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Abstract
Cognitive impairments in dementia is a common feature which disrupts life style of the patients suffering 

neurodegenerative disorders. Management of cognitive dysfunctions such as dementia and Alzheimer’s disease is very 
challenging as there is proper medicine with proved effect is available at present. In the current study, neuroprotective 
potentials of methanol extract of dried roots of Desmodium triquetrum (DT) was investigated in the mouse models 
relevant to dementia. Exteroceptive behavioral models like Elevated plus maze and Morris water maze were used 
to assess learning and memory in mice. Scopolamine (0.4 mg/kg, i.p.) induced amnesia and diazepam (1 mg/kg, 
i.p.) amnesia were the interoceptive behavioral models. DT (50 and 100 mg/kg, p.o.) significantly attenuated amnesic 
deficits in scopolamine, diazepam and natural aging amnesic models. DT was also useful in reversing aging induced 
amnesia. DT increased whole brain acetyl cholinesterase inhibition activity in mice. Hence, DT might be used as memory 
enhancing agent and possibly may be employed in treatment of dementia and other neurodegenerative disorders. The 
mechanism of action may be due to its potential neuroprotective and acetyl cholinesterase inhibitory properties.
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Introduction
Memory function is prone to deteriorate due to a number of 

pathological processes such as neurodegenerative disorders, brain 
stroke, tumors, head injuries, cerebral ischemia, improver nutrition, 
attention deficit disorders, depression, anxiety, adverse effects of 
drugs, and ageing [1]. Alzheimer’s disease (AD) is a type of dementia 
characterized by neurodegeneration leading to cognitive dysfunction 
[2]. It is a very chronic, progressive and organic brain disorder with 
disturbances in various cortical functions, comprising memory 
impairment, decreased judgment, poor orientation, improper 
comprehension, reduced learning capability and trouble in language 
[3]. As the life expectancy among society is increasing the number 
of patients suffering from cognitive disorders are also increasing, the 
research for drugs that can possibly decrease or minimize cognitive 
impairments due to aging is gaining importance. As per estimation in 
next 50 years, around 30% of the global population shall be aged [4]; 
by 2025, 70% of world’s aged population shall be living in developing 
countries [5]. The NIH opines, if the same scenario continues, there 
may be larger than 8.5 million AD patients population by 2030 in USA 
itself [6,7]. Nootropic drugs such as piracetam [8], pramiracetam, 
aniracetam [9] and choline esterase inhibitors like Donepezil®, 
rivastigmine, galatamine are currently employed for treating dementia 
and other ailments. But, the adverse reactions due to use of these drugs 
raising lot of concerns [10] and hence is it necessary to investigate 
the usefulness of traditional medicines such as Ayurveda in the 
management of cognitive dysfunctions. 

For thousands of years, plants have been used for cognitive 
impairment in India. Ayurveda, the Indian system of medicine describes 
the use of medhya rasayana (rejuvenating and intellect promoting) 
drugs in the management of nervous disorders. The Ayurvedic concept 
of rasayana consists of specialized class of drugs which prevent ageing, 
increase longevity, impart immunity, improve mental functions and 
add vigor and vitality of the body [11]. 

Desmodium triquetrum belongs to family Leguminosae, 
Subfamily-Papilionaceae, is an erect or suberect undershrub, 

distributed throughout central, eastern Himalayas, South India and 
Sri Lanka. The leaves are used as a substitute for tea by hill tribes in 
upper Assam. The leaf extracts or pills are used for the treatment of 
piles [12]. The chloroform and alcohol extracts of DT were reported 
for their antibacterial activity [13]. The ethanol extract of leaves of this 
plant has been reported for its wound healing activity. Preliminary 
phytochemical investigations on the DT revealed the presence of 
flavonoids, glycosides, steroids, saponins, phenolic compounds, amino 
acids and fixed oils [14]. It was also reported that the whole plant is 
boiled and used against the treatment of liver parasite by Lao people 
[15]. 

In this study, the neuroprotective potential of effects of DT were 
assessed by using exteroceptive and interoceptive behavioral animal 
models. Interoceptive behavioural models such as scopolamine, 
diazepam and natural aging induced amnesia are widely used animal 
models simulating human dementia in general and dementia of 
Alzheimer’s type in particular [16]. 

Material and Methods
Plant materials and extraction 

Roots of DT were collected from Chamundi hills, Mysuru, 
Karnataka, India. The plant was identified by the experts at Dept. of 
Pharmacognosy, Sarada Vilas College of Pharmacy, Mysuru, Karnataka. 
Roots were washed under tap water, shade dried, powdered and passed 
through 10-mesh sieve. The coarsely powdered materials (1000 g) 
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were soaked in distilled water in the ratio of 1:16 (w/v). The extract 
was filtered, pooled and first concentrated on rotavapour and then 
freeze dried with high vacuum (yield 14.1% (w/w)). The phytochemical 
contents of the extract were tested by various methods of qualitative 
analysis and thin layer chromatography [17], which indicated the 
presence of alkaloids and flavonoids. Distilled water containing 1% 
(w/v) carboxy methyl cellulose (CMC) were used for preparation of 
the suspension.

Drugs and reagents

Scopolamine hydrobromide (Sigma Aldrich, USA), diazepam 
(Calmpose, Ranbaxy, India), piracetam (Nootropil, UCB India Pvt. 
Ltd., India) diluted in saline and injected intra-peritoneally. Volume of 
administration was 1 ml/100 g. All the drugs were administered in the 
morning between 8 AM to 9 AM every day. Acetylcholinesterase kits 
(NS Scientific, India) was used for estimating AChE. 

Animals 

Swiss mice of either sex with 18 g-20 g (young mice, age 3-4 
months) and 30 g and above (aged mice, 12-15 months) were used. 
The mice were kept for acclimatization for 5 days before subjecting 
them to behavioral tests. The Institutional Animals Ethics Committee 
(IAEC) approved the protocol (SVCP/IAEC/2163-2017) and the care 
was taken as per CPCSEA guidelines, Ministry of Environment, forests 
and climate change, India. Each group consisted of 6 animals. 

Acute toxicity studies

Various doses of DT methanolic extract (10, 100, 500, 1000 and 
2000 mg/kg, p.o) was administered to the mice through oral gavage with 
the help of a specially designed oral needle connected to a polythene 
tube, at the same timings on every day (i.e. 8 AM-9 AM). The animals 
were observed for gross behavioral changes for 7 days, during the first 
four hours after the administration of DT. Hyperactivity, grooming, 
convulsions, sedation, hypothermia and mortality were recorded. 
Doses selected were 50 mg/kg and 100 mg/kg per day. 

Elevated plus-maze (EPM)

EPM is an exteroceptive behavioral model widely used for evaluating 
acquisition and retention of memory in mice [16-18]. The EPM (mouse 
model) has two open arms (16 cm × 5 cm) and two covered arms (16 
cm × 5 cm × 12 cm) extended from a central platform (5 cm × 5 cm), 
and the maze is elevated to height of 25 cm from the floor. On first day, 
every mouse was placed at the end of the open arm, facing away from 
central platform. Transfer latency (TL) is defined as the time taken by 
animal to move from open arm into one of the covered arms with all its 
four legs. TL was recorded on the first day for each animal. The mouse 
was permitted to explore the maze for another 2 minutes and then 
returned to its home cage. Retention of this learned-task was examined 
24 h after the first day trial [18]. 

Morris water maze (MWM)

The MWM test was employed to assess learning and memory of 
the animals. MWM is a swimming model where the animals learn to 
escape on to a hidden platform. In the present study the target quadrant 
was Q4. The mice were subjected to 4 consecutive trials every day with 
a gap of 5 minutes for 4 e days continuously, during which they were 
permitted to escape to the hidden platform and to be remained for 20 
sec. If the animal was not able to find the hidden platform within 120 
seconds, the mouse was gently pushed and guided to the platform and 
permitted to stay on the platform for further 20 seconds. Escape latency 

time and to identify the hidden platform in Morris water maze was the 
index of acquisition (learning) [19]. The starting point on every day to 
conduct 4 acquisition trials was changed as described below and Q4 
was maintained as the target quadrant in all the acquisition trials. The 
starting point for dropping the mice into water maze on day 1 for four 
consecutive acquisition trials was in the sequence Q1, Q2, Q3 Q4 and 
so on. The sequence change in starting point was as follows. Day 1: Q1, 
Q2, Q3, Q4 Day 2: Q2, Q3, Q4, Q1 Day 3: Q3, Q4, Q1, Q2 Day 4: Q4, 
Q1, Q2, Q3. Mean escape latency time (ELT) was calculated for each 
day of the trial. On the 5th day the hidden platform was removed, each 
mouse was permitted to explore the pool for 120 seconds. The animal 
was made to take 4 such trials with 5-minute interval time and every 
trial had a different starting point covering all the 4 quadrants. The mean 
of time spent by the animal in all 4 quadrants was recorded. The TSTQ 
(time spent in target quadrant) in Q4 as compared to time spent in other 
quadrants in locating missing platform was considered as an index of 
retrieval (memory). Utmost care was employed to ensure that relative 
location of water maze with respect to any other objects in the laboratory 
serving as visual clues was not disturbed during the total duration of the 
study. All the trials were completed between 09:00 and 17:00 hours [20]. 

Interoceptive behavioral models

Scopolamine-induced amnesia: Scopolamine hydrobromide (0.4 
mg/kg, ip) was administered on 8th day and the TL were recorded. Ater 
24 h, retention was recorded. DT (50 and 100 mg/kg, po) and piracetam 
(200 mg/kg) were administered for 8 days successively. On the day 8th, 
after 45 min of administration of DT, scopolamine was administered, 
TL was recorded after 45 min. SDL was recorded on 9th day [21].

Diazepam induced amnesia: Diazepam (1mg/kg, i.p) was injected 
to the young mice and TL was recorded after 45 min of administration 
on day 8th and after 24 h. DT (50 and 100 mg/kg, p.o.) and standard 
drug piracetam (200 mg/kg, i.p.) were administered successively for 8 
days. 60 min after giving the last dose on day 8th, diazepam (1 mg/kg, 
ip) was injected. After 45 min of administration of diazepam, TL was 
noted and again after 24 h. SDL was recorded on 9th day [22].

Collection of brain samples and brain acetyl cholinesterase 
(AChE) activity

The mice were sacrificed (cervical decapitation) under ether 
anesthesia on the day 8th that is 90 min after giving the last dose of DT. 
The whole brain was removed from the skull. For preparing the brain 
homogenate, the whole brains were weighed and homogenized in ice 
bath, 10 volumes of 0.9% w/v sodium chloride solution was added. 
The homogenate was subjected to centrifugation at 3000 rpm for 10 
min and the supernatant was used for estimating brain AChE activity 
spectroscopically using the Ellman method [23].

Locomotor activity

Locomotor activity of all animals was measured using a 
photoactometer (INCO Ltd., Ambala, India).

Statistical analysis

The results were expressed as mean ± standard error. The data was 
analyzed using ANOVA followed by Tukey-kramer test using SPSS 
software. 

Results
Acute toxicity

All the doses (5, 50, 250, 500 and 2000 mg/kg, p.o.) of DT did 
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not lead to mortality including the highest dose (2000 mg/kg, p.o.) 
used. Two submaximal doses (50 and 100 mg/kg, p.o.) were sused for 
pharmacological and biochemistry studies.

Effects on locomotor functioning

There was no significant change in the locomotor function of 
animals (232 ± 1.8 and 210 ± 08) treated with DT (50 and 100 mg/kg, 
p.o.), as compared to control (219.2 ± 09).

Effect on transfer latency (TL)

DT (50 and 100 mg/kg, p.o.) showed dose-dependent decrease 
in TL on day 8th and day 9th, indicating remarkable improvement 

in learning ability and memory of the mice (young and aged) when 
compared to their respective control groups (Figure 1). Diazepam (1 
mg/kg, i.p.) and scopolamine (0.4 mg/kg, i.p.) significantly increased 
(P<0.01) the TL of day 9th which indicated memory impairment. DT 
(50 and 100 mg/kg, p.o.) successfully (P<0.001) attenuated the memory 
impairment due to diazepam and scopolamine (Figure 2). 

Effect on escape latency time (ELT) using Morris water maze 

In MWM extreroceptive model, there was a profound fall in ELT 
of standard drug and DT (50 and 100 mg/kg, p.o.) treated groups (24 
days) when compared with control group which infers the increase in 
acquisition. Further there was a significant rise in TSTQ of standard 

Values are mean ± S.E.M. (n=6); *indicates P<0.01 compared to control (young); 
a indicates P<0.001 compared to control (young); b indicates P<0.01 as compared to control (aged);
c indicates P<0.001 compared to control (aged mice).

Figure 1: Effect of D. triquetrum (DT 50 and 100 mg/kg) administered orally for eight successive days on transfer latency of mice.

Values are mean ± S.E.M. (n=6); *indicates P<0.01 compared to control (young); 
a indicates P<0.01 compared to diazepam group alone; b indicates P<0.001 compared to diazepam group alone.
c indicates P<0.01 compared to scopolamine group alone;  d indicates P< 0.001 compared to scopolamine group alone. 

Figure 2: Effect of D. triquetrum (DT 50 and 100 mg/kg) on transfer latency of diazepam and scopolamine treated mice.
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drug and DT (100 mg/kg, p.o.) on 25th day compared to TSTQ of 
normal control group. Even though there was a profound decrease in 
ELT and increase in TSTQ of DT (50 mg/kg, p.o.) was not significant 
as compared to normal control group (Table 1).

Effect on AChE activity 

DT (50 and 100 mg/kg, p.o.) showed a remarkable reduction in 
the whole brain AChE activity in both young and aged mice, when 
compared with their control groups. Whereas, phenytoin (12 mg/kg, 
p.o.) significantly (P<0.01) increased the AChE activity (Figure 3). 

Discussion
The complications associated with dementia are due to 

neurotransmission impairments and neurodegeneration in neuronal 
circuits in the affected areas of brain [24]. Deterioration of learning 
and memory in AD patients might be due to severe loss of cholinergic 
neurons leading to decreased levels of acetylcholine (ACh) in the brain, 
mainly in the temporal areas, parietal neocortex and hippocampus of 
brain [25]. These indicate cholinergic function impairments majorly 
contribute to the various signs and symptoms of dementia. Cholinergic 
replacement therapy (CPT) can be useful for dementia patients. 
Acetylcholine is a very important neurotransmitter controlling and 

regulating the memory functions. There are evidences establishing 
a good linkage between central cholinergic system and memory 

[26]. Memory impairments have been found to be associated with 
decreased transmission of cholinergic neurons and the agents which 
can facilitates the activity of central cholinergic transmission leading to 
cognition enhancement [27]. Loss of cholinergic neurons and reduced 
in cholinacetyl transferase has been reported to be major indications of 
senile dementia of the Alzheimer’s type [28]. Blocking of cholinesterase 
induced hydrolysis of ACh leading to possible increase in concentration 
of ACh in synapses and potentiating of cholinergic function provides 
the some relief to the patients which can be observed in AD patients 
who are on pharmacotherapy with cholinesterase inhibitors [29-32]. 
In this study D. triquetrum significantly improve learning and memory 
in both exteroceptive and interoceptive behavioral models in mice. It 
also increased the acetyl cholinesterase activity indicating profound 
improvement of acquisition and retention in mice. 

Conclusion
D. triquetrum an Ayurvedic rasayana (rejuvenating herb) may be 

a useful memory restorative agent for the preliminary management of 
various pre symptoms of memory dysfunctions such as Alzheimer’s 
disease and dementia. Further investigations using human volunteers 
are warranted for confirming the neuroprotective efficacy.

Drug ELT
(21st day)

ELT
(24th day)

TSTQ
(25th day)

Control (10 mg/kg, P.O.) 91.06 ± 0.57 49.13 ± 0.91 59.05 ± 0.4 
Piracetam 

(200 mg/kg, i.p.) 73.10 ± 1.9* 34.05 ± 1.8* 70.69 ± 1.1*

DT (50 mg/kg) 79.13 ± 02a 43.05 ± 0.2a 51.12 ± 0.2a

DT (100 mg/kg, P.O.) 73.11 ± 0.7a 41.16 ± 0.8a 39.19 ± 0.8a

Each values represents mean ± S.E.M. *P<0.001 compared to Normal control. One-way ANOVA followed by Tukey’s post-test.

Table 1: Effect of D. triquetrum (DT 50 and 100 mg/kg) on Escape Latency time (ELT) and Time Spent in Target Quadrant (TSTQ) in young mice.

Values are mean ± S.E.M. (n=6); *indicates P<0.01 compared to control (young); 
a indicates P<0.001 compared to control (young); b indicates P<0.01 as compared to control (aged);
c indicates P<0.001 compared to control (aged mice). 

Figure 3: Effect of D. triquetrum (DT 50 and 100 mg/kg, po) on brain cholinesterase (AChE) activity.
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