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ABSTRACT

The main aim of this investigation was to extract chemicals from the roots of Sida rhombifolia and afterwards assess
their antibacterial properties. Crude gradient extracts were acquired through the utilization of the cold maceration
technique from three solvents, namely petroleum ether, chloroform, and methanol, which were selected based on their
increasing solvent polarity. The present study aimed to assess the antibacterial efficacy of gradient extracts and
extracted chemicals by in vitro experimentation. Four harmful bacterial strains, including Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, and Salmonella typhimurium, were selected for examination. The agar disc
diffusion technique was employed as the method of analysis. The findings indicated that the antibacterial activities
exhibited similar levels of effectiveness. However, the actions exhibited by the tested compounds were comparatively less
potent when compared to the reference agent, ciprofloxacin. Out of the three crude extracts, the chloroform extract was
utilized for column chromatographic separation, resulting in the isolation of SRL-1, SRL-2, and SRL-3. The antibacterial
activity identified in the crude extracts and isolated components provide support for the traditional medicinal
application of the plant in treating various bacterial illnesses. Therefore, it is advisable to conduct additional testing on a
substantial number of bacterial strains in order to determine the potential of the compounds as candidates for the
creation of antibacterial medications.
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INTRODUCTION

The utilization of natural resources for the treatment of a diverse range of ailments in both humans and
domestic animals has a longstanding historical association. These products have been utilized as valuable
resources for the development of numerous contemporary pharmaceuticals aimed at treating various
human ailments including cardiovascular diseases, cancer, malaria, mental disorders, and others [1, 2].
The majority of contemporary pharmaceuticals have been derived or identified from botanical sources
with therapeutic properties. These pharmaceutical substances have been identified through the
examination of the therapeutic applications of a certain botanical species or its components by
practitioners of herbal medicine. Subsequently, bioactive chemicals have been extracted from the plant or
its specific sections that have traditionally been employed in the treatment of various human ailments.
The aforementioned data collectively suggest that medicinal plants possess a significant potential as
viable resource for the development of contemporary pharmaceuticals. Sida rhombifolia is classified as
one of the 200 species within the genus Sida [3-5].
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The plant exhibits growth patterns characteristic of tropical and warm environments, and its distribution
spans throughout many tropical areas. Sida rhombifolia Linn is renowned for its extensive array of
therapeutic applications [6]. For example, this substance is utilized in the treatment of scorpion, snake,
and wasp stings and bites, as well as various skin diseases and sores. It is also employed to address
stomach disorders, including stomach pain, digestion issues, and conditions such as malaria, flatulence,
diarrhea, dysentery, irritable bowel syndrome, gastritis, enteritis, and hemorrhoids [7]. Additionally, it is
used in the management of diabetes, chickenpox, blood purification, fatigue, headaches, including
migraines, eye problems such as conjunctivitis, toothaches, fever, gum infections, swelling, and as a tonic
for general well-being. Lastly, it is applied topically to wounds, ophthalmic conditions, cuts, and to reduce
swelling. Sida rhombifolia is extensively utilized by herbalists in Ethiopia for the treatment of many
human ailments. Scientific investigations have been conducted to evaluate the biological activity of
extracts derived from various morphological components of Sida rhombifolia. The aqueous-methanol
extract of the entire plant of Sida rhombifolia demonstrated significant antibacterial efficacy in an in vitro
activity test. The methanolic extract derived from the fruit of this organism exhibited noteworthy
antibacterial activity in vitro against various kinds of bacteria. According to reports, the efficacy of leaf
extract in mitigating nephrotoxicity and renal dysfunction generated by GM has been proven in an animal
model research [7-9].

In a separate investigation, the anti-inflammatory effect of the methanolic extract derived from the aerial
section of the subject was examined in an animal model. The utilization of ethanol and aqueous extracts
derived from the aerial sections of the plant has been documented as beneficial for the management of
arthritis [10]. This finding suggests that Sida rhombifolia has the potential to serve as a valuable source of
natural antioxidants. Recently, comparable findings were also documented in animal models by the
utilization of root and stem extracts. The administration of an aqueous extract derived from leaves was
conducted on rats with hyperbilirubinemia, revealing promising potential of this plant as a novel source
of medications for those affected by hyperbilirubinemia [11, 12].

The stem of Sida rhombifolia was subjected to Soxhlet extraction using methanol as the solvent. The
chemical was isolated from Sida rhombifolia for the first time, as noted in the study. The chemical
exhibited significant antibacterial activity against multiple strains of bacteria in an in vitro test.
Nevertheless, there is a lack of documented research about the assessment of the antibacterial properties
exhibited by chemicals derived from the roots of this plant. In this investigation, we endeavored to extract
and describe compounds derived from the root components of Sida rhombifolia Linn [13-15].
Additionally, we aimed to assess the antibacterial properties of these compounds.

MATERIAL AND METHODS

Commonly used solvents in laboratory settings include petroleum ether, chloroform, ethyl acetate,
acetone, methanol, and distilled water, which are employed for purposes like as extraction and column
elution. Chromatographic studies were conducted using aluminum sheets that were pre-coated with silica
gel. The identification of compound spots on thin-layer chromatography (TLC) plates was accomplished
through the utilization of ultraviolet (UV) light and iodine vapor. The process of solvent evaporation was
conducted utilizing a rotary evaporator, while extraction was facilitated by employing a HY-5A
Manoeuvre style vibrator. The antibacterial activity test utilized a conventional antibiotic disc and culture
media. The H-NMR, 13C-NMR, and DEPT-135 spectra were acquired using a Bruker Advance 400 MHz
spectrometer. The solvent employed for all spectroscopic analyses was CDCI3. In this study, infrared
spectra were acquired using a Perkin-Elmer BX infrared spectrometer, with potassium bromide (KBr) as
the sample matrix. The melting point determination was conducted using a Griffin melting point
instrument.

Collection and Extraction

The plant material was subjected to a drying process at ambient temperature, ensuring it was not
exposed to direct sunlight. Subsequently, the desiccated substance was subjected to mechanical grinding
using a specialized apparatus. A total of 100 grams of powdered root material was subjected to sequential
extraction utilizing the maceration technique. The filtrate samples were concentrated under reduced
pressure using a rotary evaporator and afterwards underwent an antibacterial activity test. Upon
conducting a comparative analysis of the antibacterial properties exhibited by the crude extracts derived
from the aforementioned solvent systems, it was determined that the chloroform extract displayed the
most promising results. Consequently, the decision was made to proceed with the chromatographic
isolation of the contents present within the chloroform extract. Subsequently, a significant quantity of the
powdered substance underwent extraction using identical methodology, utilizing two distinct solvent
systems.
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Assessment of Antibacterial Property

The antibacterial activity studies utilized the following test organisms: Staphylococcus aureus
ATCC25903, Escherichia coli ATCC25722, Pseudomonas aeruginosa DSMZ1117, and Salmonella thyphi.
ATCC13311.

Disk Diffusion Antimicrobial Assay and Test Solution Preparation

The test solutions were produced by dissolving 100 mg of each of the crude extracts in 1 ml of dimethyl
sulfoxide (DMSO), resulting in a final stock concentration of 100 mg/ml for each test sample. The
bacterial suspension was evenly distributed onto the 90 mm Petri dishes containing Mueller Hinton agar
by means of a sterilized cotton swab. Subsequently, sterile discs with a diameter of six millimeters were
positioned on the surface of the inoculated Agar in Petri dishes. Following this, 50 microliters of each test
solution were administered onto the discs. Following the addition of test solutions onto the discs, the
extract was subjected to a diffusion process for a duration of 5 minutes. Subsequently, the plates were
placed in an incubator set at a temperature of 37°C for a period of 24 hours [16, 17].

Isolation and Characterization

To isolate chemicals from Sida rhombifolia root chloroform extract, silica gel column chromatography was
used. A glass column contained 100 g petroleum ether-dissolved silica gel slurry. The crude substance
was dried on silica gel. The solvent was allowed to evaporate, and the dry sample adsorbed on silica gel
was placed in the column. TLC studies of crude material separated pigments well on TLC plate in
petroleum ether and ethyl acetate solvent system. A total of 123 40-ml portions were collected. Rotary
evaporators extracted fraction solvents with decreasing pressure. Exposure to iodine vapor and UV light
at 254 and 365 nm revealed TLC plate spots. The fractions with similar TLC development characteristics
were mixed and dried under decreased pressure using rotary evaporators [18, 19].

RESULTS

Scientific investigations have demonstrated that extracts derived from various components of the plant,
especially its roots, exhibit diverse biological activities, including antibacterial properties. These findings
imply that the plant has promise as a possible source for the development of novel antibacterial
medications. This study focuses on the extraction and isolation of compounds derived from the roots of
Sida rhombifolia, as well as the subsequent evaluation of the antibacterial properties of these isolated
compounds.

Evaluation of Sida rhombifolia Root Crude Extracts and Isolated Chemicals for Antibacterial
Activity

For preliminary antibacterial activity tests, 100 g of plant material was macerated in petroleum ether
chloroform, methanol, and gradient extractions. 1.62 g, 2.04 g, and 1.9 g of crude material were obtained
from petroleum ether, chloroform, and methanol filtrates after solvent removal. The extracts were tested
for antibacterial activity against four microorganisms using the preceding methods. The crude extracts
were tested for antibacterial activity against each test bacterium species in duplicates. Results are
presented as the average mean * standard deviation of the observed inhibitory zones [20, 21].

The three crude extracts had considerable antibacterial activity against all bacterial species, however they
were lower than the reference substance. The results support previous publications on Sida rhombifolia
methanolic root extract's antibacterial properties and traditional use of its roots to treat bacterial
infections and wounds. The data showed that methanol extracts are more effective than chloroform and
petroleum ether extracts against E. coli and S. typhimurium.

Isolated Sida rhombifolia Root Compounds Characterization

The three distinct chemical components (referred to as SRL-1, SRL-2, and SRL-3) obtained from the
chloroform extract derived from the root of Sida rhombifolia were identified as n-hexacos-11-enoic acid,
stigmasterol, and (3-sitosterol, respectively (as depicted in Figure 1). The compounds were characterized
utilizing spectroscopic methodologies, specifically NMR (Nuclear Magnetic Resonance) and IR (Infrared)
spectroscopic techniques. The determination of the compound's structure was achieved through a
comparative analysis of the observed spectrum and melting point data with the documented data of these
compounds in existing literature [22, 23].

Table 1: Bacterial inhibition zones of 50 mg/ml Sida rhombifolia root crude extracts

Extracts Bacterialspecies
E.coli S.aureus P.aeruginosa S. typhimurium
PEextract 15+ 2 15+3 11+1 15.6+0.3
Chl.extract 16+ 1 17+2 12.6+2 13.6+0.2
Met.extract 21+2 16+ 4 17+3 16.3+4
Ciprofloxacin 36 33 29 31
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Structure Elucidation of SRL-1

The chemical SRL-1 exhibits colorless crystalline properties with a measured retention factor (Rf) value
of 0.6. The infrared (IR) spectra of the sample, specifically potassium bromide (KBr), exhibited absorption
bands corresponding to the carboxylic acid hydroxyl group at a wavenumber of 3407 cm-1, the carbonyl
group at 1705 cm-1, and the long aliphatic chain at 731 cm-1. The substance in question is most likely an
aliphatic acid. The supplementary material 2 has the 1 H-NMR spectra of SRL-1, which indicates the
presence of olefinic groups at chemical shifts of §5.38 and 5.34 for H-11 and H-12, respectively. Two
doublets seen at chemical shifts of 62.82 and 2.79 are indicative of the presence of methylene protons
adjacent to a carboxylic group on the carbon atom labeled as C-2.

H O
MM/WV\M\)\DH
H

SRL-1 (n-hexacos-11-enoic acid)

Fig 1: The hypothesized structure of Sida rhombifolia (SRL-1)

Structure Elucidation of SRL-2

The chemical was acquired in the form of a white powder, with a retention factor (Rf) value of 0.33. The
infrared (IR) spectra of SRL-2, as observed using potassium bromide (KBr), does not exhibit a doublet
band in the vicinity of 2850 and 2750 cm-1. This absence of a doublet band suggests that the chemical
does not possess an aldehyde functional group. The lack of a prominent peak within the region of around
1700-1800 cm-1 further substantiates the absence of a carbonyl group within the molecule. The lack of
discernible bands within the spectral region of 2000 to 1650 cm-1 suggests the absence of any aromatic
functional groups within the molecule. Conversely, the detected stretching band with a wavenumber of
3429 cm-1 suggests the existence of a hydroxyl functional group. Based on the analysis of the infrared
data, it may be inferred that the chemical under investigation potentially exhibits characteristics of an
alcohol compound containing a carbon-carbon double bond within its molecular structure.

Structure Elucidation of SRL-3

The chemical was acquired in the form of a colorless solid with needle-like morphology, with an Rf value
of 0.30. The infrared (IR) spectra of SRL-3, specifically using potassium bromide (KBr) as the medium,
revealed the absence of a doublet band in the vicinity of 2850 and 2750 cm-1. This absence signifies the
absence of an aldehyde functional group within the compound. The lack of a prominent band provides
evidence that the molecule does not possess a carbonyl group. The lack of discernible bands within the
2000 to 1650 cm-1 range suggests the absence of any aromatic functional groups within the molecule.
Therefore, the detected stretching band at a wavenumber of 63432 cm-1 provides evidence for the
existence of a hydroxyl functional group. The prominent peak observed at a wavenumber of 63007 cm-1
corresponds to the stretching vibration of carbon-hydrogen (C-H) bonds in alkenes. Conversely, the peaks
observed at wavenumbers §2930 and 62855 cm-1 are indicative of the stretching vibrations of C-H bonds
in methylene and methyl groups, respectively.

SRL-2 (Stigmasterol) SRL-3 (P-sitosterol)
Fig 2: The hypothesized structure of Sida rhombifolia root compounds SR-2 and SR-3
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Antibacterial Test of the Isolated Compounds

The antibacterial properties of the isolated compounds (SRL-1, SRL-2, and SRL-3) were assessed through
in vitro experiments utilizing the Agar diffusion method. Four bacterial species, namely E. coli, S. aureus,
P. aeruginosa, and S. typhimurium, were utilized for this evaluation. The chemicals' actions were
quantified by measuring the zones of growth inhibition. The inhibitory actions of the substances in terms
of growth are provided. The antibacterial activity of the separated compounds exhibited reduced efficacy
compared to the reference medication, similar to the crude extracts [24-26].

Table 2: 13C-NMR, DEPT-135 and 'H-NMR data of SRL-3

Sr.No Compounds E.coli S.aureus P.aeruginosa S.typhimurium
1 SRL-1(n-hexacos-11- 12 13 10 12
enoicacid)
2 SRL-2 (Stigmasterol) 13 13.0 10.0 12
3 SRL-3(-sitosterol) 14.0 12 9.6 13
Ciprofloxacin 36 33 29 31

Furthermore, the compounds exhibited minimal antibacterial efficacy against Pseudomonas aeruginosa.
As demonstrated previously, SRL-1 exhibited antimicrobial efficacy that was similar to that of SRL-2 and
SRL-3. Nevertheless, a thorough examination of existing literature reveals a dearth of studies that may be
utilized for the purpose of comparing and contrasting our findings. The antimicrobial properties of SRL-2
exhibited a moderate level of effectiveness when compared to the reference medication. This observation
is consistent with earlier studies that have demonstrated the limited antibacterial efficacy of stigmasterol
against Acetobacter sp., E. coli, S. aureus, Streptococcus sp., and P. aeruginosa. In contrast, the observed
antibacterial activity aligns with existing literature findings regarding the relatively low to moderate
bactericidal effects of B-sitosterol against several bacterial strains, such as S. aureus, E. coli, and P.
aeruginosa [27-31].

CONCLUSION

In summary, the crude acetone extract yielded three chemicals, namely SRL-1, SRL-2, and SRL-3. The
substances were identified as n-hexacos-11-enoic acid, stigmasterol, and [-sitosterol, respectively,
through the analysis of their physical properties, spectroscopic data (IR and NMR), and relevant literature
sources. This study presents the initial report on the isolation of SRL-1 from Sida rhombifolia. The in vitro
test findings demonstrated that the separated compounds exhibited antibacterial activity that were
comparatively lower than those of the reference compound. When comparing the compounds, their
antibacterial properties were found to be similar. However, the efficacy of the compounds exhibited
substantially lower activity against Pseudomonas aeruginosa. The findings were also in line with those
obtained from the crude extracts. The antibacterial activity reported in both the crude extract and
isolated components provide support for the traditional medicinal usage of the plant in treating various
bacterial illnesses. Therefore, it is advisable to conduct additional testing on a substantial number of
bacterial strains in order to determine their potential as candidates for the creation of antibacterial
medications.
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