European Journal of Medicinal Plants

%
— 26(3): 1-11, 2018; Article no.EJMP.46601
[ Q ISSN: 2231'0894, NLM ID: 101583475

Antioxidant Activity, Total Phenols, Flavonoids and
LCMS Profile of Chamaecrista hildebrandtii (Vatke)
Lock and Clerodendrum rotundifolium (Oliv.)

Rechab S. Odhiambo'?, Patrick G. Kareru', Erastus K. Mwangi®
and Daniel W. Onyango4

"Department of Chemistry, Jomo Kenyatta University of Agriculture and Technology, P.O. Box 62000-
00200, Nairobi, Kenya.

’Department of Physical Sciences, University of Kabianga, P.O. Box 2030-20200, Kericho, Kenya.
3Department of Physical Sciences, Meru University of Science and Technology, P.O. Box 972-60200,
Meru, Kenya.

*Department Veterinary Anatomy and Physiology, University of Nairobi, P.O. Box 30197-00100
Nairobi, Kenya.

Authors’ contributions

This work was carried out in collaboration between all authors. All authors read and approved the final
manuscript.

Article Information

DOI: 10.9734/EJMP/2018/v26i330093

Editor(s):

(1) Ghalem Bachir Raho, Department of Biology, Sidi Bel Abbes University, Algeria.

(2) Prof. Marcello Iriti, Professor of Plant Biology and Pathology, Department of Agricultural and Environmental Sciences, Milan
State University, Italy.

Reviewers:

(1) Jean Aghofack Nguemezi, University of Dschang, Cameroon.

(2) loana Stanciu, University of Bucharest, Romania.

Complete Peer review History: http://www.sdiarticle3.com/review-history/46601

Received 29 October 2018
Accepted 02 February 2019
Published 18 February 2019

Original Research Article

ABSTRACT

Aims: The purpose of the study was to determine the antioxidant activity, quantify total phenols
and total flavonoids and characterize the secondary metabolites present in methanolic extracts of
Chamaecrista hildebrandtii and Clerodendrum rotundifolium using liquid chromatography coupled
to mass spectrometry (LC-MS).

Methodology: The total phenol and flavonoid contents were determined spectrophotometrically
while the antioxidant activity was evaluated using the 2, 2-Diphenyl-1-Picrylhydrazyl (DPPH) free
radical scavenging method. The secondary metabolites present in the methanolic leaves extracts
were evaluated using LC-MS.

*Corresponding author: E-mail: rechabsylvester@gmail.com, odhiambo.rs@kabianga.ac.ke;
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(2.36+0.16 mg/g catechin equivalents).

functioning in synergy.

Results: The extracts of C. hildebrandtii showed a significantly higher antioxidant activity (ICsq =
8.7 mg/mL) compared to C. rotundifolium (ICs= 28.5 mg/mL). Both methanolic extracts of C.
hildebrandtii and C. rotundifolium had common and different types of flavonoids such as quercetin,
rutin, (+)-catechin 3-O-gallate and luteolin 6-C-glucoside among others that could be responsible
for the observed antioxidant activity. The total phenolic content of C. hildebrandtii (1.33£0.07 mg/g
tannic acid equivalents) was significantly higher than that of C. rotundifolium (0.25+0.00 mg/g
tannic acid equivalents). However, there was no statistically significant difference (p>0.05) in total
flavonoid content of C. hildebrandtii (2.69+0.33 mg/g catechin equivalents) and C. rotundifolium

Conclusion: The results of the present study suggested that the good antioxidant activity exhibited
by C. hildebrandtii may probably have been brought about by various secondary metabolites

Keywords: Antioxidant; reactive oxygen species; LC-MS; phenolic; flavonoids.

1. INTRODUCTION

Biological functions such as protection from
carcinogenesis, inflammation and aging are as a
result of oxidative effects of free radicals
produced during oxidation reactions. Free
radicals are essential for production of energy
required for some biological processes in living
organisms. Thus, excessive production of free
radicals such as superoxide and hydroxyl
radicals, hydrogen peroxide and nitric oxide are
associated with several health-related issues [1].
These free radicals initiate cancer progression
through binding via electron pairing with
biological macromolecules such as proteins,
lipids and DNA in healthy human cells and cause
protein and DNA damage, including mutation,
coupled with lipid peroxidation [2]. Free radicals
and peroxidative damage are implicated in many

human and animal pathological disorders
including inflammatory ailments and microbial
infections [3], neurodegenerative diseases,

cancer, cardiovascular disease, hypertension,
ischemia/reperfusion  injury, atherosclerosis,
diabetes mellitus, rheumatoid arthritis,
immunosuppression, ageing and hair loss
[4,5,6,7,8]. Consequently, there is an urgent
need to search for new strategies to fight such
health disorders including the use of natural
antioxidants available in plants such as vitamins
C and E, terpenoids, phenolic acids, tannins,
flavonoids, quinones, lignins, stilbenes,
coumarins, alkaloids, betalains, selenium, R-
carotene, lycopene, lutein and other carotenoids
[9,10,11,12,13]. Antioxidants are substances that
prevent damage to cells caused by free radicals
by supplying electron to these free radicals [14],
thus stabilizing the molecules and preventing
damage to other cells. Antioxidants also turn free
radicals into waste by-products which are then
eliminated from the body. Phytochemicals are

non-nutritive plant chemicals that have protective
or disease preventive properties. Plant phenolics
act as reducing agents, metal chelators and
singlet oxygen quenchers and many studies
have shown that phenolics are useful in
preventing the onset and/or progression of many
human diseases [15,16]. Therefore, a number of
medicinal plants have been extensively
investigated for the presence and activity of
polyphenols and other secondary metabolites
with antioxidant properties [17,18]. Based on the
foregoing, the aim of this study was to determine
the antioxidant activity, quantify total phenols and
total flavonoids and characterize the secondary
metabolites present in methanolic extracts of
Chamaecrista hildebrandtii and Clerodendrum
rotundifolium  using liquid chromatography
coupled to mass spectrometry.

Chamaecrista hildebrandtii is a perennial herb
with thick woody rootstock and prostrate or
ascending stems. The leaves are glabrous and
densely hairy and the midrib is generally
distinctly eccentric but gives off lateral nerves
towards both margins. The leaflets are often
sessile, usually in 4 to 13(/14) pairs, oblong or
lanceolate oblong with uppermost often
somewhat obvate, straight or slightly falcate.
Plants belonging to this family have found use in
wound healing, use as antioxidants, treatment of
microbial infections, diabetes and skin diseases
among others  [19,20,21]. Clerodendrum
rotundifolium is an erect shrub, 0.75 to 3 m tall or
sometimes climbing and even reported to be a
small tree. The stems have dense short
spreading pubescence, later glabrescent and
lenticellate while the leaves are opposite or in
whorls of 3 or rarely alternate, ovate to round.
The flowers are usually fragrant, terminal and not
very dense but aggregated in one inflorescence.
The fruits are usually red, drying black and shiny.
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Leaves and roots of Clerodendrum rotundifolium
have been used during induction of labour in
childbirth and in treatment of diabetes,
stomachache, malaria, microbial infections and
intestinal parasites [22].

2. MATERIALS AND METHODS

2.1 Sample Collection, Preparation and
Extraction

Leaves samples of Chamaecrista hildebrandtii
and Clerodendrum rotundifolium obtained from
Bondo Sub-county of Siaya County, Kenya were
botanically identified and authenticated at the
University of Nairobi herbarium, where voucher
specimens were also deposited (RS0O/2016/003
and RS0O/2016/004). The plant samples were
washed thoroughly in water, air dried for two
weeks and then pulverized in an electric grinder.
1 kg of powdered plant samples of C.
hildebrandti  and C.  rotundifolium were
separately weighed and extracted by maceration
with analytical grade methanol (3 L) at room
temperature. After 24 hours, the mixtures were
filtered through Whatman filter papers and the
marc re-extracted two more times using fresh
methanol solvent. After the third extraction,
similar filtrates were pooled and vacuum-dried
using rotary evaporator at 40°C. The
concentrates were then transferred to pre-
weighed sample bottles, kept in a desiccator and
weight of the dry extract recorded and stored at
4°C until required for bioassay. The extract yield
for C. hildebrandtii and C. rotundifolium were
7.8% and 6.7% respectively.

2.2 2, 2-Diphenyl-1-Picrylhydrazyl (DPPH)
Antioxidant Assay

The method of Liyana-Pathirana and Shahidi [23]
was used for the determination of scavenging
activity of DPPH free radical. One ml of 0.135
mM DPPH prepared in methanol was mixed with
1.0 ml of methanol extract ranging from 3.9-500
pg/mL. Ascorbic acid was used as the standard
at concentrations of 1.5-100 pg/mL. The reaction
mixture was vortexed thoroughly and left in the
dark at room temperature for 30 min. The
absorbance was measured spectrophoto-
metrically at 517 nm. The Scavenging of DPPH
radicals by the extract was calculated using the
following formula:

Inh|b|t|0n (%)= [(Abs:;omrol - AstampIe)]/(AbScontrol)]
x 100

Where Absgnio iS the absorbance of DPPH and
Absgampie is the absorbance of the DPPH radical
+ sample extract/standard.

The half maximal inhibitory concentration (ICsp)
values denoting the concentrations of sample
required to scavenge 50% of DPPH free radicals
were obtained by interpolation from linear
regression analysis.

2.3 Total Phenol and Flavonoid Contents
2.3.1 Total flavonoid content

The total flavonoid content of each extract was
estimated by the method described by Odhiambo
et al. [24] with some modifications. 1.0 mL of
each extract was mixed with 4 mL distilled water
and subsequently with 0.30 mL of 10% NaNO,
solution. After 5 min, 0.30 mL of 10% AICl;
solution followed by 2.0 mL of 1% NaOH solution
were added to the mixture. Immediately, the
mixture was thoroughly mixed and absorbance
determined at 510 nm versus the blank. A
standard curve of catechin was prepared (0-1.25
mg/mL) and the flavonoid concentration
expressed as catechin equivalents (mg catechin/
g dried sample).

2.3.2 Total phenol content

Total phenol content was determined using Folin-
Ciocalteu Reagent as described by Odhiambo et
al. [24] with some modifications. 200 yL of the
plant extract was mixed with 1000 pL of 1 N
Folin-Ciocalteau reagent and kept at 30°C for 4
min, then 800 pL of 7% sodium carbonate
solution added. The reaction mixture was then
incubated at 30°C for 30 min in the dark and the
absorbance measured at 725 nm. The
concentration of total phenols in mg/g tannic acid
equivalents (TAE) was calculated from the
calibration curve established using tannic acid as
standard. The samples were prepared in
triplicate for each analysis and the mean value of
absorbance obtained.

2.4 Liquid Chromatography-Mass
Spectrometry (LC MS) Analysis of the
Extracts

1 mg of each of the extract was weighed (in
triplicates) and dissolved in 1 mL methanol. The
samples were vortexed for 10s, ultra-sonicated
for 1 hr, centrifuged at 14 000 rpm and the
supernatant filtered and analyzed by LC-Qtof-MS
(MeOH) under the following conditions: UPLC



Odhiambo et al.; EIMP, 26(3): 1-11, 2018; Article no.EJMP.46601

(Waters ACQUITY I-class system); UPLC
column (Waters ACQUITY UPLC BEH C18
column (2.1 x 50 mm, 1.7-uym particle size
Waters Corporation, Dublin, Ireland); Column
temperature of 25°C; mobile phase of water (A)
and methanol (B), each with 0.01% formic acid;
flow rate of 0.3 mL/min, gradient from 95% A to
100% B and back to starting solvent proportion.,
with the run time being 25 min. The Q-tof ion
mode was positive, with a nitrogen desolvation
flow rate of 500 I/h and an accuracy of < 5 ppm.
The quantitative analysis of the secondary
metabolites present was based on a standard
curve of apigenin (y= 10288x - 11117,
R?*=0.999).

100

Mean % inhibition
[g]

b
3.125 6.25

3. RESULTS AND DISCUSSION
3.1 Results

3.1.1 Antioxidant
extracts

assay of methanolic

The findings for the antioxidant activity of the
methanolic extracts and standard ascorbic acid
are shown in Fig. 1. The difference in antioxidant
activity of both ascorbic acid and methanolic
extract of C. hildebrandti at the highest
concentration of 250 mgmL'1 were not
statistically significant (p>.05).

£ f § f fgf
e
80
e
€ e
60 C C
.
d
0 9
b
b b

20
0

12,5 25 50 100 250

Conc (mg/mL)

u C. hildebrandfii

u C. rotundifolium

Ascorbic acid

Fig. 1. Antioxidant activity of methanolic extracts and ascorbic acid
Note: Values are the mean + SD (n = 3); Bars for a particular concentration with different letters on top have
statistically significant different mean percent inhibition (p<0.05)

Table 1. Showing IC 5, values of methanolic extracts and ascorbic acid

Sample IC 50 value Lower Upper
(mg/mL) boundary boundary
Chamaecrista hildebrandltii leaves 8.7% 3.6 15.0
Clerodendrum rotundifolium leaves 28.5° 14.8 51.2
Ascorbic acid 2.3% 0.08 5.4

Note: Values are the mean + SD (n = 3)
Values in the column followed by a different letter superscript are significantly different (p<0.05)
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Table 2. Total phenolic and flavonoid contents of the extracts

Plant extracts

Quantity of phytochemicals

Flavonoids (mg/g CE)

Total phenols (mg/g TAE)

C. hildebrandltii
C. rotundifolium

2.69+0.33°
2.3610.16°

1.330.07°
0.25+0.00°

Note: Values are the mean + SD (n = 3); CE: Catechin equivalents; TAE: Tannic acid equivalent
Values in the column followed by a different letter superscript are significantly different (p<0.05)

In general, there was no statistically significant
difference in antioxidant activity between C.
hildebrandtii (ICso = 8.7 mg/mL) and ascorbic
acid (ICsp = 2.3 mg/mL) which was used as a
positive control (p>.05) (Table 1). However, the
antioxidant activity of C. hildebrandtii leaves
extract was significantly higher than that of C.
rotundifolium leaves extract (ICsp= 28.5 mg/mL)
(p<.05). Leaves methanolic extract of C.
rotundifolium had significantly lower antioxidant
activity than both C. hildebrandtii and the
standard ascorbic acid (p<0.05). These findings
imply that the methanolic extract of C.
hildebrandtii have compounds with stronger
hydrogen-donating capacity capable of efficiently
scavenging DPPH radicals.

3.1.2 Quantity of total phenols and flavonoids

Phenolic compounds have been implicated in
antioxidant activity exhibited by various plant
extracts and citrus fruits [9]. In this regard, levels
of total phenols and flavonoids in the methanolic
leaves extracts of both C. hildebrandtii and C.
rotundifolium were determined in the present
study.

The flavonoid and total phenolic contents were
significantly higher in C. hildebrandtii compared
to C. rotundifolium extract (Table 2). However,
there was no statistically significant difference in
flavonoid content between the two plant extracts
(p>.05).

3.1.3 LCMS profiles of the methanolic plant
extracts and concentrations of
identified metabolites

LCMS is a reliable hyphenated technique useful
in the qualitative identification and quantification
of polar compounds based on fragmentation
patterns. For this study, the quantities of the
identified compounds was based on standard
curve of apigenin (y=10288x-11117; R2=0.999).
The total ion chromatogram (TIC) and the
identities together with quantities of compounds
in methanolic extract of C. hildebrandtii are as
shown in Fig. 2 and Table 3 respectively.

The TIC and the identities together with
quantities of compounds in methanolic extract of
C. rotundifolium are as shown in Fig. 3 and Table
4 respectively.

3.2 Discussion

Research on natural antioxidants with preventive
interventions for free-radical mediated diseases
is very vital for improvement of human health.
Polyphenols, including phenolic acids,
flavonoids, tannins and lignans among others,
widespread in plants, may function as potent free
radical scavengers, reducing agents, quenchers
of reactive oxygen species (ROS), and protectors
against lipid peroxidation [25]. These compounds
also exhibit cytotoxic activity and could have
potential as lead compounds in the development
of new anti-cancer drugs and drugs against other
degenerative diseases. C. hildebrandltii,
containing these compounds, may also serve as
a potential source of bioactive compounds for the
prevention and cure of free-radical associated
disorders. Both methanolic extracts of C.
hildebrandtii and C. rotundifolium had different
types of flavonoids that could be responsible for
the exhibited antioxidant activity. The flavonoids
present in C. hildebrandtii extract included
quercetin, rutin and apigenin 6,8-di-C-glucoside.
Alkaloids, including  N-[3-(Methoxycarbonyl)
propanoyl and cycloclausenamide together with
terpenoids (scilliroside and cucurbitacin | 2-
glucoside) and valoneic acid dilactone,
ligstroside, 4-hydroxy-2-methoxyacetanilide and
ketotifen were also present in C. hildebrandtii
extract. C. rotundifolium extract had several
flavonoids which included (+)-catechin 3-O-
gallate, luteolin 6-C-glucoside, pelargonidin 3-O-
galactoside, pelargonidin 3-O-(6"-acetyl-
galactoside), petunidin 3-O-galactoside,
petunidin 3-O-(6"-acetyl-galactoside), isoxantho-
humol and delphinidin 3-0-(6"-acetyl-
galactoside). Besides, the extract also had
triterpenes such as stigmastanol ferulate and
asteriidoside L; 5-heneicosylresorcinol,
medioresinol and oleoside 11-methylester.

Antioxidant activity of phenolic compounds has
been correlated to their chemical structures [26].
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In general, free radical scavenging and
antioxidant activity of phenolics such as
flavonoids and phenolic acids mainly depends on
the number and position of hydrogen-donating
hydroxyl groups on the aromatic ring of the
phenolic molecules, but is also affected by other
factors, such as glycosylation of aglycones, and
other Hydrogen-donating groups (-NH, -SH). For
example, flavonol aglycones such as quercetin,
myricetin, and kaemperol containing multiple
hydroxyl groups have been shown to have higher
antioxidant activity than their glycosides such as
rutin. On the other hand, the glycosylation of
flavonoids has been shown to reduce their
activity [9,26,27]. Both C. hildebrandtii and C.

100

rotundifolium had flavonoids with different levels
of hydroxylation and glycosylation. However, the
better activity exhibited by methanolic extract of
C. hildebrandtii compared to C. rotundifolium
could be explained by the possible presence of
great synergy among the compounds present
which included flavonoids, alkaloids, chalcone,
ketotifen and valoneic acid dilactone. On the
other hand, in as much as C. rotundifolium had
more flavonoids than C. hildebrandtii, the lower
antioxidant activity observed in C. rotundifolium
leaves extracts signifies less synergistic effects
or more antagonistic effects of the various
classes of compounds present in the extract
including flavonoids and terpenoids.

14.00 18.00 18.00 2000 22,00 24.00

Fig. 2. TIC for C. hildebrandtii methanolic extract (LC-MS base peak in the positive ion mode)

Table 3. LC-MS profile of Chamaecrista hildebrandtii

NO RT [M+H]+ Compound name Average concentration
(g/mg) £SD
1 2903  443.1538 (+)-Catechin 3-O-gallate 2.85+0.0097
2 3.997 434.2017  Pelargonidin 3-O-galactoside 31.03+0.0097
3 4.598 449.1071  Luteolin 6-C-glucoside 18.07+0.0097
4 5.600 355.1718  Isoxanthohumol 1.73+0.0097
5 7.717 593.1827  Stigmastanol ferulate 6.11+0.0097
6 8.976  405.1174 Oleoside 11-methylester 9.46+0.0097
7 9.049 405.1174  5-Heneicosylresorcinol 10.59+0.0097
8 9.348 389.1225 Medioresinol 1.45+0.0097
9 9.411 226.2523  2-methyl-6-nonylpiperidine 4.86+0.0097
10 10.959 699.3557 Asteriidoside L 15.07+0.0097
11 12147 520.3393 Pelargonidin 3-O-(6"-malonyl-glucoside)  19.56+0.0097
12 13.944 480.3784 Petunidin 3-O-galactoside 2.45+0.0097
13 14.162 522.3547 Petunidin 3-O-(6"-acetyl-galactoside) 3.40+0.0097
14 15.473 508.4101 Delphinidin 3-O-(6"-acetyl-galactoside) 1.66+0.0097

Note: Values are the mean + SD (n = 3)

6
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Flavonoids are natural antioxidants with a
characteristic Ce-C3-Cg carbon skeleton
structure. Flavonoids show a wide range of
pharmacological activities including being
antiallergic, anti-inflammatory, antimicrobial, anti-
cancer, antidiarrheal and antiulcer. Due to the
presence of a hydroxyl group(s) in their aromatic
ring(s), they possess antioxidant activity. Rutin
and quercetin isolated from Piper umbellatum L.
showed antiulcer effect by exerting antioxidant,
anti-secretory, anti-inflammatory and mucosa
regenerative activities [28]. Garcinol, a flavonoid
from Garcinia indica, has been established to
suppress superoxide anion, hydroxyl radical and
methyl radical in rats with acute ulceration stress
induced by indomethacin and water immersion
[29,30]. The beneficial action of grapefruit seed
extract has been attributed to the antioxidative
activity of citrus flavonoids such as naringenin
whose potent antibacterial activity against
Helicobacter pylori has been established in vitro
and has also been implicated in cytoprotection
against injury induced by algal toxins in isolated
hepatocytes. Naringenin, has also shown
gastroprotective activity due to increased
expression of prostaglandin biosynthesis and
anti-cancer activity against human breast cancer
cell lines [31]. Derivatives of Naringenin, such as
luteolin 6-C-glucoside, isoxanthohumol, quercetin
and rutin, present in the extract under
investigation may, perhaps, also exhibit similar
activity as naringenin, hence conferring
antioxidative properties on these extracts.
Phenolics such as gallic acid, catechin and
epicatechin are known to be good hydrogen
donors and reducing agents hence exert
scavenging of ROS [31,32]. Phenolics may also
prevent cancer through antioxidant action and/ or
modulation of several protein functions.

Furthermore, they are also capable of inhibiting
carcinogenesis by affecting the initiation,
promotion and progression stages [26,33].

Other scientific investigations have also
confirmed the antioxidant potential of plants in
the same families as C. hildebrandtii and C.
rotundifolium. In most instances, the antioxidant
activity has always been attributed to presence of
phenolic compounds, including flavonoids. The
antioxidant activity observed in this study could
partly be attributed to the various phenolic
compounds such as flavonoids present as
identified by LC-MS. According to llavarasan
[34], the aqueous and methanolic extracts of
Cassia fistula bark exhibited free radical
scavenging effect of DPPH in a concentration
dependent manner and its methanolic extract
showed better free radical scavenging activity
(IC50=213 pg/mL) than the aqueous extract
(ICs0= 233 pg/mL). A study by Singh et al. [35],
attributed the antioxidant activity of Cassia
occidentalis to polyphenolic compounds such as
flavonoids present in its seed methanolic extract.
Also a study by Akter et al. [36] on antimicrobial
and antioxidant activity and chemical
characterization of Erythrina stricta Roxb
(Fabaceae) stem bark, led to the isolation of
seven flavonoids derrivatives, with erynone
exhibiting the greatest DPPH free radical
scavenging activity. Other studies on plant
extracts belonging to the family Fabaceae have
also led to similar conclusions regarding the role
of phenolic compounds on antioxidant activity of
plant extracts [37,38]. Other studies have also
reported antioxidant activity and secondary
metabolites from plant species belonging to the
genus Clerodendrum. Several classes of
compounds such as steroids, terpenoids and

Table 4. LC-MS profile of Clerodendrum rotundifolium

NO RT [M+H]" Compound name Average concentration
(ng/mg) £SD
1 0.621 182.9617 4-Hydroxy-2-methoxyacetanilide 3.53+0.0097
2 0.754 266.1224 N-[3-(Methoxycarbonyl)propanoyl] 9.93+0.0097
3 0.878 280.1372 Cycloclausenamide 12.55+0.0097
4 1.809 310.1274 Ketotifen 12.05+0.0097
5 4235 611.1605 Rutin 9.50+0.0097
6 4.492 303.0495 Quercetin 12.63+0.0097
7 4.822 595.1647 Apigenin 6,8-di-C-glucoside 6.52+0.0097
8 5.237 471.0884 Valoneic acid dilactone 7.46+0.0097
9 8.831 309.0861 Bisdemethoxycurcumin 6.61+0.0097
10 9.14 525.3018 Ligstroside 2.94+0.0097
11 10.422 605.2924 Scilliroside 2.59+0.0097
12 10.958 676.3459 Cucurbitacin | 2-glucoside 1.474+0.0097

Note: Values are the mean + SD (n = 3)
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Fig. 3. TIC for C. rotundifolium methanolic extract (LC-MS base peak in the positive ion mode)

flavonoids have been isolated from species such
as Clerodendrum indicum, C. phlomoides and C.
inerme [39]. Phenolic compounds whose
antioxidant activity have been established and
have been isolated from members of this genus
include  Hispidulin, Luteolin, Scutellarein,
Apigenin and Quercetin derivatives [40,41,42].
Ethanolic extracts of both aerial parts of C.
serratum and C. infortunatum  showed
good antioxidant activity. Leaves methanolic
extracts of C. inerme have also been
reported to exhibit higher antioxidant activity
[43,44,45,46].

4. CONCLUSION

From the current study, it can be concluded
that C. hildebrandtii methanolic extract had
significant antioxidant activity as confirmed by
the DPPH scavenging assay. This radical
scavenging activity could be attributed to the
presence of phenolic compounds such as
flavonoids working in synergy with other
secondary metabolites such as alkaloids and
dilactones. However, the study recommends
further research on complete isolation and

characterization of the compounds responsible
for the observed activity.

CONSENT

It is not applicable.

ETHICAL APPROVAL
It is not applicable.
ACKNOWLEDGEMENTS

The authors acknowledge AFRICA-ai-JAPAN
PROJECT and National Research Fund (NRF)
for funding this research; Jomo Kenyatta
University of Agriculture and Technology for
providing the facilities for the research, and Mr.
Mutiso of the University of Nairobi herbarium for
assisting with the botanical identification of the
plants used in this study.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing



Odhiambo et al.; EIMP, 26(3): 1-11, 2018; Article no.EJMP.46601

REFERENCES

1.

10.

11.

12.

Kim M, Park J, Lim S. Antioxidant activity
and cell toxicity of pressurised liquid
extracts from 20 selected plant species in
Jeju, Korea. Food Chem. 2010;122:546—
552.

Islam S, Nasrin S, Khan MA, Hossain
ASM, Islam F, Khandokhar P, et al.
Evaluation of antioxidant and anticancer
properties of the seed extracts of
Syzygium fruticosum Roxb. Growing in
Rajshahi, Bangladesh. BMC Complement
Altern Med. 2013;13:142.

Alviano DS, Alviano CS. Plant extracts:
Search for new alternatives to ftreat
microbial diseases. Curr Pharm
Biotechnol. 2009;10(1):106—121.

Braca A, Sortino C, Politi M, Morelli I,
Mendez J. Antioxidant activity of
flavonoids from Licania licaniaeflora. J
Ethnopharmacol. 2002;79(3):379-381.
Sala A, Recio MD, Giner RM, Manez S,
Tournier H, Schinella G, Rios JL. Anti-
inflammatory and antioxidant properties of
Helichrysum italicum. J Pharm Pharmacol.
2002;54(3):365-371.

Valko M, Leibfritz D, Moncola J, Cronin
MTD, Mazura M, Telser J. Free radicals
and antioxidants in normal physiological
functions and human disease. Review Int J
Biochem Cell Biol. 2007;39:44-84.
Ashokkumar D, Mazumder UK, Gupta M,
Senthilkumar GP, Selvan VT. Evaluation of
antioxidant and free radical scavenging
activities of Oxystelma esculentum in
various in vitro models. J Complement
Integr Med. 2008;5(1):1-6.

Veerapur VP, Prabhakar KR, Parihar VK,
Kandadi MR, Ramakrishana S, Mishra B,
et al. Ficus racemosa stem bark extract: A
potent antioxidant and a probable natural
radioprotector. Evid Based Complement
Alternat Med. 2009;6(3):317-324.

Zheng W, Wang SY. Antioxidant activity
and phenolic compounds in selected
herbs. J Agric Food Chem. 2001;49(11):
5165-5170.

Devasagayam TP, Sainis KB. Immune
system and antioxidants, especially those
derived from Indian medicinal plants.
Indian J Exp Biol. 2002;40:639-655.

Park EJ, Pezzutto JM. Botanicals in cancer
chemoprotection. Cancer Metastasis Rev.
2002;21:231-255.

Cai YZ, Sun M, Corke H. Antioxidant
activity of betalains from plants of the

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Amaranthaceae. J
2003;51(8):2288—2294.
Govindarajan R, Vijayakumar M,
Pushpangadan P. Antioxidant approach to
disease management and the role of
'Rasayana’ herbs of Ayurveda. J
Ethnopharmacol. 2005;99:165-78.

Nath R, Saswati R, De B, Choudhury MD.
Anticancer and antioxidant activity of
croton: A review. Int J Pharm Pharm Sci.
2013;5(2):63-70.

Halliwell B, Gutteridge JMC, Cross CE.
Free radicals, antioxidants and human
disease. Lab Clin Med. 1992;119:598-
620.

Tsao R, Akhtar MH. Nutraceutical and
functional foods. I. Current trend in
phytochemical antioxidant research. J
Food Agric Environ. 2005;3:10-17.
Halvorsen BL, Holte K, Myhrstad
MC, Barikmo I, Hvattum E, Remberg SF, et
al. A systematic screening of total
antioxidants in dietary plants. J. Nutr.
2002;132(3):461-71.

Naik GH, Priyadarsini Kl, Satav JG,
Banavalikar MM, Sohoni DP, Biyani MK,
Mohan H. Comparative antioxidant activity
of individual herbal components used in
Ayurvedic medicine. Phytochem. 2003;63:
97-104.

Neuwinger HD.  African traditional
medicine: A dictionary of plant use and
applications. Medpharm Scientific,
Stuttgart, Germany; 2002.

Kokwaro JO. Medicinal plants of East
Africa. 3° Ed. East Africa Publishing
Houses. Nairobi, Kampala, Dar-es-salaam;
2009.

Deshpande HA, Bhalsing SR. Recent
advances in the phytochemistry of some
medicinally important Cassia species: A
review. Int. J. Pharm. Med. & Bio. Sci.
2013;2(3):60-78.

Adia MM, Emami SN, Byamukama R,
Faye |, Borg-Karlson AK. Antiplasmodial
activity and phytochemical analysis of
extracts from selected Ugandan medicinal
plants. J Ethnopharmacol. 2016;186:14—
19.

Liyana-Pathirana CM, Shahidi F.
Antioxidant activity of commercial soft and
hard wheat (Triticum aestivum L.) as
affected by gastric pH conditions. J

Agric Food Chem.

Agric Food Chem.  2005;53(7):  2433-
2440.

Odhiambo RS, Kareru PG, Mwangi EK,
Onyango DW. Contraceptive  and



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Odhiambo et al.; EIMP, 26(3): 1-11, 2018; Article no.EJMP.46601

phytochemical profile of lime-yellow pea
(Macrotyloma axillare, E. Mey) Verdc: A
tropical climber. European J Med Plants.
2017;19(2):1-13.

Chiang YM, Chuang DY.Wang SY, Kuo
YH, Tsai PW, Shyur LF. Metabolite
profiling and chemopreventive bioactivity of

plant extracts from Bidens pilosa.
J. Ethnopharmacol. 2004;95(2-3):409—
419

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

Nakatani N. Phenolic antioxidants from
herbs and spices. Biofactors. 2000;
13(1-4):141-146.

Junior IFS, Balogun SO, Oliveira RG,

Damazo AS, Martins DTO. Piper
umbellatum 1.. A medical plant with
gastriculcer protective and ulcer
healing effects in experimental rodent
models. J. Ethnopharmacol. 2016;192:
123-131.

Yamaguchi F, Saito M, Ariga T, Yoshimura
Y, Nakazawa H. Free radical
scavenging activity and antiulcer activity
of garcinol from Garcinia indica fruit
rind. J. Agric. Food Chem. 2000;48:2320—
2325.

Mehdi S, Patrick VTF, Farukh S, Miquel M,
Adedayo OA, Jovana R, et al. Antiulcer
agents: From plant extracts to
phytochemicals in healing promotion.
Molecules.  2018;23(1751):1-37.  DOI:
10.3390/molecules23071751
Zayachkivska oS, Konturek SJ,
Drozdowicz D, Konturek PC, Brzozowski
T, Ghegotsky MR. Gastroprotective effects
of flavonoids in plant extracts. J
Physiol Pharmacol. 2005;56(Suppl 1):219-
231.

Sobeh M, Mona, F, Mahmoud, Rehab AH,
Haroan Cheng A, El-Shazly AM, Michael
W. Senna  singueana:  Antioxidant,
hepatoprotective, antiapoptotic properties
and phytochemical profiling of a methanol
bark extract. Molecules. 2017;22(1502):1-
15.

DOI: 10.3390/molecules22091502

Yang CS, Landau JM, Huang MT,
Newmark HL. Inhibition of carcinogenesis
by dietary polyphenolic compounds. Annu.
Rev. Nutr. 2001;21:381-406.

llavarasan R, Mallika M, Venkataraman S.
Anti-inflammatory and antioxidant activities

10

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

of Cassia fistula Linn bark extracts. Afr. J.
Trad. CAM, 2005;2(1):70-85.

Singh VWV, Jain J, Mishra AK.
Determination of antipyretic and
antioxidant activity of Cassia occidentalis
Linn methanolic seed extract. Pharmacogn
J. 2017;9(6):913-916.

Akter K, Barnes EC, Loa-Kum-Cheung
WL, Yin P, Kichu M, Joseph J, Brophy JJ,
Barrow RA, Imchen |, Vemulpad SR,
Joanne F, Jamie JF. Antimicrobial and
antioxidant activity and chemical
characterisation of Erythrina stricta Roxb.
(Fabaceae). J. Ethnopharmacol.
2016;185:171-181.

Godevac D, Zdunic G, Savikin K, Vajs V,
Menkovic N. Antioxidant activity of nine
Fabaceae species growing in Serbia and
Montenegro. Fitoterapia. 2008;79:185—
187.

Dzoyem JP, McGaw LJ, Eloff JN. In vitro
antibacterial, antioxidant and cytotoxic
activity of acetone leaf extracts of
nine under-investigated Fabaceae tree
species leads to potentially useful
extracts in animal health and productivity.
BMC Complement Altern Med. 2014;14:
147.

Praveen M, Radha K, Hari Kumar R,
Padmaja V, Mathew A, Ajith Kumar P.
Preliminary phytochemical, antimicrobial
and toxicity studies on Clerodendrum
paniculatum Linn leaves. Hygeia J D Med.
2012;4:41-50.

Jun T, Handong S. Chemical constituents
of Clerodendrum indicum. Nat Prod Res
Dev. 1999;11:1-5.

Pandey R, Verma RK, Gupta MM.
Pentadecanoic acid beta-D-glucoside from
Clerodendrum inerme. Indian J Chem.
2006;45:2161.

Gokani RH, Rachchh MA, Patel TP, Lahiri
SK, Santani DD, Shah MB. Evaluation of
antioxidant  activity  (in  vitro)  of
Clerodendrum phlomidis, Linn. F. Suppl.
Root. J Herb Med Toxicol. 2011;5:47-
53.

Ismail Shareef M, Leelavathi S.
Evaluation of antioxidant activity of
Anisolmeles malabarica R Br and
Clerodendrum serratum L. Extracts against
rheumatism. Res J Pharm Biol Chem Sci.
2011;2:488-95.

Modi AJ, Khadabadi SS, Deore SL, Kubde
MS. Antioxidant effects of leaves of
Clerodendrum infortunatum (Linn.). Int J
Pharm Sci Res. 2010;1:67-72.



45.

Odhiambo et al.; EIMP, 26(3): 1-11, 2018; Article no.EJMP.46601

Priyesh P, Narayanasamy VB, Manjunatha
Setty M, Shirwaikar A. Antioxidant
potential of Clerodendron  viscosum
vent. Roots. Pharmacol Online. 2007;2:
226-35.

46.

Gurudeeban S, Satyavani K, Ramanathan
T, Umamaheshwari G, Shanmugapriya R.
Antioxidant and radical scavenging effect
of Clerodendrum inerme (L). World J Fish
Mar Sci. 2010;2:66-9.

© 2018 Odhiambo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
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://www. sdiarticle3.com/review-history/46601

11



