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Abstract

From reports Elaeodendron croceum has been used traditionally for spiritual cleansing, anti-
obesity, anti-inflammatory and for the management of diabetes. The leaves and bark extracts
were therefore analyzed for its biological activities.

The antibacterial activities of £.croceum leaves and stem barks were evaluated against both
Gram positive and gram negative bacteria using agar well diffusion method. The analysis for
the phytochemical contents, antioxidant and anti-inflammatory activities of the leaves and
barks were determined using standard procedures.

The S. aureus, S. flexneri, E. faecalis and S. typhimurium were susceptible to the aqueous
leaves and stem barks extracts of £laeodendron croceum while S. aureus was susceptible to
only the aqueous leaf extract. The antibacterial activity showed MIC ranging from 0.625 — 2.5
mg/ml. The composition of flavonoids (52.72 mg/g), proanthocyanidins (32.66 mg/g), alkaloids
(65.44 mg/g) and saponins (68.21 mg/g) were significantly higher in the aqueous leaf extract
while phenols (94.13 mg/g) content was higher in the aqueous bark extract. The free radical
scavenging activity using ABTS, FRAP and DPPH showed that the extracts possess good free
radical scavenging activities with different free radical species that is comparable with ascorbic
acid and also showed significant inhibitory activity on protein denaturation as an indication of
anti-inflammatory potential.

These findings support the folkloric usage of Elacodendron croceum and indicates that it can
be used to manage diseases caused by the tested organisms. The presence of alkaloids,
flavonoids, and total phenolsand proanthocyanidins, previously suggested to have antioxidant,
anti-inflammatory and antibacterial activity indicate that £. croceum is a potential source of
anti-inflammatory, free radical scavenging and antimicrobial agents.

Keywords: phytochemicals, antioxidants, E/aeodendron croceum, Anti-bacteria, anti-
inflammatory

Introduction

Traditional medicine has been a historical practice and scientific
investigations of medicinal plants are emerging. Plants synthesize
these biologically active compounds as a defense against
infections or pests that feed on them. Although these compounds
are synthesized in small quantities but the diversity of their usage
cannot be over emphasized. For instance, the various secondary
metabolites such as flavonols, phenolic acids, quinones and
tannins have been reported as antibacterial, antifungal,
antioxidants and anti-inflammatory agents [1].

In recent years several (oriental) medicinal plants have been
reported to have numerous biological activities [2]. They are
important in drug development and pharmacological research when

these bioactive compounds are used directly as therapeutic agents
or components for drug synthesis [3][4]. Also, the sales of
chemicals derived from plants such as those used as
pharmaceutical, fragrance, colouring, and flavour ingredients in the
world market are more than billions of dollars every year [3][4].

One of the frequently used medicinal plants in the Eastern Cape
Province, South Africa is the E/acodendron croceum (Thunb.) DC.
belonging to the celastraceae family distributed worldwide in
temperate and tropical zones[5]. E/aeodendron croceum has been
reported withdifferent names such as Cassinecrocea, llexcrocea,
Crocoxyloncroceum, C. papillosa, E. capense, and E. papillosum
[5]6][7]. Elaeodendron croceum has been used traditionally to
clean the digestive tract, the bark as a purgative, to burn body fats,
to clear a congested chest, curing of symptoms related to
tuberculous such as cough, fever, blood in the sputum [8][9]
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while the roots are used to cause death by traditional
healers[10]. The bark has also been reported to be fatal and
poisonous to humans, probably due to the presence of alkaloid and
poisonous triterpenes[11]. Several compounds isolated from
celastraceaes suggest this family of plant to be inhibitor of lipid
peroxidation, inhibitor of cytokines (TNF — and IL —1p) that play
major role in the development of inflammation and inhibitor of
induced nitric  oxidesynthesis in the macrophage lineage
cells[12][13]. Some of these compounds such as diterpene
lactones with the ability to interact with nucleic acids, this is a
potential source of mutagenic activity. It will be desirable to identify
compounds from Elaeodendron croceum extract that has useful
pharmacological effects without the interaction with nucleic acids.
The present study, therefore, reports the antibacterial activities of
Elaeodenaron croceum leaf and stem bark extracts on some
bacteriastrains as a way of validating its relevance in folkloric
applications within Eastern Cape Province of South Africa. Hence,
the screening for the qualitative andquantitative biologically active
compounds with antioxidant and anti-inflammatory activities in the
aqueous extracts of the leaf and bark.

Materials and Methods

Drugs and Chemicals

Ascorbic acid and BHT, and 2, 2, Diphenyl-2-picrylhydrazyl (DPPH)
were from Sisco Research Laboratories (Pvt. Ltd., Mumbai, India).
Folin-Ciocalteu reagent and methanol were obtained from Merck
Limited, (Mumbai, India). All other chemicals and reagents used
were of analytical grade.

Collection and Preparation of the Plant Extract

Leaves and barks of £ croceum were collected in a bush near Alice
and identified by Tony Dold at the Rhodes University Herbarium
and authenticated with a voucher number of ELE16/ 001 by the
Botany Department, University of Fort Hare, and Alice, South
Africa. The fresh leaves and barks were oven-dried at 35°C for five
days and pulverized into a fine powder using an electric blender. 50
g of the powdered £.croceum was extracted in 500 ml of n-hexane
and distilled water for 24 h and then filtered.

Determination of percentage total yield

The percentage of total yield from the extractions was calculated
using the formula

(mz -m1

- )><100

Where Y is the percentage yield, m2 is the weight of the extract
and container, m1 the weight of the container alone, m0 the weight
of the initial dried sample

Sterility test for plant extracts

The aqueous extracts of the leaves and stem barks of £. croceum
were tested for growth or contaminants. The sterility test was
carried out by inoculating 1ml of the plant extracts on Mueller
Hinton Agar in a petri dish and was incubated at 37 °C for 24
hours. The plates were observed for growth. The absence of visible
growth after incubation indicated that they were sterile. The
different extracts were then accessed for antibacterial activity.

Collection and maintenance of the test microorganisms

Staphylococcusaureus,  Profeusvulgaris, Shigeliaflexneri  KZN,
Klebsiellapneumonia ATCC 4352, Enterococcus faecalis ATCC
29212 and Salmonella typhimurium ATCC 13311 were the bacteria
used for this study. These test microorganisms were collected from
the Department of Biochemistry and Microbiology, University of
Fort Hare, Eastern Cape Province, South Africa. The agar, Mueller-
Hinton dextrose agar (MDA) was prepared as instructed by the
manufacturer. The nutrient agar was suspended in deionized water
and then boiled until completely dissolved. The solution was
autoclaved for 15 minat 121°C. afterwards, the bacteria were kept
at 4°C on MDA plates, and the inoculums used during the assays
were prepared. This was done by diluting scraped cell mass in
sterile normal saline (0.85% sodium chloride solution)and
confirmed to be 0.5 McFarland by comparing its turbidity with 0.5
McFarland standard (Scientific Device Laboratory, United States).

Determination of Antibacterial activity
Antibacterial Susceptibility Assays

Agar diffusion and microdilution technique was used to assay for
the antibacterial activities of the extracts against these test
bacteria.

In Vitro Susceptibility Test

Otang ef al[14] Agar well diffusion method was used with slight
modifications to determine the antibacterial susceptibility test.
Briefly, 0.5 McFarland solutions of each bacterial cultures was
prepared in sterile normal saline, this was picked and spread over
the surface of an agar plate with sterile cotton swab (6”). Four wells
were made in individual agar plate with a flamed but cooled cork
borer (with diameter of 5 mm) while sterile needle was used to
remove all the agar plugs. 50 uL of the extracts (ECL and ECB) at
concentration of 50 mg/mL were added to the first and second
wells, Amoxicillin (0.0125 mg/mL) was added to the third well, while
sterile normal saline served as the negative control was added to
the fourth well. The culture plates were then incubated for 24 h at
37°C. The clear zone around each bored well indicated the activity
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of the plant extract against the bacteria which was measured in
millimeter.

Minimum Inhibitory Concentration (MIC) Assay

The MIC was determined by modified broth micro dilution method.
Briefly, 120 uL of sterile distilled water was added into every well of
the 1st (A) row and 8th (H) row and also into each well of the 12th
column. Then, 120 uL of nutrient broth (NB) was added into every
well of the 2nd row (B). 150 uL of nutrient broth was then added
into wells of the 1stcolumn from C1 to G1 and 100 uL into the
remaining wells from the 2nd column to the 11th column. Fifty
micro liters of the plant extracts (ECL and ECB) was then added
into the 3rd and 4th well of the 1st column (C1 and D1), while 50
uL of Amoxicillin and sterile distilled water was added separately
into the remaining wells of the 1stcolumn. Then a twofold serial
dilution was carried out by mixing the contents in each well of the
1st column (starting from the 3rd row) and transferring 100 L into
the 2nd well of the same row. The procedure was then repeated up
to the 11thwell of the same row and the last 100 uL was then
discarded. With this method different concentrations of the plant
extracts from 5 to 0.005 mg/mL had been prepared in the wells
from the twofold dilution. Then 20 uL of 0.5 McFarland bacteria
suspensions was inoculated into the wells except those that
contained sterile distilled water. The absorbance reading with micro
plate reader (Synergy Mx Biotek, USA) before and after incubation
at 620 nm was used to measure the bacterial growth. The plates
were incubated for 24 hat 37°C. MIC was recorded and defined as
the lowest concentration of the antibacterial agent that had
inhibition on 50% bacterial growth. This was determined by
assessing growth by calculating the difference in absorbance
between the test wells and the control wells that had the broth and
antimicrobial agent alone without the test bacteria.

Phytochemical Screening

Preliminary phytochemical screening

The aqueous extracts of £. croceum were subjected to routine
phytochemical analysis to identify the presence of various
phytochemicals. These were determined using chemical methods
and by adopting standard protocols to identify the constituents such
as phenols, flavonoids, alkaloids, Tannins and saponinsas
previously described [15].

Determination of Total Phenolic Content

The method of Azrul ef al [16] Was used to determine the total
polyphenols. The phenolic constituent (mg/ml) in the extracts was
calculated using the equation: Y = 0.0013x, R2 = 0.984, where Y
the absorbance and x the tannic acid equivalent (mg/ml). The total

phenolic constituent was expressed as tannic acid equivalent (TAE)
using the following equation:
TP=Cx VT/W

Where,

TP= total phenolic constituent in mg/g of the extracts as TAE, C =
tannic acid concentration derived from the calibration curve
(mg/ml), V= volume of the extract in the reacting solution(ml) and
W= weight of the extract (g).

Determination of Flavonoids Content

The flavonoids constituent was determined using the colorimetric
method [17]. The total flavonoid content (mg/ml) was calculated
using the equation Y = 0.0029x (R? = 0.9657). Where Y=
absorbance and x= catechin equivalent (mg/ml).

The total flavonoids content was expressed as quercetin
equivalents (QE)/100g by the following equation:

TF = C x Vy/W.

Where TF is the flavonoids constituent in mg/g of the extracts as
QAE, C = the concentration of quercetin established from the
calibration curve (mg/ml), V= the volume of the extract in the
reacting solution (ml) and W= the weight of the extract (g).

Determination of Proanthocyanidin

The proanthocyanidins content of the extracts were analyzed as
previously described [18]. Total proanthocyanidins content (mg/ml)
was calculated using the calibration curve equation Y = 0.0023x;
R? = 0.9951, where Y was the absorbance and x is the catechin
equivalent (mg/ml). The content of proanthocyanidins in extracts
was expressed as catechin equivalents (CE)/100g by the following
equation:
TP =C x V{/W.

Where TP is the proanthocyanidins content (mg/g) of the extracts
as CE, C is the concentration of quercetin established from the
calibration curve (mg/ml), Vt is the volume of the extract in the
reacting solution (ml) and W is the weight of the extract ().

Determination of Alkaloids

The alkaloid content of was analyzed as previously described[19].
The alkaloid content was then calculated from the following
formula:

% alkaloid = final weight of sample initial weight of extract 100.

Determination of Saponinscontent

Following the method as described by Okwu et al. [20], the
saponins content in the plant extracts were determined. The
percentage saponins constituent was calculated using the following
formula:
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% saponins = final weight of sample initial weight of sample = 100.

Antioxidant determination
DPPH Radical Scavenging Activity Assay

The modified method of Carmona-Jiménez [21] using microtitre
plate was used for the determination of DPPH free radical
scavenging potential. Briefly, 100 uL of methanol was added into
all the wells except second (B) and third (C) rows. Then, 100 ml of
different concentrations of the plant extracts (0.05 mg/ml) or
standards prepared in Me OH were then added in triplicates from
the third row (C) to the seventh row. Different concentrations of the
plant extracts and standards from 0.05 to 0.01 mg/ml were
prepared. A solution of 0.135 mM DPPH radical in methanol was
prepared. 100 ul of this solution was then added into all the wells.
The reaction mixture was then vortexed and left in the dark for 30
min at room temperature. The absorbance of the mixture was
measured using spectrophotometer at 517 nm. The actual
decrease in absorbance was measured against that of the control.
The scavenging ability of the plant extract was then calculated
using the following equation:

(Acontrol-Asample)

DPPH scavenging activity (%) = [ ] X 100

Acontrol

Where a control is the absorbance of DPPH + methanol and A
sample is the absorbance of DPPH+ sample (or standard).

ABTS (2, 2'-Azino-bis (3-ethylbenzthiazoline-6-sulfonic
acid) Radical Scavenging Activity Assay

The method described by Thai pong et al.[22] Was used for the
determination of ABTS scavenging activity. The percentage
inhibition was then calculated as follows:

Asample

ABTS scavenging activity (%) = [1 - ] x 100

Acontrol

whereAsample is the absorbance of ABTS radical + sample
(extract/standard) Acontrolis the absorbance of ABTS radical +
methanol.

Ferric Reducing Power Assay (FRAP)

The ferric reducing power of the extracts was determined as
described by Mamta et al.[23]

Anti-inflammatory Activity

Protein Denaturation Method

The method of Sakat et al. [24] Was used to determine the protein
denaturation assay. The percentage inhibition of protein
denaturation was calculated by using the following formula:

Asample

Percentage inhibition (%) = [1 - ] X 100

Acontrol

Where A sample is the absorbance of ABTS radical + sample
(extract/standard) Acontrolis the absorbance of ABTS radical +
methanol.

Statistical analysis

The result obtained where statistically analyzed by ANOVA. The
means and standard deviations were computed by one-way NOVA,
using IBM SPSS 20.0 computer software package. The level of
significance was determined at p<0.05.

Results

Percentage of total yield

Table 1show the percentage yields of £. croceum barks and leaves
extracts in hexane and water. The aqueous extracts have the
highest percentage yield compared with the hexane. However, the
highest yield percentage was from the aqueous leaf extracts.

Table 1; Percentage yield

Yield (%)
Hexane Water
Barks 1.4 7.94
Leaves 3.6 13.6

Sterility test for plant extract

The sterility test on the aqueous extracts of £. croceum showed no
visible growth for contaminants as indicated in Table 2.

Table 2: Sterility test for the aqueous extracts of £. croceumeaves
and stem barks
Extracts Sterility test
E. croceum leaf extracts -
E. croceum bark extracts -

Key (-) no growth

Anti-bacterial analysis

The susceptibility result shows that the aqueous leaf and bark
extracts of £. croceum inhibit the growth of all the tested bacteria.
This is shown by the diameter of the clear zones observed around

PAGE 569 | [



Odeyemi et al. International Journal of Phytomedicine 9 (4) 566-575

[2017]

the wells cut in the agar plates (Error! Reference source

not found.3). The two extracts also showed inhibition against
P. wvulgaris and S. fyphi, which were resistant to amoxicillin.
Aqueous leaf extract has higher inhibition on S. aureus, S. flexneri;
E. faecalis and S. fyphiwith 15 £ 2.0, 143 £ 1.2, 15+ 1.0, 15.7 +
0.6 mm but lower at 2. vuigaris and K. pneumonia with inhibition
zone diameter of 13.3 + 0.6, 13.7 £ 0.6 mm respectively. The
aqueous bark extract however, has higher inhibition on £. faecalis,
S. typhiand S. flexneri with inhibition zones diameters of 15 + 1.0,
15 + 0.0, 14.7 + 1.5 mm respectively but lowest on S. aureus with

inhibition zone diameter of 13 + 0.0 respectively. Comparing the
two extracts, aqueous leaf extract has higher inhibition on &
aureus and S. fyphi with inhibition zone diameter of 15 £ 2.0 mm
but has lower inhibition on 2. vujgaris with inhibition zone diameter
of 13.3 + 0.6 mm. The inhibition of the two extracts on S. flexner;,
K. pneumonia and E. faecalis were not significantly different. The
varying concentrations between 0.04 — 5 mg/ml of the plant
extracts were carried out to calculate the minimum inhibitory
concentration (MIC) (Table 4).

Table 3: Inhibition zone diameters caused by aqueous extracts of £. croceum

Inhibition zone (mm)
Sample Staphylococcusaureus | Shigellafiexneri | Profeusvulgaris | Klebsiellapneumonia | Enterococcus | Salmonella
faecalis typohi
ECL 15 + 2.0A, 143+ 128, 13.3 + 0.64, 13.7 + 0.6%, 15 + 1.0A, 15.7 + 0.6%,
ECB 13 £ 0.08, 14.7 + 1,58, 13.7 + 0.68,, 13.7 + 1.2, 15 + 1.0A, 15 + 0.08,
Amoxicillin 26.5+0.715, 145+ 2.12A, 0 +0.00C, 13+ 1.414 12,5 +0.718, 0 +0.00C,
Sterile normal 0+ 00P 0+ 008 0+00° 0+ 008 0+00° 0+00°
saline

ECL: £ croceum |eaves; ECB: E.croceum bark; Data expressed as means + SD; n = 3; the values along the same row with different subscripts
are significantly different (P< 0.05). thevalues in the same column with different superscript are significantly different (P< 0.05).Concentration of

positive control is 0.0125 mg/mL.

Table 4: Minimum inhibitory concentrations (MIC) of aqueous leaf and stem bark extracts of £ croceum against the tested opportunistic bacteria

MIC (mg/ml)
Sample Staphylococcusaureus | Shigellafiexneri | Proteusvulgaris | Klebsiellapneumonia | Enterococcus | Salmonelia
faecalis bphi
ECL 0.625 1.25 2.5 5 0.625 >5
ECB 1.25 2.5 2.5 5 1.25 >5
Amoxicillin 0.625 1.25 >5 5 5-25 >5

Qualitative phytochemical analysis of £. Croceum

Phytochemical screening of the E£. croceum leaves and stem
barksaqueous extracts shows the presence of secondary

metabolites investigated, these are phenols, flavonoids, tannins,
saponins and alkaloids (Table 5).

Table 5: showing the qualitative phytochemical screening of £. croceurmeaves and stem barks
Phytochemical constituents E. croceum leaf extracts E. croceum bark extracts
Phenol + +
Flavonoids + +
Tannins + +
Saponins + +
Alkaloids + +

Key (+) present

Quantitative phytochemical screening

The results of the phytochemical analysis showed varying amounts
of analyzed constituents in all the extracts (Figure 1). The aqueous

Leaves extracts showed significantly higher amount of the
phytochemical constituents analyzed than the aqueous bark
extracts except for total phenols and proanthocyanidins (P< 0.05).
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mBKAQ
BLAQ
uBKH
sLH

Figure 1: Phytochemical contents of the aqueous and hexane extracts of £. croceum Barks and leaves. Bars with different letter superscripts
within the same phytochemical content are significantly different (P< 0.05). BKAQ: aqueous bark extract, LAQ: aqueous leaf extract, BKH:
hexane bark extract, LH: hexane leaf extract

Antioxidant activities

The aqueous leaves extracts showed remarkable free radical
scavenging activities compared to the aqueous bark extract. In this
study, the antioxidant potentials of the extracts were estimated with
their ability to scavenge free DPPH, ABTS radicals and ferric
reducing power. The varying concentrations showed increasing
scavenging activity with increasing concentration and were used to
determine the concentration required to attain 50% DPPH radical
scavenging effect (ICsg). The aqueous bark extracts revealed
higher percentage inhibition of DPPH radical at other
concentrations but were not significantly different from the aqueous
leaf extract at concentrations of 0.2 and 0.3 mg/ml (Figure 2).The
ICso of the DPPH scavenging activities of the sample and
standards were in the following order vitamin C < BHT < aqueous

100

% Inhibition of DPPH radical

0.01 0.02 0.03

bark extract < aqueous leaf extract (Table 6). The ABTS
scavenging activity and ICsq of the aqueous leaf and bark extracts
were significantly different and lower than the standards in all the
concentrations investigated (Figure 3). The aqueous leaf extract
showed lower ICsq value compared to the aqueous bark extract.
The ICg, for the ABTS follows the following order ascorbic acid
<rutinc BHT < aqueous leaf extract < aqueous bark extract. The
ability to reduce Fe3* to Fe?* was also estimated as a measure of
antioxidant potentials (Figure 4). The aqueous leaf extract showed
significantly higher reducing capacity that was not significantly
different from the ascorbic acid at concentrations of 0.03, 0.04 and
0.05 mg/ml. The aqueous leaf exiract had the lowest ICs
compared to the aqueous bark extract and follow the following
order aqueous leaves extract < ascorbic acid <rutin< aqueous bark
extract (Table 6).

® Ascorbic acid
=R BHT
=LAQ
mBAQ

0.04 0.05
Concentration (mg'ml)

Figure 2: DPPH radical scavenging activity of the aqueous extracts of £. croceum. Bars with different letter superscript within the same
concentration are significantly different (P< 0.05). BAQ: aqueous bark extract, LAQ: aqueous leaf extract.
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100 +
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g 80 -
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% 60 mVitC
= 50 mBHI
g 40 - ® Rutin
g€ 30 =BAQ
E 20 - ®LAQ
10 4
0

0.0 0.02 003 0. (.05
Concentration (mg/ml)

Figure 3: ABTS radical scavenging activity of the aqueous extracts of £. croceum. Bars with different letter superscript within the same
concentration are significantly different (P< 0.05). BAQ: aqueous bark extract, LAQ: aqueous leaf extract

1.4

da

1.2
B :
£ o8
-
:
506 -
z
- 0.4

0.2

0 —i —i
0 0.01 0.02 0.03 0.04 0.05

Concentration (mg/ml)
—4—Ascorbic acid =—#=BHT -—#—Rutin =—=BAQ =—#—=LAQ

Figure 4: Reducing power of the aqueous extracts of £ croceum Barks and leaves. Line points with different letter superscript within the same
concentration are significantly different (P< 0.05). BAQ: aqueous bark extract, LAQ: aqueous leaf extract

Table 6: Half maximal inhibitory concentrations of £. croceum leaf and bark extracts

FRAP DPPH ABTS Inhibition of protein
(mg/ml) (mg/ml) (mg/ml) denaturation(mg/ml)
E. croceum leaf extracts 2.52 0.107 0.088 0.92
E. croceum bark extracts 9.15 0.0714 0.236 1.85
BHT - 0.026 0.06 -
Ascorbic acid 2.75 0.021 0.021
Rutin 3.54 - 0.024 -
Diclofenac - - - 0.31

Key (-) not determined
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In Vitro Anti-inflammatory Activity

Both aqueous extracts protected the albumin from denaturation in a
dose-dependent manner but were significantly lower from the
80

—.0

60

50 b

Percentage of Inhibition

0.1 0.2

0.3

standard (Figure 5). The two extracts were not significantly different
from each other (P< 0.05) but the ICs for the aqueous leaf extract
is lower than that of the aqueous bark extract (Table 6).

b b ® Diclofenac
mBAQ
LAQ
0.4 0.5

Concentration (mg/ml)

Figure 5: Protein denaturation activity of £. croceum aqueous leaf and bark. Bars with different letter superscript within the same concentration
are significantly different (P< 0.05). BAQ: aqueous bark extract, LAQ: aqueous leaf extract

Discussion

The result of the percentage yield from this study suggests that the
aqueous solvent was better for the extraction of £ croceum. This
explains why only the aqueous solvent investigations were reported
in this study. The aqueous leaf and bark extracts of £ croceum
showed remarkable antibacterial inhibitory properties (Table 3 and
Table 4).Both extracts greatly inhibited the growth of both gram-
negative andgram-positive bacteria. Notably, when tested against
S. aureusand S. flexneri; aqueous leaf extract showed comparable
MIC values with amoxicillin. This suggests that aqueous leaf and
bark extracts of £ croceum are potential sources of broad-
spectrum antibacterial agents. Gram-negative bacteria have been
reported to be insensitive to antibacterial agents and have been
attributed to the impermeable barrier of the outer membrane of the
bacteria and the efficient multidrug efflux pumps that transverse the
bacterial membranes [25][26]. The inhibitory activity of the aqueous
leaf and bark extracts of £ croceum against P. vujgaris and S.
Hyphi suggests that the bioactive constituents present can weaken
these defense mechanisms in gram-negative bacteria. Flavonoids
have been reported to exhibit antibacterial activity through the
inhibition of bacterial energy metabolism, nucleic acid synthesis,
and cytoplasmic membrane functions[27]. One of the isolated
flavonoid from £. croceum named naringenin has been reported to
inhibit CYP3A4 activity in human liver microsomes and the
metabolism of the carcinogen, benzo-a-pyrene[5][28][29].
Previously isolated triterpenes from the leaves of £. croceum have

been reported to be cytotoxic in different cell lines and has been
indicated as a potential source of anticancer agent [5]. The
inhibitory activity of the aqueous extract of the bark correlates with
earlier report of the toxicity of the bark of £ croceum to humans,
this may be due to the alkaloids constituents present[11].
Therefore, it is important to isolate and elucidate these compounds
and determine their pharmacological properties. Although, it is not
clear from this study if these compounds could be acting singly or
in combinations to potentiate the plants’ potentials. The result of
this present study also reveals considerable amount of secondary
metabolites. The aqueous extracts showed higher phytochemical
contents than the hexane extracts, this may be due to the different
extracting capacity of the two solvents. Different model assays
were used to investigate the antioxidant capacity of £. croceum |eaf
and bark (Figure 2—4). For instance in DPPH assay, the free radical
scavenging activity through proton donating ability was assessed
while breaking the free radical chain by reductones present in plant
extracts accomplishes the antioxidant ability in FRAP assay. The
high phenolic contents of the leaf and bark extracts supports the
high antioxidant activities observed. It has been reported that
phenolic compounds scavenge free radicals by inhibition of
hydroperoxide decomposition into free radicals or by inactivating
lipid free radicals[30]. The higher inhibitory percentage of DPPH
observed in the bark extract could be as a result of the high
phenolic content. It could be said that aside from free radical
scavenging activity of aqueous bark extract through proton
donating ability in DPPH assay, the antioxidant activity of £
croceum aqueous leaf extracts could be accomplished through

PAGE |573| [}



Odeyemi et al. International Journal of Phytomedicine 9 (4) 566-575

[2017]

reductones, which exert activity by breaking the free radical chain
suggested in FRAP assay. Proanthocyanidins are class of
oligomeric or polymeric flavan-3-ol units or condensed tannins of
the flavonoid family; hence, they have similar mechanism of action
as antioxidants as that of flavonoids[31]. Flavonoids and
proanthocyanidins exert their antioxidant activities through the
hydrogen atom donation, inactivation of metallic ions and
suppression of the superoxide-driven Fenton reaction, which is the
most common source of reactive oxygen species[31]. Alkaloids are
widely distributed secondary metabolites in several plant families
as B-carbolinic and have also been reported to possess antioxidant
activities. Protein denaturation is caused by inflammatory process
and is a well-documented process common in disease
pathogenesis and infections. Protection against protein
denaturation, which is the main mechanism of action of NSAIDs
may play an important role in the anti-theumatic activity of
NSAIDs[32]. Thus, in this study, inhibition of protein denaturation
was used as a measure of anti-inflammatory activity. The aqueous
extracts of £ croceum exhibited minimal protein denaturation
inhibitory activity compared to the standard drug. This bioactivity
observed in these extracts could be due to the presence of the
phytochemical constituents capable of inhibiting the inflammation
processes. Polyphenols have been reported to possess anti-
inflammatory activities. For instance, flavonoids have been reported
to exhibits its anti-inflammatory activities through inhibiting a
number of immune system inflammatory mediators [33]. Both
alkaloids and proanthocyanidins have also been reported to
possess anti-inflammatory  activities. Alkaloids block the
cyclooxygenase and lipoxygenase metabolic pathways of
arachidonic acid metabolism while proanthocyanidins exhibits its
anti-inflammatory activities through the inhibition of oxidative stress
[34].

References

[1].

[2].

(3].

(4].

Cowan MM. Plant products as

bracteata and Albuca setosa bulb

Conclusion

This study demonstrated that aqueous leaf and stem bark extracts
of E croceum showed antibacterial activity against antibiotic
resistant and sensitive pathogens. The extracts also showed good
antioxidant activity which could be due to the phenolic and
flavonoid contents. Therefore, the aqueous leaf and bark extracts
of £. croceum can be used as a natural source of antioxidant and
antibacterial compounds supporting the folkloric usage. However,
further study is required to investigate the toxicityeffect of £
croceum and determineits effective dosageusing experimental
animals. Also, isolation and purification of the bioactive compounds
could also be carried out.

Author’s contributions

Samuel Odeyemi conceived the idea, Anthony Afolayan supervised
the study. Samuel Odeyemi wrote the first draft while both authors
gave notablecontributions to the design and final writing of the
manuscript.

Acknowledgements

The authors appreciate Govan Mbeki Research and Development
Centre (GMRDC) for their financial support.

Briza Publications. 2002.

antimicrobial agents. Clin  Microbiol
Rev. 1999;12:564-82.

Bais S, Singh GS, Sharma R, Bais S,
Singh GS, Sharma R. Antiobesity and
Hypolipidemic ~ Activity of Moringa
olelfera Leaves against High Fat Diet-
Induced Obesity in Rats. Adv Biol
2014;1-9. doi:10.1155/2014/162914.
Mukheriee PK, editor. GMP for
Botanicals: regulatory and quality
issues on phytomedicines. Business
Horizons. 2003.

Odeyemi S, Afolayan A, Bradley G. A
comparative study of the in vitro
antidiabetic properties, cytotoxicity and
mechanism of action of Albuca

[5].

[6].

[7].

[8].

extracts. University of Fort Hare. 2016.
Yelani T, Meyer J. Isolation and
identification of poisonous triterpenoids
from Elaeodendron Croceum.
University of Pretoria. 2009.
Germishuizen G, Meyer NL. Plants of
southern Africa: an annotated checklist.
Pretoria: National Botanical Institute.
2003.

Archer RH, van Wyk AE. A taxonomic
revision of Elaeodendron  Jacq.
(Cassinoideae: Celastraceae) in Africa.
South African J Bot. 1998;64:93-109.
doi:10.1016/50254-6299(15)30842-5.
Van Wyk BE, Heerden FV, Oudtshoorn
BV. Poisonous plants of South Africa.

[9].

Lall N, Meyer JJ. In vitro inhibition of
drug-resistant  and  drug-sensitive
strains of Mycobacterium tuberculosis
by ethnobotanically selected South
African plants. J Ethnopharmacol.
1999;66:347-54.

[10]. Palmer E, Pitman V. Trees of Southern

Africa. A.A Balkema Cape Town: 1973.

[11]. Archer R, Condy G. Elaeodendron

croceum. Flower Plants  Africa.

1995;54:58-62.

[12]. Allison AC, Cacabelos R, Lombardi

VR, Alvarez XA, Vigo C. Celastrol, a
potent  antioxidant and  anti-
inflammatory drug, as a possible
treatment for Alzheimer’s disease. Prog

PAGE|574| |



Odeyemi ef a/ Intemational Joumnal of Phytomedicine 9 (4) 566-575

[2017]

Neuropsychopharmacol Biol
Psychiatry. 2001;25:1341-57.

[13]. Sassa H, Takaishi Y, Terada H. The
triterpene celastrol as a very potent
inhibitor  of lipid peroxidation in
mitochondria. Biochem Biophys Res
Commun. 1990;172:890-7.

[14]. Grierson D, Ndip R, Otang W.

Antifungal  activity  of  Arctotis
arctotoides (L.f) O. Hoffm. and
Gasteria  bicolor  Haw.  against
opportunistic fungi associated with
human immunodeficiency
virus/acquired immunodeficiency
syndrome. Pharmacogn Mag.
2012;8:135. doi:10.4103/0973-
1296.96564.

[15]. Ajiboye A., Babatunde S, Adedayo M,
Adetumbi M, Ajuwon I, Ajasegun T.
Antibacterial Potency And
Phytochemical Screening Of The Bark
Of Terminalia Catappa Against Some
Clinical Isolates. Int J Phytomedicine.
2016;8:193-201.
doi:10.5138/ijpm.v8i2.1797.

[16]. Azrul L, Nurulaini R, Adzemi M, Marina
H, Effendy A. Tannins Quantification in
Terminalia catappa Leaves Extract and
Antihelmenthic Potential Evaluation. J
Nat Prod. 2014;7:98-103.

[17]. Ordonez A, Gomez J, Vattuone M,
LSLA M. Antioxidant activities of
Sechium edule (Jacq.) Swartz extracts.
Food Chem. 2006;97:452-8.
doi:10.1016/j.foodchem.2005.05.024.

[18]. Oyedemi S, Bradley G, Afolayan A. In
vitro and in vivo antioxidant activities of
aqueous stem bark extract of
Strychnos henningsii Gilg. African J
Pharm Pharmacol. 2010;4:070-8.

[19]. Omoruyi BE, Bradley G, Afolayan AJ.
Antioxidant and phytochemical
properties of Carpobrotus edulis (L.)
bolus leaf used for the management of
common infections in  HIV/AIDS
patients in Eastern Cape Province.
BMC Complement Altern  Med.
2012;12:1186. doi:10.1186/1472-6882-

12-215.

[20]. Okwu D, Emenike I. Evaluation of the
phytonutrients and vitamins content of
citrus fruits. Int J Mol Med Adv Sci.
2006;2:1-6.

[21]. Carmona-Jiménez Y, Garcia-Moreno
MV, Igartuburu JM, Garcia Barroso C.
Simplification of the DPPH assay for
estimating the antioxidant activity of
wine and wine by-products. Food
Chem .2014;165:198-204.
doi:10.1016/j.foodchem.2014.05.106.

[22]. Thaipong K, Boonprakob U, Crosby K,
Cisneros-Zevallos L, Hawkins Byrne D.
Comparison of ABTS, DPPH, FRAP,
and ORAC assays for estimating
antioxidant activity from guava fruit
extracts. J Food Compos Anal.
2006;19:669-75.
doi:10.1016/}.jfca.2006.01.003.

[23]. Mamta, Mehrotra S, Amitabh, Kirar V,
Vats P, Nandi SP, et al. Phytochemical
and  antimicrobial  activities  of
Himalayan Cordyceps sinensis (Berk.)
Sacc. Indian J Exp Biol. 2015;53:36-

43.
[24]. Sakat S, Archana R, Gambhire M.
In Vitro antioxidant and

Anti inflammatory activity of methanol
extract of Oxalis corniculata Linn. Int J
Pharm Pharm Sci. 2010;2:146-55.

[25]. Delcour  AH.  Outer  membrane
permeability and antibiotic resistance.
Biochim Biophys Acta. 2009;1794:808-
16. doi:10.1016/j.bbapap.2008.11.005.

[26]. Li X-Z, Nikaido H. Efflux-Mediated Drug
Resistance in  Bacteria.  Drugs.
2009;69:1555-623.
doi:10.2165/11317030-000000000-
00000.

[27]. Cushnie TPT, Lamb AJ. Antimicrobial
activity of flavonoids. Int J Antimicrob
Agents. 2005;26:343-56.

[28]. Liu YL, Ho DK, Cassady JM, Cook VM,
Baird WM. Isolation of potential cancer
chemopreventive agents from
Eriodictyon californicum. J Nat Prod.
1992;55:357-63.

[29]. Lago JHG, Ramos CS, Casanova
DCC, Morandm A de A, Bergamo
DCB, Cavalheiro AJ, et al. Benzoic
acid derivatives from Piper species and
their  fungitoxic  activity — against
Cladosporium cladosporioides and C.

sphaerospermum. J  Nat  Prod.
2004;67:1783-8.
doi:10.1021/np030530j.

[30]. Sharma SK, Singh AP. In Vitro
Antioxidant and  Free  Radical

Scavenging Activity of Nardostachys
jatamansi DC. JAMS J Acupunct
Meridian Stud. 2012;5:112-8.
doi:10.1016/}.jams.2012.03.002.

[31]. Gongalves C, Dinis T, Batista MT.

Antioxidant properties of
proanthocyanidins of Uncaria
tomentosa  bark  decoction: a

mechanism  for  anti-inflammatory
activity. Phytochemistry. 2005;66:89-
98.

doi:10.1016/j.phytochem.2004.10.025.

[32]. Murugan R, Parimelazhagan T.
Comparative evaluation of different
extraction methods for antioxidant and
anti-inflammatory  properties ~ from
Osbeckia parvifolia Am. — An in vitro
approach. J King Saud Univ - Sci.
2014;26:267-75.
doi:10.1016/j.jksus.2013.09.006.

[33]. Souto AL, Tavares JF, da Silva MS,
Diniz M de FFM, de Athayde-Filho PF,
Barbosa Filho JM. Anti-inflammatory
activity of alkaloids: an update from
2000 to 2010. Molecules.
2011;16:8515-34.
doi:10.3390/molecules16108515.

[34]. Majumder MM, Mazumder EH, Alam
MA, Akter R, Rahman M, Sarker SD.
Antioxidant and Membrane Stabilizing
Properties of Ichnocarpus frutescens.
J Nat  Remedies.2008;8:209-15.
doi:10.18311/JNR/2008/335.

PAGE|575| [}



