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ABSTRACT

Aims: In this study, the antiglycation and antioxidant potency of methanol (80%) extracts, as well as
the antioxidant enzyme activities from both leaves and stem of Coleus forskohlii “balady”, were
analyzed.

Place and Duration of Study: Department of Biochemistry, Faculty of Science, King Abdulaziz
University, Jeddah, Saudi Arabia, between February 2017 and July 2017.

Methodology: Antiglycation activity was evaluated by BSA-glucose glycation assay. The total
phenolics, flavonoids, chlorophyll, carotenoid, lycopene content were estimated, and antioxidant
activity was tested by the capacity to reduce ABTS reducing power assay, DPPH radical-scavenging
activity assay, FRAP assay. Enzyme activities from both leaves and stem of Coleus forskohlii were
tested for polyphenol oxidase, peroxidase, and catalase.

Results: Results indicated that methanolic extracts from leaves exhibited strong antiglycation and
antioxidant activities than from stem. Among the enzymatic antioxidant properties, except for the
activity of peroxidase, the activities of catalase and polyphenol oxidase were significantly higher (P
< 0.05) in leaves than in stem.

Conclusion: It can be concluded that the leaves contained significantly rich sources of both
enzymatic and non-enzymatic antioxidants can be used as a natural antioxidants.

Keywords: Methacrylamido phenylboronic acid; antioxidant; antiglycation; enzyme; coleus forskohlii

"Balady"; stem; leaves.
1. INTRODUCTION

Coleus Forskohlii "Balady" is one of the family
members of the Lamiaceae; a large family that is
common, widely spread and mostly distributed in
the Mediterranean region [1]. It is native to Al-
Baha and Taif mountains in Saudi Arabia. Seven
different species were described In the Flora of
Saudi Arabia [2]. It has been prescribed in a folk
medicine to treat various medical conditions
including stomach, liver, intestine disorders,
heart, and respiratory problems [3]. Also, it is
cultivated as ornamental. Its leaves were used as
antiseptic, and deodorant dressing for wounds
and its leaf extract was used to treat ear
infections [4]. The different species of this plant
have been reported to contain rosmarinic acid
and also flavonoid  glucuronides and
diterpenoids. Invitro antioxidant, antimicrobial
and antiacetylcholinesterase activity as well as in
vivo hypotensive activity were investigated [5,6].
Nowadays, Coleus forskohlii is used as a fat
burning supplement. It increases cellular levels of
a molecule called cyclic adenosine
monophosphate (cAMP). Elevated cAMP levels
are associated with increased rates of fat loss,
and can improve the effects of other fat burning
compounds [7]. It was reported that Coleus
forskohlii supplementation implicated to increase
the testosterone level, and thus protect against
cancer and inflammation, these data
demonstrate the therapeutic potency of this
plant.

A feature of diabetes is that the rate of protein
glycation and the formation of advanced
glycation  endproducts (AGEs) increases
spontaneously due to the abnormally elevated
level of sugar in the blood. The Maillard reaction,
non-enzymatic glycation after a complex series
of reactions that involve reducing sugars and
proteins, produces a large number of end-
products that are known as AGEs. AGEs are
related to the pathogenesis of many diseases
such as diabetes, diabetic complications
(retinopathy, neuropathy, atherosclerosis, end-
stage renal diseases, rheumatoid arthritis and
neurodegenerative diseases [8]. Nowadays there
is an increasing demand for natural AGEs
inhibitors for curing diabetes that have fewer side
effects compared to synthetic drugs [9].

The use of traditional medicine is wide spread
around the world and plants are still a large
source of natural antiglycants and antioxidants
for development of novel drugs [10]. They might
be used as preventive modern medicine. To
data, two-thirds of the world’s plant species have
medicinal value; in particular, many medicinal
plants have great antiglycation and antioxidant
potential [11]. Despite several studies have been
focused on the antioxidant activity of C. forskohlii
from different countries [12]. The antiglycation
and antioxidant activity have not yet been
established for C. forskohlii Balady in Saudi
Arabia. Therefore, the aim of this study was to
evaluate in vitro antiglycation, antioxidant effect
and antioxidant enzymes of C. forskohlii Balady.
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2. MATERIALS AND METHODS
2.1 Materials
2.1.1 Plant material

Coleus. forskohlii "Balady" is a wild plant as it
shown in Picture 1. Leaves and stem of this plant
were collected from Al-Baha city, Saudi Arabia,
May, 2017, N 20.231572, S 41.130992, and
identified by an expert of the biology department,
AL-Baha University.

Picture 1. Coleus. forskohlii "Balady"
2.1.2 Chemicals

Methacrylamido phenylboronic acid (MPBA), 1,
1-Diphenyl-2-picrylhydrazyl (DPPH), 2, 2’-azino-
bis  (3-ethylbenzo-thiazoline-6-sulfonic  acid)
(ABTS) were purchased from Fluka (Germany).
Guaiacol, Hydrogen peroxide, and catechol were
purchased from Sigma (USA). Other chemicals
were of analytical grade.

2.2 Methods

2.2.1 Preparation of solvent extracts

Coleus. forskohlii "Balady" Leaves and stem
were washed by tap water after that rinsed in
distilled water. They were cut into pieces, dried
overnight in hot air oven at 60°C, ground
separately to powder. 5 grams of each ground
plant materials were shaken individually in 80%
methanol for 24 h on the shaker at 150 rpm,
25°C. Extracts were filtered using Whatman filter
paper No. 1. The filtrate designated as methanol
extract, and removed methanol by Buchi
Rotavapor  R-300 Evaporation  Systems,
remaining water was removed by lyophilization,
The extracts were weighed (0.74 g for stem and
0.81 g leaves) and stored at 4°C in storage vials
for experimental use.

2.2.2 Antiglycation properties of the leaves
and stem extract

The antiglycation effect of the leaves and stem
on glycated BSA were determined as described
by M. Kazeem [13] with slight modifications.
AGEs formation was developed in a 10 mL
phosphate buffered (50 mmol /mL, pH 7.4)
reaction mixture in which the final concentration
of BSA was 10 mg/mL. The concentration of
glucose was 15 mmol/mL, and 0.02% sodium
azide was added as an antibacterial agent. The
reaction mixtures were kept in the incubator at
37°C with gentle shaking for 15 days. Group C
only with BSA was kept as a negative control for
AGEs formation. Group B contained BSA with
Glucose was kept as a positive control for AGE
formation. Group A only with Glucose was kept
as a control group for glucose reduction. Group S
and L with 5mg/mL concentration of each were
held for evaluation of the antiglycation effect of
stem and leaves extract. AGE formation and
glucose reduction were assayed at first day,
seventh day and fifteenth day. For measuring
AGEs product, 0.5 mL TCA (100%) was added to
0.5 mL reaction mixture and centrifuged (15,000
rom) for 5 minutes at 4°C. After centrifugation,
the pellet was washed with 0.5 mL 5% TCA. The
supernatant  containing glucose, methanol
extract, and interfering substance, was removed
and the pellet contained (AGEs)-BSA was
dissolved 1.5 mL PBS (pH 10). AGEs formation
was measured by the fluorescence intensity at a
wavelength of 370 nm for excitation and 447 nm
for emission by using the spectrofluorometer RF-
1500 (Shimadzu, Japan). Glucose was assayed
by 3, 5-Dinitrosalicylic acid method [14]. Briefly
0.5 mL of an alkaline solution of 3, 5-
dinitrosalicylic acid was added to 0.5 mL of the
reaction mixture and incubated at 97°C for 30
minutes, and absorbance was read at 540 nm
against blank.

2.2.2.1 Analysis of protein glycation by MPBA gel
electrophoresis

0.5% MPBA polyacrylamide gels were prepared
according to Marta P. Pereira Morais [15] briefly
0.5% of MPBA was added to the electrophoresis
gel preparation solution before adding 10% SDS,
ammonium persulfate and TEMED. Vortexed to
dissolve. Polyacrylamide resolving gels were
polymerized, the stacking gel, containing no
MPBA, cast on top the resolving gel. The protein
samples were applied to the stacking gel in
sample buffer (2% w/v SDS, 2 mM DTT, 15%
glycerol, 100 mM Tris pH 6.8 and bromophenol
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blue) and gels were electrophoresed at 60 mA
for 60 min in glycine buffer (25 mM Tris, pH 8.3,
250 mM glycine and 0.1% SDS) at room
temperature.

2.2.3 Estimation _ of
contents

the total phenolic

Total phenolic content was measured according
to Velioglu et al. [16]. 10 pyL (1 mg/mL) of the
methanol extract was mixed with 100 pL Folin-
Ciocalteu reagent and 890 uL of distilled water
and kept for 5 min at room temperature. 0.5mL of
20% sodium carbonate was added and allowed
to react for 30 min. Absorbance was recorded at
750 nm. Total phenols were quantified from a
standard curve obtained from Gallic acid. The
results expressed as mg GAE /g tissues.

2.2.4 Estimation  of
contents

the total flavonoid

The total flavonoids content of the extracts were
determined using a modified colorimetric method
described by Zhishen et al. [17] Catechin was
used as a standard. The 0.25 mL Methanol
extract was mixed with 1.25 mL distilled water
and 75 L, 5% NaNO, solution. After standing for
6 min, the mixture was combined with 0.15 mL,
10% AICl; solution. 1 M NaOH (0.5 mL) and
distilled water (275 pL) was added to the mixture
5 min later. The absorbance of the solutions was
recorded at 510 nm. Total flavonoids were
calculated from the catechin acid calibration
curve (Fig. 6). The results expressed as mg CE/g
tissues.

2.2.5 Antioxidant assays

2.2.5.1 DPPH radical scavenging activity

Free radical scavenging activity of crude
methanol extracts was determined using the
DPPH radical scavenging assay [18]. 0.1 mL
methanol extracts were added to 0.9 mL freshly
prepared DPPH (0.1 mM) reagent and kept in the
dark at 25 °C for 30 min. An equal amount of
methanol was used as a control. The absorbance
was recorded at 517 nm using a
spectrophotometer. Scavenging Activity (%) was
calculated using the following formula:

DPPH radical scavenging %=
sample/OD control)] x 100.

[1—(OD

The results were plotted as the % of scavenging
activity against the concentration of the sample.
The 1Csq value, required for providing 50% free

radical scavenging activity was calculated from
the plots.

2.2.5.2 ABTS radical cation decolorization assay

ABTSe+scavenging activity of methanol extracts
was determined according to the method of N.
Pellegrini [19]. The ABTS++ solution was diluted
to get an absorbance of 0.750 at 734 nm in PBS
(pH 7.4). 1 mL of ABTS-+ solution was added to
0.5 mL crude methanol extract. The absorbance
was recorded 1 min after mixing, and the
percentage of radical scavenging was calculated
relative to a blank containing no scavenger. The
scavenging activity of test compounds was
calculated using the following equation:

ABTS-+scavenging (%) = [1-(OD sample/OD
control)] x 100.

IC5o was defined as the amount of methanol
extract required for 50% of free radical
scavenging activity.

2.2.5.3 Ferric Reducing antioxidant power assay
(FRAP)

The ferric reducing power was determined
according to the method of Oyaizu [20]. Various
concentrations of 2.5mL methanolic extracts
were mixed with 2.5 mL of 0.2 M PBS (pH 6.6)
and 2.5 mL of 1% potassium ferricyanide. The
mixtures were incubated at 50 °C for 20 min.
After 2.5 mL of 10% trichloroacetic acid (w/v)
was added, the mixture was centrifuged at 3000
rom for 10 min. From the upper layer, 5mL was
mixed with 5 mL deionized water and 1 mL of
0.1% of ferric chloride. The absorbance was
measured at 700 nm. The extract concentration
providing 0.5 AU of absorbance (EC50) was
calculated from the graph of absorbance at 700
nm against extract concentration.
2.2.6 Determination of Chlorophyll,
Carotenoids, and Lycopene

Total carotenoids were determined by a method
described by Wang et al. [21]. One-tenth
homogenate in 80% methanol (10 mL) was
prepared as described above. This homogenate
was successively extracted by addition of 5 mL
hexane until the solvent became colorless. The
volume was adjusted to 25 mL of, appropriately
diluted and absorbance was measured at 450,
645, and 663 nm. The following formulae were
used to calculated total carotenoids, lycopene,
and chlorophylls:
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Chlorophyll  (ug/mL) =
(8.2x0.D663)
Carotenoid (ug/mL) = 4x0.D450
Lycopene (ug/mL) = 3.12x0.D502

(20.2x0.D645) +

2.2.7 Antioxidant enzymes measurements

2.2.7.1 Crude enzyme extract

Two grams of fresh leaves and stem were
homogenized separately with 20 mM Tris—HCI
buffer, pH 7.2 using homogenizer. The
homogenates were centrifuged at 13000 rpm for
10 min at 4°C. The supernatants were stored as
crude extract at -20°C for further analysis.

2.2.7.2 Peroxidase assay

Peroxidase activity was carried out according to
Miranda et al. [22], the reaction mixture was
prepared by mixing 1 mL (40 mM guaiacol, 8 mM
H.O,, 50 mM sodium acetate buffer, pH 5.5) and
0.1 mL extract. The change in absorbance at 470
nm due to guaiacol oxidation was recorded for 1
min using a spectrophotometer. One unit of
peroxidase activity was calculated as the amount
of enzyme which increases the O.D. 1 per min
under standard assay conditions.

2.2.7.3 Polyphenol oxidase assay

Polyphenol oxidase activity was assayed with
catechol as a substrate according to the
spectrophotometric procedure of Jiang et al. [23].
0.2 mL crude extract was added to 2.8 mL of 20
mM catechol reagent prepared in 10 mM PBS,
pH 6.8. The absorbance at 400 nm is recorded
for 3 min using a spectrophotometer. 1 unit of
enzyme activity is calculated as it causes a
change of 0.1 in absorbance per min under
standard assay conditions.

2.2.7.4 Catalase assay

Catalase activity was determined according to
Bergmeyer et al. [24]. 2 mL of substrate solution
was made up of 25 mM H,0, in a 75 mM PBS
pH 7.0 with 0.5mL crude extract. The
absorbance at 240 nm was recorded for 1 min
using a spectrophotometer. 1 unit of enzyme
activity was calculated as mentioned above.

2.3 Statistical Analysis

The statistical analyses were performed by the
Student's t-test. The results were expressed as
means + SD (n = 3). The difference was
considered significant when P < 0.05.

3. RESULTS
3.1 Antiglycation Assay Results

As it shown in Fig. 1. Extracts from leaves

exhibited strong antiglycation activity than
extracts from stem while both extracts
significantly decreased AGEs formation.
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Fig. 1. b - bovine serum albumin with glucose
(Group B), c - bovine serum albumin (Group
C), s - bovine serum albumin with glucose
and stem extract (Group S), I- bovine serum
albumin with glucose and leaves extract
(Group L).
p<0.05forstobandltob
Mean = S.E.M = Mean values + Standard error of
means of three experiments

3.2 Glucose Trapping Assay Results

Glucose concentration was estimated on 1th, 7th
and 15th day of reaction. Fig. 2 showed that both
extracts significantly reduced glucose
concentration in the reaction system, compared
to the control group. Leaves extracts showed
stronger ability to trap the glucose than stem
extracts.

3.3 0.5% MPBA Gel Results

Modified BSA was analyzed by special 0.5%
MPBA gel due to its affinity. From Fig. 3, it can
be visualized that in lane B, there is more
modified BSA compared to lane C. Decreased
BSA modification was detected in lane S and
lane L which represents stem extract and leaves
extract.
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Fig. 2. B-bovine serum albumin with glucose
(Group B), G-glucose (Group A), S- bovine
serum albumin with glucose and stem extract
(Group S), L-bovine serum albumin with
glucose and leaves extract (Group L).
p<0.05for StoB and L to B
Mean + SD = Mean values * Standard deviation of
means of three experiments
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Fig. 3. B lane- bovine serum albumin with
glucose(Group B), C lane- bovine serum
albumin (Group C), S- bovine serum albumin
with glucose and stem extract (Group S), L-
bovine serum albumin with glucose and
leaves extract (Group L).

3.4 Estimation of Non-enzymatic
Antioxidant Components

Table 1 exhibited the non-enzymatic antioxidant
components of both leaves and stem. All the
estimated components are higher in leaves than
in stem.

3.5 Antioxidant Activity Results

For evaluation of the antioxidant capacity of
extracted compounds, commonly 4 different
types of assays are conducted, and in this study,
DPPH, ABTS and FRAP assay are tested. Fig. 4
illustrated that both extracts showed dose-
dependent DPPH scavenging activity with 1Csg
7.6 ug/mL for leaves extract and 22.3 ug/mL for

stem extract. ABTS test result is given in Fig. 5,
the leaves extract showed more scavenging
activity with less amount (ICsy = 1.16 ug/mL),
however, stem extract scavenged 50% ABTS
with concentration 5.02 ug/mL. in FRAP assay
more extracts were consumed to reduce 50%
free radicals. The I1Cs, values are 14.6 ug/mL and
96.15 ug/mL respectively for leaves and stem
extracts.

3.6 The Antioxidant Enzyme Activities

The level of enzymatic antioxidants such as,
Peroxidase, catalase, and Polyphenol oxidase
values were showed in Table 2. Peroxidase were
found to be 19.3 + 0.023 units/g tissue and 51 %
0.032 units/g tissue for leaves and stem
respectively. Polyphenol oxidase level was found
to be the highest (1226.7 + 0.016 units/g tissue)
in leaves and 106.9 + 0.021units/g tissue in
stem. Catalase activity was found to be 496.6 +
0.032 unit/g tissue in leaves and 413.2 + 0.012
unit/g tissue in stem.

4. DISCUSSION

The using of plants in Saudi Arabia for the cure
of many ailments is ancient and still available
among the tribal and local people and medicinal
healers. Therefore, the present study was
conducted to study the antiglycation and
antioxidant properties of stem and leaves of the
medicinal plant, C. forskohlii Balady. The anti-
glycation assays resulted in decreased AGEs
level. This might be the extracts glucose trapping
potency as it was proved by results in Fig. 2.
Xiaoming Li et al. [25] reported that Quercetin
inhibited AGEs formation by trapping reducing
sugars produced Quercetin-derivatives. In this
study, 10.1 £ 0.011 (mg GAE /g tissues) phenolic
components detected in leaves which higher
than the stem. The activities of non-enzymatic
antioxidants of stem and leaves of C. forskohlii
are presented in Table 1. Recent studies have
shown that, many phenolic content and related
components contribute significantly to the total
antioxidant activity of many plants [26]. The total
flavonoid in the leaves (1.6 mg catechin
equivalents/g dry tissue) was found to be
significantly higher than in the stem (0.55 mg
catechin equivalents/g dry tissue). Most of the
natural antioxidants possess multiple functions.
Therefore, a reliable antioxidant evaluation
protocol requires different antioxidant activity
assessments to take into account various
mechanisms of antioxidant action [27].
Therefore, the evaluation of antioxidant activity of
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methanolic extract of C. forskohlii was conducted
by several methods. Scavenging the stable
DPPH radical model is a widely used method to
evaluate antioxidant activity. The degree of
discoloration indicates the scavenging potential
of the antioxidant extract, which is due to the
hydrogen donating ability [28]. The C. forskohlii
extract showed a concentration-dependent
scavenging of DPPH radical, which may be
attributed to its hydrogen donating ability. The
correlation coefficient (R?) between the phenolic
concentration of leaves, stem and DPPH
scavenging activity was found to be 0.946 and
0.979, respectively indicated the strong
correlation. The ABTS assay is based on the
ability of an antioxidant to scavenge ABTS
radicals. It is a simple and commonly used
method for the evaluation of antioxidant capacitzy
[12]. In this study, the correlation coefficient (R%)
between the phenolic concentration of leaves,
stem and ABTS scavenging activity was found to

80

be 0.988 and 0.995 indicating a high correlation.
Fig. 6 shows the reducing power of the leaves
and stem of C. forskohlii. The presence of
reducers triggers the conversion of the Fe3+
[ferricyanide complex to the ferrous form. The
formation of Perl's Prussian blue detected at 700
nm indicates a higher reducing power. The
reducing power of stem (EC50 96.15 ug phenolic
concentration/mL crude methanol extract) was
found to be significantly higher (P < 0.05) than
leaves (EC50 14.6 pg/mL). The correlation
coefficient (R?) between the  phenolic
concentration of leaves, stem and the formation
of the ferrous complex was found to be 0.996
and 0.974, respectively indicating the strong
correlation. It was reported that the reducing
properties are due to the presence of
reductones. It exerts antioxidant action by
breaking the free radical chain by donating a
hydrogen atom [29].
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Fig. 4. Correlation between concentrations of phenolic compounds of leaves (a) and stem (b),
and their antioxidant activity as determined by DPPH assay
Results are the mean +SD, n=3.
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and their antioxidant activity as determined by ABTS assay
Results are the mean +SD, n=3.
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Table 1. The total non-enzymatic antioxidants of C. forskohlii

Parameter Stem Leaves
Total phenolic content (mg GAE /g tissues) 2.5+0.024 10.1 £ 0.011
Flavonoid content (mg CE/g tissue) 0.55 £+ .031 1.6+£0.015
Chlorophyll (ug/ mL) 1.87 + 0.021 2.82 +0.020
Lycopene (ug/ mL) 0.20 £ 0.034 0.30 £ 0.016
Total carotenoids (ug/ mL ) 0.5+0.033 0.61 +£0.024
* Results are the mean +SD, n=3.
Table 2. The antioxidant enzyme activities of C. forskohlii

C. forskohlii Peroxidase Polyhenoloxidase Catalase

units/g tissues units/g tissues units/g tissues
leaves 19.3£0.023 1226.7 £ 0.016 496.6 + 0.032
stem 51 +0.032 106.9 + 0.021 413.2+0.012

* Results are the mean +SD, n=3.

The results for the Chlorophyll, lycopene and
total carotenoid of the Coleus forskohlii (leaves
and stem) are given in Table 1. Chlorophyll (2.82
Mg/ mL), lycopene (0.30 pg/ mL and total
carotenoid (0.61 pg/ mL) of the leaves were
significantly higher (P < 0.05) than stem. The
high amount of Chlorophyll, lycopene, and
carotenoid were reported for medicinal plant
Coleus forskohlii Briq (37.73 mg/g DW, 11.36
and 11.52 ug /g DW, respectively) [30]. Crude
extracts of the various parts (leaves, fruits, roots,
stem and trunk bark) of Garcina atroviridis
showed strongest antioxidant activity than the
standard vitamin E [31]. Aqueous extracts from
the different parts of Momordica charantia,
Glycyrrhiza glabra, Acacia catechu and
Terminalia chebula were reported to be rich
sources of enzymatic and non-enzymatic
antioxidants [32].

The activities of the enzymes in the two parts of
C. forskohlii are presented in Table 2. Polyphenol
oxidase activity was found to be significantly
higher in leaves (122.7 units/g tissue) than in
stem (106.9 units/g tissue). Peroxidase activity
was also found to be significantly higher in the
stem (51 units/g tissue) than in the leaves (19.3
units/g tissue. Catalase activity too remained
significantly higher in leaves (496.6 units/g
tissue) than in stem (413.2 units/g tissue). A
Caribbean copper plant peroxidase from the
latex of Euphorbia cotinifolia was studied [33].
Catalase and antioxidant activity were screened
in nine medicinal plants traditionally used in
Chinese medicine [34]. A partial characterization
of polyphenol oxidase activity of herb Thymus
longicaulis subsp. chaubardii var. chaubardii is
described [35]. Enzymatic antioxidants are an
intrinsic defense tool to resist oxidative damage
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in plants [36]. Results showed that C. forskohlii is
reach source of enzymatic antioxidants.

5. CONCLUSION

The process of protein glycation impairs the
biological activity of proteins and triggers their
degradation process. The inhibition of glycation
reaction could protect proteins from AGEs
formation and could be one of the alternative
therapy to avoid diabetic complications. Various
compounds of natural such as the flavonoid,
phenol derivatives have shown significant
inhibition of the protein glycation and formation of
AGEs. The mechanisms may involve the
trapping of excessive reactive glucose, making
them unable to react with proteins amino groups.
Thus, antiglycation therapy will be an effective
strategy in future to prevent the formation of
AGEs for the management of late diabetic
complications. The leaves possessed the
significant potential of both non-enzymatic and
enzymatic antioxidants that could be used
against oxidant and free radical damages. Thus,
the C. forskohlii Balady could be employed in all
medicinal preparations to combat various
diseases associated with glycation, oxidative
stress, including diabetes and related disorders.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Lukhoba CW, Simmonds MSJ, Paton AJ.
Plectranthus: A review of ethnobotanical
uses. Journal of Ethnopharmacology.
2006;103(1):1-24.

DOI: 10.1016/j.jep.2005.09.011.

2. Collenette IS. Wildflowers of Saudi Arabia.
Riyadh: National commission for wildlife
conservation and development Xxxii, 799p-
Col lllus. ISBN 1999; 1370679501: 799.

3. Grayer RJ, Eckert MR, Lever A, Veitch NC,
Kite GC, Paton AJ. Distribution of exudate
flavonoids in the genus Plectranthus.
Biochemical Systematics and Ecology
2010;38(3):335-341.

DOI: 10.1016/j.bse.2010.01.014.

4, Ghazanfar SA. Handbook of Arabian
medicinal plants. CRC Press; 1994.

5. Porfirio S, Falé PLV, Madeira PJA,
Floréncio MH, Ascensdo L, Serralheiro
MLM. Antiacetylcholinesterase and

10.

1.

12.

antioxidant activities of Plectranthus
barbatus tea, after in vitro gastrointestinal
metabolism. Food Chemistry. 2010;122(1):
179-187.

DOI: 10.1016/j.foodchem.2010.02.044.
Falé PL, Borges C, Madeira PJA,
Ascensdo L, Araujo MEM, Floréncio MH,
et al. Rosmarinic acid, scutellarein 4'-
methyl ether 7-O-glucuronide and (16S)-
coleon E are the main compounds
responsible  for  the antiacetylcho-
linesterase and antioxidant activity in
herbal tea of Plectranthus barbatus (“falso
boldo”). Food Chemistry. 2009;114(3):
798-805.

DOI: 10.1016/j.foodchem.2008.10.015.
Forskolin IS on. Proceedings of the
international symposium on Forskolin: Its
chemical, biological and medical potential,
organised by the Hoechst Centre for Basic
Research, Bombay on 28th and 29th
January, 1985 / edited by R.H. Rupp, N.J.
de Souza, A.N. Dohadwalla. — Ve; 1986.
Choudhary MI, Abbas G, Ali S, Shuja S,
Khalid N, Khan KM, et al. Substituted
benzenediol Schiff bases as promising
new anti-glycation agents. Journal of
Enzyme Inhibition and Medicinal
Chemistry. 2011;26(1):98—-103.

DOI: 10.3109/14756361003733621.
Moosavi-Movahedi AA, Ghamari F,
Ghaffari SM, Salami M, Farivar F,
Moosavi-Movahedi F, et al. Natural peptide
anti-glycation effect in the presence of Aloe
vera phenolic components on human
serum albumin. RSC Adv. 2015;5(1):248—
254,

DOI: 10.1039/C4RA11773E.

Lin C, Huang P. Antioxidant and
hepatoprotective effects of Acathopanax
senticosus. Phytotherapy Research.
2000;14(7):489-494.

DOI:10.1002/1099-
1573(200011)14:7<489::AID-
PTR656>3.0.C0O;2-G.

Krishnaiah D, Sarbatly R, Nithyanandam
R. A review of the antioxidant potential of
medicinal plant species. Food and
Bioproducts Processing. 2011;89(3):217—
233.

DOI: 10.1016/j.fbp.2010.04.008.

Cai Y, Luo Q, Sun M, Corke H. Antioxidant
activity and phenolic compounds of 112
traditional Chinese medicinal plants
associated with anticancer. Life Sciences.
2004;74(17):2157-2184.

DOI: 10.1016/j.1fs.2003.09.047.



13.

14.

15.

16.

17.

18.

19.

20.

21.

Almulaiky et al.; ARRB, 19(3): 1-11, 2017; Article no.ARRB.37619

Kazeem M, Akanji M, Hafizur RM,
Choudhary M. Antiglycation, antioxidant
and toxicological potential of polyphenol
extracts of alligator pepper, ginger and
nutmeg from Nigeria. Asian Pacific Journal
of Tropical Biomedicine. 2012;2(9):727—
732.

DOI: 10.1016/S2221-1691(12)60218-4.
Miller GL. Use of dinitrosaiicyiic acid
reagent for determination of reducing
sugar. Ana L Chem. 1959;31:426-428.
Pereira Morais MP, Mackay JD, Bhamra
SK, Buchanan JG, James TD, Fossey JS,
et al. Analysis of protein glycation using
phenylboronate acrylamide gel
electrophoresis. Proteomics. 2010;10(1):
48-58.

DOI: 10.1002/pmic.200900269.

Velioglu YS, Mazza G, Gao L, Oomah BD.
Antioxidant activity and total phenolics in
selected fruits, vegetables, and grain
products. Journal of Agricultural and Food
Chemistry. 1998;46(10):4113-4117.

DOI: 10.1021/jf9801973.

Zhishen J, Mengcheng T, Jianming W. The
determination of flavonoid contents in
mulberry and their scavenging effects on
superoxide radicals. Food Chemistry.
1999;64(4):555-559.
DOI:doi.org/10.1016/S0308-
8146(98)00102-2.

Ao C, Li A, Elzaawely AA, Xuan TD,
Tawata S. Evaluation of antioxidant and
antibacterial activities of Ficus microcarpa
L. fil. extract. Food Control. 2008;19(10):
940-948.

DOI: 10.1016/j.foodcont.2007.09.007.

Re R, Pellegrini N, Proteggente A,
Pannala A, Yang M, Rice-Evans C.
Antioxidant activity applying an improved
ABTS radical cation decolorization assay.
Free Radical Biology and Medicine.
1999;26(9-10): 1231-1237.

DOI: 10.1016/S0891-5849(98)00315-3.
Oyaizu M. Studies on products of browning
reaction.  Antioxidative  activities  of
products of browning reaction prepared
from glucosamine. The Japanese Journal
of Nutrition and Dietetics. 1986;44(6):307—
315.

DOI: 10.5264/eiyogakuzashi.44.307.

Wang Z feng, Ying T jin, Bao B Ili, Huang X
dan. Characteristics of fruit ripening in
tomato mutant epi. Journal of Zhejiang
University Science. 2005;6B(6):502-507.
DOI: 10.1631/jzus.2005.B0502.

10

22.

23.

24,

25.

26.

27.

28.

290.

30.

31.

Miranda MV, Lahore HMF, Cascone O.
Horseradish peroxidase extraction and
purification by aqueous two-phase
partition.  Applied Biochemistry and
Biotechnology. 1995;53(2):147-154.

DOI: 10.1007/BF02788604.

Yuan ZY, Jiang TJ. Horseradish
peroxidase. Food Science and
Technology-New  York-Marcel Dekker-

2003;403-412.
DOl:doi.org/10.1201/9780203910450.ch28
Bergmeyer HU, Gawehn K. Methods of
enzymatic analysis. Volume 4. Verlag
Chemie; 1974.

Li X, Zheng T, Sang S, Lv L. Quercetin
inhibits advanced glycation end product
formation by trapping methylglyoxal and
glyoxal. Journal of Agricultural and Food
Chemistry. 2014,;62(50):12152—12158.
DOI: 10.1021/jf504132x.

Luo XD, Basile MJ, Kennelly EJ.
Polyphenolic antioxidants from the fruits of
Chrysophyllum cainito L. (Star Apple).

Journal of Agricultural and Food
Chemistry. 2002;50(6):1379—-1382.

DOI: 10.1021/jf011178n.

Wong S, Leong L, Wiliamkoh J.

Antioxidant activities of aqueous extracts
of selected plants. Food Chemistry. 2006;
99(4):775-783.

DOI: 10.1016/j.foodchem.2005.07.058.
Von Gadow A, Joubert E, Hansmann CF.
Comparison of the antioxidant activity of
rooibos tea (Aspalathus linearis) with
green, oolong and black tea. Food
Chemistry; 1997.

DOI: 10.1016/S0308-8146(96)00312-3.
Shimada K, Fujikawa K, Yahara K,
Nakamura T. Antioxidative properties of
xanthan on the autoxidation of soybean oil
in cyclodextrin emulsion. Journal of
Agricultural and Food Chemistry. 1992;
40(6):945-948.

DOI: 10.1021/jf00018a005.

Khatun S, Chatterjee NC, Cakilcioglu U.
Antioxidant activity of the medicinal plant
Coleus. African Journal of Biotechnology.
2011;10(13):2530-2535.

DOI: 10.5897/AJB10.2526.

Mackeen M, Ali A, Lajis N, Kawazu K,
Hassan Z, Amran M, et al. Antimicrobial,
antioxidant, antitumour-promoting  and
cytotoxic activities of different plant part
extracts of Garcinia atroviridis Griff. ex T.
Anders. Journal of Ethnopharmacology.
2000;72(3):395-402.

DOI: 10.1016/S0378-8741(00)00245-2.



32.

33.

34.

Almulaiky et al.; ARRB, 19(3): 1-11, 2017; Article no.ARRB.37619

Naik GH, Priyadarsini Kl, Bhagirathi RG,
Mishra B, Mishra KP, Banavalikar MM, et
al. In vitro antioxidant studies and free
radical reactions of triphala, an ayurvedic
formulation and its constituents.
Phytotherapy Research. 2005;19(7):582—
586.

DOI: 10.1002/ptr.1515.

Kumar R, Singh KA, Singh VK,
Jagannadham MV. Biochemical
characterization of a peroxidase isolated
from Caribbean plant: Euphorbia
cotinifolia. Process Biochemistry. 2011;
46(6):1350-1357.

DOI: 10.1016/j.procbio.2011.03.003.

Lee SE, Hwang HJ, Ha JS, Jeong HS, Kim
JH. Screening of medicinal plant extracts

35.

36.

for antioxidant activity. Life Sciences.
2003;73(2):167-179.

DOI: 10.1016/S0024-3205(03)00259-5.
Koo YC, Pyo MC, Nam MH, Hong CO,
Yang SY, Lee KW. Chebulic acid prevents
hepatic fibrosis induced by advanced
glycation end-products in LX-2 cell by
modulating Nrf2 translocation via ERK
pathway. Toxicology in Vitro. 2016;34:8—
15.

DOI: 10.1016/j.tiv.2016.03.013.

Verma S, Dubey RS. Lead toxicity induces
lipid peroxidation and alters the activities of
antioxidant enzymes in growing rice plants.
DOI: 10.1016/S0168-9452(03)00022-0.

© 2017 Almulaiky et al.; This is an Open Access article distributed under the terms of the Creative Commons Aftribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/21824

11



