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Protective effects of molsidomine 
against doxorubicin-induced renal 
damage in rats

Abstract
Purpose: The purpose of this study was to investigate the therapeutic and protective 
effects of molsidomine (MLS) against doxorubicin (DOX)-induced renal damage in rats.

Methods: Forty rats were randomly divided into five groups (control, MLS, DOX, 
DOX+MLS and MLS+DOX groups). Thiobarbituric acid reactive substance (TBARS), 
reduced glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), nitric oxide 
(NO) and glutathione peroxidase (GPx) levels were determined from kidney tissues and 
blood urea nitrogen (BUN), creatinine (Cr) and albumin (Alb) levels also determined. 

Results: DOX treatment caused a significant increase in TBARS levels and a significant 
decrease in the GSH and CAT levels compared with the control group. In comparison, 
MLS administration before DOX injection caused a significant decrease in TBARS levels 
and also increases in GSH and CAT levels, whereas treatment of MLS after DOX 
injection did not show any beneficial effect on these parameters.  All groups showed a 
significant increase in NO levels compared to the control group. There were no significant 
differences among the all groups for BUN and Cr levels. Serum level of Alb decreased in 
the DOX-treated groups when compared with control and MLS groups. The 
histopathological findings were in accordance with the biochemical results. MLS 
treatment reversed the DOX-induced kidney damage in group 4. MLS treatment before 
DOX injection exerted a protective effect against DOX-induced kidney damage. 

Conclusions: MLS shows promise as a possible therapeutic intervention for the 
prevention of kidney injury associated with DOX treatment. Additional studies are 
warranted.  
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Doxorubicin (DOX), an anthracycline antibiotic, is used for 
the treatment of human neoplasms, including leukaemias, 
lymphomas and solid tumors [1]. The use of DOX is limited 
due to its side-effects such as nephrotoxicity and cardiotoxicity 
[2]. The mechanism(s) of DOX-toxicity on the kidneys is not 
yet clear; however, it may be caused by an imbalance of the 
oxidant-antioxidant systems [3]. The toxicity may be mediated 
through free radical formation, iron-dependent oxidative 
damage of biological macromolecules, membrane lipid 
peroxidation (LPO) and protein oxidation [4]. It is well 
established that tissue injury results from the disturbance in 
the oxidant-antioxidant systems, as demonstrated with LPO 
and protein oxidation [5]. 

As a nitric oxide (NO) donor, molsidomine (MLS) is a 
prodrug and a potent vasodilator that has been used widely as 
an anti-anginal agent [6]. In the liver, MLS decarboxylases 
enzymatically to form 3-morpholinosyndnonimine (SIN-1), 
which spontaneously liberates NO.  [7]. MLS was recently 
shown to have antioxidant and anti-inflammatory properties 
[6, 8]. Studies demonstrated that the systemic administration 
of MLS improves survival rates and reduces the renal damage 
induced by renal ischemia-reperfusion (I-R) in rats, suggesting 
that it could be a useful agent to protect renal function [9-11]. 
Chander and Chopra [12] recently reported that MLS showed 
renoprotective effects against ischemia-reperfusion induced 
renal damage.

The aim of the current study was to verify the effects of 
MLS on DOX-induced renal damage in the light of these 
previously reported biochemical and histopathological 
findings.

Materials and Methods
Animals
For this study, 40 female Wistar albino rats, aged 10-12 weeks 
and weighing 250-300 g, were housed in an air-conditioned 
room with 12-h light and dark cycles, with constant 
temperature (22±2 °C) and relative humidity (65-70%). The 
rats were fed standard commercial pellets and water ad libitum. 
All experimental protocols were approved by the Inonu 
University School of Medicine Animal Care and Use 
Committee, Malatya, Turkey.

Experimental Protocols
The rats were randomly divided into five groups (n=8/group) 
as follows: (1) control group; (2) MLS (Molsicor tb® 10 mg, 
Sandoz, Turkey, 10 mg/kg daily for 21 days per-orally (p.o.)); 
(3) DOX (Doxorubicin® 50 mg, Farmar, Turkey, single dose 20 

mg/kg i.p. at first day); (4) DOX+MLS (single dose of DOX 
20 mg/kg i.p. plus 10 mg/kg MLS daily for 21 days p.o., after 3 
days injected DOX; and, (5) MLS+DOX (10 mg/kg MLS 
daily for 21 days p.o. plus single dose of DOX 20 mg/kg i.p. 
after the last dose of MLS). The dosage of DOX (20 mg/kg) 
and MLS (10 mg/kg p.o.) were selected according to the levels 
used successfully in the same experimental models for the 
oxidant and antioxidant properties, respectively [6, 13].

On the 24th day, rats in all groups were killed with high 
doses of the anesthesia mixture and the kidney tissues 
collected. Some kidney tissue was placed into liquid nitrogen 
and stored at –70°C until assayed for thiobarbituric acid 
reactive substance (TBARS), reduced glutathione (GSH), 
superoxide dismutase (SOD), catalase (CAT), NO and 
glutathione peroxidase (GPx). The remaining kidney tissue was 
fixed 10% formalin for histopathological analyses. Trunk 
blood was extracted to evaluated serum levels of blood urea 
nitrogen (BUN), creatinine (Cr) and albumin (Alb).

Biochemical Analysis
The levels of homogenized tissue TBARS, as an index of lipid 
peroxidation, were determined by thiobarbituric acid reaction 
using the method of Yagi [14]. The product was evaluated 
spectrophotometrically at 532 nm and results are expressed as 
nmol/g tissue. 

GSH levels were measured spectrophotometrically at 412 
nm using the method of Sedlak and Lindsay [15] and 
expressed as nmol/ml. 

SOD activity was measured by the inhibition of nitroblue 
tetrazolium (NBT) reduction due to O2 generated by the 
xanthine/xanthine oxidase system [16]. One unit of SOD 
activity was defined as the amount of protein causing 50% 
inhibition of the NBT reduction rate. The product was 
evaluated spectrophotometrically at 560 nm and levels were 
expressed as U/mg protein.

CAT activity was determined according to the method of 
Aebi [17]. The enzymatic decomposition of H2O2 was 
followed directly by the decrease in absorbance at 240 nm. The 
difference in absorbance per unit time was used as a measure of 
CAT activity and the enzyme activities are given in kU/mg 
protein.

GPx activity was measured by the method of Paglia and 
Valentina [18]. In the presence of glutathione reductase and 
NADPH, the oxidized glutathione (GSSG) is immediately 
converted to the reduced form with a concomitant oxidation 
of NADPH to NADP. The decrease in absorbance at 340 nm 
was measured. GPx activity is expressed as IU/mg protein [18].
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Total nitrite was considered as an index of NO 
production [19] so NO levels were measured as total nitrite. 
The kidney tissues were homogenized in ice-cold 0.1 M 
Tris-HCl buffer (pH 7.5) (containing protease inhibitor, 
phenylmethylsulfonyl flüoride and 1 mM PMSF) with a 
homogenizer (IKA Ultra Turrax T25 basic) at 16.000 rpm for 
3 min at  4°C. The homogenate was centrifuged at 10000 X g 
for 20 min at 4°C. All nitrate molecules in the supernatant 
were reduced to nitrites using nitrate reductase, and total 
nitrite levels were measured by the Griess reaction [20] with 
minor modifications. Total nitrite levels in the kidney were 
expressed as nmol/g wet tissue.

Serum levels of BUN, Cr, and Alb were assayed using an 
Olympus Autoanalyzer (Olympus Instruments, Tokyo, Japan).

Histopathological Analysis
Rat kidney tissue samples were placed in 10% formalin 
solution and processed by embedding in paraffin. 
Five-micrometer thick sections were cut, deparaffinized, 
hydrated and stained with hematoxylin and eosin (H&E) and 
examined under light microscope. The renal sections from all 
groups were examined in a blind fashion for tubular cell 
swelling, cellular vacuolization, pyknotic nuclei, medullary 
congestion and inflammatory infiltration. Inflammation was 
evaluated as chronic or acute phase. A minimum of 10 fields 
for each kidney slide were examined and a score from 0 to 3 
was given for each tubular profile involving an intersection: 0; 
normal histology, 1 (mild); tubular cell swelling, brush border 
loss, nuclear condensation, with up to one-third of tubular 
changes and inflammation, 2 (moderate); as for score 1, 
however greater than one-third and less than two-thirds of 
tubular changes and inflammation, and 3 (severe); greater than 
two-thirds of tubular degeneration and inflammation.

Statistical Analysis 
For detecting minor effects, the sample size required for this 
experiment was identified using statistical power analysis. The 
sample size necessary for a power of 0.80 were estimated using 
NCSS software. All statistical analyses were conducted using 
SPSS statistical software (SPSS, version 18.0, for Windows, 
SPSS Inc., Chicago, IL). Distributions of the groups were 
analyzed with the Kolmogorov-Smirnov test. According to the 
results obtained from the normality test, one-way analysis of 
variance (ANOVA) and the Kruskal–Wallis H test were used 
for the statistical analysis as appropriate. After a significant 
Kruskal–Wallis H test, a Conover test was also carried out for 
Cr. Results were presented as mean ± SD. The Mann-Whitney 

U test was performed for groups which not show normal 
distribution. The results were showed as median (min-max). 
p<0.05 was regarded as statistically significant in all data. 

Results
Body and Kidney Weight
No animals died during or after the injections or surgical 
procedures. There were no differences between the body and 
kidney weights before and after the experiments among the 
groups (data not shown). 

Biochemical results
The kidney TBARS, SOD, CAT, GSH, NO and GPx levels 
are presented in the Table 1. Briefly, it was determined that 
DOX induced a significant increase in kidney TBARS levels, 
whereas CAT and GSH contents decreased significantly as 
compared with the control group (p<0.05).  On the other 
hand, MLS administration before DOX injection (Group 5) 
caused significant decreases in TBARS production and 
increases in GSH and CAT levels (p<0.05). When compared 
with the DOX injected group, in group 4 (DOX+MLS) MLS 
treatment did not show any beneficial effect on these 
parameters. There were significant increases in NO levels in all 
groups except the control group (p<0.05).

The levels of BUN, Cr, and Alb are shown in Table 2. 
There were no significant differences among the all group for 
the BUN and Cr levels. Whereas serum level of Alb decreased 
in the DOX-treated groups when compared to the control and 
MLS groups.

Histopathological Results
Histopathological results were presented in the Table 3. In 
brief, there were no renal histological alterations in control and 
MLS groups (Figure 1). Tubular damage and moderate 
inflammation were higher in DOX treated group than control, 
MLS, and MLS+DOX groups (p<0.0001) (Figures 2 and 3). 
There was no significant difference between MLS and 
MLS+DOX groups for inflammation (p=0.0659); however, 
treatment with MLS before DOX injection was more effective 
than treatment with MLS after DOX injection with respect to 
protection of tubular structures (p <0.05) (Figure 4). 
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Discussion
In the current study, the effects of MLS on DOX-induced 
renal injury were investigated in the light of biochemical 
parameters and histopathological observations. DOX is an 
effective and widely used broad spectrum chemotherapeutic 
agent; however, its clinical use is limited because of its serious 
and dose-dependent cardiotoxicity and nephrotoxicity [21, 2]. 
Clinical and experimental investigations suggest that the 
increased oxidative stress associated with an impaired 
antioxidant defense status initiates the cascade of reactions 

responsible for DOX-induced cardiotoxicity and 
nephrotoxicity [22, 23]. DOX-induced cardiotoxicity and its 
mechanisms have been much investigated [24]; however, 
DOX-induced nephrotoxicity has not been yet investigated. 

The free radical formation of DOX toxicity occurs 
t h r o u g h t w o m e c h a n i s m s [ 2 5 ] : 1 ) e n z y m a t i c 
(NADPH-reductases), which forms superoxide radicals in the 
presence of oxygen; and, 2) non-enzymatic, which involves 
reactions of the iron-DOX complex, which can reduce oxygen 
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FIGURE 1. Normal histology of kidney (control and MLS groups). 
H&E 200X.

FIGURE 2. Moderate tubular degeneration (white arrow) and 
moderate inflammation (black arrow) (DOX group). H&E 200X.

FIGURE 3. Vacuolar degeneration of tubules (black arrow) and 
desquamation of tubules epithelium (white arrow) (DOX group). 
H&E 200X.

FIGURE 4. Minimal chronic inflammation (black arrow) and mild 
tubular vacuolization (white arrow) (MLS+DOX group). H&E 
200X.
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TABLE 1. Levels of biochemical parameters in renal tissueTABLE 1. Levels of biochemical parameters in renal tissueTABLE 1. Levels of biochemical parameters in renal tissueTABLE 1. Levels of biochemical parameters in renal tissueTABLE 1. Levels of biochemical parameters in renal tissueTABLE 1. Levels of biochemical parameters in renal tissue

Parameters Control MLS DOX DOX+MLS MLS+DOX

TBARS 175±41 201±36 260±44* 199±46 181±51†

SOD 0.275±0.106 0.299±0.057 0.285±0.067* 0.201±0.037* 0.262±0.045

CAT 155±23 153±12 126±17 * 120±16 131±19†

GSH 2.59±0.79 2.79±0.35 1.81±0.45* 2.23±0.37 2.75±0.51†

NO 52±26 137±35* 104±26* 131±30* 132±24*

GPx 1.06 (0.91-1.73) 1.11 (0.92-2.49) 0.99 (0.9-1.5) 0.96 (0.81-1.24) 1.07 (0.88-1.43)
*compared with control group; †compared with DOX group.
TBARS, thiobarbituric acid reactive substances; SOD, superoxide dismutase; CAT, catalase; GSH, reduced glutathione; NO, nitric oxide; 
GPx, glutathione peroxidase

*compared with control group; †compared with DOX group.
TBARS, thiobarbituric acid reactive substances; SOD, superoxide dismutase; CAT, catalase; GSH, reduced glutathione; NO, nitric oxide; 
GPx, glutathione peroxidase

*compared with control group; †compared with DOX group.
TBARS, thiobarbituric acid reactive substances; SOD, superoxide dismutase; CAT, catalase; GSH, reduced glutathione; NO, nitric oxide; 
GPx, glutathione peroxidase

*compared with control group; †compared with DOX group.
TBARS, thiobarbituric acid reactive substances; SOD, superoxide dismutase; CAT, catalase; GSH, reduced glutathione; NO, nitric oxide; 
GPx, glutathione peroxidase

*compared with control group; †compared with DOX group.
TBARS, thiobarbituric acid reactive substances; SOD, superoxide dismutase; CAT, catalase; GSH, reduced glutathione; NO, nitric oxide; 
GPx, glutathione peroxidase

*compared with control group; †compared with DOX group.
TBARS, thiobarbituric acid reactive substances; SOD, superoxide dismutase; CAT, catalase; GSH, reduced glutathione; NO, nitric oxide; 
GPx, glutathione peroxidase

TABLE 2. The serum levels of blood urea nitrogen‚ creatine and albumin levelsTABLE 2. The serum levels of blood urea nitrogen‚ creatine and albumin levelsTABLE 2. The serum levels of blood urea nitrogen‚ creatine and albumin levelsTABLE 2. The serum levels of blood urea nitrogen‚ creatine and albumin levels

Group Names BUN (mg/dL)
Mean+SD

Cr (mg/dL)
Median (Min-Max)

Albumin (g/dL)
Mean+SD

Control 44.28±5.76 0.53(0.46-0.55) 1.3±0.1

MLS 33.00±5.16 0.48(0.44-0.53) 1.28±0.13

DOX 41.28±5.28 0.47(0.44-0.63) 0.8±0.1*

DOX+MLS 54.00±15.87 0.48(0.43-0.55) 0.74±0.07*

MLS+DOX 50.42±12.29 0.56(0.48-0.65) 0.82±0.16*

*p < 0.05 compared with control group.
BUN, Blood urea nitrogen
Cr, creatine
MLS, molsidomine
DOX, doxorubicin

*p < 0.05 compared with control group.
BUN, Blood urea nitrogen
Cr, creatine
MLS, molsidomine
DOX, doxorubicin

*p < 0.05 compared with control group.
BUN, Blood urea nitrogen
Cr, creatine
MLS, molsidomine
DOX, doxorubicin

*p < 0.05 compared with control group.
BUN, Blood urea nitrogen
Cr, creatine
MLS, molsidomine
DOX, doxorubicin

TABLE 3. Histopathological scores of all groupsTABLE 3. Histopathological scores of all groupsTABLE 3. Histopathological scores of all groups

Groups Renal tubule degeneration Inflammation

Control 1(1-2) 1(1-2)

MLS 1(1-2) 1(1-2)

DOX 3(3-3) † 2(1-3)

MLS+DOX 2(2-2) *, † 1(1-2)

DOX+MLS 3(2-3) *, † 1(1-2)

P value <0.0001 0.659
* compared with control group; † compared with DOX group.
MLS, molsidomine
DOX, doxorubicin

* compared with control group; † compared with DOX group.
MLS, molsidomine
DOX, doxorubicin

* compared with control group; † compared with DOX group.
MLS, molsidomine
DOX, doxorubicin



to H2O2 and other reactive oxygen radicals (ROS) [26, 27].  
Several conditions are known to disturb the balance between 
the production of ROS and the cellular defense mechanisms, 
resulting in dysfunction and cellular destruction. An 
imbalance between pro- and antioxidant factors plays an 
important role in many disease processes [24, 28]. 

In the present study, DOX treatment caused a significant 
increase in TBARS levels and a significant decrease in GSH 
and CAT levels, when compared with the control group.  
These findings are in agreement with previous reports [25, 29]. 
TBARS, a stable metabolite of the free radical mediated lipid 
peroxidation cascade, is widely used as a marker of oxidative 
stress and lipid layer destruction [30]. Elevated TBARS levels 
show that DOX causes oxidative stress and free radical 
formation in kidney tissue. GSH plays an important role in the 
detoxification of xenobiotic compounds and antioxidation of 
ROS and free radicals. Low levels of GSH are associated with 
excessive oxidative stress [31]; supporting our findings, in 
which a decline in GSH levels is combined with an increase in 
oxidative stress, as evidenced by increased LPO. Our 
histopathological findings, marked swelling of epithelial cell, 
tubular dilatation, tubular desquamation and loss of brush 
border, also support the DOX-induced oxidative stress in the 
kidney tissue.

Previous studies have stated that MLS, a spontaneous NO 
donor, is a potent vasodilator and has been used widely as an 
anti-anginal agent [6]. Based on this relationship, according to 
our biochemical evaluations, levels of NO in the group 
receiving MLS alone are also higher than seen in the control 
and other treatment groups (Table 1). The clinical applications 
of MLS in the field of cardiology are well established, especially 
relating to the symptomatic treatment of angina [6-9]. Apart 
from these properties, it is also well established that MLS 
exerts antioxidant and anti-inflammatory effects [32-34].

 MLS could exert protective effects on the enzymatic 
defense system and lipid peroxidation. MLS treatment before 
DOX injection in the rat model decreased TBARS levels and 
increased GSH, CAT and NO levels, as compared with DOX 
alone. Also, administration of MLS significantly improved the 
deteriorated renal architecture. The reduction of TBARS and 
increase in GSH and CAT levels show that MLS has 
antioxidant effects. The enhanced GSH level in MLS-treated 
animals may partially explain its mechanism of protection: the 
elevated levels of GSH could provide a thiol group for the 
possible GSH-mediated detoxification reactions of GPx. 
Moreover, the enhanced CAT activity in the MLS-treated 
group may be involved in the scavenging of free radicals 

generated from DOX [6,9,10]. Our results are consistent with 
these earlier biochemical and histopathological findings.

In the treatment groups, NO levels were found to be 
higher than those in the control group. NO is a free radical gas 
that acts as a cytoprotective or a cytotoxic agent. It is generated 
by either endothelial nitric oxide synthase (eNOS) or 
inducible nitric oxide synthase (iNOS) [35]. Another 
radical-forming mechanism in this type of experimental 
protocol might be NO-producing system. The high levels of 
NO react with superoxide anions, resulting in the formation of 
peroxynitrite. Peroxynitrite is a potent and aggressive cellular 
oxidant [36, 37]. The increased NO levels in the DOX group 
(Group 3) could be explained by this mechanism. On the other 
hand, Gurlek et al. [38] reported that NO has a dual effect; 
both protective and toxic. In the current study, treatment with 
MLS (alone, before and after DOX; Groups 2, 4, and 5) caused 
an increase in NO levels. According to our biochemical 
findings, reduction of TBARS and elevated of GSH and CAT 
levels clearly show that MLS, a pivotal NO donor, has 
protective effects against DOX-induced renal injury.

In the histopathologically examinations, tubular damage 
and inflammation were higher in the DOX-treated group than 
the other groups. MLS treatment (before and after DOX) 
ameliorated the histopathological damage caused by DOX; 
however, treatment with MLS before DOX injection was 
more effective than treatment with MLS after DOX injection, 
with respect to protection of tubular structures (p<0.05). 
Thus, our histopathological results are in agreement both with 
our biochemical findings and with previously published data 
[11, 12, 39, 40]. 

One of the interesting results of the current study is that 
there were no significant differences in the levels of BUN and 
Cr among the five groups. One of the possible explanations of 
this result is that Cr, as an indicator of glomerular filtration 
rate (GFR), is based upon its constant production from muscle 
creatine and its relatively constant renal excretion rates.  Cr is 
removed from plasma by glomerular filtration and then 
excreted in the urine without significant tubular reabsorption. 
Early in the course of acute kidney injury, for example, the 
GFR is markedly reduced; however, there has not yet been 
time for Cr to accumulate and, therefore, levels of serum Cr do 
not always accurately reflect the degree of renal dysfunction 
[39]. Thus, moderate changes in GFR may not be detected by 
serum Cr levels or BUN. In this study, DOX-injected rats 
showed low plasma Alb levels, corroborating previous studies 
reporting hypoalbuminemia in DOX-treated rats [40, 41].

One of the limitations of the current study is that 
quantitative analysis of an inflammation marker was not done. 
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We focused especially on the antioxidant properties of MLS, 
rather than the anti-inflammatory effects [9, 11]. The analysis 
of kidney histology used a semiquantitative (vs. quantitative) 
method involving grading of the anti-inflammatory effects of 
MLS (Table 3).

The second limitation of the study is that only 20 mg/kg 
dose of DOX and 10 mg/kg dose of MLS were used, rather 
than a range of different doses: only the most effective dosages 
of DOX and MLS, as reported in the literature, were used. 

In summary, this study is the first report regarding the 
protective effects of MLS against DOX-induced 
nephrotoxicity as determined by both biochemical parameters 
and histopathological observations. The preventive effects of 
MLS on these renal lesions may occur via its antioxidant and 
anti-inflammatory properties. In addition, MLS treatment, 
either befor or after DOX injection, had no effect on 
nephrotoxicity. Further experimental and clinical studies, 
using longer times and varied dosages and more detailed 
analysis of the pathways, are required to confirm these findings 
before applying MLS clinically to treat DOX-related renal 
injury. 
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