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Abstract

Background: The development of resistance to many antibiotics currently in use has necessitated the search for
more effective alternatives. Plants have been used in ethnomedicine in different parts of the world to treat various
diseases. Many studies on plants have confirmed their medicinal potentials and have led to the isolation and char-
acterization of several potential drug candidates. This study investigates the leaves of Icacina trichantha for antimi-
crobial properties and seeks to identify the compounds responsible for the observed activities. The leaves of lcacina
trichantha are used in ethnomedicine for the treatment of skin infections. In this study, a solvent-based fractionation
of bioactive compounds in the leaves of Icacina trichantha was carried out using hexane, ethyl acetate, and metha-
nol. The resultant extracts were screened for antimicrobial activity against six bacteria and four fungi using standard
procedures. GC-MS analysis of the most active fraction was carried out.

Results: The non-polar fraction (hexane) showed better antimicrobial activity than the ethyl acetate and methanol
extracts. At 200 mg/mlL, the fraction showed inhibition of 28.04+0.82, 23.7 +0.47, and 24.6 £ 0.94 against Staphylococ-
cus aureus, Escherichia coli, and Bacillus subtilis, respectively. At the same concentration, the extract showed zones of
inhibition of 18.0+ 0.82 against Candida albicans and Penicillium notatum. The lowest Minimum Inhibitory Concentra-
tions (MIC) values of 2.5 mg/mL were obtained against Staphylococcus aureus, Escherichia coli, and Bacillus subtilis. GC—~

antimicrobial activities of the extract.

MS analysis of the hexane extract revealed 62 peaks, out of which ten peaks were successfully characterized.

Conclusions: None of the extracts screened for antibacterial and antifungal activities in this study is as potent as

the standard drugs, Gentamicin and Tioconazole. The hexane extract, however, showed some activity against the
microorganisms and was analyzed using GC-MS. The hexane extract contained many bioactive compounds, some of
which could not be identified. Two of the identified compounds, Stigmasterol and 3-Sitosterol, are known to pos-
sess antimicrobial properties. However, the unidentified compounds could also have contributed significantly to the
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1 Background

Treating microbial infections, especially in immuno-
suppressed patients, is still a severe challenge because
microorganisms have developed resistance to many
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antibiotics available in the market [1]. Drug resist-
ance arose from the misuse of the existing antibiot-
ics. Up to one-half of deaths in developing countries
are due to infectious diseases [2]. The unavailability
of an adequate antibiotic pipeline has resulted in the
emergence of many types of infections that are very
difficult to treat, owing to the paucity of viable alterna-
tive antibiotic alternatives [3]. Plants produce a wide
variety of phytochemicals produced as part of their
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survival strategies against predation by microorgan-
isms, insects, and herbivores [4]. These compounds
are potential alternatives to the current antibiotics.
The skeletons of these compounds vary and belong
to various classes (flavonoids, tannins, alkaloids, and
steroids, among others). The World Health Organiza-
tion recognizes medicinal plants as one of the sources
of new drug varieties [5].

Plants are in many parts of the world, used as medi-
cines to treat diseases by traditional healers. Several
studies have established the potency of several of these
plants, and further studies have been carried out on
many to identify the compounds responsible for the
observed activities. Icacina trichantha Oliv. (Icaci-
naceae) is used by herbalists in southwestern Nigeria
for the treatment of skin infections. Icacina trichan-
tha is a shrub (with large tuber) regarded as a weed of
field crops that grows up to 2 m in height. The tuber
extracts of the plant possess antioxidant, analgesic,
anti-inflammatory, anti-convulsive, sedative, antimi-
crobial, and antidiabetic activities [6—9]. The cytotoxic
diterpenoids-icacenone, icacinol, 17-hydroxyicacinol,
humirianthol, and humirianthenolide C have been
reported in the tuber of the plant [10]. Phytochemi-
cal screening of the hexane, ethylacetate, and ethanol
extracts of the leaves indicate the presence of differ-
ent secondary metabolites including tannins, phenols,
terpenoids, glycosides, steroids, and flavonoid [6, 11].

Some reports exist in the literature on the antimi-
crobial properties and GCMS analysis of different
extracts of the leaves of I trichantha. For example, a
previous study carried out antimicrobial studies and
GCMS analysis on hexane, ethylacetate, and ethanol
leaf extracts of the plant. The results indicated that the
leaves possess antibacterial activity against Escherichia
coli, Pseudomonas aeruginosa and Klebsiella oxytoca
[11]. In the current study, we have screened hexane,
ethylacetate, and methanol leaf extracts for activity
against a broader range of microorganisms—six bacte-
ria and four fungi. In addition, GCMS analysis, as used
in the current study, is bioactivity guided. GCMS anal-
ysis was carried out on only the extract demonstrating
the best antimicrobial activity to identify the com-
pounds likely responsible for the antimicrobial activi-
ties displayed by the plant. Two other studies [6, 12]
screened aqueous and methanol/ethanol extracts of
the leaves of the plant for antimicrobial activity against
a broad range of microorganisms. While some of these
organisms have also been used in the current study, we
have adopted a completely different extraction pro-
tocol. We have compared the results obtained in this
study with those previously reported in the literature.
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2 Methods

2.1 Sample collection, preparation, and extraction

The samples used in this study (the leaves of I thrican-
tha) were collected from the Botanical Gardens, Uni-
versity of Ibadan, Nigeria. The samples were air-dried
and ground. After grinding, a 1 kg portion was sub-
jected to extraction using 2.5 L of hexane, ethyl acetate,
and methanol sequentially. The extracts obtained were
concentrated to dryness using a rotary evaporator.

2.2 Antimicrobial assay on extracts

2.2.1 Preparation of isolates

Extracts were screened for activities against Staphy-
lococcus aureus, Bacillus subtilis, Salmonella typhi,
Pseudomonas aeruginosa, Escherichia coli, Klebsiella
pneumoniae, Rhizopus stolonifer, Aspergillus niger,
Candida albicans, and Penicillium notatum. All the
microorganisms are clinical isolates obtained from
the laboratory of the Department of Pharmaceuti-
cal Microbiology, University of Ibadan, Nigeria. From
the stock of each organism, an entire loop was taken,
inoculated into 5 mL sterile nutrient broth and subse-
quently incubated for 1824 h at 37 °C. A 1:100 (1072
dilution of each organism was then prepared by intro-
ducing 0.1 mL of the organism into 9.9 mL of sterile
distilled water [13].

2.2.2 Antibacterial assay (agar—well diffusion method)
Prepared sterile nutrient agar (containing 0.2 mL of
each of the diluted organisms) at 45 °C was poured
aseptically into sterile Petri dishes and allowed to solid-
ify for about 40—45 min. Wells were made in the solidi-
fied nutrient agar using a standard 8 mm cork borer.
The number of wells made is equivalent to the concen-
trations of each of the extracts. Serial two-fold dilution
of each extract was prepared in the current study in a
concentration ranging from 6.25 to 200 mg/mL. The
extracts (100 pL) were then introduced into the wells.
The plates were left on the bench for 45 min before
being incubated for between 18-24 h at 37 °C (to allow
pre-diffusion). The standard drug, Gentamicin, was
used as the control [13]. The study was carried out in
triplicates.

2.2.3 Antifungal assay (agar diffusion-surface plate method)
The study was carried out in triplicates. Sabouraud
Dextrose Agar (62 g/L) was poured aseptically into
sterile plates and allowed to solidify. A sterile spreader
was then used to cover the surface of the agar with
0.2 mL of the organism (at 10~2 dilution). An 8 mm
standard, sterile cork borer was then employed in
making wells on the plates. A 100 pL portion of the
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extracts (at different concentrations) and the control
(Tioconazole) were then introduced into the wells.
The plates were left on the bench for 45 min and then
incubated uprightly for 48 h at 26-28 °C to allow the
extracts to diffuse properly into the agar [13].

2.2.4 Minimum inhibitory concentration (MIC)

A ten-fold dilution of each extract concentration (pre-
pared in Sect. 2.2.2) was made by introducing a 2 mL
portion of each into 18 mL nutrient agar at 45-50 °C,
giving rise to a new range of extract concentrations
between 0.625-20 mg/mL. The mixture was then
poured aseptically into sterile plates and allowed to
solidify. The organisms were streaked on the plates
at different concentrations to determine the mini-
mum concentration that would inhibit the growth of
the organisms. The bacterial plates were incubated
at 37 °C for 24 h, while the incubation of the fungal
plates was at 26 °C-28 °C for 48 h. After incubation,
the plates were observed for the growth of the micro-
organisms [13].
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3 Gas chromatography-mass spectroscopic (GC-

MS) analysis
An Agilent 7890 gas chromatograph equipped with
a Chrompack CP-Wax 52 CB capillary column (30 m
length, internal diameter of 0. 32 mm, 0.25 pm film thick-
ness) was used to separate the sample components. The
gas chromatograph was connected to a mass selective
detector operating in electron impact mode at 70 eV. A
1.0 pL of the diluted sample was injected at 250°C, in the
splitless mode. Helium, flowing at the rate of 5 mL/min,
was used as the carrier gas. The inlet pressure was 12.936
p.s.i. The column oven temperature was raised slowly (at
a rate of 8°C/min) from 50°C to 240°C, with a final hold
time of 5 min.

The sample constituents were identified by matching
their mass spectra with the National Institute of Stand-
ards and Technology (NIST) Mass Spectral Library on
the GC-MS database (NIST 14L). A similarity factor
of >95% was used as a criterion for acceptance.

4 Results

Table 1 shows the zones of inhibition obtained when
the extracts were screened for activity against the bac-
teria used in the study. The best activities against the

Table 1 In vitro antibacterial activity of Icacina trichantha leaves Extracts

Extracts Microorganism/zone of inhibition (mm) +SD

Conc. (mg/ml) Staphylococcus Escherichia coli Bacillus subtilis Pseudomonas Salmonella typhi Klebsiellapneumonia
aureus aeruginosa

ICLHE 200 28040.82° 2374047° 2464094° 19740472  1804082° 15740472
100 24040.82° 2234047° 19.7£047° 180+£082° 1674094 13.74£047°
50 220+£047° 1774047 1804082° 1474047 1474094° 1204082¢
25 175+047¢ 16.040.82¢ 136+047° 12740474 11.74047° 9040471
125 146+047¢ 136+047¢ 1134047¢ 1034047° 11.0+082° -
6.25 120+£082¢ 11.0+£082¢ 10.040.82¢ - - -

ICLEE 200 18.7+£0.94° 150+£1412 13.340.94° 1404082  14040.82° 14.0+0.82°
100 13.74£094° 13340472 13.040.82° 1274094 1134£094° 1134£047°
50 12.340.94° 11.74047° 934094° 9.74£047° 9.74£047° 9.74047¢
25 10.04£0.82¢ 1034+047° - - - -
125 - - - - - -
6.25 - - - - - -

ICLME 200 19.7£047° 1734094 15041412 163+£0472  1534094° 16.0+£0.82°
100 17.04£082° 163+£047° 14.040.82° 140+£082°  1404082° 13.040.82°
50 13.74047° 1404082° 11340.94° 1134094 11.74£047° 1134047°
25 10.7 £0.94¢ 13340.94° 10.040.82° 10.7 £0.94° 10.7 £0.94° 9.74047¢
125 - 93+0.94° - - - -
6.25 - - - - - -

Control —ve - - - - - -

Gentamicin 10 40 38 38 38 38 40

ICLHE-Hexane Extract of /. trichantha leaves; ICLEE-Ethylacetate Extract of /. trichantha leaves; ICLME-Methanol Extract /. trichantha leaves; - No Activity; concentrations
with different superscripts are significantly different for each extract (p <0.05)
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organisms were obtained at 200 mg/mL. At this con-
centration, the hexane extract, ICLHE, showed inhibi-
tion zones ranging between 15.7 £0.47 mm (against K.
pneumoniae) and 28.0+0.82 mm (against S. aureus).
Similarly, at 200 mg/mL, zones of inhibition rang-
ing between 14.04+0.82 mm (against P aeruginosa, S.
typhi, and K. pneumoniae) and 18.7 £0.94 mm (against
S. aureus) were obtained for the ethyl acetate extract.
The values obtained ranged between 15.0+1.41 mm
(against B. subtilis) and 19.74+0.47 mm (against S.
aureus) at 200 mg/mL for the methanol extract. For
all the extracts, the zones of inhibition increased with
the extract concentration. The methanol and ethyl
acetate extracts showed poor or no activity at concen-
trations of 6.25 and 12. 5 mg/mL. None of the extracts
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showed activity as high as that of the standard drug,
Gentamicin.

Table 2 shows the results of the antifungal assay. The
best activities were obtained at 200 mg/mL. At this con-
centration, the hexane extract (ICLHE) showed zones
of inhibition ranging between 15.7+0.47 mm (against
Aspergillus niger) and 18.0+0.82 mm (against C. albi-
cans). The ethyl acetate and methanol extracts (ICLEE
and ICLME) showed no activity against P notatum and
R. stolonifer at all the extract concentrations. While activ-
ity increased with the concentration of the extracts, none
of the extracts showed activity against the test fungi at
6.25 and 12.5 mg/mL. The zones of inhibition obtained
for the standard drug, Tioconazole, are higher than those
of the extracts.

Table 2 In vitro antifungal activity of Icacina trichantha leaves extracts

Extracts Microorganism/zone of inhibition (mm)
Conc. (mg/ml) Candida albicans Aspergillus niger Penicillium notatum Rhizopus stolonifer
ICLHE 200 180+£0.82° 15.7£047° 18.04+0.82° 16.34+047°
100 153+094° 133+£094° 13.74£047° 140+082°
50 133+£0.94° 11.7+£047° 11.7£047¢ 11.34£0.94¢
25 10.3+£047¢ 9.3+£0.94° 9.340.94¢ 10.3+£047¢
12.5 - - - -
6.25 - - - -
ICLEE 200 13.34+047° 14.040.82° - -
100 126+£047° 113+047° - -
50 9.74+047° 934047° - -
25 - - - -
125 - - - -
6.25 - - - -
ICLME 200 16.0+0.82° 15.7£047° - -
100 13.3+£094° 140+082° - -
50 11.7+£047° 12.040.82° - -
25 9.74+047°¢ 10.7+£047°¢ - -
12.5 - - - -
6.25 - - - -
Control —ve - - - -
Tioconazole 70% 28 26 26 28

ICLHE-Hexane Extract of I. trichantha leaves; ICLEE-Ethylacetate Extract of . trichantha leaves; ICLME-Methanol Extract /. trichantha leaves; - No Activity; concentrations
with different superscripts are significantly different for each extract (p <0.05)

Table 3 Minimum inhibitory concentration of /. trichantha extracts

Extracts Minimum inhibitory concentration (mg/mL)

SA EC BS PSA ST KP CA AN PN RS
ICLHE 250 250 250 5.00 5.00 10.00 5.00 10.00 10.00 10.00
ICLEE 10.00 10.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
ICLME 10.00 10.00 10.00 10.00 10.00 10.00 20.00 20.00 20.00 20.00
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The minimum inhibitory concentrations (MIC) of
the extracts are shown in Table 3. The hexane extract
(ICLHE) had the best activity against S. aureus, E. coli,
and B. subtilis (MIC values of 2.50 mg/mL). Moderate
activity was observed against P aeruginosa and S. typhi
(MIC values of 5.00 mg/mL). The least antimicrobial
activity of the extract was observed against K. pneumo-
niae, A. niger, P. notatum, and R. stolonifer (MIC values
of 10.00 mg/mL). MIC values obtained against the organ-
isms generally ranged between 10 and 20 mg/mL for the
ethyl acetate (ICLEE) and methanol (ICLME) extracts.

The hexane extract possessed the best antimicrobial
activity and was subjected to GC-MS analysis to iden-
tify the likely compounds responsible for the observed
properties. To ensure accurate characterization of the
compounds eluted from the column, only compounds
with mass spectra having up to 95% similarity to those
in the NIST library were reported. With this approach,
only constituents corresponding to a total peak area of
44.71% were identified. The compounds successfully
characterized are 2(4H)-Benzofuranone,5,6,7,7a-tet-
rahydro-4,4,7a-trimethyl- (1), n-Hexadecanoic acid (2),
n-Hexadecanoic acid, ethyl ester (3), dl-alpha-Tocoph-
erol (4), 4,8,12,16-tetramethylheptadecan-4-olide (5),
Cholest-5-ene, 3-methoxy-(3-Beta)- (6), Stigmasterol (7),
2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hex-
amethyl-, (all E) (8), Heptacosane, 1-chloro- (9) and
[B-Sitosterol (10). The structures of these compounds
are shown in Fig. 1. The retention time and percentage
composition of each identified compound in the hexane
extract of the plant’s leaves are shown in Table 4.

5 Discussion

The solvents used for extraction (in the current study) are
of varying polarity (hexane is a non-polar solvent, ethyl
acetate is moderately polar while methanol is polar).
Since solvents dissolve compounds based on their polar-
ity, this extraction protocol ensures that the compounds
in the leaves are separated into non-polar (hexane),
medium polar (ethyl acetate), and polar (methanol) com-
pounds. Results obtained from the current study showed
that at the same concentrations, the three extracts under
investigation showed different activities against the test
organisms. Differences in solvent polarities have been
reported to account for differences in solubility of active
plant principles, and hence, variations in the degree of
activity of the extracts [14].

Results from a previous study showed that the meth-
anol extract of the leaves of I trichantha had zones
of inhibition of 19.00+0.58 mm, 15.00+0.58 mm,
25.00+0.58 mm, 21.00+0.58 mm, 4.00+£0.58 mm,
and 7.00+0.58 mm against S. aureus, B. subtilis, P. aer-
uginosa, E. coli, A. niger, and C. albicans, respectively,
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at 20 mg/mL [6]. These results vary widely from those
obtained for the same extract at a very similar concentra-
tion (25 mg/mL) against the same organisms in the cur-
rent study (Table 1). The differences obtained could have
resulted from the differences in the extraction protocols
adopted. In the current study, a preliminary solvent-
based fractionation of the compounds present in the
leaves of the plant was carried out before antimicrobial
testing while in the previous study, a direct extraction
using methanol was carried out. The solvent-based frac-
tionation approach (employed in this study) simplifies
the process of isolation and characterization of potential
bioactive compounds from a sample by narrowing down
on the number of compounds likely responsible for an
observed activity. While the methanol extract in the cur-
rent study showed some antimicrobial activity, the results
obtained indicated that the most potent compounds
responsible for the observed activity mostly reside in the
hexane extract.

Generally, the zones of inhibition of the microorgan-
isms increased with the increasing concentration of the
extracts. Previous studies have reported similar results.
For example, the zones of inhibition of methanol extract
of flowers of Nelumbium speciosum against different
microorganisms increased with extract concentration
[15]. In addition, the results showed that the extracts,
at the same concentrations, showed different activities
against the microorganisms. The inhibition zone of an
extract against an organism depends on the initial popu-
lation density of the organism, and the nature and diffu-
sion rate of the antimicrobial agent [16, 17].

Of the three extracts, the hexane fraction had the best
activity against all the test micro-organisms. It even dem-
onstrated moderate activity against gram-negative bac-
teria (E.coli, S. typhi, and P. aeruginosa). Gram-negative
bacteria are generally more resistant to antibiotics than
gram-positive bacteria. Gram-negative bacteria pos-
sess an outer membrane which is an asymmetric bilayer
of lipopolysaccharides (LPS) and phospholipids, into
which are fitted nonspecific porins and specific uptake
channels. The LPS-containing bilayers are rigid and slow
down passive diffusion of hydrophobic compounds while
the narrow pores limit by size the penetration of hydro-
philic drugs [18-20]. This extract probably contains com-
pounds with the ability to overcome this barrier.

On comparing the MIC results (Table 3) with Tables 1
and 2, some discrepancies were observed. For example,
when the MIC values obtained for ICLEE against S.
aureus and E. coli was 10 mg/ml (Table 3), it is expected
that some microbial growth would occur at 12.5 mg/ml.
Similarly, some microbial growth should be observed
at 25 mg/ml (Table 1), when the MIC of the extract
(ICLEE) was 20 mg/ml for B. subtilis, P. aeruginosa,
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Fig. 1 Structures of compounds identified in ICLHE by GC-MS

S. typhi, and K. pneumonia. The MIC values reported
in Table 3 are single measurements, whereas those in
Tables 1 and 2 are averages of triplicate measurements
within limits of experimental error. In reporting the
zones of inhibition of the microorganisms (Table 1)
at the indicated concentrations (12.5 and 25 mg/ml),
it is possible that while some very minimal microbial
growth was discernable on a plate, none existed on the
two others, and the average of the values is approxi-
mately zero. This may be responsible for the apparent
discrepancies observed.

The compounds detected in the hexane extract of
the leaves of I trichantha obtained in the current study
(Table 4) differ significantly from the results obtained
from the GCMS analysis of the same extract previ-
ously reported in the literature [11]. The literature
report identified the compounds present in the extract
as 3,3-dimethyl-2-hexanone, Undecane, Palmitic acid,
5-octadecenoic acid methyl ester, Stearolic acid, Stearic
acid, 9,12-octadecadienoic acid, 9,17-octadecadienal, and
Eicosanoic acid. This may be due to various factors. Apart
from biochemical factors inherent within individual
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Table 4 Characterized chemical constituents of the n-hexane extract of leaves of /. trichantha

Rt (min) Compound Similarity index Relative
composition (%
area)

12.028 2(4H)-Benzofuranone,5,6,7,7a-tetrahydro-4,4,7a-trimethyl- 96 0.66

17.034 n-Hexadecanoic acid 96 5.28

17.320 n-Hexadecanoic acid, ethyl ester 96

20467 dl-alpha-Tocopherol/Vitamin E 96 7.98

20.759 4,8,12,16-tetramethylheptadecan-4-olide 96 0.90

24673 Cholest-5-ene, 3-methoxy-(3-Beta)- 95 042

27.242 Stigmasterol 99 5.86

29.308 2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, 99 13.55

(allE)
31.745 Heptacosane, 1-chloro- 97 1.36
32.077 B-sitosterol 99 8.70

plant species, several external factors such as geographi-
cal location, climate, nature of soil, season, and growth
conditions have a major influence on plants’ phytocon-
stituents [21]. For example, phytochemicals in different
plants possessing anticancer properties have been known
to change quantitatively with seasons [22, 23]. Similarly,
new active compounds have been reported from different
plant parts collected at different times or from different
locations [21].

Plants contain compounds that are responsible for
their bioactivities. Ten compounds were identified suc-
cessfully in the hexane extract of leaves of I trichantha;
however, only two of these compounds (Stigmasterol
(7) and p-sitosterol) have been reported (in literature)
to possess antimicrobial properties. p-sitosterol (10)
has been reported to show activity against S. aureus, B.
subtilis, and K. pneumoniae with zones of inhibition of
27 mm, 34 mm and, 26 mm, respectively. It also showed
a minimum inhibitory concentration of 25, 12, and 25 pg/
mL, respectively, against these organisms. However, it
showed no activity against E. coli, P. aeruginosa, and C.
albicans [24]. Stigmasterol (7) (at 100 pg/mL) showed
29 mm as the zone of inhibition against S. aureus, 24 mm
against E. coli, and 25 mm against C. albicans [25]. Stig-
masterol had zones of inhibition of 21 mm against S.
aureus, 24 mm against B. subtilis, 21 mm against E. coli,
and 21 mm against C. albicans at 50 pg/mL [26]. These
literature reports indicate that the compounds, Stig-
masterol and [-sitosterol, possess far higher antimicro-
bial activities (against the indicated organisms) than the
crude hexane extract of L trichantha as shown by the
results obtained from the current study. This may be due
to the presence of both compounds in small quantities
in the crude hexane extract (the peak areas for Stigmas-
terol and [-sitosterol are 5.86% and 8.70%, respectively).

In a previous study, Stigmasterol isolated from the stem
bark of N. macrophylla displayed an improved inhibi-
tory effect and lower MIC value when compared to the
extract [27]. The antibacterial activity of steroids is attrib-
utable to their ability to inhibit ‘sortase’ a participant in
pathways involving secretion and anchoring of cell wall
proteins [28]. Membrane disruption could be one of the
possible mechanisms of the action of sterols on micro-
organisms [29]. However, the antimicrobial properties of
the hexane extract may not be entirely due to these two
compounds. As noted earlier, a large percentage of the
peaks in ICLHE are unidentifiable (55.29%). The com-
pounds corresponding to these peaks could have made
significant contributions to the antimicrobial action of
the extract. Furthermore, since GC-MS is unsuitable
for analyzing non-volatile plant constituents, these com-
pounds might not have been detected (though they may
possess significant antimicrobial activities).

6 Conclusions

The extracts under investigation were not as active as the
standard drugs, Gentamicin, and Tioconazole against the
test organisms. The hexane extract showed some activity
against the test organisms, thereby providing some basis
for the plant’s use in traditional medicine for treating
skin infections. Stigmasterol and -Sitosterol are possible
contributors to the antimicrobial activity of the extract
(since their antimicrobial activities are well documented
in the literature). However, the observed activities may
be due to other compounds which could not be identified
or detected using GCMS (because they are non-volatile).
Further studies are needed to isolate and characterize the
compounds responsible for the antimicrobial activity of
the extract.
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Abbreviations

ICLHE: /. trichantha Leaves hexane extract; ICLEE: /. trichantha Leaves ethylac-
etate extract; ICLME: /. trichantha Leaves methanol extract; TIOC: Tioconazole
(70%); GENT: Gentamicin; SA: Staphylococcus aureus; EC: Escherichia coli; BS:
Bacillus subtilis; PSA: Pseudomonas aeruginosa; ST: Salmonella typhi; KP: Kleb-
siella pneumoniae; CA: Candida albicans; AS: Aspergillus niger; PN: Penicillium
notatum; RH: Rhizopus stolonifer; NA: No activity; NT: Not tested.
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