm could hamper the production of DNA more 
significantly than 10 µm nimesulide affecting DNA synthe-
sis. Observations and obtained data advocate an idea that 
nimesulide plays a potential role in curbing the uncontrolled 
proliferation of hepatocellular carcinoma cells and has the 
cytotoxic effect (Fig. 3).

Table 4   Effect of nimesulide on antioxidant enzymes in DENA-induced hepatocellular carcinoma in rats

Values are expressed as mean ± SEM (n = 6)
Statistical significance p < 0.05
*p < 0.01, as compared to DENA-treated group
**p < 0.001, as compared to DENA-treated group
a p < 0.001, as compared to normal group

Group LPO (µM/mg protein) CAT (nmol/min/mL) SOD (U/mL) GPx (µmol) GST (U/min/mg protein)

Normal control 6.10 ± 0.71 1.00 ± 0.68 2.03 ± 0.50 8.04 ± 0.79 0.50 ± 0.03
DENA control 12.09 ± 1.59a 0.04 ± 0.53a 0.89 ± 0.83a 3.98 ± 0.75a 0.02 ± 0.12a

DENA + nimesulide (2 mg/kg) 8.72 ± 1.05** 0.85 ± 0.09** 1.25 ± 0.40** 6.05 ± 0.27** 0.30 ± 0.44**
DENA + nimesulide (6 mg/kg) 7.99 ± 0.98** 0.87 ± 0.18** 1.78 ± 0.61** 7.14 ± 0.46** 0.39 ± 0.61**
DENA + nimesulide (9 mg/kg) 7.11 ± 0.89** 0.91 ± 0.21** 1.99 ± 0.61** 7.49 ± 0.71** 0.43 ± 0.32**
Nimesulide only 7.02 ± 1.60** 0.48 ± 0.43* 0.99 ± 0.10* 5.52 ± 0.57* 0.17 ± 0.52**
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Discussion

Among the cancer incidences, liver carcinogenesis espe-
cially (HCC) has been ranked as the third most conven-
tional cause of mortality due to cancer (Parkin et al. 2001). 
DENA, a compound with potential to damage liver cells, 
is commonly used hepatotoxic for various animal models. 
Damage to the liver tissue is then confirmed by assessing 
the serum markers (such as AFP, ALP, ALT, and AST, 
etc.) in the DENA-administered animals. Raised level of 
AFP is indicative of cancerous condition which is further 
confirmed by histopathological studies (Sivaramakrishnan 

et al. 2008; Barbisan et al. 2003; Bansal et al. 2005; Yadav 
and Bhatnagar 2007).

The present protocol mentions significant alterations in 
the levels of enzymes: AFP, AST, ALT, and bilirubin, etc. 
in Wistar rats. Many researchers through extensive research 
studies have established that raised level of liver enzymes 
like ALP, AFP, GGT, AST, bilirubin, and other are detected 
only in conditions like hepatocellular damage (Plaa and 
Hewitt 1989; Al-Rejaie et al. 2009; Ghorab et al. 2009). 
The gradual drop in the level of glucose is also an indicative 
of liver impairment and a possible process of cancer devel-
opment, as cancer cells require more glucose as the cur-
rency for survival (Afzal et al. 2012). In the current research, 
concentration of glucose declined tremendously over time 
especially in disease control as compared to NC. It implies 
that the liver of the disease control group is necrotic and cell 
proliferation might have begun. While DENA + nimesulide 
groups at different dose displayed a significant elevation in 
the glucose level.

An increase in SGOT activity causes resorption of GSH 
by pre-neoplastic foci that augments cell multiplication 
and thus increases tumor production. Alpha feto proteins 
have been utilized by various investigators to confirm 
the occurrence of hepatocellular carcinoma in their early 
diagnosis (Ghorab et al. 2009). Nimesulide with increased 
dose tends to reinstate the concentrations of various liver 
enzymes including AFP significantly towards the normal 
controls and GGTP were also reduced at a substantial level 
(p < 0.01), suggesting that nimesulide possesses the abil-
ity to be a remedy for liver damage. These findings reveal 
the hidden potency of nimesulide that it can be utilized to 
develop the chemotherapeutic treatment. The level of choles-
terol increases remarkably in rapidly dividing cells (Bansal 
et al. 2005; Kaplan 1993). Recent literature also reveals that 
hiked level of cholesterol and TG are associated with the 
incidence of DENA-induced HCC in Wistar rats (Kaplan 
1993; Jiang et al. 2006). An elevated level of cholesterol is 
often accompanied with the fluidity of membrane, regula-
tion of its permeability, and alteration in the core viscidness 
of the cell along with its chemical constitution (Abel et al. 
2009). Our current research reveals the major elevation in 
the serum TG and cholesterol level after the administration 
of DENA in disease control group, DENA + nimesulide with 
different dose, and prophylactic group. The transformation 
may be due to the peroxidation of unsaturated lipids in the 
cell membrane through reactive oxygen species (Yadav and 
Bhatnagar 2007). Nimesulide (2 mg/kg)-treated groups 
revealed the remarkable decline in the serum level of TG 
and cholesterol in DENA-administered HCC rats, clearly 
suggesting the chemopreventive role of nimesulide.

Disease-controlled animals exhibited a significant ele-
vation in the levels of Direct Bilirubin when compared 
with NC. However, TBR concentration was considerably 

Fig. 2   Cell growth inhibition detected by MTT assay. After cells were 
treated with different concentrations of nimesulide, MTT assay was 
used to detect cell growth inhibition as described in Materials and 
methods. The inhibitory rate at 50 mM is much higher than that of 
lower concentrations of nimesulide (p < 0.01)

Fig. 3   Nimesulide-induced inhibition of DNA synthesis in hepato-
cellular carcinoma cell lines. Cells were treated with drug in a dose-
dependent manner ranging from 0.1 to 50  mM concentration. After 
24  h, a standard 3H-thymidine incorporation assay was performed. 
All values are given as ± SEM
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lowered when treated with nimesulide dose dependently, 
as compared to NC. Histopathological study in disease 
control group shows remarkable necrosis as well as exten-
sive inflammation around central veins intervening the 
cells. The tumor cells which resemble to the liver cells 
exhibit pleomorphism. The area is surrounded with the 
2–8 cells with varied trabeculae that are segregated by 
lined endothelium with sinusoidal spaces. However, in 
therapeutic-treated group which exhibited mild bile duct 
proliferation with no central veins, observation in photo-
graph suggests tumor suppressing nature of nimesulide 
with increased dose.

Literature data reveal that COX-2 signaling is associated 
with hepato-carcinogenesis and the drugs that inhibit the 
activity of COX-2 enzyme impede tumor growth in both 
in vitro as well as in the in vivo model. This finding paves a 
strategic breakthrough mechanism to counter and seize the 
tumor signaling as the drug targets directly COX-2 derived 
prostaglandin which in turn is responsible for the promotion 
of cell growth via Wnt-catenin pathway. The researchers also 
have claimed it to be the most effective approach to cut down 
the tumor burden. Chemopreventive activities of nimesulide 
are also confirmed by the inhibition of COX-2 signaling in 
conjunction with added growth monitoring alleyways like 
Met, EGFR, VEGF, iNOS, and polyunsaturated fatty acids. 
These pathways are anticipated to stipulate essential chemo-
therapeutic connotations (Wu 2006). The researchers have 
also informed the unique role of nimesulide in impeding 
PD-L1 surface manifestation observed in various breast can-
cer cell lines (Liang et al. 2009).

The free radicals like oxide anion [O], hydrogen perox-
ide [H2O2], and hydroxyl ion [OH] are produced by DENA 
through monooxygenase utilizing CYP450 are mainly 
responsible for damaging liver tissue. Increase in the level 
of ROS has been clearly linked with the activation of c-Myc 
oncogene manifestation (Vafa et al. 2002). The raised free 
radicals are generally countered by the available antioxi-
dants, a natural defense mechanism of the body. The list 
includes catalase, sodium dismutase, GPx, and glutathione 
(GSH/GST). Antioxidants levels that should be at the opti-
mum level to be active defense mechanism are the major 
requirement to balance the toxic-free radical and related 
injuries. In our study, these levels were restored in the treat-
ment groups as compared to NC (Shinya et al. 1995). Lipid 
peroxidation and its products are known to be involved in 
carcinogenesis. DENA induction may also decrease the 
level of stearic acid, arachidonic, linoleic acid, and also pal-
mitoleic and oleic acids; triacylglycerol could elevate the 
generation of reactive oxygen species (Muzio et al. 1999). 
The level of LPO was found to be elevated in disease con-
trol animals, while its level was found to be significantly 
decreased in therapeutic group confirming the scavenging 
activity of nimesulide.

The potential for nimesulide as an anticancer agent has 
been established in hepatocellular carcinoma cell lines. 
There is an ample evidence to confirm the crucial func-
tion of COX-2 in carcinogenesis (Liang et al. 2009), that 
briskly provoke and attract various cytokines and mutagens. 
Likewise, the availability of COX-2 can be easily deducted 
in various cancer cell lines. Based on this finding, we can 
say that COX-2 and its derived prostaglandins add to tumor 
growth in animal models by prompting DNA synthesis that 
endures tumor cell viability and development.

To tryout this hypothesis, we had assessed the inhibition 
of DNA synthesis within hepatocellular carcinoma BEL 
7402 and Hep G2 cell lines by nimesulide with 3H-thy-
midine incorporation. Both models develop a significant 
hepatocellular carcinoma when the tumors get to an extent 
larger than 1.5 cm in range. We found that nimesulide, hav-
ing in vitro selectivity for COX-2, was a very potent inhibi-
tor of DNA synthesis. Nimesulide inhibits tumor growth 
and size in a dose-dependent manner. The result confirms 
the effectiveness of the COX-2 blocker in hampering the 
synthesis of cancerous cells. It is worth mentioning that a 
comparable growth inhibitory effect of nimesulide could be 
achievable at a much low concentration (50 µM) in HCC 
cell lines.

The anticancer effect of nimesulide detected in both ani-
mal models in vitro and in vivo ameliorates their utilization 
in cancer treatment.

Conclusion

The above observations suggest that nimesulide, the inhibi-
tor of COX-2, hampers the multiplication of several ranges 
of cancer cells which are reliant on COX-2-mediated sign-
aling for progression of tumor growth and make it a wor-
thy compound for the development of the anticancer drug. 
Nimesulide with increased dose curb the tumor growth and 
reduce the biochemical markers which are raised in hepa-
tocellular carcinoma. This will certainly bring new hopes 
and major outlooks in the field of cancer that nimesulide, 
commonly available drug at the low price, is a chemo pre-
ventive drug to avert, slow down, or heal the incidence of 
HCC. In vitro results delivered potential mechanism for 
nimesulide provoked anticancer effect in HCC, revealing 
that COX-2 inhibitor nimesulide may be an effective and 
potential tool as an adjuvant for the remedy of liver cancer 
and as an immunosuppressant. The further investigation is 
required for confirming and establishing the mechanism of 
anticancer and for its clinical trials.
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