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scopolamine-induced anterograde and retrograde

amnesia

Harjeet Kaur, Damanpreet Singh, Bhupinder Singh, and Rajesh K. Goel

Department of Pharmaceutical Sciences and Drug Research, Punjabi University, Patiala, Punjab, India

Abstract

Context: Ficus religiosa Linn (Moraceae) is a variety of fig tree. Its figs are known to contain a high serotonergic
content, and modulation of serotonergic neurotransmission plays a crucial role in the pathogenesis of amne-
sia. Thus, the present study was envisaged.

Objective: To investigate the effect of the methanol extract of figs of Ficus religiosa (FRFE) on scopolamine-
induced anterograde and retrograde amnesia in mice.

Materials and methods: Transfer latency (TL) to the preferred niche in the elevated plus-maze (EPM) and
learning avoidance of passive behavior to avoid punishment in the modified passive avoidance para-
digm (MPA) served as behavioral models for the assessment of memory. Scopolamine (1 mg/kg, i.p.) was
administered before training for induction of anterograde amnesia and before retrieval for induction of
retrograde amnesia in both models. TL in the EPM, step down latency (SDL), number of trials, and number
of mistakes in the MPA were determined in vehicle control, FRFE treated (10, 50, and 100 mg/kg, i.p.), and
standard groups (piracetam 200 mg/kg, i.p.). Cyproheptadine, a non-selective 5-HT,  blocker (4 mg/kg,
i.p.), was administered along with the FRFE to investigate the involvement of serotonergic pathways in
the anti-amnesic effect of FRFE.

Results and discussion: FRFE resulted in a significant improvement of memory, as its treatment attenuated
the scopolamine-induced anterograde and retrograde amnesia dose-dependently. Further, cyproheptadine
pretreatment significantly reversed the anti-amnesic effect of FRFE.

Conclusion: FRFE has anti-amnesic activity against scopolamine-induced amnesia, in a dose-dependent
manner. Inhibition of the anti-amnesic effect of FRFE by cyproheptadine substantiates the involvement of

serotonergic pathways for its activity.
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Introduction

Amnesia refers to a specific, acquired difficulty in learning
new information and/or retrieving information from the
past. It is characterized by severe disruption of memory
without deficits in intelligence, attention, perception,
or judgments (Nelson et al., 1995; Mark et al., 2004).
Memory is defined as a process of registration, storage,
and retrieval of information, which occurs due to changes
in transmission efficacy at the synapse where nerve cells
communicate with each other (Kandel et al., 1991). There

are two major classes of amnesia, anterograde and retro-
grade. Anterograde amnesia is impairment of memory
for events occurring after the incident. In such a case,
new memories are not formed. On the other hand, ret-
rograde amnesia is impairment of memory of the events
which have occurred before the incident; in such a case,
new memories can be formed, but old memories are lost
(Nelson et al., 1995; Mark et al., 2004). There are numer-
ous factors responsible for the genesis of clinical amnesia;
these include: increased oxidative stress (Gracia et al.,
1997); alteration in brain neurotransmitter systems such
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as cholinergic (Castellano et al., 1996), y-aminobutyric
acid (GABA)-ergic (Pitsikas et al., 2003), glutamater-
gic (Brain et al., 2007), dopaminergic (Sawaguchi &
Goldman, 1994), and nitrergic (Prickaerts et al., 1997)
systems. Apart from all these, the brain serotonergic sys-
tem is known to play a vital role in learning and memory,
as all serotonin receptors are densely expressed in brain
regions associated with learning and memory and have
been implicated in various human cognitive disorders
directly or indirectly. Activation of these serotonin recep-
tors results in modulation of brain cholinergic, gluta-
matergic, dopaminergic, GABAergic, and/or nitrergic
systems (Buhot, 1997; Buhot et al., 2000; Tagliaferro et al.,
2003; Madeleine et al., 2008), which are directly involved
in cognitive disorders. In general, decreased serotonergic
neurotransmission in the brain is associated with severe
memory impairment, and modulating its neurotransmis-
sion can ameliorate such memory impairment (Jolane &
David, 2001).

Ficus religiosa Linn (Moraceae), commonly known as
the Bodhi tree, is regarded as a sacred tree to both Hindus
and Buddhists. It is recognized for its medicinal as well as
religious purposes in India (Kala et al., 2006). Major active
constituents present in its leaves include campestrol, stig-
masterol, 28-isofucosterol, a-amyrin, 3-amyrin, lupeol,
tannic acid, n-nonacosane, hexacosanol, n-octacosanol,
and amino acids such as L-cystine, L-lysine, L-arginine,
DL-serine, DL-aspartic acid, glycine, DL-threonine, DL-
alanine, L-proline, tryptophan, L-tyrosine, DL-methio-
nine, DL-valine, and L-leucine (Verma & Bhatia, 1986).
The bark contains vitamin K,, n-octacosanol, methyl
oleanolate, lanosterol, sitosterol, stigmasterol, bergapten,
and bergaptol (Swami et al., 1989; Swami & Bisht, 1996).
Figs (fruits) of Ficus religiosa contain numerous amino
acids such as asparagine, tyrosine, alanine, threonine,
and valine (Ali & Qadry, 1987). Apart from amino acids,
figs of this tree have been reported to contain the highest
amount of serotonin (5-HT), as compared to figs of other
Ficus species (Bliebtrau, 1968). Moreover, the figs were
also characterized in our previous study for the presence
of serotonin (Singh & Goel, 2009), as modulation of sero-
tonergic neurotransmission in the brain plays a crucial
role in higher cognitive processes. This led us to envisage
that figs of Ficus religiosa may possess anti-amnesic activ-
ity via modulating brain serotonin levels, which would be
of clinical usefulness.

Materials and methods

Preparation and characterization of extract

The extract was prepared and characterized as reported
in our previous study (Singh & Goel, 2009). Briefly, the
figs were collected, washed with water, shade-dried,
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powdered, and subjected to extraction by refluxing with
70% methanol (1:10 w/v) in a Soxhlet extractor for 10-12h.
The resultant extract was evaporated to dryness using a
rotary evaporator (Heidolph Laborota 4001), to obtain a
dried Ficus religiosa fig extract (FRFE). Further, high per-
formance liquid chromatography (HPLC) fingerprinting
was employed to confirm the presence of serotonin in
FRFE. The weighed amount of FRFE was reconstituted
by dissolving it in dimethylsulfoxide (DMSO) and then
suspending the resultant solution in 0.5% carboxymethyl
cellulose (CMC) suspension (DMSO:CMC, 1:9) freshly
before use, and was injected intraperitoneally (i.p.).
Control groups received an equal volume of vehicle
(DMSO:CMC, 1:9) i.p.

Drugs and chemicals

All standard chemicals used in this study were of analyti-
cal grade. Piracetam was obtained from UCB (Belgium),
dimethylsulfoxide (DMSO) from Qualigens Fine
Chemicals (Mumbai, India), carboxymethyl cellulose
(CMC) and methanol from S.D.Fine-Chem Ltd. (Mumbai,
India), cyproheptadine hydrochloride from Q.P. Pharma
Chem (Dera Bassi, India), scopolamine and serotonin
from Acrose (Belgium), and HPLC grade solvents from
Spectrochem Pvt. Ltd. (India).

Animals

Swiss Albino mice (20-30 g) of either sex were employed
in the present study, in different groups (n = 6). The ani-
mals were housed in standard cages and maintained
at room temperature with natural day and night cycles.
The animals were allowed free access to food (standard
laboratory rodent’s chow) and water during the study
period. The experiments were conducted between
7.00 and 16.00 h. The animals were acclimatized to the
laboratory conditions 5 days prior to the behavioral
study. All procedures were conducted according to
guidelines of the Committee for the Purpose of Control
and Supervision of Experiments on Animals, India
(CPCSEA, 2003) and were approved by the Institutional
Ethical Committee.

Elevated plus-maze paradigm

The elevated plus-maze served as an exteroceptive
behavioral model to evaluate learning and memory in
mice (Itoh et al., 1991). The elevated plus-maze for mice
consisted of two open arms (16 cm x 5 cm) and two closed
arms (16cmx5cmx12cm) and the maze was elevated
to a height of 25cm from the floor. The animals were
divided into 14 groups (Groups [-XIV) and were treated
as shown in Figure 1. On the first day, each mouse was
placed at the end of an open arm, facing away from the
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central platform, and transfer latency (TL) was recorded,
which is defined as time (seconds) taken by the animal
to move from an open arm into one of the closed arms
with all four legs. The mouse was allowed to explore the
maze for another 2min and then returned to the home
cage. Retention of this learned task was examined 24h
after the first-day trial. Scopolamine (1 mg/kg, i.p.) was
administered before training for induction of anterograde
amnesia and before retrieval for induction of retrograde

Before Learning (BL)
Group | (Naive)
[venicle|som| 1L [24n] 7L |

Group Il (Vehicle Control)
venicie]som[scof2an| 1L ]2an] T |

Group Il (FRFE 10 mg/kg)
FrRFE 10]30m|scofsom|TL]24n] T |

Group IV (FRFE 50 mg/kg)
FrrE 50|30 m[scofsom|rL]24n] |

Group V (FRFE 100 mg/kg)
|FrFE 100] 30m |scofsom| 1o [24n] T |

Group VI (Piracetam 200 mg/kg)
| Piracetam [30m[scofsom| T [24n] L |

Group VII (Cyproheptadine + FRFE 100 mg/kg)

amnesia, and TL was recorded. A significant decrease in
TL compared to the vehicle control group was considered
as an anti-amnesic effect.

Modified passive avoidance paradigm

Passive avoidance behavior based on negative rein-
forcement was employed to examine long-term memory
(Jarvik & Kopp, 1967). The apparatus consisted of a

Before Retrieval (BR)

Group VIII (Naive)
| 1L venicie] 24n] T |

Group IX (Vehicle Control)
| 1L [venicie]som|scofaan] T |

Group X (FRFE 10 mg/kg)
| 1L |FRFE 10|30 m|sco]aan| TL |

Group XI (FRFE 50 mg/kg)
| L |FrrE s0f3om|scolaan| 1L |

Group XIl (FRFE 100 mg/kg)
| 1L |FrFE 100[30 m|scof24an] 1L |

Group XIlII (Piracetam 200 mg/kg)
| 1L | Piracetam [30 m[scofean| L |

Group XIV (Cyproheptadine + FRFE 100 mg/kg)

|cvp |15 m|FrrE 10030 m|scofom| T |2an| T |

| L |evp]is mFrre 100fs0 mfscofean| T |

Figure 1. Treatment schedule and division of groups for elevated plus

-maze paradigm. m, minutes; TL, transfer latency; h, hours; SCO,

scopolamine (1 mg/kg, i.p.); FRFE 10, 50, and 100, Ficus religiosa fig extract (10, 50, and 100 mg/kg, i.p.); CYP, cyproheptadine (4 mg/kg, i.p.).

Before Learning (BL)
Group XV (Naive)
|venicle]3om| NT[24 1| nu |

Group XVI (Vehicle Control)
[venicle|30m|scofsom|nT]24n ] nm |

Group XVII (FRFE 10 mg/kg)
FrRFE 10|30 m|scofsom|nT]24n] nm|

Group XVIIl (FRFE 50 mg/kg)
IFrrE 50|30 m|scofsom|nT]24n] nm|

Group XIX (FRFE 100 mg/kg)
|FrRFE 100] 30m |scolsom| nT[24n] nm |

Group XX (Piracetam 200 mg/kg)
| Piracetam [30m|sco]som|nT[24n| N |

Group XXI (Cyproheptadine + FRFE 100 mg/kg)

Before Retrieval (BR)

Group XXII (Naive)
soL|venicie] 24 n | soL |

Group XXIII (Vehicle Control)
|soL |venicie|so mfscof24n] so|

Group XXIV (FRFE 10 mg/kg)
spL|Frre 10]30m|sco]24n|soL |

Group XXV (FRFE 50 mg/kg)
|soL|Frre sof30m[sco]24n| s |

Group XXVI (FRFE 100 mg/kg)
|soL]Frre 100f30 m|scof2an|soL|

Group XXVII (Piracetam 200 mg/kg)
|spL| Piracetam |30 m|scof24n|spL |

Group XXVIII (Cyproheptadine + FRFE 100 mg/kg)

|cyp |15 m|FrrE 10030 m|scoso m|nT[24n | N |

|soLJevpis mlFrrE 100]30 m|scol24 n| soL|

Figure 2. Treatment schedule and division of groups for modified passive avoidance paradigm. m, minutes; SDL, step down latency; NT,
number of trials; NM, number of mistakes; h, hours; SCO, scopolamine (1 mg/kg, i.p.); FRFE 10, 50, and 100, Ficus religiosa fig extract (10, 50, and
100mg/kg, i.p.); CYP, cyproheptadine (4 mg/kg, i.p.).



Plexiglas box (27 cm x 27 cm x 27 cm) with a grid floor
(3 mm stainless steel rods set 8 mm apart), having a shock
free zone (SFZ) (wooden platform 10cm x 7cm x 1.7 cm)
in the center of the grid floor. Electric shock (20V AC)
was delivered to the grid floor. The animals were divided
into 14 groups (Groups XV-XXVIII) and were treated as
shown in Figure 2. Each mouse was trained to stay on
the SFZ for atleast 90 s; for this the animals were gently
placed on the wooden platform, and when the mouse
stepped down placing all paws on the grid floor, shocks
were delivered for 15 s and the step down latency (SDL)
was recorded. SDL is defined as the time (seconds)
taken by the mouse to step down from the wooden
platform to the grid floor with all paws. The process
was repeated several times until the animal learned to
stay on the SFZ for at least 90 s. The number of trials
required to learn this task was noted. Retention was
tested after 24 h, whereby each mouse was again placed
on the SFZ, and the SDL and numbers of mistakes were
recorded, with an upper cut-off time of 120 s, for 5min.
Scopolamine (1 mg/kg, i.p.) was administered before
training for the induction of anterograde amnesia and
before retrieval for inducing retrograde amnesia. A sig-
nificantly decreased number of mistakes and trials and
increased SDL compared to the vehicle control group
were considered as anti-amnesic effects.

Statistical analysis

Results are expressed as mean *standard error of the
mean (SEM). The data were subjected to one-way analy-
sis of variance (ANOVA) followed by Newman-Keuls
multiple comparison test. Results were regarded as sig-
nificant at p<0.05.
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Figure 3. Effect of FRFE on transfer latency in scopolamine-induced
amnesia (before learning). ***p <0.05 as compared to Group I (naive)
1st and 2nd day respectively; ***p <0.05 as compared to Group II (vehi-
cle control) 1st and 2nd day respectively, and “p<0.05 as compared
to Group V (FRFE 100 mg/kg) 1st and 2nd day respectively.
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Results

Effect of FRFE on scopolamine-induced amnesia in
elevated plus-maze

Effect on anterograde amnesia

Scopolamine (1 mg/kg, i.p.) administered before learn-
ing significantly (p<0.05) increased the TL in Group II
(vehicle control) as compared to Group I (naive), on
both the first and second days, indicating the induction
of anterograde amnesia. On the other hand, the animals
pretreated with FRFE (Groups III, IV, and V) showed a
dose-dependent reduction in TL on both days compared
to Group II (vehicle control), indicating a significant
(p<0.05) attenuation of anterograde amnesia. Piracetam
at a dose of 200 mg/kg (Group VI) significantly (p <0.05)
improved memory and reversed the anterograde amne-
sia induced by scopolamine as compared to Group II
(vehicle control). FRFE (100mg/kg) treatment along
with cyproheptadine (Group VII) failed to show an
anti-amnesic effect, as this group showed a significant
(p<0.05) increase in TL as compared to Group V (FRFE
100 mg/kg per se treated group) (Figure 3).

Effect on retrograde amnesia

Scopolamine administered before retrieval showed the
induction of retrograde amnesia, as Group IX (vehicle
control) exhibited a significant (p<0.05) increased TL
on the second day as compared to Group VIII (naive),
as there was a negative change in transfer latency.
FRFE treatment (Groups X, XI, and XII) significantly
(p<0.05) attenuated increased TL, in a dose-dependent
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Figure 4. Effect of FRFE on transfer latency in scopolamine-induced
amnesia (before retrieval). p <0.05 as compared to Group VIII (naive),
5p<0.05 as compared to Group IX (vehicle control), and p<0.05 as
compared to Group XII (FRFE 100 mg/kg).
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manner, when compared to Group IX (vehicle control).
Cyproheptadine significantly (p<0.05) attenuated the
anti-amnesic effect of FRFE, as the combined treated
group (Group XIV) showed a significant increase in TL
as compared to the FRFE (100 mg/kg) per se treated group
(Group XII) (Figure 4).

Effect of FRFE on scopolamine-induced amnesia in
modified passive avoidance paradigm

Effect on anterograde amnesia

Scopolamine administered before learning significantly
(p<0.05) increased the number of trials on the first
day and number of mistakes on the second day in
Group XVI (vehicle control) as compared to Group XV
(naive), indicating the induction of anterograde amnesia.
Piracetam (Group XX) and FRFE (Groups XVIII and XIX)
treatment significantly (p<0.05) decreased the number
of trials on the first day and mistakes on the second
day as compared to Group XVI (vehicle control).
However, the extract at a dose of 10 mg/kg (Group XVII)
failed to show a significant decrease in trials and mistakes
as compared to Group XVI (vehicle control). The anti-
amnesic effect of FRFE was antagonized by pretreatment
with cyproheptadine (Group XXI), as this group showed
a significant (p<0.05) increase in the number of trials on
the first day and number of mistakes on the second day,
as compared to the FRFE (100 mg/kg) per se treated group
(Group XIX) (Figure 5).

Effect on retrograde amnesia
Scopolamine administered before retrieval significantly
(p<0.05) decreased the SDL in Group XXII (vehicle

81 a m 1st Day (no. of trials) c

7 " 0 2nd Day (no. of mistakes)

Number of trials/mistakes
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Figure 5. Effect of FRFE on number of trials and mistakes in scopo-
lamine-induced amnesia (before learning). **p<0.05 as compared
to Group XV (naive) 1st and 2nd day respectively, **'p<0.05 as com-
pared to Group XVI (vehicle control) 1st and 2nd day respectively,
and ““p<0.05 as compared to Group XIX (FRFE 100 mg/kg) 1st and
2nd day respectively.

control) on the second day, as compared to Group XXIII
(naive), as there was a negative change in SDL, show-
ing induction of retrograde amnesia. FRFE treatment
(Groups XXIV, XXV, and XXVI) significantly (p<0.05)
increased SDL, in a dose-dependent manner, when com-
pared to Group XXIII (vehicle control). Cyproheptadine
significantly (p <0.05) attenuated the anti-amnesic effect
of FRFE (100mg/kg) (Group XXVIII), as compared to
the FRFE (100 mg/kg) per se treated group (Group XXVI)
(Figure 6).

Discussion

The role of brain neurochemical systems in cognitive
functioning is a subject of increasing research interest, as
cognitive disorders emerge as major public health prob-
lems (William & Thomas, 1991). The treatment strategies
for amnesia involve reduction of oxidative stress (Gracia
et al., 1997), enhancement of cholinergic tone (Bartus
et al., 1982), increased release of nitric oxide (Pitsikas
et al., 2002), decreased GABAergic activity (McNamara
& Skelton, 1996), increased glutamatergic tone (Hlinak &
Krejci, 2003), and increased dopaminergic (Hotte et al.,
2005) and serotonergic functions (Steckler & Sahgal,
1995). The literature has shown that brain serotonergic
modulation affects all the abovementioned pathways
directly or indirectly (Buhot, 1997; Buhot et al., 2000;
Tagliaferro et al., 2003; Jaun et al., 2006; Madeleine et al.,
2008). It was hypothesized that memory impairment can
be treated and/or prevented via targeting the brain sero-
tonergic pathway. Based upon this, the present study was
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Figure 6. Effect of FRFE on step down latency in scopolamine-induced
amnesia (before retrieval). p < 0.05 as compared to Group XXII (naive),
5p<0.05 as compared to Group XXIII (vehicle control), and °p<0.05 as
compared to Group XXVI (FRFE 100 mg/kg).



designed owing to the high serotonergic content of figs of
Ficus religiosa. First, bias reports claiming the presence of
the serotonergic component in figs were confirmed using
the HPLC fingerprinting method (Singh & Goel, 2009).

The results revealed in our study were concordant
with previous findings (Stephan et al., 1995) that sco-
polamine induces anterograde and retrograde amne-
sia, as scopolamine increased the TL in EPM when
injected before training and after training; it increased
the number of trials on the first day and mistakes on
the second day when injected before training, and
decreased the SDL when injected after training in the
MPA paradigm, as compared to the respective naive
groups. FRFE treatment significantly attenuated the sco-
polamine-induced anterograde and retrograde amnesia
in a dose-dependent manner and showed maximum
anti-amnesic activity at 100 mg/kg; FRFE-treated groups
showed a decrease in TL in the EPM when injected
before training and after training. Similarly, FRFE treat-
ment decreased the number of trials on the first day and
mistakes on the second day when injected before train-
ing, and increased the SDL when injected after training
in the MPA paradigm, when compared with the respec-
tive vehicle control groups. The anti-amnesic effect of
FRFE at a dose of 100 mg/kg was comparable to that of
piracetam (200 mg/kg). Cyproheptadine (non-selective
5-HT, , antagonist) attenuated the anti-amnesic effect
of FRFE. This attenuation indicated the involvement of
the serotonergic system in the anti-amnesic mechanism
of action of FRFE.

From the results of the present study it is concluded
that FRFE treatment attenuated scopolamine-induced
anterograde and retrograde amnesia in a dose-dependent
manner. Antagonism of the anti-amnesic effect of FRFE
with cyproheptadine pretreatment showed that FRFE
might be mediating its effect via modulating the sero-
tonin-dependent activation of muscarinic cholinergic
receptors (AChRs) (Stone et al., 1988; Buhot, 1997; Buhot
et al., 2000). Further modulation of central cholinergic,
nitrergic, and oxidative status by FRFE is under investiga-
tion to reveal the precise downstream signaling.

Declaration of interest: The authors report no conflict
of interests. The authors alone are responsible for the
content and writing of this paper.
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