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Abstract: An imbalance between production of reactive oxygen species (ROS) and its elimination 
by antioxidant defense system in the body has been implicated for causes of aging and neurodegenerative 
diseases. This study was design to assess the changes in activities of antioxidant enzymes (superoxide 
dismutase (SOD), glutathione-S-transferase (GST), catalase), lipid peroxidation and reduced 
glutathione (GSH) levels in the brain of 2, 10 and 20 month old rats, and to determine the effect of 
safranal on the status of selected oxidative stress indices in the 10 and 20 month old rats. The aged 
rats (10 and 20 months) were given intraperitoneal injections of safranal (0.5 mg/kg day) daily for 
one month. The results of this study demonstrated that aging caused significant increase in the level 
of lipid peroxidation as well decrease in the GSH level and activities of SOD and GST in the brain of 
aging rats. The results of this study showed that safranal ameliorated the increased lipid peroxidation 
level as well as decreased GSH content of the brain of 10 and 20 month old rats. In addition, safranal 
treatment to the 20 month old rats, which restored the SOD and GST activities. In conclusion, safranal 
can be effective to protect susceptible aged brain from oxidative damage by increasing antioxidant 
defenses.
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Introduction

Oxidative stress is recognized as an important mech-
anism underlying aging and neurodegenerative diseases 
[3, 17]. Besides pathological hallmarks, brain failures 
exhibit clear evidence of oxidative damage. Today, data 
from studies using human and animal models support 
the concept that oxidative imbalance and subsequent 
oxidative stress are among the earliest events in the 
pathogenesis of neurodegenerative diseases [26]. Thus, 
an increase in lipid peroxidation, protein oxidation and 
DNA oxidation has been reported in nervous system 
diseases. Similarly, biochemical evidence of brain path-
ological conditions for these signatures of oxidative 
stress has been shown in animal models [25]. There is 

now strong confirmation to link an increase in oxidative 
damage to lipids (lipid peroxidation), proteins, and nu-
cleic acids in the brain tissue with aging [38, 41], al-
though some studies have failed to indorse these findings 
[5]. These conclusions have led to the notion that anti-
oxidant defense mechanisms in the brain are not suffi-
cient to prevent age-related increases in oxidative dam-
age and that dietary intake of a variety of antioxidants 
might be beneficial for preserving brain function [4, 24, 
27]. Malondialdehyde (MDA), the most abundant alde-
hyde resulting from lipid peroxidation, shows important 
changes in tissue with aging [1]. Enzymatic and non-
enzymatic antioxidants during aging constitutes defense 
system to clear up reactive oxygen species (ROS) in 
brain tissue [19, 35]. However, a good diet strategy may 
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be effective in preventing age-related disease. Several 
drugs and food supplements have been shown to retard 
or reverse the biological effects of aging in animal mod-
els [7, 12, 35]. Recently, natural antioxidants have re-
ceived growing attention as a potential preventive agent 
by scavenging ROS and detoxifying potent genotoxic 
oxidants [10]. Saffron, the most expensive spice in the 
world is derived from Crocus sativus stigmas. This spice 
has increased in its human applications and commercial 
value. Italy accompanied with Iran, Spain, India, Greece, 
Azerbaijan and Morocco, are the ones of world saffron 
producer [9, 11, 22, 29]. Biomedical data has been dem-
onstrated that saffron and its ingredients may be fruitful 
as a treatment for neurodegenerative disorders and the 
related memory impairments, ischemic retinopathy and/
or age-related macular degeneration, coronary artery 
diseases, blood pressure abnormalities, acute and/or 
chronic inflammatory diseases, mild to moderate depres-
sion, seizure and Perkinsonism [10, 18, 19, 21, 32]. 
Furthermore, antioxidant, antimutagenic, antigenotoxic, 
tumoricidal and antioxidant activities of saffron and its 
ingredient have been found [10, 18, 19, 30, 33, 34]. Saf-
ranal is one of the major active constituent of saffron 
and responsible for the characteristic quality of saffron 
[10, 15, 17, 33, 34]. It has been found that safranal has 
several pharmacological effects including anti-platelets, 
anti-oxidant, anti-tumor, anti-arthritic and anti-inflam-
matory [7, 10, 17–19, 21, 32, 33]. However, there are 
few studies in the literature investigating the effects of 
safranal treatment on oxidative stress in aged animals. 
Therefore, this study was design to investigate the effect 
of safranal on pro-oxidant and antioxidant status in the 
aged rats. For this reason, MDA levels as well as a non-
enzymatic (reduced glutathione – GSH) [28] and activ-
ity of enzymatic antioxidants (superoxide dismutase – 
SOD, glutathione transferase – GST) were determined 
in the brains of 10 and 20 month old rats compared with 
the respective 2 month old control rats.

Materials and Methods

Chemicals
All purified enzymes, coenzymes, substrates, stan-

dards, buffers and kits were purchased from Sigma 
Chemicals Company, USA. Safranal and other chemicals 
were also supplied from Sigma-Aldrich Chemical (St. 
Louis, USA).

Study design
Ten male Wistar rats of different ages namely 2, 10, 

and 20 months were used for 2 different preparations 
(n=5), and (the number of samples in one group is 5). 
The average of life span of male Wistar rats is almost 25 
months [2]. Accordingly, the percent lifespan of 2, 10, 
and 20 month old male Wistar rats are almost 8, 40 and 
80% respectively.

Animals were obtained from the Center for Experi-
mental Medical Research of Mashhad Medical Univer-
sity. The animals were kept at a constant temperature of 
25°C, humidity of 55% at 8:00–20:00 h light, and 
20:00–8:00 h dark cycle. The animals were fed standard 
chow (Javaneh Khorasan Ltd., Iran) until treatment or 
time of sacrifice. The animals were housed according to 
regulating the Walfare of experimented animals. The 
study was conducted in the Experimental Animal Re-
search Laboratory of Mashhad Medical University. All 
the animal procedures were approved by the Institu-
tional Animal Ethical Committee. The 10 and 20 month 
old rats were divided into two subgroups as untreated 
(vehicle) and safranal-treated old rats. The 10 and 20 
month old rats were given intraperitoneal injection of 
safranal (0.5 mg/kg body weight) daily for one month. 
Control animals received an equal volume of vehicle 
(0.9% NaCl).

Biochemical analysis

Preparation of homogenates and subcellular fractions
After the 30 days of safranal treatment, the animals 

were sacrificed by cervical dislocation under the gen-
eral anesthesia (pentobarbital (100 mg/kg) i.p.). The 
whole brains were dissected out, washed in 0.9% NaCl, 
weighed, and these samples were frozen in liquid nitro-
gen and kept at –80oC. The samples (whole brains) 
minced and homogenized in 9 times volume of cold 
isotonic sucrose buffer. The homogenizing buffer con-
tained the following in the final concentration: 0.25 M 
sucrose and 0.02 M triethanolamine, pH 7.4, containing 
0.12 mM dithiothreitol. The entire procedure was carried 
out at 0–4°C. The homogenate was centrifuged at 1,000 
g for 10 min for removing the cell debris. The pellet was 
discarded and the supernatant was further centrifuged at 
12,000 g for 20 min at 4°C in a refrigerated super-speed 
centrifuge to isolate the mitochondrial pellet. The ob-
tained supernatant was centrifuged at 105,000 g for 65 
min at 4°C in a ultracentrifuge to yield the cytosolic 
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supernatant and microsomal pellet [31]. Whole homog-
enates were used for measurement of lipid peroxidation. 
Supernatant fraction that obtained by centrifuging at 
1,000 g for 10 min was used for the estimation of GSH 
level and SOD activities and finally protein was esti-
mated in the cytosolic and microsomal fractions.

Protein estimation
Protein concentration was estimated in the cytosolic 

and microsomal fractions by the method of Bradford 
using bovine serum albumin (BSA) as standard [8].

Measurements of enzymes
Measurement of lipid peroxidation and glutathione
The formation of lipid peroxides was measured in the 

homogenates of whole brain. The formation of MDA, 
an end product of fatty acid peroxidation was measured 
spectrophotometrically at 532 nm (Shimadzu UV-2550) 
by using a thiobarbituric acid reactive substance 
(TBARS) essentially by the method of Genet et al. [14]. 
Results are expressed as nmole of MDA formed/mg 
protein. Tissue total GSH levels were measured spectro-
photometrically at 412 nm using 5,5’-dithiobis-2-nitro-
benzoic acid (DTNB) as the reagent [6, 37].

Assay of SOD
The activity of SOD was determined by the method 

of Marklund and Marklund [23], using inhibition of py-
rogallol autoxidation at pH 8. The specific activity of 
SOD is expressed as units per mg protein per minute 
[23].

Assay of GST
Tissue homogenates Assay of GST activity was deter-

mined in the post-mitochondrial fraction of tissues, 
which was separated by the sequential centrifugation. In 
brief, they were centrifuged at 600 g for 10 min at 4oC 
to remove crude fractions. Then, the supernatants were 
centrifuged at 10,000 g for 20 min to obtain the post-
mitochondrial fraction. The GST activities were mea-
sured using cumene hydroperoxide and 1-chloro-2, 
4-dinitrobenzene as substrates [36, 39].

Statistical analysis
Data were analyzed using one-way ANOVA by InStat 

3.0 program followed by Tukey-Kramer post-hoc test 
for multiple comparisons. Kolmogorov Smirnov tests 
showed that the data was normally distributed. The 

evaluation was made by the comparison of groups. The 
results were presented as means ± SEM and P<0.05 was 
considered significant.

Results

Changes in protein content are shown in (Fig. 1). The 
protein content in the pellet fractions did not statisti-
cally show significant changes with aging and safranal 
treatment when compared with the 2 month old rats. 
Lipid peroxidation was measured as the formation of 
MDA in the whole homogenates of aging rat brain from 
the untreated and safranal-treated aging animals. Our 
data showed a significant increase (P<0.05, P<0.01) in 
the MDA levels in the 10 and 20 month old rats as com-
pared with the 2 month old control rats; whereas saf-
ranal-treated aging in the 10 and 20 month old rats had 
a significantly (P<0.05) decreased in the brain MDA 
level as compared with the 2 and 10 month old rats. 
Significant decreases (P<0.05 and P<0.001) in the GSH 
content were detected in brain homogenates of aging 10 
and 20 month old rats when compared with the 2 month 
old control rats. Safranal treatment increased the GSH 
content in supernatant of whole homogenates in the 10 
and 20 month old rats compared with the untreated 10 
and 20 month old rats (P<0.05) (Fig. 2b). Changes in 
the activities of SOD and GST in the brain of the un-
treated 2, 10, and 20 month old rats and safranal-treated 
the 10 and 20 month old rats are summarized in Fig. 3. 
In the untreated 10 and 20 month old rats a significant 
(P<0.05 and P<0.01, respectively) a decrease was seen 
in the SOD activity when compared with 2 month old 
control rats. Treatment of safranal to the aging animals 

Fig. 1.	 Protein concentration of brain of the untreated 2, 10 and 
20 month old rats (C) and safranal (S) treated 10 and 20 month old 
rats.
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increased the SOD activity in 20 month old rats, when 
compared with respective age-matched controls (P<0.05) 
(Fig. 3a).

In the untreated 10 and 20 month old rats there was a 
significant (P<0.05 and P<0.001) decrease in the GST 
activity when compared with the 2 month old rats. When 
compared with the respective age control group, an in-
creased of the GST activity at 20 month safranal-treated 
animals was seen (P<0.05) (Fig. 3b).

Discussion

In the current study, association between aging and 
increasing level of oxidation was evaluated by measur-
ing the endogenous MDA and GSH levels as well as 
enzymatic antioxidants in brain homogenate of aging 
rats (10 and 20 month old rats). Our data showed that 
the increased endogenous MDA and decreased SOD, 

GST and GSH level ameliorate after the treatment of 
safranal in the 10 and 20 month old rats. Therefore, in 
this study, we investigated the anti-aging and protective 
potential of safranal treatment on the activities of anti-
oxidant enzymes (SOD, GST), lipid peroxidation and 
GSH levels in the brain of aging rats. Our study con-
firmed that the GSH content, the SOD, and GST activi-
ties in brain were significantly higher in the 2 month old 
rats than the 10 and 20 month old rats. Furthermore, 
current results showed that lipid peroxidation level was 
lower in the 2 month old rats than the 10 and 20 month 
old rats. Previous studies performed in the rat brain have 
shown an elevation in the level of lipid peroxidation with 
a reduction in the GSH content and the activity of anti-
oxidant enzyme during aging [35, 42]. These results are 
fully in agreement with those obtained in the present 
work. These studies suggest that the age-related degen-
eration of brain tissue in the rat may be due to a rise in 

Fig. 2.	 Changes in (a) lipid peroxidation (MDA) and (b) reduced 
glutathione (GSH) levels in brain of the untreated 2, 10 and 20 
month old rats (C) and safranal (S) treated 10 and 20 month old 
rats. Values are presented as mean ± SEM. The comparisons of 
experimental values are with the control values. Statistical sig-
nificance + P<0.05, comparing age-matched controls versus saf-
ranal treatment and *P<0.05, **P<0.01 and ***P<0.001 versus 
the 2 month old control rats.

Fig. 3.	 Changes in the activities of antioxidant enzymes (a) super-
oxide dismutase (SOD) and (b) glutathione S-transferase (GST) in 
brain of the untreated 2, 10, and 20 month old rats (C) and safranal 
(S) treated 10 and 20 month old rats. Values are presented as mean 
± SEM.The comparisons of experimental values are with the con-
trol values. Statistical significance + P<0.05, comparing age-
matched controls versus safranal treatment and *P<0.05, **P<0.01 
and ***P<0.001 versus the 2 month old rats.
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free radical production in the mitochondria [35], and 
difference in results of studies might be related to varia-
tions in species, strain, sex, and experimental design 
[43]. In this study, it was determined that the MDA 
level was significantly lower in the safranal treated rats 
compared to the untreated 10 and 20 month old rats. In 
addition, these results indicated that the GSH content 
was higher in the safranal treated rats compared with the 
untreated 10 and 20 month old rats. The brain is rich in 
lipids and especially in polyunsaturated fatty acids, 
which is very sensitive to peroxidation [24, 25]. The 
MDA content is formed through the peroxidation of un-
saturated fatty acids and widely used as an index of 
biogenic macromolecules, particularly lipid peroxidation 
[43]. In mammals GSH activity as mainly endogen an-
tioxidant controls the production of ROS [13]. An in-
crease in GSH level signifies that ROS and oxidative 
stress are decreasing what probably protects the tissues 
and organs against oxidative stress [25]. In this study, it 
was determined that the brain SOD and GST levels were 
significantly higher in the 2 month old control rats when 
compared with the untreated 10 and 20 month old rats. 
The brain SOD and GST levels were significantly in-
creased in the safranal treated 20 month old rats when 
compared with the 2 month old control rats. It has been 
found that the SOD activity decreased in rat liver, brain, 
heart, kidney, and uterus [40] during aging and this com-
ponent is an important defense system to clear up ROS 
in vivo [16, 20]. GST belongs to a group of multigene 
and multifunctional detoxification enzymes, which de-
fend cells against a wide variety of toxic insults from 
chemicals, metabolites, and oxidative stress [39, 44]. 
The lower activities of SOD and GST in the untreated 
10 and 20 month old rats may be a consequence of in-
hibitory effects due to down-regulation phenomenon or 
excess ROS generation. Safranal may also inhibit lipid 
peroxidation by inducing GST and SOD.

Our observations confirmed that safranal may be ef-
fective to control of age related tissue damage by de-
crease in free radicals generation, increase in antioxidant 
defenses and restore SOD and GST activities in brain. 
The results of our previous study also demonstrated that 
safranal could be a candidate to suppress the develop-
ment of age-induced liver damage by protecting against 
oxidative stress and increasing antioxidant defenses. 
Farahmand and co-workers showed that safranal inhib-
ited lipid peroxidation by the elevation GST and SOD 
activities [10]. Safranal is the major active constituent 

of Crocus sativus, owing to its strong antioxidant, could 
prevent tissue damages in animal modeling. It was re-
ported that it could be a valuable molecule in alleviating 
myocardial ischemia-reperfusion (IR) injury by normal-
izing myocardial antioxidant [7]. Hosseinzadeh and co-
workers demonstrated that safranal ameliorate the 
ischemia-reperfusion injury (IRI)-induced oxidative 
damage in rat hippocampus by elevating total sulfhydryl 
contents, antioxidant capacity and decreasing malondi-
aldehyde [19]. They also reported that safranal had pro-
tective effects against the skeletal muscle injury during 
ischemia-reperfusion by elevating total sulfhydryl con-
tents, antioxidant capacity and decreasing malondialde-
hyde [18]. Another study indicated that safranal may 
prevent the gastric mucosa damage due to their antioxi-
dant properties by increasing the gluthatione levels and 
diminishing the lipid peroxidation in the rat gastric mu-
cosa [21].

In summery, aging generated higher oxidative stress 
in the rat brain, by decreasing GSH level and suppress-
ing the SOD and GST activities, while increasing the 
lipid peroxidation. Safranal found effective in enhancing 
the levels of GSH, SOD and GST accompanied with 
decreasing lipid peroxidation. Thus, safranal can be ef-
fective to protect susceptible brain aging from oxidative 
damage by increasing antioxidant defenses. There is 
another confirmation to use of antioxidant as a health 
beneficial food component during aging.
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