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Abstract 
    Background: Alzheimer's disease (AD) is characterized by amyloid-beta plaques, neuronal loss, and cognitive dysfunction. Oxidative 
stress plays a key role in the pathophysiology of AD, and it has been suggested that antioxidants may slow the progress of the disease. 
In this study, the possible protective effects of pelargonidin (a natural flavonoid) against amyloid β (Aβ)-induced behavioral deficits was 
investigated in rats.  
   Methods: Adult Wistar male rats were treated with intrahippocampal injections of the Aβ (aa 25-35) and intraperitoneal injection of 
pelargonidin. Learning and spatial memory were tested using the Morris water maze (MWM) task. The antioxidant activity was evaluated 
using the ferric reducing/antioxidant power assay (FRAP assay). Data were analyzed using SPSS 20, and value of p≤0.05 was considered 
significant.  
   Results: The results of this study showed that Aβ significantly increased escape latency and the distance traveled in the MWM, and 
pelargonidin attenuated these behavioral changes. Aβ induced a significant decrease in the total thiol content of hippocampus, and 
pelargonidin restored the hippocampal antioxidant capacity.  
   Conclusion: The results of this study suggest that pelargonidin can improve Aβ-induced behavioral changes in rats. 
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Introduction 
Alzheimer’s disease (AD), as a neurodegenerative disor-

der, is the most common cause of dementia. Astrogliosis, 
neurofibrillary tangles, senile plaques, and neuronal and 
synaptic loss in several parts of the brain have become uni-
versally accepted as the neuropathological hallmarks of the 
disease (1, 2). Astrogliosis is an abnormal increase in the 

number of reactive astrocytes and can cause scar formation 
and inhibition of axonal regeneration (3). Neurofibrillary 
tangles are the neuropathological characteristic of AD le-
sion which is composed of hyperphosphorylated tau protein 
(4). The core of the plaque consists of β-amyloid and other 
proteins (4). Aβ causes peroxidation of lipid, oxidation of 
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↑What is “already known” in this topic: 
Alzheimer's disease (AD), as a major neurodegenerative 
disorder, is associated with oxidative stress and memory 
impairment and pelargonidin has antioxidant properties.   
 
→What this article adds: 

Pelargonidin represents free radical scavenging properties and is 
able to improve amyloid beta-induced neurotoxicity in rats.  
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protein, the formation of 4-hydroxy-2-nonenal and acrolein 
that change the conformation of membrane proteins and 
consequently results in neuronal death in the hippocampus 
(5). Furthermore, Aβ-induced damage to the mitochondrial 
membrane increases intracellular H2O2, damages hippo-
campal neurons, and results in memory impairment (6-8). 
Epidemiological and experimental data revealed a negative 
correlation between the intake of a diet enriched in fruit and 
vegetables and the risk of neurodegenerative disease (9-
12). There is considerable evidence that plant flavonoids 
with strong antioxidant activity exhibit therapeutic activity 
involving cardioprotection and neuroprotection (13, 14). 
Anthocyanins and their aglycone derivative anthocyanins, 
as a member of flavonoids, have been reported to provide 
neuro and hepatoprotective effects and reduce the risk of 
cardiovascular  disease (15-17). Some of the current treat-
ments for AD are designed to increase the ability of biolog-
ical systems to detoxify the reactive intermediates and re-
pair the damage caused by them (18, 19). Antioxidants of-
fer a promising approach toward neuroprotection by Aβ-
exposure (20, 21). Of these groups, pelargonidin-3-o-galac-
toside (pg3g) shows protective activities in diabetic neuro-
pathic hyperalgesia and Hemi-parkinsonism (22, 23). Roy 
et al found that IP injection of pelargonidin initiated a sig-
nificant increase in the amount of free radical scavenging 
enzymes such as catalase and serum superoxide dismutase 
(SOD) in diabetic rats. Following 2 weeks of treatment with 
pelargonidin, serum malondialdehyde (MDA) levels, an in-
dicator of production of free radicals, has decreased (23). 
The present study was designed to determine whether the 
Aβ-induced memory impairment could be attenuated by 
pelargonidin administration and whether any changes pro-
duced by pelargonidin could relate to its antioxidant capac-
ity. 

 
Methods 
Chemicals 
Aβ (25-35) and pelargonidin were purchased from 

Sigma-Aldrich (St Louis, MO, USA).  Aβ 25-35 was ag-
gregated by incubation in 37°C for 4 days and solubilized 
in sterile water at 1 µg/µL concentration and stored at –
20°C. 

 
Experimental design and animals' classification 
All animal experiments in this study have been approved 

by the Veterinary Ethics Committee of Iran University of 
Medical Sciences (No: 93/105/610) and have been per-
formed according to the National Institute of Health Guide 
for care and use of laboratory animals. In this study, 28 
male Wistar rats (250 - 300 g, 12 weeks) were obtained 
from the animal center of Hamadan University of Medical 
Sciences (Hamadan, Iran). Animals were randomly divided 
into 4 groups (7 rats in each group): (1) control (intact) 
group, (2) sham-operated group, (3) Aβ (25-35) lesioned 
animals (5µg), and (4) pelargonidin-treated Aβ groups. 

  
Intrahippocampal injection of Aβ 25- 35 
Under ketamine (100mg/kg) and xylazine (10 mg/kg) an-

esthesia and using a stereotaxic apparatus (Stoelting, Wood 
Dale, IL, USA), Aβ solution (5µL) was injected bilaterally 

into the hippocampi over 1 µL/2 min. The cannula was left 
in place for 2 minutes after each injection to allow for dif-
fusion.  Relative to the bregma and with the stereotaxic arm 
at °0, the coordinates for the dentate gyrus were posterior -
3.6, lateral ± 2.3, and dorsal 3mm.  Sham-operated rats re-
ceived vehicle solution (24). Two weeks after Aβ injection, 
pelargonidin-treated Aβ-injected group received a single 
intraperitoneal (IP) injection of 3 mg/kg pelargonidin (23).  

 
Assessment of spatial memory 
The Morris water maze task was used to assess the spatial 

learning and memory. It has been reported that the striatum, 
the frontal cortex, and especially the hippocampus were in-
volved in navigation in the Morris water maze task (25). 

The animals were tested for spatial memory using a Mor-
ris Water Maze (MWM) apparatus (26). In brief, water-
filled circular pool (60 cm in depth, 180 cm in diameter), 
with 4 quadrants and starting locations (North, East, South, 
and West) were used. There was a plate positioned 1 cm 
below the water in the northern quadrant. The animals were 
trained for 4 days, which consisted of 2 blocks with 4 trials; 
each trail lasted for 90 seconds and there was a 30-second 
rest between the 2 trials. There was a 5-minute rest between 
the 2 consecutive blocks. The escape latency and traveled 
distance were recorded (acquisition stage) by a video cam-
era (Nikon, Melville, NY, USA). On day 5, the platform 
was removed, a probe trial was performed for 60 seconds, 
and the percentage of the time spent in the target quadrant 
was recorded (retention stage). During the acquisition 
stage, the event is perceived and the related information is 
initially stored in the memory; and in the retention stage, 
information resides in the memory. 

 
Ferric reducing/antioxidant power (FRAP) assay 
At the end of the experiment, the hippocampus was dis-

sected and gently homogenized in ice-cold phosphate buff-
ered saline (0.1 M, pH 7.4) to give a 10% homogenous sus-
pension and used for FRAP assay. According to Najafi et 
al (27), the homogenate was added to FRAP reagent  and 
incubated at 37ºC for 10 minutes. The absorbance of the 
complex was read at 593 nm. FRAP values were expressed 
as nmol ferric ions reduced to ferrous form/mg tissue. 

 
Data analysis 
Data were expressed as mean± SEM. Statistical analysis 

of the escape latency and traveled distance during the train-
ing days in the MWM were performed using one-way and 
two-way ANOVA with repeated measures (GraphPad 
Prism 6 software). The data of the percent of the time spent 
in target quadrant of the probe and the FRAP value were 
analyzed using one-way ANOVA. Tukey's post hoc test 
was used to determine the intergroup differences. Value of 
p≤0.05 was considered significant.  

 
Results 
Pelargonidin improved Aβ-induced memory and learn-

ing impairment in MWM 
The effect of pelargonidin on acquisition memory deficit 

following Aβ administration  
The data of the escape latency (the time spent to find the 
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hidden platform) and traveled distance (the distance to find 
the hidden platform) during the training days were analyzed 
using two-way ANOVA; treatment was used as one factor, 
training days as the second factor, and interaction between 
training days and treatment as the third factor. The results 
of the two-way ANOVA showed substantial effects of 
treatment (p<0.001) and training days (p<0.001) in escape 
latency. However, no significant interaction was detected 
between training days and treatment. Escape latency was 
significantly lower in the intact and sham-operated groups 
compared to the Aβ-treated and pelargonidin groups 
(p<0.001) (Fig. 1A). Longer escape latency is an indicator 
of the more severe deficits in spatial memory. Furthermore, 
the results of this study showed that pelargonidin treatment 
causes a significant decrease in escape latency in compari-
son to the Aβ-treated group (p<0.001). 

Consistent with the latency data, a significant effect of 
treatment (p<0.001) and training days (p<0.001) in the trav-
eled distance was revealed. However, no major synergy be-
tween training days and treatment was observed. Also, the 
results revealed that over the course of 4 training days intact 
and sham-operated groups moved a shorter distance to find 
the hidden platform (traveled distance) than the Aβ-treated 
and pelargonidin groups (Fig. 1B). The results of post hoc 
Tukey's analysis demonstrated a significant difference be-
tween the intact and sham-operated groups and the rats, 
which received Aβ treatment (p<0.001). Aβ-treated rats 
that received pelargonidin showed less traveled distance in 
comparison to Aβ-treated group (p<0.001). 

The effect of pelargonidin on retention memory deficit 
following Aβ administration 

During the probe trial session, the percentage of the en-
trance to target quadrant was examined. Findings revealed 
that the time spent in the target quadrat was more in the 
intact group (58.57±5.53) than other groups (sham: 
55.71±17.18; Aβ: 40.0±7.74; pelargonidin: 56.75±15.46, 
Fig. 2). 

The effect of pelargonidin on FRAP in the hippocampus 
following Aβ administration 

The results of the one-way analysis of variance of FRAP 
assay showed a significant decrease in antioxidant power of 
hippocampus homogenate samples in Aβ-treated rats com-
pared to intact group (p=0.010) (Fig. 3). Also, pelargonidin 
treatment increased the antioxidant power of hippocampus 
homogenate when compared to other groups (p<0.001). 

 
Discussion 
In this study, it was found that pelargonidin, a natural fla-

vonoid, attenuated Aβ-induced deficits in memory and an-
tioxidant capacity. Also, Aβ injections (25-35) were used 
as an Alzheimer’s model in the rats. Consistent with previ-
ous studies, this study found that Aβ-induced changes in 
LTP in the granule cells of DG, which was associated with 
learning and memory impairment in the MWM (18, 28, 29). 
Evidence indicates that deposition of Aβ in the hippocam-
pus can be one of the major pathological characteristics of 
AD that destroys neurons and results in cognitive deficits 
(30). It has been reported that application of Aβ into the 
neural membrane bilayer leads to free radical overproduc-
tion and causes the lipid peroxidation, protein oxidation, 
and consequently damages synapse function (31). Further-
more, it has been shown that injection of Aβ inhibits 
NMDA receptor-associated synaptic transmission, result-
ing in the decreased Ca2+ influx and reducing the phosphor-
ylation of calcium/calmodulin-dependent protein kinase II 
as well as Glu R1 subunits of AMPA receptors (32). Park 
et al have reported that Aβ deposition modulates NMDA 
receptors and nitric oxide synthase, induces oxidative stress 
in vivo, and may precipitate mitochondrial permeability 
transition opening (33).  

Fig. 1. The protective effects of pelargonidin in Aβ (25-35)- triggered Alzheimer’s model, as illustrated by escape latency in water-maze tests. (A) 
The mean of escape latency in 4 consecutive trial days of the MWM. Data are presented as mean ± S.E.M. (a: p < 0.001 vs intact and sham groups; b: 
p < 0.001 vs A- beta group). (B) The mean of traveled distance in 4 consecutive trial days of the MWM.  Data present as mean ± S.E.M. (a: p<0.001 
vs intact and sham groups; b: p<0.001 vs Aβ-group). 
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In the present study, the FRAP assay results (a marker of 
antioxidant power) revealed that Aβ-injections reduced the 
antioxidant capacity of the hippocampus. In this context, it 
has been suggested that Aβ can induce massive oxidative 
challenge in neurons, including lipid peroxidation and re-
active oxygen species (ROS) formation (5). Also,  Aβ can 
decrease endogenous antioxidant enzymes, which protect 
cells against several endogenous and exogenous toxic com-
pounds such as ROS that can lead to cognitive deficits (34). 
There is a direct correlation between the overproduction of 
free radicals and reduced antioxidant defense response in 
AD (35). The use of external antioxidant is one of the most 
common therapeutic approaches for the treatment of 
memory impairment and cognition function (18, 36). 
Among other experimental therapeutic approaches, several 
efforts are focused on the development of ways/chemicals 
(anthocynidin) that would reduce or eliminate Aβ-aggrega-
tion (37). Pelargonidin is an anthocyanidin that produces a 

characteristic orange color and can be found in berries, 
plums, pomegranates, and in large amounts in kidney 
beans. It can cross the brain blood barrier (38).  

The results of the present study demonstrate that admin-
istration of pelargonidin exerts protective effects against 
Aβ-induced memory impairment in rats. Similarly, 
Roghani et al reported that pelargonidin can mitigate the 
Parkinson’s-like behaviors in animals (22). In addition, 
Skemiene et al showed the protective properties of pelargo-
nidin on ischemia-induced apoptosis (39). In another study, 
administration of pelargonidin effectively restored the ac-
tivity of some antioxidant enzymes such as superoxide dis-
mutase (SOD) and catalase in diabetic rats, indicating the 
antioxidant effects of pelargonidin (23). Several lines of ev-
idence reported that anthocyanin, as a group of flavonoids, 
can provide strong neuroprotective effects and reduce cog-
nitive deficits (40, 41). Neuroprotective effects of pelargo-
nidin as an anthocyanin glycoside has been demonstrated 

 
Fig. 2. The average percentage of entrance to target quarter in the probe trial in the MWM. The animals were trained prior to the test as described in 

the text. The travelled distance was measured upon recording their paths by a camera placed above the experimental tank. Data are presented as mean 

± S.E.M. 

 

Fig. 3. The effects of Aβ and pelargonidin treatment on the total thiol concentration of hippocampus homogenate samples. Data are expressed as 

mean ± S.E.M. (a: p=0.010 vs intact group; b: p < 0.001 vs other groups).  
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in brain ischemia induced by permanent cerebral artery oc-
clusion (42).  

Flavonoids such as pelargonidin could decrease neuronal 
damage and loss (13) through mitigation of oxidative stress 
and the enhancement of an antioxidant defense system. As 
expected, Aβ-injection caused a reduction in antioxidant 
capacity as corroborated by a decrease in FRAP level. In 
agreement with previous investigations, administration of 
pelargonidin increased the antioxidant pool of hippocampi 
(22, 23). Overexpression of inflammatory mediators fol-
lowing microglia activation is a key agent in Aβ-induced 
neurotoxicity (43). Due to anti-inflammatory effects of fla-
vonoid such as pelargonidin (44), it is possible that the pro-
tective effects of pelargonidin may also be due to anti-in-
flammatory actions; however, this needs to be further in-
vestigated.  

These protective effects may be related to the ability of 
pelargonidin to control essential intracellular signaling cas-
cades. Indeed, flavonoids are able to cross the blood-brain 
barrier, accumulate in the brain at nanomolar concentra-
tions, and induce neuromodulatory effects through selec-
tive action on a number of protein kinases and lipid kinases 
signaling cascades (45).  

 
Conclusion 
Taken together, administration of pelargonidin inhibited 

oxidative stress, improved LTP, and attenuated the behav-
ioral abnormalities induced by Aβ. 
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