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Background: Alzheimer’s disease is a neurodegenerative disease appearing as a result of free radicals and 
oxidative stress. Antioxidants agents boost memory and control Alzheimer’s disease. Since red grape juice 
contains antioxidant agents, its effects on speed of learning and improvement of memory was studied in 
Alzheimer’s rats. 
Materials and Methods: Alzheimer’s model was induced by bilateral infusion of streptozocine into lateral 
ventricles of brain of male rats. Rats drank 10% red grape juice for 21 days. Passive avoidance learning test 
was used for measuring memory and learning in rats. 
Results: Our results showed that learning and memory in STZ-group decreased significantly compared to 
Sham group. However, intake of red grape juice increased speed of learning and improvement of memory 
in Alzheimer’s rats. 
Conclusions: Our results suggest that there are active ingredients in red grape juice, which probably have 
therapeutic and preventive effects on cognitive impairments in Alzheimer’s disease.
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streptozotocin (STZ) into the lateral ventricles of the 
rats’ brain reduces the sensitivity of insulin receptors 
to glucose and causes biochemical changes in glucose 
metabolism, which is followed by the oxidative stress; 
also cholinergic deficiencies occur by preventing ATP 
and acetyl coenzyme A synthesis, which results in 
cognitive deficiencies and memory impairment. This 
is accepted as a proper model for studying sporadic 
type of Alzheimer’s disease.[3,4]

Recent studies have shown that consumption of fruit 
and vegetables, especially those with high antioxidant 
activity like grapes, strawberries, spinach, and 
cranberries decreases the risk for diseases caused by 
oxidative stress like Alzheimer’s because they reduce 
the oxidative metabolism and subsequently reduce 
free radicals and can be effective in treatment of the 
disease.[5,6] According to the studies on some foodstuffs 

INTRODUCTION

Alzheimer’s is a senile disease diagnosed with 
dementia and loss of neurons, especially in old 
people’s brain.[1] This disease may be caused by 
oxidative stress; an imbalance takes place between 
free radicals and antioxidant system. Free radicals 
attack the unsaturated fatty acids of brain tissue 
cells and cause oxidative lesions.[2] Injection of 
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and beverages, these substances can both prevent 
the Alzheimer’s and delay its progress. Some of these 
substances include aged garlic extract, sarcomin, 
melatonin, ginkgo biloba, green tea, fruit containing 
resveratrol, foods containing vitamins B, E, and C, 
salvia extract, zeatin, and grapes.[5,7-15] Based on the 
above studies, grapes and berry fruits with dark color 
have more efficiency in treatment of the disease. As 
seen for red wine, grape extract is a rich source of 
flavonoid polyphenols such as catkins, quercetins, 
anthocyanidins, proanthocyanidins, and also non-
flavonoid polyphenols like resveratrol which all are 
active antioxidants effective in preventing or reversing 
the destructive effects of old age on the behavior 
and function of the brain.[5] Grape extract protects 
patients from low-density of lipoprotein cholesterol 
oxidation. Generally, grapes particularly red ones have 
a tremendous effect on memory boosting and even on 
Alzheimer’s.[5,16] According to the above-mentioned 
findings, as various herbal essences are effective in 
Alzheimer’s treatment and the effect of grape extract 
on learning and memory boosting in healthy rats 
and also reduction of destructive effects of oxidative 
stress on rats’ brain neurons and considering that the 
effect of grape pips and skin, not its juice. Alzheimer’s 
treatment has already been studied; this study was 
conducted to evaluate the effect of grape juice on 
passive avoidance learning and memory in rats with 
Alzheimer’s.

MATERIALS AND METHODS

Male Wistar rats (230 ± 20 g) were housed 4 per cage 
and maintained on a 12 h light–dark cycle in an air-
conditioned constant temperature (23 ± 1°C) room, 
with food and water made available ad libitum. The 
Ethic Committee for Animal Experiments at Isfahan 
University approved the study. The red grape (Vitis 
Vinifera) juice was taken from gardens of Jahad-
Daneshgahi in Baneh city, Kordestan Province, Iran. 
70 rats were randomly selected and were divided into 
2 groups of 40 and 30. The first group was divided 
into 4 subgroups of 10 rats named sham, grape juice, 
Alzheimer, Alzheimer-grape juice, and the second 
group was divided into 3 subgroups of 10 rats named 
sham, Alzheimer, Alzheimer-grape juice.

The rats of the first group were anesthetized by 
intraperitoneal (i.p.) injection of chloral hydrate (CH) 
of 400 mg/kg, and their body temperature was fixed 
using heating pads. Their heads were kept motionless 
in stereotaxic surgery device in order to do a longitude 
cut on the posterior part of the head to access the 
skull. Once the stereotaxic coordinates (AP = -0.8, 
DV = 4.2, and L = ±1.5)[17] were determined for the 
lateral ventricles of the brain, 2 holes were drilled on 

the skull and the injection cannula were inserted in 
the ventricles. Rats in Alzheimer’s groups received a 
bilateral intracerebroventricular (ICV) injection of STZ 
(1.5 mg/kg, body weight in saline, 4 µl/injection site) 
as in previous studies, using a microinjection device 
and Hamilton syringe within 3 minutes.[2,3,18] Control 
groups’ brain ventricles were injected an equal volume 
of saline instead of STZ. The rats were put into separate 
cages after surgery, and they consume food and water  
ad libitum. 1 week after the surgery, the rats in the 
grape juice group received 10% grape juice-containing 
water, instead of pure water for 3 weeks.[5] Passive 
avoidance learning test was performed to examine 
learning and memory. The apparatus consists of 2 
separate chambers connected through a guillotine 
door. One chamber was illuminated, while the other 
was dark. The floor of both the chambers consists 
of steel grids, used to deliver electric shocks. On the 
acquisition trial, each rat was placed in illuminated 
chamber while its back was to the guillotine door. 
After 10 s of habituation, the guillotine door separating 
the illuminated and dark chambers was opened. The 
guillotine door was closed immediately after the rat 
enters the dark chamber, and an electric foot shock with 
1.5 mA intensity was delivered to the floor grids for 3 s, 
then the rat was removed from the dark chamber and 
returned to its home cage. 24 hours and 1 week later, 
retention latency time to enter the dark chamber was 
taken in the same way as in the acquisition trial, but 
foot shock was not delivered, and the latency time was 
recorded up to a maximum of 300 s. The longer latency 
for the first entry to the dark room indicates better 
learning and memory. The rats in the second group first 
received electric shock with the same time and intensity 
as those of first group. The next day, they underwent 
surgery in a way similar to the first group. Then, 1 
and 3 weeks after electric shock, passive avoidance 
learning test was performed, and their learning rate 
was analyzed. Analysis of the data was done using 
the non-parametric method of Kruskal-wallis and the 
post-test of Dunnets at significance level of P < 0.05.

RESULTS

According to Figures 1 and 2, mean latency for the first 
entry to the dark room 24 hours and 1 week after the 
shock for the Alzheimer group was significantly less 
than that of sham group (P < 0.01), which showed the 
incidence of Alzheimer’s in this group due to learning 
dysfunction and memory consolidation following the 
injection of STZ.

As shown in tables and figures, latency for the first 
entry to the dark room 24 hours and 1 week after 
the shock for the Alzheimer-grape juice group was 
significantly more than that of Alzheimer group (P < 
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0.001). Furthermore, latency for the first entry to the 
dark room 24 hours and 1 week after the shock for the 
grape juice group was significantly more than that of 
Alzheimer group (P < 0.001).

According to figures 3 and 4, mean latency for the 
first entry to the dark room 1 and 3 weeks after the 
shock for the Alzheimer group was significantly less 
than that of sham group (P < 0.001), which showed 
the incidence of Alzheimer’s in this group due to the 
loss of memory location following the injection of STZ.

As shown in Figures 3 and 4, latency for the first entry 
to the dark room 1 and 3 weeks after the shock for the 
Alzheimer-grape juice group was significantly more 
than that of Alzheimer group (P < 0.001). 

DISCUSSIONS

In the present study, the effect of red grape juice 
on Alzheimer’s disease, memory formation and 

consolidation, and learning in Alzheimer’s was studied 
and the results showed that grape juice was largely 
effective in improvement of the memory function in 
Alzheimer patients and prevented the disease progress. 
This argument was based on the latency increase for 
the first entry to the dark room in Alzheimer-grape juice 
group and grape juice group than the Alzheimer group. 
As mentioned earlier in this study, intraventricular 
injection of brain was done in order to affect the rats 
with Alzheimer’s. According to the studies in this 
regard, the injection of STZ into the lateral ventricles 
of rats’ brain causes oxidative stress and subsequently 
the progressive long-term defects in learning and 
memory and reduces reference and working memories. 
These animals whose memories are impaired in this 
way are used as a model for sporadic Alzheimer’s 
disease.[4,18] Considering the presence of 2 groups in 
this study of which the first one was first affected with 
Alzheimer’s and then received shock seemed that their 

Figure 1: Comparison of mean latency in Alzheimer and Alzheimer-
grape juice 24 hours after electric shock using shuttle box device. The 
results showed that grape juice was effective in treatment of learning 
and memory dysfunction. (Mean ± SEM) **Comparison of Alzheimer 
group (n = 12) with sham group (n = 9) (P < 0.01). +++Comparison 
of Alzheimer-grape juice (n = 6) with Alzheimer group (n = 12)  
(P < 0.001). +++ Comparison of grape juice (n = 7) with Alzheimer 
group (n = 12) (P < 0.001)

Figure 2: Comparison of mean latency in Alzheimer and Alzheimer-
grape juice 1 week after electric shock using shuttle box device. The 
results showed that grape juice was effective in treatment of learning 
and memory dysfunction. (Mean ± SEM) ** Comparison of Alzheimer 
group (n = 12) with sham group (n = 9) (P < 0.01). +++ Comparison 
of Alzheimer-grape juice (n = 6) with Alzheimer group (n = 12) (P < 
0.001). +++ Comparison of grape juice (n = 7) with Alzheimer group 
(n = 12) (P < 0.001).

Figure 3: Comparison of mean latency in Alzheimer and Alzheimer-
grape juice 1 week after electric shock using shuttle box device. 
The results showed that grape juice was effective in treatment of 
impaired learning and memory storage. (Mean ± SEM) ***Comparison 
of Alzheimer group (n = 7) with sham group (n = 5) (P < 0.001).  
+++Comparison of Alzheimer-grape juice (n = 5) with Alzheimer group  
(n = 7) (P < 0.001)

Figure 4: Comparison of mean latency in Alzheimer and Alzheimer-
grape juice 3 weeks after electric shock using shuttle box device. 
The results showed that grape juice was effective in treatment of 
impaired learning and memory storage. (Mean ± SEM) ***Comparison 
of Alzheimer group (n = 7) with sham group (n = 5) (P < 0.001).  
+++Comparison of Alzheimer-grape juice (n = 5) with Alzheimer group 
(n = 7) (P < 0.001)
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retrospective memory (all the encoding and storage 
parts) was impaired and generally, the learning path 
and memory were impaired. In the second group, which 
first received shock and then affected with Alzheimer’s 
seemed that first retrospective memory was formed and 
after getting Alzheimer, the prospective memory and 
retrieving part of the memory were impaired, and the 
memory location was destroyed and consequently the 
rats were affected with Alzheimer’s.

The red grape juice is a really effective treatment for 
reduction of oxidative stress in central nervous system, 
memory consolidation, and the disease control due to 
its antioxidants-like resveratrol and flavonoid. [16,19] 
As the oxygen consumption in hippocampus and 
striatum is higher than other parts of the brain, the 
effect of oxygen reactive stems and free radicals is 
subsequently higher in these parts, which are more 
sensitive.[19] The protective effect of polyphenols in 
red grape depends on their ability of hydrogenation 
or cleaning up free radicals.[19]

CONCLUSION

According to the results of the present study on old 
rats, it was found that 20% red grape juice improved 
the performance of memory in passive avoidance 
learning test. Furthermore, generation of free radicals 
and the oxidative stress arising from oxidized protein 
and lipids in central nervous system, in some parts of 
the old rats’ brain, was higher than that of young rats. 
However, after the old rats consumed red grape juice 
containing antioxidants, free radicals were neutralized 
and the oxidative stress was reduced.[19]

A study on spatial memory and passive avoidance 
learning in rats affected with STZ-induced Alzheimer’s 
showed that consumption of an antioxidant like 
coenzyme Q10 prevents learning and memory 
impairment through inhibition of oxidative stress 
caused by streptozotocin.[2,3] Epidemiological studies 
have shown that the consumption of red wine made 
of red grape containing certain polyphenols such as 
resveratrol and proanthocyanidin, declines age-related 
neuronal deficiencies like dementia.[20] These results 
suggest that red grape juice can largely be effective 
in Alzheimer’s treatment due to its polyphenolic 
compounds-like flavonoids and resveratrols, which 
all are antioxidant as it prevented the impairment 
of different locations of memory-like hippocampus in 
the first group, and impairment of the parts related 
to retrograde memory in the second group.
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