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The purpose of this study was to investigate protective effect of tempol as
cardioprotective and antioxidant, on damage caused by doxorubicin (DOX).
Wistar albino rats were used in this experiment. Doxorubicin was administered
intraperitoneally in six equal injections (each containing 2.5 mg/kg doxorubicin
at 48 h interval) to a total cumulative dose of 15 mg/kg over a period of 2 weeks
to produce cardiotoxicity. Tempol was administered as pretreatment and posttreatment. The biochemical parameters such as tissue glutathione (GSH),
malondialdehyde (MDA), lactate dehydrogenase (LDH), catalase (CAT),
superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione
reductase (GR), glutathione-s-transferase (GST), and glucose-6-phosphate
dehydrogenase (G6PD) were monitored after 30 days. Pre-treatment and Post
treatment with tempol significantly protected the myocardium from the toxic
effects of doxorubicin, by increasing the levels of GSH and reducing the levels
of antioxidant enzymes such as CAT, SOD, GPx, GR, GST, and G6PD towards
normal and decreased the increased levels of MDA and LDH. It has also reduced
the severity of cellular damage of the myocardium. The restoration of the
endogenous antioxidant system clearly depicts that tempol has produced its
protective effect by scavenging the reactive oxygen species (ROS). Our study
shows that pretreatment with tempol as cardioprotective and antioxidant is more
beneficial as compared to post treatment against DOX-induced cardiac toxicity.
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Introduction
Doxorubicin (DOX), an anthracycline antibiotic, is a potent, broad spectrum chemotherapeutic agent that has
been found to be highly effective in treating patients
with leukemias, lymphomas and a variety of soft and
solid tumors. [1, 2] However, it has been reported that it
causes a cumulative dose-dependent cardiac toxicity
that is characterized by an irreversible dilated cardiomyopathy and congestive heart failure. [3, 4] Several mechanisms for the DOX induced cardiotoxicity have been
proposed including membrane lipid peroxidation, free
radical formation, mitochondrial damage, and iron dependent oxidative damage to macromolecules. [5-7] Oxygen radicals are apparently involved in all of the mechanisms proposed. Cardiac tissue which has a less developed antioxidant defense mechanism is highly susceptible to injury by anthracycline induced oxygen radicals.
[8]

Tempol (4-hydroxy-2,2,6,6-tetramethylpiperidine-N-4hydroxy-tempo) is a water soluble and stable piperidine
nitroxide. It has a relatively low molecular weight (172)
and it permeates biological membranes. [9] Studies have
shown that tempol is a superoxide anion scavenger in
vitro [9] and may show effect as a genuine SOD-mimetic.
[10]
It was a recent discovery that tempol reduced the renal dysfunction and injury caused by endotoxin in the
rat [11] and during hemorrhagic shock [12]; where increased ROS formation are involved in its pathogenesis.
Tempol has been reported experimentally to ameliorate
oxidative stress mediated renal dysfunction and glomerular injury. [13] Also, tempol relieved the endothelial cell
dysfunction in diabetic rats [14] and in an experimental
model of regional myocardial ischemia/reperfusion, reduced the infarct size. [15]
Till date, there has been relatively less research into the
protective effects shown by tempol with respect to anticancer drugs such as doxorubicin induced cardiotoxicity
in reference to the biochemical and histological examinations. In this study, we propose the potent antioxidant
role of tempol in doxorubicin induced cardiac damage
in rats.

Materials and Methods
Chemicals
Doxorubicin was a generous gift from Dabur Research
Laboratories (Ghaziabad, India). Tempol was obtained
from Sigma-Aldrich Chemical Co. (St.Louis, MO,
USA). LDH kits were purchased from Reckon Diagnostic Pvt. Ltd. (Baroda, India). All other chemicals and
solvents used were of highest purity and analytical
grade.
Animals
Adult Wistar rats of either sex (weighing 150-200 g),
bred in the central animal house of the Hamdard
University (New Delhi, India) were used. The animals
were housed under standard light/dark cycles with free
access to food (Amrut Laboratory Rat feed,
Navmaharashtra Chakan Oil Mills Ltd., Pune, India) and
water. Experiments on animals were conducted after
obtaining approval from Hamdard University Animal
Ethics Committee.

Experimental protocols
After acclimatization, the animals were randomly
divided into five groups, each group comprising of 10
animals. Eight animals from each group were used for
biochemical estimations and the remaining rats were
used for the histopathological studies. The animals were
allowed free access to food and water.
Group I animals served as normal control and received
lactose 75 mg/kg in saline intraperitoneally (i.p) in the
same regimen as doxorubicin.
Group II animals received doxorubicin alone (2.5
mg/kg, body weight in normal saline (i.p.) in six equal
injections for a period of 2 weeks for a total cumulative
dose of 15 mg/kg, body weight).
Group III animals received tempol 100 mg/kg, per oral
(p.o.) for 15 days as a pretreatment followed by doxorubicin administration (dosage and duration were as in
Group II).
Group IV animals received doxorubicin (dosage and duration were as in Group II) and after 15 days tempol 100
mg/kg, p.o. for 15 days.
Group V animals received only tempol 100 mg/kg, p.o.
for 15 days.
Assessment of nonezymatic and enzymatic parameters
Control, as well as treated animals were observed for a
period of 4 weeks, and their body weights were checked.
At the end of the fourth week, the animals were killed
under ether anesthesia and a midline abdominal incision
was performed and the hearts tissue were quickly
dissected out, washed in ice-cold saline, dried on a filter
paper, and weighed. For histopathological studies, heart
tissues of each group were stored in 10% formalin in
saline before processing.
A portion of each heart was taken from all the groups
and a 10% w/v homogenate was prepared in 0.9%
buffered potassium chloride (pH 7.4) for the estimation
of glutathione [16, 17] and malondialdehyde. [18]
The remaining portion of the heart tissue was used for
the assay of cardiac damage marker enzyme and
antioxidant enzymes. A 10% w/v homogenate was
prepared in 0.05 M phosphate buffer (pH 7.4). The
homogenate was subjected to cold centrifugation at 4 °C
for 20 min and used for estimation of lactate
dehydrogenase [19], catalase [20], superoxide dismutase
[21]
, glutathione peroxidase [22], glutathione reductase [23],
glutathione-S-transferase [24], glucose-6-phosphate
dehydrogenase [25] and protein content. [26]
Histopathological studies
The hearts were fixed in 10% formalin. The specimens
were processed by standard procedure and embedded in
paraffinwax. The blocks were sectioned from the
ventricular portion and 5-micron thick sections were
stained according to the hematoxylin and eosin (H & E)
method given by Smith and Burton. [27] The sections
were examined by light microscopy.
Statistical analysis
Data were expressed as the mean ± SEM. For a
statistical analysis of the data, group means were
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compared by one-way analysis of variance (ANOVA)
followed by Dunnett's t test, which was used to identify
differences between groups. P value <0.05 was
considered significant.

Results
Effect of tempol pretreatment
The chronic treatment with doxorubicin injection significantly decreased the levels of tissue glutathione. Treatment with tempol (100 mg/kg) has produced a significant increase in the levels of tissue glutathione. Doxorubicin treatment produced a significant increase in
malondialdehyde and LDH levels as compared with the
control group. Tempol pretreatment has produced a significant reduction in tissue malondialdehyde and lactate
dehydrogenase levels in doxorubicin-treated rats. Doxorubicin significantly increased the activities of antioxidant defense enzymes such as catalase, superoxide dismutase, glutathione peroxidase, glutathione reductase,
glutathione–s-transferase, and glucose-6-phosphate dehydrogenase. Tempol treatment has produced a significant reduction in the levels of these enzymes towards
normal.
Effect of tempol post-treatment
Tempol post treatment significantly reduced MDA levels as compared to the doxorubicin treated group. Tempol post treatment did not significantly reduced the levels of the enzyme lactate dehydrogenase. Tempol treatment has significantly reduced the activities of the antioxidant enzymes such as catalase, superoxide dismutase, glutathione peroxidase, glutathione reductase,
glutathione-s-transferase, and glucose-6-phosphate dehydrogenase towards normal.
Histopathological Findings
The vehicle treated group (i.e. group) 1 did not show any
morphological changes (Figure A). On the contrary, the
hearts of rats treated with doxorubicin (i.e. group 2)
showed marked histological changes in endocardium.
The heart sections showed severe changes with varying
degrees of vacuolar changes in the endocardial surface
of the heart, necrosis of cardiac muscle fibers with
isolated cells showing features of hypertrophy in
between the necrotic and fragmented muscle fibers
(Figure Bi, Bii). Pretreatment with tempol (i.e. group 3)
completely reverted the morphological changes
produced by doxorubicin (Figure C). Post treatment
with tempol (i.e. group 4) did partially reverted the
morphological changes and vacuolated cells were seen
scattered in subendocardial layers (Figure D). The per se
treatment of tempol (i.e. group 5) has no effect as such
on the myocardium (Figure E).

Discussion
The clinical use of doxorubicin is limited by its dose
dependent cardiac damage and repeated administration
of doxorubicin beyond a certain dose has been shown to
cause cardiomyopathic changes in patients4 as well as in
a variety of animal species. 28, 29 Studies have shown that
tempol is a superoxide anion scavenger in vitro [9] and

may show effect as a genuine SOD-mimetic. [10] Tempol
has been reported experimentally to ameliorate
oxidative stress mediated renal dysfunction and
glomerular injury [13] and in an experimental model of
regional myocardial ischemia/reperfusion, reduced the
infarct size. [15] The purpose of this study was to prove
that tempol as the currently available cardioprotective
and antioxidant which can be used in protecting the
cancer
patients
from
doxorubicin
induced
cardiotoxicity.
The doxorubicin-induced cardiomyopathy in rats in the
present studies was evaluated by the myocardial damage
and the destabilization of the antioxidant defense
enzyme system. Many researchers have shown the role
of reactive oxygen species including hydroxyl radical in
the DOX-induced cardiomyopathy models. [31-33] DOX
is capable of generating oxygen radicals, it decreases the
synthesis of glutathione, and increases the production of
MDA in humans and experimental animals. [32] It has
been shown that marked decreases in GSH pool occur in
many tissues after acute and chronic DOX toxicities. [3335]
Treatment of rats with tempol produced a significant
reduction
of
MDA
levels
produced
by
ischemia/reperfusion. [36] The evidence in the present
study with respect to the MDA levels are in agreement
with the above study.
The DOX induced cardiotoxicity is secondary evident
following lipid peroxidation of cardiac membrane leads
to increase in leakage of LDH and CPK from cardiac
myocytes into plasma. [37] Our findings are consistent
with above mentioned studies and treatment with tempol
was found to inhibit the DOX-induced CK-MB release
in serum. It is widely reported that DOX-induced freeradical generation triggers membrane peroxidation and
disruption of cardiac myocytes, which can lead to
increased release of CKMB in the serum. [38] Our study
shows that tempol and Vitamin E led to decrease in
CKMB release in doses used. Also the administration of
DOX induced cardotoxicity manifested significant
increase in serum LDH levels. The LDH levels are
significantly decreased in tempol and Vitamin E treated
group.
DOX significantly decreased the level of tissue
GSH in accordance with the previous studies. [39]
Decrease in the levels of GSH represents its increased
utilization by myocardial cells due to oxidative stress.
Treatment with tempol & Vitamin E has significantly
restored the GSH levels, this effect could be attributed
either to increased biogenesis of GSH or the reduction
in oxidative stress levels leading to decreased generation
of toxic free-radical species. The protective activity was
further supported by increased myocardial antioxidant
enzyme activity and decrease extent of lipid
peroxidation. The decrease in antioxidant enzymes and
lipid peroxidation are known to cause cellular damage
and responsible for reactive oxygen species (ROS)
induced organ damage. The antioxidant enzymes such
as catalase, SOD, glutathione peroxidase, glutathione
reductase, glutathione-s-transferase and G-6-PD and all
of them constitute the major supportive team of defense
against free radicals. The equilibrium between these
enzymes is an important process for the effective
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removal of ROS in intracellular organelles. [40] In
present study, a significant decrease in levels of catalase,
SOD. GPx, GR, GST and G-6-PD enzymes in DOX
treated group was observed. Tempol and Vitamin E
treatment significantly increased the antioxidant
enzymes levels induced by DOX. A decrease in the
activity of SOD can result in the decreased removal of
superoxide ion, which can be harmful to the organs.
Moreover, the enhanced SOD activity in the
tempol and Vitamin E treated groups might be involved
in the scavenging of O2 - generated from DOX. tempol
and Vitamin E efficiently counteracted the DOX
induced cardiac tissue damage by significantly
decreasing the MDA levels and increasing the GSH,
catalase, SOD, GPx, GR, GST and G-6-PD enzymes
activities.
The present study shows that a simultaneous
treatment with tempol could attenuate the doxorubicininduced cardiomyopathic effects as shown by the
improved myocardial structures and stabilization of the
antioxidant defense enzyme system in the pretreated
tempol group and to a lesser extent in the post treatment
.

with tempol. The results of the present study markedly
indicate that pretreatment with tempol offered
protection against the chronic administration of
doxorubicin in rats as compared to doxorubicin treated
group. The evidence for protective effect of tempol was
seen with a significant increase in the antioxidant
defense enzyme system, reduction in MDA production
and restoration of tissue glutathione content in heart
tissue. The cardiotoxic effects of DOX are directly
related to oxidative stress and many studies have
confirmed this finding. Tempol increased the levels of
the above enzymes. Thus, our results showed that the
stress on the cardiac cells during the generation of ROS
could be prevented by tempol. The biochemical changes
and the histological changes are relatively confirming
that DOX has indeed caused the free radical injury in the
myocardium of the rats to which it was administered
showing the marked changes such as necrosis and
hypertrophied cells as compared to vehicle treated rats.
Our study shows that pre treatment with tempol is more
beneficial as compared to post treatment against DOXinduced cardiac toxicity

Table 1: Effects of Tempol on antioxidant enzyme catalase, glutathione peroxidase and superoxide dismutase activity in the heart of control and experimental animal groups
Groups

Catalase

Normal Control
Doxorubicin (15 mg/kg)
Tempol (100 mg/kg) +DOX
DOX +Tempol (100 mg/kg)
Tempol per se (100 mg/kg)

126.17 ± 5.82
32.99 ± 4.05∗∗
90.13 ± 1.36α
79.27 ± 10.87α
132.26 ± 6.79α

GPx
179.59 ± 7.03
49.89 ± 2.20∗∗
115.19 ± 3.22α
87.52 ± 48.77β
186.60 ± 3.4 α

SOD
140.95 ± 23.81
66.22 ± 2.28 ∗∗
118.03 ± 1.42α
103.54 ± 37.36β
154.91 ± 3.19α

The data are expressed as mean SEM for five rats in each group. ** p < 0.01 versus normal control. ‘a’ is p <
0.01 versus DOX toxic group, ‘b’ is p < 0.05 versus DOX toxic group. The enzyme activities are expressed as
nmol of H2O2 consumed/min/mg protein for Catalase, nmol of NADPH oxidized/min/mg protein for GPx,
amount of enzyme required to give 50% inhibition of pyrogallol auto oxidation, Unit/mg protein for SOD.

Table 2: Effects of Tempol on antioxidant enzyme GR, GST and G6PD activity in the heart of control and experimental animal groups
Groups
GR
GST
G6PD
Normal Control
32.59 ± 2.55
91.94 ± 7.05
11.90 ± 4.85
Doxorubicin (15 mg/kg)
15.65 ± 1.09∗∗
28.31 ± 4.20∗∗
1.69 ± 0.33∗∗
Tempol (100 mg/kg) + DOX
27.54 ± 4.21α
79.16 ± 3.03α
6.29 ± 0.22α
DOX + Tempol (100 mg/kg)
22.40 ± 2.60β
58.67 ± 3.55β
4.85 ± 1.02β
Tempol per se (100 mg/kg)
31.07 ± 0.84α
90.48 ± 4.63α
12.52 ± 0.42α
The data are expressed as mean ± SEM for five rats in each group. ** p < 0.01 versus normal control. ‘a’ is p
< 0.01 versus DOX toxic group, ‘b’ is p < 0.05 versus DOX toxic group. The enzyme activities are expressed
as nmol of NADPH oxidized/min/mg protein for GR, nmol of 1-chloro 2, 4 dinitrobenzene (CDNB) conjugate
formed/min/mg protein for GST, nmol of reduced NADP oxidized/min/mg protein for G6PD.
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Figure 1. Level of LDH in serum. Effect of tempol pretreatment, post treatment and per se
(100 mg/kg, p.o. respectively) and toxic group induced by DOX (15 mg/kg, i.p.) on serum of
rat. Values are mean ± SEM from a group of five animals. # p < 0.01 when control group was
compared with toxic group. ** p < 0.01 when treated groups were compared with toxic group.

Figure 2. Level of MDA in cardiac tissue. Effect of tempol pretreatment, post treatment and per se
(100 mg/kg, p.o. respectively) and toxic group induced by DOX (15 mg/kg, i.p.) on serum of rat.
Values are mean ± SEM from a group of five animals. # p < 0.01 when control group was compared
with toxic group. ** p < 0.01 when treated groups were compared with toxic group.
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Figure 3. Level of GSH in cardiac tissue. Effect of tempol pretreatment, post treatment and per se (100
mg/kg, p.o. respectively) and toxic group induced by DOX (15 mg/kg, i.p.) on serum of rat. Values are
mean ± SEM from a group of five animals. # p < 0.01 when control group was compared with toxic
group. ** p < 0.01, * p < 0.05 when treated groups were compared with toxic group.

Figure 4. Level of caspase-3 in cardiac tissue. Effect of tempol pretreatment, post treatment and per se
(100 mg/kg, p.o. respectively) and toxic group induced by DOX (15 mg/kg, i.p.) on serum of rat. Values
are mean ± SEM from a group of five animals. # p < 0.01 when control group was compared with toxic
group. ** p < 0.01, * p < 0.05 when treated groups were compared with toxic group.
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Figure 5. Photomicrograph of rat heart (A) normal control group showing normal architecture of the
myocardial fibers. (B1 & B2) Doxorubicin-treated (15 mg/kg, i.p.) showing patchy necrosis and hypertrophied
myocardial fibers, patchy necrosis and a single vacuolated hypertrophied myocardial fiber marked by arrows.
(C) Tempol 100 mg/kg, p.o. + DOX showing normal architecture of myocardial cells. (D) DOX + Tempol 100
mg/kg, p.o., showing vacuolated cells marked by V. (E) Per Se group (Normal + Tempol 100 mg/kg, p.o.)
showing normal architecture of myocardial cells.
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Conclusion
In conclusion, the cardiotoxicity induced by DOX is in
relation with oxidative stress. Our study suggests that
tempol could be used as a cardioprotective and antioxidant
as preventive therapy rather than curative therapy against
doxorubicin-induced cardiac toxicity.
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