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Abstract 
Context: The Sida genus, part of the Malvaceae family, is commonly used in traditional medicine due to its many beneficial properties, such as antigout, anti-
rheumatic, anti-inflammatory, antitumor, and hepatoprotective effects. Various species of Sida are found in Indonesia, particularly on the island of Sumatra, 
and may hold potential for future drug development. 

Aims: To assess and compare the methanol leaf extracts of three Sida species (S. acuta, S. rhombifolia, and S. cordifolia) from West Sumatra and South 
Sumatra, Indonesia, for their chemical content in metabolite profiling, in vitro antioxidant capacity, and xanthine oxidase inhibitory activity. 

Methods: The LC-MS/MS method was used to determine metabolite profiling, while spectrophotometry was used to assess total phenolic content, flavonoid 
content, antioxidant capacity, and xanthine oxidase inhibitor activity. 

Results: The results showed that S. rhombifolia (WS) had the highest total phenolic (64.872 ± 1.525 mg GAE/g) and flavonoid contents (13.890 ± 0.816 mg QE/g), 
S. acuta (SS) exhibited the highest antioxidant activity (IC50 147.295 ± 3.364 µg/mL), and S. cordifolia (WS) showed the highest xanthine oxidase inhibitor 
activity (IC50 110.087 ± 15.637 µg/mL).  

Conclusions: These findings suggest that S. acuta, S. rhombifolia, and S. cordifolia may be potential sources of polyphenols and antioxidants and could also 
serve as promising natural plant sources for developing antigout remedies.  
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Resumen 
Contexto: El género Sida, perteneciente a la familia Malvaceae, se utiliza habitualmente en medicina tradicional por sus numerosas propiedades beneficiosas, 
como efectos antigotosos, antirreumáticos, antiinflamatorios, antitumorales y hepatoprotectores. En Indonesia, sobre todo en la isla de Sumatra, se 
encuentran varias especies de Sida que pueden tener potencial para el desarrollo futuro de fármacos. 

Objetivos: Evaluar y comparar los extractos metanólicos de las hojas de tres especies de Sida (S. acuta, S. rhombifolia y S. cordifolia) de Sumatra occidental y 
Sumatra meridional, Indonesia, para determinar su contenido químico en perfiles de metabolitos, su capacidad antioxidante in vitro y su actividad inhibidora 
de la xantina oxidasa. 

Métodos: El método LC-MS/MS se utilizó para determinar el perfil de metabolitos, mientras que la espectrofotometría se utilizó para evaluar el contenido 
fenólico total, el contenido de flavonoides, la capacidad antioxidante y la actividad inhibidora de la xantina oxidasa. 

Resultados: Los resultados mostraron que S. rhombifolia (WS) tenía el mayor contenido fenólico total (64,872 ± 1,525 mg GAE/g) y de flavonoides (13,890 ± 
0,816 mg QE/g), S. acuta (SS) exhibió la mayor actividad antioxidante (IC50 147,295 ± 3,364 µg/mL), y S. cordifolia (WS) mostró la mayor actividad inhibidora de 
la xantina oxidasa (IC50 110,087 ± 15,637 µg/mL). 

Conclusiones: Estos resultados sugieren que S. acuta, S. rhombifolia y S. cordifolia pueden ser fuentes potenciales de polifenoles y antioxidantes, y también 
podrían servir como fuentes de plantas naturales prometedoras para desarrollar remedios contra la gota. 

Palabras Clave: capacidad antioxidante; inhibidor de la xantina oxidasa; perfil de metabolitos; Sida L.; sidaguri. 
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INTRODUCTION 

According to Brandão et al. (2017) and Yoshikawa 
et al. (2019), the sidaguri plant (Sida L.) is a genus 
belonging to the Malvaceae family, with around 200 
species distributed worldwide, of which 189 species 
are found in America, and 113 species are found in 
Brazil. S. acuta, S. rhombifolia, S. cordifolia, S. retusa, and 
S. scabrida are among the species of the genus Sida that 
have been used for medicinal purposes across Asia, 
the Americas, and Africa for thousands of years (Aus-
tin, 2002). Traditional medicine has utilized various 
parts of the sidaguri plant to alleviate conditions like 
neurological and uterine disorders, headaches, tuber-
culosis, diabetes, malarial fever, ulcers, wounds, 
rheumatism, gout, diarrhea, dysentery, and skin dis-
eases. Extracts and compounds derived from the 
sidaguri plant exhibit numerous medicinal properties, 
such as antimicrobial, anti-inflammatory, analgesic, 
hepatoprotective, antiulcer, cytotoxic, cardioprotec-
tive, neuroprotective, antitubercular, antioxidant, 
nephroprotective, antidiabetic, antiobesity, abortifa-
cient, antigout, and antipyretic activities (Ajithabai et 
al., 2012; Galal et al., 2014; Kumar et al., 2013; 
Srinithya and Muthuraman, 2014). 

Several studies have been conducted to investigate 
the biological and pharmacological activities of the 
Sida L. genus, given its various traditional uses (Biftu 
et al., 2014; Chaves et al., 2013; Jindal et al., 2012). The 
plant contains 142 chemical compounds, including 
alkaloids, flavonoids, and phytosterols, which com-
prise around 16, 13, and 11% of the chemical groups, 
respectively. The alkaloid, flavonoid, phenolic, and 
ecdysteroid groups have the highest reported biologi-
cal and pharmacological activities for this genus 
(Dinda et al., 2015). Indonesia has a number of Sida 
species, such as S. acuta, S. rhombifolia, S. retusa, S. 
subcordata, S. scabrida, and S. cordifolia, which are 
commonly known as "sidaguri" They are traditionally 
used in Indonesia to reduce inflammation, ease child-
birth, and treat a variety of ailments such as gout, 
rheumatism, ulcers, scabies, eczema, ringworm, itch-
ing, diarrhea, dysentery, jaundice, and toothaches 
(Dharma, 1987; Dinda et al., 2015). 

Researchers have conducted numerous studies on 
the pharmacological potential of the Sida genus, and 
the most commonly reported pharmacological activi-
ties include antioxidant (27%), antimicrobial (18%), 
anti-inflammatory (11%), anticancer (7%), wound 
healing (5%), antiparasitic (5%), hypoglycemic (5%), 
analgesic (4%), and other effects (16%). Recent years 
have seen an increase in the investigation of the anti-
oxidant potential of the Sida genus, as it has been 
found to be effective in reducing free radicals that can 

lead to the development of various diseases, includ-
ing cancer (Rodrigues and de Oliveira, 2020). 

The genus Sida contains phenolic compounds that 
act as antioxidants and can combat free radicals. Fla-
vonoids, which are the largest polyphenolic com-
pounds, are known to have excellent activity against 
free radicals and can inhibit hydrolytic and oxidative 
enzymes while reducing inflammation (Atanassova et 
al., 2011). S. rhombifolia is used in India (Chaves et al., 
2017) and Indonesia (Dharma, 1987) as an antigout 
medication, and the sidaguri plant shows promising 
potential as an antigout treatment because of its abil-
ity to inhibit xanthine oxidase enzyme activity. Alt-
hough research on sidaguri plants as antigout treat-
ments is limited, Konate et al. (2010) investigated the 
polyphenol content, antioxidant activity, and inhibi-
tory effects of lipoxygenase and xanthine oxidase 
enzymes from various extracts of S. alba L. and S. 
acuta Burm.f. The dichloromethane and ethyl acetate 
fractions of these extracts had the highest polyphenol 
content, antioxidant activity, and xanthine oxidase 
(antigout) enzyme inhibitor activity. 

Therefore, to investigate the medicinal potential of 
Indonesian sidaguri plants, specifically those found in 
Sumatra, research was conducted on three species of 
sidaguri plants from West Sumatra and South Suma-
tra: Sida acuta, Sida rhombifolia, and Sida cordifolia.  

MATERIAL AND METHODS 

Collection of plant materials 

During April-May, Sida plants belonging to three 
species, namely Sida acuta, Sida rhombifolia, and Sida 
cordifolia, were collected from West Sumatra and 
South Sumatra in Indonesia (Fig. 1). The collected 
specimens were deposited at Andalas Herbarium, 
Andalas University, Padang, Indonesia, after being 
authenticated. The vouchers for the West Sumatra 
specimens were confirmed to be Sida acuta Burm.f. 
(ANDA 00038430), Sida rhombifolia L. (ANDA 
00038436), and Sida cordifolia L. (ANDA 00038432), 
while those for the South Sumatra specimens were 
Sida acuta Burm.f. (ANDA 00038438), Sida rhombifolia 
L. (ANDA 00038440), and Sida cordifolia L. (ANDA 
00038439), as shown in Table 1. 

Reagents and materials 

All the chemicals and reagents utilized in the re-
search were of analytical grade and were bought from 
reputable sources such as Merck and Sigma-Aldrich. 
The experimental procedures involved using a spec-
trophotometry microplate reader (BioRad Xmark), a 
UV-Vis Spectrophotometer (Shimadzu PHarmspec
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Figure 1. Collected samples of (A) Sida acuta Burm.f. (WS), (B) Sida acuta Burm.f. (SS), (C) Sida rhombifolia L. (WS), (D) 
Sida rhombifolia L. (SS), (E) Sida cordifolia L. (WS) and (F) Sida cordifolia L. (SS). 
WS: West Sumatra; SS: South Sumatra. 

 
Table 1. Location and habitat of three sidaguri (Sida L.) species collected from West Sumatra and South Sumatra. 

Species Locality Habitat Altitude Specimen 
code  

Coordinate 

Sida acuta Burm.f. (WS) Kebun Tanaman Obat (KTO) Andalas 
University Kel. Limau Manih, Kec. Pauh 
Padang, West Sumatra 

Forest 300-500 m ANDA 
00038430 

0°54'25.8"S 
100°27'45.2"E 

Sida acuta Burm.f. (SS)  Jl. Makrayu Kecamatan Ilir Barat 2 
Palembang, South Sumatra 

Road side 0-100 m ANDA 
00038438 

2°59’40.9”S 
104°44’38.8”E 

Sida rhombifolia.L. (WS) Kebun Tanaman Obat (KTO) Andalas 
University Kel. Limau Manih, Kec. Pauh 
Padang, West Sumatra 

Forest 300-500 m ANDA 
00038436 

0°54'25.8"S 
100°27'45.2"E 

Sida rhombifolia. L. (SS)  Jl. Kol. H. Burlian KM. 5 Palembang, 
South Sumatra 

Meadow 0-100 m ANDA 
00038440 

2°57’04.7”S 
104°44’01.7”E 

Sida cordifolia. L. (WS)  Pantai Pasir Jambak, Pasie Nan Tigo, 
Kecamatan Koto Tangah, Padang, 
West Sumatra 

Beach side 0-10 m ANDA 
00038432 

0°50’37.0”S 
100°19’10.7”E 

Sida cordifolia. L. (SS) Desa Jaya Bakti RT. 002 RW. 001 Kec. 
Madang Suku I Kab. OKU Timur, South 
Sumatra 

Meadow 1000-1500 m ANDA 
00038439 

4°00'12.6"S 
104°36'11.8" E 

WS: West Sumatra; SS: South Sumatra. 

 
1700®), and an LC-MS instrument, which included an 
LC system (Waters Acquity UPLC I-Class), an LC 
column (ACQUITY UPLC®) BEH C8 1.7 µm 2.1 × 100 
mm, and a Mass Spectrometer (XEVO G2-XS QTof).  

Preparation of extracts 

Three species of sidaguri, namely Sida acuta 
Burm.f. (WS) and (SS), Sida rhombifolia L. (WS) and 

(SS), and Sida cordifolia L. (WS) and (SS), were collect-
ed, and their leaves were sorted, cleaned, and air-
dried for two weeks. The dried leaves were ground 
using a grinder, and 50 g of each sample was macer-
ated with 50 mL of 70% methanol. The mixture was 
stirred for 6 hours and left to stand for 18 hours. The 
filtered clear solution was re-macerated with 25 mL of 
70% methanol, and the macerates were evaporated 
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using a rotary evaporator (Buchi®) at 40°C to obtain a 
dry extract. All the chemicals and solvents used were 
of analytical grade and purchased from Merck and 
Sigma-Aldrich. The extracts were stored at 4°C in 
sealed dark vials until analysis, following the guide-
lines of the Ministry of Health of the Republic of In-
donesia (2017). 

Metabolite profiling 

To determine the chemical composition or metabo-
lite profiling of each extract, 1 g of the extract was 
used and analyzed using the LC-MS/MS method. The 
LC-MS/MS analysis was carried out using the Water 
Acquity UPLC I-Class and XEVO G2-XS QTof meth-
ods at the Bogor Forensic Laboratory Centre in Indo-
nesia. Before the LC-MS/MS analysis, solid phase 
extraction was carried out on each extract using the 
Oasis HLB 12 cc Vac Cartridge. The elution was done 
using 5% v/v methanol in water, followed by metha-
nol.  

Total phenolic content 

The method used to determine the total phenolic 
content of each extract was based on the method de-
scribed by Subramanya et al. (2015), with some modi-
fications. Each sample of 50 µL (0.1% in methanol) 
was pipetted into a 96-well plate. Then, 50 µL of ul-
trapure water, 50 µL of 7.5% Folin-Ciocalteu reagent, 
and 50 µL of 1% NaOH were added to the mixture. 
The solution was left to incubate for 60 minutes, after 
which the absorbance was measured using a micro-
plate reader (Bio-Rad xMark) at 730 nm. The total 
phenolic content of the ethanol extract was expressed 
as mgEAG/g of dry extract (mgEAG/g). The meas-
urements were performed in triplicate. 

Total flavonoid content 

The method used to determine the total flavonoid 
content of each extract was based on the Indonesian 
Pharmacopoeia with modifications (Ministry of 
Health of the Republic of Indonesia, 2017). To per-
form the test, 0.5 mL of each 0.1% methanol sample 
was added to an Erlenmeyer flask. Then, 1.5 mL of 
methanol pa, 0.1 mL of 10% AlCl3, 0.1 mL of sodium 
acetate 1 M, and 2.8 mL of ultrapure water were add-
ed. The solution was shaken and incubated for 30 
minutes, and the absorbance was measured at 430 
nm. The total flavonoid content was expressed as 
milligrams of quercetin equivalent per gram of dry 
extract (mgQE/g). The measurements were per-
formed in triplicate. 

Antioxidant capacity 

2,2-diphenyl-1-picrylhydrazyl (DPPH) assay 

The DPPH assay was used to evaluate the anti-
radical scavenging capacity of each extract, as de-
scribed by Molyneux (2004). The experiment was 
conducted in a 96-well microplate, and the absorb-
ance was measured using a BioRad Xmark microplate 
reader. In each well of the plate, 100 µL of the extract 
(at concentrations ranging from 7.8125 – 500 µg/mL) 
and 100 µL of DPPH solution (1 mM in methanol) 
were added. Gallic acid was used as a standard at 
concentrations ranging from 0.15625–1.25 µg/mL and 
treated in the same way as the samples. The reaction 
mixture was incubated in the dark at room tempera-
ture for 30 minutes and then shaken. The absorbance 
was measured at 517 nm using a microplate reader. 
The percentage inhibition of the DPPH radical by 
each extract was calculated according to equation [1]. 
The measurements were performed in triplicate. 

Inhibition (%) =
[(Absorbance control − Absorbance sample)]

Absorbance control
 ×  100 

 
[1] 

The level of antioxidant capacity was presented as 
the percentage of inhibition caused by the antioxi-
dant, and the IC50 value was determined using a line-
ar regression equation. 

Xanthine oxidase enzyme inhibitor activity  

The method described by Kong et al. (2018) was 
used to assess the xanthine oxidase enzyme inhibitor 
activity. The experiments were conducted in a 96-well 
microplate, and the absorbance was measured using a 
BioRad Xmark microplate reader. In each well, 20 µL 
of the extract at concentrations ranging from 7.8125 to 
500 µg/mL were mixed with 90 µL of phosphate buff-
er pH 7.6 and 30 µL of xanthine oxidase enzyme solu-
tion (100 mU/mL). After incubation for 15 min at 
25°C, 60 µL of xanthine substrate solution (4.5 mM) 
was added, and the contents were incubated for an-
other 30 min. The formation of uric acid was meas-
ured at 295 nm using a spectrophotometer. Xanthine 
oxidase activity was expressed as the percentage of 
xanthine oxidase inhibition, and all samples were 
measured in triplicate. 

The percentage of inhibition was calculated using 
the following equation [2]. 

Inhibition (%) =
(1 − B)

A
 ×  100 

 
[2] 

Where, A represents the enzyme activity without test drug and B 
represents the activity of the enzyme with the test drug. 

The inhibitory activity of xanthine oxidase enzyme 
was measured as a percentage of inhibition, and the 

https://jppres.com/


Sari et al. Sida spp. antioxidant and metabolite profiling 

 

https://jppres.com  J Pharm Pharmacogn Res (2023) 11(3): 405 
 

IC50 value was determined by utilizing a linear re-
gression equation. 

Statistical analysis 

Statistical analysis was performed using SPSS 26.0 
(IBM SPSS Statistics) by conducting a one-way 
ANOVA with PostHoc multiple comparisons. After 
conducting the tests on each sample in triplicate 
(n=3), the data were expressed as mean ± standard 
deviation. A p-value less than 0.05 was considered 
statistically significant. The IC50 value (μg/mL) was 
calculated using linear regression analysis. 

RESULTS AND DISCUSSION 

Metabolite profiling 

Table 2 presents the analysis of compound metab-
olite profiles. The LC-MS/MS peak chromatograms of 

compounds with different molecular weights describe 
the difference in the content of these compounds 
(Figs. 2-3). Pheophorbide A had the highest content in 
Sida acuta Burm.f. (WS) at 18.26% and was the third 
most abundant compound in Sida acuta Burm.f. (SS). 
Quercetin pentamethyl ether was the primary com-
pound in Sida acuta Burm.f. (SS) at 10.35%. Scortechi-
none X was the primary compound in Sida rhombifolia 
L. (WS) at 15.34% and was the compound with the 
second-largest content in Sida rhombifolia L. (SS). The 
primary compound in Sida rhombifolia L. (SS) was 
ethyl (2Z)-5-oxo-1-(2-phenylethyl)-2-[(3,4,5-triethoxy-
benzoyl) imi-no]-1,5-dihydro-2H-dipyrido[1,2-a:2',3'-
d]pyrimdine-3-carboxylate at 15.07%. L-(+)-valine 
was the primary compound in Sida cordifolia L. (WS) 
and the fourth most abundant compound in Sida cor-
difolia L. (SS). Epoxypheophorbide A was the primary 
compound in Sida cordifolia L. (SS) at 15.32%. 

 
Table 2. Interpretation of the five main chemical constituents of leaves extract of three sidaguri species (Sida L.) from West Sumatra and 
South Sumatra. 

Extract Retention 
time 
(min) 

Area 
(%) 

Theoretical 
mass (m/z) 
 

Molecule 
formula 

Molecule 
weight 
(g/mol) 

Measured 
mass 
[M-H]+ 

Ion 
fragment 
(m/z) 

Tentative 
identification 

Sida acuta 
Burm.f. (WS) 

15.58 18.26 593.2765 C35H36N4O5 592.68 592.27 592.2666; 
594.2791; 
595.2819 

Pheophorbide A (1) 

15.10 9.03 625.2683 C35H36N4O7 624.683 624.258 609. 2700 Ethyl (2Z)-5-oxo-1-(2-
phenylethyl)-2-
[(3,4,5-
triethoxybenzoyl)imin
o]-1,5-dihydro-2H-
dipyrido[1,2-a:2',3'-
d]pyrimidine-3-
carboxylate (2) 

5.01 9.00 233.1094 C16H12N2 232.28 232.10 218.0856; 
234.1123  

Cryptolepine (3) 

15.34 7.39 609.2704 C34H40O10 608.68  608.26 591.2589; 
610.2733; 
611.2761 

Scortechinone X (4) 

11.83 6.43 553.4326 C35H56N2O3 - - - - 

Sida acuta 
Burm f. (SS) 

10.35 11.43 373.1282 C20H20O7 372.37 372.12 343.0814; 
374.1317 

Quercetin 
Pentamethyl Ether (5) 

9.72 11.32 413.1389 C29H48O 412.37 412.69 412.37; 
373.090 

Stigmasterol (9) 

1.37 10.30 118.0870 C5H11NO2 117.15 117.08 104.1076 L-(+)-Valine (6)  

15.56 9.93 593.2782 C35H36N4O5 592.68 592.27 592.2668; 
594.2800; 
595.2827  

Pheophorbide A (1) 

11.81 8.60 553.4253 C36H56O4 552.827 552.418 507.2293; 
353.2690; 
277.2177 

Stigmastane-
3β,5α,6β-triol (7) 
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Table 2. Interpretation of the five main chemical constituents of leaves extract of three sidaguri species (Sida L.) from West Sumatra and South 
Sumatra (continued…) 

Extract Retention 
time 
(min) 

Area 
(%) 

Theoretical 
mass (m/z) 
 

Molecule 
formula 

Molecule 
weight 
(g/mol) 

Measured 
mass 
[M-H]+ 

Ion 
fragment 
(m/z) 

Tentative 
identification 

Sida 
rhombifolia L. 
(WS) 

15.34 16.75 609.2747 C34H40O10 608.68 608.26 591.2628; 
610.2769; 
611.2796 

Scortechinone X (4) 

15.07 16.40  625.2658 C35H36N4O7 624.683 624.258 609. 2700 Ethyl (2Z)-5-oxo-1-(2-
phenylethyl)-2-
[(3,4,5-
triethoxybenzoyl)imin
o]-1,5-dihydro-2H-
dipyrido[1,2-a:2',3'-
d]pyrimidine-3-
carboxylate (2) 

15.56 14.24  593.2776 C35H36N4O5 592.68 592.27 533.2549; 
594.2802; 
595.2830 

Pheophorbide A (1) 

5.08 7.85 463.3075 C27H42O6 462.619 

 

462.30 445.2968; 
464.3108 

Shidasterone B (8)  

16.13 6.68 639.2795 C36H38N4O7 - - - - 

Sida 
rhombifolia L. 
(SS) 

15.07 13.69  625.2662 C35H36N4O7 624.683 624.258 609. 2710 Ethyl (2Z)-5-oxo-1-(2-
phenylethyl)-2-
[(3,4,5-
triethoxybenzoyl)imin
o]-1,5-dihydro-2H-
dipyrido[1,2-a:2',3'-
d]pyrimidine-3-
carboxylate (2) 

15.34 12.69  609.2717 C34H40O10 608.68 608.26 591.2599; 
610.2743; 
611.2766 

Scortechinone X (4) 

5.08 8.43 463.3109 C27H42O6 462.62 462.30 464.3143 Shidasterone B (8) 

13.58 8.24  271.2323 C17H34O2 - - - - 

11.83 7.50  553.4321 C35H56N2O3 - - - - 

Sida cordifolia 
L. (WS) 

1.30 15.01  118.0874 C5H11NO2 117.15 117.08 104. 1076 L-(+)-Valine (6) 

10.35 10.50  373.1354 C19H20N2O6 372.37 372.13 343.0876; 
374.1384 

2-(3,4-
Dimethoxyphenyl)-5-
(3,4,5-
trimethoxyphenyl)-
1,3,4-oxadiazole (10) 

13.59 9.81  271.2334 C17H34O2 - - - - 

9.70 7.12  413.1376 C29H48O 412.37 412.69 412.37; 
373.090 

Stigmasterol (9) 

9.06 6.49  181.1236 C11H16O2 - - - - 
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Table 2. Interpretation of the five main chemical constituents of leaves extract of three sidaguri species (Sida L.) from West Sumatra and South 
Sumatra (continued…) 

Extract Retention 
time 
(min) 

Area 
(%) 

Theoretical 
mass (m/z) 
 

Molecule 
formula 

Molecule 
weight 
(g/mol) 

Measured 
mass 
[M-H]+ 

Ion 
fragment 
(m/z) 

Tentative 
identification 

Sida cordifolia 
L. (SS) 

15.32 15.55  609.2679 C35H36N4O6 608.68 608.26 291.2554; 
610.2707; 
611.2733 

Epoxypheophorbide A 
(11) 

3.04 12.36  189.1027 C11H12N2O 188.23 188.09 171. 0918  Vasicine (12)  

15.10 7.54  625.2621 C35H36N4O7 

 

 

624.683 624.2584 619.5718 Ethyl (2Z)-5-oxo-1-(2-
phenylethyl)-2-
[(3,4,5-
triethoxybenzoyl)imin
o]-1,5-dihydro-2H-
dipyrido[1,2-a:2',3'-
d]pyrimidine-3-
carboxylate (2) 

1.28 7.16  118.0865 C5H11NO2 117.15 117.08 104.1060 L-(+)-Valine (6) 

11.81 5.78  553.4269 C36H56O4 552.827 552.418 507.2293; 
353.2690;2
77.2177 

Stigmastane-
3β,5α,6β-triol (7) 

WS: West Sumatra; SS: South Sumatra. 

 
According to the study's findings, Sida acuta 

Burm.f. and Sida rhombifolia L. share similar com-
pound metabolite profiles, but with varying levels. 
However, Sida cordifolia L. had a distinct metabolite 
profile compared to the other two species, which may 
be due to environmental factors. Sida cordifolia L. (WS) 
grows on beaches at elevations between 0-10 m, while 
Sida cordifolia L. (SS) grows in meadows at elevations 
between 1000-1500 m. Soil nutrient composition and 
pH can directly influence a plant's nutrient uptake, 
growth, development, and chemical composition. 

Previous studies have isolated several compounds 
from Sida species, which include pheophorbide com-
pounds from Sida rhombifolia (Chaves et al., 2013), 
cryptolepine alkaloids from Sida acuta and other sida-
guri species (Ahmed et al., 2011; Karou et al., 2005; 
Krishnaveni et al., 2018; Rosa et al., 2019; Tajudeen et 
al., 2016), and sidasterone B ecdysteroids from Sida 
cordifolia and Sida rhombifolia. Stigmasterol, a steroid 
compound, has been isolated from Sida rhombifolia, 
Sida acuta, S. veronicaefolia, and Sida glutinosa. Valine 
was isolated from Sida rhombifolia species, while va-
sicine alkaloids with nociceptive activity have been 
isolated from Sida rhombifolia species, Sida cordifolia, 
and Sida tuberculata (Dinda et al., 2015; Siddiqui et al., 
2016). 

Total phenolic content 

The total phenolic content of sidaguri leaf extracts 
is presented in Table 3. Sida rhombifolia L. (WS) exhib-
ited the highest total phenolic content, followed by 

Sida rhombifolia L. (SS), Sida cordifolia L. (SS), Sida cordi-
folia L. (WS), Sida acuta Burm.f. (SS), and Sida acuta 
Burm.f. (WS). The measurement of total phenolic 
content using the Folin-Ciocalteu method is based on 
the reducing power of the phenolic hydroxyl group. 

Total flavonoid content 

Table 3 displays the total flavonoid content of 
sidaguri leaf extracts. The AlCl3 method was used to 
quantify total flavonoids in the samples. The AlCl3 
method works by forming a complex with total flavo-
noids, which possess a C-4 keto group and neighbor-
ing hydroxyl groups at C-3 or C-5. This reaction caus-
es a shift in wavelength towards the visible range, 
resulting in a yellow color in the solution. The highest 
total flavonoid content was found in Sida rhombifolia 
L. (WS) followed by Sida rhombifolia L. (SS), Sida acuta 
Burm.f. (WS), Sida cordifolia L. (WS), Sida cordifolia L. 
(SS), and Sida acuta Burm.f. (SS). 

According to the findings, Sida rhombifolia L. and 
Sida cordifolia L. had the highest levels of total phenol-
ic and flavonoid content among the studied species. 
This is consistent with the results of a study conduct-
ed by Subramanya et al. (2015) that analyzed the total 
phenolic and flavonoid content of root organs in vari-
ous sidaguri plants, including S. acuta, S. cordata, S. 
cordifolia, S. indica, S. mysorensis, S. retusa, S. rhombifo-
lia, and S. spinosa. The study indicated that these two 
species of sidaguri had relatively higher levels of total 
phenolic and flavonoid content compared to the oth-
ers. 
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Figure 2. Structure of the five main compounds with LC-MS/MS of three species of Sumatra sidaguri (Sida L.). 
WS: West Sumatra; SS: South Sumatra. 
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Figure 3. LC-MS/MS chromatogram leaves extract of (A) Sida acuta Burm f. (WS), (B) Sida acuta Burm f. (SS), (C) Sida rhombifo-
lia L. (WS), (D) Sida rhombifolia L. (SS), (E) Sida cordifolia L. (WS) and (F) Sida cordifolia L. (SS). 

WS: West Sumatra; SS: South Sumatra. 
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Table 3. Total phenolic and total flavonoid contents of six sidaguri leaves extract (Sida L.) from West Sumatra and South Sumatra. 

Species 
Total phenolic content 
(mg GAE/g) 

Total flavonoid content 
(mg QE/g) 

Sida acuta Burm f. (WS) 28.994 ± 0.076A 10.290 ± 0.259D 

Sida acuta Burm f. (SS) 34.548 ± 1.193B 6.932 ± 0.187A 

Sida rhombifolia L. (WS) 64.872 ± 1.525E 13.890 ± 0.816E 

Sida rhombifolia L. (SS) 64.520 ± 1.010E 13.618 ± 0.265E 

Sida cordifolia L. (WS) 40.696 ± 0.478C 9.597 ± 0.220C  

Sida cordifolia L. (SS) 48.225 ± 0.317D 8.639 ± 0.433B 

The data are presented as mean values ± standard deviation (n = 3). Superscript capital letters (A, B, C) indicate homogeneous sub-classes resulting from ANOVA 
(p<0.05) using Duncan's new multiple range test among species. GAE represents gallic acid equivalent, while QE represents quercetin equivalent. WS: West 
Sumatra; SS: South Sumatra 

 
Table 4. DPPH radical scavenging activities of six sidaguri leaves extract (Sida L.) from West Sumatra and South Sumatra. 

Species Concentration range (μg/mL) IC50 (μg/mL) Linear equation and R2 

Sida acuta Burm f. (WS) 7.8125–50 189.994 ± 10.09D y = 2.24x – 0.09. R² = 0.9667 

Sida acuta Burm f. (SS) 7.8125–250 147.295 ± 3.634B y = 2.3226x + 0.1573. R² = 0.9868 

Sida rhombifolia L. (WS) 62.5–500 423.227 ± 12.919F y = 0.8928x + 0.1215. R² = 0.9511 

Sida rhombifolia L. (SS) 62.5–500 204.668 ± 6.396E y = 2.1326x + 0.0516. R² = 0.9512 

Sida cordifolia L. (WS) 7.8125–250 174.971 ± 3.232C y = 0.0017x + 0.2095. R² = 0.9719 

Sida cordifolia L. (SS) 7.8125–250 176.530 ± 3.763C y = 0.9689x + 0.3291. R² = 0.9678 

Gallic acid 0.15625–125 0.729 ± 0.213A y = 0.5885x + 0.0704. R² = 0.9997 

Each value is represented as mean ± SD (n = 3). The mean values followed by the same letter are not significantly different by Duncan's Multiple Range 
Test at the p<0.05 levels. DPPH: 2,2 diphenyl-1-picrylhydrazyl. WS: West Sumatra; SS: South Sumatra. 

 
Antioxidant capacity 

Table 4 displays the findings of the antioxidant as-
sessment. The ethanol extract’s antioxidant activity 
can be detected visually by the reduction in the color 
of DPPH, which is proportionate to the decrease in 
absorbance as the sample concentration increases. 
Sida acuta Burm.f. (SS) exhibited the highest antioxi-
dant activity among the extracts, followed by Sida 
cordifolia L. (WS), Sida cordifolia L. (SS), Sida acuta 
Burm.f. (WS), Sida rhombifolia L. (SS), and Sida rhom-
bifolia L. (WS). 

The findings of the study suggest that Sida acuta 
and Sida cordifolia have the highest antioxidant activi-
ty. This is consistent with previous research on the 
antioxidant potential of S. acuta. Studies by Nwankpa 
et al. (2015) and Muneeswari et al. (2016; 2019) have 
also demonstrated the antioxidant potential of vari-
ous extracts from S. acuta using different methods. 
Nwankpa et al. (2015) found that the ethanol extract 
of S. acuta leaves reduced oxidative stress in rats, 
while Owoeye and Salami (2017) reported that the 
extract decreased lipid peroxidation and increased 
antiperoxidative activity. Krishnaveni (2018) also 

reported strong antioxidant activity of the ethanol 
extract of S. acuta leaves with an IC50 value of 1.83 
µg/mL for an antidote to hydrogen peroxide, reduc-
ing power effect of 142 µg/mL, and a total antioxi-
dant capacity of 185 µg/mL. 

The antioxidant potential of S. cordifolia has been 
investigated by various researchers. Siddiqui et al. 
(2016) used the DPPH and superoxide anion radical 
(O2•-) methods to analyze the antioxidant activity of 
this species. Ankad et al. (2015) tested the antioxidant 
activity of eight Sida species and found that S. cordifo-
lia root extract had the best activity. The ethanol ex-
tract of S. cordifolia was also found to reduce alcohol-
induced oxidative stress in the liver (Rejitha et al., 
2015). Srinithya et al. (2016) reported significant free 
radical scavenging activity of silver nanoparticles 
synthesized using S. cordifolia leaf extract. 

The antioxidant potential of S. acuta and S. cordifo-
lia was confirmed in several studies. Siddiqui et al. 
(2016) reported the antioxidant potential of S. cordifo-
lia using DPPH and superoxide anion radical (O2•-) 
methods. The ethanol extract of this species reduced
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Table 5. Xanthine oxidase inhibitor activities of six sidaguri leaves extract (Sida L.) from West Sumatra and South Sumatra. 

Species Concentration range 
(μg/mL) 

IC50 (μg/mL) Linear equation and R2 

Sida acuta Burm.f. (WS) 7.8125–500 Nd - 

Sida acuta Burm.f. (SS) 7.8125–500 Nd - 

Sida rhombifolia L. (WS) 7.8125–500 431.223 ± 43.411E y = 0.0007x + 0.1814. R² = 0.9823 

Sida rhombifolia L. (SS) 7.8125–500 319.533 ± 57.428D y = 0.0012x + 0.0972. R² = 0.9824 

Sida cordifolia L. (WS) 12.5–200 110.087 ± 15.637B y = 0.003x + 0.1746. R² = 0.9983 

Sida cordifolia L. (SS) 12.5–400 211.602 ± 9.246C y = 0.0017x + 0.1546. R² = 0.9722 

Allopurinol 1.25–10 2.305 ± 0.141A  y = 0.0525x + 0.379. R² = 0.9048 

Each value is represented as mean ± SD (n = 3). The mean values followed by the same letter are not significantly different by Duncan's Multiple Range 
Test at the p<0.05 levels. XO: Xanthine oxidase; Nd: No determinate. WS: West Sumatra; SS: South Sumatra. 

 
alcohol-induced oxidative stress in the liver (Rejitha et 
al., 2015). Gupta et al. (2016) found the extract to be a 
non-toxic antioxidant capable of counteracting the 
negative effects of induced oxidative stress in ani-
mals. S. cordifolia showed significant antioxidant ac-
tivity in the study of Subramanya et al. (2015). 
Nwankpa et al. (2018) found the ethanolic extract of S. 
acuta leaves to have antioxidant activity by reducing 
the effects of oxidative stress in rats. Muneeswari et 
al. (2019) confirmed the antioxidant potential of vari-
ous S. acuta plant organ extracts using different meth-
ods, and the ethanol extract of S. acuta leaves signifi-
cantly reduced monosodium glutamate-induced oxi-
dative stress in rats (Owoeye and Salami, 2017). 

Xanthine oxidase (antigout) enzyme inhibitor 
activity 

Table 5 presents the IC50 values of the xanthine ox-
idase inhibitor analysis. The results showed that Sida 
cordifolia L. (WS) had the highest inhibitory activity 
against the xanthine oxidase enzyme, followed by 
Sida cordifolia L. (SS), Sida rhombifolia L. (SS), and Sida 
rhombifolia L. (WS). However, Sida acuta Burm.f. (WS) 
and Sida acuta Burm.f. (SS) did not show any activity 
against the xanthine oxidase enzyme, even at the 
highest tested concentration of 500 μg/mL and were 
therefore considered inactive with an IC50 value 
greater than 500 μg/mL. 

The sidaguri plant has been studied in Indonesia 
as a traditional anti-gout treatment for gout, inflam-
mation, rheumatism, and related conditions (Dharma, 
1987; Ministry of Health of the Republic of Indonesia, 
2016; Wijayakusuma, 2005). Previous studies showed 
that S. cordifolia has the highest antigout activity 
among several Sida species, although it has not been 
tested yet. The flavonoid fraction of the water-
methanol extract of Indonesian S. rhombifolia plant 
exhibited significant antigout activity due to its ability 
to inhibit the xanthine oxidase (XO) enzyme. Most of 
the crude flavonoid fractions showed competitive 

inhibition against XO enzymes with an inhibitory 
effect of 79.1%, better than the positive control, allo-
purinol, which exhibited 68.1% inhibition at a dose of 
300 mg/L (Iswatini et al., 2009). Konate et al. (2010) 
found that the dichloromethane and ethyl acetate 
fractions of S. acuta showed antigout activity in an in 
vitro XO enzyme inhibition test. Hendriani (2016) 
reported that the ethanol extract of S. rhombifolia ex-
hibited the best XO enzyme inhibitory activity among 
other medicinal plants, with an IC50 value of 21.43 
µg/mL. 

The xanthine oxidase (XO) enzyme is responsible 
for producing uric acid from hypoxanthine and xan-
thine, which contributes to the development of gout. 
XO is also a source of oxygen-derived free radicals 
that can cause oxidative damage to living tissues, 
leading to various pathological processes (Lin et al., 
2013). The study found that Sida cordifolia L. (WS) had 
the highest inhibitory activity against XO enzyme and 
superoxide radical scavenging activity. The XO en-
zyme inhibitory activity was even higher than the 
superoxide scavenging activity. Thus, S. cordifolia L. 
(WS) extract can be considered a XO inhibitor with 
additional superoxide scavenging activity. The rela-
tionship between oxidative stress and gout disease is 
demonstrated as the XO enzyme produces uric acid 
by converting hypoxanthine into xanthine, generating 
superoxide and hydrogen peroxide radicals (Mo-
hamed Isa et al., 2018). 

CONCLUSION 

The study conducted on three species (S. acuta, S. 
rhombifolia, and S. cordifolia) from West Sumatra (WS) 
and South Sumatra (SS), Indonesia, revealed that the 
methanol leaf extracts of these plants contain second-
ary metabolites, antioxidants, and antigout activities. 
Using LC-MS/MS chromatography, the study found 
that each extract contained five main components 
with different types of compounds and levels. S. 
rhombifolia (WS) had the highest levels of total phenol-
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ic (64.872 ± 1.525 mg GAE/g) and flavonoid (13.890 ± 
0.816 mg QE/g) contents. S. acuta (SS) had the highest 
antioxidant activity (IC50 147.295 ± 3.364 µg/mL). S. 
cordifolia (WS) had the highest xanthine oxidase inhib-
itor activity (IC50 110.087 ± 15.637 µg/mL). The study 
concluded that the methanolic leaf extracts of these 
three species could serve as potential sources of poly-
phenolics, antioxidants, and xanthine oxidase inhibi-
tor properties. 
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