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ABSTRACT
Background: In present scenario Acrylamide (A) concentration in starchy
food processed at high temperatures have become very serious health
problems. It is also used in industries and research chemical and potent
toxic to experimental animals as well as humans. The present study
was carried out to investigate protective effects of Kaempferol (KPF)
against A-induced toxicity in rats. KPF is a natural flavonol, found in tea,
strawberries, broccoli, cabbage, beans, grapes, tomato and plant products
used in traditional medicine such as ginkgo biloba, Moringa oleifera and
propolis. Methods: A (38.27 mg/kg, p.o.) was administered to female
Wistar rats for 10 consecutive days followed by therapy of KPF for 3
days at different doses (5, 10, 20, 40 mg/kg, p.o.). Results: Activities of
transaminases (aspartate aminotransferase/alanine aminotransferase),
urea, creatinine and lipid profile were significantly rise whereas decline in
haemoglobin after A administration. A significant elevation of LPO were
observed with concomitant depleted activities of SOD, CAT and GSH in
toxicant treated group. Significant reduction was found in the activity of

AChE in brain. Therapy of KPF showed its protective effect on biochemical
and histopathological observation at all the doses in a dose dependent
manner. Conclusion: The protective effect of KPF was observed against
A-induced toxicity.
Key words: Carcinogenic, Flavonoid, Neurotoxic, Oxidative stress,
Antioxidant.
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INTRODUCTION
Plants have been reported to have protective capability due to the
presence of the polyphenols and flavonoid and have anti allergic-1,
anti inflammatory and antioxidant properties both in animal and human models which prevent neurotoxicity.1,2 Kaempferol (KPF, Figure1) is
3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H-1-benzopyran-4-one, a natural
polyphenol, nontoxic, natural dietary compound that has been isolated
from citrus fruits, grape fruit, tea, beans, brussels sprouts, cabbage, tomato,
broccoli, apples, strawberries and other plant sources. It act as free
radicals scavenger and superoxide radicals scavenger and preserve the
activity of various antioxidant enzymes such as catalase, glutathione
peroxidase and glutathione-s-transferase.3 Some preclinical studies have
shown that dietary Kaempferol has a wide range of pharmacological activities, including antioxidant, anti inflammatory, anti carcinogenic, antidepressant, antidiabetic, neuro protective, cardio protective and anti allergic activities.3 KPF also reduces the risk of chronic diseases, especially
cancer, controls intracellular signalling cascades and preserves normal
cell viability. It modulates a number of key elements in cellular signal
transduction pathways linked to apoptosis, angiogenesis, inflammation
and metastasis.4
Now a days, the presence of a Acrylamide (A) in lots of fried and baked
foods raises concerns due to its potential to cause toxicity and cancer
in animals and human.5 It is formed in carbohydrate-rich foods
processed at high temperature during baking, grilling or frying.6 A is a
water soluble vinyl monomer which is used in water purification,
cosmetic industries, glues and paper, aesthetic surgeries, as a soil stabilizer
and for other industrial and laboratory purposes. Dietary exposure of
A to humans through various food such as French fries, potato crisps,
bread, cookies, and coffee.7
Children eat more A-rich foods than adults probably for their higher
caloric intake. Its high level of exposure causes carcinogenesis, neurotoxi
city and reproductive toxicity in mice and rats.8
Oxidative stress and mitochondrial dysfunctions have been demonstrated to be key mechanisms in chemical-induced cell injuries, which refers
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to enhanced generation of reactive oxygen species (ROS)/ reactive nitrogen species (RNS) and/ or depletion of antioxidant defense system so,
imbalance between pro-oxidants and antioxidants.9 The aim of present
study to investigate the protective role of KPF against A toxicity in liver,
kidney and brain in rats.

MATERIALS AND METHODS
Experimental animals
Wistar female albino rats weighing 160 ± 10 g from departmental animal
facility were selected where they received standard pellet diet (Pranav
Agro Industries, New Delhi, India having metal contents in ppm dry
weight Cu, 10; Mn, 33; Zn, 45; and Co, 5) and drinking water ad libitum.
They were maintained in an air-conditioned animal room; temperature
of 250C; relative humidity 55.5%; ventilation frequency of18 times per
hour; and a 12-h light/dark cycle. Animals used in this study were treated
and cared for in accordance with the guidelines recommended by the
Committee for the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA), Government of India.

Chemicals
Acrylamide, Kaempferol (Sigma Aldrich) and other analytical grade
laboratory reagents were procured from Merck (Germany), HiMedia
and SRL chemical (India).

Experimental design
Group 1: Control
Group 2: KPF, 40 mg/kg, p.o. for 03 days
Group 3: A at 38.27 mg/kg, p.o.(1/3 rd of LD50) for 10 days, 11–13days Rest
Group 4: A (As Group3) + KPF, 5 mg/kg, p.o. for 03 days
Group 5: A (As Group3) + KPF, 10 mg/kg, p.o. for 03 days
Group 6: A (As Group3) + KPF, 20 mg/kg, p.o. for 03 days
Group 7: A (As Group3) + KPF, 40 mg/kg, p.o.for 03 days
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Figure 1: Structure of Kaempferol.

Figure 2: A caused disruption in hepatic cords, heterochromatic nuclei, hypertrophy and vacuolation
in cytoplasm of hepatocyte (X 400). Figure 3: KPF group showed well-maintained hepatic cord, clear
central vein with hexagonal hepatocytes (X 400). Figure 4: Administration of A showed swallowed
glomeruli and swelling and vacuolation in epithelial cells of renal tubule (X 400). Figure 5: Treatment
with KPF revealed well-formed Bowman’s capsule with intact endothelial lining and reduced vacuolation in renal tubules (X 400). Figure 6: A induced vacuolization, degenerated pyramidal cells and
reduced nerve fibres in cerebrum (X 100). Figure 7: Brain of KPF therapy showed loss of vacuolization,
well formed purkinje and pyramidal cells (X 100).
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Animals of all the groups were sacrificed after 24 h of last treatment for
biochemical analyses.

Biochemical assays
Blood was collected by puncturing the retro-orbital venosus sinus and
serum was isolated for the estimation of AST and ALT.10,11 Serum
cholesterol, triglyceride, albumin, creatinine and urea (kit method)
were estimated by auto analyser. The activity of acetyl cholinesterase
(AChE)12 was determined in different parts of brain. Hepatic, renal and
cerebral LPO13and GSH14 were estimated. The activities of Catalase
(CAT)15 and Superoxide dismutase (SOD)16 were determined in liver,
kidney and brain.

Histopathological assays
Histopathological examination was performed on the organs and
tissues of all animals. Liver, kidney and brain were dissected out washed
in saline and fixed in Bouin’s fluid. Paraffin-embedded tissue sections at
6 μm of all organs were routinely prepared, stained with hematoxylin
and eosin (H&E) and examined by light microscopy.

Statistical analysis
P values were evaluated at the level of ≤0.05 by student’s t test. Significance of the difference among various groups was evaluated by one way
analysis of variance (ANOVA)@ F=p≤0.05.

RESULTS
Biochemical results
Tables 1 and 2 represent the blood biochemistry in serum. Increased
the activities of AST and ALT significantly in the A exposed group
as compared to the other groups (p≤0.05), while therapy with KPF at
5,10,20,40 mg/Kg doses restored the levels of serum transaminases
(Table 1). A administration significantly (p≤0.05) decreased the haemo
globin percentage and increased albumin level (Table 1). There was significant elevation in lipid profile such as triglycerides, cholesterol along
with urea and creatinine in A exposed group which clearly showed altered
brain and kidney functions (Table 2). Therapy with KPF at 5,10,20,40
mg/Kg doses prevented all the parameters statistically significant. A administration in rats significantly reduced the AChE activity in all parts
of brain as compared to control rats. However, KPF treatment at 20,40
mg/Kg significantly (p≤0.05) ameliorated the activity of AChE (Table 3).
Table 4 represents the tissue levels of TBARS and GSH. It was found that
acrylamide administration significantly increased TBARS levels in liver,
kidney and brain tissues as compared to the other groups (p≤0.05), while
KPF administration decreased the TBARS levels significantly in A and
KPF group when compared to A group (Table 4). The GSH levels decreased significantly (p≤0.05) in liver, kidney and brain tissues after A
exposure as compared to other groups, but when KPF given orally at
5,10,20,40 mg/Kg along with A, GSH levels improved significantly when
compared to A group (p≤0.05).
Acrylamide administration decreased the level of SOD and CAT activities significantly in liver, kidney and brain tissues as compared to other
groups (p≤0.05). However, when Acrylamide and KPF at 5,10,20,40
mg/Kg were administered together, SOD and CAT activities were
increased significantly when compared to A group (p≤0.05) (Table 5).

Histopathological results
Light microscopy examination of liver of control rats revealed well
maintained hepatic lobules and sinusoidal spaces. A caused congestion
in central vein, disruption in hepatic cords and hypertrophy and vacuolation in eosinophilic cytoplasm of hepatocyte along with heterochromatic nuclei (Figure 2). The histological appearance of the KPF group

38

showed improvement in the liver with well-maintained hepatic cord
arrangement, clear central vein with almost hexagonal hepatocytes
(Figure 3).
Kidney tissues of the control rats showed normal histological structure
of the glomeruli and tubules in the cortex and medulla. Administration
of A showed swallowed glomeruli, distortion in endothelial lining,
swelling and vacuolation in epithelial cells of proximal convoluted tubule
(Figure 4). Treatment with KPF revealed well-formed Bowman’s capsule
with intact endothelial lining, loss of vacuolation in proximal tubules
with well-formed lumen (Figure 5).
Brain sections of control rats showed normal histological structure of
the cerebral cortex. Histopathological examination of the brain tissues
of A-treated rats showed vacuolization, degenerated pyramidal cells
and reduced nerve fibres in cerebrum. (Figure 6). Brain of KPF treated
rats showed signs of recovery such as loss of vacuolization, well formed
purkinje and pyramidal cells (Figure 7). Both the higher doses showed
almost equal protection in biochemical as well as Histopathological
observation.

DISCUSSION
A monomer is a potent neurotoxin and capable of inducing CNS
and PNS damages in humans and animals which also induces ataxia,
skeletal muscle weakness and weight loss. A used in industrial products
for water treatment and grouting, cigarette smoking, and poly Acrylamide gel electrophoresis, which primarily measured as A-Hb adducts
present in blood.17
Once absorbed, Acrylamide may be conjugated by glutathioneS-transferase (GST) to N-acetyl-S-(3-amino-3-oxopropyl) cysteine or
it reacts with cytochrome P450 (CYP450) to produce major metabolite
glycidamide.18 Glycidamide may be further metabolized by epoxide
hydrolase to glyceramide or by conjugation to glutathione, or it may
react with proteins, including haemoglobin, or with deoxyribonucleic
acid (DNA). A formed A-Hb, GA-Hb and GA-DNA adduct.19 A is dissolved in water very well and distributed to all the tissues in a rapidly after
being taken orally and induced hematological and neurotoxic changes in
animals.20 The hemoglobin (Hb) is linked to the total population of red
blood cells, the present study revealed that Hb decreased significantly after A administration in rats which might be either due to the retarded synthesis or destruction hemoglobin. Similar results were found by author.21
A induced oxidative stress in cells by unbalancing oxidant/antioxidant
ratio.22 In the present study, elevated level of TBARS observed in
A-treated rats indicate excessive formation of free radicals and activation
of LPO system resulting in tissue damage. TBARS produced by products
of LPO that occurs in hydrophobic core of bio membranes. Our study
found that the level of thiobarbituric acid reactive products had increased
significantly in liver, kidney and brain after. A administrated may be due
to the failure of detoxification.GSH is synthesized in all organs, especially in the liver, and is present in all mammalian cells. A administration
increases the generation of free oxygen radicals and significant decreases
the GSH in the experimental animals. Similar results noted by indicates
many researchers.23-25
A induced toxicity may be due to depletion in antioxidant enzymes as
observed in present study which indicates loss of free radical scavenging activity. A exposure significantly inhibited the antioxidant enzymatic
activities CAT and SOD levels in liver, kidney and brain. This may suggests an increased utilization of these antioxidant enzymes to counter the
increased level of free radicals induced by A in these tissues. Similar findings were observed by many authors.24,25
A significant increase in AST and ALT activity was found in serum of
rats exposed to A. These marker enzymes AST and ALT are cytoplasmic
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Table 1: Protective effect of Kaempferol against Acrylamide on liver function tests and Hb% in rats
Treatments
Control
KPF40Per se
A
A + KPF5
A + KPF10
A + KPF20
A + KPF 40
F Value

AST

ALT

Albumin

Haemoglobin

(IU /L)

(IU /L)

(mg/dl)

(%)

61.44 ± 3.39
61.00 ± 3.37
137.4 ± 7.59#
128.3 ± 7.09
124.2 ± 6.86
82.60 ± 4.56*
88.59 ± 4.89*
38.90@

42.00 ± 2.32
40.00 ± 2.21
170.0± 9.39#
80.47± 4.44*
72.03± 3.98*
49.11± 2.71*
52.50± 2.90*
112.1@

3.10 ± 0.17
2.80 ± 0.15
4.48 ± 0.24#
3.30 ± 0.18*
3.25 ± 0.17*
3.16 ± 0.17*
3.17 ± 0.17*
9.973@

16.50 ± 0.91
15.80 ± 0.87
9.400 ± 0.51#
12.93 ± 0.65*
13.40 ± 0.67*
13.70 ± 0.69*
14.00 ± 0.70*
10.79@

Values are mean + S.E., N = 6. # P≤0.05 vs control group, * P≤0.05 vs A administered group. ANOVA
(F values) @ = Significant, ns= Non significant at 5 % level.
Table 2: Effect of Kaempferol on Lipid profile and kidney function tests against Acrylamide induced toxicity in rats
Treatments

Triglycerides

Cholesterol

Urea

Creatinine

(mg/dl)

(mg/dl)

(mg/dl)

(mg /dl)

Control
KPF 40 Per se
A
A + KPF 5
A + KPF 10
A + KPF 20
A + KPF 40
F Value

66.00 ± 3.64
68.00 ± 3.75
123 .0± 6.79#
87.35 ± 4.82*
69.00 ± 3.81*
68.00± 3.75*
68.80± 3.80*
26.10@

46.00 ± 2.54
42.00 ± 2.32
160.0 ± 8.84#
54.90 ± 3.03*
52.50 ± 2.90*
48.50± 2.68*
48.00 ± 2.65*
101.7@

33.00 ± 1.82
32.00 ± 1.76
82.00 ± 4.53#
81.85 ± 4.52*
78.90 ± 4.36
50.10 ± 2.76*
49.50 ± 2.73*
38.99@

0.13 ± 0.007
0.20 ± 0.011
0.80 ± 0.044#
0.20 ± 0.011*
0.17 ± 0.009*
0.15 ± 0.008*
0.14 ± 0.007*
199.1@

Values are mean + S.E., N = 6. # P≤0.05 vs control group, * P≤0.05 vs A administered group. ANOVA (F values) @ = Significant,
ns
= Non significant at 5 % level.
Table 3: Influence of Kaempferol against Acrylamide on acetylcholinesterase (µ mole / min / mg protein)
Treatments

Fore Brain

Mid Brain

Hind Brain

Control
KPF 40Per se
A
A + KPF5
A + KPF10
A + KPF20
A + KPF40
F Value

42.00 ± 2.32
41.60 ± 2.29
11.59± 0.64#
14.55 ± 0.80*
17.65 ± 0.97*
27.89± 1.54*
27.24± 1.50*
73.73@

22.50 ± 1.24
21.60 ± 1.19
7.920 ± 0.43#
13.28 ± 0.73
16.11 ± 0.89*
17.54 ± 0.96*
17.28 ± 0.95*
32.61@

39.72 ± 2.19
40.00 ± 2.21
11.85 ± 0.65#
17.18 ± 0.94*
20.92 ± 1.15*
21.72 ± 1.20*
19.05 ± 1.05*
69.04@

Values are mean + S.E., N = 6. # P≤0.05 vs control group, * P≤0.05 vs A administered group. ANOVA (F values)
@
= Significant, ns= Non significant at 5 % level.
Table 4: Antioxidative effect of Kaempferol against Acrylamide on Lipid Peroxidation and Reduced Glutathione of rats
Lipid Peroxidation
(n mole MDA / mg protein)

Glutathione
(µ mole / g)

Treatments

Liver

Kidney

Brain

Liver

Kidney

Brain

Control
KPF40Per se
A
A + KPF5
A + KPF10
A + KPF20
A + KPF40
F Value

0.23 ± 0.01
0.26 ± 0.01
1.30 ± 0.07#
0.96 ± 0.05*
0.74 ± 0.04*
0.66 ± 0.03*
0.57 ± 0.03*
93.07@

0.35 ± 0.01
0.37 ± 0.02
2.20 ± 0.12#
1.62 ± 0.08*
1.58 ± 0.08*
0.73 ± 0.04*
0.60 ± 0.03*
132.6@

0.36 ± 0.01
0.40 ± 0.02
2.37 ± 0.13#
1.38 ± 0.07
1.25 ± 0.06*
0.95 ± 0.05*
0.99 ± 0.05*
113.8@

8.50 ± 0.46
8.30 ± 0.45
5.60 ± 0.30#
6.30 ± 0.34
7.18 ± 0.39*
8.21 ± 0.45*
8.29 ± 0.45*
9.057@

8.20 ± 0.44
7.91 ± 0.43
6.10 ± 0.33#
7.21 ± 0.35
7.81 ± 0.38*
7.94 ± 0.41*
8.11 ± 0.41*
3.669@

8.00 ± 0.44
8.20 ± 0.45
5.60 ± 0.30#
6.93 ± 0.38*
7.46 ± 0.41*
7.50 ± 0.41*
7.62 ± 0.42*
5.413@

Values are mean + S.E., N = 6. # P≤0.05 vs control group, * P≤0.05 vs A administered group. ANOVA (F values) @ = Significant at 5
% level.
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Table 5: Protective effect of Kaempferol against Acrylamide on oxidative stress markers in rats
Superoxide dismutase
(µ/min/mg protein)

Catalase
(µmol H2O2/min/mg protein)

Treatments

Liver

Kidney

Brain

Liver

Kidney

Brain

Control
KPF40Per se
A
A + KPF5
A + KPF10
A + KPF 20
A + KPF 40
F Value

63.00 ± 3.48
65.00 ± 3.59
34.00 ± 1.87#
51.12 ± 2.82*
54.89 ± 3.03*
62.88 ± 3.47*
59.30 ± 3.27*
14.22@

61.00 ± 3.37
63.00 ± 3.48
30.00 ± 1.65#
40.22 ± 2.22*
44.07 ± 2.43*
58.85 ± 3.25*
60.55 ± 3.34*
23.81@

64.00 ± 3.53
67.00 ± 3.70
39.00 ± 2.15#
49.00± 2.70*
60.00± 3.31*
63.00 ± 3.48*
61.00 ± 3.37*
11.46@

68.00 ± 3.75
70.00 ± 3.86
32.00 ± 1.76#
47.94 ± 2.65*
52.46 ± 2.90*
63.37 ± 3.50*
63.50 ± 3.51*
21.31@

75.00 ± 4.14
77.00 ± 4.25
45.00 ± 2.48#
59.65 ± 3.29*
62.00 ± 3.42*
70.00 ± 3.86*
71.00 ± 3.92*
10.95@

76.00 ± 4.20
78.00 ± 4.31
44.80 ± 2.47#
50.00 ± 2.76
52.00 ± 2.87
56.70 ± 3.13*
60.25 ± 3.33*
17.42.1@

Values are mean + S.E., N = 6. # P≤0.05 vs control group, * P≤0.05 vs A administered group. ANOVA (F values) @ = Significant at 5 % level.

in origin and release into the circulation depends on the abnormal
dynamic properties of the cell membrane following exposure to A or
suffering from liver malfunctioning. These finding supported by many
workers.25,30 In the present investigation the elevated level of albumin is
indicative of cellular leakages and loss of functional integrity of hepatocytes or hepatocellular dysfunction by A.22 There was significant elevation in lipid profile such as triglycerides and cholesterol. Hypercholesterolemia is evidence of liver damage characterized by the development of
cytoplasm fatty vacuolation and necrosis of the centrilobular hepatocytes
with lymphocytic infiltration. A molecule has two reactive sites, viz, the
conjugated double bond and the amide group which can conjugate with
the -SH group of a sulfur containing amino acids and α-NH2 group of
a free amino acid. The present study showed that, administration of A
altered in the serum creatinine and urea compared to untreated groups
might be due to impairment in renal function. This agrees with the results of Shelly.26-28,30
AChE is the presynaptic (cholinergic) and postsynaptic (cholinoceptive)
components of cholinergic pathways where it terminates the synaptic
action of acetylcholine through catalytic hydrolysis. A significant depletion
in AChE activity in different region of rats brain suggest impairment of
neurotransmission at central and peripheral synapses or synaptic dysfunction.27 These findings are also supported by various investigators.25,29
Our biochemical findings substantiate by our histological observations.
Liver tissues taken from A group showed degeneration and necrosis of
hepatic parenchyma, vacuolation, congestion of the blood vessels, diffusion of Kupffer cells, and mononuclear inflammatory cells in rats. These
observations agreed with the findings of other author.30 The kidneys of
A treated rats showed infiltration of few mononuclear cells, degeneration of lining cells of renal tubules may be due to excretion of A and its
metabolites through kidneys. Similar results were reported in rats and
rabbits by many workers.30,31 Evidences suggested that the neurotoxicity
produced by A exposure is linked to nerve terminal damage in the central
and peripheral nervous system which is mediated by injury to nerve terminals and cerebellar purkinje cells.29,32
KPF is a natural poly phenol and have been established antioxidant effects in several studies.2,33 KPF reduce diseases due to its potential antioxidant and anti-inflammatory activities.2,34
Preclinical studies have shown that this dietary compound has antioxidant, anti inflammatory, and anti allergic activities.35 In recent decades,
several studies have shown neuro protective effects of KPF may prevent generation of ROS. Results showed that TBARS levels significantly reduced and GSH was increased in KPF therapy groups which
may be due to inhibition of ROS production in cells in rat. KPF protected
apoptosis in neurons and significantly reduce the proliferation of neural
40

progenitor cells.36 The results of the present study suggested that
Kaempferol, as a nontoxic, inexpensive dietary component, is a promising
agent for ameliorating A toxicity through inhibition of oxidative stress and
enhanced the antioxidant enzymes. The present study suggest that KPF
therapy is beneficial against A induced toxicity. Further works are needed to
fully characterize and elucidate its possible mode of action and that is
in progress.
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REFERENCES
1. Chirumbolo S. The role of quercetin, flavonols and flavones in modulating
inflammatory cell function. Inflamm Allergy Drug Targets.2010;9:263–85.
http://dx.doi.org/10.2174/187152810793358741; PMid:20887269.
2. Oloyede OB, Ajiboye TO, Komolafe YO. N-nitrosodiethylamine induced redox
imbalance in rat liver: Protective role of poly phenolic extract of BlighiasapidArilli.
Free Rad. Antiox.2013; 3(1):25–9.
3. Chen AY, Chen YC. A review of the dietary flavonoid, Kaempferol on human health
and cancer chemoprevention. Food Chem. 2013;138(4):2099–2107.http://dx.doi.
org/10.1016/j.foodchem.2012.11.139; PMid:23497863 PMCid:PMC3601579.
4. Kim, Shi Hyoung, et al. “The dietary flavonoid Kaempferol mediates antiinflammatory responses via the Src, Syk, IRAK1, and IRAK4 molecular targets.”
Mediators of inflammation 2015 (2015). http://dx.doi.org/10.1155/2015/904142.
5. Kahkeshani N, Saeidnia S, Abdollahi MJ. Role of antioxidants and phytochemicals
on amide mitigation from food and reducing its toxicity. Food Sci Technol. 2015;
52(6):3169–86.
6. El-Mehi AE, El-Sherif NM. Influence of Acryl amide on the gastric mucosa
of adult albino rats and the possible protective role of rosemary. Tissue
Cell. 2015;47(3):273–83. http://dx.doi.org/10.1016/j.tice.2015.03.005; PMid:25882756.
7. Friedman M. Chemistry, biochemistry and safety of Acryl amide: A review. J
Agric Food Chem. 2003;51(6):4504–26. http://dx.doi.org/10.1021/jf030204+;
PMid:14705871.
8. Katen AL, Roman SD. The genetic consequences of paternal Acryl amide exposure and potential for amelioration.Mutat Res. 2015;777:91–100. http://dx.doi.

Free Radicals and Antioxidants, Vol 7, Issue 1, Jan-Jun, 2017

Shrivastava et al.: Kaempferol against Acrylamide toxicity
org/10.1016/j.mrfmmm.2015.04.008; PMid:25989052.
9. Arribas-Lorenzo G, Morales JF. Recent Insights in Acryl amide as Carcinogen in
Foodstuffs. Advance in Molecular Toxicology. 2012;6:163–193.
10. Parasuraman S, Ming Zhen K, Raveendran R. Retro-orbital sample collection in
Rats—a video article. PharmacolToxicol Biomed Rep. 2015;1(2):37–40. http://
dx.doi.org/10.5530/ptb.1.2.1.
11. Reitman S, Frankel AS. A colorimetric method for the determination of serum
glutamic oxalacetic and glutamic pyruvic transaminases. Am J Clinical Pathology.
1957;28(1):56–63. http://dx.doi.org/10.1093/ajcp/28.1.56.
12. Ellman GL, Courthey KD, Anders V, Feather S. Determination of acetyl cholinesterase. Biochem Pharmacol.1961;7:88–95. http://dx.doi.org/10.1016/0006–
2952(61)90145–9.
13. Sharma SK, Krishnamurthy CR. Production of lipid peroxides of brain. J Neurochem. 1968;15:147–9. http://dx.doi.org/10.1111/j.1471–4159.1968.tb06187.x.
14. Brehe JE, Bruch HB. Enzymatic assay for glutathione. Anal. Biochem.
1976;74:189–197. http://dx.doi.org/10.1016/0003–2697(76)90323–7.
15. Aebi H. Catalase in vitro. Met Enzymol. 1984;105:121–126. http://dx.doi.
org/10.1016/S0076–6879(84)05016–3.
16. Misra HP, Fridovich I. The role of superoxide anion in the autoxidation of epinephrine and a simple assay for superoxide dismutase. J Biology Chem. 1972;
247,3170–3175. PMid:4623845.
17. Bergmark E. Hemoglobin adducts of Acryl amide and acrylonitrile in laboratory
workers, smokers, and non smokers. Chem Res Toxicol. 1997;10:78–84. http://
dx.doi.org/10.1021/tx960113p; PMid:9074806.
18. Sumner SCJ, MacNeela JP, Fennell TR. Characterization and quantitation
of urinary metabolites of {1,2,3–13C}Acryl amide in rats and mice using 13C
nuclear magnetic resonance spectroscopy. Chem Res Toxicol.1992;5:81–9.
http://dx.doi.org/10.1021/tx00028a015; http://dx.doi.org/10.1021/tx00025a014;
PMid:1581543.
19. Tareke E, Twaddle NC, McDaniel LP, Church well MI, Young JF, Doerge DR.
Relationships between biomarkers of exposure and toxicokinetics in
Fischer 344 rats and B6C3F1 mice administered single doses of Acryl amide
and glycidamide and multiple doses of Acryl amide. Toxicol Appl Pharma
cology.2006;217(1):63–75.http://dx.doi.org/10.1016/j.tAp.2006.07.013;
PMid:17007897.
20. Burek JD, Albee RR, Beyer JE, Bell TJ, Carreon RM, Morden DC, Wade CE,
Hermann EA, Gorzinski SJ. Subchronic toxicity of Acryl amide administered
to rats in the drinking water followed by up to 144 days of recovery. J Environ
Pathol Toxicol.1980;4(5–6):157–82.PMid:7217844.
21. Barber DS, Hunt JR, Ehrich MF, Lehning EJ, LoPachin RM. Metabolism, toxicokinetics and hemoglobin adduct formation in rats following subacute and
subchronic Acryl amide dosing. Neurotoxicol.2001;22:341–53. http://dx.doi.
org/10.1016/S0161–813X(01)00024–9.
22. Park HR, Kim MS, Kim SJ, Park M, Kong KH, Kim HS, Kwack SJ, Kang TS,
Kim SH, Kim HS, Lee J. Acryl amide induces cell death in neural progenitor cells
and impairs hippocampal neurogenesis. Toxicol Lett.2009;193:86–93. http://
dx.doi.org/10.1016/j.toxlet.2009.12.015.PMid:20035847
23. Lebda MA, Gad SB, Rashed RR. The effect of lipoic acid on Acryl amide-

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

induced neuropathy in rats with reference to biochemical, hematological,
and behavioral alterations. Pharm Biol.2015;53(8):1207–13. http://dx.doi.org/
10.3109/1388020.2014.970288.PMid:25853975.
Tabatabaie T, Floyd RA. Susceptibility of glutathione peroxidase and glutathione reductase to oxidative damage and the protective effect of spin trapping
agents. Arch Biochemistry Biophysics. 1994;314(1):112–9. http://dx.doi.org/
10.1006/abbi.1994.1418.PMid:7944382
Yousef MI, El-Demerdash FM. Acryl amide-induced oxidative stress and
biochemical perturbations in rats. Toxicology. 2006;219:133–41. http://dx.doi.
org/10.1016/j.tox.2005.11.008.PMid:16343728.
Shelly M. In: Regina V.S. Calder. Trans cript Records of New Zealand High Court,
Christchurch, New Zealand.1996.
Abdel-Daim MM, AbdEldaim MA, Hassan AG. Trigonella foenum-graecum
ameliorates Acryl amide-induced toxicity in rats: Roles of oxidative stress,
proinflammatory cytokines, and DNA damage. Biochem Cell Biol. 2015;93(3):192–8.
http://dx.doi.org/10.1139/bcb-2014–0122; PMid:25607344.
Zhu YJ, Zeng T, Zhu YB, Yu SF, Wang Q S, Zhang LP, Guo X, Xie K Q. Effects
of Acryl amide on the Nervous Tissue Antioxidant System and Sciatic Nerve
Electrophysiology in the Rat. Neurochemistry Res.2008;33(11):2310–17. http://
dx.doi.org/10.1007/s11064–008–9730–9; PMid:18470611.
LoPachin RM, Schwarcz AI, Gaughan CL, Mansukhani S, Das S. In vivo and
in vitro effects of Acryl amide on synaptosomal neurotransmitter up take and
release. Neurotoxicology. 2004;25(3):349–63. http://dx.doi.org/10.1016/S0161–
813X(03)00149–9.
Shler AF Mahmood, Kawa AM Amin, Shilan FM Salih. Effect of Acryl amide
on Liver and Kidneys in Albino Wistar Rats. Int J Curr Microbiol App Sci.
2015;4(5):434–44.
Mansour MK, Ibrahim EM, El-Kholy MM, El-Madawy SA. Antioxidant and His to
pathological effect of catechin and neem leaves extract in Acryl amide toxicity
of rats. Egypt J Comp Clinical Pathology.2008;21(1):290–313.
Lehning EJ, Balaban CD, Ross JF, LoPachin RM. Acryl amide neuropathy: III.
Spatiotemporal characteristics of nerve cell damage in forebrain. Neurotoxicology.
2003; 24(1):125–36. http://dx.doi.org/10.1016/S0161–813X(02)00155–9.
Dar RA, Brahman PK, Khurana N, Wagay JA, Lone ZA, Ganaie MA, Pitre KS.
Evaluation of antioxidant activity of crocin, podophyllotoxin and Kaempferol by
chemical, biochemical and electrochemical assays. Arabian J Chem 2013. http://
dx.doi.org/10.1016/j.arabjc.2013.02.004.
Calderon-Montano JM, Burgos-Moron E, Perez-Guerrero C, Lopez-Lazaro M.
A review on the dietary flavonoid Kaempferol. Mini Rev Med Chem. 2011;
11(4):298–344 http://dx.doi.org/10.2174/138955711795305335; PMid:21428901.
Jang YJ, Kim J, Shim J, Kim J, Byun S, Oak MH, Lee KW, Lee HJ. Kaempferol
attenuates 4-hydroxynonenal-induced apoptosis in PC12 cells by directly inhibiting
NADPH oxidase. J Pharmacol Exp Ther. 2011;337(3):747–54. http://dx.doi.
org/10.1124/jpet.110.176925;PMid:21398514.
Cnubben NHP, Wortelboer HM, Van Zanden JJ, Rietjens IM, van Bladeren PJ.
The interplay of glutathione-related processes in antioxidant defense. Environ Toxicol Pharmacol. 2001;10(4):141–152. http://dx.doi.org/10.1016/S1382–
6689(01)00077–1.

PICTORIAL ABSTRACT

SUMMARY
• Kaempferol (KPF) is a polyphenol which is present in citrus fruits, tea,
cabbage, strawberries and other plant sources.
• KPF act as free radicals scavenger.
• Pharmacological activities of KPF includes antiinflammatory, anticarcinogenic, antidiabetic and antiallergic.
• These findings encourage studying KPF further as a potential agents
against acrylamide intoxication.
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