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Abstract

This study was carried out to examine the antibacterial activity and phytochemical compositions of
extracts from the leaf of Sida acuta . Using water and 70% ethanol, active components of Sida acuta were
extracted and tested against six authenticated clinical isolates: Eschericia coli, Pseudomonas aeruginosa,
Bacillus subtilis , Staphylococcus aureus, Klebsiella pneumoniae and Salmonella typhi. The Minimum
Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of extracts were determined
using broth dilution and recovery plate methods respectively, while Thin Layer Chromatography (TLC) and
Gas Chromatography Mass Spectrometry (GC-MS) were used in determining the presence and quantity of
phytochemicals in the extracts. All clinical isolates, except P. aeruginosa, were markedly susceptible to
Sida acuta leaf extracts, with inhibition zones ranging from 6.0mm to 20.0mm. The least MIC (3.13
mg/ml) and MBC (3.13 mg/ml) was observed in ethanolic leaf extract against S. aureus, while the highest
(150 mg/ml and 150.00mg/ml) were observed in the ethanolic leaf extract against K. pneumoniae .
Phytochemical tests identified flavonoids as the most dominant compound while tannins was the least.
TLC analysis showed Rf values ranging from 0.10 to 0.98, while the GC-MS identified

scopoletin (45.8%) and vomifoliol (41.0%) as the most abundant compounds from the aqueous

extract. Evofolin-A, 4-ketopinoresinol, assamicin | and assamicin Il were also observed from the leaf
extracts. The findings of this study reveals the potency of Sida acuta leaf extracts as an antibacterial, thus
suggesting its possible use in treating common infections as well as a potential candidate for further
research on antibacterial therapeutics. Keywords: Sida acuta, leaf extracts, antibacterial, phytochemicals,
scopoletin, vomifoliol.

Introduction

Plants have been used from ancient times for various purposes such as dietary supplements and drug use,
with very convincing results that made the use of plants for chemotherapy a popular practice. Traditional
healers in the early centuries adopted the use of extracts and components of plants for treating divers
infectious diseases. In recent years, various scientists, ranging from microbiologists, chemists,
ethnopharmacologists, botanists, etc., are re-inventing the age-long practice and studying various plants for
possible components that may be useful in the development of chemotherapy for infectious diseases.

The use of plant materials as curative agent against infections and diseases is an important part of African
tradition and over 70% of the population make use of it for primary health care. The presence of a rich
variety of secondary metabolites, which includes flavonoids, tannins, alkaloids and terpenoids, in plants
have increased the search for antimicrobial potency of various plants against certain infectious
disease.The leaf, stem, bark, roots, salp, etc. of plants have been tested and reported to have various
degrees of antimicrobial activities (Adomi, 2008, Touati et al., 2018, Cos et al., 2016, Mohammed et al.,
2020).

Sida acuta, (commonly known as “/seketu” in South-Western Nigeria), belongs to the family Malvaceae.
Indigenous to Mexico and Central America, this shrub now dominates the tropics and sub tropics (Holm et
al., 1977). The major traditional use of this wild plant is its application in Nigerian folk medicine to cure
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infections such as malaria, wound infections, diarrhea, ulcer, fever, etc. (Kayode, 2006; Edeoga et al., 2005).
The leaf is widely used on wounds and injuries to prevent infection, promote quick healing and ease pains.

Hence, this study was carried out to evaluate the antibacterial potential, and to investigate the
phytochemical composition of Sida acuta, against certain clinical isolates, in order to understand its
potency for antimicrobial use.

Materials And Methods

Authentication of Isolates

The authentication of the clinical isolates were carried out using cellular morphology and Microbat™ Kit
identification system, using a total of 19 cellular morphological and biochemical tests.

Collection of Plant

The Sida acuta plant used for this study was obtained from Tanke in llorin, Kwara State, Nigeria and was
identified and authenticated by Mr. Bolu Ajayi in the Department of Plant Biology, University of llorin,
Nigeria. The plant was also deposited at the Department’s Plant Biology Herbarium with Voucher Number:
UILH/001/201/2021.

Extraction of plant materials

The leaf of the plant was washed under running tap to remove debris, after which they were left to dry at
normal room temperature for seven days. The dried leaves were then grounded to powder using an electric
blender. The grounded samples were thereafter soaked into two different solvents - 70% ethanol and
distilled water - measuring 20 grams of the sample into 100ml of the extractants (ratio 1:5 w/v). The
resultant mixture was shaken at 150 rpm for 48 hours and then filtered using the Whatman filter paper No.
1.

The filtrates were evaporated to semi-solid mass using vacuum rotatory evaporator to get a dark brown

resinous mass. This was then stored at 4°C, in a dark sample bottle and prepared for further use. The dry
extracts were reconstituted with their respective solvents to give a concentration of 200mg/ml for the
antibacterial activity evaluation, as described by Banso and Ayodele, (2001).

Collection and Authentication of the test isolates

The organisms used for this study were clinical isolates obtained from the Department of Medical
Microbiology and Parasitology, University of llorin Teaching Hospital, llorin, Kwara state. They include E.
coli, Salmonella typhi, Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa and Klebsiella
pneumoniae. The isolates were further authenticated using cellular morphology, biochemical tests and the
Microbact™ kit identification system. The isolates were maintained on nutrient and MacConkey agar slants

at 4°C prior to use.
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Antibacterial Examination of Extracts

One gram of each extract was dissolved in 5ml of sterile distilled water and 70% ethanol, to give the desired
concentration of the extract in milligram (200mg/ml). 0.5 ml of McFarland standard of 18hour culture of
each isolate was mixed with 20ml of Mueller-Hinton agar in a Petri dish. The medium was allowed to
solidify. 5 wells (bmm in diameter) were punched in the agar medium using sterile stainless cork borer,
after which 0.5ml of plant extracts or solvent (negative control) was introduced and allowed to diffuse for
2hours. The plates were incubated for 18- 24 hours at 37°C and the diameters of any resulting zones of
inhibition were measured. Ciprofloxacin (10ug) was used as a positive control. The tests were performed in
quadruplicate as described by Adomi, (2008).

Determination of Minimum Inhibitory Concentration (MIC) using broth dilution method

The standard solution (200mg/ml) of the extract was diluted to obtain concentrations ranging from
1.56mg/ml - 200mg/ml. One milliliter each of the concentrations of the extracts was mixed with 9ml of the
Mueller- Hinton broth in test tubes. The contents were thoroughly mixed and the tubes will be inoculated
with 0.Iml of McFarland standard of the test isolates. The tubes were incubated at 37°C and examined for
growth after 24hours. The least concentration of the extracts that did not permit any visible growth of the
inoculated test isolates in the broth medium was regarded as the MIC in each case. Test tubes inoculated
with the test isolates without the extracts will serve as controls according to the procedures described by
Black, (1996).

Determination of Minimum Bactericidal Concentration (MBC) by recovery plate method

The concentration of the extracts used for the MIC which do not permit any visible growth were inoculated
on plates containing the respective growth medium and incubated for 24 hours. The least concentration
which showed no growth after incubation was taken as the minimum bactericidal concentration (Black,
1996).

Phytochemical Screening of the plant extracts

Phytochemical tests and estimations were carried out on the aqueous and ethanolic extracts of the leaf
and stem of the plant samples using standard procedures to determine the presence of phytochemicals
and to identify the various constituents. We synergized and followed the procedures earlier described by
Harbone (1973), Trease and Evans (1989), Boham and Kocipai, (1994), Obadoni and Ochuko 2001; and
Sofowora (1993).

Thin Layer Chromatography(TLC).

TLC was performed on 5cm x 20cm TLC plates that were pre-coated with 0.25mm layers of silica gel 60.
After drying, the extracts were applied to the TLC plate with a TuL microfuge tubes. The plate was then
developed in a glass chamber. Two chromatography solvents used were n- hexane: ethanol (2:3 and 1:4)
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and n- hexane: ethylacetate (3:2 and 1:4). After running for sufficient time, visualization of the bands was
achieved by spraying the plate with iodine and exposing to UV light (Sherma and Fried, 1996). The Rf
values were calculated by dividing the distance travelled by the spots by the distance travelled by the
solvents.

Rf = distance travelled by spots / distance travelled by solvents
Gas Chromatography- Mass Spectrometry (GC-MS)

The compounds were extracted using the direct solvent extraction method described by Ibrahim et al,
(2011). Three grams of each plant extract was weighed into bottles and saturated with 15ml of ethanol and
water. They were allowed to stand at room temperature for 24hours, filtered using Whatman No.1 filter
paper and the filtrate was evaporated to semi-solid mass using vaccum rotatory evaporator to give a dark
brown resinous mass and stored in at 4°C in a dark sample bottle prior to use. Ten grams of the evaporated
samples was extracted by 10ml of ethyl acetate and concentrated to 1ml prior to injection into GC-MS.

GC-MS analysis was performed using GC-MS-QP2010 plus (Shmadzu, Japan) equipped with flame
ionization detector (FID). The injection was conducted in split less mode at 250°C for 3mins by using an
inlet of 0.75mm i.e. to minimize peak broadening. Chromatographic separations was performed by using
DB-WAX analytical column 30m by 0.32m by 0.25m (J&W scientific, Folsom C.A) with helium as carrier gas
at constant flow rate of 0.8ml/min. The oven temperature was programmed at 60°C for 5min, followed by
an increase (held for 5min), and finally at 10°C/min to 310°C (held for 10min). The temperature of the FID
was set to 250 °C, under an optimum Mass spectrometry operating conditions (electron impact ionization
mode) with ion source temperature of 200°C, ionization voltage of 70eV and mass scan range of m/z 23-
450 at 2.76scans/s (Ibrahim et al,, 2011). The chromatographic peak identification was carried out by
comparing their mass spectra with those of the bibliography data of unknown compounds from NIST
library mass spectra database on the basis of the criterion similarity (SI)>800 (the highest value is 1,000).
Following the procedures described by Wanakhachornkrai and Lertsiri, (2003), approximate quantification
of volatile compounds were estimated by the integration of peaks on the total ion chromatogram using
Xcalibur software (Vienna, VA), and the results were presented as the peak area normalized.

Results

The isolates authentication, using Microbat™ Kit identification system, yielded percentage probability
which ranged from 85.3% for P aeruginosa to 99.87% for S. typhi. All isolates were authenticated above
85%.

The susceptibility test of test organisms against leaf extracts of Sida acuta showed varying inhibition
zones which ranged from 6.70mm - 20.0mm. The widest zone of inhibition was obtained in the ethanolic
extract against S. aureus while the least zone of inhibition was obtained in aqueous extract against B.
subtilis. On the other hand, Pseudomonas aeruginosa showed no zone of inhibition in all the two extracts
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while Klebsiella pneumoniae and Salmonella typhi showed no zone of inhibition in the aqueous extract
(Table 1). These microbial susceptibility were further compared with standard antibiotics (Table 2).

Table 1: Antibacterial activities of leaf extracts of S. acuta.

Zones of inhibition (mm)

Testorganisms  Aqueous leaf extract  Ethanolic leaf extract

E. coli 11.8+0.2 14.7+0.5
K. pneumoniae NZ 4.810.2
P aeruginosa NZ NZ
B. subtilis 6.7£0.2 17.6+0.2
S. aureus 12.0+0.6 20.0+0.9
S. typhi NZ NZ

S. aureus was observed to exhibit the least MIC (3.13mg/ml and 6.25mg/ml) and MBC (3.13mg.ml and
25.0mg/ml) in both ethanolic leaf extracts (ELE) and aqueous leaf extract (ALE) of Sida acuta respectively.
E coli also showed an average level of MIC and MBC to both the ethanolic and aqueous extracts. However,
K. pneumoniae showed the highest MIC and MBC in ethanolic extracts, with no inhibition in the aqueous
leaf extracts. Overall, the ethanolic leaf extracts had an higher MIC and MBC across the test isolates than
the aqueous leaf extract (Table 3).

Table 2: Activity Index of the test isolatess to the S. acuta leaf extracts
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Activity index

Test Aqueous
organisms extracts
E. coli 0.48

K. ND
pneumoniae

P ND
aeruginosa

B. subtilis 0.31

S. aureus 0.55

S. typhi ND

Ethanolic
extracts

0.59
0.21

ND

0.84

0.80
0.32

Standard

24.80
22.60

19.33

21.00

22.00
21.00

Key: ND = Not determined since there was no antibiotic inhibitory activity

Inhibition Zone qf the test sample

Activity index = uhibition Zone of the standard

Standard = Inhibition zones of ciprofloxacin (10 ug).

Table 3: Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of

S.acuta leaf extracts.

Test organisms
E. coli

K. pneumoniae
P aeruginosa
B. subtilis

S. aureus

S. typhi

MIC (mg/ml)
ALE ELE
50.0 125
ND 150.0
ND ND
50.0 6.25
6.25 3.13
ND 160.0
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MBC (mg/ml)
ALE ELE
80.0 125
ND 150.0
ND ND
50.0 6.25
25.0 3.13
ND NB



Key: ND = Not determined since there was no inhibition zone. NB = Not bactericidal.

ALE= Aqeuous leaf extract. ELE= Ethanolic leaf extract.

The qualitative phytochemical analysis of both aqueous and ethanolic leaf extracts of S. acuta showed the
presence of alkaloids, flavonoids, cardiac glycosides, saponins, tannins, phenols and terpenoids (Table 4).
The quantitative phytochemical analysis of the extracts showed that phenol was the most predominant in
all the two extracts followed by saponins and flavonoids while tannin was the least predominant (Figure

1.

Table 4: Qualitative phytochemical screening of Sida acuta leaf extracts.

Phytochemical content

Plant Alkaloids  Saponins Tannins Flavonoids Phenols Cardiac Terpennoids
Extracts Glycosides

Aqueous + ++ + ++ ++ + +

Leaf

Extract

Ethanolic + ++ + ++ ++ + +

Leaf
Extract

Key : ++ = strongly present + = present in small amount.

Figure 1: Quantitative phytochemical screening of S. acuta leaf extracts.

The thin layer chromatography indicates the Rf values of various phytocomponents of both cold aqueous
and ethanolic extracts of leaf of S. acuta using ethanol and ethylacetate. Highest Rf value (0.98cm) was
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observed in cold aqueous leaf extract with ethylacetate, while lowest Rf value (0.10cm) was observed in
ethanolic leaf extract with the same solvent (Table 5 & 6).

The GC-MS showed that ten compounds were identified in ethanolic leaf extract and eight in the aqueous
leaf extrcat. The most abundant compounds were scopoletin, vomifoliol and evofolin-B while dispacus and
saponin were minute (Tables 7 & 8).

Table 5: Rf values of phytocomponents identified in the extracts of S.acuta by TLC with n-hexane: ethanol.

Extracts Spots  Visualization Rf (cm) hRf(%) Solvent
lodine UV system ratio.
Ethanolic I Brown Florescence  0.33 33 2:3
leaf extracts
Cold aqueous I Brown Florescence  0.43 43 2:3
leaf extract
Il Brown Florescence  0.93 93 1:4

Table 6: Rf values of phytocomponents identified in the extracts of S.acuta by TLC with n-hexane:
ethylacetate.

Extracts Spots  Visualization Rf (cm) hRf(%) Solvent
lodine uv system ratio.
I Brown Florescence 0.10 10 3:2
Ethanolic Il Brown Florescence 0.26 26 3:2
leaf extracts
Il Brown Florescence 0.79 79 3:2
\Y Brown Florescence 0.81 81 3:2
Cold aqueous I Brown Florescence  0.12 12 1:4
leaf extract Il Brown Florescence 0.98 908 1:4
1 Brown Florescence 0.38 38 1:4
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Table 7: Phytocomponents identified in the aqueous leaf extract of Sida acutaby GC-MS

Retention Phytocomponents Peak area (%)
time (min.)
5.016 Evofolin-B 15.1
7.150 Loliolid 2.8
7.533 4-Ketopinoresinol 9.9
7.816 Assamicin 11 10.9
8.600 Assamicin 1 12.3
9.200 Scopoletin vomifoliol 45.8
11.016 Dipsacus Saponin 1.1
11.483 Momordin 1c 2.2

Table 8: Phytocomponents identified in the ethanolic leaf extract of Sida acutaby GC-MS.

Retention Phytocomponents Peak area (%)
time (min.)
4.033 Evofolin-A 2.0
5.016 Evofolin-B 19.3
7.150 Loliolid 3.0
7.533 4-Ketopinoresinol 9.5
7.816 Assamicin 11 10.4
8.600 Assamicin 1 11.1
9.200 Scopoletin vomifoliol 41.0
11.016 Dipsacus Saponin 1.0
11.843 Momordin 1c 2.6

Discussion

Sida acuta is a perennial environmental weed which originated in Central America, and has spread to the
tropics. Having good tolerance, the weed has adapted to different growing conditions and has been
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established in pastures and fields worldwide. This plant is widely used in sub-Saharan Africa as a wound-
healing substance, and for decades it has been effective and the practice still in vogue. In this study, we
examined the antimicrobial activity and phytochemical presence in different extracts of S. acuta.

In this study, the aqueous and ethanolic extracts from S. acuta leaves used in testing for its antimicrobial
activity were observed to possess various levels of antimicrobial potency against different clinical isolates.
Overall, the ethanolic extracts showed the most potent antimicrobial ability against S. aureus, where the
lowest MIC (3.13mg/ml) and MBC (3.13mg/ml) were observed. Low MIC and MBC indicates that the
ethanolic extracts only required a smaller dose to inhibit the growth and to kill S. aureus respectively.

Studies by Lim et al., (2006) and Najiah et al., (2011) have also reported similar MIC and MBC values of
3.13mg/ml against S. aureus from Rhizopora apiculata bark and extracts from Malaysian edible herbs
respectively. Their reports conforms with that of other works (Zeouk et al, 2019, Manilal et al., 2020, Low,
2021) which supports the findings of this study. However, lower values have been observed from other
studies on plant extracts, with Helal et al., (2019) observing MIC values of 0.05mg/ml and MBC values
0.05mg/ml against S. aureus while Nath et al, (2019) recorded MIC 0.02mg/ml and MBC 0.04mg/ml
against the same organism.

The varying degrees of MIC and MBC values may be due to the differences in the crude plant extracts,
because of the presence of different phyto-constituents which has divers compositions. The MIC of crude
extracts could also be dependent on the level of susceptibility of the isolates used. However, a crude extract
with about 5.0mg/ml MIC value may contain active compounds with high antibacterial potency and a very
low MIC that is lesser than 0.2mg/ml. Hence, purification of extracts, using bioassay guided fractionation,
may be used to isolate fractions with high antimicrobial potency from crude extracts.

Pseudomonas aeruginosa and Klebseilla pneumoniae were the only organisms in this study that showed
no signs of inhibition or MIC/MBC and a very high MIC/MBC value respectively.This translates that these
organisms are not susceptible to extracts from S. acuta leaves, and cannot be used as an antibacterial
candidate against such. Similar observations of resistance or very high MIC/MBC values in P aeruginosa

and/or K. pneumoniae against plant extracts with antimicrobial potency were also reported by Al-Sa'ady
(2020) and Atata et al., (2003). However, some studies have reported antimicrobial activities of various
plant extracts in different locations around the globe (Jahani et al., 2006; Gangoue-Pieboji et al., 2009;
Pallavali et al., 2019). It may be accepted that despite its high antimicrobial potential against S. aureus,
Sida acuta have very weak or no antimicrobial potential against P aeruginosa and/or K. pneumoniae. This
may be as a result of the high resistance-ability of these organisms, as various reports suggest that both
organisms develop multi-drug resistance to well known antibiotics than other gram-negative bacteria (Al-
Mawlah et al.,, 2017; Sah et al., 2020).

This study also revealed that ethanolic leaf extracts had higher MIC and MBC across the test isolates than
the aqueous leaf extracts, which is consistent with the findings of Bussmann et al., (2010), Sen and Batra
(2012) and Debalke et al., (2018). It had been earlier highlighted by Mostafa et al. (2018) and Al-Hashimi,
(2012), that the MIC values of plant extracts may vary due to the chemical constituents and their
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components volatility. Hence, the use of ethanolic solvents for extraction gives most plant extracts the
ability to exhibit higher antimicrobial potency than aqueous extracts or other solvents. Also, the presence of
a large number of chemical compounds (such as phenols, terpenes, etc,) in ethanolic extract increases its
antimicrobial potency, as these compounds elicit multiple target site actions against the bacterial cells than
in other solvents (Gonelimali et al., 2018)

The active antibacterial potential of Sida acuta extracts against S. aureus in this study indicates that the
plantis a viable antibiotics alternative, considering that majority of the common clinical symptoms caused
by S. aureus, such as boil, breast abscess, surgical wound infection, etc. are on the rise, as well as also
being persistently recalcitrant to first-line antibiotics in developing countries. Mohammed et al., (2020) also
opined that the use of plant-derived antibiotics may be adopted in the face of a rising antibiotics-resistance
across the world.

The qualitative phytochemical analysis from this research identified alkaloids, flavonoids, cardiac
glycosides, saponins, tannins, phenols and terpenoids from aqueous and ethanolic leaf extracts of S.
acuta, which is also similar to the findings of Mujeeb et al., (2014), Kebede et al., (2021), Mansoori et al.,
(2020), and Muhammad et al., (2021). The presence of these components in the extracts also play a major
role in the overall antimicrobial activity of the extracts. Phenols were most predominant in all the two
extracts and tannin was the least. Phenolic compounds exhibit certain actions such as membrane damage,
blocking of enzymes and toxins production, as well as suppression of biofilm formation, on bacterial cells,
thus aiding the antibacterial potency of crude substances in which they are found. Also, these compounds
have been observed to carry out synergistic actions alongside other chemotherapeutic antimicrobials
against resistant bacteria, and as such a promising candidate for alternative antimicrobial therapeutic
administrations (Miklasinska-Majdanik et al., 2018).

Scopoletin, vomifoliol, evofolin-B, assamicin11, assamicin1 and 4-ketopinoresinol were also identified as
major phytoconstituents present in extracts of S. acuta. Karou et al., (2007), Altemimi et al., (2017) and
Aminah et al., (2021) have also reported the presence, bioactivities and antimicrobial importance of these
components derived from Sida acuta, while Jang et al., (2003) highlighted the effects of these constituents
in inducing quinone reductase and in inhibiting 7,12-dimethylbenz[a]anthracene-induced preneoplastic
lesions in mouses. Scopoletin and vomifoliol compounds have been reported to significantly increase
lipoprotein lipase activity 3T3-L1 adipocytes in dose and time dependent manners (Jang et al., 2003).
Likewise, Yang et al., (2007) found scopoletin to partially reverse tumor necrosis factor alpha- induced
suppression of lipoprotein lipase activity. Studies have reported this component as a potential regulator of
inflammatory reactions mediated by mast cells. It does not release enzyme from the adipocyte membrane
in organisms, but instead, decreases the level of mMRNA, suggesting a post transcriptional control in
bacterial cells. Thus, it is said to act as a facilitator of plasma triglyceride clearance (Yang et al,, 2007,
Moon et al., 2007). Scopoletin has also been found to inhibit leukemia cell proliferation (Manuele et al.,
2006). Apart from the antimicrobial activities of these constituents, their bioactive potential and
remediation in pathological sites are also useful for an overall therapeutic use against infections and their
impacts on certain organs. Nevertheless, there is need for more findings into the bioactivities of
phytoconstituents from plant extracts.
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Conclusion

The findings of this study concludes that S. acuta has good antibacteria potential and the presence of
certain phytocompounds in the plant does not only make it a good antibactrial agent, but a promising
remedial therapeutic agent. If explored and well studied, extracts from S. acuta could be designed for use in
rural tropical regions where majority rely on herbal therapy and are very sceptical about chemical-based
therapeutics. Besides, majority of the population in these regions live below the poverty-line and cannot
afford the potent antibiotics that are currently being advised for use. For a plant such as S. acuta, that has
its leaf, stem and roots as potential antimicrobial candidate, there are very few studies on its antimicrobial
properties. Hence, there is need for further and broader studies on this plant, its antimicrobial properties and
bioactive remediation effect on the pathological impact of infection/diseases.
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Figure 1

Quantitative phytochemical screening of S. acuta leaf extracts.
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