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Abstract

Sodium nitroprusside (SNP) is an antihypertensive drug with proven dose-dependent toxic 
effects attributed mainly to the production of cyanide but also excesive nitric oxide (NO) and derived 
reactive species.  The present study evaluated whether melatonin (MEL) administration would have 
time-dependent protective effect against SNP−induced toxicity.  Male Swiss mice were used in this 
study.  Control mice were treated with 0.9% NaCl; the second group was injected with 10 mg MEL/
kg body weight (b.w.); the third group was given SNP at the dose of 3,6 mg/kg b.w.; the fourth group 
received both MEL and SNP at the same doses.  In homogenates of brain, liver and kidneys, activities 
of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-Px) were estimated 
after 3, 6 and 24 h of drugs administration.  The concentration of reduced glutathione (GSH) was 
also evaluated in the blood, brain, liver and kidneys of mice at the same time intervals.  In animals 
receiving MEL, the highest levels of GSH were observed in all the organs as compared to the control 
after 3, 6 h.  Meanwhile, SNP decreased GSH concentration in the blood, brain, liver and kidneys 
in all time intervals.  Administration of MEL in combination with SNP increased the GSH levels in 
all organs, as compared to the administration of SNP alone; this effect was observed after 3, 6 and 
24 h.  The activity of SOD, CAT and GSH-Px in the MEL-treated group increased after 3 h in all 
the organs, while in liver and kidney the increase was also observed after 6 h. Conversely, the SNP 
intoxication caused a decrease of the activity of enzymes in the tested organs in all intervals, while 
administration of MEL + SNP resulted in increased activities of SOD, CAT and GSH-Px in all the 
organs after 3 h and 6 h.  The investigation carried out in the present study provide new data to add 
to the study of antioxidant properties of MEL and SNP-induced oxidative stress with regard to time-
dependent properties in different types of tissues.
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Introduction

Sodium nitroprusside (SNP), is an older intra-
venous vasodilator most clinically used in cardiac 
surgery to reach blood pressure goals (38).  Despite 
this, nowadays, there is a renewal of interest in the 
use of SNP as a potent hypotensive agent to control  
hypertension during surgery (71).  The most frequent  
side effects of SNP have been associated with its released  

metabolite which is toxic-free cyanide (CN‾) (48).  It  
has been reported that the free CN‾ can be converted  
in vivo into the less toxic thiocyante (SCN‾) by the  
ubiquitous enzyme, rhodanese, that is present in various  
tissues of all living organisms, from bacteria to humans  
(54, 56).  Thus, some authors established that whole  
blood CN‾ or plasma SCN‾ concentrations may not be a  
dependable guide to the toxicity of exposure to cyanide  
derived from SNP, since the erythrocyte-bound cyanide  
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has no toxicological importance (33).  However, another  
potential drawback of SNP is that its decomposition 
results in the release of other oxidative stress me-
diators, such as nitric monoxide (NO) and iron ions  
(25, 39).  NO, which is generated in biological tissues  
by a family of enzymes, termed NO synthases (NOS)  
acts as an important biological signal in the cardio-
vascular system including vasodilation, inhibition of  
platelet aggregation, anti-inflammatory, pro- and 
anti-apoptotic effects, neural activity (19), and mi-
tochondrial biogenesis (40).  Although beneficial  
role has been well established, a large body of adverse  
effects was also attributed to NO and/or its redox de-
rivatives in biological systems.  NO is an uncharged  
molecule with seven electrons from nitrogen and eight  
electrons from oxygen, of which eleven are valence 
shell electrons, leaving one unpaired electron in the  
highest orbital.  The chemical structure means that NO  
is a free radical (nitric oxide, NO•) and reacts rapidly  
with other molecules that contain unpaired electrons.   
NO• has a short half-life in biological fluids.  It is not  
only rapidly oxidized to nitrite and nitrate, but can also  
react with several types of intracellular targets, in- 
cluding superoxide anion(O2

·•–) leading to the production  
of the strong oxidant peroxynitrite anion (ONOO–)  
(36).  Under physiological conditions, the production  
of ONOO– will be low and oxidative damage minimized  
by endogenous antioxidant defenses (49).  The protection  
of the cells against harmful free radicals, and ONOO–  
is very important for their normal functioning.

Recent evidence indicates that most of the 
cytotoxicity attributed to NO• is rather due to 
ONOO– produced from the diffusion-controlled 
reaction between NO• and another free radical,  
O2

·•–.  ONOO– interacts with lipids, DNA, and proteins  
via direct oxidative reactions or via indirect, radical- 
mediated mechanisms.  In vivo, ONOO– generation  
represents a crucial pathogenic mechanism in conditions  
such as stroke, myocardial infarction, chronic heart failure,  
diabetes, circulatory shock, chronic inflammatory diseases,  
cancer, and neurodegenerative disorders (43).

Many studies involving various NO complexes  
clearly revealed different conclusions.  Some reports  
suggested that NO (released by SNP) might possess  
protective properties (11, 27) against reactive oxygen  
species (ROS), whereas others revealed an increased  
NO-mediated oxidative damage (7, 31, 46).  Moreover,  
many physiological and temporal factors may impact  
the effectiveness and/or toxicity associated of many  
drugs, including SNP (55, 57).  The factors influencing  
the drug oxidative damage are dose, dosing time, sampling  
time, and target tissue.

Melatonin (MEL) is a methoxyindole synthesized  
within the pineal gland.  It is secreted during the night  
and appears to play multiple roles within the human 
organism.  The hormone contributes to the regulation  

of biological rhythms, may induce sleep, has strong  
antioxidant action and appears to support the protection  
of the organism from carcinogenesis and neurode-
generative disorders (23).

The first indication that MEL may be a direct free  
radical scavenger was reported by Ianas et al. (24).   
Tan et al. (65) provided strong evidence that MEL is  
highly effective in detoxifying the highly reactive  
hydroxyl radical (•OH).  MEL detoxifies a variety of  
free radicals and reactivates oxygen intermediates in-
cluding the hydroxyl radical (•OH), hydrogen peroxide  
(H2O2), peroxyl radicals (LOO•), ONOO−, singlet 
oxygen (1O2), NO•, O2

·–•, and lipid peroxidation.  MEL  
neutralizes H2O2 through direct interaction, enhancing  
H2O2-catabolizing enzymes, or through its catabolic 
products (30).

There is the question of whether out of direct  
scavenging of free radicals, MEL will also affect the  
activity of antioxidant enzymes and the content of GSH  
in the selected tissues of mice in the course of SNP in-
toxication and how this effect will change in time (3 h,  
6 h, 24 h) in selected tissues.

Materials and Methods

Experimental Protocol

In the present study, a total of 192 male Swiss mice  
with an average body weight (b.w.) of 27 g were used.   
The animals were obtained from the Experimental 
Research Laboratory of the Institute of Biology, 
Pedagogical University of Cracow and were housed  
under constant conditions (LD 12: 12; lights on from  
08:00−20:00 h; 20°C ± 2°C; 50% ± 5% relative  
humidity; free access to standard pellets and water ad  
libitum).  The research was conducted in two series,  
consisting of one control group and three experimental  
groups each, counting 8 animals in each group.  Animals  
of the control groups received a 0.9% solution of NaCl  
(Polfa) in the amount of 0.3 ml as an intraperitoneal 
injection (i.p.) at 8:00 a.m.  The mice of the second  
experimental group received a single, intraperitoneal  
injection (i.p.) of 3.6 mg/kg b.w. of SNP (Sigma, St.  
Louis, MO, USA) once a day dissolved in normal saline  
at 8:00 a.m.  The SNP doses have been established  
according to other authors’ suggestions (62).  In turn,  
the second group of experimental animals received at  
8:00 a.m. i.p. of MEL (Sigma, St. Louis, MO, USA) 
at a dose of 10 mg/kg b.w. (dissolved in 0.9% NaCl  
containing 0.5% of ethanol).  The MEL doses have been  
established according to other authors’ suggestions (41).   
The mice of the third experimental group received an  
injection (i.p.) of MEL (10 mg/kg b.w.) and after 10  
min an injection of SNP (3.6 mg/kg b.w.) once a day  
at 8:00 a.m.  Both control and experimental groups of  
two series were decapitated 3, 6, and 24 h after the 
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administration of 0.9% NaCl, SNP, MEL or MEL +  
SNP.  Initially, the animals were put into a state of deep  
anesthesia by intramuscular vetbutal (Biowet, Poland)  
administration in the amount of 35 mg/kg b.w. diluted  
solution of NaCl 0.9% (Polfa).

Biochemical Analysis

The first series of experiments was carried out in  
order to estimate the activity of antioxidant enzymes,  
i.e. superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GSH-Px) in the brain, liver and  
kidney.  The collected organs were homogenized in 
50 mM phosphate buffer cooled to 4°C, containing  
K2HPO4  + KH2PO4  + 0.1 mM ethylenediaminetetra  
acetic acid (EDTA) (pH = 7.0) + 0.1% bovine serum 
albumin (BSA) and then centrifuged.  The obtained  
supernatants of brain, liver and kidneys were used for  
further investigations.  The activity of SOD was deter- 
mined according to the spectrophotometric method of  
Rice-Evans et al. (52); CAT with spectrophotometry  
method of Abei (1) and GSH-Px with spectrophotometry  
modified method of Lück (35).  Total protein concentra- 
tion in the supernatants of homogenates of brain, liver  
and kidneys was determined by the method of Bradford  
(8) using bovine serum albumin as standard.  The 
activity of the studied antioxidant enzymes in tissue 
extracts was calculated in U/mg of protein.

The second series of tests was conducted to de-
termine the level of GSH in the blood, brain, liver and  
kidneys of mice.  Blood was deproteinized by adding  
500 µl of it to 500 µl of 10% tricholoacetic acid (TCA)  
and 500 µl of EDTA.  The mixture was placed into the  
refrigerator at 4°C for 10 min, then centrifuged for 5  
min at 5000 g at 4°C.  Organs were weighed and ho-
mogenized in a homogenizer with a teflon plunger  
in 6 ml of cooled up to 4°C, 0.1 M phosphate buffer,  
pH 7.4, containing 10 mM EDTA.  The homogenates  
were centrifuged at 4°C for 15 min at 15000 × g.  Thus  
obtained supernatants of homogenates organs were then  
deproteinized as described above for blood.  In the 
supernatants of blood and the organs under inves-
tigation, GSH levels were determined according to 
the Ellman method (17).  The concentration of GSH  
was estimated in the blood in mM and in brain, liver  
and kidneys in µM/g of tissue.

Statistical Analysis

From the results of antioxidant enzymes and GSH  
content in the analyzed organs in the control and exper-
imental groups of mice, arithmetic means and standard  
deviations were calculated.  The results were verified  
with the use of the statistical t “Student−Gosset” test.   
For the enzyme activity and GSH concentration the level  
of significance was assumed to be P < 0.01 and P <  

0.001.  The percentage changes in the activity of an-
tioxidant enzymes and GSH level in the experimental  
groups compared to the corresponding control group  
were calculated.  Using analysis of variance (ANOVA)  
variance analysis test, the results obtained in the blood  
and different organs were statistically significantly 
different in all the analyzed periods of time for each  
experimental group.  All the statistical calculations of  
the data obtained during the experiments were done with  
the computer program STATISTICA 10 (StatSoft, 
Cracow, Poland).

Results

This work was undertaken to study the mechanism  
of toxicity caused by SNP and possible protection by  
the administration of MEL to mice.  In order to address  
our hypothesis, the effect of SNP alone and in com-
bination with MEL were determined on parameters 
with tissues biomarker enzymes of oxidative stress,  
serum and tissues GSH levels.  The obtained results of  
the experiment on antioxidant enzymes (SOD, CAT and  
GSH-Px) activity in the brain, liver and kidneys of the  
control and experimental animals are shown in Tables  
1-2.  While the results concerning GSH determination  
in the blood, brain, liver, kidneys of the control and 
experimental groups are shown in Figures 1-4.

Effect of SNP on Antioxidant Defense Parameters in 
Selected Tissues

Statistically significant (P < 0.001) decrease in the  
activity of SOD, CAT and GSH-Px in all the investigated  
organs occurred at 3, 6 and 24 h after the administration  
of 3.6 mg/kg b.w.  of SNP (Tables 1 and 2).  The highest  
decrease in the activity of SOD has been observed in  
the brain and liver after 6 h respectively by 67.13%  
and 20.71%, while in the kidneys, after 24 h by 27.83%.   
In experimental group undergone ANOVA showed that  
these changes in the activity of SOD were statistically  
significant at P < 0.001 in the brain [(F(2.21) = 293.325),  
liver [F(2.21) = 25.630] and kidneys [F(2.21) = 79.837].

The largest decrease in the activity of CAT occurred  
after 3 h in the liver and kidney by 62.04% and 54.37%,  
respectively, whilst in the brain after 6 h by 50.00%.   
In experimental group undergone ANOVA showed 
that these changes in the activity of CAT were sta-
tistically significant in the brain [F(2.21) = 16.00], 
liver [F(2.21) = 78.959] and kidneys [F(2.21) = 
261.892] at P < 0.001.

The highest percentage of change in the activity  
of GSH-Px was observed in the kidneys and brain after  
3 h (decreased by 55.29% and 52.20%, respectively)  
whilst in the liver after 6 h (decreased by 38.08%).  In  
experimental group undergone ANOVA showed that 
these changes in the activity of GSH-Px were statistically  
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significant in the liver [F(2.21) = 9.350; P < 0.01], 
brain [F(2.21) = 52.280; P < 0.001], and kidneys 
[F(2.21) = 120.109; P < 0.001].

In comparison with the control values, ad-
ministration of SNP caused statistically significant 
decrease (P < 0.001) in the content of GSH in the  
blood, brain, liver and kidneys in all time partitions.   
The highest decrease in the blood (Fig. 1) and brain  
(Fig. 2), namely 45.61%, 50.87% after 3 h, while in  
the liver (Fig. 3) and kidneys (Fig. 4) by 40.83% and  
44.97% after 6 h.  In experimental group undergone  
ANOVA showed that these changes in the GSH level  
were statistically significant in the blood [F(2.21) = 
58.48], brain [F(2.21) = 7.24], liver [F(2.21) = 9.77] 
and kidneys [F(2.21) = 12.02] at P < 0.001.

Effect of MEL on Antioxidant Defense Parameters in 
Selected Tissues

Administration of MEL at the dose of 10 mg/kg  
b.w. intraperitoneally resulted in a significant increase  
in the activity of SOD, CAT and GSH-Px at all times  
in the kidneys, after 3 and 6 h in the liver (Table 1)  
whilst in the brain only after 3 h (Table 2).  The highest  

increase in the activity of SOD was observed in the  
kidneys and brain by 12.13% and 9.01% respectively  
after 3 h while in the liver after 3 h by 8.09 %.  In ex- 

Table 1. The activities of SOD, CAT and GSH-Px in brain of 4-months old male mice, line Swiss, 3, 6 and 24 h 
after the intraperitoneal (i.p.) administration of 3.6 mg/kg b.w. of SNP, MEL at dose of 10 mg/kg (b.w.) 
and i.p. administration of MEL and SNP at the doses as above.

Experimental groups
The activity of antioxidant enzymes – SOD, CAT and GSH-Px in U/mg protein

BRAIN
SOD CAT GSH-Px

Control I
SNP after 3 h

test “t”
MEL after 3 h

test “t”
MEL + SNP  after 3 h

test “t”

8.152 ± 0.256
2.856 ± 0.183

47.463**
8.857 ± 0.407

4.317**
6.112 ± 0.383

12.501**

0.447 ± 0.027
0.176 ± 0.020

22.690**
0.491 ± 0.026

3.290*
0.364 ± 0.023

6.612**

0.0163 ± 0.0011
0.0085 ± 0.0005

18.464**
0.0193 ± 0.012

5.304**
0.0147 ± 0.0009

3.110*
Control II

SNP after 6 h
test “t”

MEL after 6 h
test “t”

MEL + SNP after 6 h
test “t”

8.098 ± 0.319
2.662 ± 0.092

46.384**
7.681 ± 0.362

2.516
6.123 ± 0.181

15.340**

0.432 ± 0.029
0.216 ± 0.037

14.503**
0.398 ± 0.037

2,004
0.307 ± 0.031

8.238**

0.0178 ± 0.0009
0.0124 ± 0.0010

10.949**
0.0185 ± 0.0014

1.197
0.0156 ± 0.0011

4.298**
Control III

SNP after 24 h
test “t”

MEL after 24 h
test “t”

MEL + SNP after 24 h
test “t”

8.241 ± 0.288
4.476 ± 0.197

30.477**
8.123 ± 0.160

1.013
5.839 ± 0.249

17.822**

0.456 ± 0.031
0.275 ± 0.049

8.829**
0.432 ± 0.036

1.418
0.318 ± 0.058

5.936**

0.0167 ± 0.0011
0.0126 ± 0.0011

7.416**
0.0159 ± 0.0015

1.207
0.0148 ± 0.0012

3.248*
*- statistically significant at P < 0.01
**- statistically significant at P < 0.001
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Fig. 1. Reduced GSH levels in the blood of the control 4- 
month-old males of the white mouse and experimental  
ones 3, 6 and 24 h after the intraperitoneal injection of SNP  
at the dose of 3.6 mg/kg b.w., MEL at the dose of 10 
mg/kg (b.w.) and administration (i.p.) of MEL at the  
dose of 10 mg/kg (b.w.) and SNP at the dose 3.6 mg/kg  
(b.w.).  * indicates statistically significant at P < 0.01 and  
** indicates P < 0.001.
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perimental group undergone ANOVA showed that these  
changes in the activity of SOD were statistically sig-
nificant at P < 0.001 in the brain [F(2.21) = 27.668], 
liver [F(2.21) = 20.317] and kidneys [F(2. 21)  
= 41.789].

The largest increase in the activity of CAT occurred  
after 3 h in the kidneys and brain by 18.19% and  

9.84% respectively whilst in the liver only after 6 h  
by 34.78%.  In experimental group undergone ANOVA  
showed that these changes in the activity of CAT  
were statistically significant in the brain [F(2.21) =  
15.331], liver [F(2.21) = 44.235] and kidneys [F(2.21)  
= 34.203] at P < 0.001.

The highest percentage of change in the activity  

Table 2. The activities of SOD, CAT and GSH-Px in liver and kidneys of 4-months old male mice, line Swiss, 3, 
6 and 24 h after the i.p. administration of 3.6 mg/kg b.w. of SNP, MEL at dose of 10 mg/kg (b.w.) and i.p. 
of MEL and SNP at the doses as above.

Experimental groups
The activity of antioxidant enzymes – SOD, CAT and GSH-Px in U/mg protein

Liver Kidneys
SOD CAT GSH-Px SOD CAT GSH-Px

Control I
SNP after 3 h

test “t”
MEL after 3 h

test “t”
MEL + SNP after 3 h

test “t”

16.020 ± 0.333
13.334 ± 0.450

13.564**

16.870 ± 0.345
4.695**

14.218 ± 0.386
9.996**

10.968 ± 0.805
4.054 ± 0.522

20.363**
14.224 ± 0.918

7.535**
7.943 ± 0.791

7.574**

0.0128 ± 0.0013
0.0085 ± 0.0006

8.655**
0.0169 ± 0.0014

6.061**
0.0091 ± 0.0009

6.656**

18.520 ± 0.545
15.774 ± 0.416

11.317**
20.767 ± 0.416

9.270**
16.665 ± 0.521

6.955**

3.441 ± 0.170
1.570 ± 0.111

26.014**
4.065 ± 0.158

7.575**
2.781 ± 0.153

8.161**

0.0246 ± 0.0013
0.0110 ± 0.0010

23.557**
0.0261 ± 0.0015

2.225
0.0157 ± 0.0010

15.314**
Control II

SNP after 6 h
test “t”

MEL after 6 h
test “t”

MEL + SNP after 6 h
test “t”

15.895 ± 0.378
12.594 ± 0.360

17.861**
17.182 ± 0.395

6.653**
14.864 ± 0.442

5.004**

11.532 ± 1.261
7.545 ± 0.866

7.369**
15.529 ± 1.115

6.713**
10.171 ± 0.911

2.471*

0.0136 ± 0.0009
0.0084 ± 0.0006

13.039**
0.0153 ± 0.0010

3.522*
0.0105 ± 0.0011

6.034**

18.312 ± 0.495
15.684 ± 0.423

11.406**
19.100 ± 0.395

3.516*
17.307 ± 0.396

4.481**

3.483 ± 0.133
2.884 ± 0.155

8.253**
3.832 ± 0.108

5.736**
3.152 ± 0.140

4.828**

0.0258 ± 0.0022
0.0187 ± 0.0012

7.997**
0.0336 ± 0.0018

7.529**
0.0228 ± 0.0017

3.116*
Control III

SNP after 24 h
test “t”

MEL after 24 h
test “t”

MEL + SNP after 24 h
test “t”

16.152 ± 0.350
13.971 ± 0.333

12.749**
15.915 ± 0.476

1.133
15.722 ± 0.463

2.095

11.263 ± 1.102
8.593 ± 0.832

5.467**
11.136 ± 0.820

0.260
10.693 ± 1.029

1.069

0.0120 ± 0.0010
0.0097 ± 0.0007

5.403**
0.0127 ± 0.019

0.627
0.0113 ± 0.0012

1.196

18.237 ± 0.535
13.163 ± 0.554

18.624**
19.203± 0.411

4.048*
17.696± 0.508

2.072

3.386 ± 0.049
2.980 ± 0.142

7.610 **
3.519 ± 0.045

5.624**
3.311 ± 0.110

1.748

0.0262 ± 0.0015
0.0201 ± 0.0015

8.131**
0.0296 ± 0.0018

4.019*
0.0246 ± 0.0023

1.331
* - statistically significant at P < 0.01
**- statistically significant at P < 0.001
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Fig. 2. The concentration of GSH in the brain.  The experi-
ment was as in Fig. 1.  * indicates statistically signifi-
cant at P < 0.01 and ** indicates P < 0.001.
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Fig. 3. GSH levels in the liver as in the experiment in Fig. 1. 
* indicates statistically significant at P < 0.01 and ** 
indicates P < 0.001.
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of GSH-Px was observed in the liver and brain after  
3 h (increased by 32.03% and 18.40%, respectively),  
whereas in the kidneys after 6 h (increased by 30.23%).   
In experimental group undergone ANOVA showed that  
these changes in the activity of GSH-Px were statis-
tically significant at P < 0.001 in the brain [F(2.21) =  
13.726], liver [F(2.21) = 16.102] and kidneys [F(2.21)  
= 36.031].

In comparison with the control values, the MEL  
injection caused statistically significant increase in the  
content of GSH in the blood and all investigated organs,  
which was observed after 3 and 6 h.  The highest  
increase in the blood (Fig. 1) occurred after 3 h  
(20.49%), while in the brain (Fig. 2), liver (Fig. 3)  
and kidneys (Fig. 4)-after the second period of time, 
namely 23.41%, 22.33%, 13.80%, respectively.  In 
experimental group undergone ANOVA showed that  
these changes in the GSH levels were significant in  
the blood [F(2.21) = 11.108; P < 0.01], brain [F(2.21) =  
19.637; P < 0.001], and kidneys [F(2.21) = 22.285; 
P < 0.001].

Effect of MEL on SNP-Induced Alterations in 
Antioxidant Defense Parameters in Selected Tissues

The administration of Mel and then SNP caused  
a significant decrease in the activity of SOD, CAT and  
GSH-Px in all the organs after 3 and 6 h (Tables 1, 2), 
and in the brain after 24 h from the beginning of the  
experiment.  The highest decrease of the SOD activity  
was observed in the brain by 29.15% after 24 h and in 
case of the liver and kidneys after 3 h (11.25%, 10.02%,  
respectively).  In experimental group undergone ANOVA  
showed that these changes in the activity of SOD  
were statistically significant in the kidneys [F(2.15) =  
9.457; P < 0.01] and liver [F(2.15) = 24.417; P < 0.001].

The largest decrease in the activity of CAT oc-
curred after 3 h in the liver and kidneys by 27.58% and 

19.18%, respectively, whereas in the brain it equaled  
30.36% after 24 h.  In experimental group undergone  
ANOVA showed that these differences in the CAT  
activity were statistically significant in the brain [F(2.15)  
= 4.507; P < 0.01], liver [F( 2.15) = 20.363; P < 0.001] 
and kidneys [F(2. 15) = 32.122; P < 0.001].

Similarly, as in the case of the CAT, the GSH-Px  
activity was the lowest in the liver and kidneys after  
3 h, 28.91% and 36.18%, respectively, while in the  
case of the brain after 6 h, 12.35%.  In experimental  
group undergone ANOVA showed that these changes  
in the activity of GSH-Px were statistically significant  
in the liver [(F(2.21) = 8.887; P < 0.01) and kidneys  
[F(2.21) = 58.599; P < 0.001].

Statistically significant decrease in the level of  
GSH in mouse organs after MEL and SNP treatment was  
observed in all the time partitions, while in the blood  
only after 3 and 6 h.  The highest percentage of changes  
in the brain (Fig. 2), blood (Fig. 1), kidneys (Fig. 4)  
and liver (Fig. 3) were always after 3 h from the begin-
ning of the experiment by 38.48%, 32.14%, 20.45%  
and 19.98%, respectively.  In experimental group under- 
gone ANOVA showed that these changes in the GSH  
levels were statistically significant in the liver  
[F(2.21) = 9.43] and kidneys [F(2.21) = 7.913] at P <  
0.01 whereas in the blood [F(2.21) = 68.113] and 
brain (F(2.21)=13,256) at P < 0.001.

Discussion

The therapeutic use of SNP was first reported by  
Page et al. (44).  Since then, SNP has been widely  
used to control blood pressure.  Its effect is achieved  
via the release of NO that acts locally on vascular smooth  
muscle, causing vasodilatation and reducing systemic  
and pulmonary arterial and venous pressures.  However,  
it is probably that the use of SNP endangers the patient  
to NO neurotoxicity in the form of NO-related oxidative  
damage and inducing apoptotic cell death (34, 55).  
The present work was designed to study the detailed 
the variation of antioxidant enzymes activity (SOD,  
CAT, GSH-Px) and GSH level in mouse brain, kidney,  
liver and blood after i.p. administration of SNP (3.6 
mg/kg b.w.) at three different time periods (3 h, 6 h, 
24 h) and to checked the sensitivity of this tissues 
on it oxidative properties.

Excessive production or accumulation of NO always  
has the ability to result in the formation of other reactive  
intermediates of nitrogen.  Several studies have shown  
that NO-induced toxicity is engendered by its reaction  
with superoxide radical to give the highly toxic 
ROS−ONOO–.  Even modest increases in the si-
multaneous production of O2

·•– and NO will greatly  
stimulate the formation of ONOO–; a 10−fold increase  
in O2

·•– and NO• production will increase ONOO– for-
mation 100-fold. (20, 69).  During its short life ONOO–  
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Fig. 4. GSH content in the kidneys. The experiment was as in 
Fig. 1.  * indicates statistically significant at P < 0.01 
and ** indicates P < 0.001.



 Melatonin and Sodium Nitroprusside 7

may function as a toxic chemical by oxidizing, for  
example, the delicate cell membrane and thus killing  
the cell or by converting key thiols into disulphides.   
ONOO– is also a radical nitrating agent and immune 
activity may result in the appearance of nitrated ty-
rosine in some proteins.  Nitration of tyrosine within  
an enzyme could alter its function and ultimately lead  
to cell death (15).

The main defense of cells against free radicals is  
provided by SOD and CAT, which together convert  
superoxide radicals to H2O2 first, and then to mo-
lecular oxygen and water.  Other enzymes, such as  
GSH-Px uses a thiol reducing power of GSH to reduce  
oxidized lipids and protein (16, 21).  The present study  
occurred that SNP administration to mice caused changes  
in the examined tissues which showed in altered ac-
tivities of the antioxidant enzymes and GSH content.   
Our data demonstrated that SNP has decreased the 
activities of SOD, CAT, GSH-Px and the amount of  
GSH in the brain, liver and kidneys of tested mice.  Also,  
it has reduced the level of GSH in blood.  These ob-
servations suggest that SNP may be one of the critical  
factors in cellular redox regulation in conditions as-
sociated with the production of NO.  However, the  
mechanism of the antioxidant enzymes regulation by  
NO is not yet well established.  Few in vitro studies  
reported inhibitory effects of NO on antioxidant enzymes.   
NO stimulates H2O2 production from the mitochon-
drial respiratory chain and is known to have direct  
effects on haem-containing proteins, due to reversible  
binding to the haem group (10).  CAT is also a haem-
containing protein, to which NO is known to bind, 
causing changes in the optical absorbance spectrum  
of the haem group followed by the degradation of the  
enzyme (9).  On the other hand, Asahi et al. (6) in their  
study stated that NO has no effect on CAT and su-
peroxide dismutase (CuZn−SOD and Mn−SOD) but  
only inactivates GSH-Px by modifying the cysteine-like  
essential residues.  Furthermore, NO can react with  
superoxide anion to produce peroxynitrite which oxidizes  
GSH and inactivates GSH reductase (60).  Peroxynitrite- 
mediated nitration on tyrosine residues and subsequent  
degradation of SOD has also been reported by Reiter  
et al. (50).  Thus, high NO levels in tissue can, in  
the presence of oxygen, gives rise to a potent mixture  
of ROS and reactive nitrogen species (RNS) which  
consequently decreases the activity of antioxidant  
enzymes, potentially causing a vicious circle.  These  
findings match other scientific reports that suggest  
the changes of antioxidant enzymes activity by SNP- 
induced toxicity in different tissue (29, 32, 57).  However,  
these data are in contrary to those reported in the 
literature (46, 47, 61) which demonstrated that SNP 
did not change CAT and GSH-Px activities in tissues 
of mice.  On the other hands Sani et al. (59) have 
reported rice of CAT activity by drug administration 

in the brain, liver and kidney.  They also observed 
increased activity of the antioxidant enzyme CAT in 
erythrocytes (58).  This parameter showed a statis-
tically significant increase 1 and 3 h following the 
drug administration.  However, this kind of tissue  
preparation may demonstrate some resistance (related  
to properties of the erythrocyte membranes) to NO-in-
duced oxidative effects.  This differences in response to 
SNP-induces effect between the authors may probably  
be dependent on concentration, time of exposure and  
sampling–time as already been demonstrated in various  
muscle preparations (2).  Therefore, one hypothesis that  
could explain this differences is that the dose used in  
our investigation is higher than that used by other 
authors Indeed the use of higher dose may induce the  
higher inhibition of antioxidant enzymes.  However, the  
mechanisms by which NO may stimulate or inhibit 
activity according to the type of tissue are not fully 
understood. 

A marked depletion by exogenous or endogenous  
ONOO– of cellular antioxidants, including GSH, has  
been reported in plasma, as well as in various cell types,  
such as endothelial cells and smooth muscle cells (45, 
67).  This is confirmed by previous studies reported 
by Clancy et al. (12) who provide evidence that NO  
reacts with thiols in human neutrophils, including GSH,  
to form stable, bioactive intermediaries such as S-nitroso- 
glutathione which may, protect against NO-dependent  
cytotoxicity.  Adduct formation causes a decrease in  
the content of GSH which is also observed in the blood,  
brain, liver and kidneys of mice after intraperitoneal  
injection of SNPs in our experiment.  Also another 
study by (22) showed that mice treated with SNP 
exhibited inhibition of glutathione reductase (GR) 
activity, an important enzyme for maintenance of 
intracellular concentration of GSH.

Since 1993, MEL has been known as a radical  
scavenger with the ability to remove ROS and in some  
cases, MEL’s effectiveness oversteps that of GSH  
and vitamin E, which are well known antioxidants (28).   
MEL-as other indole derivatives and tryptophan  
metabolites (4, 26), has redox properties because of the  
presence of an electron-rich aromatic ring system,  
which allows the indoleamine to easily function as an  
electron donor.  Moreover, its ability to counteract ROS  
has particular relevance as it crosses all physiological  
barriers and it is widely distributed in tissues, cells  
and subcellular compartments, because of its O-methyl  
and N-acetyl residues, MEL is an amphiphilic com- 
pound.  Its widespread subcellular distribution ensures  
its ability to interact with toxic molecules throughout  
the cell, in this way reducing oxidative damage to mol- 
ecules in both the lipid and aqueous environments of  
the cells (68).  These properties have been suggested  
as the molecular basis for the widely documented  
antioxidant protection afforded by MEL at the level of  
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various subcellular compartments (membrane, mito-
chondria, cytosol, and nucleus) both in in vitro and in  
vivo models (51).  The broad spectrum antioxidant  
activity of MEL includes an indirect effect by up- 
regulating several antioxidant enzymes, and down- 
regulating pro-oxidant enzymes and GSH-Px, GR (42),  
SOD (5) and CAT (53), what is also confirmed in our  
research.  The intraperitoneal administration of 10  
mg/kg b.w. of MEL to mice resulted in the increased  
activity of enzymes including SOD, CAT and GSH-Px  
in the selected organs of mice, e.g. in the brain, liver  
and kidneys.  This activation might be a conse-
quence of antioxidant enzyme mRNA synthesis and,  
eventually, enzyme stimulation.  Tomas-Zapico et al.  
(66) in their article have proposed a possible MEL  
mechanism to reduce oxidative stress.  In this proposal,  
a nuclear transcription factor (RORα), acts as a pro- 
oxidant factor which downregulates the majority of the  
processes implicated in the fight against oxidative stress.   
The application of MEL to this pathway leads to the 
abolishment of the RORα effects, favoring the anti-
oxidant mechanisms displayed by cells.  Thus, MEL 
could exert its indirect antioxidant actions through  
several mechanisms, which in turn would lead to the  
maintenance of the cell integrity and protection against  
oxidative stress.

In the present study, the elevation in GSH level  
in the MEL-treated animals suggests that MEL may 
scavenge the free radicals generated during oxidative  
stress.  GSH with its sulfhydryl group functions in the  
maintenance of sulfhydryl groups of other molecules  
(especially proteins), as a catalyst for disulfide exchange  
reactions, and in the detoxification of foreign compounds,  
hydrogen peroxide and free radicals.  According to  
Martin et al. (37) in basal conditions, MEL increased  
the mitochondrial GSH pool, decreasing glutathione  
disulfide (GSSG) content.  Moreover, MEL reduced the  
mitochondrial hydroperoxide level and stimulated the  
activity of the two enzymes involved in the GSH-GSSG  
balance: GSH-Px and GR.  Therefore, the increase in  
GSH content and the decrease in hydroperoxide level  
are related.  If MEL diminishes mitochondrial hydro-
peroxides, the mitochondria do not consume GSH to  
remove them.  Thus, the MEL’s action has two main 
consequences causing a cyclic stimulation of the  
activity of GSH-Px and GR that regenerates GSH, and  
improving cell function by detoxification of hydroper-
oxides.  This is also confirmed by Świderska et al.  
(63), in which MEL caused an increase in the GSH level,  
the activity of GSH−Px, as well as GST in the liver 
and kidneys of mice.

The protection against the SNP-induced toxicity  
and changes in the activities of antioxidant enzymes 
by MEL can be attributed to their intrinsic bio-
chemical and natural antioxidant properties.  MEL 
protective effects are a consequence of its ability to 

reduce NO• formation and scavenge ONOO− and as-
sociated oxidants.  Thus, by scavenging NO•, MEL 
reduces its generation under some circumstances by  
inhibiting the activity of its rate-limiting enzyme, NOSs  
(13).  The role of MEL in this process supports its anti- 
inflammatory ability.  It is likely that the protective  
effect of MEL observed in in vivo models of in-
flammation (14) is related to its indirect antioxidant 
effects e.g., stimulation of SOD production.  MEL 
inhibits NO• production in immunostimulated mac- 
rophages mainly by inhibiting the expression of inducible  
NOS (iNOS).  This is due to inhibition of iNOS tran- 
scription, partly through inhibition of nuclear factor- 
kappaB (NF-κB) activation.  The inhibition of iNOS- 
derived NO• production by MEL may contribute to the  
anti-inflammatory effects of this pineal secretory  
product (18).  In our study, the administration of MEL  
and after that SNP, protected the blood, brain, liver  
and kidneys from NO toxicity in the first 6 h.  This  
observation is consistent with our earlier data reported  
on the protection of MEL in acute inflammation (64).   
It is likely that ONOO− might have induced a self-prop-
agating chain reaction of oxidative damage in tissues  
and it is possible that MEL has been metabolized 
leading to restricted anti oxidative effects.  The de-
ficiency of MEL leads to the increase of the oxide  
reactive form’s concentration as NO metabolites and  
to the decrease of antioxidant enzymes activity (70).

The present study clearly showed that SNP de-
creased the activity of the antioxidant enzyme such  
as SOD, CAT, GSH-Px and the level of GSH in selected  
tissues.  These effects may be mediated by the SNP- 
released NO that plays an important role in some path-
ological conditions, such as chronic inflammation,  
stroke, diabetes, neurodegeneration, and cancer (3).   
As both our findings and those in the literature indicate  
various oxidative effects of SNP, further research projects  
designed to test the mechanisms responsible for the 
effects of NO on tissues are visibly reasoned.  In these  
terms, it is important to identify antioxidant that have  
an effect on NO or RNS compounds generated by an  
excess of NO concentration in the organism and its 
mechanism of action.
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