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Bisphenol A (BPA) is one of the highest volume chemicals produced worldwide, which is used in many plastic 

industries. The present study aimed to evaluate the effect of BPA on cognitive functions and oxidative stress, and 

determine whether the naringin (NG) co-administration can modify the effect of this compound on cognitive 

functions and inhibit any possible oxidative stress in the brain tissue of rats. Adult male Wistar rats were divided 

into six groups. Group I: control, Group II: BPA-treated rats (50 mg/kg/day), Group III, IV, V: BPA+NG (40, 

80, 160 mg/kg/day), Group VI: NG (160 mg/kg/day) alone. Cognitive functions were evaluated using step-down 

latency (SDL) on a passive avoidance apparatus, and transfer latency (TL) in elevated plus-maze. A significant 

decrease in SDL, prolongation of TL, noticeable oxidative impairment and increase in acetylcholinesterase 

activity were observed in the BPA-treated in comparison with the control group. Also, the co-administration of 

NG (160 mg/kg) antagonized the effect of BPA on SDL and TL, attenuated oxidative damage by lowering 

malondialdehyde and nitrite concentrations and restored superoxide dismutase, catalase, and glutathione S-

transferase activities. On the other hand, acetylcholinesterase activity was reduced in the groups co-administred 

with NG (80 or 160 mg/kg) and BPA in comparison with the BPA alone-treated group. The present study 

highlighted the therapeutic potential of NG against BPA-induced cognitive impairment and oxidative damage. 
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isphenol A (2, 2-bis(4- hydroxyphenyl) 

propane; BPA), an estrogenic endocrine 

disrupting chemical, is used in several plastic 

consumer products, such as toys, water tubes, 

drinking containers, eyeglass lenses, sport 

equipment, dental monomers, and medical 
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equipment. BPA can easily leach out from the 

polycarbonate plastics, either during heating, 

storage, brushing and dishwashing of cans or via 

contact with basic and acidic substances (1). 

In humans, there is a relationship between 

BPA levels in blood and metabolic disorders, 

including type 2 diabetes, abnormal liver functions, 

prostate and breast cancers, endometrial 

hyperplasia, polycystic ovarian syndrome, and 

neurobehavioral problems (e.g., attention deficit 

and hyperactivity disorder) (2). In animal studies, 

there are reports on reduced motility and sperm 

count (3) and stimulation of prolactin hormone 

release due to BPA exposure (4). Moreover, some 

studies have demonstrated the effect of BPA on 

memory in experimental animals. Also, it was 

shown that prenatal and neonatal chronic exposure 

to BPA deteriorated the memory in mice due 

to dysfunction of hippocampus cholinergic system  

(5, 6). 

Oxidative stress has long been associated with 

the pathogenesis of numerous diseases in humans, 

including Alzheimer’s disease, ischemic injury, 

Parkinson’s disease and Down syndrome, all of 

which exert impacts on cognitive functions (7). 

Oxidative stress occurs due to unregulated 

production of free radicals that may cause 

impairment of nucleic acid bases, lipids and 

proteins, leading to cell death.  There is some 

evidence to suggest that BPA utilizes potent 

oxidant activity in several tissues, including kidney, 

liver, brain, and testis in rodents. According to the 

study of Bindhumol et al., BPA treatment induced 

oxidative stress in the liver of rats by diminishing 

antioxidant enzymes and increasing hydrogen 

peroxide and lipid peroxidation (8). Several 

compounds with antioxidative features have been 

evaluated to determine disease-associated oxidative 

stress.  

Naringin (NG) is a flavone dispersed in citrus 

fruits, tomatoes, cherries, grapefruit, and cocoa (9). 

This flavonoid glycoside is recognized as a non-

toxic natural product with many bioactive effects, 

including anti-cancer (10), anti-oxidative (11), anti-

inflammatory (12), nephron-protective (13), and 

hepato-protective activities (14). The protective 

effect of NG against ischemic reperfusion cerebral 

damage has been reported (15). When administered 

orally, NG is metabolized to naringenin (40,5,7-

trihydroxyflavanone), which has been shown to 

have good penetrability through the blood-brain 

barrier (16). Despite several studies on the positive 

effects of NG, its therapeutic potential as a neuro-

protectant against cognitive dysfunction and free 

radical-mediated neurotoxicity has not been 

completely understood. Therefore, this study aimed 

to evaluate the neuro-protective effect of NG 

against BPA-induced cognitive impairment and 

oxidative stress in rats. 

 

Materials and methods 

Animals 

In this experimental study, 36 healthy adult 

male Wistar rats weighing 160-180 g were 

purchased from the animal facility of Ahvaz 

Jundishapur University of Medical Sciences 

(AJUMS). Rats in this study were treated in 

accordance with AJUMS principles and guidelines 

for animal care as reviewed by an ethics committee 

(IR.AJUMS.REC.1395.141) and maintained at 20 

±4 °C with a 12 h light/dark cycle. Moreover, the 

samples were provided with a standard rat pellet 

diet and water ad libitum. 

Experimental design 

Animals were divided into six groups of eight 

rats for each experimental procedure of cognition.  

Group I (control): animals received 1 ml of 

emulsion of olive oil orally for 30 days  

Group II: animals received BPA (50 mg/kg) 

(Sigma-Aldrich Corp., St. Louis, MO, USA) in 

olive oil (1 ml) orally for 30 days.  

Group III, IV and V: animals treated with 

BPA (50 mg/kg) and NG (40, 80 and 160 mg/kg, 

respectively) (Sigma-Aldrich Corp., St. Louis, MO,  
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USA) orally for 30 days. 

Group VI: animals received 160 mg/kg NG 

alone for 30 days orally. 

The doses of BPA and NG were selected 

based on previous studies reported in literature 

(23, 24). 

Assessment of cognition 

Step down latency (SDL) in passive avoidance 

apparatus 

The step-down passive avoidance task is used 

to evaluate state-dependent learning and memory. 

All groups experienced a behavioral process 

examination at 0, 3 and 4 weeks. The apparatus 

consisted of a box made of plexiglass with 

dimensions of 40 _ 30 _ 30 cm and a floor of steel 

bars. Each of the steel bars was 0.3 inches in 

diameter with spacing of 1 cm. A wooden platform 

with dimensions of 4_4_4 cm was provided in the 

center of floor. Electric shocks with a frequency of 

1 Hz at 15 volts for 15 s using a stimulator 

connected to the floor bars transmitted a shock to 

the animals’ hands and feet.  When the animal was 

placed on the podium, the natural tendency of the 

animal was to get down on the floor bars. However, 

animal’s behavior was avoided after receiving 

shock. The step-down latency was considered as 

memory retrieval during training and testing stages. 

In the training phase, animals were slowly placed 

on the wooden platform in the middle of the device, 

and the delay of coming down from the platform 

was recorded by a chronometer. When the rat 

stepped down from the platform and placed all its 

paws on the grid floor, intermittent electric shocks 

were delivered continuously for 15 s. Before ending 

of the shock, the animal was removed. The test 

phase was repeated after 1 h, and the time taken by 

the rat to step down was measured (acquisition of 

memory). The procedure was repeated after 24 h 

without the shock (retention of memory). A cut-off 

time of 180 s was taken, and SDL was taken as 180 

s for the animal that did not step down during this 

period (17). 

Transfer latency (TL) on elevated plus maze 

The elevated plus-maze model was employed 

to evaluate learning and memory in rats, following 

the procedure described by Itoh et al. (18). Rats in 

the plus-maze escaped from the open arm to the 

enclosed arm because rats apparently dislike open 

and high spaces. The time taken for the rats  to 

move from the open arm to the enclosed arm 

(transfer latency) was recorded. The technique, end 

point and criteria for testing learning and memory 

were as per the parameters described by the 

investigators in the area of neuro 

psychopharmacology (15-18). Briefly, the 

apparatus consisted of two open arms (16 x 5 cm) 

and two enclosed arms (16 x 5 x 12 cm). The arms 

were extended from a central platform (5 x 5 cm), 

and the maze was elevated to a height of 50 cm 

from the floor. On the first day, each rat was placed 

at the end of an open arm, facing away from the 

central platform. Transfer latency (TL) is the time 

taken by rat with all its four legs to move into one 

of the enclosed arms. TL was recorded on the first 

day. During the first time of screening, if the animal 

did not enter the closed arm within 180 s, it was not 

included in the experiment. To become acquainted 

with the maze, the animals were allowed to explore 

the maze for 20 s after reaching the closed arm, and 

then returned to their home cage. The learning was 

tested 1 h later on the same day, followed by 

retesting of the animals 24 h after the first training 

day to test their memory retention. A period of 180 

s was considered as a cut-off, and animals not 

entering the closed arm during this period were 

assigned the TL of 180 s (19). 

Evaluation of locomotor activity 

The effect of BPA (50 mg/kg), NG (40, 80 

and 160 mg/kg) or a combination of these 

compounds on the locomotor activity of the animals 

was evaluated using an open field test. The 

apparatus had a floor of 100×100 cm, divided by 

red lines into 25 squares of 20×20 cm with white 

walls (30 cm high). The total number of squares 
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crossed with four paws of the animals (total 

locomotion activity) and the numbers of rearing and 

standing on two hind paws without touching the 

walls (increased exploratory behavior) were 

recorded for 10 min (20). 

Biochemical analysis 

Hippocampus tissue preparation 

At the end of 30 days, the skulls of the rats 

were cut open to expose the brain from the dorsal 

side after cervical dislocation and decapitation of 

the rats. The whole brain was removed, cleaned and 

chilled in ice-cold normal saline. The hippocampus 

region was dissected away from the brain and a 

10% (w/v) homogenate (0.03 M sodium phosphate 

buffer, pH 7.4), was prepared using an Ultra-

Turrax-T25 homogenizer (USA) at a speed of 9500 

rpm. The homogenized tissue preparation was used 

to measure acetylcholinesterase (AChE), reactive 

oxygen species (ROS), catalase, malondialdehyde 

(MDA), glutathione (GSH), and nitrite.  

Estimation of total hippocampal protein 

Total hippocampal protein was estimated 

according to the method of Lowry et al. (21) using 

BSA, as standard.  

ROS level in tissues of hippocampus 

The level of ROS in hippocampus tissue was 

measured using 2, 7-dichlorofluorescin diacetate 

(DCFDA) (Sigma-Aldrich Corp., St. Louis, MO, 

USA), which was converted into fluorescent DCF 

by cellular peroxides. The fluorescence was 

calculated using a fluorometer at 488 nm excitation 

and 525 nm emission wavelength (10, 22). 

GSH in tissue of hippocampus 

The method described by Thomas was used to 

measure the GSH content. The GSH reacts with 

(5,5'-dithio-bis-[2-nitrobenzoic acid]) (DTNB) 

(Merck, Germany) and forms a yellow-colored 

complex nitroblue tetrazolium (NBT). The 

absorbance was read at 412 nm, and the result was 

expressed as µmoles of GSH/mg protein (23, 24).  

Thiobarbituric acid reactive substances 

(TBARS) in tissue of hippocampus 

The level of lipid peroxidation was measured 

in terms of malondialdehyde (MDA) creation. The 

amount of TBARS was calculated using a molar 

extinction coefficient of ɛ= 1.56 × 105 / M/cm and 

was expressed as mol/mg protein (25). 

Catalase activity in tissue of hippocampus 

Catalase (CAT) activity was assayed 

according to the method used by Goth. The 

absorbance was read at 410 nm, and the result was 

expressed as U/mg protein (26). 

Superoxide dismutase in tissue of hippocampus 

The activity of superoxide dismutase (SOD)  

was determined using a xanthine/xanthine oxidase 

system for production of superoxide radical and 

subsequent measurement of cytochrome c as a 

scavenger of the radicals (Beyotime Institute of 

Biotechnology , Jiangsu, China). Furthermore, 

optical density was determined using a 

spectrometer at 550 nm (UV-1601, Shimadzu) (27).  

Measurement of glutathione peroxidase activity  

The activity of glutathione peroxidase 

(GPx)was determined using assay kits (Beyotime 

Institute of Biotechnology, Jiangsu, China). The 

GSH kit utilizes an enzymatic recycling method 

based on the reaction between GSH and DTNB that 

produces a yellow-colored compound (NBT) (28). 

Measurement of acetylcholinesterase activity 

AChE is a marker of loss of cholinergic 

neurons in the forebrain. In this study, the AChE 

activity was assessed via the Ellman method (29). 

Results were expressed as mmol of 

acetylthiocholine iodide hydrolyzed/min/mg 

protein. 

Estimation of nitrite 

The accumulation of nitrite in the supernatant, 

an indicator of the production of nitric oxide, was 

determined by a colorimetric assay with Griess 

reagent (0.1% N-(1-napththyl) ethylene diamine 

dihydrochloride, 1% sulfanilamide, and 5% 

phosphoric acid) (Sigma-Aldrich Corp., St. Louis, 

MO, USA) according to the procedure of Green  

et al. (30).  
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Statistical analysis  

All the results were statistically analyzed 

using Graph Pad Prism (version 5.04) as mean ± 

standard error of mean (SEM). Data distribution 

was normal. The behavioral assessments were 

analyzed by repeated-measures two-way analysis of 

variance (ANOVA). The biochemical estimations 

were analyzed by one way ANOVA. Post hoc 

comparisons between groups were made using 

Tukey’s test. P <0.05 was considered significant.  

 

Results 

 

Table 1. Effect of BPA and NG on final body weight and brain weight to body weight ratio. 

Parameters 

Treatment 

Body weight (g) Brain weight (mg) to body 

weight (g) ratio 

 Control 230.14±3.12 7.11 ± 0.286 

BPA 50 mg/kg 225.20±1.13 6.97 ± 0.241 

BPA 50 mg/kg + NG 40 mg/kg 224±5.7 6.97 ± 0.161 

BPA 50 mg/kg + NG 80 mg/kg 227±4.8 6.84 ± 0.161 

BPA 50 mg/kg + NG 160 mg/kg 229.56±2.02 7.02 ± 0.212 

NG 160 mg/kg 230.44±4.30 7.25 ± 0.245 

Data are mean  SD; n = 8. BPA: Bisphenol A; NG: Naringin. P values were from one-way ANOVA, followed by Tukey’s test for 

multiple comparisons 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Effect of bisphenol A (BPA), and Naringin (NG) on step-down latency (SDL) acquisition and retention. Animals were trained 

on each day prior to assessment of cognition. Animals were tested after 60 min for acquisition and after 24 h for retention of memory. A: 

SDL acquisition; B: SDL retention. Each value was presented as mean ± SEM (n = 8). **: P <0 .001 when compared with normal control 

group; ##:  P < 0 .001 as compared to BPA only group. 
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Body and brain weights. 

The final body weight and brain weight to body 

weight ratio of male rats in the control and 

treatment groups are given in Table 1. In the 

present study, no significant difference in mean 

body weight and brain weight to body weight ratio 

was observed in the treatment groups in comparison 

with the control group 

Effect of BPA and NG treatment on memory 

performance in passive avoidance paradigm 

At the start of the experiment, no significant 

differences were found among the SDL values of 

all experimental groups. A significant reduction in 

both acquisition as well as retention in SDL 

paradigm was observed in the BPA 50 mg/kg 

treated group at weeks 3 and 4 when compared with 

SDL values of both control (P < 0.001) and day 0 of 

BPA -treated groups (P < 0.001) (Figure 1A, B). 

Co-administration of NG (80 and 160 mg/kg) with 

BPA 50 mg/kg significantly (P<0.01 and P<0.001, 

respectively) prolonged the acquisition SDL when 

compared with the BPA 50 mg/kg alone treated 

group. Co-treatment with NG (160 mg/kg) also 

significantly reversed the BPA-induced retention 

deficits. In almost all groups, there was no 

significant difference between the third and fourth 

week (Figure 1). 

Effect of BPA and NG on memory performance 

in the elevated plus maze paradigm 

At day0, no significant difference was found among 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Effect of bisphenol A (BPA), and Naringin (NG) on transfer latency (TL) acquisition and retention. Animals were trained on 

each day prior to assessment of cognition. Animals were tested after 60 min for acquisition and after 24 h for retention of memory. A: TL 

acquisition; B: TL retention. Each value was presented as mean ± SEM (n = 8). **: P < 0.001 when compared with normal control group; 

##:  P < 0.001 as compared to BPA only group.  
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Table 2. The effect of BPA and NG on rearing and total locomotion of rats in open-field test. 

Parameters 

Treatment 

Rearing Total locomotion 

3 weeks 4 weeks 3 weeks 4 weeks 

Control 13.1±3.7           12.8 ±2.3 230.6±14.3       228.6 ±7.3 

BPA 50 mg/kg 12.8±5.7           11.9 ± 1.7 231.6±18.3       224.9 ± 3.7  

BPA 50 mg/kg + NG 40 mg/kg 12.5±2.8           12.3 ± 1.6 228.5±10.3       227.5 ± 12.1 

BPA 50 mg/kg + NG 80 mg/kg 11.9±.4             12.9 ± 2.7 226.4±4.9         230 ± 9.6 

BPA 50 mg/kg + NG 160 mg/kg 13.3±2.7           13 ± 1.6  233.6±11.3       229.9 ± 8.6  

NG 160 mg/kg 13.8±2.7           13.2 ± 3.1  231.6±12.4       230.7 ± 11.4 

Control: emulsion of olive oil; Data are mean  SEM; n = 8. BPA: Bisphenol A; NG: Naringin. P values were from one-way ANOVA, 

followed by Tukey’s test for multiple comparisons 

 

Table 3. Effect of BPA and NG on enzymatic and non-enzymatic antioxidants. 

Gropups 

variables 

Control BPA 50 mg/kg BPA 50 

mg/kg+NG 

40 mg/kg 

BPA 50 

mg/kg+NG 

80 mg/kg 

BPA 50 

mg/kg+NG 

160 mg/kg 

NG 160 

mg/kg 

MDA 

(nmol/mg 

protein) 

1.16 ± 0.02 2.89 ± 0.04*** 2.78 ± 0.06 2.80 ± 0.05 2.61 ± 0.04# 1.2±0.81 

ROS (% of 

control) 

100 ±10.1 197.87±12.61*** 166.65±11.76 141.76±11,6## 117.64±14.7### 94.89±17.1 

GSH 

(nmol/mg 

protein) 

100 ±2.6 25.48 ±5.2*** 24.5 ±5.8 50.25 ±4.8## 72.1 ±3.2### 107.27 

±5.4** 

Catalase 

(µmol/ 

mgprotein) 

50.22±1.34 22.48±3.71*** 22.3±5.8 29.7±2.9# 34.80±8.62## 51.98±1.87 

SOD 

(U/mg 

protein) 

1.7±0.26 1.1±0.49** 1.14±0.49 1.22±0.59 1.32±0.48# 1.77±0.79 

GSH-Px 

(µmol/mg 

protein) 

1.3±0.47 0.9±0.17* 0.9±0.05 1.03±0.07 1.14±0.45# 1.35±0.99 

Data are mean  SD; n = 8. Difference between control and other groups is significant at P < 0.001(***), P < 0.01 (**) and P < 0.05 (*). 

Difference between BPA-treated and other groups is significant at P < 0.001(###), P < 0.01 (##) and P < 0.05 (#). BPA: bisphenol A; 

NG: naringin; MDA: malondialdehyde; ROS: reactive oxygen species; GSH: glutathione; SOD: superoxide dismutase; CAT: catalase; 

GSH-Px: glutathione peroxidase. P values were from one-way ANOVA, followed by Tukey’s test for multiple comparisons. 

 

the TLs of all groups. In the BPA 50 mg/kg treated 

group, a significant (P <0.001) prolongation in both 

acquisition and retention was observed when 

compared with the control group (Figure 2A, B). In 

the present experiment, mean TL on 3 weeks for 

NG groups were relatively stable and showed no 

significant variation. There was a marked reduction 

in TL of BPA-NG (160 mg/kg) group (P <0.001) 

when compared  with  the  BPA  group at 4th week  

(Figure 2A, B). 

Effect of BPA and NG on the locomotor activity 

Chronic  administration of  BPA (50  mg/kg), 

NG (40, 80 and 160 mg/kg, p.o.) or their 

combination did not show any effect on the 

locomotor activity in comparison with the control 

rats at 3 and 4 weeks. Furthermore, NG treatment 

(40, 80 and 160 mg/kg, p.o.) did not cause any 

alteration in the locomotor activity in comparison 
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with the BPA- treated rats at 3 and 4 weeks  

(Table 2). 

Evaluation of enzymatic and non-enzymatic 

antioxidants 

MDA and ROS levels have significantly (P < 

0.05 and 0.001, respectively) increased after BPA 

(50 mg/kg) intoxication, in comparison with the 

normal control rats. The MDA and ROS levels 

significantly decreased when NG (160 mg/kg) was 

given to BPA-intoxicated rats (P < 0.05 and 0.001, 

respectively). No difference was observed in the 

hippocampus MDA and ROS levels of NG (160 

mg/kg), and the control groups (Table 3). 

A significant (P <0.001) decrease was found 

in the hippocampus GSH levels of BPA (50 mg/kg) 

treated group when compared to the control group. 

A significant increase was noted for NG (80 and160 

mg/kg) + BPA treated groups when compared with 

the BPA group (P <0.01 and 0.001, respectively). 

NG antagonized the effect of BPA on GSH.  

The difference between NG (160 mg/kg) alone  

and the control group was found to be statistically  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Effect of bisphenol A (BPA), and Naringin (NG) on nitrite level and AChE activity. A: nitrite level; B: AChE activity. Each 

value was presented as mean ± SEM (n = 8). ***: P < 0.001 when compared with normal control group; ##:  P < 0.01, and ###:  P < 0.001 

as compared to BPA only group. P values were from one-way ANOVA, followed by Tukey’s test for multiple comparisons.  
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significant (P <0.01) (Table 3). 

There was a marked and statistically 

significant decrease in the hippocampus CAT 

activity of te group treated with BPA (P <0.001). 

Treatment with NG attenuated the effect of BPA on 

CAT activity, the difference between BPA alone 

and NG (80 and160 mg/kg) + BPA was found to be 

significant (P < 0.05 and 0.001, respectively). No 

difference was observed in the hippocampus CAT 

activityof NG (160 mg/kg), and the control groups 

(Table 3). 

As illustrated in Table 3, BPA administration 

induced a significant reduction in the hippocampus 

SOD activity in comparison with the control value 

(P<0.01). In contrast, NG (160 mg/kg) co-

administered with BPA induced a significant 

elevation in the hippocampus SOD activity in 

comparison with the BPA treated group (P<0.05) 

(Table 3). 

The enzyme GPx significantly decreased 

(P<0.05) after BPA (50 mg/kg) intoxication, in 

comparison with the normal control rats. However, 

the GPx activity significantly increased (P <0.05) in 

NG (160 mg/kg) BPA co-treatment group, in 

comparison with the BPA-intoxicated rats (Table3). 

Effect of BPA and NG on hippocampus nitrite 

concentration 

BPA (50 mg/kg) administration significantly 

increased nitrite concentration, but chronic NG (80 

and 160 mg/kg, p.o.) administration significantly 

attenuated the rise in nitrite concentration (P<.001). 

However, NG (160 mg/kg, p.o) treatment alone did 

not produce any significant effect on this parameter 

in comparison with the control rats (Figure 3A). 

Effect of BPA and NG on hippocampus AChE 

activity 

Oral BPA (50 mg/kg) administration 

significantly increased AChE activity in 

comparison with the control rats. However, chronic 

oral administration of NG (80 and 160 mg/kg, p.o.) 

treatment significantly attenuated the AChE activity 

in   comparison  with  the  BPA  -  treated  animals 

(P<.001) (Figure 3B). 

 

Discussion 

BPA is one of the most commonly known 

endocrine toxicant released by polycarbonate 

plastics, lining of food cans and dental sealants. 

Humans are repeatedly exposed to BPA owing to 

its extensive availability in the environment. It was 

demonstrated that BPA induces oxidative stress in 

several brain regions and seems to play an 

important role in many degenerative disorders (16). 

It is also known that BPA causes cognitive 

impairment in rodents. It has been described that 

exposure to BPA during the perinatal period affects 

behaviors in the offspring of experimental animals 

(31). Moreover, Miyagawa et al. (5) indicated that 

prenatal and neonatal BPA exposure produced 

memory damage in male pups and decreased 

acetylcholine production in the hippocampus. 

Furthermore, Xu et al. (6) found that perinatal 

exposure to BPA exerted impacts on the normal 

behavioral development in both spatial and 

avoidance memories, affecting the behavior of 

offsprings in adulthood. 

The present study aimed to assess the effect of 

BPA (50 mg/kg /day) alone and in combination 

with NG on cognition. Research tools included 

step-down latency in passive avoidance apparatus 

and transfer latency on elevated plus maze. The 

results indicated that administration of BPA for 30 

days significantly decreased the SDL in passive 

avoidance while increased TL prolonged on 

elevated plus maze, compared to the control group. 

Moreover, we also pointed out for the first time that 

the concomitant administration of NG (80 and 160 

mg/kg) inhibited learning and memory weakening 

induced by BPA toxicity. 

A number of reports suggested the 

involvement of oxidative stress in the 

pathophysiology of many chronic diseases, 

including cancer, diabetes, aging, and other 

degenerative disorders (32). The increased 
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production of free radicals in the brain and other 

tissues is scavenged by antioxidants, such as 

superoxide dismutase, CAT, and GSH-dependent 

enzymes.  

Oxidative damage is considered as a possible 

reason of brain dysfunction since the brain is 

supposed to be mainly susceptible to oxidative 

stress owing to a high rate of oxygen free radical 

generation without appropriate levels of antioxidant 

defenses, compared to other tissues. In particular, 

the brain contains large amounts of phospholipids 

composed of polyunsaturated fatty acid side chains 

with a tendency to peroxidation by oxygen free 

radicals. As described by Negishi et al. (33), BPA is 

capable of penetrating blood-brain barrier and 

damaging the central nervous system.  

In the present study, administration of BPA 

altered the oxidative stress parameters as indicated 

by increasing MDA and ROS levels and decreasing 

GSH level, GPx, CAT and SOD activities in the 

hippocampus tissues of BPA-treated rats, in 

comparison with the control rats. This is in line 

with the data reported by previous studies, which 

demonstrated increased ROS generation in the brain 

and reduction of endogenous antioxidants in the 

liver and epididymal sperm of experimental animals 

after BPA exposure. Obata and Kubota (34) 

described that BPA increased hydroxyl radical 

formation in the striatum of the adult rat. Exposure 

of mice to BPA during embryonic/fetal life and 

during lactation by feeding their pregnant/lactating 

mothers has been established to increase 

thiobarbituric acid-reactive substance levels in the 

brain, kidney, and testis. However, no alteration in 

GSH level has been observed in this regard (8). 

Furthermore, Aydogan et al. (14) reported that 

administration of BPA decreased the level of GSH 

and increased the MDA, indicating oxidative 

damage in the brain of rats. In the present study, 

BPA-treated animals showed significant 

impairment of memory and increased oxidative 

stress, in comparison with the control group. 

Therefore, the increase in oxidative stress could be 

one of the possible mechanisms for the impairment 

of learning and memory observed by the 

administration of BPA. 

Antioxidants are of great importance in terms 

of being therapeutic agents that inhibit disorders 

caused by oxidative stress. On the other hand, NG 

is a bioflavonoid derived from grapefruit and 

related citrus species. According to the literature, 

NG is a potent antioxidant and anti-inflammatory, 

and prevents nitric oxide production (35). Presently, 

significant attention is paid to the effectiveness of 

citrus fruits by researchers due to the fact that their 

intake appears to be associated with decreased risk 

of neurodegenerative diseases.  In the current 

research, chronic administration of NG attenuated 

BPA-induced oxidative damage. However, the 

independent use of NG had no effect on the 

oxidative stress markers in the hippocampus of 

normal animals. Meanwhile, it significantly 

attenuated the rise in lipid peroxidation and nitrite 

levels, and restored the depletion of GSH levels and 

SOD, CAT, and GPx activities. This impact might 

be attributed to its strong antioxidant activity.  

It has been reported that NG can block the 

lipid peroxidation induced by H2O2 (36). GSH is 

an endogenous antioxidant existing in the reduced 

form in the cells. This antioxidant reacts with free 

radicals and prevents the production of hydroxyl 

free radicals (30). The decreased GSH level and 

GPx activity in BPA-treated rats shows the 

enhanced production of free radicals and depleting 

of the activity of the glutathione system while 

opposing the oxidative stress. Treatment with NG 

led to the restoration of the depleted GSH level and 

GPx activity, suggesting the ability of NG in 

increasing oxidative defense by restoring the levels 

of these antioxidants. According to the literature, 

the antioxidant activity of NG itself is similar to 

that of GSH (36). At the cellular level, NG 

moderates the toxic effects of reactive oxygen 

species by directly stimulating the transcription of 
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genes that code for several antioxidant enzymes, 

such as CAT, SOD, and GPx. This may clarify the 

fact that NG administration in BPA-treated rats 

produced a significant increase in the CAT and 

SOD activities (37, 38).  

Administration of BPA also resulted in 

increased production of inducible nitric oxide 

synthase and nitric oxide in the brain. The produced 

nitric oxide can cause the creation of peroxynitrite 

free radicals by interacting with the superoxide 

anions. The produced nitric oxide also causes the 

nitrosylation of several enzymes, thus inhibiting 

glycolysis and producing extensive brain 

impairment (39). In addition, overproduction of 

nitric oxide is neurotoxic to cholinergic neurons, 

which demonstrates how administration of BPA 

causes a significant increase in the nitrite levels in 

the brain and how NG treatment is able to decline 

the nitrite levels (40). As a result, the observed 

beneficial effect of NG might be due to its 

inhibitory effect on the nitric oxide synthase 

enzyme and/or scavenging nitric oxide free 

radicals. 

Levels of numerous neurotransmitters (e.g., 

dopamine, acetylcholine, and noradrenaline) change 

significantly through cognitive dysfunctions. 

However, the cholinergic system is certainly the 

most affected. It seems that the cholinergic system 

is responsible for storage and recovery of memory, 

and its destruction is associated with the level of 

cognitive deficit (41). Administration of BPA leads 

to the death of cerebellar granule cells, olfactory 

bulb neurons, and basal forebrain cholinergic 

neurons. Furthermore, BPA causes choline toxicity, 

resulting in decreased acetylcholine transferase 

activity. This demonstrates that administration of 

BPA decreases acetylcholine turnover, and causes 

cognitive dysfunction and oxidative stress. Chronic 

NG treatment also attenuated AChE activity 

following the administration of BPA. Therefore, it 

seems that NG might have its action on these 

pathways. However, the mechanism of the 

protective effect of NG on AChE activity remains 

uncertain. It has been observed that AChE activity 

increases in rat brain by free radicals generation, 

and acetylcholine which inhibits nitric oxide is 

synthesized in the nervous system (42). In the 

present study, BPA caused a significant increase in 

AChE activity, which probably led to cognitive 

deficits, suggesting the possible involvement of 

oxidative injury. In addition, NG was able to 

ameliorate the BPA-induced increase in the AChE 

activity. The present study suggested that the free 

radical scavenging and antioxidant effects of NG 

might have a critical role against the inhibition of 

AChE in the cholinergic system of cognitive 

dysfunction. 

The limitation of this study is the lack of 

cellular and histochemical experiments to find out 

the molecular mechanism of bisphenol and NG and 

the role of oxidative stress, which is suggested to be 

investigated in future studies. 

In conclusion, according to the results, NG 

reversed the BPA-induced cognitive impairment in 

the SDL and TL paradigms. In addition, it reversed 

the disorder in oxidative stress parameters, nitric 

oxide production, and AChE activity caused by 

BPA. The multitude effects of NG intensely 

supported its neuroprotective effects against BPA-

induced cognitive dysfunction and oxidative 

damage. Further research regarding the use of NG 

as a favorable drug candidate for the treatment of 

cognitive dysfunctions and other neurodegenerative 

disorders is suggested. 
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