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ABSTRACT: Methylmercury (MeHg), a highly toxic environmental 

pollutant, induces oxidative stress and dysfunction in many cell types. 

Bacopa monniera is a perennial herb, and is used as a nerve tonic in 

ayurveda, a traditional medicinal system in India. This study was aimed to 

evaluate the effect of Bacopa monniera extract (BME) on MeHg-induced 

toxicity in rat cerebellum. Male Wistar rats were administered with MeHg 

orally at a dose of 5 mg/kg b.w. for 21 days. Experimentalrats were given 

MeHg and also administered with BME(40 mg/kg, orally) 1 h prior to the 

administration of MeHg for 21 days. After treatment MeHg induction caused 

increased level of Scgb3a1mRNA whereas the level was reduced by BME 

pretreatment. GPx4 expression was down regulated and HSP70 expression 

was up regulated in MeHg intoxicated group. Immunohistochemical changes 

were observed in TRxR1 and GFAP protein in MeHg induced group. BME 

pretreatment altered the expression of proteins and Immunohistochemical 

changes to near normal. These findings strongly implicate that BM has 

potential to protect brain from oxidative damage resulting from MeHg-

induced neurotoxicity in rat. 

 

INTRODUCTION: Methylmercury (MeHg) is a 

well-recognized environmental contaminant with 

established health risk to human beings by fish and 

marine mammal consumption. Oxidative stress is 

associated with the accumulation of high levels of 

reactive oxygen species (ROS), which has been 

implicated in MeHg-induced neurotoxicity both in 

vivo and in vitro 
1, 2

 and the impairment of cellular 

antioxidant defences 
3, 4

.  
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Excessive ROS production may also induce the 

oxidation of membrane polyunsaturated fatty acids, 

leading to a decrease of mitochondrial membrane 

potential, yielding a multitude of lipid peroxidation 

products, depleting antioxidant defences, which in 

turn diminishes membrane permeability. The 

decrease of mitochondrial membrane permeability 

affects electron transference, which is associated to 

ROS production due to partial reduction of 

molecular oxygen 
5
. Ultimately, the additive or 

synergistic mechanisms of cellular disruption 

caused by MeHg lead to cellular dysfunction and 

cell death. 

 

The selenoproteins GPx and TrxR have been 

described as important antioxidant enzymes in the 

cellular protection against damage caused by ROS 
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6
. These proteins are important components of the 

cellular antioxidant systems, and their inhibition 

contributes to the disruption of the normal redox 

balance of brain cells 
7
.  

 

Bacopa monniera (Brahmi, family: 

Scorophulariaceae), a traditional Ayurvedic 

medicinal plant is a small creeping annual herb 

commonly growing in marshy places throughout 

India ascending to an altitude of 1320m. According 

to the indigenous system of medicine practised in 

India, the plant commonly known as Brahmi is 

claimed to be a potent nerve tonic, enhancing 

memory and improving mental function. It is 

extensively used for centuries for treatment of 

epilepsy, insomnia anxiety and also a mild sedative 

and memory enhancer 
8, 9, 10

. Besides, Bacopa 

monniera displays antioxidant, antistress and 

anxiolytic properties in experimental animals
11, 12

. 

Further it improves the performance of rats in 

various learning situations such as shock-motivated 

brightness discrimination reaction, an active 

conditioned flight reaction, continous avoidance 

response
13

and attenuates experimentally induced 

amnesia in experimental animals 
9, 14

.  

 

Several clinical studies have confirmed the 

beneficial actions of Bacopa monniera
15

and the 

pharmacological actions are mainly attributed to 

the saponin compounds present in the alcoholic 

extract of the plant. The major chemical 

constituents isolated and characterized from 

Bacopa are dammarane type of 

triterpenoidsaponins
16

. Several pharmacological 
17, 

18 
and clinical studies 

19, 20
 on the extracts of 

Bacopa monniera standardized to the Bacosides A 

and B have been reported. Bacoside A is shown to 

alleviate the amnesic effects of scopolamine
15

, 

protection against phenyotin-induced deficit in 

cognitive function in mice 
21

, protective against 

chronic exposure to cigarette smoke 
22 

and also 

against morphine induced oxidative stress in rats 
23

.  

 

A previous study from our group has shown the 

protective effect of Bacopa monniera on MeHg 

induced oxidative stress, behavioural changes and 

mitochondrial dysfunction 
24, 25, 26

. We have 

extended our study in activity of selenoprotein 

enzymes, expression of Scgb3A1 and 

immunohistochemical changes.  

MATERIALS AND METHODS: 

Chemicals: 

Methylmercury chloride was purchased from 

Sigma Chemicals. All antibodies utilized in this 

study were purchased from Santa Cruz 

Biotechnology (Santa Cruz, CA, USA). All the 

other chemicals used in this work were from the 

highest analytical grade 

 

Preparation of Bacopa monniera Extract: 

The plant material was collected at Chennai, Tamil 

Nadu and will be authenticated by Dr. A. Sasikala, 

Captain Srinivasa Murthi Drug Research Institute 

for Ayurveda, Arumbakkam, Chennai, Tamil Nadu. 

The plant was shade dried and coarsely powdered 

plant material (1KG) was extracted with 90% 

ethanol in the cold (48 hrs). The extract was filtered 

and distilled on a cold water bath to obtain a dark 

green syrupy mass. It was finally dried in vacuum. 

 

Animals: 

Male Wistar Albino rats weighing 250-300g (age 

of 8-10 weeks) were obtained from Central Animal 

House, Dr. ALMPGIBMS, University of Madras, 

Taramani campus, Chennai-113, TamilNadu, India. 

Rats were housed separately in polypropylene 

cages and fed standard pellet diet (purchased from 

Hindustan Lever) kept under hygienic conditions. 

Rats were kept on a 12hr light and dark cycles with 

free access to water (RO water) ad libitium. All 

experiments and protocols described in the present 

study were approved by the Institutional Animal 

Ethics Committee (IEAC) of Dr. ALMPGIBMS, 

University of Madras, Taramani campus, Chennai-

113, TamilNadu, India.  

 

Rats were divided into four experimental groups of 

6 animals each. Group I: control (vehicle orally), 

Group II: (5mg/kg, b.w) 
27 

orally for 21 days, 

Group III: MeHg+BME (40mg/kg b.w) orally 1 h 

prior to the administration of MeHg for 21 days, 

Group IV: BME alone (40mg/kg b.w) orally for 21 

days. Experimental animals were handled 

according to the University and Institutional 

legislation, regulated by the Committee for the 

Purpose of Control and Supervision of 

Experimental on Animals(CPCSEA), Ministry of 

Environment and Forest ( Animal welfare 

Division), Government of India (IAEC No. 

01/07/2012).  
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Tissue preparation: 

After treatment period, experimental animals and 

control animals were killed by cervical dislocation. 

Brains were immediately taken out and washed 

with ice cold saline to remove blood and kept at -

80ºC. The cerebellum was rapidly dissected from 

the intact brain carefully on ice plate according to 

the stereotaxic atlas of Paxinos and Watson
28

. 

 

mRNA expression: 

Total RNA was isolated from tissues was using 

Trizol method (Sigma Chemicals). First stand 

cDNA was synthesized using cDNA synthesis kit 

(Abcam). PCR was performed using the 

oligonucleotides for Scgb3a1. Sence: 

tctgtgtggctctgctcagt (5’-3’). Antisence: 

gatggccaagtggcttaatg (5’-3’). 

 

Western blotting: 

The cerebellum was homogenized and Western 

blotting was performed.  The proteins were 

separated by SDS-PAGE and transferred to 

nitrocellulose membranes. Membranes were 

incubated with specific primary antibodies for the 

determination of GPx4, HSP70, and β-actin protein 

expression.  

 

Immunohistochemistry: 

Immnuohistochemical analyses were performed 

using primary antibodies GFAP and TRxR1 (Santa 

Cruz biotechnology, Santa Cruz, USA).Universal 

secondary antibody. (Leica Biosystem) 

 

RESULTS:  

Effect of BME on MeHg induced alterations in 

the expression of Scgb3a1 protein in cerebellum 

of control and experimental rats: 

The Scgb3a1 mRNA level was found to be 

increased (p<0.01) in MeHg induced group when 

compared to control. Pretreatment with BME 

significantly reduced (p<0.05) the expression of 

mRNA. BME alone treated rats resembles control   

Fig.1. 

 

Fig. shows the effect of BME on mRNA expression 

of Scgb3a1 protein in cerebellum of MeHg induced 

control and experimental rats. DNA marker shown 

in Lane.5. Scgb3a1 expression was increased in 

MeHg induced group (Lane.2). BME pretreatment 

reduced the expression (Lane.3). In Lane 1 

(control) there was no expression. BME alone 

similar as control (Lane.4). Data represents 

mean±SD of six rats in each group. Levels of 

mRNA were normalized to that of GAPDHA. 

Statistical significance (P value): p<0.01** 

significantly different from control group. p<0.05* 

different from MeHg induced group. 

 

 
FIG.1 

 

Activity of BME on MeHg induced expressions 

in GPx4 and HSP70 in cerebellum of control 

and experimental rat:  
GPx4 and HSP70 protein expressions were 

analyzed by western blotting. GPx4 expression was 

down regulated (p<0.01) in MeHg intoxicated 

group when compared to control. Whereas the 

GPx4 expression was up regulated (p<0.01) by 

pretreatment with BME.BME alone group 

resembles like control.  
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FIG.2 

Fig. shows the immunoblot expression level of 

GPx4 and densitometric analysis of GPx4 

immunoreactive bands. Statistical significance (P 
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value): p<0.01** significantly different from 

control group. p<0.01** different from MeHg 

induced group. Protein levels were normalized by 

β-actin immunocontent and expressed as a 

percentage of control.  

 

Activity of BME on MeHg induced expressions 

in HSP70 in control and experimental rats: 
HSP70 protein expression was up regulated 

(p<0.01) in MeHg induced group compared with 

control. While BME pretreatment, down regulated 

(p<0.05) the above expression. BME alone group 

similar as control. 
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FIG.3 

Figure shows the immunoblot expression level of 

HSP70 and densitometric analysis of HSP70 

immunoreactive bands. Statistical significance (P 

value): p<0.01** significantly different from 

control group. p<0.05* different from MeHg 

induced group. Protein levels were normalized by 

β-actin immunocontent and expressed as a 

percentage of control.  

 

Effect of BME on MeHg induced 

immunohistohemical changes in cerebellum of 

control and experimental rat: 

We observed the immunohistochemical analysis of 

GFAP and TrxR1 protein. In control group TRxR1 

expression was normal (Fig.4a). A significant 

decrease in the expression of TRxR1 in the 

granular cell layers was observed in MeHg 

intoxicated group when compared to control 

(Fig.4b).  

 

A moderate decrease in the expression of TRxR1 

was observed in BME pretreatment group (Fig.4c). 

BME pretreatment could not completely revert the 

condition.BME alone group resembles like control 

having normal expression of TRxR1 (Fig.4d).

 
FIG.4 
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Fig.4a (Control) Cerebellum showing TRxR1 

expression was normal. (400x). Fig.4b (MeHg) 

Cerebellum showing TRxR1 expression was 

decrease in granular cell layer compared with 

Purkinje cells and normal molecular layer (400x). 

Fig.4c (MeHg+BME) Cerebellum treated with 

BME showing slight decreased expression of 

TRxR1 in granular cell layer with almost near 

normal morphology (400x). Fig.4d (BME) 

Cerebellum showing normal expression of TRxR1 

in Purkinje cells and molecular layer with near 

normal morphology (400x). 

 

Effect of BME on Immunohistochemical 

changes in GFAP protein in control and 

experimental rats: 

In control group GFAP positive (glial) cells were 

observed in molecular and granular cell layers 

(Fig.5a). Increased positive (glial) cells were 

observed inMeHg group from all layers when 

compared to control (Fig.5b). Whereas decreased 

GFAP positive (glial cells) were observed in BME 

pretreatment group (Fig.5c). BME alone group 

resembles like control having positive cells 

(Fig.5d). 

 

 
FIG.5 

 

Fig.5a (Control) Cerebellum showing GFAP 

positive cells (glial cells) in molecular and granular 

cell layers (400x). Fig.5b (MeHg) Cerebellum 

showing an increase in the GFAP positive glial 

cells in all layers (400x). Fig.5c (MeHg+BME) 

Cerebellum treated with BME showing decreased 

GFAP positive astrocytes in molecular layer 

(400x). Fig.5d (BME) Cerebellum showing GFAP 

positive glial astrocytes in all layers with near 

normal morphology (400x). 

 

Statistical Analysis: 

Data represents mean ± S.D. Statistical 

comparisons were performed by one way analysis 

of variance (ANOVA) followed by student‘t’ test  

 

using SPSS 10 version. If ANOVA analysis 

indicated significant differences, Tukey’s posthoc 

test was performed to compare mean values 

between treatment groups and control. A value of 

p<0.01 was considered as statistically significant. 

 

DISCUSSION: Oxidative stress has been known 

to contribute to MeHg induced central nervous 

system (CNS) damage. MeHg induced oxidative 

stress seems to be related to direct oxidative 

properties of MeHg toward endogenous thiol and 

selenol groups in low molecular weight molecules 

as well as proteins
29

.  In our previous publications 

we reported have shown the beneficial effect of 

BME against MeHg induced neurotoxicity 
24, 25, 26 
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and discussed the behavioural alterations, 

Neurochemical changes, mitochondrial dysfunction 

induced by MeHg and prevented by BME. 

 

In this current study we have studied the effects of 

BME on MeHg induced toxicity on towards 

selenoproteinslike GPx4, TRxR1 and HSP70 

protein, immunohistochemical findings of GFAP 

and mRNA expression of Scgb3a1. We analysed 

the expression of GPX4 and HSP70 protein levels 

by western blotting. There was a significant 

increase in the expression of HSP70 and decrease 

expression of GPx4observed in MeHg intoxicated 

group. Glutathione peroxidase 4 (Gpx4) is a unique 

antioxidant enzyme that repairs oxidative damage 

to biomembranes. The decreased expression of 

GPx4 in MeHg induced group could be due to the 

triggering of a cellular response cascade in order to 

counteract the pro-oxidative outcomes induced by 

exposure to the organometal.  

 

It is a versatile enzyme which is the only one out of 

seven isoforms in mammals able to reduce 

phospholipid hydroperoxides and repair oxidative 

damage to biomembranes
30, 31

. Hsp70 protect 

neurons from thermal injury, ischemia, protein 

aggregation, and apoptosis
32

.Hsp70 has been 

shown to be up-regulated in the cerebellum of mice 

exposed to MeHg, which may represent a 

protective response. Our results are well in 

accordance with previous reports by Zemolin et 

al
33

. BME alters the expression of GPX4 and 

HSP70. Bacopa monniera was found to be 

modulating the expression of both GPx4 and 

HSP70 to larger extent which could be due to 

modulatory effect of bacosides of 

Bacopamonniera
34

. 

 

We have studied that the expression of Scgb3a1 

protein level in rat cerebellum. Scgb3a1 encodes 

secretoglobin in 3A1 which is a secretory protein 

and contributes to inflammatory reactions. In our 

study Scgb3a1 protein levels were increased in 

MeHg induced group. The result obtained by this 

study are in agreement with Takashi et al
35

, who 

reported that secretoglobin protein level was 

increased and suggesting that Scgb3a1 is a useful 

biomarker in indicating methylmercury exposure. 

Pretreatment with BME reduced the expression of 

this protein. These results are well in accordance 

with previous workreport by Viji and Helen
36

, 

stating that BME has anti-inflammatory effect in 

inhibition of LOX and COX enzymes. 

 

Immunohistochemical analyses were performed 

using GFAP and TRxR1 protein. 

Thioredoxinreductase (TrxR) enzymes are proteins 

that catalyze the reduction of oxidized thioredoxin 

by expenses of NADPH 
37

. The inhibitory effects 

of MeHg towards correlates with the triggering of a 

cellular response cascade in order to counteract the 

pro-oxidative outcomes induced by exposure to the 

organometal. The selenoenzyme TRxR1 expression 

was found to be decreased in MeHg induced group. 

Our results are well in accordance with previous 

reports by Fujimura and Usuki
38 

whom reported 

that methylmercury caused decreased the 

expression of TRxR1.  

 

The immunohistochemical analysis showed an 

increase in the number of glial fibrillary acidic 

protein (GFAP)-positive astrocytes in MeHg 

induced group. GFAP is a quantitative marker of 

neuronal injuries on the central nervous system in 

vivo
39

. In accordance with Fujimura and Usuki
38

, 

our results are also pointed out that the level of 

GFAP increased in MeHg toxic condition. BME 

pretreatment alters the immunohistochemical 

changes caused by MeHg. 

 

From our results, we conclude that BME has a 

potential to alleviate the oxidative stress induced by 

MeHg. Hence, that plant can be useful in the 

treatment of MeHg-induced neurotoxicity. 

 

ACKNOWLEDGEMENT: The first author 

thanks University Grants Commission, New Delhi 

for the financial assistance in the form of UGC-

BSR Research Fellowship. The study was 

supported by Department of Medical Biochemistry, 

DR.ALMPGIBMS, University of Madras, 

Taramani Campus, Chennai 113, Tamil Nadu, 

India. 

  

REFERENCES: 

1. Farina M., Campos F., Vendrell I., Berenguer J., Barzi M., 

Pons S. Probucol increases glutathione peroxidase-1 

activity and displays long-lasting protection against 

methylmercury toxicity in cerebellar granule cells. Toxicol 

Sci. 2009. 112,416–426. 

2. Bush AI.  Metals neuroscience. Curr Opin Chem Biol. 

2000. 4: 184–191. 

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0098161#pone.0098161-Giffard1


Christinal and Sumathi, IJPSR, 2015; Vol. 6(8): 3626-3633.                        E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3632 

3. Shanker G., Syversen T., Aschner JL., Aschner M. 

Modulatory effect of glutathione status and antioxidants on 

methylmercury-induced free radical formation in primary 

cultures of cerebral astrocytes. Brain Res Mol Brain Res. 

2005. 137: 11–22. 

4. Kaur P., Aschner M., Syversen T. Glutathione modulation 

influences  

methylmercury induced neurotoxicity in primary cell 

cultures of neurons and astrocytes. Neurotoxicology.2006. 

27:492–500. 

5. Yin Z., Milatovic D., Aschner JL., Syversen T., Rocha JB., 

Souza DO., Sidoryk M., Albrecht J., Aschner M. 

Methylmercury induces oxidative injury, alterations 

inpermeability and glutamine transport in cultured 

astrocytes. Brain Res. 2007. 1131: 1–10. 

6. Reeves MA, Hoffmann PR. The human selenoproteome: 

recent insights into functions and regulation. Cell.Mol. 

Life Sci. 2009. 66: 2457–2478. 

7. Farina M., Rocha JBT, Aschner M. Oxidative stress and 

Methylmercury-induced neurotoxicity. Indianapolis: John 

Wiley & Sons. 2011.  357-385. 

8. Tripathi YB., Chaurasia S., Tripathi E., Upadhyay A., 

Dubey GP. Bacopa monniera Linn. as an antioxidant: 

mechanism of action. Indian J Exp Biol. 1996. 34: 523–

526. 

9. Kishore K., Singh M. Effect of bacosides, alcoholic extract 

of Bacopa monniera Linn.(Brahmi), on experimental 

amnesia in mice. Indian J Exp Biol. 2005. 43:640–645. 

10. Ernst E.  2006. Herbal remedies for anxiety—a systematic 

review of controlled clinical trials. Phytomedicine.. 

13:205–208 

11. Shanker G., Singh HK. Anxiolytic profile of standardized 

Brahmi extract. Indian J Pharmacol. 2000. 32: 152 

12. Chowdhuri DK., Parmar D., Kakkar P., Shukla R., Seth 

PK., Srimal RC. Antistress effects of bacosides of 

Bacopamonnieri: modulation of Hsp70 expression, 

superoxide dismutase and cytochrome P450 activity in rat 

brain. Phytother Res. 2002.  16(7): 639-45. 

13. Singh HK., Dhawan BN. Effect of Bacopa monniera. 

Linn. (Bhrami) extract on avoidance responses in rat. J 

Ethanopharmacol.1982. 5:205-214. 

14. Saraf MK., Prabhakar S., Pandhi P., Anandh A. Bacopa 

monniera ameliorates amnesic effects of diazepam 

qualifying behavioral molecular partitioning. 

Neuroscience. 2008. 155: 476-484. 

15. Russo A., Borrelli F. Bacopamonniera, a reputed 

nootrophic plant: an overview. Phytomedicine. 2005. 12: 

305-317. 

16. Garai S., Mahato SB., Ohtani K., Yamasaki K.Dammarane 

type triterpenoid saponins from Bacopamonniera. 

Phytochemistry. 1996. 42: 815–820. 

17. Singh HK., Dhawan BN. Neuropsychopharmacological 

effects of the ayurvedic nootropicBacopamonniera Linn 

(Brahmi). Indian J Pharmacol. 1997.29: 359-365 

18. Singh HK.,Rastogi RP., Srimal RC., Dhawan BN.   Effects 

of bacosides A and B on avoidance response in rats. 

Phytother Res. 1988. 2: 70-75. 

19. Nathan PJ, Clarke J., Lloyd J., Huchison CW., Downey L., 

Stough C.  The acute effects of an extract of Bacopa 

monniera on cognitive function in healthy normal subjects. 

Hum Psychopharmacol. 2001. 16:345-351. 

20. Stough C., Lloyd J., Clarke J., Downey L., Hutchison 

CW., Rodgers T., Nathan PJ. The chronic effects of an 

Bacopamonniera (Bhrami) on cognitive function in 

healthy human subjects. Psychopharmacology. 2001. 156: 

481-484. 

21. Vohora D., Pal SN. Pillai KK. Protection from phenytoin-

induced cognitive deficit by Bacopa monniera a reputed 

Indian nootropic plant. J Ethanopharmacol. 2000. 71(3): 

383-390. 

22. Anbarasi K., Vani G., Balakrishna K., Shyamaladevi CS. 

Effect of bacoside A on brain antioxidant status in 

cigarette smoke exposed rats. Life Sciences.2006 78: 

1378-1384. 

23. Sumathi T., Nathiya V.C, Sakthikumar M. Protective 

effect of Bacoside-A against morphine induced oxidative 

stress in rats. Indian J. Pharm.Sci. 2011. 73(4): 409-415 

24. Sumathi T., Shobana C., Christinal J., Anusha C. 

Protective Effect of Bacopa monniera on Methyl Mercury-

Induced Oxidative Stress in Cerebellum of Rats. Cell 

MolNeurobiol. 2012.32: 979–987. 

25. Christinal J., Sumathi T.  Effect of Bacopamonniera 

extract on methylmercury-inducedbehavioral and 

histopathological changes in rats. Biol Trace Elem Res. 

2013.155(1): 56-64. 

26. Christinal J., Sumathi T. Chronic administration of 

Methylmercury alters cognitive and mitochondrial 

dysfunction in rat cerebellum- A novel approach to therapy 

for minamata disease by a medhyarasayana drug 

Bacopamonniera. Int J Pharm Bio Sci.2014. 5(4):1183-

1194. 

27. Yamashita T., Ando Y., Nakamura M., Obayashi K., 

Terazaki H., Haraoka K., Guo SX., Ueda M., Uchino M.  

Inhibitory effect of a-tocopherol on methylmercury-

induced oxidative stress. Environ Health Prev Med. 2004. 

9:111–117. 

28. Paxinos G., Watson C. The rat brain in sterotaxic 

coordinates. Academic Press, New York. 1982. 

29. Farina M., Rocha JB., Aschner M. Mechanism of 

methylmercury-induced neurotoxicity: evidence from 

experimental studies. Life Sci.  2011b.89:555-563. 

30. Roveri M., Maiorino C., Nisii F Ursini. Purification and 

characterization of phospholipidhydroperoxide glutathione 

peroxidase from rat testis mitochondrial membranes 

Biochim. Biophys.Acta. 1994. 1208: 211–221. 

31. Liang Q., Ran YC., Jang D., Holstein J., Lechleiter T., 

McDonald-Marsh A., Musatov W., Song H., Van Remmen 

A. Richardson Glutathione peroxidase 4 differentially 

regulates the release of apoptogenic proteins from 

mitochondria Free Radical Biol. Med. 2009. 47:312–320 

32. Mailhos C., Howard MK., Latchman DS.  Heat shock 

proteins hsp90 and hsp70 protect neuronal cells from 

thermal stress but not from programmed cell death. Journal 

of neurochemistry. 1994. 63:1787–1795. 

33. Zemolin AP., Meinerz DF., de Paula MT., Mariano 

DO., Rocha JB., Pereira AB., Posser T., Franco JL. 

Evidences for a role of glutathione peroxidase 4 (GPx4) in 

methylmercury induced neurotoxicity in vivo. 2012. 

302(1):60-67. 

34. Chowdhuri DK., Parmar D., Kakkar P., Shukla R., Seth 

PK., Srimal RC. Antistress effects of bacosides of 

Bacopamonnieri: modulation of Hsp70 expression, 

superoxide dismutase and cytochrome P450 activity in rat 

brain. 2002. 16(7): 639-645. 

35. Takahashi T., Kim MS., Saito T., Lee JY., Hwang 

GW., Naganuma A. Brain-specific induction of 

secretoglobin 3A1 expression in mice treated with 

methylmercury. 2013:38(6):963-965 

36. Viji V., Helen A. Inhibition of pro-inflamatory mediators: 

role of Bacopamonniera(L) Wettst. 2011:19(5):283-91 

37. Arner ES., Holmgren A. Physiological functions of 

thioredoxin and thioredoxin reductase. Eur. J. 

Biochem.2000.   267: 6102–6109. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Chowdhuri%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed?term=Parmar%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed?term=Kakkar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed?term=Shukla%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed?term=Seth%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed?term=Seth%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed?term=Seth%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed?term=Srimal%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed/12410544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zemolin%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=22885222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meinerz%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=22885222
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Paula%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=22885222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mariano%20DO%5BAuthor%5D&cauthor=true&cauthor_uid=22885222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mariano%20DO%5BAuthor%5D&cauthor=true&cauthor_uid=22885222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mariano%20DO%5BAuthor%5D&cauthor=true&cauthor_uid=22885222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rocha%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=22885222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pereira%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=22885222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Posser%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22885222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Franco%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=22885222
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chowdhuri%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Parmar%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kakkar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shukla%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seth%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seth%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seth%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Srimal%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=12410544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24284286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=24284286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saito%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24284286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=24284286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=24284286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=24284286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=24284286
http://www.ncbi.nlm.nih.gov/pubmed/?term=Naganuma%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24284286


Christinal and Sumathi, IJPSR, 2015; Vol. 6(8): 3626-3633.                        E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3633 

38. Fujimura M., UsukiLow F., Low in situ expression of 

antioxidative enzymes in rat cerebellar granular cells 

susceptible to methylmercury. Arch Toxicol.2014. 88(1): 

109-13 

39. Toimela TA., Tähti H.Effects of mercury, methylmercury 

and aluminium on glialfibrillary acidic protein expression 

in rat cerebellar astrocyte cultures. Toxicol In vitro.1995.9 

(3):317-25 

 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 
Playstore) 

How to cite this article: 

Christinal J and Sumathi T: Bacopamonniera, A Nootropic Herb Alleviates Abnormal Molecular and Immunohistochemical Changes 

Evoked By Chronic Exposure of Methylmercury in Rat Cerebellum. Int J Pharm Sci Res 2015; 6(8): 3626-33.doi: 10.13040/IJPSR.0975-

8232.6(8).3626-33. 

 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=Toimela%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=20650093
http://www.ncbi.nlm.nih.gov/pubmed?term=T%C3%A4hti%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20650093

