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ABSTRACT 

         Doxorubicin, an anthracycline commonly used against a broad spectrum of human cancers 

has well known dose-dependent cytotoxic effects.vitamin A, E and N-acetylcystine can interrupt 

with Doxindused oxidative injury in the myocardial system. Pathogen free, Wistar strain male 

albino rats were used in the present study. Rats were divided into 6 groups of six in each group, 

I) Control; II) Vitamin A (50 IU (International Units) / kg Body Wt,orally); III) 

Vitamin E (400 mg/kg Body Wt,orally), IV) 30 mg/kg body Wt,orally at a dose of 

Doxorubicin (Dox); V)) Treated with 50 IU  kg body Wt of Vitamin A orally (24 hours 

prior to Dox administration) + 30 mg/kg wt of Doxorubicin and VI) Treated with 400 

mg  / kg Body Wt. of Vitamin E orally (24 hrs prior to Dox administration) + 30 mg / 

kg body Wt at a dose of Dox.The animals were sacrificed after 24 hrs after the last treatment   

by cervical dislocation and  isolated the heart and aortic and estimated activitie levels of 

Constitutive Nitric Oxide Synthase (cNOS) and Inducible Nitric Oxide Synthase(iNOS).This 

results further support that use of antioxidants like vitamin A and E may offer better protection 

against Doxorubicin induced Cordiotoxicity.  
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INTRODUCTION 
 

              Doxorubicin (DOX) is a naturally occurring anthracycline that is widely used in the 

treatment of a variety of human malignancies including breast cancer, small cell carcinoma of 

the lung and acute leukemia's (Blum and Carter, 1974). However, like most of the anticancer 

drugs, DOX causes various toxic effects, the commonest of which is the dose-dependent 

cardiotoxicity which leads to cardiomyopathy and eventually congestive heart failure (Koimaet 

al., 1993) and (Lefrak et al., 1973). Careful monitoring of patients, and keeping the cumulative 

dose under the recommended limit (550 mg/m2 body surface area) (Lefrak et al., 1973) has 

significantly reduced the incidence of DOX-induced cardiomyopathy. However, smaller doses 

can compromise function that is manifested when other treatments or drugs used in combination 

with DOX (Billinghamet al., 1977). Clearly, myocardial protection during DOX treatment 

should remain the goal to enhance the beneficial effects of the drug as well as to remove the risk 

of short- or longterm cardiac problems. DOX-induced myocardial injury has been believed to be 

mediated through different mechanisms, (Doroshow; 1983) and (Olson et al., 1974). A common 

denominator to most of the proposed mechanisms is the formation of an iron-anthracycline 

complex that generates free radicals, which in turn, causes severe damage to the plasma 

membrane, and interferes with the cytoskeletal structure (Billinghamet al., 1978). Due to the 

presence of a less developed antioxidant defense mechanism, heart is particularly vulnerable to 

injury by anthracycline-induced reactive oxygen species (Aebi, 1974). Therapeutic strategies, 

designed to augment cellular endogenous defense systems as antioxidants have been identified as 

a promising approach to combat against DOX toxicity (Steare and Yellon , 1995). 
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Every cell in our body needs vitamin A. This nutrient regulates the growth and division of your 

cells and it helps your body produce white blood cells when we need to fight an illness or 

infection. It plays a role in remodeling bone and it keeps the cells that line your body's interior 

surfaces healthy. Vitamin E is a fat-soluble antioxidant that protects our cell membranes from 

damage and may prevent LDL cholesterol from oxidizing and forming plaque in our arteries. 

Women who are at risk for deep vein thrombosis may benefit from getting an adequate amount 

of vitamin E because it may prevent DVT from developing. Some research indicates that vitamin 

E might help prevent some types of cancer. A study published in the "Journal of the National 

Cancer Institute" in 2012 noted that middle-aged or older Chinese people who took high amounts 

of vitamin E, either from diet or supplements, had a lower incidence of liver cancer than those 

who did not.Doxorubicin has a broad spectrum of potent activity against many different types of 

cancers.In wive of this work was carried to find out the benecial role of vitamin A and E. 

Materials and methods: 

Animals: 

  

 Albino rats of the weight range 150±10 gr were used for the study. The animals are kept 

under constant environmental condition (temperature 25 ±5
0
C ; humidity 50-60%) and water and 

food allowed ad libitum. Animals were divided in to six groups of seven each and were 

maintained in separates. 

Chemicals: 

 

 Doxorubicin hydrochloride (Adrim) is a product from Dabur India Ltd. (Pharmaceutical 

Division), 19, Industrial area, Baddi, Distt. Solan Himachal Pradesh India. 
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Treatment of animals: 

 

 Variousgroup of albono rats received the following doses of Vitamin A,E,Doxorubin. 

group, I) Control; II) Vitamin A (50 IU (International Units) / kg Body Wt,orally); III) 

Vitamin E (400 mg/kg Body Wt,orally), IV) 30 mg/kg body Wt,orally at a dose of 

Doxorubicin (Dox); V)) Treated with 50 IU  kg body Wt of Vitamin A orally (24 hours 

prior to Dox administration) + 30 mg/kg wt of Doxorubicin and Group VI. 400 mg /kg 

wt. of α-tocopherol (orally) 24 hrs prior to Doxorubicin administration and after 24 hrs of 

Vitamin E treatment the same group of rats received 30 mg/kg Wtof Doxorubicin. 

 

Biochemical methods: 

 

The NOS activity of heart and aortic cellular soluble fractions was measured by monitoring the 

formation of [
3
H]-citrulline according to the procedure of Bredt and Snyder (1990).  Knowles et 

al., (1990) and as modified by Rajeswara Rao et al.,(1996).  Briefly, the tissue/cellular 

preparations were homogenized in 1ml of NOS homogenizing buffer containing 10 mM HEPES, 

0.32 M sucrose, 0.5 mM EGTA, 1mM dithiothreintol 10µg/ml soybean trypain inhibitor, 2µg/ml 

aprotinin and 1mg/ml PMSF (phenyl methyl sulfonyl fluoride), pH 7.4.  The homogenates were 

centrifuged at 1,00,000 g for 30 minutes and the supernatant from heart and  aortic tissues cells 

containing the soluble fraction was used for NOS assays.  The reaction mixture of 500 µl 

contained 40 mM potassium phosphate buffer (pH 7.2), 6 (Ca
2+

/CaM-independent (iNOS) 

activity.  In addition to the above, the reaction mixture for Ca
2+

/CaM-dependent (cNOS) also 

contained 1µM each of calcium chloride and CaM, 1µM each of FAD and FMN- and 1µM 

biopterin.  Incubations were carried out for 30 min at 37
0
C and the reaction was stopped by 

adding 20 µl of stop buffer containing 20 mM HEPES and 10 mM (EGTA (pH 7.5).  The 
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samples separately were passed over Dowex – 50W (Na
+
 form) and the columns were washed 

with 1.5ml distilled water. NOS activity was quantified by measuring the radioactivity of flow-

through fraction containing [
3
H]-citrulline.  NOS activity was expressed as counts per minute 

(CPM). 

 The protein content of the control and experimental samples was measured according to 

the procedure of Lowry et al., (1951).  A protein content of 300 mg was constantly maintained in 

the 1,00,000g soluble fractions from heart and aortic tissues for Ca
2+

/cGMP/NOS 

determinations.  

STATISTICAL ANALYSIS: 

 Statistical analysis has been carried out using INSTAT software.  The data was analyzed 

for the significance and the results were presented with the P-value. 

Results and discussion: 

 
Changes in Vitamin A, E and Dox separately and in combination treated rat heart soluble 

fraction cNOS activity levels in vivo were presented in Table-1. Dox treatment enhanced the 

heart cNOS activity and the percent increase was found to be 31.83%  over  the  control. Further 

the increase was  statistically  significant (P < 0.001) over the control. Vitamin A and E 

individually did not effect the heart cNOS activity but in combination with Dox, vitamin A 

decreased the heart cNOSactivity  by 6.37% and that vitamin E by 24.96%. 

 The data (Table-1) shows the cNOS activity levels in Vitamin A, E and Dox individually 

and in combinations treated rat aortic soluble fraction. Dox treatment caused an increase in aortic 

cNOS activity where the increase was found to be 38.83% over the control and the increase was 
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found to be statistically significant over the control (P < 0.001). Vitamin A and E did 

individually did not alter much of the aortic cNOS activity but Vitamin A or E along with Dox  

appear to reduce the Dox increased aortic cNOS activity, where Vitamin A decreased Dox 

enhanced aortic cNOS activity by 12.16% and that of E by 31.84%. 

 The data (Table-2) shows the changes in Vitamin A, E and Dox separately and in 

combination treated rat heart soluble fraction iNOS activity levels in vivo.  Dox increased the rat 

heart soluble fraction iNOS activity by 46.54% over the control and the changes were found to 

be statistically significant (p < 0.001) over the control. Vitamin A and E did not alter much of the 

hearts iNOS activity but in combination with Dox Vitamin A reduced the Dox enhanced rat 

heart's iNOS activity by 23.24% and that Vitamin E by 32.54%. 

 The results on Vitamin A, E and Dox separately and in combinations treated  rat aortic 

soluble fraction iNOS activity levels were presented in Table-2,where Vitamin A or E 

individually showed little effect on aortic iNOS activity, where as significant (P<0.001) was 

observed in Dox treated aortic soluble fraction iNOS activity level (24.50%). Vitamin A in 

combination with Dox reduced Dox increased aortic  iNOS activity level by 6.62% and that 

Vitamin E by 16.78%. 

Discussion  

 Several mammalian tissues and cells known to express NOS activity (Stuehr and Griffith, 

1992). The tissue distribution of cNOS has been characterised in rat brain and other tissues 

including heart (Bredtet al., 1990). Besides cells like endothelial (ET), macrophages (MAC), 

lymphocytes myocytes, hepatocytes have also been reported as to exhibit NOS activity 

(Rajeswara Rao et al., 1998). Earlier reports show that in brain, ET cell and macrophage NOS 

was localized exclusively in the soluble fraction (Stuehret al., 1989 ; Bredt and Snyder, 
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1990).The formation of NO from L-arginine is fundamental to a wide range of physiological and 

pathological conditions and the NO formation is well known to be mediated by the enzyme NOS. 

 NO is biosynthesized in mammals by a modified urea cycle (Nathan, 1992) that has two 

important  functions : a secretory role to generate L-arginine for NO  synthesis and an excretory 

role to eliminate excess nitrogen created by cells metabolism. The initial step in the biosynthesis 

of NO is catalyzed by NOS. NO synthesis are NADPH-dependent oxygenases which require 

tetrahydro-biopterine (BH4), FAD and FMN as co-factors. The normal level of L-arginine in the 

body is sufficient for a continuous secretory NO biosynthesis and at present two distinct types of 

enzymes that catalyseNO production are known, a) a Ca
2+

 requiring constitutive enzyme or 

cNOS and b) a Ca
2+

 independent inducible enzymes or iNOS. At least two isoforms of 

cNOSexist :eNOS, present in endothelial cells and nNOS, present in neuronal cells. There is, 

however, some evidence  from different cell types i.e. macrophages and liver cells, demonstrate 

variable Ca
2+

 sensitivity (Schulz and Triggle, 1994). Some of the established properties of nNOS  

isoforms are regulatory and that of iNOS acts as host defense one. 

 The procedure for the measurement of cNOS activity in mammalian models as described 

by Bredt and Snyder (1990) was suitably modified by the author, where the assay conditions 

utilized exogenous Ca
2+

, CaM, FAD, FMN and BH4 and the standard procedural conditions 

followed were that as reported by earlier authors (Hutcheson et. al., 1995; Rao et. al., 1996 & 

1998) for the measurement of cNOS activity in mammalian tissue / cellular soluble preparations 

was alone preferred by the author of this dissertation, where the cNOS assay conditions utilized 

exogenously added Ca
2+

 / CaM and in the iNOS assays the same i.e., exogenous Ca
2+

 / CaM 

were not used. The author  would like to ascertain that in the present investigation for the 

measurement of rat heart, ET cellular soluble fraction eNOS and iNOS activities the currently 
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reported experimental procedures (Rao et al., 1996 ; 1998) were alone followed and the NOS 

activity data obtained out of the present study involving Dox was expressed as CPM (counts per 

minute).In the present investigation Dox at the dose (30 mg/ kg) administered increased rat heart 

and aortic cNOS and iNOS activity levels in a statistically significant manner (Table 1-2); 

indicating  that the rat myocardial system experience more NO production. More NOS activity in 

the myocardial system as reported from our laboratory earlier (Rajeswara Rao et al., 1998) 

should be due to stimulations of cellular / tissue based NOS by Dox. There are evidences in 

literature that Dox administration leads to production of more NO in various experimental 

models. 

 Xu  et al., (2000) have reported that NOS activity has been detected in many human 

tumours, although its function is unclear. They showed that exposure of cells to NO results in 4-5 

fold expression of the DNA - dependent protein - kinase catalytic subunit (DNA-PKCs), one of 

the enzymes involved in repairing double-stranded DNA breaks. This NO-mediated increase in 

enzymatically active DNA-PK not only protects cells from the toxic effects of NO, but also 

provides cross protection against clinically important DNA-damaging agents, such as X-ray 

radiation, Doxorubicin, bleomycin and cisplatin. The NO-mediated increase in DNA-PKcs 

described presence of new and highly effective NO-mediate mechanisms for DNA repair. 

Aghaet al., (2001) have demonstrated that the limiting factor in long - term administration of 

Dox is the cumulative dose-dependent cardiomyopathy and congestive heart failure. Although 

several mechanisms have been suggested to explain the exact cause of Dox-induced 

cardiomypathy, the role of vascular endothelium-derived vasoactive mediators in the 

pathophysiology of Dox's  toxin effect is still unknown. The increase of plasma endothelin-1 and 

cardiac NO with the cardiomyopathy enzymatic indices, may point to the conclusion that both 
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enodothelin-1 and cardiac NO are increased during the development of Dox-induced 

cardiomyopathy. Mostafaet al. (1999) observed a Dox dose of 15mg/kg (i.p). given in six equal 

injections over two weeks period as to cause myocardial fibres necrosis with prominent acute 

inflammatory cells observed in rats heart followed by NO production, they concluded their 

findings stating as that inhibition of NO formation may be beneficial in protecting rats heart 

against Dox - induced cardiotoxicity.  

In contrary Murata et al., (2001) have attempted to determine the chronic effect of Dox using an 

organ culture system in rabbit mesenteric arteries treated with 0.3 µM Dox for 7 days. Their 

results suggested that chronic treatment with Dox at therapeutic concentrations induces apoptosis 

and excoviationof  endothelial cells, which diminishes endothelium-dependent relaxation. 

Matthews et al., (2001) have stated that hypoxia in tumors is associated with malignant 

progression, metastatic spread and increased resistance to radiotherapy and chemotherapy. 

Molecular O2 is required for the cellular production of NO by the  enzyme NOS. Similarly the 

findings of Chenaiset al., (1999) Mostafaet al. (1999) ; Hertzan - Levy et al., (2000) also support 

changes in NO production upon Dox treatment. 

 The foregoing confer that Dox treatment in various experimental models alter NO 

production. Certain of the reports of various authors (as cited above) support the notion that Dox 

treatment increase NO production, this however is dose- dependent of Dox.The experimental 

results of the present study are inconformity with reports of earlier authors where NO production 

require increased NOS activity (Bredt and Snyder, 1989) and similar trends were obtained in the 

present study in Dox treated heart and arterial tissues. Vitamin E was found to be more potent in 

reverting the interactions of Dox altered NOS activity compared to Vitamin A at the doses 

administered.  
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Table-1:Vitamin A,E and Doxorubicin induced changes of rat heart and aortic tissues  

cNOS  activity levels in vivo(Values expressed as counts per minute). 

 

Name 

of the 

tissues 

 

Contro

l 

 

Vitamin A 

 

Vitamin E 

 

Doxorubicin 

 

Vitamin A+ 

Doxorubicin 

 

Vitamin E+ 

Doxorubici

n 

 

Heart 

322.71 

± 

4.536 

 

325.85
@

 

± 12.11 

(+0.97) 

323.85
@

 

± 4.81 

(+0.35) 

425.42
**

 

±5.75 

(+31.83) 

343.28
@

 

± 3.44 

(+6.37) 

403.14
**

 

± 3.48 

(+24.96) 

 

Aortic 

422.71 

±6.23

7 

422.28
@

 

±6.726 

(-0.101) 

419.71
@

 

± 2.62 

(-0.709) 

586.86
**

     

±3.57 

(+38.83) 

474.13
**

 

±5.49 

(+12.16) 

557.29
**

 

±8.61 

(+31.84) 

All the values are ± SD of six individual observations. 

Values in parentheses denote per cent change over respective control. 

 **   Values are significant at P < 0.01 
@

 Values are not significant 

 

Table-2: Vitamin A,E and Doxorubicin induced changes of rat heart and aortic tissues  

iNOS  activity levels in vivo (Values expressed as counts per minute). 

 

 

Name 

of the 

tissues 

 

Control 

 

Vitamin A 

 

Vitamin E 

 

Doxorubici

n 

 

Vitamin A+ 

Doxorubici

n 

 

Vitamin E+ 

Doxorubici

n 

 

Heart 

330.57 

± 19.72 

 

324.42
@

 

± 3.86 

(-1.86) 

323.85
@

 

± 4.81 

(-2.16) 

484.42
** 

±3.35 

(+46.54) 

407.42
**

 

± 4.451 

(+23.24) 

438.14
**

 

± 2.11 

(+32.54) 

 

Aortic 

366.71 

± 3.20 

367.14
@

 

± 2.41 

(+0.117) 

365.85
@

 

±2.03 

(-0.23) 

456.57
**

 

±7.41 

(+24.50) 

342.42
**

 

± 7.30 

(-6.62) 

428.28
**

 

± 8.59 

(+16.78) 

 

All the values are ± SD of six individual observations. 

Values in parentheses denote per cent change over respective control. 

**   Values are significant at P < 0.01 
@

 Values are not significant 

 

 

Rats were divided into 6 groups of six in each group, I) Control; II) Vitamin A (50 IU 

(International Units) / kg Body Wt,orally); III) Vitamin E (400 mg/kg Body 



International journal of advanced scientific and technical research               Issue 4 volume 1, January-February 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 110 
 

 

Wt,orally), IV) 30 mg/kg body Wt,orally at a dose of Doxorubicin (Dox); V)) Treated 

with 50 IU  kg body Wt of Vitamin A orally (24 hours prior to Dox administration) + 

30 mg/kg wt of Doxorubicin and VI) Treated with 400 mg  / kg Body Wt. of Vitamin E 

orally (24 hrs prior to Dox administration) + 30 mg / kg body Wt at a dose of Dox.The 

animals were sacrificed after 24 hrs after the last treatment   by cervical dislocation and  isolated  

the heart and aortic and estimated activitie levels of   Constitutive Nitric Oxide Synthase (cNOS) 

and Inducible Nitric Oxide Synthase (iNOS). 
 

Heart, aortic tissue, Constitutive Nitric Oxide Synthase (cNOS) and InducibleNitric 

Oxide Synthase (iNOS). 
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