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Abstract 
Objective: Medicinal plants have attracted global attention due to 

their safety as well as their considerable antioxidant content that 

helps to prevent or ameliorate various disorders including memory 

impairments. This study was conducted to investigate the effect of 

beet root (Beta vulgaris) leaf extract on scopolamine-induced 

spatial memory impairments in male Wistar rats. 

Materials and Methods: Male Wistar rats were randomly divided 

into 5 groups (n=10): Control (C), scopolamine 1 mg/kg/day (S), 

scopolamine+50 mg/kg B. vulgaris leaf extract (S+B 50), 

scopolamine+100 mg/kg B. vulgaris leaf extract (S+B 100) and 

scopolamine+200 mg/kg B. vulgaris leaf extract (S+B 200). 

Morris water maze task was used to assess spatial memory. Serum 

antioxidant capacity and malondialdehyde (MDA) level were also 

measured. 

Results: Group S spent significantly less time in the target 

quadrant compared to the control group, and the administration of 

B. vulgaris leaf extract (100 and 200 mg/kg) significantly 

increased this time (p<0.05). Scopolamine decreased serum 

antioxidant capacity and increased serum MDA level yet 

insignificantly. B. vulgaris extract (200 mg/kg) significantly 

increased the antioxidant capacity and decreased serum MDA 

level in scopolamine-treated rats (p<0.05). 

Conclusion: Our results suggested that B. vulgaris leaf extract 

could ameliorate the memory impairments and exhibited 

protective effects against scopolamine-induced oxidation. Further 

investigation is needed to isolate specific antioxidant compounds 

from B. vulgaris leaf extract with protective effect against brain 

and memory impairments.  

 

Please cite this paper as:  

Hajihosseini S, Setorki M, Hooshmandi Z. The antioxidant activity of Beta vulgaris leaf extract in improving 

scopolamine-induced spatial memory disorders in rats. Avicenna J Phytomed , 2017; 7 (5): 417-425. 

 

Introduction 
Learning and memory play key roles in 

daily human life. Learning is the basis of 

all teaching and training programs. By 

identifying compounds that can improve 

these two processes, mental and memory 

status can be greatly improved. Studies 

showed that many drugs can affect 

memory and learning, for example, 
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cholinergic drugs have a positive effect on 

memory, while anticholinergic and 

anesthetic drugs have negative effects on 

memory (Uttara et al., 2007; Moopanar et 

al., 2005; Hosseini et al., 2015). 

Scopolamine is an anticholinergic drug 

that blocks the action of acetylcholine 

within the nervous system. It has also been 

shown that scopolamine-induced 

cholinergic blockade induces significant 

memory impairment. Scopolamine 

administration is also associated with 

enhanced brain oxidative stress (Warner et 

al., 2004). 

High rate of reactive oxygen species 

and free radicals production due to 

oxidative stress can lead to peroxidation of 

biomolecules such as lipids, proteins and 

damage to DNA that cause memory 

impairments (Sulakhiya et al., 2016) Brain 

tissue is more sensitive to the effect of free 

radicals due to its high oxygen demands, 

abundant lipid content, and relative paucity 

of antioxidant enzymes compared to other 

organs (Rasoolijazi et al., Vincent et al., 

2004). 

The use of medicinal plants with high 

levels of antioxidant components is one of 

the most efficient ways to minimize the 

adverse effects of free radicals and treat 

diseases. While synthetic drugs may be 

unsafe for human and the environment, 

medicinal plants and their derivatives are 

growingly accepted worldwide due to their 

safety (Sulakhiya et al., 2016; Zaidi et al., 

2014). In this regard, it has been frequently 

shown that antioxidant agents reverse 

scopolamine-induced memory 

impairments (Hosseini et al., 2015; Yang 

et al., 2009).  

Beetroot (Beta vulgaris) is a plant from 

the family Chenopodiaceae. B. vulgaris is 

native to Mediterranean regions and is 

extensively cultivated in different 

countries including Iran (Sulakhiya et al., 

2016). Roots and leaves of B. vulgaris are 

used in traditional medicine, to treat 

different diseases. B. vulgaris leaves have 

diuretic, purgative, laxative, and 

aphrodisiac activity (Sulakhiya et al., 

2016; Jain et al., 2011; El Gamal et al., 

2014). B. vulgaris leaves contain various 

phytoconstituents such as betalains, 

flavonoids, polyphenols, vitamins, and 

minerals (Sulakhiya et al., 2016; Jain et al., 

2012; Bolkent et al., 2007; Mroczek
  
et al., 

2012). B. vulgaris leaves have antioxidant, 

anticancer, hepatoprotective, 

nephroprotective, wound healing, and 

anti‑inflammatory activities (Sulakhiya et 

al., 2016; El Gamal et al., 2014; Babu et 

al., 2010; Jain et al., 2011;  Sacan
  

et al., 

2010), but its potential neuroprotective 

effects have not yet been tested. 

Considering the important role of 

reactive oxygen species and free radicals 

in brain oxidative damage and memory 

impairments as well as the antioxidant 

potential of B. vulgaris leaf extract, this 

study was conducted to evaluate the effect 

of B. vulgaris leaf extract on scopolamine-

induced brain tissue damage in rats.  

 

 

Materials and Methods 
Preparation of ethanolic B. vulgaris leaf 

extract 

Fresh B. vulgaris leaves were shade-

dried, pulverized, and macerated with 97% 

ethanol for 5 hr. The resulting extract was 

then filtered, and the filtrate was 

concentrated and dried using vacuum 

distillation at 40°C (Al-Jassabi et al., 

2013) 

 

Determination of antioxidant activity of 

B. vulgaris leaf extract 

Briefly, 2 ml of B. vulgaris leaf extract 

or butylated hydroxytoluene (BHT) at 

different concentrations (prepared in 

ethanol) were added to 2 mL of DPPH
1
 

solution (0.1 Mm in ethanol). After 15 min 

at room temperature in the dark, the 

absorbance of samples were measured at 

517 nm wavelength. The mixture of 

ethanol (2 mL) and DPPH solution (2 mL) 

served as control. The scavenging activity 

                                                           
1 1,1-Diphenyl-2-picryl-hydrazyl 
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percentage was determined by the 

following equation (Rabiei et al., 2014) 

 

(AA%) = 100 × (Acontrol-Asample)/Acontrol 

AA; scavenging activity 

Acontrol: absorbance of control 

A samples: absorbance of samples 

 

Determination of total phenolic content 

of B. vulgaris leaf extract 

Briefly, 0.1 ml of diluted extract (0.01 g 

in 10 ml of 60°C methanol) was mixed 

with 0.5 ml of Folin-Ciocalteu reagent. 

After 3-5 min, 0.4 mL of 7.5% sodium 

carbonate solution was added to the 

mixture and left at room temperature for 

30 min. The mixture absorbance was 

measured at 750 nm wavelength against 

distilled water blank. A standard 

calibration curve was plotted using 

different concentrations of gallic acid. The 

phenolic content was expressed as “mg 

gallic acid equivalents (GAEs)/g of the 

sample” (Rabiei et al., 2014). 

 

Determination of total flavonoid 

contents of B. vulgaris leaf extract 

The total flavonoid content of B. 

vulgaris leaf extract was determined using 

colorimetric method. The diluted extract 

(0.5 ml) was mixed with 0.5 ml of 2% 

aluminum chloride and 3 ml of 5% 

potassium acetate. After 40 min of 

incubation at room temperature, the 

absorbance of the reaction mixture was 

measured at 415 nm wavelength. A 

standard curve was prepared using 

different concentrations of rutin solution. 

The total flavonoid content was expressed 

as “mg of rutin equivalents/g of dried 

extract” by using a standard curve of rutin 

(Rabiei et al., 2014). 

 

Determination of total flavonolic content 

of B. vulgaris leaf extract 

The diluted extract (0.1 ml) was mixed 

with 0.5 ml of 2% aluminum chloride and 

3 ml of 5% potassium acetate and left at 

room temperature for 2.5 hr. After 

incubation, the mixture absorbance was 

measured at 415 nm wavelength. Total 

flavonolic content was expressed in terms 

of rutin equivalent (mg/g), which is a 

common reference compound (Rabiei et 

al., 2014). 

 

Animals and treatments 

Adult male Wistar rats (weighing 200–

250 g) were kept in experimental animal 

care center of Islamic Azad University of 

Sanandaj, Sanandaj, Iran. Rats were 

maintained under standard laboratory 

conditions of 25 ± 2°C temperature and 55 

± 5% humidity with 12 hr light-dark cycle 

with free access to water and standard 

laboratory food. The rats were randomly 

divided into 5 groups of 10 each. Control 

group (C) received distilled water alone 

intraperitoneally (ip); scopolamine-treated 

group (S) received distilled water 30 min 

after scopolamine injection (1 mg/kg/day, 

ip); Extract-treated groups received B. 

vulgaris leaf extract (50, 100, and 200 

mg/kg/day, ip) 30 min after scopolamine 

injection for 14 days. The doses of 

scopolamine and B. vulgaris extract were 

selected based on the previous studies 

(Hosseini et al., 2015; Sulakhiya et al., 

2016) 

After treatment, spatial memory task 

was performed using Morris water maze. 

Then, the animals were put under deep 

anesthesia using chloral hydrate and then, 

cardiac blood samples were collected. The 

blood samples were centrifuged and their 

serum was isolated. Then, the biochemical 

analysis was carried out. 

 

Spatial memory 

To evaluate spatial memory, the rats 

were tested in Morris water maze which is 

a black circular tank with a diameter of 

136 cm and height of 60 cm high, filled 

with 24 ± 1°C water to a depth of 25 cm. 

A hidden circular platform (diameter: 10 

cm) was located in the center of the 

Southwest quadrant and submerged 1 cm 

below the surface of the water. The maze 

was located in a room containing many 

visual cues such as bookshelves, 
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refrigerator, and poster. Each rat 

experienced two sessions of four trials per 

day for 5 consecutive days. During each 

trial, the rats were individually placed in 

the pool and released in the release 

positions randomly determined for each 

trial by computer. The rats were allowed to 

swim until they found the platform and 

remained on it for 30 s. If 60 s passed and 

the rats did not find the platform, they 

were gently guided to the platform. After 

each session, the rats were returned to their 

cages for resting. The time latency to reach 

the platform was recorded by a video 

tracking system. On day 5, to conduct a 

probe trial, platform was elevated above 

the water surface and time spent by the rats 

in the target quadrant (Q1) where platform 

was located, was recorded on days 1–4 

(Gray et al., 2003). 

 

Measurement of serum antioxidant 

capacity 

Three solutions were used to measure 

serum antioxidant level: Solution 1 

consisted of 1.5 ml of sodium acetate and 

8 ml of concentrated acetic acid, diluted to 

500 mL with distilled water; solution 2 

consisted of 270 mg of iron (III) chloride, 

dissolved in 50 ml of distilled water and 

solution 3 consisted of 47 mg of Treeazin, 

dissolved in 40 ml ofHCl. Working 

solution was prepared by mixing 10 ml of 

solution 1, 1 ml of solution 2 and 1 ml of 

solution 3. Thereafter, 25 μl of serum 

samples was added to 5.1 ml of the 

working solution. The resulting mixture 

was incubated at 37°C for 15 min; then, 

the absorbance was measured at 593 nm 

wavelength (Rabiei et al., 2014). 

 

Measurement of serum 

malondialdehyde (MDA) level 

Briefly, 50 μL of the sera was mixed 

with 50 μL of 0.05% BHT, 400 μL of 0.44 

M H3PO4 and 100 μL of 42 Mm TBA. The 

mixture was vortexed and then, heated in a 

boiling water bath for 1 hr.  After cooling 

at 0℃ for 5 min, 250 μL of n-butanol was 

added to the mixture, vortexed, and then, 

centrifuged at 14000 rpm for 5 min. The 

supernatant absorbance was measured at 

532 nm wavelength (Biondo et al., 2014; 

Rabiei et al., 2014)  

 

Statistical analysis 

SPSS 18 was used to conduct data 

analysis. All data were expressed as 

mean± SD. One-way ANOVA followed by 

Duncan's test was used to compare the 

means among experimental groups. A 

p<0.05 was considered statically 

significant. 

 
 

Results 
Standardization of B. vulgaris leaf 

extract 

To standardize the plant extract, total 

phenolic flavonoid and flavonol 

compounds present in B. vulgaris leaf 

extract were measured. Total phenolic 

content of B. vulgaris leaf extract was 51 

mg/g GAE expressed as mg phenol/g of 

dry matter. Total flavonoid and flavonolic 

contents were 17.3 mg/g and 2.5 mg/g, 

respectively, expressed as mg rutin 

equivalent/g of dry matter. The percentage 

of DPPH radical scavenging of extract is 

shown in Table 1.  

 
Table 1:  DPPH radical scavenging activities for 

various concentrations of Beta vulgaris leaf extract. 
samples concentration % of DPPH radical 

scavenging 

Beta vulgaris 

leaf extract 10 

20 

50 

100 

250 
 

10.39 

18.01 

21.93 

39.95(IC50) 

81.52 
 

 

Morris Water Maze Test 

The time spent in the target quadrant 

during the 60-sec probe trial is illustrated 

in Figure 1. The control group spent 

significantly more time in the target 

quadrant (when the hidden platform was 

there during the previous days) compared 

to the scopolamine-treated group (p<0.05). 

Administration of B. vulgaris leaf extract 
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at 100 and 200 mg/kg doses significantly 

increased the time spent in target quadrant 

in comparison with the scopolamine group 

(p<0.05). 

The latencies to reach the platform 

during 4 consecutive days are shown in 

Figure 2.  In the control group, the latency 

to find the platform during 4 consecutive 

days were shorter than scopolamine-

treated group yet insignificantly. 

Treatment with B. vulgaris leaf extract at 

doses of 50, 100 and 200 mg/kg resulted in 

shorter latency time compared to the 

scopolamine group during the study period 

yet insignificantly. In rats treated with B. 

vulgaris extract at 200mg/kg, the latency 

to reach the platform on day 3 was 

significantly lower than that in 

scopolamine-treated rats (p<0.05). 

 

Effect of B. vulgaris leaf extract on 

serum antioxidant capacity 

As Figure 3 illustrates, there was no 

significant difference in serum antioxidant 

capacity between control and scopolamine-

treated rats. Administration of B. vulgaris 

leaf extract at concentrations of 50, 100 

and 200 mg/kg to scopolamine-treated rats, 

increased serum antioxidant capacity, and 

the difference was significant at the dose 

of 200 mg/kg compared to the 

scopolamine group (p<0.05). 

 

Effect of B. vulgaris leaf extract on 

serum MDA level 

The effect of B. vulgaris leaf extract on 

serum MDA level in rats is shown in 

Figure 4. The scopolamine-treated rats 

presented higher serum MDA levels when 

compared to control group (p>0.05). 

Administration of B. vulgaris leaf extract 

50, 100 and 200 mg/kg decreased serum 

MDA level in comparison with 

scopolamine group, and 200 mg/kg of B. 

vulgaris leaf extract caused the lowest 

serum MDA level with a significant 

difference compared to other 

concentrations. 

 

 

 

 
Figure 1. The time spent in target quadrant during the probe trial; the data are expressed as mean ± SD; n = 10 in each group; 
SCO+BV= scopolamine+ B. vulgaris. * shows significant difference compared to control group (*P<0.05); + shows 

significant difference compared to scopolamine group (+++p<0.001; +P<0.05).  
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Figure 2. Comparison of latency time (sec) to find the platform among different experimental groups; the data are expressed 

as mean ± SD; n = 10 in each group; SCO+BV= scopolamine+ B. vulgaris. + Shows significant difference compared to 

scopolamine group (+P<0.05) 

 

 
 

Figure 3. The effect of Beta vulgaris leaf extract on serum antioxidant capacity; the data are expressed as mean ± SD; n = 10 

in each group; SCO+BV= scopolamine+ B. vulgaris;+ shows significant difference compared to scopolamine group. 

 

 
Figure 4. The effect of Beta vulgaris leaf extract on serum MDA level in rats; the data are expressed as mean ± SD; n = 10 in 

each group; SCO+BV= scopolamine+ B. vulgaris; + shows significant difference compared to scopolamine group. 

            Control                      SCO                       SCO+BV50            SCO+BV100           SCO+BV200 

Control                             SCO                         SCO+BV50            SCO+BV100           SCO+BV200 
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Discussion 
The results of the present study indicated 

that scopolamine led to learning and 

memory impairments in rats as assessed by 

Morris water maze test. This result is in 

agreement with the previous studies 

(Chuong et al., 2014; Rabiei et al., 2015). 

Scopolamine is considered a cholinergic 

antagonist which interferes with the 

transmission of acetylcholine in the central 

nervous system leading to memory deficits 

(Misane et al., 2003). 

The results also indicated that the 

treatment of scopolamine-treated rats with 

B. vulgaris leaf extract at 100 and 200 

mg/kg significantly increased the time spent 

in target quadrant of Morris water maze 

(p<0.05). B. vulgaris extract (100 mg/kg) 

also significantly increased latency to reach 

the platform on day 3. These results showed 

the protective effects of B. vulgaris extract 

on scopolamine-induced memory deficits.  

The results of the present study showed 

that scopolamine resulted in reduction of 

serum antioxidant capacity, but it increased 

serum MDA levels yet insignificantly. These 

results are in agreement with studies that 

reported increased levels of MDA after 

treatment with scopolamine (Rabiei et al., 

2015; Wilson, 1997). Increase in MDA, the 

most well-known secondary product of lipid 

peroxidation, is a valid marker for in vivo 

lipid peroxidation and can be used to 

determine the severity of oxidative damage 

to cells and tissues (Grotto et al., 2009) 

In our study, administration of B. vulgaris 

leaf extract at 200 mg/kg significantly 

increased the antioxidant capacity and 

decreased serum MDA levels compared to 

scopolamine group. Jain et al. (2012) also 

reported that treatment with B. vulgaris leaf 

extract significantly decreased hepatic MDA 

level and increased GSH, suggesting that the 

antioxidant effect of B. vulgaris leaf extract 

plays an important protective role against 

ethanol-mediated toxicity (Jain et al., 2012). 

B. vulgaris leaf also could improve 

antioxidant status in mice fed with high-fat 

diet (Jain et al., 2012). The results of this 

study indicated that B. vulgaris leaf extract 

exhibited protective activity against the 

adverse effects of scopolamine; therefore, it 

could reduce the brain damage and improve 

brain and memory activities in scopolamine-

treated rats. These findings may be 

associated with antioxidant activity of B. 

vulgaris leaf extract and inhibition of 

oxidative stress in the rats' brains. 

In the present study, we observed that B. 

vulgaris leaf extract at 100 µg/ml could 

inhibit 39.95% of DPPH radicals that 

reached 81% when the dose of 250 µg/ml of 

this extract was administered. These results 

indicate remarkable antioxidant and free 

radical-scavenging activity of B. vulgaris 

leaf extract which is comparable to those of 

other antioxidant agents. The free radical-

scavenging activity of B. vulgaris leaf 

extract can be due to the presence of 

bioactive compounds with antioxidant 

properties such as polyphenols, flavonoids, 

and vitamin C. The total phenolic content in 

this plant was 51 mg GAE/1 g of the dried 

extract. Jain et al., (2012) reported that the 

main constituents of B. vulgaris leaf are 

sterols, triterpenoids, phenols, tannins, 

flavonoids, alkaloids, glycosides, and 

saponins (Jain et al., 2012). Polyphenols, 

flavonoids, saponins, glycolipid, 

phospholipids, fatty acids, folic acid, and 

ascorbic acid are some of the major 

components of B. vulgaris leaf extract that 

give antioxidant property to this extract. In 

addition, folic acid, iron, calcium, 

phosphorus, zinc, and vitamins A, B, and C 

can play important roles in brain 

development and motor function (Bolkent et 

al., 2007; Mroczek et al., 2012; Mokhtari-

Dehkordi et al., 2014). Sulakhiya  et al., 

(2016) reported that B. vulgaris leaf extract 

had desirable effect on depression which 

was attributed to the high levels of 
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antioxidant compounds such as polyphenols 

(betalains and betaine), flavonoids, and 

vitamin C in B. vulgaris leaf.  

The protective effect of B. vulgaris leaf 

extract on scopolamine-induced memory 

impairment may be related to increases in 

acetylcholine levels in the brain. We found 

no previous study on cholinergic effect of B. 

vulgaris leaf extract; therefore, it is 

recommended to further evaluate the 

cholinergic effect of B. vulgaris extract. 

The results of this study indicated that B. 

vulgaris leaf extract exhibited protective 

activity against scopolamine-induced brain 

and memory impairments. This effect may 

be associated with increased activity of 

antioxidant defense system and inhibition of 

oxidative stress in the brains of rats. B. 

vulgaris leaf extract can be used as a 

beneficial medicinal herb for improving 

brain and memory complications due to high 

levels of polyphenolic antioxidant 

compounds. 

 

Conflict of interest  

The authors have no conflicts of interest 

to declare. 

 

 

References 
Al-Jassabi S, Abdullah M. 2013. Purification 

and characterization of antioxidant fractions 

from Zizyphus spina-christi. Fruits, 5: 13-24.  

 Babu VA, Gowri R. 2010. Evaluation of 

antioxidant activity of Beta vulgaris root 

extract in rats. Asian J Chem, 22: 3385-90. 

BiondoI PB,  BoeingI SJ,  BarizãoI EO, SouzaII 

NE,  MatsushitaI M, OliveiraI C, BoroskiI M, 

VisentainerI JV. 2014. Evaluation of beetroot 

(Beta vulgaris L.) leaves during its 

developmental stages: a chemical 

composition study. Food Sci Technol, 34: 94-

101. 

Bolkent Ş, Yanardağ R, Tabakoğlu-Oğuz A, 

Özsoy-Saçan Ö. 2007. Effects of chard (Beta 

vulgaris L. var. cicla) extract on pancreatic B 

cells in streptozotocin-diabetic rats: a 

morphological and biochemical study. J 

Ethnopharmacol, 73: 251-259. 

Chuong NN, Trung BH, Luan TC, Hung TM, 

Dang NH, Dat NT. 2014. Anti-amnesic effect 

of alkaloid fraction from Lycopodiella cernua 

(L.) Pic. Serm. on scopolamine-induced 

memory impairment in mice. Neurosci lett, 

575:42-46. 

El Gamal AA, AlSaid MS, Raish M, Al-

Sohaibani M, Al-Massarani SM, Ahmad A, 

et al. 2014. Beetroot (Beta vulgaris L.) 

extract ameliorates gentamicin-induced 

nephrotoxicity associated oxidative stress, 

inflammation, and apoptosis in rodent model. 

Mediators Inflamm, 22: 133-145. 

Gray C, Nukada H, Jackson DM, McMorran PD, 

Wu A, Ma F. 2003. Neuroprotective effects 

of nitrone radical scavenger S-PBN on 

reperfusion nerve injury in rats. Brain Res, 

982:179-185. 

Grotto D, Maria LS, Valentini J, Paniz C, 

Schmitt G, Garcia SC  . 2009. Importance of 

the lipid peroxidation biomarkers and 

methodological aspects for malondialdehyde 

quantification. Quimica Nova, 32:169-174. 

Hosseini M, Mohammadpour T, Karami R, 

Rajaei Z, Sadeghnia HR, Soukhtanloo M. 

2015. Effects of the hydro-alcoholic extract 

of Nigella Sativa on scopolamine-induced 

spatial memory impairment in rats and its 

possible mechanism. Chinese J Integ Med, 

21: 438-444. 

Jain NK, Singhai AK. 2012. Protective role of 

Beta vulgaris L. leaves extract and fractions 

on ethanol-mediated hepatic toxicity. Acta 

Pol Pharm, 69: 945-950. 

Jain S, Garg VK, Sharma PK. 2011. Anti-

inflammatory activity of aqueous extract of 

Beta vulgaris L. J Basic Clin Pharm, 2: 83-

89. 

Misane I, Ogren SO. 2003. Selective 5-HT1A 

antagonists WAY 100635 and NAD-299 

attenuate the impairment of passive 

avoidance caused by scopolamine in the rat. 

Neuropsychopharmacol, 28:253-264. 

Mokhtari-Dehkordi S, Hojjati M, Rouhi L, 

Rabiei Z, Alibabaei Z. 2014. Effect of 

ethanolic extract of beet roots and leaves on 

motor coordination in male Wistar rats. J 

Shahrekord Uni Med Sci, 16: 14-23. 



Beta vulgaris extract ameliorates spatial memory impairments 

 AJP, Vol. 7, No. 5, Sep-Oct 2017                                             425 

Moopanar TR, Allen DG. 2005. Reactive 

oxygen species reduce myofibrillar Ca2+ 

sensitivity in fatiguing mouse skeletal muscle 

at 37 C. J Physiol, 564: 189-199. 

Mroczek A, Kapusta I, Janda B, Janiszowska W. 

2012. Triterpene saponin content in the roots 

of red beet (Beta vulgaris L.) cultivars. J 

Agric Food Chem, 60: 12397-12402. 

Rabiei Z, Alibabaei Z, Rafieian-Kopaei M. 

2015. Determining the Antioxidant properties 

of chamomile and investigating the effects of 

chamomile ethanol extract on motor 

coordination  disorders in rats. J Babol Univ 

Med Sci, 17:44-50. 

Rabiei Z, Rafieian-kopaei M, Heidarian E, 

Saghaei E, Mokhtari S. 2014. Effects of 

Zizyphus jujube extract on memory and 

learning impairment induced by bilateral 

electric lesions of the nucleus basalis of 

meynert in rat. Neurochem Res, 39:353-360. 

Rasoolijazi H, Mehdizadeh M, Soleimani M, 

Nikbakhte F, Farsani ME, Ababzadeh S. 

2015. The effect of rosemary extract on 

spatial memory, learning and antioxidant 

enzymes activities in the hippocampus of 

middle-aged rats. Med J Islam Repub Iran, 

29:187-193. 

Sacan O, Yanardag R. 2010. Antioxidant and 

antiacetylcholinesterase activities of chard 

(Beta vulgaris L. var. cicla). Food Chem 

Toxicol, 48: 1275-1280. 

Sulakhiya K, Patel VK, Saxena R, Dashore J, 

Srivastava AK, Rathore M. 2016. Effect of 

Beta vulgaris Linn. leaves extract on anxiety-

and depressive-like behavior and oxidative 

stress in mice after acute restraint stress. 

Pharm Res, 8: 11-12. 

Uttara B, Singh AV, Zamboni P, Mahajan RT. 

2007. Oxidative stress and neurodegenerative 

diseases: A review of upstream and 

downstream antioxidant therapeutic options. 

Current Neuropharmacol, 7: 65-74. 

Vincent AM, Russell JW, Low P, Feldman EL. 

2004. Oxidative stress in the pathogenesis of 

diabetic neuropathy. Endoc Rev, 25: 612-28. 

Warner DS, Sheng H, Batinić-Haberle I. 2004. 

Oxidants, antioxidants and the ischemic 

brain. J Exp Biol, 207: 3221-31. 

Wilson JX. 1997. Antioxidant defense of the 

brain: a role for astrocytes. Canadian J 

Physiol Pharmacol, 75: 1149-63. 

Yang MH, Yoon KD, Chin Y-W, Park JH, Kim 

SH, Kim YC, et al. 2009. Neuroprotective 

effects of Dioscorea opposita on 

scopolamine-induced memory impairment in 

in vivo behavioral tests and in vitro assays. J 

Ethnopharm, 121:130-134. 

Zaidi SK, Hoda MN, Tabrez S, Ansari SA, Jafri 

MA, Shahnawaz Khan M. 2014. Protective 

effect of Solanum nigrum leaves extract on 

immobilization stress induced changes in 

rat’s brain. J Evid Based Complementary 

Altern Med, 3: 22-34.  

 
 


