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	 Alzheimer’s disease is a common neurological disorder affecting a significant 
proportion of the elderly population.There are only a few drugs which can be used safely to 
treat it. We sought to investigate for the first time Piper betel leaf, a postmeal mouth freshener 
for its potential use in Alzheimer’s disease. Five groups of male Wistar rats with six rats in each 
groupaged 10-12 weekswere used. The control group received the distilledwater, aluminium 
chloride (AlCl3) group was treated with AlCl3, the standard group was treated with rivastigmine 
with AlCl3, and the two test groups received piper betel leaf extract (PBE) at doses of 400mg/
kg and 500mg/kg body weight with AlCl3. AlCl3 was administered orally for 42 days in all the 
treated groups. Memory and learning were evaluated by Morris water maze test and Passive 
avoidance test.The results of theMorris water maze test showed reduced mean escape latency 
period in all the groups on trial day three (Pd”0.05) and on trial day four (P d”0.01) compared to 
AlCl3 group. The retention of spatial memory by probe trial showed that PBE and rivastigmine 
treated group spent more time in the target (platform) quadrant when compared to AlCl3 group 
(Pd”0.01). The passive avoidance test showed asignificant increase in step through latency in 
standard and test groups compared to theAlCl3 treated group.The weight of the rats treated 
with AlCl3 and PBE was reduced at the end of the treatment period while increased in standard 
and control group.The study shows the beneficial effects of Piper betel leaves in Alzheimer’s 
disease by significantly improving the learning and memory functions in rats.
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	 Alzheimer’s disease (AD) is the common 
cause of dementia, manifested as impaired memory 
and disturbances in cognitive functions. Its 
pathology is characterized by the accumulation of 
A-beta peptide, which is formed by the action of 
enzyme secretases on amyloid precursor protein 
(APP).1According to Alzheimer’s Association 
Report 2017, an estimated 5.5 million Americans 
have AD and is projected to grow to 13.8 million 

in 2050.2In India, 3.7 million people aged more 
than 60 years were estimated to be suffering from 
dementia and is expected to double by 2030.3

	 Treatment of AD includes six FDA 
approved drugs - tacrine, rivastigmine, galantamine, 
donepezil, memantine and memantine with 
donepezil combination. These drugs being mainly 
cholinergic drugs were found to have modest 
beneficial effects on cognition and memory, do not 
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reverse the memory loss, have a brief duration of 
action, andare associated with adverse effects due 
to activation of the peripheral cholinergic system. 
Memantine has potential to cause neurotoxic 
effects if not given for long periods when combined 
with anticholinesterase drugs.4Moreover, in 2005, 
NHS expressed skepticism on the ability of the 
AD drugs to meaningfully improve quality of life 
or delay hospitalizations.5

	 Betel leaves were used as a postmeal 
mouth freshener and also popular for its medicinal 
uses in India, Srilanka, Malaysia, Thailand, 
Taiwan and other southernasian countries.6Betel 
leaves containmany neuroprotective and 
cognition-enhancing chemical components like 
hydroxychavicol, caryophyllene, quercetin.7In-
vitrostudies have proved betel leaves ability 
to inhibit a beta-secretase enzyme which 
catalyzes the production of senile plaque in 
AD.8Hydroxychavicol (HC) at graded doses 
administered orally for 21 days in rats improved 
the cognition and reduced pro-inflammatory 
cytokines. It attenuated the lipid peroxidation and 
activities of both â- and ã-secretase enzymes.9Beta-
caryophyllene was shown to reduce oxidative stress 
and demyelination process in multiple sclerosis in 
a murine model. Its cannabinoid (CB2) receptor 
agonism was shown to improve cognition and 
to reduce neuroinflammation.10 However, todate, 
none of the studies to the best of our knowledge 
has tested the role of betel leaves extract in the AD. 
Hence, we sought to evaluate its role in the animal 
model of the AD.

MATERIALS AND METHODS

Preparation of aqueous betel leaf extract
	 The leaves were obtained from the local 
market in Udupi. The leaf was authenticatedby 
Dr M. S. Joishni Kumble, Department of Botany, 
Canara College, Mangaluru, Karnataka, India. A 
voucher specimen (CC/Cert./2017-2018) has been 
deposited in the herbarium of the Canara College, 
Mangaluru University, Karnataka, India under the 
license No.CC-Jan/2018/01.The 100g of Piper 
betel leaves was grounded with 150ml of distilled 
water in a grinder and kept at 4ºC for 24 hours. The 
extract is filtered under vacuum and used for this 
study. 
	 Dosage: Earlier studies have shown that 

LD… €  value 3g/kg of betel leaf extract to be 
non- toxic to rats.11, 12Two different oral doses of 
aqueous leaf extract (400mg/kg and 500mg/kg) of 
piper betelwere used in the present study.
	 Drugs and Chemicals: Aluminium 
chloride was purchased from Merck Life Sciences 
Private Limited (Vikhroli East, Mumbai, India) 
and rivastigmine was procured from Novartis 
Pharmaceuticals Ltd (Worli, Mumbai, India).
	 Animals: Male Wistar rats weighing 
200–225 g,aged 10-12 weeks, procured from 
institutional Central Animal House and maintained 
at 12/12 h light/dark cycle, 25±2 ºC temperature 
and 60 % humidity. Standard pelletized feed and 
water were providedad libitum. The experiment 
was conducted after getting approval by the 
Institutional Animal Ethics Committee (IAEC/
KMC/125/2016).
Experimental Design
	 The following five groups of male Wistar 
rats with six rats in each group were used:
	 Control: Rats were administered with 
distilled water by the oral route.
	 AlCl3: Rats were treated with AlCl3 (100 
mg/kg body weight orally) for 42 days.
	 Standard: Rats were treated with AlCl3 as 
group II for 42 days and Rivastigmine(5 mg/kg) 
(one hour before AlCl3) from day 21 to 42 days 
by oral gavage.
	 PBE 400mg: Rats were administered 
AlCl3 like group II for 42 days and PBE (400mg/
kg) (one hour before AlCl3) from day 21 to 42 days 
by oral gavage.
	 PBE 500mg: Rats were administered 
AlCl3 like group II for 42 days and PBE (500mg/
kg) (one hour before AlCl3) from day 21 to 42 days 
by oral gavage. 
	 At the end of the experiment, animals 
were tested for memory by Passive avoidance test 
and Water Maze Test.
Passive avoidance Test: 13

	 This is awidely used method for memory 
testing. The apparatus consists of two compartments 
(26×28×16cm each), with one illuminated and the 
other dark chamber,separated by an automatically 
operated guillotine door. The dark compartment 
is provided with an electrifiable grid, which is 
connected to a constant current stimulator. The test 
was conducted for 2 consecutive days at the same 
time each day. On thefirst day (acquisition trial) 



1427Upadhyaya et al., Biomed. & Pharmacol. J,  Vol. 12(3), 1425-1431 (2019)

each rat was placed in the illuminatedcompartment 
facing away from the dark compartment and 
allowed to explore freely.The rats were allowed 
to enter the dark compartment. Once the rat enters 
completely into thedark compartment, the door is 
closed immediately and given an electric shock (50 
Hz, 1.5 mA, and 1 s duration) at 5-second intervals. 
After the acquisition trial, twenty-four hours later, 
the same experiment was repeated for retention 
trial but without administering anelectric shock. 
When the rats stayed in the light compartment, 
it was considered positive memory retention and 
impaired if it enters thedark compartment. The 
maximum cut-off latency time was set at 300 sec.
Morris Water Maze
	 Spatial learning and memory abilities 
were assessed according to Vorhees and Williams, 
with minor modification.14 Rats were tested in a 
Morris water maze (diameter of 150cm and depth 

of 29cm, 57 cm high, 23°C±2°C).The escape 
platform is made invisible by adding milk powderto 
the pool. Throughout the experiment, the platform 
was concealed just below the water surface(2 cm) 
in a fixed place in one of the four divided quadrants 
of the pool. During the training period, rats have 
to find the concealed platform using distal cues. 
One day before the test, the rats were provided free 
swim in the pool without a platform for 60seconds 
to enable each rat to become accustomed to the 
environment. On days one- to- four, rats were 
trained for 16 trials (four trials a day) to find and 
escape onto the immersed platform. The latency 
time to escape to the hidden platform in the pool 
was noted during each trial. Every trail began by 
releasing the animal from different positions into 
the maze, facing towards the wall of the pool to 
search for the platform to a maximum cutoff60 
seconds. Within the given time if the rat did not 

Fig. 1. Mean escape latency time in seconds in different groups during acquisition trial.Values expressed as 
mean±SEM. *=P<0.05, **=P<0.01 compared to AlCl3 group. PBE: Piperbetel leaf extract
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Table 1. Mean body weight in different groups

Body Weight	 Control	 AlCl3	 Standard	 PBE400mg	 PBE500mg

Day1	 143±14	 168±5	 164±8	 170±7	 165±8
Day42	 175±19	 163±4	 177±8	 160±3	 159±6
P	 0.007	 0.011	 0.002	 0.03	 0.01

Values are expressed as mean±Standard error of mean.P < 0.05 is considered significant. PBE: 
Piperbetel leaf extract; AlCl3: Aluminium chloride

Fig. 2. Mean time(seconds) spent in the target quadrant in different groups. Values are expressed as mean ±SEM. 
*=P < 0.01 compared to AlCl3 group; PBE: Piperbetel leaf extract

escape to the platform, it was guided to the platform 
and allowed to remain there for 15s. The time to 
reach the platform was recorded using a video 
camera. The probe trial was done on day 5, 24hr 
following the training trails on day four. In the 
probe trial, the platform was removed from the pool 
andeach rat was allowed to swim for 60 seconds. 
The time spent in the target quadrant within that 
60seconds of probe test time was recorded. This 
estimates the retention of spatial memory.
	 Statistical Analysis: Statistical analysis 
was performed by one-way analysis of variance 
followed by Tukey test and student paired t-test 
wherever applicable using Statistical Package for 
the Social Science software package version 20.0 
(IBM Corp: Armonk, NY). Results were expressed 
as a mean ± Standard errormeans for each group. 
Probability values (P) d”0.05 was considered 
statistically significant.

RESULTS

	 Body weight changes in all the groups 
were shown in Table 1. The body weight was found 
to increase in control and standard group after the 
treatment period. The AlCl3 group and PBE groups 
exhibited a decrease in body weight.
	 The mean escape latency period was 
reduced in all the groups on trial day 3 (Pd”0.05) 
and day 4 (P d”0.01) compared to AlCl3 group. 
The AlCl3 group exhibited an increase in escape 
latency on all four days to find the platform. There 
was a downward trend in time latency with all the 
groups as days advances, except for AlCl3 treated 
group (Figure 1).
	 The probe trial demonstrated that the time 
spent in the platform (target) quadrant was lesser 
with Aluminium chloride group compared to all 
the other groups. This indicates lesser retention of 
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spatial memory on exposure to aluminium. PBE 
co-treatment significantly attenuated (Pd”0.01) the 
impairment of memory caused by AlCl3 (Figure 
2).
	 Learning and memory was assessed by 
performing passive avoidance test.In the acquisition 
trial, there was no significant differencein step-
through latency time among experimental groups 
(Figure 3). However, during retention trial, the 
latency was dramatically decreased in the AlCl3 
rats,and AlCl3-reduced step-through latency was 
effectively restoredby PBE administration at 
400mg/kg and 500mg/kg (Figure. 3).There was 
asignificant increase in step-through latency in 
PBE 400 group compared to thestandard group.

Discussion

	 The current study was undertaken to 
evaluate the effects of piperbetel leaves in AD. 
Two doses of betel leaf extract were selected based 
on previous studies.11,12 The results showed, loseof 
weight in aluminium (Al) and PBE treated groups 
and weight gain in rivastigmine and control groups 
(Table 1). Al administration is known to reduce the 
desire for food intake in rats.15 Similar to our study 
AbdulGani et al. showed, in rats administered with 
PBE at 500mg/kg leads to a reduction in food intake 

in high fat fed rats.16 A randomized,double-blind 
controlled trial was reported to cause weight loss 
with PBE by rising serum levels of adiponectin and 
decrease in ghrelin peptide.17Studies have shown 
relationship between weight loss and improvement 
in memory.18Similarly in our study there wasloss 
of weight in PBE groups. This to an extent might 
have contributed to its learning and memory 
enhancing activity. However, further studies are 
required to find its exact mechanismresponsible 
for improvement in learning and memory in AD.
	 Learning and memory impairment are 
common manifestations with the AD. There 
is still no effective treatment to reverse and 
restore the dysfunctional nervous system in the 
AD. A naturally grown and consumed agent, 
which can restore the neuronal dysfunction with 
minimal side-effects and cost will be valuable. 
Aluminium Chloride salts when administered to 
rats, causes neurotoxicity by multifaceted action. 
It accumulates in the hippocampus(site of learning 
and memory) by entering the brain via transferrin 
receptors.19 It affects learning and memory by 
increasing AChE activity, increased accumulation 
of beta-amyloid and reducing the antioxidant 
activity.20,21In the present study, AlCl3 treated group 
has impaired memory in both water maze test and 
in passive avoidance test compared to other groups 

Fig. 3. Values are expressed as mean ±SEM. *=P < 0.01 compared to AlCl3 group; # =P < 0.05 compared to the 
standard group.PBE: Piperbetel leaf extract
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indicating impaired learning and memory (Figure 
1, 2 and 3).
	 PBE g roup  showed  s ign i f i can t 
improvement in learning by exhibiting decreased 
escape latency time as days advances during 
theacquisition trial. (Figure 1)The group also 
showed greater memory retention by spending 
more time in platform quadrant in probe trial and 
increased step-through latency in passive avoidance 
test compared to AlCl3 treated group.(Figure 
2 and 3) PBE contains many neuroprotective 
phytoconstituents. Dalai et al., reported by 
an in-vitro study that hydroxychavicol and 
chlorogenic acid from extracts of betel leaves 
inhibited both acetylcholinesterase (AChE) 
and butyrylcholinesterase (BChE) enzymes 
significantly.22Both these enzymes decrease 
the acetylcholine (ACh) levels in AD causing 
cholinergic dysfunction. Pandey et al. demonstrated 
that chronic oral treatment of hydroxychavicol 
(HC) extracted from Piperbetle in rats at graded 
doses reduced the concentration of both enzymes 
â- and ã-secretases.9 The Aâ region of the 
APP is cleaved by these proteases, which are 
responsible for the accumulation of Aâ in the 
brain.23Allylopyrocatechol, a phytoconstituent 
of Piper betle, was demonstrated by De et al., to 
induce antioxidant enzymes catalase, superoxide 
dismutase and enhance reduced glutathione (GSH) 
levels by activation of the Nrf2 pathway.24 These 
multiple mechanisms may be responsible for 
the protective effects of PBE against Al-induced 
AD. Future studies should explore on underlying 
molecular mechanisms involved in the beneficial 
effects of PBE in the AD. However, this is the first 
study to establish successfully the useful effects of 
Piper betel leaves in rats induced with Alzheimer’s 
disease. 

CONCLUSION

	 The study proves the learning and memory 
enhancingactivity of Piper betel leaves in an animal 
model of Alzheimer’s disease. It can be useful in 
the human population and can be a potential area 
for future research.
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