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Abstract
This study was conducted to assess the role of apigenin extracted from parsley seeds either in glycosidic 
(aqueous extract) or aglycone forms (organic solvent extract), comparing to butylated hydroxyl tolouene 
(BHT)in serum lipid profile and brain tissue peroxidation in H2O2 induced oxidative stress adult male rats.

The yield of crude flavonoids from parsley seeds was found to be approximately 2.65% and thin layer 
chromatography techniques confirmed that apigenin is the main flavonoid with RF similar to that of the 
standard apigenin.

Experimentally induction of oxidative stress in male rats by 0.75% H2O2 in drinking water for eight weeks 
showed a significant alterations in normal serum lipid profile manifested by significant elevation (p<0.05) 
in total cholesterol, Triacyle glycerol (TAG), Low density lipoprotein-Cholestrol (LDL-C) and Very low 
density lipoprotein-Cholestrol (VLDL-C) and a significant decrease in High density lipoprotein-Cholestrol 
(HDL-C) as compared to the control and BHT treated groups. On the other hand, daily oral administration 
of apigenin in a dose of 150 mg/Kg B.W. to H2O2 treated groups were caused a significant correction of the 
lipid profile parameters.

Examination of brain tissues of H2O2 and apigenin concurrent H2O2 treated rats showed a significant decrease 
(p<0.05) in brain tissue malondialdehyde (MDA) and significant elevation in catalase and cholinesterase 
activities in apigenin and BHT treated groups comparing with H2O2 treated and control groups.
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Introduction
Recent attention has been given to the influence of 

dietary factors on health and mental well-being (1). There 
are convincing evidences that the oxidative stress and 
reactive oxygen species (ROS) play an important role in 
the etiology and/or progression of a number of human 
diseases(2). It is known that oxidative stress is associated 
with many diseases including neurodegenerative 
disorders.

Many factors contribute to the degeneration of 
neural cells, leading to functional deterioration of neural 
cells, leading to functional deterioration of neurons 
and neurodegenerative disorders. Hence, because of 
their high metabolic activities and low antioxidant 

defense capacities, neural cells in brain are more 
vulnerable to oxidative stress(3). In addition, hydrogen 
peroxide is produced in β-amyloid (Aβ) aggregation, 
dopamine oxidation, and brain ischemia/reperfusion, 
AB aggregation is known to cause oxidative damage in 
neurons, including protein and lipid oxidation and DNA 
damage(4).

The main class of natural antioxidants is exerting 
cardioprotective, chemopreventive, and neuroprotective 
effects. The biological activities of flavonoids have 
been attributed to their antioxidant, anti-inflammatory, 
anticancer, neuroprotective and signaling properties(1,5). 
A clear understanding of the mechanisms of action, as 
either antioxidants or signaling molecules, is crucial 
for the application of flavonoids as interventions in 
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neurodegeneration and as brain foods(6). Some flavonoids 
(like apigenin) can also traverse the blood-brain barrier; 
hence they are promising candidates for intervention in 
neurodegeneration and as constituents in brain foods(7).

Apigenin (4, 5, 7 - trihydroxyflavone) is a 
dietary flavonoid commonly found in many fruits and 
vegetables(8). It has been found that apigenin inhibits 
tumor growth and angiogenesis agent induced by 
different cancer cells(9).

However, the role of apigenin as antioxidant and in 
neuroprotection is not so clear therefor, this study was 
conducted in order to investigate the following:

1.	 Extraction of apigenin from parsley seeds and 
conformation of the structural components using 
(TLC) in comparison with standard apigenin.

2.	 Assessment the role of apigenin as either Glycoside 
and/or Aglycone in serum lipid profile and brain 
lipid peroxidation in oxidative stress male rats.

Materials and Method
Parsley seeds were obtained from commercial 

sources (Baghdad) and the vouchers specimen of the 
plant were deposited to be identified and authenticated 
at the National Herbarium of Iraq botany directorate in 
Abu-Ghraib under scientific name petrselinumsativum 
belongs to the family umbilifera. After cleaning and 
milling crushed seed was kept in dark and dry place.

The method of Harborne(10) modified by Al-
Kawary(11) was used for the extraction of apigenin in 
aglycone form, while the method of Ikhan(12) was used 
for apigenin extraction in Glycoside form.

Thin layer chromatography on Silica gel type 
G aluminum plates (20 x 20 cm) at a thickness of 
0.25 mm supplied from Fluka Company was used for 
the identification of apigenin either in Aglycone or 
Glycosidic form. Toluene: ethyl-acetate: acetic acid 
(36:12:5) was used as mobile phase (13) and UV detector 
to explore the spots on 254ηm.

Fifty adult male Albino Wister rats weights (250-
300) gm, 10-12 weeks of age were randomly divided into 
five groups; Group (c), Rats of this group were allowed 
to ad libtium supply of drinking water and served as a 
negative control group. Group (T1), rats were allowed to 
0.75% H2O2 in drinking water and served as a positive 
control group. Group (T2) rats, were allowed to 0.75% 
H2O2 plus daily oral administration of BHT, 25 mg/kg 

B.W.(14), using gavage needle. Group (T3) rats were 
allowed to 0.75% H2O2 + 150 mg/kg B.W of apigenin in 
glycosidic form. Group (T4) rats were allowed to 0.75% 
H2O2 + 150 mg/kg B.W of apigenin as Aglycone.

Blood and brain tissue samples were collected 
after four and eight weeks of experimental period, five 
animals from each group were sacrificed for blood and 
brain tissue analysis, immediately after blood collection, 
each animal was killed and the head was separated and 
quickly preserved in liquid nitrogen until analysis.

Serum samples were used for the measurement of 
total cholesterol according to(15) using Randox assay kit. 
Triacylglycerol using Biomerieux kit(16). High density 
lipoprotein (HDL-C) measured enzymatically using 
linear enzymatic Kit (Linear chemicals, Barcelona, 
Spain).

Serum low density lipoprotein cholesterol (LDL-C) 
and VLDL-C were calculated according to(17).

Brain tissue samples were used for the measurement 
of cholinesterase activity according to(18), catalase 
activity according to(19) and malondialdehyde 
concentration(20).

Statistical analysis of data was performed of two 
way analysis of variance (ANOVA) using significant 
level of (p<0.05). Specific group differences were 
determined using least significant difference (LSD) as 
described by (21).

Results and Discussion
Parsley dry seed contains approximately 2.65% 

flavonoids (apigenin). The RF values of extracted 
apigenin in glycosidic form was 0.477, similar RF 
values under the same experimental conditions was 
recorded by (13), while the corresponding values for 
apigenin in aglycone form was 0.554. The higher RF 
values in aglycone form may attribute to the remove of 
sugar moiety from the molecule.

Oral administration of 0.75% H2O2 to male 
rats caused a case of hypercholesterolemia and 
hypertriacylglyceridema manifested by a significant 
p<0.05 elevation in TC, LDL-C, TAG (table 1, 2, 
3, 4) and reduction in HDL-C (table 5), and this may 
reflect the potent oxidative effectiveness of H2O2 which 
caused an oxidative damage by free radical generation 
(superoxide anion, hydroxyl radical), led to a subsequent 
complication and the development of oxidative stress(22).
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Administration of 0.75% H2O2 caused a significant 
increase in the circulating total cholesterol, LDL-C, 
VLDL-C and also in the ratio of TC: HDL-C and 
LDL-C: HDL-C. HDL-C inhibits the uptake of LDL-C 
by the arterial wall and facilitates the transport of 
cholesterol from peripheral tissue to the liver where they 
are catabolized. Then a decrease in plasma HDL-C leads 
to an elevation of LDL-C(23). Besides, increment of TAG 
level in animals received H2O2 in the present study may 
be due to an increase in serum VLDL-C level which acts 
as a carrier for the TAG (24).

Anyway, hydrogen peroxide (0.75%) used in this 
study may be considered as exogenous stress factor in 
the production of ROS which media the damage of the 
cell structure including nucleic acid, proteins and lipids 
which lead to a consequent alteration in lipid profile and 
an elevation in total cholesterol (25, 26).

Moreover, the relationship between serum cortisol, 
adrenaline and lipid profile under different stress 
conditions have been documented by a number of 
workers (26, 27).

Adrenocorticotropic hormone (ACTH) stimulates 
the synthesis of adrenaline and cortisol precursors, and 
the role of these stress hormones in the production of 
more energy in the form of metabolic fuels, fatty acids 
and glucose is well documented these substances require 
the liver to produce and secrete more LDL, which is 
the main carrier of cholesterol in the blood and finally 
elevated cholesterol level (28, 29). In this regard, the 
hypothesis postulated by (30) that oxidation stress brought 
about by the combination of excess liver iron and copper 
deficiency should be also considered since oxidative 
stress have a considerable role in hemolysis of RBC 
because of the depletion of antioxidant and particularly 
glutathione which play a major role in the protection 
of red blood cell membrane. The high iron level may 
increase both free radical formation and hyperlipidemia.

The hypolipidemic effect of flavonoid, (apigenin) 
may be attributed to the fact that cells respond to 
phytochemical through direct interaction with receptors 
or enzymes involved in signal transaction, or through 
modifying gene expressions (31, 32).

So, apigenin may limit cholesterol biosynthesis 
by inhibiting 3-hydroxy -3-methylglutaryl-CoA 
reductase (HMG-CoA reductase) or by enhancing the 
phosphorylation of HMG-CoA reductase indirectly 
thus minimize endogenous cholesterol production, and 

reduces apo B secretion in hepatocytes (33, 34) or, binding 
to cytoplasmic steroid receptor due to hydrophobicity of 
their aglycone portion. Moreover, flavonoids (apigenin) 
may intercalate between the DNA segments, leading 
to transcription of gene involved in lowering blood 
cholesterol(34, 35).

Oxidative status of brain tissues: Malondialdehyde 
(MDA) concentration, catalase and cholinesterase 
activity of brain tissue were considered in this study as a 
biomarker of H2O2 induced oxidative stress.

A significant (p<0.05) elevation in MDA was 
observed in H2O2 treated group after four and eight 
weeks of the treatment. Increase of MDA level may 
be due to an increase in free radicals production more 
than the ability of scavenging system, hence, elevated 
FRs cause a gradual cell injury by lipoxygenase enzyme 
which oxidized unsaturated fatty acids and subsequent 
production of excess MDA (36, 37).

Free radicals may also induce injury by induction of 
gene expression regulated by nuclear transcription factor 
and jun-NH2-terminal kinase (JNK)a stress protein 
leading to cellular damage(38, 39).

After 4 and 8 weeks of treatment with BHT and 
apigenin (150 mg/kg B.W. as Glycoside or aglycone) 
no significant differences in MDA concentration in the 
brain tissue was recorded among the antioxidant treated 
groups. Improving the oxidative stress H2O2 treated 
groups was confirmed the scavenging and potent LPO 
inhibition capability of the apigenin and BHT. Apigenin 
may considered a part in indirect inhibition of nuclear 
transcription factor B, resulting in a decrease in the 
formation of,adhesion molecules, chemokines, pro-
inflammatory cytokines, TNF, IL6 and IL8, as well as, 
binding to DNA strand (40).

Brain tissue catalase activity (Ku/100gm wet tissue) 
in H2O2 treated group, there was a significant decrease 
(p<0.05) during the experimental period, while no 
significant alterations was recorded in apigenin and 
BHT treated groups. Excessive H2O2 production with 
diminution of antioxidant enzyme and subsequent 
reaction of H2O2 with reduced iron to produce hydroxyl 
radical via Fenton reaction (41) has been postulated to 
cause elevation in ROS with depletion of antioxidant(42).

Besides, oxidative stress in the brain is associated 
with increased calcium ion concentration and increased 
mitochondrial demand leading to an increase in the 
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formation of ROS and RNS by disturbing respiratory 
chain and activation of series of enzyme like nitric oxide 
synthase and xanthine oxidase which stimulate ROS 
formation and antioxidant enzymes depletion (1).

On the other hand, the significant role of apigenin 
in ameliorating of antioxidant status may be attributed 
to its capability in inhibiting the activity of xanthine 
oxidase(43), lipoxygenase and cyclooxygenase 
enzymes(44).

Moreover, Hydrogen peroxide treated group 
also showed a significant decrease in brain tissue 
cholinesterase activity and this may be attributed to 
the role of H2O2 in the oxidation of the Trp432, Trp435 
and Met 436 residues in the active site of the enzyme 
resulting in conformational changes and loss of the 
physiological function(45).

However the result of this study confirmed that 
apigenin has no neuroprotective effect within the 
concentration of H2O2 used because acetylcholinestrase 
activity is H2O2 concentration dependent and inhibited 
at high H2O2 concentration (10-3 M) and activated at low 
concentration (10-6 M) (45) as well the dose of apigenin 

used may not effective to reactivate the enzyme, although 
the possible mechanisms underlying the neuroprotection 
of flavonoids against H2O2 induced oxidative damage in 
PC12 cells was recorded by (1).

  Standard apigenin,
  Parsley seed extracted apigenin (Glycoside)

  Parsley seed extracted apigenin (Aglycone)

Figure 1: TLC plte (silica gel),

Table 1: Serum total cholesterol (TC) concentration (mmol/L) of rats exposed to oxidative stress via 0.75% 
hydrogen peroxide in drinking water at the periods xero, four and eight weeks in different groups of the 

experiment

Weeks
Groups

0 4 weeks 8 weeks

C
2.468±0.194

Aa
2.461±0.194

Aa
2.478±0.194

Ba

T1
2.468±0.194

Aa
2.566±0.205

Aab
2.94±0.172

Aa

T2
2.468±0.194

Aa
1.932±0.094

Bb
1.704±0.094

Cb

T3
2.468±0.194

Aa
1.853±0.088

Bb
1.756±0.066

Cb

T4
2.468±0.194

Aa
1.955±0.172

Bb
1.985±0.144

Cb

L. S. D. = 0.394
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Table 2: Serum low density lipoprotein-Cholesterol (LDL-C) concentration (mmol/L) of rats exposed to 
oxidative stress via 0.75% hydrogen peroxide in drinking water at the periods zero, four and eight weeks in 

different groups of the experiment.

Weeks
Groups 0 4 weeks 8 weeks

C 1.191±0.033
Aa

1.194±0.033
Ba

1.197±0.033
Ba

T1 1.191±0.033
Ac

1.279±0.044
Ab

1.686±0.027
Aa

T2 1.191±0.033
Aa

0.72±0.022
Cb

0.45±0.022
Dc

T3 1.191±0.033
Aa

0.527±0.022
Db

0.501±0.022
Dc

T4 1.191±0.033
Aa

0.699±0.022
Cb

0.764±0.016
Cb

L.S.D.= 0.077

Table 3: Serum very low density lipoprotein-Cholesterol (VLDL-C) concentration (mmol/L) of rats exposed 
to oxidative stress via 0.75% hydrogen peroxide in drinking water at the periods zero, four and eight weeks 

in different groups of the experiment.

Weeks
Groups 0 4 weeks 8 weeks

C 0.580±0.011
Aa

0.583±0.011
ABa

0.489±0.011
Ba

T1 0.580±0.011
Ab

0.629±0.022
Aab

0.664±0.027
Aa

T2 0.580±0.011
Aa

0.629±0.022
Bab

0.471±0.016
Cb

T3 0.580±0.011
Aa

0.561±0.022
Ba

0.526±0.027
BCab

T4 0.580±0.011
Aa

0.551±0.027
Bab

0.505±0.016
Cb

L.S.D.= 0.066

Table 4: Serum triacylglycerol (TAG) concentration (mmol/L) of rats exposed to oxidative stress via 0.75% 
hydrogen peroxide in drinking water at the periods zero, four and eight weeks in different groups of the 

experiment.

Weeks
Groups 0 4 weeks 8 weeks

C 2.904±0.005
Ab

2.911±0.005
ABa

2.909±0.005
Bb

T1 2.904±0.005
Ab

3.148±0.116
Aab

3.324±0.133
Aa

T2 2.904±0.005
Aa

2.603±0.022
Cb

2.36±0.161
Cbc

T3 2.904±0.005
Aa

2.81±0.105
Ba

2.635±0.161
BCab

T4 2.904±0.005
Aa

2.76±0.105
BCab

2.528±0.88
Cb

L.S.D.= 0.288
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Table 5: Serum high density lipoprotein-Cholesterol (HDL-C) concentration (mmol/L) of rats exposed to 
oxidative stress via 0.75% hydrogen peroxide in drinking water at the periods zero, four and eight weeks in 

different groups of the experiment.

 Weeks
Groups

0 4 weeks 8 weeks

C
0.692±0.038

Aa
0.689±0.038

Aa
0.682±0.038

ABa

T1
0.692±0.038

Aa
0.657±0.027

Aa
0.578±0.027

Bb

T2
0.692±0.038

Aa
2.691±0.022

Aa
0.782±0.011

Aa

T3
0.692±0.038

Aa
0.728±0.044

Aa
0.764±0.161

Aa

T4
0.692±0.038

Aa
0.704±0.038

Aa
0.715±0.061

Aa

L.S.D.= 0.111

Ethical Clearance: The Research Ethical 
Committee at scientific research by ethical approval of 
both environmental and health and higher education and 
scientific research ministries in Iraq

Conflict of Interest: The authors declare that they 
have no conflict of interest.

Funding: Self-funding

References
1.	 Hwang SL, Shih PH, Yen GC. Neuroprotective 

effects of citrus flavonoids. Journal of Agricultural 
and Food chemistry. 2012 Feb 1;60(4):877-85.

2.	 Dalle‐Donne I, Scaloni A, Giustarini D, Cavarra 
E, Tell G, Lungarella G, Colombo R, Rossi R, 
Milzani A. Proteins as biomarkers of oxidative/
nitrosative stress in diseases: the contribution of 
redox proteomics. Mass spectrometry reviews. 
2005 Jan;24(1):55-99.

3.	 Hamilton ML, Van Remmen H, Drake JA, Yang 
H, Guo ZM, Kewitt K, Walter CA, Richardson A. 
Does oxidative damage to DNA increase with age?. 
Proceedings of the National Academy of Sciences. 
2001 Aug 28;98(18):10469-74.

4.	 Oikawa S, Hirosawa I, Tada-Oikawa S, Furukawa 
A, Nishiura K, Kawanishi S. Mechanism for 
manganese enhancement of dopamine-induced 
oxidative DNA damage and neuronal cell death. 
Free Radical Biology and Medicine. 2006 Sep 
1;41(5):748-56.

5.	 Khudiar KK, Almzaien AK, Almzaien KA. 
Hypolipidemic Effect of Apigenin Extracted From 
Parsley (Petroselinum sativum L.) Leaves In 
Cadmium Chloride Treated Rats (Part II). Journal 
of Kerbala for Agricultural Sciences. 2019 Jul 
15;4(5):125-39..

6.	 Rendeiro C, Rhodes JS, Spencer JP. The 
mechanisms of action of flavonoids in the brain: 
direct versus indirect effects. Neurochemistry 
international. 2015 Oct 1;89:126-39..

7.	 Gómez-Pinilla F. Brain foods: the effects of 
nutrients on brain function. Nature reviews 
neuroscience. 2008 Jul;9(7):568-78.

8.	 He J, Xu Q, Wang M, Li C, Qian X, Shi Z, Liu 
LZ, Jiang BH. Oral administration of apigenin 
inhibits metastasis through AKT/P70S6K1/MMP-
9 pathway in orthotopic ovarian tumor model. 
International journal of molecular sciences. 2012 
Jun;13(6):7271-82..

9.	 Alol LH, Al-Mzaien KA, Hussein SM. The promising 
anticancer efficacy of parsley seeds flavonoid 
(apigenin) in induced mammary adenocarcinoma 
(AMN3) mice. Journal of Physiological and 
Biomedical Sciences. 2012;25(1):5-12..

10.	 Harborne AJ. Phytochemical method a guide to 
modern techniques of plant analysis. springer 
science & business media; 1998 Apr 30.

11.	 Al-Kawary TA. Extraction of some flavonoids 
compound from leaves of sider trees (Zizyphws spin 
Christi) and its use as antioxidants and chelating of 



Medico-legal Update, January-March 2021, Vol. 21, No. 1  1479

metals in sunflower oil (Doctoral dissertation, Ph. 
D. Thesis, College of Agiculture. University of 
Baghdad).

12.	 Ikhan R. Natural products, Academic press. 
London,1969, PP. 260-270.

13.	 Medić-Šarić M, Jasprica I, Smolčić-Bubalo A, 
Mornar A. Optimization of chromatographic 
conditions in thin layer chromatography of 
flavonoids and phenolic acids. Croatica chemica 
acta. 2004 May 31;77(1-2):361-6..

14.	 Powell CJ, Connelly JC, Jones SM, Grasso P, 
Bridges JW. Hepatic responses to the administration 
of high doses of BHT to the rat: their relevance 
to hepatocarcinogenicity. Food and Chemical 
Toxicology. 1986 Oct 1;24(10-11):1131-43.

15.	 Ellefson RD, Caraway WT. Lipids and lipoproteins. 
InFundamentals of clinical chemistry 1976 (pp. 
474-542). WB Saunders Philadelphia.

16.	 Toro G, Ackermann PG. Practical clinical chemistry 
little Brown Company. Boston. P. 1975;354.

17.	 Friedwalds WT, Levy RI. wite, M. and fredrickson, 
DS (1972) Estimation of the concentration of low 
density lipoprotein cholesterol in plasma without 
the use of preparative ultra centrifuge. Clin. 
Chem.;18:499-502..

18.	 Mandali GC, Patel PR, Dhami AJ, Raval SK. 
Calving pattern and periparturient disorders in 
buffaloes of Gujarat in relation to season and 
meteorological factors. Indian Journal of Veterinary 
Medicine. 2002;22(1):15-20..

19.	 Goth L. A simple method for determination of 
serum catalase activity and revision of reference 
range. Clinica chimica acta. 1991 Feb 15;196(2-
3):143-51..

20.	 Egan H, Kirk RS, Sawyer R. Pearson’s chemical 
analysis of food. Bulter and Tanner Ltd. 1981, 
P.537.

21.	 Snedecor GW, Cochran WC. Statistical method 
6th ed The Iowa State University Press Ames lowa 
USA, 1973, 238-248.

22.	 Nasrat AH. Study the effect of dietary Diosgenin 
Extracted from fenugreek (trignellafoenumgraecum) 
seeds with trivalent chromium on lipid metabolism 
of males Japanese quail, Ph.D. thesis. University of 
Baghdad-Iraq, 2005.

23.	 Sheela Sasikumar C, Devi S. Effect of 
‘Abana’Pretreatment on Isoproterenol-induced 

Hyperlipidemia in Rats. Indian Journal of 
Pharmaceutical Sciences. 2001;63(2):101-4.

24.	 Criqui MH, Golomb BA. Epidemiologic aspects 
of lipid abnormalities. The American journal of 
medicine. 1998 Jul 6;105(1):48S-57S..

25.	 Qureshi GA, Baig S, Sarwar M, Parvez SH. 
Neurotoxicity, oxidative stress and cerebrovascular 
disorders. Neurotoxicology (Park Forest South). 
2004;25(1-2):121-38..

26.	 Odia OJ, Ofori S, Maduka O. Palm oil and the 
heart: a review. World journal of cardiology. 2015 
Mar 26;7(3):144.

27.	 Hanson MD, Chen E. Daily stress, cortisol, 
and sleep: the moderating role of childhood 
psychosocial environments. Health Psychology. 
2010 Jul;29(4):394..

28.	 Steptoe A, Brydon L. Associations between acute 
lipid stress responses and fasting lipid levels 3 years 
later. Health Psychology. 2005 Nov;24(6):601..

29.	 Austin AW, Kushnick MR, Knutson MJ, 
McGlynn ML, Patterson SM. Resting plasma 
lipids and cardiovascular reactivity to acute 
psychological stress. Journal of Psychophysiology. 
2015;29(3):99..

30.	 Fields M, Lewis CG. Hepatic iron overload 
may contribute to hypertriglyceridemia and 
hypercholesterolemia in copper-deficient rats. 
Metabolism. 1997 Apr 1;46(4):377-81..

31.	 Williams RJ, Spencer JP, Rice-Evans C. Flavonoids: 
antioxidants or signalling molecules?. Free radical 
biology and medicine. 2004 Apr 1;36(7):838-49..

32.	 Khanavi M, Saghari Z, Mohammadirad A, 
Khademi R, HAJI AA, Abdollahi M. Comparison 
of antioxidant activity and total phenols of some 
date varieties. Daru.2009, 17: 104-107.

33.	 Thakur NK, Hayashi T, Sumi D, Kano H, 
Tsunekawa T, Iguchi A. HMG-CoA reductase 
inhibitor stabilizes rabbit atheroma by increasing 
basal NO and decreasing superoxide. American 
Journal of Physiology-Heart and Circulatory 
Physiology. 2001 Jul 1;281(1):H75-83..

34.	 Liang H, Sonego S, Gyengesi E, Rangel A, 
Niedermayer G, Karl T, Muench G. Anti-
inflammatory and neuroprotective effect of 
apigenin: studies in the GFAP-IL6 mouse model of 
chronic neuroinflammation. Free Radical Biology 
and Medicine. 2017 Jul 1;108:S10.



1480  Medico-legal Update, January-March 2021, Vol. 21, No. 1

35.	 Mahini H. The effect of quercetin and exercise 
on atherosclerosis and lipid modulation (Doctoral 
dissertation, University of Massachusetts 
Lowell).,2001; 74(4), 408- 425.

36.	 Sambath Kumar R. Hepatoprotective and in vivo 
antioxidant effects of Careya arborea against carbon 
tetrachloride induced liver damage in rats. Int J Mol 
Med Adv Sci.. 2005;1:418-24..

37.	 Sambath Kumar R. Hepatoprotective and in vivo 
antioxidant effects of Careya arborea against carbon 
tetrachloride induced liver damage in rats. Int J Mol 
Med Adv Sci.. 2005;1:418-24..

38.	 Lund AK, Peterson SL, Timmins GS, Walker MK. 
Endothelin-1–Mediated increase in reactive oxygen 
species and NADPH oxidase activity in hearts 
of aryl hydrocarbon receptor (AhR) null mice. 
Toxicological Sciences. 2005 Nov 1;88(1):265-73..

39.	 Waris G, Ahsan H. Reactive oxygen species: role 
in the development of cancer and various chronic 
conditions. Journal of carcinogenesis. 2006;5:14..

40.	 Manna SK, Sah NK, Newman RA, Cisneros A, 
Aggarwal BB. Oleandrin suppresses activation of 
nuclear transcription factor-κB, activator protein-1, 
and c-Jun NH2-terminal kinase. Cancer research. 
2000 Jul 15;60(14):3838-47..

41.	 Gattermann N. Iron overload in myelodysplastic 
syndromes (MDS). International Journal of 
Hematology. 2018 Jan 1;107(1):55-63..

42.	 Hussein MA, Farghaly HS. Protective effects 
of Jasonia montana against lipid peroxidation 
in liver and kidney of iron-overloaded rats. 
Australian Journal of Basic and Applied Sciences. 
2010;4(7):2004-12..

43.	 Bickford PC, Gould T, Briederick L, Chadman 
K, Pollock A, Young D, Shukitt-Hale B, Joseph 
J. Antioxidant-rich diets improve cerebellar 
physiology and motor learning in aged rats. Brain 
research. 2000 Jun 2;866(1-2):211-7..

44.	 Erba D, Riso P, Criscuoli F, Testolin G. 
Malondialdehyde production in Jurkat T cells 
subjected to oxidative stress. Nutrition. 2003 Jun 
1;19(6):545-8..

45.	 Schallreuter KU, Elwary SM, Gibbons NC, 
Rokos H, Wood JM. Activation/deactivation of 
acetylcholinesterase by H2O2: more evidence 
for oxidative stress in vitiligo. Biochemical and 
Biophysical Research Communications. 2004 Mar 
5;315(2):502-8.




