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Abstract: The present study aimed to evaluate the curative role of Terminalia muelleri ethanolic extract (TME) 

against diethyl nitrosamine (DENA) induced HCC, in addition to evaluate its role as a combined therapy with 

Doxorubicin (DOX) which is one of the standard chemotherapy. Sixty adult male albino rats were divided into 

sixteen control rats and forty-four rats injected with DENA to induce HCC. The induction of HCC was 

manifested through the significant increase in the enzymatic activity of serum aminotransferases (ALT and AST) 

with sever changes in liver architecture and HCC was confirmed by the significant increase in serum AFP. The 

progression of HCC was evidenced by the significant increase in serum AFP, decrease in serum albumin levels 

and increase proliferation of hepatocellular carcinoma in association with significant decrease of caspase-3 

immunoreactivity.  HCC-induced rats were subjected to the treatment with DOX, TME and the combination of 

both. Normal rats were divided into control non-treated group and TME administered group. The obtained data 

proved that, the treatment with TME elicited an efficient curative effect in the treatment of HCC in comparable 

with DOX towards HCC and the combination of both exerted a more pronounced curative effect than that 

obtained by the individual treatment. In conclusion TME could be a promising or adjuvant therapy in the 

treatment of HCC. 
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I. Introduction 
Hepatocellular carcinoma (HCC) represents 70–85% of cases of liver cancer. It accounts the fifth 

utmost common cause of cancer and the third cause of cancer-associated deaths worldwide.
[1]

 

In Egypt, HCC participates to 14.8% of all cancer mortality. HCC is the second utmost frequent cancer 

type in Egyptian males after bladder cancer and the eighth utmost frequent in Egyptian females.
[2]

 HCC is a 

significant reason of morbidity and mortality and have an unfavorable prognosis with aggressive growth activity 

and a high rate of recurrence.
[3]

  

 Xenobiotics are possibly hepatotoxic. The ability of a chemical to generate liver damage in-vivo often 

causes the interaction of a sequences of complex cellular processes which are involving in the uptake, 

biotransformation and removal of these potentially toxic components.
[4]

  
    Doxorubicin comprises of a three-aromatic ring-based molecule (also called Adriamycin) relates to a 

class of compounds with identical structures called anthracyclines. Doxorubicin was separated from 

Streptomyces peucetius (a soil bacterium).
[5] 

Doxorubicin is one of the primary chemotherapy drugs utilized for 

HCC and exhibited interesting results.
[6]

 Chemotherapy for cancer treatment utilizes drugs are called cytostatic 

that aims to terminate cancer cells from enduring to divide uncontrollably.
[7]

  

Natural ingredients have lengthy been a source of anti-tumor compounds.
[8-10]

 Herbal drugs are 

commonly low in cost, considerable and demonstrate very little toxicity or adverse effects in clinical 

practice.
[11,12]

 Epidemiological studies propose that ingesting of diets containing fruits and vegetables that are 

the major sources of phytochemicals, micronutrients and macronutrients share in decreasing the risk of cancer 

development. 
[13]

  

The genus Terminalia are widely used in traditional medicine in several continents in the world for the 

treatment of numerous diseases including, abdominal disorders, bacterial infections, colds, sore throats, 

conjunctivitis, diarrhea, dysentery, fever, gastric ulcers, headaches, heart diseases, hookworm, hypertension, 

jaundice, leprosy, nosebleed, oedema, pneumonia and skin diseases. 
[14, 15] 

 

In our previous study we demonstrated that, the investigation of ethyl acetate extracts of two different 

species of Terminalia by HPLC-UV-MS/MS-ESI revealed the following flavonoid compounds: Rutin, 

quercetin, methyl gallate and caffoyl acetyl hexoside in ethyl acetate fraction of T. muelleri leaf. Rutin, 

quercetin, epigallocatechin gallate and myricetin in ethyl acetate fraction of T. myriocarpa leaf. The quantitative 
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determination  of these identified compounds, rutin and quercetin in ethyl acetate fraction of both plants by LC-

MS/MS revealed that quercetin was the major (20.53, 108.60 ethyl acetate µg/mg ethyl acetate) followed by 

rutin (1.18, 81.83 µg/mg ethyl acetate) of T. muelleri and T. myriocarpa leaf, respectively.
[16]

 Our previous work 

also demonstrated the role of Terminalia muelleri in the protection of liver tissue against alcohol induced liver 

damage.
[17]

 The present work was the first to evaluate the therapeutic role of Terminalia muelleri in the form of 

ethanolic extract against DENA-induced HCC. In addition to evaluate its role as a combined therapy with 

Doxorubicin. Animal models can be used to mimic human carcinogenesis and the development of HCC.
[18] 

DENA is one of the most potent hepatocarcinogenic agent 
[1] 

 

                                          

                                                    Ⅱ. Materials and methods 

Materials  

Terminalia muelleri (TM) Collection  

The leaves of Terminalia muelleri were collected in the month of July to September from Giza zoo and 

authenticated by Dr. Traze, Botanist, Orman garden and had been deposited in the Department of Biochemistry, 

NODCAR.  

  

Chemicals  
Doxorubicin hydrochloride (DOX) was purchased from Eimic Company, Cairo, Egypt. Diethyl 

nitrosamine (DENA) was purchased from Sigma– Aldrich (St. louis, USA) and stored in a light-protected 

container at 4°C. 

All chemicals of pure analytical grade and were purchased from Sigma– Aldrich (USA), Fluka 

(Switzerland) and British Drug House (BDH, England).  Experimental animals 

Sixty male albino rats, weighing 150-200g were obtained from Animal house, Research institute of 

Ophthalmology, Giza, Egypt. All rats were maintained in an air-conditioned animal house with specific 

pathogen free conditions and were subjected to a 12:12-h day light/darkness cycle. The animals were allowed 

free access to water and rats were fed on the standard diet that was composed of a mixture of 72.2% 

carbohydrate, 3.4% fats, 19.8% proteins, 3.6% cellulose, 0.5% vitamins and minerals and 0.5% salts obtained 

from Kahira Company for Poultries, Cairo, Egypt. Rats were kept at constant environmental and nutritional 

conditions through period of experiment. The investigation was complied with the Guide for Care and Use of 

Laboratory Animals published by the US national institutes of health. 

 

Methods 

Preparation of T. muelleri ethanolic extract (TME)  

The leaves were shade dried and made core powder. The powder was then packed into Soxhlet 

apparatus and subjected to continuous percolation using ethanol (95% v/v) as a solvent. The extract was 

concentrated under vacuum evaporator.
[19]

 Extract was stored at 4 °C and protected from light and humidity in 

vacuum desiccator until further use. The extract was a dark green solid. 

 

Preparation of Chemotherapeutic drugs (Doxorubicin, DOX)  
Doxorubicin was prepared and diluted under sterile conditions in 0.9% saline. 

 

Experimental design  

Induction of hepatocellular carcinoma 

Forty-four rats were intraperitoneally injected with DENA (10 mg/kg b. wt. that was diluted in sterile 

0.9% sodium chloride solution) for five consecutive days for 6 weeks. 
[20]

 Blood samples were withdrawn after 6 

weeks to assess the induction of liver injury by measuring the activities of ALT and AST in the serum as well as 

histopathological examination for liver samples. Serum AFP was examined to confirm the induction of HCC in 

DENA challenged rats. Sixteen healthy rats were employed simultaneously and served as control groups. 

 

Treatment Period   

HCC-induced rats were divided into four groups (8 rats for each) as follows: 

 DENA group or positive control group (DENA group).  

 HCC-induced rats were IP injected with DOX (1mg/kg b.wt.) for three alternative days/week for 8 

weeks.
[21]

 This group served as DENA+ DOX group. 

 HCC-induced rats were administered with a daily oral dose of T. muelleri ethanolic extract in 1 % gum 

acacia (100 mg /kg b.wt) for 8 weeks.
[19]  

This group served as DENA+ TME group. 

 HCC-induced rats were IP treated with doxorubicin concomitantly with the oral administration of T. 

muelleri ethanolic extract for 8 weeks. This group served as DENA+ DOX+ TME group. 
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Control groups classification    

Control groups were composed of (8 rats for each) divided into two groups:  

 Normal control group: rats of this group were administered a daily oral dose of 1% gum acacia vehicle (1 

ml of 1% gum acacia) for 8 weeks. 

 Plant group: rats of this group were administered a daily oral dose of T. muelleri ethanolic extract in 1% of 

gum acacia (100 mg/kg b.wt.) for 8 weeks.
[19] 

 

Sampling 

At the end of the treatment period (8 weeks), blood samples were collected for serum separation in 

centrifuged tubes by ocular vein puncture. Tubes were centrifuged at 2000 rpm for 15 minutes at 4 °C. The 

separated serum samples were stored at -20°C for biochemical analysis. Liver tissues were excised rapidly and 

used for histological examination  

 

Serum biochemical parameters 

Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities were 

determined according to the method of Reitman and Frankle 
[22] 

using kits provided by Quimica Clinica 

aplicada (QCA, Spain). Serum albumin (ALB) was determined according to the method Doumas, et al. 
[23]

 

using kits provided by Biomerieux (France).  Alpha fetoprotein (AFP) was determined using rat alpha-

fetoprotein (AFP) ELISA kit (My BioSource, San Diego, California) according to the manufacturer`s 

instructions. 

 

 Histological examination 

 Samples of liver tissue were taken from all groups and fixed in 10% formalin for twenty-four hours. 

Washing was done in tap water then serial dilutions of alcohols (methyl and ethyl) were used for dehydration. 

Specimens were cleared in xylene and embedded in paraffin at 56 degree in hot air oven for twenty-four hours. 

Paraffin bees- wax tissue blocks were prepared   for sectioning at 4µ thickness by slide microtome. The obtained 

tissue sections were collected on glass slides, deparaffinized, stained by haematoxylin and eosin (H and E) stain 

for examination through the light electric microscope. 
[24]

  

  

Immunohistochemistry technique 

 Proliferating cell nuclear antigen (PCNA)  

Immunohistochemistry staining for PCNA to detect cell proliferation was performed on fixed, paraffin-

embedded sections from rat liver tissue. The primary antibody employed was the anti-PCNA monoclonal 

antibody PC-10 for rats supplied by Triology, (Sigma Aldrich, USA) according to Omata et al.
[25]

 

 

Caspase-3  

Immunohistochemistry staining for caspase-3 to detect cell apoptosis was performed on paraffin 

embedded liver tissues, using specific anti-sera containing primary antibody for rats supplied by Abbkine, Inc, 

(China) according to Bajracharya et al.
[26] 

 

Then slides were examined under binocular light microscope, photographed used digital image capture 

system (Olympus, Tokyo, Japan) and the intensity of the immunostaining of the hepatocytes and biliary 

epithelium were graded as negative weak, moderate, or strong. All stained slides of all groups were 

photographed used digital image capture system (Olympus CX40, Tokyo, Japan) using software program 

(Image pro-plus version 5). 

 

Immunohistochemistry evaluation 

The ordinary light microscope was used to detect and examined by an image Analyzer computer 

system using the software (image pro-plus version 5). Six random fields in area percentage of positive cells. 

Data obtained as mean area% and standard error (mean of area% ± SE). 

 

 Statistical analysis      
The results were expressed as the mean values ± standard error of the mean (mean± SE). Difference 

between the control group and HCC-induced rats was assessed using independent t-test. Variance between 

control, HCC-induced rats and treated groups was assessed using one-way analysis of variance (ANOVA) at p˂ 

0.05. Subsequent multiple comparisons between the different groups were analyzed by Duncan’s multiple 

comparisons test for the assumption of homogeneous variance and Games Howell for the assumption of non-

homogeneous of variance at p 0.05. Data were statistically analyzed using the statistical package of social 

science (SPSS) version 23. 
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Ⅲ. Results 
 The assessment of hepatocellular carcinoma (HCC) induction by DENA  

ALT and AST enzymatic activity was performed as a monitor for the assessment of hepatocellular 

damage. Table 1 shows that the IP injection of DENA (10 mg/Kg b.wt.) for five consecutive days for six weeks 

caused a well-marked elevation (p<0.05) in the enzymatic activity of serum ALT and AST compared to control 

non-treated group. The magnitude of this increase is 300% and 255.1%.                                       

 

Table 1: Effect of DENA on serum AST and ALT enzymatic activity 

 

Data are expressed as mean ± SE (n = 60 rats; 16 rats for control and 44 rats for DENA-treated rats). 

***means very highly significant difference between DENA-injected rats and control non-treated rats at p< 

0.001.  Difference between groups was assessed using independent t-test. % change was calculated with respect 

to control non-treated group  

Figure 1 (A) shows the normal liver architecture. The microscopical examination of liver tissue of 

DENA injected rats revealed that, the IP injection of DENA for six weeks resulted in dilatation of few portal 

vein with multiple newly formed bile ductules with oedema and few inflammatory cells infiltration surrounding 

by hepatocyte. Hepatic tissues of this group showed polarity and pleomorphism of the anaplastic hepatocytes, 

karyomegalocytes with prominent nucleoli of the anaplastic hepatocyte which reflected the induction of HCC 

Fig. 1 (B and C).  

 

 
 

 

 

 

 

 

 

          Parameters 

Groups 

AST 

(U/ml)  
ALT 

 (U/ml) 

Control 24.5 ± 0.36 25.3 ± 0.38 

DENA 97.9 ± 1.18*** 89.82 ± 1.81*** 

% Change 300. 0% 255.1% 
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To confirm the induction of HCC, serum AFP level was measured. The obtained data revealed that IP 

injection of DENA for six weeks caused a significant increase in serum AFP level. The magnitude of this 

increase is 256% with respect to control non-treated group Fig. 2. 

 

 
Fig. (2): Effect of DENA on serum AFP (ng/ml) level 

 

Data are expressed as mean ± SE (n = 60 rats; 16 rats for control and 44 rats for DENA-treated rats). 

***means very highly means significant difference between DENA-injected rats and control non-treated rats at 

p< 0.001.  Difference between groups was assessed using independent t-test 

 

The curative effect of DOX, TME and their combination on DENA-induced HCC on the following 

parameters  

Serum level of Alpha fetoprotein (SAFP) 

Table 2 shows that, the sole administration of TM ethanolic extract (TME) induced no change in the 

level of SAFP with respect to the control non-treated groups. The obtained data also revealed that, DENA-

injected rats displayed a well-marked progressive increase in SAFP level at the end of experimental period when 

compared with the group of rats injected by DENA for the first six weeks to induce HCC (Fig. 2).  

Table 2 also shows that, the sole administration of DOX and TME to DENA-challenged rats caused a 

significant decrement in SAFP levels when statistically compared with DENA-challenged rats. The magnitude 

of this decrease with respect to DENA-challenged rats is -54.1% and -62.4%   in SAFP levels for DOX and 

TME respectively.  The concomitant administration of TME with DOX caused a well-marked reduction in 

SAFP level with 78.05% decrease when compared with DENA-challenged rats as well as TME increases the 

therapeutic effect of DOX to induce a 2-fold improve in SAFP level with respect to the group of rats treated 

with DOX alone (Table 2).  

 

Serum Albumin (SALB) 

Albumin was employed in the present study to monitor the synthetic function of liver tissue. Table 2 

shows that, the administration of TME to healthy rats induced no significant changes in SALB levels when 

statistically compared with the control non-treated groups.   

A significant reduction in SALB level was recorded in DENA injected rats with respect to the control 

non-treated groups (Table 2).  Data shown in the Table revealed that, treatment of DENA-challenged rats with 

DOX caused a 13.05 % significant increase in SALB level with respect to DENA-injected rats, meanwhile the 

treatment of DENA-injected rats with TME recorded a marked increase (p<0.05) in SALB Level when 

compared with either DENA-injected rats or DOX treated rats, the magnitude of this increment is 54.8% with 

respect to DENA-injected rats. The co-administration of DOX with TME significantly improved the level of 

SALB with 45.1% increase with respect to DENA-injected rats. The obtained data also showed that TME 

increased the therapeutic action of DOX by inducing 28.4% increase in ALB level when compared with the 

group of rats treated with DOX alone (Table 2).  
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Table 2: The effect of DOX, TME and their combination on serum levels of Alpha fetoprotein (SAFP) and 

Albumin (SALB) 

parameters  

Groups 

AFP ALB 

(ng /ml) (g /dl) 

Control 0.27 ± 0.01
A
 4.29 ± 0.08

E
 

TME 0.29 ±0.01
A
 4.26 ± 0.08

E
 

DENA  2.05±0.09
E
 2.54 ± 0.10

A
 

DENA + DOX 0.94 ± 0.02
D
 2.87 ± 0.09

B
 

DENA + TME 0.77 ±0.02
C
 3.94 ± 0.04

C
 

DENA+DOX+ TME 0.45 ± 0.01
B
 3.66 ± 0.07

D
 

 

Values are mean ± SE (n= 6).  In the same column, the presence of different superscript means a 

significant difference between groups. ANOVA test followed by Games Howell multiple comparisons between 

groups at P< 0.05 for SAFP and Duncan’s multiple comparisons between groups at P< 0.05 for SALB  

 

Histopathological investigations 

The illustrative photomicrographs of hepatic tissues of control group (Fig. 3A) or TME-treated group 

(Fig. 3B) showed normal histological architecture of CV and surrounding hepatocytes. 

 Meanwhile, the demonstrative photomicrographs of hepatic sections attained from animals in DENA- 

treated group displayed the proliferation of fibroblastic cells was extended from the portal area between the 

degenerated hepatocytes dividing the hepatocytes into lobules (Fig. 3C) with cystic dilatation and neoplastic 

activation of the bile ducts forming cystic cholangioma.  Hepatocytes displayed vacuolated cytoplasm, 

marginated nucleus and hyperchromatic activity. Also, foci of HCC and necrotic areas were noticed. The 

treatment of DENA-induced HCC rats receiving Doxorubicin showed clear focus of hepatocytes with vacuolar 

cytoplasm and pyknotic nuclei in the hepatocytes and act as precursor of neoplasia. The portal areas showed 

oedema with hyperplasia in the bile ducts. Mild necrotic areas and proliferated vonkuffer cell were observed 

(Fig.3 D). Moreover, DENA-treated rats with TME showed moderate histopathological changes in the 

vasculature where central vein displayed dilatation and expansion of portal vein with periportal oedema and 

proliferated bile ducts. Hepatocellular carcinoma was clearly indicated (Fig. 3E). The architecture of hepatic 

tissue of DENA-treated rats receiving the combination therapy of TME and DOX showed dilated central vein, 

portal vein congestion in addition to fibrotic reaction between hepatic tissue. This combination therapy could 

cause the regenerative reaction with diffuse binucleated hepatocytes coupled with normal bile ducts (Fig. 3F).  
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PCNA under the influence of DENA-induced HCC 

To evaluate the anticancer activity of TME, the proliferating cell nuclear antigen (PCNA) protein was 

performed. In the present study PCNA was almost absent in control non-treated and TME groups (Fig 4A and 

4B). Meanwhile, DENA-treated group showed a strong positive staining for PCNA indicating active 

proliferation of liver tissue (Fig. 4C). Figures 4D and 4E show that the sole administration of DOX and TME to 

HCC rats lowered PCNA expression in the following manner TME< DOX.  

Figure (4F) shows that, the combined administration of TME with DOX improved the antiproliferative 

effect of DOX. Figure (4G) depicts the area % of the immunohistochemical staining expression levels of PCNA 

in liver sections of different groups.  
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Fig. 4 (G): The mean of area % of PCNAin control groups and under the influence of different treatments 

 

 

         Values are mean ± SE (n= 6). The presence of different letter on each bar means a significant difference 

between groups. ANOVA test followed by Duncan’s multiple comparisons between groups at P< 0.05 were 

employed 
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Caspase-3 under the influence of DENA-induced HCC: 

 Figures 5A and 5B show the expression level of Caspase-3 in control non- treated rats and the group of 

normal rats administered TME alone. A significant decrease in caspase-3 expression level is observed in the 

group of rats treated with DENA (Fig. 5C). Figures 5D and 5E show that the sole administration of DOX and 

TME to HCC rats increased caspase-3 expression in the following manner TME> DOX. Figure 5F also shows 

that, the combined administration of TME with DOX improved the apoptotic effect of DOX. Fig. (5G) depicts 

the area % of the immunohistochemical staining of the expression levels of caspase-3 in liver sections. 
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Fig. 5(G): The mean of area % of caspase-3 in control groups and under the influence of different treatments 

Values are mean ± SE (n= 6). The presence of different letter on each bar means a significant difference                                           

between groups. ANOVA test followed by Duncan’s multiple comparisons between groups at P< 0.05 

were employed        

       

                                                                  Ⅳ. Discussion 
The present work was conducted for the first time to evaluate the curative role of Terminalia muelleri 

(TM) in the form of ethanolic leaf extract against DENA-induced HCC. In addition to evaluate its role as a 

combined therapy with DOX which is one of the standard chemotherapy. Diethyl nitrosamine (DENA) is one of 

the most potent hepatocarcinogenic agent that is mostly used to induce lesions in rats that mimic different kinds 

of benign and malignant tumors in human.
[18,1]

 The administration of DENA for six weeks resulted in a 

significant elevation in the activity of ALT and AST. The leakage of these enzymes in the circulation indicated 

the incidence of damaged liver cells.
[27,28,1]  

Moreover, the microscopic examination of DENA-challenged liver 

revealed an obvious cellular damage with changes in liver architecture with well differentiated HCC 

accompanied by dilatations of portal vein with multiple newly formed bile ductules, oedema and few 

inflammatory cells infiltration surrounding by hepatocyte. Also, DENA induced polarity and pleomorphism of 

the anaplastic hepatocytes, karyomegalocytes with prominent nucleoli of the anaplastic hepatocyte. In the 

present study, the induction of HCC is assured by the significant increase in SAFP after six weeks of DENA 

injection.  This finding is in the same line with that of Cui et al. 
[29]

 who reported that, the overexpression of 

AFP has been associated with uncontrolled growth of HCC. 

In the present study, the development and the progression of HCC is manifested by the significant and 

progressive increase in SAFP level of DENA-induced HCC rats at the end of the experimental period (14 

weeks). Data of the present study revealed that, the induction and progression of HCC by DENA could be also 

manifested by the significant decrease in serum Albumin (SALB) level (Table 2). Our results were in the 

harmony with the results of Elsadek et al. 
[30]

, Elguindy et al. 
[31]

, Care and Gueria.
[32]

 This reduction in 

albumin may reflect the decrease of hepatic capacity to synthesize protein that could be accounted to cell 

necrosis.
[33]

  Moreover,  the obtained decrease in SALB level after the induction of HCC is negatively correlated 

with the obtained increase in SAFP level, suggesting that serum ALB level has the significance in the 

manifestation of HCC and confirmed the finding of Carr and Guerra 
[32] 

who reported that, HCC patient with 

lower serum ALB had significantly large maximum tumor diameter, greater prevalence of portal vein 

thrombosis and higher AFP level. 

The group of rats treated with TME displayed a well-marked decrease in SAFP level compared not 

only to DENA-induced HCC rats but also with DOX treated rats that reflected the superior therapeutic activity 

of T. muelleri and proved the efficacy of the examined extract in inhibiting the progression of tumor cells. The 
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obtained data also revealed that, the co-administration of DOX with TME exerted more pronounced effect in 

decreasing the serum AFP.  

Proliferating cell nuclear antigen (PCNA) represents an important cellular marker for assessing the 

proliferation during hepatocarcinogenesis.
[34]

 The positive expression of PCNA is considered as a common 

index for hepatocyte proliferation due to PCNA functions as a cofactor of DNA polymerase and that it is 

directly involved in DNA replication.
[35]

 Therefore, PCNA represents an important cellular marker for assessing 

the proliferation during hepatocarcinogenesis.  In the current study, the expression of PCNA was examined 

immunohistochemically in livers of the examined groups. The elevated expression of PCNA in the liver sections 

of DENA-treated animals indicated the accelerated cell proliferation during an early phase of rat liver 

tumorigenesis, which supported the finding of Bishayee and Dhir 
[36]

and Bishayee et al. 
[37]

 

The exploration of agents that can affect abnormal proliferation of hepatocytes may be of great value in 

the prevention of HCC.
[38]

 Data of the present study revealed a significant decrease in the immunohistochemical 

staining expression of PCNA due to TME and DOX administration. This finding proved the antiproliferative 

mechanisms of T. muelleri phytochemicals that fundamentally contributed to the inhibition of DENA-induced 

tumorigenesis.  The results of current study are in consistent with several studies confirmed the antiproliferative 

effects of various phytochemicals compounds in several cancer models.
[39,10] 

and proved the anti-proliferative 

effect of TME is able to either block or retard entire steps of carcinogenesis 

 In the present study, caspase-3 was immunohistochemically detected to identify cells undergoing 

apoptosis. The obtained data revealed a significant decrease in the expression level of caspase-3 in DENA 

treated challenged rats. This finding is in consistent with the study of Zhang et al. 
[40]

, Akshatha et al.
[ 41]

, 

Singh et al.
[13]

. Moreover, Wang and Wang
[42] 

demonstrated that, the role of AFP is not only in the 

proliferation of HCC cells with creation of tumor blood vessels, but as well augments the antiapoptotic effect of 

cancer cells, this finding is clearly proved in the current study through the obtained increase in AFP level in 

association with significant decrease in Caspase – 3 expression level. 

Immunoreactivity of caspase-3 toward hepatocytes in the liver sections of the group of rats treated with 

the standard chemotherapy drug, DOX, was analyzed to compare the efficacy of the target herbal medicine. The 

results of the current study revealed that, the expression level of caspase-3 reduced in the DENA- induced HCC 

group and was significantly elevated after TME and DOX administration and this effect was more pronounced 

in the TME group than the DOX-treated one. This finding proved that caspase-3 expression plays an imperative 

role in the development of the HCC condition and TME can act predominantly through the overexpression of 

caspase-3.  

Histological investigations of liver sections provided an additional strong evidence for the combined 

TME and DOX beneficial effects to combat DENA-induced HCC. In the current study, the architecture of liver 

tissue in DENA-exposed rats was highly altered as evidenced by the appearance of multiple degenerated cells, 

loss of architecture and tumoral vacuoles in H and E staining (Fig. 3C). These findings are in consistent with the 

results of Gupta et al 
[9]

, Elguindy et al.
[31]

. This may indicate that DENA is principally metabolized in liver 

and the reactive metabolites produced are responsible for degenerating hepatocytes. 

The individual administration of either TME or DOX failed to totally compensate the DENA induced 

the incidence of histopathological alterations.  However, the combined administration of TME and DOX 

showed pronounced improvement in the hepatocytes disorganization and degeneration when compared to the 

DENA-induced rats. This enhancement may be mainly contributed to TME administration that can effectively 

decrease reactive metabolites of DENA inside hepatocytes by avoiding oxidative tension caused cellular 

damage.
[43, 44]. In the current study, the obtained findings reflect the effective role of TME polyphenols in 

modulating HCC progression. The obtained findings in the present study are in the same line with and support 

the recorded findings of Murugan et al. 
[45]

, Liu et al. 
[46]

and Wang et al. 
[47]

 who provided evidence that 

polyphenols have potentials chemopreventive and chemotherapeutic effects. 

 

                                                          Ⅴ. Conclusion  
In conclusion TME could be a promising or adjuvant therapy in the treatment of HCC. 

Conflicts of interest 

The author declares no conflict of interest. 

 

 

 

 

 

 

 



Synergistic Anticancer Activity of Terminalia Muelleri and Doxorubicin on Chemically Induced HCC  

 

DOI: 10.9790/3008-1405022941                                   www.iosrjournals.org                                           40 | Page 

References 

 
[1]. Khan, R.; Kazmi, I.; Afzal, M.; Al Abbasi, F. A.; Mushtaq, G.; Ahmad, A.; Kumar, V. and Anwar, F. (2015). "Fixed dose 

combination therapy loperamide and niacin ameliorates diethylnitrosamine-induced liver carcinogenesis in albino Wistar rats." RSC 

Advances 5(83): 67996-68002. 

[2]. Abd El-Wahed, M.; Badr, M.; Soliman, E.; Abdou, A. and Taie, D. (2015). "Hepatocellular carcinoma in cirrhotic and noncirrhotic 
liver: Clinicopathological differences." Menoufia Medical Journal 28(3): 712-717 

[3]. Raza, A. and Sood, G. K. (2014). "Hepatocellular carcinoma review: current treatment, and evidence-based medicine." World 

Journal of Gastroenterology 20(15): 4115-4127. 
[4]. Gu, X. and Manautou, J. E. (2012). "Molecular mechanisms underlying chemical liver injury." Expert reviews in molecular 

medicine 14: e4-e4. 

[5]. Yang, F.; Teves, S. S.; Kemp, C. J. and Henikoff, S. (2014). "Doxorubicin, DNA torsion, and chromatin dynamics." Biochimica et 
biophysica acta 1845(1): 84-89. 

[6]. Le Grazie, M.; Biagini, M. R.; Tarocchi, M.; Polvani, S. and Galli, A. (2017). "Chemotherapy for hepatocellular carcinoma: The 

present and the future." World Journal of Hepatology 9(21): 907-920. 

[7]. Brearley, M. J. (2014). Chapter 16 - Chemotherapy. Feline Soft Tissue and General Surgery. S. J. Langley-Hobbs, J. L. Demetriou 

and J. F. Ladlow, W.B. Saunders: 161-167. 

[8]. Cragg, G. M. and Newman, D. J. (2013). "Natural products: a continuing source of novel drug leads." Biochimica et biophysica acta 
1830(6): 3670-3695. 

[9]. Gupta, C., Vikram, A., Tripathi, D.N., Ramarao, P., Gena, G.B., (2010). "Antioxidant and antimutagenic effect of quercetin against 
DEN induced hepatotoxicity in rat." Phytother Res 24(1): 119-128. 

[10]. Kapinova, A.; Kubatka, P.; Golubnitschaja, O.; Kello, M.; Zubor, P.; Solar, P. and Pec, M. (2018). "Dietary phytochemicals in 

breast cancer research: anticancer effects and potential utility for effective chemoprevention." Environmental health and preventive 
medicine 23(1): 36-36.39. 

[11]. Hsiao, W. L. and Liu, L. (2010). "The role of traditional Chinese herbal medicines in cancer therapy from TCM theory to 

mechanistic insights." Planta Med 76(11): 1118-1131. 
[12]. Ekor, M. (2014). "The growing use of herbal medicines: issues relating to adverse reactions and challenges in monitoring safety." 

Frontiers in pharmacology 4: 177-177. 

[13]. Singh, A. K.; Kumar, R.; Pandey, A. K. (2018). "Hepatocellular Carcinoma: Causes, Mechanism of Progression and Biomarkers." 
Current chemical genomics and translational medicine 12: 9-26. 

[14]. Eloff, J. N.; Katerere, D. R. and McGaw, L. J. (2008). "The biological activity and chemistry of the southern African 

Combretaceae." J Ethnopharmacol 119(3): 686-699. 

[15]. Gupta, S.; Bishnoi, J.; Kumar, N.; Kumar, H.; Correspondence, J. and Bishnoi, (2018). "Terminalia arjuna (Roxb.) Wight &Arn.: 

Competent source of bioactive components in functional food and drugs." Innovation Journal 7(3): 223-231. 

[16]. Abeer A. Mabrouk; Kamilia F. Taha; Soad M. Abdel-Khalik; Mostafa M. Said and Mohamed I. Saleh. (2013). Pharmacognostical 
and Biological Studies of Two Species of Terminalia (T. muelleri and T. myriocarpa), F.  Combretaceae.  Master thesis, Faculty of 

Pharmacy, Helwan University, Cairo-Egypt.Pp: 

[17]. Said, M.M; Sahar, B. A and Abeer A. E. (2013). The possible ameliorating effect of Terminalia leaves extract against 
hepatotoxixity in albino rats. J of Drug Res. Egypt 34(1):19-25. 

[18]. Bakiri, L. and Wagner, E. F. (2013). "Mouse models for liver cancer." Molecular oncology 7(2): 206-223. 

[19]. Pandya, N. B.; Tigari, P.; Dupadahalli, K.; Kamurthy, H. and Nadendla, R. R. (2013). "Antitumor and antioxidant status of 
Terminalia catappa against Ehrlich ascites carcinoma in Swiss albino mice." Indian journal of pharmacology 45(5): 464-469. 

[20]. Shi, J.; Krsmanovic, L.; Bruce, S.; Kelly, T.; Paranjpe, M.; Szabo, K..; Arevalo, M.; Atta-Safoh, S.; Debelie, F.; LaForce, M. K.; 

Sly, J. and Springer, S. (2011). "Assessment of genotoxicity induced by 7,12 dimethylbenz(a)anthracene or diethylnitrosamine in 
the Pig-a, micronucleus and Comet assays integrated into 28-day repeat dose studies." Environ Mol Mutagen 52(9): 711-720. 

[21]. El-Sayyad, H. I.; Ismail, M. F.; Shalaby, F. M.; Abou-El-Magd, R. F.; Gaur, R. L.; Fernando, A.; Raj, M. H. and Ouhtit, A. (2009). 

"Histopathological effects of cisplatin, doxorubicin and 5-flurouracil (5-FU) on the liver of male albino rats." Int J Biol Sci 5(5): 
466-473. 

[22]. Reitman, S. and Frankel, S. (1957). "A colorimetric method for the determination of serum glutamic oxalacetic and glutamic 

pyruvic transaminases." Am J Clin Pathol 28(1): 56-63. 
[23]. Doumas, B. T.; Watson, W. A. and Biggs, H. G. (1971). "Albumin standards and the measurement of serum albumin with 

bromcresol green." Clin Chim Acta 31(1): 87-96. 

[24]. Banchroft, J.D.; Stevens, A. And Turner, D.R. (1996). Theory and practice of histological    techniques. Fourth Ed. Churchil 
Livingston, New York, London, San Francisco, Tokyo.  

[25]. Omata, M.; Liew, C. T.; Ashcavai, M. and Peters, R. L. (1980). "Nonimmunologic binding of horseradish peroxidase to hepatitis B 

surface antigen. A possible source of error in immunohistochemistry." Am J Clin Pathol 73(5): 626-632.  
[26]. Bajracharya, D.; Shrestha, B.; Kamath, A.; Menon, A. and Radhakrishnan, R. (2014). "Immunohistochemical correlation of matrix 

metalloproteinase-2 and tissue inhibitors of metalloproteinase-2 in tobacco associated epithelial dysplasia." Disease markers: 

197813-197813. 
[27]. El Mesallamy, H. O.; Metwally, N. S.; Soliman, M. S.; Ahmed, K. A. and Abdel Moaty, M. M. (2011). "The chemopreventive 

effect of Ginkgo biloba and Silybum marianum extracts on hepatocarcinogenesis in rats." Cancer Cell International 11(1): 38. 

[28]. Lee, J. K.; Kim, J. H. and Shin, H. K. (2011). "Therapeutic effects of the oriental herbal medicine Sho-saiko-to on liver cirrhosis 
and carcinoma." Hepatol Res 41(9): 825-837. 

[29]. Cui, W.; Gu, F. and Hu, K.-Q. (2009). "Effects and mechanisms of silibinin on human hepatocellular carcinoma xenografts in nude 

mice." World Journal of Gastroenterology 15(16): 1943-1950. 
[30]. Elsadek, E. M. B.; Atwa, M. K. G.; Taha, H. H. and Saleem H. T. (2015). Synergistic antineoplastic activity of Berberine and 

doxorubicin on the chemically induced hepatocellular carcinoma in rats. International Journal of Pharmacy and Biological 

Sciences5(4): 137-149. 
[31]. Elguindy, N. M.; Yacout, G. A.; El Azab, E. F. and Maghraby, H. K. (2016). "Chemoprotective Effect of Elettaria Cardamomum 

against Chemically induced Hepatocellular Carcinoma in Rats by Inhibiting NF-κB, Oxidative Stress, and Activity of Ornithine 

Decarboxylase." South African Journal of Botany 105: 251-258. 
[32]. Carr, B. I. and Guerra, V. (2017). "Serum albumin levels in relation to tumor parameters in hepatocellular carcinoma patients." Int J 

Biol Markers 32(4): e391-e396. 



Synergistic Anticancer Activity of Terminalia Muelleri and Doxorubicin on Chemically Induced HCC  

 

DOI: 10.9790/3008-1405022941                                   www.iosrjournals.org                                           41 | Page 

[33]. Tanaka, K.; Sakal, H.; Hashizume, M. and Hirohata, T. (1998): A long term follow – up study on risk factors for hepatocellular 
carcinoma among Japanese patients with liver cirrhosis. JPn. J. Cancer Res. 89: 1241 – 1250. 

[34]. Kang, J. S.; Kang, H.-G.; Park, Y.-I.; Lee, H.; Park, K.; Lee, Y.-S.; Kim, S.  and Ryu, D.-Y. (2013). "Expression of epithelial cell 

adhesion molecule and proliferating cell nuclear antigen in diethylnitrosamine-induced hepatocarcinogenesis in mice." 
Experimental and therapeutic medicine 5(1): 138-142. 

[35]. Qin, L. X. and Tang, Z. Y. (2002). "The prognostic molecular markers in hepatocellular carcinoma." World J Gastroenterol 8(3): 

385-392. 
[36]. Bishayee, A. and Dhir, N. (2009). "Resveratrol-mediated chemoprevention of diethylnitrosamine-initiated hepatocarcinogenesis: 

inhibition of cell proliferation and induction of apoptosis." Chem Biol Interact 179(2-3): 131-144. 

[37]. Bishayee, A.; Bhatia, D.; Thoppil, R. J.; Darvesh, A. S.; Nevo, E. and Lansky, E. P. (2011). "Pomegranate-mediated 
chemoprevention of experimental hepatocarcinogenesis involves Nrf2-regulated antioxidant mechanisms." Carcinogenesis 32(6): 

888-896. 

[38]. Hoshida, Y.; Fuchs, B. C. and Tanabe, K. K. (2013). "Prevention of hepatocellular carcinoma: potential targets, experimental 
models, and clinical challenges." Current cancer drug targets 12(9): 1129-1159. 

[39]. Zhao, Y.; Hu, X.; Zuo, X. and Wang, M (2018). "Chemopreventive effects of some popular phytochemicals on human colon cancer: 

a review." Food & Function 9(9): 4548-4568. 

[40]. Zhang, C.-L.; Zeng, T.; Zhao, X.-L.; Yu, L.-H.; Zhu, Z.-P. and Xie, K.-Q. (2012). "Protective effects of garlic oil on 

hepatocarcinoma induced by N-nitrosodiethylamine in rats." Int J Biol Sci 8(3): 363-374. 

[41]. Akshatha, G. M.; Raval, S. K.; Arpitha, G. M.; Raval, S. H. and Ghodasara, D. J. (2018). "Immunohistochemical, histopathological 
study and chemoprotective effect of Solanum nigrum in N-nitrosodiethylamine-induced hepatocellular carcinoma in Wistar rats." 

Veterinary world 11(4): 402-409. 

[42]. Wang, X. and Wang, Q. (2018). "Alpha-Fetoprotein and Hepatocellular Carcinoma Immunity." Canadian Journal of 
Gastroenterology and Hepatology 8. 

[43]. Khan, A.Q.; Khan, R.; Qamar, W.; Lateef, A.; Rehman, M.U.; Tahir, M.; Ali, F.; Hamiza, O.O.; Hasan, S.K. and Sultana, S., 

(2013). "Geraniol attenuates 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced oxidative stress and inflammation in mouse 
skin: possible role of p38 MAP Kinase and NF-kappaB." Exp Mol Pathol 94(3): 419-429.  

[44]. Banu, F.; Dawood, N.; Lakshmi, Y.S.; Gopalakrishnan, S. and Brinda, V., (2014). "Antioxidant activity of Geraniol on N-

nitrosodiethylamine-induced hepatocarcinogenesis in wistar albino rats." Ind. J. Oncol. Radiat. Biol. 2: 4-9. 
[45]. Murugan, R. S.; Vinothini, G.; Hara, Y. and Nagini, S. (2009). "Black tea polyphenols target matrix metalloproteinases, RECK, 

proangiogenic molecules and histone deacetylase in a rat hepatocarcinogenesis model." Anticancer Res 29(6): 2301-2305.  

[46]. Liu, J.; Wen, X.; Liu, B.; Zhang, Q.; Zhang, J.; Miao, H. and Zhu, R. (2016). "Diosmetin inhibits the metastasis of hepatocellular 
carcinoma cells by downregulating the expression levels of MMP-2 and MMP-9." Mol Med Rep 13(3): 2401-2408. 

[47]. Wang, W.; Wang, Y.; Liu, M.; Zhang, Y.; Yang, T.; Li, D.; Huang, Y.; Li, Q. and Bai, G. (2019). "Betulinic acid induces apoptosis 

and suppresses metastasis in hepatocellular carcinoma cell lines in vitro and in vivo."  23(1): 586-595. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yakout A. Elsenosi " Synergistic Anticancer Activity of Terminalia Muelleri and Doxorubicin 

on Chemically Induced HCC in Albino Rats" IOSR Journal of Pharmacy and Biological 

Sciences (IOSR-JPBS) 14.5 (2019): 29-41. 

 


