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Abstract
Background and Objectives: Flavonoids have been reported to possess neuroprotective effects. The present study was designed to
evaluate  the  effect  of  morin, a flavonoid, on learning and memory of Swiss albino young and aged male mice. Methodology: Morin
(10, 20 and 40 mg kgG1, p.o.) and physostigmine salicylate (0.1 mg kgG1, i.p.) were administered for 15 successive days to separate groups
of young and aged mice. Morris water maze was employed to study the effect of the drugs on the learning and memory of mice. In
addition, brain acetylcholinesterase activity was estimated. To explore the possible mechanisms of action, effect of morin on scopolamine
and sodium nitrite-induced amnesia in young mice were investigated. Results: Morin (10, 20 and 40 mg kgG1) and physostigmine per
se significantly decreased escape latency during training and increased time spent in target quadrant during retrieval, indicating
significant improvement in learning and memory of young and aged mice as compared to their respective controls. The drug treatments
have no significant effect on locomotor activity of the mice. Memory-enhancing activity of morin (20 mg kgG1, p.o.) was comparable to
physostigmine. Morin significantly reversed scopolamine and sodium nitrite- induced amnesia in young mice. Morin and physostigmine
also significantly reduced brain  acetylcholinesterase activity of young and aged mice as compared to their respective controls.
Conclusion: Morin administered for 15 successive days showed significant improvement of learning and memory of young and aged mice
probably by inhibiting brain acetylcholinesterase activity. In addition, memory improving effect of morin in young mice might also be
through facilitation of anti-hypoxic pathway leading to augmentation of cholinergic system.
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INTRODUCTION

Learning is the process of acquiring new knowledge while
memory is the process of encoding, storage and retrieval of
the acquired knowledge. Dementia is a general term that
describes a wide range of symptoms associated with a decline
in memory or other thinking skills, severe enough to reduce a
person’s ability to perform everyday activities. Alzheimer’s
disease, a neurodegenerative disorder, is the major cause of
dementia1. The number of people living with dementia
worldwide in 2015 was estimated to be 47.47 million2. The
cognitive deficits may be due to (i) Degeneration of the
cholinergic neurons3 and leading to decreased cholinergic
activity, (ii) Aging-induced oxidative stress4 and (iii) Hypoxia5.
Further, acetylcholinesterase (AChE) plays a key role in
metabolism of acetylcholine and hence, inhibition of AChE has
emerged as one of the most promising strategy for the
treatment of cognitive deficits6. In addition, oxidative stress
and impaired cholinergic functions lead to cognitive
impairments in the aged brain7. On the other hand, hypoxia
reduces incorporation of choline into acetylcholine, thus
decreases the synthesis of acetylcholine and hence lead to
cognitive deficits5.

A number of cholinesterase inhibitors like donepezil,
rivastigmine, tacrine and rivastigmine etc., are in practice for
the treatment of various cognitive disorders8. However, the
adverse effects associated with anti-cholinesterase drugs
(rivastigmine, galantamine, donepezil) include anorexia,
nausea, vomiting, diarrhoea and insomnia9. Physostigmine, a
cholinesterase inhibitor, improved memory of alzheimer’s
disease patients10. But this drug has a short half-life and
requires complex forms of administration11. So there is a need
to discover new drugs with better efficacy and having less
adverse effects. Plants have been used since ancient times in
traditional medicinal systems for the treatment of memory
dysfunction. Bacopa monniera,  also called as “Brahmi” has
been used in the ayurvedic system of medicine for centuries
for treatment of cognitive dysfunction. Traditionally, it was
used as a brain tonic to enhance memory development,
learning and concentration12. Bacopa monniera  has been 
proven  to be  clinically  effective  in treatment of cognitive
disorders13. The bioactive compounds isolated from plants
such as galantamine14, huperzine alpha15, curcumin16 have
been reported to be effective for treatment of cognitive
deficits in patients of dementia. 

Morin is a polyphenolic flavonoid present in white
mulberry (Morus alba  L., Family-Moraceae), almond (Prunus
dulcis, Family-Rosaceae), sweet chestnut (Castanea sativa,
Family- Fagaceae)17, etc. It is also one of the components of
red  wine18.  It  has  been  reported  to  possess   a   number   of

pharmacological    activities    such    as   anti-amyloid19,20,  anti-
anxiety21,       anti-tardive        dyskinesic22,     antiparkinsonian23,
antioxidant24,         anti-hyperlipidemic25,         anti-diabetic26,
hepatoprotective27,     cardioprotective28,     nephroportective29,
anticancer30,      antihypertensive31,       antiosteoarthritic32   and
antibacterial33.

Moreover, morin has been proven to be a neuroprotective
agent against excitotoxicity34. It has also been reported to
alleviate oxidative stress and inflammation and also increased
the levels of neurotrophic factors such as brain-derived
neurotrophic factor, insulin growth factor-1 and nerve growth
factor in the brain of streptozotocin-induced diabetic rats35.
Furthermore, as per the molecular modeling and docking
studies, morin has good binding affinity and inhibitory action
on human acteylcholinesterase enzyme36. Thus, morin might
possess the potential of improving learning and memory.
Therefore, the aim of the present study was to explore the
effect of morin on learning and memory of young and aged
mice and also to investigate the possible mechanisms of
action for its nootropic activity.

MATERIALS AND METHODS

Experimental animals: Swiss albino male young mice  (Age:
2-3 months, weight: 16-24 g) and aged mice (Age: 7-9 months,
weight: 28-38 g) were purchased from Disease Free Small
Animal House, Lala Lajpat Rai University of Veterinary and
Animal Sciences, Hisar (Haryana). Female mice were not
employed in the present study, since estrogens (female sex
hormones) have been reported to improve memory37. Animals
were housed separately in groups of 6 per cage
(Polycarbonate cage size: 29×22×14 cm) under laboratory
conditions with alternate light and dark cycle of 12 h each. The
animals had free access to food and water. The animals were
kept fasted 2 h before and 2 h after drug administration. The
animals were acclimatized for at least five days before
behavioural experiments which were carried out between
09:00 and 17:00 h. The experimental protocol was approved
by Institutional Animals Ethics Committee (IAEC) on 17th
December, 2014 and animal care was taken as per the
guidelines of Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA), ministry of
environment and forests, Government of India (Registration
no. 0436).

Drugs and chemicals: Morin hydrate and scopolamine
hydrobromide (Sigma-Aldrich, St. Louis, USA), physostigmine
salicylate, acetylthiocholine iodide and 5, 5-dithiobis-2-
nitrobenzoic  acid  (Hi-Media  Laboratories,  Mumbai), Carboxy
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Methyl Cellulose (CMC) and Sodium Nitrite (SD Fine Chem Ltd.,
Mumbai) were used in the present study.

Vehicle: Morin was suspended in 1% w/v CMC solution in
distilled water and administered orally. Scopolamine
hydrobromide and sodium nitirite were dissolved in normal
saline.

Behavioural model employed for evaluation of learning and
memory
Morris water maze: The procedure and parameters for testing
of learning and memory using Morris water maze were
followed as reported in the literature38. This Maze consisted of
a circular pool (60 cm in diameter, 25 cm in height) filled to a
depth of 20 cm with water maintained at 25EC. The water was
made opaque with nontoxic white dye. The tank was divided
into four equal quadrants with the help of two threads, fixed
at right angle to each other on the rim of the pool. A
submerged platform (with top surface 6×6 cm and painted in
white) was placed inside the target quadrants (Q4 in present
study) of this pool 1 cm below surface of water. The position
of platform was kept unaltered throughout the training
session. Each animal was subjected to 4 consecutive trials each
day with a gap of 5 min for 4 consecutive days (starting from
11th day of drug administration to 14th day), during which
they were allowed to escape on to the hidden platform and to
remain there for 20 sec. During the training session, the mouse
was gently placed in water between the quadrants, facing the
wall of pool with drop location changing for each trial and
allowed 120 sec to locate submerged platform. If the  mouse 
failed  to  find  the  platform  within 120 sec, it was guided
gently on to the platform and  allowed  to  remain  there  for
20 sec. Escape Latency (EL) is the time taken by the animal to
move from the starting quadrant to find the hidden platform
in the target quadrant. The EL was recorded on the 11-14th
day for each animal. Each animal was subjected to training
trials for 4 consecutive days, the starting position was changed
with each exposure as mentioned below and target quadrant
(Q4 in the present study) remained constant throughout the
training period:

C Day 1 Q1 Q2 Q3 Q4
C Day 2 Q2 Q3 Q4 Q1
C Day 3 Q3 Q4 Q1 Q2
C Day 4 Q4 Q1 Q2 Q3

On the fifth day (i.e., 15th day of drug administration) the
platform was removed and mouse was placed in any of the
three quadrants and allowed to explore the target quadrant
for 300 sec. Time spent in target quadrant (TSTQ) in  search of

the missing platform was noted as index of retrieval of
memory. The observer always stood at the same position.
Care was taken not to disturb the relative location of
water maze with respect to other objects in the
laboratory.

Measurement of locomotor activity: To rule out the effects of
various drug treatments on locomotor activity, horizontal
locomotor activities of control and test animals were recorded
for a period of 5 min using photoactometer (INCO, Ambala,
India). The procedure was followed as reported earlier39.

Biochemical estimation: All the animals were sacrificed by
cervical dislocation under light anaesthesia with diethylether.
The whole brain was carefully removed from the skull. For
preparation of brain  homogenate,  the  fresh  whole  brain
was weighed and transferred to a glass homogenizer and
homogenized in an ice bath after adding 10 V of phosphate
buffer (pH 8, 0.1 M). The homogenate was centrifuged using
refrigerated centrifuge (Remi, Mumbai, India) at 3000 rpm for
10 min at 4EC and the resultant cloudy supernatant liquid was
used for the estimation of brain acetylcholinesterase activity.

Brain    acetylcholinesterase     activity:   Brain
acetylcholinesterase was estimated using the method of
Ellman et al.40. Briefly, 0.4 mL of brain homogenate was added
to a test tube containing 2.6 mL of phosphate buffer. About
0.1 mL 5, 5-dithiobis-2-nitrobenzoic acid reagent was added
to the above mixture and absorbance was noted at 412 nm.
When absorbance had stopped increasing, the photometer slit
was opened so that the absorbance was set to zero. About
0.02 mL of acetylthiocholine iodide solution was added and
again absorbance was noted 15 min thereafter. Change in
absorbance per min was calculated. The rate of hydrolysis of
substrate was calculated using following formula:

R = 5.74 (10G4) A/C0

where, R is rate of hydrolysis of acetylthiocholine iodide in
mmol minG1 gG1 of tissue,

A = Change in absorbance per min
C0 = Weight of tissue homogenate in mg mLG1

Experimental protocol
Groups for Morris water maze:

C Groups 1-5 (n = 6 each): Vehicle (1% CMC), morin (10,  20 
and  40  mg  kgG1,  p.o.) and physostigmine (0.1 mg kgG1,
i.p.),   respectively   were   administered  for  15  successive
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days  in  young  mice. Escape Latency  (EL)  was  recorded
45 min after administration  of  vehicle  or  morin  from
11-14th day. On 15th day, time spent in target quadrant
(TSTQ) was noted 45 min after administration of the
vehicle/drug

C Groups 6 and 7 (n = 6 each): Vehicle (1% CMC) and morin
(20 mg kgG1, p.o.) respectively, were injected for 14
successive days in  young  mice.  The  EL  was  recorded
45 min after drug administration from 11-14th day. On
15th  day,  scopolamine  (0.4  mg kgG1, i.p.) was injected
30 min after administration of vehicle or morin and TSTQ
was noted 45 min after the injection of scopolamine

C Groups 8 and 9 (n = 6 each): The details of these groups
are same as mentioned under groups 6-7, except sodium
nitrite (75 mg kgG1, i.p.) was used in place of scopolamine

C Groups 10-14 (n = 6 each): The details of these groups
are same as mentioned under groups 1-5, except aged
mice were used

Groups for locomotor activity:

C Groups 15-19 (n = 6 each): Vehicle  (1%   w/v  CMC),
morin (10, 20 and 40 mg kgG1, p.o.) and physostigmine
(0.1  mg  kgG1,  i.p.)  respectively,  were administered for
15 successive  days  to  young  mice  and after  30  min  of 
drug  adminsitration  on  15th  day, mice were subjected
to testing of locomtor activity using actophotometer

C Groups 20-24 (n = 6 each): The details of these groups
are same as mentioned under groups 15-19, except aged
mice were used

Groups for biochemical estimations:

C Groups 25-29  (n = 6  each):  Vehicle  (1%  CMC),  morin
(10,  20  and  40   mg    kgG1,    p.o.)    and    physostigmine

(0.1 mg kgG1, i.p.), respectively were administered for 15
successive days to young mice and after 30 min of drug
adminsitration on 15th day, mice were sacrificed to carry
out estimation of brain acetylcholinesterase activity

After testing locomotor activity of  aged  mice  (groups
20-24), these were sacrificed for estimation of brain
acetylcholinesterase activity on 15th day.

Statistical analysis: Data were presented as Means±SEM and
analyzed by using one-way ANOVA followed by Tukey-kramer
multiple comparison test/Dunnett’s test using Graph pad
Instat version 3.10. The p<0.05 was considered as statistically
significant.

RESULTS

Effect of morin and other drugs on Escape Latency (EL) and 
time spent in target quadrant (TSTQ) by young and aged
mice using Morris water maze: Morin (10, 20 and 40 mg kgG1,
p.o.) and physostigmine (0.1 mg kgG1, i.p.) per se significantly
decreased EL of young mice on 14th day and increased TSTQ
on 15th day as compared to the control group, indicating
significant improvement of learning and memory of young
mice. However, on 13th day, the lowest dose (10 mg kgG1) and
middle dose (20 mg kgG1) of morin significantly reduced EL as
compared to control. Administration of single dose of
scopolamine (0.4 mg kgG1, i.p.) and sodium nitrite (75 mg kgG1,
i.p.) per se 30 min prior to recording TSTQ on 15th day
significantly decreased TSTQ by young mice in Morris water
maze, indicating their amnesic effects. Morin (20 mg kgG1, p.o.)
treatment for 15 successive days significantly reversed
scopolamine and sodium nitrite-induced decrease in TSTQ by
young mice, indicating reversal of scopolamine and sodium
nitrite-induced amnesia (Table 1).

Table 1: Effect of morin and other drugs on Escape Latency (EL) and time spent in target quadrant (TSTQ) of young mice using Morris water maze
Treatments (15 days) Dose per killogram EL (sec) on 11th day EL (sec) on 12th day EL (sec) on 13th day EL (sec) on 14th day TSTQ (sec) on 15th day
Vehicle (1% w/v CMC) 1 (mL, p.o.) 107.00±3.50 105.50±3.53 98.83±7.04 91.00±4.01 80.33±10.07
Physostigmine 0.1 (mg, i.p.) 94.00±6.00 80.03±4.37 64.67±4.61** 48.33±2.97*** 115.50±6.32*
Morin 10 (mg, p.o.) 106.00±9.80 78.83±3.90 63.33±5.12** 49.33±2.72*** 111.67±7.20*
Morin 20 (mg, p.o.) 97.00±5.22 86.33±7.59 69.33±5.13* 55.83±3.29*** 115.50±8.86*
Morin 40 (mg, p.o.) 103.30±3.88 84.83±5.12 79.16±5.40 53.00±3.89*** 114.33±7.69*
Scopolamine 0.4 (mg, i.p.) 105.02±4.50 100.67±4.38 88.67±4.61 90.00±4.09 49.30±6.31*
Sodium nitrite 75 (mg kgG1, i.p.) 96.33±6.27 93.83±8.20 87.00±8.38 91.50±5.66 49.67±6.02**
Morin+scopolamine 20 (mg, p.o.+0.4 mg, i.p.) 97.17±5.30 78.16±6.15 73.17±4.45 64.00±4.69*** 83.33±5.64a

Morin+sodium nitrite 20 (mg, p.o.+75 mg, i.p.) 99.00±5.28 82.83±8.28 74.50±5.09 58.50±3.16*** 80.50±7.40b

p value 0.2908 0.0452 0.0014 <0.0001 <0.0001
F (8, 45) 1.255 2.201 3.916 16.990 16.414
Value n = 6 in each group. Values are expressed as Mean±SEM. Data were analyzed by one-way ANOVA followed by Tukey-kramer multiple comparison test, *p<0.05,
**p<0.01, ***p<0.001 as compared to vehicle treated control group, a p<0.05 as compared to scopolamine treated group, b p<0.01 as compared to sodium nitrite treated
group and CMC: Carboxy methyl cellulose
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Fig. 1: Effect of morin and physostigmine on brain acetylcholinesterase (AChE) activity of young mice, n = 6 in each group. Values
are expressed as Mean±SEM. Data were analyzed by one-way ANOVA followed by Tukey-kramer multiple comparison test,
F (4, 25) = 44.52, p<0.0001, *p<0.001, as compared to vehicle treated young mice

Table 2: Effect of morin and physostigmine on Escape Latency (EL) and time spent in target quadrant (TSTQ) of aged mice using Morris water maze
Dose per EL (sec) EL (sec) EL (sec) EL (sec) on TSTQ (sec)

Treatments (15 days) Young/aged mice kilogram on 11th day on 12th day on 13th day 14th day on 15th day
Vehicle (1% w/v CMC) Young 1 (mL, p.o.) 107.00±3.50 105.50±3.53 98.83±7.04 91.00±4.01 80.33±10.07
Vehicle (1% w/v CMC) 1 (mL, p.o.) 113.33±3.70 98.66±5.00 98.50±5.47 95.83±3.37 48.83±6.40*
Physostigmine Aged 0.1 (mg, i.p.) 110.33±5.20 92.86±6.60 76.67±6.01 55.00±4.02*** 93.16±4.01***
Morin 10 (mg, p.o.) 109.50±4.60 95.00±6.81 79.50±5.93** 59.00±5.33*** 80.50±5.77**
Morin 20 (mg, p.o.) 107.60±5.18 90.83±3.36 79.67±3.36 61.66±4.33*** 90.67±3.54***
Morin 40 (mg, p.o.) 105.12±5.67 92.67±9.26 67.67±9.97** 65.00±5.61*** 93.67±5.18***
p-value = 0.8576 = 0.9515 = 0.0137 <0.0001 <0.0001
F (5, 30) 0.3813 2.192 3.463 17.541 11.746
Value n = 6 in each group. Values are expressed as Mean±SEM. Data were analyzed by one-way ANOVA followed by Tukey-kramer multiple comparison test, *p<0.05,
as compared to vehicle treated young mice, **p<0.05, ***p<0.001 as compared to vehicle treated aged mice, CMC: Carboxy methyl cellulose

Vehicle treated aged mice significantly decreased TSTQ
on 15th day, as compared to vehicle treated young mice,
indicating significant impairment of memory. There was no
significant effect on EL (11-14th day) of aged mice as
compared to young mice, indicating that learning was not
significantly impaired in aged mice. However, morin and
physostigmine per se significantly decreased EL on 14th day
in aged mice, similar to that in young mice, indicating
significant   improvement   of   learning.   Morin  (10,  20  and
40   mg  kgG1)  and  physostigmine  per  se  administered  for
15 successive days significantly increased TSTQ on 15th day,
as compared to vehicle treated aged mice, indicating
significant improvement of memory (Table 2).

Effect of morin on brain acetylcholinesterase activity of
mice: Morin (10, 20 and 40 mg kgG1, p.o.) and physostigmine
per se significantly decreased brain acetylcholinesterase
activity of young mice as compared to its vehicle treated
control (Fig. 1). Brain acetylcholinesterase activity was
significantly  increased  in  aged  mice  as  compared  to
vehicle  treated  young  mice.  Administration  of morin (10, 20
and  40  mg  kgG1,  p.o.)   as   well   as  physostigmine  per  se
for 15 successive days significantly decreased brain

acetylcholinesterase activity of aged mice as compared to its
vehicle treated control (Fig. 2).

Effect of morin on locomotor activity of mice using
actophotometer: Morin (10, 20 and 40 mg kgG1, p.o.) as well
as physostigmine administered for 15 successive days did not
significantly affect the spontaneous locomotor activities of
young as well as aged mice as compared to respective vehicle
treated controls (Table 3 and 4).

DISCUSSION

In present study, morin (10, 20 and 40 mg kgG1, p.o.)
administered for 15 successive days showed significant
nootropic effect in both young and aged mice. Morris water
maze was employed as a behavioral model for evaluation of
learning and memory of mice. This model is widely employed
for assessing the effect of drugs on learning and memory38.
Decrease  in   escape   latency   during   training   period   and
increase  in  time  spent  in  target  quadrant  during  retrieval
indicates improvement of learning and memory, respectively.
Morin did not show any significant effect on locomotor
functions of mice as compared to the vehicle treated control.
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Fig. 2: Effect of morin and physostigmine on brain acetylcholinesterase (AChE) activity of aged mice, n = 6 in each group. Values
are expressed as Mean±SEM. Data were analyzed by one-way ANOVA followed by Tukey-kramer multiple comparison
test, F (5, 30) = 12.711, p<0.0001, *p<0.001 as compared to vehicle treated aged mice, **p<0.05 as compared to vehicle
treated young mice

Table 3: Effect of morin and physostigmine on locomotor activity of young mice using actophotometer
Treatments (15 days) Dose per kilogram Locomotor activity score (sec)
Vehicle (1% w/v CMC) 1 (mL) 280.67±6.09
Physostigmine (1 mg kgG1, i.p.) 0.1 (mg, i.p.) 284.00±14.38
Morin 10 (mg, p.o.) 286.00±9.37
Morin 20 (mg, p.o.) 283.50±11.72
Morin 40 (mg, p.o.) 285.16±11.72
n = 6 each group. Data were analysed by using one-way ANOVA followed by Dunett’s test, F (4, 25) = 0.045, p-value = 0.9967 and CMC: Carboxy methyl cellulose

Table 4: Effect of morin and physostigmine on locomotor activity of aged mice using actophotometer
Treatments (15 days) Dose per killogram Locomotor activity score (sec)
Vehicle (1% w/v CMC) 1 (mL) 279.83±6.49
Physostigmine (1 mg kgG1, i.p.) 0.1 (mg, i.p.) 288.56±7.15
Morin 10 (mg, p.o.) 294.67±7.23
Morin 20 (mg, p.o.) 290.00±5.57
Morin 40 (mg, p.o.) 289.16±5.85
n = 6 each group. Data were analysed by using one-way ANOVA followed by Dunett’s test, F (4, 25) = 0.045, p-value = 0.6926

Thus, memory enhancing effect of morin is specific and not
false positive. Out of three doses of morin, 20 mg kgG1 was
found to be most effective dose, hence this dose was
employed for elucidating its probable mechanisms of memory
improving effect in young mice.

Acetylcholine is considered as the most important
neurotransmitter involved in the regulation of cognitive
functions. Selective loss of cholinergic neurons was reported
to be a characteristic feature of alzheimer’s disease41. Drugs
that reduce cholinergic function such as muscarinic receptor
antagonist, scopolamine produced profound memory
impairments   in   animals42.   In   the   present  study,  morin
(20 mg kgG1, p.o.) significantly reversed scopolamine-induced
amnesia in young mice, indicating facilitation of the
cholinergic pathway. Moreover, morin treatment also
significantly inhibited brain acetylcholinesterase activity as
compared to control. Physostigmine (0.1 mg kgG1, i.p.) injected
for 15 successive days significantly improved learning and
memory of young and aged mice and significantly inhibited

brain acetylcholinesterase activity. The memory enhancing
effect of physostigmine is in line with the earlier studies43.
Memory improving effect of morin observed in the present
study was comparable to physostigmine.

Sodium nitrite significantly impaired memory of mice,
which is also supported by the earlier study44. Hypoxia
induced with sodium nitrite reduces incorporation of choline
into acetylcholine, thus decreases the synthesis of
acetylcholine5.  Morin  (20 mg kgG1, p.o.) significantly reversed
sodium nitrite-induced amnesia probably through facilitated
cholinergic transmission.

Normal aging is known to deteriorate memory in human
beings. Aged mice showed significant impairment of memory
as compared to young mice. This is also supported by an
earlier study45. Cholinergic degeneration has been reported to
be involved in geriatric memory dysfunctions46. In the present
study, morin (10, 20 and 40 mg kgG1, p.o.) significantly
improved memory of aged mice and also significantly
inhibited brain acetylcholinesterase activity. Thus, memory
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improving effect of morin in aged mice might be through
involvement of cholinergic pathway.

Beta-amyloid proteins and tau proteins are patho-
physiological characteristic of alzheimer’s disease47. Morin has
been reported to possess in vitro  anti-amyloid activity48 as
well as inhibitor of tau protein phosphorylation49, which might
be responsible for its memory improving effect.

CONCLUSION

Morin administered for 15 successive days showed
significant  memory  enhancing  activity  in  young and aged
mice probably through inhibition of brain acetylcholinesterase
activity. In addition, memory improving effect of morin in
young mice might also be through facilitation of anti-hypoxic
pathway leading to augmentation of cholinergic system.
Hence, further studies can be carried out to explore the other
possible mechanisms for memory improving effect of morin
and its usefulness in the management of cognitive disorders.

REFERENCES

1. Anonymous, 2016. What is dementia? Alzheimer's
Association, Chicago, IL., USA. http://www.alz.org/what-is-
dementia.asp

2. Alzheimer's Disease International, 2013. Policy brief for heads
of government: The global impact of dementia 2013-2050.
Alzheimer's Disease International, London, pp: 1-7.

3. Muir, J.L., 1997. Acetylcholine, aging and Alzheimer's disease.
Pharmacol. Biochem. Behav., 56: 687-696.

4. Aliev,   G.,   M.   Priyadarshini,   V.P.   Reddy,   N.H.  Grieg  and
Y. Kaminsky et al., 2014. Oxidative stress mediated
mitochondrial and vascular lesions as markers in the
pathogenesis   of   Alzheimer   disease.   Curr.  Med.  Chem.,
21: 2208-2217.

5. Gibson, G.E., M. Shumada and J.P. Blass, 1978. Alterations in
acetylcholine synthesis and cyclic nucleotides in mild cerebral
hypoxia. J. Neurochem., 31: 757-760.

6. Lu, S.H., J.W. Wu, H.L. Liu, J.H. Zhao and K.T. Liu et al., 2011.
The  discovery  of  potential  acetylcholinesterase inhibitors:
A combination of pharmacophore modeling, virtual
screening and molecular docking studies.  J.  Biomed.  Sci.,
Vol. 18. 10.1186/1423-0127-18-8

7. Papandreou,     M.A.,     M.     Tsachaki,     S.    Efthimiopoulos,
P. Cordopatis, F.N. Lamari and M. Margarity, 2011. Memory
enhancing effects of saffron in aged mice are correlated with
antioxidant protection. Behav. Brain Res., 219: 197-204.

8. Ellis, J.M., 2005. Cholinesterase inhibitors in the treatment of
dementia. J. Am. Osteopath. Assoc., 105: 145-158.

9. Kavirajan, H. and L.S. Schneider, 2007. Efficacy and adverse
effects of cholinesterase inhibitors and memantine in vascular
dementia: A meta-analysis of randomised controlled trials.
Lancet Neurol., 6: 782-792.

10. Mohs,   R.C.,   B.M.   Davis,   C.A.   Johns,   A.A.    Mathe    and
B.S. Greenwald et  al.,  1985.  Oral  physostigmine  treatment
of  patients  with  Alzheimer's  disease.  Am.  J.  Psychiatry,
142: 28-33.

11. Coelho, F. and J. Birks, 2001. Physostigmine for dementia due
to Alzheimer's disease. Cochrane Database Syst. Rev.

12. Mukherjee, D.G and C.D. Dey, 1966. Clinical trial on  Brahmi. I.
J. Exp. Med. Sci., 10: 5-11.

13. Pase,   M.P.,   J.   Kean,  J.  Sarris,  C.  Neale,  A.B.  Scholey  and
C.  Stough,  2012.  The  cognitive-enhancing  effects of
Bacopa monnieri: A systematic review of randomized,
controlled  human  clinical  trials. J. Altern. Complement.
Med., 18: 647-652.

14. Raskind,   M.A.,   E.R.   Peskind,  L.  Truyen,  P.  Kershaw  and
C.V. Damaraju, 2004. The cognitive benefits of galantamine
are sustained for at least 36 months: A long-term extension
trial. Arch. Neurol., 61: 252-256.

15. Zhang, Z., X. Wang, Q. Chen, L. Shu, J. Wang and G. Shan,
2002. Clinical efficacy and safety of huperzine Alpha in
treatment of mild to moderate  Alzheimer  disease,  a
placebo-controlled, double-blind, randomized trial].
Zhonghua Yi Xue Za Zhi, 82: 941-944, (In Chinese).

16. Baum, L., C.W.K. Lam, S.K.K. Cheung, T. Kwok and V. Lui et al.,
2008. Six-month randomized, placebo-controlled, double-
blind, pilot clinical trial of curcumin in patients with alzheimer
disease. J. Clin. Psychopharmacol., 28: 110-113.

17. Gopal, J.V., 2013. Morin hydrate: Botanical origin,
pharmacological activity and its applications: A mini-review.
Pharmacog. J., 5: 123-126.

18. Fang, F., J.M. Li, Q.H. Pan and W.D. Huang, 2007.
Determination of red wine flavonoids by HPLC and effect of
aging. Food Chem., 101: 428-433.

19. Ono, K., Y. Yoshiike, A.  Takashima,  K.  Hasegawa,  H.  Naiki
and  M.  Yamada,  2003.  Potent  anti-amyloidogenic and
fibril-destabilizing effects of  polyphenols in vitro:
Implications for  the prevention and therapeutics of
Alzheimer's disease. J. Neurochem., 87: 172-181.

20. Lemkul, J.A. and D.R. Bevan, 2012. Morin inhibits the early
stages of amyloid $-peptide aggregation by altering tertiary
and quaternary interactions to produce off-pathway
structures. Biochemistry, 51: 5990-6009.

21. Mangaiarkkarasi, A., S.  Viswanathan,  S.  Ramaswamy  and
C.B.  Tharani,  2012.   Anxiolytic   effect   of   morin  in  mice.
Int. J. Life Sci. Pharma Res., 2: 52-60.

22. Selvakumar,   G.P.,   D.   Vijayraja,   M.   Krishnamoorthy   and
T. Manivasagam, 2012. Morin attenuates haloperidol induced
tardive  dyskinesia and oxidative stress in mice. J. Nat. Sci.
Res., 2: 153-165.

23. Zhang, Z.T., X.B. Cao, N. Xiong, H.C. Wang, J.S. Huang, S.G. Sun
and T. Wang, 2010. Morin exerts neuroprotective actions in
Parkinson disease models in vitro and in vivo. Acta
Pharmacologica Sinica, 31: 900-906.

81



Pharmacologia 7 (2-3): 75-82, 2016

24. Ray, S., P. Chowdhury, B. Pandit, S.D. Ray and S. Das, 2010.
Exploring the antiperoxidative potential of morin on
cyclophosphamide and flutamide-induced lipid peroxidation
and changes in cholesterol profile in rabbit model. Acta
Poloniae Pharmaceutica-Drug Res., 67: 35-44.

25. Ricardo, K.F.S., T.T. de Oliveira, T.J. Nagem, A. da Silva Pinto,
M.G.A. Oliveira and J.F. Soares, 2001. Effect of flavonoids
morin; quercetin and nicotinic acid on lipid metabolism of
rats experimentally fed with triton. Braz. Arch. Biol. Technol.,
44: 263-267.

26. Paoli, P., P. Cirri, A. Caselli, F. Ranaldi, G. Bruschi, A. Santi and
G.   Camici,   2013.   The   insulin-mimetic   effect   of   Morin:
A promising molecule in diabetes treatment. Biochimica
Biophysica Acta (BBA)-Gen. Subj., 1830: 3102-3111.

27. Shankari,     S.G.,    K.    Karthikesan,    A.M.    Jalaludeen    and
N. Ashokkumar, 2010. Hepatoprotective effect of morin on
ethanol-induced hepatotoxicity in rats. J. Basic Clin. Physiol.
Pharmacol., 21: 277-294.

28. Parabathina,   R.K.,   G.V.   Raja,   M.N.   Rao,   G.S.   Rao    and
K.S. Rao, 2010. Cardioprotective effects of vitamin E, morin,
rutin and quercetin against doxorubicin induced oxidative
stress of rabbits: A biochemical study. J. Chem.  Pharmaceut. 
Res., 2: 754-765.

29. Jonnalagadda, V.G., S. Pittala, M. Lahkar and V. Pradeep, 2013.
Ameliorative effect of morin hydrate, a flavonoid against
gentamicin induced oxidative stress and nephrotoxicity in
sprague-dawley rats. Int. J. Pharmacy Pharm. Sci., 61: 852-856.

30. Kumar, R.N., K.N. Kumar, K. Salini and S.N. Devaraj, 2014. Morin
accelerates proliferative inhibition via NF-6B mediated
transcriptional regulation of apoptotic events during
chemical carcinogen induced mammary cancer in rats.
Biomed. Preventive Nutr., 4: 277-290.

31. Prahalathan, P., S. Kumar and B. Raja, 2012. Morin attenuates
blood pressure and oxidative stress in deoxycorticosterone
acetate-salt hypertensive rats: A biochemical and
histopathological evaluation. Metabolism, 61: 1087-1099.

32. Chen, W.P., P.F. Hu, J.P. Bao and L.D. Wu, 2012. Morin exerts
antiosteoarthritic properties: An in vitro and in vivo study.
Exp. Biol. Med., 2: 380-386.

33. Kopacz, M., E. Woznicka and J. Gruszecka, 2005. Antibacterial
activity of morin and its complexes with La (III), Gd (III) and Lu
(III) ions. Poloniac Pharm. Soc., 62: 65-67.

34. Gottlieb,  M.,  R.  Leal-Campanario,  M.R.  Campos-Esparza,
M.V. Sanchez-Gomez and E. Alberdi et al., 2006.
Neuroprotection by two polyphenols following excitotoxicity
and experimental ischemia. Neurobiol. Dis., 23: 374-386.

35. Ola,  M.S.,  A.M.  Aleisa,  S.S.  Al-Rejaie,  H.M.  Abuohashish,
M.Y. Parmar, A.S. Alhomida and M.M. Ahmed, 2014.
Flavonoid, morin inhibits oxidative stress, inflammation and
enhances neurotrophic support in the brain of
streptozotocin-induced      diabetic      rats.        Neurol.     Sci.,
35: 1003-1008.

36. Remya,     C.,     K.V.     Dileep,    I.    Tintu,    E.J.    Variyar    and
C. Sadasivan, 2012. Design of potent inhibitors of
acetylcholinesterase using morin as the starting  compound. 
 Front.   Life   Sci., 6: 107-117.

37. Harburger, L.L., J.C. Bennett and K.M. Frick, 2007. Effects of
estrogen and progesterone on spatial memory consolidation
in aged females. Neurobiol. Aging, 28: 602-610.

38. Morris, R., 1984. Developments of a water-maze procedure for
studying  spatial  learning  in  the rat. J. Neurosci.  Methods,
11: 47-60.

39. Goyal, R. and K. Anil, 2007. Protective effect of alprazolam in
acute immobilization stress-induced certain behavioral and
biochemical alterations in mice. Pharmacol. Rep., 59: 284-290.

40. Ellman,     G.L.,     K.D.     Courtney,     V.     Andres    Jr.    and
R.M. Featherstone, 1961. A new and rapid colorimetric
determination of acetylcholinesterase activity. Biochem.
Pharmacol., 7: 88-95.

41. Whitehouse,   P.J.,   D.L.  Price,  A.W.  Clark,  J.T.  Coyle  and
M.R. DeLong, 1981. Alzheimer  disease:  Evidence  for
selective loss of cholinergic neurons in the nucleus basalis.
Ann. Neurol., 10: 122-126.

42. Higashida, A. and N. Ogawa, 1987. Differences in the
acquisition process and the effect of scopolamine on radial
maze performance in three strains of rats. Pharmacol.
Biochem. Behav., 27: 483-489.

43. Yahaya, T.A., A.M. Itohan, F.S. Ameh and S.O. Adeola, 2015.
Crinum zeylanicum memory enhancing effect is mediated via
central cholinergic transmission system. Int. J. Basic Clin.
Pharmacol., 4: 864-868.

44. Luo,  J., J.H. Yin, H.Z. Wu and Q. Wei, 2003. Extract from
Fructus cannabis  activating calcineurin improved learning
and memory in mice with chemical drug-induced dysmnesia.
Acta Pharmacologica Sinica, 24: 1137-1142.

45. Nade, V.S., S.V. Kanhere, L.A. Kawale and A.V. Yadav, 2011.
Cognitive enhancing and antioxidant activity of ethyl acetate
soluble fraction of the methanol extract of Hibiscus rosa
sinensis in scopolamine-induced amnesia. Indian J.
Pharmacol., 43: 137-142.

46. Bartus, R.T., R.L. Dean 3rd, B. Beer and A.S. Lippa, 1982. The
cholinergic hypothesis of geriatric memory dysfunction.
Science, 217: 408-414.

47. Tapiola,    T.,    I.    Alafuzoff,    S.K.    Herukka,    L.    Parkkinen,
P. Hartikainen, H. Soininen and T. Pirttila, 2009. Cerebrospinal
fluid $-amyloid 42 and tau proteins as biomarkers of
alzheimer-type pathologic changes in the brain. Arch. Neurol.,
66: 382-389.

48. Noor, H., P. Cao and D.P. Raleigh, 2012. Morin hydrate inhibits
amyloid formation by islet amyloid polypeptide and
disaggregates amyloid fibers. Protein Sci., 21: 373-382.

49. Gong, E.J., H.R. Park, M.E. Kim, S. Piao and E. Lee et al., 2011.
Morin attenuates tau hyperphosphorylation by inhibiting
GSK3$. Neurobiol. Dis., 44: 223-230.

82


