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ABSTRACT 
 

Background: Capsaicin annum (Chili pepper) is among the most consumed spices throughout the 
world. These spices/fruits contain chemicals called capsaicinoids. Capsaicin, the active principle in 
chilies is a major capsaicinoid responsible for up to 90% of the total pungency of pepper fruits. It is 
a generally known neurogenic, neurotoxic and analgesic agent. Since capsaicin is neurotoxic and 
has tendency to chemically interact with neurons, it may affect learning and memory.  
Aim: It was therefore, the aim of this present study to investigate the effects of long-term 
consumption of capsaicin diet on learning and memory with a view of comparing them with those of 
chili pepper to see whether the effects of chili pepper on learning and memory can be attributed to 
capsaicin using adult CD-1 Swiss white mice as experimental animals.  
Materials and Methods: Thirty male (30) mice were randomly assigned into three groups of ten 
mice each, namely; control, pepper-diet (20% w/w) and capsaicin-diet (10%w/w) groups. Feeding 
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lasted for 28 days, during which there were daily measurements of food intake, water intake and 
body weight changes. Thereafter, their learning and memory abilities were assessed through their 
ability to locate the hidden platform model of Morris water maze apparatus.  
Results: Pepper consumption reduced food intake but increased water intake in mice. The swim 
latencies of both capsaicin and pepper diet groups were significantly longer compared to control 
(p<0.001). The probe trial of the Morris water maze test showed a significantly shorter quadrant 
duration in the pepper and capsaicin groups compared to control (p<0.001 and p<0.01 
respectively).  
Conclusion: Long-term consumption of chili pepper and capsaicin diets impairs visuo-spatial 
learning and memory in mice. 
 

 
Keywords: Capsicum annum; capsaicin; learning and memory. 
 
1. INTRODUCTION  
 
Chili pepper, perhaps the world’s most prevalent 
spice consists of dried ripe fruit of Capsicum 
annum, belonging to the family Solanaceae [1, 
2]. It is also known as chilies and amongst other 
species in the Capsicum genus, it is the most 
widely and extensively cultivated vegetable [3]. 
The other four main species in the Capsicum 
genus include C. baccatum, C. chinense, C. 
frutescens and C. pubescens. These peppers 
are widely used as spices in food industry and in 
a broad variety of medicinal applications 
worldwide [4]. These spices are remarkable 
sources of antioxidant compounds including 
phenolic compounds and flavonoids, of which 
their consumption has potential health benefits 
due to their activity as free radical scavengers 
and may also help prevent inflammatory 
diseases and pathologies associated with 
oxidative damage such as atherosclerosis and 
Alzheimer’s disease [4]. It is called Ntokon in 
Efik, Ose in Ibo and Brukunu in Hausa 
languages in Nigeria. They are usually red or 
green in colour. It is the most commonly 
consumed pepper in Nigeria.  
 
The plant is not an annual crop and in the 
absence of winter frost can survive several 
seasons and grow into a large perennial shrub, 
[5]. The single flowers are an off-white 
(sometimes purplish) colour while the stem is 
densely branched and up to 60cm tall. The fruit is 
a berry and may be green, red, or yellow when 
ripe. While the species can tolerate most 
climates, Capsicum annum is especially 
productive in warm and dry climate. 
 
The substance that gives chilies their hot 
sensation and intensity when ingested or 
contacted is the chemical compound, capsaicin 
and several other related chemicals collectively 
called capsaicinoids [6]. 

Capsaicin is an irritant to the skin, eyes and 
lungs [7]. Exposure to skin causes intense 
burning sensation while exposure to the eyes 
leads to intense tearing, conjunctivitis and 
blepharospasm. Oral ingestion of large amounts 
causes abdominal pain, vomiting and diarrhea. 
 
Medically, capsaicin has been used as a topical 
analgesic agent in the preparations or 
formulations against arthritis [8]. Furthermore, 
since capsaicin causes neurogenic inflammation 
(burning and stinging sensations of hands, mouth 
and eyes), it is used in the formulation of 
defensive sprays. As reported by Kempaiah et al. 
[9], capsaicin demonstrates protective effects 
against cholesterol and obesity by speeding up 
metabolism through the release of stress 
hormones. Capsaicin decreases the activation of 
extracellular signal-regulated kinases (ERK) 
without markedly affecting p38 kinases and also 
reduces the number of newly generated cells in 
the dentate gyrus of the hippocampus [10]. 
Studies carried out by Nishiyama [11] showed 
that dietary ingestion of red bell pepper 
ameliorated the learning impairment in 
senescence accelerated mouse (SAMPS).  
 
From the foregoing it can be gleaned that 
capsaicin is a highly irritant material requiring 
proper protective goggles, respirators and proper 
hazardous material handling procedures. It is an 
irritant to the skin, eye and lungs [12].  
 
Since Capsicum annum (chili pepper) which 
forms a part of the diet of many people around 
the world and contains capsaicin which is 
neurotoxic [13], it is conceivable that it may affect 
neuronal activities in the body such as learning 
and memory.  No previous studies conducted 
related to the effect of pepper (Capsicum annum) 
on learning and memory. Therefore, this present 
research investigated the comparative effects of 
long term consumption of capsaicin and chili 
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pepper on learning and memory, using mice as 
experimental models to check if the effects 
obtained with pepper diet consumption can be 
attributed to capsaicin. 
 

2. MATERIALS AND METHODS  
 

2.1 Preparation and Storage of Experi-
mental Extracts  

 
Half-washed basin of fresh red chili pepper 
(Capsicum annum) was procured from Watt 
Market in Calabar, Nigeria. It was washed and 
sun-dried for 4 days. The dried samples were 
then pulverized using electric blender to obtain a 
fine powder. The pepper powder was then stored 
in air-tight rubber container from which pepper 
diets were prepared. 40 g of the dry pepper was 
extracted with 100 mls of 98% absolute ethyl 
alcohol for 40mins in a continuous extraction 
apparatus (Soxhlet extractor). About 100mls of 
the alcohol extract concentrate was filtered. The 
same procedure was repeated all over again but 
this time using distilled water as the extracting 
solvent. Both the ethanol and aqueous extracts 
were used for the phytochemical study while the 
aqueous extract was also administered to the 
mice in the pepper group for toxicity study. The 
extracts were stored in air-tight containers prior 
to their use. 
 
Capsaicin (95% pure) was obtained from Wuxi 
Gorunjie natural-Pharma Co. Ltd, Jiangsu China. 
About 1 g of capsaicin was dissolved in 20 mls of 
normal saline (with each ml containing 50 mg of 
capsaicin) to form a stock solution for the toxicity 
study.  
 

2.2 Preliminary Experiments  
 
2.2.1 Determination of lethal dose of 

capsaicin and chili pepper  
 
Lethality study was done using Karber’s method 
[14]. Sixty (60) mice used for the lethal study 
were divided into 2 sets. Each set had 6 groups 
of 5 mice each. Set 1 was for chili pepper 
lethality study while set 2 was for capsaicin 
lethality study. In the chili pepper set, the control 
group was given 1ml of normal saline, while the 
remaining 5 groups were administered 800 
mg/kg, 1000 mg/kg, 1200 mg/kg, 1400 mg/kg, 
and 1600 mg/kg in 1ml of normal saline 
respectively. In the capsaicin set, the control 
group was administered 1 ml of normal saline, 
whereas the remaining 5 groups received 25 
mg/kg, 50 mg/kg, 100 mg/kg, 200 mg/kg and 400 
mg/kg in 1 ml of normal saline respectively. All 

administrations were orally done. The number of 
mortality in each group after 24 hours was 
recorded. The LD50 was then calculated using 
probit kill of the doses. 
       
To determine the safe and effective dose to use, 
graded percentages of capsaicin diet (4% to 
20%) and chili pepper diet (5% to 40%) were 
given to the mice.  
 
2.2.2  Preliminary phytochemical analysis of 

chili pepper  
       
Both the ethanol and aqueous extracts obtained 
were subjected to various chemical tests to 
detect the chemical constituents present in them 
using standard methods. For qualitative analysis, 
Salkowski’s test was used for glycosides, 
Frothing’s test for Saponins, Fehling’s test for 
reducing compounds, Wagner’s test for 
Alkaloids. Color change tests for Flavonoids, 
Polyphenols and Tannins. For quantitative 
analysis, gavimetric, spectrophotometric and 
Benedict’s quantitative test methods were used 
[15,16,17,18]. 
 

2.2.3 Estimation of the capsaicinoids in chili 
pepper (Capsicum annum )  

       
The extraction of the capsaicinoids was 
performed according to the modified method 
described by Thomas et al. [19]. 25 g of the 
pulverized sample was extracted with 50 mls of 
acetone. The sample was further homogenized 
using a laboratory homogenizer for 5 min until all 
the tissue was macerated in 25 mls of acetone. 
The organic extracts were centrifuged and 
solvents evaporated under reduced pressure at 
40°C for the collection of the precipitate. The 
crude extract was dissolved in 2.5mls of water 
and then subjected to column chromatography 
(CC) on silica gel (ZCX-type 2) and subsequently 
eluted with an isocratic solvent system of 
petroleum ether, ethyl acetate and methanol 
(75:20:5). Five fractions were collected (F1-F5). 
All fractions were applied on TLC plate coated 
with silica gel (60 GF254) and developed in the 
same solvent system as in column 
chromatography. 
 

Two plates were used. One of them was 
sampled with the five fractions while the other 
one was sampled with the capsaicin standard 
solution (2 mg/ml). In order to identify the 
capsaicinoids, the plates were sprayed with the 
solution of 2,6-dichlorochinonechloimide. The 
fractions containing capsaicinoids were mixed, 
evaporated under vacuum until dryness at 40°C 



and dissolved in 2 mls of methanol for Gas 
Chromatography analysis. 
 

2.3 Animal Treatment 
 
Thirty (30) male mice of CD-1 strain weighing 
between 22-34 g were used for the study. They 
were kept in a well ventilated room under room 
temperature (25 ± 2°C), humidity of 85 
12/12 hours light/dark cycle and allowed one 
week for acclimatization to the research 
environment before the experiments. The mic
were housed singly in metabolic cages where 
food and water intake were monitored. They 
were randomly assigned into three groups, 
namely; control group that received normal 
rodent chow, pepper group that were fed 20% 
chili pepper diet  and capsaicin group
given 10% capsaicin diet. Each group comprised 
10 mice. Each mouse was allowed drinking water 
ad libitum. After every 24 hours, the amount of 
food and water left was subtracted from the initial 
amount given to obtain daily food and water 
intake per mouse. This treatment was done for 
28 days and within this period, their beddings, 
feed and water were hygienically handled and 
changed daily. Body weights of the animals were 
also taken every 3 days. Thereafter, the animals 
were assessed for their learning and memory 
capabilities. 
 

2.4 Assessment of Learning and Memory
 
The Morris water maze developed by Richard 
Morris [20] for assessing visuo-spatial learning 
and memory was used in this study. It was made 
of a circular polypropylene pool which was 
divided into four quadrants: Northwest, 
Northeast, Southwest and Southeast
 

 
Plate 1. Mice exploring the quadrants of the Morris water maze
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mls of methanol for Gas 

1 strain weighing 
g were used for the study. They 

were kept in a well ventilated room under room 
C), humidity of 85 ± 5% and 

12/12 hours light/dark cycle and allowed one 
week for acclimatization to the research 
environment before the experiments. The mice 
were housed singly in metabolic cages where 
food and water intake were monitored. They 
were randomly assigned into three groups, 
namely; control group that received normal 
rodent chow, pepper group that were fed 20% 
chili pepper diet  and capsaicin group that were 
given 10% capsaicin diet. Each group comprised 
10 mice. Each mouse was allowed drinking water 

. After every 24 hours, the amount of 
food and water left was subtracted from the initial 

food and water 
. This treatment was done for 

28 days and within this period, their beddings, 
feed and water were hygienically handled and 
changed daily. Body weights of the animals were 
also taken every 3 days. Thereafter, the animals 

rning and memory 

2.4 Assessment of Learning and Memory 

The Morris water maze developed by Richard 
spatial learning 

and memory was used in this study. It was made 
of a circular polypropylene pool which was 
divided into four quadrants: Northwest, 
Northeast, Southwest and Southeast. It 

measured about 85 cm and 20 cm in diameter 
and depth respectively. The pool was filled to 
depth of 14 cm with water. The water was left to 
sit overnight in order to achieve room 
temperature (about 26 ± 2°C) and made opaque 
with the addition of milk to ensure camouflage of 
the escape platform. The platform was 
submerged to about 1 cm below the water 
surface. The pool was located in the laboratory 
with posters of diagrams hung on the walls to act 
as visual cues. During testing, the room was 
dimly lit with diffuse white light. The performance 
of the animals in the maze was recorded using a 
camcorder. 
 
Testing in the Morris water maze lasted for eight 
days. The first three days were for acquisition 
training with an invisible platform. The next three 
days were for reversal training with the hidden 
platform in an opposite quadrant. On the seventh 
day, a probe trial was conducted with no escape 
platform. On day eight, 4 trials were conducted 
with a visible platform. Sixty (60) seconds were 
allocated for each mouse to locate the platform 
during each trial. Mice which were unable to 
locate the platform were guided to the position of 
the platform. The timer was stopped when the 
mice located the platform within the60 seconds. 
The time it took the mice to locate the 
was recorded as swim latency. After each trial, 
mice were placed in cages with shredded paper 
towel beddings to make them dry easily and a 
heating lamp was also provided to prevent 
animals from developing hypothermia.
 

2.5 Statistical Analysis 
       

The data derived from the tests were analyzed 
by one way analysis of variance (ANOVA)
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followed by post hoc student’s Neuma-Keuls test 
using the computer software SPSS 2007 and 
Microsoft Excel 2007 for windows vista (Brain 
Series, China). Data were presented as mean ± 
SEM (Standard error of mean) and p value        
less than 0.05 was considered statistically 
significant. 
 
3. RESULTS 

 
3.1 Phytochemical Screening of Pepper  
       
Qualitatively, the ethanol extract shows that 
polyphenol was present in excess, reducing 
compounds and glycosides were present in 
moderate amounts. Alkaloids, tannins and 
flavonoids were present in scanty amount.                    
In the aqueous extract, saponins, reducing 
compounds and polyphenols were present in 
excess amount. Alkaloids and flavonoids were 
present in moderate amount, while                  
glycosides and tannins were scantily present. 
Saponin was absent in the ethanol               

extract while phlobatannins, anthraquinones and 
hydroxymethyl anthraquinones were absent in 
both the aqueous and ethanol extracts (Table 1). 
 
Quantitatively, dry matter of pepper extract 
contained more of saponins (4.00 ± 0.1) mg/ml, 
followed by reducing compounds (2.86 ± 0.01) 
mg/ml, polyphenols (2.80 ± 0.1) mg/ml, 
flavonoids (1.20 ± 0.1) mg/ml, glycoside (1.07 ± 
0.01) mg/ml, alkaloids (0.60 ± 0.1) mg/ml and 
tannins (0.09 ± 0.1) mg/mls (Table 2). 
 
3.2  Capsaicinoids Extraction/Analysis 

Results Using Current / Gas 
Chromatography 

       
Table 3 shows the various substances found           
in chili pepper as analyzed by high power           
liquid chromatography (HPLC). The analysis 
shows the presence of nordihydrocapsaicin 
(4.48565 mg/100 g), capsaicin (109.88724 
mg/100 g), dihydrocapsaicin (25.27855 mg/100 
g), homocapsaicin (6.37513 mg/100 g) and 

 
Table 1. Results of phytochemical screening of chili pepper 

 
Chemical constituents Ethanol extract Aqueous extract 
1. Alkaloids + ++ 
2. Glycoside ++ + 
3. Saponins - +++ 
4. Tannins + + 
5. Flavonoids + ++ 
6. Reducing compounds ++ +++ 
7. Polyphenol +++ +++ 
8. Phlobatannins - - 
9. Anthraquinone - - 
10. Hydroxymethyl  Anthraquinones - - 

Keys: +++ = present in excess; ++ = present in moderate amount 
+   = present in scanty amount; -   = absent 

 

Table 2. Quantitative estimation of the phytochemicals in chili pepper 
 

Name 
of 
sample 

Alkaloids 
(mg/ml) 

Glycosides 
(mg/ml) 

Saponins 
(mg/ml) 

Flavonoids 
(mg/ml) 

Polyphenos 
(mg/ml) 

Reducing 
compounds 
(mg/ml) 

Tannins 
(mg/ml) 

Pepper 0.60±0.1 1.07±0.01 4.00±0.1 1.20±0.1 2.80±0. 1 2.86±0.01 0.09±0.1 
Values are mean ± sd 

 

Table 3. Analysis of capsaicinoids in pepper (Capsicum annum ) by High performance liquid 
chromatography (per 100 g) 

 
S/N Capsaicinoids Area (PA) Amount/area Amount (mg/100 g) 
1 Nordihydrocapsaicin 40.79727 1.83250e-2 4.48565 
2 Capsaicin 229.92805 7.96533e-2 109.88724 
3 Dihydrocapsaicin 240.04170 1.75515e-2 25.27855 
4 Homocapsaicin  129.37523 8.21272e-4 6.37513e-1 
5 Homodihydrocapsaicin 278.73935 5.01968e-4 8.39509e-1 
 Total  918.88160  141.12845 



homodihydrocapsaicin (8.39509 mg/100
total amount of capsaicinoids found was 
141.12845 mg/100 g at an area of 918.88160PA. 
Calibration curves were obtained for all the 
concentrations of capsaicinoids. 
 
3.3  Lethality Study of Capsaicin 

Pepper 
 
The lethal dose of capsaicin following graded 
doses of 25 to 400 mg/kg was 34.07
1). For chili pepper, the LD50 was 932.44mg/kg 
after graded doses of 800 to 1600mg/kg were 
tested (Fig. 2). 
 
3.4 Comparison of Food Intake of the 

Different Experimental Groups
        
From days 1-8, the daily food intake in the 
pepper group was lower than that of control and 
capsaicin groups (p< 0.001). Thereafter, it 
increased and remained steady above the 
capsaicin group but below the control on days 20 
 

Fig. 1. Lethality study for the determination of LD

Fig. 2. Lethality study for determination of LD

Nmaju et al.; JAMMR, 24(7): 1-12, 2017; Article no.

 
6 
 

mg/100 g). The 
total amount of capsaicinoids found was 

g at an area of 918.88160PA. 
were obtained for all the 

Capsaicin and 

The lethal dose of capsaicin following graded 
mg/kg was 34.07 mg/kg (Fig. 

was 932.44mg/kg 
graded doses of 800 to 1600mg/kg were 

3.4 Comparison of Food Intake of the 
Different Experimental Groups 

8, the daily food intake in the 
pepper group was lower than that of control and 

0.001). Thereafter, it 
increased and remained steady above the 
capsaicin group but below the control on days 20 

and 28. Food intake in the capsaicin group was 
significantly lower than control from days 4 to 28 
(p< 0.05 – 0.001) (Fig. 3A). Over the 28 day 
period, the mean food intake in the capsaicin 
diet-fed group was significantly lower (p<0.05) 
when compared to control but showed no 
significant difference with the pepper group 
(Fig. 3B). 
 

3.5  Comparison of Water Intake of the 
Different Experimental Groups

       
Capsaicin and pepper diet-fed mice drank 
more water than the control mice within the first 
12 days (p< 0.05- 0.001). Thereafter, only 
pepper diet-fed mice continued to drink 
significantly more water than the control and 
capsaicin diet-fed mice (Fig. 4A). Over the 28 
day period, the mean water intake of both 
the pepper diet-fed and capsaicin diet
was significantly higher compared to control 
(p<0.01 and p<0.05 respectively) (Fig
difference was observed between the two test 
groups.

 
 

Lethality study for the determination of LD50 of capsaicin in mice
 

 
 

Lethality study for determination of LD50 of pepper extract in mice
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when compared to control but showed no 
significant difference with the pepper group         

Comparison of Water Intake of the 
Experimental Groups 

fed mice drank          
more water than the control mice within the first 

0.001). Thereafter, only 
fed mice continued to drink 

than the control and 
fed mice (Fig. 4A). Over the 28 

day period, the mean water intake of both                
fed and capsaicin diet-fed mice 

was significantly higher compared to control 
(p<0.01 and p<0.05 respectively) (Fig. 4B). No 
difference was observed between the two test 

of capsaicin in mice 

of pepper extract in mice 



(A) 
Fig. 3. Comparison of the (A) daily food intake and (B) mean food intake of the different 

Values are expressed as mean 
 

.
(A) 

Fig. 4. Comparison of the (A) daily water intake and (B) mean water intake of the different 

Values are expressed as mean 
 

3.6  Comparison of Body Weight 
Changes of the 
Experimental Groups 

 
The body weight changes for the pepper and 
capsaicin groups were significantly lower 
(p<0.001) compared to the control. However, the 
body weight of the capsaicin group was lower 
than that of the pepper group (Fig. 5).
 

3.7  Comparison of Swim Latency 
Morris Water Maze Test for 
and Memory 

 
During the acquisition training, the capsaicin 
group had a significant longer (p<0.001) swim 
latency on days 2 and 3 compared to control 
(Fig. 6A) 
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(B) 

Comparison of the (A) daily food intake and (B) mean food intake of the different 
experimental groups 

Values are expressed as mean ± SEM, n=10; * =p<0.05, ** =p< 0.01, *** =p<0.001 vs control

 
(B) 

Comparison of the (A) daily water intake and (B) mean water intake of the different 
experimental groups 

Values are expressed as mean ± SEM, n=10; *=p<0.05, ** =p< 0.01, *** =p<0.001 vs control

Body Weight 
of the Different 

The body weight changes for the pepper and 
capsaicin groups were significantly lower 
(p<0.001) compared to the control. However, the 
body weight of the capsaicin group was lower 
than that of the pepper group (Fig. 5). 

Swim Latency in the 
for Learning 

During the acquisition training, the capsaicin 
group had a significant longer (p<0.001) swim 
latency on days 2 and 3 compared to control 

The swim latency during the reversal training 
was significantly longer in both capsaicin and 
pepper groups on day 1 compared to control 
(p<0.001) but not different on days 2 and 3 
(Fig. 6B). 
 
3.8  Comparison of Quadrant Duration in 

the Morris Water Maze Test for 
Learning and Memory in the Different 
Experimental Groups  

 
In the probe trial, the pepper and 
capsaicin groups showed a significantly 
shorter quadrant duration compared to 
control (p<0.001 and p<0.01 respectively) 
(Fig. 7). 
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Comparison of the (A) daily food intake and (B) mean food intake of the different 

=p<0.001 vs control 

 

Comparison of the (A) daily water intake and (B) mean water intake of the different 

=p<0.001 vs control 

ng the reversal training 
was significantly longer in both capsaicin and 
pepper groups on day 1 compared to control 
(p<0.001) but not different on days 2 and 3       

Comparison of Quadrant Duration in 
the Morris Water Maze Test for 

and Memory in the Different 

In the probe trial, the pepper and                   
capsaicin groups showed a significantly              
shorter quadrant duration compared to              
control (p<0.001 and p<0.01 respectively)      



Fig. 5. Comparison of the body weight changes of the different experimental groups
Values are expressed as mean 

(A) 

Fig. 6. Comparison of swim latency in Morris 
and (B) Reversal

Values are expressed as mean 
 

Fig. 7. Comparison of quadrant duration in 

Values are expressed mean 
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Comparison of the body weight changes of the different experimental groups
Values are expressed as mean ± SEM, n=10. 

***=p<0.001 vs control 
 

 
(B) 

6. Comparison of swim latency in Morris water mazetest during (A) Acquisition training 
and (B) Reversal training of the different experimental groups  

Values are expressed as mean ± SEM, n =10; *** =p<0.001 vs control 

 
 

Comparison of quadrant duration in Morris water maze test of the different 
experimental groups 

Values are expressed mean ± SEM, n =10. **=p<0.01, ***=p<0.001 vs control 
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Comparison of the body weight changes of the different experimental groups 

 

during (A) Acquisition training 

different 



3.9  Comparison of Swim Latency during 
the Visible Platform Task 
Water Maze Test  

 
The results show no significant 
between the pepper and capsaicin diet groups 
when compared to control (Fig. 8). 
 
4. DISCUSSION  
 
Phytochemical analysis of ethanol extract of chili 
pepper showed the presence of polyphenols in 
excess, reducing compounds and glycosides in 
moderate amounts, while alkaloids, tannins and 
flavonoids were present in scanty amounts. 
Saponins, reducing compounds and polyphenols 
were found in excess in the aqueous extract. 
Alkaloids and flavonoids were in moderate 
amounts, while glycoside and tannins were
scantily present. The quantitative screening 
result shows that saponins, reducing compounds 
and polyphenols were the most abundant 
substances in pepper. The lethality results 
obtained showed that capsaicin is more lethal 
than pepper. 
      
Over the 28 day feeding period, the mean food 
intake of the capsaicin diet-fed group was lower 
than the control. The food intake in the pepper 
diet-fed group appeared lower than control but 
was not significant. On the other hand, the water 
intake of the test groups was significantly higher 
than control over the twenty-eight day period. 
Food intake is controlled by feeding centers in 
the hypothalamus. When the hunger center 
(situated in the lateral hypothalamus) is 
stimulated, an animal searches for food to eat 
and only stops when the ventral medial 
 

Fig. 8. Comparison of swim latency during the visible platform task in Morris Water Maze test 
of the different experimental groups.

Values are expressed as mean 
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Swim Latency during 
Visible Platform Task of Morris 

The results show no significant difference 
between the pepper and capsaicin diet groups 

 

Phytochemical analysis of ethanol extract of chili 
pepper showed the presence of polyphenols in 
excess, reducing compounds and glycosides in 

e amounts, while alkaloids, tannins and 
flavonoids were present in scanty amounts. 
Saponins, reducing compounds and polyphenols 
were found in excess in the aqueous extract. 
Alkaloids and flavonoids were in moderate 
amounts, while glycoside and tannins were 
scantily present. The quantitative screening 
result shows that saponins, reducing compounds 
and polyphenols were the most abundant 
substances in pepper. The lethality results 
obtained showed that capsaicin is more lethal 

feeding period, the mean food 
fed group was lower 

than the control. The food intake in the pepper 
fed group appeared lower than control but 

was not significant. On the other hand, the water 
ignificantly higher 
eight day period. 

Food intake is controlled by feeding centers in 
the hypothalamus. When the hunger center 
(situated in the lateral hypothalamus) is 
stimulated, an animal searches for food to eat 

ops when the ventral medial 

hypothalamus is stimulated or when there is 
inhibition of the hunger center [21,22]. It is likely 
that pepper inhibited the hunger center, resulting 
in reduced intake of food in mice and this 
invariably led to the reduction in t
weights of the mice. It is also possible that the 
test diets were not palatable to the mice and 
caused increase in water intake by stimulating 
the hypothalamic thirst center leading to 
increased water consumption by the mice. There 
is no evidence showing that weight loss is 
directly correlated with ingesting capsaicin, but 
there is a positive correlation between ingesting 
capsaicin and a decrease in weight regain. The 
effects of capsaicin are said  to cause "a shift in 
substrate oxidation from carbohydrate to fat 
oxidation" [23]. This leads to a decrease in 
appetite as well as a decrease in food intake 
[23]. Short-term studies suggest that capsaicin 
aids in the decrease of weight regain. However, 
long-term studies are limited because of the 
pungency of capsaicin [24] Another recent study 
has suggested that the ingestion of 
capsaicinoids can increase energy expenditure 
and fat oxidation through the activation of 
adipose tissue (BAT) in humans from the effects 
of the capsaicin and thus decrease weight gain 
[25]. 
       
The hidden-platform task of the Morris water 
maze was a test of visuo-spatial learning and 
memory in the mice and was also hippocampus 
dependent [26]. The use of extra-maze cues was 
employed in this task. On the other hand, 
visible-platform (cued) task of the Morris water 
maze was a non- hippocampal task and 
dependent on the dorsal striatum (caudate 
nucleus and putamen) of the basal ganglia [26].

 
Comparison of swim latency during the visible platform task in Morris Water Maze test 

of the different experimental groups. 
Values are expressed as mean ± SEM, n =10; No significant difference between the groups

 
 
 
 

; Article no.JAMMR.37032 
 
 

hypothalamus is stimulated or when there is 
inhibition of the hunger center [21,22]. It is likely 
that pepper inhibited the hunger center, resulting 
in reduced intake of food in mice and this 
invariably led to the reduction in the body 
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The visible (cued) platform used a unique intra-
maze visual cue placed at the location of the 
escape platform. 
        
The shorter the swim latency, the better the 
training process. Mice with learning disabilities or 
impairments were not able to quickly figure out 
the spatial location/position of the hidden 
platform, i.e. it took them a long time. Also the 
steeper the gradient of swim latencies within the 
three day acquisition or reversal trainings, the 
better the learning curve, hence faster learning.  
       
Following the consumption of pepper and 
capsaicin diets, the swim latencies of the pepper 
and capsaicin groups were significantly longer 
than control in the first three days (acquisition 
training). This shows that pepper and capsaicin 
delayed learning process during the acquisition 
training. During reversal training, the swim 
latencies of the test groups were also 
significantly longer on day 1 of the three day 
reversal training task, while on days 2 and 3, the 
values did not differ from control. This means 
that on days 2 and 3, the three groups learned 
equally while the control learned better on day 1.  
       
The cued version of Morris water maze assesses 
cued learning and visual integrity of the animals 
tested. In this cueing procedure, the escape 
platform protrudes above the water surface. 
Shorter swim latency indicates improved cued 
learning. From the results, the swim latencies in 
cued learning were not significantly different 
compared to control. This means that both the 
test groups and control learned equally. 
       
Visuo-spatial memory was also assessed during 
the probe trial (exploration without hidden 
platform). During this trial, it was expected that 
mice with good memory of the spatial 
location/position of the hidden platform would 
spend more time exploring the quadrant which 
had the platform during reversal training (North-
East quadrant), but this was not observed in 
mice treated with pepper and capsaicin diets. 
They spent less time in the North-East quadrant. 
This means that they had memory impairment. 
This is in contrast to the work by Hong et al. [8] 
which reported that capsaicin did not significantly 
alter the learning and memory performance in 
young adult mice but reduced the number of 
newly generated cells in the hypocampus. 
However, this is in line with the work by Kooshki 
et al. [27]. It is possible that the nociceptive 
effects of Capsaicin might have also affected 
learning and memory in the mice. 

Learning and memory which are complex 
cognitive functions of the higher nervous centers 
encompass a variety of subcomponents with 
many interactions and overlaps [28]. Memories 
are stored in the brain by changing the basic 
sensitivity of synaptic transmission between 
neurons as a result of previous neural activity. 
The effects observed might have been due to the 
presence of the alkaloid called capsaicin. Since 
capsaicin is neurotoxic [9], it is likely that it 
impaired synaptic transmission between neurons 
by interfering with the basic sensitivity of the 
transmission in the hippocampus leading to 
impairment of learning and memory of the mice. 
 
5. CONCLUSION  
 
Long-term consumption of capsaicin or chili 
pepper containing diet impairs learning and 
memory. Therefore, capsaicin which is a 
powerful and stable alkaloid in chilies may be 
one of the constituents responsible for the 
impairment of learning and memory in mice. 
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