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ABSTRACT

Using antioxidant nutrients may be a good diet tetgg for the prevention of oxidative stress astedido age-
related disease. We assessed the changes in iastivif antioxidant enzymes (superoxide dismutade-SO
glutathione-S-transferase-GST, catalase-CAT) ared ldvels of lipid per-oxidation (Malondialdehyde B}) in
liver and serum nitric oxide (NO) of rats 2, 10 a@ months old, and to determine the effect of@afin the status
of selected oxidative stress. The aged rats werengintraperitoneal injection of saffron extractilgafor 4-week.
Data were analyzed using ANOVA-one way followed ukey-Kramer post-hoc test for multiple comparisdrie
results demonstrated that aging caused signifitaertease in the levels of serum NO and MDA witleduction in
the activities of SOD, GST and CAT in liver. Thigdg showed that saffron ameliorated increased meNO and
MDA levels and decreased GST activity in liver @n2onths old rats. Therefore, saffron can be effedb protect
susceptible aged liver.
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INTRODUCTION

Age-related diseases have increased with increatieei proportion of older population in the worl.[Aging is
defined as progressive loss of biological functtmeompanied by decline Burvival which all species suffer with
advancing age. The elderly population shows theceffof aging on the liver and also the generaliaedevity of
the organism’s ability control the biological asggecAlthough the age has not a significant influermn liver
function tests, liver diseases presentation masulbder in the older adults than that of youngdiepds [2].

It is obvious that aging is a complex process ofaamay of intertwined molecular pathways [3]. Tloismplex
process is controlled by several factors, suchtesges in lifestyle, diet and physical activity, wsll as drug
treatments and medication. It is postulated thtifig the cellular antholecular mechanisms of aging development
would bring a suitable treatment to the disorddraging [4]. With increasing age, hepatic failurayrbe induced
via increase in the production of reactive oxygpacges (ROS) or reduction in the antioxidant cayadf the body

283
Scholar Research Library



Saeed Samarghandiaset al Der Pharmacia Lettre, 2016, 8 (3):283-290

[5, 6]. Enzymatic and non-enzymatic antioxidantsirdy aging constitute defense system to clear u® ROliver
tissue [7, 8]. A group of antioxidant enzymes, umtthg superoxide dismutase (SOD), catalase (CARY a
glutathioneS transferase (GST), act as superoxide anion ai@ Bcavengers to prevent ROS-induced damage,
which may lead to the changes of some biomarkefd [9Malondialdehyde (MDA) production, a major tiarker
of the occurrence of lipid peroxidation, initiatey excessive ROS [12- 15]. An increase in the hepdDA
concentration cause tissue damage, and failurehe@fantioxidant defense system to prevent the foomabf
excessive free radicals [16, 17]. Considering thgé related disease may be delayed by preventiolipidf
peroxidation, supplementation with antioxidants bagn reported to be beneficial to retard or revéings aging
process [18, 19]. Medicinal herbs and their actingredients contain bioactive substances that laiugh
antioxidants activities [20-40]. Recently, numerdalitional medicines have been found to possetanpial anti-
aging activities by scavenging ROS and detoxifypwent genotoxic oxidants, and have attracted denzble
interest as potential candidates for the developrokenovel anti-aging therapies [6]. Saffron, thred stigmas of
the flowers of saffron (Crocus sativus L., Iridaggas widely used in human applications and hasraercial value
for a long time. Greece, along with India, Irana®p Azerbaijan and Morocco, is one of the printiparld saffron
producers [41]. It has been reported that saffrad é@s ingredients have hypolipidemic, anti-inflasmory,
antioxidant and anticancer effects, moreover,ithapplicable for the treatment of asthma [42-47].

To our knowledge, the literature lacks the inforimatabout the capacity of saffron extract to prévieee radical
formation and lipid peroxidation in the liver ofeigg the rats. Therefore, this study was desigonédvestigate the
effect of saffron ethanolic extract on pro-oxidamd antioxidant status in aged rat livers. For teiason, the
activities of antioxidant enzymes (SOD, GST and LAVIDA levels in the livers and serum nitric oxig”O)
content of aged rats were compared with respeatjeematched controls and also young rats.

MATERIALS AND METHODS

Chemicals
All purified enzymes, coenzymes, substrates, statsdand buffers and kits were obtained from Sigrharfiicals
Company, USA. (St. Louis, USA).

Plant
The saffron used in this study was collected fropmigate garden and identified by the herbal mexdicspecialist at
Ferdowsi University.

Plant extract preparation
In the maceration method, 10 g of stigmas were nasee in 500 ml ethanol (80 v/v) for three dayse Thixture
was subsequently filtered and concentrated undiercesl pressure at 40°C. The extract yield was 51#6 w

Study design

Male Wistar rats of different ages namely 2, 10J 20 months (n = 10 for each group) were obtaimeth fthe
Center for Experimental Medical Research of Mashbaiyersity. The animals were kept at a constamipterature
of 25°C, humidity of 55% at 8:00-20:00 h light, and 26:8M0 h dark cycle. The animals were fed standhoivc
(Javaneh Khorasan Ltd. Iran) until treatment oetiofi sacrifice. Old rats (10 and 20 months old)endivided into
four subgroups as one untreated (vehicle) and thaéfeon-treated groups. The aged rats (10 and @thms old)
were given intraperitoneal injection of saffronrext (5, 10, 20 mg/kg/day) daily for 4-week. Cohtamimals
received an equal volume of vehicle.

Biochemical analysis

After 30 days of saffron extract treatment, animaére anesthetized with diethyl ether and blood wakected
from retro orbital sinus. Serum was separated byrifegation at 3000 rpm for 10 min for NO assa@][4Rat livers
were quickly removed, weighed, and washed in 0.99€INand these samples were frozen in liquid nitnoged
kept at -80C. The homogenates were prepared; the pellet @utain12,000 g containing supernatant fractions was
used for total protein, MDA, CAT, SOD and GST asspd9]. Total protein was estimated in subcellditactions

by the method of Bradford (1976) using bovine semibumin (BSA) as standard [50]. Lipid peroxidatioas
assessed in the homogenates of the whole liverfarmegation of MDA, an end product of fatty acid pridation
was measured spectrophotometrically at 532 nm lggua thiobarbituric acid reactive substance (TBARS
essentially by the method of [51].
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CAT activity was assayed by,8, consumption, following Aebi (1984) [52] method amwbdified by Pieper et al
(1995) [53]. SOD activity was determined by the oet of Marklund and Marklund (1979) using inhibitiof
pyrogallol autoxidation at pH 8 [54]. GST activityas measured using cumene hydroperoxide and lecB|of-
dinitrobenzene as substrates respectively [55]1&@I can be determined spectrophotometrically leasaring the
accumulation of stable degradation products, eitxitd nitrate. The serum nitrite level was deteechiby the Griess
reaction [56].

Statistical analysis

Data were analyzed using ANOVA-one way by InSt& @rogram followed by Tukey-Kramgrosthoc test for
multiple comparisons. Kolmogorov Smirnov tests sedwhat these data were normally distributed. Maduation
was made by the comparison of groups. The resudte presented as means + SEM prf@l.05 was considered
significant.

RESULTS

The body weights of the aging animals increasedifsogntly (p<0.001) in 10 and 20 months when compared with
two-month old control rats. There was a significaletcrease in body weight with saffron extract (26/kg)
treatment in 20 month old groups when compared misttched controlp<0.01). The protein content in the whole
homogenates, supernatant, and pellet fractionsndtdshow significant changes with aging and saffextract
treatment. Liver weight increased with age but waportionally less than bodyweight and the rafi@\& to BW
declined. The ratio increased after treatment wattfiron extract. Results are shown in Table 1.

Table 1 Body weight, liver weight and protein conaetration of 2, 10, and 20 months of control (C) andaffron extract-(SE)-treated aging
rats

Protein content

Ageltreatment  Body wt. (g) Liverwt. (g) LW/BW (%) supernatant (mg/g)

2 months

C 119 £22 72£1.0 6.89 £0.10 95+6.2
10 months

c 398 + 27" 11.1+1.2 2.78+0.44 84+43
5mglkg S 386 + 32 133216  3.44%0.50 86 +5.1
10mg/kg S 350 + 20 159+1.4  454%0.70 8937
20mg/kg S 280 + 22 17.2+1.7 614077 92+46
20 months

c 501+31" 1451+13 245:+041 77+4.1
5mglkg S 586 + 25 16.4+12  279%0.48 80+6.3
10mg/kg S 550 + 34 185+1.0 3.36+0.29 8255
20mg/kg ¢ 410+4C"  202+17 492+0.37 89 + 4.

Each value is a mean + SEM of five or more sepavatees from two to three experiments. The compasi®f experimental values are with the
control values. Statistical significance: +:p<0.05+:p<0.01 comparing age-matched controls versseffron extract treatment and **:p<0.01,
***: p<0.001 versus 2 months

Lipid peroxidation was measured as the formatiotM&fA level in whole homogenates, supernatant, aekep
fractions of aging rat liver from control and saffrextract-treated aging animals. With aging tivesie a significant
increase [§<0.001) in MDA levels in 10 and 20 month old growgs compared to the two-month old control
animals. For saffron extract (10 and 20 mg/kg)ttremt in 20 months old animals, the MDA levels éased
significantly (<0.05andp<0.001) when compared with age-matched controlerdtwas a significant change in
MDA level in the 10 month old group after saffroxtract (20 mg/kg) treatment when compared with aggehed
controls p<0.05) (Figure. 1a).
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Figure 1. Changes in the level of (a) lipid preoxigtion (MDA) in the liver homogenates and (b) serummitric oxide (NO) in control (2, 10
and 20-month) rats (C), and saffron extract (S-1, &, S-3) treated aging rats (n = 10 per group). Vaés are presented as mean + SEM.
Statistical significance +;p<0.05, +++;p<0.001comparing age-matched controls versus saffrdreatment and *; p<0.05, ***; p<0.001

Our data showed that aging resulted in a signific@rease of serum NO as compared to the 2 manttral group
(p<0.05 angp<0.001). Compared with age-matched controls, rreat of saffron (20 mg/kg) in the 20 month old
rats led to a significant decrease in serum NOI lgr€.05) (Figure. 1b).

Changes in the activities of CAT, SOD and GST itoswlic fractions in the liver of 2, 10, and 20 rttonld control
and saffron-treated aging rats are summarizedguarEi 2.

The activity of CAT and SOD levels was found todignificantly lower in the 20 month old rats versaghe two-
month old control §<0.001andp<0.05, respectively), however, CAT and SOD actiwhowed a non-significant
decrease in the 10 month old rats compared withrhwath old controls. Supplementation with saffretract had
no significant change in the activity of CAT and3@vels in the aged animals.
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Figure 2. Changes in the activities of antioxidanénzymes (a) catalase (CAT), (b) superoxide dismu&$SOD), (c) glutathione S-
transferase (GST) in liver supernatant fraction ofin control (2, 10 and 20-month) rats (C), and saffsn extract (S-1, S-2, S-3) treated
aging rats (n = 10 per group). Values are presentess mean + SEM. Statistical significance for the tference between the data of young
control vs other groups: *; p<0.05, ***; p<0.001. Statistical significance ++p<0.01, +++;p<0.001comparing age-matched controls versus

saffron extract treatment
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In thel0 and 20 month old control groups, there wasgnificant p<0.01 andp<0.001, respectively) decrease in
GST activity when compared with two-month old cohtrats. When compared with the respective agerabnt
group, an increase in the GST activity was seahénsaffron extract (10 and 20 mg/kg)-treated 2@tim@nimals
(p<0.05 andp<0.001).There was no significant change in GSTvdgtin saffron extract-treated 10 month old
groups when compared with age-matched control rats.

DISCUSSION

Oxidative stress and aging induce molecular oxigatlamage, which in turn cause cellular dysfunctom
impairment of organ function thus they involve fire torganism life span [57, 58]. In the presentystueé found the
association between increasing level of oxidatioth aging. In author’s knowledge for the first timnee showed the
level of endogenous MDA and enzymatic antioxidantivdties in liver homogenate as well as serum el alter
with aging. Our study confirmed that CAT, SOD an8TCactivity in the liver were significantly highewhile MDA
and NO levels were lower in the two-month-old i@spared with the aging rats.

Furthermore, our data showed that increased endogeMDA, NO and decreased GST ameliorate afterasaff
extract treatment in the old animals. Thereforetha current study, we investigated anti-aging anatective
potential of saffron extract treatment on the atiéig of antioxidant enzymes (SOD, GST and CATY MDA level
in the liver as well as serum NO level of the agiats.

Liver is one of the important organs in detoxifioat Its function declines gradually due to struetatrophy with
age [13]. Previous studies have shown that caragdims vitamin E appeared to be useful in deceaskidative
stress in aged liver, heart and brain tissues [bBgse results are fully in agreement with thostiabd in the
present work. These studies suggest that age-tletietgeneration of liver tissue in the rat may be thua rise in
free radical production in the mitochondria [6Q]. this study, it was determined that MDA and NOelswvere
significantly lower in the saffron extract treatets compared with the untreated aged groups. diitiad, these
results indicated that GST activity was higherhia saffron extract treated rats compared with thteeated aged
groups. Importantly, mechanistic studies evaluatihg role of oxidative stress in the human livesedise
pathogenesis will require measurement of markersoxélative stress, including the end products gidli
peroxidation (MDA) [61]. Researchers confirm thiag reactive species oxygen (ROS) and nitrogen (RMSYhe
prominent factor inducing aging —that associatetth whysiological disorders [62]. An impairment irtochondrial
function with age has been also reported, [88Ijch may be a major factor underlying the increasthe rate of
ROS production in mitochondria. SOD and CAT con#tita mutually supportive team of defense agaifB8R
SOD is an important defense system to catalyzersxjoe radicals into K0, and CAT decomposes hydrogen
peroxide to water and oxygen; thus, these enzynssawontribute to the modulation of redox state labma [64].
GST belongs to a group of multigene and multifuoedl detoxification enzymes, which defend cellsiagiaa wide
variety of toxic insults from chemicals, metabditend oxidative stress [65]. The lower activibéAT, SOD and
GST in aged rats may be a consequence of inhibéfiects due to down-regulation phenomenon or ex&s3S
generation. Our observations confirmed that saféxtnact may be effective to control of age relatssue damage
by balancing the oxidative system in the liver. nly, previous studies have indicated that aqgezaffron extract
and its active constituent, crocin and safrandhjlited significant radical scavenging activity aifis antioxidant
activity [66]. Furthermore, saffron may exert iteemopreventive effects by modulation of lipid pedation,
antioxidants and detoxification systems [67]. Oatadalso confirmed the previous studies on phartogioal
effects of plant medicine [68-83]. In summary, tksults of this study showed that the saffron extweas found to
be effective in enhancing the activity of the GSill @lecreasing the MDA level in the liver homogesats well as
decreasing in the level of serum NO. Thus saffretnaet can be effective to protect susceptible dged from
oxidative damage by balancing the oxidative systEnis study is another confirmation for the usewfioxidant as
a health beneficial food component during aging.
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