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O R I G I N A L  A R T I C L E

INTRODUCTION

Alzheimer’s disease (AD) is a progressive neurodegenerative 
disorder associated with loss of  neurons in distinct brain 
areas resulting in dementia.[1,2] The central cholinergic 
pathways play a prominent role in memory processes.[3] The 
allopathic system of  medicine is yet to provide a radical cure 
for AD which principally relies on nootropic agents such as 
piracetam, aniracetam, fosracetam, and anticholinesterases 
such as donepezil, metrifonate, and rivastigmine.[4-10] One 
of  the most important approaches for the treatment of  this 
disease involves the enhancement of  acetylcholine (Ach) 
levels in brain using AChE inhibitors.[11,12] Several studies 
have reported anticholinesterase activity of  the plant 
extracts and drugs.[13-16] Certain reports have claimed that a 
few herbal extracts can act on the central nervous system, 
thereby enhancing the faculties of  learning and memory. 

In our earlier report, cold and hot aqueous extracts of  Ficus 
racemosa stem bark showed dose-dependent inhibition of  
rat brain acetylcholinesterase with IC50 values of  1813 and 
1331 µg/mL, respectively.[17]

It is postulated that anti-inflammatory and antioxidant drugs 
are useful in controlling the progression and inflammatory 
damage to brain tissue as immunohistochemical studies have 
shown chronic inflammatory changes in AD.[18,19] In view 
of  the above, F. racemosa bark having anti-inflammatory, 
antioxidant, and anticholinesterase activity[17,20,21] was 
evaluated for its ability to enhance ACh in rat brain and its 
effect on cognitive function using elevated plus-maze as the 
exteroceptive behavioral model to evaluate memory in rats.

MATERIALS AND METHODS

Chemicals and plant material
All the reagents and chemicals used in the study were 
of  extra pure analytical grade. F. racemosa stem bark was 
identified by Dr. Shivprasad Hudeda, JSS Ayurvedic 
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Medical College, Mysore, and the voucher specimen  
(BOT-001/2008) was deposited at the herbarium of  
Department of  Studies in Botany, University of  Mysore, 
Mysore, India. The bark was cut into small pieces, dried 
(50°C) and powdered, passed through 60 mesh sieve (BS) 
and stored in an air tight container at 4°C till further use.

Preparation of the extracts
Aqueous extract (FR) was prepared by extracting F. racemosa 
bark powder with distilled water (1:8 w/v) at 70°C in a 
temperature controlled mechanical shaker for 24 h, filtered 
and freeze dried (yield: 12% w/v).

Acetylcholine enhancing activity
Healthy male Wistar rats of  6 weeks were divided into the 
following three groups (n = 6).
Group I:	 Served as control and received 1 mL normal 

saline p.o.
Group II:	 FR group received F. racemosa extract dissolved 

in 1 mL distilled water (250 mg/kg p.o.).
Group III:	FR group received F. racemosa extract dissolved 

in 1 mL distilled water (500 mg/kg p.o.).

The rats were housed in polyacrylic cages, maintained at 
27 ± 2 °C, 45–60% RH, and 12-h photoperiod. They were 
provided with a standard pellet diet (Amrut feeds, Pune, 
India) and water ad libitum. The animals were maintained 
with the above treatment for a period of  4 weeks. After 4 
weeks, the rats were euthanized by decapitation, brains were 
rapidly excised, hippocampi were dissected out on ice and 
placed in chilled NaCl solution (0.9%).[22] The hippocampi 
were then homogenized using a Teflon–glass homogenizer 
in freshly prepared 10% trichloroacetic acid (1:5 w/v) in 
ice cold conditions. The homogenates were centrifuged at 
4°C (8000 × g; 10 min) and the supernatant was collected 
and immediately used for the estimation of  Ach by the 
fluorimetric method.[23]

Elevated plus-maze
Elevated plus-maze served as the exteroceptive behavioral 
model to evaluate memory in rats. The apparatus for rats 
consisted of  a central platform (10 × 10 cm2) connected to 
two open arms (50 × 10 cm2) and two covered (enclosed) 
arms (50 × 40 × 10 cm3), and the maze was elevated to a 
height of  50 cm from the floor (Parle and Singh, 2004). On 
the first day (i.e., seventh day of  drug treatment), each rat 
was placed at the end of  an open arm, facing away from 
the central platform. Transfer latency (TL) was defined as 
the time (in seconds) taken by the animal to move from 
the open arm into any one of  the covered arms with all its 
four legs. TL was recorded on the first day (training session) 
for each animal. The rat was allowed to explore the maze 
for another 2 min and then returned to its home cage. 
Retention of  this learned-task (memory) was examined 24 

h after the first day trial. Significant reduction in the TL 
value of  retention indicated improvement in memory.[24]

Statistical analysis
All values are expressed as mean ± SD. Data were analyzed 
by ANOVA followed by Tukey’s multiple comparison tests 
for significant differences using SPSS 16.0 software. The 
values were considered significant at P ≤ 0.05.

RESULTS AND DISCUSSION

Acetylcholine plays a central role in basic nerve 
transmission, concentration, memory, and learning. The 
leading pharmaceutical drugs used for senility are, in fact, 
aimed at elevating Ach levels in the brain.[25] Age-related 
neurodegenerative disease like AD often associated with 
decreased level of  neurotransmitter, primarily Ach in the 
hippocampal region, the area which performs the major 
memory task. Defectiveness of  the Ach in the cholinergic 
forebrain ultimately leads to dementia.[26] The reduction of  
cholinergic activity in the CNS of  AD patients correlates 
with their deterioration in scores on dementia rating 
scales.[27]

This study reports the Ach and memory enhancing 
activity of  aqueous extract of  F. racemosa bark in rats. 
Administration of  the extract at two levels namely 250 and 
500 mg/kg significantly enhanced (P ≤ 0.05) Ach levels 
in hippocampi of  rats compared to control [Figure 1]. 
ACh levels were increased from 42 nM/g in control to 
53.9 and 67.7 nM/g by 250 and 500 mg/kg of  the extracts, 
respectively. The percentage raise in Ach levels were found 
to be 22% and 38% at 250 and 500 mg/kg dose of  the  
F. racemosa extract, respectively. These findings are in good 
agreement with an earlier study, wherein the leaf  extract 
of  Ficus hispida at 200 and 400 mg/kg increased Ach 

Figure 1: Acetylcholine concentration in the hippocampi of various 
groups. Values are mean ± SD (n = 6), bars with different letters a, b, 
and c differ significantly (P ≤ 0.05)
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concentration by 21% and 31% in neonatal rats and by 48% 
and 55%, respectively, in adult rats.[28] The elevated levels 
of  ACh in the hippocampal region could be attributed to 
the inhibition of  acetylcholinesterase by F. racemosa bark 
extract.[17]

Memory refers to the storage, retention, and recollection 
of  information including past experiences, knowledge, 
and thoughts.[24,29] Drugs that enhance acquisition and 
recall of  associative memory represent important goals 
in the therapy of  cognitive disorders. The changes in TL 
with the administration of  F. racemosa extracts (250 and 
500 mg/kg) are presented in Figure 2. The extract at both 
dosage levels showed significant reduction (P ≤ 0.05) 
in TL. The extract at 500 mg/kg showed significantly a 
higher reduction in TL compared to a 250 mg/kg dosage 
level. It is opinioned that anti-inflammatory, antioxidant, 
and cholesterol lowering drugs are useful in controlling 
the progression of  AD[18] as chronic inflammation and 
abnormal accumulation of  cholesterol increases β-amyloid 
(Aβ) plaques resulting in dementia.[30] Therefore, the 
memory enhancing activity of  F. racemosa extract could 
be attributed to its anti-inflammatory, antioxidant, and 
hypocholesterolemic activity.[20,21,31]

The chemical composition of  F. racemosa bark is widely 
reported and is known to contain steroids such as stigmasterol, 
β-sitosterol, β-sitosterol-d-glucoside, tripenoids such as 
lupeol, lupeol acetate, α-amyrin acetate, gluanol acetate, 
glycosides such as racemosic acid, leucocyanidin-
3-O-β-d-glucopyrancoside, leucopelargonidin-3-O-
β-d-glucopyranoside, leucopelargonidin-3-O-α-l-
rhamnopyranoside, ceryl behenate, phenoloic compounds 
such as quercetin, kaempherol, catachin, epicatachin, and 
other compounds including friedelin, bergenin, bergapten, 
psoralens, alkaloids, and tannins.[32-39] Of  these compounds 

phenolic compounds and racemosic acid are known 
to exhibit excellent anti-inflammatory and antioxidant 
activity. Phenolic compounds are also known to inhibit 
acetylcholinesterase in vitro.[40] Thus, the ACh and memory 
enhancing activity of  F. racemosa bark extract can be 
attributed to the various antioxidant phenolic compounds 
and the glycoside; racemosic acid.

CONCLUSION

AD is a complex neurodegenerative disorder, leading to 
accelerated cognitive decline and dementia. The clinical 
treatment strategy of  AD mainly involves elevation 
of  cholinergic hypofunction and administration of  
anti-inflammatory drugs, antioxidants, and life style 
management. The plant extract selected for investigation 
shown to have antioxidant and anti-inflammatory activity 
from previous studies. It is evident from our study that 
administration of  this extract elevated Ach levels and 
improved memory in rats. The collective pharmacological 
actions attributed by F. racemosa extract may serve as 
beneficial and supporting agent in the treatment of  AD.

REFERENCES

1.	 Dhingra D, Parle M, Kulkarni SK. Memory enhancing activity of 
Glycyrrhiza glabra in mice. J Ethnopharmacol 2004;91:361-5.

2.	 Uriarte PI, Calvo MI. Phytochemical study and evaluation of 
antioxidant, neuroprotective and acetylcholinesterase inhibitor 
activities of Galeopsis ladanum L. extracts. Pharmacogn Mag 
2009;5:287-90.

3.	 Nabeshima T. Behavioral aspects of cholinergic transmission: 
Role of basal forebrain cholinergic system in learning and 
memory. Prog Brain Res 1993;98:405-11.

4.	 Ringman JM, Cummings JL. Metrifonate: Update on a new 
antidementia agent. J Clin Psychiatry 1999;60:776-82.

5.	 Sramek JJ, Frackiewicz EJ, Cutler NR. Review of 
acetylcholinesterase inhibitor galanthamine. Expert Opin 
Investig Drugs 2000;9:2393-402.

6.	 Mashkovskii MD, Glushkov RG. Drugs for the treatment of 
Alzheimer’s disease. Pharm Chem J 2001;35:179-82.

7.	 Potkin SG, Anand R, Fleming K, Alva G, Keator D, Carreon 
D, et al. Brain metabolic and clinical effects of rivastigmine in 
Alzheimer’s disease. Int J Neuropsychopharmacol 2001;4: 
223-30.

8.	 Balaraman R, Shingala J. Nootropic. Indian J Pharmacol 
2002;34:439-40.

9.	 Sugimoto H, Ogura H, Arai Y, Iimura Y, Yamanishi Y. Research 
and development of donepezil hydrochloride, a new type of 
anticholinesterase inhibitor. Jpn J Pharmacol 2002;89:7-20.

10.	 Gauthier S, Emre M, Farlow MR, Bullock R, Grossberg GT, 
Potkin SG. Strategies for continued successful treatment of 
Alzheimer’s disease: Switching cholinesterase inhibitors. Curr 
Med Res Opin 2003;19:707-14.

11.	 Bores GM, Huger FP, Petko W, Mutlib AE, Camacho F, Rush 
DK, et al. Pharmacological evaluation of novel Alzheimer's 
disease therapeutics: Acetylcholinesterase inhibitors related to 
galanthamine. J Pharmacol Exp Ther 1996;277:728-38. 

Figure 2: Effect of Ficus racemosa bark extract on transfer latency. 
Values are mean ± SD (n = 6), bars with different letters a, b, and c 
differ significantly (P ≤ 0.05)

Control FR (250 mg kg-1) FR (500 mg kg-1)
0

10

20

30

40

50

60
c

b

Tr
an

sf
er

 la
te

nc
y 

(S
ec

)

a

Ahmed, et al.: Memory enhancing activity of Ficus racemosa



Pharmacognosy Research  | October 2011 | Vol 3 | Issue 4	 249

Cite this article as: Ahmed F, Narendra Sharath Chandra JN, Manjunath S. 
Acetylcholine and memory-enhancing activity of Ficus racemosa bark. Phcog 
Res 2011;3:246-9.

Source of Support: Nil, Conflict of Interest: None declared.

12.	 Kartal M, Orhan I, Abu-Asaker M, Senol FS, Atici T, Sener 
B. Antioxidant and anticholinesterase assets and liquid 
chromatography-mass spectrometry preface of various fresh-
water and marine macroalgae. Pharmacogn Mag 2009;5:291-7.

13.	 Orhan I, Sener B, Choudhary MI, Khalid A. Acetylcholinesterase 
and butrylcholinesterase inhibitory activity of some Turkish 
medicinal plants. J Ethnopharmacol 2004;91:57-60. 

14.	 Ortega MG, Agnese AM, Cabrera JL. Anti-cholinesterase activity 
in an alkaloid extracts of Huperzia saururus. Phytomedicine 
2004;11:539-43. 

15.	 Viegas C, Bolzani VS, Pimentel LS, Castro NG, Cabral RF, 
Costa RS, et al. New selective acetylcholinesterase inhibitors 
designed from natural piperidine alkaloids. Bioorg Med Chem 
2005;13:4184-90.

16.	 Roodenrys S, Booth D, Bulzomi S, Phipps A, Micallef C, Smoker 
J. Chronic effects of Brahmi (Bacopa monnieri) on human 
memory. Neuropsychopharmacology 2002;27:279-81.

17.	 Ahmed F, Urooj A. Anticholinesterase activities of cold and hot 
aqueous extracts of F. racemosa stem bark. Pharmacogn Mag 
2010;6:140-2.

18.	 McGeer EG, McGeer PL. Brain inflammation and the therapeutic 
implications. Curr Pharm Des 1999;5:821-36.

19.	 Ebrahimzadeh MA, Ehsanifar S, Eslami B. Sambucus ebulus 
elburensis fruits: A good source for antioxidants. Pharmacogn 
Mag 2009;5:213-8.

20.	 Li RW, Leach DN, Myers SP, Lin GD, Leach GJ, Waterman 
PG. A new anti-inflammatory glucoside from Ficus racemosa L. 
Planta Med 2004;70:421-6.

21.	 Ahmed F, Urooj A. Antioxidant activity of various extracts of 
Ficus racemosa stem bark. Nat J Life Sci 2009;6:69-74.

22.	 Sigurdsson EM, Hejna MJ, Lee JM, Lorsen SA. Beta-Amyloid 
25-35 and/or quinolinic acid injections into the basal forebrain 
of young male Fischer-344 rats: Behavioral, neurochemical and 
histological effects. Behav Brain Res 1995;72:141-56.

23.	 O'Neill JJ, Sakamoto T. Enzymatic fluorometric determination of 
acetylcholine in biological extracts. J Neurochem 1970;17:1451-
60.

24.	 Parle M, Singh N. Animal models for testing memory. Asia Pac J 
Pharmacol 2004;16:101-20.

25.	 Winter SC, Szabo-Aczel S, Curry CJ, Hutchinson HT, Hogue R, 
Shug A. Plasma carnitine deficiency. Clinical observation in 51 
pediatric patients. Am J Dis Child 1987;141:660-5.

26.	 Sato A, Sato Y, Uchida S. Regulation of cerebral cortical blood 
flow by basal forebrain cholinergic fibers and aging. Auton 
Neurosci 2002;96:13-9.

27.	 Geula C, Mesulam M. Cholinergic systems and related 
neuropathological predilection patterns in Alzheimer disease. 

New York: Raven Press; 1994. p. 263-91.
28.	 Sivaraman D, Muralidaran P. Acetylcholine enhancing activity of 

methanol leaf extract of Ficus hispida Linn. in rat hippocampus. 
J Herb Med Toxicol 2009;3:147-50.

29.	 Vyawahare NS, Bodhankar SL. Effect of Argyreia speciosa 
extract on learning and memory paradigms in mice. Pharmacogn 
Mag 2009;5:43-8.

30.	 Sayre LM, Zagorski MG, Surewicz WK, Krafft GA, Perry G. 
Mechanisms of neurotoxicity associated with amyloid beta 
deposition and the role of free radicals in the pathogenesis of 
Alzheimer’s disease: A critical appraisal. Chem Res Toxicol 
1997;336:1216-22.

31.	 Ahmed F, Urooj A. Glucose lowering, hepatoprotective and 
hypolipidemic activity of stem bark of Ficus racemosa in 
streptozotocin-induced diabetic rats. J Young Pharm 2009;1: 
160-4. 

32.	 Balas RK, Agha R. Isolation of a hypoglycemic principle from the 
bark of Ficus glomerata Roxb. Chem Pharm Bull 1985;2:13-4. 

33.	 Joy PP, Thomas J, Mathew S, Skaria BP. Medicinal Plants. 
Tropical Horticulture. Vol 2. Calcutta: Naya Prokash; 2001. p. 
449-632.

34.	 Khan N, Sultana S. Chemomodulatory effect of Ficus racemosa 
extract against chemically induced renal carcinogenesis and 
oxidative damage response in Wistar rats. Life Sci 2005;29: 
1194-210.

35.	 Malairajan P, Gopalakrishnan G, Narasimhan S, Veni 
JK. Analgesic activity of some Indian medicinal plants. J 
Ethnopharmacol 2006;106:425-8.

36.	 Nguyen TD, Pham DT, Nguyen TD, Chau VM. Some compounds 
isolated from Momordica cochinchinensis seed and Ficus 
glomerata bark. Ly Va Sinh Hoc 2001;6:66-9.

37.	 Rahman NN, Khan M, Hasan R. Bioactive components from 
Ficus glomerata. Pure Appl Chem 1994;66:2287-90.

38.	 Rahuman AA, Venkatesan P, Geetha K, Gopalakrishnan G, 
Bagavan A, Kamaraj C. Mosquito larvicidal activity of gluanol 
acetate, a tetracyclic triterpenes derived from Ficus racemosa 
Linn. Parasitol Res 2008;103:333-9.

39.	 Singhal RK, Saharia HS. Chemical examination of Ficus 
glomerata Roxb. Herba Hungarica 1980;19:17-20.

40.	 Orhan I, Sener B. Acetylcholinesterase inhibitors from natural 
resources. FABAD J Pharm Sci 2003;28:51-8

Ahmed, et al.: Memory enhancing activity of Ficus racemosa

“Quick Response Code” link for full text articles

The journal issue has a unique new feature for reaching to the journal’s website without typing a single letter. Each article on its first page has 
a “Quick Response Code”. Using any mobile or other hand-held device with camera and GPRS/other internet source, one can reach to the full 
text of that particular article on the journal’s website. Start a QR-code reading software (see list of free applications from http://tinyurl.com/
yzlh2tc) and point the camera to the QR-code printed in the journal. It will automatically take you to the HTML full text of that article. One can 
also use a desktop or laptop with web camera for similar functionality. See http://tinyurl.com/2bw7fn3 or http://tinyurl.com/3ysr3me for the free 
applications.

Announcement

VirendraD
Rectangle


