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Abstract

Introduction: Over a period of time researchers have
become more interested in finding out the potential of
various foods to maintain the general health and to treat
diseases. Almonds are a very good source of many nutri-
ents which may help to sharpen the memory and to
reduce cardiovascular risk factors.

Objective: The present study was conducted to evaluate
the nootropic effects of almonds. Effect of oral intake of
almond was also monitored on food intake and plasma
cholesterol levels.

Methods: Rats were given almond paste orally with the
help of feeding tube for 28 days. Memory function in rats
was assessed by Elevated Plus Maze (EPM) and Radial
Arm Maze (RAM). Brain tryptophan, 5-HT and 5-HIAA
were estimated at the end of the treatment by HPLC-EC
method.

Results: A significant improvement in learning and
memory of almond treated rats compared to controls was
observed. Almond treated rats also exhibited a significant
decrease in food intake and plasma cholesterol levels
while the change in growth rate (in terms of percentage)
remained comparable between the two groups. Analysis
of brain tryptophan (TRP) monoamines exhibited
enhanced TRP levels and serotonergic turnover in rat
brain following oral intake of almonds.

Conclusion: The findings show that almonds possess
significant hypophagic and nootropic effects. Results are
discussed in context of enhanced 5-HT metabolism
following almond administration.
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EFECTOS NOOTROFICOS E HIPOFAGICOS
DEL CONSUMO PROLONGADO DE ALMENDRAS
(PRUNUS AMYGDALUS) EN RATAS

Resumen

Introduccion: De un tiempo a esta parte, los investiga-
dores se han interesado cada vez mas en encontrar el
potencial de diversos alimentos para mantener la salud en
general y tratar la enfermedad. Las almendras son una
muy buen fuente de muchos nutrientes que pueden ayu-
dar a agudizar la memoria y reducir los factores de riesgo
cardiovascular.

Objetivo: Este estudio se realizo para evaluar los efectos
nootroficos de la almendra. También se monitore6 el efecto
de la ingestion oral de almendra sobre el consumo de ali-
mentos y las concentraciones plasmaticas de colesterol.

Meétodos: Se suministroé a las ratas pasta de almendra
por via oral con la ayuda de una sonda de alimentacién
durante 28 dias. Se evalué la funcién de memoria de las
ratas mediante Elevated Plus Maze (EPM) y Radial Arm
Maze (RAM). Se estimaron el triptéfano cerebral, la 5-
HT y el 5-HIAA al final del tratamiento mediante un
método de HPLC-EC.

Resultados: Se observo una mejoria significativa en el
aprendizaje y la memoria en las ratas tratadas con almen-
dra en comparacién con los controles. Las ratas tratadas
con almendra también mostraron una reduccion signifi-
cativa del consumo de alimentos y de las concentraciones
plasmaticas de colesterol, mientras que el cambio en la
tasa de crecimiento (en términos de porcentaje) siguio
siendo comparable entre ambos grupos. El analisis de las
monomaninas y de triptéfano cerebral mostré unas con-
centraciones superiores de triptéfano y del recambio
serotoninérgico del cerebro de la rata tras el consumo de
almendras.

Conclusion: los hallazgos sugieren que las almendras
poseen unos efectos hipofagicos y nootrdéficos significati-
vos. Los resultados se debaten en el contexto del metabo-
lismo mejorado de la 5-HT tras la administracion de
almendras.

(Nutr Hosp. 2012;27:2109-2115)
DOI:10.3305/nh.2012.27.6.6140
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Abbreviations

5-HIAA: 5-hydroxy indole acetic acid.

5-HT: 5-hydroxy tryptamine.

CVD: Cardiovascular disease.

EPM: Elevated plus maze.

HPLC-EC: High performance liquid chromato-
graphy with electrochemical detection.

PUFAs: Polyunsaturated fatty acids.

RAM: Radial arm maze.

TRP: Tryptophan.

Introduction

Diet plays an influential role in the maintenance of
general health as well as in the prevention and treat-
ment of diseases. Memory loss' and obesity? are two of
the prevalent diseases throughout the world. With the
passage of time there is increased trend to maintain
general health through diet. Various foods including
tree nuts have been shown to affect central nervous
system,’ enhance learning, memory and intelligence.*
Memory formation is the complex process and
involves various neurotransmitters and neuronal path-
ways.’ It is well established that serotonergic system
has an important role in memory function.® Tryptophan
(TRP), the precursor of serotonin (5-hydroxy trypta-
mine; SHT) and an essential amino acid, has also been
shown to increase learning and memory.”® Source of
TRP is dietary only and increased brain TRP avail-
ability has been revealed to increase brain serotonin
synthesis.’

Obesity and being overweight are linked to reduce
quality of life, greater morbidity'® and mortality.'
Elevated cholesterol as a result of obesity is one of the
risk factor for cardiovascular diseases (CVD).!> Nuts
are high-fat, energy rich foods (e.g. pecan 70%,
macadamia nut 66%, Brazil nut 65%, walnut 60%,
almonds 55%)," so it is logical that frequent consump-
tion of nuts may lead to increased cholesterol and
weight gain and, consequently, increase the risk of
cardiovascular disease and many chronic diseases. But
prior studies did not show any adverse effect of nut
consumption on energy balance or body weight. * In
fact, a growing body of evidence indicates that eating
nuts on the regular basis may be linked to decreased
weight gain as well as cholesterol levels in various
human populations. >

Nuts are energy-dense and nutrients loaded foods.
Walnuts and almonds both have been used as a
nootropic substance from time immemorial. To
experimentally show this we previously analyzed the
walnut.” The findings tempted us to investigate the
effects of almonds on learning and memory functions.
These nuts contain a wide variety of bioactive
compounds that seem to have constructive effects on
human health.” According to US department of Agri-
culture Nutrient Database, almonds have a high

protein content (21.22 g/100 g of raw almond) and the
TRP content of this nut is about 214 mg/100 g of
almond. These nuts provide 5.75 kcal/g of energy and
are low in saturated fat (< 8% of total fats) but rich in
unsaturated fats (92% of total fats), mainly of which
are monounsaturated (66.15%). Almonds are one of
the most important source of plant protein, and good
source of dietary fiber, minerals, antioxidants, vita-
mins and numerous bioactive substances, such as
phytosterols and flavonoids. These nutrients may
possess health benefits by producing synergistic
effects and/or interactions with each other. Hence this
study was intended to investigate the neurochemical
pathways involved in the enhancement of memory by
these nutritious nuts. The study was further aimed to
examine food intake, body weight and plasma choles-
terol levels following long term administration of
almonds in rats.

Material and methods
Animals

The Animal Care Ethical Committee of the Univer-
sity had approved this investigation. Locally bred male
Albino Wistar rats with mean weight 200 g were used
for the experiment. Animals were caged individually in
plastic cages with cubes of standard rodent diet and tap
water ad libitum for 3 days before starting the experi-
ment. Body weight and food intake of all rats were
monitored during the experimental period.

Experimental protocol

Shelled almonds of best quality were purchased
from the local super market which were then peeled,
finely crushed and refrigerated in air tight bottle. 80
mg? finely crushed almond was prepared as suspen-
sion in deionized water which was then orally adminis-
tered to the rats.

In the beginning of experiment animals were divided
into two groups, control and test. Rats were given stan-
dard rodent diet and water throughout the experiment.
Fresh almond suspension was prepared daily. Body
weight and food intake of all rats were monitored.
Control rats (n = 6) were given deionized water and test
rats (n = 6) were given almond suspension orally with
the help of feeding tube. This treatment was continued
for 28 days.

Food intake and body weight were monitored till
almond administration. After 28 days of administra-
tion, memory test was performed and rats were decapi-
tated. Brain and plasma samples of both groups were
stored at -70°C. Tests were conducted in a noise-free
environment between 9:00-13:00 hrs. Memory assess-
ment by RAM was carried out after performing EPM
test.
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Memory function test by Elevated Plus Maze (EPM)

EPM was used as a behavioral model to evaluate
memory in rats. The apparatus constructed of Perspex
plastic with 4 arms of 50 x 10 cm area. The two enclosed
arms had side walls of 40 cm high. The open and closed
arms were connected with a central square (5 x 5 cm) to
give the apparatus a plus sign appearance. The whole
maze was raised 60 cm above the floor. The maze was
placed in the same position throughout the test in labora-
tory where extra maze cues were there to facilitate
learning. The procedure and technique was same as
reported earlier by Haider et al." Briefly, the test
comprised of three days, first day was training session
while the next two days were considered as test sessions.
In the training session each rat was placed in the central
square and allowed to explore the EPM for 10 min and
then returned to the home cages. During test sessions cut
off time was 5 min and time spent in open arm was
recorded. A significant decrease in time spent in open
arm on subsequent EPM exposure was taken as an index
of successful memory retention. This is based on the idea
that during repeating testing on EPM rat acquires infor-
mation about the spatial environment and avoids the
elevated and open arms of the maze and prefers to stay in
the closed arms where it could be safe on the maze. Total
time spent in the open arm measured on the first day
served as an index of learning and acquisition, whereas
on the 2nd day it served as an index of retention of
learned task (memory) and on the 3 day further served as
the index of consolidation of memory. Memory was
measured by the degree to which the rat remembers and
avoids the elevated and unenclosed arms of the maze and
prefers to stay in the closed arms.

Memory function test by Radial Arm Maze (RAM)

Spatial working memory testing using eight arm radial
maze task was also conducted as described by Neese et
al.?! with slight modifications.”? The maze utilized in this
research study consisted of a central platform, 32 cm in
diameter, with 8 arms of equal length (58 cm) and width
(12 cm) extending radially. Each arm had side walls of 38
cm high. The apparatus was mounted on a table so that it
was 58 cm off the ground. Rats were freely allowed to
visit all arms to get the food reward, which was placed
near the end of one of the arm in a small plastic recep-
tacle, this was habituation phase for 20 min. After 24 hrs,
training was performed, during this phase all arms were
blocked except one which was baited with food at small
intervals in order to attract the rat to the end of the arm.
Once the rat reached the end of the arm, the rat was
returned to the central platform and the arm was rebaited
in order to continue the training procedure. The training
was continued for 15 min. At the end of 15 min food
rewards were only placed at the end of the arm to train the
rat to run to end of the arm to receive the reward. The test
session was performed after 24 hrs of training, during

which the same arm was again baited with food and rest
of the arms were also unblocked, rats had free access to
all arms. The total cut off time was 5 min and the time
elapsed before the rat entered the baited arm was
recorded. Throughout the experiment, care had to be
taken that the relative position of maze with respect to
any object serving as visual cues in laboratory was not
changed. To motivate the performance, rats were food-
restricted to 50% for 1 week before subjecting them to the
RAM test but had free access to water.

Plasma cholesterol estimation

Plasma cholesterol was estimated by standard labo-
ratory method.

HPLC-EC analysis

At the end of the experiment animals were decapi-
tated using guillotine. Brain was removed immediately
and stored at -70°C for the determination of TRP, 5-HT
and 5-HIAA by HPLC-EC as described earlier.>* A 5-11
Shim-Pack octadecylsilane separation column of 4.0
mm internal diameter and 150mm length was used.
Separation was achieved by a mobile phase containing
methanol (14%), octyl sodium sulfate (0.023%) and
ethylenediaminetetraaceticacid (0.0035%) in 0.1 M
phosphate buffer at pH 2.9, on Schimadzu LEC 6A
detector at an operating potential of 0.8 volts for
biogenic amines and 1.0 volts for TRP.

Statistical analysis

The behavioral and neurochemical data were
analyzed by Student’s z-test. P values < 0.05 were
considered significant.

Results
Food intake and body weight

Weekly growth rate and food intake of rats following
the administration of almond for 4 weeks are shown in
figures 1 and 2 respectively. Test groups exhibited no
differences in growth rate during the course of the
study. However, there were differences in food intake,
with the test group eating significantly less than the
control group. Caloric intake data during the 4 weeks is
summarized in table I.

Memory testing

The memory function for control and test groups
following long term intake of almond measured by

Nootropic and hypophagic effects
following long term intake of almonds
(Prunus amygdalus) in rats
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Fig. 1.—Effects of oral intake of almond for 28 days on weekly
change in body weight in terms of percentage. Values are mean
+ SD (n = 6) non significant difference by Student’s t-test with
respect to controls.
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Fig. 2—Effects of oral intake of almond for 28 days on weekly
change in food intake. Values are mean = SD (n = 6) significant
differences by Student’s t-test *p < 0.05 and **p < 0.01 with
respect to controls.

EPM (fig. 3) as time spent in open arm in terms of
percentage. Data analyzed by Student’s #-test did not
reveal significant difference on the first day, however,
there was significant decrease in % time spent in open
arm on subsequent exposure on 2™ day (P < 0.01) and
34 day (P < 0.01) following almond administration in
rats. This observed fact taken as successful memory
retention, since repeated testing on the EPM provides
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Fig. 3.—Effects of oral intake of almond for 28 days on memory
function in rats assessed by Elevated Plus Maze. 1st day is trai-
ning session while 2nd and 3rd days are test sessions. Values
are mean = SD (n = 6) significant differences by Student’s t-test
**p < 0.01 with respect to controls. The decrease in % time
spent in open arm between the control and test groups is ex-
pressed in terms of percentage.
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Fig. 4.—Effects of oral intake of almond for 28 days on memory
function in rats assessed by Radial Arm Maze. Values are mean
+ SD (n = 6) significant differences by Student’s t-test **p <
0.01 with respect to controls. The decrease in time elapsed be-
fore the rat entered the baited arm between the control and test
groups is expressed in terms of percentage.

an index of acquisition and retention as the rat learned
where it could be safe on the maze.

Spatial working memory was also observed during
RAM testing following almond administration for 4
weeks (fig. 4). When data was analyzed by Student’s

Table I
Effects of almond administration on weekly caloric intake of rats

Control (kcal) Test (kcal) % decrease
Pretreatment 440.29 £40.05 388.62+42.74 11.7%
1st week 423.89 +68.07 338.37 £ 68.88 20.17%
2nd week 389.82 +37.05 298.05 £21.36 ** 23.54%
3rd week 354.78 +30.17 248.88 £ 18.9 ** 29.84%
4th week 359.79 +42.6 196.68 +20.74 ** 45.33%

Values are mean + SD (n = 6) significant differences by Student’s t-test **p < 0.01 with respect to controls. % decrease is the difference between
control and test group during the week in terms of percentage.
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Fig. 5.—Effects of oral intake of almond for 28 days on brain
tryptophan levels. Values are mean + SD (n = 6) significant dif-
ferences by Student’s t-test**p < 0.01 with respect to controls.
The increase in brain TRP (ug/g) between the control and test
groups is expressed in terms of percentage.

t-test, a significant increase (P < 0.01) in memory func-
tion was observed as the time elapsed before the rat
entered into baited arm was revealed significantly
lower in test group than the control group.

Brain tryptophan and neurochemical estimations

Total brain TRP (ug/g of whole brain) and 5-HT turn
over (5-HIAA/5-HT ratio) were measured following 4
weeks administration of almond. The levels of TRP (P <
0.01, fig. 5) and 5-HT turn over (P < 0.05, fig. 6) both
were increased significantly in the whole brain after long
term intake of almond. This shows that intake of almond
increased the overall brain 5-HT metabolism.

Plasma cholesterol estimation

Plasma cholesterol levels for both groups were also
estimated after decapitation and shown in figure 7.
Student’s -test revealed significant reduction (P <
0.05) in plasma cholesterol in test group by ~ 15%
when compared with the control group.

Discussion

The finding of primary interest in the present experi-
ment is that the long term administration of almond
produces enhancing effect on memory function. This
improved memory retention was evident from the
gradual and significant decrease in time spent in open
arm on subsequent exposures to EPM (fig. 3). Results
of RAM also emphasized the same assumption as there
was significant decrease in time elapsed before the rat
entered the baited arm (fig. 4). Long term intake of
almond was also showed to significantly increase
whole brain serotonin metabolism. This can be
explainable in terms of increased brain TRP concentra-

20%
0.9

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Brain 5-HIAA/5-HT ratio

Control Test

Fig. 6.—Effects of oral intake of almond for 28 days on brain5-
HT turnover (5-HIAA/5-HT). Values are mean + SD (n = 6)
significant differences by Student’s t-test *p < 0.05 with respect
to controls. The increase in brain 5-HT turnover between the
control and test groups is expressed in terms of percentage.
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Fig. 7—Effects of oral intake of almond for 28 days on plasma
cholesterol levels. Values are mean = SD (n = 6) significant dif-
ferences by Student’s t-test *p < 0.05 with respect to controls.
The decrease in plasma cholesterol level between the control
and test groups is expressed in terms of percentage.

tion and 5-HT turnover in almond treated rats (fig. 5
and 6).

Memory function in rats was assessed by EPM and
RAM. Both paradigms are widely used for the screening
of nootropic substances.??>*> The present study showed
that almond has an augmenting effect on memory
retention in rats. The results are in agreement with the
previously reported studies. It has been demonstrated
that administration of almond improved scopolamine
induced amnesia in rats.? Central serotonin is consid-
ered as one of the neurotransmitter involved in regula-
tion of cognitive functions. A decrease in the serotonin
is believed to be involved in the occurrence of amnesia
in impaired cognitive diseases.”?* On the other hand it
has been reported that increased brain 5-HT improves
cognitive performance.”” In the present work almond
administration for 4 weeks increased brain 5-HT
turnover. This increased turnover was associated with
an increase in the level of its precursor, TRP. The 5-HT
biosynthetic enzyme, TRP hydroxylase exists in unsat-
urated state with its substrate. Therefore, the rate of 5-
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HT synthesis depends upon the brain concentration of
its precursor. Increased 5-HT turnover are often taken
as a measure of increased 5-HIAA levels and ulti-
mately increased 5-HT release. An increased brain 5-
HT turnover exhibited by almond-treated rats indicates
an increased release of 5-HT in these rats and hence
greater availability of 5-HT towards its respective
receptors. Almond is rich in TRP, which is an essential
amino acid, because it cannot be synthesized in vivo
and must be obtained from diet. It has been shown that
increased dietary availability of TRP increases 5-HT
metabolism and enhances cognitive performance.’
Therefore, in the current study long term administra-
tion of almond increased brain 5-HT metabolism by
elevating TRP concentration and 5-HT turnover in the
brain and ultimately improved memory in rats.

The plausible active constituents of almond are
polyunsaturated fatty acids (PUFAs) and choline that
could be involved in memory enhancement in the
present study. Dietary PUFAs [a linolenic acid; 18:3
(n-3) and linoleic acid; 12:2 (n-6)] are the main essen-
tial fatty acids that serve as precursor for fatty acids
component of neuronal membrane. These fatty acids
are important for the structural integrity of cell
membranes and for neurotransmission, signaling and
modulation of enzymatic activity.*! The PUFAs have
shown to be involved in serotonin neurotransmission®
and in increased memory function.* In addition to sero-
tonin, acetylcholine is also considered as an important
neurotransmitter involved in the regulation of cognitive
function.* Studies have revealed that consumption of
essential fatty acids can effectively modulate cholinergic
system.*> Acetylcholine is synthesized from substrates
choline and acetyl CoA by the enzymatic action of
choline acetyltransferase. Studies have indicated that
increased dietary choline supplementation increases
the synthesis of acetylcholine and facilitates memory
function. Cohen and Wurtman?*® showed that dietary
intake of choline at increasing doses elevated serum
choline, brain choline and brain acetylcholine concen-
trations in rats. Recently, a study examined the effect of
dietary choline intake on memory in nondemented
individuals and it was found that individuals with
higher choline intake performed better on the memory
tests.”” Although we did not estimate the choline and
acetylcholine concentrations in the present study but
from these evidences it can be suggested that in addi-
tion to TRP, important biological constituents of
almond such as PUFAs and choline may also be
involved in memory improving effects of almond
following its long term administration in rats.

Since almonds are high in fats (55%)" and energy
dense food therefore consumers regard them as fattening
foods. In the present study body weight and food intake
were also measured during the course of the treatment
and at the end plasma cholesterol levels were estimated in
both control and test groups. After long term almond
administration the body weight remained unaffected (fig.
1) while the food intake and plasma cholesterol levels

were significantly decreased (table I, fig. 2 and fig. 7).
The suppression in food intake in test animals may be
attributed to observe increased serotonin metabolism.
Several lines of evidence demonstrate that serotonergic
system is recruited to reduce meal size.*®* Serotonin
modulating drugs such as 5-HT reuptake inhibitor/5-HT
releaser fenfluramine has been used for the management
of obesity.* It is possible that regular intake of almonds
may satisfy the appetite quickly and may decrease the
food intake and ultimately decrease the plasma choles-
terol level by limiting the intake of other energy-dense
food.* Hence, despite the fact that almond is rich in fats
but this fatty food was not shown to exert adverse effects
on body weight and plasma lipid profile'®'”as observed in
the present study.

High level of cholesterol is one of the prominent risk
factor for CVD. Several lines of evidence indicate that
the type of fat is more important in decreasing CVD risk
than the total amount of fat in the diet.#* According to
the food composition database published by the US
Department of Agriculture, 100 g of almonds contain
50.6 g of fats, majority of which are unsaturated fats.*
Unsaturated fatty acids have consistently shown to
reduce total, LDL cholesterol.** Animal studies have
repeatedly performed to determine the mechanisms
behind these effects and it is revealed that dietary unsatu-
rated fatty acids enhance hepatic receptor-dependent
clearance of LDL and concomitantly reduce LDL choles-
terol production.* Almonds provide a dietary source of
unsaturated fatty acids which may help to reduce total
cholesterol as found in the current study and may be
helpful in the management of CVD.

Conclusion

In conclusion, we tested the nootropic effects of
almond in male rats. The results revealed that long term
almond intake enhances activity and performance in
spatial memory test. Present results also indicate that
almond intake increases serotonin metabolism which
might be involved in memory enhancing and appetite
decreasing effects. So these findings demonstrate that
long term intake of almond may have beneficial effects on
learning and memory processes and therefore emphasize
on the use of almond as a supplement in learning and
memory deficits. Almond administration also decreases
food intake and total cholesterol levels. This cholesterol
lowering effect may be attributed to the presence of unsat-
urated fatty acid content of these nuts. Therefore current
findings also suggest that almond supplementation may
be beneficial not only in improving memory function but
also in reducing obesity and CVD risk factors.
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