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ABSTRACT

Objectives: Many plants used in ethnomedicinal interventions have anti-inflammatory, anti-
bacterial, antiviral, anti-aging and anticancer activities attributed to their antioxidant properties.
The antioxidant properties may be attributed to high polyphenol content of the plants. The
llkisonko Maasai are a pastoralist community from Kenya known to ingest certain select plant
decoctions for prevention or treatment of targeted illnesses. This study evaluated the antioxidant
properties of organic and agueous extracts of these select plants. Methods: The antioxidant
potential was evaluated by 1, 1-diphenyl-2-picrylhydrazyl free radical (DPPH) scavenging method.
Total phenolic and flavonoid content were determined using the Folin—-Ciocalteu’s assay and
aluminium chloride colorimetric test, respectively. Results: The organic extracts had signifi-
cantly higher phenolic and flavonoid content than the agueous extracts except for Pappea
capensis in which the converse was observed. Among the studied plant extracts, Acacia nilotica
had the highest phenolic content in the methanol and water extracts (23726+1.83 mg and
149.66+0.60 mg tannic acid equivalent/g of extract) and the highest antioxidant activity in both
the methanol and water extracts with an IC_; of 54.61ug/mL and 102.96pg/mL, respectively.
The standard, ascorbic acid, had an IC_, of 50.32ug/mL. In both the methanol and water
extracts, Acacia reficiens had the highest flavonoid content (130.62+1.78 and 99.80+1.73 mg
catechin equivalents/g of extract, respectively). The correlation between the total phenolic
content and antioxidant activity was statistically significant (Pearson’s r=-0.841). Conclusion:
This study found that select plants used by the llkisonko Maasai as medicinal plants exhibited
high phenolic content and antioxidant activity, giving credence to their ethnomedicinal use.
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Polyphenols.

INTRODUCTION

Oxidants are essential for normal cellular homeostasis
and in aiding the immune system.! The oxidants exist
in a delicate balance with the body’s natural antioxidant
systems. Oxidative stress occurs when oxidants over-
whelm the physiological antioxidant systems causing
cellular damage.! Oxidative stress is also known
to affect multiple cellular processes leading to gene
alterations, aberrant cell proliferation, abnormal
metabolism and impaired cell cycles which have the
effect of triggering neoplasms.? Diet rich in fruits and
vegetables have been reported to reduce the pro-
gression of non-communicable diseases associated
with oxidative stress such as cancer, cardiovascular
diseases, diabetes, pulmonary disorders, Alzheimer’s
disease and other degenerative ailments.’ This is
primarily due to natural antioxidative plant polyphe-
nols which act as reducing agents thereby protecting
the body against oxidative damage.* Polyphenols have
been shown to improve health not only due to their
antioxidant property but also as modulators of signal-
ing pathways involved in the progression of cardi-
ovascular disease.” Polyphenols comprise of a vast

number of compounds with one or more aromatic
rings having one or more hydroxyl groups attached
to them.® Examples are phenolic acids, flavonoids,
anthocyanins, lignans and stilbenes.” Generally, these
natural antioxidants, especially polyphenols and
carotenoids, exhibit a wide range of biological effects,
such as anti-inflammatory, antibacterial, antiviral,
anti-aging and anticancer.* Flavonoids and phenolic
acids are the most commonly encountered dietary
polyphenols.” Plant phenolics occur as secondary
metabolites and are generally involved in protecting
the plant against pathogens, animal and insect attacks,
ultra violet radiation, as well as contributing to the
plants colours.*

The Ilkisonko Maasai are an indigenous pastoral-
ist community that reside in the southern part of
Kenya. They are still heavily steeped in their tradi-
tional ways of life, a reflection of which is their con-
tinued contemporary use of ethnomedicinal health-
care systems. These practices include dietary use
of decoctions made from roots and stem barks of
certain plant species prevalent in their locality as food
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additives for general wellbeing or administration for medical use in pre-
vention and treatment of various illnesses and occasionally as adapto-
gens.® Plants used as adaptogens have high levels of phenolic compounds
which act as antioxidants, anti-inflammatory, antidepressants and may
regulate aging.’ This study assesses the phenolic content, flavonoid con-
tent and the antioxidant activity of nine plant species (Table 1) used eth-
nomedicinally by the Ilkisonko Maasai community identified during a
previously reported ethnobotanical survey.!” This evaluation is part of
research efforts geared towards giving scientific credence to ethnome-
dicinal systems of treatment among indigenous Kenyan communities
and may herald the discovery of novel naturally-occurring antioxidant
compounds.

MATERIALS AND METHODS

Materials, reagents and equipment

Methanol, ascorbic acid standard, 1, 1-diphenyl-2-picrylhydrazyl
(DPPH), Folin Ciocalteu’s phenol reagent, tannic acid ACS, sodium
nitrite (NaNO,) analytical reagent, catechin analytical standard, sodium
carbonate (Na,CO,) powder, sodium hydroxide (NaOH) pellets and
aluminium chloride hexahydrate (AICL,.6H,0) powder were obtained
from Sigma Aldrich Co. (St Louis, MO, USA).

Shimadzu 1800 UV-Vis spectrophotometer was used for all spectropho-
tometric determinations while Biichi Rotavapor R-200 rotary evaporator
was used to evaporate extracting solvents from the plant extracts to
complete dryness.

Plant selection

The procedures used in plant collection are described in detail by
Kimondo et al."* Briefly, ethnobotanical knowledge of food and medicinal

plants of the Ilkisonko Maasai community was obtained through inter-
views conducted among herbal practitioners in Loitokitok Sub-County,
Kenya. A total of 30 plants were encountered in the ethnobotanical
survey and nine among them (Table 1) namely: RN- Rhus natalensis,
AD- Acacia drepanolobium, AN- Acacia nilotica, AR- Acacia reficiens,
AB- Acacia robusta, GV- Grewia villosa, XA- Ximenia americana,
RP- Rhamnus prinoides and PC- Pappea capensis, were selected for
further analysis due to their high antioxidant activity detected following
an initial antioxidant screening.

Extraction

The medicinal plants identified were collected, catalogued and deposited
in the University of Nairobi herbarium." The part of the plant traditionally
used was dried under shade at ambient temperature and pulverized to
fine powder. The methanol extract was obtained by macerating the powder
in six times its weight of 80% v/v methanol at room temperature for
72 h. The extracts were filtered, concentrated using a rotary evaporator and
dried further in an oven at 40°C for 24h. Water extracts were obtained by
heating the powder to 60°C in 10 times its weight of distilled water for
20 min. The extracts were then filtered and concentrated using a freeze
drier. The dry extracts were stored under refrigeration at 4°C awaiting
phytochemical screening.”

Phytochemical screening

Total phenolic content

The total phenolic content of the extracts was determined using the Folin
and Ciocalteu’s method. Each extract was dissolved in distilled water to
give a concentration of 0.5 mg/mL. A 0.5 mL aliquot of the extract was
added to 2.5 mL of 1N Folin-Ciocalteu reagent. The mixture was then
shaken and allowed to stand for 6 min, before addition of 2.0 mL of 7.5%

Table 1: Plants used in the assay (Partially adopted from a previously reported ethnobotanical study)

Taxonomic name Code Uses
(Family)
Rhus natalensis Krauss RN Strengthener, respiratory disorders,
(Anacardiaceae) stomachic, malaria
Acacia drepanolobium AD Retained placenta in cows, postpartum
Harms ex Sjostedt pain in humans, fertility, tonic
(Fabaceae)
Acacia nilotica (L.) AN Strengthener/ tonic, appetizer, body
Willd. (Fabaceae) aches, stomachic, stamina, stimulant/
excitant
Acacia reficiens subsp. AR Strengthener, appetizer, tonic/
misera (Vatke) Brenan adaptogen, laxative
(Fabaceae)
Acacia robusta Burch. AB Retained placenta in cows and humans
(Fabaceae)
Grewia villosa Willd. GV Food, galactagogue, strength/ tonic,
(Malvaceae) stomach ache in kids
Ximenia americana L. XA Stomach-ache in children, food, tonic,
(Olacaceae) constipation
Rhamnus prinoides L. RP Sexually transmitted infections, back
(Rhamnaceae) and joint aches, arthritis, aids in

digestion, tonic

Pappea capensis Eckl. & PC
Zeyh. (Sapindaceae)

Strengthener, food, fertility, stomach
ache, stamina

30

Part used in No. of Chemical constituents/ Reported
the assay mentions Pharmacological activity
Root bark 3 A flavanone found in Rhus spp. has in-
vitro anti-inflammatory activity."!
Stem bark 15 Presence of tannins and
proanthocyanidins which are anti-
carcinogenic.'?
Stem bark 20 Niloticane has anti-inflammatory and
antibacterial effect."”
Root bark 16 No reported activity
Stem bark 22 The methanol extract exhibited
antifungal activity."*
Stem bark 25 The root contains harman alkaloids and
possesses antitumor activity.'®
Stem and leaves 25 Leaves contain sambunigrin, gallic acid,
gallotannins and flavonoids (quercetin).
Polysaccharides rich fractions have anti-
inflammatory activity.'®
Root bark 16 Extract contain laxative anthraquinones
and has antiplasmodial activity.'”
Stem bark 17 It contains quercetin-3-O-rhamnoside

and epicatechin which have anti-
inflammatory effect.!®
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w/v Na,CO,. The solution was then adjusted with distilled water to a
final volume of 6 mL and mixed thoroughly. After incubation in the dark
for 2h, absorbance at 765 nm was determined spectrophotometrically
versus a blank containing only 1N Folin-Ciocalteu reagent and 7.5%
w/v Na,CO,. The total phenolic content of the extracts were expressed
as milligrams of tannic acid equivalents per gram of extract (mg TAE/g E)
from a calibration curve prepared simultaneously using tannic acid
standard (50-250 pg/mL).?° All samples were analysed in triplicate.

Flavonoid content

The aluminium chloride colorimetric method was used for the deter-
mination of the total flavonoid content of the extracts. In estimating
the flavonoid content, aluminium chloride forms acid stable complexes
with the hydroxyl groups of flavones and flavonols. Catechin was used
to make the standard calibration curve. Standard solutions (6.25-100
ug/mL) of catechin were prepared by serial dilutions in methanol. The
extracts were dissolved in methanol to give a concentration of 0.5 mg/mL.
A 0.5 mL aliquot of the standard solution or test extract was mixed with
0.75 mL of 5% w/v NaNO,. After 5 min, 0.15mLof 10% w/v AICI, was
added and 6 min later, 0.5 ml of 1M NaOH was incorporated into the
mixture. The solution was then adjusted with distilled water to a final
volume of 3 mL, mixed thoroughly and incubated for 60 min at room
temperature. The absorbance of the reaction mixture was then measured
spectrophotometrically against a blank at 510 nm. The blank constituted
all other reagents with distilled water added as a replacement for the
sample/standard. The concentration of total flavonoid content in the test
sample was calculated from the calibration plot and expressed as
milligram of catechin equivalent per gram of extract (mg CE/g E).*' All
the determinations were carried out in triplicate.

Antioxidant activity

The assay for antioxidant activity was carried out using 1,1-diphe-
nyl-2-picrylhydrazyl (DPPH) as the oxidant described by Sanchez-
Moreno et al.** The test solutions of the plant extracts were prepared in
95% v/v methanol for the methanol extracts and in distilled water for the
water extracts, to obtain concentrations ranging from 12.5-400 ug/mL.
Ascorbic acid was used as a standard in concentrations ranging from
3.125-100 pg/mL. The oxidant was prepared by dissolving 3.94 mg of
DPPH in 100 mL of 95% v/v methanol. This solution was prepared just
before use and stored in the dark to minimize degradation. A 200uL
aliquot of the test/standard solution was placed in a vial and 2800pL of
DPPH added. The mixture was kept in the dark for 30 min and optical
density measured spectrophotometrically against a blank at 517 nm.*
The assay was done in triplicate.

The antioxidant activity of the test extracts was expressed as IC, (inhibi-
tory concentration), the concentration (expressed in pg/mL) of sample
required to cause a 50% reduction in DPPH radicals. Extract concentra-
tion providing 50% inhibition (IC, ) was calculated from the graph that
plotted inhibition percentage against concentration.

Inhibition of free radical of DPPH in percentage terms (I %) was calcu-
lated as shown in Equation 1.

1% = (Ablank_ Asample/Ablank) x100

Where A, | is the absorbance of the control reaction (containing all
reagents except the sample) while A is the absorbance of the test
extract (or the standard).

Equation 1

Statistical Analysis

All the experiments for determination of total phenolic content, flavonoids
content and antioxidant activity were conducted in triplicate. The values
are expressed as the mean + standard deviation (SD). The Statistical
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Package for the Social Sciences (SPSS) version 16 was used for statistical
analysis of the results. Differences between the two contents or activity
of the extracts were determined using the paired t-test. A p value less
than 0.05 (p<0.05) was considered statistically significant. Correlation
between total phenols and total flavonoid content and antioxidant activity
was determined using Pearson’s chi-squared test.

RESULTS
Phytochemical screening

The total phenolic content in the extracts as assayed by the Folin-
Ciocalteu’s reagent is represented in Figure 1. In eight of the nine plants
assessed, the methanol extracts had a higher phenolic content compared
to the water extracts though only six exhibited significant difference.
Pappea capensis was an exception where the phenolic content in the
water extract is higher at 56.71+0.26 mg and 124.15+0.70 mg TAE/g of
extract for methanol and water extracts, respectively. Methanol extracts
for RN, AD, AN, AR, AB and PC showed significant difference (p<0.05)
in the total phenolics extracted when compared to the water extracts.
In the methanol extracts, A. nilotica had the highest phenolic content
(237.26+1.83) while P. capensis had the lowest (56.71+0.26) mg TAE/g of
extract. The total phenolic content for the methanol extracts was ranked
as follows: AN>AB>XA>AR>RN>GV>AD>RP>PC. In the water
extracts, A. nilotica also had the highest (149.66+0.60) while R. prinoides
had the lowest phenolic content (95.31+0.73) mg TAE/g of extract. The
total phenolic content for the water extracts was ranked in the order:
AN>XA>RN>AR>AD>PC>GV>AB>RP.

The flavonoid content was higher in the methanol extracts than the
water extract with the exception of P. capensis where the converse was
observed (Figure 2). All the plant extracts analysed showed signifi-
cantly higher (p<0.005) total flavonoid content in the methanol com-
pared to the water extracts. In both the methanol and water extracts,
A. reficiens had the highest (130.62+1.78 and 99.80+1.73 mg CE/g of
extract, respectively) while A. drepanolobium had the lowest flavonoid
content (35.12+0.59 and 16.53+0.18 mg CE/g of extract, respectively).
The flavonoid content for the methanol extracts was ranked as such:
AR>GV>XA>AN>RN>AB>RP>PC>AD while that of the water extracts
was: AR>GV>XA>AN>PC>RN>RP>AB>AD.

Antioxidant activity of plant extracts

The DPPH assay for antioxidant activity is based on the ability of the
antioxidant to scavenge the DPPH cation radical and ascorbic acid is
used as a standard. The IC_| value is used to indicate degree of antiox-
idant activity and it is defined as the concentration of substrate that
causes 50 % reduction in the DPPH colour. The lower the IC,, value,
the higher the antioxidant activity.”® For each particular plant, the anti-
oxidant activity of the methanol extract was much higher than that of
the water extract with the methanol extract exhibiting at least 1.5 to 3
times higher antioxidant activity compared to the water extract except
for P. capensis where the contrary was observed. Acacia nilotica had the
highest antioxidant activity in both the methanol and water extracts
with IC_ values of 54.61 pg/mL and 102.96 ug/mL, respectively. This was
close to the standard Ascorbic acid which had an IC, value of 50.32 pg/mL.
Pappea capensis had the lowest antioxidant activity (378.62 ug/mL) in
the methanol extracts while R. prinoides had the lowest antioxidant
activity (377.27 ug/mL) in the water extracts. The antioxidant activity
for the methanol extracts, from the highest to the lowest, was ranked
as follows: AN>AB>XA>GV>AR>AD>RN>RP >PC while that of the
water extracts was as follows: AN>XA>RN>AR>AD>PC>GV>AB>RP.

Table 2 shows the linear correlation (Pearson’s) between the three assays.
There is a significant negative correlation between IC_| (whose measure
is the reciprocal of the antioxidant activity) with phenolic content
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Phenolic content (Water extracts)

TAEin mg/g of dry sample
TAEin mg/g of dry sample

e
RN AD AN AR
Water extracts

AB GV XA RP PC

Figure 1: Total phenolic content in the studied plant extracts. RN- Rhus
natalensis; AD- Acacia drepanolobium; AN- Acacia nilotica; AR- Acacia reficiens;
AB- Acacia robusta; GV- Grewia villosa; XA- Ximenia americana; RP- Rhamnus
prinoides; PC- Pappea capensis; TAE- Tannic acid equivalents. Each value is
expressed as mean + standard deviation (SD). The phenolic content in the
methanol and water extracts showed statistically significant differences

(* p< 0.05; *** p < 0.001).

ICS0 (Vethanol extracts) ICS0 (Water extracts)

AMMINIINNGNGS.
V2777

AA RN AD AN AR AB GV XA RP PC
Water extracts

AA RN AD AN AR AB GV XA RP PC
Methanol extracts

Figure 3: Antioxidant activity of the studied plant extracts. RN- Rhus
natalensis; AD- Acacia drepanolobium; AN- Acacia nilotica; AR- Acacia reficiens;
AB- Acacia robusta; GV- Grewia villosa; XA- Ximenia americana; RP- Rhamnus
prinoides; PC- Pappea capensis while AA- Ascorbic acid was used as the
control.

Havonoid content (Vethanol extracts)

ke

CEinmg/g of dry sample
V270 750
CEinmg/g of dry sample

RN AD AN AR AB GV XA RP PC
Methanol extracts

Figure 2: Total flavonoid content in the studied plant extracts. RN- Rhus
natalensis; AD- Acacia drepanolobium; AN- Acacia nilotica; AR- Acacia reficiens;
AB- Acacia robusta; GV- Grewia villosa; XA- Ximenia americana; RP- Rhamnus
prinoides; PC- Pappea capensis; CE- Catechin equivalents. Each value is
expressed as mean + SD. The flavonoid content in the methanol and water
extracts showed statistically significant differences (** p < 0.005; ***

p <0.001).

(r=-0.841) and flavonoid content (r=-0.597), with that of phenolic
content being higher. The correlation coefficient between the total
phenolic content and flavonoid content is significantly higher (r=0.621,
p < 0.05) than that between antioxidant activity and flavonoid content
(r=-0.597, p < 0.05).

DISCUSSION

The Folin-Ciocalteu’s reagent measures the reducing capacity of phenols
to give the total phenolic content in a sample.® Thus, the Folin- Ciocalteu’s
method is also considered an alternative antioxidant capacity assay
because its basic mechanism is oxidation/reduction reaction.” Phenolics
have strong antioxidant activity through chelation and free radical scav-
enging activity on mostly hydroxyl and peroxyl radicals. The methanol

Table 2: Comparison between different assays represented by correlation coefficient.

Correlation coefficient (r) n=18

Variable Phenolic content
Phenolic content 1
Flavonoid content 0.621* (p < 0.05)
Antioxidant activity ~ -0.841*** (p < 0.001)

Signiﬁcant correlation * p < 0.05; *** p < 0.001

extracts had higher levels of phenolic content than the water extracts
with the exception of P. capensis. This is consistent with other studies
where methanol has been found to be more efficient in extraction of
polyphenols.® Acacia nilotica had the highest phenolic content and anti-
oxidant activity. This is in agreement with Aadil** where the methanolic
fraction of A. nilotica had the highest polyphenol content in the bark
and leaves. Further, Panossian and Wikman’ also showed that phenolics
contribute to the adaptogenic effect of some plants. Findings from our
study indicate that eight of the nine studied plants (except for A. reficiens)
that were used as adaptogens are high in total phenols.”” This could
explain why the eight plants have been routinely used as adaptogens by
the Ilkisonko Maasai as they may derive their beneficial health effects
from the observed high antioxidant activity.

Flavonoids act as antioxidants by stabilizing reactive oxygen species, an
activity heavily influenced by the structure.” The flavonoid content was
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Flavonoid content  Antioxidant activity

0.621* (p < 0.05) -0.841*%* (p < 0.001)
1 -0.597* (p < 0.05)
-0.597* (p < 0.05) 1

higher in the methanol extracts than in the water extracts except for
P. capensis where the converse was true. This is similar to the pattern seen
in phenolic content and in other studies where aqueous alcoholic extrac-
tion yields a higher quantity of polyphenols.® The poor solubility of flavo-
noids in water may explain the difference in their concentration between
the water and aqueous alcoholic extracts.? The Ilkisonko Maasai prepare
most of their decoctions in water before adding them to soups or milk.
This study indicates that aqueous alcoholic extraction of polyphenols is
more efficient than aqueous extraction. The plants in this study have also
been used in illnesses of whose aetiology is microbial such as sexually
transmitted infections, stomach ache and respiratory disorders." Plants
with antimicrobial activity are characterized by high phenolic and
flavonoid content and consequently the high antioxidant activity which
could be the basis for this antimicrobial activity.”” There were variations
in the polyphenol content in plants from the same genus (Acacia spp.)
which could be due to intrinsic genetic species differences or differences
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in environmental factors, time of collection and/or storage conditions.”
It has been previously reported that the amount of phenolics may vary
considerably in some plants due to geographical variations and environ-
mental factors such as humidity and, temperature as well as leaf aging
which invariably influence the antioxidant activity.”

With a few exceptions, the phenolic content closely mirrored the anti-
oxidant activity. Previous studies have shown the antioxidant activity to
be higher in solvents with lower polarity as they dissolve higher molecular
weight phenols giving the extract stronger antioxidant effects.”
The observed negative correlation between the total phenolic/flavonoid
content with the antioxidant IC_ value is consistent with a research
by Farasat et al.*® which shows that the higher the phenolic/flavonoid
content, the lower the IC,, value and hence the higher the antioxidant
activity per gram of extract. Other studies have confirmed the direct
relationship between phenolic content and antioxidant activity?® and
this lends credence that the observed antioxidant activity in the studied
plants may be largely due to the phenolic content in the extracts. The
significant negative correlation between antioxidant activity and flavonoids
(r=-0.597) implies that although the flavonoids may contribute to the
antioxidant activity, they lack the structural advantage of being strong
antioxidants.” Nevertheless, it could plausibly be assumed that there are
other compounds that also contribute to the antioxidant activity.

CONCLUSION

With the exception of Rhus natalensis, eight of the nine plants included
in this study were commonly used by the Ilkisonko Maasai for ethno-
medicinal interventions. This study shows that these commonly used
medicinal plants are characterized by high phenolic content, high
flavonoid content and attendant elevated antioxidant activity. This
affirms the importance of using ethnobotanical approach in search of
new phytochemicals with potential for application in human therapy.
The community and ultimately the wider society could benefit from the
findings of this study by targeted use of these medicinal plants.

ACKNOWLEDGEMENT

This research was funded by the Government of Kenya with support
from United Nations Development Programme - Sustainable Land
Management through Grant number 500-661-616. The authors would
like to express their gratitude to Jomo Kenyatta University of Agriculture
and Technology for granting them access to the research equipment. The
authors are grateful to Kipyegon Cheruiyot and Odhiambo Rechab for
statistical analysis.

CONFLICT OF INTEREST

The authors declare no conflict of interest

ABBREVIATIONS
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CE: Catechin equivalents; IC: Inhibitory concentration; SD: Standard
deviation; RN: Rhus natalensis; AD: Acacia drepanolobium; AN: Acacia
nilotica; AR: Acacia reficiens; AB: Acacia robusta; GV: Grewia villosa;
XA: Ximenia americana; RP: Rhamnus prinoides; PC: Pappea capensis
while; AA: Ascorbic acid.

REFERENCES

1. Zuo L, Best TM, Roberts WJ, Diaz PT, Wagner PD. Characterization of reactive
oxygen species in diaphragm. Acta Physiol. 2015;213(3):700-10. doi:10.1111/
apha.12410.

2. Seifried HE, Anderson DE, Fisher El, Milner JA. A review of the interaction
among dietary antioxidants and reactive oxygen species. J Nutr Biochem.
2007;18(9):567-79. doi:10.1016/j.jnutbio.2006.10.007.

Free Radicals and Antioxidants, Vol 9, Issue 1, Jan-Jun, 2019

3. Chand RN, Gopalan RD, Christi K, Chand RN, Gopalan RD, Christi K. Evaluation
of Antioxidant Properties in Thirteen Fijian Medicinal Plants Used in Alzheimer " s
Disease and Related lliness. Free Radicals Antioxidants. 2018;8(1):11-17.
Available at: http://www.antiox.org/v8/il.

4. ZhangVJ, Gan RY, Li S, et al. Antioxidant Phytochemicals for the Prevention and
Treatment of Chronic Diseases. Molecules. 2015;20(12):21138-56. doi:10.3390/
molecules201219753.

5. Ali R, Sajjad N, Qureshi S, et al. Evaluation of Antioxidant and Immunomod-
ulatory Potential of Methanolic Extract of Juniperus squamata Buch. Ham
ex D Don. Free Radicals Antioxidants. 2018;8(2):111-9. doi:10.5530/fra.2018.2.17.

6. Dai J, Mumper RJ. Plant phenolics: extraction, analysis and their antioxidant
and anticancer properties. Molecules. 2010;15(10):7313-62. doi:10.3390/
molecules15107313.

Baiano A, Del NMA. Antioxidant Compounds from Vegetable Matrices:
Biosynthesis, Occurrence and Extraction Systems. Crit Rev Food Sci Nutr.
2016;56(12):2053-68. doi:10.1080/10408398.2013.812059.

8. Johns T, Mahunnah RLA, Sanaya P Chapman L, Ticktin T. Saponins and phenolic
content in plant dietary additives of a traditional subsistence community, the
Batemi of Ngorongoro District, Tanzania. J Ethnopharmacol. 1999;66(1):1-10.
doi:10.1016/S0378-8741(98)00179-2.

9. Panossian A, Wikman G. Effects of Adaptogens on the Central Nervous System
and the Molecular Mechanisms Associated with their Stress—Protective Activity.
Pharmaceuticals. 2010;3(1):188-224. doi:10.3390/ph3010188.

10. Kimondo J, Miaron J, Mutai B Njogu P Ethnobotanical survey of food and
medicinal plants of the llkisonko Maasai community in Kenya. J Ethnopharmacol.
2015;175:463-9. doi:10.1016/j.jep.2015.10.013.

1. Soromou LW, Zhang Z, Li R, et al. Regulation of inflammatory cytokines in
lipopolysaccharide-stimulated RAW 264.7 murine macrophage by 7-O-methyl-
naringenin. Molecules. 2012;17(3):3574-85. doi:10.3390/molecules17033574.

12. Katiyar SK, Pal HC, Prasad R. Dietary proanthocyanidins prevent ultraviolet
radiation-induced non-melanoma skin cancer through enhanced repair of damaged
DNA-dependent activation of immune sensitivity. Semin Cancer Biol. 2017;
46:138-45. doi:10.1016/j.semcancer.2017.04.003.

13. Eldeen IMS, Van HFR, Van SJ. In vitro biological activities of niloticane, a new
bioactive cassane diterpene from the bark of Acacia nilotica subsp. kraussiana.
J Ethnopharmacol. 2010;128(3):555-60. doi:10.1016/j.jep.2010.01.057.

14. Hamza OJ, Van DBVDBCJ, Matee M, et al. Antifungal activity of some Tanzanian
plants used traditionally for the treatment of fungal infections. J Ethnopharmacol.
2006;108(1):124-32. doi:10.1016/j.jep.2006.04.026.

15. Goyal PK. Phytochemical and pharmacological properties of the genus Grewia:
A review. Int J Pharm Pharm Sci. 2012;4(SUPPL. 4):72-8.

16. Silva LKESD, Assreuy AMS, Mendonca LF, et al. Polysaccharide rich fractions
from barks of Ximenia americana inhibit peripheral inflammatory nociception in
mice: antinociceptive effect of Ximenia americana polysaccharide rich fractions.
Brazilian J Pharmacogn. 2017;27(3):339-45. doi:10.1016/j.bjp.2016.12.001.

17 Muregi FW, Ishih A, Miyase T, et al. Antimalarial activity of methanolic extracts
from plants used in Kenyan ethnomedicine and their interactions with chloro-
quine (CQ) against a CQ-tolerant rodent parasite, in mice. J Ethnopharmacol.
2007;111(1):190-5. doi:10.1016/}.jep.2006.11.009.

18. Pendota SC, Aderogba MA, Moyo M, McGaw LJ, Mulaudzi RB, Van SJ.
Antimicrobial, antioxidant and cytotoxicity of isolated compounds from
leaves of Pappea capensis. South African J Bot. 2017;108:272-7. doi:10.1016/j.
sajb.2016.10.021.

19. Sultana B, Anwar F Ashraf M. Effect of extraction solvent/technique on
the antioxidant activity of selected medicinal plant extracts. Molecules.
2009;14(6):2167-80. doi:10.3390/molecules14062167.

20. Ainsworth EA, Gillespie KM. Estimation of total phenolic content and other
oxidation substrates in plant tissues using Folin-Ciocalteu reagent. Nat Protoc.
2007,;2(4):875-7. doi:10.1038/nprot.2007.102.

21. Atanassova M, Georgieva S, Ivancheva K. Total Phenolic and Total Flavonoid
Contents , Antioxidant Capacity and Biological Contaminants in Medicinal
Herbs. J Univ Chem Technol Metall. 2011;46(1):81-8.

22. Sanchez MC, Larrauri JA, Saura CF A procedure to measure the antiradical
efficiency of polyphenols. J Sci Food Agric. 1998;76(2):270-6. doi:10.1002/
(SICI)1097-0010(199802)76:2<270::AID-JSFA945>3.0.CO;2-9.

23. Kedare SB, Singh RP. Genesis and development of DPPH method of antioxidant
assay. J Food SciTechnol. 2011;48(4):412-22. doi:10.1007/s13197-011-0251-1.

24. Aadil KR, Barapatre A, Sahu S, Jha H, Tiwary BN. Free radical scavenging
activity and reducing power of Acacia nilotica wood lignin. Int J Biol Macromol.
2014,67:220-7. doi:10.1016/j.ijbiomac.2014.03.040.

25. Prochéazkova D, Bousova |, Wilhelmova N. Antioxidant and prooxidant properties
of flavonoids. Fitoterapia. 2011;82(4):513-23. doi:10.1016/j.fitote.2011.01.018.

26. Miguel MG, Nunes S, Dandlen SA, Cavaco AM, Antunes MD. Phenols, flavo-
noids and antioxidant activity of aqueous and methanolic extracts of propolis
(Apis melliferaL.) from Algarve, South Portugal. Food SciTechnol. 2014;34(1):16-23.
doi:10.1590/S0101-20612014000100002.

27 Scio E, Mendes RF, Motta EVS, et al. Antimicrobial and antioxidant activities of
some plant extracts. In: Phytochem. Nutraceuticals: Global Approaches Their
Role Nutr. Health. 2012:21-42. doi:10.5772/27308.

~

33



Kimondo, et al.: Antioxidant Activity of Plants used by the Ilkisonko Maasai

28. Barragan FD, Rimantas VP Talou T, et al. Identification and in vitro Activity of
Bioactive Compounds Extracted from Tussilago farfara (L.) Plant Grown in Lithu-
ania and France. Free Radicals Antioxidants. 2018;88(11):40-4740. doi:10.5530/
fra.2018.1.7

GRAPHICAL ABSTRACT

Environment/ Diet

N

Oxidative Stress

v
Proinflammatory
molecules

Chronic
inflammation

S

Degenerative diseases associated with Aging

29. Marin LC, Cavarsan ECM, Diaz IEC, et al. Analysis of Brazilian Plant Extracts as
Potential Source of Antioxidant Natural Products Using Bench-Top Assays. Free
Radicals Antioxidants. 2018;8(2):120-9.

30. Farasat M, Khavari NRA, Nabavi SMB, Namjooyan F. Antioxidant activity, total

SUMMARY

* Most of the plants included in this study were commonly used by the llkisonko
Maasai for ethnomedicinal interventions. This study shows that these com-
monly used medicinal plants are characterized by high phenolic content, high
flavonoid content and attendant elevated antioxidant activity. Plants used as
adaptogens have high levels of phenolic compounds which act as antioxidants,
anti-inflammatory, antidepressants and may regulate aging.
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