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ABSTRACT ARTICLE HISTORY

A new glycoiridoid (1) together with seven (7) known compounds Received 13 August 2021

were isolated from the methanol crude extract of the root bark of ~ Accepted 6 December 2021

Stereospermum kunthianum using chromatography methods. Their

structures were elucidated using HR-ESI-MS, 1D- & 2 D-NMR spec-

troscopies in comparison with previous literature. The antioxidant . ; o :

activity was investigated by using FRAP, DPPH, ABTS and HRSA Blg.ngnl'acea_e, _antlbactenal
. - - - . activity; antioxidant

methods while the antibacterial activity was assays on Escherichia activity; iridoid

coli (ATCC25922) and Salmonella typhimurium (ATCC14028) strains.

The results showed that the isolated compounds had significantly

(p < 0.01) high radical scavenging (ICso) and reducing power activ-

ity. All bacteria strains showed important minimal inhibitory con-

centration activity against isolated compounds started at 5 mg/mL

with an inhibition zone of 6 mm. Thus, the isolated compounds in

S. kunthianum justify the use of the plant in traditional medicine

for the treatment of various diseases in humans. These isolated

compounds can be used for formulation of new drug discovery

to treat infectious diseases.
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1. Introduction

Plants were used in old tradition across the world for food and medicinal purposes.
Nowadays, population of Africa mostly refer to traditional healers concerning their
health issues. In addition, the World Health Organization encourages the use of herbal
medicines for their safety and efficacy in the healthcare programs to combat various
diseases such as viruses, multi-resistant bacteria, etc. S. kunthianum is called in the
Far-North Region of Cameroon in fulfuldé ‘Golombi' in Moudan ‘Tovon Zimé', in
Toupouri ‘fo’opir' and in Mada ‘Havaal'. It belongs to the Bignoniaceae family and is
used as a medicinal plant by traditional medical practitioners for the treatment of vari-
ous diseases (Aliyu et al. 2009). The pods, stem and root barks are used to treat ulcers,
skin eruption, bronchitis, pneumonia, cough, rheumatic arthritis, dysentery, erectile
dysfunction, syphilis and toothache (Ching et al. 2013). In previous phytochemical
studies, several classes of compounds have been reported such as glycoside iridoids
(Falodun et al. 2009), flavonoids (Ching et al. 2013), naphthoquinones (Onegi et al.
2002) and their biological activities were also evaluated such as antiplasmodial, anti-
bacterial and antioxidant activities (Onegi et al. 2002, Aliyu et al. 2009, Compaoré
et al. 2011, Sarr et al. 2021). In our outgoing investigations of secondary metabolites
from the Stereospermum genus reported in Cameroon (Lenta et al. 2007, Sob et al.
2011, Ramsay et al. 2012, Leutcha et al. 2021) we suggest the root barks of S. kunthia-
num to a chemical study. Indeed, this study led to the isolation and characterization
of a new glycoside iridoid derivative: glycosides 6-O-trans-p-coumaroyl-undecinna-
moyl-globularimin (1), together with seven (7) known compounds (Figure 1). The anti-
bacterial and the antioxidant activities of the crude extract, main fractions and the
isolated compounds were also evaluated.

2. Results and discussion

The MeOH extract of the root bark of Stereospermum kunthianum was fractionated
using EtOAc. The EtOAc fraction was subjected to repeated column chromatography
over silica gel with MeOH, EtOAc and hexane as eluents; which led to the isolation of
eight compounds. All the known compounds were identified after the interpretation
of their NMR and SM spectra follow by the comparison of their data to the previous
reported as: a mixture of stigmasterol (2) and p-sitosterol (8) (Falodun et al. 2009,
Soodabeh et al. 2014), lupeol (3) (Sawale et al. 2017), 6-O-trans-p-coumaroyl-decinna-
moyl-globularimin (4) (Kanchanapoom et al. 2005), 6,6'-O-di-trans-feruloyl catapal (5)
(Kil et al. 2017), 6,10-O-di-trans-feruloy! catapal (6) (Kil et al. 2017) and «-D-Galactosyl-
(1—6)-a-D-galactosyl-(1—6)-a-D-glucosyl-(1—2)-f-D-frutoside or stachyose (7) (Ben
Youssef et al. 2016).

Compound (1) was isolated as a white amorphous powder. Its molecular formula
was deduced from its positive-ion mode HR-ESI-MS spectrum as CysH30O;3Na™
[M -+ Nal*, m/z 561.1584 (calcd. m/z 561.1584) (Figure S1) having eleven double bond
equivalents. The IR spectrum showed absorption bands of hydroxyl (3425 cm™ Y, car-
bonyl (1654cm™") functional groups and enol ether system (1600cm™ ') (Kim et al.
2014). The "> C-NMR spectrum (Figure S2) shows the presence of a glucopyranosyl moi-
ety with signals at dc 99.8 (C-1”, anomer), 78.7 (C-5"), 77.8 (C-3"), 74.9 (C-2"), 71.8 (C-


https://doi.org/10.1080/14786419.2021.2019730
https://doi.org/10.1080/14786419.2021.2019730

NATURAL PRODUCT RESEARCH 3

OH
HO

HO
OH
OH

HO o
HO HO
OH

7 HO

Figure 1. Structures of the isolated compounds 1-8.

4") and 63.0 (C-6") (Gololo et al. 2017). This was supported by its "H-NMR spectrum
(Figure S3) which revealed that the sugar unit is a f-D-glucopyranoside according to
the coupling constant of the anomeric proton at d4 4.82 (d, J=7.9Hz, 1H-1") (Nzowa
et al. 2010; Assefa et al. 2016; ). Ones more, the combination of '>C-NMR, DEPT-135
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together with HSQC (Figures 54-5S9) led to the identification of a coumaroyl unit at oc
169.0 (C-9), 161.5 (C-4'), 147.3 (C-7'), 131.4 (C-2'/6'), 127.1 (C-1"), 116.9 (C-3'/5'), 114.7
(C-8') which is trans and having an AA’ and BB’ coupling system according to the cou-
pling constant at dy 7.70 (d, J=15.9Hz, 1H-7'), 7.51 (d, J=7.3Hz, 2H-2'/6), 6.84 (dd,
J=28.6, 1.3Hz, 2H-3'/5') respectively (Kil et al. 2017). Moreover, the signals of a quater-
nary carbinolic carbon (0c 66.9/C-9) together with the signals of eight methines
among which four are sp’ oxygen bearing (5c 95.1/C-1, 81.4/C-6, 60.3/C-7 and 56.5/C-
8), two sp’ (d¢c 43.2/C-10 and 36.8/C-5) and two sp? (dc 142.4/C-3 and 103.0/C-4), and
a methylene (6c 61.4/C-11) which is characteristic of a cyclohexanopyran ring of an iri-
doid skeleton (Kanchanapoom et al. 2005). In addition, signals at dc 142.4, 103.0, 95.1,
66.9 and 56.5 are characteristic of iridoid derivative type catalpol (Kanchanapoom
et al. 2005; Kil et al. 2017). From the aforementioned information, it appears that com-
pound 1 is closely related to 6-O-trans-p-coumaroyl-decinnamoyl-globularimin except
the cyclopentanopyran which become cyclohexanopyran ring. This is more supported
by its HMBC spectrum (Figure S8) through correlations between H-6 (6 5.06) with C-
9" (6¢ 169.0), C-4 (6¢ 103.0) and C-7 (6c 60.3) then between H-10 (6 2.66) with C-6 (¢
81.4), C-4 (6c 103.0), C-8 (oc 56.5), C-11 (6¢ 61.4) and C-9 (5c 66.9) and between H-1
(0n 5.20) with C-1" (5c 99.8), C-3 (5 142.4) and C-9 (dc 66.9) which support the con-
nection between the coumaroyl unit with the cyclohexanopyran ring at C-6 and the
connection between the sugar moiety and the aglycone at C-1 respectively. The COSY
and NOESY (Figures S6 and S7) spectra led to the position of the vicinal and the o/f
protons. So, the homonuclear correlation between H-5 (oy 2.64) with H-6 (6 5.06) and
H-4 (6 5.04) led to support the cyclohexanopyran ring and the position of the double
bond in the catalpol skeleton while protons H-6 (6 5.06) with H-7 (64 3.74) and H-1
(0 5.20) with H-10 (oy 2.66) are o/f orientated (Figure S15) (Kanchanapoom et al.
2005; Falodun et al. 2009; Kil et al. 2017). Thus, compound 1 was characterized as a
new glycoiridoid derivative named 6-O-trans-p-coumaroyl-undecinnamoyl-globularimin
and trivially named wangstereospermoside.

The anti-oxidation mechanisms of polyphenolics are various such as electron and
hydrogen transferring, creating chelations with oxidant metal ions suggesting different
antioxidant assays needed in order to have a comprehensive view of the antioxidant
capacity of extracts and isolated compounds from plants. The antioxidant activities of
some isolated compounds and extracts are presented in Table S1. The percentage of
scavenging activity evaluated by DPPH method varied significantly (p <0.01) from
35.44 to 69.79% for compound 3 and EB, respectively. However, the scavenging activ-
ity of compound 4 (65.56%) and 2 were statistically similar with BHT (74.12%) used as
a positive control (Figures S8-512). The results indicate that the extract has statistically
similar capacity with BHT to inhibit DPPH radical. The results are confirmed by the ICsg
values for DPPH scavenging activity of the samples which were significantly (p < 0.01)
varied between 725.21 and 192.32 ug/mL in compounds 3 and 5 respectively. The 1Csq
values of BHT were 74.12 pg/mL. The lowest ICso value was obtained in compound 5,
indicating that it has the highest potent antioxidant capacity compared to that of
other isolated compounds. This result was in agreement with the previous study con-
ducted by Ma et al. (2016). The DPPH radical scavenging assay demonstrated the effi-
ciency of extract and isolated compounds of S. kunthianum as hydrogen donors.
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The scavenging activity evaluated by the ABTS method varied significantly from
41.65 to 66.27% for compounds 7 and 6, while the BHT used as positive control had a
high inhibition value (74.12%). The ICs, values for ABTS scavenging activity of the sam-
ples were significantly (p <0.01) similar with the values varied between 180.01 and
205.02 ug/mL in compound 3 and EB, respectively. Except, compounds 2, 5 and 6
which the values were not statistically different with the ICsy value of BHT 175.43 png/
mL. Moreover, this result indicated that the isolated compounds were compared with
the pure compound BHT used as the positive control to scavenge radicals, suggesting
that compound 2 shows potent antioxidant capacity as BHT.

The scavenging activity assessed by the HRSA method varied also significantly
(p<0.01) from 44.29 to 67.96% in compound 2 and EB, respectively. However, the
scavenging activity of compound 1 and compound 4 are significantly similar, while
the BHT (75.05%) used as positive control showed high inhibition value (Table S1).
Figure S13 presents the scavenging activities of different samples compared to control
(BHT). The ICsq values for HRSA scavenging activity of the samples were varied with a
significant (p < 0.01) difference with the values ranged from 210.03 to 409.41 ug/mL in
EB and compound 7, respectively, while the value of compound 5 was not different
with the IC54 value of compound 6 (Table S1). The ICs, value of BHT used as a positive
control was 185.55 pg/mL which did not differ with significant difference with those of
compounds 5 and 6 (Table S1). A lower ICsy value represents a stronger free radical
inhibitor which means strong free radical inhibitors are active at low concentrations.
The various levels of secondary metabolites in EB compared to those of isolated com-
pounds might be responsible for the slight high antioxidant activity. Laya and Koubala
(2020) have reported that the concentration of phenolics acids and flavonoids in cas-
sava leaves positively correlated with the antioxidant activity assessed by differ-
ent methods.

The FRAP method measures the reducing capacity of antioxidants based only on
the electron transfer mechanism (Table S1). The values ranged significantly from 29.04
to 62.55 mMMTE in compounds 7 and 4, respectively, while EB and compound 4 show
statistically similar reducing power. The highest antioxidant activity showed by EB
might be linked by the levels of secondary metabolites in the extract. The present
study suggests that, the antioxidants in medicinal plants are natural agents known as
responsible for inhibiting oxidants and so reducing oxidative damages.

The antibacterial activity of extract and isolated compounds (Tables S2 and S3)
revealed that almost all samples have the potential effect to suppress microbial
growth bacteria (S. typhi and E. coli) with variable potency at a concentration of 1 mg/
mL except compounds 1 and 4 on E. coli. On the other hand, EB was most effective
against S. typhi at 0.3 mg/mL followed by compound 4 with 0.4 mg/mL, while com-
pound 3 didn't show any effect against S. typhi. Results of antimicrobial activity of the
EB extract and isolated compounds suggest that E. coli was the most resistant strain
and S. typhi was the most susceptible strain to the isolated compounds.

The antibacterial activity of crude extract and isolated compounds were qualita-
tively determined by the inhibition zone diameter, and ceftazidim and gentamicin
were used as positive references and methanol was used as a negative control.
Samples of extract and isolated compounds showed a significant variation of
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inhibitory activity against all strains of the tested bacteria as summarized in Figures
S13 and S14. E. coli (ATCC-25922) strain was the most sensitive against compound 1
(20 mm) at 30 mg/mL among isolated compounds. However, other samples have up to
18 mm inhibition zone diameter at 30 mg/mL (Figure S13) except compound 3, which
the value was 11 mm. At the same concentration, isolated 4 and EB showed the same
value of inhibition zone (19 mm). Importantly, all the tested samples show high anti-
bacterial activity in all concentrations used in the study. The study indicated that EB
and isolated compounds of S. kunthianum have inhibitory activity against the two bac-
teria strains mostly pathogens and thus, this confirms the traditional medical practice
of the population of the Far North region of Cameroon. Regarding S. typhi, the highest
inhibition zones of 19 and 20mm were shown for compounds 1 and compound 4,
respectively, against S. typhi (ATCC14028) followed by extract EB (19 mm) and com-
pound 1 (19 mm), while the lowest was obtained by compound 3 and 7 which their
values were 16 mm at 30 mg/mL (Figures S13 and S14). The diameter of the zone
inhibition increased as the concentration of the extract or isolated compounds
increased. These results were consistent with those found by Mostafa et al. (2018). The
samples showed varying degrees of inhibitory effect against all different bacteria
strains human pathogens; hence these results were consistent with the results found
by Raja et al. (2011) in medicinal plants in India.

The MIC of the effective extract and isolated compounds against E. coli and S. typhi
was done by the disc diffusion method to assess their bacteriostatic and bactericidal
properties. The concentration effect of the effective extract and isolated compounds
were shown in Table S3. The inhibitory activity of extract varied from 5mg/mL with an
inhibition zone of 6 mm (compound 1) which varied dependent-concentration to
reach 30 mg/mL with an inhibition zone of 23mm (compound 2) against E. coli.
Similarly, the antibacterial activity of the leave extract of S. kunthianum has demon-
strated significant antibacterial activity against E. coli (Aliyu et al. 2009) with the MIC
value of 8 mg/mL, while, the effect was lower compared to the results obtained in the
present study. However, the inhibitory activity of extract and isolated compounds
against S. typhi started at 5 mg/mL with inhibition zones of 7 in compound 1 to reach
the inhibition zone of 21 mm (compound 4) followed by 20 mm (compound 4) for
30 mg/mL. Mostafa et al. (2018) reported also a variation of MIC of the effective extract
plants against bacterial strains studied.

The present results suggest that the crude extract of S. kunthianum can be used as
natural antibacterial agents. The isolated compounds can be used for the formulation
of new drug discovery to treat various infectious diseases.

3. Experimental
3.1. General

The UV spectrum ann NMR spectra ('H, '*C, DEPT, HSQC, COSY, HMBC and NOESY)
were recorded on a Bruker DRX 500 spectrometer machine at different frequencies,
running gradients and using TMS (TetraMethylSilane) as internal standard. DPPH (2,2-
diphenyl-1-picrylhydrazyl radical), 2,6-di-terbutyl-4-methylphenol (BHT), 6-hydroxy-
2,5,7, 8-tetramethyl chromane-2-carboxylic acid (98% Trolox), 2,2-azinobis(ethylbenzo-
thiazoline-6-sulfonic acid) diammonium salt (98%, ABTS) and 2,4,6-tris(2-pyridyl)-s-
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triazine(98%, TPTZ) were purchased through Sigma-Aldrich Chemical Company
(Mumbai, India). Escherichia coli (ATCC25922) and Salmonella typhimurium (ATCC14028)
were obtained from the Microbiology and Food Products of Montreal, Canada.

3.2. Plant material

The root bark of Stereospermum kunthianum was collected during the dry season at
Moulvoudaye, Diamaré Division from the Far North Region of Cameroun. The plant was
identified by Pr. Tchobssala from the Herbarium of the University of Maroua, Cameroon.
A voucher specimen is deposited at the Maroua University Herbarium (No. 0019DBUM).

3.3. Extraction and isolation

The shade dried root bark (5.5kg) of S. kunthianum was powdered and extracted for
72 hours with MeOH. The macerate was filtered using Wattmann paper and the filtrate
was concentrated under reduce pressure at about 68°C to obtain a crude MeOH
extract (500.2g). The crude extract was dissolved into distilled water and partitioned
with EtOAc to obtain 76.0 g of EtOAc main fraction. 45.0g of EtOAc fraction was frac-
tionated on a silica gel (60-120 Mesh type analysis) column which led to four (4) frac-
tions indexed from F1 to F4. F1 (6.29g) was separated on RP-C18 silica gel column
chromatographic using Hexane/EtOAc gradient which led to three (3) compounds: a
mixture of 2 and 8 (202mg, 19:1-Hexane/EtOAc) and 3 (122 mg, 9:1-Hexane/EtOAc).
Fraction F4 (12.1g) was chramatographied using EtOAc/MeOH gradient which led to
compounds 1 (142 mg, 7:3- EtOAc/MeOH) and 4 (64 mg, 13:7-EtOAc/MeOH). The aque-
ous phase was dried in an oven at 50°C, where we obtained 400g of extract among
which 42.0g of this was fractionated using a column of silica gel and MeOH-EtOAc
gradient. This led to four (4) major fractions indexed from A1 to A4. Fraction A2 was
chromatographed on RP-C18 silica gel column to afford compound 5 (95mg, 13:7-
EtOAc/MeOH) and 6 (72 mg, 3:2-EtOAc/MeOH). And finally, fraction A2 (8.4g) was puri-
fied as above to afford compound 7 (260 mg, 1:1- EtOAc/MeOH).

3.4. Spectroscopic data of compound 1

wangstereospermoside (1) or 6-O-trans-p-coumaroyl-undecinnamoyl-globularimin (1):
white powder, IR (KBr) vmax 3425, 3340, 2900, 1654, 1634, 1600, 1514, 1204,
1175cm~". "H-NMR (500 MHz, Methanol-d,) dy: 7.70 (d, J=159Hz, 1H-7'), 7.51 (d,
J=7.3Hz, 2H-2'/6'), 6.84 (dd, J=8.6, 1.3Hz, 2H-3'/5'), 6.40 (m, 1H-3), 6.40 (m, 1H-8'),
5.20 (d, J=9.0Hz, 1H-1), 5.06 (d, J=7.6Hz, 1H-6), 5.02 (dd, J=5.9, 4.3 Hz, 1H-4), 4.83
(d, J=7.9Hz, 1H-1"), 4.20 (d, J=13.2Hz, 1H-11), 3.96 (dd, J=12.0, 3.3 Hz, 1H-6"), 3.92
(d, J=1.3Hz, 1H-8), 3.87 (d, J=13.2Hz, 1H-11), 3.73 (brs, 1H-7), 3.68 (dd, J=12.0,
6.6 Hz, 1H-6"), 3.45 (m, 1H-3"), 3.36 (m, 1H-5"), 3.34 (m, 1H-4"), 3.31 (m, 1H-2"), 2.66
(m, TH-10) and 2.64 (m, 1H-5). "*C-NMR (125 MHz, Methanol-d,) dc: 169.0 (C-9'), 161.5
(C-4), 147.3 (C-7'), 1424 (C-3), 131.4 (C-2'/6'), 127.1 (C-1"), 116.9 (C-3//5'), 114.7 (C-8'),
103.0 (C-4), 99.8 (C-1"), 95.1 (C-1), 81.4 (C-6), 78.7 (C-5"), 77.8 (C-3"), 74.9 (C-2"), 71.8
(C-4"), 66.9 (C-9), 63.0 (C-6"), 61.4 (C-11), 60.3 (C-7), 56.5 (C-8), 43.2 (C-10), 36.8 (C-5).
HR-ESI*-MS: m/z 561.1584 [M + Na]* (calcd. CysH30013Na™, 561.1584).

—

—_ =
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3.5. Antioxidant activity of extracts and isolated molecules

DPPH (2.2-diphenyl-1-picyhydrazyl) radical scavenging, ABTS (2,2-azino-bis(3-ethylben-
zylthiozoline-6-sulphonic acid)) radical scavenging and FRAP (Ferric Reducing
Antioxidant Potential) activities were evaluated as described by Sun et al. (2002), Re
et al. (1999) and Benzie and Strain (1996) respectively. HRSA (Hydroxyl Radical
Scavenging Activity) was evaluated as previously described by Gan et al. (2017) with
some modifications. For this, 0.5 mL of FeSO, (9 mM), 0.5 mL of H,05 (0.03%, v/v), 1.5mL
of salicylic acid-ethanol solution (9mM) and 1.5mL of sample were mixed. All analyses
were done in dim light. Then the reaction was incubated for 40 min at room tempera-
ture in the dark place. The absorbance was taken at 510 nm. The HRSA was calculated
from the Trolox standard curve plotted with seven concentrations at a range of
5-1000 pg/mL. The percentage of inhibition of ABTS™", DPPH and HRSA by crude extract
or isolated compounds was calculated according to the following equation:

|nh|b|t|0n(%) = (1_Atest sample/Ablank) x 100

where Apjank is the absorbance of the methanolic blank and Aiest sample is the absorb-
ance of the extracts. Trolox were used as a reference and the results were expressed
as % or ng trolox equivalent/g dw.

3.6. Antibacterial activity of extract and isolated compounds

3.6.1. Test microbial and condition of growth

Two bacterial strains including Escherichia coli (ATCC25922) and Salmonella typhimu-
rium (ATCC14028) were used in the present study. These strains were obtained from
University of Alberta, Canada. All bacterial cultures were maintained in BHI broth
mixed with 20% glycerol and stored at —20°C until use. All different cultures were
grown at 37°C in test tubes containing 10 mL of BHI broth for 24 hours. Then, the
microbial strain was diluted (2:1) in a fresh BHI medium in order to obtain a final cell
concentration of approximately 108 UFC/mL, equivalent to the McFarland 0.5 standard.

3.6.2. Determination of antibacterial effect of extract and isolated compounds

The antibacterial effect was evaluated by using the well diffusion technique as
described by Zhang et al. (2017) with slight modifications. For each bacterium, 100 pL
of the inoculum at 10 UFC/mL was transferred and spread equally along the surface
of Petri dishes containing Mueller Hinton agar. Then, 7mm diameter wells were put
on the surface of the agar with 50 uL of extract or isolated compounds prepared in
five different concentrations (10, 15, 20, 25 and 30 mg/mL). All plates were incubated
at 4°C for 3h in order to maximize the diffusion of samples into the culture media
before keeping at 37°C for 24h at room temperature. The antibacterial activity was
evaluated by measuring the diameter of the inhibition zones induced by samples. In
the present experiment, negative controls consisting of 50 uL of methanol and sterile
distilled water were also included. Ceftazidim and gentamicin were used as the posi-
tive controls for E. coli and S. typhi, respectively.
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3.6.3. Determination of minimal inhibitory concentrations (MIC) of extract
and compounds

Determination of MIC of extract and isolated compounds were assessed as described
by Tian et al. (2020) with some slight modifications. The extract and isolated com-
pounds were solubilized in their corresponding solvents before subjecting to a serial
dilution ranged from 0 to 3 mg/mL in MHB. A volume of 180 uL of each concentration
was introduced into wells of a 96-well micro-titration plate with 20 uL of bacterial sus-
pensions to a final cell density of 10° UFC/mL. After incubation of 24 h at 37°C, 10 uL
of sterile rezasurin solution (0.01%) was added to each well and incubated for 30 min.
The MIC corresponds to the lowest concentration of extract or isolated compounds
that does not produce any discoloration of the rezasurin dye.

4. Statistical analysis

The results obtained data were analyzed using Statgraphics software (version. 16).
One-way variation analysis (ANOVA) on the statistical significance level 0.01 was per-
formed. The significance of the differences between mean values was examined using
Tukey's test (p < 0.01). Analysis of each sample was done in three replicates and the
results were expressed as Mean + Standard deviation.

5. Conclusion

This study revealed that S. kunthianum contains high amount of phenolic compounds
with a significant antioxidant and bacteria activities, which can be used as a source of
natural antioxidants and in pharmaceutical purposes. Our results support the use of
this plant in traditional medicine. However, in vivo study of isolated compounds in
novel drug discovery will be done in the future.
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