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Abstract 
This study was carried out to determine the possible protective effect of 1-ethyl-3-[4-(2, 2, 6, 
6-tetramethylpiperidine-1-oxyl)]-1-nitrosourea (SLENU), recently synthesised in our laboratory 
on doxorubicin and bleomycin-induced oxidative toxicity in C57 black tumour-bearing mice. Spe-
cifically, alterations in some biomarkers of oxidative stress, such as lipid peroxidation products 
measured as malondialdehyde (MDA) levels and activities of the antioxidant enzymes, superoxide 
dismutase (SOD) and catalase (CAT), were studied in lung, heart and kidney homogenates isolated 
from C57 black tumor-bearing mice after i.p. treatment with solutions of DOX (60 mg/kg) and BLM 
(60 mg/kg). The same biomarkers were also measured after i.p. pretreatment of mice with SLENU 
(100 mg/kg). After treatment with doxorubicin, heart and kidney homogenates of mice had sig-
nificantly higher productions of lipid peroxidation compared to lung homogenates. It was accom-
panied by increased activity of the antioxidant defence enzyme superoxide dismutase and de-
creased activity of catalase. Bleomycin-induced oxidative stress was confirmed by significantly 
higher production of lipid peroxidation in lungs compared to heart homogenates, elevation of the 
antioxidant activity of superoxide dismutase and decreased activity of catalase enzymes. After 
pretreatment of the mice with SLENU, the levels of all studied oxidative stress biomarkers were 
significantly improved in comparison with those of the mice treated alone with either bleomycin, 
or doxorubicin. The present results and those from a previously demonstrated superoxide scav-
enging activities (SSA) of the nitrosourea SLENU have enabled us to explain the protective effect of 
the spin-labelled nitrosourea on doxorubicin and bleomycin-induced oxidative stress by scaveng-
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ing of ∙ 2O−  and increased ∙NO release. 
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1. Introduction 
Among the anticancer drugs, doxorubicin (DOX) and bleomycin (BLM) are the most effective anti-neoplastic 
drugs in current clinical practice. Doxorubicin, (daunorubicin, epirubicin, and andidarubicin) possess a potent 
and broad-spectrum antitumor activity against a variety of human solid tumors and hematological malignancies. 
However, the clinical usefulness of DOX is restricted, since it has several acute and chronic side effects, partic-
ularly a dose-dependent myocardial injury, which can lead to a potentially congestive heart failure [1]. The pro-
duction of free radicals and oxidative stress is closely involved with DOX action, regarding both anti-tumour 
and toxic effects. DOX is transformed into a semiquinone free radical that reacts with molecular oxygen to pro-
duce thesuperoxide radical ( 2O− ) and it converts DOX into quinone. This quinone-semiquinone cycle generates 
large amounts of 2O− , which subsequently give rise to ROS and RNS species such as hydrogen peroxide (H2O2), 
hydroxyl radical (HO−) or peroxynitrite (ONOO−) [2] [3]. 

Bleomycin has been shown to be an effective antitumor agent in the treatment of testicular carcinoma and 
lymphoma. It has also been used as cytotoxic therapies for patients with other germ cell tumors, Kaposi’s sar-
coma, and head and neck carcinoma. A serious complication of bleomycin therapy is pulmonary fibrosis, which 
may occur in up to 10% of patients to a variable degree [4] [5]. Bleomycin can bind metal ions and DNA at the 
same time at two different sites, and this complex can generate ROS such as superoxide and hydroxyl radicals [6] 
[7]. Studies with antioxidants such as N-acetylcysteine or bilirubin showed effective protection of rats against 
bleomycin-induced lung fibrosis [8]. 

Reduced toxicity and increased antineoplastic properties were achieved when nitroxyl (aminoxyl) groups, 
such as 2,2,6,6-tetramethylpiperidine-1-oxyl (TMPO), were introduced in chemical structure of certain antitu-
mour drugs [9] [10]. Following this finding, we have synthesised a number of spin-labelled analogues of the 
anticancer drug 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea (CCNU). Some of these compounds showed ad-
vantages over CCNU, by having lower toxicity and higher anticancer activity against some experimental tumour 
models [11]-[14]. Using the EPR method we had shown that spin-labelled nitrosoureas could scavenge 2O−⋅  
and thus exhibited high superoxide scavenging activity (SSA) [15]. Moreover, by our studies, we have demon-
strated beneficial effects of SLENU, recently synthesized in our laboratory, on drug-induced oxidative toxicity 
in rat blood and in liver of mice [16]-[18]. 

Therefore, the aim of the present study was to investigate whether, pretreatment with spin-labeled nitrosourea 
SLENU (Figure 1) possessing high SSA would decrease oxidative toxicity in hearts induced by application of 
antitumor drug DOX and oxidative toxicity in lungs induced by application of antitumor drug BLM in C57 tu-
mour-bearing black mice. To achieve the ultimate goal of this research, we investigated the levels of lipid per-
oxidation (MDA) and activities of antioxidant defence enzyme superoxide dismutase (SOD) and catalase (CAT) 
in homogenates isolated from lungs, hearts and kidneys of tumour-bearing mice treated by the anti-tumor drugs 
DOX and BLM alone and compared to the levels of the same parameters measured after pretreatment with 
SLENU. 

2. Materials and Methods 
2.1. Drugs and Chemicals 
Doxorubicin and Bleomycin were obtained from Bristol Myers Squibb, Wallingford, CT, USA). Buttermilk 
xanthine oxidase, SULF (sulfanilamide), NEDD (N-(1-naphthyl) ethylenediamine dihydrochloride) and VCl3 
were obtained from Fluka (Germany). SLENU was synthesized according to Gadjeva and Koldamova, (2001). 
The test compounds were dissolved ex tempore: first step in Tween and second step in saline. 
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Figure 1. Chemical structure of the spin-labelled nitro- 
sourea 1-ethyl-3-[4-(2,2,6, 6-tetramethylpiperidine-1- 
oxyl)]-1-nitrosourea (SLENU), used in this study. 

2.2. Experimental Animals 
All procedures performed on animals were done in accordance with guidelines of the Bulgarian government 
regulations and were approved by the authorities of Trakia University. The animals were housed in plastic cages, 
fed a normal laboratory diet and water ad libitum. The study was carried out on 142 C57 tumor-bearing mice 
black (bred in the Laboratory of Oncopharmacology, National Cancer Institute, Sofia), average weight, 18 - 22 g, 
divided into groups of 6 animals per group (equal number of the two sexes) were used. 

2.3. Experimental Design 
The blood for the analysis was taken by a heart puncture after opening the thoracic region. The venous blood 
samples were divided into portions. The serums were used for an analysis of enzymatic activities and the level 
of .NO. Mice were sacrificed by cervical decapitation at 1 hour after administration of the drugs lungs, hearts 
and kidneys were removed and kept on ice until homogenization on the same day. The samples were first 
washed with deionized water to separate blood and then homogenized. The tissue homogenates were centrifuged 
at 15 000 rpm for 10 minutes at 4˚C and the final supernatants were obtained. They were used for determination 
of lipid peroxidation, and the activities of superoxide dismutase and catalase. 

On day 0, mice were inoculated i.p. with 105 tumor cell suspension from lymphoid leukemia L1210 in saline 
in volume of 0.5 ml. On day 3, Bleomycin (60 mg/kg), Doxorubicine (60 mg/kg), in accordance with LD50 of 
the drugs, spin labeled nitrosourea SLENU (100 mg/kg) and combinations of them were administrated i.p. in a 
single injection in volume 0.1 ml per body weight, as 10% Tween solutions in accordance with the routine me-
thods described in the literature [19] [20]. 

2.4. Investigation of Oxidative Stress Parameters 
2.4.1. Analysis of Lipid Peroxidation 
Basal levels of lipid peroxidation as indicated by thiobarbituric acid-reactive substances (TBARS) were deter-
mined using the thiobarbituiric acid (TBA) method, which measures the malondialdehyde (MDA) reactive 
products according to Draper and Hadley, (1990) [21]. In the TBARS assay 1 ml of the supernatant, 1 ml of 
normal saline and 1 ml of 25% trichloroacetic acid (TCA) were mixed and centrifuged at 2000 rpm for 2 mi-
nutes. One ml of protein free supernatant was taken, mixed with 0.25 ml of 1% TBA and boiled 1 h at 95˚C. Af-
ter cooling the absorbance of the pink color of the obtained fraction product was read at 532 nm. 

2.4.2. Measurement of Antioxidant Enzymes Activities 
Total SOD activity was determined by the xanthine/xanthine-oxidase/nitroblue tetrazolium (NBT) method ac-
cording to Sun et al., (1988) [22] with minor modification. Superoxide anion radical (· 2O− ) produced by xan-
thine/xanthine-oxidase system reduced NBT to formazan, which can be assessed spectrophotometrically at 560 
nm. SOD competes with NBT for the dismutation of · 2O−  and inhibits its reduction. The level of this reduction 
is used as a measure of SOD activity. The total SOD activity is expressed in units/mg of protein, where one unit 
was equal to SOD activity that cause 50% inhibition of the reaction rate without SOD. The assay of CAT activi-
ty was according to Beers and Sizer, (1952) [23]. Briefly, hydrogen peroxide (30 mM) was used as a substrate 
and the decrease in H2O2 concentration at 22˚C in a phosphate buffer (50 mM, pH 7.0) was followed spectros-
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copically at 240 nm for 1 min. The activity of the enzyme was expressed in units per mg of protein and 1 unit 
was equal to the amount of an enzyme that degrades 1 mM H2O2 per minute. 

2.4.3. Measurement of ∙NO in Serum 
Serum nitric oxide was measured in terms of its products, nitrite and nitrate, by the method of Griess, modified 
by Miranda et al. [24]. This method is based on a two-step process. The first step is the conversion of nitrate to 
nitrite using vanadium (III) and the second is the addition of sulphanilamide and N (-naphthyl) ethylenediamine 
(Griess reagent). This converts nitrite into a deep-purple azo compound, which was measured colorimetrically at 
540 nm. Nitric oxide products were expressed as μM. 

2.4.4. Statistical Analysis 
The data are expressed as a mean ± SE. The data were analyzed by one-way ANOVA and Student’s t-test was 
used to determine the statistical differences between groups. Statistical significance was considered at p < 0.05. 

3. Results 
3.1. Effect of SLENU on MDA Level 
The levels of lipid peroxidation in homogenates isolated from lungs, hearts and kidneys of tumour-bearing mice 
treated with BLM and DOX alone and in combination with SLENU are shown in Figure 2. No significant dif-
ferences, were observed when compared MDA levels in lung, heart and kidney homogenates of the treated with 
SLENU mice to those of the control mice (mean 0.449 μM vs. 0.508 μM, p > 0.05; 0.590 μM vs. 0.485 μM, p > 
0.05 and 0.656 μM vs. 0.595 μM, p > 0.05). 1 hour after administration of DOX and BLM, the levels of MDA 
were significantly increased in all homogenates isolated from lungs, hearts and kidneys in tumor-bearing mice, 
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Figure 2. MDA in homogenates, isolated from mice treated with DOX, BLM, SLENU, and their combinations. Values are 
expressed as mean ± SE. *p < 0.0001 vs. tumour-bearing controls; **p < 0.0001 vs. lungs treated with DOX; ***p < 0.01 vs. 
hearts treated with BLM; +p < 0.001 vs. corresponding groups treated with DOX alone; ++p < 0.0001 vs. corresponding 
groups treated with BLM alone. 
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compared to the control groups (p < 0.0001). It should be noted that homogenates isolated from hearts of tu-
mour-bearing mice treated with DOX had about 50% higher level of MDA compared to homogenates isolated 
from lungs of the same mice (mean 1.478 μM vs. 0.787 μM, p < 0.0001) and homogenates isolated from lungs 
in tumour-bearing mice treated with BLM had significantly higher level of MDA compared to homogenates 
isolated from mice hearts (mean 1.341 μM vs. 1.140 μM, p < 0.01). The level of MDA in homogenates isolated 
from kidney of mice treated with DOX was higher but not significantly than those treated with BLM (mean 
1.371 μM vs. 1.289 μM, p > 0.05). However, combined application of DOX and SLENU led to significant de-
crease in the level of MDA in homogenates isolated from hearts and kidney compared to the corresponding le-
vels when DOX was administrated alone (mean 0.807 μM vs. 1.478 μM, and 0.927 μM vs. 1.371 μM, p < 0.001). 
Combination of BLM with SLENU led also to a strong decrease in the levels of MDA in homogenates isolated 
from lungs compared to the MDA levels when BLM was administrated alone (mean 0.643 μM vs. 1.341 μM, p 
< 0.0001) and were also close to the MDA levels obtained from SLENU when administered alone. 

3.2. Effect of SLENU on Antioxidant Enzymes SOD and CAT 
As can be seen from the data represented in Figure 3 no significant differences were observed in SOD activities 
measured in lung, heart and kidney of tumor bearing mice treated with SLENU comparing to those of the con-
trols (mean 5.49 U/gPr, vs. 6.55 U/gPr, p > 0.05; 6.423 U/gPr vs. 5.19 U/gPr, p > 0.05 and 5.736 U/gPr vs. 5.29 
U/gPr, p > 0.05). After treatment with DOX and BLM alone, SOD activities of all homogenates isolated from 
lungs, hearts and kidney in tumor-bearing mice were found to be significantly higher than those of the tumor 
bearing controls (p < 0.001). However, for mice treated with DOX, SOD activities of homogenates isolated from 
hearts were significantly higher than those isolated from lungs (15.28 U/gPr vs. 12.35 U/gPr, p < 0.01). For mice 
treated with BLM, SOD activities of homogenates isolated from lungs were significantly higher than those de-
termined in hearts (15.23 U/gPr vs. 11.45 U/gPr, p < 0.01). Pretreatment with SLENU and following application 
of DOX had significantly lower SOD activities of homogenates isolated from lungs and hearts compared to the 
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Figure 3. SOD activity of homogenates, isolated from mice treated with DOX, BLM, SLENU, and their combinations. Val-
ues are expressed as mean ±SE. *p < 0.001 vs. tumour-bearing controls; **p < 0.01 vs. lungs; +p < 0.001 vs. corresponding 
DOX alone and ++p < 0.0001 vs. corresponding groups with BLM alone. 
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corresponding groups tumor bearing mice treated with DOX alone (mean 10.61 U/gPr and 10.14 U/gPr, p < 
0.001). A combined application of BLM and SLENU led to significant decrease in the level of SOD of homo-
genates isolated from lungs, hearts and kidneys, compared to the corresponding groups tumor bearing mice 
treated with BLM alone (mean 7.90 U/gPr; 8.75 U/gPr and 8.79 U/gPr, p < 0.0001). Moreover, in lung homo-
genates for this combination were found SOD activities close to those of the controls. 

Figure 4 represents the activity of the antioxidant enzyme CAT in homogenates isolated from lungs, hearts 
and kidneys of tumor bearing treated and untreated (control) mice. The activity of CAT in the homogenates iso-
lated from lungs, hearts and kidneys after treatment with SLENU was not significantly higher compared to the 
controls (mean 29.232 U/gPr; 31.80 U/gPr and 31.518 U/gPr, p > 0.05). 1 hour after application of BLM or 
DOX the activities of CAT in all homogenates isolated from lungs, hearts and kidney in tumor bearing mice 
were decreased compared to the tumor bearing controls (p < 0.001). However, it should be noted that homoge-
nates isolated from hearts in tumor-bearing mice treated with DOX had significantly lower level of CAT com-
pared to homogenates isolated from lungs (mean 17.74 U/gPr vs. 21.25 U/gPr, p < 0.01) and homogenates iso-
lated from lungs in tumor-bearing mice treated with BLM had significantly lower level of CAT compared to 
homogenates isolated from hearts (mean 20.43 U/gPr vs. 24.33 U/gPr, p < 0.001). However, pretreatment with 
SLENU and following application of BLM or DOX led to significantly increase in the levels of the antioxidant 
enzyme CAT compared to the groups of tumor bearing mice with BLM and DOX administrated alone (p < 
0.001). Moreover, for both combinations were found that CAT activities in lung, heart and kidney homogenates 
were close to those of the controls (p > 0.05). 

3.3. Effect of SLENU on Total End Products of 2NO−  and 3NO−  in the Serum 
Figure 5 shows the levels of ∙NO expressed as total end products of 2NO−  and 3NO− . The levels of ∙NO were 
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Figure 4. CAT activity of homogenates, isolated from mice treated with DOX, BLM, SLENU, and their combinations. Val-
ues are expressed as mean ±SE. *p < 0.001 vs. tumor-bearing controls; **p < 0.01 vs. lungs; ***p < 0.001 vs. hearts; +p < 
0.001 vs. corresponding groups with DOX or BLM alone. 
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Figure 5.∙NO expressed as total end products of 2NO−  and 3NO− . *p < 0.00001 vs. controls; 
**p < 0.0001 vs. groups with DOX or BLM alone. 

 
found to be increased but not significantly in tumor bearing mice compared to healthy controls (mean 5.781 μM 
vs. 1.373 μM, p > 0.05). Tumor bearing mice treated with BLM or DOX had remarkably increased levels of ∙NO 
compared to the tumor controls (mean 35.252 μM, 33.915 μM, p < 0.00001, resp.). It is interesting that mice 
treated with SLENU had also significantly higher level of ∙NO than that of tumor controls (mean 44.088 μM, p 
<0.00001) and also than mice treated with BLM and DOX alone, (p < 0.0001). Moreover, the levels of ∙NO for 
the combinations of BLM or DOX, with SLENU were not significantly different from those in mice treated with 
SLENU alone (mean 40.088 μM, 40.187 μM, p > 0.05, resp.). 

4. Discussion 
Reactive oxygen species (ROS) were shown to be involved in the toxicity of both DOX and BLM. Free radicals 
have been shown to exhaust the antioxidant defence system and hence elevate the oxidation process of lipids in 
heart tissues of DOX-treated rats [25] [26]. Increased malondialdehyde equivalents, SOD activity and carbonyl 
contents in lung tissue produced by BLM were also reported by Teixeira et al. 2008 [8]. 

The present results showed that 1-hour following treatment with DOX heart and kidney homogenates of tu-
mour-bearing mice had significantly higher productions of lipid peroxidation compared to lungs homogenates. It 
was accompanied by increased activity of the antioxidant defence enzyme SOD and decrease of CAT. This dis-
turbance might be a sequel of the augmented predominantly generation of toxic reactive oxygen species in the 
heart and kidney. In the present study, BLM-induced oxidative stress was confirmed by significantly higher 
productions of prevailing lipid peroxidation in lungs compared to hearts and kidneys. It was also accompanied 
by elevation of the antioxidant activity of SOD and decrease in CAT enzymes. Augmented generation of toxic 
ROS, which were products of DOX and BLM metabolism, found support in previous studies [25]-[28]. 

Based on this finding we have hypothesized that if BLM and DOX could generate 2O−  and .NO in vivo, it 
might contribute to tissue ONOO− and .OH production and these could be a reason for the oxidative toxicity (in-
crease in MDA level and alteration in SOD and CAT activities) by the following Reactions (I): 
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Mice were treated with the typical antioxidant studied-SLENU possessing high SSA [15]. Our results showed 
that SLENU did not increase the levels of MDA in tumor-bearing mice indicating that the compound did not 
induce oxidative stress. The same was true for the antioxidant profile (SOD and CAT) as treatment with SLENU 
alone did not show any effect. However, after the concomitant treatment with SLENU and DOX or SLENU and 
BLM complete suppression of the oxidative stress was observed. MDA levels were decreased, and antioxidant 
enzymes SOD and CAT activities were restored to levels close to the control. It should be mentioned that for 
SLENU no organ selectivity was found. Our results showing decreased MDA levels of mice treated by the com-
binations of SLENU with DOX or BLM supposed a reduced ROS production that might be explained by the ef-
fect of SLENU on DOX and BLM-induced oxidative injury through one and the same mechanism. 

Using EPR spectroscopy methods, we showed that the antioxidant effect of SLENU was attributed to its high 
superoxide scavenging activity (SSA) and the mechanism of that activity was through redox cycling between ni-
troxide and its corresponding hydroxylamine moiety [15]: 
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where, kr, and ko were second-order rate constants for the reduction of nitroxide and oxidation of hydroxylamine 
by superoxide, respectively. 

The non-toxic effect of the spin-labelled nitrosourea SLENU and its ability to reverse the BLM and DOX 
-induced oxidative stress in our study have led us to propose the following hypothesis. The nitroso group in the 
spin-labeled nitrosourea SLENU may lead to the generation of .NO when SLENU is used alone or jointly with 
BLM and DOX. However, the nitroxyl free radical moiety incorporated only in the spin-labeled compound 
might successfully compete with the self-generated .NO produced by BLM and DOX in the scavenging of 2O−

. 
This effect could prevent formation of highly toxic species such as ONOO− and .OH and at the same time could 
increase the level of .NO. In this regard, our present results are consistent with the notion that the protective ef-
fects of SLENU are due to both SSA and its increased release of .NO. 

In our study serum levels of nitrite ( 2NO− ) and nitrate ( 3NO− ) were used to estimate the level of .NO forma-
tion, since .NO was highly unstable and had a very short half-life. We observed significantly higher .NO end 
products in the plasma of mice treated with BLM, DOX and SLENU alone and also in mice treated with the 
combination of drugs with SLENU. These results were in agreement with the results reported by other authors. 
Gurujeyalakshmi reported increase in NO levels as a result from BLM-induced increases in iNOS message and 
iNOS protein [29]. Several in vitro studies have demonstrated the protective effect of .NO in oxidative injury. 
Rubbo et al. suggested that .NO might act as a primaryantioxidant in biological systems by limiting lipid per-
oxidative chain propagation [30]. Using a model system, authors demonstrated that .NO was a potent terminator 
of radical chain propagation and that .NO inhibited peroxynitrite-dependent lipid peroxidation reactions. 

Such a chemopreventive effect of the nitroxide Tempol had been reported by several authors [31]-[33]. 
Mitchell et al., demonstrated that nitroxides at non-toxic concentrations were effective as in vitro and in vivo an-
tioxidants when oxidation was induced by the superoxide, hydrogen peroxide, organic hydroperoxides, ionis- 
ing radiation, or specific DNA-damaging anticancer agents [34]. 

In view of these facts, we can conclude that the non-toxic effect of the spin-labelled nitrosourea SLENU, and 
its ability to reverse the DOX- and BLM-induced oxidative stress in our study have led us to propose that pre-
treatment with SLENU can markedly suppress the oxidative toxic manifestations, observed in DOX- and BLM- 
treated mice by scavenging of 2O−  and increased .NO release. However, further studies are needed to clarify the 
effect of these combinations in anti-tumour chemotherapy applied to experimental animals. 
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