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ABSTRACT

Poor learning abilities and impaired memory are increasing their importance in accompany with the
increased elderly population and stress exposure. Therefore, the development of cognitive enhancement is
required. Recent findings showed that oxidative stress played the important role on the development of
cognitive impairment in various conditions. Therefore the development of cognitive enhancer from
vegetable possessing antioxidant is focused. The present study is carried out to determine the effect of dried
tomato pomace powder on learning and memory both in normal and cognitive impairment conditions. Adult
male Wistar rats, wei%hing 180-200 g, were orally given dried tomato pomace at various doses ranging from
2, 10 and 50 mg kg~ BW at a period of 14 days. The animals were determined the cognitive enhancing
effect of tomato pomace after single dose, 7 and 14 days after administration. The results showed that
tomato pomace significantly decreased escape latency but increased retention time. In addition, we also
determined the cognitive enhancing effect of this substance in cognitive deficit condition. In this part, all
animals were induced cognitive deficit using scopolamine injection via intraperitoneal route after 14 days of
treatment. Again, tomato pomace also improved cognitive impairment. Tomato pomace is the potential
cognitive enhancer. However, the precise underlying mechanism is still required further investigation.
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food as medicine or functional food has been for more
than 2500 years. It has been reported that food or every
diet also offers health benefits and reduces the risk of

1. INTRODUCTION

Poor learning abilities and impaired memory have

been recognized as one important problem nowadays. Its
importance is increasing with the increased elderly
population and stress exposure. Therefore, the development
of cognitive enhancer is required. Recent findings showed
that oxidative stress played the important role on the
development of cognitive impairment in various conditions
including, aging mild cognitive impairment, Alzheimer’s
disease (Mecocci, 2004; Wattanathorn et al, 2010)
chronic stress (Tishkina ez al., 2009).

Up until now, many strategies have been developed to
optimize learning and memory including exercise,
dietary therapy, herbal therapy, pharmaceutical drugs and
advanced medical device (Ingole et al., 2008). Among
various strategies, dietary therapy such as functional
food has gained much concentration. The application of

chronic disease beyond the widely accepted nutritional
effects. Functional foods are not pills or capsules but
they are consumed as part-of a normal everyday diet.
The beneficial effect of functional food appears to relate
to its bioactive ingredient such as substances containing
antioxidant (Raghuveer and Tandon, 2009). Tomato or
Lycopersicon Esculentum, a plant in the family of
Solanaceae, is one of the most frequently consumed
vegetables in Thailand and worldwide. It is a good
source of potassium, folate and the vitamins A, C and E.
In addition to its micronutrient benefits, tomato also
contains valuable phytochemicals, including carotenoids
such as lycopene and betacarotene. Moreover, it also
contains polyphenols such as flavonoids especially
quercetin and kepferol (Canene-Adams et al., 2005). It
had been reported that lycopene, one of the active
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component in tomato, could attenuate memory
impairment in diabetes mellitus by inhibiting
acetylcholinesterase enzyme resulting in an elevation of
acetylcholine leading to learning and memory
improvement. In addition, it also decreased oxidative
stress both in cerebral cortex and in hippocampus
(Rodrguez et al., 2006).

Not only lycopene but also beta-carotene provides
benefit for brain functions. Previous study demonstrated
that beta-carotene could attenuate neuronal damage in
cerebral cortex and could improve memory impairment in
SAMS (Rodrguez et al., 2006). Moreover, it also decreased
neurotoxicity induced by glutamate (Lemus-Molina et al.,
2009) and oxidative stress (Prasad et al., 2008).

Recent findings show that most of the tomato waste
product or tomato pomace obtained from food industry
processing contained skin, pulp and crushed seeds of
tomato. This tomato waste product still contains lycopene
and beta-carotene (Sabio ef al., 2003). However, it was
reported that beta-carotene was a susceptible component
toward thermal degradation (Abushita et al., 2000). Based
on the crucial role of oxidative stress on cognitive
impairment and the active ingredients possessing anti-
oxidant in tomato pomace, we hypothesized that the dried
powder containing lycopene could enhance memory in
both normal healthy and cognitive impairment conditions.
To test this hypothesis, the present study was designed to
determine the effect of dried tomato pomace powder on
learning and memory both in normal and cognitive
impairment conditions.

2. MATERIALS AND METHODS

2.1. Preparation of Dried Tomato Tomace
Powder

Tomato tomace is consisting of tomato skins, pulp
and crushed seeds that remain after the processing of
tomatoes for juice. Wet tomato pomace was dried with
oven at 50 degree Celsius for 2 h. The %yield of tomato
pomace is 12.75. The dried tomato tomace was grinded
as powder and determined both lycopene level and total
phenolic compound and used as markers for quality
control. It was found that the dried tomato tomace
contained lycopene 160.94 mg/100 g sample while
contained total phenolic compound 413.07+34.45 mg of
gallic acid equivalent/mg. The dried tomato pomace was
kept in airtight container at room temperature until use.
The administration of dried tomato tomace was
performemed using propylene glycol as vehicle.

2.2. Animals

Adult male Wistar rats (180-200 g, 8 weeks old) were
obtained from Animal Unit, Faculty of Medicine, Khon
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Kaen University and were housed in group of 5 per cage
in standard metal cages at 22+2°C on 12:12 h light-dark
cycle. All animals were given access to food and water
ad libitum. The experiments were performed after the
approval of protocol by the Ethical Committee of the
Institution and every effort was made to minimize animal
suffering in accordance with the internationally accepted
principles for laboratory use and care of European
Community (EEC directive of 1986; 86/609/EEC). The
experimental protocols were approved by the
institutional animal care and use committee.

2.3. Experimental Protocol

All rats were divided in to 7 groups as following; (1)
control or naive intact control (2) vehicle (propylene glycol)
treated group (3) Aricept or donepezil (1 mg kg™' BW) (4)
Vitamin C (250 mg kg™' BW) 5)-7) dried tomato pomace at
various doses ranging from 2, 10 and 50 mg kg”' BW. In
this study, Aricept or donepezil, a standard drug used for
dementia treatment, is used as positive control. In addition
to Aricept, vitamin C, a well known antioxidant possessing
cognitive enhancing effect is also used as positive control.
All rats had been treated with the assigned substance for 14
days. The cognitive enhancing effect was determined by
evaluating the effect of dried tomato tomace on spatial
memory using Morris water maze test. The escape latency
and retention time in this test were used as indices for
cognitive enhancing effect. The evaluation was performed
after single dose, 7 and 14 days of administration. Then 24
h after the last evaluation, the rats were orally given the
assigned treatment and scopolamine at dose of 3 mg kg™
BW was administered via intra-peritoneal route 30 min 0
before the assessment of spatial memory.

2.4. Morris Water Maze Test

The water maze consisted of a metal pool (170 cm in
diameter x 58 cm tall) filled with tap water (25, C, 40 cm
deep) divided into 4 quadrants. In the center of 1
quadrant was a removable escape platform below the
water level and covered with a nontoxic milk powder.
The pool was divided into 4 quadrants (NE, NW, SE and
SW) by two imaginary lines crossing the center of the
pool. For each animal, the location of invisible platform
was placed at the center of one quadrant and remained
there throughout training. The rats must memorize the
platform location in relation to various environmental
cues because there was nothing directly showed the
location of the escape platform in and outside the pool.
Therefore, the placement of the water tank and platform
were the same in all acquisition trials. Each rat was
gently placed in the water facing the wall of the pool
from one of the four starting points (N, E, S or W) along

AJAS



Wipawee Thukhammee et al. / American Journal of Applied Sciences 9 (11) (2012) 1776-1781

the perimeter of the pool and the animal was allowed to
swim until it found and climbed onto the platform.
During training session, the rat was gently placed on the
platform by experimenter when it could not reach the
platform in 60 s. In either case, the subject was left on
the platform for 15 s and removed from the pool. The
time for animals to climb on the hidden platform was
recorded as escape latency or acquisition time. In order to
determine the capability of the animals to retrieve and
retain information, the platform was removed 24 h later
and the rat was released into the quadrant diagonally
opposite to that which contained the platform. Time spent
in the region that previously contained the platform was
recorded as retention time. In each trial, the animal was
quickly dried with towel before being returned to the cage.
All tests were carried out within 30 min after the
administration of the assigned substance.

2.5. Statistical Analysis

Data are expressed as means + S.E.M. and were
analyzed statistically by one-way ANOVA, followed by
Post-hoc (LSD) test. The results were considered
statistically significant at P-value <0.05.

3. RESULTS

The effect of dried tomato pomace on the escape
latency in Morris water maze test was shown in Fig. 1.
The results showed that vehicle produced no significant
change on escape latency. After single administration,
aricept and dried tomato pomace treated group at dose of
2 mg kg”' BW significantly decreased escape latency (p-
value<0.001 and 0.01 respectively; compared to vehicle
treated group) while no significant changes were
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observed in vitamin C treated group and dried tomato
pomace treated group at dose of 10 and 50 mg kg™
However, at 7 days of treatment, both Aricept and
vitamin C treated group showed significant decreased in
escape latency (p-value<0.001 all; compared to vehicle
treated group). The dried tomato pomace treated groups
at doses of 2, 10 and 50 mg kg™ also significantly
decreased escape latency (p-value<0.001; 0.01 and 0.05
respectively; compared to vehicle treated group).
When, the exposure time was prolonged to 14 days,
both Aricept and vitamin C still showed significant
reduction of escape latency (p-value<0.05 and 0.01
respectively; compared to vehicle treated group). The
rats treated with dried tomato pomace still showed the
decreased escape latency however, the significant
changes were observed only in the groups treated with
dried tomato pomace at dose of 2 and 50 mg kg™' BW
(p-value<0.01 all; compared to vehicle treated group).

The effect of dried tomato pomace on the retention
time was also determined and the results were shown in
Fig. 2. It was found that the rats which received vitamin
C and dried tomato pomace at doses of 10 and 20 mg
kg BW significantly enhanced retention time (p-
value<0.001; 0.01 and 0.05 respectively; compared to
vehicle treated group). When the treatment was
prolonged further to 7 and 14 days, the rats which
received vitamin C still showed significant increased
retention times (p-value<0.01 and 0.05 respectively;
compared to vehicle treated group). However, it was
found that the dried tomato pomace treated groups at all
dosage range used in this study significantly enhanced
retention time at 7 days of treatment (p-value<0.05;
0.001 and 0.05 respectively; compared to vehicle treated
group). Unfortunately, we failed to observe the
significant changes at 14 days of treatment.
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Fig. 1. Effect of dried tomato pomace on the escape latency of normal healthy rats in Morris Water Maze Test (MWT) (n=10/group) ****p-
value<(.05; .01 and 0.001 respectively; compared to naive control group) *,** ***p-value<0.05; .01 and 0.001 respectivel
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Fig. 2. Effect of dried tomato pomace on the retention time of normal healthy rats in Morris water maze test (MWT) (n=10/group)
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Fig. 3. Effect of dried tomato pomace on the escape latency of cognitive deficit rats in Morris Water Maze Test (MWT)
(n=10/group) ““p-value<0.01; compared to vehicle treated group) #p-value<0.05; compared to vehicle plus scopolamine
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Fig. 4. Effect of dried tomato pomace on the retention time of cognitive deficit rats in Morris Water Maze Test (MWT) (n=10/group)
"p-value<0.05; compared to vehicle treated group) #p-value<0.05; compared to vehicle plus scopolamine
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In addition to the determination of cognitive
enhancing effect of dried tomato pomace in normal
healthy condition, we also determined the cognitive
enhancing effect of dried tomato pomace in cognitive
deficit condition induced by scopolamine. Figure 3
showed that the animals which received vehicle plus
scopolamine significantly enhanced escape latency time
(p-value<0.01; compared to vehicle treated group). The
rats which received dried tomato pomace at dose of 10
and 50 mg kg™' BW significantly attenuated the elevation
in escape latency induced by scopolamine (p-value<0.05
all; compared to vehicle treated group). The current
results also showed that rats which received vehicle plus
scopolamine significantly decreased retention time (p-
value<0.001; compared to vehicle treated group). It was
found that dried tomato pomace at doses of 2 and 10 mg
kg BW significantly reversed retention time (p-
value<0.05; compared to vehicle plus scopolamine
treated group) as shown in Fig. 4.

4. DISCUSSION

The present study clearly demonstrates that dried
tomato pomace can enhance spatial memory both in
healthy and cognitive deficit conditions.

Learning has been defined as the process acquiring
the knowledge while memory is the retention of the
acquired knowledge that can be retrieved (Kandel et al.,
2000). Our results showed that under normal condition,
dried tomato pomace could exert its influence on both
escape latency and retention time. Therefore, it indicated
that it could influence on both learning acquisition,
consolidation and retrieval processes. Since the pattern of
changes of escape latency induced by dried tomato
pomace was similar to those of Aricept and vitamin C,
we suggested that dried tomato pomace might exert its
effect to facilitate acquisition phase partly via the
alteration of neurotransmitter such as acetylcholine and
via its antioxidant effect. However, only viamin C that
showed the same pattern of changes similar to that of
dried tomato pomace. Therefore, its effect to enhance
consolidation and retrieval process might be related to its
antioxidant activity. Recent findings showed that
consolidation process involved protein synthesis
(Bermudez-Rattoni, 2010). Previous study revealed that
oxidative stress could disturb the function of protein
contributing important role on consolidation process and
resulting in memory impairment (Achat-Mendes et al.,
2007). Therefore, the antioxidant effect of dried tomato
pomace might attenuate the disturbance of protein
molecules induced by oxidative stress.
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In cognitive deficit condition, the escape latency
changes induced by dried tomato pomace showed the
same pattern as vitamin C. Therefore, tomato pomace
might exert its effect via its antioxidant. In contrast to the
changes of escape latency, the retention time of tomato
pomace demonstrated the similar patterns as those
observed after treatment with Aricept and vitamin C.
Therefore, the tomato pomace’s effect on retention time
in cognitive deficit condition might relate in part to
available acetylcholine and oxidative stress.

Taken all data together, it was possible that dried
tomato pomace might exert its influence on acquisition
phase in normal condition differ from that in cognitive
deficit condition. However, its influence on retention
in normal condition might occur via its antioxidant
while this effect in cognitive deficit conditions
appeared to occur partly via both the available of
acetylcholine and its antioxidant.

5. CONCLUSION

Tomato pomace can serve as potential cognitive
enhancer both in normal and cognitive deficit conditions.
Thus, the development tomato pomace as functional food is
very much interesting because it not only provides health
benefit but also increases its value. However, the precise
underlying mechanism is still required further researches.
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