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The main objective of the current study is to recapitulate the neuroprotective role 

of chrysin on acrylamide-induced neurotoxicity in rats. Fifty Wister albino rats 

were divided into five groups served as control, group treated orally with 50 

mg/kg b.wt of chrysin daily for 21days (negative control group), group treated 

orally with Acrylamide (ACR) 25 mg/kg for 21 days (positive control group), 

group treated orally with chrysin parallel with ACR administration (protective 

group) and group exposed to ACR then treated with chrysin (therapeutic group). 

As compared to the control group, daily oral administration of ACR induced a 

significant decrease in serum activity of creatinine kinase-BB (CK-BB) and 

levels of catecholamine and brain derived neurotrophic factor (BDNF) in brain 

tissue. Moreover, the levels of serum interleukine-6 (IL-6) and brain levels of 

malondialdhyde (MDA), β-amyloid, acetylcholinestrase (AChE) and caspase-3 

were remarkably augmented in ACR-induced rats. Chrysin has a potent 

antioxidant and anti-inflammatory activities that act against acrylamide 

neurotoxicity. It minimized the levels of MDA, IL-6, β-amyloid, AChE and 

remarkably antagonized the decreasing effect of ACR on catecholamines, CK-BB 

and BDNF compared to the positive control group. Histopathological 

investigation of brain tissues after treatment partially supported the beneficial 

effect of chrysin. From the obtained results, it can be concluded that the chrysin 

has neuroprotective and therapeutic effect against acrylamide induced-

neurotoxicity. 
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Introduction 

Acrylamide (ACR) is a low molecular weight, water 

soluble vinyl monomer from which polyacrylamides are 

synthesized to be used in the personal care and 

grooming products, such as lotions, cosmetics and 

deodorants 
[1]

. It is commonly used in industries and 

laboratories. The industrial application of acrylamide is 

associated with pollution and health risks; it has been 

reported to be present in plant material like potatoes, 

carrots, radish, lettuce, Chinese cabbage, parsley, 

onions, spinach and rice paddy in sugar and olives 
[2]

.  

The major health concerns associated with ACR are due 

to its various sources and methods of exposure as in 

drinking water, inhalation, skin absorption and 

occupational exposure. Direct exposure to acrylamide 

may result from ingestion of high-carbohydrate foods 

prepared at high temperatures such as potato crisps, 

crackers and French fries. Indirect exposure may result  

 from residual traces of the monomer in food packaging 

where polyacrylamide is used as a binding agent 
[3]

. 

Acrylamide has been reported to be neurotoxic, toxic to 

the reproductive system and carcinogenic in 

experimental animals 
[4]

. Although the polymer is 

nontoxic, occupational exposure of humans and 

experimental intoxication of laboratory animals with the 

monomeric form produces a neurotoxic syndrome 

characterized by ataxia, skeletal muscle weakness and 

weight loss 
[5]

. 

Chrysin (5, 7-dihydroxyflavone) is a natural flavonoid 

presented in many plant extracts including blue passion 

flower (Passiflora caerulea) and honey. Similar to other 

flavonoids, chrysin has many pharmacological effects, 

including anticancer, anti-inflammatory, anti-neurotoxic, 

antioxidant 
[6]

 and anti-hypertensive 
[7]

 effects. Mehri et 

al. 
[8]

 and Yoa et al. 
[9]

 suggested that chrysin could be 

used as a neuroprotective agent in different models. 

The main objective of the research is to study the effect 

of chrysin as anto-oxidant and anti-inflammatory agent  
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on the acrylamide induced neurotoxicity of male wister 

rats. 

Materials and methods 

Chemicals and reagents 
Acrylamide and chrysin were obtained from Sigma 

Chemical Co., St. Louis, Mo. USA. All other chemicals 

and reagents were of analytical grade. 

Experimental animals: 
Adult male Wister rats weighing about 120-150 g 

purchased from the breeding unit of the El-Nile Co. for 

Pharmaceuticals and Chemical Industries (Egypt). The 

animals were maintained on a commercial standard 

pellet diet and tap water ad libitum. Animals’ 

maintenance and treatments were conducted in 

accordance with the National Institute of Health Guide 

for Animal, as approved by Institutional Animal Care 

and Use Committee (IACUC). 

Experimental design 

Fifty animals were randomly divided into five equal 

groups as follows: 

Group 1 (Normal control): Rats served as normal 

control. 

Group 2 (ACR/Positive control): Acrylamide was 

dissolved in saline solution and administrated orally by 

gavage (25 mg/kg b.wt daily for 21 days) according to 

Lopachin et al. 
[7]

 

Group 3 (Chrysin/Negative control): Chrysin was 

dissolved in saline solution and administrated orally by 

gavage (50mg/kg b.wt daily for 21 day) according to 

Mehri et al. 
[8]

 

Group 4 (protective group) (Chrysin+ACR): Rats 

were orally treated with ACR as in group 2 for 21 days 

parallel with chrysin as in group 3  

Group 5 (therapeutic group) (ACR + Chrysin): Rats 

were orally treated with ACR as in group 2 for 21 days 

then chrysin were orally administrated as in group 3 for 

another 21 days. 

All animals were sacrificed at the end of the experiment 

under anesthesia by light ether after fasted over night; 

blood samples were collected in centrifuge tubes and 

centrifuged at 3000 rpm for 20 min. Serum samples 

were stored at -20°C until used for biochemical assays. 

The whole brain tissues was excised rapidly washed in 

ice cold saline, wiped dry with a filter paper and 

weighed for the biochemical analysis.  The brain were 

separated out and divided into two parts, the first part 

was weighed to prepare a 10% (w/v) tissue homogenate 

was prepared in 0.1 M phosphate buffer (pH 7.4). The 

homogenates were centrifuged at 10,000 g for 15 min 

and aliquots of supernatants were separated and used for 

the different biochemical assays. The second part was 

used for histopathological examination. 

Biochemical assays 
Malondialdehyde level (MDA) was determined 

colormetrically in brain tissue according to Yoshioka et 

al., 
[10]

. Acetylcholinesterase (AchE) was determined in 

brain tissue by kinetic method. Brain levels of β-

amyloid, interleukin-6 (IL-6), brain derived neurotrophic  

 factor (BDNF), Caspase-3 activity and serum activity of 

creatinine kinase BB isoenzyme (CK-BB) were 

determined by ELISA technique using reagents provided 

by my Biosource Inc. U.S.A. Serotonine (SER) , 

epinephrine (EPI) and norepinephrine (NE), were 

determined in brain tissue by fluorometeric method 

according to Ciarlone 
[11]

. 

Histopathological study 
Following rats sacrificing, the brain were rapidly 

dissected and excised, rinsed in saline solution and cut 

into suitable pieces which were fixed in neutral buffered 

formalin (10%) for 24 hours. Following fixation, the 

specimens were dehydrated in ascending series of 

alcohol (methyl, ethyl and absolute ethyl), cleared in 

xylene then embedded in paraffin at 60ºC. Section of 5 

microns thickness were cut and stained with 

haematoxylin and eosin according to method adopted by 

Banchroft et al., 
[12]

 and examined by light microscope 

for histopathological investigation. 

Statistical analysis 

All statistical analyses were conducted by using the 

statistical package for windows version 15.0 (SPSS 

Software, Chicago, IL). The results for continuous 

variables were expressed as mean ± standard error. 

Values were compared by one-way analysis of variance 

(ANOVA). Post-hoc testing was performed for inter-

group comparisons using the least significant difference 

(LSD) test, and p< 0.05 was considered statistically 

significant. 

Results: 

The brain levels of MDA, AchE and β-Amyloid in Table 

(1) exhibited a significant increase in groups of ACR, 

Chrysin + ACR and ACR + Chrysin (722%; P1<0.0001 , 

55%; P2<0.023 & 202%; P1<0.0001) , (163%; 

P1<0.0001 , 139%; P1<0.0001& 50%; P1<0.0001) and 

(717%; P1<0.0001, 537%; P1<0.0001&336%; 

P1<0.0001) respectively compared to the control group, 

administration of chrysin in the protective and 

therapeutic groups ameliorated the elevation of MDA, 

AchE and β-amyloid in respect to ACR group. 

As shown in Fig. 1 the serum level of IL-6 had 

significantly increased upon administration of 

acrylamide in ACR, CHR+ACR and ACR+CHR groups 

(212%; P1< 0.0001, 86%; P1<0.0001& 109%; 

P1<0.0001) respectively, while the activity of serum CK 

-BB was significantly declined (-79%; P1<0.0001,-31 %; 

P1<0.0001 and -25%; P1<0.0001) respectively compared 

with the control group. Administration of chrysin 

significantly improved the alteration induced by 

acrylamide in IL-6 and CK-BB levels in both protective 

and therapeutic groups. 

Administration of animals to ACR result in a significant 

increase in the activity of caspase-3 in rats brain of ACR, 

Chrysin + ACR and ACR + Chrysin groups (870%; 

P1<0.0001, 412%; P1<0.0001& 311%; P1<0.0001) 

respectively compared to its corresponding control 

values, whereas the levels of epinephrine, nor-

epinephrine, serotonin and BDNF in brain tissue showed  
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significant decreases in ACR and ACR+CHR groups (-

40%; P1<0.0001,-11%; P1<0.031) for epinephrine and 

ACR , CHR+ACR and ACR+CHR  groups (-28% ; P1< 

0.0001,-20% ; P1<0.0001&-19% ; P1<0.0001), (-75%; 

P1< 0.001,-26%; P1<0.045&-43%; P1<0.0007) and (-

39%; P1<0.0001,-14%; P1<0.002&-26%; P1<0.0001) 

for nor-epinephrine ,serotonin and BDNF respectively.  

 Treatment with chrysin post ACR exposure (therapeutic 

group) suppressed the elevation in caspase-3 activity in 

respect to control group. Additionally, the administration 

of chrysin parallel to ACR (protective group) 

significantly increased the brain levels of epinephrine, 

nor-epinephrine, serotonin and BDNF (Table 2). 

 

 

 

Table (1): Brain levels of MDA, AchE, and β-Amyloid of rats in the different studied groups.  

Groups 

                               

 Parameters 

MDA 

(nmol/g tissue) 

AchE 

(u/mg tissue) 

Β-Amyloid 

(pg/mg tissue) 

Normal control 1.18±0.08
bde

 15.7±0.53
bcde

 4.92±0.79
bcd

 

ACR 

(Positive control 

group) 

% Change 

9.7±0.85
 acde 

 

 

722% 

41±0.95
 acde 

 

 

136% 

40.2±8.98
 acde 

 

 

717% 

Chrysin 

(Negative control 

group) 

% Change 

1.4±0.07
 be 

 

 

19% 

19.9±1.94
 abde 

 

 

27% 

8.6±1.2 
bde 

 

 

75% 

Chrysin + ACR 

(Protective group) 

% Change 

1.83±0.16
 abe 

 

55%
 

23.5±1.52
 abcd 

 

139% 

21.4±0.81
abce 

 

537% 

ACR + Chrysin 

(Therapeutic 

group) 

% Change 

3.56±0.32
 abcd 

 

 

202% 

37±0.6
 abce 

 

 

50% 

31.3±2.2
 abcd 

 

 

336% 

Each value represents mean ± SD, a Significance vs. control group, b Significance vs. ACR group, c significant vs. chrysin , 
d significant vs. chrysin + ACR  group , e significant vs. ACR + chrysin group. 

 

 

 

 

Fig (1): The effect of acrylamide on both CK-BB and IL-6. Each value represents mean ± SD, 
a
 Significance 

vs. control group, 
b 

Significance vs. ACR group, 
c
 significant vs. chrysin, 

d
 significant vs. chrysin + ACR 

group, 
e
 significant vs. ACR + chrysin group. 
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Table (2): Brain activity of caspase-3 and EPI, NE, SER and BDNF levels of rats in the different studied groups. 

Groups 

                              

  Parameters 

Caspase-3 

(U/ml) 

EPI 

(ng/g wet tissue) 

NE 

(ng/g wet tissue) 

SER 

(ng/g wet tissue) 

BDNF 

(ng/mg) 

Normal control 1.01±0.01
bde

 72.05±4.31
bde

 881.65±23.55
bcde

 16.65±2.05
bde

 130±6.79
bde

 

ACR 

(Positive control 

group) 

% Change 

9.80±2.33
 acde 

 

 

870% 

43.1±2.97
acde 

 

 

-40% 

632.4±10.75
acde 

 

 

-28% 

4.12±0.106
acde 

 

 

-75% 

78.8±2.12
acde 

 

 

-39% 

Chrysin 

(Negative control 

group) 

% Change 

2.30±0.49
 bde 

 

 

128% 

71.1±1.27
be 

 

 

-1.3% 

842.5±10.6
bde 

 

 

-4.4% 

14.8±2.54
be 

 

 

-11% 

130.15±1.2
bde 

 

 

0.11% 

Chrysin + ACR 

(Protective 

group) 

% Change 

4.15±1.24
abc 

 

 

412% 

66.6±0.84
b 

 

 
 

707.45±19.86
abc 

 

 

-20% 

12.35±0.495
ab 

 

 

-26% 

111.45±1.34
abce 

 

 

-14% 

ACR + Chrysin 

(Therapeutic 

group) 

% Change 

5.17±0.79
 abc 

 

 

311% 

64.05±2.47
abc 

 

 

-11% 

716±1.13
abc 

 

 

-19% 

9.55±1.48
abc 

 

 

-43% 

95.85±0.78
abcd 

 

 

-26% 

Each value represents mean ± SD, a Significance vs. control group, b Significance vs. ACR group, c significant vs. chrysin , 
d significant vs. chrysin + ACR  group , e significant vs. ACR + chrysin group. 

 

 

Histopathological finding 
Histopathological examination of brain sections of 

control rats showed normal histological structure of 

brain tissue (Fig. 2 A). Animals administrated with 

acrylamide (ACR) showed a degeneration and nuclear 

pyknosis in the neurons of the cerebral cortex, atrophied 

hippocampus and focal area of eosinophilic plagues 

formation in the striatum (Fig. 2 B). In chyrsin treated 

rats; there was no histopathological alteration (Fig. 2 C). 

Rats administrated with chrysin and acrylamide 

(CHR+ACR) in parallel showed intact cerebral cortex, 

striatum with normal, while the hippocampus showed 

nuclear pyknosis in some of the neuronal cells and focal 

encephalomalacia was detected in striatum (Fig. 2 D), 

while rats administrated with acrylamide then chrysin 

(ACR+CHR) exhibited degeneration and nuclear 

pyknosis in the neurons of atrophied hippocampus (Fig. 

2 E). 

Discussion  

Considerable experimental data from rodent studies 

have shown than ACR exposure produces pronounced 

neurotoxicity and that the oxidative stress in nervous 

tissue is linked to such neurotoxicity 
[13]

. All these have 

converted ACR-neurotoxicity into a suitable 

experimental model to evaluate the potential 

intervention of new neuroprotective agents with 

antioxidant effects. Hence, the focus of the present work 

was to evaluate the effect of chrysin against ACR-

induced neurotoxicity and the possible mechanisms 

underlined. The spontaneous formation of ACR during 

the cooking of food has led to its description as a 

cooking carcinogen 
[14]

, in addition to the evidence of 

ACR mutagenicity; genotoxicity and carcinogenicity 
[15]

 

 have also been reported. ACR therefore poses a 

potentially significant risk both for human and animal 

health. However, the mechanism by which ACR 

exposure causes cellular dysfunction in experimental 

animals and humans is not clear 
[16]

. 

In the current study, ACR significantly increased levels 

of MDA in the brain of rats. This might indicate that 

ACR might induce oxidative stress leading to lipid 

peroxidation. Consistently, a previous study showed that 

ACR and its metabolite glycidamide, enhance the 

production of reactive oxygen species (ROS) 
[17]

. The 

oxidation of unsaturated fatty acids produces different 

compounds. MDA belongs to the secondary products and 

is used as a convenient marker for lipid peroxidation 
[18]

. 

Noteworthy, lipid peroxidation play a significant role in 

neural system disorders including neurodegeneration. An 

increased MDA concentration was found in 

neurofibrillary tangles of Alzheimer’s disease brains 
[19]

. 

Similar data on MDA occurrence after exposure to ACR 

were presented by Zhu et al. 
[20]

, Pennisi et al. 
[21]

 and 

Mehri et al. 
[8]

. This means that ACR has significant 

influence on redox balance in brain. Accordingly, several 

studies indicated that oxidative  stress  is  a  key  

mechanism  in  many  ACR  induced  cell  injuries  and 

neurodegenerative  diseases 
[22-23]

. Consistently, a 

previous study showed that ACR is oxidized to 

glycidamide, a reactive epoxide, and undergoes 

conjugation with glutathione. DNA adducts from 

glycidamide have been reported following the 

administration of ACR 
[24]

. 

Inflammation is a crucial factor in secondary damage 

after ACR exposure. It was reported that ACR could 

trigger the increased level of serum IL-6. The current  
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study was in consistant with Zhao et al. 
[25]

 and Ahmed 

and El-Menoufy 
[26]

 who illustrated that the level of IL-6 

was remarkably augmented in ACR-induced rats. The 

increased in MDA and IL-6 levels in the current 

investigation in ACR-treated rats might indicate the 

occurrence of inflammation and cell apoptosis. The 

administration chrysin suppressed the proinflammatory 

responses, which implicates the involvement of its anti-

inflammatory action in the attenuation of ACR in rats 
[27]

. 

In neurons and astrocytes, ACR-induced apoptosis in a 

time- and dose-dependent manner markedly decreased 

the proliferation of neural progenitor cells, and in high 

concentrations induced apoptotic and necrotic cell death. 

Apoptosis was induced by a caspase-3-independent 

mechanism 
[28-29]

. The caspases are the most important 

 effector molecules in the execution of apoptosis and 

progression of the caspases cascade ending in the 

activation of caspase-3, the final mediator of apoptosis. 

Caspase-3 activity was increased in brain after ACR 

administration. ACR enhanced apoptosis in cerebral 

cortex through alteration of Bcl-2 family protein 

expression. The elevation in caspase-3 activity upon 

ACR administration obtained results is related to the data 

of Seydi et al. 
[30]

. In this study, caspase-3 level was 

induced in the ACR- treated groups while it was not 

induced in the group treated with ACR and chrysin 

together (Group 4). In accordance with our study, 

Elgholam et al. 
[31]

 reported that administration of 

chrysin decreased neuronal cell death via inhibition of 

apoptosis. 

 

 

 

 

(A) Representative micrographs for the brain of rats in 

control (Group 1) showing normal histological structure 

of hippocampus (subiculum) hp= hippocampus. 

(B) Representative micrographs for the brain rats 

administrated acrylamide (Group 2). Picture showing 

nucleai pyknosis (arrow) in neurons of cerebral cortex. 

(Arrow = neucleai pyknosis) 

 

(C) Representative micrographs for the brain of rats in 

Group 3 showing normal histological structure of 

meninges’ and neural cells in cerebral cortex. m= 

meningies, cc= cerebral cortex. 

 

D) Rats administrated acrylamide and chrysin at same 

time (Group 4) showing nuleai pyknosis in neurons of 

hippocampus (arrow). 

 

(E) Rats administrated acrylamide then chrysin (Group 5) 

showing nuleai pyknosis in some of neural cells with 

atrophy in hippocampus (hp) (a=atrophy). 

 

Fig (2): Representative micrographs for the brain of all studied groups. 

A 

hp 
cc 

m 

cc 
hp 

B 

C D 

a 

hp 
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In agreement with Aksenova et al. 
[32]

 and Castegna et 

al. 
[33]

 who observed that serum CK-BB activity was 

decreased in rats treated with ACR, as shown in the 

present study. As the neurological dysfunction became 

less apparent after the end of giving acrylamide, the 

suppression of CK-BB activities in the brain became 

less obvious until it returned to normal when there was 

no neurological dysfunction 
[34]

. Thus, inhibition of 

brain CK-BB seems to be the most sensitive indicator of 

acrylamide intoxication among the enzymes so far 

examined. The inhibition of activity of CK-BB in the 

brain might underlie the genesis of the neurotoxicity of 

acrylamide especially that of encephalopathy and it may 

be a good indicator of acrylamide intoxication 
[35]

. The 

decrease in CK-BB activity was significantly modulated 

by chrysin administration. 

Acetylcholinesterase is intimately associated with the 

normal neurotransmission by catalysing the hydrolysis 

of AChE to acetate and choline 
[35]

. The present study 

indicated an increment in the activity of brain AChE in 

ACR-treated rats. In accordance, Pennisi et al. 
[36]

 

showed that ACR enhanced the activity of AChE in 

peripheral nerves. One of the most important 

mechanisms of ACR-induced cholinergic dysfunction is 

related to the ACR reaction with cysteine residues in the 

presynaptic membranes and inhibition of the 

neurotransmitter release into the synaptic cleft 

.However, there are other mechanisms influencing 

AChE activity. One of them may be related to direct 

binding of ACR and/or its metabolite glycidamide with 

active –SH sites of the AChE enzyme. The second one 

may be related to oxidation of the cysteine in the AChE 

enzyme by free radicals. Both mechanisms participate in 

AChE inhibition by acrylamide 
[37]

. Oral administration 

of chrysin modulated the increasing activity of AchE. 

Neurotrophins are chemicals that help to stimulate and 

control neurogenesis. Brain- derived neurotrophic factor 

is a member of the ‘‘neurotrophin’’ family of growth 

factors, which are related to the canonical ‘‘nerve 

growth factor’’, BDNF acts on certain neurons of the 

central nervous system and the peripheral nervous 

system, helping to support the survival of existing 

neurons, and encourage the growth and differentiation of 

new neurons and synapses. In the brain, BDNF is active 

in the hippocampus, cerebral cortex, and basal forebrain, 

areas vital to learning, memory, and higher thinking 
[38]

. 

The brain-derived neurotrophic factor (BDNF) monitors 

synaptic function and plasticity, and is essential for 

neuronal growth and survival. β-amyloid accumulation 

can inhibit neurotrophic signaling. In the current study, 

BDNF signaling levels are significantly lower in ACR-

treated rats, suggesting that loss or alterations in it may 

contribute to the pathogenesis of neuronal dysfunction 

in ACR administration and may be related to the high or 

toxic concentrations of the ACR. Chrysin administration 

modulates the decrease in BDNF level, which resulted in 

decreased β-amyloid production. This decrease may 

have been caused by inhibition of the β-Amyloid 

production pathway by BDNF-triggered responses, and 

 further research is needed to elucidate this response 
[39]

. 

The observation that ACR induced significant decrease 

in the levels of EPI, NE and Ser in treated rats probably 

indicated by the ACR induced common inhibition of 

monoaminergic neurotransmission. This might be 

interpreted by that ACR might inhibit monoamines 

synthesis and/or activate their degradation. In 

accordance, a previous study indicated that ACR 

increased the catalytic activity of monoamine oxidase in 

rat brain 
[40]

. This might support that active degradation 

could cause a decrease in brain monoamine levels in 

ACR treated rats ,this depletion replenished after chrysin 

treatment. 

Conclusion 

Chrysin exhibited protective effects against ACR- 

induced neurotoxicity in Wistar rats through reduction of 

MDA, inflammatory marker; IL-6, AchE and β-amyloid 

A associated with modulation of neurotransmitters, CK-

BB and BDNF. Concurrent supplementation of chrysin 

with ACR administration had a better effect than after 

ACR-exposure in both our histological findings and 

measured parameters. 
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