
Journal of Survey in Fisheries Sciences                                   10(2S) 2214-2224                                                   2023    
 

2214 
 

Amlodipine (P-glycoprotein inhibitor) modulation 

Doxorubicin Immunohistochemical effect in induced 

CRC in Mice  
 

Hassan Adheem Abbas1; Duraid A Abass2 

 
Abstract 

A trial was conducted to assess the P-gp inhibitor Amlodipine (AML) in induced colorectal 

cancer (CRC) in mice by Azoxymethane (AOX) treated with Doxorubicin (DXO) alone or combined 

with AML. Forty-eight adult Albino mice were equally divided to six groups consisting of C-ve given 

NS and five groups treated after CRC induction according to the dosing regimen: C-ve (AOX 10 mg/kg 

and NS), T1 (AML 1.8 mg/kg), T2 (DOX 5 mg/kg), T3 (AML 1.8 mg/kg with DOX 2.5 mg/kg) and 

T4 (AML 1.8 mg/kg with DOX 5 mg/kg). Dosing continued for four weeks, followed by two weeks 

recovery through which clinical, physiological and proliferating cell nuclear antigen (PCNA) 

parameters were evaluated. Clinical observation showed slightly weakness in all treated animal groups 

with abnormal clinical symptoms and recorded a noticeable appearance of swelling masses in the tail 

and partial alopecia especially in the C+ve group. Also, the results showed there was a significant 

decrease in animal body weight after CRC induction by AOM, while at the second week of recovery 

body weight recorded a significant increase in the T3 and T4 groups while a significant decrease in 

animal body weight in the T2 and control positive groups at the end of the experiment. The findings 

score of PCNA showed a therapeutic effect on CRC-induced mice within the two periods of experiment 

in the treated groups T1, T3, and T4 except the T2 group in comparison with the C+ve group. The 

results recorded a significance decrease in PCNA-LI score in T3, T4, and T1 respectively in 

comparison with the C+ve group with an improved anti-colorectal cancer effect recorded in T3 

combined therapy according to the result of least PCNA level than other treated groups. 

 Keywords: CRC, Doxorubicin, Amlodipine, P-glycoprotein inhibitor, PCNA, 

Immunohistochemical. 

 

 

 

 

 

1- Technical Institute of Babylon, Al-Furat Al-Awsat Technical University, Babylon, Iraq. 

2- Department of Physiology, Biochemistry and Pharmacology, College of Veterinary 

Medicine, University of Baghdad; Department of Anesthesia Techniques, College of 

Medical and Health Technologies, Uruk University, Baghdad, Iraq. 

*Corresponding author email: hasan.azeem1106a@covm.uobaghdad.edu.iq; 

hassan83saffar@gmail.com ;  

mailto:hasan.azeem1106a@covm.uobaghdad.edu.iq
mailto:hassan83saffar@gmail.com


Amlodipine (P-glycoprotein inhibitor) modulation Doxorubicin Immunohistochemical effect in 

induced CRC in Mice  
 

2215 
 

INTRODUCTION 

The importance profiles of the third most common 

cancer diagnosed and rank second in cancer-related 

deaths worldwide recorded in Colorectal cancer. [1] 

The risk of CRC increases with multidrug resistance 

(MDR) through P-glycoprotein (P-gp) a crucial 

player in the development of resistance to 

anticancer medicines. P-gp acts as an efflux 

transmembrane pump with broad selectivity for a 

number of anticancer medicines, reducing 

intracellular drug concentrations and cytotoxicity, 

hence affecting circulatory concentrations. [2]. 

Anthracyclines and other anticancer drugs with 

similar chemical properties and mechanism of 

action share some degree of cross-resistance, this 

play a crucial role in most curative therapy regimens 

because they are substrates of P-gp [3] 

Several noncytotoxic pharmacologic competitive 

inhibitors have been shown to decrease P-gp 

transport function [4], restore cytotoxin 

accumulation defects, and reverse MDR in vitro and 

in vivo. [5]. Amlodipine is just one example of a 

very diverse group of medicines that fall under this 

category. [6]. Amlodipine, a 1,4-dihydropyridine 

calcium antagonist, is lipid-bilayer-incorporated. 

Amlodipine's modulation of P-gp efflux activity 

suggests an inhibitory role also alters the lipid 

bilayer's organization and thermodynamics in the 

plasma membrane. [7]. Independent of calcium 

channel antagonists, dihydropyridine diminish 

intracellular ROS generation and antioxidant 

activity [8];[9]. 

The anticancer antibiotic doxorubicin (DOX) is 

effective and useful for treating many human 

malignancies [10], [11], but severe cardiotoxicity or 

leukopenia limits its usage in humans and animals 

at dosages sufficient for effective treatment. [12]. 

Doxorubicin and other anthracyclines are cytotoxic 

due to oxidative damage to membrane lipids and 

other cell components. [13]. Doxorubicin has been 

shown to generate hydroxyl radicals [14], hydrogen 

peroxide, and superoxide anions[15]. Doxorubicin 

is converted to a free radical by NADPH-

cytochrome P-450, which produces superoxide 

anion and hydroxyl radicals, resulting in membrane 

lipid peroxidation. [16].   

Azoxymethane (AOM) is often used to study colon 

cancer in animals [17]. This intermediary 

metabolite of dimethylhydrazine produces methyl 

diazonium and methyl carbonium, which damage 

biomolecules and may cause colon cancer. [17]. 

Materials and Methods 

Ethics  
The Scientific Committee of the Department of 

Physiology, Biochemistry, and Pharmacology in the 

College of Veterinary Medicine at the University of 

Baghdad, as well as the Ethics Committee, reviewed 

and approved all of the procedures that were to be 

used in this study to ensure that they adhered to 

ethical standards regarding animal welfare. 

Animals and drugs: 
Forty-eight adult healthy Albino mice at 12 weeks 

old at an average of (25-30 gm) body weight, were 

housed in the College of veterinary medicine\ 

Baghdad University’s animal house. and fed 

standard pellets and water ad libitum. The animals 

were kept in special cages with optimal conditions 

three weeks before the experiment and maintained 

with the standard condition at 12-hour light-dark 

cycle, (20-25 °C) in an air-conditioned room. The 

bed was wood shaves that continuously changed, 

and the cages were cleaned twice per week.  

 

 The C-ve (N=8) administered N.S. IP for seven 

weeks, the C+ve Group (N=8) administered AOM 

at 10 mg/kg/wk IP for three weeks and two weeks 

waiting to induce (CRC) then treated with N.S IP 

for four weeks, The T1 (N=8) CRC induced mice 

treated by Normal Saline IP for two weeks then 

treated with DOX at 5mg/kg/wk IP. for two weeks, 

The T2 (N=8) CRC induced mice treated by AML 

at 1.8 mg/kg/day P.O for one month, the T3 (N=8) 

CRC induced mice treated with AML 1.8 

mg/kg/day P.O for two weeks followed by a 

combined dose of AML 1.8 mg/kg/day P.O and 

DOX 2.5mg/kg/wk. IP for two weeks, The T4 

(N=8) CRC induced mice treated with AML 1.8 

mg/kg/day P.O for two weeks followed by 

combined dose of AML 1.8 mg/kg/day P.O and 

DOX 5 mg/kg/wk. IP for two weeks. The 

experimental period in each group includes five 

weeks of CRC induction followed by four weeks 

treatment and two weeks recovery period.  

Induction of Colorectal Cancer 

A frequent model and probable carcinogen for 

inducing colon cancer in albino mice is 

azoxymethane (AOM) [18]. CRC induction was 

done by given each mouse AOM at a dose of 

10mg/kg/wk I.P for three weeks, the optimal 
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amount for inducing aberrant crypt foci (ACF), and 

then waiting two weeks for the appearance of ACF 

as markers of CRC [19]. 

Materials 
AOM was purchased from the Sigma-Aldrich 

(Germany), Amlodipine from Pfizer (USA) and 

Doxorubicin from Medac Gmbh (Germany). Anti-

PCNA Antibody purchased from the Elabscience 

(China). Immunohistochemistry kit purchased 

from the Dako (Envision FLEX, Dako, K8000, 

Denmark). 

Clinical and physiological parameters:  
Animal’s weight were measured weekly and the 

clinical observation done daily throughout all 

experimental periods for all groups. 

 
At the end of experiment half of the animal groups 

euthanized by exposing to overdose Diethyl ether 

for examining the Immunohistochemical 

determination of proliferation (PCNA) Parameters 

and the other half left for recovery for 14 days and 

repeating determination the same Parameter 

Immunohistochemical determination of 

proliferation (PCNA) 
Cell proliferation in colonic epithelium was 

examined by the PCNA labeling index (PCNA-LI). 

The specifics of the experiment were carried out as 

previously stated [20]. For each stained segment, 

the Image J software [21]. was used for image 

analysis to grade each one as the number of positive 

cells /100 colonic mucosal epithelial cells was 

counted and was considered to be the proliferation 

index [22]. To get average positive level of each 

case, six microscopic fields of 400x magnification 

were selected which included two representative 

fields each of considerable, medium and a few 

positive cells. PCNA-LI is the percentage of 

immunohistochemical staining positive cells in 

1000 Colorectal cells counted. [23]. The 

immunohistochemistry was performed as per 

manufacturer’s instruction. 

 

Statistical Analysis 
Analyzing the DATA is done by SPSS 26 by using 

a variance analysis (ANOVA) two-way test to 

determine whether there were significant 

differences between the groups at (P≤0.05), and 

using the less significant difference LSD test to 

compare the mean values. It is presented as mean ± 

standard deviation [24] 
 

RESULTS  

 

Clinical observation and physiological 

study: 
During the experiment period, the results of Clinical 

observation showed a slightly weakness nearly in all 

treated animal groups, Corner aggregation with less 

food intake as compared with the same groups at 

zero time and control negative group. The results of 

clinical observation at the end of experiment 

showed in the CRC induced groups especially in 

C+ve group there were a noticeable appearance of 

swelling masses in their tail with partial alopecia 

(fig. 1). with some abnormal clinical symptom like 

decrease in movement, apathy and incoordination 

movement as compared with zero time that showed 

normal behavior and symptoms.  

 

Also, at the end of treatment there were a noticeable 

grossly change in distal colon as thickened masses 

noticed in Control Positive and T2 groups when 

compared with C-ve, T1, T3 and T4 groups. (fig.2). 

 

 

 

Figure 1. Clinical observation (A) possible tumor 

masses and (B) partial alopecia). 

 

Figure 2. Distal colon grossly changes 

(possible tumor masses) 
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Body weight change: 
The results of current study showed there were a 

significant decrease (p≤0.05) in animals body 

weight at the 5th week after CRC induction by 

AOM for treated and C+ve groups as compared 

with the zero time and C-ve group, also there were 

significant decrease (p≤0.05) in body weight of 

groups T1, T2, T3, T4 and C+ve at the treatment 

weeks of experiment. 

While slightly non-significant increase in body 

weight of T1 group recorded after the second week 

of recovery in comparison with significant increase 

in body weight of T3 and T4 groups, while at the 

same time there were significant decrease in 

animals body weight in T2 and C+ve groups at the 

end of experiment. (fig. 3).  

 

 

Figure (3) Body weight changes (gm) in mice 

Immunohistochemical determination of 

proliferation (PCNA)  

 
The findings score of Proliferating cell nuclear 

antigen labeling index (PCNA-LI) showed various 

percent areas of positive stained tissue and intensity 

showed in table (2) and figure (4). The treated 

groups showed a therapeutic effect on experimental 

AOM-induced CRC in mice within the two periods 

of experiment except T2 group with comparison to 

the C+ve group. T3 group treated with combined 

dose AOM and half dose DOX (2.5mg/kg/wk) and 

T4 Group treated with combined dose of AOM and 

therapeutic dose DOX, and T1 Group treated with 

DOX only exhibited respectively significance 

decrease(P≤0.05) in comparison with control 

positive. The T3 recorded more powerful anti-

colorectal cancer effect than other treated groups, 

according to the result of PCNA since it showed 

significantly the least PCNA- LI level than T4 and 

other treated groups.  

The Photomicrograph of C-ve mice at the both 

period of experiment showed low expression in 

PCNA within the crypt epithelial cells of large 

intestine (fig. 4 C-ve A,B), while C+ve group 

showed overexpression of PCNA in neoplastic 

epithelial cells that observed in adenocarcinoma 

masses within the affected villi (fig. 4 C+ve A,B). 

The T1 groups Photomicrograph showed PCNA 

overexpression observed in neoplastic epithelial 

cells with a small mass of adenocarcinoma 

separated in affected villi (fig. 4 T1). also, the T2 

group showed overexpression of PCNA in 

neoplastic epithelial cells but recorded formation of 

massive mass of adenocarcinoma above the 

muscularis layer, and extended toward the lumen 

center also, the affected area showed absence of 

villi (fig. 4 T2). The Combined treatment groups T3 

and T4 Photomicrograph showed less 

overexpression of PCNA from C+ve and other 

treated groups, observed in epithelial cells with 

possible small mass of adenoma within Lamina 

propria of affected villi, while T3 showed lesser 

epithelial PCNA score than T4. (fig. T3, T4).  
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Table (4-7): Expression of Proliferating cell nuclear antigen (PCNA) in CRC induced and treated mice group 

with Doxorubicin and Amlodipine at different experimental periods. 

 

 

* PCNA-LI Proliferating cell nuclear antigen labeling index score according to (Yousef, et al., 

2014), Capital letters donate significant differences between groups at (p≤0.05), Small letters donate 

differences within groups at (p≤0.05). 
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C-Ve 

0.395 0 2 moderate 0 

1.50 ± 1.00 

D a 

0.395 0 2 moderate 0 

1.50 ± 1.00 

D a 

2.27 1 2 moderate 2 1.37 1 2 moderate 2 

1.29 1 2 moderate 2 1.29 1 2 moderate 2 

1.206 1 2 moderate 2 2.106 1 2 moderate 2 

G+ve 

20.848 2 2 moderate 4 

5.00 ± 1.15 

A a  

20.848 2 2 moderate 4 

5.50 ± 1.00 

A a 

40.288 2 2 moderate 4 50.288 3 2 moderate 6 

27.693 2 3 strong 6 27.693 2 3 strong 6 

14.068 2 3 strong 6 24.068 2 3 strong 6 

T1 

14.534 2 2 moderate 4 

4.00 ± 0.00 

B a 

  

14.534 2 2 moderate 4 

4.00 ± 0.00 

B a 

  

22.051 2 2 moderate 4 20.051 2 2 moderate 4 

14.163 2 2 moderate 4 10.163 2 2 moderate 4 

16.07 2 2 moderate 4 14.07 2 2 moderate 4 

T2 

20.576 2 2 moderate 4 

5.00 ± 1.15 

A a 

  

21.576 2 3 strong 6 

5.50 ± 1.00 

A a 

  

19.015 2 2 moderate 4 24.015 2 2 moderate 4 

24.494 2 3 strong 6 24.494 2 3 strong 6 

15.132 2 3 strong 6 25.132 2 3 strong 6 

T3  

9.239 1 2 moderate 2 

2.50 ± 1.00 

C a 

  

9.139 1 2 moderate 2 

2.00 ± 1.00 

D a 

  

9.237 1 2 moderate 2 9.227 1 2 moderate 2 

11.099 2 2 moderate 4 9.099 1 2 moderate 2 

9.514 1 2 moderate 2 9.314 1 2 moderate 2 

T4  

9.913 1 2 moderate 2 

3.50 ± 1.91 

B a 

  

9.413 1 2 moderate 2 

3.00 ± 1.15 

C a 

  

9.811 1 2 moderate 2 9.211 1 2 moderate 2 

12.983 2 3 strong 6 11.183 2 2 moderate 4 

10.055 2 2 moderate 4 10.055 2 2 moderate 4 

LSD       1.008       1.008 
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Figure (4): Photomicrograph of PCNA of large intestine of experimental mice groups (A) at End of 

treatment, (B) at Two-week recovery. IHC: DAB and Mayer hematoxylin. Left X100 and right X400. 

 

 

  

T3 (B) T3 (A) 

T2 (A) T2 (B) 

C-ve (A) C-ve (B) 

T1 (A) T1 (B) 

C+ve (A) C+ve (B) 

T4 (A) T4 (B) 
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DISCUSSION 

Multidrug Resistance is a significant impediment to 

clinical chemotherapy efficacy, particularly in the 

CRC treatment. Among the various MDR 

mechanisms, P-gp-mediated MDR plays a 

significant pathological role [25]. The relatively 

brief mechanism of P-gp-mediated MDR is 

association with substrate efflux to the extracellular 

medium.[26] Notably, most drugs used in CRC 

chemotherapy, including DOX, are P-gp substrates 

and thus have lower intracellular accumulation. 

[27];[28];[29] 

We hypothesized that Amlodipine (P-gp inhibitor) 

beside that it has antioxidative effect [30] that might 

modulate the efficacy and cytotoxicity of DOX 

substrate when used for treatment of induced CRC 

in mice by Azoxymethane. 

The significant body weight loss of CRC induced 

groups and the groups treated with DOX which 

could be explained by development of cancer or 

treatment side effects that cause appetite loss 

attributed to irritation, effect on immune system and 

metabolic rate[31]. Also Dox. cause Nausea, 

vomiting, constipation, chewing and swallowing 

difficulties, and loss of taste, desquamation, and 

damage of glandular tissue in the mucosa enhance 

loss of food absorption and metabolism [32]. It was 

reported by [32], [33] that AOM treated mice group 

exhibited body weight loss following its 

administration due to inflammation and induced 

colon crypt pathology with clinical signs of colitis 

such as inflammation, and swelling, diarrhea. 

Although the DOX have contributed to weight loss, 

caused by colitis, and a slight alteration in the 

stomach and intestinal epithelium and adjusted 

glands.[34]; [35].  

Result of body weight loss in all treated groups in 

comparison with the control negative group mice 

that treated with normal saline refer to the effect of 

AOM and adverse effects of DOX that cause 

epithelial cell atypia within intestinal mucosa and 

other adverse effects reported by histopathological 

effects [36].  

All CRC induced treated groups as well as C+ve 

showed significant decline in body weight 

throughout experimental period in comparison with 

C-ve group the exception were the combined groups 

T3 and T4 that showed significant increase in body 

weight at the end of recovery period.  

The PCNA immunostaining, was used as sensitive 

method for evaluating the possible relevance of cell-

proliferation that might cause development    

colorectal neoplasm and give priduction of the 

cancer risk. In adenomatous polyps the PCNA-LI of 

epithelial tumors cell is significantly elevated, 

regardless of histological form or tumor volume. 

[37].  

The result of our experiment recorded significantly 

increase in PCNA-LI value in all CRC induced 

groups by AOM and this result in compatible with 

the results of positive CRC-carcinoma patient that 

founded to have a positive nuclear IHC-staining 

PCNA [38]. PCNA is expressed as proof in almost 

all constantly proliferating and shedding cells 

including gastrointestinal mucosal cells.  

Results showed that Proliferating-cell Nuclear 

Antigen expression was significantly higher in a 

progression from normal mucosa to adenoma and 

then carcinoma. [38]. 

Several studies support our findings result. Yan-

Fang and colleagues found in 2006 [39] that PCNA 

expression rises in a (“normal mucosa–adenoma-

carcinoma”) sequence [38]. In CRC, Expression in 

PCNA is related to the degree of differentiation and 

metastasizing into the lymphatic system. 

Furthermore, overexpression of PCNA was also 

linked to metastasizes to the lymphatic system, [39]; 

[38]; [40].  

According to [41]; [42], the PCNA-LI increased in 

tandem with the adenoma's size and dysplasia 

grade. 

Moreover, Colorectal tissue samples from 

azoxymethane-induced colorectal damage in mice 

showed an increase in cell proliferation activity with 

formation of massive mass of adenoma in C+ve and 

T2 response to azoxymethane's destructive effect, 

implying early damage or ongoing injury. The 

azoxymethane-induced mitogenic effect resulted in 

increased turnover of the epithelial cells lining the 

crypts with the highest PCNA-LI, likely 

representing a regenerative phenomenon [43] In 

addition, mice treated with Doxorubicin after 

receiving AOM exhibited reduced mitotic activity 

by recording less overexpression of PCNA from 

C+ve with possible small mass of adenoma 

indicating the presence of a cytotoxic effect. By 

examining histopathological characteristics and 
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immunohistochemistry PCNA figures We observed 

a significant inhibition of mitotic activity in CRC 

treated groups that were treated with Doxorubicin 

(T1, T3 and T4), in comparison with C+ve that 

received only AOM and T2 that have been treated 

with AOM and AML without any anticancer drugs. 

Analyzing and discussing the PCNA results of all 

experimental groups, as shown in table (4) as well 

as in related figures, showed the following events; 

the presence of various percent of stained area 

(PCNA-LI) tissue with intensity of staining, which 

indicates the total score of PCNA-LI. In descending 

manner, groups T1, T4, and T3 showed a significant 

decrease of the PCNA-Labeling index in 

comparison with the C+ve and T2. 

 

The superiority of T3 over T4 group might 

attributed to the use of half therapeutic dose of DOX 

in T3 than full dose, the matter that increase the anti-

PCNA effect in T3 than T4 effect possibly due to 

increase of DOX concentration in T3 to the level of 

the best therapeutic effect possibly due to the 

inhibition of P-gp efflux by Amlodipine while in T4 

there was increase DOX cytotoxic side effect 

accompanied with its therapeutic effect. 

Our findings suggest the modulatory effect of 

Amlodipine on DOX concentration through the 

effect of AML as P-glycoprotein (P-gp) inhibitor 

that possibly effect the DOX potency and adverse 

effects. [36]  

 

Conclusion  

The difference between combined groups and T1 

group results were attributed to the reverse MDR by 

using P-gp inhibitor by AML that decrease the 

blood concentration of DOX and increase its 

intracellular concentration, so increase its anti-

CRC efficacy especially in combined T3 with 

DOX half therapeutic dose + AML and T4 that used 

double dose DOX than T3 group. 

 

REFERENCES 
[1] S. M. Alzahrani, H. A. al Doghaither, and A. 

B. Al-Ghafari, “General insight into cancer: An 

overview of colorectal cancer,” Mol Clin Oncol, vol. 

15, no. 6, pp. 1–8, 2021. 

[2] Z. K. Shnawa and D. A. Abass, “Effect of P-

glycoprotein Inhibitor (Carvedilol) on 

Developmental Outcome Methotrexate are Given 

Alone and in Combination of Pregnant Rats,” The 

Iraqi Journal of Veterinary Medicine, vol. 46, no. 2, 

pp. 36–42, Dec. 2022, doi: 

10.30539/ijvm.v46i2.1410. 

[3] S. Pan, Z. Li, Z. He, J. Qiu, and S. Zhou, 

“Molecular mechanisms for tumour resistance to 

chemotherapy,” Clin Exp Pharmacol Physiol, vol. 

43, no. 8, pp. 723–737, 2016. 

[4] I. M. Abushammala, B. M. Mqat, and A. M. 

Hamdan, “Effect of Curcumin at Various Doses on 

the Pharmacokinetic Profile of Tacrolimus in 

Healthy Rabbits,” Iraqi Journal of Pharmaceutical 

Sciences (P-ISSN 1683-3597 E-ISSN 2521-3512), 

vol. 31, no. 1, pp. 246–250, 2022. 

[5] B. L. Lum and M. P. Gosland, “MDR 

Expression in Normal Tissues: Pharmocologic 

Implication for the Clinical Use of P-Glycoprotein 

Inhibitors,” Hematol Oncol Clin North Am, vol. 9, 

no. 2, pp. 319–336, 1995. 

[6] B.-S. Ji and L. He, “CJX1, an amlodipine 

derivative, interacts with ATPase of human P-

glycoprotein,” Cell Biol Int, vol. 33, no. 10, pp. 

1073–1078, 2009. 

[7] R. Darvari and M. Boroujerdi, 

“Concentration dependency of modulatory effect of 

amlodipine on P‐glycoprotein efflux activity of 

doxorubicin—a comparison with tamoxifen,” 

Journal of pharmacy and pharmacology, vol. 56, no. 

8, pp. 985–991, 2004. 

[8] F. Y. Alhamdani, “Possible beneficial effects 

of amlodipine, lisinopril, and their combination on 

lipid profile in hypertensive patients,” The Iraqi 

Journal of Veterinary Medicine, vol. 33, no. 2, pp. 

126–137, 2009. 

[9] J. Li, Q. Li, X. Xie, Y. Ao, C. Tie, and R. 

Song, “Differential roles of dihydropyridine calcium 

antagonist nifedipine, nitrendipine and amlodipine 



Journal of Survey in Fisheries Sciences                                   10(2S) 2214-2224                                                   2023    
 

2222 
 

on gentamicin-induced renal tubular toxicity in rats,” 

Eur J Pharmacol, vol. 620, no. 1–3, pp. 97–104, 

2009. 

[10] D. K. A. Ridha and N. N. Al-Shawi, “The 

Impacts of Graded Doses of Pyridoxine on the 

Biomarkers, Aspartate Aminotransferase, lactate 

Dehydrogenase and Total Antioxidant Capacity in 

Doxorubicin-Induced Cardiotoxicity in Female 

Rats,” Iraqi Journal of Pharmaceutical Sciences (P-

ISSN: 1683-3597, E-ISSN: 2521-3512), pp. 12–21, 

2017. 

[11] B. N. AL-Okaily, “Effect of Different Doses 

of Doxorubicin on Pituitary Gland and Some 

Testicular Function in Adult Male Rabbits: Baraa N. 

AL-Okaily@; Ammar A. Al-Haddad and Ahmed D. 

Salman,” The Iraqi Journal of Veterinary Medicine, 

vol. 37, no. 1, pp. 121–128, 2013. 

[12] M. Ishikawa, Y. Takayanagi, and K. Sasaki, 

“Exacerbation of doxorubicin toxicity by 

chlorpromazine in male ddY mice,” The Japanese 

Journal of Pharmacology, vol. 56, no. 2, pp. 221–

224, 1991. 

[13] T. Šimůnek, M. Štěrba, O. Popelová, M. 

Adamcová, R. Hrdina, and V. Geršl, “Anthracycline-

induced cardiotoxicity: overview of studies 

examining the roles of oxidative stress and free 

cellular iron,” Pharmacological reports, vol. 61, no. 

1, pp. 154–171, 2009. 

[14] P. Soucek et al., “New model system for 

testing effects of flavonoids on doxorubicin-related 

formation of hydroxyl radicals,” Anticancer Drugs, 

vol. 22, no. 2, pp. 176–184, 2011. 

[15] J. Li et al., “Doxorubicin-loaded hydrogen 

peroxide self-providing copper nanodots for 

combination of chemotherapy and acid-induced 

chemodynamic therapy against breast cancer,” J 

Colloid Interface Sci, vol. 593, pp. 323–334, 2021. 

[16] R. R. Panchuk et al., “Antioxidants 

selenomethionine and D-pantethine decrease the 

negative side effects of doxorubicin in NL/Ly 

lymphoma-bearing mice,” Croat Med J, vol. 57, no. 

2, pp. 180–192, 2016. 

[17] A. M. Mahmoud, A. M. El-Derby, K. N. M. 

Elsayed, and E. M. Abdella, “Brown seaweeds 

ameliorate renal alterations in mice treated with the 

carcinogen azoxymethane,” Int J Pharm Pharm Sci, 

vol. 6, no. 11, pp. 365–369, 2014. 

[18] G. Muralikrishnan, A. K. Dinda, and F. 

Shakeel, “Immunomodulatory effects of Withania 

somnifera on azoxymethane induced experimental 

colon cancer in mice,” Immunol Invest, vol. 39, no. 

7, pp. 688–698, 2010. 

[19] A. Bissahoyo et al., “Azoxymethane is a 

genetic background-dependent colorectal tumor 

initiator and promoter in mice: effects of dose, route, 

and diet,” Toxicological Sciences, vol. 88, no. 2, pp. 

340–345, 2005. 

[20] W.-J. Zeng, G.-Y. Liu, J. Xu, X.-D. Zhou, Y.-

E. Zhang, and N. Zhang, “Pathological 

characteristics, PCNA labeling index and DNA 

index in prognostic evaluation of patients with 

moderately differentiated hepatocellular 

carcinoma,” World J Gastroenterol, vol. 8, no. 6, p. 

1040, 2002. 

[21] J. Schindelin et al., “Fiji: an open-source 

platform for biological-image analysis,” Nat 

Methods, vol. 9, no. 7, pp. 676–682, 2012. 

[22] G. Maga and U. Hubscher, “Proliferating cell 

nuclear antigen (PCNA): a dancer with many 

partners,” J Cell Sci, vol. 116, no. 15, pp. 3051–

3060, 2003. 

[23] E. M. Yousef, M. R. Tahir, Y. St-Pierre, and 

L. A. Gaboury, “MMP-9 expression varies according 

to molecular subtypes of breast cancer,” BMC 

Cancer, vol. 14, no. 1, pp. 1–12, 2014. 

[24] T. A. A. Hassan, N. Y. Al-Harbi, W. S. 

Hassan, and H. M. Al_Saily, “Hematological 

Profiles and Alkaline Phosphatase Enzyme of 

Tissues in Male Mice Treated with Nifedipine 

Medication,” Indian Journal of Forensic Medicine & 

Toxicology, vol. 15, no. 3, p. 5421, 2021. 

[25] A. S. Baraa, N. A. Ali, M. Abdul–Rahman, 

and A. Abdul–Jabbar, “Detection of MDR Gene 

(IFITM3) and P-glycoprotein Expression in Patients 



Amlodipine (P-glycoprotein inhibitor) modulation Doxorubicin Immunohistochemical effect in induced 

CRC in Mice  

 

2223 
 

with Hodgkin’s Lymphoma in AL-Ramadi Teaching 

Hospital,” Iraqi journal of biotechnology, vol. 15, 

no. 2, 2016. 

[26] M. A. Aboktifa and D. A. Abbas, “Interaction 

Toxicity Study between P-glycoprotein Inhibitor 

(Captopril) and Inducer (Spironolactone) with Their 

Substrate (Lovastatin) in Male Rats,” The Iraqi 

Journal of Veterinary Medicine, vol. 44, no. E0), pp. 

106–112, 2020. 

[27] G. Lee, J.-Y. Joung, J.-H. Cho, C.-G. Son, 

and N. Lee, “Overcoming P-glycoprotein-mediated 

multidrug resistance in colorectal cancer: potential 

reversal agents among herbal medicines,” Evidence-

Based Complementary and Alternative Medicine, 

vol. 2018, 2018. 

[28] A. Saneja, V. Khare, N. Alam, R. D. Dubey, 

and P. N. Gupta, “Advances in P-glycoprotein-based 

approaches for delivering anticancer drugs: 

pharmacokinetic perspective and clinical relevance,” 

Expert Opin Drug Deliv, vol. 11, no. 1, pp. 121–138, 

2014. 

[29] R. Khonkarn, K. Daowtak, and S. Okonogi, 

“Chemotherapeutic efficacy enhancement in P-gp-

Overexpressing cancer cells by flavonoid-loaded 

polymeric micelles,” AAPS PharmSciTech, vol. 21, 

pp. 1–12, 2020. 

[30] B. N. Madhloom and A. R. Diajil, “Oxidative 

stress status in hypertensive patients on amlodipine 

treatment,” Journal of Baghdad College of 

Dentistry, vol. 32, no. 1, pp. 1–8, 2020. 

[31] D. H. Esper and W. A. Harb, “The cancer 

cachexia syndrome: a review of metabolic and 

clinical manifestations,” Nutrition in Clinical 

Practice, vol. 20, no. 4, pp. 369–376, 2005. 

[32] F. A. Venning, M. H. Claesson, and H. 

Kissow, “The carcinogenic agent azoxymethane 

(AOM) enhances early inflammation-induced colon 

crypt pathology,” J Cancer Sci Ther, vol. 5, no. 11, 

pp. 377–383, 2013. 

[33] H. Sui et al., “YYFZBJS ameliorates 

colorectal cancer progression in ApcMin/+ mice by 

remodeling gut microbiota and inhibiting regulatory 

T-cell generation,” Cell Communication and 

Signaling, vol. 18, no. 1, pp. 1–17, 2020. 

[34] M. H. Abdulrazzaq, “Protective Effect of 

Benfotiamine against Doxorubicin-Induced 

Cardiotoxicity in Rabbits.,” Iraqi Journal of 

Pharmaceutical Sciences, vol. 16, no. 1, pp. 14–17, 

2007. 

[35] A. Parian et al., “Association between 

serrated epithelial changes and colorectal dysplasia 

in inflammatory bowel disease,” Gastrointest 

Endosc, vol. 84, no. 1, pp. 87–95, 2016. 

[36] S. Mirzaei et al., “Advances in understanding 

the role of P-gp in doxorubicin resistance: Molecular 

pathways, therapeutic strategies, and prospects,” 

Drug Discov Today, vol. 27, no. 2, pp. 436–455, 

2022. 

[37] L. Luo, B. Li, and T. P. Pretlow, “DNA 

alterations in human aberrant crypt foci and colon 

cancers by random primed polymerase chain 

reaction,” Cancer Res, vol. 63, no. 19, pp. 6166–

6169, 2003. 

[38] B. J. Qasim, H. H. Ali, and A. G. Hussein, 

“Immunohistochemical expression of PCNA and 

CD34 in colorectal adenomas and carcinomas using 

specified automated cellular image analysis system: 

a clinicopathologic study,” Saudi J Gastroenterol, 

vol. 18, no. 4, p. 268, 2012. 

[39] A. Yan-Fang, M. Yong, and L. Jing-Hua, 

“The expressions of PCNA and Bcl-2 in colorectal 

adenoma and carcinoma and their 

clinicopathological and prognostic significance,” 

Acta Academiae Medicinae Xuzhou, vol. 6, pp. 11–

17, 2006. 

[40] T. Zi-Jian and D. Li, “The Expression of 

p53and PCNA and their significance in colorectal 

neoplasm,” J Basic Clin Oncol, vol. 6, pp. 40–48, 

2001. 

[41] M. Katada, Y. Sugiyama, K. Kunieda, S. Saji, 

S. Watanabe, and K. Watanabe, “Significance of cell 

proliferation and expression of mutant p53 protein 

for carcinogenesis of colorectal adenoma by 

immunohistochemical examination,” Nippon 



Journal of Survey in Fisheries Sciences                                   10(2S) 2214-2224                                                   2023    
 

2224 
 

Daicho Komonbyo Gakkai Zasshi, vol. 52, no. 3, pp. 

193–199, 1999. 

[42] B. Shpitz et al., “Proliferating cell nuclear 

antigen as a marker of cell kinetics in aberrant crypt 

foci, hyperplastic polyps, adenomas, and 

adenocarcinomas of the human colon,” The 

American journal of surgery, vol. 174, no. 4, pp. 

425–430, 1997. 

[43] M. I. Waly et al., “Amelioration of 

azoxymethane induced-carcinogenesis by reducing 

oxidative stress in rat colon by natural extracts,” 

BMC Complement Altern Med, vol. 14, pp. 1–10, 

2014. 

  


