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ABSTRACT 

The present study aimed to evaluate the therapeutic effect of arsenic trioxide (AS₂O₃) and L-carnitine on hepatocellular carcinoma 
(HCC)-induced in rats using diethylnitrosamine (DENA) followed by carbon tetrachloride (CCL4). Fifty male (10-12 weeks old) Wistar 
albino rats were randomly assigned to five groups namely normal control, carcinogenic, cisplatin, AS₂O₃ and L-carnitine groups. 
Assessed biomarkers included serum alkaline phosphatase (ALP), total bilirubin (tBil), alanine transaminase (ALT), aspartate 
transaminase (AST), albumin and total protein as hepatocyte integrity parameters, serum tumor marker alpha-fetoprotein (AFP), 
hepatic malondialdehyde (MDA), glutathione reduced (GSH) and superoxide dismutase (SOD) as oxidative stress biomarkers. 
Histopathology and immunohistochemistry of P53 were also conducted. AS₂O₃ and L-carnitine significantly improved hepatic 
functions as indicated by significant reduction in serum ALP, tBil, ALT and AST. In addition, L- carnitine attenuated oxidative stress 
biomarkers. Histopathological and immunohistochemistry P53 findings strongly supported results of biochemical estimations. AS₂O₃ 
and L-carnitine have therapeutic effect on HCC- induced in rats; possibly through enhancement of tumor cells apoptosis by AS₂O₃ 
and protective effect of mitochondria by L-carnitine.  

Keywords: Diethylnitrosamine, Carbon tetrachloride, Hepatocellular carcinoma, Cisplatin, Arsenic Trioxide, L-carnitine. 

 
INTRODUCTION 

arcinogenesis of hepatic tissues occurs through two 
main mechanisms: (a) cirrhosis associated with 
hepatic regeneration after tissue damage caused 

by hepatitis infection, toxins or metabolic influences, and 
(b) mutations occurring in single or multiple oncogenes or 
tumor suppressor genes. Both mechanisms have been 
linked with survival, differentiation, inflammation and 
angiogenesis1. 

Arsenic trioxide (AS₂O₃) is a Food and Drug 
Administration–approved treatment for refractory acute 
promyelocytic leukemia (APL) and has shown preliminary 
activity in patients with relapsed/refractory multiple 
myeloma2. Several mechanisms of action have been 
proposed for AS₂O₃ activity, including induction of 
apoptosis mediated by reactive oxygen species, 
promotion of cellular differentiation, and inhibition of 
angiogenesis3. AS₂O₃ has also been shown to reduce 
migration and invasion of cervical and ovarian cancer cells 
in vitro4 .Preclinical studies of AS₂O₃ have shown 
antitumor activity in murine solid tumor models, including 
breast, brain, liver, gastric, prostate, renal, and bladder 
cancer5, 6. 

L-carnitine (LC) is a naturally occurring compound, it is 
available from the diet or synthesized endogenously by 
skeletal muscle, heart, liver, kidney, and brain, or can be 
given as a nutritional supplement7 . It is primarily located 
in mitochondria and possess potential protective effects 
against many mitochondrial toxic agents8. 

L- carnitine  is required for the transfer of long-chain fatty 
acids from the cytosol into the mitochondria of skeletal 
muscle and cardiomyocytes during the beta-oxidation of 
lipids for the generation of energy9. It has the capacity to 
control carbohydrate metabolism and to maintain cell 
membrane structure and cell viability, and it is a cofactor 
in the oxidation of long-chain fatty acids10. It also affects 
several key enzymes involved in protein and lipid 
metabolism11.In addition, LC is a substance that can act as 
an antioxidant and free radical scavenger12 .  

Cisplatin is one of the principal platinum-derived 
chemotherapeutic agents to treat. In recent years, several 
studies demonstrated that cisplatin-induced cytotoxicity 
is closely related to increased ROS generation13,14. 
Cisplatin rapidly accumulates in mitochondria and 
deteriorates the mitochondrial structure and metabolic 
function15. This leads to significant changes in the 
metabolites level related to the tricarboxylic acid cycle 
(TCA cycle) and glycolysis pathway16,17. However, the 
precise mechanism of cisplatin-induced metabolic toxicity 
remains elusive. 

Based on these findings, the present investigation aims to 
evaluate the possible therapeutic effect of arsenic 
trioxide and L-carnitine in comparison with cisplatin, on 
hepatocellular carcinoma induced in rats using DENA 
followed by CCL₄. To achieve this goal serum ALP, tBil, 
ALT, AST, albumin, total protein and AFP were estimated. 
Hepatic oxidative stress biomarkers, MDA, GSH and SOD 
were also measured. Moreover, Histopathology and 
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immunohistochemistry of P53 were also applied to 
confirm the laboratory findings.  

MATERIALS AND METHODS 

Animals 

Male Wistar albino rats weighing 180-200g of the same 
age were obtained from animal house, Faculty of 
Veterinary Medicine, Cairo University (Cairo, Egypt). Rats 
were housed in well ventilated opaque propylene cages 
with free access to standard diet pellets and tap water 
and were maintained at 22±2◦C under light and dark cycle 
Animals were allowed to acclimatize for one week prior to 
the study. All animal handling and experimental 
procedures were conducted according to the guidelines 
for Laboratory Animal Center of Faculty of Pharmacy, 
Beni-Suef University. The experiments were performed 
with the permission of the Animal Ethics Committee of 
Faculty of Pharmacy, Beni-Suef University. 

Drugs, Chemicals and Reagent kits 

Carbon tetrachloride, diethylnitrosamine and arsenic 
trioxide were purchased from Sigma Chemical Company 
(St Louis, MO, USA). L-carnitine and cisplatin were 
obtained from El Azaby pharmacy (Giza, Egypt). All other 
chemicals were obtained from certified local sources and 
were of analytical grade.  

ALP, tBil, ALT, AST, albumin and total proteins kits were 
obtained from Bio Diagnostic Company (Cairo, Egypt). AFP 
ELISA kit was purchased from Wkea Med Supplies 
Company (China). 

Experimental Design 

Fifty male Wistar albino rats weighing 180–200 g (10–12 
weeks old) were used. The animals were divided into five 
groups with 10 animals in each group as follows: 

Group I, this group served as negative control group and 
received only vehicles. 

The other four groups were given a single IP injection of 
DENA (200 mg/kg b.wt.) then after two weeks received a 
weekly SC. injection of CCL₄ (3 ml/kg b.wt.) for six 
consecutive weeks. 

Group II, this group received DENA followed by CCL₄ and 
served as carcinogenic group. 

Group III, Rats were treated with cisplatin (5 mg/kg, I.P.) 
for four weeks started after induction of HCC18. 

Groups IV, Rats received   L-carnitine (1g/kg/ day, P.O) for 
four weeks after induction of HCC19. 

Groups V, this group received arsenic trioxide 
(1mg/kg/day, I.P.). After two weeks, administration was 
changed to twice a week and the total time of drug 
administration was four weeks 20. 

Blood collection and processing of the samples 

At the end of the experimental period (12 weeks), blood 
samples were collected from the retro-orbital venous 

plexus of rats under light anesthesia. Blood was collected 
in clean test tubes, allowed to clot, then centrifuged for 
10 minutes at 4000 r.p.m. Serum was separated and 
stored at -20 °C to be used for determination of liver 
function parameters including ALP, tBil, ALT, ALP, 
albumin, total protein, and AFP. After collection of blood 
samples, rats were immediately sacrificed by cervical 
dislocation and their livers were immediately removed, 
and were divided into 2 parts; the first parts were kept at 
-80 °C for estimation of SOD, MDA and GSH levels.  

The second parts were preserved in phosphate buffered 
formalin 10% for further histopathological investigation 
and immunohistochemical analysis for P53.  

 Assessment of Biochemical Parameters 

Serum ALP, tBil, ALT and AST activities were measured 
using diagnostic kits as described by manufacturer's 
instructions according to the principles described 
before21-23. Serum albumin concentration was estimated 
using Albumin Assay Kit according to the instructions of 
the supplier. Total proteins were determined according to 
the methods described previously by24 . Hepatic MDA and 
GSH content were measured  according to the methods  
of Albro et al.,(1986)25. and Ellman (1959)26 respectively. 
Hepatic  SOD  was assayed according to  the method of  
Marklund and Marklund (1974)27.AFP was measured 
using ELISA diagnostic kits as described by manufacturer's 
instructions according to the principle of Gibbs et 
al.,(1987)28.  

Histopathological Examination  

Liver tissue specimens were fixed in 10% neutral buffered 
formalin. The fixed specimens were then trimmed, 
washed and dehydrated in ascending grades of alcohol, 
cleared in xylene, embedded in paraffin, sectioned at 4-
6U thickness and stained by hematoxylin and eosin (H&E). 

Immunohistochemical Staining for p53  

The selected paraffin blocks for immunohistochemical 
staining were sectioned at 5 μm and stained with 
monoclonal antibodies P53 according to the method 
described previously29 .Each section was counted 
manually at high power (X400) after identifying at low 
power (X100) their presentative areas with the highest 
concentration of stained cells according to the 
recommendation of Cohen et al30.  About 1000 cells/slide 
were counted in each of five microscopic fields from well-
labeled areas to determine the average of P53 labeling 
index. P53 was expressed as the number of labeled cells 
(positive staining) as a percentage of the total number of 
cells counted in each specimen. All identifiable staining 
was regarded as positive.             

Statistical Analysis 

Data were presented as mean ± SEM. Statistical analysis 
of the data was carried out using one way analysis of 
variance (ANOVA) followed by Tukey-Karmer multiple 
comparisons test for post hoc analysis. Statistical 
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significance was acceptable to a level of p < 0.05. Data 
analysis was accomplished using the Statistical Package 
for Social Sciences (SPSS) software program (version 20). 

RESULTS 

Effect of Treatments on Hepatocytes Injury Biomarkers 

As shown in table 1, carcinogenic group showed a 
significant increase in serum ALP, tBil, AST and ALT levels, 
On the other hand there was no significant change in 
serum albumin and total protein levels in comparison 
with negative control group. Rats treated with CP, AS₂O₃ 
or L-carnitine showed significant reduction in serum 
levels of ALP, tBil, AST and ALT when compared to 
carcinogenic group.  

Effect of treatments on oxidative stress biomarkers 

Carcinogenic group displayed significant elevation of 
hepatic MDA level coupled with significant reductions of 
hepatic GSH and SOD levels. Rats treated with L-carnitine 
revealed significant correction of all oxidative stress 
biomarkers in comparison with non-treated group. CP and 
AS₂O₃ treated groups didn’t show any significant change 
in hepatic MDA, GSH and SOD levels (Table 2). 

Effect of Treatments on Tumor Marker (Alpha-
fetoprotein) 

As shown in Table 3, HCC was associated with significant 
increase in AFP level as compared to normal control 
group. CP, AS₂O₃ and L-carnitine significantly reduced 
alpha fetoprotein level as compared to the carcinogenic 
group.   

Histopathological Findings 

Normal control group 

Liver showed normal hepatic lobules which are made up 
of radiating strands of polyhedral hepatocytes vertical to 
central vein with bile canaliculi between adjacent 
hepatocytes in the plate. Sinusoids lined by a 
discontinuous layer of fenestrated endothelial cells Fig. 
(1A). 

Carcinogenic group 

Morphologically hepatocellular carcinoma appeared as 
multifocal, widely distributed nodules of variable size and 
shapes which embedded in hepatic parenchyma.  

Histopathological alterations of liver sections were shown 
obvious fatty degeneration with eccentric nuclei. Some 
nuclei of hepatic cells were apparently hyperchromatic 
and displayed some features of pyknosis. Leukocytic 
infiltration was clearly visible in these group Fig. (1B). 
Focal neoplastic cells were polyhedral to round with 
dense, centrally located vesicular nuclei. Hepatocellular 
carcinomas range from well-differentiated to highly 
anaplastic undifferentiated lesions. In well and 
moderately differentiated carcinoma, cells that are 
recognizable as tissue of origin are disposed either in a 
trabecular pattern or in pseudoglandular pattern Fig. (1C). 

poorly differentiated tumor cells showed pleomorphic 
and numerous anaplastic giant cells were also observed. 
Fig. (1D). 

Cisplatin group 

Histopathological findings of liver revealed swelling and 
vacuolation of hepatocytes. The nuclei appeared 
vesiculated with prominent nucleoli. Few mitotic figures 
and hyperplasia of kupffer cells were noticed. 
Disorganization of hepatic plates that invaded by delicate 
fibrous connective tissue trabeculae infiltrated with 
lymphocytes and macrophages were seen. Fig. (1E). 

Arsenic trioxide group 

Histopathological findings of this group revealed 
degeneration changes appeared in form of swelling of 
hepatocytes. Apoptosis of tumor cells displayed as 
eosinophilic bodies scattered between malignant 
hepatocytes which showed few mitotic figures with clear 
pleomorphism. The connective tissue stroma infiltrated 
with mononuclear cells mainly lymphocytes and 
macrophages. Fig. (1F).       

L-carnitine group 

Histopathological findings of liver revealed degenerative 
changes including swelling and fatty cysts. Focal necrotic 
areas scatted in the hepatic lobules which infiltrated with 
mononuclear cells mainly lymphocytes and macrophages. 
Giant multinucleated cells were seen in little number. 
Mitotic figures were more prominent than that treated 
with cisplatin. Pleomorphism of nuclei with clearly 
numerous karyomegaly with peripheral condensation of 
its chromatin was observed. Fig. (1G). 

Immunohistochemistry study 

P53 immunohistochemical expression of normal control 
group showed very weak immunostained (less than 5% 
stained nuclei) Fig. (2A). On the otherside carcinogenic 
group showed very strong immunostained (more than 
60% stained nuclei) Fig. (2B). Group treated with cisplatin 
showed positive stain in few numbers of hepatocytes 
nuclei (less than 25% stained nuclei) Fig. (2C). Group 
treated by arsenic trioxide showed positive stain of little 
number of hepatic nuclei (less than 30% stained nuclei) 
Fig. (2D). Liver of group treated with L-carnitine showed 
positive stain in numerous numbers of hepatocytes nuclei 
(more than 40% stained nuclei) Fig. (2E). 

DISCUSSION 

The present study aimed to investigate the protective 
effects of arsenic trioxide and L carnitine against DENA 
and CCL₄ induced HCC in rats. 

In the present investigations, rats treated with DENA and 
CCL₄ showed significant histological and biochemical 
variations, reflecting the instability of liver cell 
metabolism in addition to distinctive changes in serum 
enzyme activities and AFP (the relevant tumor marker). 
DENA is known to cause perturbations in the nuclear 
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enzymes involved in DNA repair/replication and is 
normally used to induce liver cancer in animal models31.  
It is also known that the pathological effects of DENA in 
the liver is mainly due to its degradation products, either 
the carbonium ion or the diazoalkane. These two reactive 
metabolites may react with some vital compounds of the 
liver, such as DNA or proteins, by alkylation32. 

Induction of hepatocellular carcinoma by DENA and CCL₄ 
significantly increased serum ALP, tBil, and AST and ALT 
levels. It is well known that serum levels of AST, ALT, ALP, 

tBil are indicative for hepatic function and their increase 
is correlated with the hepatic injury and the disturbance 
in hepatocytes membrane instability and metabolism33. 
The increase of ALT and AST serum levels are specific to 
hepatocellular disturbance34. It is well established that 
ALT level signifies the presence of active disease35 and  is 
credited to hepatocellular damage and reflects the 
pathological alteration in biliary flow36. 

 

Table 1: Effect of treatments on hepatocytes injury biomarkers 

Data were expressed as mean ± SEM (n = 6); Multiple comparisons were done using one-way ANOVA followed by Tukey-Karmer as post ANOVA test; ᵃ 
Significantly different from normal control group at p < 0.05.; ᵇ Significantly different from carcinogenic control group at p < 0.05.; ᶜ Significantly 
different from cisplatin treated group at p < 0.05. 

Table 2: Effect of Treatments on oxidative Stress Biomarkers 

 

 

 

 

 

Data were expressed as mean ± SEM (n = 6).; Multiple comparisons were done using one-way ANOVA followed by Tukey-Karmer as post ANOVA test.; ᵃ 
Significantly different from normal control group at p < 0.05.; ᵇ Significantly different from carcinogenic control group at p < 0.05. 

Table 3:  Effect of Treatments on Tumor Marker (Alpha-Fetoprotein) 

Data were expressed as mean ± SEM (n = 6).; Multiple comparisons were done using one-way ANOVA followed by Tukey-Karmer as post ANOVA test.; ᵃ 
Significantly different from normal control group at p < 0.05.; ᵇ Significantly different from carcinogenic control group at p < 0.05. 

Parameters 

Groups 
 
 Normal 

Control 
Carcinogenic 

Control 
Cisplatin AS₂O₃ L-Carnitine 

ALP 
(U/L) 

218.0 
± 20.86 

432.2 
± 16.48ᵃ 

224.3 
± 21.88ᵇ 

237.2 
± 22.38ᵇ 

332.2 
± 33.16ᵃᵇᶜ 

tBil 
(mg %) 

0.07 
± 0.01 

0.14 
± 0.01ᵃ 

0.10 
± 0.01ᵃ b 

0.11 
± 0.01ᵃb 

0.11 
± 0.01ᵃ b 

ALT 
(U/ml) 

47.40 
± 4.61 

128.67 
± 2.98ᵃ 

52.00 
± 3.94ᵇ 

48.00 
± 4.68ᵇ 

45.00 
± 2.89ᵇ 

AST 
(U/ml) 

126.60 
± 10.38 

263.00 
± 6.27ᵃ 

173.60 
± 13.72ᵇ 

 
 
 
 
 

166.70 
± 15.30ᵇ 

164.50 
± 12.24 

Albumin 
(g/dl) 

3.56 
± 0.09 

3.33 
± 0.13 

3.37 
± 0.17 

3.23 
± 0.23 

3.33 
± 0.15 

Total protein 
(g/dl) 

7.14 
± 0.27 

6.90 
± 0.13 

6.87 
± 0.37 

6.72 
± 0.37 

6.45 
± 0.33 

Parameters 
 

Groups 

Normal control 
Carcinogenic 

control 
Cisplatin AS₂O₃ L-carnitine 

MDA 
(nmol/g) 

7.86 ± 0.20 14.04 ± 0.82ᵃ 11.83 ± 0.63ᵃ 13.92 ± 0.63ᵃ 8.26 ± 0.28ᵇ 

GSH 
(μmol/g) 

7.98 ± 0.57 3.33 ± 0.16ᵃ 4.65 ± 0.15ᵃ 4.22 ± 0.29ᵃ 7.02 ± 0.37b 

SOD 
(U/mg protein) 

142.4 ± 7.24 106.9 ± 1.36ᵃ 112.3 ± 1.93ᵃ 109.4 ± 4.74ᵃ 135.4 ± 5.27 b 

Parameters 
Groups 

Normal control Carcinogenic Control Cisplatin AS₂O₃ L-carnitine 

AFP(μg/L) 1.25 ± 0.03 4.67 ± 0.17ᵃ 2.30 ± 0.06ᵇ 2.50 ± 0.289b 2.37 ± 0.260ᵇ 
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ALP is a liver function enzymes that related to the 
membrane lipid in canalicular ducts. Its increase in serum 
reflects the biliary flow disturbance and thus the extra or 
intra-hepatic interference with the bile flow leads to 
elevation of ALP serum levels33. Moreover, Pancoska et al. 
(2011) showed that ALP levels are elevated in association 
with small tumors and further increases with increasing 
tumor mass37 and thus ALP can be  used as a specific 
tumor marker during diagnosis in the early detection of 
cancer.  

In the current study, the observed increase in serum 
indices of liver function due to DENA and CCL₄ 
administration could be a secondary event following lipid 
peroxidation of hepatocyte membranes, with a 
consequent increase in the leakage of enzymes from liver 
tissues. An elevated level of serum indices of 
hepatocellular damage has been previously reported in 
many models of DENA-induced hepatocellular 
degeneration36, 38,39. 

 

 

Figure 1: Histopathological examination of liver sections 

Photomicrographs of rat liver sections stained with hematoxylin and eosin A: Normal control group 
(showing normal hepatic lobule). B-D: Carcinogenic control group (B: showing fatty degeneration with 
eccentric nuclei. C: showing focal pleomorphic neoplastic cells with dense, centrally located vesicular nuclei. 
D: showing numerous anaplastic giant cells). E: Cisplatin group (showing few mitotic figures and hyperplasia 
of kupffer cells).  F: Arsenic trioxide group (showing eosinophilic bodies scattered between malignant 
hepatocytes). G: L-carnitine group (showing focal necrotic areas infiltrated with mononuclear cells and 
mitotic figures) (H&EX200).  

 

Figure 2: Immunohistochemical examination of liver sections 

Immunohistochemistry of P53 in rat’s liver section. A: Normal control group showing very weak immunostained (less 
than 5% stained nuclei) B: Carcinogenic control group showing very strong immunostained (more than 60% stained 
nuclei). C: Cisplatin group showing positive stains in few numbers of hepatocytes nuclei (less than 25% stained nuclei).  D:  
Arsenic trioxide group showing positive stains of little number of hepatic nuclei (less than 30% stained nuclei). E: L- 
carnitine group showing positive stains in numerous numbers of hepatocytes nuclei (more than 40% stained nuclei) 
(X200). 

 

E F G 

A B C D 
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The decrease of ALT, AST, ALP and tBil serum levels in 
AS2O3 rats may be attributed to the decrease of cellular 
damage33,40. The effect of L carnitine could be due to 
stabilization of hepatocyte membranes with the 
consequent decrease in the leakage of liver enzymes. The 
interaction of L-carnitine with sarcolemmal phospholipids 
and mitochondrial membranes has been previously 
reported34. 

Oxidative stress, an imbalance between generation of 
reactive oxygen species and antioxidant defense 
mechanisms, predisposes to hepatocarcinogenesis and 
drives HCC in chronic liver ailments41. Increased oxidative 
stress biomarkers and depletion of enzymatic and non-
enzymatic antioxidants have been reported in cancer 
patients and other human diseases42, 43. 

Data from this study revealed that administration of 
DENA followed by CCL₄ significantly increased hepatic 
MDA and SOD levels and significantly decreased hepatic 
GSH level. The contribution of oxidative stress during 
development of hepatocarcinogenesis and promotion of 
liver cancer has been recently confirmed44,45. It is well 
documented that, DENA induces hepatic dysfunction 
through the induction of disturbances in antioxidant 
defense systems, increases the reactive oxygen species 
(ROS) and membrane lipid peroxidation and consequently 
vital bio-membranes damage .It has been reported that 
ROS play a major role in tumor promotion through 
interaction with critical macromolecules including lipids, 
DNA repair systems and other enzymes46.  Furthermore, 
CCL₄ is well known to generate peroxy and superoxide 
radicals which are associated with the inactivation and 
loss of  antioxidant mechanism in animals against 
oxidative stress47. 

Our data showed that AS₂O₃ didn’t significantly alter 
hepatic MDA, SOD and GSH activities when compared to 
HCC group This comes in consistent with previous studies 
which showed that Several mechanisms of action have 
been proposed for AS₂O₃ activity, including induction of 
apoptosis mediated by reactive oxygen species2,3,48. 
Furthermore, arsenic trioxide produces this action by 
binding protein thiols groups and non-protein thiols such 
as glutathione (GSH)49. It also regulates the activity of 
superoxide dismutase (SOD), glutathione peroxidase 
(GSH-Px), glutathione reductase (GR) and catalase50. 

On the other hand, the present study demonstrated that 
administration of L-carnitine completely reversed the 
increase in MDA and SOD and the decrease in GSH 
induced by DENA in liver tissues. Our results are 
consistent with previous studies that have reported that 
L- carnitine has non-enzymatic free-radical scavenging 
activity51,52. L carnitine might also have the activity to 
improve energy metabolism and repair oxidized 
membrane/lipid bilayers. Thereby suppressing the release 
of free electrons from mitochondrial electron transport 
systems, a prerequisite reaction to generate free radicals. 
The molecular mechanism by which L-carnitine 

suppressed hepatic injury and eventually 
hepatocarcinogenesis should be studied further.    

Alpha fetoprotein is a fetal specific glycoprotein secreted 
from fetal liver and yolk sac, rapidly falls few weeks after 
birth53. AFP is the most important serum marker for 
diagnosis of HCC54. The present study demonstrated that 
AFP level was elevated in HCC proving the occurrence of 
premalignant liver changes in DENA treated rats. In the 
same line of our results Borges et al. and Yeo et al.  who 
reported that, AFP serum level had been elevated in 
DENA treated rats55, 56.Treatment with AS₂O₃ or L-
carnitine showed an ameliorative effect on AFP 
suggesting an antitumor activity against HCC. 

The present work was further supported by 
histopathological study. Rats injected with DENA followed 
by CCL₄ showed many lesions which manifested the 
characteristic of malignancy, severe damaged 
hepatocytes with extensive cytoplasmic vacuolization and 
hydropic degeneration. Hepatocellular carcinomas range 
from well-differentiated to highly anaplastic 
undifferentiated lesions. In well and moderately 
differentiated tumors, cells that are recognizable as 
hepatocytic in origin are disposed either in a trabecular 
pattern or in pseudoglandular pattern. In poorly 
differentiated forms, tumor cells showed a pleomorphic 
appearance with numerous anaplastic giant cells. Similar 
findings have been reported previously40. Treatment of 
rats with arsenic trioxide or L-carnitine showed signs of 
protection against HCC to a considerable extent. 

P53 is an important anticancer gene that is frequently 
mutated in cancers. Immunohistochemical demonstration 
of the p53 tumor protein may be useful in predicting 
prognosis of several types of cancer. The human p53 
tumor-suppressor gene, as a transcription factor, plays an 
important role in the regulation of the cell cycle, 
maintenance of genomic stability, cell differentiation, and 
apoptosis. The p53 gene is mutated in about 18–67% of 
hepatocellular HCC worldwide and plays an important 
role in the genesis or progression of HCC57,58.  

In The present study, P53 immunohistochemical 
expression of normal control group showed very weak 
immunostained nuclei. On the other side carcinogenic 
group showed very strong immunostained nuclei.Arsenic 
trioxide and L-carnitine groups showed positive stain in 
few numbers of hepatocytes nuclei. The p53 tumor-
suppressor gene has been shown to play a key role in the 
control of the cell cycle, the maintenance of genomic 
stability, cell differentiation and apoptosis. In certain 
conditions resulting in DNA damage, wild-type p53 is 
activated and results in either G1 arrest or apoptosis of 
cells. P53 exerts at least part of its function at the 
transcriptional level through sequence-specific DNA 
binding and/or interaction with other transcription 
factors59,60.  
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CONCLUSION 

AS₂O₃ and L-carnitine have therapeutic effect on HCC in 
experimental rats, mostly due to growth inhibition and 
apoptosis of malignant cells and protection of 
mitochondrial and cell membranes. AS₂O₃ is a more 
powerful than L-carnitine in comparison with cisplatin. 
These results are promising for further clinical trials on 
AS₂O₃ and L-carnitine on clinical cases of HCC in humans. 

REFRENCES 

1. Whittaker S, Marais R, Zhu AX, the role of signaling pathways in the 
development and treatment of hepatocellular carcinoma, 
Oncogene,29, 2010, 4989-5005. 

2. Berenson JR, Yeh HS. Arsenic compounds in the treatment of 
multiple myeloma: a new role for a historical remedy, 
Clin.Lymphoma Myeloma,7,2006 ,192-198. 

3. Baj G, Arnulfo A, Deaglio S, Mallone R, Vigone A, De Cesaris MG, 
Surico N, Malavasi F, Ferrero E, Arsenic trioxide and breast cancer: 
analysis of the apoptotic, differentiative and immunomodulatory 
effects,Breast Cancer Res.Treat.,73, 2002,61-73. 

4. Yu J, Qian H, Li Y, Wang Y, Zhang X, Liang X, Fu M,Lin C, Arsenic 
trioxide (As2O3) reduces the invasive and metastatic properties of 
cervical cancer cells in vitro and in vivo, Gynecol.Oncol. 106,2007, 
400-406. 

5. Chen Z, Chen GQ, Shen ZX, Sun GL, Tong JH, Wang ZY,Chen 
SJ,Expanding the use of arsenic trioxide: leukemias and beyond 
,Semin.Hematol, 39,2002,22-26. 

6. Dilda PJ, Hogg PJ,Arsenical-based cancer drugs,Cancer Treat.Rev. 
,33,2007,542-564. 

7. Caloglu M, Yurut-Caloglu V, Durmus-Altun G, Oz-Puyan F, Ustun F, 
Cosar-Alas R, Saynak M, Parlar S, Turan FN, Uzal C, 
Histopathological and scintigraphic comparisons of the protective 
effects of L-carnitine and amifostine against rad1`iation-induced 
late renal toxicity in rats, Clin.Exp.Pharmacol.Physiol .,36,2009, 
523-530. 

8. Bremer J, Carnitine--metabolism and functions, Physiol Rev.,63, 
1983, 1420-1480. 

9. Vanella A, Russo A, Acquaviva R, Campisi A, Di GC, Sorrenti V, 
Barcellona ML, L -propionyl-carnitine as superoxide scavenger, 
antioxidant, and DNA cleavage protector,Cell Biol.Toxicol.,16, 
2000,99-104. 

10. Bertelli A, Conte A, Ronca G, L-propionyl carnitine protects 
erythrocytes and low density lipoproteins against peroxidation, 
Drugs Exp.Clin.Res., 20,1994, 191-197. 

11. Rebouche CJ, Panagides DD, Nelson SE, Role of carnitine in 
utilization of dietary medium-chain triglycerides by term infants, 
Am.J. Clin.Nutr.,52, 1990,820-824. 

12. Fritz IB, Arrigoni-Martelli E,Sites of action of carnitine and its 
derivatives on the cardiovascular system: interactions with 
membranes,Trends Pharmacol.Sci.,14, 1993,355-360. 

13. Rybak LP, Whitworth C, Somani S, Application of antioxidants and 
other agents to prevent cisplatin ototoxicity, 
Laryngoscope,109,1999,1740-1744. 

14. So H, Kim H, Lee JH, Park C, Kim Y, Kim E, Kim JK, Yun KJ, Lee KM, 
Lee HY, Moon SK, Lim DJ, Park R, Cisplatin cytotoxicity of auditory 
cells requires secretions of proinflammatory cytokines via 
activation of ERK and NF-kappaB, J.Assoc.Res. Otolaryngol.,8, 
2007,338-355. 

15. Dzamitika S, Salerno M, Pereira-Maia E, Le ML, Garnier-Suillerot A, 
Preferential energy- and potential-dependent accumulation of 
cisplatin-gutathione complexes in human cancer cell lines (GLC4 

and K562): A likely role of mitochondria, J.Bioenerg.Biomembr., 
38,2006,11-21. 

16. Alborzinia H, Can S, Holenya P, Scholl C, Lederer E, Kitanovic I, 
Wolfl S, Real-time monitoring of cisplatin-induced cell death, 
PLoS.One,6, 2011, e19714. 

17. Xu EY, Perlina A, Vu H, Troth SP, Brennan RJ, Aslamkhan AG, Xu O, 
Integrated pathway analysis of rat urine metabolic profiles and 
kidney transcriptomic profiles to elucidate the systems toxicology 
of model nephrotoxicants, Chem. Res.Toxicol. 21, 2008,1548-1561. 

18. Abdelmeguid NE, Chmaisse HN, Abou Zeinab NS,Silymarin 
ameliorates cisplatin-induced hepatotoxicity in rats: 
histopathological and ultrastructural studies, Pak.J.Biol.Sci.,13, 
2010, 463-479. 

19. Silverio R, Laviano A, Rossi FF, Seelaender M, L-Carnitine induces 
recovery of liver lipid metabolism in cancer cachexia, 
Amino.Acids,42, 2012 ,1783-1792. 

20. Tan B, Huang JF, Wei Q, Zhang H, Ni RZ,Anti-hepatoma effect of 
arsenic trioxide on experimental liver cancer induced by 2-
acetamidofluorene in rats, World J.Gastroenterol.,11, 2005,5938-
5943. 

21. Belfield A, Goldberg DM, Normal ranges and diagnostic value of 
serum 5'nucleotidase and alkaline phosphatase activities in 
infancy, Arch. Dis.Child,46, 1971,842-846. 

22. Poojari R, Gupta S, Maru G, Khade B, Bhagwat S, Sida rhombifolia 
ssp. retusa seed extract inhibits DEN induced murine hepatic 
preneoplasia and carbon tetrachloride hepatotoxicity, Asian 
Pac.J.Cancer Prev, 10, 2009,1107-1112. 

23. Reitman S, Frankel S, A colorimetric method for the determination 
of serum glutamic oxalacetic and glutamic pyruvic transaminases, 
Am.J.Clin. Pathol, 28,1957,56-63. 

24. Gornall AG, Bardawill CJ, David MM, Determination of serum 
proteins by means of the biuret reaction, J.Biol.Chem, 177, 
1949,751-766. 

25. Albro PW, Corbett JT, Schroeder JL,Application of the 
thiobarbiturate assay to the measurement of lipid peroxidation 
products in microsomes, J.Biochem.Biophys.Methods,13, 
1986,185-194. 

26. Ellman GL, Tissue sulfhydryl groups, Arch.Biochem. Biophys, 82, 
1959,70-77. 

27. Marklund S, Marklund G, Involvement of the superoxide anion 
radical in the autoxidation of pyrogallol and a convenient assay for 
superoxide dismutase, Eur.J.Biochem, 47,1974,469-474. 

28. Gibbs PE, Zielinski R, Boyd C, Dugaiczyk A,Structure, polymorphism, 
and novel repeated DNA elements revealed by a complete 
sequence of the human alpha-fetoprotein gene, Biochemistry,26, 
1987,1332-1343. 

29. Hsia CC, Nakashima Y, Thorgeirsson SS, Harris CC, Minemura M, 
Momosaki S,Wang NJ,Tabor E, Correlation of 
immunohistochemical staining and mutations of p53 in human 
hepatocellular carcinoma,Oncol.Rep,7,2000, 353-356. 

30. Cohen MB, Waldman FM, Carroll PR, Kerschmann R, Chew K, 
Mayall BH, Comparison of five histopathologic methods to assess 
cellular proliferation in transitional cell carcinoma of the urinary 
bladder, Hum.Pathol,24,1993,772-778. 

31. Sundaresan S, Subramanian P, S-allylcysteine inhibits circulatory 
lipid peroxidation and promotes antioxidants in N-
nitrosodiethylamine-induced carcinogenesis,Pol. 
J.Pharmacol.,55,2003,37-42. 

32. Dong ZZ, Yao DF, Wu W, Qiu LW, Yao NH, Yan XD, Yu DD, Chen J, 
[Correlation between epigenetic alterations in the insulin growth 
factor-II gene and hepatocellular carcinoma], Zhonghua Gan 
Zang.Bing. Za Zhi, 20, 2012,593-597. 



Int. J. Pharm. Sci. Rev. Res., 41(1), November - December 2016; Article No. 02, Pages: 4-11                                         ISSN 0976 – 044X                                                        

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

11 

33. Zhao JA, Peng L, Geng CZ, Liu YP, Wang X, Yang HC,wang 
SJ,Preventive effect of hydrazinocurcumin on carcinogenesis of 
diethylnitrosamine-induced hepatocarcinoma in male SD rats, 
Asian Pac.J.Cancer Prev.,15, 2014,2115-2121. 

34. Al-Rejaie SS, Aleisa AM, Al-Yahya AA, Bakheet SA, Alsheikh A, 
Fatani AG, Al-Shabanah OA, Sayed-Ahmed MM, Progression of 
diethylnitrosamine-induced hepatic carcinogenesis in carnitine-
depleted rats,World J.Gastroenterol, 15, 2009,1373-1380. 

35. Sherman M, Risk of hepatocellular carcinoma in hepatitis B and 
prevention through treatment, Cleve.Clin.J.Med, 76 (3), 2009, S6-
S9. 

36. Sivaramakrishnan V, Shilpa PN, Praveen Kumar VR, Niranjali DS, 
Attenuation of N-nitrosodiethylamine-induced hepatocellular 
carcinogenesis by a novel flavonol-Morin, Chem.Biol. Interact, 
171,2008,79-88. 

37. Pancoska P, De GM, Fagiuoli S, Carr BI, Small HCCs identified by 
screening, Dig. Dis.Sci, 56,2011, 3078-3085. 

38. Bansal AK, Bansal M, Soni G, Bhatnagar D,Protective role of 
Vitamin E pre-treatment on N-nitrosodiethylamine induced 
oxidative stress in rat liver,Chem.Biol.Interact,156,2005, 101-111. 

39. Barbisan LF, Scolastici C, Miyamoto M, Salvadori DM, Ribeiro LR, da 
Eira AF, de Camargo JL,Effects of crude extracts of Agaricus blazei 
on DNA damage and on rat liver carcinogenesis induced by 
diethylnitrosamine, Genet.Mol.Res, 2,2003,295-308. 

40. Sreepriya M, Bali G, Effects of administration of Embelin and 
Curcumin on lipid peroxidation, hepatic glutathione antioxidant 
defense and hematopoietic system during N-
nitrosodiethylamine/Phenobarbital-induced hepatocarcinogenesis 
in Wistar rats,Mol.Cell Biochem, 284, 2006,49-55. 

41. Kang JS, Wanibuchi H, Morimura K, Gonzalez FJ, Fukushima S,Role 
of CYP2E1 in diethylnitrosamine-induced hepatocarcinogenesis in 
vivo,Cancer Res, 67, 2007,11141-11146. 

42. Fisher-Wellman K, Bell HK, Bloomer RJ.,Oxidative stress and 
antioxidant defense mechanisms linked to exercise during 
cardiopulmonary and metabolic disorders,Oxid.Med.Cell Longev, 
2,2009, 43-51. 

43. Gupta A, Bhatt ML, Misra MK, Assessment of free radical-mediated 
damage in head and neck squamous cell carcinoma patients and 
after treatment with radiotherapy,Indian J.Biochem.Biophys, 
47,2010,96-99. 

44. Janani P, Sivakumari K, Geetha A, Ravisankar B, Parthasarathy C, 
Chemopreventive effect of bacoside A on N-nitrosodiethylamine-
induced hepatocarcinogenesis in rats,J.Cancer Res.Clin.Oncol, 136, 
2010,759-770. 

45. Taha MM, Abdul AB, Abdullah R, Ibrahim TA, Abdelwahab SI, 
Mohan S, Potential chemoprevention of diethylnitrosamine-
initiated and 2-acetylaminofluorene-promoted 
hepatocarcinogenesis by zerumbone from the rhizomes of the 
subtropical ginger (Zingiber zerumbet), Chem. Biol.Interact, 186, 
2010,295-305. 

46. Kensler TW, Trush MA,Role of oxygen radicals in tumor 
promotion,Environ.Mutagen, 6,1984 ,593-616. 

47. Bera TK, De D, Chatterjee K, Ali KM, Ghosh D,Effect of Diashis, a 
polyherbal formulation, in streptozotocin-induced diabetic male 
albino rats, Int.J.Ayurveda.Res, 1, 2010,18-24. 

48. Lu J, Chew EH, Holmgren A,Targeting thioredoxin reductase is a 
basis for cancer therapy by arsenic 
trioxide,Proc.Natl.Acad.Sci.U.S.A , 104,2007,12288-12293. 

49. Hall MN, Niedzwiecki M, Liu X, Harper KN, Alam S, Slavkovich V, 
Ilievski V,Levy D ,Siddique AB, Parvez F, Mey JL, vanGeen A, 
Graziano J, Gamble MV,Chronic arsenic exposure and blood 
glutathione and glutathione disulfide concentrations in 
Bangladeshi adults,Environ.Health Perspect, 121,2013,1068-1074. 

50. Banerjee M, Banerjee N, Ghosh P, Das JK, Basu S, Sarkar AK, States 
JC,Giri AK,Evaluation of the serum catalase and myeloperoxidase 
activities in chronic arsenic-exposed individuals and concomitant 
cytogenetic damage,Toxicol.Appl.Pharmacol, 249, 2010,47-54. 

51. Sayed-Ahmed MM, Khattab MM, Gad MZ, Mostafa N, L-carnitine 
prevents the progression of atherosclerotic lesions in 
hypercholesterolaemic rabbits, Pharmacol.Res, 44,2001,235-242. 

52. Sayed-Ahmed MM, Eissa MA, Kenawy SA, Mostafa N, Calvani M, 
Osman AM, Progression of cisplatin-induced nephrotoxicity in a 
carnitine-depleted rat model,Chemotherapy, 50,2004,162-170. 

53. Rodriguez-Diaz JL, Rosas-Camargo V, Vega-Vega O, Morales-
Espinosa D, Mendez-Reguera A, Martinez-Tlahuel JL, Gamboa-
Dominguez A, Arrieta O, Clinical and pathological factors 
associated with the development of hepatocellular carcinoma in 
patients with hepatitis virus-related cirrhosis: a long-term follow-
up study, Clin.Oncol. (R.Coll.Radiol.),19, 2007,197-203. 

54. Arrieta O, Rodriguez-Diaz JL, Rosas-Camargo V, Morales-Espinosa 
D, Ponce de LS, Kershenobich D, Leon-RodriguezE,Colchicine delays 
the development of hepatocellular carcinoma in patients with 
hepatitis virus-related liver cirrhosis,Cancer, 107, 2006,1852-1858. 

55. Borges LP, Borges VC, Moro AV, Nogueira CW, Rocha JB, Zeni 
G,Protective effect of diphenyl diselenide on acute liver damage 
induced by 2-nitropropane in rats,Toxicology ,210, 2005,1-8. 

56. Yeo W, Mo FK, Koh J, Chan AT, Leung T, Hui P, Chan L,Tang A, Lee 
JJ, Mok TS, Lai PB, Johnson PJ, Zee B ,Quality of life is predictive of 
survival in patients with unresectable hepatocellular 
carcinoma,Ann.Oncol, 17,2006,1083-1089. 

57. Hsu IC, Metcalf RA, Sun T, Welsh JA, Wang NJ, Harris CC,Mutational 
hotspot in the p53 gene in human hepatocellular 
carcinomas,Nature, 350,1991,427-428. 

58. Jackson PE, Qian GS, Friesen MD, Zhu YR, Lu P, Wang JB WuY, 
KenslerTW, Vogelstein B, Groopman,JD,Specific p53 mutations 
detected in plasma and tumors of hepatocellular carcinoma 
patients by electrospray ionization mass spectrometry, Cancer Res, 
61,2001,33-35. 

59. El-Deiry WS, Tokino T, Velculescu VE, Levy DB, Parsons R, Trent JM, 
Lin D, Mercer WE, Kinzler KW, Vogelstein B, WAF1, a potential 
mediator of p53 tumor suppression,Cell ,75,1993,817-825. 

60. Zambetti GP, Bargonetti J, Walker K, Prives C, Levine AJ,Wild-type 
p53 mediates positive regulation of gene expression through a 
specific DNA sequence element,Genes Dev, 6,1992,1143-1152. 

 

 

Source of Support: Nil, Conflict of Interest: None. 

  


