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ORIGINAL ARTICLE

Protective effect of Cnestis ferruginea and its active constituent on
scopolamine-induced memory impairment in mice: A behavioral and
biochemical study

Ismail O. Ishola1,2, Santoshkumar Tota2, Olufunmilayo O. Adeyemi1, Esther O. Agbaje1, Tadigulopulla Narender3,
and Rakesh Shukla2

1Department of Pharmacology, Faculty of Basic Medical Sciences, College of Medicine, University of Lagos, Nigeria, 2Division of Pharmacology and
3Medicinal Process Chemistry, Central Drug Research Institute, Lucknow, India

Abstract

Context: Cnestis ferruginea Vahl ex DC (Connaraceae) (CF) is used in traditional African medicine
in the management of CNS disorders. The degeneration and dysfunction of cholinergic neurons
is closely associated with the cognitive deficits of Alzheimer’s disease (AD) and oxidative stress
has been implicated in its pathogenesis. However, the influence of C. ferruginea on the
cholinergic system and oxidative stress parameters has not been explored.
Objective: The present study investigates the effect of methanol root extract of C. ferruginea and
its active constituent amentoflavone (CF-2) on memory, oxidative stress and acetylcholinester-
ase (AChE) activity in scopolamine-induced amnesia.
Materials and methods: Mice were orally treated with CF (25–200 mg/kg), CF-2 (6.25–25 mg/kg)
for three days and memory impairment was induced by intraperitoneal injection of
scopolamine (3 mg/kg). Memory function was evaluated by passive avoidance and Morris
water maze tests. Biochemical parameters of oxidative stress and cholinergic function were
estimated in brain after the completion of behavioral studies.
Results: Scopolamine caused memory impairment along with increased AChE activity and
oxidative stress in mice brain. Oral administration of CF and CF-2 significantly prevented
scopolamine-induced memory impairment, inhibited AChE and enhanced antioxidant enzyme
activity in the brain following scopolamine injection as compared to vehicle administration in
scopolamine (i.p.)-treated mice that were comparable to the effect of tacrine.
Discussion and conclusion: The study demonstrated that C. ferruginea and its constituent have
significant protective effect against scopolamine-induced memory deficits in mice that can be
attributed to their antioxidant and antiAChE activity.
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Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative

disorder with memory loss as one of the earliest symptoms.

It has been estimated to account for 50–60% of dementia

cases in persons over 65 years of age worldwide (Francis

et al., 1999). An estimated 5.4 million Americans of all ages

have AD in 2012. This figure includes 5.2 million people aged

65 and older (Alzheimer’s Association, 2012; Hebert et al.,

2003) and 200,000 individuals under age 65 who have early-

onset AD (Alzheimer’s Association, 2006). One in eight

people aged 65 and older (13%) have AD, and nearly half

the people aged 85 and older (45%) have AD. In addition,

of those with AD, an estimated 4% are under age 65, 6% are

65–74 while 44% are 75–84, and 46% are 85 or older

(Alzheimer’s Association, 2012).

The pathological hallmarks of this disease are numerous

senile plaques composed of beta amyloid (Ab) peptide,

neurofibrillary tangle formation, aberrant oxidative and

inflammatory processes, neurotransmitter disturbances and

cell loss in the affected brain regions, particularly in the areas

that are important for learning and memory including the

hippocampus and the prefrontal cortex (Hyman et al., 1989).

Cholinergic deficits are neuropathological occurrences

that are consistently associated with memory loss and are

correlated with the severity of AD (Giacobini, 2002). It has

been shown that there are selective and excessive loss of

cholinergic neurons, decreased acetylcholine (ACh) levels

and reduced number of ACh receptors in AD brains (Francis

et al., 1999; Guan et al., 2000). Blockade of central

muscarinic ACh receptors disrupts learning and memory

functions in rodents (Agrawal et al., 2009), nonhuman

primates (Taffe et al., 1999) and humans (Riedel et al.,

1995). Scopolamine, a muscarinic receptor antagonist, inter-

feres with memory in animals and humans, particularly the

processes of learning acquisition and short-term memory
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(Kulkarni et al., 2011; Sharma et al., 2010). The restoration of

cholinergic function remains a rational target for develop-

mental programs targeting the treatment of Alzheimer’s

symptoms. Prolongation of the availability of ACh released

into the neuronal synaptic cleft has been used as a means of

enhancing cholinergic function in AD. This prolongation may

be achieved by inhibiting ACh hydrolysis by acetylcholin-

esterase (AChE). AChE inhibitors, including rivastigmine,

tacrine, donepezil and galantamine, are well-accepted

pharmacological therapies for AD. However, AChE inhibitors

present some limitations, such as their short half-lives

and severe side effects (e.g., bradycardia, hypotension and

convulsions), as well as hepatotoxicity, which is the most

frequent and important side effect of these therapies

(Bores et al., 1996).

However, at this point, there is no approved treatment with

a proven disease-modifying effect in AD (Citron, 2010).

There is therefore dire need for effective therapies. Before the

development of modern medicine, people relied on a large

arsenal of natural remedies for the treatment of CNS-related

maladies. In both developed and developing societies, there

has been increasing interest in herbal medicines, which are

often perceived as more ‘‘natural’’ and ‘‘soft’’ treatments

compared to synthetic drugs (WHO, 2006). Although the

mechanisms of the antiamnesic effects of most herbal extracts

and constituents are not yet fully understood, one or more

of the components could be responsible for the activation of

the central ACh function through the inhibition of AChE and

activation of ACh synthesis (Zhang, 2004). Recent studies

have pointed out that AD is associated with inflammatory

processes. Reactive oxidative species (ROS) are able to

damage cellular constituents and act as secondary messenger

in inflammation. The use of antioxidants may be useful in the

treatment of AD (Gilgun-Sherki et al., 2002).

Cnestis ferruginea Vahl ex DC (Connaraceae) is highly

ubiquitous in the southern part of Nigeria. It was reported to

have significant antioxidant activity (Oke & Hamburger,

2002). Recently, we reported the antistress potential (Ishola &

Ashorobi, 2007) and analgesic and anti-inflammatory proper-

ties (Ishola et al., 2011) of C. ferruginea in rodents. However,

the effect of C. ferruginea on memory function and central

cholinergic system has not been explored. An activity-guided

assay of the analgesic and anti-inflammatory effects of

C. ferruginea has led to the isolation of amentoflavone

(Ishola et al., 2012), a biflavone belonging to a large group of

chemically related compounds known as flavonoids. These

are polyphenolic compounds derived from dietary source and

widely distributed in plant kingdom. Flavonoids are of major

interests in the antioxidant-related research field due to their

versatility and beneficial properties such as anti-inflamma-

tory, cytostatic, anticarcinogenic, apoptotic, antiangiogenic,

antioxidant and estrogenic properties (Banerjee et al., 2002).

Growing lines of evidence have suggested that flavonoids

have neuroprotective effects in many models of neurodegen-

erative diseases in vitro and in vivo (Kang et al., 2004;

Youdim et al., 2002). Amentoflavone possesses neuroprotec-

tive effects on oxidative stress and amyloid b peptide-induced

cell death in neuronal cells (Kang et al., 2005). In addition,

amentoflavone was reported to exhibit significant b-site

APP-cleaving enzyme inhibitory activity (Kang et al., 2005).

Scopolamine has been used to induce experimental models

of AD (Beatty et al., 1986; Kopelman & Corn, 1988).

Scopolamine significantly increases AChE and malondialde-

hyde (MDA) levels in the cortex and hippocampus (Fan et al.,

2005; Jeong et al., 2008), and has been used to screen

antiamnesic drugs for the age-related CNS dysfunction.

The elevation of brain oxidative status after administration

of amnesic doses of scopolamine further substantiates the

value of scopolamine-induced amnesia as an animal model to

test for drugs with potential therapeutic benefits in dementia

(El-Sherbiny et al., 2003).

Based on our literature search, no study has been carried

out to investigate the effect of C. ferruginea on memory

function and central cholinergic system. We investigated

whether the neuroprotective effects of C. ferruginea and

amentoflavone ameliorated learning and memory impairment

induced by scopolamine (muscarinic antagonist) in mice.

To assess the antiamnesic effects of C. ferruginea

and amentoflavone in mice, we evaluated the effect of

C. ferruginea and amentoflavone on scopolamine-induced

learning and memory deficits in the passive avoidance

and Morris water maze tests. This study also evaluated the

effect of C. ferruginea and its constituent on the biochemical

marker of oxidative stress and AChE activity in the brains

of mice with scopolamine-induced dementia.

Materials and methods

Animals

Male Swiss albino mice (25–35 g) were obtained from the

Laboratory Animal Services Division of Central Drug

Research Institute, Lucknow, India. The animals were kept

in polyacrylic cages (22.5 cm� 37.5 cm) and maintained

under standard housing conditions (room temperature 24–

27 �C) and humidity (60–65%) with a 12 h light and dark

cycle. Food (CDRI, laboratory animal feed) and water were

available ad libitum but food was not allowed from 1 h prior

to and until completion of the behavioral study. All proced-

ures described were reviewed and approved by the

Institutional Animal Ethics Committee (IAEC), Central

Drug Research Institute, India. Adequate measures were

taken to minimize pain or discomfort with animal experi-

mental procedures.

Chemicals and reagents

Scopolamine, sodium hydroxide, Triton X-100, acetylthiocho-

line iodide, sodium chloride (NaCl), sodium nitrate (NaNO2),

sulphanilamide, napthaylamine diamine dihydrochloric,

bovine serum albumin (BSA), 5,5-dithiobis(2-nitro-benzoic

acid) (DTNB), Folin-reagent, trichloroacetic acid (TCA) and

2-thiobabituric acid (TBA) were purchased from Sigma-

Aldrich (St. Louis, MO).

Plant material

C. ferruginea dried roots were obtained from a local herb

market in Mushin, Lagos State, Nigeria. Mr. Joseph Ariwaodo

of the Forestry Research Institute of Nigeria (FRIN), Ibadan,

Nigeria, and Prof. J.D. Olowokudejo of the Department

of Botany and Microbiology, Faculty of Science, University
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of Lagos, Lagos, Nigeria, identified and authenticated

the plant. A voucher specimen of the plant (Reference

number: FHI 108219) was deposited at the herbarium of FRIN.

Preparation of extract

Powdered root of C. ferruginea (5.2 kg) was loaded into a

glass percolator containing methanol (20 l). It was allowed to

stand at room temperature (28 �C) for about 16 h (overnight).

The percolate was collected and the process of extraction was

repeated five times. The combined extract was filtered and

concentrated on Buchi Rotavapor at 40 �C and was further

dried under vacuum pump. The weight of the extract obtained

was 560 g (brownish extract).

Isolation and identification of active compounds

The dried extract was suspended in water followed by

successive partitioning with CHCl3, EtOAc and n-butanol,

respectively. The aqueous/n-butanol fraction (160 g) was

chromatographed on silica gel column, eluted with a gradient

of CHCl3:MeOH (100:00–00:100). Fractions with similar Rf

were pooled together and gave seven subfractions. Fr.4, being

the most active, was rechromatographed as described above

with the addition of 5% H2O, given amentoflavone (CF-2)

(350 mg) and an amino acid (2.2 g) whose structure is still

under investigation. CF-2 structure was identified by spectral

data (IR, 1H NMR and 13C NMR, HMBC, HSQC), which was

in accordance with those previously described (Ishola et al.,

2012; Markham et al., 1987).

Experimental protocol and drug administration

Mice were randomly allotted to groups of 6–8 animals each

and treatment was carried out as outlined below:

Group I (control): Normal saline (10 ml/kg/bw, p.o.) 1 h prior

to training session on day 1 only.

Group II: Scopolamine (3 mg/kg, i.p.) 5 min before the

commencement of day 1 trial.

Group III–IX: CF (25, 50, 100 and 200 mg/kg/bw, p.o.) and

CF-2 (6.25, 12.5, 25 mg/kg/bw, p.o.), respectively, for three

days and 1 h before intraperitoneal injection of scopolamine

(3 mg/kg/bw). Scopolamine was given 5 min before the first

trial on day 1 to assess antiamnesic effect of the extract on

scopolamine-induced amnesia.

Group X: Tacrine (5 mg/kg/bw, i.p.) 1 h before intraperitoneal

injection of scopolamine (3 mg/kg), which was given 5 min

before the first trial as standard antiamnesic agent.

For oral and intraperitoneal administration, drugs were

given in a volume of 0.1 ml/10 g. The animals were subjected

to Morris water maze or passive avoidance test 5 min after

scopolamine injection to evaluate the memory function.

Tests employed for learning and memory functions

Passive avoidance test

Five minutes after the administration of scopolamine or

vehicle, mice were subjected to the passive avoidance test by

placement in a light compartment of computerized shuttle box

with a software program PACS 30 (Columbus Instruments,

OH). After an acclimatization period of 30 s, the guillotine

door was opened and closed automatically after entry of the

mouse into the dark compartment. The subject received a

low-intensity foot shock (0.5 mA; 10 s) in the dark compart-

ment. Infrared sensors monitored the transfer of the animal

from one compartment to another, which was recorded as

transfer latency time (TLT) in seconds. The duration of a trial

was 270 s. The first trial was for acquisition and retention

was tested in a second trial given 24 h after the first trial.

The shock was not delivered in the retention trials to avoid

reacquisition. The criterion for learning was taken as an

increase in the TLT on retention trials as compared to

acquisition trial (Awasthi et al., 2010; Tota et al., 2009, 2010).

Morris water maze

Morris water maze with a video tracking was used to assess

learning and memory in experimental mice (Columbus

instruments, OH). It consists of a circular water tank

(120 cm diameter and 50 cm height) located in a darkened

test room, filled with water (26� 2 �C) to a depth of 30 cm.

Four equally spaced points around the edge of the pool were

designed as N (North), E (East), S (South) and W (West).

A black-colored round platform of 8 cm diameter was placed

1 cm below the surface of water in a constant position in the

middle of the NE quadrant in the pool. The water was colored

with nontoxic black dye to hide the location of the submerged

platform. The animal was released into the pool from the SW

quadrant in all the trials. The mice were given a maximum

time of 60 s (cut-off time) to find the hidden platform and were

allowed to stay on it for 30 s. The time taken for the mouse to

find the escape platform was measured by the video tracking

system. In the event the animal was unable to locate the hidden

platform within 60 s, it was gently guided to it. Each animal

was subjected to a daily session of three trials per day (with a

rest period of 30–45 min (in a small heated cage in a different

room) inter trial periods) for five consecutive days. Escape

latency time (ELT) to locate the hidden platform in water maze

was noted as an index of learning. Mean ELT of all three trials

is shown in the results. Note a significant decrease in latency

time from that of first session indicates learning in water maze

test (Tota et al., 2011).

Spontaneous locomotor activity

On day 2, 60 min post-methanol root extract and CF-2

treatment, animals were placed in Optovarimex activity meter

(Columbus, OH) and locomotor activity was monitored for

10 min taking readings at every 2 min. Results were expressed

as mean counts/2 min.

Estimation of biochemical parameters

AChE and biochemical parameters of oxidative stress, MDA,

glutathione (GSH) and nitrite, were measured in the brain of

animals after the completion of behavioral studies.

Brain tissue preparation

The mice were decapitated under ether anesthesia. The skull

was cut open and the brain was exposed from its dorsal side.

The whole brain was quickly removed and cleaned with

chilled normal saline on ice. A 10% (w/v) homogenate of

brain samples (0.03 M sodium phosphate buffer, pH 7.4) was
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prepared by using an Ultra-Turrax T25 (Groton, CT)

homogenizer at a speed of 9500 rpm.

Acetylcholinesterase assay in brain

The brain homogenate in volume of 500ml was mixed with

1% Triton X-100 (1% w/v in 0.03 M sodium phosphate buffer,

pH 7) and centrifuged at 100,000 g at 4 �C in a Beckman

Ultracentrifuge LE 80 (Beckman Coulter, Carlsbad, CA),

using a fixed angle rotor (80 ti) for 60 min. The supernatant

was collected and stored at 4 �C for AChE estimation. The

kinetic profile of enzyme activity was measured spectro-

photometrically (Shimadzu, OR) at 412 nm with an interval

of 15 s. The specific activity of AChE is expressed in

micromoles per minute per milligram of protein (Awasthi

et al., 2010; Tota et al., 2010, 2011).

Measurement of MDA

MDA (nmol/mg protein), which is a measure of lipid

peroxidation, was measured spectrophotometrically by the

method of Colado et al. (1997), using 1,1,3,3-tetraethox-

ypropane as standard. To 500ml of tissue homogenate in

phosphate buffer (pH 7.4), 300 ml of 30% TCA, 150 ml of

5% N HCl and 300 ml of 2% w/v 2-thiobarbituric acid (TBA)

were added and then the mixture was heated for 15 min at

90 �C. The mixture was centrifuged at 12,000 g for 10 min.

Pink-colored supernatant was obtained, which was measured

spectrophotometrically at 532 nm.

Measurement of GSH

GSH (mg/mg protein) was determined by its reaction with

5,50-dithiobis (2-nitrobenzoic acid) to yield a yellow chromo-

phore which was measured spectrophotometrically (Ellman,

1959). The brain homogenate was mixed with an equal

amount of 10% TCA and centrifuged (Remi cold centrifuge)

at 2000 g for 10 min at 4 �C. The supernatant was used for

GSH estimation. To 0.1 ml of processed tissue sample, 2 ml of

phosphate buffer (pH 8.4), 0.5 ml of 5,50-dithiobis (2-

nitrobenzoic acid) (DTNB) and 0.4 ml of double-distilled

water were added and the mixture was shaken vigorously

on vortex. The absorbance was read at 412 nm within 15 min.

Nitrite estimation

Nitrite was estimated in the mice brain using the Greiss

reagent and served as an indicator of nitric oxide production.

One hundred microliter of Greiss reagent (1:1 solution of 1%

sulphanilamide in 5% phosphoric acid and 0.1% napthayla-

mine diamine dihydrochloric acid in water) was added to

100 ml of the supernatant and absorbance was measured at

542 nm (Green et al., 1982). Nitrite concentration was

calculated using a standard curve for sodium nitrite. Nitrite

levels were expressed as microgram per milligram protein.

Protein estimation

Protein was measured in all brain samples for MDA, GSH and

nitrite by the method of Lowry et al. (1951) and for AChE

activity by the method of Wang and Smith (1975). BSA

(1 mg/ml) was used as a standard and measured in the range

of 0.01–0.1 mg/ml.

Statistical analysis

The results are expressed as mean� S.E.M. The statistical

analysis of passive avoidance data was done by Student’s

t-test. The Morris water maze and biochemical values were

analyzed by the one-way analysis of variance (ANOVA)

followed by the Tukey post hoc multiple comparison test

(p50.05).

Result

Effect of C. ferruginea and amentoflavone on scopo-
lamine-induced memory impairment in passive
avoidance test

Control mice showed clear retention as indicated by the

significant increase (p50.05) in TLT of retention trial in

comparison to acquisition trial while administration of

scopolamine (i.p.) 5 min before acquisition trial caused no

significant change in TLT of retention trial when compared to

the acquisition trial (Figure 1). However, CF (25, 50, 100 and

200 mg/kg, p.o.) had no significant effect (p40.05) on TLT in

acquisition trial but caused a significant increase (p50.05) in

TLT in the retention test in a dose-dependent manner

Figure 1. Effect of methanolic root extract of CF on scopolamine-induced amnesia in mice. Data are expressed as mean TLT (sec)� S.E.M. Significant
increase (*p50.05, **p50.01 and ***p50.001) versus acquisition trial.
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suggesting antagonism of scopolamine-induced amnesia.

Similar effect was observed with tacrine (Figure 1). Oral

administration of CF-2 (6.25, 12.5 and 25 mg/kg, p.o.) for

three days dose-dependently ameliorated the scopolamine-

induced amnesia in mice. CF-2 exerted maximum effect at a

dose of 12.5 mg/kg at which the retention latencies were

comparable to the control group. There was no significant

difference (p40.05) in the retention latencies of the extracts

and tacrine-treated groups (Figures 1 and 2).

Effect of C. ferruginea and amentoflavone on
scopolamine-induced memory impairment in
Morris water maze

Saline-treated mice rapidly acquired the spatial task

as indicated by a gradual, session-dependent decrease in

ELT [F(4, 29)¼ 46.79, p50.001] and path length

[F(4, 29)¼ 19.28, p50.01]. Administration of scopolamine

(3 mg/kg, i.p.) 5 min before water maze trial caused spatial

memory impairment as indicated by no significant change

[F(4, 29)¼ 1.86, p40.05] in ELT of session 2–5 in compari-

son to that of session 1. Further, there was no significant

change [F(4, 29)¼ 0.34, p40.05] in the path length of

the scopolamine-pretreated group. Treatment with tacrine

(5 mg/kg, i.p.) followed by scopolamine produced a signifi-

cant decrease [F(4, 29)¼ 10.59, p50.05] in ELT and path

length [F(4, 29)¼ 7.3, p50.05] from third session onward

when compared to the first session. Oral administration of

CF showed dose-dependent effect on scopolamine-induced

memory deficit in mice. As shown in Figure 3, CF 100 mg/kg

significantly decreased mean ELT from fourth session

[F(4, 29)¼ 9.35, p50.05] when compared to first session,

while 200 mg/kg CF reduced the mean ELT significantly

from second session onward [F (4, 29)¼ 17.26, p50.001].

There was a comparable decrease in ELT in CF- and tacrine-

treated groups.

Figure 2. Effect of CF-2 on scopolamine-
induced amnesia in mice. Data are expressed
as mean TLT (sec)� S.E.M. Significant
increase (**p50.01 and ***p50.001)
versus acquisition trial.

Figure 3. Effect of methanolic root extract of CF on scopolamine-induced amnesia in Morris water maze test. Data are expressed as mean ELT
(sec)� S.E.M. Significant decrease (*p50.05, **p50.01 and ***p50.001) versus session 1.
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Investigation of path length revealed a significant decrease

in the path length in the CF-treated group [100 mg/kg:

F(4, 29)¼ 10.3, p50.01; 200 mg/kg: F(4, 29)¼ 20.78,

p50.001] (Figure 4). Further, statistical analysis showed

a significant correlation (Pearson r¼ 0.986; R2¼ 0.971 and

p50.05) between mean latency time and mean path length of

all the groups in all sessions (Figure 5). The representative

swimming pattern of mice of different groups is shown in

Figure 6.

Further, CF-2 also prevented scopolamine-induced

memory deficit in mice dose-dependently. As shown in

Figure 7, CF-2 significantly reduced mean ELT from second

session onward [12.5 mg/kg: F(4, 29)¼ 16.73, p50.001];

25 mg/kg: [F(4, 29)¼ 27.57, p50.001]. In addition, investi-

gation of path length showed that the CF-2 treated group had

significant reduction in path length when compared to session

1 (Figure 8). There was a significant correlation (Pearson

r¼ 0.985; R2¼ 0.969 and p50.01) between ELT and the

mean path length of all the treated groups in all the sessions

(Figure 9). The representative swimming pattern of mice of

different groups is shown in Figure 6.

Spontaneous motor activity

There were no significant differences between treatments

groups (p40.05) in comparison to control (data not shown).

Estimation of biochemical parameters

Acetylcholinesterase activity

AChE activity (mmol/min/mg protein) was estimated on day 5

after the first dose of scopolamine. There was significant

increase (p50.05) in AChE activity in scopolamine-treated

group when compared to the control group. The AChE

activity was significantly decreased in CF-treated groups

(100 and 200 mg/kg) when compared to the scopolamine

group [F(2, 15)¼ 27.39, p50.01].

Similarly, CF-2 (12.5 and 25 mg/kg) significantly reduced

AChE activity at both doses [F(2, 15)¼ 91.56, p50.01] in

comparison to the scopolamine group. Tacrine also signifi-

cantly reduced (p50.05) AChE activity in mice brain with

comparable effect relative to CF and CF-2 (Figure 10).

Estimation of parameters of oxidative stress in the
brain

Malondialdehyde level

The MDA level (nmol/mg protein) in the brain was measured

after the completion of behavioral tests. The MDA level was

significantly higher (p50.05) in scopolamine-treated mice as

compared to control, while in the tacrine-treated group

a significant reduction in the level of MDA was observed.

CF (100 and 200 mg/kg) ameliorated scopolamine-induced

lipid peroxidation as shown by significantly reduced MDA

Figure 4. Effect of methanolic root extract of CF on mean distance traveled (path length) in Morris water maze test. Data are expressed as mean path
length (cm)� S.E.M. Significant decrease (*p50.05, **p50.01 and ***p50.001) versus session 1.

Figure 5. Correlation between mean latency time and mean path length.
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Figure 7. Effect of CF-2 on scopolamine-induced amnesia in Morris water maze test. Data are expressed as mean ELT (sec)� S.E.M. Significant
decrease (**p50.01 and ***p50.001) versus acquisition trial.

Figure 8. Effect of CF-2 on mean distance traveled (path length) in Morris water maze test. Data are expressed as mean path length (cm)� S.E.M.
Significant decrease (**p50.01 and ***p50.001) versus session 1.

Figure 6. Representative Morris water maze tracing of different groups of animals during last trial of session 5.
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level in mice brain [F(2, 15)¼ 47.12, p50.01] (Figure 11).

Similarly, CF-2 showed significant [F(2, 15)¼ 37.56,

p50.01] antioxidant effect in scopolamine-injected mice as

indicated by significant decrease in the MDA level

(Figure 11).

GSH estimation

A significant reduction (p50.05) in the levels of GSH was

observed in the scopolamine group as compared to the

control. The GSH level in CF-treated (100 and 200 mg/kg)

mouse brain was significantly higher [F(2, 15)¼ 24.63,

p50.01] in comparison to scopolamine group indicating

amelioration of scopolamine-induced oxidative stress

(Figure 12). The active constituents of CF and CF-2 also

prevented scopolamine-induced reduction in the GSH level

[F(2, 15)¼ 29.68, p50.01] in mouse brain (Figure 12). The

standard drug tacrine also reversed the effect of scopolamine

on the GSH level.

Nitrite levels

As shown in Figure 13, there was no significant change

(p40.05) in nitrite level in the brain of scopolamine-treated

mice in comparison to control. Further, CF [F(2, 15)¼ 1.2,

p40.05], CF-2 [F(2, 15)¼ 1.66, p40.05] did not affect the

nitrite level in mice brain.

Figure 11. Effect of methanol root extract of CF and its constituent CF-2 on MDA level. Data are expressed as mean MDA level (nmol/mg
protein)� S.E.M. #Significant increase (p50.05) versus control group and *significant decrease (p50.05) versus scopolamine group.

Figure 10. Effect of methanol root extract of CF and its constituent CF-2 on AChE activity. Data are expressed as mean AChE activity (mmol/min/mg
protein)� S.E.M. #Significant increase (p50.01) versus control group and *significant increase (p50.01) versus scopolamine group.

Figure 9. Correlation between mean latency time and mean path length.
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Discussion

The central cholinergic system plays a major role in the

process of learning and memory and has been carefully

articulated over the last several decades. Whitehouse et al.

(1982) reported that cholinergic cell bodies are destroyed by

the disease process in AD patients, leading to a deficiency of

the neurotransmitter ACh. On the other hand, several studies

have shown that blockade of ACh effects by muscarinic

receptor antagonist scopolamine caused memory deficits in

both normal (Drachman & Leavitt, 1974) and elderly groups

(Sunderland et al., 1987). These observations led to the

experimental strategies for antiamnesic studies that use the

scopolamine-induced amnesia model, which also has become

the common manipulation for antiamnesic drug evaluations.

The cognitive-enhancing activity of C. ferruginea and

amentoflavone against scopolamine-induced memory impair-

ments in mice was investigated using the passive avoidance

test, the Morris water maze test and biochemical assessments.

The passive avoidance test is generally used to evaluate the

treatments on the three stages of memory, such as learning

acquisition, memory retention and the retrieval process

(Lorenzini et al., 1996). In this test, it was shown that

scopolamine significantly reduced the step-through latency of

the retention trial, demonstrating that the central cholinergic

neuronal system plays an important role in learning acquisi-

tion. Cnestis ferruginea and amentoflavone prolonged the

step-through latency reduced by scopolamine, indicating

the facilitating effect of the extract on cognitive functions in

the acquisition and retrieval stages of learning and memory.

These results suggest that the antiamnesic effects of

C. ferruginea and amentoflavone against scopolamine-

induced memory impairment may be related to mediation of

the cholinergic nervous system.

In order to confirm the effects of C. ferruginea and

amentoflavone on spatial memory, the Morris water maze test

on spatial learning was carried out. Mice treated with

scopolamine showed more prolonged ELT than mice from

the control group. Preventive treatment with C. ferruginea

and amentoflavone for three days ameliorated scopolamine-

induced amnesia in mice as indicated by significant decrease

in ELT in the Morris water maze test. Similarly, C. ferruginea

and amentoflavone produced significant reduction in the path

length (distance traveled) in the Morris water maze test. There

was a significant correlation between mean path length and

Figure 12. Effect of methanol root extract of CF and its constituent CF-2 on GSH level. Data are expressed as mean GSH level (mg/mg
protein)� S.E.M. #Significant decrease (p50.01) versus control group and *significant increase (p50.05 and **p50.01) versus scopolamine group.

Figure 13. Effect of methanol root extract of CF and its constituent CF-2 on nitrite level. Data are expressed as mean nitrite level (mg/mg
protein)� S.E.M.
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mean ELT of all the groups in all the sessions. This indicates

that scopolamine and/or drug administration did not alter the

swimming speed or motor performance of the animals.

Further, there was no significant difference in locomotor

activity among different groups excluding possibility that the

disturbances in the motor function may have contributed to

the performance of the animals in behavioral tests. An

accurate direction of the swimming behavior provides

evidence that the mice have learned the spatial location of

the platform relative to the available external cues. Therefore,

these results suggest that C. ferruginea and amentoflavone

can repair the long-term memory in scopolamine-induced

memory impairments.

To elucidate the underlying mechanisms of memory-

enhancing effects of C. ferruginea and amentoflavone,

activity of AChE as cholinergic marker was assessed using

brain homogenates. Neurochemical studies suggested that the

cholinergic system plays an important role in learning and

memory (Blokland, 1995). In an in vivo study as a model of

dementia treated with scopolamine, cholinergic neurotrans-

mission was obstructed leading to an increase of the AChE

and impaired cognition (Levey, 1996). According to the

cholinergic hypothesis, memory impairments in patients with

senile dementia are due to a selective and irreversible

deficiency in the cholinergic functions in the brain

(Giacobini, 2002). Therefore, cholinesterase inhibitors may

compensate for reduced ACh levels in brains with AD

disease. In this study, C. ferruginea and amentoflavone

treatment significantly inhibited AChE activity.

Thus, it could be explained that the antiamnesic effect of

C. ferruginea and amentoflavone on scopolamine-induced

impairment of learning and memory may be related to

modification of cholinergic neuronal systems. This study

further evaluated whether such impaired cognition by

scopolamine is associated with altered oxidative stress

indices. Scopolamine-treated mice had elevated MDA and

nitrite levels with reduced GSH activity. Increased MDA

levels have been shown to be an important marker for in vivo

lipid peroxidation. Oxidative stress results from a marked

imbalance between free radical production and elimination by

antioxidant systems. Recently, many studies have reported the

strong positive correlation that memory impairments in the

scopolamine-induced amnesic mice show with patterns of

oxidative damage in patients with amnesic mild cognitive

impairment (El-Sherbiny et al., 2003; Fan et al., 2005).

Moreover, many clinical studies have reported that oxidative

stress is closely involved in the pathogenesis of AD (Marcus

et al., 1998). GSH is the principal intracellular nonprotein

thiol and plays a major role in the maintenance of the

intracellular redox state. The level of GSH diminishes with an

increase in the generation of free radicals (Dringen, 2000). In

the scopolamine model of dementia, MDA and GSH were

estimated on the fifth day after the first injection of

scopolamine. Scopolamine-treated mice showed a significant

increase in MDA and decrease in the GSH level in the brain

compared to control values, indicating elevated oxidative

stress. However, C. ferruginea and amentoflavone did not

affect the scopolamine-induced nitrite elevation.

The administration of C. ferruginea and amentoflavone

produced significant reduction in MDA level, and restored the

activities of GSH in mice brain. These observations suggest

that C. ferruginea and amentoflavone produced significant

antioxidant activity against scopolamine-induced oxidative

stress. We suggest that the restoration of the activities of GSH

by C. ferruginea and amentoflavone might promote scaven-

ging of free radicals by GSH. The potent antiamnesic effect of

C. ferruginea and amentoflavone might result, in part, from

the reduction in oxidative stress and more importantly,

inhibition of AChE activity which is the cornerstone of AD

management (Citron, 2010).

The findings in this study showed that C. ferruginea and

amentoflavone are potent neuroprotective agents which could

be linked to the inhibition of both AChE activity and MDA

generation in the brain of mice with scopolamine-induced

amnesia. The antiAChE, antioxidant and antiamnesic effects

of C. ferruginea and amentoflavone on scopolamine-induced

cognitive impairments ex vivo suggest that they may be viable

candidates for the treatment of neurodegenerative diseases,

like AD.
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