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Abstract

Objective: The present investigation was aimed to assess the effect of Forskolin (FL) against cognitive impairment
produced by scopolamine in rats using various behavioral models such as Y-maze, Novel object recognition test (NORT)
and some biochemical markers of Alzheimer’s disease. Methods: Rats were assigned to six different groups, each group
consisting of six animals. The normal animals received distilled water, 10 ml/kg per orally (p. 0.), FL (250, 500,750 ug/kg, p.
0.) was administered once daily for two weeks. One the last day of treatment, 90 min. post- administration of the last dose of
forskolin, amnesia was produced in rats by administration of scopolamine (3 mg/kg) intraperitonealy (i.p.). Then rats were
trained to Y-maze and NORT protocol. Short term memory behavioral responses were recorded after 90 min of training session
(retention memory) and 24 h after training (long term memory). Donepazil (3 mg/kg, p. 0.) was used as a standard and
was administered for 14 days to positive control groups. Biochemical parameters such as reduced glutathione (GSH),
Lipid Peroxidation (MDA) and acetylcholinesterase activity were analyzed. Results: Administration of different doses of
FL (250, 500,750 pg/kg) once daily for two weeks significantly improved the learning ability and the retention of learned
memory in Y-Maze and NORT. Moreover, pre-treatment with FL significantly restored increased lipid peroxidation;
normalized glutathione and increased acetylcholinesterase activity. Conclusion: Forskolin enhances cognitive
performances of rats against memory impairment by forskolin. Antioxidant activity, mainly inhibition of reactive oxygen
species generation by natural diterpenoid compound forskolin advocates its therapeutic efficacy in treating
neurodegenerative diseases.
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INTRODUCTION memory and cognition in animals as well as humans &

One of the devastating forms of mental illness shows neuroprotective effects against AD [4].
associated with several factors, marked by intricate, and
by assorted mental illness is Alzheimer’s disease (AD).
The condition is broadly visualized in elderly, and
characterized by memory loss and many
impairedcognitive ~ functions  [1].  “Dementia”
multidimensionally encompassesa variety of diseases
and conditions that develop when nerve cells collapse
structurally and functionally [2]. AD produces an
impairment of cognitive abilities that is steep in onset
but irreversible in progression. Clinically, AD is
initialized by short term memory loss, contrary to the
distant memories which are preserved relatively well.
Progressively degeration is marked by impairment of
cognitive abilities, namely; ability to calculate, exercise
visuospatial skills, and, ideomotor apraxia [3].

Diterpene reverses the p-amyloid (AP)-
induced reduction of acetylcholine release from
hippocampal  brain  slices, suggesting potential
improvements in learning and memory deteriorated by
ABP. Diterpenes have been known to possess anti-fungal,
anti-inflammatory [5], anti-cancer [6], antiviral [7] and
antioxidant effects [8].

FL is crystalline solid having off white color, a
natural product of diterpenes class. Forskolin (also
known by another name coleonol) is obtained from
Indian Coleus plant (Coleus forskohlii). Powdered root
weighing 0.1kg of Indian Coleus plant gives 500 mg of
FL residue [9]. This plant and related species have been
used traditionally in Brazil, Africa, India and other parts
of Asia [10-12]. FL is reported to possess antioxidant

Many scientific studies suggest that diterpenes property [13].

and diterpenes rich food have enhancing effect on
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Though various treatment strategies are
available the severity and prevalence of these diseases
are not yet under control. Currently used treatments,
like Acetylcholineesterase inhibitors (AchEls) & N-
Methyl D-Aspartic Acid (NMDA) antagonist, do not
cause reduction in the progression of the disease which
provides little therapeutic benefits. Accordingly, there
is pressing need to find novel & effective medication or
combination of drugs for AD which is more effective &
safer & go beyond AchEls & NMDA antagonist [14].
Hence, there is growing tendency to use alternative and
complementary  medicines like herbal extracts
consisting of phytochemicals in the management of
AD. Therefore present study, evaluated the effect of
Forskolin  against scopolamine-induced cognitive
impairment.

MATERIALS AND METHOD
Procurement of Experimental Animals

Male albino rats (Wistar strain) of age 8-12
months, weighing 150-200 g, bred in the animal house
of Institute of Pharmaceutical Education and Research
(I.P.E.R.), Wardha, were procured. The rats were kept
in polypropylene cages at a temperature of 24+2° C
with a relative humidity of 40-60% and 12 hrs light-
dark cycle. The experiments were performed in a sound
attenuated environment between 8:00 am and 12:00
noon. Rats were provided balanced food and water ad
libitum through out experimental period. All the
animals were familiarized to the experimental
conditions for week before start of experimental
studies.

Chemicals

Forskolin was obtained from UDCT, Mumbai.
Scopolamine was procured from Sigma Aldrich, U.S.A.
5, 5'-dithiobis (2- nitrobenzoic acid)(DTNB),
Trichloroacetic Acid (TCA), Thiobarbituric Acid
(TBA), n-Heptane, Isobutanol, Pyridine, Sodium Lauryl
Sulphate (SLS) were obtained from Loba Chemicals,
Mumbai. All other chemicals used for the experimental
purpose were of analytical grade. All drug solutions
were freshly prepared.

Experimental Design

Rats were assigned to six different groups, each
group containing six animals. Group | (Normal): Animals
received distilled water, 10 ml/kg (p.o.).

Group Il served as negative control, Group IlI,
IV and V received FL (250, 500, 750 pg/kg, p.o.
respectively) for two weeks once a daily [13]. On 14" day
after 90 min. of the last dose administration, scopolamine
(3 mg/kg, i.p.) amnesia was produced in rats except Group
| rats [13]. Then rats were trained to Y-maze and NORT.
Short and long term memories were recorded after 90
min. and 24 h after training. Donepezil (3 mg/kg)
(Group VI) was used as a standard and was

administered per orally for two weeks to positive
control group [15].

Y- MAZE TEST

Two-trial Y-maze test is used to study
cognitive behavior in rats. The first trial was conducted
following the terminal dose of FL (250, 500,750
ug/kg). For this trial rats were placed at the start arm so
that, rats were in position to explore the start, other
arms and novel arm throughout 15-min session. One
day after first trial, rats were initially put in one arm,
subsequently the sequence (ABCCAB) and the total
number of entries in arm were recorded for each rat
upto 8-min period. It was considered as spontaneous
alternation if rat entered into total three arms on
successive choices (ABC, CAB, or BCA, but not BAB).
Thorough cleaning of maze arms was done with water
after each animal to remove residual odors.
Spontaneous alteration (%) on Y-maze (90 min. & 24
hrs after training) and Total entry (No.) on Y-maze (90
min. & 24 hrs after training) were measured to
determine the spatial memory & locomotor activity
response during the second trial. For the experiment,
rats were kept on a restricted food schedule for 14 days.
During this period, drug treatment was administered,
once a day, and the test was performed one day after the
last administration of dose [16].

Novel Object Recognition Test (NORT)

NORT is based on rat’s spontaneous behavior.
This assumes that when rat has access to novelty (object
or environment), it can elicit approach behaviors in rat.
The NORT has been utilised in various ways, but
typically it has of two trials. Initially for first trial (T1)
the rat is exposed to one or two identical (sample)
objects. Once the sample object exposed to the rat, it is
returned to home cage for a retention period. For the
second trial (T2), the rat was returned to the
environment and presented with a familiar and a novel
object. When the subject ‘remembers' the previous
exposure to the familiar object, it will explore the novel
object to a greater degree than that of the familiar one
[17].

The performance of a given animal in each trial was
assessed using two parameters:
1. Time spent with the new (novel) object.
2. Object Recognition Index (ORI) for each
animal was expressed by T\/(Ty + Tr) ratio
one

[Te = time spent exploring familiar object; Ty = time
spent exploring the novel object].

The closer this ratio gets to one, more the rats
spend time exploring the new object. Objects were
cleaned with 10% ethanol solution between trials.
Exploration was defined when rat directed the nose to
the object at a distance of no more than 2 cm and/or
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touching the object with the nose or forepaws. Sitting
on any object was not considered as exploratory
behavior.

Biochemical Assays
Determination of Reduced Glutathione

The GSH levels were determined by using the
method used by Moron et al., [18]. In brief, 0.1 ml of
plasma was precipitated using 5% trichloroacetic acid
(TCA). The precipitate was removed by centrifugation.
To an aliquot of the supernatant, 2 ml of 5-5°-
Dithiobis, 2-nitrobenzoic acid (DTNB) reagent was
mixed to adjust the final volume of 3 ml. Absorbance
was recorded at 412 nm against a blank which had TCA
instead of the sample. The total quantity of reduced
glutathione was expressed as umol/ml of plasma.

Determination of Lipid Peroxidation

The TBARS levels were determined as per the
spectrophotometric method reported by Biradar et al.,
[15] Each test tube was added, 0.5 ml of plasma, 0.5 ml
of normal saline, 1 ml of 20% TCA and 0.25 ml of
TBA reagent (200 mg of thiobarbituric acid in 30 ml
distilled water and 30 ml of acetic acid). The test tubes
content were allowed to boil at 95°C for one hour. Then
each of the test tube was added, 3 ml of n-butanol and
mixed well. These tubes were centrifuged for 10 min. at
3000 rpm. The butanol layer was collected and read in a
spectrophotometer against reagent blank at 535 nm.
TBARS concentration was expressed in terms of nmol
of malondialdehyde per milliliter of plasma.

Determination of Acetylcholinesterase Activity
(AChE)

The  Acetylcholinesterase  levels  were
estimated as per the method described by Biradar et al.,
[15] Briefly, to each test tube, 0.4 ml of supernatant
(after plasma treatment), 2.6 ml phosphate buffer (0.1
M, pH 8) &100 ul of 5, 5'-dithiobis (2-nitrobenzoic
acid). The contents of the cuvette are mixed thoroughly
absorbance is measured at 412 nm. When absorbance
reaches a stable value, it is recorded as the basal
reading. Then 20 ul of substrate i.e., acetylthiocholine
is added and change in absorbance is recorded for a
period of 10 min at intervals of 2 min. Change in the
absorbance per min is thus determined. Results
expressed as nmol/min/g of plasma.

STATISTICAL ANALYSIS

Data were analyzed using Graph Pad Prism 5
for Windows (version 5.02). Results were expressed as
Mean + SEM. One-way analysis of variance (ANOVA)
and Dunnett's T-test was used to test the significance of
the difference between the variables in various groups.
The P values of less than 0.05 were considered to be
statistically significant.

RESULTS
Y-MAZE
Spontaneous alteration (%) on Y-maze in Rats
Effect of forskolin on spontaneous alteration
(%) on Y-maze in rats is indicated in Figure-1.
Scopolamine treatment significantly reduced the
spontaneous alteration index (*P<0.001) in contrast to
normal, 90 min. and 24 hrs after training in Y-maze.
Spontaneous alteration was significantly increased by
treatment with FL 750 pg/kg (***P<0.001), FL 500
pa/kg (**P<0.01) with respect to scopolamine group.
Spontaneous alteration was increased in contrast to
control group after 90 min. & 24 hrs by treatment with
FL 250 pg/kg but it was not significant statistically.

Total entry (No.) on Y-maze in Rats

Effect of forskolin in different doses on total
entry on Y-maze in rats is indicated in Figure-2.
Scopolamine treatment significantly reduced the total
entry index (*P<0.001) as compared to normal 90 min.
and 24 hrs after training in Y-maze. Total entries were
significantly increased by treatment with FL 750 pg/kg
(**P<0.001), FL 500 ug/kg (*P<0.01) as compared to
scopolamine group. There was no significant increase
in total entry after 90 min. & 24 hrs by treatment with
FL 250 pg/kg in contrast to scopolamine group.

Novel Object Recognition Test (NORT)
Time Spent On Novel Object

Effect of forskolin on time spent on the novel
object in NORT is indicated in Figure-3. Scopolamine
treatment decreased the time spent on the novel object
which was statistically significant (*P<0.001) in
comparison with normal 90 min. and 24 hrs after
training in NORT. The time spent on the novel object
was significantly increased by treatment with FL 750
Mo/kg (**P<0.001), FL 500 pg/kg (*P<0.01) in contrast
to scopolamine group. The time spent on new object
was not significantly increased by treatment with FL
250 pg/kg as compared to control (scopolamine) group.

Object Recognition Index in Young Rats

Effect of different doses of Forskolin on ORI
in NORT is indicated in Figure-4. Scopolamine
treatment significantly reduced the ORI (*P<0.001) in
comparison with normal 90 min. and 24 hrs after
training in NORT. The ORI was significantly increased
by treatment with FL 750 pg/kg (***P<0.001), FL 500
Mo/kg (**P<0.01) in contrast to scopolamine group.
The ORI was not significantly increased after 90 min.
& 24 hrs of treatment with FL 250 pg/kg as compared
to control.

Biochemical Estimation
Determination of Reduced Glutathione (GSH) in
Rats

Effect of forskolin on the level of reduced
glutathione in plasma of rats is indicated in Figure-5.
The level of reduced glutathione in plasma was
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significantly decreased by scopolamine as compared to
normal. Treatment with FL 750 pg/kg (**P<0.001),
500 pg/kg (*P<0.01) significantly restored the level of
reduced glutathione in plasma in contrast to
scopolamine group. There was no significant decrease
in the level of reduced glutathione in plasma after 90
min. & 24 hrs by treatment with FL 250 pg/kg in
comparison with control (scopolamine) group.

Determination of Lipid Peroxidation

The effect of forskolin treatment on the level
of TBARS in the plasma of rats is indicated in Figure-6.
The levels of TBARS were significantly decreased by
scopolamine treatment as compared to normal.
Treatment with FL 750 pg/kg (***P<0.001), 500 pg/kg
(**P<0.01), 250 pg/kg (*P<0.05) significantly restored
the decreased level of TBARS in comparison with

scopolamine group. There was no significant decreased
the level of TBARS in plasma after 24 hrs by treatment
with FL 250 pg/kg in contrast to (control) scopolamine

group.

Determination of Acetylcholinesterase

Effect of forskolin on the level of
acetylcholinesterase in plasma of rats is indicated in
Figure-7. The level of acetylcholinesterase in plasma
was significantly decreased by scopolamine as
compared to normal. Treatment with FL 750 pg/kg
(**P<0.001), 500 pg/kg (*P<0.01) significantly
restored the level of acetylcholinesterase in comparison
with scopolamine group. There was no significant
effect of FL 250 pg/kg on the level of
acetylcholinesterase after 90 min. & 24 hrs as compared
to (control) scopolamine group.
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Fig-1: Effect of Forskolin Treatment on Spontaneous alteration (%) (SA) in Scopolamine groups in Y-maze

Each group consists of 6 animals (n=6).
Values are Mean + S.E.M. *P< 0.001 as compared to

Normal group. “P< 0.05, “P< 0.01, “"P< 0.001 as
compared to Scopolamine group.
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Fig-2: Effect of Forskolin Treatment on Total entry (TE) in Scopolamine groups in Y-maze

Each group consists of 6 animals (n=6).
Values are Mean + S.E.M. *P< 0.001 as compared to

Normal group. “P< 0.05, "P< 0.01, “P< 0.001 as
compared to Scopolamine group.
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Fig-3: Effect of Forskolin (Fors.) Treatment on Time Spent on Novel Object in Scopolamine Groups
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Values are Mean + S.E.M. *P< 0.001 as compared to compared to Scopolamine group.

0.9
0.8
0.7
0.6
05
0.4
0.3
0.2
01

0

Recognition Index (RI)

DW SC DPZ+SC FL250+SC FL500+SC FL750+SC
Groups

# R1 90 mins aftertraining  # Rl 24 hrs aftertraining

Fig-4: Effect of Forskolin (Fors.) Treatment on Recognition Index (R1) in Scopolamine Groups in NORT
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Fig-5: Effect of Forskolin (Fors.) Treatment on the Level of Reduced Glutathione in plasma in Scopolamine Group

Each group consists of 6 animals (n=6). Normal group. "P< 0.05, “P< 0.01, “"P< 0.001 as
Values are Mean + S.E.M. *P< 0.001 as compared to compared to Scopolamine group.
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Fig-7: Effect of Forskolin (Fors.)Treatment on the level of acetylcholinesterase in plasma in Scopolamine Groups

Each group consists of 6 animals (n=6).
Values are Mean + S.E.M. *P< 0.001 as compared to
Normal group. “P< 0.05, "P< 0.01, “P< 0.001 as
compared to Scopolamine group.

DISCUSSION

Cognitive impairment is a major health issue
in the 21% century. AD is the most common root of
cognitive impairment and dementia in the elderly,
marked by extracellular deposits of Ap peptide,
neurofibrillary tangles made up of hyperphosphorylated
tau, neurodegeneration, and acetylcholine dysfunction.
The deposition of soluble AP produces the aggregation.
The protein forming amyloid fibrils is reported to be
toxic to neurons both in vitro & in vivo. Since the direct
mechanism inducing neurotoxicity by the AP peptide
remains unclear, the evidence presented in the earlier
work suggests that the damage described in AD brain is
consistent with some degree of oxidative stress caused
by the AP peptide.

Oxygen is necessity of life, but paradoxically,
its metabolism produces reactive oxygen species (ROS)
as a byproduct which is highly toxic to the cell. Brain
tissues from patients which have neurodegenerative
disorders, including Parkinson's disease, Alzheimer
disease, clearly display raised indices of ROS in the
affected brain regions. Brain has high metabolic rate and
with no or relatively less capacity of cellular regeneration
because of in state of oxidative stress the brain is
believed to be susceptible to the destructive effects of
ROS. In cases, Alzheimer disease, a variety of indices of
ROS damage have been scientifically reported within the
definite brain region that undergoes discriminating
neurodegeneration [19]. Markers for lipid peroxidation,
including  malondialdehyde  (MDA), and 4-
hydroxynonenal (4-HNE) as markers for oxidative
damage to lipids; isoprostane as a product of the free
radical oxidation of arachidonic acid; 8-oxoguanine (8-
hydroxyguanine) and thymine glycol as indicators of
oxidative damage to DNA; and various products of the
oxidation of protein and amino acids including
hydroxyleucine, hydrovaline, nitrotyrosine and carbonyl
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protein [20]. Normally, the cell has got numerous
defenses and repair systems through evolution to deal
with increased ROS generation and oxidative damage
caused by ROS, but in these situations, the activities of
various free radicals scavenging molecules that would
normally work against the injurious effect of ROS are
reduced. For example catalase, superoxide dismutase
(SOD), glutathione peroxidase and reductase (GSHPX &
GSHRd), all these antioxidant enzymes, display
decreased activities in the affected brain region in AD
[19].

Diterpenes have been reported to be
neuroprotective due to their ability to enhance
antioxidant enzymes that lead to a decrease in the
generation and accumulation of ROS. Forskolin is a
naturally occurring diterpene widely distributed in
various parts of plants. Forskolin have been reported to
have diverse pharmacological properties such as anti-
inflammatory, antimutagenic and anticarcinogenic
activity [21, 22]. However FL has not been evaluated
for effects against scopolamine-induced cognitive
impairment in rodents. Therefore, present study,
assessed the effect of forskolin against scopolamine-
induced amnesia in rats. Antioxidant activity is well-
known biological activity of Forskolin [23]. It contains
some only one of its kind functional groups; important
among them is tetrahydropyran derived heterocyclic
ring [21]. Tetrahydropyran derived heterocyclic ring is
synthesized after the generation of the trans-fused
carbon ring are formed by a carbocation mediated
cyclization [21]. This study, investigated the
antioxidant effect of Forskolin against scopolamine-
induced cognitive impairment in rats.

Scopolamine, a muscarinic antagonist which
has ability to block central cholinergic receptors, causes
a reversible impairment of both (i) maintaining
attention; (ii) the processing of information as well as
the acquisition of new knowledge in rodents and
humans. The cognitive degradation seen resembles the
memory disturbances seen in Alzheimer's disease.
Hence, scopolamine-induced cognitive impairment has
been repeatedly used as an experimental model for AD.
It has been recently, reported that cognitive impairment
in the scopolamine-induced rat model is associated with
enhanced ROS production within the rat brain.
Scopolamine affects memory and cognitive function,
and subsequently causes harm to long-term and short-
term memories. It has been previously reported that
cognitive destruction caused by acute scopolamine
administration in rodents is marked by changed levels
of GSH in the brain and altered activities of antioxidant
enzymes. Scopolamine treatment resulted in a
significantly elevated TBARS level, hallmark of lipid
peroxidation, and significantly reduced enzymatic
activity of glutathione reductase and
acetylcholinesterase in the cortical and hippocampal
region of amnestic rat [15].

Therefore, in the present study rat with
scopolamine-induced amnesia was used as the model
for investigating whether forskolin could effectively
reverse scopolamine-induced memory deficits in rats.
Scopolamine treatment affected performances on
several memory tasks like total no. of entries and
spontaneous alteration in Y-maze. Furthermore,
scopolamine disrupted the recognition of objects in
NORT, a test widely used to examine recognition
performance in rats. These observations on behavioral
models suggested that scopolamine had produced
impairment in learning as well as memory. Memory
impairment induced by scopolamine in rat is
characterized by increased oxidative stress within
central nervous system [15-17] which also has been
indicated in earlier studies.

However, administration of Forskolin and
Donepezil (Standard drug) successively for 14 days to
rats significantly restored the memory as indicated by
improvement in memory scores of these behavioral
models. Scopolamine-induced memory impairment was
successfully reversed by Forskolin 750 pg/kg
(***P<0.001), 500 pg/kg (**P<0.01), 250 pg/kg
("P<0.05) as indicated by increased total no. of entries
and spontaneous alteration in Y—-maze and increase in
exploration towards novel object.

Pre-treatment with Donepezil (3 mg/kg)
reversed  scopolamine-induced memory  deficits
(***P<0.001) similar to previously reported studies.

Oxidative stress is involved in almost all
pathophysiological cerebral changes. Oxidative stress
causes the production of ROS. As the production of
ROS increases in turn leads to rise in lipid peroxidation
and reduced antioxidant enzymes leads to decreased
scavenging of free radicals, which has been reported in
Alzheimer's  disease brain  [24].  Scopolamine
significantly raised oxidative stress level as indicated by
the increased thiobarbituric acid reactive substances and
increased acetylcholinesterase levels along with
decreased reduced -glutathione.

Once daily administration of forskolin for two
weeks decreased oxidative stress as well as it also
prevented the scopolamine-induced rise in oxidative
damage as indicated by the reduced thiobarbituric acid
reactive substances, increased glutathione and
acetylcholinesterase levels as compared to control

group.

Effect on behavioral and biochemical
parameters suggest potential of forskolin in the
treatment of Alzeimer’s disease.
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CONCLUSION

From results of this study, it is concluded that

forskolin enhances cognitive performances in rats with
scopolamine-amnesia.

These findings gives insight into development

of phytochemicals for the treatment of conditions
associated with a neurodegenerative disorder of
Alzheimer's type.
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