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ABSTRACT 
Background: Honey is a natural product which has been known to have various nutritional benefits. 
Objectives: This study aimed to investigate the effect of oral administration of honey (sort of Yazd, Strabillus and 
Acacia) on memory impairment in diabetes using passive avoidance learning test. 
Materials and Methods: 64 male Wistar rats (180-220 g) were randomly divided into 8 groups (n = 8 each), 
including normal (control), diabetic control, honey-treated normal groups and honey-treated diabetic groups. The 
honey-treated groups were administrated by 1 g/kg/BW dose of organic honey (sort of Acacia, Strabillus and 
Yazd) for the 8 weeks. Diabetes was induced by intrapritoneally injection of Streptozotocin (60 mg/kg). Passive 
avoidance learning test was used to evaluate learning and memory. Data were analyzed using SPSS 20 and One-
Way ANOVA and Kruskal-Wallis post-hoc tests. 
Results: Diabetic control group showed a significant increase in STLa compared with control group (P < 0.001). 
Diabetic groups received Yazd, Strabillus and Acacia honey compared to diabetic control group showed a 
significant decrease in STLa (P < 0.001). 24 and 48 hours after learning, diabetic groups received Yazd and 
Strabillus honey showed a significant increase (P < 0.001) and diabetic group received Acacia honey showed a 
significant decrease (P < 0.05)  in STLr compared to diabetic control group. In the retrieval test, diabetic group 
received Yazd and Strabillus honey (P < 0.001) and diabetic group received Acacia honey (P < 0.01) showed a 
significant decrease in TDC compared to diabetic control group. 
Conclusions: Treatment with honey can improve memory possibly via reducing oxidative stress in the diabetic 
rats. It also possibly can affect some nerve pathways in certain areas of the brain effective on learning and 
memory. 
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1. BACKGROUND 
Diabetes mellitus is considered as a public 
health problem and as one of the five leading 
causes of death, globally. It is associated with 
several neurological complications such as 
cognitive impairment and memory deficit. It has 
been reported that learning strategies are less 
effective in diabetic patients and they can 
remind fewer words in the science-based 
memory tests (1). Cognitive/memory 
impairment has been also observed in the 
Streptozotocin STZ-induced diabetes as an 
experimental model of diabetes type one (2, 3).  

In diabetes, hyperglycemia causes a reduction in 
the cellular antioxidant defenses and increases 
the levels of free radicals (4). The role of 
oxidative stress in the onset and progression of 
diabetes mellitus and its complications has been 
reported in several studies (5, 6). Antioxidants 
such as polyphenols and flavonoids have been 
indicated to decrease the markers of oxidative 
stress in both experimental and clinical models 
of diabetes (7, 8). Today, antioxidants are 
considered more effective and cheaper than 
conventional therapies to manage some diseases 
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including diabetes. As a result, antioxidants or 
nutrients with high antioxidant capacity can be 
used to limit the progression of diabetes and its 
related complications including memory 
impairment (7, 8, 9). 
Calendula officinalis (10), Teucriumpolium 
(11), and Vitamin E (12) have been 
demonstrated effective to improve learning and 
memory impairments via their antioxidant 
activity. 
Honey is a natural product which is a collection 
of nectar from several types of plants processed 
by honey bees. Carbohydrates are the main 
components of the honey. It also contains 
proteins, amino acids, and vitamins. It has 
recently been shown that there are 30 different 
polyphenols in honey (13).  
Ellagic acid, gallic acid, chrysin, naringenin, 
myricetin, kaempferol etc. are the most common 
flavonoids can be found in the honey (14). It is 
said that honey shows a hypoglycemic effect 
and improves oxidative stress in kidneys of 
STZ-induced diabetic rats (15).  
Erejuwa et al. demonstrated that the 
combination of glibenclamide or metformin with 
honey results in improving glycemic control, 
and can also provide additional metabolic 
benefits, which is not observed with either 
glibenclamide or metformin alone (16). It has 
also been reported that Tualang honey can 
improve the morphology of memory-related 
brain areas, reduce brain oxidative stress, 
increase brain-derived neurotrophic factor 
(BDNF) and acetylcholine (ACh) concentrations 
(17). 
 
2. OBJECTIVES 
This study aimed to investigate the effect of oral 
administration of honey (sort of Yazd, Strabillus 
and Acacia) on memory impairment in diabetes 
using passive avoidance learning test. 
 
3. MATERIALS AND METHODS 
In this experimental-intervention study, 64 male 
Wistar rats (180 - 220 g) were purchased from 
Pasteur institute of Iran. They were kept in the 
animal house of Hamedan University of Medical 
Sciences with 12-h dark/light cycles at ambient 
temperature of 25 ± 2°C. The rats had free 

access to laboratory chow and tap water. All 
animal experiments were approved by the 
veterinary ethics committee of the Hamadan 
University of Medical Sciences and were done 
in accordance with the national institutes of 
health guide for care and use of laboratory 
animals. 
The rats were randomly divided into 8 groups (n 
= 8 each) including normal (control) receiving 
0.5 mL water, diabetic control receiving 0.5 mL 
water, honey-treated normal groups and honey-
treated diabetic groups receiving Acacia, 
Strabillus, and Yazd honey (1 g/kg/BW). 
The 1 g/kg/BW dose of organic honey (sort of 
Acacia, Strabillus, and Yazd) were 
administrated by oral gavage for the 8 weeks. 
Diabetes was induced by intrapritoneally 
injection of STZ (60 mg/kg) (Sigma; Germany). 
The rats were considered diabetic if plasma 
glucose levels exceeded 250 mg/dL. 
The passive avoidance test was used to evaluate 
learning and memory (18, 19). In general, the 
passive avoidance apparatus (shuttle box) 
consists of lightened and darkened 
compartments (20 × 40 × 20 cm) connected to 
each other by a guillotine door (8 × 8 cm). Both 
floors are made of stainless steel bars spaced 1 
cm apart.  
A shock generator is used to electrify the floor 
of dark compartment. The rat was placed in the 
light compartment facing away from the 
guillotine door, and 5 s later the door was raised. 
After entrance to the dark part, the door was 
closed, and a 50 Hz square wave, 1.2 mA 
constant current shock was applied for 1.5 s. 
They received a foot shock each time if 
reentered the dark part.  
Training was terminated when the rat remained 
in the light compartment for 120 consecutive 
seconds. 48 h later, the retention test was carried 
out in which the rat was placed in the light part 
and the door was opened 5 s later and the time 
latency to the dark compartment (STLr) and the 
time spent in the dark compartment (TDC) were 
recorded. 
Data were analyzed using SPSS 20. The One-
way ANOVA and Kruskal-Wallis post-hoc tests 
were used for paired comparisons to evaluate the 
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significance of the results. P < 0.05 was 
considered to be significant. 
 
4. RESULTS 
The results of One-way ANOVA indicated that 
there was a significant difference in the STLa 
between normal (control) and the normal Yazd 
honey-treated group before the administration of 

the electrical shock (P < 0.001). There was a 
significant difference in the STLa between 
diabetic control group compared with normal 
(control) group (P < 0.001), and also between 
Strabillus (P < 0.001) and Acacia-treated 
diabetic groups (P < 0.01) compared with 
diabetic control group (Figure 1). 

 
Figure 1.The results of STLa before shock administration in (A) normal and (B), diabetic groups.٭٭P < 0.01; 
   .P < 0.001;## P < 0.01; ### P < 0.001٭٭٭
 
There was no significant difference in the STLr between normal groups 24 and 48 h after shock 
administration. But there was a significant difference between diabetic (control) and normal (control) 
groups (P < 0.001) and also between Yazd and Strabillus (P < 0.001) and Acacia-treated diabetic groups 
(P < 0.05; 24 h later) (P < 0.01; 48 h later) compared with diabetic control group (Figure 2). 
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Figure 2.The results of STLr (A) 24 h and (B) 48 h after shock administration in normal and diabetic 
groups.٭٭٭P < 0.001; ### P < 0.001; # P < 0.05.  
 
The results showed that although there was no significant difference in the TDC between normal groups 
24 h after shock, but a significant difference was seen in the TDC between Acacia-treated normal group 
and normal (control) group 48 h after shock. A significant difference was observed in TDC between 
diabetic (control) and normal (control) (P < 0.001) and also between Yazd and Strabillus (P < 0.001) 
and Acacia-treated diabetic group (P < 0.01) compared with diabetic control group 24 and 48 h after 
shock administration (Figure 3). 
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Figure 3.The results of TDC, (A) 24 h and (B) 48 h after shock administration in normal and diabetic groups.٭P < 
 .P < 0.001; ### P < 0.001; ## P < 0.01٭٭٭ ;0.05
 
Regarding the number of received shock (trials), no significant difference was found in the normal 
groups. But, there was a significant difference in diabetic (control) and normal (control) (P < 0.001) and 
Strabillus (P < 0.01) and Acacia-treated diabetic group (P < 0.01) compared with diabetic control group 
(Figure 4). 
 

 
Figure 4.The number of received shocks in (A) normal and (B), diabetic groups.٭٭P < 0.01; ## P < 0.01. 
 
5. DISCUSSION 
The results of this study revealed that oral 
administration of Yazd and Strabillus honey for 
8 weeks improved PAL and memory of the rats 
and alleviated the negative influence of diabetes 
on learning and memory, as well.  24 and 48 

hours after learning, diabetic groups received 
Yazd and Strabillus honey showed a significant 
increase and diabetic group received Acacia 
honey showed a significant decrease in STLr. In 
the retrieval test, diabetic groups received Yazd, 
Strabillus, and Acacia honey showed a 
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significant decrease in TDC. The number of 
trials was decreased in Strabillus and Acacia-
treated diabetic groups. In fact, the increased 
STLr and decreased TDC indicate a positive 
effect on memory processes.  
The increased production of reactive oxygen 
species (ROS), enhanced oxidative stress and 
changes in the antioxidant capacity are seen in 
diabetes. Diabetic rats exhibit predicted 
impaired cognitive function. Learning and 
memory impairment in the diabetic groups may 
be associated with the increased oxidative stress 
in diabetic animal's brain. Consumption of fruits 
and vegetables with high antioxidant activity 
and neural protective factors may reduce the risk 
of memory impairment (20).The efficacy of 
honey in improving learning and memory 
impairments has also been reported in several 
different studies. The chronic administration of 
honey in rats has a positive effect on spatial 
memory leading to spatial memory improvement 
(21).It has been demonstrated that antioxidant 
activity of honey is due to its phenolic 
compounds. ROS as a factor for oxidative 
damage is increased in the diabetes and chronic 
hypoglycemia conditions. Acid Gallic as one of 
the phenolic compounds found in the most types 
of honey is greatly capable of ROS scavenging 
such as superoxide anion, hydrogen peroxide, 
hydroxyl and hypochlorite radicals. The effect 
of acid Gallic to improve learning and memory 
has been reported and can be regarded as a 
factor for memory improvement in this study, as 
well (22).  
Apigenin is the common flavonoid which is 
frequently diagnosed in honey. It is suggested 
that Apigenin can stimulate neurogenesis and 
improve learning and memory (23). Other 
remarkable antioxidants present in honey 
including Caffeic acid (24), Catechin (25), 
Chlorogenic Acid (26), Chrysin (27), Ellagic 
acid (28), Kaemoferol (29), Naringenin (30), 
and myricetin (31) have also been noted to have 
positive effects on learning and memory. 
Hypoglycemia is the main cause of many 
complications of diabetes. In fact, chronic 
hyperglycemia in diabetes leads to cognitive 
disorders (32). Erejuwa et al. in their study, 
indicate the hypoglycemic and antioxidant 

effects of honey in the STZ-induced diabetic 
rats. Therefore, the observed improvement in 
learning following the administration of honey 
can be related to its hypoglycemic effects (15).  
Honey contains acetylcholine and choline esters 
acting as neurotransmitter (33). These 
neurotransmitter systems play an important role 
in learning and memory (34). As a result, 
another possible mechanism of the positive 
effect honey on learning and memory observed 
in this study can be attributed to the activity of 
these neurotransmitters. 
In general, inducing diabetes in rats can lead to 
passive avoidance learning impairment and 
treatment with honey improves memory 
possibly via reducing oxidative stress in the 
diabetic rats. It also possibly can affect some 
nerve pathways in certain areas of the brain 
effective on memory and learning. It can be 
concluded that the honey can be used as an 
associated medication to improve cognitive 
disorders caused by diabetes. 
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