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ABSTRACT 

Green tea (Camellia sinesis) has a lot of claims as well as documented evidence of it being used traditionally for a number 
of health benefits. Free radicals contribute to the aging process as well as to the development of a number of health 
problems, including cancer, heart disease and cognitive decline as in neurological diseases, (Alzheimer’s, Dementia) and in 
learning disorders such as dyslexia.Green tea is made from unfermented leaves and reportedly contains the highest 
concentration of powerful antioxidants called polyphenols.Polyphenols in green tea can neutralize free radicals and may 
prevent some of the damage they cause and may help maintain the parts of the brain that regulate learning and memory. The 
present study was undertaken to establish the memory boosting potential of green tea by preclinical testing in mice. The 
aqueous extract (AQGT) 5 mg/ kg body wt and 10 mg / kg body wt of green tea was compared with the marketed formulation 
(Medharasayana) 10 ml/ kg body wt for its nootropic activity. The exteroceptive models like Elevated plus Maze, Morris 
Water Maze, Passive Avoidance Step down models and interoceptive model of scopolamine induced memory deficit were 
used to evaluate nootropic activity; green tea decreased the transfer latencies significantly (p< 0.001) when compared with 
the marketed formulation. It also significantly increased brain acetyl cholinesterase enzyme inhibitiory activity when 
compared with the marketed formulation. Green tea’s anti-oxidant content as well as its ability to increase the brain Ach 
content may be the neurochemical basis for its improved learning and memory. 

Key words: Green tea, Nootropic, Anticholinesterase, Antioxidants�
 

INTRODUCTION: 

ootropics are agents that improve 
mental functions such as memory, 
intelligence, motivation, attention, 

concentration, cognition and increase blood 
circulation to brain. Although there is no 
proper cure for cognitive impairment,  
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alternative pharmacology treatment modulates 
can reduce the symptoms of memory loss and 
slow disease progression[1]. Nootropic agents 
like piracetam and cholinesterase inhibitors 
like donepezil are commonly used for 
improving memory, mood and behavior. 
However the resulting adverse effects of these 
drugs such as diarrhoea, nausea, insomnia, 
muscular cramps and other known side effects 
have made their use limited. Hence it is 
worthwhile to explore the utility of traditional 
medicines in treatment and management of 
various cognitive disorders [2, 15].The present 
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study is aimed to investigate nootropic 
potential of green tea (Camellia sinensis). 
There is lack of scientific data regarding effect 
of green tea on learning and memory in 
preclinical animal studies. This prompted us to 
investigate the nootropic potential of green tea 
in in-vivo and in-vitro standard animal models.  

MATERIALS AND METHODS: 

Drugs and Chemicals: All the drugs and 
chemicals used in the study were obtained 
from authorized dealers. Nootropil (Piracetam 
150 mg/Kg) and Hyoscine (Scopolamine 0.4 
mg/Kg) was purchased from YashodaHospital, 
Secunderabad. Dithiobisnitrobenzoic acid 
(DTNB), Acetyl thiocholine iodide (ATCI), 
Eserineand thiobarbituric acid were purchased 
from Chem n Chem Stores, Shahpur, 
Hyderabad. 

Plant materials: 

Dried authenticated leaves of green tea 
(Cameliasinensis) belonging to family 
Theaceae was obtained from 
Kishanlaldawasaaz near Gulzar house 
Charminar, Hyderabad. The samples have 
been deposited in the form of a herbarium at 
Sri Venkateshwara University, Botanical 
department, for future reference. 

Extract preparation: 

Dried green tea leaves were powdered and 
then extracted in a Soxhlet extractor using 
distilled water and methanol for a period of 48 
hours [5]. The aqueous and methanolic 
extracts were concentrated using a Rotavap at 
temp 800 C and 600 C respectively. An yield of 
5.6 g and 0.35 g of aqueous and methonolic 
extracts were obtained. The extracts so 
obtained were then used for experimental 
work and also stored in a well closed container 
for further use [6]. 

Acute toxicity studies: 

The acute toxicity studies were performed in 
mice by giving the aqueous and methanol 
extract of green tea at doses 10, 15, 20, 25 and 
30 mg /Kg body weight. The animals did not 
exhibit any toxic symptoms even at 30 mg/Kg 
body weight and the dose was fixed at 1mg 

and 5mg/Kg  body weight based on the OECD 
guidelines 425. 

Chemicals: 

All the chemicals used were of analytical 
grade. Nootropil ® (piracetam)-150mg/kg, 
Hyosine (scopolamine) 0.4mg/kg, were 
purchased from Apollo healthcare medical 
centers Hyderabad. 

Animals: 

Male swiss albino mice (25-30gms) were used 
throughout experiment. Animals had free 
access to feed and water ad libitium during 
quarantine period. Experimentation was 
carried out according to CPCSEA guidelines 
and experimental work also approved by 
Institutional animal ethics committee 
Exteroceptive and Interoceptive models used 
for evaluating memory and learning [4]. 

Elevated plus maze 
Elevated plus maze(EPM) is used toevaluate 
the spatial long-term memory in mice. The 
procedure for testing learning and memory 
was followed as per the 
neuropsychopharmacological principle of 
retention of learned tasks.The apparatus 
consisted of two open arms(16cm X 5cm) and 
two enclosed arms(16cm X 5cm) which 
extended from a central platform (5cm X 
5cm). The maze was elevated to a height of 
25cm from the floor. Transfer latency (TL) is 
the time taken by the mouse to enter with all 
its legs into one of the enclosed arms.The 
mouse was placed at the end of the open arm 
facing away from the central platform and the 
TL was recorded when the mouse entered one 
of the enclosed arm. It was then allowed to 
explore the apparatus for 10 secs.The cut off 
time for TL was recorded as 90 secs if the 
animal did not enter the enclosed arm within 
90 secs. TL was recorded on the 1stday which 
was 24 hrs after the 1st exposure to the maze. It 
was then recorded again on the 8th day. The 
drugs were administered to various groups for 
7 days. The TL was recorded on the days of 
testing i.e. 1st day and 8th day after 30 mins of 
administration of the drugs [7]. 
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Morris water maze 
Morris water maze consists of a large circular 
tank with a depth of 30cm, diameter 50cm. In 
the center a platform of 15cm having 
dimensions 5cm X 5cm is mounted. The pool 
is filled with water added with milk in order to 
make it opaque. Later animals were allowed 
for training before the experimental day. On 
the 1st day animals were treated with different 
doses of standard and test samples. The animal 
was placed at the corner of the tank and 
allowed to swim until it identifies the hidden 
platform. The cut-off time is 90seconds. The 
transfer latency is the time taken by the mouse 
to identify the platform. TL was recorded on 
1st day and 8th day [8]. 

 
Step down 
Step down type of passive avoidance test is 
used to examine long term memory. The 
apparatus consists of transparent acrylic cage 
(30X30X40 cm in height) with a grid floor; a 
platform (4X4X4 cm) is fixed in the centre of 
the grid floor. Electric shocks of 1Hz, 
500msec, 40V DC are delivered to the grid 
floor. The training was carried out before the 
experimental day. On the experimental day the 
mouse was placed on the platform in the 
center of the cage and when the mouse steps 
down and places all its paws on the grid floor 
shock was delivered. Later the animal was 
placed again on the platform after 60-90 
minutes and Step down latency (SDL) was 
recorded with an upper cut of time of 300 
seconds [9]. 

ESTIMATION OF BRAIN ACETYL 
CHOLINESTERASE:  

Brain acetyl cholinesterase activity (AChE) 
was measured by the method of colorimetric 

measurement. 0.5 ml of the cloudy supernatant 
liquid of the brain homogenate was pipetted 
out into 25 ml volumetric flask and dilution 
was made with a freshly prepared DTNB (5,5-
dithiobis-2-nitrobenzoic acid) solution (10 mg 
DTNB in 100 ml of sorenson phosphate 
buffer, pH 8.0). From the volumetric flask, 
two 4ml portions were pipetted out into two 
test tubes. Into one of the test tubes, 2 drops of 
eserine solution was added, 1 ml of substrate 
solution (75 mg of acetylcholine iodide per 50 
ml of distilled water) was pipette out into both 

the tubes and incubated for 10 minutes at 30
° 

C. The solution in the tube containing eserine 
was used for zeroing the colorimeter. The 
resulting yellow color was due to reduction of 
DTNB by certain substances in the brain 
homogenate and due to non-enzymatic 
hydrolysis of substrate. After calibrating the 
instrument, change in absorbance per minute 
of the sample was read at 420 nm [10-12]. 
 

Statistical Analysis: 
 
The step-down latency and transfer latency 
were analyzed using the Student’s Paired ‘t’ 
test.A probability level of P<0.01 was 
considered as significant. The AChE activity 
and open field behavior of different groups 
were analyzed using One Way Analysis of 
Variance(ANOVA),followed by Dunnett’s test 
for individual comparison of groups, viz.; 
AprobabilitylevelofP<0.0001forOnewayANO
VAwasconsideredassignificant, and for 
posttest (Dunnett’s test), aprobability level of 
P<0.01 was considered as significant[7]. 

 

RESULTS AND DISCUSSION: 

 

                                           Table1: EPM results of Green tea 

 
S.NO 

 
Treatment 

 
Transfer Latency On  1 

St Day 
Mean± Sem 

 
Transfer Lantency On 8 

Th Day 
Mean± Sem 

1 CONTROL (C) 17.1±1.13 16.3±1.2 
2 NEG.CONTROL(N.C) 23.3±1.33 23.3±0.91 
3 STANDARD (STD) 29.8±2.02 14.6±1.17** 
4 MARKETED PRODUCT(M.P) 30.0±1.39 16.0±1.09** 
5 GREEN TEA AQUA(GTA) 35.0±2.30 17.1±0.65** 
6 GREEN TEA METHONAL(GTM) 29.8±1.51 17.0±0.81** 

** indicates the difference with the control group at p<0.01. n=6 in each group. 
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Fig1: Bar charts showing Green tea EPM results 

 

Table 2: WM green tea results 

 
S.NO 

 
Treatment 

 
Transfer Latency On  

1 St Day 
Mean± Sem 

 
Transfer Lantency On 8 

Th Day 
Mean± Sem 

1 CONTROL (C) 17.5±1.11 10.50±0.50ns 
2 NEG.CONTROL(N.C) 11.8±0.60 9.16±0.47 
3 STANDARD (STD) 17.0±1.39 5.3±0.55** 
4 MARKETED PRODUCT(M.P) 17.16±1.57 7.5±0.56NS 
5 GREEN TEA AQUA(GTA) 17.33±1.33 5.8±0.945** 
6 GREEN TEA METHONAL(GTM) 17.66±1.22 6.5±1.057** 

** And ns indicates the difference with control group at p< 0.01 and p>0.05. n=6 in each group. 

 

                       

 

Fig 2: Bar charts showing WM results 
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                                                Table 3: SD results for green tea: 

 
 

S.NO 

 
Treatment 

 
 Step Down Latency 

On  1 St Day 
Mean± Sem 

 
Step Down Lantency On 

8 Th Day 
Mean± Sem 

1 CONTROL (C) 10.33±0.421 10.83±0.70NS 
2 NEG.CONTROL(N.C) 11.83±0.542 10.16±1.40 
3 STANDARD (STD) 9.167±0.792 24.50±0.76** 
4 MARKETED PRODUCT(M.P) 10.83±0.83 19.83±0.60** 
5 GREEN TEA AQUA(GTA) 8.66±0.843 19.16±1.078** 
6 GREEN TEA METHONAL(GTM) 9.667±0.33 14.0±0.44* 

*, ** and ns indicates the difference with control group at p<0.05, 0.01 and p>0.05. n=6 in each group. 

 

Fig3: Bar charts showing Green tea SDL results 

 

ACHE ESTIMATION RESULTS: 

 

Table 4: Results showing AchE of Green tea 

 
S.NO 

 
Treatment 

 
Dose 

 
Acetyl choline esterase enzyme 

activity. 
(Mean ± SEM) 

1 CONTROL (C) 10ml/kg                          29.5±0.691ns 

2 NEG.CONTROL(N.C) 0.4mg/kg                          31.19±0.710 

3 STANDARD (STD) 150mg/kg 11.01±0.551** 

4 MARKETED PRODUCT(M.P) 10ml/kg                          30.11±0.712ns 

5 GREEN TEA AQUA(GTA) 10ml/kg                          14.2±0.610** 

6 GREEN TEA METHONAL(GTM) 1ml/kg                          16.3±0.630** 

 
** indicates the difference with negative control group at p<0.01. n=6 in each group. 
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Fig 4: Bar charts showing results Ach E activity 

DISCUSSION: 

The study demonstrates the effectiveness of 
green tea extract in improving passive 
avoidance acquisition and memory retention in 
mice [14]. Passive avoidance behavior is based 
on negative reinforcement and is used to 
examine long term memory. Anti-amnesic 
effect of extract of plant is manifested as 
increase in latency to experience shock 
(acquisition) and decrease in transfer latency 
in elevated plus maze and Morris water maze, 
as the animal made to achieve cut off time 
60/90 secs as the criterion (memory 
retention)[16]. Central cholinergic system 
plays an important role in learning and 
memory. Piracetam (150mg/kg, p.o.) and 
green tea extract (10ml/kg, p.o.) significantly 
lowered AChE activity (p<0.01), on the other 
hand the marketed product did not lower the 
AChE activity significantly (ns ),  Nootropic 
agents have selective facilitatory effect on 
integrative functions of the central nervous 
system particularly on intellectual 
performance, learning capacity and memory. 
Polyphenols in green tea can neutralize free 
radicals and may prevent some of the damage 
they cause and may help maintain the parts of 
the brain that regulate learning and memory. 
The beneficial effect of green tea may be the 
result of antioxidant polyphenols,  

 

improvement in cerebral circulation and brain 
metabolism [17-18].The present study gives 
the scientific evidence of green tea inhibiting 
the AChE activity in the mice whole brain 
homogenate, indicating its potential in the 
attenuation of symptoms of cognitive deficits.  

CONCLUSION:  
Green tea extract was found to improve 
learning abilities and memory capacities in 
mice. Data obtained from the study shows 
significant memory enhancement by extract 
of green teaatadoseof10ml/kg body weight 
p.o. The study proves the modern claims of 
green tea being a very good remedy for 
preventing cognitive decline. 
 
ACKNOWLEDGEMENTS:  
The authors are thank full to CMR College of 
Pharmacy, for their valuable support and 
providing facilities to carry out this research 
work. 
REFERENCES: 

1. Mishu Memory enhancer agents 
(nootropics). International journal of 
pharmaceutical research and bioscience.2012; 1 
(4), 42-45. 

2. Jigna Shah, Ramesh Goyal.Comparative clinical 
evaluation of herbal formulation with multivitamin 
formulation for learning and memory 



Asian Journal of Pharmaceutical Research and Develo pment                 Vol.1 (6) Nov. – Dec. 2013: 1 21-127�

Sharadha Srikanth  et al                                        www.ajprd.com                                                        ��� �

enhancement. Asian Journal of Pharmaceutical 
and Clinical Research.2010; 3 (1), 69-75. 

3. SharmaAC, Kulkarni SK. Reversal of scopolamine 
and diazocliping induced memory dysfunction by 
angiotensin converting enzyme inhibitors 
inratsandmice. Indian J Pharmacol 1992;24:147-
53. 

4. Kulkarni SK, Verma A. BR-16A (Mentat), A 
Herbal preparat ion, improves learning and 
memory performance einmice. IndianDrugs1993; 
30(3):97-107. 

5. Kokate CK. Practicalpharmacognosy. 4thed. 
Vallabh Prakashan, NewDelhi,1994; 110-111. 

6. K.Yalla Reddy, S. Mohana Lakshmi, A. Saravana 
Kumar. Review On Effect Of Natural Memory 
Enhancing Drugs On Dementia. International 
Journal of Phytopharmacology, 1(1), 2010, 1-7. 

7. Reddy DS. Assessment of nootropic and amnestic 
activity of centrally acting agents. Indian 
JPharmacol1997; 29:208-21. Kulkarni SK, Verma 
A. BR-16A (Mentat), A Herbal preparat ion, 
improves learning and memory performance 
inmice. Indian Drugs1993;30(3):97-107 

8. Dhingra D,Parle M ,Kulkarni S K. Memory 
enhancing activity of Glycyrrhizaglabra. 
JEthonopharmacol.2004;91(2-3):361-364. 

9. Colucci L, Bosco M, Ziello AR, Rea R, Amenta F, 
Fasanaro AM. (2012).       Effectiveness of 
nootropic drugs with cholinergic activity in 
treatment of cognitive deficit. Journal of 
experimental pharmacology, Vol 2012:4 Pages 
163 – 172. 

10. Baldessarini RJ. Drugs and the treatment of 
Psychiatricdisorders. In: Hardman JG, Limbird 
LE, Gilman AG, editors. Goodman & Gilman’s 
The Pharmacological Basis of 

Therapeutics.10
th

Edition. NewDelhi: McGraw-
Hill;2001:447-83. 

11. RaiKS, Murthy KD, Karanth KS, Rao MS. Clitoria 
Ternetea (Linn)Root Extract treatment during 
growth spurt period enhances learning and 
memory in rats. Indian J Physiol Pharmacol. 
2001; 45(3):305-13. 

12. Preksha Dwivedi, Richa Singh, Mohd. Tabish 
Malik and Talha Jawaid*A Traditional Approach 
To Herbal Nootropic Agents: An Overview. 
International journal of pharmaceutical sciences 
and research. IJPSR, 2012; Vol. 3(3): 630-636. 

13. Hanumanthachar Joshi and Milind Parle. Brahmi 
rasayana Improves Learning and Memory in Mice. 
Evidence Based Complementary and Alternative 
Medicine. 2006 March; 3(1): 79–85. 

14. JS Shah and RK Goyal. Investigation of Neuro 
psychopharmacological Effects of a Polyherbal 
Formulation on the Learning and Memory Process 
in Rats. Journal of young pharmacists. 2011 Apr-
Jun; 3(2): 119–124. 

15. Reena Kulkarni, K. J. Girish, and Abhimanyu 
Kumar. Nootropic herbs (Medhya Rasayana) in 
Ayurveda: An update.Pharmacognosy Review. 
2012 Jul-Dec; 6(12): 147–153.  

16. Neeraj K Sethiya*, SH Mishra.Review on 
ethnomedicinal uses and phytopharmaco logy of 
memory boosting herb Convolvulus pluricaulis 
Choisy. Australian Journal of Medical Herbalism 
2010 volume: 22(1). 

17. G. Sudhakara, B. Ramesh, P. Mallaiah, N. 
Sreenivasulu, D. Saralakumari.Protective effect of 
ethanolic extract of commiphora mukul gum resin 
against oxidative stress in the brain of 
streptozotocin induced diabetic wistar male rats. 
EXCLI journal 2012. Volume: 11. Pg.no: 576-592. 

18. Rutger G. Cholinergic challenges in 
Alzheimerpatientandmild cognitive impairment 
differentiallyaffectshippocampalactivation.Brain20
06;129:141-157. 

   

�
 


