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ABSTRACT

Introduction: Advanced glycation end products (AGEs) formation is due to glycation of lipids, proteins, and nucleic
acids. AGEs play a vital role in Diabetes Mellitus (DM) and cardiovascular complications and is enhanced by oxida-
tive stress. Hordeum vulgare (Barley Grass) is a cereal plant of grass family poaceae and has been reported to exhibit
antidiabetic and antioxidant characteristics and prevention of cardiovascular disease. Current experiment focused on
the evaluation of antioxidant and anti-advanced glycation end products formation effect of Hordeum vulgare water
extract. Methods: Free radical scavenging ability of Hordeum vulgare water extract, was evaluated using DPPH,
nitric oxide, hydrogen peroxide, lipid peroxidation, FRAP and metal ion chelating. Total phenolic content of Hor-
deum vulgare was also analysed. In-vitro antiglycation activity was done using BSA-MGO, BSA-Glu. Phytochemical
screening was performed to detect the presence of flavonoids, saponins, tannins, steroids and terpenoids. Results:
The results showed Hordeum vulgare water extract ameliorated the formation of AGE and scavenge free radical from
DPPH, Nitric oxide, hydrogen peroxide, Lipid peroxidation, FRAP and Metal ion chelating. Phytochemicals such as
saponins, tannins, flavonoids, steroids and terpenoids were detected in Hordeum vulgare water extract. Conclusion:
Hordeum vulgare water extract reveals antiglycation and free scavenging properties.
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INTRODUCTION

Glycation is a condensation reaction of sugar and protein
by linking the reducing end carbonyl groups of sugar to
the amino groups under high temperature (1). Advanced
glycation end products (AGEs) are formed from Mailard
reactions. They are produced through three (3) stages,
initial step is the formation of glycosylamines/Schiff
bases, as well as their amadori rearrangement product,
the intermediate stage involves break down of amadori
products into several fission components of the highly
reactive sugar - amino complex compound. The final
stage involves precipitation of amino compounds and
sugar particles into polymerized protein and brown
pigments (2).

Maillard reaction can either happen endogenously
through non-enzymatic reaction or exogenous through
intake of foods processed under high temperature.
Endogenous AGEs formation can happen inside the body
because of high dietary sugar intake and hyperglycemia
condition (3). Factors affecting exogenous AGEs
formation are processed food that are high in protein and
sugar content. Lifestyle like diet and smoking plays vital
role in the rate of formation of AGE (4). Increase in the
formation and accumulation of AGE increases the risk
of DM and associated complications. Oxidative stress
and protein glycation are linked under hyperglycemic
conditions in diabetic patients (5). Disparity between
free radicals and antioxidant system will lead to
oxidative stress (AOS). Accumulation of reactive oxygen
species without effective action on the exogenous and
endogenous antioxidant systems, causes generation of
highly reactive electrophilic compounds. This reactive
component reacts with amino group of proteins to
generate reactive dicarbonyl which is a precursor of
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AGE. These reactive dicarbonyl compounds will glycate
with proteins to form AGEs (6).

Antioxidants delays damage of cells through quenching
or inhibition of free radical generation (7). They stabilize
or prevent free radicals damage by donating electrons
to damage cells. They also transform free radicals into
products in the body, thereby eliminating them out of
the system (8). Intake of antioxidant rich foods such
as vegetables and fruits are effective in the protection
against chronic diseases resulting from free radicals
(9). Antioxidants shows health benefits because of the
presence of vitamins and polyphenols. Interaction of
free radicals and macromolecules such as protein,
lipids and nucleic acid stimulates apoptosis which
causes various physiological, cardiovascular, and
neurological disorders (10). The current study evaluated
the ability Hordeum vulgare (barley grass), water extract
to scavenge free radical generation and inhibition of
accumulation of AGE. Hordeum vulgare (barley grass) is
the world’s fourth most important cereal crop. It is mostly
famous for its high amount of fibers such as p-glucan
which is a soluble fibre that has some impressive health-
related benefits such as lowering blood cholesterol,
reducing coronary heart disease risk and slows glucose
absorption as well as maintain glycemic control (11).
Previous studies shows that young leaves of Hordeum
vulgare contain high flavonoid which exhibit a high
antioxidant activity (12). Antioxidant property is useful
in the treatment of the disease caused by oxidative stress
damage (13). Current experiment reports Hordeum
vulgare (barley grass) water extract possess in vitro
antioxidant and anti-AGE activities.

MATERIALS AND METHODS
In-vitro antioxidant activity

DPPH radical scavenging activity

DPPH radical scavenging activity was evaluated
according to method described by Okechukwu etal 2019
(14), One milliliter (1 ml) of sample at concentration of
(10-100 pg/ml) was evaluated, BHT and DPPH without
extract was used as negative control. The absorbance
was measured at 517 nm against blank using a 96 well
plate reader. The results were expressed in terms of
IC, value.

The percentage of DPPH free radical inhibition was
calculated using the equation (1) below

% Inhibition = Absorbance of control-Absorbance of Sample x 100
Absorbance of Control

Where Abs control = Absorbance of the control; Abs
sample = Absorbance of the sample

Nitric oxide radical scavenging activity
The experiment was performed according to the method
described by Mridula et al 2021 (15) with minor

modification. A mixture of 0.5 ml of sample (10-100
pg /ml), 1 ml of sodium nitroprusside (10 mM) and
0.5 ml of phosphate buffer saline were vortexed for 5
seconds. After incubation for 150 mins in dark at room
temperature, 1T ml of sulfanilic acid reagent (0.33 %
in 20 % glacial acetic acid) were added to each test
tubes of the mixture. After vortex and incubation for 5
minutes, 1T ml of 0.1 % N-1-naphthyl ethylene diamine
dihydrochloride was added to each test tubes and
incubated at 25°C for 30 minutes. The absorbance of
pink colored chromophore formed was measured at
540 nm against blank using 96 well plate reader. BHT
was used as positive control. The percentage of NO free
radical inhibition was calculated using the equation 3.1
above. The results were expressed in terms of IC, value.

H,O, radical scavenging activity

H,O, radical scavenging activity was measured following
method described by Mridula et al 2021 (15) with minor
modifications. A solution of H,O, (43mM) containing
100 ml of sodium phosphate buffer (0.1 M; pH 7.4) was
prepared. Sample of extract concentration range of 10-
100 pg/ml and at volume of 200 pl was added to 1.2 ml
of H,O, and 600 pl of phosphate buffer and vortexed.
The absorbance value of the reaction was measured at
230 nm against blank using a 96 well plate reader. 800
pl of phosphate buffer and 1.2 ml of H,O, against blank
was used as negative control. The percentage of H,0O,
free radical inhibition was calculated using the equation
in section (1). The results were expressed in terms of
IC,,value. The positive control used was BHT.

Lipid peroxidation radical scavenging activity
(TBARS)

Lipid peroxidation was measured by thiobarbituric acid
reactive species (TBRAS). Egg homogenate is known
to be rich in lipid medium and substrate, therefore it
was used for this experiment. The experiment was
done according to established method by (15). Egg
homogenate was used as a rich lipid medium and
substrate. Lipid peroxidation activity was measured
by thiobarbituric acid reactive species (TBRAS). One
milliliter (1mL) of sample at concentrations (10-100
pg /ml), was mixed with 0.5 mL of 10 % v/v of egg
homogenate. Distilled water and FeSO4 (0.07 M) were
added to the mixture to induce lipid peroxidation and
incubated for 30 minutes. After incubation acetic, TBA,
SDS and TCA were added, vortexed and heated at 95°C
for 60 minutes. Similar replicate was prepared using
same method but incubated without TBA and used as
negative control and BHT was used as positive control.
After incubation butanol was added, centrifuged at 5000
rom for 10 minutes, absorbance of organic layer was
measured at 532 nm and % inhibition was calculated
using above equation (1).

Chelating Capacity
Chelating capacity was measured using the method
as reported by Mridula et al 2021 (15) with minor
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modification. One milliliter (TmL) of sample ranger
10-100 pg/ml, was mixed with FeSO, (0.1TmM) and
ferrozine (0.25 mM) incubated at room temperature for
10 minutes. Absorbance was read at 562 nm against a
blank solution using 96 well plate reader and EDTA was
used as a positive control. The percentage of ferrous ion
chelating capacity was calculated using the equation
(1). The results were expressed in terms of IC, value.

Ferric Reducing Antioxidant Power (FRAP)

Ferric Reducing Antioxidant Power (FRAP) was
measured by adding 0.2 mL of sample at 10-100 pg/
ml to a mixture of FRAP reagent which is prepared by
mixing sodium acetate buffer (0.3 M; pH 3.6), 2, 4,
6-tri-(2-pyridyl)-s-triazine (TPTZ) solution (20 mM) and
FeCl,.6H,0 (20 mM) at the ratio of 10:1:1. Ten minutes
(10 Mins) was allowed for the mixture to incubate at
room temperature. The experiment applied method
described by Gayathri et al 2014 (16) with minor
modifications. Ascorbic acid was used as standard
reference control and the percentage of ferric ions
inhibition was calculated using the equation (1). The
increase in absorbance was measured using a 96 well
plate reader at 593 nm. Ascorbic acid was used as
positive control and the results were expressed in terms
of IC_ value.

Total Phenolic Content

Total Phenolic Content of Vulgare water extract were
performed by using the Folin-Ciocalteu’s reagent (Merck).
Folin-Ciocalteu’s reagent were mixed with extract and
sodium carbonate. The mixture was centrifugated, left
in dark for 30 minutes and absorbance was measured
at 765 nm using 96 well plate reader. Total phenolic
content of sample extract was expressed as gallic
acid equivalent (GAE) in mg per 1g of sample extract.
Experiment was done following established method
described by Mahboubi et al 2015 (17).

In-vitro anti-glycation assays

Bovine-Serum Albumin (BSA-Glucose) assay

Reagent for BSA-Glucose assay were prepared by
mixing 10 mg/ mL of Bovine Serum Albumin (BSA),
500 mM of glucose and extract at concentration of 10ug/
mL-50pg/mL in 0.2M sodium phosphate buffer (pH
7.4). Sodium azide (0.5mM) was added to the mixture
after 5 minutes incubation. The tubes were incubated
for 7 days at 37°C in dark and aminoguanidine was
used as a positive control. Glycation was measured as
fluorescence intensity (excitation wavelength of 370
nm and emission wavelength of 440 nm) using Omega
micro plate reader. The experiment was performed
following method proposed by Mridula et al 2021 (15).
The percent inhibition was calculated by using Equation

(1).

BSA-Methylglyoxal (BSA-MGO) assay

Bovine serum albumin (BSA)-Methylglyoxal assay

was performed according to the Mridula et al 2021
(15) Bovine serum albumin (BSA) (20mg/mL) and
methylglyoxal (60mM) were dissolved in 0.1M sodium
phosphate buffer (pH 7.4). 3mL of reaction mixture
containing TmL of Bovine serum albumin (BSA),
1mL of methylglyoxal and TmL of extract at different
concentrations (10pg/mL-50pg/mL) were prepared. The
reaction mixture was mixed thoroughly and incubated
for 5 minutes. After incubation, 0.5mL of sodium
azide (0.2g/L) was added to each tube. The tubes were
tightly capped and incubated at 37°C for 7days in dark
conditions. Aminoguanidine was used as a positive
control inhibitor for glycation of proteins. After 7 days of
incubation, the samples were measured at fluorescence
intensity (excitation wavelength of 370nm and emission
wavelength of 420 nm) using Omega micro plate reader.
The experiment was carried out in triplicates. The
percentage of inhibition was calculated by using the
Equation (1).

Phytochemical screening

Colorimetric tests were performed for phytochemical
analysis of Hordeum vulgare water extract. Test for
Saponins and flavanoids were done separately following
the method developed by Ali et al 2018 (18). Distilled
water of volume 5 mL water was mixed with 0.1 g of
Hordeum vulgare water extract,the mixture was filtered
and shaken for 30s. Formation of froth confirms the
presence of saponins, and the presences of a yellowish
orange colour confirms the presence of flavonoids.

Test for tannin was conducted according to the method
proposed by Ali et al 2018 (18). Hordeum vulgare water
extract at 1 g was mixed with 10 ml of distilled water, 2
mL of diluted colorless filtrate was mixed with 2 drops
of FeCl, reagent. The presence of blue or blackish green
colour confirms the presence of tannin.

Hordeum vulgare water extract at 5 mg was dissolved
in 1T mL of chloroform, mixed with 1T mL acetic acid
and few drops of concentrated H, SO, for the test of
steroids and terpenoids according to the method by Ali
et al 2018 (18). The appearance of pink or violet colour
ring at bottom indicates the presence of steroids, the
appearance of reddish brown at bottom layer indicates
the presence of terpenoids.

RESULTS
In-vitro antioxidants capacity

DPPH radical scavenging capacity

The antioxidant capacity of Hordeum vulgare was
evaluated using DPPH scavenging assay. Based on
the IC,, (ug/mL), Hordeum vulgare extract showed
significantly higher inhibition of DPPH radical with IC
= 43.80 £0.22 pg/mL followed by the BHT at IC, =
73.13 £0.16 pg/mL as shown in Figure 1(a).
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Hydrogen Peroxide Radical Scavenging capacity
Based on the IC,  (ug/mL), Hordeum vulgare indicate
significant (p<0.01) higher hydrogen peroxide radical
scavenging effect with IC_ value of 11.13 £ 2.17 pg/ml
compared to our standard, BHT, 18.60 + 0.25 pg/ml as
shown in Figure 1(b).

Nitric Oxide Scavenging capacity

The results shows that there is no statistically significant
difference detected in the activity between Hordeum
vulgare and BHT (p>0.05) with respect to their IC_50
values of 5.14 + 1.33 pg/ml and 3.27 =+ 0.93 pg/
ml respectively, shown in Figure 1(c). Therefore, the
inhibition of NO radicals by Hordeum vulgare is as
effective as BHT.

Chelating Capacity

The effects of Hordeum and EDTA on the metal chelating
ion was evaluated using chelating capacity activity as
shown in Figure 1(c). Comparative IC,  indicates that
EDTA had significant (p<0.001) stronger iron cheating
capacity with IC,; 5.29 + 0.28pg/ml compared to
Hordeum vulgare with 1C, value of 7.42 + 0.17 pg/ml
as shown in Figure 1(d).

Lipoperoxidation
(TBRAS)

The results show that BHT demonstrates significant
(p<0.01) higher effect on the inhibition of MDA
formation compared to Hordeum vulgare with the IC,
values of 9.48 + 1.75 pg/ml and 15.87 + 1.88 pg/ml
respectively as shown in Figure 1(e).

radical scavenging capacity

Ferric Reducing Antioxidant Power (FRAP)
The reducing ability of Hordeum vulgare and ascorbic

1@ | 1(b) 1(©) ‘

DPPH Radical Scavenging Assay

80 43.80%¢

B>

Barley Giras

s BHT Barley Grass BHT Barley Grass BHT
Compounds C s

1(d) 1(H ‘

Chelating Capactiy Assay

(
0 50 331
»

(v
8
ug/mL)
v
-

720 5.20% g2 1537+ 720
e g

0 -
Barley Grass BHT Barley Grass  Ascorbic acid
Compounds

Figure 1: Antioxidant profile of Hordeum vulgare water ex-
tract and standard drug (BHT and EDTA). (a) DPPH radical
scavenging capacity; (b) H202 radical scavenging capacity;
(c) NO radical scavenging capacity ; (d) Chelating capacity;
(e) Lipoperoxidation radical scavenging capacity; (f) Reducing
power capacity. Result is showed as IC, value. The data were
statistically analyzed by One-way ANOVA followed by Dun-
net’s’ post hoc test. Significant at (***p < 0.001, **p < 0.01,
*p < 0.05).

acid was evaluated using Ferric reducing capacity.
According to results based on IC,, ascorbic acid had
significantly (p<0.01) higher reduced capacity with IC
= 0.32 = 0.35 pg/ml than Hordeum vulgare with IC,
value of 33.11 + 0.3 pg/ml as shown in Figure 1(f).

In-vitro anti glycation assays

In-vitro AGEs-Glucose-BSA and MGO-BSA assays

The inhibitory activity of Hordeum vulgare and
aminoguandine on the advanced glycation end
products was evaluated using Glucose - BSA and MGO-
BSA glycation assays. Based on lllustration of data
from Glucose BSA protein model, barley grass shows
a significantly (p<0.001) higher inhibition potency
of AGEs with IC,, =31.02+1.703 ug/ml compared to
Aminoguanidine with IC_; =10.65+0.957 ug/ml as
shown in Figure 2(a). However, Aminoguanidine
showed significantly (p<0.0001) higher inhibition of
AGEs with IC,, =2.02+ 0.889, compare to Hordeum
vulgare with 1C,; =0.5T= 0.66 in MGO-BSA protein
model as shown in Figure 2(b).
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Figure 2: In-vitro anti-glycation activity of Hordeum vulgare
water extract and standard drug (aminoguandine). (a) GLU-
COSE-BSA protein glycation inhibition activity; (b) MGO-BSA
protein glycation inhibition activity Result are showed asIC50
value. The data were statistically analyzed by One-way ANO-
VA followed by Dunnet’s’ post hoc test. significant at (***p <
0.001, **p < 0.01, *p < 0.05).

Total Phenolic Content Assay

The total phenolic content (TPC) of Barley grass extract
is determined by Folin-Ciocalteu reagent method
expressed as gallic acid equivalent (GAE) in mg per gram
of sample extract. The concentration of TPC of Hordeum
vulgare is determined from gallic acid standard curve.
According to the experiment, TPC of Hordeum vulgare
increased with increasing concentration with lowest
TPC of 1.007 mg GAE/g extract at 10 pg/ml and highest
TPC of 3.005 mg GAE/g extract at 100 pg/ml. shown in
Figure 3.

Phytochemical screening assay

Phytochemical ~ compounds including saponins,
flavonoids, tannin, steroids and terpenoids are present
in the water extracts of Hordeum vulgare.
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Figure 3: Gallic acid standard curve

Table I: Phytochemicals present in Hordeum vulgare water extracts

Present (v') Absent (X)

Phytochemical

Saponins v
Flavonoids
Tannin

Steroids

NI NN

Terpenoids

DISCUSSION

Several reports have linked accumulation of advanced
glycation end products (AGEs) as influencer of
reactive oxygen species generation and implicated to
hyperglycemia (19). Current experiment shows free
radical scavenging activity (antioxidant) of Hordeum
vulgare water extract. Antioxidants prevents damage
of cells by reactive oxygen species (ROS) and its
derivatives (20). Natural antioxidant potentials of
extracts is recommended to be determined through a
combination of inhibition of lipid peroxidation and
electron/radical scavenging activity (21); (22). The
present result reflects the free radical scavenging ability
of Hordeum vulgare water extract, which is attributed
to the presence of reductones (23). Reductones plays
active role in reducing properties of Fe®*- ferricyanide
complex to the ferrous form. Reductones has been
reported to possess antioxidant properties through its
donation of hydrogen atom that breaks free radical
chain and it prevents formation of perioxide, when it
reacts with certain peroxide precursors (24). Presence of
phenolics in Hordeum vulgare water extract may have
been the reason it is able to scavenge of H,O, radicals.
This is because phenolics donates electrons to H,O, and
neutralises it to water (25). Transition metals enhances
the generation of free radicals which damages cellular
systems, thus agents that stabilizes these transition metals
will minimize radical-induced damage (26). Chelating
activity of Hordeum vulgare water extract maybe through
the conversion of ferrous sulphate to ferrozine (27). Free
radicals influence the deterioration of polyunsaturated
lipids into Malondialdehyde (MDA). Increase cellular
content of MDA indicates lipid peroxidation (LPO),
and MDA is the major oxidative product of peroxidized
polyunsaturated fatty acids. Present study shows

Hordeum vulgare water extract, showed a significant
decrease in MDA content indicating the prevention
of lipid peroxides, because stimulation of antioxidant
enzymes play an important role in scavenging reactive
oxygen species (28).

Accumulation and formation process of AGE involves
the release of many free radicals, carbonyl species,
and reactive dicarbonyl species, that are detrimental to
cellularsystems. One of suchcompoundsismethylglyoxal
(MG), which is very reactive and can cause dicarbonyl
stress, influencing normal physiological functions
(5). Free radicals and its derivatives are critical in the
formation of AGE, antioxidants activity closely linked to
anti-AGE property, this is because the antioxidants can
scavenge free radicals and its derivatives. Antioxidants
are also able to trap dicarbonyl species or break down
glycation end products which will lead to inhibition
of AGEs (29,30). Free radical scavenging property of
Hordeum vulgare water extract may have contributed
to the observed inhibition of AGE formation. This is
because free radical scavenging capability is critical
in non-enzymatic protein glycation and autoxidation
of glucose which leads to inhibition of AGE formation.
The inhibition of BSA-glucose and BSA-MGO
interaction demonstrates the fact that Hordeum vulgare
water extract was able to react with carbonyl groups and
dicarbonyl intermediates to prevent formation of AGE.

Phenolics are secondary metabolites found in plants
that possess therapeutic benefits such as radical
scavenging, carbonyl trapping, metal iron chelation,
anti-AGEs, antioxidants, and anti-diabetic activity (31).
Hydroxyl groups and their derivatives present on the
phenol rings of phenolic compounds plays a major role
in stabilization property and may be responsible for
the antioxidant activity of phenolic compounds (32).
Previous report by Grzegorczyk-Karolak et al 2016 (33),
shows that polyphenols from Scutellaria alpina L. and S.
altissima L. possesses antioxidant and anti — AGE activity
via multiple mechanisms such as radical scavenging,
reducing power, inhibition of lipid peroxides. Several
researchers have reporter a very strong correlation
between antiglycation activity, antioxidant, and total
phenolic content in herbs, spices, and plant extracts
(34,35). Anti -AGE activity of Hordeum vulgare water
extract may be connected to its antioxidant property and
presences of phenolic compounds (36,4,37).

CONCLUSION

Hordeum vulgare water extract inhibits the formation
and accumulation of AGE, which may be because
of its free radical scavenging property, decrease of
reactive carbonyl and presence of phenolic component.
Further research is ongoing to determine the effect of
Hordeum vulgare water extract on glycation pathway
and interaction with RAGE receptor.

Mal ] Med Health Sci 18(6): 134-140, Nov 2022 138



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

ACKNOWLEDGEMENT

The authors acknowledge UCSI University for providing
the internal funding for this project grant code: CERVIE
REIG grant number REIG-FAS-2020-031 and Alpha
Active SDN BHD Malaysia for providing Hordeum
vulgare sample.

REFERENCES

1.

139

Zhang Q, Ames JM, Smith RD, Baynes JW, Metz
TO. A perspective on the maillard reaction and the
analysis of protein glycation by mass spectrometry:
probing the pathogenesis of chronic disease. ]
Proteome Res. 2009;8(2):754-769. doi: 10.1021/
pr800858h.

Teodorowicz M, Hendriks WH, Wichers HJ,
Savelkoul HFJ. Immunomodulation by processed
animal feed: the role of maillard reaction products
and advanced glycation end-products (Ages).
Front Immunol. 2018; 9:2088. doi: 10.3389/
fimmu.2018.02088

Aragno M, Mastrocola R. Dietary sugars and
endogenous formation of advanced glycation
endproducts: emerging mechanisms of disease.
Nutrients. 2017;9(4):385. doi: 10.3390/
nu9040385.

Chen J-H, Lin X, Bu C, Zhang X. Role of
advanced glycation end products in mobility and
considerations in possible dietary and nutritional
intervention  strategies. Nutr Metab (Lond).
2018;15(1):72. doi: 10.1186/s12986-018-0306-7.
Yeh W-J, Hsia S-M, Lee W-H, Wu C-H. Polyphenols
with antiglycation activity and mechanisms
of action: A review of recent findings. ] Food
Drug Anal. 2017;25(1):84-92. doi: 10.1016/].
jfda.2016.10.017.

Moldogazieva NT, Mokhosoev IM, Mel’nikova TI,
Porozov YB, Terentiev AA. Oxidative stress and
advanced lipoxidation and glycation end products
(Ales and ages) in aging and age-related diseases.
Oxid. Med. Cell. Longev. 2019; 2019:1-14. doi:
10.1155/2019/3085756.

Moukette Moukette B, Constant Anatole P, Nya
Biapa CP, Njimou JR, Ngogang JY. Free radicals
quenching potential, protective properties against
oxidative mediated ion toxicity and HPLC phenolic
profile of a Cameroonian spice: Piper guineensis.
Toxicol. Rep. 2015; 2:792-805. doi: 10.1016/].
toxrep.2015.02.007

Rahman MdM, Islam MdB, Biswas M, Khurshid
Alam AHM. In vitro antioxidant and free radical
scavenging activity of different parts of Tabebuia
pallida growing in Bangladesh. BMC Res Notes.
2015;8(1):621. doi: 10.1186/s13104-015-1618-6.
Wilson D, Nash P, Buttar H, et al. The role of
food antioxidants, benefits of functional foods,
and influence of feeding habits on the health
of the older person: an overview. Antioxidants.

10.

12.

13.

14.

15.

16.

17.

18

19.

20.

21.

2017;6(4):81. doi: 10.3390/antiox6040081.

Khan W, Subhan S, Shams DF, et al. Antioxidant
potential, phytochemicals composition, and metal
contents of datura alba. Biomed Res. Int. 2019;
2019:1-8. doi: 10.1155/2019/2403718.

Khoury ElI D, Cuda C, Luhovyy BL, Anderson
GH. Beta glucan: health benefits in obesity and
metabolic syndrome. ) Nutr Metab. 2012; 2012:1-
28. doi: 10.1155/2012/851362

Kamiyama M, Shibamoto T. Flavonoids with potent
antioxidant activity found in young green barley
leaves. ] Agric Food Chem. 2012;60(25):6260-
6267. doi: 10.1021/jf301700;j.

Tan BL, Norhaizan ME, Liew W-P-P, Sulaiman
Rahman H. Antioxidant and oxidative stress:
a mutual interplay in age-related diseases.
Front Pharmacol. 2018; 9:1162. doi: 10.3389/
fphar.2018.01162.

Okechukwu PN, Ekeuku SO, Sharma M, Fromming
GRA. Palmatine identified from Malaysian local
plant possess in vitro and in vivo antidiabetic and
antioxidant effect on high-fat diet-induced diabetic
rat model. FASEB j. 2019;33(S1). doi: 10.1096/
fasebj.2019.33.1_supplement.504.6

Mridula 'S, Wardah SM, Mellinnda X, et al.
Antioxidant and anti-advanced glycation end
products formation properties of palmatine. J.
Pharm. Pharmacogn. 2021;9(3):366-378. doi:
10.56499/jppres20.940_9.3.366

Gayathri G, Bindu RN, Babu V. Scavenging of free
radicals and total phenols of methanol extract of
Azima tetracantha lam. Int. J. Pharm. Pharm. Sci.
2014;6(9):347-351.

Mahboubi A, Asgarpanah J, Sadaghiyani PN, Faizi
M. Total phenolic and flavonoid content and
antibacterial activity of Punica granatum L. var.
pleniflora flowers (Golnar) against bacterial strains
causing foodborne diseases. BMC Complement
Altern Med. 2015;15(1):366. Total phenolic and
flavonoid content and antibacterial activity of
Punica granatum L. var. pleniflora flowers (Golnar)
against bacterial strains causing foodborne
diseases.

Ali 'S, Khan MR, Irfanullah, Sajid M, Zahra Z.
Phytochemical investigation and antimicrobial
appraisal  of  Parrotiopsis  jacquemontiana
(Decne) Rehder. BMC Complement Altern Med.
2018;18(1):43. doi: 10.1186/s12906-018-2114-z.
Nowotny K, Jung T, Huhn A, Weber D, Grune T.
Advanced glycation end products and oxidative
stress in type 2 diabetes mellitus. Biomolecules.
2015;5(1):194-222. doi: 10.3390/biom5010194.
Gaschler MM, Stockwell BR. Lipid peroxidation
in cell death. Biochem. Biophys. Res. Commun.
2017;482(3):419-425. doi: 10.1016/j].
bbrc.2016.10.086.

Frankel EN, Finley JW. How to standardize the
multiplicity of methods to evaluate natural
antioxidants.J Agric Food Chem.2008;56(13):4901-

Mal J Med Health Sci 18(6): 134-140, Nov 2022



22.

23.

24.

25.

26.

27.

28.

29.

4908. doi: 10.1021/jf800336p

Antolovich M, Prenzler PD, Patsalides E, McDonald
S, Robards K. Methods for testing antioxidant
activity.  Analyst.  2002;127(1):183-198.  doi:
10.1039/b009171p.

Ma Z, Marsolais F, Bykova NV, Igamberdiev AU.
Nitric oxide and reactive oxygen species mediate
metabolic changes in barley seed embryo during
germination. Front Plant Sci. 2016;7. doi: 10.3389/
fpls.2016.00138.

Kumar RS, Rajkapoor B, Perumal P. Antioxidant
activities of Indigofera cassioides Rottl. Ex. DC.
using various in vitro assay models. Asian Pac. J.
Trop. Biomed. 2012;2(4):256-261. doi: 10.1016/
$2221-1691(12)60019-7

Kumarappan CT, Thilagam E, Mandal SC.
Antioxidant activity of polyphenolic extracts
of Ichnocarpus frutescens. Saudi J. Biol.
Sci.  2012;19(3):349-355.  doi: 10.1016/j].
sjbs.2012.04.004

G. Sudha, M. Sangeetha P, Rajan Babu IS, S V.
Antioxidant activity of ripe pepino fruit (Solanum
muricatum Aiton). Int. J. Pharm. Pharm. Sci.
2011;3(3):257-261.

Chandrasekara A, Shahidi F. Content of insoluble
bound phenolics in millets and their contribution
to antioxidant capacity. ] Agric Food Chem.
2010;58(11):6706-6714. doi: 10.1021/jf100868b.
Jhansyrani T, Sujatha D, Rupasree P, Bharathi K,
Prasad KVSRG. In-vitro antioxidant potential of
selected nutraceuticals. Int. J. Pharm. Sci. Res.
2018;10(3):1426-1432.

Chen Y, Al-Ghamdi AA, Elshikh MS, Shah MH,
Al-Dosary MA, Abbasi AM. Phytochemical
profiling, antioxidant and HepG2 cancer cells’
antiproliferation potential in the kernels of apricot
cultivars. Saudi J. Biol. Sci. 2020;27(1):163-172.
doi: 10.1016/j.sjbs.2019.06.013.

Mal ] Med Health Sci 18(6): 134-140, Nov 2022

30.

31.

32.

33.

34.

35.

36.

37.

Reddy VP, Beyaz A. Inhibitors of the Maillard
reaction and AGE breakers as therapeutics for
multiple diseases. Drug Discov. Today. 2006;11(13-
14):646-654. doi: 10.1016/j.drudis.2006.05.016.

Saibabu V, Fatima Z, Khan LA, Hameed S.
Therapeutic potential of dietary phenolic acids.
Adv. pharmacol. sci. 2015; 2015:1-10.

Shahidi F, Ambigaipalan P. Phenolics and
polyphenolics in foods, beverages and spices:
Antioxidant activity and health effects — A review.
J. Funct. Foods. 2015; 18:820-897. doi: 10.1016/].
jff.2015.06.018

Grzegorczyk-Karolak I, Gotgb K, Gburek J,
Wysokinska H, Matkowski A. Inhibition of
advanced glycation end-product formation and
antioxidant activity by extracts and polyphenols
from Scutellaria alpina I. and S. Altissima .
Molecules.  2016;21(6):739.  doi:  10.3390/
molecules21060739.

Dearlove RP, Greenspan P, Hartle DK, Swanson
RB, Hargrove JL. Inhibition of protein glycation by
extracts of culinary herbs and spices. ] Medicinal
Food. 2008;11(2):275-281.  doi:  10.1089/
jmf.2007.536.

Ramkissoon ], Mahomoodally M, Ahmed N,
Subratty A. Antioxidant and anti-glycation
activities correlate with phenolic composition
of tropical medicinal herbs. Asian Pac. J. Trop.
Med. 2013;6(7):561-569. doi: 10.1016/S1995-
7645(13)60097-8.

Masisi K, Beta T, Moghadasian MH. Antioxidant
properties of diverse cereal grains: A review on in
vitro and in vivo studies. Food Chem. 2016; 196:90-
97. doi: 10.1016/j.foodchem.2015.09.021.

Kehrer JP, Tipple TE, Robertson JD, Smith C.V.
Free radicals and reactive oxygen species. In:
Comprehensive Toxicology. Elsevier; 2018:262-
294. doi: 10.1016/B978-0-12-801238-3.01895-X

140



