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 Abstract  

The aim of the present work was to evaluate the effect of copper (I)-nicotinate complex (CNC) on 

experimentally 4-Dimethylaminoazobenzene (DAB)-induced hepatocellular carcinoma (HCC) in 

male rats. In addit ion to the histopathological examination we measured hepatic glutathione 

content, malondialdehyde, nitric oxide levels, lamin B1 m-RNA, caspase-3 activity and serum 

interleukin-12 level after 2, 4, 6, 8 months from commencement of the experiment. Results: 

histopathological examination showed HCC development after 4 months of DAB administration. 

The hepatic glutathione content, lamin B1 m-RNA and nitric oxide levels were significantly 

elevated, while malondialdehyde, interlukin-12 levels and caspase-3 activity were significantly 

decreased with the progression and development of the HCC. On the other hand, admin istration 

of CNC one month before DAB delayed the development of neoplastic growth to the 8
th

 month. 

Interestingly,  when CNC was admin istered one month after DAB, it successfully prevented HCC 

development throughout the whole experiment as confirmed by histopathological data and 

explained by biochemical markers, as glutathione, lamin B-1 and nitric oxide were significantly 

declined but malondialdehyde, interlukin-12 and caspase-3 activ ity were significantly elevated 

compared to that in corresponding control group. Conclusion: CNC was able to delay or prevent 

HCC development in rats fed with the potent liver carcinogen DAB. Our data shows that CNC 

exerts its anti-tumour effects through modulating oxidative stress status as well as the machinery 

of apoptosis and angiogenesis. Therefore, CNC may be used as a potential protective anticancer 

agent.  
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Introduction  

   Hepatocellular carcinoma (HCC) is the third 

deadliest and fifth most common malignancy 

worldwide (1). In Egypt liver cancer represents 

about 33.6% of all cancers in males and 13.5% in 

females (2). Chemically-induced 

hepatocarcinogenesis in experimental models 

allows us to observe the similarity between the 

development of cancer in laboratory animals and 

in human; several chemical agents have been used 

in the induction of HCC in animals including N-

nitrosodimethylamine (DMN) and 4-

Dimethylaminoazobenzene (DAB) (3). The 

carcinogenic action of DAB is influenced by diet, 

the addition of dried milk or yeast to a diet of 

brown rice and carrots with DAB delayed and 

reduced the incidence of tumors while addition of 

pyridoxine, vitamin B12 or biotin increased its 

carcinogenic action (4).  

    Decreased apoptosis and increased angiogenesis 

are considered to be two major hallmarks of cancer 

(5). Biomarkers or modulators of apoptosis, 

angiogenesis and oxidative stress status have been 

traditionally used to study and monitor the 

progression and response of cancer cells to any 

potential treatment (6).  

    The challenge of discovering new drugs that are 

able to induce apoptosis and suppress angiogenesis 

is of a great interest in cancer treatment (7). Metal 

coordination complexes have been clinically used 

in as anti-cancer agents focusing on the use of ions 

such as copper (Cu) (8). The first evidence that 

copper complexes may exert antitumor efficacy is 

traced back to the early 1960s (9). Later, it has 

been reported that copper (I)-nicotinate complex 

(CNC) may improve the prognosis of HCC 

patients when combined with 5-flurouracil (10). 

Some studies have also investigated the potential 

role of CNC to modulate lipid peroxidation 

processes and products that have a profound 

impact on the development of neoplastic diseases 

(11, 12). The most recent CNC study was 

conducted on HCC1806 human breast cancer cell 

line has suggested an anti-tumour and an anti-

autophagy role for CNC (13). Nevertheless, a 

protective anti-tumour action of CNC and the 

potential molecular mechanisms involved were not 

previously investigated in details.   

The aim of this work was to evaluate the potential 

protective anticancer effect of CNC as well as the 

mechanisms involved in this action on 

experimentally DAB-induced HCC in rats. This 

was performed by measuring lamin B1 m-RNA 

expression level as a biomarker of HCC 

progression (14), hepatic glutathione (GSH) 

content as an anti-oxidant molecule (15) and 

hepatic malondialdehyde level (MDA) as a 

biomarker of lipid peroxidation process (16). On 

the other hand, Caspase-3 activity, hepatic Nitric 

Oxide (NO) and interleukin-12 (IL-12) levels were 

also measured as a biomarkers and modulators of 

apoptosis and angiogenesis (17-20). 

Histopathological examination of hepatic tissue 

was performed to monitor the progression of liver 

tumour and to correlate biochemical data with 

histopathological findings.  

Materials and Methods 

I. Chemicals and reagents 

The DAB used for HCC induction is a product of 

“Biobasic, Canada”. Nicotinic acid was purchased 
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from “Loba Chemie, India”. Caspase-3 

colorimetric assay kit (cat # K106-200) was 

purchased from “Biovision Co., USA”, IL-12 kit 

purchased from "Cusabio Biotech, China. QIAamp 

RNA blood mini kit was purchased from Qiagen, 

PCR and cDNA reagents were purchased from 

MBI Fermentas, Lithuania, all other chemicals and 

reagents were analytical grade and purchased from 

Sigma, USA. The CNC was prepared according to 

a method proposed by Goher et al. (21).  

II. Animals and experimental design 

   This study was carried out on two hundred, 2 

months old albino male rats with average weight 

of 70-90 g. All animal procedures were conducted 

in accordance with the standard guidelines for the 

care and use of experimental animals by the 

medical research ethics committee, Medical 

Research Institute, Alexandria University, Egypt.  

Animals were divided into 5 groups and 40 rats in 

each group were fed on:    

Group (A): Normal balanced diet as control 

animals.  

Group (B): Normal balanced diet containing 0.06 g 

DAB / 100 g diet daily (22) till the appearance of 

the tumor as revealed by histopathological 

examination. 

Group (C): Oral CNC daily in a dose of 1 mg/kg 

body weight for 8 months (23). 

Group (D): CNC dose of 1 mg/kg body weight for 

8 months starting one month before DAB 

administration.  

Group (E): CNC dose of 1 mg/kg body weight for 

8 months starting one month after DAB 

administration.  

  Ten rats from control group were randomly 

chosen and sacrificed representing starting time for 

the experiment while seven rats were randomly 

chosen from each group at the time intervals of 2
nd

, 

4
th

, 6
th

 and 8
th

 month post DAB administration for 

histopathological as well as biochemical analysis.  

III. Biochemical analysis 

   Each rat liver was removed, washed with saline 

and divided into 2 portions; the first portion was 

preserved in 10 % formalin for histopathological 

analysis. The second portion was used for 

determination of hepatic total nitrite as a marker 

for (NO) production using Griess reaction (24), 

Caspase-3 activity using a colorimetric 

commercial kit following the manufacturer’s 

instructions and the results were expressed by the 

fold-change in caspase-3 activity between samples 

and control. GSH content was measured as 

described by Olson et al. (25), MDA level as 

described by Takikawa et al. (26) and Serum IL-12 

as described by Lauwerys et al. (27). 

    For the determination of Lamin B1 mRNA 

expression level, total RNA was extracted from 

whole blood samples using the QIAamp RNA 

blood mini kit. cDNA was prepared using the 

RevertAid™ first strand cDNA synthesis kit 

following the manufacturer’s instructions. Finally, 

PCR with a total of 35 cycles was performed using 

the DreamTaq™ Green PCR Master Mix. The 

sequence of Lamin B1 (28) and GAPDH (29) 

primers used are shown in the following table: 

Primer Nucleotide sequence  

Lamin B1   

BBBBB1B1:  

forward 

 5’ TCAGGGAGAGGAGGTTGCTC 3’  

           

Rreverse  

 5’ TCACATAATGGCACAGCTTTTAT 3’ 

GAPDH    

forward 

 5’ CAAGGTCATCCATGACAACTTTG 3’  

3’ 
                 

reverse  

 5’ GTCCACCACCCTGTTGCTGTAG 3’  

Reverse primers are shown in bold  
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IV. Histopathological Examination 

   A tissue sample from rat liver was fixed in 10% 

formaline-saline and embedded in paraffin blocks. 

A representative 4 μm thin section was then 

stained using hematoxylin and eosin (H&E) stain 

(30) and photomicrographs were taken at 400 x. 

V. Statistical methods 

   Data are expressed as mean ± SE. results were 

statistically analyzed using statistical package for 

social science (SPSS) version 11.5 for windows. 

ANOVA test was for multiple comparisons of the 

mean levels of different biochemical markers in 

different groups. The minimum level of statistical 

significance was set at P ≤ 0.05. 

Results:  

I. Histopathological examination: 

   Histopathological examination of rat liver tissue 

for control group (A) and group (C) showed 

preservation of hepatic architecture and normal 

hepatocytes throughout the whole experiment (Fig. 

1A) with mild lymphocytic infiltration observed in 

group (C) after 8 months of CNC treatment (Fig. 

1B). DAB-induced group (B) showed a loss of 

hepatic architecture with well differentiated 

cholangiocarcinoma and nodules of HCC with 

atypical large hepatic cells and large nucleoli 

starting after 4 months of DAB induction (Fig. 

1C).  

    CNC treated group (D) showed a preservation of 

hepatic architecture with mild lymphocytic 

infiltration after 2 months, coagulative  necrosis of 

poorly stained mummified hepatocytes after 4 

months (Fig. 2A) and a mild fibrosis and 

degeneration of hepatocytes after 6 months. Loss 

of definition of liver architecture and neoplastic 

growth was observed after 8 months (Fig. 2B). 

Most interestingly, microscopic examination of rat 

liver of group (E) showed a preserved hepatic 

architecture throughout the whole 8 months 

duration of the experiment with no necrosis or any 

neoplastic cells observed (Fig. 2C). 

 

II. Biochemical analysis: 

1. Total hepatic nitrite: 

 In HCC induced group (B) rats, significant 

increase in hepatic nitrite at different time intervals 

was detected compared to all other groups.  

Hepatic nitrite of group (E) was significantly lower 

than the corresponding values of group (D) at all 

time intervals of the experiment (Table 1). 

2. Serum Interlukin-12: 

    For group (B), the concentration of serum 

IL-12 decreased significantly at 4, 6, 8 months 

compared to all other groups. Serum IL-12 for 

group (E) was significantly higher than the 

corresponding levels of group (D) through the 

different intervals of the experiment (Table 2). 

 

3. Hepatic caspase-3 activity: 

   The activity of hepatic caspase-3 for group (B) 

significantly decreased at 2, 4, 6, 8 months 

compared to all other groups. There was a 

significant increase in the activity of caspase-3 for 

group (E) compared to (D) after 4, 6, 8 months 

which was the highest progressive increase in 

caspase-3 activity compared to all other groups 

(Table 3). 
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Table  1. Total hepatic nitrite content (nmol/mg protein)  

Group 

(n=7) 

Interval in months 

2 4 6 8 

A 14.9±0.25
 
 16±0.42

 
 15.4±0.51

 
 16.4±0.28

 
 

B 20.7±0.35
 ©

 43±0.61
©

 62±0.67
 ©

 100.6±1.42
 ©

 

C 12.7±0.38
 ©, I

 13.4±0.19
 ©, I

 12.5±0.28
 ©, I

 13.8±0.32
 ©, I

 

D 14.3±0.5
 I, N

 28.4±0.36
 ©, I, N

 41±0.68
 ©, I, N

 69.7±0.47
 ©, I, N

 

E 13.4±0.3
 ©, I

 22±0.46
©, I  ,N,T

 21±0.3
 © , I , N, T

 23±0.29
 ©, I ,  N, T

 

Statistically significant differences between: 
©

 control group (A) & groups (B, C, D & E), I: group (B) & groups (C, D & 

E), N: group (C) & groups (D & E) and T: group (D) & (E) (p ≤ 0.05 was considered significant.). Data are presented as 

mean ± S.E 

 
Table  2. Serum IL-12 level (pg/ ml) 

Group 

(n=7) 

Interval in months 

2 4 6 8 

A 42±0.96  43±1.03
 
 33±0.87

 
 30±0.59

 
 

B 90±2
 ©

 27±1
 ©

 19±0.85
 ©

 9.5±0.58
 ©

 

C 109±1
 ©, I

 83±1
 ©. I

 36±1
 ©, I

 35.4±1
 ©, I

 

D 64±.75
 ©, I, N

 31±0.9
 ©, I, N

 17±0.68
 ©, N

 12±0.71
 ©, I, N

 

E 86±1
 ©, I,  N, T

 52±1.28
 ©, I, N, T

 25±1
 ©, I,  N, T

 17.3±0.88
 ©, I, N, T

 

Statistically significant differences between: 
©

 control group (A) & groups (B, C, D & E), I: group (B) & groups (C, D & 

E), N: group (C) & groups (D & E) and T: group (D) & (E) (p ≤ 0.05 was considered significant.). Data are presented as 

mean ± S.E 

 
Table  3. Hepatic caspase-3 activity (fold-change) 

Group 

(n=7) 

Interval in months 

2 4 6 8 

A 1.55±0.05
 
 1.33±0.001

 
 1.21±0.002

 
 1.17±0.02

 
 

B 0.86±0.001
 ©

 0.71±0.001
 ©

 0.53±0.002
 ©

 0.44±0.002
 ©

 

C 1.27±0.002
 © , I

 1.79±0.001
 © , I

 1.27±0.003
 © , I

 1.23±0.03
 I
 

D 0.69±0.003
 © , I,  N

 0.93±0.001
 © , I,  N

 1.09±0.01
 ©, I, N

 1.07±0.03
©, I , N 

 

E 0.65±0.002
 © , I,  N, T

 1.58±0.019
 © , I,  N, T

 1.87±0.02
 ©, I, N, T

 2.15±0.015
 © , I,  N, T

 

Statistically significant differences between: 
©

 control group (A) & groups (B, C, D & E), I: group (B) & groups (C, D & 

E), N: group (C) & groups (D & E) and T: group (D) & (E) (p ≤ 0.05 was considered significant.). Data are presented as 

mean ± S.E 

 
Table  4. Hepatic glutathione content (mg/ g liver tissue) 

Group 

(n=7) 

Interval in months 

2 4 6 8 

A 2.75 ± 0.03
 
 2.79 ± 0.02

 
 2.70 ± 0.03

 
 2.72 ± 0.03

 
 

B 2.57 ± 0.02
 ©

 5.63 ± 0.08
 ©

 7.93 ± 0.12
 ©

 9.25 ± 0.02
 ©

 

C 2.69 ± 0.02
 I
 2.16 ± 0.03

 ©, I
 2.12 ± 0.02

 ©, I
 2.08 ± 0.08

 ©, I
 

D 3.40 ± 0.12
 ©, I, N

 5.50 ± 0.05
 ©, N

 5.37 ± 0.12
©, I, N 

 7.93 ± 0.09
©, I, N 

 

E 2.83 ± 0.04
 ©, I, T

 4.35 ± 0.03
 ©, I, N, T

 3.22 ± 0.02
 ©, I, N, T

 1.65 ± 0.02
 ©, I, N, T

 

Statistically significant differences between: 
©

 control group (A) & groups (B, C, D & E), I: group (B) & groups (C, D & 

E), N: group (C) & groups (D & E) and T: group (D) & (E) (p ≤ 0.05 was considered significant.). Data are presented as 

mean ± S.E 
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4. Hepatic glutathione content:  

   The hepatic GSH content for group (B) was 

significantly higher compared all other groups. 

Group E showed significant lower values of hepatic 

GSH at all different time intervals of the 

experiment compared to corresponding values of 

group (D) (Table 4). 

5. Hepatic Malondialdehyde level: 

    Group (B) showed significant gradual decrease 

in hepatic MDA level along the different time 

intervals compared to all other groups. Group E 

showed significant increase in hepatic MDA 

compared to group (D) throughout the whole 

duration of the experiment (Table 5). 

F. Expression Lamin B1-mRNA: 

   After 2 months of the experiment, the expression 

of lamin B1 was almost equal in all studied groups. 

By the eighth month, lamin B1 expression was 

prominently high in group (B) compared to all 

other groups while it was almost undetected in 

group (E) (Fig. 3).  

 

Discussion: 

    Increased CNC consumption is associated with 

prevention of gastric congestion, anti-ulcer and 

anti-inflammatory effects (23). Our 

histopathological data presented in this work 

demonstrated that CNC treatment has retarded the 

progression of hepatocarcinogenesis when 

administrated before DAB induction (group D) but 

the maximum anticancer protective effect shown by 

the lack of any malignant growth was observed in 

rats receiving CNC after DAB induction (Group E). 

The minimal CNC-induced inflammation which 

was observed in the histopathological investigation 

of CNC group (C) may explain the late progressive 

liver cancer appeared in group (D) that could be 

attributed to Cu accumulation. 

Our biochemical data clearly demonstrates a pro-

apoptotic and anti-angiogenic effect of CNC 

treatment through the modulation of the Caspase-3 

activity, NO and IL-12 levels. 

Our data shows a pro-apoptotic effect of CNC 

reflected by the significant increase in caspase-3 

activity in CNC treated rats, an effect that may be 

modulated through a p53 dependant pathway and 

diminishing the anti-apoptotic proteins such as Bcl-

2 and XIAP (17, 31). 

   Our data also reveals that CNC treatment 

significantly reduced the levels of hepatic nitric 

oxide which is reported to act as anti-apoptotic 

modulator due to the inactivation of caspase 1, 3 

and 8 (18) and as a pro-angiogenic mediator 

sustaining rapid tumor growth (19). The anti-

angiogenic role for CNC was also confirmed by our 

data showing a significant increase in interleukin-

12 after CNC treatment, Interleukin-12 is a well 

known anti-angiogenic biomarker of angiogenesis 

(20, 32). 

   Glutathione participates in many key cancer-

related processes, including antioxidant defense and 

cell proliferation (33). Elevated GSH levels are 

observed in various types of tumors and this makes 

the neoplastic tissues more resistant to 

chemotherapy (15). In agreement with these 

findings, our data showed that GSH levels were 

significantly higher in DAB induced HCC rats 

group (B) compared to CNC treated groups. 

 

https://www.google.com.eg/search?newwindow=1&biw=1366&bih=676&q=antiangiogenic&spell=1&sa=X&ved=0ahUKEwj-t9D5nuXTAhWBDxoKHa3rAckQvwUIHSgA
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Table  5. Hepatic MDA level (µg/g liver tissue) 

Group 

(n=7) 

Interval in months 

2 4 6 8 

A 70.2 ± 4.5
 
 80.5 ± 4.2

 
 80.2 ± 4.2

 
 80.1 ± 4.1

 
 

B 100.1 ± 4.4
 ©

 30.5 ± 2.2 
©

 20.5 ± 4.2
 ©

 10.5 ± 0.2
 ©

 

C 80.2 ± 4.0
 I
 100.5 ± 4.2

 ©, I
 90.5 ± 4.2

 I
 90.5 ± 4.2

  I
 

D 40.2 ± 4.2
 ©, I, N

 30.8 ± 2.1
 ©, N

 20.2 ± 4.2
 ©, N

 10.2 ± 0.2
 ©, N

 

E 70.5 ± 2.1
  I,  N, T

 70.5 ± 4.2
  I,  N, T

 70.1 ± 2.1
 ©, I, N, T

 110.8 ± 4.2
 ©, I, N, T

 

Statistically significant differences between: 
©

 control group (A) & groups (B, C, D & E), I: group (B) & groups (C, D & 

E), N: group (C) & groups (D & E) and T: group (D) & (E) (p ≤ 0.05 was considered significant.). Data are presented as 

mean ± S.E 

 

 
Figure 1. Microscopic examination of rat liver showing A: Control group (A) normal liver parenchyma, B: CNC-

treated group (C) hepatocytes with lymphocytic infilt ration (8 months), C: DAB-induced group (B) with nodules of HCC 

(4 months). (Hx & E x400)  

 
Figure 2. Microscopic examination of rat liver: A: Group (D) at 4 months showing  necrosis of poorly stained 

hepatocytes, B: Group (D) at 8 months revealing a neoplastic growth made malignant cuboidal to columnar cells lined 

dilated cyst (red arrow), ducts and forming cribriform pattern (orange arrow), C: Group (E) at 8 months revealing 

preservation of hepatic architecture, some hepatocytes show nuclear enlargement (orange arrows). (Hx & E x400). 

 
Figure 3. PCR Agarose gel electrophoresis showing Lamin-B1 expression: A : After 2 months, B: After 8 months. 

The PCR amplification products of lamin B1 and GAPDH control were 163 and 496 bp respectively
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   Malondialdehyde (MDA) is one of the byproducts 

of lipid peroxidation and is one of the most 

frequently used biomarkers of the overall lipid 

peroxidation (16). It was previously reported that 

MDA levels detected in HCC tissue were 

significantly lower than the corresponding non-

tumour liver tissue indicating a resistance to lipid 

peroxidation and increased survival within tumour 

cells (34). Our data shows a significant progressive 

increase in MDA levels in CNC treated groups 

reflecting an increased lipid peroxidation leading to 

increased cancer cell damage upon CNC treatment.  

 Lamin B1 is essential for cell survival (35) and it 

is overexpressed in early and late stage HCC (14). 

Our data has demonstrated a gradual decrease in 

hepatic lamin B1 m-RNA in CNC treated groups, 

becoming nearly undetected by the end of the 

experiment reflecting an increase rate of cancer cell 

death due to CNC treatment.  

   Our biochemical and histopathological data 

proves that CNC have an effective protective effect 

against DAB-induced liver carcinogenesis which 

might be attributed to the CNC as a good supplier 

of Cu. It has been reported that binding of the DAB 

to liver proteins is of a vital importance to its 

carcinogenic process and that Cu acts through 

competitive binding manner with the DAB for the 

available sites on the protein molecules (36). DAB 

detoxifying pathways are assumed to be through 

azoreductase and ring hydroxylase, which lead to 

inactive derivatives eliminated in urine (37). It has 

been reported that the Cu administration enhances 

the activity of azoreductase and ring hydroxylase 

enzymes (38). Therefore, the possible 

anticarcinogenic activity of CNC could be 

attributed either to diminish of DAB binding to 

liver proteins or enhanced activity of its 

detoxification enzymes. 

    Cu is also one of the key components of 

antioxidant mechanisms. CNC provides Cu to 

hepatocytes that accelerate the biosynthesis of SOD 

(36) which effectively suppress the growth of 

cancer cells (39). Additionally, it has been reported 

that CNC has SOD-mimic activity (23).  Since 

redox properties of Cu render it able to eliminate O
-

2
 and potential scavenger of ONOO

-
(40). Therefore, 

the anticarcinogenic activity of CNC could also be 

viewed through the enhancement of SOD 

biosynthesis and/or its SOD-mimic effect.  

Conclusion: CNC treatment may attenuate or 

prevent DAB-induced HCC through the induction 

of apoptosis, DAB detoxification and the inhibition 

of angiogenesis as well as modulation of oxidative 

stress and lipid peroxidation processes. 
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