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ABSTRACT
Dieldrin  (DLD) is an organochlorine pesticide heavily used in agriculture 
to control pests. Widespread exposures of DLD to human population are 
likely to contribute in neurological disorders. Withania somnifera  (WSF), 
commonly known as “ashwagandha,” is used for its broad spectrum of 
pharmacological activity. The present study was designed to investigate the 
effect of WSF (100 mg/kg) on DLD (5 mg/kg)‑induced modulation of cognitive 
function and oxidative stress in male Wistar rats. Cognitive function was 
measured using step‑down latency  (SDL) on a continuous avoidance 
apparatus and transfer latency (TL) on an elevated plus maze. Oxidative stress 
was estimated by measuring brain malondialdehyde  (MDA) level, protein 
carbonyl (PC), and reduced glutathione (GSH) activity. Significant reduction 
in both acquisition and retention in SDL was found for the DLD‑treated group 
at the end of the exposure study as compared to the control  (P < 0.001). 
DLD caused a significant prolongation in both acquisition and retention in 
TL after 28 days of the treatment as compared to the control (P < 0.001). 
Four‑week treatment of WSF antagonized the effect of DLD on SDL and TL 
at the 29th day. DLD produced a statistically significant increase in the brain 
MDA and PC levels (P < 0.001), and a significant decrease in the brain GSH 
activity  (P < 0.001). Treatment with WSF attenuated the effect of DLD on 
MDA, PC, and GSH activities. Thus, the finding of this study suggests that 
WSF has potential in reversing cognitive dysfunction and oxidative stress 
induced by toxicants such as DLD in the brain.
Key words: Ashwagandha, dieldrin, glutathione, malondialdehyde, protein 
carbonyl

SUMMARY
•  Studied the effect of ashwagandha on dieldrin-induced oxdative stress and 

cognitive dysfunction in rats. The results suggest that the treatment of ash‑
wagandha attenuates the effect of dieldrin on oxidative stress parameters 
and reversing cognitive dysfunction in pesticide‑exposed animals.

Abbreviations Used: DLD: Dieldrin; GSH: Reduced glutathione; LD: Lethal 
dose; LPO: Lipid peroxidation; MDA: Malondialdehyde; OCP: Organochlorine 
pesticide; PC: Protein carbonyl; SDL: Step‑down latency; SFZ: Shock‑free 
zone; TL: Transfer latency; WSF: Withania Somnifera.
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SHORT COMMUNICATION

INTRODUCTION
Dieldrin  (DLD) is an organochlorine pesticide  (OCP) that was once 
heavily used in agriculture to control pests. Its use was prohibited or 
restricted in many countries like North America. But, still in India, 
DLD (a chlorinated cyclopentadiene derivative) used as a broad‑spectrum 
insecticide to protect food crops and control disease vectors, locusts, and 
termites. DLD detected in environments because it is highly persistent and 
resistant to biodegradation. Due to persistent in nature it get accumulate 
in the environment and food chain.[1] DLD coexists at significant levels 
in the environment, food supply and human sera, adipose tissues, and 
breast milk.[2] In addition to being resistant to biodegradation, DLD is 
one of the few OCPs that has a strong body of literature that suggests that 
exposure is significantly associated with an increased risk to Parkinson’s 
disease.[3,4] Thus, this pesticide continues to be a human health concern 
because it is an example of a persistent pesticide that may exacerbate 
human diseases, especially for those diseases that have a long prodromal 
period such as Parkinson’s disease. Widespread exposures of the human 
population are likely to contribute to what has been termed a “silent 
pandemic” of neurodevelopmental disorders.[5,6] Despite underlying 

differences in originating mechanisms of action of various neurotoxicants, 
they often produce convergent outcomes, while at the same time, there 
are sometimes unexpected disparities between related chemicals from 
the same class. One likely route by which different agents produce similar 
neurotoxic outcomes is through their shared ability to produce oxidative 
stress.[7] Compared to other tissues, the brain is especially vulnerable to 
oxidant damage because its membrane lipid composition is enriched in 
oxidizable polyunsaturated fatty acids and because of its high oxygen 
consumption.[8] This is exacerbated in the developing brain, which faces 
the increased metabolic demand required for growth, and yet has lower 
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antioxidant reserves and a reduced complement of glia, the cells that 
protect neurons from oxidative damage.[9,10] Indeed, many developmental 
neurotoxicants elicit oxidative stress in the immature central nervous 
system.[11,12]

Memory, one of the most complex brain functions, involving multiple 
neuronal pathways and neurotransmitters, is considered the ability of an 
individual to record, retain, and recall the information when needed.[13,14] 
Considering the multiple hypotheses regarding the mechanisms that lead 
to neuronal dysfunction, for example, inflammation, oxidative stress, 
mitochondrial dysfunction, and axonal transport deficits, the need of an 
alternative therapy that may provide some symptomatic relief is highly 
needed.[15‑17] However, neuroprotection does not seem to fully inhibit the 
disease progression, at least a delay can be achieved.
Ayurvedic medicine, Withania somnifera (ashwagandha), is commonly 
being used for its broad spectrum of pharmacological actions. The 
active principle of W.  somnifera  (WSF) such as sitoindosides VII‑X 
and withaferin A (glycowithanolides) have shown an antioxidant effect 
in the brain which may be responsible for its diverse pharmacological 
properties.[18‑20] The WSF is known for its memory boosting and 
restorative functions and is also reported to reverse loss of memory in 
mice model of Alzheimer’s disease by promoting the neurogenesis and 
growth of brain cells.[21,22] Similarly, root extract of the plant and one of 
its active components withanolide A has been shown to improve spatial 
memory and cognitive deficits in temporal lobe epilepsy and experimental 
model of stroke.[23,24] WSF is traditionally used as a rasayana (tonic) that 
works in a holistic manner to promote the overall health and vitality. In 
the present study, the preventive effect of WSF has been investigated on 
cognitive impairment and oxidative stress in DLD‑treated animals.

MATERIALS AND METHODS
Chemicals
Technical grade DLD (purity 99%) was purchased from Sigma‑Aldrich 
(analytical standard, CAS Number 60‑57‑1). W. somnifera (ashwagandha) 
pure root powder (WSF) was procured from Himalaya Drug Company, 
Bengaluru, Karnataka, India. All other reagents used were of analytical 
grade and obtained either from Sisco Research Laboratories or Qualigens 
Fine Chemicals, Mumbai, Maharashtra, India.

Animals
Male Wistar rats, weighing between 150 and 200  g, were used. The 
animals were procured from the Central Animal House, University 
College of Medical Sciences  (UCMS), Delhi, India. The animals were 
housed in standard laboratory conditions  (natural hours of light and 
dark cycle; 23°C ± 1°C temperature and 50% ± 2% humidity) with pellet 
diet and water available ad libitum. The experimental works on rats were 
performed with the approval of institutional animal ethical committee 
reference no. 2008/RC/03.

Experimental design
The rats were randomly divided into four groups  (eight animals 
each group) and received treatment orally using syringe and 20‑gauge 
Ryle’s tube. Group I (control) received castor oil. DLD was dissolved in 
castor oil and administered to Group  II animals at a dose of 5 mg/kg 
body weight/day (i.e., one‑tenth of LD50).[25] Group III received daily a 
dose of both DLD  (5  mg/kg) and WSF powder  (100  mg/kg) aqueous 
suspension.[26] Group IV was administered with WSF (100 mg/kg) alone. 
The rats were treated with vehicle or test chemicals for 28 days.

Assessment of cognition
All animal groups were evaluated for a cognitive function 1 day before 
the start of the treatment and on the day of completion of the treatment 
schedule. Animals were trained on each day before assessment of 
cognition. All tests were conducted in the Neuropharmacology 
Laboratory, Department of Pharmacology, UCMS (University of Delhi), 
Delhi, India, between 0900 and 1600  h. Cognition functions were 
assessed on the basis of two separate experiments, as described below.

Step‑down latency
This apparatus consisted of a wooden block placed in the center of a grid 
floor of a continuous avoidance apparatus. The block served as a shock‑free 
zone (SFZ). The rat was placed on the SFZ and, on stepping down was 
given electric shock (20 V) through the grid floor. The experiment was 
repeated after ½ h and the time taken by the rat to step‑down latency 
was measured (SDL; acquisition of memory). The procedure was repeated 
after 24 h without shock (SDL; retention of memory). A cutoff time of 180 
s was chosen and for the animal which did not step down in this period, 
the time to step down was taken as 180 s.[27]

Transfer latency
The elevated plus maze consists of two open arms (50 cm × 10 cm) and 
two closed arms (50 cm × 10 cm × 40 cm) with an open roof. The maze 
is elevated to a height of 50 cm from the floor. The arms were connected 
with a central square  (10  cm  ×  10  cm). The animals were placed 
individually at either ends of the open arms and allowed to enter either 
of the closed arms, facing away from the central square. The animals 
were trained 24 h before testing. On retesting, the time taken to enter the 
closed arm was taken as transfer latency (TL). A time of 180 s was taken 
as cutoff and animals not entering the closed arm in this period were 
assigned the TL of 180 s.[28]

Assessment of oxidative stress
At the end of the experiment, each animal was euthanized by cervical 
dislocation and their whole brains quickly dissected out, washed with 
ice‑cold sodium phosphate buffer, weighed, and stored over ice. Brains 
were further processed within ½ h of dissection, and estimations of 
oxidative stress were performed on the same working day. Brain tissue 
was homogenized with 10% sodium phosphate buffer (pH 7.4, ice‑cold, 
mixture of KH2PO4 and Na2HPO4). The homogenates were centrifuged 
at 1500 × g for 10 min at 4°C.

Determination of proteins
Proteins were determined in the homogenized tissue using bovine serum 
albumin as standard.[29]

Determination of malondialdehyde
The intensity of lipid peroxidation  (LPO) in the brain tissue was 
spectrophotometrically measured, based on the thiobarbituric acid 
response products.[30] Homogenate absorption was measured at 532 nm. 
Malondialdehyde  (MDA), an LPO end product, concentration was 
expressed in nmol/g of brain tissue.

Determination of protein carbonyl
Carbonyl group concentration, as the level of oxidative modified 
proteins, was determined spectrophotometrically using 
2,4‑dinitrophenylhydrazine (DNPH), a traditional carbonyl reagent.[31] 
Reactive carbonyl derivatives were calculated using the DNPH molar 
extinction coefficient at 370  nm  (22  l/mol/cm  ×  103  l/mol/cm) and 
expressed in μmol/g of protein.
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Determination of glutathione
The nonenzymatic antioxidant glutathione (GSH) was estimated.[32] This 
assay estimates the activity of GSH reductase that reduces GSH disulfide 
to the sulfhydryl form, GSH, which is an important cellular antioxidant.

Statistics
All values are expressed as mean  ±  standard deviation. Data were 
analyzed using one‑way ANOVA (SPSS version 12, Statistical Product 
and Service Solutions, Chicago, IL, USA). Post hoc comparisons between 
groups were made using Tukey’s test and P  <  0.05 was considered 
statistically significant.

RESULTS
Cognitive assessment parameters
Step‑down latency
At beginning day 0 of experiment, no significant differences were 
found among the SDLs of all the groups (data not shown). A significant 
reduction in both acquisition and retention in SDL was found for the 
DLD‑treated group after 4  weeks of treatment as compared to the 
control (P < 0.001). Treatment with DLD + WSF, a significant reversal in 
SDL, was noted, when administered 1 h before pesticide treatment and 

caused a significant decrease in acquisition and retention (P < 0.001), as 
compared to DLD alone [Figure 1a].

Transfer latency
At day 0, no significant differences were found among the TLs of all 
studied groups (data not shown). A significant prolongation in both 
acquisition and retention in TL was found for DLD‑treated group for 
28 days, as compared to the TL values of control group (P < 0.001). 
A significant increase in TL values was also noted for the WSF + DLD 
at week 4  (P  <  0.001) as compared to pesticide‑treated group. 
Treatment of WSF exhibited antagonization to the effect of DLD on 
TL [Figure 1b].

Oxidative stress parameters

Malondialdehyde
There was a marked and statistically significant increase in brain MDA 
levels of the group treated with DLD only (P < 0.001). Treatment with 
WSF attenuated the effect of DLD on the MDA level; the difference 
between DLD alone and DLD  +  WSF was found to be statistically 
significant  (P < 0.001). No difference was observed in the brain MDA 
levels of the groups treated with WSF only, as compared to the control 
group of animals [Figure 2].

Protein carbonyl
The DLD treatment induced a significant increase in the protein 
carbonyl  (PC) content in brain tissue compared to the control group 
(P < 0.001). A  significant decrease in the PC contained was noted for 
the WSF + DLD (P < 0.001) as compared to DLD‑alone‑treated group. 
The PC content of the DLD group was attenuated by treatment with 
DLD + WSF. The WSF‑only treatment did not cause a significant effect 
on the PC content as compared to the control group [Figure 3].

Reduced glutathione
A significant decrease in the brain reduced GSH activity was observed for 
DLD‑treated group, as compared to the control (P < 0.001). A significant 
increase was noted for the DLD  +  WSF  (P  <  0.001) treated group as 
compared to DLD‑only‑treated group. The WSF reversed the effect of 
DLD on GSH. The difference between the DLD‑alone‑treated group and 
the DLD + WSF groups was found to be significant (P < 0.001) [Figure 4].

Figure 2:  Effect of dieldrin and Withania somnifera on the malondialdehyde 
level in brain tissue of rats. Values are expressed as mean  ±  standard 
deviation. n  =  8 animals in each group. *P  <  0.001 as compared to the 
control Group  I for dieldrin  (one‑way ANOVA followed by Tukey’s test). 
#P < 0.001 as compared to the dieldrin‑alone‑treated Group II  (one‑way 
ANOVA followed by Tukey’s test)

Figure 1: Effect of dieldrin and Withania somnifera on (a) acquisition and 
retention on step‑down latency; (b) acquisition and retention on transfer 
latency in male rats. Values are expressed as mean ± standard deviation. 
n = 8 animals in each group.*Significantly different from control Group I 
and #significantly different from dieldrin Group II (P < 0.001)

b

a
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Figure 3: Effect of dieldrin and Withania somnifera on the protein carbonyl 
level in brain tissue of rats. Values are expressed as mean  ±  standard 
deviation. n  =  8 animals in each group. *P  <  0.001 as compared to the 
control Group  I for dieldrin  (one‑way ANOVA followed by Tukey’s test). 
#P < 0.001 as compared to the dieldrin‑alone‑treated Group II  (one‑way 
ANOVA followed by Tukey’s test)

Figure 4: Effect of dieldrin and Withania somnifera on reduced glutathione 
level in brain tissue of rats. Values are expressed as mean  ±  standard 
deviation. n  =  8 animals in each group. *P  <  0.001 as compared to the 
control Group  I for dieldrin  (one‑way ANOVA followed by Tukey’s test). 
#P < 0.001 as compared to the dieldrin‑alone‑treated Group II  (one‑way 
ANOVA followed by Tukey’s test)

DISCUSSION
Among various pesticides, OCPs belong to a family of highly 
persistent environmental contaminants due to their resistance 
to biodegradation.[33] Environmental exposure to DLD may be 
particularly relevant to human health because of the coexistence of 
this OCP in the environment and food supply.[34] In addition, several 
studies have detected elevated levels of DLD in postmortem PD brains 
relative to age‑matched controls.[35‑37] In recent years, several reports 
have suggested that OCPs may cause oxidative stress, characterized by 
exposure to excessive reactive oxygen species (ROS). Oxidative stress, 
which is known to be involved in the pathogenesis of several diseases, 
has been described in acute, chronic, and developmental exposure to 
OCPs, in both animals and humans, as well as in some in vitro studies.[38] 
Overall, these findings suggest that OCPs can induce oxidative stress.
[39‑41] Mechanisms related to DLD‑induced inhibition of mitochondrial 
respiration may include the production of ROS, the activation of stress 
kinases, compromised mitochondrial permeability transition, and 
activation of caspases and other proteases. The molecular mechanisms 
that underlie pesticide‑induced neurotoxicity are numerous and can 
involve multiple pathways, substrates, and proteins.[42]

A previous study in our laboratory shows that administration of WSF 
attenuated the cognitive dysfunction induced by propoxure.[43] In 
the present study, we investigated the effect of WSF on neurological 
function  (SDL and TL) and oxidative damage  (MDA, PC, and GSH) 
in the experimental animals induced by DLD. The rats exposed to 
DLD (5  mg/kg p.o.) for 28  days produced no overt toxicity signs 
and symptoms. No significant differences were noted in mortality 
rate, body weight, and food intake between control and treated rats 
(data not mentioned). The selection of DLD exposure was based on the 
LD50 of DLD, which is 50.8 mg/kg body weight for oral treatment in rats. 
Figure 1a and b indicates that both acquisition and retention functions 
of SDL parameter were reduced in long‑term administration of DLD. 
This pesticide also caused a significant prolongation on both acquisition 
and retention on the TL parameter. WSF produced a significant reversal 
of DLD‑induced cognitive dysfunction, when administered 1 h before 
DLD treatment and caused a significant decrease in SDL and an increase 
in TL shown in Table 1.
Earlier studies reported that toxicity of several pesticides results 
from increased LPO in the brain regions, accompanied by decreased 
levels of GSH, and an accompanied decrease in the activity of GSH 
peroxidase, GSH reductase, CAT and SOD.[44,45] The present study 

Table 1: Effect of dieldrin and Withania somnifera on (A) acquisition and retention on step‑down latency and (B) acquisition and retention on transfer latency in 
male Wistar rats

Animal group Treatment (28 days) Acquisition Retention

0 day 29th day 0 day 29th day

(A) SDL (s)
I Control 112.9±3.21 114.6±2.17 113.7±3.42 116.2±3.62
II DLD (5 mg/kg) 111.6±3.11 34.8±3.2* 114.1±4.02 38.2±3.68*
III DLD + WSF 109.4±4.17 98.7±4.17# 106.9±5.32 102.4±5.12#

IV WSF (100 mg/kg) 114.2±4.21 132.1±4.62 115.3±4.37 127.2±2.18
(B) TL (s)

I Control 16.4±1.52 18.2±0.76 15.1±2.36 16.5±1.78
II DLD (5 mg/kg) 15.7±1.48 64.4±1.51* 14.1±2.44 69.7±2.31*
III DLD + WSF 15.3±1.37 32.4±1.28# 15.7±1.32 28.2±3.42#

IV WSF (100 mg/kg) 15.9±1.63 15.7±1.32 15.9±2.31 14.8±2.36
*P<0.001 as compared to control group for DLD and #P<0.001 as compared to DLD alone group at 29th day of the animal experiment. WSF: W. somnifera; 
SDL: Step‑down latency; TL: Transfer latency; DLD: Dieldrin; W. somnifera: Withania somnifera
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confirmed that DLD alters parameters used assessing oxidative stress. 
DLD increased MDA levels and PC levels in the animal brain tissue. 
MDA, a product of LPO, is increased during xenobiotic‑induced 
oxidative stress. The assay of MDA is often considered as an index of 
ROS generation. High levels of MDA in DLD‑exposed rats indicate 
that the compound enhances LPO and produces oxidative stress. 
These oxidative stress‑related alterations, which are in agreement with 
previous reports, were attenuated by WSF administration as shown in 
Figure 2. The level of PC enhanced significantly after administration of 
a subchronic dose of DLD ad shown in Figure 3. This might indicate an 
increased oxidatively modified protein in the brain with the increase 
of neurotoxin. Thus, good agreement exists between the present study 
involving PC induction and previous studies involving induction 
of LPO in various regions of the brain.[46] Hence, our study further 
confirmed that DLD may alter the parameters involved in oxidative 
stress in vivo.
In biological systems, GSH importantly serves the functions of 
quenching electrophilic chemical species, circumvention of cellular 
oxidative stress, and maintenance of intracellular thiol redox status.[47] 
GSH can also spontaneously react with and scavenge a number of 
ROS. It acts as an intracellular reservoir of cysteine and plays a central 
role in coordinating synergism of various crucial antioxidants.[48] 
Reduction or increase in cerebral GSH may be regarded as an index 
of oxidative stress. Depletion of GSH reserves in the brain can cause 
neurological deficits.[49] A number of studies showed a decline in GSH 
concentrations in substantia nigra, which may be a presymptomatic 
phase of PD.[50] GSH is the most prevalent and important intracellular 
antioxidant. The result of the present study demonstrated that DLD 
induced a marked loss in neuronal GSH content. This decline in 
GSH content indicates that it is consumed to challenge the prevailing 
oxidative stress as shown in Figure 4. Hence, the increase in oxidative 
stress could be a mechanism for the cognitive dysfunction observed 
after administration of DLD. The administration of WSF reversed 
the effect of DLD on the parameters used for measuring oxidative 
stress. The administration of WSF resulted in a decrease in MDA 
levels, signifying its role in decreasing LPO and reduced PC level. 
WSF also caused an increase in GSH levels, indicating an increase in 
free radical scavenger activity. These observed effects of WSF point 
to its possible role as an antioxidant and suggest that this feature 
may contribute to its cognition‑enhancing properties. WSF is used 
in the Indian traditional medicine Ayurveda and is believed to have 
a variety of health‑promoting effects.[51] The plant exhibits varying 
degrees of therapeutic values and useful in the treatment of cognitive 
dysfunction, epilepsy, insomnia, rheumatism, gout, and dyspepsia.[52]

CONCLUSION
Our study revealed that WSD exerts a significant protective effect on 
DLD‑induced oxidative stress parameters  (MDA, PC, and GSH), as 
well as acquisition and retention functioning parameters of cognition 
in SDL and TL test paradigms. Thus, this study demonstrates a possible 
correlation between memory impairment and oxidative damage in the 
brain following pesticide exposure, which can be attenuated by herbal 
medicine treatment. It may be suggested that WSF has a neuroprotective 
effect. The detection of behavioral changes induced by a low dose of DLD 
suggested the need to analyze several other behavioral parameters that 
might be altered by such pesticides.
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