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Abstract The objective of the study was to evaluate the neu-
roprotective effects of bacoside A and bromelain against
dichlorvos-incited toxicity. Healthy 6–8-week old, male
Swiss mice were administered subacute doses of dichlorvos
(40 mg/kg bw), bacoside A (5 mg/kg bw) and bromelain
(70 mg/kg bw). AChE, BChE, GABA, serotonin and total
protein content and their expressions were used for determi-
nation of toxic action of dichlorvos. Protective effects of
bacoside A and bromelain were evaluated on the same param-
eters. Exposure to dichlorvos leads to significant decline in
activities of AChE (p < 0.01, p < 0.001), BChE (p < 0.05)
and GABA (p < 0.01) and total protein levels (p < 0.01).
Antioxidant treatment significantly increased the activities of
AChE (p < 0.01, p < 0.001), BChE (p < 0.05), GABA
(p < 0.01) and total protein level (p < 0.05) compared to those
in dichlorvos-treated mice. Overexpression of Hsp 70 protein
and underexpression of phosphorylase a and b, catalase SOD
and GPx were observed after dichlorvos exposure which sug-
gests the oxidative stress. The results indicate that dichlorvos-
induced neuronal damage which results in the generation of
molecular expression of proteins is in agreement with the bio-
chemical data ameliorated by bacoside A and bromelain.
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Introduction

The cholinergic system is composed of organized nerve cells
which utilize the neurotransmitters (acetylcholine (AChE) and
butyrylcholine (BChE)) for the transduction of action potentials
to regulate cognitive functions such as memory, learning, den-
drite arborization, neuronal development and differentiation
(Fernandez et al. 2003; Fodale et al. 2006; Power 2004;
Ravaglia et al. 2005). Dichlorvos is an organophosphate insecti-
cide which affects the brain NT level abruptly. It leads to impair-
ment in the cholinergic system which is responsible for distur-
bance of the cognitive function and neurodegeneration. AChE
and BChE are the key enzymes of the cholinergic system. In the
cholinergic system, AChE breaks down theAch into choline and
acetylcoenzyme A at the synaptic cleft that acts as a impulse
transmitter across the synaptic gap. BChE also inactivates the
neurotransmitter ACh like AChE (Bist and Bhatt 2010).
Dichlorvos modulates the activity of AChE which may lead to
increased ACh levels (Kobayashi et al. 1986; Sarin and Gill
1999; Sarin and Gill 2000; Yadav et al. 2012). Gamma-
aminobutyric acid (GABA) is a major neurotransmitter which
is distributed throughout the central nervous system (CNS). A
decreased GABA level in the brain is associated with several
psychiatric and neurological disorders such as anxiety, depres-
sion, insomnia and epilepsy. Serotonin, or 5-hydroxytryptamine
(5-HT), has been implicated in almost every conceivable phys-
iologic or behavioral function. Serotonin level is elevated by the
exposure to dichlorvos (Maslinska et al. 1981).

In the current investigation, a combination of bacoside A
and bromelain was attempted against dichlorvos-induced tox-
icity in the mouse brain. Bacoside A is a nerve tonic which is
isolated from Bacopa monnieri (Bhattacharya et al. 2000). It
renovates the damaged neurons by enhancing kinase activity,
neuronal synthesis, restoration of synaptic activity and nerve
impulse transmission (Singh and Dhawan 1997). Bromelain is
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isolated from Ananas comosus. It has the property to increase
the permeability of tissues and cells for the absorption of an-
tibiotics. Bromelain is helpful in neuroprotection and im-
provement of symptoms in neurodegenerative diseases
(Habashi et al. 2012). Considering dichlorvos-induced disrup-
tion of brain function, involvement of key neurotransmitter
enzymes is fundamental to the present investigation.

Materials and methods

Chemicals and animal monitoring

Dichlorvos, bacoside A, bromelain, acetylthiocholine iodide
and butyrylthiocholine iodide were purchased from the Sigma
Chemicals Company (St. Louis, MO, USA). 5,5′-Dithiobis-2-
nitrobenzoic acid (DTNB) and 2-thiobarbituric acid were pur-
chased from Himedia (Chandigarh, India). Nitroblue tetrazo-
lium (NBT) was purchased from SRL (Mumbai, India). All
other chemicals used in the present investigation were of an-
alytical grade.

Healthy 6–8-week old, male Swiss mice (Mus musculus)
were procured from C.C.S. Haryana Agriculture University,
Hisar. All the studies were carried out on five groups of ani-
mals with a minimum of six animals in each group.
Maintenance and treatment of animals were done in accor-
dance with the Committee for the Purpose of Control and
Supervision of Experimentation on Animals (CPCSEA).

Experimental design

Dichlorvos, bacoside and bromelain were dissolved in water
in separate vials (Table 1). Dichlorvos and bacoside were
injected intraperitoneally and bromelain was given by oral
mode. Duration of exposure of different doses was 21 days.

Methods

Biochemical studies

After 21 days of duration of dosing, control and treated mice
were sacrificed by cervical dislocation. Brains were

immediately removed and homogenized. Selection of the ho-
mogenization medium was in accordance with the method
applied. For AChE, BChE and total protein estimation, brains
were homogenized in phosphate buffer (pH 7.0). For GABA
and serotonin measurements, tissue homogenization media
were 70% ethanol and borate buffer, respectively.
Homogenates were stored at −20 °C and thawed just before
the reaction.

AChE and BChE

The activities of AChE and butyrylcholinesterase (BChE)
were determined by the Ellman et al. (1961) method.
Thiocholine released from acetylcholine and butyrylcholine
by the AChE and BChE, respectively, reacts with the
DTNB, reducing it to the thiol which has absorption at
412 nm.

Serotonin

Determination of serotonin is a two-step process, i.e., seroto-
nin extraction and colorimetric analysis of serotonin. The se-
rotonin level for different groups was determined by
Udenfriend et al. (1957).

GABA

The extraction and colorimetric analysis of GABA content
were done by the Graham and Aprison (1966) method.

Total protein estimation

Quantification of total protein was done by the method of
Lowry et al. (1951).

Molecular studies

For detecting any alteration in the protein expressions after
various treatments, first of all, total proteins of the different
regions of the brain were extracted by the method of Ericsson
and Nister (2011). Extracted proteins were analyzed for any
variation by SDS-PAGE.

Results

AChE

In dichlorvos-treated mice, AChE activity declined compared
with that in groups I, III (p < 0.001), IV (p < 0.01) and V
(p < 0.001). Activity of AChE increased in bacoside-treated
mice compared with that in groups I, II (p < 0.001) and IV
significantly; whereas, it diminished compared with that in

Table 1 The investigation was carried out in five groups of animals

Groups Treatment

Group I Control (normal saline as a vehicle)

Group II Dichlorvos (40 mg/kg bw)

Group III Bacoside (5 mg/kg bw)

Group IV Bromelain (70 mg/kg bw)

Group V Dichlorvos (40 mg/kg bw) + bacoside
(5 mg/kg bw) + bromelain (70 mg/kg bw)
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group V. In bromelain-treated mice, AChE activity was found
significantly elevated compared with that in groups I and II
(p < 0.01); whereas, it decreased compared with that in groups
III and V (p < 0.01). The maximum activity of AChE was
found in group V compared with that in groups I
(p < 0.001), II (p < 0.001), III and IV (p < 0.01) significantly
(Table 2).

BChE

The level of BChE declined by the exposure to dichlorvos
compared with that in groups I, III (p < 0.05), IV and V
(p < 0.05). In bacoside-treated mice, BChE level increased
compared with that in groups I, II (p < 0.05) and IV; whereas,
it decreased compared with that in group V. BChE level ele-
vated in bromelain-treated mice compared with that in groups
I and II; whereas, it diminished compared with that in groups
III and V. In group V, an elevated BChE level was found
compared with that in groups I, II (p < 0.05), III and IV
(Table 2).

GABA

The level of GABA in dichlorvos-treated mice decreased
compared with that in groups I (p < 0.01), III (p < 0.01), IV
and V. In bacoside-treated mice, the maximum level of GABA
was found compared with that in groups I, II (p < 0.01), IVand
V. GABA level was found increased in bromelain-treated
mice compared with that in group II; whereas, it decreased
compared with that in groups I, III and IV. In group V, the
level of GABAwas found to be increased compared with that
in groups II and IV; whereas, it declined compared with that in
groups I and III (Table 2).

Serotonin

In dichlorvos-treated mice, the maximum level of serotonin
level was found compared with that in groups I, III, IVand V.
A diminished level of serotonin was found in bacoside-treated
mice compared with that in groups I, II, IV and V. The sero-
tonin level declined in bromelain-treated mice compared with
that in groups I, II and IV; whereas, it elevated compared with
that in group III. In group V, the level of serotonin decreased
compared with that in group II; whereas it increased compared
with that in groups I, III and IV (Table 2).

Total protein

Total protein content declined in dichlorvos-treatedmice com-
pared with that in groups I, III and IV significantly (p < 0.01).
In group III, total proteins increased compared with that in
groups I, II (p < 0.01), IV and V. Mice which were treated
with bromelain showed an elevated protein content compared
with that in group II (p < 0.01). However, total protein level
was recorded to be diminished after bromelain exposure com-
pared with that in group III. In group V, a decreased level of
total protein was found compared with that in groups I, III and
IV; whereas, it elevated compared with that in group II
(Fig. 1a).

Molecular studies

Avisible change in band pattern and their intensities is record-
ed for the proteins of differently treated groups compared with
that in the control. The differences in the intensity of staining
reflect the relative abundance of individual polypeptides.
Unusual patterns might indicate isoenzymes, incomplete de-
naturation, degradation, etc. There is no visible expression of

Table 2 Change in AChE, BChE, GABA and serotonin level in the whole brain of different experimental groups

Groups AChE
(nmole/mg protein)

BChE
(nmole/mg protein)

GABA
(nmole/mg protein)

Serotonin
(ng/g tissue weight)

Group I 0.088 ± 0.0036e*** 0.0025 ± 0.00047 4.35 ± 0.93b** 13.28 ± 3.04

Group II 0.045 ± 0.0041d**,c***,e*** 0.0007 ± 0.00021c*,e* 1.20 ± 0.23a**,c** 15.59 ± 3.0943

Group III 0.1287 ± 0.010b*** 0.0039 ± 0.0012b* 4.37 ± 0.76b** 11.22 ± 2.29

Group IV 0.1085 ± 0.016b**,e** 0.0025 ± 0.0007 2.63 ± 0.29 11.42 ± 4.07

Group v 0.1896 ± 0.026d**,a***,b*** 0.0041 ± 0.0014b* 2.78 ± 0.07 15.09 ± 6.15

Results are expressed as mean ± S.E.

*p<0.05, **p<0.01, ***p<0.001
a Compared to group I
b Compared to group II
c Compared to group III
d Compared to group IV
e Compared to group V
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phosphorylase a and b (92 and 94 kDa) in dichlorvos-treated
mice. Expression of phosphorylase a and b is vigilant in
bacoside A; whereas, it is the highest in bromelain-treated
mice. However, the expression of phosphorylase a and b re-
covered in group V. The highest expression of stress protein
Hsp70 (65–80 kDa) is vigilant in group II among all the
groups. A lower expression of Hsp70 was recorded in groups
III, IV and V. The protein having the molecular range of 43–
66 kDa (catalase) showed no expression in the dichlorvos-
treated group. The expression of catalase was recorded vigi-
lant in groups III and V; whereas, the highest expression was
found in group IV. In dichlorvos-treated mice, a lower expres-
sion of SOD (32 kDa) was observed. The highest expression
of SOD is vigilant in bacoside-exposed mice; whereas, a mild
expression was found in group IV. However, the expression of
SOD recovered in group V. A lower expression of GPx (23–
29KDa) was observed by dichlorvos and bromelain exposure.

However, the highest expression of GPx was vigilant in
bacoside-treated mice; whereas, it recovered in group V
(Fig. 1b).

Discussion

Cognitive dysfunction is a major health problem in neuropsy-
chiatric and neurodegenerative disorders including schizo-
phrenia, depression, Alzheimer’s disease, dementia, seizure
disorders and Parkinsonism (Kumar and Khanum 2012). In
the current study, dichlorvos inhibited the AChE and BChE
activities which may lead to neurodegeneration. Dichlorvos-
induced decline in AChE and BChE activities is recorded in
earlier studies (Celik et al. 2009; Taylor et al. 2008; Yadav
et al. 2012). It may be due to dichlorvos binding with an
AChE molecule in the synaptic cleft which leads to an in-
crease in ACh levels and inhibits AChE activities in the brain
(Chaudhary et al. 2014). Treatment with bacoside A and bro-
melain separately increased the activity of AChE and BChE.
Exposure to bacoside A and bromelain both along with di-
chlorvos increased the activities of AChE and BChE which
implies that bacoside A and bromelain have the property to
boost up the cholinergic system. Bacoside A increases AChE
activity in aged rat brain cortex and the middle aged (Rastogi
et al. 2012). After dichlorvos exposure, the level of GABA
declined. The descent in GABA level, after dichlorvos expo-
sure, may be due to the consequence of glutamic acid decar-
boxylase (GAD) inhibition following local formation of 2-
keto-4 pentenoic acid (Bist and Bhatt 2009). 5-HT is effective
on brain function (Pilot et al. 1983). Subacute dichlorvos ex-
posure perturbed the mouse serotonin level. Brain is the organ
having a high lipid content, becoming the main target of γ
HCH,where it can easily dissolve in the membrane of pre- and
postsynaptic elements thereby leading to increased levels of
serotonin content in the brain (Bist and Bhatt 2009). Exposure
to bacoside A and bromelain separately and both along with
dichlorvos increased the GABA and decreased the serotonin
activity. In a previous study, Rastogi et al. (2012) reported that
bacoside A prevents the loss of serotonin and dopamine con-
tent. Bacoside A increased the GABA receptor in epileptic
mice (Mathew et al. 2009). Bromelain has the property to
increase the permeability of the blood-brain barrier to nutri-
ents (Lauer et al. 2001). A previous study suggests that the
interaction of bacoside A with TPH might upregulate its ac-
tivity to elevate the biosynthesis of 5-HT, thereby enhancing
learning and memory formation (Rajathei et al. 2014).

In the present study, dichlorvos leads to a decrease in total
protein. It may be due to dichlorvos-induced oxidation of
proteins which generated protein carbonyl content (PCC)
(Kaur et al. 2007; Yadav et al. 2012). Treatment with bacoside
and bromelain separately and both along with dichlorvos

Fig. 1 a Total protein levels in the mouse brains of different experimental
groups. Results are expressed as mean ± S.E. **p<0.01, a compared with
group I, b compared with group II, c compared with group III, d
compared with group IV, e compared with group V. b Gel picture
showing variations in expressions of stress proteins in different
experimental groups
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increased total protein level which may be due to their free
radical-scavenging activity.

Results of molecular expression of proteins are in concor-
dance with those of a biochemical study. It was observed that
dichlorvos induced overexpression of Hsp 70 (Aridon et al.
2011) and lower expressions of GPX and SOD. Jadhav and
Rajini (2009) reported the heat shock protein induction after
dichlorvos exposure such as overexpression of Hsp 70 that
leads to generation of free radicals and disturbance of the
endogenous antioxidant system, which may involve lower
expressions of GPX and SOD. There are no expressions of
phosphorylase a and b and catalase in dichlorvos-treatedmice;
it may be due to dichlorvos leads to depletion in the glycogen
content and catalase activity (Janani et al. 2010; Sarin and Gill
1999). Since metabolic maintenance of brain tissue needs glu-
cose as major fuel, the result of the study suggests that dichlor-
vos exposure affects the alteration in neuronal glucose. The
eradication of free radicals after bacoside A exposure, the
lower expressions of Hsp 70, catalase, phosphorylase a and
b and the higher expressions of SOD and GPx were observed
which indicates the involvement of particular proteins respon-
sible for cell viability and neuronal integrity. In bromelain-
treated mice, a lower expression of Hsp 70 and the highest
expressions of catalase and phosphorylase a and b were ob-
served. The current finding suggests that these particular pro-
teins are involved in the scavenging of free radicals. In group
V, all the proteins intensified and recovered between the range
29–205 kDa by the treatment of bacoside A and bromelain
along with dichlorvos. It may be due to bacoside A (Anbarsi
et al. 2006) and bromelain have the property to modulate the
expression of heat shock protein 70 (Hsp70).
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