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SUMMARY

Withania somnifera is classified in Ayurveda, the ancient Indian
system of medicine, as a rasayana, a group of plant-derived drugs
which promote physical and mental health, augment resistance of the
body against disease and diverse adverse environmental factors,
revitalize the body in debilitated conditions and increase longevity.
We investigated the effects of Withania somnifera on copper-induced
lipid peroxidation and antioxidant enzymes in aging spinal cord of
Wistar rats. The activity of glutathione peroxidase (GPx) decreased
significantly in the spinal cord from adult to aged mice. Treatment
with Withania somnifera successfully attenuated GPx activity and
inhibited lipid peroxidation in a dose dependent manner. Withania
somnifera inhibited both the lipid peroxidation and protein oxidative
modification induced by copper. These effects were similar to those of
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superoxide dismutase and mannitol. The results indicate the therap-
eutic potential of Withania somnifera in aging and copper-induced
pathophysiological conditions.

KEY WORDS

Withania somnifera, Ashwagandha, aging, glutathione peroxidase,
spinal cord, rats

INTRODUCTION

Under normal conditions, free radicals and their quenching
enzymes, pro-oxidants and antioxidants, remain in perfect homeostasis
/1/. Disturbance of this balance contributes to deficits associated with
aging and neurological disorders such as Alzheimer’s disease,
Parkinson’s disease, stroke, etc. /2-8/. Various studies have shown a
surge in free radical induced oxidative damage in the brain of aged
animals but only a few such studies have been done on the spinal cord
/9/. A specific impairment in the glutathione redox system in the form
of accumulation of reduced glutathione (GSH) at the dendrites of
motor neurons has been observed /10/. Since GSH acts as substrate for
glutathione peroxidase (GPx), the accumulation of GSH at the
dendrite might be due to the lowered GPx activity in the spinal cord of
aged animals. One of the aims of the present study was to investigate
age-associated changes in GPx activity in the spinal cord of aged rats.

The progressive accumulation of copper in hepatocytes of humans
and animals may lead to hepatocellular necrosis /11/ and Wilson’s
disease /12-14/. Copper-induced peroxidation has also been implicated
in other degenerative diseases, including Alzheimer’s disease, amyloid
lateral sclerosis and cardiovascular disorders /15-24/.

Withania somnifera (Ashwagandha), a subtropical undershrub,
belongs to plants grouped under rasayana in Ayuevedic medicine /25/.
An inhibitory effect of Withania somnifera on lead-induced lipid
peroxidation has been established in the kidney /26-27/. It protects
against cadmium-induced hepatotoxicity, nephrotoxicity /28/ and
inhibits iron-induced lipid peroxidation /29/. Clinical investigations
have shown the positive effects of Ashwagandha in Parkinson’s
disease /30/. We investigated the effects of Withania somnifera on
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GPx activity and lipid peroxidation in the spinal cord of rats. The
effects of Withania on lipid peroxidation and protein oxidative
modification by copper were also investigated.

MATERIALS AND METHODS
Materials

Withania somnifera extract was supplied by Lakshmi Natural
Products Pvt. Ltd., Bombay. Bovine serum albumin (BSA), butylated
hydroxytoluene (BHT), CuCl,, 2,4-dinitrophenylhydrazine,5-dithio-
bis(2-ni-trobenzoic) acid (DTNB), ethylenediaminete-triacetic acid
disodium salt (EDTA), mannitol, lecithin (from egg yolk), mannitol,
thiobarbituric acid (TBA), trichloroacetic acid (TCA), urea and
superoxide dismutase (SOD) were purchased from Sigma Chemical
Co., USA.

Male albino rats of 3 months, 6 months and 24 months were used
to study the age dependent variations in GPx activity. All experim-
ental procedures were in accordance with the guidelines for animal
care of Kurukshetra University. 24 month-old animals were grouped
into four groups of five animals each; one group served as control and
the other three groups were injected (i.p.) with 50 mg/kg body weight,
100 mg/kg body wt and 150 mg/kg body wt of Withania somnifera for
1 month. After completion of the experiment, animals were sacrificed
and the spinal cord was removed, quickly homogenized, and GPx
activity /31/ and MDA content /32/ were quantified.

Inhibitory test on lecithin peroxidation

Lecithin peroxidation (LPO) induced by copper was determined by
the following method. The test sample was added to the reaction
mixture containing 2.5 mM lecithin and 250 mM CuCl; in 50 mM
Tris-HCI buffer (pH 7.4) in a total volume of 1 ml. The mixture was
incubated at 37°C for 15 min. Next, 2 ml of TBA reagent, which
contained 0.37% TBA, 15% TCA, 0.04% BHT and 2% ethanol, was
added to the reaction mixture. This mixture was heated at 100°C for
15 min. The solution was centrifuged at 3,000 rpm for 10 min.
Absorbance of the supernatant at 535 nm was determined as
malondialdehyde (MDA) /32/.
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The inhibitory ratio of the test sample was evaluated by the
following equation: Inhibitory ratio (%) = [MDA formed in absence of
test sample — MDA formed in presence of test sample] / [MDA
formed in absence of test sample] x 100.

Inhibitory test on protein oxidative modification

Albumin oxidative modification by copper was determined by the
following method. The test sample was added to the reaction mixture
containing albumin (10 mg/ml) and 100 mM CuCl, in 50 mM Tris-
HCI buffer (pH 7.4) in a total volume 0.3 ml. The mixture was
incubated at 37°C for 2 h. Next, 1.6 ml of 0.125 M phosphate buffer
(pH 8.0) containing 12.5 mM ETDA and 10.0 M urea, and 0.1 m] of
50 mM phosphate buffer (pH 7.0) containing 10 mM DTNB, were
added to the reaction mixture. This solution was allowed to stand at
room temperature for 5 min. Absorbance was read at 412 nm as
cysteine-SH residue /33/.

The inhibitory ratio of the test sample was evaluated by the
following equation: Inhibitory ratio = [cysteine-SH residue in presence
of test sample — cysteine-SH residue in absence of test sample] /
[cysteine-SH residue before incubation — cysteine-SH residue in
absence of test sample] x 100.

Calculation of 50% inhibitory concentration (1Cs)

The inhibitory ratio was plotted against the log concentration, and
these dose response data were used to calculate ICsg values using ICsg
calculator (a web based program of BD Biosciences Discovery Lab-
ware).

Statistical analysis

Results were expressed as means £ SEM and were analyzed by x2
test and one-way ANOVA followed by Duncan’s multiple range test
to detect intergroup differences using the computer software ‘Stata-7’
(Stata Corporation, Texas, USA).
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RESULTS

The activity of GPx did not change much from 3 months to
6 months but it decreased significantly from 6 months to 24 months of
age (Fig. 1). Treatment with 100 mg/kg and 150 mg/kg body weight
Ashwagandha increased GPx activity (Fig. 2) and reduced lipid
peroxidation significantly (Fig. 3). However, 50 mg/kg body weight of
Ashwagandha was not effective.

The inhibitory ratio of Ashwagandha on LPO (Fig. 4) was as high
as 77.2 £ 4.4% at a concentration of 45 pg/ml and increased in a
concentration dependent manner (p <0.05).

The inhibitory ratios of mannitol and superoxide dismutase were
84.5 + 5.8 % and 91.3 + 6.5 % at a concentration of 25 x 10? pM and
25 x 102 U/ml, respectively.

The inhibitory ratio of Ashwagandha on protein oxidation
increased significantly in a concentration dependent manner (p <0.01)

(Fig. 5).
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Fig. 1: Age dependent variations in glutathione peroxidase activity (enzyme unit

is defined as pmol of reduced glutathione (GSH) hydrolyzed/ min/mg
protein, n = 4, error bars represent SEM, * significantly different from 6
month old rats, F = 5.55, p <0.05).
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Fig. 2: Effect of Ashwagandha on glutathione peroxidase activity (enzyme unit is
defined as pmol of reduced glutathione (GSH) hydrolyzed/min/mg protein,
n = 5, error bars represent SEM, * significantly different from control,
F =7.120, p <0.01).

300 |
250 -
200
150 -

100 - *
*
50

Control ! 50 mg/Kg 100 mg/Kg 150 mg/Kg

nmoles MDA/mg pro ein

Fig. 3: Effect of Ashwagandha on lipid peroxidation (data represent nmoles of
MDA/mg protein, n = 5, error bars represent SEM, * significantly different
from control, F = 157.943, p <0.0001).

216
Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:16 AM



S.K. Gupta et al. Drug Metabolism and Drug Interactions

O
<o

Percentage inhibition of LPO
— (3] w N W
1 1 L 1 1 1 1 1

T T T T T T T T

5ug 10pg 15pg 20 pg 25 pg 30 ug 35 ug 40 ug 45 pg 50 pg
Concentration of Ashwagandha

Fig. 4: Effect of Ashwagandha on percentage inhibition of lipid peroxidase (LPO)
(x* =19.571, p <0.05).

DISCUSSION

The present study revealed an age-dependent loss in GPx activity
in rat spinal cord, which is in accordance with previous studies in
guinea-pig spinal cord /9/. Withania somnifera is known to have
several medicinal properties, including sedative, hypotensive, anti-
aging, anti-inflammatory, immunomodulatory, bradycardiac and
antiperoxidative effects /27,28/. Treatment with Withania somnifera
inhibited LPO and increased GPx and catalase activities in stressed
rats /34/. In the present investigation, treatment with Withania
increased GPx activity in a dose dependent manner. The increase in
GPx protects against peroxidative damage in aged animals, as evident
by lowered MDA production in the spinal cords of Ashwagandha-
treated rats. GPx can also limit the accumulation of peroxides by
catalyzing the conversion of peroxidated lipids into alcohol, and this
also contributed to the lower endogenous TBARS accumulation after
treatment with Withania.
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Fig. 5: Effect of Ashwagandha on protein oxidative modification by copper (x* =
21.820, p <0.01).

The GPx redox system plays an important role in motor neuron
survival in aged organisms /10/ and aging-related degeneration may, at
least in part, be explained by a changed cellular redox status with
decreased antioxidant capacity and/or increased oxidative stress /35/.
The increased GPx activity after treatment with Ashwagandha might
be of added significance in the aging spinal cord because GPx has a
higher K., for H;O, than catalase /36/ and its activity has been
positively correlated with SOD activity /37/; there are also reports of
changes in glutathione redox status in Parkinson’s and Alzheimer’s
diseases /38,39/.

Free radicals induced by copper damage neurons in Alzheimer’s
disease and produce lipid peroxidation in the erythrocyte membrane
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and protein oxidation /17-19,29-30/. Increased free serum copper ions
catalyze free radical reactions and result in hepatic dysfunction and
hemolytic anemia in Wilson’s disease /11-16/. Free copper ions in the
biological system lead to non-enzymatic OH' generation (Cu” + H,0,
= Cu’* + OH). The OH and the oxidative substrate (glutamyl
radicals) may trigger oxidative injury to cellular lipids and proteins
/40/. In the present investigation, Withania somnifera successfully
inhibited the lipid peroxidation and oxidative protein modification
induced by copper, and these effects were similar to that of SOD and
mannitol. Another herb, Astragali radix (commonly used in oriental
medicine), has also shown a similar type of inhibitory effect on lipid
peroxidation and oxidative protein modification induced by copper
/41/. Taken together with these findings, the present study suggests
that Withania somnifera is likely to have anti-aging and antioxidative
activities on copper-induced oxidative stress, and its therapeutic
potential against copper-mediated pathological conditions should be
further explored.
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