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ABSTRACT

BACKGROUND AND OBJECTIVES: Although a few drugs are available today for the management of Alzheimer's
disease (AD) and many plants and their extracts are extensively employed in animal studies and AD patients, yet no
substantial drug or plant extract is able to reverse the AD symptoms adequately. It is tangible that there has been augmenting
need for such therapeutic intervention. The present study was undertaken with an objective to compare the memory boosting
and regaining effects of oral administration of nutmeg and turmeric which are used commonly as spice in various dishes, as
components of teas and soft drinks.

MATERIAL AND METHODS: A total of 24 male and female wistar albino rats were used for this study. They were
randomly assigned into three groups with 8 rats in each group. The influence of oral intake of nutmeg and turmeric extract on
behavioral task performance was studied by using T-maze and radial arm maze and physiological measures relative to a milk
control group was investigated.

RESULTS: We have observed significant memory boosting and memory regaining effects of nutmeg when administered
orally when compared with control group..However, nutmeg is having strong memory regaining effect than turmeric.

CONCLUSION: We conclude that nutmeg is having strong memory regaining effect than turmeric. However further
pharmacological and biochemical investigations will clearly elucidate the mechanism of action and helpful in projecting
these plant extracts as a therapeutic target in diabetes research.
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INTRODUCTION

Learning is acquisition of the information that makes this
possible.' Memory is the ability to recall past events at the
conscious or subconscious level.’Itis the relatively permanent
retention and storage form of the learned information.
Memory that involves conscious recall of events is called
declarative or explicit memory; on the other hand, memory
which includes classical conditioning, skills, habits and is
largely unconscious, is called Non - declarative or explicit or
reflexive memory.’

There have been manifold studies to combat this dreadful
neurodegenerative disorder for a few decades. Although a few
drugs are available today for the management of AD and many
plants and their extracts are extensively employed in animal
studies and AD patients, yet no substantial drug or plant extract
is able to reverse the AD symptoms adequately. It is tangible
that there has been augmenting need for such therapeutic
intervention.”

Medicinal plants improves memory by their acetylcholine
esterase inhibitory activity.” Nutmeg, a common household
spice, comes from the tree Myristica fragrans, which
originates from the Indonesian Banda Islands (also known as
the Spice Islands). The Nutmeg plant, Myristica fragrans
Houtt, is a member of the small primitive family called
Myristicaceae, taxonomically placed between the
Annonaceae and Lauraceae.” The name nutmeg comes from
Latin, nux muscat, meaning musky nut. Myristicin found in
nutmeg has been shown to inhibit an enzyme in the brain that
contributes to Alzheimer's disease and is used to improve
memory.’

Oral administration of nutmeg may have some deleterious
effects on the kidneys of adult Wistar rats at higher doses.’
Nutmeg, the dried seed kernel of Myristica fragrans, MF
(Family: Myristicaceae) possesses antifungal, hepatoprotective
and antioxidant properties.’

Curcumin (Curcuma longa - Haldi) is the source of the spice
Turmeric and is used in curries and other spicy dishes from
India, Asia and the Middle East. Similar to many other herbal
remedies, people first used curcumin as a food and later
discovered that it also had impressive medicinal qualities. It
has been used extensively in Ayurveda (Indian system of
Medicine) for centuries as a pain relieving, anti-inflammatory
agentto relieve pain and inflammation in the skin and muscles.
It has also proven to have anti-cancer properties.”” Curcumin
holds a high place in Ayurvedic medicine as a “cleanser of the
body,” and today, science is finding a growing list of diseased
conditions that can be healed by the active ingredients of
turmeric.'’ In Ayurvedic practices, turmeric has been used as
an anti-inflammatory agent. In a study conducted by the

University of Illinois, researchers discovered that curcumin
protected cultured rat cells from damage caused by beta
amyloid, a toxin commonly found in the brains of Alzheimer's
victims''

The present study was undertaken with an objective to
compare the memory boosting and regaining effects of oral
administration of nutmeg and turmeric which are used
commonly as spice in various dishes, as components of teas
and soft drinks.

MATERIAL AND METHODS

Subjects: Atotal of 24 male and female wistar albino rats were
used for this study. They were housed in groups, in propylene
cages in an acclimatized (25-27°C) room and were maintained
on a 12hr light / dark cycle. Food and water was given ad
libitum until they aged 30 days at the beginning of the
experiment.

Materials:

T-maze

The T-maze is made of wood with smooth polished surface. It
consists of a stem (35 x 12 cm), a choice area (12 x 12 cm) and
two arms (35 x 12 cm); at the end of each arm contain a food
well. The sidewalls are 40 cm high. The choice area is
separated from the arms by a sliding door.

Figure1: T-maze

Radial arm maze

Radial arm maze is made of Plexiglass; consist of eight equally
spaced arms radiating from an octagonal central platform.
Each arm was having a length of 56.2cm, width of 7.9 cm and
height of 10 cm. The entire maze is elevated 80 m above the
floor for easy locating of spatial cues by rats.
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Figure 2: Radial arm maze

Nutmeg extract
Nutmeg extract is purchased from Kancor ingredients limited,
Kancorroad, Angamaly, Kerala, India.

Turmeric extract
Turmeric extract is purchased from Kancor ingredients
limited, Kancor road, Angamaly south, India.

Pharmacological drug administration

Buscopan" tablets manufactured by Cadila Healthcare limited,
is used in the present study. Each Buscopan tablet contained
Hyoscine (scopolamine) Butylbromide I P 10 mg and
excipients (q. s.). The tablets were powdered and mixed with
50ml sterile 0.9% w/v normal saline. It was administered to the
rats as intraperitoneal injection at a dose of | mg/Kg. "

Scopolamine was injected at a dose of 1mg/Kg body weight of
rat, only during the phases where it was assigned. In those
groups were the drug is administered, SC was injected 30
minutes before beginning the behavioral trials, every day,
either during acquisition or retention depending on the

13,14,15,16

group.
POLYBION

B complex vitamin manufactured by Merck, Germany is used.
It contains thiamine mononitrate 10 mg, pyridoxine
hydrochloride 3 mg, cyanocobalamin 15 mcg, riboflavin 10
mg, nicotinamide 100 mg, calcium pantothenate 50 mg,
ascorbicacid 150 mg, folic acid 1.5 mg, biotin 100 mcg.

Experimental design
They were randomly assigned into three groups with 8 rats in
each group.

Control group
The control rats were given milk for 30 days.

Turmeric group
The rats in the turmeric group were given Smg/kg body weight
ofturmeric extract orally for 30 days.

Nutmeg group
The rats in the nutmeg group were given 1 2mg/kg body
weight of nutmeg extract orally for 30 days.

All the rats were fed with pellets and water mixed with B
complex tonic liberally in these 30 days. After 30 days, the rats
were starved for 48 hours and after 48hours the behavioral task
is performed on T-maze and radial arm-maze for acquisition.
This task is continued till we recorded full score without any
erTor.

Now ten days gap was given for the retention of the task. In
these ten days only pellets and water mixed with B complex
tonic was given to both the groups. On eleventh day behavioral
task is performed on T-maze and radial arm-maze and number
of trials required to get full score is recorded in both the groups
to test memory boosting effect of turmeric and nutmeg. From
the next day we have started administration of scopolamine
intra peritoneal to both the groups to cause partial amnesia.
This procedure continued for 9 days. Scopolamine
administration was done at 10 am daily.

Only water mixed B complex suspension is given to both the
groups during these 9 days.

From tenth day administration of scopolamine is stopped and
turmeric is administered to turmeric group and nutmeg is
administered to nutmeg group where milk without turmeric or
nutmeg is given to the control group.

This procedure continued for 30 days and food and water
mixed with B complex was given to both the groups during
these 30 days. On 31" day behavioral task is performed on T-
maze and radial arm maze in both the groups for acquisition
and number of trails required to get the full score is recorded.
Now ten days gap is given where only food and water mixed
with B complex is given to the rats in both the groups. On
eleventh day behavioral tasks were performed on both the
mazes to test the retention in both the groups and number of
trails required to get the full score is recorded. The memory
score was calculated by taking the difference between the
number of trials required for acquisition test and number of
trials for retention test.

The body weight was maintained at 85% of the original body
weight, throughout experiment. Behavioral experiments were
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conducted in the same room with the same allocentric cues,
such as doors, windows, posters and investigator.

T-maze task

This was analogous to non-matching to sample task, where the
rat was rewarded only if the current choice doesn't match the
previous one. As reward is used it can also be considered as a
learned alternation procedure. In the orientation phase, the
starved rats were allowed to spend 10 minutes / day for three
days in the T-maze and trained to collect food pellet from the
food wells.

During the acquisition test, all the rats were given six trials per
day with an inter trial interval of one hour. Each trial consists
of four sample and choice run. In the sample run, the rat was
placed at the start end of the T-maze stem. The rat was allowed
to move towards one arm and collect the food pellet, while
keeping the sliding door of other arm closed. In the choice run,
the rat was placed at the start end of stem and both arms were
kept open.

If the rat visits the same arm as that of sample run, it was
recorded as error and the rat was not rewarded with food.
Instead, if the rat visits the alternate arm, it was recorded as
correct score and the rat was allowed to eat food pellet
(reward) in the food well. There was an interval of 30s between
each run. Score was given for alternate selection of arm during
choice run and a maximum score of '4' can be obtained per
trial.

Radial arm maze task

The rats was placed in the centre of the maze and allowed to
freely explore the maze for 15 minutes on the first day. The rats
were required to take the food pellets from each arm without
making a re-entry into the arm already visited. The trial was
terminated when the animal takes the food reward from all the
eight arms or after 10 minutes if all the eight arms were not
visited. Correct sore was give when the visits an arm and
collects the food reward, and a maximum score of '8' can be
attained per trial. When a rat reenters an already visited arm it
was taken as a working memory error.

Data analysis
The analysis of data was done by SPSS version 20.0. The
Independent- Samples 't' test, one-way ANOVA are used for
data analysis.

Ethical approval

The study protocol was approved by Institutional Ethics
Committee of Little Flower Medical Research Centre,
Angamaly.

RESULTS

The mean trials of acquisition in control group are 27.83+2.71
and in nutmeg group is 16£2.90, which indicates that nutmeg
group is having memory boosting effect. This is statistically
significant (p < 0.001). The mean retention of control group is
22.67+2.42 and in nutmeg group is 9.67+2.73, which indicates
that nutmeg group is having memory boosting effect. This is
statistically significant (p<0.001).

The mean trials of acquisition in control group are 27.83+2.71
and in turmeric group is 11.33+1.21, which indicates that
turmeric group is having memory boosting. This is statistically
significant (p < 0.001). The mean retention of control group is
22.67+2.42 and in turmeric group is 9.17x1.17, which
indicates that turmeric group is having memory boosting. This
is statistically significant (p <0.001).

The number of mean trials of acquisition in nutmeg group
is16£2.90 and in turmeric group is 11.33+£1.21, which
indicates that turmeric group is having more memory boosting
effect than nutmeg group. This is statistically significant (p <
0.005). The mean retention of nutmeg group is 9.67+2.73 and
in turmeric group is 9.17+1.17, which indicates that turmeric
group is having more memory boosting effect than nutmeg
group. This is not statistically significant (p <0.689).

The number of mean trials of acquisition in control group is
25.00+5.22 and in nutmeg group is 45.00+3.16, which indicates
that nutmeg group is having memory regaining effect. This is
statistically significant (p < 0.001). The mean retention of
control group is 17.67+4.08 and in nutmeg group is
27.33+3.08, which indicates that nutmeg group is having memory
regaining effect. This is statistically significant (p <0.001).

The number of mean trials of acquisition in control group is
25.00+5.22 and in turmeric group is 31.50+1.87, which indicates
that turmeric group is having memory regaining effect. Thisis
statistically significant (p < 0.017). The mean retention of control
group is 17.67+4.08 and in turmeric group is 17.00£1.79,
which indicates that turmeric group is having memory
regaining effect. This is not statistically significant (p <0.722).

The number of mean trials of acquisition in nutmeg group is
45.0043.16 and in turmeric group is 31.50+1.87, which
indicates that turmeric group is having memory regaining
effect. This is statistically significant (p < 0.001). The mean
retention of nutmeg group is 27.33+3.08 and in turmeric group
is 17.00£1.79, which indicates that turmeric group is having
memory regaining effect. This is statistically significant (p<0.001).

The mean trials acquisition in control group is15.83+2.64 and
in nutmeg group is 11.67+2.07, which indicates that nutmeg
group is having memory boosting effect. This is statistically
significant (p < 0.012). The mean retention of control group is
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13.00+2.37 and in nutmeg group is 8.50+1.52, which indicates
that nutmeg group is having memory boosting effect. This is
statistically significant (p <0.003).

The mean acquisition of control group is 15.8342.64 and in
turmeric group is 13.67+5.13, which indicates that turmeric
group is having memory boosting effect.

This is not statistically significant (p < 0.379). The mean
retention of control group is 13.00+2.37 and in turmeric group is
9.33+4.76, which indicates that turmeric group is having memory
boosting effect. This is not statistically significant (p <0.122).

The mean trials acquisition in nutmeg group is 11.67+2.07 and
in turmeric group is 13.67+5.13, which indicates that nutmeg
group is having more memory boosting effect than turmeric
group. This is statistically not significant (p < 0.396). The
mean retention of nutmeg group is 8.50+1.52 and in turmeric
group is 9.33+4.76, which indicates that nutmeg group is
having more memory boosting effect than turmeric group.
This is not statistically significant (p <0.692).

The number of mean trials acquisition in control group is
34.3343.01 and in nutmeg group is 32.67+3.50, which indicates
that nutmeg group is having memory regaining effect. This is
statistically significant (p < 0.398). The mean retention of
control group is 25.83£2.79 and in nutmeg group is 18.50£2.95,
which indicates that nutmeg group is having memory
regaining effect. This is statistically significant (p<0.001).

The number of mean trials of acquisition in control group is
34.33£3.01 and in turmeric group is 41.50+5.68, which indicates
that turmeric group is having memory regaining effect. This is
statistically significant (p < 0.021). The mean retention of
control group is 25.83+2.79 and in turmeric group is 24.83+5.34,
which indicates that turmeric group is having memory
regaining effect. This is not statistically significant (p <0.693).

The number of mean trials acquisition of nutmeg group is
32.67+3.50 and in turmeric group is 41.50+5.68, which indicates
that nutmeg group is having memory regaining effect. This is
statistically significant (p < 0.009). The mean retention of nutmeg
group is 18.50£2.95 and in turmeric group is 24.83+5.34,
which indicates that nutmeg group is having memory
regaining effect. This is statistically significant (p <0.029).

Table 1: Anova Memory boosting in Radial arm maze.

Sum of Squares| df | Mean Square| F P value
Between Groups | 868.111 2 | 434.056 75.561 | <.001
Acquisition Fyiein Groups | 86.167 155,744
Total 954.278 17
Between Groups | 703.000 2 |351.500 71.735 | <.001
Retention - "wihin Groups | 73.500 15 4.900
Total 776.500 17

The number of trials for acquisition of these three groups
compared by using a one way ANOVA indicates a significant
difference with p <0.001 between the groups. The number of
trials for retention of these three groups compared by using a
one way ANOVA indicates a significant difference with p <
0.001 between the groups.

Table 2: Anova Memory regaining in Radial arm maze

Sum of Squares| df | Mean Square, F P value
Between Groups | 1249.000 2 | 624.500 46.032 | <.001
Acquisition yidin Groups | 203.500 15[ 13.567
Total 1452.500 17
Between Groups | 401.333 2 1200.667 20.523 | <.001
Retention  yyithin Groups | 146.667 15]9.778
Total 548.000 17

Then the number of trials for acquisition of these three groups
compared by using a one way ANOVA indicates a significant
difference with p <0.001 between the groups. The number of
trials for retention of these three groups compared by using a
one way ANOVA indicates a significant difference with p <
0.001 between the groups.

Table 3: Anova Memory boosting in T - maze

Sum of Squares| df | Mean Square] F | Pvalue

Between Groups | 52.111 2 126056 2.084 | 0.159
Acquisition [Wihin Groups | 187.500 15] 12500

Total 239611 17

Between Groups | 68.778 2 134389 3.37510.062
Retention  \yithin Groups | 152.833 15]10.189

Total 21611 17

The number of trials for acquisition of these three groups
compared by using a one way ANOVA indicates that the
difference between the groups is not significant. The number
of trials for retention of these three groups compared by using
a one way ANOVA indicates that the difference between the
groups is not significant.

Table 4: Anova Memory regainingin T - maze
Sum of Squares| df | Mean Square, F

P value

Between Groups | 264.333 2 | 132.167 7.393 | .006
Acquisition Myyihin Groups | 268.167 15]17.878

Total 532.500 17

Between Groups | 189.778 2 194.889 6.321.010
Retention  M\yithin Groups | 225.167 15] 15.011

Total 414.944 17

The number of trials for acquisition of these three groups
compared by using a one way ANOVA indicates a significant
difference with p < 0.006 between the groups. The number of
trials for retention of these three groups compared by using a
one way ANOVA indicates a significant difference with p <
0.010 between the groups.
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DISCUSSION

Alzheimer's disease is one of the most common causes of
mental deterioration, accounting for around 50-60% of the
overall cases of dementia among persons over 65 years of
age.” slowly but surely, Alzheimer's disease (AD) patients
lose their memory and their cognitive abilities, and even their
personalities may change dramatically. These changes are due
to the progressive dysfunction and death of nerve cells that are
responsible for the storage and processing of information.

Although drugs can temporarily improve memory, at present
there are no treatments that can stop or reverse the inexorable
neurodegenerative process.” Although advent of such
inhibitors has been effective in function yet there has been
augmenting need to quest for new drugs.” There has been
growing focus on traditional herbal medicines presently since
the failure of existing treatments.” Plants provide wealth of
bioactive compounds, which exert a substantial strategy for
the treatment of neurological disorders such as Alzheimer's
disease.”

It was reported that M. fragrans significantly decreased acetyl
cholinesterase activity as compared with their respective
vehicle-treated control groups. Acetyl cholinesterase is an
enzyme that inactivates acetylcholine and the central
cholinergic pathways play a prominent role in the learning and
memory processes. ' Recent studies on cultured astrocytes
obtained from pregnant Sprague-Dawley (SD) rat and
neonatal 02-day-old SD rats showed improved neuronal
survival by curcumin treatment in NMDA toxicity through the
activation of PI3K/MAPK signaling pathways.”

Studies employing surface Plasmon resonance experiments,
unraveled that the liposome exposing the curcumin derivative
(maintaining the planarity) demonstrate considerable affinity
for AB1-42 fibrils (15 nM), through the exhibition of
multivalent interactions.”

We have observed significant memory boosting and memory
regaining effects of nutmeg and turmeric when administered
orally. However, when compared, nutmeg is having strong
memory regaining effect than turmeric. This effect may be due
to facilitation of acetylcholine activity by decreasing acetyl
cholinesterase activity of nutmeg. Hence we recommend
further research in this area by investigating compound
metabolism to optimize quantification of memory
performance following nutmeg consumption.

CONCLUSION

We conclude that nutmeg is having strong memory regaining
effect than turmeric. However further pharmacological and

biochemical investigations will clearly elucidate the
mechanism of action and helpful in projecting these plant
extracts as a therapeutic target in diabetes research.
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