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Abstract Chlorpyrifos (CPF), an organophosphorus

insecticide is known to cause ill health in non-target ani-

mals by inducing oxidative stress. In this study influence of

cold stress (15�C and 20�C) and age as modulating factors

on CPF induced oxidative stress was addressed to assess

age-related differences and vulnerability in central nervous

system of rats. The results indicated an interaction with age

and cold exposure resulting in marked decreased activity

levels of SOD (P \ 0.05), CAT (P \ 0.05), GPx

(P \ 0.05), GST (P \ 0.05) followed by increased MDA

(P \ 0.05) and decreased GSH levels (P \ 0.05). The

ANOVA and Post-hoc analysis showed that antioxidant

enzymes decreased significantly (P \ 0.05) on CPF expo-

sure. Moreover synergistic action of CPF and cold stress at

15�C caused higher inhibition on comparison with CPF and

cold stress alone and together at 20�C indicating the extent

of peroxidative damage in discrete regions of CNS. Further

this study showed young individuals to be more sensitive

than adults.

Keywords Chlorpyrifos � Cold stress � Oxidative stress �
Regional changes � Interactive effects

Introduction

Organophosphorous (OP) pesticide poisoning is often wit-

nessed to be due to direct or accidental exposure and its entry

into biological system of human or animal cause alterations

in many cellular enzymes including acetylcholinesterase

and also affect various metabolic pathways. Chlorpyrifos (O,

O1-diethyl O-3, 5, 6-trichloro-2-pyridinyl phosphorothioate,

CPF) is the most widely used chlorinated OP insecticide and

acaricide all over the world due to its moderate mammalian

toxicity and greater stability and persistence [1]. Although

the minimal risk level for oral exposure in humans is

0.003 mg/kg, its presence in food substances has been

reported to be in the range of 0.09–0.2 mg/kg [2]. The free

radicals are believed to be responsible for lipid peroxidation

which is a destructive, self-perpetuating chain reaction of

oxidative destruction of lipids leading to the production of

malondialdehyde, one of the biomarkers of oxidative stress.

The harmful effects of CPF may occur as a result of its

conversion to free radicals or via the formation of superoxide

as a byproduct of its metabolism that cause disturbances in

cell integrity leading to enhanced oxidative cell damage/

death [2, 3].

Earlier studies indicated cold exposure enhances the

quantum of oxidative stress by increasing the pro-oxidants

while depleting the antioxidant capacities [4, 5]. Further, it

is also indicated that cold stress alters brain acetylcholin-

esterase levels when exposed to OP pesticides [6]. The

limited data available suggest some differential effects on

developing as well as maturing animals on exposure to

CPF [7]. However, there is no report available in the lit-

erature that describes the interactive effects of acute CPF

exposure and cold stress in discrete brain regions of dif-

ferent age group animals particularly neonatal, juvenile and

young adults. The co-existence of OP toxicity and oxida-

tive stress among various cell types tend to cause multitude

of mechanisms that may either act simultaneously or con-

secutively. The extent to which the OP pesticide exposure

impedes the functional ability of animal, especially on

nervous system of different age group is not known.
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Keeping in view the lacuna in the literature and the role of

cold stress in accelerating quantum of toxicity, the present

study was undertaken to assess CPF induced region specific

vulnerability to oxidative stress indices and its modulation

by age and cold stress in rat central nervous system (CNS).

Experimental Procedure

Chemicals

Chlorpyrifos [(CAS: 2921-88-2), 20% emulsified concen-

trate (EC), commercial grade] obtained from Lupin Agro-

chemicals Pvt Ltd, Gujarat (India). All other analytical

grade chemicals were procured from BDH and Sigma–

Aldrich.

Animals

Albino rats, wistar strain (Rattus norvegicus albinus) of

different age groups viz., neonatal (7-day old), juvenile

(21-day old) and young adult (90-day old) were procured

from Sri Raghavendra enterprises, Bangalore and accli-

matized to laboratory conditions (12 h dark/light cycle at

28 ± 2�C) for 1 week prior to commencement of the

experiment. They were maintained on standard rodent

pellet and tap water ad libitum; in accordance with

the guidelines of National Institute of Nutrition, ICMR,

Hyderabad and experimental protocol was approved by the

Institutional animal ethical committee, Bangalore Univer-

sity, Bangalore.

Design

Rats were divided into six groups: Group I—control ani-

mals; Group II—exposed to CPF; Group III—exposed to

cold stress at 15�C; Group IV—exposed to cold stress at

20�C; Group V—exposed to CPF plus cold stress at 15�C;

Group VI—exposed to CPF plus cold stress at 20�C. The

number of animals in each group was six. The group II, V

and VI animals were treated with sub lethal doses (1/3 of

maximum tolerated dose (MTD)) of CPF (subcutaneously)

dissolved in dimethyl sulphoxide (DMSO) and rest of the

animal groups were injected with plain DMSO. The MTD

of CPF in rats is 45, 127 and 279 mg per kg body weight

for neonatal, juvenile and young adult age groups respec-

tively [8, 9]. The cold stress group rats were housed in an

acute cold stress apparatus (Colton BOD incubator) with a

built-in heater and cooler that could be controlled by self-

timer. Rats were sacrificed by cervical dislocation 48 h

after respective treatments and discrete regions of CNS like

cerebral cortex (CC), cerebellum (CB), medulla oblongata

(MO) and spinal cord (SC) were quickly separated and

washed in ice cold 0.9% saline. The tissue homogenates

were made by using appropriate buffer and supernatant was

stored at a temperature of -20�C and used for oxidative

stress parameter assays.

Biochemical Assays

Lipid Peroxidation (LPO)

Lipid peroxidation product was estimated by measurement

of thiobarbituric acid reactive substances (TBARS) using

the method of Niehaus and Samuelsson [10]. The pink

chromogen produced by the reaction of thiobarbituric

acid with malondialdehyde (MDA), a secondary product of

lipid peroxidation was estimated at 535 nm. Results are

expressed as nmol of MDA formed/g wet weight of tissue.

Superoxide Dismutase (SOD, EC 1.15.1.1)

SOD activity was assayed by measuring the inhibition of

epinephrine auto-oxidation as described by Misra and

Fridovich [11]. The absorbance was recorded at 480 nm for

60 s. Results are expressed as units/mg protein.

Catalase (CAT, EC 1.11.1.6)

CAT activity was measured as described by Aebi [12]. The

rate constant of hydrogen peroxide (H2O2) decomposition

was monitored by measuring the decrease in absorbance at

240 nm for 60 s. Results are expressed as nmol of H2O2

consumed/min/mg protein.

Glutathione Peroxidase Activity (GPx, EC 1.11.1.9)

GPx activity was estimated by measuring the oxidation of

NADPH as described by Agergaard and Jensen [13] and

change in absorbance was measured at 340 nm. Results are

presented as lmol of NADPH oxidized/min/mg protein.

Glutathione-S-transferase (GST, EC 2.5.1.18)

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

[14] by following the increase in absorbance at 340 nm

using 1-chloro-2, 4-dinitrobenze (CDNB) as substrate. The

assay was conducted by monitoring the appearance of the

conjugated complex of CDNB and GSH, viz., 2, 4-dinitro

phenyl glutathione at 340 nm. Results are presented as

nmol of 2, 4-dinitro phenyl glutathione formed/min/mg

protein.

Reduced Glutathione (GSH)

Reduced glutathione content was determined using 5,

51-dithio-bis (2-nitrobenzoic acid) (DTNB) as fluorescent
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reagent according to the method of Ellman [15]. GSH

levels were monitored at 412 nm. Results are expressed as

mg of GSH/g wet weight of tissue.

Protein Assay

Protein content was estimated by the method of Lowry et al.

[16], using bovine serum albumen (BSA) as a standard.

Statistical Analysis

The results are expressed as mean ± standard deviation

(SD) of six observations (n = 6) in each group. Differences

between treatment groups of same age group were assessed

by one-way analysis of variance (ANOVA) using the SPSS

(version 15.0) software package for windows version 15.0.

Post hoc testing was performed for inter-group comparisons

using Bonferroni test at probability (P) value \ 0.05 level

of significance. To assess the interactions, three-way

ANOVA was carried out and tested by Duncan’s test for

multiple comparisons to define the nature of the effect.

Results

Regional changes as a consequence of CPF toxicity and

cold stress in different age group of animals are presented

(Figs. 1, 2, 3, 4).

Cerebral Cortex

The effect of CPF exposure and cold interaction in dif-

ferent age group of rats in cerebral cortex is shown in

Fig. 1. The three-way ANOVA indicated an interaction
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Fig. 1 Interactive effects of CPF and cold stress on oxidative stress

indices in the cerebral cortex of different age group rats: a LPO level;

b SOD activity; c CAT activity; d GPx activity; e GST activity;

f GSH content. Results are presented as mean ± SD, n = 6.

Significantly different from control: * P \ 0.05; significantly differ-

ent from CPF: & P \ 0.05; significantly different from neonatal in

corresponding treatment groups: � P \ 0.05; significantly different

from juvenile in corresponding treatment groups: ¥ P \ 0.05
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between age and cold exposure resulting in more decreased

activity levels of SOD (P \ 0.05), CAT (P \ 0.05), GPx

(P \ 0.05) and GST (P \ 0.05) followed by increased

MDA levels (P \ 0.05) and decreased GSH levels

(P \ 0.05). Post hoc analysis showed that SOD, CAT, GPx

and GST activities were significantly decreased (P \ 0.05)

in CPF treated group. Moreover, interaction of CPF and

cold exposure at 15�C presented higher inhibition with

respect to antioxidant variables like SOD, CAT, GPx and

GST activities as well as significantly increased levels of

MDA and decreased level of GSH (all P \ 0.05) when

compared to CPF and cold stress alone and together at

20�C. Comparatively, neonatal animals presented higher

sensitivity (P \ 0.05) than juvenile and adult animals

(P \ 0.05), however, all the three age group animals

showed lower levels of antioxidant enzymes (P \ 0.05)

when exposed to CPF and cold exposed together at 15�C.

Cerebellum

The effect of CPF and cold exposure alone and together in

cerebellum are shown in Fig. 2. The three-way ANOVA

indicated a significant effect of CPF on the activities of

SOD, CAT, GPx and GST to a greater extent when com-

pared to other brain regions. Interactive effects were more

pronounced in neonatal age groups exposed to 15�C over

the other age groups.

Medulla Oblongata

The effect of CPF and cold exposure alone and together in

medulla oblongata are shown in Fig. 3. The MDA levels

were markedly (P \ 0.05) higher in treatment groups as a

consequence of CPF and cold stress indicating accelerated

LPO in all the three age groups. The three-way ANOVA

indicated a significant effect of CPF on the activities of

SOD, CAT, and GPx (P \ 0.05), and found interaction

between age and cold on the activity of GST (P \ 0.05).

Neonatal animals presented higher level of MDA and GSH

along with significantly decreased activity levels of SOD,

CAT, GPx and GST (P \ 0.05). Comparatively, this region

appears to be more vulnerable in neonatal animals than

juvenile and young adults.
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Fig. 2 Interactive effects of

CPF and cold stress on

oxidative stress indices in the

cerebellum of different age

group rats: g LPO level; h SOD

activity; i CAT activity; j GPx

activity; k GST activity; l GSH

content. Results are presented as

mean ± SD, n = 6.

Significantly different from

control: * P \ 0.05;

significantly different from

CPF: & P \ 0.05; significantly

different from neonatal in

corresponding treatment

groups: � P \ 0.05;

significantly different from

juvenile in corresponding

treatment groups: ¥ P \ 0.05
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Spinal Cord

Interactive effects of CPF and cold stress on spinal cord are

shown in Fig. 4. The three-way ANOVA indicated an

interaction between age and cold exposure resulting in

decreased activities of enzymes like SOD (P \ 0.05), CAT

(P \ 0.05), GPx (P \ 0.05) and GST (P \ 0.05) along

with increased MDA levels (P \ 0.05) and decreased level

of GSH in treatment groups of all the three age groups.

Exposure to 15�C modified the CPF toxicity by accelerat-

ing the inhibition of antioxidant enzymes (P \ 0.05).

Discussion

The oxidation of pesticides in vivo involves several mech-

anisms including the formation of reactive oxygen species

(ROS) which are highly damaging to biological tissues and

their generation appears to be important to assess mode of

action of a variety of pesticides. Generation of free radicals,

lipid peroxidation (LPO) and altered antioxidant systems

are considered to play a vital role in posing toxic effects of

CPF. Increased oxidative stress has also been directly linked

to oxidation of cellular macromolecules which may cause

injury to the CNS or induce a variety of adverse cellular

responses. Interference of CPF with normal neurite devel-

opment through a variety of mechanisms has been reported

in the previous studies [17–20].

Examination of CNS vulnerability under the exposure

conditions of cold stress and CPF toxicity and their inter-

action in different age groups (neonatal, juvenile and young

adult rats) exhibited more pronounced alterations in the

antioxidant levels along with MDA in neonatal rats fol-

lowed by juveniles when compared to young adults. SOD,
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Fig. 3 Interactive effects of CPF and cold stress on oxidative stress

indices in the medulla oblongata of different age group rats: m LPO

level; n SOD activity; o CAT activity; p GPx activity; q GST activity;

r GSH content. Results are presented as mean ± SD, n = 6.

Significantly different from control: * P \ 0.05; significantly differ-

ent from CPF: & P \ 0.05; significantly different from neonatal in

corresponding treatment groups: � P \ 0.05; significantly different

from juvenile in corresponding treatment groups: ¥ P \ 0.05
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the first line of defense against the superoxide radical is

found to decrease significantly with decreased age group.

The decrease found in the activity of SOD on CPF expo-

sure in the present study may reflect tissue injury due to

accumulation of O2
• radicals. SOD being an incomplete

antioxidant and its biological action is connected with CAT

via H2O2. The decrease observed in CAT activity with

decreased age group on CPF exposure indicates its reduced

ability to protect neuronal cells against hydrogen perox-

ides. Further, both SOD and CAT would have failed to

combat the ROS, as superoxide anion inhibits catalase

action and the presence of hydrogen peroxide inhibits the

action of dismutase [21].

GSH, a non-enzymatic potent cellular antioxidant acting

as a redox buffer, is known to protect cellular constituents

from oxidative damage by reacting directly with oxidants

or by acting as substrate for GSH peroxidase (GPx)

to scavenge peroxides [22]. Similarly GPx, a selenium

containing enzyme catalyses the reduction of variety of

hydrogen peroxides (ROOH and H2O2) using glutathione

as a substrate, thereby protecting mammalian cells against

oxidative stress. A decrease observed in the activity levels

of GPx with decreased age group on CPF exposure may

render the tissue more susceptible to lipid peroxidative

damage. Further a decrease found in the level of GSH in all

three age groups studied more so in neonates and juveniles

compared to young adults would suggest its inefficiency in

protecting cellular constituents from oxidative damage or

to scavenge the peroxides. Inspite of having sufficient

reserves of glutathione system to protect the cell against the

effects of ROS, possibly the cold stress might have sup-

pressed the total glutathione level in young adult rats.

Moreover, a decrease in the level of GSH may be

accomplished by an increase in MDA level. Detoxifying

enzyme GST catalyzes the conjugation of GSH with a

compound having a reactive electrophilic carbon center,

resulting in the formation of less toxic products for

excretion. A low activity of GST as found in the present

study may render the CNS more prone to lipid peroxidative

damage. Earlier studies have indicated that the activities of

enzymes associated with antioxidant defense are altered

on insecticide exposure, both in vivo as well as in vitro
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Fig. 4 Interactive effects of

CPF and cold stress on

oxidative stress indices in the

spinal cord of different age

group rats: s LPO level; t SOD

activity; u CAT activity; v GPx

activity; w GST activity; x GSH

content. Results are presented as

mean ± SD, n = 6.

Significantly different from

control: * P \ 0.05;

significantly different from

CPF: & P \ 0.05; significantly

different from neonatal in

corresponding treatment

groups: � P \ 0.05;

significantly different from

juvenile in corresponding

treatment groups: ¥ P \ 0.05
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[3, 23–25] corroborate our findings. From this study it is

clear that neonatal and juvenile rats are at higher risk than

the young adult because of relative deficiency of enzymatic

and non- enzymatic antioxidants. There seems to be a

maturation—dependant window of vulnerability to free

radical attack.

In this study, we demonstrated that CPF intoxication

induces oxidative stress in discrete regions of CNS, which

is influenced by age and cold stress through the generation

of free radicals and bring alterations in the cellular anti-

oxidant defense system. A balance between the extent of

metabolic activation and detoxification determines indi-

vidual susceptibility to toxic actions of CPF which is most

likely associated with individual and age-dependent sen-

sitivity. The maturing animals viz., neonates and juveniles

are more susceptible to acute toxic effects of CPF than

young adults, primarily because of lower levels of detox-

ifying enzymes. The detoxification of CPF include binding

to carboxylesterases and hydrolysis by arylesterases [26]

and these mechanisms appear to have got altered differ-

entially in different age group of rats since physiologic

systems differ in different age group leading to homeostatic

alterations, as a result the ability to respond adequately to

toxic stress or insult varies. Young animals are unique

because of the immature nervous system which responds

differentially to the exposure of CPF with its kinetic ability

(absorption, distribution, metabolism & excretion). The

greater neonatal sensitivity primarily has been attributed to

the lack of complete metabolic competence [27]. Neonatal

rats are more vulnerable because of active acquisition of

iron for differentiation at the time of relative delay during

the development of certain key antioxidant defenses in the

brain. Further, excess free iron and deficient iron binding

and metabolizing capacity are additional features favouring

oxidative stress in younger rats than adults on CPF expo-

sure. In excess, iron helps superoxide anion (O•2-) and

H2O2 to be converted into the extremely reactive hydroxyl

radical (OH•) (Haber-Weiss reaction) that cause severe

injury to membrane proteins and DNA [28]. ROS burden in

various brain regions is due to altered neuronal plasticity,

well known heterogeneity and metabolic compartmentali-

zation of brain mitochondria [29]. The brain tissue being

heterogeneous with a large number of different neuronal

and non-neuronal cell types, different regional activities of

antioxidant systems and variable metabolic rates lead to a

region-specific accumulation of oxidative damage, and

such differences would have increased the vulnerability of

specific brain regions to age-dependent oxidative stress.

Further, compartmentalization of CNS appears to be

selectively vulnerable to oxidative cellular damage because

of their differential oxidative metabolic ability and poor

antioxidant defense, presence of susceptible proteins (high

disulphide bonds), oxidizable lipids, rich iron and post

mitotic cells [30]. A high rate of oxygen consumption

coupled with low potential of brain to obviate oxidative

stress might be the main triggering factor for the enhanced

release of ROS during CPF exposure. Perhaps young rat

brain as a whole appears to be susceptible to injury by free

radicals; the cerebellum and medulla seem to be more

prone to oxidative damage due to their higher oxygen

consumption rate and the presence of iron which catalyti-

cally involved in the production of ROS.

Our results suggested that the pervasive influence of

cold stress caused a significant increase in LPO and a

marked decrease in antioxidants. The generalized decrease

found in the levels of SOD, CAT, GPx, GST and GSH on

acute cold stress exposure in rats indicate their highly

reduced ability to scavenge ROS. Congruent with our

findings, Kaushik and Kaur reported that cold stress could

generate oxidative stress by altering the pro-oxidant-anti-

oxidant balance of the free radical process in rat tissues [4].

It is assumed that cold stress stimulates the para-sympatho-

adrenal system causing inactivation of catecholamine

biosynthetic enzymes [31] and elevating the free radical

production in brain triggering catecholamine metabolism

such as dopamine and nor adrenaline which in turn stim-

ulates ROS over production [32]. Depletion in the activity

of enzymatic and non-enzymatic antioxidants can be owed

to an enhanced free radical production during cold stress.

Moreover, physiological response to cold stress is by the

activation of hypothalamic-pituitary-adrenal axis and sub-

sequent release of corticosteron from the adrenal cortex

into the blood stream [33] and the augmented endogenous

corticosteron due to stress response [34] would have

accelerated the generation of free radicals. In the present

study an increase found in LPO was presumably associated

with increased free radicals that would in turn inhibit the

activities of SOD, CAT, GPx and GST. The observed

reduction might attribute to the utilization of these anti-

oxidants to alleviate free radical induced oxidative stress.

When CPF intoxicated rats were exposed to tempera-

tures at 15�C and 20�C, their interaction exacerbated, in

resulting synergistic action that substantially modified the

toxicity in discrete regions of CNS indicating severe effect

of CPF and the quantum of synergistic interaction was

most apparent at 15�C. In line with our findings, it has been

reported that concomitant exposure to CPF and cold stress

exaggerates the neurotoxicity in animals by provoking the

acetyl cholinesterase inhibition [6]. In true sense, the mode

of action of CPF in cold temperate regions would have

differential toxic actions than tropical regions indicating

negative temperature coefficient ability (i.e., greater tox-

icity at lower temperature). Earlier studies suggested more

toxic actions of certain insecticides at higher temperatures

[35] while others show stronger lethal action at cold tem-

peratures [36]. The decrease in environmental temperature
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may decrease the CPF degradation resulting in its long-

standing effect. Perhaps stability, vaporization, penetration,

activity and degradation of insecticides are all partly

dependent on physical and biochemical processes that

proceed at characteristic rates at different temperature [37].

Conclusively, it can be avowed that both CPF and cold

stress cause oxidative stress variably and their interaction

exert a different degree of influence on enzymatic and non-

enzymatic antioxidants in different age group of rats,

thereby exacerbates the oxidative damage to a greater

extent. Further, the age also play a pivotal role in the

modulation of cellular mechanisms of pesticide toxicity.

Based on these findings it is tempting to speculate that

environmental cold temperature may act as a synergistic

factor to modify the quantum of CPF toxicity in modulat-

ing the cellular homeostasis.
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