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ABSTRACT

This study sets out on identifying active compounds within Hilleria latifolia (I.am) extracts and fractions, with a
specific emphasis on their potential antibacterial and antioxidant activities. GC-MS analysis was employed to
characterize the chemical constituents in the n-hexane (#z-Hex) and dichloromethane (DCM) fractions. The 7-
Hex and DCM fractions of the aerial part of Hilleria latifolia (L.am) revealed the presence of 45 compounds (27
in 7-Hex and 18 in DCM), many of which are known for their antioxidant, anticancer, anti-inflammatory, and
antibacterial properties. Antioxidant activity was evaluated through iron-reducing power (FRAP), nitric oxide
(NO) inhibition, metal chelating ability (MC), total antioxidant capacity (TAC) and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assays. The EtOAc fraction showed the best activities in DPPH (IC,, 0.70+0.026
mg/mL), FRAP (478.503£8.607 mg AAE/g), MCA (0.199+0.085 mg/mL) and TAC (227.37£60.949 mg
AAE/g). The sensitivity testing of the crude methanolic extract and fractions were carried out using the agat-
well diffusion method against three gram-positive (Bacillus stearothernophillus, Staphylococcus aurens, and Micrococens
Intens) and five gram-negative (Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli, Protens vulgaris, and
Serratia marcescens) bacterial strains. The crude methanol extract and aqueous fraction did not show activity
towards all the bacterial strains. However, the #-Hex fraction exhibited moderate antibacterial activity
particularly against K. pueumoniae (12 mm), M. luteus (9 mm), P. aeruginosa (12 mm), B. stearothermophillus (10 mm),
and S. aurens (12 mm), the DCM fraction also showed effective antibacterial activity against K. preumoniae (16
mm), M. lutens (12 mm), P. vulgaris (11 mm), B. stearothermopbillus (12 mm), E. coli (12 mm) and S. aurens (11 mm).
The ethyl acetate (EtOAc) fractions have shown considerable antibacterial activity against K. pumenmoniae (12
mm), M. lutens (12 mm), P. vulgaris (11 mm), B. stearothermophillus (12 mm) and S. aureus (8 mm). The present
findings demonstrate the antioxidant and antibacterial properties of Hilleria latofolia fractions, underscoring the
need for further research to confirm their medicinal potential and explore its pharmaceutical applications.
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INTRODUCTION Hilleria latifolia has gained recognition for its

Across the ages, people have turned to plants
possessing medicinal properties as a valuable
resource for treating a wide array of ailments.
Among these botanical treasures is Hilleria latifolia,
a member of the Phytolaccaceae genus, known by
various vernacular names, including "Forest
spinach" or "Pepper herb" (Otoo, 2014). In local
communities, it goes by names such as "Aka ato"
in Igbo and "ogo" in Yoruba, emphasizing its
regional significance (Woode and Abotsi, 2012).
This flowering plant is indigenous to tropical
Africa and can be found from Guinea to Ethiopia,
extending southward to South Africa, Angola, and
Mozambique, with additional occurrences in
Madagascar and Sri Lanka (Schmelzer, 2007).
Within Nigeria, Hilleria latifolia thrives primarily in
Ondo and Oyo States.

diverse medicinal applications. In Cote d'Ivoire, its
leaves are used to create a decoction for addressing
food poisoning, while mashed leaves are applied
locally to alleviate joint, muscle, and tendon pain
(Odugbemi, 2008; Schmelzer, 2007). Moreovert, it
is customary to prepare an oral tea from the entire
plant of H. /atifolia to treat urethral discharges. In
traditional Nigerian medicine, the leaves are
simmered in broth to combat gonorrhoea. In
Congo, a blend of leaves and stem sap from the
Costus afer plant is employed for treating
gynaecological conditions that require purging
(Schmelzer, 2007). Asthma and bloody coughs
find relief through the use of orange juice and
flower petal pastes, respectively (Schmelzer,
2007).

In Ghana, steam baths infused with a decoction of
Hilleria latifolialeaves and twigs are administered to
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address jaundice and guinea worm infestations
(Iwu, 1993). Additionally, the plant, whether in
leaf form or as a whole, plays a role in treating
breast cancer, often in conjunction with Momordica
charantia (Curcubitaceae) (Abbiw, 1990;
Odugbemi, 2008). Across East Africa, people
employ decoctions of the entire plant for bathing,
providing relief for wvarious skin conditions.
Furthermore, the plant's leaves, when
transformed into lotion or used in their natural
state, prove effective in soothing a variety of skin
issues (Odugbemi, 2008; Schmelzer, 2007).

Despite the rich tapestry of folklore surrounding
Hilleria  latifolid's therapeutic potential, there
remains a paucity of information regarding
chemical composition of the plant. As a result,
this tresearch endeavours to unravel the
constituents of the #-hexane and
dichloromethane fractions through GC-MS
analysis.

MATERIALS AND METHODS

Solvent Used

Methanol, ethyl acetate, 7—hexane, acetone and
distilled water. All solvents used were analar grade
from vendors that were still distilled to ensure

purity.

Collection and Preparation of Plant Materials
Plant Collection, Authentication and
Preparation

The aerial parts of Hilleria latifoliawere collected in
August 2018 in Akomu forest reserve in Ondo
State. It was authenticated by Mr. Ademoriyo of
the Herbarium section of the Department of
Botany, Obafemi Awolowo University, Ile-Ife with
voucher specimen (IFE 17980). The plant was air-
dried for about two weeks and powdered using a
pulverizing machine.

Extraction of the Plant Material

The powdered aerial parts of the plant (1 kg) were
extracted in 8 L of 90% methanol at room
temperature for 48 h and filtered with cotton fitted
into a stainless-steel funnel. The filtrates were
concentrated to dryness on rotatory evaporator
(D-91126 Schwabach, Heldolph Instruments,
Germany) at 40 'C. The crude extract obtained
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(101.38 g, 10.14 %) was stored in the refrigerator
until required.

Solvent Partitioning of the Crude Extract

The crude extract (101.38 g) from the aerial parts
of the plant was homogenized with 300 mlL
distilled water and partitioned in a 5 L. separating
funnel in turn with n — hexane #-hexane (3 X 800
mL), dichloromethane (3 X 800 mL), ethyl acetate
(3 X 800 mL). The organic solvent layer of each
solvent partitioning was evaporated to dryness on
rotatory evaporator at 40 "C. This yielded four
solvent fractions namely, the #»—hexane fraction
(24.53 @), dichloromethane fraction (2.41 g), ethyl
acetate fraction (2.36 g) and aqueous fraction
(48.68 2).

Phytochemical Screening

The crude extract of the plant was subjected to
phytochemical screening using the method
described by Ajayi ez al. (2021).

Determination of Tannins

Two drops of 5% FeCl, were added to 1 mL of
0.625 mg/mL solution of the crude extract. A
filthy, green precipitate indicated the presence of
tannin.

Determination of Glycosides

Crude extract solution (1.0 mL) was pipette and 10
mL of 50% (v/v) H,SO, was added. The mixture
was heated for 5 minutes followed by the addition
of 5 mL each of Fehling's solution A and B and
then boiled. A brick red precipitate indicated the
presence of glycoside.

Determination of Resins

A 2.5 ml of 0.5 M CuSO, solution was added to
2.5 mL solution of the crude extract. The mixture
was vigorously shaken and allowed to settle. The
appearance of green colour suggested the
presence of resin.

Determination of Saponins (Frothing Test)

A 2 mL crude extract (0.625 mg/ml.) was shaken
in a test tube for two minutes. Frothing indicated
the presence of saponins. The presence of
saponins was suggested by the observed frothing
behaviour.
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Determination of Phlobatannins

A mixture of 5 mL of the crude extract solution
(0.625 mg/mlL) and 5 mL of distilled water is
boiled with 2 mL of 1% HCI for two minutes. The
appearance of a green colour suggested the
presence of phlobatannins.

Determination of Flavonoids

The mixture is heated in a water bath and allowed
to cool. Distinct layers were formed after cooling
and a red coloured layer suggested the presence of
flavonoids.

Determination of Steroids (Salkowski Test)
Concentrated H,SO, (2 mL) was carefully added
to 2 mL of 0.625 mg/mL solution of the extract.
The formation of red precipitate suggested the
presence of steroids.

Determination of Phenols

Equal volume of 20.0 mM FeCl; and 0.625
mg/mlL solution of the crude extract were mixed
together. A deep bluish green solution confirmed
the presence of phenols.

Determination of Alkaloids

Concentrated H,SO, (1 mL) was added to 3 mL
solution of the crude extract. The mixture was
then treated with Wagner reagent. A reddish-

brown precipitate indicated the presence of
alkaloids.

Determination of Carbobydrate (Febling's
test)

A 5 mL mixture of Fehling's A and B (1:1) in a test
tube A 2 mL solution of the crude extract was
added 5 mL mixture of Fehling's Aand B (1:1)ina
test tube. The resulting mixture was boiled for two
minutes. A brick red precipitate suggested the
presence of carbohydrate.

Determination of Terpenoid

A mixture of 2 ml. CHCI, and 3 ml. H,SO, was
added to 0.2 g sample of the crude extract. A
reddish-brown interface developed suggested the
presence of terpenoid.

Antioxidant Activities of the Plant Extract
and Fractions
The following antioxidant parameters were
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determined on the crude extract and the four
solvent fractions:

Determination of Total Phenol Content
(TPC)

The method described by Singleton and Rossi,
1965 as modified by Gulcin ez a/. (2004) using the
Folin-Ciocalteu's phenol reagent (as an oxidizing
reagent) was used for the determination of TPC.
The standard solutions of varying concentrations
were prepared by pipetting 0.2, 0.4, 0.6, 0.8, 1.0
mL from a 1 mg/ml stock solution of gallic acid
solution in triplicate into clean test tubes and each
test tube was made up to 1.0 mL with distilled
water. A known amount (0.5g) of each fraction
and crude extract was dissolved with 5.0 mL of
60% (v/v) aqueous methanol, filtered with
Whatman filter paper and then made up to markin
a 25 mL standard flask with 60% (v/v) methanol.
One mL of each of the reconstituted solutions of
the fractions and crude extract was pipetted into
clean dry test tubes. Thereafter, 1.5 mL of Folin-
Ciocalteu's reagent (10 times diluted) was added to
each test tube of the standard, fractions and the
crude extracts. The mixture was incubated for 5
minutes at room temperature followed by the
addition of 1.5 mL of 10% (w/v) NaHCO,
solution to give a total reaction volume of 4.0 mL.
The reaction mixtures were further incubated for
90 minutes and the absorbance was read at 725 nm
using the UV spectrophotometer. The standard
curve was obtained by plotting absorbance against
concentration. The total phenol concentration of
the fractions and the crude extracts were
interpolated from the standard curve and
expressed as milligram gallic acid equivalent per
gram of extract (mg GAE/g).

Determination of Total Flavonoid Content
(TFC)

Standard quercetin with varying concentration
0.1, 0.2, 0.3, 0.4 and 0.5 mg/mL was used as
standard in comparison to the crude extract and
fractions. This was cartied out based on the

aluminium chloride colorimetric assay method
described by Miliauskas ez a/. (2004).

A 0.4 ml. of distilled water was added to 0.1 ml. of
standard, crude extract, fractions. This was
followed by 0.1 mL of 5% sodium nitrite. After 5
minutes, 0.1 mL of 10 % aluminum chloride and
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0.2 mL of 5% sodium hydroxide was added and
the volume was made up to 2.5 mL with distilled
water. The absorbance at 510 nm was measured
against the blank. The total flavonoid content of
the plant crude extract and fractions, expressed as
mg quercetin equivalents per gram of the plant
extractis calculated according to equation below:

vV
T=cXx —
w
Where:
T = Total content of flavonoid compound as
quercetin equivalent

¢ = concentration of quercetin established from
the standard curve

v =volume of extract (mL)

w = weight of the crude methanolic
extract/ fractions obtained.

DPPH Free Radical Scavenging Activity
The radical scavenging ability of the crude extract
and fractions were determined using the stable
radical DPPH (2,2-diphenyl-1-picrylhydrazyl
hydrate) as described by Brand-Williams ef al.
(1995). The reaction of DPPH with an
antioxidant compound which can donate
hydrogen radical, leads to its reduction. The
change in colour from deep violet to light yellow
was measured spectrophotometricallyat 517 nm.
A 1mL of 0.3 mM DPPH in methanol was added
to 1 mL of different concentrations (10, 5, 2.5,
1.25, 0.625, 0.3125 mg/mlL) of crude extract,
fractions or standard (vitamin C) in a test. The
mixture was mixed and incubated in the dark for
30 mins after which the absorbance was read at
517 nm against a DPPH control containing only 1
ml methanolin place of the extract.

The percent of inhibition was calculated using
Equation (3.2) below:

Acontrol—Asample

1% = X100

Acontrol

Where A is the absorbance of the control
reaction and A

control

is the absorbance of the crude

sample

extracts/fractions.

The sample concentration that corresponds to
50% inhibition (IC,) was interpolated from the
graph obtained by plotting the percentage
inhibition (crude extract/fractions and standard)
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against their corresponding concentrations

Inbibition of Nitric Oxide (NO) Radical
Nitric oxide, generated from sodium
nitroprusside in aqueous solution at physiological
pH, interacts with oxygen to produce nitrite ions
which was measured by Griess reaction.

The reaction mixture, containing 0.1 ml of
different concentrations (10, 5, 2.5, 1.25, 0.625,
0.3125 mg/mL) of the crude extract, fraction and
0.9 mL of sodium nitroprusside (2.5 mM) in
phosphate buffer saline was incubated under
illumination for 150 minutes. After incubation, 0.5
mL of 1% sulphanilamide in 5% phosphoric acid
was added and incubated in the dark for 10 min.,
followed by addition of 0.5 mL 0.1% NED (N-1-
napthylethylenediamine dihydrochloride). The
absorbance of the chromophore formed was
measured at 546 nm (Marcocci ¢/ al., 1994). The
percent of inhibition was calculated with
Equation (3.3) below:

A -4
IO/O — control™zample ¥ 100

Acontral
Where
A, 1s the absorbance of the control reaction
A, .y 18 the absorbance of the crude
extracts/fractions.

The sample concentration that corresponds to
50% inhibition (IC,) was interpolated from the
graph obtained by plotting the percentage
inhibition (crude extract/fractions and standard)
against their corresponding concentrations

Metal Chelating (MC) Activities (Ferrous Ion-
chelating Ability Assay)

The ferrous ion-chelating (FIC) assay was carried
out according to the method of Singh and Rajini
(2004) with some modifications. The assay was
carried out by preparing solutions of 2 mM
FeCl,-4H,O and 5 mM ferrozine which were
diluted 20 times. Briefly, an aliquot (1 mL) of
different concentrations (10.0, 5.0, 2.5, 1.25,
0.625, 0.3125 mg/ml) of crude extract, and
fractions were mixed with 1 mL FeCL,-4H,O. After
5 min incubation, the reaction was initiated by the
addition of ferrozine (1 mL). Each mixture was
shaken vigorously and after a further 10 min
incubation period, the absorbance of the solution
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was measured spectrophotometrically at 562 nm.
The percentage inhibition of ferrozine — Fe™
complex formation was calculated by using the
formula given in equation 3.4 below:

Aconrrol—Asample

% Chelating effect = X100

Aconerol

Where A, = absorbance of control sample (the
control contains FeCl, and

control

ferrozine, complex formation molecules) and
A, = absorbance of atested samples.

sample

Determination of Total Antioxidant Capacity
(TAC)

The total antioxidant capacity of the crude
extracts and fractions was carried out according to
the method described by Prieto ez al. (1999). The
principle of this method is based on the reduction
of Molybdenum (VI) to Molybdenum (V) by the
crude extract/fraction and the subsequent
formation of a green phosphate/molybdenum
(V) complex in acidic medium.

Various concentrations of ascorbic acid standard
wete prepared (20, 40, 60, 80, 100 ug/mlL) from a
stock solution of 1 mg/ml.. A known amount, 25
uL.of 1 mg/mlL solution of the crude extracts and
fractions and the above standards were pipetted
separately in triplicates into micro-plates and 250
ulL of the reagent (prepared by dissolving 28 mM
sodium phosphate and 4 mM ammonium
molybdate with 0.6 M sulphuric acid and made up
to mark in a 100 mL standard flask with the same
acid) was added to each of the crude extracts,
fractions and standards. The micro-plate was
capped and incubated at 100 “C in an incubator
(MK2000-2, Hangzhou Allsheng Instruments,
China) for a period of 90 min. The mixture was
then allowed to cool to room temperature before
the absorbance was measured at 695 nm against a
reagent blank. The reagent blank solution
contained 250 pl. of the reagent and 25 pl. of
absolute methanol in place of the test samples.
The total antioxidant capacity was expressed as
equivalence of ascorbic acid. Ascorbic acid
equivalent (mg AAE/g fraction) of the test
samples was calculated from the linear regression
obtained from the plot of the mean absorbance of
the standard against its concentration. The
absorbance of the sample was interpolated from
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the standard curve and its concentration

calculated.

Determination of Ferric Reducing
Antioxidant Power (FRAP)

The FRAP assay uses antioxidants as reductants in
a redox-linked colorimetric method with
absorbance measured with a spectrophotometer
(Benzie and Strain, 1999). The principle of this
method is based on the reduction of a coloutless
ferric-tripyridyltriazine complex to its blue ferrous
coloured form owing to the action of electron
donatingin the presence of antioxidants.

A 300 mmol/L acetate buffer of pH 3.6, 10
mmol/L 2, 4, 6-tri-(2-pyridyl)-1, 3, 5-triazine and
20 mmol/L FeCl,.6H,O were mixed together in
the ratio of 10:1:1 respectively, to give the working
FRAP reagent. A 50 pl. aliquot of the crude
extract or fractions at 0.1 mg/mL and 50 pL of
standard solutions of ascorbic acid (20, 40, 60, 80,
100 pg/mL) was added to 1 mL of FRAP reagent.
Absorbance measurement was taken at 593 nm
exactly 10 min. after mixing against reagent blank
containing 50 pLL of distilled water.

All measurements were taken at room
temperature with samples protected from direct
sunlight. The reducing power was expressed as
equivalent concentration (EC) which is defined as
the concentration of antioxidant that gave a ferric
reducing ability equivalent to that of the ascorbic
acid standard.

Preliminary Screening for Antibacterial
Activities of the Plant Extracts and Fractions

The sensitivity testing of the crude extract,
fractions and isolated compounds was determined
using agar-well diffusion method as described by
Adegoke e al. (2010) with some modifications.
The bacterial strains were first grown on nutrient
agar for 18 h before use. The turbidity of the 18 h
old culture was adjusted to 0.5 McFarland
standards (10° cfu/mL) in sterile normal saline.
The inoculum was then seeded onto sterilized
Mueller-Hinton agar using sterile swab stick. Wells
were then bored into the seeded plate using a
sterile 6 mm cork borer. The wells were filled up
with the prepared solution of the sample and care
was taken to avoid spillage of the sample onto the
surface of the medium. The plates were allowed to
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stand on the work bench for 1 h to allow proper
inflow of the solution into the medium before
incubating in an incubator at 37 °C for 24 h. The
plates were then observed for zones of inhibition.
The effects of the sample on the bacterial strains
were compared with standard antibiotic
(streptomycin).

RESULTS AND DISCUSSION
Phytochemical Screening

The phytochemical screening of the aerial parts
showed that the phytochemicals in H. /atifolia,
constitutes tannins, resins, saponins,
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phlobatannins, flavonoids, phenols, alkaloids.
This result agreed with the result obtained by
Dapaah ez al. (2016) and Imoh ez al. (2017) but for
the detection of cardiac glycoside in their result
(Table 1). The ethnomedicinal uses of the plant
may be associated with the presence of secondary
metabolites such as alkaloids and flavonoids.
Alkaloids have been known to exhibit
antiplasmodial activity by blocking protein
synthesis in Plasmodinm faleiparum (Muthaura ef al.,
2007). Flavonoids have been reported to chelate
the nuclei acid base pairing of the parasite
(Muthaura ez al., 2007).

Table 1: Phytochemical Screening of the crude methanol extract of H. latifolia.

S/No Phytochemicals Observation
1. Tannins +++
2. Glycosides -

3. Resins ++
4. Saponins ++
5. Phlobatannins +

6. flavanoids ++
7. Sterols -

8. Phenols ++
9. Carbohydrates -
10. Alkaloids ++
11. Terpenoids -

Key: +++ =very strong, ++ = strong, + = weak, - = undetected

Phenolic Constituents of the Crude Extract
and Fractions of Hilleria latifolia Lam.
Plants phenolic compounds include phenolic acid,
flavonoids etc. The presence and relative
quantities of these phenolic compounds in the
plant material were evaluated by the determination
of the total phenolic content (TPC) and total
flavonoid content (TFC) of the crude extract and
the fractions. Although TFC and TPC, are not
among antioxidant assays, but their determination
provides information on the antioxidant potential
as well as information on the levels of flavonoid

and phenolic compounds present in plant extracts
respectively (Olayiwola ez al, 2021). The result
showed that the ethyl acetate has the highest total
phenolic content of 775.172 + 9.212 mg GAE /¢
while 7—hexane has the least, 348.967 £ 9.212 mg
GAE/g. The same trend is obsetrved in the total
flavonoid content, the highest total flavonoid
content is found in the ethyl acetate (478.818 +
18.409 mg QUE/g) while the least is found in
n—hexane (203.577 + 9.987 mg QUE/g). (Table
2).
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Table 2: The Total Phenolic and Flavonoid Contents of the Crude Methanol Extract and Solvent

Fractions of H. latofolia.

Samples Total Phenolic Content Total Flavonoid Content
(mg GAE/g) (mg QUE/¢g)
Crude Methanol 412.246 £ 0.000 298.706 £ 9.492
n-Hexane 348.967 £ 9.212 203.577 £ 9.987
DCM 633.724 * 6.580 397.64 + 12.556
EtOAc 775172+ 9.212 478.818 £ 18.409
Aqueous 382.468 + 7.895 236.555 £ 58.986

Results are means of triplicate determination * standard deviation

Antioxidant Activity of the Crude Extract and
Fractions of Hilleria latifolia

The quantitative antioxidant potential of the
crude extract and different solvent fractions of
Hilleria latifolia as depicted (Table 3) were evaluated
using different in vitro antioxidant complimentary
assays. Four antioxidant assays were used for
extract and the solvent fractions; DPPH Free
Radical Scavenging, Nitric Oxide (NO)
Inhibition, Metal Chelating Ability (MCA), Total
Antioxidant Capacity (TAC) and Ferric Reducing
Antioxidant Power (FRAP).

Result of NO, MCA, DPPH, FRAP and
TAC Activities of Hilleria latifolia

In the DPPH free radical scavenging potential of
the ethyl acetate shows the best activity with the
IC,, of 0.70 £ 0.026 mg/mlL followed by
dichloromethane fraction with IC,, of 0.927 +
0.032 mg/mlL. This same trend was also observed
in the in the MCA, TAC and FRAP assays (Table
3). The NO inhibitory activity show that the crude
extract has the highest activity (IC,, of 0.551 *
0.035 mg/mL) followed by ethyl acetate (IC,, of
0.591% 0.047 mg/mL).

Table 3: Antioxidant Activities of Crude Methanol Extract and Fractions.

Samples DPPH (ICso) MCA (IC50) NO (IC50) FRAP TAC
(ng/mL) (ng/mL) (ng AAE/g) (mgAAE/g) (mgAAE/g)
Crude 1.052£0.058 2.14710.883 0.551£0.035 233.0401£9.5  29.794%4.32
n-Hexane 1.252+0.055 0.934%0.052 0.931£0.001 69.648+5.03  26.319%4.75
DCM 0.927%0.032 0.703%0.060 0.743£0.007 342.218+2.8  153.40419.42
EtOAc 0.70%£0.026 0.199£0.085 0.591£0.047 478.503+8.6  227.370£11.8
Aqueous 0.94610.037 0.609£0.166 0.963%0.108 80.190%£6.87  15.022+3.21
Standard 0.008%0.54 0.124%£3x103  0.0634%£10-3 135.81+8.9bc 341.2%+16.4

Results are means of triplicate determination & standard deviation

GC-MS of Bioactive n-Hexane and DCM
Fractions of H. latifolia

GC-MS analysis of the chemical constituents of
Hilleria latifolia from the n-hexane and
dichloromethane fractions were fatty acid esters,
glycosides, ketone, saturated and unsaturated fatty
acids, alcohols, and sterols (Tables 5 and 6). These
constituents were presented according to the
fractions from which they were identified. Figure

1 and 2 showed the GC-MS chromatogram
showing the retention time of the identified

compounds and their relative abundance in both
the #-Hex and DCM fractions.

The #-hexane and dichloromethane fractions
obtained from the partitioning of crude methanol
extracts of Hilleria latifolia exhibited significant
antibacterial and antioxidant activities. These
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fractions were subjected to GC-MS analyses to
identify their constituents. The #-hexane fraction
shows a total of 27 compounds out of which 9
were major compounds; #—hexadecanoic acid
(palmitic acid) (15.13%), oleic acid (13.81%),
phytol (10.04%), stigmasta-3,5-diene (9.42%), 9-
octadecenoic, methyl ester (8.16%), 9-
octadecenoic, ethyl ester (5.64%), pentacosane
(5.06%), hexadecanoic acid, methyl ester (3.45%)
and octadecane (3.14%) (Table 4). The other
compounds have concentrations <3%. The
dichloromethane fraction shows a total of 18
constituents out of which 10 compounds were
major; #n-hexadecanoic acid (20.75%), 9,12-
octadecadienoic acid, (17.66%), and

22 PO
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1000
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(+)—spathulenol (11.75%), 9-octadecenoic,
methyl ester (7.90%), phytol (5.23%), estra-
1,3,5(10)-trien-1783-ol  (4.83%), 9-octadecenoic,
ethyl ester (4.20%), stigmasts-3,5-diene (4.18%),
y-sitosterol (4.09%) and oleic acid (3.99%) (Table
5). Other compounds have concentrations < 3%.
All the identified constituents have been reported
to possess various biological activities such as
antioxidant, antimicrobial, anticancer, anti-
inflammatory and antibacterial activities (Kumar
et al., 2010, Aparna ez al, 2012, Sivakumar ez al.,
2011, Chandrasekaran ez a/, 2011). Table 6 gives
other reported biological activities of some of the
compounds.

3341 TIC (S-01)
Data.ms

37.00

26.13

29.82

e — ——
25 30 35 40

Retention Time (min)

Figure 1: GC-MS Chromatogram ot #-Hexane Fraction ot H. latifolia.
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Figure 2: GC-MS Chromatogram of Dichloromethane (IDCM) Fraction of H. /atifolia.



Ajayi et al.: GC-MS Characterization and Bioactivity Studies of Aerial Part of Hilleria latifolia

577

Table 4: Phytocompounds Identified by GC-MS Analysis of the #-Hexane Fraction of H. latifolia.

Retention Compound Molecular Molecular Comp % Match
Time Detected Formula  Weight % Wt.
(min)
11.57 3-Hexen-1-ol CHi12O 100 1.64 95.0
12.73 p-Xylene CsHio 106 2.38 87.5
13.000 Nonane CoHao 128 241 90.0
13.50 Thymol CioH1,0 150 1.49 90.0
14.50 N,N Dimethyltryptamine Ci2HigNo 188 1.08 83.6
19.00 Eugenol CsHsO; 164 1.01 96.0
19.76 3-Octadecene, (E)- CisHse 252 1.48 96.0
21.43 m-phenethyl- CisHisN 207 1.35 83.1
Benzonitrile,
22.00 n-Hexadecanoic acid CisHsO, 256 16.33 97.0
23.76 Dibutyl phthalate CicH20, 278 1.84 93.5
24.50 Neophytadiene CaoHss 278 1.16 77.0
26.13 Tetradecanoic acid CisH20» 228 2.19 94.2
29.82 3,7,11,15-Tetramethyl-2- CxH40O 296 2.16 90.0
hexadecen-1-ol
30.27 13-Heptadecyn-1-ol CiH3O 252 1.93 90.6
31.13 Pentacosane CasHsz 352 4.49 93.8
31.81 Estra-1,3,5(10)-trien-173-ol CisH240 256 1.85 82.0
32.79 Phytol CaoH40O 296 7.79 98.0
33.41 Oleic acid CisH3O, 282 10.32 98.4
33.79 Octadecane CisHss 254 2.73 95.9
34.00 Hexadecanoic acid, methyl ester  Ci7H3,0, 270 2.95 98.6
34.15 9-Octadecenoicaci d (Z) -, CipHs0O: 296 5.40 97.5
methyl ester
34.78 Octadecanal CisH30O 268 2.28 96.4
35.00 9-Octadecenoic acid, ethyl ester ~ CyH3302 310 2.92 98.0
35.62 9,12-Octadecadienoic acid CisH3O» 280 2.84 98.3
(Z,Z)—
37.00 Stigmasta-3,5-diene CooHas 396 10.94 91.7
40.24 Squalene CsoHso 410 3.83 90.4
40.76 y-Sitosterol C9Hs00 414 3.07 89.5
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Table 5: Phytocompounds Identified by GC-MS Analysis of the Dichloromethane Fraction of H.

latifolia.

Retention Compound Molecular Molecular Comp % Match

Time Detected Formula Weight % Wt.

(min)

8.78 3-Hexen-1-ol CeHi120 100 3.08 96.5

9.25 p-Xylene CsHaio 106 1.42 97.5

17.75 Nonane CoHz 128 2.35 92.90

21.50 Thymol Ci0H140 150 2.07 88.0

25.50 Tetradecanoic acid C14sH250, 228 2.81 93.5

27.11 3-Octadecene, (E)- CisHse 252 1.48 96.0

28.00 (+)-Spathulenol CisH2:O 220 12.41 70.6

29.70 13-Heptadecyn-1-ol Ci7H3.0 252 2.28 82.0

30.10 Neophytadiene CaoHss 278 0.94 71.8

30.50 n-Hexadecanoic acid CisH320, 256 21.66 97.0

30.61 9-Octadecenoic acid CioH3602 296 7.60 94.0
(Z)-, methyl ester

32.49 Phytol C20H40O 296 5.31 98.7

33.32 Oleic acid CisH3:02 282 4.16 98.5

34.50 9,12-Octadecadienoic CisH320; 280 8.26 84.0
acid, (Z, Z)

34.86 Estra-1,3,5(10)-trien- CisH2:0 256 2.71 86.4
1783-0l

35.60 y-Sitosterol CaHs500 414 3.31 80.0

37.50 9-Octadecenoic acid, C20H350; 310 2.37 97.5

ethyl ester

39.50 Stigmasta-3,5-diene CaooHus 396 4.18 89.5
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Table 6: The Reported Activities of Some of the GC-MS Identified Compounds

Compounds

Reported Activities

Thymol

Antibacterial (Didri e al., 1994), antifungal, anti-inflammatory
(Aeschbach ez al., 1994), antioxidant (Yanishlieva ez al., 1999),
anti-mutagenic (Zahin e al., 2010), larvicidal (Pavela, 2009),
analgesic (Ozen ez al., 2011), anti-microbial (Karpanen ef @,
2008), acaricidal (Araujo ez al, 2015), anticonvulsant,
antiepileptogenic (Sancheti ez /, 2014), wound healing (Riella ez
al., 2012), anti-hemolytic (Alinezhad e7 a/,, 2013), antiphlogistic
(Anamura, 1989), antileishmanial (Robledo e# a/, 2005) and
radioprotective (Archana ef al., 2011) properties.

Eugenol

Antimicrobial, antioxidant and anti-inflammatory activities (Anna
et al., 2017)

3-Octadecene

Antimicrobial and antioxidant (Ameera ef al.,, 2015)

n-hexadecanoic acid

Anti-inflammatory (Aparna ef al., 2012), Antioxidant,
hypocholesterolemic, nematicide, pesticide, anti-androgenic
flavor, hemolytic, 5-Alpha reductase inhibitor (Awa ez al., 2012),
potent mosquito larvicide (Rahuman e# /., 2000)

Neophytadiene

Antimicrobial, treatment of headache, rtheumatism and
some skin disease ( Suresh eza/., 2010 )

Tetradecanoic acid

Larvicidal and repellent activity antiepileptogenic (Sivakumar ez
al., 2011)

3,7,11,15-Tetramethyl-2-
hexadecen-1-ol (Phytol)

anticancer, anti-inflammatory, antimicrobial and antioxidant
activities (Rijstenbil ¢z a/, 1998). Sedative and anxiolytic effects
(Neepal ¢z al., 2019) antioxidant effects (Santos ez al., 2013),
Antimicrobial activity (Ghaneian ¢ a/.,, 2015), component of
chlorophyll and vitamin E and K.

Pentacosane

Antioxidant and antimicrobial activity (Mihailovi e a/., 2011)

13-Heptadecyn-1-ol

Antimicrobial antiinflammatory, antifungal (Al-Rubaye ¢/ 4/,
2017) Anticancer, Antioxidant and Cytotoxic Activities (El
Mokni ¢ al., 2016)

Estra-1,3,5(10)-trien-178-ol

Anti-arryhthmic activities (Neepal ¢f a/., 2019)

Oleic acid

Antibacterial (Awa ef al., 2012)

Hexadecanoic acid methyl
ester

Antibacterial and antifungal (Chandrasekaran ez a/, 2009)

9-Octadecenoic acid (Z)-,
methyl ester

Antioxidant, antimicrobial, cancer enzyme inhibitors in
pharmaceutical, cosmetics, and food industries (Albergoni ez al.,

1980, Sayik e al., 2017)

9-Octadecenoic acid, ethyl
ester

Perfumery activity (Harborne and Baxter, 1983; Ross, 2003).

Squalene

Skin emollient, antioxidant, and antitumor activities (Zih-Rou
Huang ez al., 2009)

y-Sitosterol

Antimicrobial, anticancer anti-inflammatory anti-asthma, and
diuretic antiarthritic (Jegajeevanram ez al,, 2014

Spathulenol

Antifungal and antibacterial activities (Kamilla ez 4/, 2017)
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Figure 3: Chemical structures of compounds identified by GC-MS of #-hexane and dichloromethane

fractions of the aerial partof H. latifolia.

Antibacterial Activity of the Crude Methanol
Extract and Solvent Fractions
The crude methanol extract and solvent fractions
from the plant were subjected to antibacterial
sensitivity test against eight bacteria strains which
are three gram +ve strains (Bacillus
stearothermophillus, Staphylococcus aureus, and
Micrococcus - Iutens) and five gram —ve strains
(Klebsiella pnenmonia, Pseudomonas aeruginosa, Proteus
vulgaris, Escherichia coli and Serratia marcescens). The
measured zone of inhibition was the diameter of
the circle about the wall where there no bacterial
growth. The crude methanol extract and aqueous
fraction did not show activity towards all the
bacteria strains. The ethyl acetate fraction shows
activity against the three gram +ve strains at 10
mg/mL with inhibition zone of 12 mm, 8 mm and
12 mm for B. stearothermophillus, S. aurens, and M.

Inteus respectively and also against one gram —ve
strain, K. pneumonia at a concentration of 10
mg/ml with inhibition zone of 12 mm. The
n-hexane fraction showed activity against two
gram +ve strain, Micrococcus lutens and Bacillus
stearothermophillus at 15 mg/ml. with inhibition
zone of 9 mm and 10 mm respectively. It also
showed activity against three gram—ve strain at the
same concentration with the inhibition zone of 12
mm each for K. pneumonia, P. aernginosa, and E. coli.
The dichloromethane fraction showed activity
against three gram+ve strains at 15 mg/mL with
inhibition zone of 12 mm, 12 mm and 11 mm for
M. Iutens, B. stearothermophillus and S. anreus
respectively. It is also active against three gram —ve
strain at the same concentration with inhibition
zone of 16, 11, and 12 mm for K. pneunmonia, P.
vulgaris, and E. coli respectively (Table 7).
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Table 7: Zone of Inhibition in mm of the Crude Methanol Extract and Solvent Fractions from the

Aerial parts of H. latifolia

Isolate  Crude EtOAc Hex Aq. DCM . Strept Microorganism
30 mg/ml. 10 mg/mL 15 mg/mL 15 mg/mlL 15 mg/mL 1 mg/mL

NCIB - 12 12 - 16 24 Klebsiella

418 pneumoniae

NCIB - - - - - 21 Serratia

1377 marcescens

NCIB - 12 9 - 12 21 Micrococus

196 luteus

NCIB - - 12 - - -ve Pseudomonas

950 aernginosa

NCIB - 11 - - 11 22 Proteus

67 vilgaris

NCIB - 12 10 - 12 20 Bacillus

8222 stereothermophilus

NCIB - - 12 - 12 19 Escherichia

86 coli

ATCC - 8 - - 11 18 Staphylococ

43300 aureuns

Legend: National (NCIB)Ethyl acetate fraction (EtOAc); #-Hexane fraction (Hex); Dichloromethane
fraction (DCM); Aqueous fraction (Aq.); Streptomycin (Strept.);

CONCLUSION

This study has established that the crude methanol
extract and the fractions from Hilleria latifolia
exhibit varying degrees of antibacterial and
antioxidant activities and could be effective in the
management of infectious and oxidative stress-
related diseases. The results from the antioxidant
assays obtained from this study showed that H.
latifolia possessed antioxidant capacity. However,
the ethyl acetate fraction possessed the highest
antioxidant potential, which could be due to the
polar nature of its constituents. The various
compounds identified by the GC-MS in the #-
hexane and dichloromethane fractions could play
a significant role in all the activities observed and
could be responsible for its significant activity
especially against K. pnenmoniae, E. coli, Pseudomonas
aernginosa and S. aurens. These observed activities
could serve as the basis for the medicinal use of
the plant in traditional medicine. Further study
should be carried out with a view to isolate and
characterize the active compounds responsible for
the various activities.
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