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Abstract 
There is no clear data addressing the effect of xanthine oxidase (XO) inhibitors on 

cyclophosphamide (CYC)-induced cardiotoxicity. This study was aimed to study the effect of 

allopurinol (ALL) on CYC-induced cardiotoxicity in rats. Rats were allocated into 4 groups: 

group 1: control, group 2: ALL group (recieved ALL 100 mg/kg/day orally for 14 days), 

groups 3: CYC group (received CYC 200mg/kg ip single dose at 9
th
 day) and group 4: 

ALL+CYC group: received both ALL plus CYC in the same previous doses. Rats were 

sacrificed after 2 weeks. The cardiotoxic effect of CYC was assessed by serum level of lactic 

dehydrogenase (LDH). The effect of CYC on the pathogenesis of cardiotoxicity was 

evaluated by measuring cardiac malonaldehyde (MDA) and catalase levels. Cardiotoxicity 

induced by CYC revealed statistically significant improvement in rats treated with ALL 

compared with CYC alone group. These results suggest that xanthine oxidase inhibitors as 

ALL can protect against CYC- induced cardiotoxicity. Their effects rely, at least partially, on 

their anti-oxidant effects. 
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Introduction 
Cancer is a dangerous and fatal disease that 

is more common in old age (Berger et al., 

2006). The second leading cause of long-

term morbidity and death among cancer 

survivors is cardiovascular complications 

caused by chemotherapeutic agents (Jemal 

et al., 2010; Seigel et al., 2012; Bodai and 

Tuso, 2015). CYC is a common 

chemotherapeutic agent used in the 

treatment of nonmalignant, as well as 

malignant conditions including lymphoma, 

breast cancer, ovarian carcinoma, leukemia, 

multiple myeloma and mycosis fungoides 

(Emadi et al., 2009). 

 

Cardiotoxicity is a common adverse effect 

that occurs with CYC as a result of many 

mechanisms, including oxidative stress 

process with production of free radicles 

(Dhesi et al., 2013). XO is implicated in 

reactive oxygen species generation and 

inhibition of XO has been proposed as a 

mechanism for improving cardiovascular 

health (Dawson and Walters, 2006). XO 

inhibitors, as ALL (Pacher et al., 2006) act 

by decreasing the production of uric acid,  

 

which has harmful effects on cardiovascular 

system. In addition they inhibit oxidative 

stress process and production of free 

radicals (Nakatsu et al., 2015), thus, they 

might play a role in decreasing toxic effects 

of CYC on the heart. 

 

Materials and Methods 
Drugs, chemicals, and kits 

Allopurinol 10g powder (a kind gift from 

EPICO Co., Egypt), Carboxy 

methylcellulose (El-Nasr Pharmaceutical 

Co., Egypt), Catalase kit (Biodiagnostic, 

Egypt), CYC vial 1g (Baxter oncology 

GmbH, Germany) and LDH kit (Spectrum 

diagnostic, Egypt). 

 

Animals 

The present study was conducted on adult 

male albino rats weighing 165225 g. They 

were obtained from the National Research 

Centre, Giza, Egypt. They were housed in 

laboratory cages with free access to water. 

They were fed a standard diet of comercial 

rat chow and left to accommodate to the 

environment for one week before the start 

of the experiments. 
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Experimental protocol 
The rats were weighed and assigned into 

four groups (n=7-9), each receiving the 

following treatments: Group 1: Control 

group (non-treated) received carboxy 

methylcellulose (vehicle of ALL) orally and 

saline (vehicle of CYC) ip, Group 2: ALL 

group received both ALL (100 mg/kg/day 

orally) for 2 weeks that is suspended in 

carboxy methyl cellulose and the vehicle of 

CYC, Group 3: CYC group received a 

single dose of CYC (200 mg/kg ip.) 

dissolved in saline at the ninth day and 

served as intoxicated positive control group, 

Group 4: CYC/ALL group received 

combination of ALL (100 mg/kg/day 

orally) for 2 weeks and CYC (200 mg/kg 

ip.) at the ninth day of the experiment.  

 

The above mentioned doses of CYC and 

ALL were selected on the basis of our 

preliminary studies, as well as previously 

published results (Mansour et al., 2015; 

Sagor et al., 2015), respectively. 

 

Samples collection and preparation 

At the end of the experimental period, the 

animals were scarified. Blood samples and 

heart specimens were collected.  

 Sera were separated by centrifugation 

(centrifuge Jantezki, T30, Germany) for 

10 min at 5000 rpm and used for 

determination of lactic dehydrogenase 

(LDH) 

 Heart tissues were homogenized in 

approximately 2ml. of ice-cold saline 

and 10 volumes of ice-cold phosphate 

buffer (prepared by dissolving 8.01g 

NaCl, 0.20g KCl, 1.78g Na2HPO4. 

2H2O and 0.27g KH2PO4 in 1 liter of 

distilled water and pH was adjusted at 

7.4), respectively, using a polytron 

homogenizer (Tri-R Stir-R homoge-

nizer, Tri-R Instruments, Inc., 

Rockville Centre, NY). Aliquots were 

prepared and stored at -80
o
C until 

estimation of malondialdehyde (MDA) 

and catalase. 

 

Assessment of the biochemical parameters 

Determination of cardiac enzymes in the 

form of serum LDH: The level of LDH 

was determined using LDH kinetic kit 

according to the basic principles described 

by Buhl and Jackson (1978).  

Determination of cardiac oxidative stress 

parameters 

Determination of lipid peroxides in the 

form of malonaldehyde (MDA) in heart: 

The MDA is a reactive aldehyde that is a 

measure of lipid peroxidation. Cardiac 

contents of MDA were determined using 

the thiobarbituric acid method described by 

Mihara and Uchiyama method (1978). 

 
Assessment of catalase in heart: 

Catalase activity was measured using 

colorimetric catalase kit according to Aebi, 

1984. 

 

Statistical Analysis of the data 

Results were expressed as means ± SEM. 

Results were analyzed by one-way 

ANOVA followed by Tukey’s test. 

Differences with p value < 0.05 were 

considered significant. Graph Pad Prism 

was used for statistical analysis (version 

5.01 for Windows, Graphpad Software, San 

Diego California USA;www.graphpad. com) 

 

Results 
Assessment of the biochemical parameters 

Assessment of serum cardiac enzymes in 

the form of LDH: 

The results of the current study revealed 

that administration of ALL alone did not 

affect cardiac serum enzyme; LDH, 

compared to control. On the other hand, 

administration of CYC (200mg/kg) caused 

a significant increase in serum levels of 

LDH as compared with control group. Co-

administration of either ALL (100mg/kg) 

with CYC significantly decreased LDH 

level as compared with CYC-intoxicated 

group (Table 1). 

 

Determination of oxidative stress 

parameters 
Effect of cyclophosphamide, allopurinol  

and their combinations on MDA level in rats: 

In the current study, heart MDA was not 

affected by sole treatment with ALL. To the 

contrary, cardiac MDA was significantly 

increased in CYC-intoxicated group 

compared to control. Treatment with ALL 

significantly attenuated the effect of CYC 

on cardiac MDA in comparison to CYC-

intoxicated group (Table 2).  
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Effect of cyclophosphamide, allopurinol 

and their combinations on catalase level 

in the heart in different rat groups: 

In the current study, single treatment with 

ALL or CYC, as well as combined 

treatment with CYC/ALL did not 

significantly affect cardiac catalase level 

compared to control (Table 2). 

 

Table (1): Effect of cyclophosphamide (CYC), allopurinol (ALL) and their combinations 

on serum lactic dehydrogenase (LDH) level  
 

 

 

 

 

 

 

 

Results represent the mean ± S.E.M (n= 5-9). 
a
 Significant difference from control group, 

b
 

significant difference from CYC group (P < 0.05). 

 

Table (2): Effect of cyclophosphamide (CYC), allopurinol (ALL) and their combinations 

on  malondialdehyde (MDA) and catalase levels in heart in rat. 

 

Cardiac catalase (U/g tissue) Cardiac MDA 

(nmol/g tissue) 

Groups 

61±2 163±10 Control  

53±7 255±26 ALL 

52±7
 

609±31
a
 CYC  

49±6 292±26
a,b

 CYC/ALL 

Results represent the mean ± S.E.M (n= 5-9). 
a
 Significant difference from control group, 

b
 

significant difference from CYC group (P < 0.05). 

 

Discussion 
Cardiotoxicity is the occurrence of heart 

electrophysiological dysfunction or myo-

cardial damage. It may be caused by 

chemotherapy treatment (López-Fernández 

and Thavendiranathan, 2017). CYC is an 

effective and widely used chemotherapeutic 

agent used in the treatment of malignant 

diseases and autoimmune disorders (Xu and 

Xuewu, 2015). However, its clinical use is 

limited because of its serious multiple 

organ toxicities including cardiotoxicity 

(Bhatt et al., 2017).  

 

The current study evaluated the effects of a 

purine XO-inhibitor, ALL, on CYC-

induced cardiac toxicity in rats. The design 

of this study offers the advantage that it 

allowed us to record the early evidences of 

cardiac damage in the form of elevation of 

cardiac enzymes, in addition to record the 

late evidence of cardiac toxicity in the form 

oxidative stress processes. 

Our data showed that CYC-induced 

cardiotoxicity was manifested by significant 

elevation in the level of LDH. Viswantha 

Swamy and his associates (2013) reported 

that CYC increased serum LDH through its 

cardiotoxic effect, by inducing a direct 

myocardial endothelial damage and destru-

ction of myocardial cells. As a result this 

enzyme is released into the blood stream 

and serves as the diagnostic marker of 

myocardial tissue injury. 

 

Interestingly, our results showed that co-

administration of ALL with CYC-

intoxicated rats improved the cardio-

toxicity, as evident by significant reduction 

in serum level of LDH as compared to 

CYC-intoxicated group.  

 

Oxidative stress is an indicator of the 

damage that results from a change in the 

balance between oxidants and antioxidants 

in favor of oxidants. If the delicate balance 

Groups LDH (U/L) 

Control  201±108 

ALL 341±41 

CYC  1234±617a 

CYC/ALL 200±41b 
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between oxidants and anti-oxidants cannot 

be maintained in tissues, many pathological 

changes extending to cellular damage occur 

(Mukherjee et al., 2013). Reactive oxygen 

species are generated by various biological 

systems, including xanthine oxido-

reductase and contribute to many physio-

logical and pathological phenomena. 

Mammalian xanthine dehydrogenase 

(XDH) can be converted to XO, which 

produces both superoxide anion and 

hydrogen peroxide (Nishino et al., 2008). 

 

Oxidative stress, caused by ROS, is linked 

to the direct effects of CYC and CYC-

induced toxicity that increases lipid 

peroxidation in different tissues, including 

heart in rats (Mansour et al., 2015). The 

ROS, thus formed, may lead to cellular 

damage by peroxidation of membrane 

lipids, sulfhydryl enzyme inactivation, 

protein cross-linking and DNA breakdown 

(Mansour et al., 2015). 

 

In the current study, CYC also significantly 

increased cardiac tissue MDA level, which 

is in line with previous studies (Avci et al., 

2017). Here, pretreatment with ALL 

improved cardiac MDA levels. Our study 

was supported by Wang and his colleagues 

(2016) who reported that ALL improves 

cardiac function in the setting of congestive 

heart failure following myocardial 

infarction and the inhibition of XO by ALL 

attenuated the injury caused by ROS and 

decreased MDA level in the heart of rats. 

 

In our study, CYC did not affect cardiac 

catalase, to the contrary of previous results 

(Viswanatha Swamy et al., 2013; 

Ogunsanwo et al., 2017). It is possible that 

the discrepancy in our results is due to 

different dose administration procedures, 

rat strain or environmental factors. Here, 

ALL also did not significantly affect 

catalase level. 

 

Taken together, the present study concluded 

that ROS and XO enzymatic pathways may 

largely participate in the mechanism of 

pathogenesis of cardiac toxicity related to 

CYC administration. In addition, XO-

inhibitors as ALL can ameliorate CYC-

induced cardiotoxicity.  

 

Conclusion 
From the above data, it is clear that XO 

activity may be one of the mechanisms by 

which CYC may cause cardiac alterations.  

ALL was able to attenuate the cardio-

toxicity induced by CYC, at least in part 

through XO inhibition and anti-oxidant 

mechanisms. 

 

References 
1. Aebi H. (1984): Catalase in vitro. 

Methods in Enzymol. 105: 121-126. 

2. Avci H, Epikmen ET, Ipek E, Tunca 

R, Birincioglu SS, Akşit H, Sekkin S, 

Akkoç AN, Boyacioglu M. (2017): 

Protective effects of silymarin and 

curcumin on cyclophosphamide-

induced cardiotoxicity. Exp Toxicol 

Pathol. 69 (5): 317-327. 

3. Berger NA, Savvides P, Koroukian 

SM, Kahana EF, Deimling GT, Rose 

JK, Bowman KF, Miller RH. (2006): 

Cancer in the Elderly. Trans Am Clin 

Climatol Assoc. 117: 147-155. 

4. Bhatt L, Sebastian B, Joshi V. (2017): 

Mangiferin protects rat myocardial 

tissue against cyclophosphamide 

induced cardiotoxicity. J Ayurveda 

Integr Med. 8 (2): 62-67. 

5. Bodai BI, Tuso P. (2015): Breast 

cancer survivorship: a comprehensive 

review of long-term medical issues and 

lifestyle recommendations. Perm J. 19 

(2): 48-79. 

6. Buhl SN, Jackson KY. (1978): 

Optimal conditions and comparison of 

lactate dehydrogenase catalysis of the 

lactate-to-pyruvate and pyruvate-to-

lactate reactions in human serum at 25, 

30, and 37 degrees C. Clin Chem. 24 

(5): 828-831.  

7. Dhesi S, Chu MP, Blevins G, Paterson 

I, Larratt L, Oudit GY, Kim DH. 

(2013): Cyclophosphamide-Induced 

Cardiomyopathy: A Case Report, 

Review, and Recommendations for 

Management. J Investig Med High 

Impact Case. 1(1):2324709613480346. 

8. Dawson J, Walters M. (2006): Uric 

acid and xanthine oxidase: future 

therapeutic targets in the prevention of 

cardiovascular disease. British Journal 

of Clinical Pharmacology. 62(6): 633-

644. 



MJMR, Vol. 29, No. 1, 2018, pages (217-221).                                                    Gad et al., 

 

221                                                                 Effect of xanthine oxidase inhibitors on cardiac toxicity 

 

9. Emadi A, Jones RJ, Brodsky RA. 

(2009): Cyclophosphamide and cancer: 

golden anniversary. Nature Reviews 

Clinical Oncology 6: 638-647. 

10. Jemal A, Ward E, Thun M. (2010): 

Declining death rates reflect progress 

against cancer. PLoS One. 5(3): e9584. 

11. López-Fernández T, Thavendiranathan 

P (2017): Emerging Cardiac Imaging 

Modalities for the Early Detection of 

Cardiotoxicity due to Anticancer 

Therapies. Rev Esp Cardiol (Engl Ed). 

70 (6): 487-495. 

12. Mansour HH, El Kiki SM, Hasan HF 

(2015): Protective effect of N-

acetylcysteine on cyclophosphamide-

induced cardiotoxicity in rats Environ-

mental Toxicology and Pharmacology 

40: 417–422. 

13. Mihara M, Uchiyama M. (1978): 

Determination of malonaldehyde prec-

ursor in tissues by thiobarbituric acid 

test. Anal Biochem. 86 (1): 271-278. 

14. Mukherjee P, Woods TA, Moore RA, 

Peterson KE. (2013): Activation of the 

innate signaling molecule MAVS by 

bunyavirus infection upregulates the 

adaptor protein SARM1, leading to 

neuronal death. Immunity. 38(4): 705-

716. 

15. Nakatsu Y, Seno Y, Kushiyama A, 

Sakoda H, Fujishiro M, Ktasako A, 

Mori K, Masunaga Y, Fukushima T, 

Kandka R, Yamamotoya T, Kamato H, 

Asano T. (2015): The xanthine oxidase 

inhibitor febuxostat suppresses deve-

lopment of nonalcoholic steatohepatitis 

in arodent model. Am J Physiol 

Gastrointest Liver Physiol. 309 (1): 

G42-45. 

16. Nishino T, Okamoto K, Eger BT, Pai 

EF, Nishino T. (2008): Mammalian 

xanthine oxidoreductase - mechanism 

of transition from xanthine dehydro-

genase to xanthine oxidase. FEBS J. 

275 (13): 3278-3289. 

17. Ogunsanwo OR, Oyagbemi AA, 

Omobowale TO, Asenuga ER, Saba 

AB. (2017): Biochemical and electro-

cardiographic studies on the beneficial 

effects of gallic acid in cyclopho-

sphamide-induced cardiorenal dysfun-

ction. J Complement Integr Med. 

[Epub ahead of print] doi: 

10.1515/jcim-2016-0161. 

18. Pacher P, Nivorozhkin A, Szabo C. 

(2006): Therapeutic affects of xanthine 

oxidase inhibitors: renaissance half a 

century after the discovery of 

allopurinol. Pharmacol Rev. 1: 87-114. 

19. Sagor MA, Tabassum N, Potol MA, 

Alam MA. (2015): Xanthine Oxidase 

Inhibitor, Allopurinol, Prevented 

Oxidative Stress, Fibrosis, and 

Myocardial Damage in Isoproterenol 

Induced Aged Rats. Oxid Med Cell 

Longev. 2015: 478039. 

20. Siegel RL, Miller KD, Jemal A. 

(2015): Cancer statistics. CA Cancer J 

Clin. 65: 5-29. 

21. Viswanatha Swamy HM, Patel UM, 

Koti BC, Gadad PC, Patel NL, 

Thippeswamy AHM. (2013): Cardio-

protective effect of Saraca indica 

against cyclophosphamide induced 

cardiotoxicity in rats: A biochemical, 

electrocardiographic and histopatho-

logical study. Indian J Pharmacol. 45 

(1): 44-48. 

22. Wacker WEC, Ulmer DD, Vallee BL. 

(1956): Metaloenzymes and myocar-

dial infarction. Malic and Lactic 

dehydrogenase activities and zinc 

concentrations in serum. N Engl J. 

Med. 255: 449-456. 

23. Wang Z, Ding J, Luo X, Zhang S, 

Yang G, Zhu Q, Liu D. (2016): Effect 

of Allopurinol on Myocardial Energy 

Metabolism in Chronic Heart Failure 

Rats After Myocardial Infarct. Int 

Heart J. 57 (6): 753-759. 

24. Xu X, Xuewu Z (2015): Effects of 

cyclophosphamide on immune system 

and gut microbiota in mice. Microbiol 

Res 171: 97–106. 

  


