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This study aims to evaluate the protective role of quercetin (QE) against 

acrylamide-induced toxicity on male rats. QE plays important roles in human 

health by virtue of its antioxidant activity. The possible ameliorative effect of 

QE on serum levels of fasting blood sugar (FBS), glycosylated hemoglobin 

(HbA1c), lipids profile, and thyroid gland and pituitary hormones in male rats 

was investigated. Fifty adult male albino rats were divided into five groups. The 

first group served as normal control, the second group received 20 mg/kg 

acrylamide (ACR), the third group received 20 mg/kg ACR plus 100 mg/kg QE, 

the fourth group received 20 mg/kg ACR plus 50 mg/kg QE and the fifth groups 

received 100 mg/kg QE alone. ACR and QE were given by oral administrations 

for 30 days. Our results indicated that ACR administration induced significant 

elevation in serum level of FBS, glycosylated hemoglobin (HbA1c), total 

cholesterol (TC), triglycerides (TG) and HDL-C, whereas, LDL-C levels was 

reduced. Also, ACR-intoxication significantly reduced serum levels of free and 

total T3 as well as free and total T4, while significantly elevated serum level of 

follicle stimulating hormone (FSH), luteinizing hormone (LH) and thyroid 

stimulating hormone (TSH). QE significantly normalized the previous 

parameters. Thus, the study showed that QE exerts a protective effect against 

ACR toxicity on male rats. Based on its beneficial effect on health, a daily 

consumption of food containing QE is recommended. 
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Introduction 

Quercetin is one of several naturally-occurring dietary 

flavone compounds belonging to a broad group of 

polyphenolic flavonoid substances.  In plants, the 

flavonolaglycone is most commonly present conjugated 

at the 3- position of the unsaturated ring with a sugar 

moiety, forming O-b-glycosides such as quercetin [1]. 

Flavones exhibit numerous biological and 

pharmacological effects, including anti-oxidant, 

chelation, anti-carcinogenic, cardioprotective, and 

bacteriostatic properties [2,3].  In plants, these compounds 

exhibit strong anti-oxidant properties, possibly 

protecting plants against harmful ultraviolet rays [4]. 

Quercetin possesses various biological functions 

including, anti-inflammatory, anti-coagulation, oxygen 

radical-scavenging activities [5]. QE effectively 

suppressed inflammation and oxidative stress induced 

by lipopolysaccharides [6]. Middleton et al. [2] and Erlund 
[7] showed that QE has anti-oxidant, anti-carcinogenic, 

 anti-inflammatory and cardio-protective properties. 

Several authors have related the anti-carcinogenic and 

anti-inflammatory effects to the anti-oxidant and free 

radical scavenging properties of QE [8,9]. Middleton et al. 

[2] also stressed the anti-carcinogenic properties of QE 

and other flavonoids. Galati and O’Brien [10] also 

showed the ability of certain flavonoids to prevent tumor 

development and also raised the possibility of 

flavonoid-drug interactions. It remains to be determined 

whether these properties of QE are affected 

independently or share a common mechanism of action. 

The anti-oxidant properties are largely a function of the 

chemical structure of QE, particularly the presence and 

location of the hydroxyl (-OH) substitutions [9]. 

Acrylamide is a dietary contaminant and environmental 

toxicant.  Assessment of the presence of acrylamide is a 

great concern in many countries. According to the 

results obtained so far, potato products account for 

around 50% and baking products and bread for around 

20% of human [11]. Several observations have led to the 

hypothesis that heating of food could be an important  
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source of human exposure to acrylamide. It is formed 

when heating/frying is done in an oven, on a frying pan 

or by microwave heating, whilst no acrylamide has 

detected  in  boiled  food  products  [12]. Therefore, 

detection of acrylamide in food has become a very   

important issue in food safety. The average daily intake 

of ACR in western countries was estimated to be in the 

range of 3.4 mg/kg BW among younger age groups. 

Children eat more acrylamide than adults probably 

because of their higher caloric intake relative to body 

weight as well as their higher consumption of certain 

acrylamide-rich foods, such as French fries and potato 

crisps [13]. 

Acrylamide is rapidly absorbed from the gastrointestinal 

tract following oral administration and it is rapidly 

absorbed into the circulation and thereafter distributed to 

various organs, reacts with cellular DNA, hemoglobin, 

nerve cells and enzymes [14].  The toxicity of acrylamide 

involves the enhancement of cellular oxidative stress by 

depleting glutathione which is the major cellular 

antioxidant, generation of reactive oxygen species and 

DNA damage [15]. 

The acrylamide toxicity is considered to be hepatotoxic 

and causes lipid peroxidation [16]. Acrylamide have 

significant binding capacity to brain [17]. Neurotoxicity of 

acrylamide is well established in humans and 

experimental models.  It is known to affect both central 

and peripheral nervous system, hampering various 

sensory and motor functions [18]. Acrylamide 

neurotoxicity in both laboratory animals and humans is 

characterized by ataxia and distal skeletal muscle 

weakness [19]. However, ACR intoxication in rodent 

models is associated with selective nerve terminal 

damage in both central and peripheral nervous systems.  

A growing body of evidence indicates that the nerve 

terminal is a primary site of ACR action and that 

inhibition of corresponding membrane fusion processes 

impairs neurotransmitter release and promotes eventual 

degeneration [18]. 

ACR-induced oxidative stress in nervous system (brain, 

spinal cord and sciatic nerve) and sensory and motor 

dysfunction in rats [20]. ACR significantly reduced the 

proliferation of mouse neuronal progenitor cells and 

induced apoptotic cell death via elevation in the reactive 

oxygen species [21]. However, ferulic acid ameliorated the 

toxic effect of acrylamide-induced inflammation and 

oxidative stress in brain and testes [22, 23]. The current 

study was designed to investigate the protective role of 

quercetin on the toxicity of acrylamide-induced blood 

sugar, glycosylated hemoglobin, lipids profile, thyroid 

gland and six hormones in rats. 

Materials and Methods 

Chemicals: Acrylamide was purchased from Merk-

Schuchardt Chemical Company (Hohenbrunn, 

Germany), with purity of 99%. Quercetin was obtained 

from Sigma Chemical Company. All other chemicals 
were of analytical grade. 

Experimental animals: Fifty male albino rats weighing  

 between 180 -190 g were used for the present study. The 

rats were obtained from the animal house of the National 

Organization for Drug Control and Research, Egypt. The 

animals were kept under standard laboratory conditions of 

light/dark cycle (12h/12 h) and temperature (20-25◦C) for 

one week. They were provided with a nutritionally 

adequate basal laboratory diet. The basal diet consists of 

casein (10%), cotton seed oil (4%), salt mixture (4%), 

vitamin mixture (1%), carbohydrates (sucrose and starch 

1:1, 80.8%) and choline Chloride (0.2%) [24]. 

Grouping of animals: Rats were divided into 5 groups of 

10 rats each as follows; Group 1: Normal control (NC): 

rats were feeding basal diet. Group 2: rats were received 

20mg/kg oral ACR alone. Group3: rats were received 

20mg/kg ACR with 100 mg/kg QE. Group 4: rats were 

received 20mg/kg ACR with 50 mg/kg QE. Group 5:  rats 

were received 100 mg/kg QE alone. ACR and QE were 

given daily by oral gavage administration for 30 days. 

Dose of acrylamide was according to Abdel-Daim et al. 

[24], whereas doses of quercetin were according to 

Dwivedi and Flora [25] with modification. Blood samples 

were collected after 30 days at the end of the experiment. 

Animal experiments were conducted according to the 

guidelines of institutional animal care and use ethical 

committee. 

Handling of Blood Samples:  At the end of each 

experimental period, all rats were fasted for 12 hours and 

then anesthetized with diethyl ether and abdominally 

dissected. Blood samples were collected from venous 

sinus in centrifuge tubes to separate serum by 

centrifugation at 3000 rpm for 15 minutes. Sera were kept 

at -20oC pending assays. 

Serum glucose concentration was determined using 

Sentinel kits based. Glycosylated  hemoglobin (HbA1c) 

was determined by the colorimetric method according to 

Sudhakar and Pattabiraman [26]. Serum cholesterol, 

Triglycerides and HDL-cholesterol levels were 

determined using kits developed by Diamond 

Diagnostics, Egypt. Serum LDL-cholesterol 

concentration was calculated according to Friedewald et 
al.  [27]. Serum levels of Tri-iodothyronine (T3), thyroxine/ 

Tetraiodothyronine (T4) and thyroid stimulating 

Hormone (TSH) were determined using commercially 

available radioimmunoassay kits (Cat. Nos. 

ABIN4888531, ABIN4888533 and ABIN5618313, 

respectively, Monobind, Inc, CA, USA). Serum levels of 

FT3 and FT4 were determined using commercially 

available enzyme-linked immunosorbent assay kits (Cat. 

Nos. ABIN5671039 and ABIN2533587 respectively, 

Monobind, Inc, CA, USA). Serum levels of FSH and LH 

were determined by enzyme-linked immunosorbent assay 

kits (Cat. Nos. ABIN365553 and ABIN365711, 

Monobind, Inc, CA, USA). 

Statistical analysis: The data were expressed as mean ± 

SE. Differences between groups were assessed by one-

way analysis of variance (ANOVA) using the statistical 
package for social sciences software package (SPSS) for 

Windows (version 13.0). 

 

 
  



  M. M. Ahmed et al. /Egy. J. Pure & Appl. Sci. 2018; 56(2):1-8  

 3 

 

 

Results 

The results of the statistical analysis indicated a 

significant increase (p < 0.05) in serum levels of FBG and 

glycosylated hemoglobin (HbA1c) in group intoxicated 

with ACR compared to control group. Meanwhile, QE 

treated rats in group 3 and group 4 exhibited significant 

reductions in FBG and HbA1c levels compared to the 

group of rats receiving ACR alone (Fig. 1). 

Administration of 20 mg acrylamide/Kg significantly 

elevated serum levels of total cholesterol, triglyceride and 

LDL-C in male albino rats when compared to control 

group (Figs. 2 and 3). On the other hand, ACR 

administration caused a significant decrease in HDL-C (p 

< 0.05) level compared to control group (Fig. 3). 

Meanwhile, the administration of QE plus ACR in groups 

3 and 4 showed significant lowering effects on serum  

 

 levels of total cholesterol, triglycerides and LDL-C and 

elevating effect on serum HDL-C level when compared to 

the group 2 of rat receiving ACR alone (Figs. 2 and 3). 

There were significant decreases in T3 and T4 levels in 

group intoxicated with 20 mg/kg acrylamide alone 

compared to control group as well as significant increase 

in TSH level. QE treatment in groups 3 and 4 caused 

significant elevation in T3, T4 levels up to the normal, and 

lowered the elevated level of TSH compared to group 2; 

also, groups treated with QE showed non-significant 

difference from control group. There were also significant 

decreases in FT3 and FT4 levels in group 2 compared to 

control group. On the other hand, QE given to group 3 and 

4 showed normalization effect on FT3 and FT4 levels 

compared to untreated group, and they also showed non-

significant difference with control group (Table 1). 

 

 

 

 

Fig 1: Effect of quercetin on glucose and Glycosylated hemoglobin in rats intoxicated with acrylamide for 30 

days. Each value represents the mean ± S.E (standard error) and the mean of fifth replicates to each sample. 

Values in the same column with the same letter are not significant at p ≤ 0.05. 

 

 
 

 

Fig 2: Effect of quercetin on lipid profile in rats intoxicated with acrylamide for 30 days. Each value represents 

the mean ± S.E and the mean of fifth replicates to each sample. Values in the same column with the same letter 

are not significant at p ≤ 0.05. 
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Fig 3: Effect of quercetin on lipid profile in rats intoxicated with acrylamide for 30 days. Each value represents 

the mean ± S.E and the mean of fifth replicates to each sample. Values in the same column with the same letter 

are not significant at p ≤ 0.05. 

 

 

Table 1. Effects of quercetin on thyroid hormones levels in male albino rats (Mean ± SE) 

                                  Thyroid gland hormones   

Groups 
T3 

(ng/dl) 

Free T3 

(pg/ml) 

T4 

(μg/dl) 

Free T4 

(ng/dl) 

TSH 

(μIU/ml) 

Control 181.60 ± 1.73a 3.8 ± 1.23 a 10.45 ± 0.20 a 1.32 ±0.85 a 0.12 ± 0.08 a 

20 mg (ACR) 131.51 ± 2.09b 1.16 ± 0.96 b 6.45 ± 0.19 b 0.91 ±0.43 b 0.26 ± 0.03 b 

20mg ACR+ 

100 mg QE 
184.38 ± 1.43 a 3.69 ± 0.46 a 10.53 ± 0.09 a 1.28± 0.62 a 0.14 ± 0.06 a 

20 mg ACR+ 

50 mg QE 
190.41 ± 1.73 a 3.41± 0.1.17 a 10.61 ± 0.15 a 1.17 ± 0.21 a 0.18 ± 0.08 a 

100 mg QE alone 178.60 ± 2.41 a 3.88 ± 0.29 a 10.41 ± 0.18 a 1.33 ± 0.31 a 0.10 ± 0.08 a 

Values are mean± SE of 6 rats. Values with the same letters are not significant at (P≤0.05). ACR = acrylamide, QE = Quercetin. 

Values on the same column not sharing the same superscript letters were significantly different (p < 0.05). 

 
 

Regarding FSH and LH, there were significant increases 

in ACR intoxicated group compared to control group. 

The data in Fig. 4 revealed that serum levels of follicle 

stimulating hormone (FSH) and luteinizing hormone 

(LH) decreased significantly in rats treated with QE plus 

ACR when compared to ACR intoxicated group. 

Regarding all parameters, there were no significant 

differences between the two groups of rats treated with 

different doses of QE. Also, rats treated with QE alone 

showed normal levels regarding all parameters. 

Discussion  

The present study showed elevation in blood glucose and 

glycosylated hemoglobin levels in group intoxicated with 

acrylamide. These results agree with Totani et al. [28] who 

reported low serum insulin levels in rats which received 

ACR, which could be the reason for the high blood sugar 
levels in the ACR groups of the current study. On the 

other hand, group receiving 20 mg/kg acrylamide plus50 

and 100 mg /kg QE showed ameliorative effect in serum  

 glucose level compared to group receiving 20 mg /kg 

acrylamide alone. Quercetin protects organisms against 

several types of diseases [29] and elicits beneficial effects 

on glucose and lipid metabolism [30]. Euonymus Alatus as 

a folk medicine in China has been clinically used to treat 

type 2 diabetes, and to alleviate hyperglycemia in animals 

with diabetes. Flavonoid can effectively attenuate 

hyperglycemia in alloxan-induced diabetic mice [31]; 

however, its concrete mechanisms remain unclear. 

Lipids have structural and functional important roles in 

different body organs and cells.  The lipid is an important 

part of healthy body because it is used to form cell 

membranes, several hormones and is necessary for other 

cellular function. 

In the current study, ACR causes significant increases in 

the levels of total cholesterol, triglyceride and LDL-C in 

ACR group, and significant decreases in the level HDL-C 

compared to the control group. Since lipid metabolism, 

such as production of triglyceride and cholesterol 

synthesis, takes place partially in the liver and it has been 

 



  M. M. Ahmed et al. /Egy. J. Pure & Appl. Sci. 2018; 56(2):1-8  

 5 

 

 

 

Fig 4: Effect of quercetin on pituitary gland hormones levels in rats intoxicated with acrylamide for 30 

days. Each value represents the mean ± S.E and the mean of fifth replicates to each sample. Values in the 

same column with the same letter are not significant at p ≤ 0.05. 

 

documented that ACR causes liver damage [32]; this leads 

to an increase in the synthesis of plasma lipoproteins and 

high mobilization of lipids from the liver. Consequently, 

the results can be explained by the ACR involvement in 

lipid peroxidation [33]. Allam et al. [34] and Rawiet al. [35] 

who indicated that the strong reducing effects of 

acrylamide on serum total cholesterol, triglycerides, and 

LDL-C levels may be due to the high levels of trans-fat 

in most fried food and many common bakeries like bread. 

Tran’s fats clearly raise the LDL-C. 

On the other hand, quercetin treated groups showed a 

lipid lowering effects.  Other studies have reported that 

QE-rich supplementation reduces serum concentrations 

of total cholesterol but increases serum concentrations of 

HDL-cholesterol [36-38] which is in agreement with the 

results of the present study. Several explanations were 

suggested of how quercetin is able to influence serum 

lipid profile. Igarashi and Ohmuma [39] stated that 

quercetin decreases serum total cholesterol level in rats 

through increasing its fecal excretion.  It was also 

reported that quercetin reduces de novo synthesis of fatty 

acids and consequently cholesterol biosynthesis and 

lipoproteins formation [37]. 

Our results indicated that, there were significant 

decreases in T3, FT3, T4 and FT4 serum levels in group 

receiving acrylamide alone compared to respective 

control group. Our result also revealed significant 

increase in TSH serum level in this group compared to 

control group.  The present study exhibited changes in the 

levels of the thyroid hormones and this result is consistent 

with Sharma and Jain [40] who reported that decrease in 

T3 and T4 levels and a consequent increase in TSH were 

observed. The thyroid hormones control the skeletal and 

mental growth along with cell respiration, thus the above 
morphological toxic effects of ACR are congruent with 

the above results of T3, T4 and TSH. 

Thyroid hormones are recognized as catabolic hormones 

 and they regulate various processes of metabolism [41]. 

The relationship between thyroid hormones and lipid 

metabolism is clearly displayed in patients suffering from 

thyroid dysfunctions. Overt hypothyroid patients show 

elevated cholesterol and triglycerides levels while overt 

hyperthyroid patients show reduced lipid levels. These 

observations have been shown to extend into the 

subclinical hypo/hyperthyroid range [42], suggesting that 

apart from thyroid hormones, TSH exerts independent 

effects on lipid metabolism. 

On the other hand, the group which received 20 mg/kg 

acrylamide plus100 and 50 mg /kg quercetin showed 

ameliorative effect on T3, T4 and TSH levels compared to 

group treated 20 mg /kg acrylamide alone. The 

ameliorative effect of quercetin on acrylamid-induced 

alteration might be due to its antioxidant activity. 

Quercetin is one of the most frequently studied bio-

flavonoids in its class of flavonols. Quercetin is present in 

high concentrations in fruits and vegetables such as tea, 

apples, mulberries, onions, potatoes, and broccoli. It has 

been shown to have high potent antioxidant and 

cytoprotective effects in preventing endothelial apoptosis 

caused by oxidants [43]. Quercetin is a more potent 

antioxidant than other antioxidant nutrients, such as 

vitamin C, vitamin E, and β-carotene, and it can chelate 

transition metal ions, including iron, thus preventing the 

iron-catalyzed Fenton reaction [44]. 

In Our study, FSH and LH serum levels were significantly 

increased in group treated 20 mg/kg acrylamide alone 

compared to control group non-treated. These results are 

similar to Abd El-Mottaleb et al. [45] who indicated that 

serum FSH and LH levels significantly increased in 

acrylamide group may be due to insufficient level of 

testosterone which initiates a negative feedback 
mechanism. Free and total testosterone have been 

assessed in previous study of one of the coauthors and 

showed a decline in serum under the same experimental 

conditions [46]. Collodel et al. [47] reported that increase in 

 



  M. M. Ahmed et al. /Egy. J. Pure & Appl. Sci. 2018; 56(2):1-8  

6  

 

 

stress hormones, such as cortisol, leading to a 

subsequent decrease in another hormone called 

gonadotropin releasing hormone (GnRH). GnRH is 

made in the hypothalamus and it plays a role in the 

production of key hormones namely LH and FSH that 

can affect the quality and quantity of sperm. This 

stress/fertility link has been fairly well established in 

past years. 

On the other hand, the groups which received 20 mg/kg 

acrylamide plus100 and 50 mg /kg quercetin showed 

ameliorative effect on hormones levels of LH and FSH 

compared to group receiving 20 mg /kg acrylamide 

alone. This finding is in agreement with Khaki et al. [48] 

who found that quercetin increased serum testosterone 

levels and had beneficial effects on sperm parameters in 

streptozotocin-induced diabetic male rats. Also, Ma et 

al. [49] reported that quercetin can increase serum 

testosterone levels in male rats. One of co-authors 

showed that quercetin provides protection against 

oxidative stress and damage caused by acrylamide at the 

tissue level and various body organs including the male 

reproductive system [46]. The results of some studies 

demonstrated the importance and efficacy of flavonoids 

in reducing the toxicity of anticancer drugs and fertility 

parameters [49, 50].  Quercetin also works to inhibit the 

enzyme xanthine oxidase, which is the main enzyme in 

the process of lipid peroxidation and thus prevents this 

process and protects the cell membrane and 

mitochondria. This enzyme is one of the enzymes that 

mediate the process of generating free radicals [47].  

Recently, Nna et al. [51] found that all three models of 

quercetin treatment (pre-treatment, post-treatment and 

simultaneous treatment) against cadmium chloride-

induced oxidative stress, decreased MDA, H2O2, and 

increased SOD, CAT and GPx activities in the uterus 

and ovaries, decreased apoptosis of follicular cells, and 

increased serum reproductive hormones. However, the 

quercetin pre-treated model offered better protection 

against CdCl2 relative to the other two models. These 

results suggest an antioxidant and anti-apoptotic actions 

of quercetin as well as an ameliorative effect on ovaries 

exposed to oxidative stress. 

Conclusion 

In this study, we evaluated the protective effects of 

quercetin, an antioxidant agent, against acrylamide-

induced toxicity in male rats. We found that this 

antioxidant modulated the following altered serum 

biochemical parameters: glucose, glycosylated 

hemoglobin, lipids profile, thyroid gland and pituitary 

hormones in intoxicated rats. So, based on its beneficial 

effects on human health, we recommend daily 

consumption of foods containing QE. 
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