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Abstract 23 

Objectives: Parkinson’s disease (PD), a progressive neurodegenerative disorder. Oxidative stress 24 

plays an important role in PD pathophysiology. Onion has antioxidant properties. In an 25 

experimental study, we have evaluated the effects of onion ethanolic extract (OEE) on animal 26 

models of Parkinson disease (PD) in male rats. 27 

Methods: Studied groups were sham group, Parkinson’s group (Parkinson rats without 28 

treatment), and three treatment groups including Parkinson rats that treated with OEE at 50, 100, 29 

and 200 mg/kg/day. Animal model of PD was induced by injection of 6-hydroxydopamine (6-30 

OHDA) into the right substantia nigra. The administration of all the extracts were started 14 31 

days before the surgery and continued daily for seven days after surgery. Learning and memory 32 

were evaluated by a Morris water maze. In addition, malondialdehyde (MDA) concentrations 33 

and histological parameters (density of neurons) were determined by thiobarbituric acid reactive 34 

substances (TBARS) and Nissl staining, respectively. 35 

.Results: Our results showed that 6-OHDA led to cognitive dysfunction, increased MDA and 36 

neuronal damage compared sham group. However, the administration of OEE was improved 37 

cognitive dysfunction, decreased MDA and prevented neuronal damage in animal model of PD.  38 

Conclusion: The onion could be a new nutrition strategy and essential part of the food diet for 39 

preventing PD. 40 

Keywords: Onion; learning; memory; Parkinson disease 41 

  42 



Introduction 43 

Parkinson’s disease (PD), a progressive neurodegenerative disorder, is common in the population 44 

over 60 years of age [1]. Dopaminergic neuron degeneration in substantia nigra pars compacta 45 

(SNpc) occurs in PD which is related to clinical manifestation of PD [2]. Clinical symptoms 46 

include hypokinesia, tremor, cognitive dysfunction and depression [1]. PD is a disease with 47 

multifactorial etiology [3, 4]. It has been reported that inflammatory factors [5], immunological 48 

changes [6] and oxidative stress such as increased malondialdehyde (MDA) play an important 49 

role in PD pathophysiology [7, 8]. Levodopa is known as the routine drug in treatment of PD [9]. 50 

However, long-term treatment with LD is associated motor complications[10]. 51 

Some studies have shown that the supplements [11] and medical plants [12, 13] may benefit the 52 

improvement of clinical symptom in PD and other neurodegenerative disorders. Onion (A. cepa 53 

L.) as a plant belongs to the genus Allium. Onion is classified into red, yellow and white. Onion 54 

has high consumption and is known as essential components of dietary foods [14]. 55 

It is reported that it has improver effects on neurological disorders. Shir et al. [15] found that 56 

administration of onion significantly improved the learning and memory performances in animal 57 

model of ischemia. In our previous study, we found that onion extract corrected cognitive 58 

dysfunction in animal model of diabetes [16]. Other vegetables belonging to the Allium family 59 

have also indicated their beneficial effects on learning and memory abilities [17]. They contain a 60 

high amount of flavonoid compounds such as quercetin, kaempferol, and gallic acid which the 61 

antioxidant properties of onion may be due to the presence of these compounds [18]. The 62 

antioxidant activities of onion can lead to the inhibition of apoptosis pathways and protection of 63 

neuronal damage [19]. 64 



In the present work we aimed to assess if prescribe onion ethanolic extract orally influences 65 

learning and memory, as well as biochemical and histological changes in animal model of PD. 66 

 67 

Materials and Methods 68 

Study design 69 

Our experimental study was performed in physiology research center of Kashan University of 70 

Medical Sciences (KAUMS). After preparing the extract, it was administrated orally for two 71 

weeks. Then, induction of PD model was performed in male rats by injection of 6-72 

hydroxydopamine (6-OHDA). Finally, assessment of learning and memory, histological changes 73 

and oxidative stress were done after seven days after 6-OHDA injection.  74 

Preparation of extract of onion 75 

Red onion was procured from Research farm of the Medicinal Plant Research Center, Barij 76 

(Kashan, Iran). The voucher specimens were identified and deposited in the Herbarium of the 77 

Department of Agriculture, Medicinal Plants Research Center, Barij, Kashan Iran. After washing 78 

with water, these were cut into small pieces and dried. Then, the dried onions were crushed. The 79 

powder was mixed with ethanol (70%) for 72 hours at the ambient temperature in the percolator. 80 

The extract was separated and placed in a sterile container. The extract was concentrated under 81 

reduced pressure in a rotary evaporator at 300C to 400C [20]. 82 

Animals 83 

Male Wistar rats were purchased from Kashan University of Medical Sciences. The rats were 84 

maintained with a 12:12 hour light-dark cycle at 25 ± 5°C and 55% ± 10% humidity. The diet 85 

and water were given ad libitum. This study was approved by the research ethics committee of 86 

Kashan University of Medical Sciences (KUMS), Kashan, Iran. The animals were divided into 87 



five groups (n = 10): Sham group (received 2μL of 0.2% saline with ascorbic acid), Parkinson’s 88 

group (6 μg of 6-OHDA in 2 μL 0.2% saline with ascorbic acid) and three treatment groups 89 

(received 6 μg of 6-OHDA in 2 μL 0.2% saline with ascorbic acid plus ethanolic extract of onion 90 

at 50, 100 and 200 mg/kg/day). All extracts and distilled water administrated orally for 14 days 91 

before and 7 days after the injection of 6-OHDA. 92 

Experimental Protocol Used for the 6-OHDA Model of PD 93 

The animals were anaesthetized intraperitoneally (IP) by xylazine (10mg/kg, IP) and ketamine 94 

(100 mg/kg, IP) and fixed to a stereotaxic apparatus. 6-OHDA (6 μg of 6-OHDA in 2 μL 0.2% 95 

saline with ascorbic acid) was injected by an injection needle attached to a microsyringe 96 

unilaterally into the SNpc. The injection coordinates were: anterior/posterior: −5.3 mm; 97 

medial/lateral: +2.2 mm; ventral/dorsal: −7.8 mm. The animals returned to their cages for 98 

recovering. 99 

Behavioral Testing 100 

Morris water maze  101 

The spatial learning and memory were assessed by Morris water maze as described previously 102 

[21, 22]. A black circular water pool was used for the water maze test. It was 180 cm in diameter 103 

× 60 cm in depth. A black escape platform was submerged 1 cm below the water in one of the 104 

four imaginary quadrants. The animals were released into the water at one of four positions (N, 105 

S, E and W) that was predetermined randomly by a computer equipped with water maze software 106 

(Radiab 7, IR Iran). The escape latency on the platform was measured for assessment of the 107 

learning process. On the fifth day (probe test), the platform was removed and the rats were 108 

released randomly in one of the positions into the water and allowed to swim for 30 seconds. The 109 



time passed in the critical quadrant was measured for assessment of consolidation of spatial 110 

memory. 111 

Biochemical study 112 

The hippocampus and midbrain of the lesion side were isolated and homogenized to assess the 113 

MDA concentration by thiobarbituric acid reactive substances (TBARS) [23]. 114 

Histological study 115 

Following anesthesia with chloral hydrate (0.5 ml/100 g), the brain fixation was performed by 116 

neutral-buffered formalin fixative solution (NBF 10%, pH value = 7.4). The brains were 117 

removed and stored in the same solution at 4°C overnight. The brains were transferred into a 118 

tissue processor for 17.5 hours. Finally, the specimens were frozen rapidly and coronal sections 119 

5 μm thick were prepared using cryostat. Cresyl violet (Nissl) staining was performed for 120 

assessment of the extent of histological lesion in the SNpc and CA1 of hippocampus. The 121 

coronal sections of brains were stained with 1% cresyl violet, dehydrated in graded series of 122 

ethanol, immersed in xylene and mounted on Entellan. Finally, the intact cells (percentage of 123 

total) were evaluated. 124 

Statistical Analyses 125 

The data from the training phase of the Morris water maze were analyzed using repeated 126 

measures analysis of variance (ANOVA). Two-way ANOVA was applied to the values obtained 127 

from the probe trials, MDA concentration and cell counting. Bonferroni post hoc test was also 128 

used on the significant data. The threshold of significance was regarded as P<0.05. 129 

 130 



Results 131 

The effects of onion extract on learning and memory  132 

The data from Morris water maze showed a general significant difference between the all groups 133 

(F4, 155=8.538; P < 0.0001). Injection of 6-OHDA decreased the learning process in the PD 134 

group, which displayed the worst behavior in learning the task (P < 0.0001, compared with the 135 

SH group). The administration of onion at 100 and 200 mg/kg significantly improved the 136 

learning process (P = 0.009 and P = 0.001, respectively) so that the ethanolic extract of onion 137 

groups revealed a learning ability close to the sham group (P = 0.418 and P = 1, respectively) 138 

(Figure 1). 139 

Also, our data related to memory consolidation showed a general significant statistical difference 140 

among all groups (F4, 34 = 5.708; P < 0.05). Injection of 6-OHDA further decreased the memory 141 

consolidation in comparison with the sham group (P = 0.03). The administration of onion at 100 142 

and 200 mg/kg significantly improved the memory consolidation compared with the sham group 143 

(P = 0.013 and P = 0.045, respectively) (Figure 2). 144 

The effects of onion extract on MDA concentrations 145 

Our data showed that injection of 6-OHDA significantly increased the level of MDA in the 146 

hippocampus and midbrain of PD animals compared with the sham group (P < 0.05). 147 

Administration of onion extract reduced MDA levels in all treatment groups (P < 0.05) (Figure 148 

3). 149 

The effects of onion extract on density of neurons 150 

 151 



The degree of neuronal damage in SNpc and CA1 was evaluated by Nissl staining. In the sham 152 

group, SNpc and CA1 neurons appeared unaffected and showed round and pale-stained nuclei. 153 

In contrast, many neurons in the PD group showed an aberrant morphology with shrunken cell 154 

bodies, chromosome condensation and nuclear pyknosis. The administration of onion extract 155 

reduced the number of degenerating neurons and significantly preserved the intact structure of 156 

neurons (p < 0.0001) (Figures 4 A and B). 157 

 158 

Discussion 159 

We evaluated the effects of the administration of ethanolic extract of onion on learning and 160 

memory abilities, histological changes and brain MDA in animal model of PD induced by 6-161 

OHDA. Our results showed that administration of onion reversed learning and memory deficits 162 

in PD rats. To the best of our knowledge, the current study is the first to report the effects of 163 

administration of onion on PD. The beneficial effects of onion on the nervous system were seen 164 

in other behavioral studies. For example, Shir et al. [15] found that administration of onion 165 

significantly improved learning and memory performances in animal model of ischemia. In our 166 

previous study, we found that onion extract corrected cognitive dysfunction in animal model of 167 

diabetes [16]. The Liliaceae family includes onion and garlic [24]. Garlic also has beneficial 168 

effects on the functioning of the nervous system. In a study by Haider et al. [25], a significantly 169 

increased memory capacity was observed following the administration of garlic extract. In 170 

addition, diabetic rats treated with garlic extract demonstrated reversing of memory impairment 171 

[26]. 172 

 173 



Oxidative stress, an imbalance between the production of reactive oxygen species and the 174 

activities of antioxidant scavenging, is caused by the induction of PD through the injection of 6-175 

OHDA in rodents. This mechanism has a critical role in cognitive dysfunction [27]. The current 176 

study demonstrates that the administration of onion ethanolic extract significantly decreases 177 

MDA in the brain. Similar to the findings of the current study, Hyun et al. [28] found that the 178 

administration of onion extract significantly increased the antioxidant capacity in ischemic mice. 179 

In addition, onion reduced MDA in rats with cardiac ischemia [29]. Onion is rich in flavonoid 180 

and polyphenol compounds, including quercetin and rutin [30], which may act as scavengers of 181 

oxidative stress [31, 32]. In addition, previous studies have shown that the flavonoid and 182 

phenolic compounds in onion may result in reduced cell apoptosis or neuronal death by the 183 

inhibition of c-Jun N-terminal kinases (JNKs) pathways following the control of oxidative stress 184 

[33]. 185 

Our histological study confirmed the behavioral results in which the number of neurons in the 186 

SNpc and CA1 were decreased in the animals with PD. Lower decrease was, however, seen in 187 

the number of neurons in the onion-treated groups. Hwang et al. found that the administration of 188 

onion and quercetin significantly prevented the neuronal damage of CA1 in the animal model of 189 

ischemia [19]. In another study, onion and quercetin decreased neuronal death by the inhibition 190 

of oxidative stress [34]. The administration of quercetin also reduced neuronal damage in the 191 

different regions of the hippocampus in PD rats [35]. It seems, through controlling the oxidative 192 

stress, the onion extract treatment may prevent neuronal death in different area of brain specially 193 

SNpc and CA1 in PD rats. 194 



The current study did, however, have certain limitations. Owing to budgetary constraints, we 195 

could not assess the beneficial effects of onion on inflammatory cytokines and apoptosis as well 196 

as phytochemical analysis of extract.  197 

 198 

Conclusion 199 

Our findings show that the administration of onion ethanolic extract in animal models of PD has 200 

beneficial effects on learning, memory, MDA, and histological parameters. The onion could be a 201 

new nutrition strategy and essential part of the food diet for preventing PD. 202 
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Figure Legends 

 

 

Figure 1. Effects of ethanolic extract of onion on latency to escape in Morris water-maze. The 

data are expressed as Mean ± SEM. The significance was determined by the two-way repeated 

measures analysis of variance (ANOVA) followed by the Bonferroni post hoc test (n = 10).  

OE: Onion extract, PD: Parkinson’s disease, SH: Sham 
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Figure 2. Effects of ethanolic extract of onion on the time elapsed by the rats in the correct 

quadrant in the probe trial test. The data are expressed as Mean ± SEM. The significance was 

determined by one-way ANOVA, followed by the Bonferroni post hoc test: * The difference 

between PD and other groups: P < 0.05 (n = 10). 

OE: Onion extract, PD: Parkinson’s disease, SH: Sham 
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Figure 3. Effects of ethanolic extract of onion on the MDA concentration in the midbrain and 

the hippocampus. The data are expressed as Mean ± SEM. Significance was determined by the 

one-way ANOVA test followed by the Bonferroni post hoc test: * Difference between PD and 

other groups: P < 0.05 (n = 6). 

 

 



 310 

Figure 4A. Effect of onion extract on neuronal damage in SNpc of the animal model of PD. The 311 

administration of onion extract decreased the neuron loss induced by 6-OHDA. The numbers of 312 

surviving neurons in the SNpc are given as a percentage of the total cells (* P < 0.05 vs. PD 313 

group, n=4). 314 

 315 



 316 

 317 

Figure 4B. Effect of onion extract on neuronal damage in the CA1 of the animal model of PD. 318 

Administration of onion extract decreased the neuron loss induced by 6-OHDA. The numbers of 319 

surviving neurons in the CA1 are given as a percentage of the total cells (* P < 0.05 vs. PD 320 

group, n=4). 321 
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