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Abstract

Background: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder.

Objectives: This study aimed to examine the role of capsaicin dietary exposure in ameliorating cognitive functions

in experimental rat model of streptozotocin-induced Alzheimer’s disease (STZ-induced AD).

Methods: Thirty adult albino male rats were distributed randomly into three equal groups. Ten rats, served as negative

controls, were treated once with intracerebroventricular (icv) injection and intragastric infusion of saline for 47 days.

Twenty rats were treated with a single icv-STZ (3mg/kg) injection for induction of AD. Behavioral tests were done after

2 weeks to evaluate the development of Alzheimer’s model. Rats with retention latency less than 300 s in the passive

avoidance test were further subdivided into 2 groups; one group was treated with intragastric infusion of capsaicin (10

mg/kg) for 47 days and the other group was treated similarly with saline as positive controls. Then, behavioral tests

were repeated at the end of the experiment. The expression level of β-amyloid 1-42 peptide (Aβ1-42) and tau proteins

was measured using ELISA test.

Results: The behavioral impairments had been ameliorated by capsaicin treatment. Furthermore, there was improvement

in the estimated biochemical parameters as revealed by the significant decline in the mean values of β-amyloid 1-42

peptide (Aβ1-42) and tau proteins in hippocampal homogenate in capsaicin-treated group as compared to the positive

controls (p < 0.001 and p = 0.004, respectively). Chorioallantoic membrane (CAM) assay showed inhibition of angiogenesis

in chick embryo by 5 μg capsaicin.

Conclusions: Our study suggests that capsaicin is a promising agent for food additives and drugs which ameliorates AD

through improvement of the behavioral and biochemical alterations detected in STZ-induced AD.
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Introduction

Alzheimer’s disease (AD) was described in the early 1900s

by Alois Alzheimer; It is a type of progressive neurodegen-

erative disorder and cognitive discrepancies associated

with dementia and intellectual and personality disorder in

people older than 65 years of age [33, 36, 44]. Statistics

showed that 75% of all dementia cases are caused by this

disease [6, 61]. AD is categorized into delayed-onset spor-

adic Alzheimer’s disease (SAD) and early-onset familial

AD (FAD). The preponderance of AD states are SAD,

which comprises numerous pathogenical events affected

by genetic, environmental, and metabolic factors [27].

Alzheimer’s disease usually initiates with impairment

of recent memories, disturbing all intellectual functions

and consequently basic functions, dependence for daily

life, and primitive death. Pathology of Alzheimer is char-

acterized by neuritic extracellular amyloid plaques, intra-

cellular neurofibrillary tangles, dystrophic neurites, and

eventual damage of neurons and synapses [67].
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Meta-analysis showed that the incidence rates for AD

increase with age, with a prevalence of 4.4% in people

older than 65; it struck nearly 35.6 million people world-

wide [2]. As the aged population increases worldwide, the

number of people susceptible to this disease is expected to

be approximately 106.8 million in 2050 [5].

Histological studies of the progression of AD had shown

3 neuropathological characteristics: the aggregation of

extracellular senile plaques endorsed by β-amyloid (Aβ),

intracellular neurofibrillary tangles (NFT), and synaptic

deterioration [29].

Aβ peptide has been considered as a risk factor and an im-

portant key player in the start and development of AD [21].

Aβ is expressed in healthy individuals, but due to certain

conditions, this molecule accumulates and starts disease

development. Many reports suggested that Aβ oligomers

play the main role in neuronal dysfunction and AD [4, 20].

Amyloid precursor protein (APP) is a protein highly

expressed in the brain that is considered as a single-pass

transmembrane, cleaved rapidly in an exceedingly compli-

cated mode [54]. APP is metabolized by two pathways. First

is the non-amyloidogenic pathway in which the APP full

length is metabolized via α- and γ-secretases, and second

the amyloidogenic pathway of APP proteolysis which is me-

diated by γ-secretase; this pathway secretes soluble APP

fragment (sAPP) and a membrane-anchored fragment [12].

Tau deposits have been advocated for the early detection

of neurofibrillary pathology in AD or the hereditary demen-

tias. Tau disintegrates from the microtubules and then

accumulates with altered conformational states. Tau

protein aggregation is caused by different intermo-

lecular interactions [46].

Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide),

extracted from hot chili peppers as the major prevailing

ingredient, is a highly selective inducer for the transient

receptor potential vanilloid 1 (TRPV1) [24, 26]. Presynap-

tic TRPV1 is reported to boost glutamate neurotransmis-

sion through increasing presynaptic calcium [18, 41, 42,

52]. TRPV1 is a non-discriminating calcium channel

engaged in nociceptive circuits in the peripheral ner-

vous system (PNS) and synaptic plasticity in the cen-

tral nervous system (CNS). TRPV1 has been detected

in the nervous system, including in dorsal root ganglia,

trigeminal ganglia, striatum, hypothalamus, cerebellum,

and primary sensory neurons [25, 53, 56, 72]. Experimen-

tal rat studies showed that TRPV1 is exogenously induced

by capsaicin [7, 8, 75].

Previous reports have examined the role of TRPV1 on

brain disorders whereby the inhibition of TRPV1 induced

behavioral anxiolytic properties in mice [32, 45, 65]. On

the other hand, TRPV1−/− knockdown mice suffered many

cognitive disorders such as fear, learning, and plasticity [40,

43] which was ameliorated in response to TRPV1 uptake

[38]. Gibson et al. [22] have reported that presynaptic

TRPV1 is involved in inhibitory interneuron synaptic plas-

ticity in the hippocampus; therefore, it could be used as a

neuromodulator target to enhance plasticity and enhance

memory formation.

A previous study suggested that capsaicin may have

prophylactic effect on AD-like alterations induced by

stress in rats’ brain [30].

In our study, we inspected the potential role of capsaicin

dietary exposure in ameliorating cognitive functions and

biochemical impairments in experimental rat model

of streptozotocin-induced Alzheimer’s disease (STZ-

induced AD).

Materials and method

Preparation of capsaicin extracts

Dry ripe fruits of Capsicum frutescens were cut from the

stalk and cleaned and crushed using a mechanical grinder.

Two hundred fifty grams of the crushed material was

sequentially extracted in ethyl acetate. The extract was

reduced in a rotary evaporator under pressure. Nuclear

magnetic resonance (NMR) analysis of the yield showed

98% capsaicin.

Biological study

Experimental design

Induction of AD and capsaicin treatment The current

study was conducted on 30 adult male albino rats weigh-

ing 150–200 g obtained from the Animal Care Centre,

Alexandria University, Egypt, according to the Associ-

ation for the Study of the Animal Behavior (ASAB)

Guidelines. Rats were kept in a temperature-organized

room (22 °C ± 2 °C) and offered with 12-hour light/dim

periods, with relative moisture 50% ± 20% and aired with

non-recycled filtered air. They were allowed to nourish

on standard chow pellets (GebzeFood Factory, Kocaeli,

Turkey) and tap water ad libitum for the whole test

time. The experimental procedures were performed ac-

cording to the National Institute of Health Guidelines

for Animal Care and approved by the Local Ethics Com-

mittee at Alexandria University.

After 1 week of adaptation period, the 30 rats were ran-

domly dispersed into three groups, each of 10 animals.

Ten rats were served as negative control (group I), while

twenty rats were treated with a single intracerebroventric-

ular streptozotocin (icv-STZ) (Sigma-Aldrich, St. Louis,

MO, USA) injection using stereotaxis technique for the

induction of Alzheimer’s disease. For icv injection, the

stereotaxis measurements were 0.8 mm behind bregma,

1.7 mm lateral of sagittal suture, and 3.6mm under the

cortical surface [10, 57].

STZ (3mg/kg dissolved in 5 μl of 0.9 saline) was slowly

injected into the left ventricle of the brain (at a rate of

0.4 μl/min). The needle was left in place for an additional
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5min following injection and then slowly withdrawn to

prevent drug reflux [69]. The negative controls in group I

was treated identically but with vehicle (0.9% saline) only.

Behavioral alterations were monitored after 2 weeks

from the STZ infusion (versus the negative controls in

group I) using passive avoidance (short-term memory)

[64] and Morris water maze (MWM) (spatial memory)

tests [50] to examine for the development of Alzheimer’s

model. Rats with retention latency less than 300 s were

studied by further subdivision of rats into 2 groups as

follows: STZ-induced AD, capsaicin untreated group,

where ten rats were treated by intragastric infusion of

the vehicle (0.9% saline) for 47 days, served as positive

controls (group II); STZ-induced AD, capsaicin treated

group, where ten rats were treated with capsaicin, 10

mg/kg BW in 0.2 ml saline, and 0.1% ethanol by intra-

gastric infusion for 47 days (group III) [30, 78]. Flow

chart and the experimental design are shown in Fig. 1.

Passive avoidance and MWM tests were repeated after

47 days (the period of intragastric infusion of capsaicin).

Behavioral tests

These tests were performed 2weeks after icv-STZ injection

to confirm behavioral impairments in STZ, icv-injected rats

(groups II and III) against negative controls (group I). The

capsaicin untreated and treated rats in groups II and III

were further examined after 47 days of treatment to detect

behavioral responses to capsaicin intake.

Passive avoidance test (short-term memory)

This procedure assesses the basic capability to learn and

remember the existence of a shock motive that demands

minimal practice and results in a quick learning with

perfect control over the unrestricted stimulus.

The apparatus consists of a two-room dark/light shuttle

box. Acquisition trials commence immediately after a rat

had entered the dark room with electroshocks (75 V, 0.2

mA, 50Hz) for 5 s. Latency to cross the dark room (i.e.,

initial latency) has been monitored. Rats were removed

from the dark chamber after 5 s and relocated to its cage.

The retention latency time was measured 20 h later as the

acquisition trial without electric foot shock latency time

was also recorded. The latency to enter the dark room

was recorded (i.e., retention latency) up to 300 s. Memory

deficit has been indicated by short latencies, compared to

significantly longer latencies. A score of 300 was given to

rats that did not go into the dark room [64].

Morris water maze test (spatial memory)

Morris described the water maze paradigm techniques

in 1984 [50] for evaluating learning and memory. There

is widespread confirmation of its validity as a measure of

spatial navigation and prediction memory.

The water maze task was performed on all 30 rats

included in our study. The water maze comprised a dim

rounded pool, full of water (about 22 ± 3C), and an

immersed rounded dark platform was sited 20 cm far from

the edge in a stationary place and 1 cm under the water

surface. The pool was separated into 4 quadrants by 4

initial points manifested on its wall: north, south, east, and

west (N-S-E-W) [49]. The lone escape from the water is

platform.

Several signals were located outside the maze in fixed

places relative to the pool as window, colored curtain, and

book rack; they assisted the rat to find the position of the

escape platform concealed beneath the water surface [50].

The path taken by the animal was recorded by a camera

that was mounted above the center of the pool.

The training session involved eight trials, 2 from every

initial point. Every rat was located in the water fronting

the wall of the pool at one of the four chosen beginning

points (north, east, south, and west) and permitted to

swim and discover the concealed platform placed in the

NW quadrant (target quadrant) of the maze [49] After

accomplishment of practice, the animals were taken up

again to their home cages.

Fig. 1 Experimental design
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After 24 h, memory retention testing was used for val-

idation of memory consolidation.

Retention testing comprised of allowing every rat to

swim freely for a period of 60 s, with the hidden plat-

form taken away from the pool. As memory was more

consolidated, the rat swum for a longer period around

the place of the platform and would try fewer escape tri-

als from the wall of the pool. The time spent in the tar-

get quadrant (expressed as percent of the time spent in

the pool), the distance swum in the target quadrant

(expressed as percent of the distance swum in the pool),

and the number of escape trials from the border of the

pool were calculated [48, 49].

Chick chorioallantoic membrane angiogenesis assay

A window was cut open in the egg shell of 10-day-old

chick egg using thin needle. Angiogenesis was firstly

confirmed in chick chorioallantoic membranes (CAMs),

and then, the top portion of the CAM was lowered. A

filter disc containing capsaicin (5 μg) (approximately

20 μl/disc) was placed on the CAMs in an area with pre-

existing blood vessels as described previously [63]. The

windows were taped up, and the eggs were incubated in

a stationary incubator at 37 °C for 3 days. Angiogenesis

has been evaluated by counting the branching blood ves-

sels at a fixed focal length within the specified area of

the filter disc by observers unaware of the experimental

conditions. The procedure was repeated three to five

times with 10 to 15 embryos per condition. Blood vessels

were photographed, and the angiogenic responses were

graded by many blinded observers.

Biochemical measurements

Tissue sampling

Rats were sacrificed by decapitation under ether

anesthesia after the completion of memory testing.

The whole brain was removed immediately and

washed with ice cold saline. The hippocampal tissues

were quickly dissected and homogenized in 5 times

(w/v) freshly prepared ice cold 0.1 M phosphate-

buffered saline (PBS) (pH 7.4) containing protease in-

hibitor cocktail (Sigma-Aldrich, St. Louis, MO, USA).

The hippocampal homogenates were collected in cen-

trifuge tubes, on ice. The hippocampal homogenates’

supernatants were separated from the pellet by centri-

fugation at 3000 rpm for 20 min at 4 °C and stored at

− 80 °C for the estimation of β-amyloid 1-42 (Aβ1-42)

and tau proteins.

Estimation of β-amyloid peptide 1-42 [76] and tau protein

concentrations in hippocampus by ELISA [1]

Rat Aβ1-42 and rat tau proteins were evaluated in the super-

natant of hippocampal homogenate using commercially

available enzyme-linked immunosorbent assay (ELISA) sup-

plied by Cusabio Biotech Co., Ltd (Hubei, China).

These assays employed the quantitative sandwich en-

zyme immunoassay technique. Antibodies specific for ei-

ther Aβ1-42 or tau proteins had been pre-coated onto a

microplate (this was done by the manufacturer). Stan-

dards provided by the kit, samples (group III), negative

and positive controls (groups I and II) (supernatants of

hippocampal homogenate) were pipetted into the

wells whereby any Aβ1-42 or tau proteins present

was bound by the immobilized antibody. After remov-

ing any unbound substances, biotin-conjugated anti-

bodies specific for Aβ1-42 or tau proteins were added

to the wells. Wells were then washed, and avidin-

conjugated horseradish peroxidase (HRP) was pipetted

to the wells; the unbound HRP was then washed.

Substrate solution was pipetted to the wells which are

developed in proportion to the amount of Aβ1-42 or

tau proteins bound in the initial step. The color

development was stopped, and the intensity of the

color was measured. Results were expressed as pg/g

tissue.

Statistical analysis of the data

IBM SPSS software package version 20.0 has been

used to analyze data [34]. Normality of distribution of

variables was calculated using the Kolmogorov-

Smirnov test. ANOVA was used to compare more

than two groups for normally distributed quantitative

variables and followed by post hoc test (LSD) for

pairwise comparison. Pearson’s coefficient was used

for correlation between two quantitative variables.

Significance results were cited as two-tailed probabil-

ities. Significance of the obtained results was judged

at the 5% level.

Results

β-Amyloid peptide 1-42 levels in the hippocampus

The mean values of Aβ1-42 in the hippocampal hom-

ogenate showed a significant increase in the positive

controls (group II) as compared to the negative controls

(group I) (133.3 ± 11.9 vs. 43.2 ± 5.1 pg/g tissue). On the

other hand, there was a significant decrease in the cap-

saicin treated group III as compared to the positive

controls (group II) (95.0 ± 8.8 vs. 133.3 ± 11.9 pg/g tis-

sue), while the hippocampal homogenate Aβ1-42 was

significantly higher in the capsaicin treated group (III)

as compared to the negative controls in group I

(95.0 ± 8.8 vs. 43.2 ± 5.1 pg/g tissue) (p < 0.001)

(Table 1, Fig. 2).

Tau protein levels in hippocampus

The present study revealed that the mean values of

tau proteins in the hippocampal homogenates were
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significantly elevated in the positive controls (group

II) as compared to the negative controls (group I)

(1333.8 ± 228.0 vs. 1060.2 ± 35.9 pg/g tissue). In con-

trast, the mean values of tau proteins were signifi-

cantly reduced in the capsaicin treated group III as

compared to the positive controls (group II)

(1140.6 ± 10.1 vs. 1333.8 ± 228.0 pg/g tissue) (p = 0.004)

. On the other hand, there was no significant differ-

ence in tau proteins between the capsaicin treated

group III and the negative controls (group I). Our

results confirmed that the mean values of the hippo-

campal tau proteins were reduced in the capsaicin

treated group III to nearly their values in the negative

controls (group I) (Table 1, Fig. 3).

Passive avoidance test

We did not find any difference in the control and other

groups of rats during the acquisition trial in the time

spent in the dark and bright chamber during exploration

in the passive avoidance test before receiving the foot

Table 1 Comparison between the three studied groups according to β-amyloid peptide 1-42 (Aβ1-42) (pg/g tissue) and tau

proteins (pg/g tissue)

Biochemical parameters Group I Group II Group III F p

Aβ1-42 (pg/g tissue)

Min.–max. 37.5–51.8 119.0–150.9 81.8–107.4 174.886* < 0.001*

Mean ± SD 43.2 ± 5.1 133.3a ± 11.9 95.0ab ± 8.8

Tau proteins (pg/g tissue)

Min.–max. 1007.9–1092.5 1177.1–1675.8 1129.5–1155.6 7.783* 0.004*

Mean ± SD 1060.2 ± 35.9 1333.8a ± 228.0 1140.6b ± 10.1

Group I negative controls; Group II STZ-induced AD, capsaicin untreated group (positive controls); Group III STZ-induced AD+ capsaicin treatment group. Normally

quantitative data was expressed in mean ± SD and was compared using F test (ANOVA). F, p: F and p values for ANOVA test. Sig. between groups was done using

post hoc test (LSD)

*Statistically significant at p ≤ 0.05
aSignificantly different from the negative controls (group I)
bSignificantly different from the positive controls (STZ-induced AD, capsaicin untreated) (group II)

Fig. 2 Comparison between the three studied groups according to β-amyloid peptide 1-42 (Aβ1-42) (pg/g tissue). Group I, negative controls;

Group II, STZ-induced AD, capsaicin untreated group (positive controls); Group III, STZ-induced AD+ capsaicin treated group; a, significantly

different from the negative controls (group I); b, significantly different from the positive controls (STZ-induced AD, capsaicin untreated) (group II)

Shalaby et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery           (2019) 55:48 Page 5 of 13



shock with no difference among groups (p = 0.620).

However, after 24 h, impaired memory retention was

shown in the positive control group as they showed de-

creased latency to enter the dark compartment retention

than in the negative controls (group I) (37.67 ± 8.76 vs.

300.0 ± 0.0 s.). On the contrary, there was a statistically

significant increase in retention latency in rats of the

capsaicin treated group III as compared to the positive

controls (group II) (257.0 ± 65.84 vs. 37.67 ± 8.76 s) (p <

0.001). No significant difference was detected between

the capsaicin treated group III and the negative controls

(group I) (Table 2).

Water maze test

Spatial memory impairment in rats is also indicated

by the time spent in the target quadrant. The

decreased time spent in the target quadrant by the

positive group (group II) indicates spatial memory im-

pairment compared with the negative controls (group

I) and the capsaicin treated group III (39.3 ± 5.6 vs.

59.2 ± 6.7 and 66.7 ± 8.9. A significant increase of the

time spent in the target quadrant was observed in the

treated group III compared to both the negative and

the positive controls (groups I and II) (66.7 ± 8.9 vs.

59.2 ± 6.7, 39.3 ± 5.6%) (p < 0.001) (Table 3).

Fig. 3 Comparison between the three studied groups according to tau proteins (pg/g tissue). Group I, negative controls; Group II, STZ-induced

AD, capsaicin untreated group (positive controls); Group III, STZ-induced AD+ capsaicin treated group; a, significantly different from the negative

controls (group I); b, significantly different from the positive controls (STZ-induced AD, capsaicin untreated) (group II)

Table 2 Comparison between the three studied groups according to initial latency and retention latency (passive avoidance test)

Passive avoidance test Group I Group II Group III F p

Initial latency (seconds)

Min.–max. 16.0–40.0 14.0–32.0 14.0–43.0 0.490 0.620

Mean ± SD 25.0 ± 9.43 21.0 ± 5.55 23.60 ± 8.64

Retention latency (seconds)

Min.–Max. 300.0–300.0 25.0–50.0 130.0–300.0 83.019* < 0.001*

Mean ± SD 300.0 ± 0.0 37.67a ± 8.76 257.0b ± 65.84

Group I negative controls; Group II STZ-induced AD, capsaicin untreated group (positive controls); Group III STZ-induced AD+ capsaicin treatment group. Normally

quantitative data was expressed in mean ± SD and was compared using F test (ANOVA). F,p: F and p values for ANOVA test. Sig. between groups was done using

post hoc test (LSD)

*Statistically significant at p ≤ 0.05
aSignificantly different from the negative controls (group I)
bSignificantly different from the positive controls (STZ-induced AD, capsaicin untreated) (group II)
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A significant increase was observed in the total dis-

tance swum in the pool in the positive controls

(group II) as compared to the negative control one

(group I) (79.4 ± 0.3 vs. 76.2 ± 0.9 cm). A significant

decrease has been recorded in the total distance

swum in the pool in the capsaicin treated group III

as compared to both the negative and the positive

controls (groups I and II) (74.9 ± 1.1 vs. 76.2 ± 0.9,

79.4 ± 0.3 cm) (p < 0.001) (Table 3).

There was a significant increase of the distance

swum in the target quadrant in the capsaicin treated

group III as compared to both the negative and posi-

tive controls (groups I and II) (47.8 ± 2.5 vs. 37.8 ±

4.3, 23.9 ± 3.5 %) (p < 0.001). A significant decrease

was recorded of the distance swum in the target

quadrant in positive controls (group II) as compared

to both the negative controls (group I) and the capsa-

icin treated group III (23.9 ± 3.5 vs. 37.8 ± 4.3, 47.8 ±

2.5%) (p < 0.001) (Table 3).

Escape trials were significantly increased in the

positive controls (group II) compared to the negative

controls (group I) (6.0 ± 2.0 vs. 1.8 ± 1.3) (p < 0.001).

Escape trials significantly decreased in the capsaicin

treated group III compared to the positive controls

(group II) (2.5 ± 0.8 vs. 6.0 ± 2.0) (p < 0.001). On the

other hand, there was no significant difference in the

escape trails between the capsaicin treated group III

and the negative controls (group I) (Table 3).

Correlation results

Significant negative correlations were detected between

Aβ1-42 (pg/g tissue) with both the time spent (%) and

the distance swum in target quadrant (%) as well as the

retention latency (seconds) in the total samples (groups

I, II, and III) (r = − 0.526 and p = 0.021, r = − 0.496 and

p = 0.031, and r = − 0.817 and p < 0.001, respectively)

(Table 4; Figs. 4, 5 and 6).

Significant negative correlations were detected be-

tween tau proteins (pg/g tissue) and the time spent in

target quadrant (%) and retention latency (seconds) in

the total samples (groups I, II, and III) (r = − 0.57 and

p = 0.010, and r = − 0.628 and p = 0.004, respectively)

(Table 5, Figs. 7 and 8).

Testing the anti-angiogenic potential of capsaicin

We concluded that 5 μg of capsaicin can inhibit an

angiogenic response in vivo, as shown in Fig. 9a, b.

Discussion

Alzheimer’s disease is characterized clinically by a

progressive and gradual decline in cognitive function

and pathologically by the presence of deposits of Aβ

showing extracellular plaque and the flame-molded

tangled neurofibers of the microtubule tau-binding

protein [51].

When rats received icv injections of STZ, they develop

various AD pathological features such as progressive def-

icit of memory, learning, and cognitive behavior [37].

The present research confirmed the experimentally

induced animal model of AD with respect to neuro-

behavioral tests (passive avoidance and MWM tests)

and biochemical parameters (hippocampal Aβ-42 pep-

tide and tau proteins) which is consistent with previ-

ous AD animal studies [9, 35, 62, 70]. Development

of AD was confirmed throughout our study in the

Table 3 Comparison between the three studied groups

according to given time, time spent in target quadrant, total

distance swum, distance in target quadrant, and escape trials

(water maze test)

Water maze test Group I Group II Group III F p

Given time (seconds)

Min.–max. 60.0–60.0 60.0–60.0 60.0–60.0 – –

Mean ± SD 60.0 ± 0.0 60.0 ± 0.0 60.0 ± 0.0

Time spent in target quadrant (%)

Min.–max. 50.0–71.7 31.7–46.7 53.3–80.0 22.166* < 0.001*

Mean ± SD 59.2 ± 6.7 39.3a ± 5.6 66.7 ab ± 8.9

Total distance swum (cm)

Min.–max. 75.0–77.5 79.0–79.8 73.0–77.0 74.652* < 0.001*

Mean ± SD 76.2 ± 0.9 79.4a ± 0.3 74.9ab ± 1.1

Distance swum in target quadrant (%)

Min.–max. 34.2–44.5 20.7–31.4 45.0–53.7 98.371* < 0.001*

Mean ± SD 37.8 ± 4.3 23.9a ± 3.5 47.8ab ± 2.5

Escape trials

Min.–max. 0.0–3.0 4.0–10.0 1.0–4.0 18.551* < 0.001*

Mean ± SD 1.8 ± 1.3 6.0a ± 2.0 2.5b ± 0.8

Group I negative controls; Group II STZ-induced AD, capsaicin untreated group

(positive controls); Group III STZ-induced AD+ capsaicin treatment group.

Normally quantitative data was expressed in mean ± SD and was compared

using F test (ANOVA). F, p: F and p values for ANOVA test. Sig. between groups

was done using post hoc test (LSD)

*Statistically significant at p ≤ 0.05
aSignificantly different from the negative controls (group I)
bSignificantly different from the positive controls (STZ-induced AD, capsaicin

untreated) (group II)

Table 4 Correlation between Aβ1-42 (pg/g tissue) and the time

spent (%) and the distance swum in target quadrant (%) and

the retention latency (seconds) in the total samples (groups I, II,

and III)

Aβ1-42 (pg/g tissue)

R p

Time spent in target quadrant (%) − 0.526* 0.021*

Distance swum in target quadrant (%) − 0.496* 0.031*

Retention latency (seconds) − 0.817* < 0.001*

Correlations between two quantitative variables were assessed using

Pearson’s coefficient

*Statistically significant at p ≤ 0.05
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positive control group (STZ-induced AD, capsaicin

untreated) which showed significant reduction of the

retention latency, in the passive avoidance test, as

well as significant decline in both the time spent and

the distance swum in the target quadrant, with sig-

nificant increase in the total distance swum in the

pool in MWM test. Moreover, escape trials signifi-

cantly increased in MWM test in this positive control

group. These data confirmed impairment of learning

as well as short-term and spatial memory in the STZ-

induced AD groups. In addition, the mean values of

Aβ1-42 peptide and tau proteins were significantly

elevated in the hippocampal homogenates in the posi-

tive control group (STZ-induced AD, capsaicin un-

treated) as compared to the negative control one.

A probable cause for the increased levels of tau pro-

teins and Aβ peptides in STZ-injected rats’ hippo-

campi, the positive control group (STZ-induced AD,

capsaicin untreated), is disturbed insulin signaling cas-

cade. Impaired insulin signaling may affect down-

stream structures like protein kinase B (Akt/PKB) [31].

This kinase modulates the glycogen synthase kinase

(GSK)-3 pathway by phosphorylating GSK-3 thereby

inactivating it [15]. GSK-3 exists in two closely related

isoforms; the α isoform is involved in the regulation of

Aβ peptides [58], while the β isoform is regulating the

tau proteins [28].

The increment of Aβ amyloid in the STZ-induced AD

in our study could be due to the impairment of Akt/

PKB causing increased levels of active forms of GSK-3α

Fig. 4 Correlation between Aβ1-42 (pg/g tissue) and the time spent in target quadrant (%) in the total samples (groups I, II, and III)

Fig. 5 Correlation between Aβ1-42 (pg/ g tissue) and the distance swum in target quadrant (%) in the total samples (groups I, II, and III)
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and Aβ deposition [60]. Aβ peptides decrease the affinity

of insulin for its receptor, resulting in reduced receptor

autophosphorylation and consequently insulin receptor

(IR) signaling dysfunction [73, 77]. Ablation of the trans-

membrane permeability glycoprotein (P-glycoprotein) at

the blood-brain barrier (BBB) facilitates Aβ deposition in

the brain of an AD experimental model [13].

While tau pathology is downstream of the amyloido-

genic cascade in AD, familial and sporadic tauopathies

confirmed that tau alone may cause neurodegeneration

[3].

Tau protein consists of short peptide motifs, which

have a significant tendency for aggregation. While tau

abnormal phosphorylation has long been held respon-

sible for filament aggregation, other unknown mecha-

nisms may interfere with pathological filament

aggregations. Many studies revealed that normal tau

protein could be detected as a phosphorylated protein

in the brains of adults and fetus without filament ac-

cumulation [11, 14].

Novel therapeutic agents for AD are currently

emerging as direct inhibitors of the tau aggregation

process. In our study, capsaicin might contribute to

tau posttranslational modifications and folded state

changes which ameliorated the pathogenesis of

neurodegeneration.

Our study showed negative correlations between

both Aβ peptide and tau proteins and time spent in

target quadrant in the MWM test and retention la-

tency in the passive avoidance test. This correlation

indicates that behavioral impairment accompanying

AD is associated with the deposition of Aβ1-42 pep-

tide and tau proteins in the hippocampus, the initial

triggers for memory loss and neurodegeneration [23].

The present study reported that capsaicin treat-

ment for 47 days ameliorated the behavioral and bio-

chemical alterations observed in the positive control

group (STZ-induced AD, capsaicin untreated). Capsa-

icin leads to the enhancement of cognitive functions:

learning, short-term, and spatial memory of rats as

evidenced by the passive avoidance test. These be-

havioral improvements were associated with signifi-

cantly decreased mean values of hippocampal Aβ1-42

peptide and tau proteins in the capsaicin treated

group.

Previous reports suggested that AD is associated with

angiogenesis [17]; one of the pathological characteristics

of AD is neuroinflammation associated with overexpres-

sion of cytokines, including IL-1β that can induce angio-

genesis [59, 66]. Vascular endothelial growth factor

(VEGF), the potent angiogenic growth factor, is also in-

duced by these cytokines and is overexpressed in AD pa-

tients [68, 74]. VEGF is the key player of endothelial

proliferation [19].

Fig. 6 Correlation between Aβ1-42 (pg/g tissue) and with retention latency (seconds) in the total samples (groups I, II, and III)

Table 5 Correlation between tau proteins (pg/g tissue) and the

time spent in target quadrant (%), the distance in target

quadrant (%), and the retention latency (seconds) in the total

samples (groups I, II, and III)

Tau proteins (pg/g tissue)

R p

Time spent in target quadrant (%) − 0.575* 0.010*

Distance in target quadrant (%) − 0.437 0.061

Retention latency (seconds) − 0.628* 0.004*

Correlations between two quantitative variables were assessed using

Pearson’s coefficient

*Statistically significant at p ≤ 0.05
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Capsaicin, the major pungent ingredient in red pepper,

has long been used in food additives and drugs [79].

The previous study of Min et al. [47] provided the

direct evidence that capsaicin has a potent anti-

angiogenic activity in vitro and in vivo which is in

agreement with our results that capsaicin has in vivo

anti-angiogenic activity.

Capsaicin restrains VEGF effect on the proliferation

of endothelial cell, migration, and capillary-like tube

creation. Capsaicin concentration which inhibits endo-

thelial cell reaction to VEGF is much lower than the

concentration that inhibits normal growth of both

endothelial and non-endothelial cells [47].

In addition to the inhibition of induction of angio-

genic signaling pathways by VEGF, the anti-

proliferative effect of capsaicin is most likely to in-

duce G1 arrest of endothelial cells through the down-

regulation of cyclin D1 [47].

The previous study of Pákáskia et al. [55] indicated

that capsaicin is able to interfere with the brain APP

metabolism (Aβ is enzymatically generated from APP)

by enhancing the amyloidogenic pathway. This could

explain our finding of a reduction of Alzheimer-

associated Aβ in the STZ-induced AD, capsaicin

treated group.

BACE-1 and γ-secretase complex inhibitors have

been inspected for the use as AD drugs; these inhibi-

tors reduce the generation of Aβ from APP. Aβ clear-

ance pathways including protease-mediated Aβ

degradation has also emerged as a therapeutic target

for AD treatment [80].

Our study suggested that capsaicin may have a po-

tential role in decreasing Aβ and tau aggregation in

the brain. This assumption is supported by Srinivasan

[71] who suggested that Aβ peptide aggregation rates

have been reduced by capsaicin.

Fig. 7 Correlation between tau proteins (pg/g tissue) with time spent in target quadrant (%) in the total samples (groups I, II, and III)

Fig. 8 Correlation between tau proteins (pg/g tissue) with retention latency (seconds) in the total samples (groups I, II, and III)
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The administration of capsaicin has also been reported

to restore insulin signaling pathway, preventing tau

hyperphosphorylation and Aβ accumulation [16, 39].

Conclusions

Our study provides clear evidence for the potential role

of dietary capsaicin in ameliorating behavioral and bio-

chemical alterations in the experimental model of AD.
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