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Abstract: The present study investigated the cytogenetic and testicular damage induced by the antiepileptic drug, sodium 
valporate (SVP) in albino rats and the effect of saffron aqueous extracts. Treating rats with SVP caused a significant increase in 
the chromosomal aberrations either structural or numerical and decreased the mitotic index. Besides, animals administered 
SVP showed DNA damage appeared in the single strand breaks (comet assay). Testis of SVP-treated rats showed many 
histopathological changes. A significant decrease in seminiferous tubules and their epithelial heights diameters and inhibition 
of spermatogenesis was recorded. In addition, the number of sperm head abnormalities was increased. Biochemical results 
revealed an increase in malondialdhyde (MDA) which is lipid peroxidation marker and a significant decrease in the level of 
serum antioxidant enzyme, catalase (CAT) and reducing antioxidant power (RAP). Animals given SVP and saffron showed an 
improvement in chromosomal aberrations, mitotic index, DNA damage and testicular alterations caused by SVP. Moreover, 
MDA decreased and CAT and RAP increased. It is concluded from the present results that the ameliorative effects of saffron 
extract against SVP-induced cytogenetic and testicular damage in albino rats may be due to the presence of one or more 
antioxidant components of saffron.
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anticonvulsant used in the treatment of epilepsy, anorexia 
nervosa, panic attack, anxiety disorder, posttraumatic stress 
disorder, migraine, and bipolar disorder, as well as other 
psychiatric conditions [2]. Use of valproate was found to be 
associated with many side effects. Kingsley et al. [3] demon
strated that sodium valproate is hepatotoxic in both humans 
and rat hepatocytes. Witczak et al. [4] reported that newborns 
of mothers exposed to valporate are at increased risk for 
major congenital malformations, cognitive impairment and 
fetal death. Jentink et al. [5] found that there is significant 
association between exposure of the unborn child to VPA 
monotherapy in the first trimester and Spina bifida, arterial 
septa defects, cleft palate, hypospadias, polydactyl and cra
niosynostosis. Isojarvi et al. [6] reported that valproate 
was associated with sperm abnormalities in men with epi

Introduction

The antiepileptic drugs are a diverse group of pharma
ceuticals used in the treatment of epileptic seizures. They can 
be grouped according to their main mechanisms of action 
into sodium channel blockers, calcium current inhibitors, 
gamma-aminobutyric acid enhancers, glutamate blockers, 
carbonic anhydrase inhibitors and hormones [1]. Sodium 
valproate is the sodium salt of valproic acid (VPA) and is an 
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lepsy. Bairy et al. [7] concluded that sodium valproate 
causes reversible change in sperm motility, sperm count, 
morphology and cytoarchitecture of tests. Watkins et al. [8] 
found that subcutaneous fibrosarcomas were significantly 
increased in VPA treated Wistar rat males. Also they found 
that adenocarcinomas of the uterus and cervix were increased 
in calcium valproate treated females compared to controls.

Crocus sativus L., commonly known as saffron, is used 
in folk medicine as an anti-spasmodic, eupeptic, gingival, 
sedative, anti-catarrhal, carminative, diaphoretic, expecto
rant, stimulant, stomachic, aphrodisiac, and emmenagogue. 
Recent studies have demonstrated that saffron extract has 
anti-microbial [9], anti-convulsant [10], anti-depressant 
[11], and anti-inflammatory [12]. Nair et al. [13] reported 
the anticancer activity of saffron extract (dimethyl croce
tin) against a wide spectrum of murine tumors and hu
man leukemia cell lines. Premkumar et al. [14] studied the 
chemoprotective potential of saffron against the genotoxicity 
of three well-known anti-tumor drugs cisplatin, cyclo
phosphamide, and mitomycin using comet assay. Iranshahi 
et al. [15] reported that aqueous and ethanolic extracts of 
saffron exhibit hepatoprotective effects against liver damages 
induced by CCl4 in mice. Naghizadeh et al. [16] reported that 
crocin, the extract of saffron has protective effect on cisplatin-
induced nephrotoxicity in rat. The present work aims to study 
the effect of saffron aqueous extract on sodium valporate 
(SVP)-induced cytogenetic and testicular alterations in albino 
rats.

Materials and Methods

Preparation of saffron extract
Saffron, the dried stigmas of Crocus sativus flower were 

obtained from Al-alawy market, Jeddah, Saudi Arabia. One 
gram of saffron was soaked in 100 ml distilled water. After 2 
hours it was homogenized in the same distilled water, stirred 
for 1 hour and filtered. The residue was re-extracted with 
fresh distilled water. This aqueous extract was lyophilized and 
stored at 4°C until further use [14]. 

Sodium valporate
Depakine, sodium valporate, is available for oral admini

stration as syrup supplied in bottles of 125 ml produced by 
Global Napi Pharmaceuticals, Cairo, Egypt. It is used at a dose 
level of 80 mg/kg body weight of rat modified according to 
therapeutic dose of human [17] and each animal were orally 

given 1 ml containing the desired dose.

Animals and treatments
Adult male albino rats (Rattus norvegicus) (150±5 g) were 

used in the present work. The animals were kept in special 
plastic cages in the animal house under constant temperature 
25±1°C with a reverse natural dark- light cycle 12/12 hours, 
for at least one week before the experimental work. The 
animals were maintained on a standard rodent diet and water 
was available ad libitum. Animals, experiments and housing 
procedures were performed in accordance to the animal care 
rules approved by the authorities of Menoufia University, 
Egypt. They were divided into 4 groups.

Group I: Animals of this group (10 rats) had been kept as 
controls and were given basal diet.

Group II: Animals of this group (10 rats) were admini
stered by gavage saffron extract at a dose level of 20 mg/kg 
body weight, daily for 6 weeks.

Group III: Animals of this group (15 rats) were orally given 
SVP at a dose level of 80 mg/kg body weight daily dissolved in 
water for 6 weeks. 

Group IV: Animals of this group (25 rats) were orally given 
the same dose of SVP and saffron extract for 6 weeks.

Cytogenetic studies
Chromosomal preparation: Animals were sacrificed after 

6 weeks of treatment and bone marrow cells were collected 
for analysis of chromosomal aberrations and mitotic indices 
by colchicines-hypotonic technique. After completion of 
the treatment period, five animals from each group were i.p. 
injected, 2 hours before sacrifice, with 0.5 ml colchicine (3 
mg/kg body weight), to increase the number of metaphase 
spreads. Bone marrow cells were collected from the femurs 
in isotonic NaCl solution and bone marrow smears were 
prepared. For each group, slides were stained with Giemsa 
and mounted in DPX. For each animal, 50 metaphase spreads 
were scored for chromosomal aberrations. The mitotic index 
was obtained by counting the number of mitotic cells in 1,000 
cells/animal [18].

Comet assay: This technique permits the detection and an 
evaluation of single-stranded DNA breaks. Eukaryotic cells 
are embedded in agarose gel on a microscopic slide, lysed by 
detergents and high salt at pH 10, and then electrophoresed 
for damage display which shows increased migration of 
the DNA from the nucleus towards the anode. Low-mel
ting temperature agarose and ultra pure a garose, Triton 
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X-100, sodium sarcosinate, ethylenediamine-tetra acetic 
acid disodium salt (Na-EDTA), Trizma base and ethidium 
bromide were obtained from Sigma Chemical Co. (St. Louis, 
MO, USA). Phosphate buffered saline without calcium and 
magnesium, RBMI 1640 medium (Gibco-BRL, Gaithersburg, 
MD, USA), Ficoll separating solution and trypan-blue were 
used in comet assay. Examination was done with a fluorescent 
microscope (BX 41, Olympus, Tokyo, Japan) equipped with 
an excitation filter of 510 nm and barrier filter of 590 nm. 
The migration was evaluated by observing and measuring 
the nuclear DNA, and 500 spots of DNA were examined 
and classified into three types: 1) normal spots with round 
shape; 2) damaged spots in which the length of the migrated 
fragments was less than or equal to the diameter of the basal 
nuclear DNA; and 3) strongly damaged spots where the 
length of the comet was greater than the diameter of the basal 
nuclear DNA [19].

Histological studies 
For histological studies, animals were dissected and their 

testes were removed and fixed in 10% neutral formalin for 
24 hours, washed in running tap water for 24 hours and 
transferred to 70% ethyl alcohol. Tissues were dehydrated 
in ascending series of ethyl alcohol, cleared in xylene and 
embedded in wax. Sections of 5 μm thickness were cut using 
rotary microtome and mounted on clean slides without using 
any adhesive medium. Sections were stained with Ehrlich’s 
haematoxylin, counterstained with eosin and photographed.

Sperm head abnormalities test  
The sperm suspension was obtained from animals by 

cutting the caudal epididymis of a testis in few drops of 
mammalian saline. The sperm suspension was spread on 
clean glass slides. Sperm smears were dried in air and incu
bated at oven at 50°C overnight. The sperms were fixed in 
methyl alcohol and stained with haematoxylin and eosin. A 
total of 1,000 sperms were examined for each animal directly 
under microscope to detect the morphological abnormalities 
in head region [20].

Biochemical studies
For biochemical determination, blood samples were 

collected from animals after 6 weeks of treatment. Sera were 
obtained by centrifugation of the blood sample and stored 
at −20°C until assayed for the biochemical parameters. The 
extent of lipid peroxidation was estimated as the concen
tration of thiobarbituric acid reactive product (malon
dialdhyde) according to Ohkawa et al. [21]. Total antioxidant 
capacity was determined by ferric reducing antioxidant 
power [22]. Catalase activity was determined from the rate of 
decomposition of H2O2 [23].

Statistical analysis 
Data were expressed as mean values±SD and statistical 

analysis was performed using one way ANOVA to assess 
significant differences among treatment groups. The criterion 
for statistical significance was set at P<0.05. All statistical 
analyses were performed using SPSS ver. 16 (SPSS Inc., 
Chicago, IL, USA).

Table 1. Average of structural chromosomal abnormalities observed in bone marrow cells of rats treated with SVP and/or saffron                                          

Animal group Deletion
Chromatid 
fragment

Centromeric 
attenuation

End to end 
association

Centric fusion
Chromosomal 

ring
Gaps Breaks Total

Control 3.2±0.5 0.8±0.08 3.0±0.8 0.2±0.05 0.4±0.05 2±0.70 0±0 0.4±0.02 10±1.4
Saffron 3.6±0.5 0.85±0.08 3.2±1.5 0.2±0.04 0.6±0.05 2.3±0.8 0.1±0.05 0.6±0.01 11.45±1.65
SVP 29.6±5.03a) 8.6±1.5a) 40.8±4.5a) 7.4±0.7a) 3.2±0.08a) 16.6±1.4a) 2.2±0.3a) 3±0.07a) 111.4±6.8a)

SVP+saffron 11.2±1.9b) 5.2±0.9b) 19.8±2.6b) 3.6±0.2b) 1.6±0.2b) 10.4±1.2b) 0.6±0.06b) 1.2±0.08b) 53.6±8.12b)

Vales are presented as mean±SD. SVP, sodium valporate. a)Significant at P<0.05 compared with control group. b)Significant at P<0.05 compared with SVP group.

Table 2. Average of numerical chromosomal abnormalities observed in bone marrow cells of rats treated with SVP and/or saffron
Animal group Monosomy Trisomy Tetrasomy Polyploidy Total
Control 0.5±0.09 0.1±0.01 0.1±0.02 0.0±0.0 0.7±0.05
Saffron 0.6±0.08 0.1±0.06 0.2±0.06 0.1±0.6 1±0.02
SVP 8.4±1.5a) 2±0.7a) 1.8±0.08a) 1.4±0.06a) 13.6±2.2a)

SVP+saffron 4.4±1.4b) 1±0.7b) 0.6±0.05b) 0.6±0.02b) 6.6±1.7b)

Values are presented as mean±SD. SVP, sodium valporate. a)Significant at P<0.05 compared with control group. b)Significant at P<0.05 compared with SVP group. 
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Results

Chromosomal aberrations and mitotic index
Treating animals of SVP induced structural aberrations 

such as chromatid deletion, chromatid fragment, chromoso
mal ring, centromeric attenuation of chromosomes, centric 
fusion of chromosomes, end to end association, chromatid 
gaps and chromatid breaks were recorded (Table 1). Nume
rical aberrations such as monosomy, trisomy, tetrasomy and 
polyploidy were also detected (Table 2). A significant increase 
in these aberrations was observed after the treatment with 
SVP when compared with the control animals. Animals 
treated with SVP and saffron showed a decrease in these 
aberrations when compared with SVP-treated animals. Also, 
animals treated with SVP showed a decrease in the mitotic 
index when compared with the control groups and this is 
increased by saffron administration (Table 3).

Comet assay                                        
A significant increase in DNA fragmentation appeared 

as damaged and strongly damaged spots appeared in lym
phocytes of rats treated with SVP as detected by comet assay. 
Rats treated with SVP and saffron showed improvement in 
DNA by decreasing the number of damaged and strongly 
damaged spots (Table 4, Fig. 1). 

Sperm head abnormalities
Normal sperm shape composed of hook, head and tail (Fig. 

2A). Sperm head abnormalities (without hook, banana type, 
amorphous, hummer shape) (Fig. 2B−E) were significantly 
increased in animals given SVP. Treating animals with SVP 
and saffron caused a significant decrease in sperm head 
abnormalities (Table 5). 

Histological observations
Sections of control rats showed normal testicular archi

tecture with an orderly arrangement of germinal cells 
(spermatogonia, spermatocytes, spermatids and spermatozoa) 
and Sertoli cells (Fig. 3A). Animals treated with saffron 
showed nearly normal histological structures as shown in the 
controls. Treating animals with SVP for six weeks showed 
a distinct histological difference when compared with the 
control ones. A decrease in the diameter of the tubules and 
enlargement of their lumens was observed. The germ cells 
were detached from the basal lamina and the intertubular 
spaces showed blood hemorrhage (Fig. 3B). The blood 
vessels appeared with severe congestion (Fig. 3C). The 
number of all types of spermatogenic cells was significantly 
reduced. The seminiferous tubules were found containing 
few spermatogonia and Sertoli cells and large number of 
them was degenerated and exfoliated in the lumen of the 
tubules (Fig. 3D). Animals given SVP with saffron showed an 

Table 4. Mean value of DNA damage detected by comet assay in rat  
lymphocytes treated with SVP and/or saffron

Animal groups Normal cells Damaged cells
Strongly 

damaged cells
Total damaged 

cells
Control 41.4±1.2 8.6±1.2 0±0 8.6±1.2
Saffron 40.4±1.2 9.6±1.2 0±0 9.6±1.2
SVP 5.8±1.3 26.4±2a) 17.8±2.8a) 44.2±3.7
SVP+saffron 13.8±1.3 29.8±0.8 6.4±1.2b) 36.2±2.8
SVP, sodium valporate. a)Significant at P<0.05 compared with control group. 
b)Significant at P<0.05 compared with SVP group.

Fig. 1. Single strand breaks (comet assay) of DNA of rat lymphocytes. 
(A) Normal DNA spots (no migration). (B) Damaged DNA spots 
(migration towards the anode). (C) Strong damaged DNA spots (more 
migration towards the anode).

Table 3. The mean value of mitotic index in bone marrow cells of rats treated 
with SVP and/or saffron                                            

Animal groups Mean±SD (n=10)
Control 741.4±8.5
Saffron 704.6±10.3
SVP 215.8±9.6a)

SVP+saffron 292±10.4b)

SVP, sodium valporate. a)Significant at P<0.05 compared with control group, 
b)Significant at P<0.05 compared with SVP group.
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improvement in the histopathological alterations appeared 
in the treatment with SVP. The germ layers increased with 
appearance of somewhat normal cells as well as increase in 
number of sperm bundles (Fig. 3E).

Morphometric results
A significant decrease in the diameter and germ cell height 

of seminiferous tubules was recorded in testes of animals 
treated with SVP in compared with the normal ones (Table 
6). Animals treated with SVP and saffron showed marked 
improvement in the mean tubular diameter and in germ cell 
height in comparison with the SVP-treated animals. 

Biochemical results
Data in Fig. 4A−C revealed that there is no remarkable 

change concerning malondialdehyde, catalase (CAT), and 
reducing antioxidant power in sera of control rats and those 
treated with saffron. In contrast, elevated malondialdehyde, 
decrease of CAT and reducing antioxidant power was 
recorded in animals treated with SVP for 6 weeks. Adminis
tration of saffron resulted in a significant decrease in 
malondialdehyde and increase in CAT and reducing antio
xidant power compared to SVP group.

Discussion

The present study investigated the cytogenetic and histo
pathological effects of antiepileptic drug, depakine on male 
rats and the ameliorative role of saffron extract. Animals 
treated with SVP showed an increase in the mean number 
of structural chromosomal aberrations including chromatid 
deletion, chromosomal ring, centromeric attenuation, centric 
fusion, chromatid fragmentation, chromatid gaps , chromatid 
breaks and end to end association. Numerical chromosomal 
aberrations including monosomy, trisomy, tetrasomy and 
polyploidy also increased. There was a marked decrease in the 
mitotic index and increase in DNA damage. These results are 
in agreement with previous studies which reported the cyto
genetic effects of SVP.

Hu et al. [24] reported that sister-chromatid exchange 
and chromosome aberrations were higher in peripheral 
lymphocytes of epileptic children treated in monotherapy 
with VPA for 6−52 months. Karapidaki et al. [25] found a 
statistically significant increase in sister chromatid exchanges 
frequency and a significant decrease in the proliferation rate 
index in lymphocytes of peripheral blood cultures from 3 
healthy donors given VPA and ziprasidone. Witczak et al. [4] 
showed that the anti-epileptic drugs, VPA and carbamazepine 
analogues, given to epileptic women in mono- and poly-
therapy during pregnancy evoked potentially clastogenic and 
genotoxic effects in cord-blood lymphocytes. Denli et al. [26] 
recorded a significant increase in cell damage in comet assay 
of peripheral lymphocytes of the epileptic patients undergoing 
long-term valporic acid monotherapy Felisbino et al. [27] 

Table 5. Effect of SVP and/or saffron on sperm head abnormalities 
Animal groups Normal Without hook Banana shape Amorphous shape Hummer shape

Control 990.2±3.3 6.6±2.3 2.8±1.09 4±0.3 0.2±0.01
Saffron 982.4±3.9 11.6±2.07 5.4±1.5 6±0.89 0.5±0.2
SVP 335.2±11.67a) 460.8±11.9a) 185.8±12.7a) 52.8±7.9a) 9.4±0.63a)

SVP+saffron 613±11.64b) 234.6±11.7b)  112.8±13.9a) 36±4.4b) 5.6±0.4b)

SVP, sodium valporate. a)Significant at P<0.05 compared with control group. b)Significant at P<0.05 compared with SVP group.

Fig. 2. (A) Normal head of a sperm with hook (arrow). (B) Without 
hook. (C) Banana type. (D) Amorphous. (E) Hummer-shape (A−E, 
×1,000).
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reported that exposing HeLa cells to valporic acid caused 
DNA fragmentation and decrease of mitotic index. Li et al. 
[28] observed that both VPA and Aurora kinase inhibitor 
VE465, when used alone, induced apoptosis in the 2008/C13 
cell line. 

Results obtained in this study showed a significant decrease 
in seminiferous tubules and their epithelial heights diameters 

and inhibition of spermatogenesis were recorded in animals 
treated with SVP. Moreover, decrease in sperm number and 
increase in sperm head abnormalities was observed. Similar 
results were obtained in mice [29], rats [7], and men [6, 30] 
treated with VPA. Cansu et al. [31] studied the effects of 
valproate and oxcarbazepine on testicular development in 
rats. The results showed that testis and relative testis weights 
were significantly lowerd in the VPA group compared to the 
control group. Spermatogonia, pachytene spermatocyte and 
round spermatocyte numbers were decreased in all stages 
in both the VPA and oxcarbazepine groups compared to the 
control group. 

Treating rats with SVP induced a significant increase in, 
malondialdhyde which is lipid peroxidation marker and a 
significant decrease in the level of serum antioxidant enzyme, 
CAT, and reducing antioxidant power. Similarly, Vidya and 
Subramanian [32] reported that SVP-treatment was found to 
increase levels of malondialdhyde and hydroperoxides and 

Table 6. Effect of SVP and/or saffron on the diameter of seminiferous tubules 
and the epithelial heights of testes of rats

Animal groups
Diameter of seminiferous 

tubules 
Epithelial heights

Control 372±41 112±5.5
Saffron 362±45 104±5
SVP 290±37a) 60±6a)

SVP+saffron 350±39b) 90±8b)

Values are presented as mean±SD. SVP, sodium valporate.a)Significant at P<0.05 
compared with control group. b)Significant at P<0.05 compared with SVP group.

Fig. 3. (A) Section in testis of a con
trol rat. (B) Testis of sodium valporate 
(SVP)-treated rat showing interstitial 
hemorrhage (H) and detachment os 
spermatogenic cells  (arrows).  (C) 
Congested blood vessel (arrow). (D) 
Exfoliation of germ cells in the lumen 
of the tubule (arrow) and reduction of 
spermatogenic cells. (E) Testis of a rat 
treated with SVP+ saffron showing an 
improvement in histological appearance 
and increase of germ cells (A−E, H&E, 
×400). IT, interstitial tissue; S, sperms; 
SC, spermatocytes; Sg, spermatogonia; 
Sp, sperm bundles.
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decreased levels of enzymatic (superoxide dismutase [SOD], 
CAT, and glutathione peroxidase [GPx]) and non-enzymatic 
(glutathione [GSH]) antioxidants in rats. The activities 
of SOD, GPx, and GSH reductase were insignificantly 
lower, whereas the malondialdehyde concentration was 
insignificantly higher in the erythrocytes of children with 
epilepsy treated with SVP [33]. Zhang et al. [34] found that 
the levels of malondialdehyde in neutrophils of SVP-treated 
patients were higher while the activities of SOD and CAT 
were significantly lower than the control and untreated 
groups. Thus, the cytogenetic and testicular damage induced 
in rats in the present work may be attributed to the oxidative 
stress generated by SVP.

The current results showed that saffron extract improved 
the cytogenetic alterations induced by VPA. Hosseinzadeh 
and Sadeghnia [35] examined the effect of aqueous extract of 
Crocus sativus stigmas and crocin (trans-crocin 4) on methyl 
methanesulfonate (MMS)-induced DNA damage in multiple 
mice organs using the comet assay. A significant increase in 
the % tail DNA was seen in nuclei of different organs of MMS-
treated mice. Pretreatment with saffron extract only reduced 
DNA damage in liver, lung, kidney, and spleen. Premkumar et 
al. [14] reported that pre-treatment with saffron significantly 
inhibited anti-tumor drugs (cisplatin, cyclophosphamide, and 
mitomycin C) induced cellular DNA damage as revealed by 
decreased comet tail length, tail moment and percent DNA in 
the tail.

The present results revealed that saffron extract ameliorates 
the testicular damage, sperm count and abnormalities 
induced by SVP in albino rats. Similarly, Asadi et al. [36] 
reported that saffron extract improved semen parameters 
(sperm concentration, motility and viability in cauda of 

epididymis) in rats exposed to cadmium. Heidary et al. [37] 
found that prescribing edible saffron is effective on increasing 
the average number and motility of sperms in nonsmoker 
infertile men with oligospermia. Modaresi et al. [38] reported 
that in mice, saffron consumption with 100 mg/kg dosage 
during 20 days resulted in increased serum levels of follicle 
stimulating hormone, luteinizing hormone, and testosterone. 

Results obtained in the present work showed that saffron 
extract caused a significant decrease in malondialdhyde 
and a significant increase in the level of serum antioxidant 
enzyme, CAT, and reducing antioxidant power as a result of 
SVP administration. The antioxidant effects of saffron and 
its extracts were reported under the effect of different toxins. 
Goli et al. [39] concluded that saffron petal as the main 
by-product of saffron production possessed considerable 
phenolic compounds which showed high antioxidant power. 
Hosseinzadeh et al. [40] reported that safranal and crocin, 
extracts of saffron, have antioxidant effects. Treating mice 
exposed to ALCL3 by saffron improved the disrupted liver 
biochemical markers and alleviated the increase of lipid 
peroxidation [41]. Vakili et al. [42] indicated that crocin has 
protective effects against ischemic reperfusion injury and 
cerebral edema in a rat model of stroke and significantly 
reduced malondialdhyde content and increased activity of 
SOD and GPx in the ischemic cortex. Mohajeri and Doustar 
[43] found that ethanolic extract of saffron had the ability 
to reduce lipid peroxidation, and improved the antioxidant 
enzyme activities, SOD, CAT, and GSH-related enzymes 
in liver of rats treated with cisplatin. Giaccio [44] reported 
that crocetin, protects against AFB1-induced hepatotoxicity 
and oxidation damage in rats with increase of glutathion-
S-transferase. Treating mice with saffron was found to 

Fig. 4. (A) Effect of different treatments on malondialdhyde (MDA). (B) Effect of different treatments on catalase (CAT). (C) Effect of different 
treatments on reducing antioxidant power (RAP). a)Significant at P<0.05 compared with control group. b)Significant at P<0.05 compared with 
sodium valporate (SVP) group.
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improve learning and memory, accompanied by reduced lipid 
peroxidation products, higher total brain antioxidant activity 
and reduced caspase-3 activity [45]. 

The chemical composition of stigmas of Crocus sativus L. 
has been investigated in several studies during the past two 
decades. Reportedly, stigma of Crocus sativus flower contains 
three main metabolites; crocins, picrocrocins and safranal 
in addition to anthocyanins, flavonoids, vitamins (riboflavin 
and thiamine), amino acids, proteins, starch, mineral matter, 
gums, and other chemical compounds [46]. It was reported 
that crocin showed a high radical scavenging activity (50% 
and 65% for 500 and 1,000 ppm solution in methanol, 
respectively), followed by safranal (34% for 500 ppm solu
tion) [47]. It is concluded from the present results that the 
ameliorative effects of saffron extract against SVP-induced 
cytogenetic and testicular damage in albino rats may be due 
to the presence of one or more antioxidant components of 
saffron.
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