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ABSTRACT: Bacopa monnieri (BM; Family: Scrophulariaceae), also referred as Brahmi or Jalbrahmi has been 
used for centuries in Ayurvedic system of medicine as a brain tonic, memory enhancer, revitaliser of sensory 
organs, anti-anxiety, cardio-tonic, diuretic, antidepressant and anticonvulsant agent, and the pharmacological 
actions are mainly attributed to the saponin compounds present in the alcoholic extract of the plant. The present 
study was carried out with a specific aim to examine the neuroprotective effect of Bacopa monnieri during 
Rotenone (RT) induced Parkinson’s disease (PD) with particular reference to Na+/K+, Mg2+ and Ca2+ -ATPase 
activities in different regions of rat brain.  In the experiment conducted rats were divided into four groups of six in 
each group, group 1 received Saline water (1 ml/kg), group 2 received RT (2.5 mg/kg) through i.p. route 
administration for 60 days to  induce PD. The third group received BM extract (180 mg/kg/day) for 20 days orally 
before induction of PD and group 4 received Levodopa (LD) (10 mg/kg/day) orally which is referred as drug 
control. The levels of Na+/K+, Mg2+ and Ca2+ -ATPase activities were measured. Na+/K+, Mg2+ and Ca2+ -ATPase 
activities were significantly depleted in different brain regions of rat during RT induced PD when compared to 
control rats. Treatment with BM and LD caused significant elevation in the activity levels of Na+/K+, Mg2+ and Ca2+ 
-ATPase in different brain regions of rats when compared to induced PD rats. Our results suggest the ability of BM 
extract to modulate Na+/K+, Mg2+ and Ca2+ - ATPase activities in different brain regions of RT induced rodent 
model of PD and thus offers effective management in the treatment of PD.  

Keywords: Parkinson’s disease (PD). Bacopa monnieri (BM). Rotenone (RT).  Levodopa (LD). Na+/K+. Mg2+ and 
Ca2+ -ATPase. 

INTRODUCTION  

Parkinson’s disease (PD) is a motor system disorder, resulting from the loss of dopamine-producing brain cells. PD 
exhibit cumulative symptoms as muscle rigidity, tremor, bradykinesia (Rascol et al. 2009), depression, memory 
loss, sleep disturbance, speech impairments and dysphagia (Harish et al. 2010). It is characterized by degeneration 
of dopaminergic (DA) neurons in the substantia nigra pars compacta (SNpc).The prevalence of PD, worldwide, is 
1% of the population over the age of 60 years (Samii et al. 2004). It has increased relative risk of mortality ranges 
from1.6 to 3.0 compared with matched control populations (Clarke et al. 2007). Among the toxic animal models of 
PD, chronic systemic exposure of rotenone represents one of the most recently used approaches (Betarbet et al. 
2000). It is highly lipophilic and readily gains access to all organs (Talpade et al. 2000) and functions as Complex I 
mitochondrial inhibitor. The chronic exposure to rotenone causes highly selective nigrostriatal dopaminergic 
degeneration, the characteristic feature of PD (Betarbet et al. 2000; Alam and Schmidt 2002; Sherer et al. 2002).  It 
develops slow onset of PD symptoms that makes suitable to study neuroprotective strategies (Sherer et al. 2003; 
Schmidt and Alam, 2006). Chronic use of current anti-parkinsonian medications including Levodopa therapy causes 
disabling abnormal involuntary movements known as drug-induced dyskinesias in the majority of PD patients 
(Deogaonkar and Subramanian 2005; Obeso et al. 2000).  Hence, there is a need to discover newer 
pharmacologically active agents obtained from natural medicinal plant extracts which exhibit lesser or no side 
effects. Bacopa monnieri (called Brahmi in Sanskrit) an ayurvedic medicinal plant have been used as a brain tonic, 
which contains a mixture of triterpenoid saponins designated as bacosides A and B (Chatterjee et al. 1963, 1965). 
Several studies have reported its pharmacological roles as memory enhancer (Bhattacharya et al. 2000), cognition-
enhancer (Das et al. 2002; Singh & Dhawan 1997; Sumathi et al. 2002), antidepressant and also antioxidant 
properties (Sairam et al. 2001). 
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ATPases are membrane-bound enzymes and any perturbation in the activities of these enzymes affects membrane 
status by inflicting changes in electrophysiological energetics and normal homeostasis. Na+/K+-ATPase is 
responsible for the generation of the membrane potential through the active transport of sodium and potassium ions 
in the CNS necessary to maintain neuronal excitability. Na+/K+-ATPase is present at high concentrations in brain, 
consuming about 40-50% of the ATP generated in this organ (Erecinska and Silver, 1994). Na+/K+-ATPase is 
implicated in metabolic energy production as well as in the uptake, storage, and metabolism of catecholamines, 
serotonin, and glutamate (Carageorgiou et al. 2007). Ca2+-ATPase activity is associated with neuronal excitability, 
cellular depolarization and fine tunning of Ca2+-channel activity (Lees, 1991). Mg2+-ATPase activity associated with 
mitochondrial membrane bound enzyme which is involved in turnover of ATP synthesis in conjugation with 
oxidative phosphorylation. 

Keeping in view of the importance of ATPases in the neuronal metabolism, the present investigation is carried out 
with specific aim to evaluate the alterations in ATPases during induced PD and also to study the antiparkinsonian 
effect of Bacopa monnieri in different regions of rat brain. 

MATERIALS AND METHODS 
Collection of plant material: 

Bacopa monnieri plant used in this work was collected in bulk from Tirumala Hills, Andhra Pradesh in India and 
authenticated by qualified botanist at Department of Botany, Sri Venkateswara University, Tirupati, Andhra 
Pradesh in India.   

Extract Preparation: 

The whole plant (including roots) of BM was dried in shade, and then powdered plant material was macerate with 
ethanol for 7 days. The plant material was percolated with circulating 95% ethanol (200 ml) for three rounds. The 
residue was extracted twice using the same procedure. The extract was filtrated and concentrated under reduced 
pressure in the Buchi rotavapour yielding a greenish-black sticky residue.  Finally the extract was freeze- dried and 
was used for further studies.  

Experimental design 
The present work was conducted on male Wistar rats weighing 150±25g, they were maintained at a temperature of 
25±2⁰C and relative humidity of 45-55% with 12:12 h dark: light cycle. The rats were maintained according to the 
ethical guidelines for animal protection and welfare bearing no.04a/a/CPCSEA/IAEC/08-09/SVU/zool/WR-
GS/dt.1.9.2009. The rats were divided into 4 groups each consisted of 6 rats.  
GROUP I:  Served as normal control group, Oil (sunflower oil) was injected as vehicle to the control rats (1 ml/kg) 
of 1.0 ml/kg/day intraperitoneally (i.p.) for 60 days. 

GROUP II: Rotenone (RT) emulsified in sunflower oil at 2.5 mg/ml was given i.p.  once a day at 1 ml/kg for 60 
days (Alam and Schmidt, 2002), which induces PD. 

GROUP III: RT-induced PD rats were treated with BM extract with a dose of 180 mg/kg/day orally for 80 days, 
started before 20 days from induction of PD.  

GROUP IV: RT -induced PD rats were treated with Levodopa (reference control) with a dose of 10 mg/kg/day 
orally started after 20 days from induction of PD (Alam and Schmidt, 2004). 

The development of Parkinson’s disease was detected after 20 days from induction with rotenone, by occurrence of 
tremors and exhibiting specific symptoms such as bradykinesia and rigidity in rats. The treatment with BM extract 
was started 20 days before induction of PD and LD was started after 20 days from induction of PD and continued 
for 60 days. After stipulated duration, the animals were sacrificed by cervical dislocation and the brain regions 
[Cerebral cortex (CC), Cerebellum (CB), Mid brain(MB) and Pons-Medulla (PM)] were immediately isolated, 
frozen in liquid nitrogen and were stored at -40⁰C until further analysis. 

Biochemical analysis: 
The activities of Na+/K+, Mg2+ and Ca2+ ATPases in all the brain regions were estimated by the method of 
Desaiah and Ho (1979). Protein concentrations of the tissue homogenates were determined by the standard 
method of Lowry et al. (1951) using bovine serum albumin as the standard. 
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Statistical analyses: 
Results are presented as mean ± SEM. One-way analysis of variance (ANOVA) followed by Student–Newman–
Keuls (SNK) test was used to compare differences between means in more than two groups. All statistical analysis 
were analysed using the SPSS statistical software package. 

RESULTS 

To examine efficacy of BM on ATPase activity in the PD rat brain regions as CC, CB, MB and PM, activities of   
Na /K+, Mg2+ and Ca2+ ATPases were measured. 

Na+ /K+ ATPase activity 

The PD induced rat brain regions (CC, CB, MB and PM) showed significantly reduced ATPase activities of   Na 
/K+ (P < 0.05) compared to controls (Table 1). BM pretreated and LD treated PD induced rat brain regions showed 
significantly improved activities of   Na /K+ (P < 0.05) compared to untreated PD rat brain regions.  

Table 1: Changes in the Sodium, Potassium – ATPase (Na+/K+ -ATPase) in different brain regions of rats 
during RT-induced PD and pretreatment with ethanolic extract of BM. 

Na+/K+ -
ATPase SC RT BM+RT LD+RT 

CC 3.37±0.06 1.05±0.13 2.69±0.18 2.38±0.10 

CB 3.74±0.04 1.76±0.09 2.80±0.07 2.48±0.12 

MB 2.81±0.24 1.10±0.08 2.43±0.10 2.40±0.27 
PM 3.00±0.03 1.30±0.09 2.26±0.14 2.31±0.13 

Values are expressed in µ moles of inorganic phosphate formed/mg protein/hr 

Mg2+ ATPase activity 

The PD induced rat brain regions (CC, CB, MB and PM) showed significantly reduced ATPase activities of   Mg2+ 
(P < 0.05) compared to controls (Table 2). BM pretreated and LD treated PD induced rat brain regions showed 
significantly improved activities of   Mg2+ (P < 0.05) compared to untreated PD rat brain regions.  

Table 2: Changes in the Magnesium – ATPase (Mg2+ -ATPase) in different brain regions of rats during RT-
induced PD and pretreatment with ethanolic extract of BM. 

Mg2+ -
ATPase SC RT BM+RT LD+RT 

CC 3.27±0.08 1.17±0.05 2.47±0.16 2.45±0.14 
CB 3.54±0.11 1.16±0.08 2.63±0.11 2.24±0.10 
MB 2.69±0.26 1.18±0.06 2.43±0.10 2.15±0.07 
PM 2.33±0.19 1.17±0.08 2.09±0.20 2.18±0.20 

Values are expressed in  µ moles of inorganic phosphate formed/mg protein/hr 

Ca2+ ATPase activity 

The PD induced rat brain regions (CC, CB, MB and PM) showed significantly reduced ATPase activities of   Ca2+ 
(P < 0.05) compared to controls (Table 3). BM pretreated and LD treated PD induced rat brain regions showed 
significantly improved activities of   Ca2+ (P < 0.05) compared to untreated PD rat brain regions.   
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Table 3: Changes in the Calcium – ATPase (Ca2+ -ATPase) in different brain regions of rats during RT-
induced PD and pretreatment with ethanolic extract of BM. 

Ca2+ -
ATPase SC RT BM+RT LD+RT 

CC 8.54± 0.15 5.34± 0.10 7.53± 0.15 7.78±0.17 
CB 8.69±0.13 5.28±0.11 7.48±0.15 7.54±0.15 
MB 7.93±0.08 5.44±0.08 7.68±0.07 7.37±0.14 
PM 6.68±0.28 5.29±0.12 7.26±0.18 7.70±0.09 
Values are expressed in  µ moles of inorganic phosphate formed/mg protein/hr 

DISCUSSION 
In the central nervous system, mitochondrial dysfunction and consequent ATP depletion are the major causes of 
oxidative stress and alterations in calcium homeostasis (Cassarino and Bennett 1999; Fighera et al.2006), which 
produce loss of cellular integrity and cell death. Indeed, various CNS disorders, such as seizures, Parkinson’s 
disease, Huntington, and Alzheimer diseases (Poon et al.2005) have been associated with mitochondrial 
dysfunction, excitotoxicity, and generation of reactive oxygen species (Fighera et al.2003, 2006). In the present 
investigation the activity levels of Na+/K+, Mg2+ and Ca2+ ATPases were decreased in all the areas of brain during 
RT induced PD. The decreased levels of ATPases (Na+/K+, Ca2+ and Mg2+) in this study, during the rotenone 
induction suggest that impairment of energy metabolism resulting in abnormal neuronal function.  Further, as 
sodium and potassium ions are also important as calcium ions for the development and conduction of action 
potentials, the decrease in activities of Na+/K+,  Mg2+ and Ca2+ -ATPases, may alter the rate of influx and efflux of 
the cations, namely Na+ and K+ respectively.  The decrement in the activities of Na+/K+, Mg2+  and Ca2+ ATPases, 
may also reflect the decreased turnover of ATP, presumably due to inhibition of oxidoreductase system and 
uncoupling of the same from the electron transport system. The  ability  to maintain  membrane  polarity depends  
on  functional  ion pumps,  in particular,  the  Na+/K+ ATPase (Glynn  and  Karlish  1975).  The  Na+/K + ATPase,  
in turn,  depends  on an  adequate  supply of ATP, more  than  90% of which is derived from mitochondrial 
oxidative metabolism  (Erecinska  and  Dagani 1990). Thus, the inhibition in the activity of Na+/K+ -ATPase in 
specific regions of rat brain upon rotenone induction may be correlated with the altered membrane permeability 
properties. Impaired mitochondrial function depletes ATP, disrupts Na+/K+ ATPase activity and causes 
depolarization (Erecinska and Dagani 1990).  Decreased Na+/K+ ATPase, may cause innocuous  concentrations  of  
glutamate  to  become excitotoxic,  as the relationship between  excitotoxicity  and  bioenergetics may play  a  role  
in  the pathophysiology of a variety of neurodegenerative diseases (Beal, 1992)  and may be particularly relevant to 
PD. Excitotoxicity triggers free radicals which causes oxidative stress and also depletion of ATPase activity. 
Protective and/or rescuing treatments have also been proposed trying to suppress the possible causes of 
dopaminergic neurons apoptosis such as: oxidative stress, age dependent mitochondrial dysfunction, neurotoxins, 
decrease of neurotrophic factors, excitotoxicity, disturbances of calcium homeostasis, immunologic and infectious 
mechanisms (Naoi and Maruyama 2001). Among these, oxidative stress has been suggested as playing a major role 
in the pathophysiology of PD. May be due to the impairment of ATPase activity in RT induced PD rat brain regions 
(Table 1, 2 and 3), may have lead to inadequate supply of energy which leads to production of reactive oxygen 
species (ROS) inducing oxidative stress. RT, also a Complex I inhibiter, leading to ATP depletion and generation of 
toxic oxygen free radicals.The substantia nigra is exposed to a high degree of oxidative stress as a consequence of 
formation of cytotoxic oxygen radicals. It is apparent that there are several potential sources of oxidative stress to 
dopaminergic neurons. Post-mortem studies also support the notion that oxidative damage is central to the 
neurodegeneration of PD (Blandini et al.1996).  

Several micronutrients and antioxidants of natural origin of plants have been experimentally proved as effective 
protective agents against the oxidative stress and also improving ATPase activities as it had been shown that 
ischemia significantly reduced Na+, K+ -ATPase activity by about 40% and increased malondialdehyde content and 
Ginkgo biloba extract pretreatment abolished these effects (Pierre et al.1999).  
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Wang et al. (2003) have shown that the polysaccharides isolated from Rheum tanguticum reduced malondialdehyde 
(MDA), increased total SOD activity and Na+, K+ -ATPase activity in the traumatic brain injury.  Earlier studies 
have shown that the beans of Mucuna pruriens (Damodaran and Ramaswamy 1937) and Vicia faba (Lattanzio et 
al.1982) have been successfully used as PD treatment. In the present study BM had been used in treatment of PD. It 
is widely accepted that neuronal damage can be significantly minimized by free radical scavengers. Bacopa 
monnieri showed significant antioxidant effect per se and in stressed animals (Sairam et al.2001). BM prophylaxis 
significantly reduces the endogenous levels of oxidative markers and also RT induced oxidative dysfunctions in 
brain regions. Neuroprotective efficacy of BM was clearly demonstrated by its propensity to significantly attenuate 
PQ-induced oxidative stress and neurotoxicity (Ravi kumar and Muralidhara 2010).  

In the present study, pretreatment with BM significantly increased the ATPases (Na+/K+, Ca2+, and Mg2+) activity in 
the brain of induced PD rats (Table 1, 2 and 3).The BM extract group showed that it had significance difference 
compared to RT induced PD which indicates its protective effect on PD induced rats. It also showed that there was 
no significance difference compared to controls, which clearly indicates the recovering or stopping the progression 
of PD. The BM treated group results are similar to the results of LD treated group which shows that it can act as 
antiparkinsonian agent. In agreement with our results, earlier studies have shown Bacosides isolated from Bacopa 
monnieri caused significant inhibition in lipid peroxidation, improved the activities of Na+, K+ -ATPase, Ca2+ -
ATPase and Mg2+ -ATPase and maintained the ionic equilibrium. The results of BM group were similar to the LD 
treated group. Preclinical and clinical studies have shown that Bacopa monnieri improves memory and mental 
function (Roodenrys et al.2002). The chronic effects of an extract of Bacopa monnieri on cognitive function in 
human subject have been reported (Stough et al. 2001) and also its pharmacological roles as memory enhancer 
(Bhattacharya et al.2000), antidepressant and also antioxidant properties (Sairam et al.2001). Human consumption 
of BM is on the increase owing to its multiple beneficial effects (Anbarasi et al. 2005).   

In conclusion, our findings demonstrated the ability of BM extract, which suggests the bioactive factors present in 
the plant extract has a significant effect to modulate ATPases activity in different brain regions of RT induced 
rodent model of PD. Further, the BM ethonalic extract, effectively regulated ATPase activity by decreasing 
oxidative stress / recovering the energy loss that has occurred due to PD and thus can be used as “antiparkinsonian 
agent”.  
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