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INTRODUCTION 

 

The liver is the largest and most important organ in the body. It plays many vital 

functions in the maintenance, performance and regulation of the homeostasis. The 

important function of the liver is to filter toxic substances from the body. Hepatic damage 

may occur when the accumulation of toxins is faster than the liver’s metabolizing ability 

(Bigoniya et al., 2009; Bhakuni et al., 2016). Liver disorders lead to various pathological 
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Abstract:Hepatocellular carcinoma is one of the most common malignancies 

worldwide, and in Egypt, it is the most common form of primary liver cancer. 

HCC represents the second most prevalent cancer among men in Egypt. The 

important risk factors for HCC include hepatitis C and B, alcoholism, 

schistosomiasis, aflatoxins (AFB), hypothirodism, and cirrhosis. Diethyl 

nitrosamine (DEN) is a well-known, strong hepatocarcinogenic agent. It is 

known that DEN induces damage to enzymes involved in DNA repair and is 

normally used to induce liver cancer in experimental animal models such as 

rats. Curcumin is a strong anti-inflammatory agent and has anti-cancer effects 

with strong therapeutic potential against a variety of cancers. Vitamin C is an 

important free radical scavenger in extracellular fluids, trapping radicals and 

protecting biomembranes from peroxide damage and tissue damage to the liver, 

as well as in HCC cases. Objective: To evaluate the hematological parameters 

and some liver function tests in the early stage of HCC and the hepatoprotective 

role of curcumin and vitamin C Materials and methods: This study was 

conducted on a patch of 90 adult, mature, healthy male albino rats (Rattus 

rattus) with an average weight of 190 ± 10 g. T h e y  were allowed to 

acclimate in the laboratory and distributed into 9 groups of 10 rats each. 

Hematological parameters and some hepatic tests were measured for all groups 

at the end of the experiment. Results: The results showed significant alterations 

in all hematological parameters and hepatic function tests when compared to 

their corresponding levels in the control group, and when treated with 

curcumin and vitamin C, the results showed improvement in some parameters 

when compared with the DEN group. Conclusion: Antioxidants like curcumin 

and vitamin C administration improved the hematological parameters and liver 

function tests. 
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changes like fatty liver, increase in ROS or oxidative stress, necrosis of liver cells, hepatitis, 

steatosis, cholestasis, vascular lesions, and granuloma and veno-occlusive diseases, 

increase in the level of inflammatory markers, hepatocellular carcinoma which further 

produces portal hypertension and hepatic failure (Buzzetti et al., 2016). Liver tumors are 

classified into two major categories, primary liver tumors and metastatic liver tumors 

(McNally, 2010; Lozano et al., 2012; Quaglia, 2018). Hepatocellular carcinoma (HCC) 

represents the fifth most common cancer in the world, and the second most frequent 

oncological cause of death among Egyptian men (Jiang et al, 2017).  

Unlike other cancers, the main risk factors associated with HCC are well defined 

and include viral hepatitis (B and/or C), alcohol abuse, and nonalcoholic fatty liver disease 

in patients with metabolic syndrome and diabetes. Other cofactors of HCC development, 

such as aflatoxin B1(AFB1), pesticides, oral contraceptives (OCs), obesity, iron overload, 

alpha1 antitrypsin deficiency, tyrosinemia, and tobacco, increase the incidence of the 

disease if other common risk factors are present (Chuang et al., 2009; Omar et al., 2013). 

Nitrosamines are compounds formed by the combination of amines and nitrates or 

nitrites. Studies have shown that nitrosamines can be formed in the human stomach by a 

process commonly referred to as endogenous nitrosation. Many foods that contain amines 

can react with these nitrosating agents in the acidic environment of the stomach to form 

nitrosamines (Jakszyn and Gonzalez, 2006; Fathy et al., 2017).  

Turmeric (curcuma longa), also known as ‘curcuma domestica’ is a perennial 

herbaceous plant of the ginger family (Zingiberaceae) (Priyadarsini, 2014). Although it has 

more than 300 active components; a substance obtained from its root that has the feature 

of being a yellow or orange pigment is the main biologically active component constituting 

the basis for the medicinal properties of this plant (Gupta et al., 2013). This substance 

called curcumin is also the main component of curry powder commonly used in Asian 

cuisine. It is also used as a food colorant with the code E100 (Lüer et al., 2014). The effects 

of curcumin, which has a polyphenol structure, on certain cytokines, kinases, enzymes, 

transcription factors, growth factors and receptors have been studied.  

Vitamin C: 

Antioxidants, ascorbic acid (vitamin C) and tocopherol (vitamin E) used as 

nutritional supplement, are essential elements in almost all biological systems (Howard et 

al., 2000). It is one of the most widely available and affordable non-enzymatic antioxidant 

molecules that have been used to mitigate oxidative damage (Naidu, 2003). It readily 

scavenges physiological ROS as well as reactive nitrogen species ‘‘RNS” (Carr and Frei, 

1999). L-ascorbic acid (Vit. C) is a well-known antioxidant, that can protect the body from 

damage caused by ROS that can be generated during normal metabolism as well as through 

exposure to toxins and carcinogens (Halliwell, 1996; Banerjee et al., 2009). Vitamin C or 

ascorbic acid (AA) is involved in a number of metabolic processes in the human body, 

including those that are important for the optimal functioning of the oxygen energy system. 

In addition, AA is an important free radical scavenger in extracellular fluids, trapping 

radicals and protecting bio membranes from peroxide damage and tissues damage to the 

liver (Salah et al., 2010; Adikwu & Deo, 2013).  

 

MATERIALS AND METHODS 

 

Diethylnitrosamine (DEN) was purchased from Sigma-Aldrich (St. Louis, MO, 

USA). DEN was given to rats in drinking water (100 mg/L). The DEN solution was 

prepared as a fresh solution every other day and administered to rats in dark bottles.  
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Experimental Animals: 

A patch of 90 adult, mature, healthy male albino rats (Rattus rattus), obtained from 

the Egyptian Holding Company for Biological Products and Vaccines (VACSERA, Giza, 

Egypt) averaged weight (190 ± 10 g) were allowed to acclimatize in the laboratory and 

distributed into 9 groups of 10 rats each. All animals received human care in accordance 

with the guidelines of the ethical committee of the Faculty of Science, Al- Azhar 

University. Rats were maintained under standard laboratory conditions at the animal house, 

Faculty of Science, Al-Azhar University, Cairo, Egypt. They were kept in a temperature-

controlled environment (20-25°C) and under good ventilation at 45%–55% relative 

humidity with an alternating 12 h light-dark cycle. They all received a standard laboratory 

diet (60% ground corn meal, 10% bran, 15% ground beans, 10% corn oil, 3% casein, 1% 

mineral mixture and 1% vitamin mixture), purchased from Meladco Feed Company (Aubor 

City, Cairo, Egypt) and supplied with water ad libitum throughout the experimental period. 

Chemicals: 

Curcumin: 

Curcumin is a bright yellow color and may be used as a food coloring.  As a food 

additive, its E number is E100 (Akram et al., 2010; Momtazi et al., 2016; Kocaadam et al., 

2017), a crystalline powder practically insoluble in water.  

Curcumin was prepared for supplementation by dissolving 1500 mg of curcumin 

(powder) in 30 ml of olive oil at a concentration of 50 mg/ml just before experimental use. 

This suspension was given to rats by oral gavage.  

Every rat has received curcumin at a concentration of 150 mg/kg body weight, 

according to previous studies (Khedr and Khedr 2014). 

Vitamin C (Vit. C):  

Vitamin C (ascorbic acid) was purchased from El-Nasr Company for 

pharmaceutical industries, Egypt. Vitamin C, also known as ascorbic acid and L-ascorbic 

acid.  

Preparation of the Dose: 

Rats were orally dosed with 200 mg/kg of vitamin C daily for 30 days and these 

doses were chosen according to Adeneye and Olagunju (2008) and other reagents were of 

high analytical grade and were purchased from standard commercial suppliers. 

Collection of Samples: 

    At the end of the experiment, blood samples were collected from each animal from 

the retro-orbital venous plexus puncture. One part of the blood was collected in EDTA 

tubes for hematological study and another part of the blood was left to clot at room 

temperature for 15 minutes. Sera were separated by centrifugation at 3000 rpm at 20°C for 

15 minutes where the clear serum was obtained and kept frozen at -80°C for various 

biochemical analyses. 

Experimental Design: 

A patch of 90 male albino rats was randomly divided into nine equal groups and 

labeled as groups 1, 2, 3, 4, 5, 6, 7, 8 and 9. Each group contains 10 rats: 

• Group (1): Control rats.  

• Group (2): Rats in this group were administered olive oil daily via oral gavage tube 

for 30 days.  

• Group (3): Rats in this group were administered curcumin at a dose 150 mg/kg 

daily via oral gavage tube for 30 days. 

• Group (4): Rats in this group were administered vitamin C at dose (200 mg/kg) 

daily via oral gavage tube during the period of the experiment.  
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• Group (5): Rats in this group were administered a mix of curcumin and vitamin C 

daily via oral gavage tube for 30 days.  

• Group (6): Rats in this group were used as a positive control for the HCC model 

in which DEN was administered in drinking water (100 mg/L) for 30 days.  

• Group (7):  Rats in this group were administered curcumin at a dose 150 mg/kg 

daily via oral gavage tube for 30 days, then treated with DEN in the drinking water 

(100 mg/L)  for 30 days. 

•  Group (8): Rats in this group were administered vitamin C at a dose 200 mg/kg  

daily via oral gavage tube for 30 days, then treated with DEN in the drinking water 

(100 mg/L) for 30 days. 

• Group (9):  Rats in this group were administered a mixture of curcumin and vitamin 

C daily via oral gavage tube for 30 days, then treated with DEN in the drinking 

water (100 mg/L) for 30 days. 

1-Hematological Parameters: 

The erythrocyte count, total and differential leukocyte count, platelet count, 

hematocrite percentage, and hemoglobin concentration were estimated in the blood by 

using a CBC analyzer (Sino thinker. sk9000, U.S) and confirmed by Sysmex KX-21N 

automated counter cell, Hematology Analyzer. 

2-Biochemical Study: 

The serum levels of transaminases, ASAT and ALAT (Bergmeyer et al., 1986), 

alkaline phosphatase (ALP) (Carl and David. 2001), total protein (TP) (Gornal et al., 1949), 

albumin (Doumas et al., 1971), and total bilirubin (TBIL) (Scherwin and Thompson 2003) 

were estimated using kits from Elitech Diagnostic Co., France. 

3-Aspartate Aminotransferase-to-Platelet Ratio Index (APRI): 

  Recently, several serum markers that can be used as noninvasive tools have been 

identified in human cancers, including HCC (Lin et al., 2017). Among them, there has 

been great interest in the aspartate aminotransferase-to-platelet ratio index (APRI) because 

it is an inexpensive and feasible test that can be used for daily oncologic practice. It has 

been reported that APRI might be a candidate as a prognostic biomarker in HCC and in 

cases of cirrhosis pre-HCC (Peng et al., 2016). 

Statistical Analysis: 

The statistical analysis of the results was performed using a statistical package for 

social sciences computer program (SPSS/CP) (version 20). All values were expressed as 

mean ± SE, and the results were analyzed using a one-way analysis of variance (ANOVA) 

test followed by the least significant difference (LSD) test for multiple comparisons. 

Differences were considered statistically significant at p<0.05. 

 

RESULTS  

 

 Hematological Parameters: 

The data revealed that rats treated with olive oil, curcumin, vitamin C, and a 

combination of curcumin and vitamin C recorded an insignificant change in RBCs, Hb, 

WBCs, and platelet count when compared to their corresponding values in the control 

group, while rats induced with DEN revealed a significant decrease in RBCs, Hb, and 

platelet count and showed a significant increase in WBCs count when compared to their 

corresponding value in the control group. In addition to RBCs, Hb and PLTs count revealed 

a significant increase (p˂0.05) in the groups treated with curcumin or vitamin C or a 

combination of them with DEN when compared to the group treated with DEN only, while 

WBCs count revealed a significant decrease (p˂0.05) in curcumin or vitamin C or a 

combination of them when compared to the group treated with DEN only (Table 1). 
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Table 1: Mean values ± S.E. of hematological profiles (RBCs, Hb, WBCs, and PLTs) in adult 

male albino rats subjected to different treatment conditions for 30 and 60 days. 

  .means of 10 records ± S.E s aEach value represent 

a, b, c, d, e means comparison between all groups, where the groups with the same letter mean there is 

no significance difference and those with a different letter mean there is a significance change.  %: 

percent of changes from control values. 

                                   

          The results showed that rats treated with olive oil, curcumin, vitamin C and a 

combination of curcumin and vitamin C for 30 days revealed insignificant changes in Hct, 

MCV, MCH and MCHC when compared to their corresponding values in the control 

group, while the DEN administered groups recorded insignificant changes in blood indices 

except for the Hct, which is revealed a significant decrease when compared to their 

corresponding values in the control group. In addition to Hct, MCV and MCH values 

revealed a significant increase in the groups treated with curcumin or vitamin C or 

combination of them, then with DEN, when compared to the group treated with DEN only 

(Table 2). 

 

Table 2: Mean values ± S.E. of hematological profiles (Hct, MCV, MCH, and MCHC) in 

adult male albino rats subjected to different treatment conditions for 30 and 60 

days. 
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Liver function tests 

Our data demonstrated that groups treated with olive oil, curcumin, vitamin C and 

a combination of curcumin and vitamin for 30 days revealed insignificant changes in 

ALAT, ASAT, total protein, albumin, total bilirubin and alkaline phosphatase levels when 

compared to their corresponding values in the control group while, the DEN administered 

groups recorded a significant increase in ALAT, ASAT, total bilirubin and alkaline 

phosphatase levels and a significant decrease in the levels of total protein and albumin 

throughout the experimental period when compared to their corresponding value in the 

control group. In addition to ALAT, ASAT enzyme activity, total bilirubin and alkaline 

phosphatase values revealed a significant decrease in the groups treated with curcumin or 

vitamin C or a combination of them then, with DEN when compared to the group treated 

with DEN only. On the other hand, total protein and albumin levels revealed insignificant 

changes in vitamin C and a combination of them then, DEN when compared to the group 

treated with DEN, except for the group treated with curcumin with DEN showed a 

significant increase in the level of total protein and albumin when compared to the group 

treated with DEN. (Tables 3&4). 
 

Table 3: Mean values ± S.E. of liver function tests (ALAT, ASAT, T. protein, and albumin) 

in adult male albino rats subjected to different treatment conditions for 30 and 60 

days. 

 

Table 4: Mean values ± S.E. of liver function tests (T. bilirubin and alkaline phosphatase) 

in adult male albino rats subjected to different treatment conditions for 30 and 

60 days. 
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Aspartate Aminotransferase to Platelet Ratio Index (APRI) 

The results of the aspartate aminotransferase to platelet ratio index (APRI) revealed 

insignificant changes in groups treated with olive oil, curcumin, vitamin C and a 

combination of curcumin and vitamin C when compared to their corresponding values in 

the control group, while the DEN administered group recorded a significant increase in the 

levels of APRI at the end of the experiment when compared to their corresponding values 

in the control group. In addition, the level of APRI revealed a significant decrease in 

curcumin, vitamin c and a combination of them with DEN when compared to the group 

treated with DEN only (Table 5). 

 

Table 5: Mean values ± S.E. of aspartate aminotransferase to platelet ratio index (APRI) 

in adult male albino rats subjected to different treatment conditions for 30 and 

60 days. 

 

   DISCUSSION 

 

According to the World Health Organization, HCC is the fifth most common tumor 

worldwide and the second most common cause of cancer‐related death. Male‐to‐female 

predominance is greater than 2:1 with liver cancer, and approximately 83% of the estimated 

782,000 new HCC cases in 2012 (Song et al., 2017; Heimbach et al., 2018). In Egypt, HCC 

represents the second most frequent cancer in men, with more than 8000 new cases 

predicted by the year 2012. Early detection of HCC opens doors for various treatments 

such as surgical resection, radiofrequency ablation, and transplantation, which can lead to 

amenable aggressive intervention and improved survival in a great number of HCC patients 

(Goldman et al., 2007; Hashem et al., 2017). 

The hematopoietic system is a very sensitive system to detect the dangerous effects 

of drugs and toxic substances on our health. In addition, hematological parameters and 

markers of the systemic inflammatory response have been correlated with the prognosis of 

several malignancies. So any kind of severe disease or abnormality has a direct impact on 

blood parameters so it is necessary to study the changes in hematological parameters in 

liver cancer patients at regular intervals during treatment (Ali, 2014; Shrivastava, et al., 

2016; Mokh et al., 2019). 

In the present study, the data revealed that the mean values of RBCs, Hb, Hct, 

WBCs and PLT counts and concentrations were significantly decreased in the group treated 

with DEN when compared with their corresponding levels in the control group (p< 0.05) 

so this case is called pancytopenia, while there was no statistically significant difference in 

the mean values of blood indices in rats treated with DEN when compared with their 

corresponding levels in the control group. These results are in agreement with Carr (2016) 

; Selvamani and Thomas (2017) who stated that decreased RBCs and hemoglobin are the 

most common anemia in primary HCC patients, and often its type is normochromic 

normocytic anemia. As inferred from the study leucopenia and thrombocytopenia are 
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present in most patients and are commonly present in the patients with splenomegaly and 

with a history of bleeding tendencies, also these results are in agreement with Solomon et 

al. (2017) who showed the study on hematological abnormalities in chronic liver diseases, 

and this might be due to the direct damage to the bone marrow and the blood elements are 

sensitive to the oxidative stress, and their plasma membranes contain high percentage of 

polyunsaturated fatty acids (Carr, 2016) which increases lipid peroxidation products. On 

the other hand, Nilakanth and Balachandran (2019) revealed that curcumin treatment could 

decrease or mitigate the toxic effects of anemia and leukocytosis against DEN induced 

toxicity. On the other hand vitamin C has potent antioxidant activity against toxic 

substances such as DEN, and the consumption of foods rich in vitamin C is highly 

recommended to reduce the damage caused by the toxic compounds in DEN (Fahmy et al., 

2017). 

The liver function tests of the DEN group in the present study recorded significant 

alterations in all investigated liver function parameters when compared with their 

corresponding values in the control group in which the liver injury caused by DEN 

generally reflected the instability of liver metabolism and characteristic changes in the 

serum enzyme activities (Bulle et al., 1990; Zhao et al., 2014; Fathy et al., 2017). The 

specific enzymes for the liver (ASAT, ALAT, GGT, and ALP) are activated at the 

hepatocellular damage and give rise to abnormal levels for liver function tests (Ansari et 

al, 1991; Ganeshkumar et al., 2016). The changes in the concentrations of ASAT, ALAT, 

ALP, T. bil, and GGT were generally accepted as an index of liver damage and this 

propensity was known to be distinguished in rodents. An increase in the level of these 

enzymes in both serum represents the extent of hepatocellular damage (Injac et al, 2008; 

Kolarovic et al, 2010; Elsadek et al, 2017; Marslin et al., 2018). A reduction in the level of 

these enzymes compared to DEN administered animals was observed in animals treated 

with curcumin, indicating that curcumin has the potential to protect from liver damage has. 

The increase in transaminases (ALAT and ASAT) was the clearest indication of cellular 

leakage and loss of functional integrity of the cell membrane (Saraswat et al., 1993; Al-

Rejaie et al., 2009). The significant increase of ASAT and ALAT in the present study 

indicated liver damage and loss of functional integrity of cell membranes (Kolarovic et al., 

2010). Thus, proving the hepatocellular damage that might be due to the release of these 

enzymes from the cytoplasm into the blood circulation rapidly after rupturing of the plasma 

membrane (Gupta et al., 2004). In addition, the increased liver enzymes in the serum are a 

reflection of the lipid peroxidation of liver cell membranes in which these free radicals 

initiated the lipid peroxidation process and protein carbonylation, leading to abnormal 

structural changes of the bio-membranes and loss of liver integrity and decreased metabolic 

activity (Azab et al, 2011; Fathy et al., 2017).  

The GGT is an enzyme embedded in the hepatocyte plasma membrane, mainly in 

the canalicular domain. Serum GGT activity was considered one of the best indicators of 

liver damage. The liberation of this enzyme into the serum indicates damage to the hepatic 

cells and injury to the liver (Bulle et al., 1990; Yao et al., 2004; Kadasa et al., 2015). On 

the other hand, the elevation in ALP activity and T. bIL in the DEN group could be 

attributed to the large bile duct obstruction, intrahepatic cholestasis, infiltrative diseases of 

the liver, or the enzyme  release from the tissues to the blood stream, particularly due to 

defects in  cell membrane permeability (Carl and David, 2001; Zhao et al., 2014), while 

the decrease of ALAT, ASAT, ALP, Bil and GGT serum levels in curcumin treated groups 

may be due to the reduction of cellular damage (Zhao et al., 2014; Kadasa et al., 2015 ) 

this is in agreement with Hussein et al. (2014) who reported that curcumin may be able to 

ameliorate serum biomarkers of hepatic function, prevent lipid peroxidation and oxidative 

stress, This has been enhanced by Abou Zaid et al. (2016; Zhong et al. (2016); Qiu et al. 
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(2017); Li et al. (2018) who said that treatment with curcumin is able to back parts of 

enzymes to near normal levels, decreased metabolic disorders by possibly preserving the 

functional integrity of the hepatocytes, has potent chemo-preventative activity against a 

wide variety of tumors, has great potential in the prevention and treatment of hepato-

carcinogenesis, showing its defense action against DEN induced hepatotoxicity and may 

serve as a promising candidate to inhibit inflammation and apoptosis signaling for the 

treatment of endotoxins, which may be induce liver failure. On the other side, vitamin C is 

an important free radical scavenger in extracellular fluids, trapping radicals and protecting 

biomembranes from peroxide damage. This is in agreement with Abou Zaid et al. (2016); 

Lv et al. (2018) who demonstrated that vitamin C has chemo-preventative effect against 

hepatocellular-carcinoma via its considers as a strong antioxidant and free radicals 

scavenging activity and can effectively kill and erase liver cancer cells (CSCs) and used as 

a novel therapeutic agent for HCC treatment. on the other hand, (Mohammed, 2018) 

showed that the use of high dose intravenous vitamin C and Helixor injections can improve 

the liver functions and overall physical performance in a patient with HCC and in case of 

impairment liver function tests. 

Aspartate Aminotransferase to Platelet Ratio Index (APRI):   

Aspartate aminotransferase to platelet ratio index (APRI) is a widely investigated 

indirect marker in assessing liver diseases as fibrosis and cirrhosis. APRI was originally 

developed for predicting fibrosis and cirrhosis in patients with chronic hepatitis C infection, 

and most of the investigations that followed were focused on HCV-related fibrosis 

evaluation (Baranova et al., 2011). A few studies have also reported that APRI might be 

helpful in the assessment of liver fibrosis in HBV patients. A recent study suggested that 

APRI was also associated with postoperative prognosis in early stages of HCC patients 

(Hann et al., 2015).  

Ji et al., (2016) reported that the combination of neutrophil/ lymphocyte ratio 

(NLR) and APRI may be a useful prognostic tool to determine survival in patients with 

HCC after resection, and to further guide their follow-up and postoperative treatment. 

 

REFERENCES 

 

Abou Zaid, O. A. R., El-Senousy, Y. A., Badawy, A. F. M., & Rashad, A. M. (2016): 

Biochemical Studies on Evaluation of New Composite against Hepatocellular 

carcinoma-induced in Rats: Recent Therapeutic Approaches. Benha veterinary 

medical journal. 30(1), 124-136. 

Adeneye, A, A., and Olagunju, J, O. (2008): Protective effect of oral Ascorbic Acid 

(Vitamin C) against Acetaminophen-induced hepatic injury in rats." African 

Journal of Biomedical Research 11(2), 55-61. 

Adikwu, E. and Deo, O. (2013): Hepatoprotective effect of vitamin C (ascorbic 

acid)." Pharmacology & Pharmacy 4(1), 78-84. 

Akram, M., Shahab-Uddin, A. A., Usmanghani, K., Hannan, A., Mohiuddin, E. and Asif, 

M. (2010):  Curcuma longa and curcumin: a review article." Rom J Biol Plant 

Biol 55(2), 65-70. 

Ali, L. O. (2014): Study effect of Breast Cancer on Some Hematological and Biochemical 

Parameters in Babylon Province, Iraq. IOSR-JPBS, 9(3), 20-24. 

Al-Rejaie, S. S., Aleisa, A. M., Al-Yahya, A. A., Bakheet, S. A., Alsheikh, A., Fatani, A. 

G., ... & Sayed-Ahmed, M. M. (2009): Progression of diethylnitrosamine-induced 

hepatic carcinogenesis in carnitine-depleted rats. World journal of 

gastroenterology: WJG, 15(11), 1373.  



Samir.  A. Zaahkouk et al. 60 

Ansari, R. A., Tripathi, S. C., Patnaik, G. K. and Dhawan, B. N. (1991): Antihepatotoxic 

properties of picroliv: an active fraction from rhizomes of Picrorhiza 

kurrooa. Journal of ethnopharmacology, 34(1), 61-68. 

Azab, K. S., Bashandy, M., Salem, M., Ahmed, O., Tawfik, Z., & Helal, H. (2011). Royal 

jelly modulates oxidative stress and tissue injury in gamma irradiated male Wister 

Albino rats. North American journal of medical sciences, 3(6), 268. 

Banerjee, P., Bhattacharyya, S. S., Bhattacharjee, N., Pathak, S., Boujedaini, N., Belon, P. 

and Khuda-Bukhsh, A. R. (2009): Ascorbic acid combats arsenic-induced 

oxidative stress in mice liver." Ecotoxicology and environmental safety, 72(2),  

639-649. 

Baranova, A., Lal, P., Birerdinc, A. and Younossi, Z.M. (2011):  Non-invasive markers for 

hepatic fibrosis. BMC gastroenterology, 11.1, 86-91. 

Bergmeyer, H. U., Horder, M., and Rey, J. (1986): Approved recommendation on IFCC 

methods for the  measurement of catalytic enzymes. Part 2: IFCC method for 

aspartate aminotransferase. Journal of Clinical Biochemistry, 24(1): 497-510. 

Bhakuni, G. S., Bedi, O., Bariwal, J., Deshmukh, R. and Kumar, P. (2016): Animal models 

of hepatotoxicity. Inflammation Research, 65(1), 13-24. 

Bigoniya, P., Singh, C. S. and Shukla, A. (2009): A comprehensive review of different 

liver toxicants used in experimental pharmacology. International Journal of 

Pharmaceutical Sciences and Drug Research, 1(3), 124-135. 

Bulle, F., Mavier, P., Zafrani, E. S., Preaux, A. M., Lescs, M. C., Siegrist, S. and Guellaën, 

G. (1990): Mechanism of γ‐glutamyl transpeptidase release in serum during 

intrahepatic and extrahepatic cholestasis in the rat: A histochemical, biochemical 

and molecular approach. Hepatology, 11(4), 545-550. 

Buzzetti, E., Pinzani, M. and Tsochatzis, E. A. (2016): The multiple-hit pathogenesis of 

non-alcoholic fatty liver disease (NAFLD). Metabolism, 65(8), 1038-1048. 

Carl, B., and David, B. (2001): tietz fundamentals of clinical chemistry. volume (1) fifth 

edition, W.B. Saunders Company, USA. 

Carr, A. and Frei, B. (1999): Does vitamin C act as a pro-oxidant under physiological 

conditions?" The FASEB Journal, 13(9), 1007-1024. 

Carr, B.I. (2016): Hepatocellular carcinoma diagnosis and treatment. Third edition ed. 

Springer. 

Chuang, Shu-Chun; LA Vecchia, Carlo; Boffetta, Paolo. Liver cancer: descriptive 

epidemiology and risk factors other than HBV and HCV infection. Cancer letters, 

2009, 286.1: 9-14. 

Doumas, B. T., Watson, W. A., and Biggs, H. G. (1971): Albumin standards and the 

measurement of serum albmin with bromocresol green. Clin. Chem. Acta., 31(1): 

87-96. 

Elsadek, B., Mansour, A., Saleem, T., Warnecke, A. and Kratz, F. (2017): The antitumor 

activity of a lactosaminated albumin conjugate of doxorubicin in a chemically 

induced hepatocellular carcinoma rat model compared to sorafenib." Digestive 

and Liver Disease, 49(2), 213-222. 

Fahmy, H.M., Ashraf M. M., Farrag, A. H. (2017): Protective Effects of Vitamin C on 

Hematological and Biochemical Parameters of Intoxicated Male Albino Rats with 

Lead and Cadmium. Middle East Journal of Applied Science, 7(1): 57-67. 

Fathy, A. H., Bashandy, M. A., Bashandy, S. A., Mansour, A. M. and Elsadek, B. (2017): 

Sequential analysis and staging of a diethylnitrosamine-induced hepatocellular 

carcinoma in male Wistar albino rat model." Canadian journal of physiology and 

pharmacology, 95(12), 1462-1472. 



Hematological and Biochemical Changes in Rats Induced with Diethyl Nitrosamine 
 

61 

Ganeshkumar, M., Ponrasu, T., Subamekala, M. K., Janani, M. and Suguna, L. (2016): 

Curcumin loaded on pullulan acetate nanoparticles protects the liver from damage 

induced by DEN. RSC Advances, 6(7), 5599-5610. 

Goldman, R., Ressom, H. W., Abdel-Hamid, M., Goldman, L., Wang, A., Varghese, R. S. 

and Gouda, I. (2007). Candidate markers for the detection of hepatocellular 

carcinoma in low-molecular weight fraction of serum. Carcinogenesis, 28(10), 

2149-2153. 

Gornal, A. C., Bardwill, C. J., and David, M. M. (1949): Determination of serum proteins 

by means of the biuret reaction. Journal of Biological and chemical 

Chronicles, 177(2): 751-766. 

Gupta, M., Mazumder, U. K., Kumar, R. S., Sivakumar, T. and Vamsi, M. L. M. (2004): 

Antitumor activity and antioxidant status of Caesalpinia bonducella against 

Ehrlich ascites carcinoma in Swiss albino mice. Journal of Pharmacological 

Sciences, 94(2), 177-184. 

Gupta, S. C., Sung, B., Kim, J. H., Prasad, S., Li, S. and Aggarwal, B. B. (2013): 

Multitargeting by turmeric, the golden spice: From kitchen to clinic." Molecular 

nutrition & food research, 57(9), 1510-1528. 

Halliwell, B. (1996): Commentary: vitamin C: antioxidant or pro-oxidant in vivo?. Free 

radical research, 25(5), 439-454. 

Hann, H. W., Wan, S., Lai, Y., Hann, R. S., Myers, R. E., Patel, F., and Yang, H. (2015): 

Aspartate aminotransferase to platelet ratio index as a prospective predictor of 

hepatocellular carcinoma risk in patients with chronic hepatitis B virus infection." 

Journal of gastroenterology and hepatology, 30.1 131-138. 

Hashem, E. M., Mabrouk, M. S. and Eldeib, A. M. (2017): Clinical and genomic strategies 

for detecting hepatocellular carcinoma in early stages: a systematic 

review. Journal of Global Research in Computer Science, 6(11): 101-115. 

Heimbach, J. K., Kulik, L. M., Finn, R. S., Sirlin, C. B., Abecassis, M. M., Roberts, L. R. 

and Marrero, J. A. (2018): AASLD guidelines for the treatment of hepatocellular 

carcinoma. Hepatology, 67(1),: 358-380. 

Howard, L. R., Talcott, S. T., Brenes, C. H. and Villalon, B. (2000):  Changes in 

phytochemical and antioxidant activity of selected pepper cultivars (Capsicum 

species) as influenced by maturity." Journal of Agricultural and Food Chemistry, 

48.5 1713-1720. 

Hussein, S. A., Elhadary, A. E. and Elgzar, Y. M. (2014):  Biochemical study on the 

protective effect of curcumin on thioacetamide induced hepatotoxicity in rats. 

Benha veterinary medical journal, 27 (1), 175‐185.  

 Injac, R., Perse, M., Obermajer, N., Djordjevic-Milic, V., Prijatelj, M., Djordjevic, A. and 

Strukelj, B. (2008). Potential hepatoprotective effects of fullerenol C60 (OH) 24 

in doxorubicin-induced hepatotoxicity in rats with mammary carcinomas. 

Biomaterials, 29(24-25), 3451-3460. 

Jakszyn, P. and González, C. A. (2006): Nitrosamine and related food intake and gastric 

and oesophageal cancer risk: a systematic review of the epidemiological 

evidence." World journal of gastroenterology: World journal of 

gastroenterology, 12(27), 4296. 

Ji, F., Liang, Y., Fu, S. J., Guo, Z. Y., Shu, M., Shen, S. L. and Hua, Y. P. 1 (2016):  A 

novel and accurate predictor of survival for patients with hepatocellular carcinoma 

after surgical resection: the neutrophil to lymphocyte ratio (NLR) combined with 

the aspartate aminotransferase/platelet count ratio index (APRI)." BMC cancer, 

16. 137. 



Samir.  A. Zaahkouk et al. 62 

Jiang, M., Zeng, Q., Dai, S., Liang, H., Dai, F., Xie, X and Gao, C. (2017): Comparative 

analysis of hepatocellular carcinoma and cirrhosis gene expression profiles. 

Molecular medicine reports, 15(1), 380-386. 

Kadasa, N. M., Abdallah, H., Afifi, M. and Gowayed, S. (2015): Hepatoprotective effects 

of curcumin against diethyl nitrosamine induced hepatotoxicity in albino 

rats.  Asian Pacific Journal of Cancer Prevention, 16(1), 103-108. 

Khedr, N. F. and Khedr, E. G. (2014): Antioxidant and anti-inflammatory effects of 

curcumin on CCl4–induced liver fibrosis in rats." American Journal of 

Biomedical Sciences, 6(3), 191-200. 

Kocaadam, B. and Şanlier, N. (2017): Curcumin, an active component of turmeric 

(Curcuma longa), and its effects on health." Critical reviews in food science and 

nutrition, 57(13), 2889-2895. 

Kolarovic, J., Popovic, M., Zlinská, J., Trivic, S. and Vojnovic, M. (2010): Antioxidant 

activities of celery and parsley juices in rats treated with 

doxorubicin. Molecules, 15(9), 6193-6204. 

Li, S., Tan, H. Y., Wang, N., Cheung, F., Hong, M. and Feng, Y. (2018): The potential and 

action mechanism of polyphenols in the treatment of liver diseases. Oxidative 

medicine and cellular longevity. 

Lin, H., Jiao, X., Yu, B., Du, J., Xu, H., Dong, A. AND Wan, C.  (2017): Clinical 

significance of serum 14-3-3 beta in patients with hepatocellular 

carcinoma." Cancer Biomarkers, 20.2 143-150. 

Lozano, R., Naghavi, M., Foreman, K., Lim, S., Shibuya, K., Aboyans, V. and AlMazroa, 

M. A. (2012): Global and regional mortality from 235 causes of death for 20 age 

groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease 

Study 2010. The lancet, 380(9859), 2095-2128. 

Lüer, S. C., Goette, J., Troller, R. and Aebi, C. (2014): Synthetic versus natural curcumin: 

bioequivalence in an in vitro oral mucositis model." BMC complementary and 

alternative medicine, 14(1), 47-53. 

Lv, H., Wang, C., Fang, T., Li, T., Lv, G., Han, Q. and Wang, H. (2018): Vitamin C 

preferentially kills cancer stem cells in hepatocellular carcinoma via SVCT-

2.  NPJ precision oncology, 2(1), 1-13. 

Marslin, G., Prakash, J., Qi, S. and Franklin, G. (2018). Oral delivery of curcumin 

polymeric nanoparticles ameliorates CCl4-induced subacute hepatotoxicity in 

wistar rats. Polymers, 10(5), 541. 

McNally, P. R. (2010): GI/Liver Secrets Plus E-Book. Elsevier Health Sciences. 

Mohammed, E. (2018):  Improved liver function after high dose intravenous vitamin C and 

Helxior SC injections in a patient with hepatocellular carcinoma progressed after 

chemotherapy and radiation. Journal of Cancer Prevention & Current 

Research, 9(4), 201‒203. 

Mokh, A., Abdelhady, D., Ghazy, E., Aboumosalem, H. and Goda, W. (2019):  Sesame oil 

mitigates initiation stage of diethynitrosamine hepatocarcinogenesis in 

rats. Slovenian Veterinary Research, 56(22-Suppl). 

Momtazi, A. A., Shahabipour, F., Khatibi, S., Johnston, T. P., Pirro, M. and Sahebkar, A. 

(2016): Curcumin as a MicroRNA regulator in cancer: a review. Reviews of 

Physiology, Biochemistry and Pharmacology, Vol. 171. Springer, Cham, 1-38. 

Naidu, K. A. (2003): Vitamin C in human health and disease is still a mystery? An 

overview." Nutrition journal, 2(1), 4-7. 

Nilakanth, M. M., Balachandran, C. (2019): protective effect of curcumin and nano 

curcumin on hematological alterations in experimental hepatocarcinogenesis in 

rats. International Journal of Research and Analytical Reviews, 6(1), 1248-1252. 



Hematological and Biochemical Changes in Rats Induced with Diethyl Nitrosamine 
 

63 

Omar, A., Abou-Alfa, G. K., Khairy, A. and Omar, H. (2013): Risk factors for developing 

hepatocellular carcinoma in Egypt.Chinese clinical oncology, 2(4). 

Onoue, S., Yamamoto, K., Kawabata, Y. and Yamada, S. (2013): In vitro/in vivo 

characterization of nanocrystalline formulation of tranilast with improved 

dissolution and hepatoprotective properties. European Journal of Pharmaceutics 

and Biopharmaceutics, 85(3), 952-957.  

Peng, W., Li, C., Wen, T. F., Yan, L. N., Li, B., Wang, W. T. and Xu, M. Q. (2016):  

Postoperative aspartate aminotransferase to platelet ratio index change predicts 

prognosis for hepatocellular carcinoma." Medicine, 95.30. 

Priyadarsini, K. (2014):  The chemistry of curcumin: from extraction to therapeutic 

agent." Molecules, 19.12 20091-20112. 

Qiu, P., Sun, J., Man, S., Yang, H., Ma, L., Yu, P. and Gao, W. (2017): Curcumin attenuates 

N-Nitrosodiethylamine-Induced liver injury in mice by utilizing the method of 

metabonomics. Journal of agricultural and food chemistry, 65(9), 2000-2007.  

Quaglia, A. (2018): Hepatocellular carcinoma: a review of diagnostic challenges for the 

pathologist. Journal of hepatocellular carcinoma, 5, 99. 

Salah, S. H., Abdou, H. S. and Rahim, E. A. (2010):  Modulatory effect of vitamins A, C 

and E mixtures against tefluthrin pesticide genotoxicity in rats." Pesticide 

biochemistry and physiology, 98(2), 191-197. 

Saraswat, B. I. N. D. U. J. A., Visen, P. K., Patnaik, G. K. and Dhawan, B. N. (1993). 

Anticholestatic effect of picroliv, active hepatoprotective principle of Picrorhiza 

kurrooa, against carbon tetrachloride induced cholestasis. Indian journal of 

experimental biology, 31(4), 316-318. 

Scherwin, J., and Thompson, C. (2003): Liver function. clinical chemistry: theory, analysis, 

correlation, 4th Ed., Kaplan, L. A., Pesce, A. J., Kazmierczak, S. C., (Mosby Inc. 

eds St Louis USA), 493 and appendix. 

Selvamani, M.D. and Thomas, S. (2017): Evaluation of Haematological Abnormalities in 

Decompensated Chronic Liver Disease Patients. Journal of Dental and Medical 

Sciences, 16(4), 16-21. 

Shrivastava, S., Singh, N., Nigam, A. K., Chandel, S. S., Shrivastava, R. and Kumar, S. 

(2016): Comparative study of hematological parameters along with effect of 

chemotherapy and radiotherapy in different stages of breast cancer. International 

Journal of Research in Medical Sciences, 5(1), 311-315. 

Solomon, R.T., Aravind, A., Selvi, C.K., Balamurali, R., Ramkumar, G., Muthukumuran, 

K., VaishnaviPriyaa, C., Kavitha, S. and Kayalvizhi, J.(2017): A Study on 

Hematological Abnormalities in Chronic Liver Diseases. journal of Dental and 

Medical Sciences, 16(6), 38-44. 

Song, P., Cai, Y., Tang, H., Li, C. and Huang, J. (2017):  The clinical management of 

hepatocellular carcinoma worldwide: A concise review and comparison of current 

guidelines from 2001 to 2017. Bioscience trends, 11(4): 389-398. 

Tricker, A. R. and Preussmann, R. (1991): Carcinogenic N-nitrosamines in the diet: 

occurrence, formation, mechanisms and carcinogenic potential Mutation. 

Research/Genetic Toxicology, 259.3-4, 277-289. 

Yao, D. F., Dong, Z. Z., Yao, D. B., Wu, X. H., Wu, W., Qiu, L. W. and Meng, X. Y. 

(2004): Abnormal expression of hepatoma-derived gamma-glutamyltransferase 

subtyping and its early alteration for carcinogenesis of hepatocytes. Hepatobiliary 

& pancreatic diseases international: HBPD INT, 3(4), 564-570. 

Zhao, J. A., Peng, L., Geng, C. Z., Liu, Y. P., Wang, X., Yang, H. C. and Wang, S. 

J. (2014): Preventive effect of hydrazinocurcumin on carcinogenesis of 



Samir.  A. Zaahkouk et al. 64 

diethylnitrosamine-induced hepatocarcinoma in male SD Rats.  Asian Pacific 

Journal of Cancer Prevention, 15(5), 2115-21. 

Zhong, W., Qian, K., Xiong, J., Ma, K., Wang, A. and Zou, Y. (2016): Curcumin alleviates 

lipopolysaccharide induced sepsis and liver failure by suppression of oxidative 

stress-related inflammation via PI3K/AKT and NF-κB related signaling. 

Biomedicine & Pharmacotherapy, 83, 302-313. 

 

 

 

 

 

 

 

 

 

 

 


	3d2eb2364db2e55516cd07f911a29d3356e6d4f4878e52a5f2e1372987c70c4d.pdf
	3d2eb2364db2e55516cd07f911a29d3356e6d4f4878e52a5f2e1372987c70c4d.pdf

