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Abstract Oxidative stress leads to complex biochemical

alterations, and has been implicated in the progressive loss

of learning and memory. Supplementing and boosting

the endogenous antioxidant defense system could impede

the progression of various types of neurodegeneration. In the

present study, we have investigated the neuroprotective effi-

cacy of a low-dose combination of certain promising and

powerful natural antioxidants in an experimental model of

cognitive impairment.Combinedpretreatmentwith theextract

ofNardosatchys jatamansi (N), crocetin (C) and selenium(Se)

as sodium selenite (N, 200 mg/kg ? C, 25 lg/kg ? Se,

0.05 mg/kg body weight) for 15 days led to improved

behavioral outcomes in streptozotocin (STZ)-induced cogni-

tive impairment in rats. While intracerebroventricular (ICV)

infusionof STZ resulted in the significant elevation ofmarkers

of oxidative stress and depletion of endogenous antioxidant

defense system in the vehicle-pretreated group, these markers

of oxidative stress and antioxidant enzymatic as well as non-

enzymatic defense lines were attenuated in the group pre-

treated with the combination of antioxidants (NCSe). NCSe

pretreatment markedly improved the performance of animals

in passive avoidance test and Morris water maze (MWM)

tasks, significantly reduced the level of TBARS, and elevated

the content of glutathione and activities of antioxidant

enzymes (glutathione peroxidase, glutathione-S-transferase

and catalase). Our study reflects the synergistic potential of the

above combination and concludes that a multimodal approach

could be beneficial rather than a singular intervention.

Keywords Cognitive impairment � Crocetin �

Nardostachys jatamansi � Neuroprotection �

Oxidative stress � Selenium

Introduction

Cellular stress and weakening of endogenous antioxidant

defense are responsible for different neurodegenerative

disorders, including Alzheimer’s disease (AD) [1–3]. Dis-

orders like AD are associated with a progressive loss of

specific cholinergic neurons and the aggregation of beta

amyloid and tau proteins.

Extensive oxidative stress leads to progression of dif-

ferent chronic disorders including cognitive impairment

through neuronal dysfunction and death [4–6]. Therefore,

retarding the oxidative stress could be a suitable strategy to
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impede the progression of the diseases. The importance of

antioxidant treatment in preventing neuronal damage has

been emphasized somewhere [7–9].

Intracerebroventricular (ICV) injection of streptozotocin

(STZ) in rats in sub-diabetogenic dose causes prolonged

impairment of brain glucose and energy metabolism, and

hence loss of neurons in the surrounding area, such as the

hippocampus. This results in cognitive impairment due to

decreased cholinergic activities induced by oxidative stress

[10, 11].

The root and rhizomes of Nardostachys jatamansi

(N) contain various sesquiterpenes, and their extract shows

potent sedative, anti-stress and antioxidant effects on the

central nervous system (CNS) [12–15]. A recent study has

shown that jatamansi enhances learning and memory in

mouse [16]. Our group has earlier reported the neuropro-

tective effects of jatamansi in the experimental models of

Parkinsonism and cerebral ischemia–reperfusion [17, 18].

Various pharmacological effects of Jatamansi with special

emphasis on the CNS have been reviewed elsewhere [19].

Saffron,Crocus sativus L., due to many different inherent

pharmacological properties, has been used as, and in, folk

medicine since ancient times [20]. Crocetin (C) and its

by-product crocin (digentibiose adduct of crocetin) are the

major active constituents of saffron extract. Their crucial

pharmacological properties such as anticonvulsant, antino-

ciceptive, anti-inflammatory and antidepressant properties

have recently been reported [21–23]. It also shows free

radical scavenging activities and enhances learning and

memory [20, 24–27]. Saffron extract inhibits aggregation of

beta amyloid in the brain [28]. Our group has reported

preventive effect of crocetin at a dose as low as 25 lg/kg

body weight in a rat model of hemi-parkinsonism [29].

Selenium (Se), a crucial trace element inside the body

[30], has been reported to be neuroprotective at low dose in

the different models of experimental neurodegeneration.

Se, being a constituent of selenoproteins, is involved in

antioxidant functions and helps to maintain redox homeo-

stasis [31]. It is present at the site center of glutathione

peroxidase (GPx) that protects the oxidative damage of

membrane lipids and macromolecules due to peroxides

[32]. It is also a major component for the catalytic acti-

vation of mammalian thioredoxin reductase [33]. Our

group and others have reported the neuroprotective effects

of low-dose Se, 0.1 mg/kg body weight, in experimental

models of dementia [34] and 0.1–0.3 mg/kg body weight

in other models of neurodegeneration [35, 36]. It has also

been reported in positive clinical responses of Se therapy

during neurodegenerative diseases [37, 38].

Recently, we have reported that Khamira Abresham

Hakim Arshadwala, a complex approved recipe of Indian

System of Medicine with many herbal and natural antioxi-

dants present therein andmultimodal effects, has encouraging

results against STZ-induced cognitive impairment [39].

This prompted us to investigate a combination of certain

promising antioxidants for the attenuation of learning and

memory. The aim of the present study is to assess the neu-

roprotective effects of pretreatment with a low-dose com-

bination of antioxidants from natural resources (Jatamansi

extract, crocetin and selenium) in a rat model of cognitive

impairment induced by ICV infusion of STZ.

Materials and methods

Plant extraction and preparation of drug

Roots of Nardostachys jatamansi were purchased from the

herbal market of Delhi and were identified and authenti-

cated by the taxonomist of the Department of Botany,

Hamdard University, New Delhi. Clean roots were air

dried, cut into small pieces and powdered to prepare the

alcoholic extract as described earlier [40]. Briefly, 1 kg

of powder was refluxed with 95% ethanol (1:10 w/v)

for 8–10 h. The extract was evaporated to dryness using

vacuum rotatory evaporator and stored at 4�C (yield: 10%).

The dry extract was suspended in a mixture of ethanol:

Tween 80:distilled water (1:2:5 v/v/v).

Animals

Male albino Wistar rats (450–500 g, aged 6–8 months)

obtained from the Central Animal House Facility of Ham-

dard University were used as subjects. Rats were housed

two per cage and kept in a temperature-controlled room

with 12-h light and dark cycles. All rats were given free

access to chow diet and water. All the experimental proce-

dures performed on the animals were as per the guidance of

the animal ethics committee of the university, a registered

body with the Government of India with their authorized

representative therein.

Chemicals

(-)-Epinephrine, glutathione (oxidized and reduced), nic-

otinamide adenine dinucleotide phosphate reduced form

(NADPH), 1-chloro-2,4-dinitrobenzene (CDNB), 5-50-dithi-

obis-2-nitrobenzoic acid (DTNB), sodium selenite, crocetin

and thiobarbituric acid (TBA) were purchased from Sigma-

Aldrich Chemical Private Ltd., India. All other chemicals

were of analytical grade.

Experimental protocol and drugs

The animals were divided into four groups of eight rats in

each. Treatment with the combination (NCSe) was given
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between 10.00 a.m. and 12.00 noon every day by gavage

for 15 days, followed by induction of cognitive impairment

by ICV infusion of STZ on day 16. The first group, which

was given only vehicle of the antioxidant combination

orally up to 15 days, was sham (S). The group was ICV

infused with 5 ll of normal saline (vehicle of STZ) to each

of the lateral ventricles. The rats of the second group

(L) were orally treated as above, but were ICV infused

with STZ (3 mg/kg body weight in 5 ll saline) to each

of the lateral ventricles. The third group (NCSe ? L)

was pretreated orally with a combination of NCSe (N =

200 mg/kg body weight, C = 25 lg/kg body weight and

Na2SeO3 = 0.05 mg/kg) for 15 days, followed by ICV

infusion of STZ as above on day 16. The fourth group

(NCSe) was pretreated with NCSe orally for 15 days as

above, but was infused only saline into each of the lateral

ventricles as in the sham group. Passive avoidance test was

started on day 14 post-ICV-STZ infusion until day 15.Morris

water maze test was started from the noon of day 16 post-

ICV-STZ infusion with a final trial on day 21. After finishing

the test, animalswere killed on the afternoon of the same day.

Induction of cognitive impairment

Cognitive impairment in Albino Wistar rats was induced as

reported earlier [39, 41]. Briefly, rats were anesthetized

with chloral hydrate (400 mg/kg body weight in distilled

water, IP) and placed in a stereotaxic frame. The head was

positioned in a stereotaxic frame and a midline incision

with sterile scalpel was made on the dorsal side of the

skull. Burr holes were made in the skull on both the sides

over the lateral ventricles using the coordinates: 0.9 mm

posterior to the bregma; ± 1.5 mm lateral to the sagittal

suture; 4.0 mm beneath the surface of the brain. STZ in a

dose as mentioned above was slowly infused into both

ventricles one at a time, into the relevant groups mentioned

above. In the sham (S) and NCSe groups, STZ was

replaced with physiological saline only.

Neurobehavioral experiments

Passive avoidance

Multiple-trial passive avoidance test was carried out on day

14 and 15 post-ICV-STZ infusion according to previous

reports [42, 43] with slight modification. In brief, the

apparatus consisted of an illuminated and a dark com-

partment. Both of them were equipped with a shock

scrambler and grid floor, but separated by a guillotine door.

In the acquisition trial, each rat was placed in the illumi-

nated compartment. After 60 s of habituation, the guillo-

tine door was opened and the initial latency (IL) to enter

the dark chamber was recorded. Rats that had an initial

latency time of more than 60 s were excluded from further

experiment. When the animal entered the dark compart-

ment, the door was closed and an electric foot shock (50 V,

0.2 mA, 50 HZ) was delivered to the floor grids for 3 s.

The rat was removed from the dark chamber 5 s later and

placed back into its home cage. The door was again opened

15 s later to start the next trial. After 24 h the retention

latency (RL) time was measured in the same way as in the

acquisition trial, but foot shock was not delivered, and the

step-through latency time was recorded to a maximum of

600 s.

Morris water maze

Morris water maze test selected as an index for spatial

learning and memory [44, 45] was started on the noon of

day 16 post-ICV-STZ infusion. A circular tank (132 cm

diameter, 60 cm height) was filled with water up to 40 cm

and maintained at 27 ± 1�C. It was virtually divided into

four equal quadrants as southwest (SW), southeast (SE),

northeast (NE) and northwest (NW). The water was made

opaque by the addition of white nontoxic water-soluble

paints. A platform (10 cm 9 5 cm) was placed in one of

the quadrants and submerged 1–2 cm below the water

surface. The water tank was surrounded by white curtain up

to the top of the camera. Four light bulbs (100 W) were

attached from the ceiling for sufficient lighting and were

focused on the pool. A computerized digital tracking sys-

tem (Columbus Instruments’, Videomex-ONE, Ohio, USA)

was used to record escape latencies and path length during

each trial. Rats were randomly selected from one of the

four groups. For each individual rat, the position of the

platform was fixed during the entire experiment. The rats

were trained with four trials per day for 6 consecutive days

to locate and escape onto the platform. A different starting

position for each rat was used in each trial. The rats were

allowed to swim freely to find the hidden platform within

60 s and to stay on the platform for 30 s, and then returned

to their cages until the next trial with a 10-min inter-trial

interval. If a rat failed to locate the platform within 60 s, it

was placed on the platform for the same interval of time as

above during training. Escape latency times and distance

traveled by the animals to reach the platform (path length)

were recorded for each trial.

Probe trials on each rat were performed on the last day,

6th (day 21 post-ICV-STZ infusion), to assess the time

spent in the target quadrant for memory retention after the

learning trials. It was performed for a time period of 60 s

without platform. The time spent in the quadrant (previ-

ously having platform in the training sessions) was taken as

a measure of spatial memory.
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Biochemical estimations

At the end of the behavioral studies in the afternoon of day

21 post-ICV-STZ infusion, the animals were killed. Brains

were harvested to dissect hippocampi and frontal cortices

quickly and stored at –80�C until estimations. Post-mito-

chondrial supernatant (PMS) prepared from 5% (w/v)

homogenate (10,000g for 15 min at 4�C in 10 mM phos-

phate buffer, pH 7.0) was used in the analyses.

Estimation of thiobarbituric acid reactive substances

(TBARS), a marker of lipid peroxidation (LPO)

The method of Utley et al. [46] was used with minor

modifications for the estimation of TBARS as an indicator

of LPO by Islam et al. [47]. Briefly, 0.5 ml homogenate

(5% w/v) was pipetted into a glass test tube (15 9

100 mm) and incubated at 37 ± 1�C in a metabolic water

bath shaker for 60 min; another similar aliquot was placed

at 0�C and marked as 0 h incubation. After 1 h of incu-

bation, 0.5 ml of 5% TCA (chilled) and 0.5 ml of 0.67%

thiobarbituric acid were added to each sample. The reac-

tion mixture was centrifuged at 1,000g for 10 min. The

supernatant was transferred to another tube and placed in a

boiling water bath for 10 min. Thereafter, the tubes were

cooled and the absorbance read at 535 nm. The rate of LPO

was expressed as nmol of TBARS formed/h/g tissue using

molar extinction coefficient of 1.5 9 105 M-1 cm-1.

Estimation of reduced glutathione (GSH) level

Reduced glutathione content was determined by the

method of Jollow et al. [48] with slight modifications. In

brief, 0.5 ml of PMS was precipitated with 0.5 ml of 4%

sulfosalicylic acid. The samples were kept at 4�C for

30 min. Thereafter, the mixture was centrifuged at

4,000g for 10 min and 0.1 ml of the supernatant was

transferred to another test tube. To this, 0.2 ml of 5-50-

dithiobis-2-nitrobenzoic acid (4 mg/ml in 0.1 M phosphate

buffer, pH 7.4) and 2.7 ml of 0.1 M phosphate buffer (pH

7.4) were added and vortexed. The yellow color developed

was read immediately at 412 nm and the results expressed

as nm of GSH/g tissue using a molar extinction coefficient

of 13.6 9 103 M-1 cm-1.

Estimation of glutathione peroxidase (GPx) activity

GPx activity was measured according to the procedure

described by Mohandas et al. [49] The reaction mixture

consisted of 1 mM of EDTA, 1 mM of sodium azide, 0.05

EU of GR, 1 mM glutathione, 0.2 mM of NADPH,

0.25 mM of hydrogen peroxide and 0.1 ml PMS (5% w/v)

in a final volume of 2.0 ml with phosphate buffer (0.05 M,

pH 7.0). The disappearance of NADPH at 340 nm was

recorded at room temperature. The enzyme activity was

calculated at nmol NADPH oxidized/min/mg protein using

a molar extinction coefficient of 6.22 9 103 M-1 cm-1.

Estimation of glutathione-S-transferase (GST) activity

GST activity was determined by the method of Habig et al.

[50] as described by Athar et al. [51]. The reaction mixture

consisted of 1 mM reduced glutathione, 1 mM CDNB and

0.30 ml PMS (5% w/v) in a total volume of 2.0 ml with

phosphate buffer (0.1 M, pH 6.5). The changes in absor-

bance were recorded at 340 nm and the enzyme activity

calculated as nmol CDNB conjugate formed/min/mg pro-

tein using a molar extinction coefficient of 9.6 9 103

M-1 cm-1.

Estimation of superoxide dismutase (SOD) activity

SOD activity was measured as reported earlier by Steven

et al. [52]. The auto-oxidation of (–) epinephrine at pH 10.4

for*5 min was monitored at 480 nm against a blank. The

reaction mixture contained 0.8 ml of 0.05 M glycine buffer

(pH 10.4) and 0.2 ml PMS. The reaction was initiated by

the addition of (–) epinephrine (0.02 ml of a 20 mg/ml

solution). SOD activity was expressed as nmol of (–) epi-

nephrine protected from oxidation by the sample. The

molar extinction coefficient of 4.02 mmol l-1 cm-1 was

used for calculations.

Estimation of catalase (CAT) activity

CAT activity was assayed by the method of Claiborne [53].

Briefly, the assay mixture contained 0.019 M hydrogen

peroxide and 0.1 ml PMS in a total volume of 3.0 ml with

0.05 M phosphate buffer (pH 7.0). Change in absorbance

was recorded at 240 nm. CAT activity was calculated as

nmol H2O2 consumed/min/mg protein using a molar

extinction coefficient of 43.6 9 103 M-1 cm-1.

Estimation of protein

Protein concentrations were determined according to the

method of Lowry et al. [54] using bovine serum albumin as

standard.

Statistical analyses

Data are expressed as mean ± SEM. Statistical analysis

was performed by using Origin Scientific Graphic and

Analysis software, version 7.5. The physiologic data of

each time point were analyzed by one-way ANOVA fol-

lowed by Tukey–Kramer post hoc test for multiple
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comparisons. The P values less than 0.05 were considered

to be statistically significant.

Results

NCSe affects learning and memory in passive

avoidance test in ICV-STZ induced rats

The results of passive avoidance test are summarized in

Fig. 1. The mean initial latency on day 14 did not differ

significantly between the sham (S), lesioned (L), NCSe ?

L and NCSe groups. On day 16, the mean retention latency

in the lesioned group was significantly decreased (P\ 0.05)

as compared to the sham group. On the other hand, the

NCSe ? L group exhibited significant reversal (P\ 0.05)

of step-through latency as compared to the L group.

The mean retention latency of the lesioned group was

218.75 ± 21.34 s, while in the NCSe ? L group was

380 ± 20.51 s, showing significantly improved acquisition

or retention of memory (Fig. 1) in the pretreated NCSe. No

significant difference was observed between sham and

NCSe groups.

Cognitively impaired animals pretreated with NCSe

improved performance in MWM tasks

Figures 2 and 3, show the learning and memory restorative

effects of the NCSe combination on escape latency and

path length. A highly significant increase in escape latency

(s) (P\ 0.001) was observed in the L group, as compared

to the S group, while pretreatment with NCSe in the

NCSe ? L group had significantly reduced escape latency

(P\ 0.001) as compared to the L group. No significant

difference was observed in the NCSe group as compared to

the S group (Fig. 2). A significantly (P\ 0.05) longer path

length (cm) was traveled by the L group as compared to the

S group, while NCSe-pretreated NCSe ? L group animals

covered less than the group to reach the target platform

(P\ 0.05). Among the sham-operated groups, NCSe-pre-

treated group showed better response as compared to the S

group, but was not significantly different (Fig. 3).

Data from the probe trials of the groups indicates the

potential of NCSe efficacy for the retention of learning and

hence memorizing the platform location (Fig. 4) in cog-

nitively impaired animals. The L group rats spent very

significantly (P\ 0.01) less time in the target quadrant

zone as compared to the S group. On the other hand, the

rats pretreated with NCSe spent significantly (P\ 0.05)

more time in the target quadrant than the L group in the

probe trial. No significant change in NCSe group rats was

observed as compared to S group animals.

Biochemical studies

TBARS level in rat hippocampus and frontal cortex

The content of TBARS in hippocampus and frontal cortex

was significantly (P\ 0.05) elevated in L group as
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Fig. 1 Effect of pretreatment of NCSe (N = 200 mg/kg body

weight, C = 25 lg/kg body weight and Na2SeO3 = 0.05 mg/kg) on

passive avoidance paradigm in rats. Values are expressed as
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compared to S group, and reduced significantly (P\ 0.05)

in NCSe-pretreated cognitively impaired group as com-

pared to L group. There was insignificant difference

between sham-operated two groups (Fig. 5).

Glutathione level in rat hippocampus and frontal cortex

The GSH levels were found significantly decreased

(P\ 0.01) in L group as compared to S group, while it was

significantly elevated (P\ 0.01) in NCSe ? L group as

compared to L group (Fig. 6).

Activities of antioxidant enzymes

The mean activities of GPx, GST, SOD and CAT were

very significantly (P\ 0.01) depleted in hippocampus

(Table 1) and frontal cortex (Table 2) in the L group as

compared to the S group, while their activities were sig-

nificantly (P\ 0.05) attenuated in the NCSe ? L group as

compared to the L group. No significant changes were

observed in the sham-operated NCSe group as compared to

the S group.

Discussion

Free radical induced oxidative stress may results in pro-

gressive decline in cognition [55, 56] which could be slo-

wed down through antioxidant supplement. Here, we report

the synergistic effects of low dose of Nardostachys jata-

mansi extract, crocetin and selenium (NCSe) in combina-

tion in a rat model of experimental dementia. NCSe when
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Fig. 5 Effect of pretreatment of NCSe (N = 200 mg/kg body weight,

C = 25 lg/kg body weight and Na2SeO3 = 0.05 mg/kg) on the

content of LPO in the hippocampus and frontal cortex in ICV-STZ

treated L group (NCSe ? L). Data are expressed as mean ± SE

(n = 8). ICV-STZ significantly increased the TBARS in the L group
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*P\ 0.05 S versus L group; **P\ 0.05 L versus NCSe ? L group
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pretreated orally in aged rats prevented ICV-STZ induced

loss of cognition through attenuation of oxidative stress.

ICV-STZ infusion in sub-diabetogenic dose leads to

failure of cellular energetics due to oxidative stress, and

has been used as a model of sporadic dementia [57, 58]. It

decreases the local glucose, ATP level, AChE and ChAT

activity, [34, 59, 60] and also alters calcium influx [61, 62].

Pretreatment of ICV–STZ infused old rats with NCSe

reversed the impaired learning and memory in two separate

behavioral paradigms. In passive avoidance (Fig. 1) and

MWM navigation tasks (Figs. 2, 4), NCSe pretreatment

preserved learning and memory significantly as compared

to the vehicle-pretreated group. In the MWM task, the

ICV-STZ infused NCSe-pretreated animals showed sig-

nificant difference both in escape latency (Fig. 2) and path

length (Fig. 3) as compared to the vehicle-pretreated ICV-

STZ group. In the probe test of MWM, ICV-STZ infused

animals without NCSe pretreatment spent less time in the

target quadrant due to loss of memory than the sham group

(Fig. 4), while the loss was preserved in NCSe-pretreated

group. Collectively, both the tests reveal that the cognitive

performance is restored in the NCSe-pretreated group.

ICV-STZ infusion leads to highly reactive ROS pro-

duction increasing lipid peroxidation, leading to cellular

disintegrity and progressive dementia. Lipid peroxides and

hydroperoxides cause secondary injury by further gener-

ating relatively more stable and diffusible cytotoxic agents,

such as malondialdehyde (MDA) and 4-hydroxy-trans-2-

nonenal (4-HNE), respectively, and amplify the oxidative

cascade. TBARS and F2-isoprostanes have been reportedly

increased in AD brains [63]. They react avidly with cellular

nucleophiles such as glutathione (GSH) and cause contin-

uous decrease in their level through increased oxidant

content or protein modification. Figures 5 and 6 show that

ICV-STZ infusion very significantly elevated the level of

TBARS and decreased the glutathione content. Pretreat-

ment with NCSe significantly decreased the TBARS con-

tent and elevated glutathione level.

Depleted cellular enzymatic activities are also used as

markers of oxidative stress. Consistent with the previous

reports in the hippocampus, [39, 41] and we observed highly

decreased activities of these antioxidant enzymes (GPx, GR,

GST, SOD and CAT) in ICV-STZ infused vehicle rats.

Pretreatment of the animals with NCSe combination ame-

liorated the sustained oxidative stress through up-regulation

of the activities of these enzymes (Tables 1, 2).

Jatamansi extract has been reported (200–600 mg/kg

body weight, orally) to improve learning and memory in

mice [16] and ameliorate other neurodegenerative cascades

in rats [17, 18]. We have also reported the neuroprotective

effects of crocetin (25, 50 and 75 lg/kg body weight) [29]

and selenium (0.05, 0.1, 0.2 and 0.3 mg/kg body weight)
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Fig. 6 Effect of pretreatment of NCSe (N = 200 mg/kg body weight,

C = 25 lg/kg body weight and Na2SeO3 = 0.05 mg/kg) on the

content of GSH in the hippocampus and frontal cortex in ICV-STZ

treated group (NCSe ? L). Values are expressed as mean ± SE

(n = 8). Unit of GSH is expressed as lg GSH/g tissue. *P\ 0.01

sham versus L, **P\ 0.01 L versus NCSe ? L

Table 1 Hippocampus: effect of cognitive impairment on the activity of antioxidant enzymes and their protection with NCSe (N = 200 mg/

kg body weight, C = 25 lg/kg body weight and Na2SeO3 = 0.05 mg/kg)

Parameters Sham (S) Lesion (L) NCSe ? L NCSe only

GPx (nmol NADPH

oxidized/min/mg protein)

676.12 ± 88.06 347.01 ± 25.45* 569.15 ± 43.05# 669.01 ± 47.44

(-48.67%) (?64.01%) (-1.06%)

GST (nmol CDNB conjugate

formed/min/mg protein)

667.13 ± 47.48 405.39 ± 26.3* 588.91 ± 64.95# 646.29 ± 20.58

(–39.23%) (?45.26%) (–3.12%)

SOD (nmol epinephrine protected

from oxidized/min/mg protein)

782.01 ± 40.14 495.39 ± 20.3* 758.91 ± 60.95# 786.29 ± 20.58

(–36.56%) (?53.19%) (?0.5%)

CAT (lmole H2O2/min/mg protein) 50.12 ± 9.21 10.23 ± 1.3* 44.57 ± 4.2# 51.12 ± 7.5

(–79.58%) (?335.67%) (?1.9%)

Values are expressed as mean ± SE. Values in parentheses show the percentage increase or decrease with respect to their control

* P\ 0.01 S versus L, # P\ 0.05 L versus NCSe ? L
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in acute and chronic models of neurodegeneration [34, 35,

64, 65]. One of the common effects of these nutraceuticals

is the attenuation of increased oxidative stress. While jat-

amansi was used in CNS disorders and promoted neuro-

trophic activity [66], selenium was found to ameliorate

decreased ChAT activity in the hippocampus [34] after

ICV-STZ infusion in rats, and crocetin was a potent anti-

oxidant. Selenium has been detected at the site center of

GPx and other selenoproteins, which play a significant

protective role against oxidative stress. Traditional medi-

cines are mostly crude in preparation and might have

undesirable side effects at higher doses, while low dose

may compromise the efficacy. The combination of many

constituents may provide better protection against neuro-

degeneration [36, 39]. Here, we anticipate that this com-

bination will divert most of jatamansi’s restorative effects

to the brain for memory preservation, while crocetin and

selenium will act as supplements to reduce oxidative stress.

In conclusion, the improved behavioral outcomes after

NCSe pretreatment in animals encourage the use of poly-

therapy to prevent cognitive impairment in aged individ-

uals. However, further research is required to determine

their optimum efficacy and mechanism of action to achieve

the desired, but safe, pharmacological effects.

Acknowledgments We are thankful to the Department of Ayurveda,

Yoga and Naturopathy, Unani Siddha and Homeopathy (AYUSH)

and the Ministry of Health and Family Welfare, Government of India,

for financial assistance. The authors are thankful to Mr. Dharamvir

and late Mr. Anil Kumar for help and cooperation.

Conflict of interest We have no conflict of interest and certify

hereby that this work has never been published.

References

1. Halliwell B (1992) Reactive oxygen species and the central

nervous system. J Neurochem 59:1609–1623

2. Coyle JT, Puttfarcken P (1993) Oxidative stress, glutamate and

neurodegenerative disorders. Science 262:689–695

3. Olanow CW (1993) A radical hypothesis for neurodegeneration.

Trends Neurosci 16:439–444

4. Mate0s JM, Pe0rez-Go0mez C, Castro C (1999) Antioxidant

enzymes and human diseases. Clin Biochem 32:595–603

5. Alexi T, Borlongan CV, Faull RLM, Williams CE, Clark RG,

Gluckman PD, Hughes PE (2000) Neuroprotective strategies for

basal ganglia degeneration: Parkinson’s and Huntington’s dis-

eases. Prog Neurobiol 60:409–470

6. Halliwell B, Gutteridge JMC (1999) Free radicals in biology and

medicine, 3rd edn. Oxford University Press, New York

7. Urano S, Asai Y, Makabe S, Matsuo M, Izumiyama N, Ohtsubo

K, Endo T (1997) Oxidative injury of synapse and alteration of

antioxidative defense systems in rats, and its prevention by

vitamin E. Eur J Biochem 245:64–70

8. Yamamoto T, Yuki S, Watanabe T, Mitsuka M, Saito KI, Kogure

K (1997) Delayed neuronal death prevented by inhibition of

increased hydroxyl radical formation in a transient cerebral

ischemia. Brain Res 762:240–242

9. Bastianetto S, Ramassamy C, Poirier J, Quiron R (1999) Dehy-

droepiandrosterone DHEA protects hippocampal cells from oxi-

dative stress-induced damage. Brain Res Mol Brain Res 66:35–41

10. Blokland A, Jolles J (1993) Spatial learning deficit and reduced

hippocampal ChAT activity in rats after an ICV injection of

streptozotocin. Pharmacol Biochem Behav 44:491–494

11. Lannert H, Hoyer S (1998) Intracerebroventricular administration

of streptozotocin causes long-term diminutions in learning and

memory abilities and in cerebral energy metabolism in adult rats.

Behav Neurosci 112:1199–1208

12. Chatterjee A, Prakashi SC (1997) The treatise on Indian medic-

inal plants, vol 5. National Institute of Science Communication,

New Delhi, pp 99–100

13. Arora RB (1965) Nardostachys jatamansi—a chemical, phar-

macological and clinical appraisal. Monograph Special Series,

vol 51. ICMR, New Delhi

14. Rastogi BR, Mehrotra K (1990) Compendium of Indian medici-

nal plants, 4th edn. Public Information Directorate, CSIR, New

Delhi, pp 286–287

15. Tripathi YB, Tripathi E, Upadhyaya A (1996) Antilipid peroxi-

dative property of Nardostachys jatamansi. Indian J Exp Biol

34:1150–1161

16. Joshi H, Parle M (2006) Nardostachys jatamansi improves

learning and memory in mice. J Med Food 9:113–118

17. AhmadM,Yousuf S,KhanMB,HodaMN,AhmadAS,AnsariMA,

Ishrat T, Agrawal AK, Islam F (2006) Attenuation byNardostachys

jatamansi of 6-hydroxydopamine-induced Parkinsonism in rats:

Table 2 Frontal cortex: effect of cognitive impairment on the activity of antioxidant enzymes, and their protection with NCSe (N = 200 mg/kg

body weight, C = 25 lg/kg body weight and Na2SeO3 = 0.05 mg/kg)

Parameters Sham (S) Lesion (L) NCSe ? L NCSe only

GPx (nmol NADPH

oxidized/min/mg protein)

555.56 ± 72.35 307.11 ± 22.52* 498.1 ± 37.67# 575.22 ± 40.78

(–44.72) (?62.18%) (?3.53%)

GST (nmol CDNB conjugate

formed/min/mg protein)

656.12 ± 40.21 398.56 ± 23.4* 506.23 ± 60.23# 625.36 ± 19.35

(–39.25%) (?27.01%) (?4.68%)

SOD (nmol epinephrine protected

from oxidized/min/mg protein)

726.12 ± 38.21 498.56 ± 19.4* 646.23 ± 52.23# 735.36 ± 15.35

(–31.33%) (?29.61%) (?1.27%)

CAT (lmole H2O2/min/mg protein) 48.33 ± 8.21 7.98 ± 1.2* 43.44 ± 5.3# 49.13 ± 5.35

(–83.48%) (?444.36%) (?1.65%)

Values are expressed as mean ± SE. Values in parentheses show the percentage increase or decrease with respect to their control

* P\ 0.01 S versus L, # P\ 0.05 L versus NCSe ? L

1018 Neurol Sci (2012) 33:1011–1020

123



behavioral, neurochemical, and immunohistochemical studies.

Pharmacol Biochem Behav 83:150–160

18. Salim S, Ahmad M, Zafar KS, Ahmad AS, Islam F (2003) Pro-

tective effect of Nardostachys jatamansi in rat cerebral ischemia.

Pharmacol Biochem Behav 74:481–486

19. Singh A, Kumar A, Duggal S (2009) Nardostachys jatamansi

DC. Potential herb with CNS effects. J Pharm Res Health Care

1:276–290

20. Rios JL, Recio MC, Ginger RM, Manz S (1996) An update

review of saffron and its active constituents. Phytother Res

10:189–193

21. Hosseinzadeh H, Khosravan V (2002) Anticonvulsant effects of

aqueous and ethanolic extracts of Crocus sativus L. stigmas in

mice. Arch Irn Med 5:44–47

22. Hosseinzadeh H, Younesi HM (2002) Antinociceptive and anti-

inflammatory effects of Crocus sativus L. stigma and petal

extracts in mice. BMC Pharmacol 2:1–8

23. Hosseinzadeh H, Karimi G, Niapoor M (2004) Antidepressant

effects of Crocus sativus stigma extracts and its constituents,

crocin and safranal, in mice. Acta Hort ISHS 650:435–445

24. Abdullaev FJ (1993) Biological effects of saffron. Biofactors

4:83–86

25. Escribano J, Alonso GL, Coca-Prados M, Fernandez JA (1996)

Crocin, safranal and picrocrocin from saffron (Crocus sativus L.)

inhibit the growth of human cancer cells in vitro. Cancer Lett

100:23–30

26. Zhang YX, Sugiura M, Saito H, Shoyama Y (1994) Acute effects

of Crocus sativus L. on passive avoidance performance in mice.

Biol Pharmacol Bull 17:217–221

27. Abe K, Sugiura M, Ymaguchi S, Shoyama Y, Saito H (1999)

Saffron extract prevents acetaldehyde-induced inhibition of long-

term potentiation in the rat dentate gyrus in vivo. Brain Res

851:287–289

28. Papandreou MA, Kanakis CD, Polissiou MG, Efthimiopoulos S,

Cordopatis P, Margarity M, Lamari FN (2006) Inhibitory activity

on amyloid-beta aggregation and antioxidant properties of Crocus

sativus stigmas extract and its crocin constituents. J Agric Food

Chem 54:8762–8768

29. Ahmad AS, Ansari MA, Ahmad M, Saleem S, Yousuf S, Hoda

MN, Islam F (2005) Neuroprotection by crocetin in a hemi-par-

kinsonian rat model. Pharmacol Biochem Behav 81:805–813

30. Schwarz K, Folz CM (1957) Selenium as an integral part of factor

3 against dietary necrotic liver degeneration. Nutrition 15:

255–264

31. Brauer AU, Savaskan NE (2004) Molecular actions of selenium

in the brain: neuroprotective mechanisms of an essential trace

element. Rev Neurosci 15:1–19

32. Harman D (1993) Free radicals and age-related diseases. In: Pal

YB (ed) Free radicals in aging. CRC Press, Boca Raton,

pp 205–222

33. Lee SR, Bar-Noy S, Kwon J, Levine RL, Stadtman TC, Rhee SG

(2000) Mammalian thioredoxin reductase: oxidation of the

C-terminal cysteine/selenocysteine active site forms a thiosele-

nide, and replacement of selenium with sulfur markedly reduces

catalytic activity. Proc Natl Acad Sci USA 97:2521–2526

34. Ishrat T, Parveen K, Khan MM, Khuwaja G, Khan MB, Yousuf S,

Ahmad A, Shrivastav P, Islam F (2009) Selenium prevents cog-

nitive decline and oxidative damage in rat model of streptozo-

tocin-induced experimental dementia of Alzheimer’s type. Brain

Res 1281:117–127

35. Zafar KS, Siddiqui A, Sayeed I, Ahmad M, Salim S, Islam F

(2003) Dose-dependent protective effect of selenium in rat model

of Parkinson’s disease: neurobehavioral and neurochemical evi-

dences. J Neurochem 84:438–446

36. Yousuf S, Atif F, Hoda N, Ahmad M, Saleem S, Ishrat T, Khan

MB, Ahmad AS, Islam F (2007) Oral supplementation of Majun

Baladar ameliorates antioxidant enzyme activities in cerebral

ischaemic damage. Basic Clin Pharmacol Toxicol 101:246–453

37. Halliwell B, Gutteridge JMC (1984) Lipid peroxidation, oxygen

radicals, cell damage and antioxidant therapy. Lancet 1:1396–1397

38. Westermarck T, Santavouri P (1984) Principles of antioxidant

therapy in neuronal ceroid lipofuscinosis. Med Biol 62:148–151

39. Khan MB, Hoda MN, Yousuf S, Ishrat T, Ahmad M, Ahmad AS,

Alavi SH, Haque N, Islam F (2006) Prevention of cognitive

impairments and neurodegeneration by Khamira Abresham

Hakim Arshad Wala. J Ethnopharmacol 108:68–73

40. Prabhu VM, Karandh SK, Rao A, Vidya PM, Sudhakar K (1994)

Effect of Nardostachys jatamansi on biogenic amines and

inhibitory amino acids on rat brain. Planta Med 60:114–217

41. Ishrat T, Khan MB, Hoda MN, Yousuf S, Ahmad M, Ansari MA,

Ahmad AS, Islam F (2006) Coenzyme Q10 modulates cognitive

impairment against intracerebroventricular injection of strepto-

zotocin in rats. Behav Brain Res 171:9–16

42. Olariu A, Tran MH, Yamada K, Mizuno M, Hefco V, Nabeshima

T (2001) Memory deficits and increased emotionality induced by

b-amyloid 25–35 are correlated with the reduced acetylcholine

release and altered phorbol dibutyrate binding in the hippocam-

pus. J Neural Transm 108:1065–1079

43. Sharma M, Gupta YK (2003) Effect of alpha lipoic acid on

intracerebroventricular streptozotocin model of cognitive

impairment in rats. Eur Neuropsychopharm 13:241–247

44. Morris R (1984) Development of the water maze procedure for

studying spatial learning in the rat. J Neurosci Methods 11:47–60

45. Gallagher M, Burwell R, Burchinal M (1993) Severity of spatial

learning impairment in aging: development of a learning index

for performance in the Morris water maze. Behav Neurosci

107:618–626

46. Utely HC, Bernheim F, Hochslein P (1967) Effect of sulfhydryl

reagent on peroxidation in microsome. Arch Biochem Biophys

118:29–32

47. Islam F, Zia S, Sayeed I, Zafar KS, Ahmad AS (2002) Selenium

induced alteration on lipids, lipid peroxidation, and thiol group in

circadian rhythm centers of rat. Biol Trace Elem Res 90:1–12

48. Jollow DJ, Mitchell JR, Zampagloine N, Gillete JR (1974) Bro-

mobenzene-induced liver necrosis: protective role of glutathione

and evidence for 3, 4- bromobenzene oxide as the hepatotoxic

metabolite. Pharmacology 11:151–169

49. Mohandas J, Marshall JJ, Duggi GG, Horvath JS, Tiller D (1984)

Differential distribution of glutathione and glutathione related

enzymes in rabbit kidneys: possible implication in analgesic

neuropathy. Cancer Res 44:5086–5091

50. Habig WH, Pabst MJ, Jokoby B (1974) Glutathion-S-transferase:

the first enzymatic step in mercapturic acid formation. J Biol

Chem 249:7130–7139

51. AtharM,MukhtarH, BickersDR,Khan IU,KalyanaramanB (1989)

Evidence for the metabolism of tumor promoter organic hydroper-

oxides into free radicals by human carcinoma skin keratinocytes: an

ESR-spin trapping study. Carcinogenesis 10:1499–1503

52. Stevens MJ, Obrosova I, Cao X, Van Huysen C, Greene DA

(2000) Effects of DL-alpha-lipoic acid on peripheral nerve con-

duction, blood flow, energy metabolism, and oxidative stress in

experimental diabetic neuropathy. Diabetes 49:1006–1015

53. Claiborne A (1985) Catalase activity. In: Greenwald RA (ed)

CRC handbook of methods for oxygen radical research. CRC

Press, Boca Raton, pp 283–284

54. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein

measurement with Folin phenol reagent. J Biol Chem 193:

265–275

55. Zs-Nagy I (1978) A membrane hypothesis of aging. J Theor Biol

75:189–195

56. Zs-Nagy I (1990) Dietary antioxidants and brain aging: hopes and

facts. In: Ingram DK, Baker GT, Shock NW (eds) The potential

Neurol Sci (2012) 33:1011–1020 1019

123



for nutritional modulation of aging processes. Food and Nutrition

Press, Trumbell, pp 379–399

57. Blokland A (1995) Acetylcholine: a neurotransmitter for learning

and memory. Brain Res Brain Res Rev 21:285–300

58. Nitsch R, Hoyer S (1991) Local action of the diabetogenic drug,

streptozotocin, on glucose and energy metabolism in rat brain

cortex. Neurosci Lett 128:199–202

59. Hoyer S, Hennenberg N, Knapp S, Lannert H, Martin E (1996)

Brain glucose metabolism is controlled by amplification and

desensitization of the neuronal insulin receptor. Ann NY Acad

Sci 777:374–379

60. Hoyer S (2000) Brain glucose and energy metabolism abnor-

malities in sporadic Alzheimer disease causes and consequences:

an update. Exp Gerontol 35:1363–1372

61. Watt F (1996) Nuclear microscope analysis in Alzheimer’s and

Parkinson’s disease: a review. Cell Mol Biol 42:17–26

62. Mattson MP, Chan SL (2001) Dysregulation of cellular calcium

homeostasis in Alzheimer’s disease: bad genes and bad habits.

J Mol Neurosci 17:205–224

63. Arlt S, Beisiegel U, Kontush A (2002) Lipid peroxidation in

neurodegeneration: new insights into Alzheimer’s disease. Curr

Opin Lipidol 13:289–294

64. Ansari MA, Ahmad AS, Ahmad M, Salim S, Yousuf S, Ishrat T,

Islam F (2004) Selenium protects cerebral ischemia in rat brain

mitochondria. Biol Trace Elem Res 101:73–86

65. Ahmad AS, Zia S, Sayeed I, Ansari MA, Ahmad M, Salim S,

Yousuf S, Islam F (2005) Sodium selenite stimulates neurobe-

havior and neurochemical activities in rats. Biol Trace Elem Res

103:59–68

66. Li P, Yamakuni T, Matsunaga K, Kondo S, Ohizumi Y (2003)

Nardosinone enhances nerve growth factor-induced neurite out-

growth in a mitogen-activated protein kinase- and protein kinase

C-dependent manner in PC12D cells. J Pharmacol Sci 93:

122–125

1020 Neurol Sci (2012) 33:1011–1020

123


	Neuroprotective efficacy of Nardostachys jatamansi and crocetin in conjunction with selenium in cognitive impairment
	Abstract
	Introduction
	Materials and methods
	Plant extraction and preparation of drug
	Animals
	Chemicals
	Experimental protocol and drugs
	Induction of cognitive impairment
	Neurobehavioral experiments
	Passive avoidance
	Morris water maze

	Biochemical estimations
	Estimation of thiobarbituric acid reactive substances (TBARS), a marker of lipid peroxidation (LPO)
	Estimation of reduced glutathione (GSH) level
	Estimation of glutathione peroxidase (GPx) activity
	Estimation of glutathione-S-transferase (GST) activity
	Estimation of superoxide dismutase (SOD) activity
	Estimation of catalase (CAT) activity
	Estimation of protein
	Statistical analyses

	Results
	NCSe affects learning and memory in passive avoidance test in ICV-STZ induced rats
	Cognitively impaired animals pretreated with NCSe improved performance in MWM tasks
	Biochemical studies
	TBARS level in rat hippocampus and frontal cortex

	Glutathione level in rat hippocampus and frontal cortex
	Activities of antioxidant enzymes

	Discussion
	Acknowledgments
	References


