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Dwi Kusuma Wahyuni : BIOTRANSFORMATION OF BIOACTIVE COMPOUNDS FROM Sonchus arvensis L. AND Pterocarpus macrocarpus Kurz. BY
Aspersgillus niger. Advisor: Assoc. Prof. SEHANAT PRASONGSUK, Ph.D. Co-advisor: Prof. SUMRIT WACHARASINDHU, Ph.D., WICHANEE BANKEEREE, Ph.D.

In recent years, microbial transformation is progressing significantly from a limited interest in the highly active area in green chemistry, including the
preparation of pharmaceutical compounds. Many biotransformation studies have been found in a variety of analogous compounds and exhibited more potent
pharmacological activities. The objectives of this study are (i) to isolate and identify bioactive compounds from Sonchus arvensis L. and Pterocarpus macrocarpus
Kurz., (ii) to transform selected bioactive compounds from S. arvensis L. and P. macrocarpus Kurz. by Aspergillus niger, (iii) to determine bioactivities of selected
bioactive compounds from Sonchus arvensis L. and Pterocarpus macrocarpus Kurz. before and after biotransformation. The extracts from S. arvensis L. leaf and P.
macrocarpus Kurz. heartwood prepared by successive maceration with n-hexane, ethyl acetate, and ethanol and then subjected to quantitative phytochemical
analysis using standard methods. Isolated compound was evaluated by thin-layer chromatography (TLC), gas chromatography-mass spectrophotometry (GC-MS),
Fourier transform infrared (FITR) spectroscopy, and nuclear magnetic resonance (NMR). Taraxasterol (S. arvensis L. leaf) and homopterocarpin (P. macrocarpus Kurz.
heartwood) were transformed in soy bean meal (SBM) medium by Aspergillus niger. The Peter's 4-day suppressive test model with P. berghei-infected mice was used
to evaluate the in vivo antiplasmodial activities, hepatoprotective, nephroprotective, and immunomodulatory (ethyl acetate extract of S. arvensis L.). For all natural
products were conducted the in vitro antimalarial activity assay against Plasmodium falciparum 3D7 strain, in silico anti-SARS-CoV-2, in vitro antioxidant against 1,1-
diphenyl-2-picrylhydrazyl (DPPH) and 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS), and antimicrobial disc diffusion method against Candida albicans,
Bacillus subtilis, Escherichia coli, and Staphylococcus aureus) activities were established. Hepatocyte-derived cellular carcinoma cell line (Huh7it-1cells) was used for
an in vitro cytotoxicity and anticancer assay [3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; MTT]. The n-hexane, ethyl acetate, and ethanolic extract
exhibited a good activity on in vitro antiplasmodial activity of S. arvensis L. leaf, with ICs; values were 5.119+3.27, 2.916+2.34, and 8.026+1.23 pg/mL, respectively.
Each extract also exhibited high antioxidants with low cytotoxic effects. Furthermore, the ethyl acetate extract showed in vivo antiplasmodial activity with EDs, =
46.31+9.36 mg/ke, body weight, as well as hepatoprotective, nephroprotective, and immunomodulatory activities in mice infected with P. berghei. The ethyl acetate,
ethanol, and n-hexane extracts of P. macrocarpus Kurz., as well as homopterocarpin, exhibited antiplasmodial activity at 1.78, 2.21, 7.11, and 0.52 pg/ml, respectively,
against P. falciparum 3D7 with low toxicity. A compound identified by GC-MS showed in silico anti-SARS-CoV-2 binding affinity with stigmasterol and SARS-CoV-2
helicase of -8.2 kcal/mol. All extracts exhibited antioxidant activity against DPPH and ABTS. They also demonstrated antimicrobial activity against B. subtilis, the
ethanol and ethyl acetate extracts against £. coli and C. albicans, and the ethanol extract against S. aureus. GC-MS analysis of fraction of S. arvensis L. n-hexane
extract revealed R-amyrin, lupeol, O-amyrin, betulin, and taraxasterol. The in silico anti-SARS-CoV-2 assay showed that they were predicted as effective antiviral
candidates by having the ability to act as inhibitors of SARS-CoV-2 protein activity. Therefore, the molecular dynamic analysis data strengthen the notion that the
interactions resulting from the five compounds of n-hexane fractions of S. arvensis L. leaves were stable and predicted to be effective antiviral candidates by having
the ability to act as inhibitors of SARS-CoV-2 protein activity. Biotransformation of homopterocarpin was succeed by Aspergillus niger. Two compounds have been
isolated from biotransformation culture extract. They are 6-isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahydro-naphthalene-2-ol (major compound) and medicarpin.
Medicarpin could be predicted transformed from homopterocarpin by demethylation. It showed in vitro antioxidant activity against DPPH (ICs, = 7.49+1.7 pg/mL) and
2,2-azino-bis ABTS (ICs; = 0.61+0.4 pug/mL), in vitro antiplasmodial (0.414 pg/mL), and in vitro anticancer (ICs; =34.96 pg/mL). Overall, this study collectively advances
our knowledge of important drug discovery from natural products with a major impact in improving of natural product isolation and biotransformation from Thai and

Indonesian medicinal plant and elsewhere around the world.
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CHAPTER ONE
1.1 General Introduction

WHO estimates that around 80% of the world population use natural
compounds from medicinal plant (Kumar et al.). Because the phenomena, it is
needed a specific effort to explore the natural material well, not only for inhibiting
but also for providing effective cures without causing excessive side effect (A. Younis
et al, 2016). Natural products are structurally and biologically interesting
metabolites, but they may be isolated in a small amount (Hegazy et al., 2015). Some
bioactive compounds have very bioavailability but low solubility and structural
instability (An et al,, 2017). A lot of efforts are being made to improve the quality of
natural compound, such as biotransformation (Kang et al., 2019; Parshikov &
Sutherland, 2014).

Biotransformation is a biocatalytic process for the conversion or
modification of organic chemicals to potential products using an enzyme or whole
cells (Anwar et al, 2019) or structural modification in chemical compound by
organism / enzyme that lead to the formation of molecules with greater polarity
(Singh, 2017). In recent years, microbial transformation is progressing significantly from
limited interest into the highly active area in green chemistry including preparation of
pharmaceutical products (A. M. Younis et al,, 2016), chemical and food industries
because of numerous advantages compared to chemical synthesis (Parshikov &
Sutherland, 2014).

Microbial-transformation have been extensively employed in drug discovery
and development, mainly due to their ability to produce regio- and stereo-selective
products. In many cases, the use of toxic and expensive chemical catalyst has been
substituted by biotransformation, which is eco-friendly and cost-effective, and based
on readily available biological catalysts. Diverse classes of organic compound have
been successfully transformed into their structurally novel and biologically active
metabolites by applying biotransformation methods (Hussain et al., 2016). In the field
of pharmaceutical research and development, biotransformation investigated found

many analogous compounds. They exhibited more potent pharmacological activities



(Asakawa et al., 2018; Wu et al., 2015). The resulting products of biotransformation
may have more useful pharmacological or other biochemical activity. It may be less
toxic than the starting material (Singh, 2017).

Aspergillus niger, described as a species by van Tieghem in 1867, is a
widespread aerobic fungus that grows on a large variety of substrates (Chen et al,
2017). A. niger strains produce enzymes such as hydrolases, amylases, pectinases,
and chitinases (Parshikov & Sutherland, 2014; Yang et al,, 2017). Some previous
studies have shown that A. niger transform a lot of substrates, but never been any
report about biotransformation natural products from Sonchus. arvensis L. and
Pterocarpus macrocarpus Kurz.,, therefore A. niger will be applied to transform
bioactive compound from S. arvensis L. and P. macrocarpus Kurz. in this study.

S. arvensis L. belongs to Asteraceae. It is spreading throughout the world and
highly invasive. Morpho-anatomical characters of S. arvensis L. in Indonesia has
herbaceous habitus and erect, annual herb, but there is perennial one in Pakistan,
reaches 64 cm tall (Suharyanto et al,, 2019). S. arvensis L. has chemical compounds
such as flavonoids (Khan & Omoloso, 2003; Rohaeti et al, 2011; Seal, 2016),
coumarin, taraxasterol, phenolic acids, ascorbic acid (Seal, 2016) and terpenoids
(Rumondang, 2013). Many studies show that S. arvensis L. possess antioxidant activity
(Khan & Omoloso, 2003), anti-uric acid (Hendriani et al., 2016), anti-inflammatory
activity and inhibitory effect in locomotion and gastro intestinal motility (Hendriani et
al.,, 2016; Poudel et al., 2015), immunomodulatory activity and antibacterial activity
(Rumondang, 2013). Evaluation of teratogenic effect of S. arvensis L. extract did not
show teratogenic effect (Sukandar & Safitri, 2016). Several compounds have been
successfully isolated from S. arvensis L., including sesquiterpene lactones which have
antimicrobial activity (Xia et al.,, 2009), sesquiterpenes and quinic acid esters which
have antioxidant activity, kumoric acid, and a flavonoid class of chalcone (Putra et
al.,, 2013).

P. macrocarpus Kurz, is valued globally for its beauty, wood quality,
medicinal properties and valuable bioactive compound content (Jiao, 2018). P.
macrocarpus Kurz. belongs to Fabaceae. It mainly grows in Laos, Thailand, Myanmar,

and Vietnam. The application value of P. macrocarpus Kurz. lies in heartwood that



can give people visual enjoyment and psychological pleasure regarding to a unique
woody flavour, promoting human blood circulation and enhancing the body’s
immune function (K.C.A et al., 2017), antimicrobial activity (Chen et al., 2017), treating
cough and phlegm, detoxification and diuretic (Gao et al,, 2017), anti-Alzheimer’s
disease and antispasmodic  properties, anticancer (Chen et al, 2017),
immunomodulator activity (Mohd Ataa et al, 2017), and insect antifeedants
(Morimoto et al.). Macrocarposide, (-)-homopterocarpin, (-)-hydroxy-homopterocarpin,
(+)-pterocarpol have been isolated from P. macrocarpus Kurz. (Abdelhamid & Maa,
2019).

In this research, natural product from S. arvensis L. and P. macrocarpus
Kurz. was used for antioxidant, atiplasmodial, antimicrobial and anti-SAR-CoV-2 assay
(Chapter 2-4). Bioactive compound from P. macrocarpus Kurz., homopterocarpin has
been transformed by A. niger to medicarpin with anticancer activity (Chapter 5). This
report provides remarkable information about anti-SAR-CoV-2, antimalarial,
antimicrobial, antioxidant and anticancer activities with low toxicity of natural products
from S. arvensis L. and P. macrocarpus Kurz.. Moreover, it could be expected to
provide data for the further use of these natural products as drug candidates for

infectious diseases therapy with positive complementary effects and safety.

1.2 The objectives

The specific objectives of this study include: (i) to isolate and identify bioactive
compound from S. arvensis L. and P. macrocarpus Kurz. (Chapter 2-4), (ii) to
transform selected bioactive compounds by Aspergillus niger (Chapter 5), (i) to
determine bioactivities of selected bioactive compounds before and after

biotransformation (Chapter 2-5).

1.3 The expected benefits
The result of the study will contribute to the basic and applied knowledge of
bioactive compounds from S. arvensis L., and P. macrocarpus Kurz., including their

pharmaceutical potential to be used as a drug in the future.



CHAPTER TWO

In vitro and in vivo antiplasmodial activities of leaf extracts from Sonchus
arvensis L.
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Abstract

Background: Malaria continues to be a global problem due to the limited efficacy of
current drugs and the natural product is a potential source for discovering the new
antimalarial agents. Therefore, the aims of this study were to investigate
phytochemical properties, cytotoxic effect, antioxidant, and antiplasmodial activities

of Sonchus arvensis L. leaf extracts both in vitro and in vivo.
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Methods: The extracts from S. arvensis L. leaf were prepared by successive
maceration with n-hexane, ethyl acetate, and ethanol, and then subjected to
quantitative phytochemical analysis using standard methods. The antimalarial
activities of crude extracts were tested in vitro against Plasmodium falciparum 3D7
strain while the Peter's 4-day suppressive test model with P. berghei-infected mice
was used to evaluate the in vivo antiplasmodial activities, hepatoprotective,
nephroprotective, and immunomodulatory. The cytotoxic tests were also carried out
using human hepatic cell lines in [3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] (MTT) assay.

Result: The n-hexane, ethyl acetate, and ethanolic extract in vitro antiplasmodial
activity of S. arvensis L. leaf exhibited a good activity, with ICs, values were
5.119+3.27, 2.916+2.34, and 8.026+1.23 pg/mL, respectively. Each of the extracts also
exhibited high antioxidants with low cytotoxic effects. Furthermore, the ethyl acetate
extract showed in vivo antiplasmodial activity with EDsy = 46.31+9.36 mg/kg, body
weight, as well as hepatoprotective, nephroprotective, and immunomodulatory
activities in mice infected with P. berghei.

Conclusion: This study highlighted the antiplasmodial activities of S. arvensis L. leaf
ethyl acetate extract against P. falciparum and P. berghei as well as the antioxidant,
nephroprotective, hepatoprotective, and immunomodulatory activities with low
toxicity. These results have the potential to be developed into a new antimalarial
drug candidate. However, the compounds and transmission-blocking strategies for
malaria control of S. arvensis L. extracts are essential for further study.

Keywords:  Antioxidant, Antiplasmodial, Hepatoprotective, Immunomodulator,
Nephroprotective, Malaria, Plasmodium berghei, Plasmodium falciparum, Sonchus

arvensis L.

2.1 Background

Malaria is an endemic disease in tropical areas of Asia, Africa, and Central and
South America, and is known to spread even in vaccinated populations [1]. In 2020,
malaria accounted for 241 million new infections and 627 thousand deaths

worldwide in 87 endemic countries. There were 14 million more malaria cases and



47,000 more deaths compared to 2019 [2]. Therefore, one of the United Nations
Millennium Development Goals (MDGs) is to reduce the incidence and
subsequent morbidity and mortality associated with malaria [2]. The malaria
elimination target in Indonesia is 75% of the country, with no high-endemic
district by the end of 2024 [3]. However, the significant obstacles to the treatment
and prognosis of malaria are its resistance to chloroquine [4,5] and artemisinin-based
combination therapy [2]. There is an urgent need to develop new antimalarial drugs
and many researchers are currently exploring the efficacy of synthetic and natural
products [6].

An estimated 80% of the global population uses natural products to treat various
illnesses and diseases [7,8]. In the case of malaria, 75% of patients have been reported
to treat with traditional medicines derived from various plant sources, including
Cinchona succirubra L., as well as relatively newer medicines, such as artemisinin, which
is produced from Artemisia annua L. [9]). In Indonesia, Sonchus arvensis L., a highly
invasive species of the family Asteraceae, is used as a traditional medicinal plant for
malaria treatment [10]. This plant contains various active compounds including
flavonoids, saponins, and polyphenols [11], which have been reported for moderate to
high antioxidant [12], hepatoprotective [13], nephroprotective [14], anti-inflammatory
[15], and antibacterial activities [16-18]. Although S. arvensis L. has pharmaceutical
benefits, it has never been evaluated for in vivo treatment of malaria.

The aim of the present study was to determine the in vitro and in vivo
antiplasmodial activities of crude extracts from S. arvensis L. leaf, as well as the in
vitro toxicity, in vitro antioxidant activities, and whole blood analysis of mice infected
with Plasmodium berghei. The study results provide useful information regarding the

antiplasmodial activity of a S. arvensis L. crude extract.

2.2 Materials and Methods

2.2.1 Plant collection and identification

S. arvensis L. was from Taman Husada Graha Famili (Medicinal Plant Graden of Graha
Famili) Surabaya, East Java, Indonesia. The plant was cultivated in private field and

harvested at 2-3 months before the generative stage. The leaves were green and
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healthy, with no indications of damage due to insects or microbes. The plant
material used was confirmed by botanist researcher at Purwodadi Botanical Garden,
Indonesian Institute of Sciences, Purwodadi, East Java, Indonesia (number of
determination 1020/IPH.3.04/HM/X/2019). The voucher specimen was deposited in
the Plant Systematics Laboratory, Department of Biology, Faculty of Science and
Technology, Universitas Airlangga (No. SA.0110292021).

2.2.2 Plant extraction

The leaf of S. arvensis L. was air-dried and then ground into a powder (60-mesh size
sieves). Each 1 kg of powder was separately macerated with different solvents
including n-hexane, ethyl acetate, and ethanol for 24 h at room temperature
(28+2°C) three times, filtered with filter paper (pore diameter 110 mm; Merck KGaA,
Darmstadt, Germany), and then evaporated in a rotary evaporator at 60°C to acquire
crude extracts. The yields of the extracts (w/w) were measured prior to storage at
a4°C.

2.2.3 Phytochemical screening

The crude extracts of S. arvensis L. leaf was screened for phytochemical content by
standard methods including the Wilstatter "cyanidin” test for flavonoids, Mayer's test
for alkaloids, the ferric chloride test for polyphenols, the Liebermann-Burchard test
for terpenoids, and the foam test for saponins [19].

2.2.4 Thin Layer Chromatography (TLC) Analysis

Five mg of each crude extract of S. arvensis L leaf were dissolved in 100 pl of n-
hexane, ethyl acetate, and ethanol, respectively. Aliquots of samples (5 pL) were
spotted and allowed to dry on a TLC plate (Silica gel GF254). The plate was
developed with n-hexane: ethyl acetate (4:1) as the mobile phase. Detection of
compounds was achieved by spraying with p-anisaldehyde sulfuric acid reagent [18],
then heating at 105°C for 10 min or until the colored bands appeared.

2.2.5 Antioxidant assay

Antioxidant activity was evaluated by a method of 2,2-diphenyl-1-picryl-hydrazyl-
hydrate (DPPH) assay [20]. In brief, 100 uL of methanolic DPPH reagent (0.2 mM) was
mixed with 100 pL of each sample in methanol at different concentrations (1.75,

3.15, 6.25, 10, 12.5, 15, 25, 35, 50, 75, 100, 150, and 200 pg/mL) and methanol as the
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control. The mixtures were incubated for 30 min in the dark at room temperature
and the absorbance was measured at 517 nm. The assay was conducted in twofold
wells for each sample and control for calculating the ICs, value and replicated three
times
The inhibition of DPPH was calculated using the following equation:

DPPH inhibition (%) = (Acontrot-Asamptet/Acontrot X 100%. (1)
where A is the absorbance of the sample and Ao is the absorbance of the
DPPH reagent at the wavelength of 517 nm. The percentage of inhibition results at
different concentrations were then plotted and regressed linearly to obtain the ICs,
values of DPPH. The ICs, value was calculated as the mean and standard deviation
from three replication.
2.2.6 In vitro antiplasmodial activity assay
In this study, the antiplasmodial activity of leaf extracts was investigated against the
chloroquine-sensitive strain of P. falciparum (3D7). The parasite was cultured in human
O™ red blood cells according to the method of Trager and Jensen [21] using Roswell
Park Memorial Institute 1640 (RPMI-1640) medium supplemented with 50pg/mL
hypoxanthine, 2 mg/mL sodium bicarbonate (NaHCO,), 5.94 ¢/L of N-2-hydroxyethyl
piperazine-N-2-ethane sulfonic acid (HEPES) and 10% serum blood group O™. The
parasitized culture suspension containing 1% parasitemia was prepared in complete
RPMI-1640 and 150-pL volume of this was dispensed in a 24-well microplate (5%
hematocrit). The extracts were dissolved in dimethyl sulfoxide (DMSO), diluted with
medium to obtain the required concentrations (0.01, 0.1, 1, 10, and 100 pg/mL), and
aliquoted (50 pL) into each well of parasitized culture suspension. The parasitized
cultures without plant extract (DMSO) served as negative controls whereas cultures with
chloroquine diphosphate served as positive controls. The plates containing parasite
cultures were incubated in an incubator (at 37°C, 5% CO,, 95% humidity) for 48 h. The
treatments were carried out in three times (n=3). Afterward, the suspensions were
collected, thinly smeared on glass slides, fixed with methanol, and stained with 10%
Giemsa. The number of parasites was counted under a microscope and compared with

the negative control to determine the extent of parasite growth inhibition. The equation



for calculating parasitemia, inhibition, and growth percentage used the equation
method as described in a previous study [18].

The percentage of parasitemia was calculated using the formula:

) . E infected eritrocyte
% Parasitemia = X 100% (2)
5000 of total eritrocyte

The percentage of inhibition was counted using the equation:
% Inhibition =100%-[%x100%:| (3)

The percentage of growth was calculated using the formula:
% Growth= % parasitemia Un-% parasitemia Do (4)
Where:
Xp = Treatment parasitemia
Xk = Negative control parasitemia
Un = % parasitemia in each concentration
Do = % parasitemia at the start

The probit analysis was conducted to calculate the ICs, values.

2.2.7 Cytotoxicity test
Cytotoxicity of extracts was assessed by the method of 3-[4, 5-dimethylthiazol-2-yl]
2,5-diphenyl tetrazolium bromide (MTT) assay as described by Fosenca et al. [22].
Dimethyl sulfoxide (DMSO) was used to dissolve the extracts, then they were diluted
with medium to obtain the required concentrations (6.25, 12.5, 25, 50, 100, 200, 400,
600, 800, and 1000 pg/mL). hepatocyte-derived cellular carcinoma cells (Huh7it-1
cells) line were cultured in complete Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 1% (v/v) glutamine (200 mM) at 37°C under an atmosphere of
5% of carbon dioxide atmosphere and 95% humidity. The culture was conducted
three times. The cell numbers were determined by measuring the absorbance at 560
nm and 750 nm using multiplate reader and the viability were assessed.
The viability of cells was calculated using the equation:

% of viability = (Aqmple/Acontrol) X 100%  (5)
where Agmple Was the absorbance sample at 560 nm-Absorbance sample at 750 nm

and Acontrol Was the absorbance DMEM medium. The percentage of cell viability was



then plotted and regressed linearly to obtain the CCy, values. The selectivity index
(SI) values were calculated based on the ratio between the CCs, value of cytotoxicity
and antiplasmodial activity P. falciparum 3D7 from each extract (ICs).

2.2.8 In vivo antiplasmodial activity assay

The extract with the highest antiplasmodial activity against P. falciparum 3D7 was
selected to subsequently analyze the antiplasmodial activity against P. berghei (the
mice-infected Plasmodium) with Peter’s method [23]. The strain of P. berghei ANKA
was obtained from the Eijkman Institute of Molecular Biology (Jakarta, Indonesia).
Blood infected with P. berghei ANKA was taken from mice with 20% parasitemia and
diluted with phosphate-buffered saline. Swiss mice Mus musculus of BALB/c strain
(male; body weight 25+3 g, 6-8 weeks old) were intraperitoneally injected with 0.2
mL blood (1x 10° ANKA parasitized erythrocytes) and randomly divided (n = 7 per
group) into four experimental groups and three control groups (normal, negative, and
positive control). The experimental groups were orally treated with 0.25 mL single
dose of 1, 10, 100, or 200 mg/kg BW of leaf extract (in 0.5% sodium carboxymethyl
cellulose (Na-CMQ)) two times per day for four days for antiplasmodial assay and
continued seven days for biochemical analysis. The negative and positive control
groups were treated with 0.5% Na-CMC suspension and 10 mg/kg BW of chloroquine
diphosphate, respectively. The normal control group was the uninfected and
untreated mice group (Table 1). On each day, blood was collected from the tail vein
of each mouse, thinly smeared on a ¢lass slide, fixed with methanol, and then
stained with Giemsa. The slides were then observed under a microscope to calculate
the percentage of parasitemia, inhibition, and growth. The formula of them used as
described in in vitro antiplasmodial activity against P. falciparum 3D7. The median
effective dose or effective dose for 50% of the population (EDsy) was calculated with
Probit analysis. The EDs, was calculated from each replication, and then averaged

getting the mean and deviation standard.



Table 1. Experimental design of in vivo study for antiplasmodial activity and

biochemical analysis

Plasmodium Days Replication
Experiment
berghei- infected | Treatment
Group
mice

Normal Control - Na-CMC 7 7

Chloroquine- 7 7
Positive Control +

phosphate
Negative Control + Na-CMC 7 7
P1 + 1 mg/ke BW 7 7
P2 + 10 mg/kg BW 7 7
P3 + 100 mg/kg BW 7 7
P4 + 200 mg/kg BW 7 7

Note: Mice blood sample was analyzed for the percentage of parasitemia for 4 days
except for the normal control and biochemical analysis on the seventh day for

all treatment and control.

2.2.9 Biochemical analysis

After seven-day treatments, blood samples (0.5-0.75 mL) were collected from the
left ventricle of each mouse into 1.5-mL microtubes and left standing at room
temperature for 2 h. Then, serum was isolated by centrifugation at 3000 rpm for 20
min. The levels of serum glutamic-oxaloacetic transaminase (SGOT) and serum
glutamic-pyruvic transaminase (SGPT) in obtained serum were measured using
commercial enzyme-linked immunosorbent assay (ELISA) kits (DiaSys Diagnotic
System, Holzheim, Germany) to assess the hepatoprotective effects of the selected
extract on infected mice. For analyzing nephroprotective effects, blood urea nitrogen
(BUN) and creatinine levels were measured using commercial ELISA kits (DiaSys
Diagnotic System, Holzheim, Germany). The level of tumor necrosis factor-alpha

(TNF-a1) and interleukin 10 (IL-10) in serum was also analyzed to investigate the




immune response of treated/control mice using commercial ELISA kits (BiolLegend,
San Diego, CA, USA). The replication of samples was four to seven times (Table 1).
2.2.10 Data analysis

Data are expressed as the mean + standard deviation (SD). The ICs, of antioxidant
and CCs, of cytotoxicity were counted using regression linearly (Microsoft Excel). The
Probit analysis was conducted to calculate the ICsy and EDs, values. Statistical
significance was determined with the one-way analysis of variance (ANOVA)
continued with Duncan Multiple Range Test (DMRT) for IL-10 and TNF-a, with a
nonparametric independent t-test for SGOT and SGPT, and Kruskal-Wallis continued
with Mann Whitney test for BUN and creatinine data. The level of significance was set
at 0.05. All statistical analyses were conducted using IBM SPSS Statistics for Windows,
version 20.0. (IBM Corporation, Armonk, NY, USA).

2.2.12 Ethics approval

This study was carried out in strict accordance with the recommendations in the
Guide for the Care and Use of Laboratory Animals of the National Institutes of
Health. The study protocol was approved by the Institutional Animal Care and Use
Committee of the Faculty of Veterinary Medicine of Universitas Airlangga (Surabaya,
East Java, Indonesia) (approval no. 499/HRECC.FODM/XI/2020). All surgery was
performed under sodium pentobarbital anesthesia, and all efforts were made to

minimize suffering.

2.3 Results

2.3.1 The extract yields and phytochemical screening

The dried leaf was successively macerated and each kilogram of dried leaf yielded
59.26+2.04 ¢ of ethanol extract, 10+1.1 g of ethyl acetate extract, and 25.9+5.5 g of

n-hexane extract (Table 2).



Table 2. Extraction yield of Sonchus arvensis L. leaf

No. | Extract Yield (g/kg)
1 n-Hexane 259455
2 Ethyl acetate 10+1.1

3 Ethanol 59.26+2.04

Note: The data were represented as mean + standard deviation (SD), n=3.
Secondary metabolites including terpenoids, flavonoids, and alkaloids were
present in all extracts. However, saponins were only present in the ethanol extract,

and polyphenols were present in ethanol and ethyl acetate extracts (Table 3).

Table 3. Phytochemical screening of Sonchus arvensis L. leaf extract

No | Phytochemical Marker n-Hexane Ethyl Ethanol
acetate

1 Terpenoids Deep green color ++ +++ +

2 Flavonoids Pink orange or violet + ++ ++

3 Alkaloids White precipitated + + +

4 Saponin Foam - - ++

5 Polyphenol Blackish green - + ++

Note: + +, Strongly positive; +, Weakly positive; —, Not determined

2.3.2 Terpenoid screening of the extracts of Sonchus arvensis L. by thin-layer
chromatography (TLC)

The n-hexane, ethyl acetate, and ethanol extracts of Sonchus arvensis L. were
observed by TLC and there were two visible spots in daylight and under 254-nm UV
light (R value = 0.12 and 0.18). Under 366-nm UV light, there were five separate
stains with Rf values of 0.14, 0.24, 0.19, 0.35, and 0.53. After staining using p-
anisaldehyde sulfuric acid, three separate purple stains were seen, with R¢ values of

0.31, 0.59, and 0.71 (Fig. 1).
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A B C D
Figure 1. Chromatogram of Sonchus arvensis L. extracts TLC. A. Day light, B. UV
254nm, C. UV366nm, D. After sprayed by p-anisaldehyde sulfuric acid (the
purple spot is terpenoid), I. n-Hexane extract, Il. Ethyl acetate extract, IIl.

Ethanol extract

2.3.3 Antioxidant activities

The DPPH assay was conducted to assess antioxidant activities. The ICs, value of all
extracts was shown in Table 4. All extracts possessed antioxidant activities. From
lowest to highest, the ICsy values were 8.27+4.93, 12.36+10.40, 31.35+3.27, and
108.59+11.24 ug/mL for the ethyl acetate, ethanol, methanol, and n-hexane extracts,
respectively. Furthermore, the ICs, of ascorbic acid as standard was 22.63+1.40 pg/mL

(Appendix 1: Supplementary Data ).
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Table 4. In vitro antioxidant activity of Sonchus arvensis L. leaf extract

No. | Extract Antioxidant activity (ICso, pg/mL)
1. n-Hexane 108.59+11.24

2. Ethyl acetate 8.27+4.93

3. Ethanol 12.36+10.40

a. Methanol 31.35+3.27

5. Ascorbic acid 22.63+1.40

Note: The data were represented as mean + standard deviation (SD), n=3.

2.3.4 In vitro antiplasmodial activity

The 1Cso values of all extracts of Sonchus arvensis L. leaf at various doses were

shown in Table 4. As determined by the ICsq values, the ethyl acetate extract had

the highest in vitro antimalarial activity, followed by the n-hexane and ethanol

extracts (2.916+2.34, 5.11943.27, and 8.026+1.23 pg/mL, respectively) (Table 5)

(Appendix 1: Supplementary data ).

Table 5. In vitro antiplasmodial activity of Sonchus arvensis L. leaf extracts

against P. falciparum strain 3D7

No. | Extract % Inhibition at each concentration (ug/mL) ICso
100 10 1 0.1 0.01 0.001 (pg/mL)
1 n-Hexane 100+0 |[53.81+0.65| 45.21+1.94 | 35.79+3.9 |31.73+£3.73 - 5.119+2.34
2 Fthyl acetate | 10040 |75.82+1.93| 65.68+3.09 |44.89+9.73 | 34.84+1.49 - 2.916+3.27
3 Ethanol 93.6+0.53| 27.54+2.51 | 23.50+1.11 |13.09+1.49 | 6.94+0.36 - 8.026+1.23
a4 Chloroquine 100+0 100+0 100+0 79.76+4.51 | 40.49+5.29 | 17.17+2.31 [0.014+0.0021
diphosphate

Note: The data were represented as mean + standard deviation (SD), n=3.

2.3.5 Toxicity and selectivity index (SI)

The toxicity of all Sonchus arvensis L. extracts to hepatocytes was determined. From

highest to lowest, the ICsq values of the extracts were 1420.88+20.88, 437.39+7.46,

and 778.77+10.53 pg/mL for n-hexane, ethanol,

and ethyl acetate extract,
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respectively (Table 6). Then, the SI was calculated by comparing the toxicity and in
vitro antimalarial activity. From highest to lowest, the SI values were 277.57+5.77,
150+3.62, and 97.03+13.13 for n-hexane, ethanol, and ethyl acetate extract,

respectively (Table 6) (Appendix 1: Supplementary Data IlI).

Table 6. In vitro toxicity and selectivity index (SI) of Sonchus arvensis L. leaf

extract
No. | Extract In Vitro Toxicity, Selectivity Index
ICso (pg/mL) (sn
1 n-Hexane 1420.88+20.88 277.57£5.77
2 Ethyl Acetate 437.39+7.46 150+3.62
3 Ethanol 778.77£10.53 97.03+£13.13

Note: The data were represented as mean + standard deviation (SD), n=3.

2.3.6 In vivo antiplasmodial activity

The in vivo antimalarial activity of the ethyl acetate extract was also determined. As
shown in Table 7, the parasitemia rates decreased with increasing doses. The
inhibition rates of doses at 1, 10, 100, and 200 meg/kg BW were 0%, 32.86+7.5%,
56.32+2.64% and 77.48+2.93%, respectively. Probit analysis determined that the EDs
value of the ethyl acetate extract was 46.31+9.36 mg/kg BW. This result was
significant as compared to the negative control (Na-CMC) (Appendix 1:
Supplementary data IV).
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Table 7. Parasitemia, growth, and inhibition percentage of Sonchus arvensis L.

ethyl acetate extract against Plasmodium berghei

Sample Dose Mean % Parasitemia Mean % Mean % EDso (mg/kg)
(mg/kg) growth inhibition
Day 0 Day 4
Ethyl acetate extract of S. 1 151+ 0.07 7.44+0.21 593+ 0.17 - 46.31+9.36
arvensis L.
10 1.42+ 0.07 539+ 0.43 3.97+ 0.44 32.86+ 7.50
100 1.51+ 0.07 5.09+ 0.56 257+ 0.12 56.32+ 2.64
200 1.46+ 0.09 3.96+ 0.68 1.36+ 0.12 77.48+ 293
Na-CMC - 1.44+ 0.12 7.36+ 0.24 591+ 0.31
Chloroquine diphosphate 10 1.48+ 0.09 0.02+ 0.01

Noted: The data were represented as mean + standard deviation (SD), n=7. The Na-

CMC: sodium carboxymethyl cellulose.

2.3.7 Whole blood analysis of P. berghei infected mice

Mice infected with P. berghei were orally administered ethyl acetate extract
of S. arvensis L. two times per day for 7 days. Afterward, blood samples were
collected to determine the hepatoprotective (SGOT and SGPT), nephroprotective
(BUN and creatinine), and immunomodulatory (IL-10 and TNF-a) effects (Table 8).

SGOT and SGPT levels

SGOT and SGPT are produced in response to liver injury. Higher serum levels
of SGOT and SGPT indicate more significant liver injury. As compared to the negative
control (201.87 U/L), serum SGOT levels of mice infected with P. berghei were
significantly decreased by treatment with ethyl acetate extract at 1, 10, 100, and 200
mg/kg BW (100.68, 73.85, 69.82, and 33.11 U/L, respectively, p<0.05). However, there
was no different significant between normal control (40.76 U/L), positif (32.92 U/L),
and treatment groups (200 mg/kg BW),

Furthermore, as compared to negative control (24.13 U/L) and treatment with
ethyl acetate extract at 1 mg/kg BW (32.36 U/L) and 10 meg/kg BW (22.74 U/L), serum
SGPT levels were significantly decreased in the groups treated with 100 and 200
mg/kg BW (13.45 and 2.75 U/L, respectively) as well as the positive and normal
control groups (5.4 and 12.4 U/L, respectively). Overall, the SGOT and SGPT levels
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significantly decreased in the treatment groups compared with the negative control
group (p<0.05).

BUN and creatinine levels

Relatively higher serum levels of BUN and creatinine are indicative of severe
renal injury. As compared to the negative control group (7.00 mg/dL), the serum BUN
levels of the infected mice were significantly decreased by treatment with the ethyl
acetate extract at 1, 10 100, and 200 mg/kg BW (2.61, 2.95, 4.75, and 2.01 mg/dL,
respectively), p<0.05. In addition, as compared to the negative control group (1.99
mg/dL), serum creatinine levels were significantly decreased by treatment with the
ethyl acetate extract at 1, 10, 100, and 200 mg/kg BW (0.14, 0.37, 0.27, and 0.23
mg/dL, respectively), p<0.05.

Cytokine production

Serum IL-10 and TNF-a levels were significantly increased in the treatment
groups as compared to the normal and negative control groups. As compared to the
negative control group (88.00 pg/mL), serum IL-10 levels were significantly increased
in the positive control group (131.09 pg/mL) and slightly increased in the groups
treated with the ethyl acetate extract at 1, 10, 100, and 200 mg/kg BW (113.27,
106.36, 116.55, and 119.64 pg/mL, respectively, p<0.05), while there was no
significant difference as compared to the normal control group.

Moreover, as compared to treatment with the ethyl acetate extract at 1
mg/kg BW (287.93 ng/mL), serum levels of TNF-a were significantly increased by
treatment with 10, 100, and 200 mg/kg BW (794.93, 848.07, and 729.64 ng/mL,
respectively, p<0.05). There were also significant differences among the negative,
normal control, and positive control groups (237.64, 249.64, and 257.93 ¢/mlL,
respectively, p<0.05). Collectively, these results suggested that ethyl acetate extract

of S. arvensis L. enhances the immune response of mice against P. berghei infection.
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Table 8. Serum IL-10, TNF-a, SGOT, SGPT, BUN, and creatinine levels of mice

infected with P. berghei strain ANKA after treatment with S. arvesis L.

leaf ethyl acetate extract

Treatment IL-10 TNF-0. SGOT SGPT BUN Creatinine
(pg/mL) (ng/mL) (U/mL) (U/mL) (mg/mL) (mg/mL)
Normal Control | 105.27+10.25° | 249.64+99.97° 40.76+9.59° 12.4+0.84° | 3.42+0.08° 0.23+0.06°
Positive control 131.09+8.13° | 257.93+160.33 32.92+6.07° 5.4+2.73° 0.75+0.36° 0.39+0.01°
(chloroquine
diphosphate)
Negative control (Na-| 88.06+22.96* | 237.64+113.82° | 201.87+91.73% | 24.13+2.45° | 7.00+0.255° | 1.99+0.29¢
CMC)
Ethyl acetate extract
(mg/kg BW)
1 113.27+13.21° | 387.93+£123.59° | 100.68+2.98° | 32.37+13.61° | 2.61+1.62° 0.14+0.02
10 106.36+11.32° | 794.93+427.89° | 73.85+10.41° | 22.74+2.08° | 2.95+1.19° 0.37+0.04°
100 116.55+6.95° | 848.07+216.86" 69.82+7.1° 13.45+3.4° 4.75+097¢ 0.27+0.04°
200 119.64+2.84° | 729.64+126.89° | 33.11x13.16 2.75+0.59° 2.01+1.33° 0.23+0.09°

Note: The experiment was conducted in 4-7 replications. Normal control is uninfected and

untreated mice group. The values followed by the same letter show no significant

difference in the one-way analysis of variance (ANOVA) continued with Duncan Multiple

Range Test (DMRT) for IL-10 and TNF-a, with a nonparametric independent t-test for SGOT

and SGPT, and Kruskal-Wallis continued with Mann Whitney test for BUN and creatinine

data. The significant level was set 0.05 (Appendix 1: Supplementary data V).

2.4 Discussion

Management and accessibility of healthcare are important problems in

Eastern Indonesia. Hence, home treatment with traditional medicines is the most

common method for the treatment of malaria. The use of traditional medicine is

safe, cost-effective, and efficient to ensure access to healthcare services. According

to the World Health Organization (WHO), the use of traditional medicines continues

to increase worldwide. Traditional medicines are rooted in Indonesian culture and

history, although many traditional treatments have not been scientifically validated.

Among the strategic objectives proposed by the WHO, the safety and effectiveness of
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traditional medicines are primary goals before integrating traditional drugs in modern
healthcare [2].

S. arvensis L. is the seventh most popular medicinal plant for treating various
diseases in Indonesia, especially in Java and Bali [12]. Although the extract of S.
arvensis L. callus is reported to possess antiplasmodial activities [17,18], the
efficiency and safety for malaria treatment have not been registered. Hence, the aim
of this study was to evaluate the antiplasmodial, toxicity, and antioxidant activity of
crude extracts of S. arvensis L. leaf.

One kilogram of dried S. arvensis L. leaf was extracted by successive
maceration with n-hexane, ethyl acetate, and ethanol. From each solvent, different
extract weights were obtained. Each of the S. arvensis L. extracts was screened for
the presence of phytochemicals. The ethanol extract contained flavonoids, alkaloids,
terpenoids, saponins, and polyphenols, while the ethyl acetate extract included
flavonoids, alkaloids, terpenoids, and polyphenols, and the n-hexane extract
contained flavonoids, alkaloids, and terpenoids.

The Wilstatter "cyanidin" test confirmed the presence of flavonoids, while
testing of the extract showed the presence of alkaloids, as indicated by the
formation of a white precipitate after the addition of Mayer reagent. The
Liebermann-Burchard test results confirmed the presence of terpenoids, as indicated
by the yellow color of the solution. After adding a few drops of 10% FeCls, the color
of the solution changed to dark green, indicating the presence of tannins. Meanwhile,
the presence of saponins was confirmed if the foam extract did not disappear after
the addition of distilled water and shaking [11].

Polyphenols were present in the ethanol extract, whereas relatively large
amounts of terpenoids were confirmed in the ethyl acetate and n-hexane extracts.
These findings are consistent with similar studies conducted by Khan [24] and Seal
[25]. Many triterpenoids have been isolated from the n-hexane extract of S. arvensis
L. [16]. Additionally, some phytochemicals may be responsible for the various
activities of S. arvensis L. For example, flavonoid and phenolic compounds possess
antioxidant activities [24], saponins have anti-inflammatory activities [26], and

terpenoids exhibit antimicrobial activities [16].
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Furthermore, S. arvensis L extract showed antioxidant activities. The ethyl
acetate and ethanol extracts exhibited potent antioxidant activities (ICso < 50 pg/mL),
with 1Csq value 8.27+4.93ug/mL and 12.36+10.40 ug/mL respectively. While n-hexane
extract had moderate antioxidant activity (101 > ICso < 250 pg/mL) [27]. The ICs
value (the antioxidant activity) of ethyl acetate extract was lower than ascorbic acid
as standard (22.63+1.40 ug/mL) (Table 3). Moreover, compared to the other studies,
the leaf extract from S. arvensis L was lower than those of plants and callus
Trifolium pratense L. [28], Callisia fragrance leaf juice [29], and Centella asiatica L.
leaf [30] that have been previously reported as high antioxidant compound. The
potent antioxidant activity of the S. arvensis L. extract was probably due to the
presence of active ingredients with antioxidant activities, such as polyphenols and
flavonoids. These findings are similar to those of previous studies of different plant
sources [15,24,25,31].

The antioxidant activity of the ethyl acetate extract was as good as the in
vitro antimalarial effect. In general, an ICsy value less than 10 pg/mL is considered to
indicate the high activity, while 10 < ICsy < 25 pg/mL can be regarded as moderately
active and values >25 pg/mL are deemed inactive [32,33]. All plant extracts in this
study presented the ICsy values less than 10 pg/mL; therefore, they were primarily
considered as the new candidates for antimalarial-drug development. The ICs, values
of the ethyl acetate extract, n-hexane, and ethanol extracts were 2.916, 5.119, and
8.026 peg/mL, respectively. The ICs, value criteria for antiplasmodial activity is
currently still being debated. Therefore, the industry standardizes the ICs, value, a
pure compound is said to be active as antiplasmodial activity if the ICsq value is
below 10 pg/mL [6].

The toxicity of S. arvensis L. extracts were evaluated by calculating the ratio
of cytotoxicity with human hepatic cell lines to in vitro antiplasmodial activity
(Sl=selectivity index). A higher SI, theoretically, indicates greater drug effectiveness
and safety for the treatment of plasmodial infections. An ideal drug would be
cytotoxic only at very high concentrations and have antiplasmodial activities at low
concentrations, thus yielding a high SI value and eliminating the plasmodial target at

concentrations well below the cytotoxic concentration [34]. The ICs, values of
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extracts toxicity were 1420.88+20.88, 778.77+10.53, and 437.39+7.46, ug/mL, and
then the S| value were 277.57+5.77, 97.03+13.13, and 150+3.62 for n-hexane,
ethanol, and ethyl acetate extract respectively. de Souza et al. [35] mentioned that
“the natural product has been suggested that the SI>10 indicate a favorable safety
window between the effective concentration against the parasite and the toxic
concentration to human cell”. Aryanti et al. [36] reported that the extract or fraction
has high selectivity if the value of SI >3, and less selectivity if the value of SI<313. So,
all S. arvensis L. leaf extracts exhibited low toxicity. Nurianti et al. [37] found that an
ethyl acetate extract of S. arvensis L had no toxic effects, and Harun et al. [38]
revealed that an ethanol extract of S. arvensis L. was not toxic to healthy male
albino rats. The antioxidant activities suggest that these extracts are relatively
non-toxic because oxidative stress represents an imbalance between the production
of free radicals and the ability of a biological system to readily detoxify reactive
intermediates or repair the resulting damage [39].

Moreover, the ethyl acetate extract of S. arvensis L. was chosen for the
assessment of in vivo antiplasmodial activity because it exhibited the highest
antioxidant and in vitro antiplasmodial activities, with 1C5,.8.27 and 2.916 pg/mL
respectively. /n vivo antiplasmodial activity can normally be classified as moderate,
good, and very good if an extract displayed percentage inhibition equal to or greater
than 50% at a dose of 500, 250, and 100 mg/kg BW per day, respectively [40]. Method
and criteria are varied among the treatment groups examining antimalarial potency
of plants by using the rodent animal model. P. berghei-infected mice given orally
50-250 me/kg/day of extract exhibiting inhibition percentage >60% are considered to
be active or very active, and those exhibiting inhibition percentage >30% are
considered to be moderately active [32,33]. Based on this classification, the ethyl
acetate extract of S. arvensis L. showed excellent in vivo antiplasmodial

activity below 100 mg/kg/day with an ED50 of 46.31+9.36 mg/kg. The ED50 of ethyl

acetate extract of S. arvensis L. was higher than the ethanolic extract of H. annuus
root has an ED50 value of 10.6+0.2 mg/ke [41] but lower than the Tagetes erecta L.

and Synedrella nodiflora (L.) Gaertn. extract can significantly suppress parasitemia in
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malaria-infected mice by 50.82% and 57.67% respectively at 400 mg/kg BW dose
[40]. Compared to another Asteraceae member, the ethyl acetate extract of S.
arvensis L. could be developed as an antiplasmodial agent.

Furthermore, blood was collected from the experimental mice to determine
the nephroprotective, hepatoprotective, and immunomodulatory activities after 7
days of treatment with ethyl acetate extract of S. arvensis L. Many studies have
reported that S. arvensis L. extracts exhibited antioxidant [24], hepatoprotective
[13], nephroprotective [42], and immunomodulatory [43] activities. The present
study was conducted to assess the effect of an ethyl acetate extract of S. arvensis
L. against P. berghei infection in mice.

An increase in SGPT and SGOT serum levels indicates liver damage [15], and
a rise in BUN and creatinine levels suggests a failure of the kidneys or their possible
malfunction [39]. The results showed that the ethyl acetate extract protected the
liver and kidneys by reducing SGOT, SGPT, creatinine, and BUN levels.

Overall, the serum levels suggested that the ethyl acetate extract of S.
arvensis L showed nephroprotective, hepatoprotective, and immunomodulatory
activities in mice infected with P. berghei. The result is very interesting because the
pathogenesis caused by P. berghei is multifactorial and has not been well
characterized. There were several hypotheses suggesting that erythrocyte
cytoadherence, proinflammatory response, nephrotoxicity, and oxidative stress are
involved in the pathogenesis of P. berghei [44,45]. Free heme-mediated oxidative
stress, in which free heme is produced by parasites that consume hemoglobin during
the intra-erythrocytic phase, has been implicated in lipoprotein oxidation [46] and
serious kidney damage [46]. In addition, malaria infection is caused by parasites and
host factors, where there will be microvascular disturbances in the host's body. P.
berghei parasites will infect erythrocytes and activate cytokines of phagocytic cells
and endothelial cells to produce TNF-a, IL-10, IFN-y, and free radicals (ROI, ROS, and
NO). Free radicals are molecules with one unpaired electron in their outer orbit
which makes the molecule unstable [42]. Free radicals can cause oxidative stress. It
has implications for various pathological conditions [48]. The involvement of

oxidative stress can cause the amount of antioxidant status to decrease [42].
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Oxidative stress condition is defined as in-balance condition between antioxidants
and free radicals, where the state of free radicals is higher than antioxidants [14]. The
number of antioxidants decreases because the body used to balance the high free
radicals due to the presence of parasites. The more severe the infection from P.
berghei, the use of antioxidants in the body will increase, causing the number of
antioxidants in the body to decrease [42]. The biochemical data of serum of mice
infected P. berghei supported that the S. arvensis L. ethyl acetate extract is active as
antiplasmodial. Particularly, the S. arvensis L. leaf ethyl acetate extract increases the
mice immune response to P. berghei infections. It is very valuable for the further
investigation of efficacious the S. arvensis L. leaf as antiplasmodial drug candidate,
The comprehensive tests and discussions in this study confirmed that ethyl
acetate extract possessed antimalarial both in vitro and in vivo with
nephroprotective, hepatoprotective, and immunomodulatory activities in mice
infected with P. berghei. This study highlighted that S. arvensis L. crude extract had
antimalarial activity. Completely, these results suggested that ethyl acetate extract of
S. arvensis L. could be used to develop new antimalarial drugs in the future from a

natural resource.

2.5 Conclusion

The results of this study confirmed the antiplasmodial activity of ethyl
acetate extract of S. arvensis L. both in vitro and in vivo as well as the antioxidant,
nephroprotective, hepatoprotective, and immunomodulatory activities with low
toxicity. It was strongly suggesting the potential as an antimalarial drug. These
findings lay a foundation for further investigations of new antimalarial compounds for
future pharmaceutical applications. Further research, including bioassay-guided
fractionation, was also recommended to identify new antimalarial drug candidates.

Abbreviations

BUN blood urea nitrogen

SGOT serum glutamic oxaloacetic transaminase
SGPT serum glutamic pyruvic transaminase
TNF-a tumor necrosis factor alpha
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IL-10 interleukin 10

ICs half maximal inhibitory concentration
EDsq median effective dose
DPPH 2,2-diphenyl-1-picryl-hydrazyl-hydrate
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Abstract

Background: Natural products play an essential role in the process of new drug
discovery. In the present study, we determined the in silico anti-SARS-CoV-2, in vitro
antioxidant, in vitro antiplasmodial, and antimicrobial activities of Pterocarpus
macrocarpus Kurz. heartwood and structurally characterized the bioactive
compounds.

Methods: P. macrocarpus Kurz. heartwood was macerated with n-hexane, ethyl
acetate, and ethanol, respectively, for 7 days. This was repeated three times. The
compounds were isolated by recrystallization with n-hexane and evaluated by thin-
layer chromatography (TLC), gas chromatography-mass spectrophotometry (GC-MS),

Fourier transform infrared (FITR) spectroscopy, and nuclear magnetic resonance
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(NMR). The in silico anti-SARS-CoV-2, in vitro antioxidant against 1,1-diphenyl-2-
picrylhydrazyl (DPPH) and 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS),
in vitro antiplasmodial against Plasmodium falciparum strain 3D7, and antimicrobial
(disk diffusion method) against Candlida albicans, Bacillus subtilis, Escherichia coli,
and Staphylococcus aureus) activities were established. Hepatocyte-derived cellular
carcinoma cell line (Huh7it-1cellls) were used for an in vitro cytotoxicity assay [3(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; MTT].

Results:

The ethyl acetate, ethanol, and n-hexane extracts, as well as homopterocarpin,
exhibited antiplasmodial activity at 1.78, 2.21, 7.11, and 0.52 pg/ml, respectively,
against P. falciparum 3D7 with low toxicity. A compound identified by GC-MS showed
in silico anti-SARS-CoV-2 binding affinity with stigmasterol and SARS-CoV-2 helicase of
-8.2 kcal/mol. All extracts exhibited antioxidant activity against DPPH and ABTS. They
also demonstrated antimicrobial activity against B. subtilis, the ethanol and ethyl
acetate extracts against £. coli and C. albicans, and the ethanol extract against S.
aureus.

Conclusion: The results highlishted antiplasmodial activity of a crude extract and
homopterocarpin from P. macrocarpus Kurz. heartwood and its potent binding in
silico to anti-SARS-CoV-2 proteins with low toxicity. This study also confirmed that all
extracts exhibited antioxidant and antimicrobial activity. Further studies are needed
to assess the safety and bioactivity of P. macrocarpus Kurz. for development as a
new drug candidate.

Keywords: anti-SARS-CoV-2, antimicrobe, antioxidant, antiplasmodial,

homopterocarpin, malaria, Pterocarpus macrocarpus Kurz.

3.1 Introduction

Severe acute respiratory syndrome-related coronavirus-2 (SARS-CoV-2) is
currently a serious worldwide health problem, with more than 205 million people
afflicted with this virus and the occurrence of more than 4 million deaths. To reduce
the harmful sequelae of this infection, efforts are underway to identify agents for

preventive, supportive, and therapeutic care against SARS-CoV-2'". Moreover, the
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emergence and spread of drug- or antimicrobial-resistant pathogens is another major
threat that has increased the morbidity and mortality of infectious diseases,
especially for chloroquine- or artemisinin-resistant Plasmodium falciparum malaria®?.
These strains are resistant to nearly all available antimalarial drugs, which reinforces
the need to identify new antimalarial and antimicrobial agents. Researchers are
currently exploring the efficacy of phytochemicals from medicinal plants as a source
of active compounds to reduce the time and cost of developing new synthetic
drugs®.

Herbal medicine and therapy were the best options according to traditional
folklore. WHO estimates that around 80% of the world’s population uses herbal
medicines to treat health problems because they have many benefits, such as low
costs, positive complementary effects, and negligible side effects'. Many plants that
have been used in traditional medicine exhibit antiviral properties. The anti-SARS-
CoV-2 activity of plant extracts and their components has been evaluated, such as

[6]

bioactive compounds from Centella asiatica™, Vitis amurensis®®, and Boesenbergia

rotunda'”. They have been explored in many bioactivities studies, including
antioxidant and antimicrobial activity® .

Pterocarpus macrocarpus Kurz. belongs to Fabaceae, which primarily grows
in Laos, Thailand, Myanmar, and Vietnam. The benefits of P. macrocarpus Kurz. is
associated with its heartwood, which provides visual enjoyment and psychological
pleasure because of its unique woody flavor™®. In addition, medicinal properties are
associated with the extracts from this plant including human blood circulatory,
antimicrobial™,  detoxification™, Alzheimer’s disease, antispasmodic, anticancer™®,
immunomodulatory™”, and insecticide activities'®.

In this report, we evaluated the effects of P. macrocarpus extracts including
the antioxidant, antimicrobial, and antimalarial activities, and used computational
analysis to determine the potency of these extracts against SARS-CoV-2 proteins; then
we compared them with bioactive commercial compounds. MTT assay was also
conducted to evaluate the cytotoxicity level. This report provides remarkable

information about anti-SAR-CoV-2, antimalarial, antimicrobial, and antioxidant activities

with low toxicity of natural products from P. macrocarpus Kurz.. Moreover, it could be
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expected to provide data for the further use of these extracts as drug candidates for

infectious diseases therapy with positive complementary effects and safety.

3.2 Materials and methods

3.2.1 Plant material collection and identification

Pterocarpus macrocarpus Kurz. was obtained from a traditional market in Bangkok,
Thailand, and authenticated in the Plant Systematic Laboratory, Department of Biology,
Faculty of Science and Technology, Universitas Airlangga. A voucher specimen was
deposited in the Plant Systematic Laboratory, Department of Biology, Faculty of Science
and Technology Universitas Airlangga (No. PM.0210292021).

3.2.2. Extraction and phytochemical screening

The heartwood (1 kg) was air-dried, ground into powder (80 mesh size) and
macerated sequentially in polar organic solvents including n-hexane, ethyl acetate,
and ethanol. Each maceration was done for 7 days, 3 times at room temperature (28
+ 2°C). The resulting extracts were filtered through filter paper, evaporated with a
rotary evaporator at 60°C to acquire a dry residue, weighed to calculate the yield of
each extract, and stored at 4°C. The crude extracts were screened for phytochemical
content by standard methods including the Wilstatter "cyanidin" test for flavonoids,
Mayer's test for alkaloids, the ferric chloride test for tannins, the Liebermann-
Burchard test for terpenoids, and the foam test for saponins™”.

3.2.3 Isolation and structural analysis of bioactive compounds

The n-hexane extract was crystallized by dissolving 1 ¢ of sample into 20 ml of n-
hexane, shaking for 10 min, and incubating at 4°C for 24 hours. The crystals were
separated by filtration through filter paper, weighed to calculate vyield, and
recrystallized. The process was repeated until the color of the crystals had become
white. The thin-layer chromatography (TLC) with a mixture of n-hexane: ethyl acetate
(4:1 v/v) as a mobile phase was used to separate the chemical constituents of the n-
hexane extract before and after crystallization. The samples were dissolved in n-
hexane and spotted (5 pL, equivalent to crude extract weight of 250 g of sample) on
a silica gel precoated plate. The plate was developed in vanillin sulfuric acid and

heated until purple-blue nodes were revealed on the plate as terpenocids™. Gas
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chromatography-mass spectrophotometry (GC-MS) was used to establish compound
profiles from the n-hexane extract during the recrystallization steps. GC-MS analysis was
performed using an Agilent GC-MSD (Agilent 19091S-433Ul) equipped with a capillary
column (30 m x 250 pm x 0.25 pm) and a mass detector was operated in electron
impact (El) mode with full scan (50550 amu). Helium was used as the carrier gas at a flow
rate of 3 m/min with a total flow rate of 14 ml/min. The injector was operated at 280°C
and the oven temperature was programmed at an initial temperature of 60°C and
increased 3°C per minute to obtain a final temperature at 250°C. The peaks in the
chromatogram were identified based on their mass spectra. The *H, **C, HMBC, and
HMQC NMR spectra of the compounds were analyzed using a JEOL JNM-ECS
instrument at 400 MHz in chloroform solvent. The melting point was analyzed using
a melting point tester (Stuart SMP30) and confirmed by Fourier transform infrared
spectroscopy (FITR, Shimadzu IRTracer 100).

3.2.4 In silico anti-SARS-Cov-2

3.2.4.1 Protein and ligand sample preparation

The proteins involved in, entry, replication, and assembly of the SARS-CoV-2 virus in
humans, such as helicase (PDB ID 6ZSL), receptor binding domain of spike glycoprotein
(RBD-spike; PDB ID 6LZG), RNA dependant RNA polymerase (RdRp; PDB ID 6M71), and
main protease (Mpro; PDB ID 7ALH) were identified as potential drug targets in this
study. The crystal structures of these proteins were obtained from the PDB
(https://www.rcsb. org). Molnupiravir (control 1; CID 145996610) and PF-07321332
(control 2; CID 155903259) were used as control COVID-19 drugs. To evaluate anti-
SARS-CoV-2 activity, the three-dimensional structures of the identified compounds from
the n-hexane extracts of P. macrocarpus, including butylated hydroxytoluene (CID
31404), 2-naphthalene methanol (CID 74128), homopterocarpin (CID 101795), pterocarpan
(CID 1715306), campesterol (CID 173183), y-sitosterol (CID 133082557), and stigmasterol
(CID 5280794), were downloaded from PubChem database (https://pubchem.
ncbi.nlm.nih.gov). The compounds (or ligands) were subjected to energy minimization
using the PyRx 0.9.9 tool to increase the flexibility and to optimize binding. The
native ligands were then removed through sterilization by PyMol version 2.5%". The

drug-likeness of these compounds was analyzed using Lipinski’s rule of five on the
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SCFBIO web server (http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp). The
compounds that were identified as drug candidates with drug-like molecule
properties were selected for further analysis®?.

3.2.4.2 Molecular docking simulation

The docking of selected compounds to target proteins was performed using PyRx
version 0.9.9 software. The docking type was screened with a control molecule to
ignore the functional side of the target protein, while the analysis focused on the
binding energy. The binding energy was expressed as binding affinity (kcal/mol),
which is the energy formed when a molecule interacts with another molecule. This
energy indicates the level of bonding activity and the interaction pattern with a
ligand®!.

3.2.4.3 Molecular interaction analysis

BIOVIA Discovery Studio 2017 software was used to analyze the interactions and
positions of chemical bonds in the docked molecular complex. Weak bonds
consisting of hydrophobic, Van der Waals, hydrogen, electrostatic, and -alkyl are
shown by the software. Weak bonds are formed when ligands and proteins interact
to initiate specific biological responses, such as activation and inhibition. Pocket
binding domains on target proteins have a key role in this regard, because they
consist of specific amino acids®. The results of the molecular docking simulation in
this study were displayed by PyMol software (https://pymol.org/2/), the structure of
the ligand-protein molecules consisted of cartoons, surfaces, and sticks that
underwent staining selection'®",

3.2.5 In Vitro antioxidant activity

3.2.5.1 The 2,2-dipheny!l-1-picryl-hydrazyl-hydrate (DPPH) inhibition assay.

The DPPH inhibition assay was done according to Prieto®?® with modifications. Sample
(100 pb) at different concentrations from 1.075 to 200 pg/ml in methanol were mixed
with 100 pl DPPH reagent (0.2 mM) and incubated for 30 min in the at room
temperature. Ascorbic acid and Trolox were used as positive controls. The inhibition
of DPPH was measured at 517 nm.

The percentage of DPPH inhibition was calculated by the equation:
(Acontrol— Asample)/ Acontrol x 100% (1)
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Where Agnpe is the absorbance from the mixture of DPPH reagent and the sample,
whereas Aol is the absorbance from the DPPH reagent. The percentage of inhibition at
each concentration was plotted and regressed linearly to obtain the half-maximal
inhibitory concentration (ICs) value.

3.2.5.2 The 2,2-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) inhibition
assay

The ABTS inhibition assay was conducted according to the method of Fu et al.?”. The
ABTS reagent was prepared by mixing 7 mM ABTS solution with 2.4 mM potassium
persulphate solution and storing at room temperature for 12-16 hours in the dark.
Then, the absorbance of the solution at 734 nm was measured (0.7-0.72). The sample
(100 pl) at different concentrations from 1.075 to 200 pg/ml in methanol was mixed
with 100 pl ABTS reagent and the absorbance was measured at 734 nm after
incubating for 5 mins in the dark at room temperature. The percent inhibition and ICs
value were calculated as described for the DPPH inhibition assay.

3.2.6 In vitro antimalarial Assay

An in vitro antimalarial assay using cultures of Plasmodium falciparum strain 3D7
(Trager and Jensen 1972) was carried out, which was adapted from Wahyuni et al.?.
The composition of the medium included human O red blood cells, 5% hematocrit
in Roswell Park Memorial Institute 1640 (RPMI 1640) (Gibco BRL, USA), 22.3 mM N-2-
hydroxyethylpiperazine-N-2-ethanesulfonic acid (HEPES) (Sigma), hypoxanthine, sodium
bicarbonate (NaHCOs), and 10% human O" plasma. Chloroquine diphosphate was
used as a positive control. Sample (1 mg) was dissolved in 100 pl of DMSO (10,000
mg/ml) and used as a stock solution from which serial dilutions were prepared. The
parasites used in this test were synchronous (ring stage) with +1% parasitemia (5%
hematocrit). Test solution (2 pl) at various concentrations were placed into each
wheel (96 wheels) and 198 pl of the parasite was added (the final concentration of
the test material was 100 pg/ml, 10 pg/ml, 1 pg/ml, 0.1pg/ml, and 0.01 pg /ml). The
test well was placed into the chamber and exposed to a gas mixture (O, 5%, CO,
5%, and N, 90%). The chamber containing the test wells was incubated for 48 h at

37°C. The cultures were then harvested, and a thin blood film was prepared by 20%
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Giemsa staining. The number of infected erythrocytes per 1000 normal erythrocytes
was counted under a microscope (1000X).
The data was used to calculate the percent growth and percent inhibition using the

following formulas:

% Growth = % Parasitemia - DO (2)
Percent inhibition = 100% - [(Xu/Xk) x 100%] (3)

Where DO is the percentage of growth at the 0-hour, whereas Xu and Xk are the
percentage of growth in the test solution and negative control, respectively. Based
on the percent inhibition data, statistical analysis was carried out using probit of the
SPSS version 20 program to determine the ICso value or the concentration of the test
material that inhibits parasitic growth by 50%.

3.2.7 In vitro cytotoxicity assay

An MTT cytotoxicity assay was carried out in vitro on hepatocyte-derived cellular
carcinoma cell line (Huh7it-1 cells) using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide as described by Fonseca et al.””’. Passage (P) 18 human
hepatocyte cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM)
medium supplemented with 3.7 ¢ of sodium bicarbonate (NaHCO3), and adjusted to
a pH of 7-7.2. A complete medium was made from 500 ml of DMEM media
containing 50 ml of fetal bovine serum (FBS), 5 ml of nonessential amino acid (NEAA),
and 6 ml of penstrep (penicillin-streptomycin). The samples were dissolved in DMSO
and then diluted to various concentrations (0.1, 0.5, 1, 5, 10, 50, 100, 500, and 1000
ug/ml). The cells were incubated at 37°C under an atmosphere of 5% of carbon
dioxide and 95% humidity for 48 h. The assay was done in duplicate wells. The
viability of the cells was determined by measuring the absorbance at 560 nm and
750 nm with a multiplate reader. The percentage of cell viability was calculated

using the formula:

% viability: (Awmpie/Acontiol) X1009% (4)
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where Ag, e Was absorbance at 560 nm-750 nm and Ao is the absorbance of
DMEM medium. The half cytotoxic concentration (CCso) was determined by plotting
the percent cell viability and regressing linearly using Microsoft Excel version 20.0
(IBM Corporation, Armonk, NY, USA).

3.2.8 Selectivity index (SI)

The SI was determined to describe the selective activity of an extract against
Plasmodium falciparum strain 3D7 compared with the results of its cytotoxicity
against human hepatocyte cells. The Sl value was calculated by comparing the ICsq
value of the extract with that of P. falciparum strain 3D7. The SI was used to
describe the selective activity of the extract against P. falciparum strain 3D7
compared with the results of its cytotoxicity on human hepatocyte cells*?.

3.2.9 Antimicrobial assay

The disc diffusion method was performed to analyze antimicrobial activity against
Bacillus substilis, Escherichia coli, Staphylococcus aureus, and Candida albicans™".
Nutrient agar media was used to culture the bacteria, whereas potato dextrose agar
was used for cultivating yeast. The sterilized medium was poured into sterile petri
plates and the inoculate from each strain was spread onto the agar plates after
solidification. A stock solution of extract was prepared and serially diluted. The sterile
disks, 6 mm in diameter, were impregnated into the extract solution at each
concentration. Distilled water and chloramphenicol were used as negative and
positive controls, respectively. All disks were fully dried before applying to the
bacterial or yeast plates. Antibacterial activity was evaluated by measuring the
diameter of the inhibition zone around the disks. The percentage of inhibition (PI)

was calculated as follows:

Pl = the inhibition zone of the sample (cm) / the zone of positive control (cm) x 100% (5)

3.2.10 Data analysis
Data are expressed as the mean + standard deviation. Probit analysis was used to
calculate the ICsq values for in vitro antimalarial activity using IBM SPSS Statistics for

Windows, version 20.0. (IBM Corporation, Armonk, NY, USA). The ICs, values for in vitro
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antioxidant and cytotoxicity were calculated by linear regression using Microsoft

Excel version 20.0 (IBM Corporation, Armonk, NY, USA).

3.3 Results and discussion

3.3.1 The yield of extracts and phytochemical screening

Dried heartwood from P. macrocarpus Kurz. was sequentially extracted with different
polar organic solvents. One kilogram of sample yielded 2.5 + 0.3, 10.2 + 0.2, and 42.9 +
0.3 ¢ of extract from the n-hexane, ethyl acetate, and ethanol fractions, respectively.
According to phytochemical analysis, each fraction contained flavonoid, alkaloid,
terpenoid, saponin, and polyphenol as secondary metabolites at different amounts,
whereas saponins were only found in the ethanolic fraction (Table 9). Different
phytochemicals have generally been considered to exhibit different activities. The n-
hexane extract revealed an abundance of terpenoids. Therefore, crude extracts from
the n-hexane fraction were selected for the isolation of bioactive compounds.

Table 9. Phytochemical screening of Pterocarpus macrocarpus Kurz. heartwood

extracts
No Phytochemicals n-Hexane Ethyl acetate Ethanol
1 Terpenoids === = +
2 Flavonoids + ++ +++
3 Alkaloids + ++ ++
4 Saponin - - +
5 Polyphenol o + +++

Note: + +, Strongly positive; +, Weakly positive; -, Not detected

3.3.2 Isolation and structural analysis of bioactive compounds

Recrystallization was performed to isolate the bioactive compounds. The yield, color,
and number of spots on TLC plates from each cycle of recrystallization are listed in
Table 10. The effectiveness of this isolation technique may be observed by the
reduction of spots on the TLC from 6 (1 cycle) to 3 spots (2" cycle). The different Rf
values for every stain indicate the diversity of the compounds®?. The white crystals

that yielded 596 mg/g of crude extract were obtained at the fifth cycle and the single
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spot with an Rf value of 0.69 was also identified by TLC (Appendix 2: Supplementary
Data ).

Table 10. The yield of crystals at each step of crystallization of the n-hexane

extract of Pterocarpus macrocarpus Kurz. heartwood

Cycle  Number Rf value Yield Color
of spots  for major (mg/g)

spot

1 6 0.125, 290 £ 5 orange
0.375,
0.563,
0.625,
0.688,
0.938

2 3 0.125, 80 + 2 orange
0.688,
0.938

3 3 0.125, 12 +£10 orange
0.688,
0.938

4 3 0.125, 10 £ 10 orange
0.688,
0.938

5 1 0.688 592 + 30 white

Note: The data were represented as mean+SD, n=3.
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Figure 2. Chromatogram of n-hexane extracts of Pterocarpus macrocarpus
Kurz. heartwood at each crystallization cycle. A. n-hexane extract, B.
first crystallization, C. second crystallization, D. third crystallization, E.
fourth crystallization. black arrow: 2-naphthalenemethanol; green arrow:
homopterocarpin; blue arrow: pterocarpin; yellow arrow: stigmasterol; red

arrow: y-sitosterol
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A GC-MS chemical analysis was used to identify the diverse compounds in the
n-hexane extract from the four cycles of recrystallization. A total of 7 compounds were
identified from the first crystallization, 3 from the second, and only 2 compounds were
identified from the third cycle. Of these, homopterocarpin and pterocarpin were found
at each cycle as major components (Table 11, Fig. 2, Appendix 2: Supplementary data
). These compounds have been reported as bioactive molecules in previous
studies™?*!.

Table 11. Phytochemical components identified from GC/MS analysis of

Pterocarpus macrocarpus Kurz. heartwood n-hexane extract at each

crystallization cycle

No. Identified compound Retention Relative area percentage
Time (peak area relative to the total peak area)
(min) (%)
n-hexane Crystallization
extract 1 2" 3" 4"
1 Butylated hydroxytoluene 44.04 3.81 9.04
2 2-Naphthalenemethanol S5 32.17 57.85 4.03
3 Homopterocarpin 90.40 100.00 100.00  100.00  100.00  100.00
4 Pterocarpin 94.14 23.34 20.64 13.34 3117 2342
5  Campesterol 113.64 7.93 19.7
6  Stigmasterol 114.64 21.24 43.03
7 y-sitosterol 116.50 271.87 55.97

The FTIR spectrum of the isolated products from the fifth recrystallization

revealed absorption bands (cm™1) for C-H alkane at 2949.16, 2908.65, and 2841.15;
the C-H bending aromatic compound at 1876.74; C=C conjugated alkene at 1618.28;
C=C cyclic alkene at 1587.42, O-H phenol at 1381.03 and 1344.38; C-O stretching
alkyl aryl ether/aromatic ester/at tertiary alcohol 1197.79 and 1271.09; C=C stretching
aliphatic ether at 1149.57 and 1130.29; and the C=C alkene at 973.40, 794.67, 723.31,
and 682.80 (Appendix 2: Supplementary data Ill). The integration of the 'H NMR
spectrum (Table 12) showed the presence of two aromatic ring in the benzene
skeleton at &4 7.43 (1H, d, 8.6Hz), 6.64 (2H, dd, 8.6Hz; 2.5Hz), 6.47 (1H, d, 2.5Hz) and
7.13 (1H, d, 8.5H2), 6.46 (2H, dd, 8.5Hz; 2.3Hz), 6.44 (1H, d, 2.3). The two ether cyclic
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groups were at oy 3.64 (3H, t, 11.0Hz), 4.25 (2H, dd, 11.0Hz; 5.3Hz), 3.53 (m). The
appearance of singlets at 8y 3.77 (s) and 3.79 (s) confirmed the presence of two OCH;
groups on the aromatic ring (Appendix 2: Supplementary data IV). There were 17
carbon signals in the *C NMR spectrum (125 MHz, CDCls, based on HMQC and HMBC
experiments; Table 12). Signals at dc 156.7 and 60.8 resulted from benzene carbons
bonded to the ether group. The signals at 6. 131.9, 109.3, 101.7, 39.6, 124.8, 106.4,
97.1, and 78.7 indicated an aromatic CH, whereas signals at oc 112.4 and 119.2 were
assigned to aromatic carbons. The other two signals at 8¢ 161.2 and 161.1 belong to a
benzene carbon with methoxy groups. Two signals at 6 55.6 and Cy 55.5 were
confirmed as methoxy carbons. The signal at d¢c 66,7 was a carbon ether cyclic with
two hydrogen atoms (Appendix 2: Supplementary V). The data from the
characterization of the compounds were compared with that reported in the
literature®”. Homopterocarpin exhibited white crystals and yielded 0.592 + 0.003 g
(0.059%w/w). The melting point of this compound was at 83.6°C. Furthermore, a
mass spectra analysis showed that the compound had an m/z of 284.1 and the
molecular formula was Ci7H;404 (Fig. 3).
3.3.3 In silico anti-SARS-CoV-2 activity

The identified compounds include butylated homopterocarpin, pterocarpin,
hydroxytoluene, 2-naphthalenemethanol, campesterol, y-sitosterol, and stigmasterol
from P. macrocarpus n-hexane extract were used as the ligands to analyze their
potential activity as drug-like molecules according to the Lipinski Rule of Five. The rule
requires a molecular mass > 500 Da, high lipophilicity < 5 Da, hydrogen bond donor <
5 Da, and a hydrogen bond acceptor < 10 DaP®. Al compounds that act as drug
candidates may trigger the activity of the target protein if they satisfy more than two

of the Lipinski rules (Table 13).
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Table 12. The observed 'H and C-NMR homopterocarpin (3,9-dimethoxy-

pterocarpan) compound in CDCl,

No. C Homopterocarpin of Pterocarpus macrocarpus Kurz.
Type oy (mult, J Hz) oc
1 CH 7.43 (d, 8,6) 131.9
2 CH 6.64 (dd, 8,6; 2,5) 109.3
3 C - 161.2
a4 CH 6.47 (d, 2,5) 101.7
da C - 156.7
6 CH2 3.64 (t, 11,0) 66.7
4.25 (dd, 11,0; 5,3)

6a CH 3.53 (m) 39.6
6b C - 119.2
7 CH 7.13 (d, 8,5) 124.8
8 CH 6.46 (dd,8,5; 2,3) 106.4
9 C - 161.1
10 C 6.44 (d, 2,3) 97.1
10a C - 160.8
11a CH 5.51 (d, 6,8) 78.7
11b C - 112.4
3-OCHj4 C-OCH3 3.77 (s) 55.6
9-OCH, C-OCH3 3.79 (s) 55.5

Figure 3. The structure of homopterocarpin
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Table 13. Prediction results of target compound activity

Compound MW LOGP HBD  HBA MR Probability
(Dalton)

Butylated 220.000 4.295 1 1 70.243 Drug-like molecule
hydroxytoluene

2-Naphthalenemethanol 158.000 2.332 1 1 49.870 Drug-like molecule
Homopterocarpin 284.000 3.313 0 4 77.592 Drug-like molecule
Pterocarpin 298.000 3.033 0 5 77.163 Drug-like molecule
Campesterol 400.000 7.634 1 1 123.599 Drug-like molecule
v-sitosterol 414.000 8.024 1 1 128.216 Drug-like molecule
Stigmasterol 412.000 7.800 1 1 128.122 Drug-like molecule

MW: Molecular Weight; LOGP: High Lipophilicity; HBD: Hydrogen Bond Donor; HBA: Hydrogen
Bond Acceptor; MR: Molar Refractivity

The results of a molecular docking simulation indicated that all of the
selected compounds had a higher negative binding affinity for each SARS-CoV-2
protein compared with that of molnupiravir (Control 1) and PF-07321332 (Control 2)
(Table 14). Stigmasterol was the most effective compound predicted to bind with all
SARS-CoV-2 proteins including helicase, RBD-spike, RdRp, and Mpro with negative
binding affinities of -8.2, =7.8, -7.8 and -7.3 kcal/mol, respectively. Campesterol is
another active compound that exhibited a more negative binding affinity with all
target SARS-CoV-2 proteins compared with the two control drugs. The molecular
docking simulation results were displayed in 3D with transparent surfaces, cartoon
structures with the target proteins, and a ligand with stick views (Fig. 4). The weak
bonds in the molecular complex from the docking simulation consisted of hydrogen,
alkyl, Van der Waals, hydrophobic, and electrostatic interactions. The presence of
weak binding interactions can activate specific biological responses in proteins, such
as inhibition through specific domains®. The seven bioactive compounds in this
study could theoretically bind to specific protein domains through weak binding,
such as alkyl, hydrogen, pi sigma, and Van der Waals interactions (Fig. 5). The results

suggest that each bioactive compound may inhibit SARS-CoV-2 protein activity.
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(C) (D)

Figure 4. The 3D visualization of the molecular docking results. Licands are

indicated by black circles (A) Stigmasterol Helicase (B) Stigmasterol RdRp
(C) Stigmasterol_Mpro (D) Stigmasterol_RBD-Spike.
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Table 14. Simulation results of molecular docking with SARS-CoV-2 proteins

Binding Affinity ~ AutoGrid
Target Ligand
(kcal/mol) (A)

Butylated hydroxytoluene -6.3

2-Naphthalenemethanol -6.2

Homopterocarpin -7.2 Center

Pterocarpin -7.7 X:-14.723 Y:30.321 Z:-66.631
Helicase Campesterol -7.7

y-sitosterol -7.4 Dimensions

Stigmasterol 82 X:91.761 Y:98.670 Z:106.327

Molnupiravir (Control 1) =71

PF-07321332 (Control 2) -7.1

Butylated hydroxytoluene -5.9

2-Naphthalenemethanol -5.8

Homopterocarpin -6.5 Center

Pterocarpin 7.2 X:119.72Y:117.282 Z2:117.111
RdRp Campesterol -7.6

v-sitosterol -7.1 Dimension

Stigmasterol 78 X:102.037 Y:108.952 Z:117.175

Molnupiravir (Control 1) -6.8

PF-07321332 (Control 2) -7.5

Butylated hydroxytoluene -5.8

2-Naphthalenemethanol =5t

Homopterocarpin -6.3 Center

Pterocarpin -7.1 X:-26.283 Y:12.599 7:63.866
MPre Campesterol -7.7

v-sitosterol -7.6 Dimension

Stigmasterol 78 X:66.125 Y:72.942 7:61.258

Molnupiravir (Control 1) -6.7

PF-07321332 (Control 2) -6.5

Butylated hydroxytoluene -5.6

2-Naphthalenemethanol -5.6 Center

Fomopterocarpin o4 X:-32.325 Y:27.893 Z:21.076
RED-Spike Pterocarpin -7.1

Campesterol -6.9

y-sitosterol -6.7 Dimension

Stigmasterol 73 X:48.156 Y:59.612 7:56.346

Molnupiravir (Control 1) -6.7
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5. The 2D visualization of the molecular

interactions.

Stigmasterol_Helicase, (B) Stigmasterol RdRp, (C) Stigmasterol Mpro,
(D) Stigmasterol_RBD-Spike.

3.3.4 Antioxidant activity

DPPH and ABTS assays were done to assess the antioxidant activities of the
extracts. The ICs, values of the crude extracts prepared with each solvent are shown
in Table 15 (Appendix 2: Supplementary data VI). From lowest to highest, the ICs
values for ABTS were 0.61 + 0.46, 0.75 + 0.42, and 68.93 + 4.34 pg/ml for the
ethanol, ethyl acetate extract, and n-hexane extract, respectively, whereas the ICs,
values for DPPH were 0.76 + 0.92, 2.12 + 0.97, and 27.70 + 4.29 ug/ml for the
ethanol, ethyl acetate extract, and n-hexane extracts, respectively. In addition, the

IC5o of homopterocarpin was 194.90 + 34.96 pg/ml for DDPH assay and 30.94 + 8.00
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pe/ml for the ABTS assay. Compared with the control, the ICs, for ethyl acetate and
ethanol extracts were lower compared with that of Trolox and ascorbic acid for both
assays. The potent antioxidant activity of the crude extract of P. macrocarpus Kurz.
was likely due to the presence of active ingredients with antioxidant activities, such
as polyphenols and flavonoids, especially in the ethanolic and ethyl acetate crude
extracts (Table 9)*°". In previous study showed homopterocarpin from Pterocarpus
erinaceus as antioxidant®. Compared to the other studies that have been previously
reported as high antioxidant compounds, the leaf extract from P. macrocarpus Kurz.
was lower than Centella asiatica L. leaf Y, plants and callus of Trifolium pratense

L%} and Callisia fragrance leaf juice!®.

Table 15. In vitro antioxidant activity of Pterocarpus macrocarpus Kurz.

heartwood extract

No. Extract Antioxidant activity,
ICs0 (pg/ml)
DPPH ABTS

1 n-Hexane 27.70 + 4.29 68.93 + 4.34
2 Ethyl acetate 2.12 + 0.97 0.75 + 0.42
3 Ethanol 0.76 + 0.92 0.61 + 0.46
a4 Homopterocarpin 194.90 + 34.96 30.94 + 8.00
5 Ascorbic acid 512+ 243 277 + 1.30
6 Trolox 0.97 + 0.30 0.86 + 0.97

Note: The data were represented as mean+SD, n=3.

3.3.5 In vitro antimalarial activity

The ICsy values of the crude extracts and homopterocarpin from P.
macrocapus Kurz. at different doses are shown in Table 16 (Appendix 2:
Supplementary data VI). All natural products are considered to have antimalarial
activity at ICsy values less than 10 pg/ml. The compounds with ICsq values less than 5
ug/ml are classified as exhibiting very active antimalarial activity, whereas ICs, values
between 5 and 10 pg/ml are identified as active antimalarial agents“. The results

indicated that the ethyl acetate extract exhibited the highest in vitro antimalarial
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activity with an ICsy value of 1.78 pg/ml, followed by the ethanol (2.21 pg/ml) and n-
hexane extracts (7.11 pg/ml), whereas the ICs, of homopterocarpin was 0.52 pg/ml.
Compared with other studies, the ICs, values for the S. arvensis L. ethyl acetate
extract was lower compared with that of the DCM extracts from Commiphora
africana (A. Rich.) Engl. stem bark and Dychrostachys cinerea (L.) Wight & Arn. whole
stem, which showed promising antiplasmodial activity with 1Csy values of
454 +1.80 and 11.47 + 2.17 pg/ml, respectively”. These results were lower
compared with that of the ethanolic extracts from Mussaenda erythrophylla,
including stem (29.6+ 0.7pug/ml) and leaves (3.7+2.6ug/ml), and Mussaenda philippica
Dona Luz x Mussaenda flava leaves ethanolic extract (5.9+0.4 pg/mU*L. In addition,
they were lower than Pterocarpus erinaceus Poir. leaf methanolic extract (ICsy =
14.63ug/m"*. Tajuddeen and Heerden™"” concluded that a bioactive compound is
considered interesting and worthy of further investigation as an antimalarial agent if
the ICsq is 3.0 pg/ml.
3.3.6 In vitro toxicity and selectivity index

In vitro toxicity was evaluated by the MTT assay using Huh7it-1 cells and the S
was calculated by comparing the cytotoxicity concentration at 50% (CCs,) and the ICs
of the antiplasmodial activity of the natural product. The CCs, of the crude n-hexane,
ethyl acetate, and ethanol extracts, and homopterocarpin were 202.38, 67.237, 512.48,
and 49.93 pg/ml, respectively. Moreover, the selectivity indices for the n-hexane, ethyl
acetate, ethanol extracts of P. macrocarpus Kurz. heartwood and homopterocarpin
were 28.46, 37.77, 231.89, and 96.02 pg/ml respectively (Table 16) (Appendix 2:
Supplementary data VIII).
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Table 16. In vitro antimalarial activity, in vitro toxicity, and selectivity index (SI)
of Pterocarpus macrocapus Kurz. heartwood extracts against P.

falciparum strain 3D7

Percentage of inhibition In Vitro

) o Selectivity

at each concentration (ug/ml) ICs Toxicity,

No Extract Index
(pg/ml) CCs
100 10 1 0.1 0.01 0.001 (Sh

(ug/ml)
1 n-Hexane 84.21 5520 2321 9.11 1.75 ND* 7.11 202.38 28.46
2 Ethyl acetate 88.26 65.99 38.12 23.28 11.54 ND 1.78 67.237 37.77
3 Ethanol 81.78 67.00 4305 2355 533 ND 2.21 512.48 231.89
4 Homopterocarpin - 97.98 78.68 52.16 30.30 15.39 0.52 49.93 96.02

Chloroquine
5. 100 100 100 79.76 40.49 1717  0.014

diphosphate

*ND = not detectable

The drug’s effectiveness and safety for treating the diseases were indicated by
the SI value. The extract or fraction with SI values ranging from 10 to 313 was
considered safe, regarding the effective concentration against a parasite and the toxic
concentration toward human cells®**®, Therefore, all natural products in this study
were considered non-toxic.

3.3.7 Antimicrobial activity

Antimicrobial tests were carried out with all crude extracts against bacteria
and yeast (Table 17). All extracts showed active antibacterial activity against Bacillus
substilis with a percentage of inhibition (PI) of 39.5 + 2.08%, 37.9 + 0.29%, and 38.7 +
3.27% for the n-hexane, ethyl acetate, and ethanol extracts, respectively. The ethyl
acetate and ethanol extracts showed active antimicrobial activity against C. albicans
(29.75 + 1.53% and 27.40 + 6.13% of inhibition, respectively) and E. coli (48.82 +
7.48% and 57.76 + 7.48%, respectively). Furthermore, only the ethanol extract
exhibited active antimicrobial activity against S. aureus with a percentage inhibition of
44.78 + 0.42%. Compared to other study, diameter of inhibition zone of P.

macrocarpus extract was wider than P. indicus bark ethanolic extract against to
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Candinda albicans, E coli, and S. aereus™. The antimicrobial activity of the P.
macrocarpus extracts were seem related to the presence of active ingredients with
antimicrobial activities (Table 9 and Table 3). Jime'nez-Gonza'lez et al.’” study
reported that pterocarpans have antifungal activity. However, in the present study,
the antimicrobial activity of homopterocarpin was not determined because it did not
show a significant inhibition zone against the tested microbes. These results are

| [51]

consistent with that of Cuellar et a in which homopterocarpin exhibited weak

antimicrobial activity against E. coli, S. aureus, B. cereus, and E. faecalis.

Table 17. Diameter of inhibition zone and percentage of inhibition of

heartwood extract of Pterocarpus macrocarpus Kurz.

No. Natural Bacillus substilis Candida albicans Escherichia coli Staphylococcus aureus
Products DIZ (cm) Pl (%) DIZ (cm) Pl (%) DIZ (cm) Pl (%) DIZ (cm) Pl (%)

1 N-hexane 1.1+0.1 39.5+ 2,08 ND ND ND ND ND ND
extract

2 Ethyl Acetate 1.31+0.29 37.9 0,29 1.20 + 0.08 29.75 + 1.53 1.03 £ 0.17 48.82 + 7.48 ND ND
extract

3 Ethanol 1.17 £ 0.17 38.7 + 3,27 1.03 £ 0.12 27.40 + 6.13 1.06 + 0.17 57.76 + 7.48 1.2 +0.11 44.78 + 0.42
extract

4 Chlorampheni 3.07 + 0.39 ND 3.65 + 0.71 ND 1.59 £ 0.27 ND 2.39 £ 0.81 ND

col

Note: The data are represented as mean+SD, n=3. DIZ: diameter inhibition zone (cm); DIZ: Diameter of Inhibition Zone (cm); PI:

percentage of inhibition (%); positive control: Chloramphenicol.

3.4 Conclusion

This study highlighted homopterocarpin isolation from a P. macrocarpus Kurz.
n-hexane extract by crystallization. Based on the result we conclude that several
crude extracts and homopterocarpin isolated from P. macrocarpus Kurz. heartwood
indicated a strong potential for antiplasmodial agents and with low toxicity. Seven
bioactive compounds from the n-hexane fraction of this plant showed theirs potent
binding in silico to anti-SARS-Cov-2 proteins. All of the extracts also exhibited
antioxidant and antimicrobial activity. These findings provide a foundation for further
investigations of natural product for infectious diseases treatment and various
pharmaceutical applications. In  future studies, bioassay-guided fractionation is

recommended to identify new compound drug candidates from P. macrocarpus Kurz.
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CHAPTER FOUR

In silico anti-SARS-CoV-2 and in vitro antiplasmodial activities of compounds
from n-hexane fractions of Sonchus arvensis L. leaves
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Abstract

Infectious diseases, especially SARS-CoV-2 and malaria, are global health concerns.
This is the first report of in silico anti-SARS-CoV-2 and in vitro antiplasmodial activities
of n-hexane fractions of Sonchus arvensis L. leaves. The leaves were harvested
before the generative phase, then dried and extracted with n-hexane. The n-hexane
extract was fractionated by column chromatography. The secondary metabolites of
the selected fractions were identified by gas chromatography-mass spectrometry (GC-
MS) and thin layer chromatography. The in silico anti-SARS-CoV-2 and in vitro
antiplasmodial activities of the selected fractions (5-12 and 15-28) were determined.
In silico anti-SARS-CoV-2 analysis was conducted for compounds identified by GC-MS
with the target proteins, consisting of the helicase (PDB ID 6ZSL), RdRp (PDB ID 6M71),
Mpro (PDB ID), and RBD-Spike (PDB ID 6LZG) proteins of SARS-CoV-2. The in silico
assay was performed using software. PyRx software ver. 0.9.9 was used for docking
simulation, Lipinski’s Rule of Five (http://www.scfbioiitd.-res.in/software/drugdesign/I-
ipinski,jsp) was used to predict drug-like molecules, the Molinspiration v2018.03
server (https://www.molinspiration.-com/cgibin/properties) was used to predict
inhibitor activity, PyMol software ver. 2.5 (https://pymol.org/2/) was used to display
the three-dimensional structures of the molecular complexes predicted by
molecular docking simulation, and CABS-flex ver. 2.0
(http://biocomp.chem.uw.edu.pl/-CABSflex2/index) was used to generate molecular
dynamic simulations. Antiplasmodial testing was performed on blood cultures
infected with Plasmodium falciparum strain D317 using the Rieckmann method. GC-
MS analysis identified hexacosanol, [-amyrin, lupeol, oa-amyrin, 60exadec, and
taraxasterol as the major bioactive molecules of fractions 15-28. The in silico anti-
SARS-CoV-2 assay showed that [-amyrin, lupeol, a-amyrin, 60exadec, and
taraxasterol were predicted as effective antiviral candidates by having the ability to
act as inhibitors of SARS-CoV-2 protein activity. Moreover, fractions 5-12 and 15-28
had in vitro antiplasmodial activities with ICsy values of 2.38 and 5.03 pg/mL,
respectively. Therefore, the molecular dynamic analysis data strengthen the notion
that the interactions resulting from the five compounds of n-hexane fractions of S.

arvensis L. leaves were stable and predicted to be effective antiviral candidates by
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having the ability to act as inhibitors of SARS-CoV-2 protein activity. The in vitro
results showed that the n-hexane fractions of S. arvensis L. leaves had
antiplasmodial activities.

Keywords: Sonchus arvensis L., antiplasmodial, Plasmodium falciparum, SARS-CoV-2,

n-hexane fractions

4.1 Introduction

Severe acute respiratory syndrome-related coronavirus-2 (SARS-CoV-2)
remains a serious health concern that impacts all aspects of human life worldwide
and efforts to develop new drugs are ongoing. All scientific activities have been
mobilized to discover alternative drugs against SARS-CoV-21. Moreover, the
emergence of drug-resistant parasites is a major threat to the control of infectious
diseases, including malaria, thereby increasing the risks of morbidity and mortality.
Resistance to artemisinin-based combination therapy has been a significant obstacle

to the treatment and prognosis of malaria®?

, thus the development of new
antimalarial drugs is particularly urgent.

Recent studies have explored the efficacy of synthetic and natural products
as antimalarial drugs®®. According to estimates by the World Health Organization,
about 80% of the world population use natural compounds derived from medicinal
plants as herbal drug preparations™™. However, the requirement for new and useful
compounds has been growing each year™®.

Sonchus arvensis L., a highly invasive species of the family Asteraceae, is used as
a traditional medicinal plant for the treatment of malaria in Indonesia™. This plant
contains various active compounds, including flavonoids, saponins, and polyphenols®,
which reportedly have moderate to high antioxidant®, hepatoprotective™,
nephroprotectivel™™, anti-inflammatory™?, and antibacterial’™® activities. In spite of these
pharmaceutical benefits, the active compounds of S. arvensis L. have not been
evaluated in vivo for treatment of malaria. A previous study reported that methanol
extracts of S. arvensis L. calluses had antiplasmodial activities a half-maximal inhibitory
concentration (ICsy) of 0.343 pg/mL at 1 mg/L of 2,4-dichlorophenoxyacetic acid and 0.5

mg/L of benzyl amino purine incubated without light™
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The aim of the present study was to determine the in silico anti-SARS-CoV-2
and in vitro antiplasmodial activities of compound n-hexane fractions of S. arvensis L.
leaves. The results showed that compound n-hexane fractions of Sonchus arvensis L.

had in silico anti-SARS-CoV-2 and in vitro antiplasmodial activities.

4.2 Methods
4.2.1 Plant Material Collection and Identification
S. arvensis L. was collected from Mount Merapi, Daerah Istimewa Yogyakarta,

Indonesia, by local people. The plants were 2-3 months old (pre-generative stage)
an the leaves were green and apparently healthy with no signs of destruction by
insects or microbes. The plant material was confirmed as S. arvensis L. by the staff of
the Purwodadi Botanical Garden (Pasuruan, East Java, Indonesia) operated by the
Indonesian Institute of Sciences (Jakarta, Indonesia). A voucher specimen was
deposited in the Plant Systematics Laboratory, Department of Biology, Faculty of
Science and Technology, Universitas Airlangga, Surabaya City, East Java, Indonesia
(no. SA.0110292021).
4.2.2 Extraction

The leaves of S. arvensis L. were air-dried, ground into powder at room
temperature, and macerated three times with n-hexane for 24 h each at room
temperature. The liquid extract was filtered through Whatman no. 1 filter paper (pore
diameter, 11 pm; Cytiva, Marlborough, MA, USA), then evaporated in a rotary
evaporator at 60°C to acquire crude extracts, which were stored at 4°C for later use.
4.2.3 Thin Layer Chromatography (TLC)

n-Hexane-extracted S. arvensis L. leaves (5 mg) were dissolved in n-hexane

(100 pL) and 5-pL aliquots were spotted on a TLC plate (silica gel GF254; Sigma-
Aldrich Corporation, St. Louis, MO, USA). Once dried, the TLC plate was developed
with n-hexane an ethyl acetate (4:1), dried, sprayed with p-anisaldehyde sulfuric acid,
and heated. Terpenoids on the TLC plate appeared as a purplish / blue nodes™?.
4.2.4 Purification and Isolation

n-Hexane-extracted S. arvensis L. leaves were subjected to chromatography

using a column (length, 80 cm length; cross-section, 2.5 cm) containing silica gel 60
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(particle size, 0.063-0.200 mm; Merck KgaA, Darmstadt, Germany). The silica gel was
weighed using a ratio of the adsorbent to extract of 80:10. A slurry of silica gel (80 ¢)
was prepared with 100% n-hexane and poured into the column. The crude extract
(10 ¢) was dissolved in dichloromethane (10 mL) in a beaker and adsorbed in the
silica gel (10 g). The mixture was stirred at room temperature until all the
dichloromethane had evaporated and placed on top of a previously packed column.
Initially, elution was conducted with 80% n-hexane and 20% ethyl acetate (Table 1).
Fractions were collected in 10-mL Falcon™ bottles (Corning Inc., Corning, NY, USA)
until the compounds were eluted entirely from the column. TLC fractions with the
same Rf values were combined (Table 1).

4.2.5 Gas Chromatography-Mass Spectrophotometry (GC-MS)

GC-MS analysis was used to determine the phytochemical profiles of S.
arvensis L. n-hexane fractions 5-12 and 15-28. Each fraction (15 mL) was dissolved in
chloroform (1 mL), then passed through a 45-um filter. Triple quadrupole GC-MS/MS
was performed with an Agilent 7890B GC system and Agilent 7633 ALS detector
(Agilent Technologies, Inc., Santa Clara, CA, USA) with an Agilent J&W HP-5ms column
(5% phenyl-methylpolysiloxane; inner diameter, 0.25 mm; length, 30 m; film
thickness, 0.25 pm). The following settings were used for GC-MS analysis: flow rate of
the mobile phase, 1 mL/min; average velocity, 36.445 cm/min; oven temperature,
40-320°C at 15°C/min and held for 3-20 min; post-run temperature, 320°C (2
mL/min) for 5 min; carrier gas, helium; flow rate of carrier gas, 29.75 mL/min; carrier
flow rate, 1 mL/min (constant mode); sample volume, 10 pL; total running time, 24
min; injector temperature, 50°C; injection volume, 0.3 uL (fractions 15-28) or 1.8 ulL
(fractions, 5-12); split ratio, 20:1 (fractions 15-28) or 10:1 (fractions, 2-12); and inlet
temperature, 280°C. The interface and mass spectra ion source were maintained at
320°C and 250°C, respectively. The mass spectra were collected at 70 eV with a mass
scan range of 30-5550 amu, solvent delay of 3 min, and transfer line temperature of
320°C. The identification of compounds was based on comparing the mass spectra
with those of the Standard Reference Database (version 02.L; National Institute of

Standards and Technology, Gaithersburg, MD, USA). The relative percentage of each
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component was calculated as the relative percentage of the total peak area of the
chromatograph.
4.2.6 Sample Preparation of in silico anti-SARS-CoV-2 activity

GC-MS analysis of n-hexane fractions 15-28 revealed the presence of a-
amyrin (compound identification [CID] 73170), R-amyrin (CID 73145), 6dexadec (CID
72326), lupeol (CID 259846), and taraxasterol (CID 441686). The covid-19 drugs EIDD-
2801 or molnupiravir (CID 145996610 or Control 1) and PF-07321332 or paxlovid (CID
155903259 or Control 2) were used as positive controls (ligands) in this study.
Samples of the selected chemical compounds were prepared by reference to the
PubChem database (https://pubchem.ncbi.nlm.nih.gov/). The information obtained
from the PubChem database consisted of the CID, three-dimensional (3D) structure,
and canonical simplified molecular-input line-entry. The target proteins in this study
consisted of helicase (Protein Data Bank identification [PDB ID] 6ZSL), RNA-dependent
RNA polymerase (RdRp) (PDB ID 6M71), main protease (Mpro) (PDB ID 7ALH), and
receptor-binding domain (RBD)-spike (PDB ID 6LZG) of SARS-CoV-2. The 3D structures
of the proteins were obtained from the US Research Collaboratory for Structural
Bioinformatics Protein Data Bank (https://www.rcsb.org/). The 3D structures of
sterilized native ligands and water were obtained using PyMol software ver. 2.5
4.2.7 Drug-likeness Identification

Prediction of drug-like molecules of the n-hexane fractions of S. arvensis L.
leaves was conducted in accordance with Lipinski’s Rule of Five
(http://www.scfbioiitd.res.in/software/drug-design/lipinski.jsp). The parameters of the
chemical compounds as drug candidates included molecular weight, high lipophilicity
(logP > 5), hydrogen donor bonds, acceptors, and molar refractivity. Natural drug-
based candidates with drug-like molecular properties were predicted to show a high
success rate in triggering target protein activity™".
4.2.8 Bioactivity Prediction

Potential inhibitor activity of the n-hexane fractions compounds of S. arvensis
L. leaves was investigated using the Molinspiration property engine v.2018.03
(https://www.molinspiration.-com/cgi-bin/properties). Predictions were made by

referencing the bioactivity score as an indicator for targeting of drug-binding sites via
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GPCR ligands, ion channel modulators, inhibitors, modulators, and nuclear receptors.
Positive predictive scores indicated specific activities, such as inhibitory effects, of the
tested compounds™®.
4.2.9 Molecular Docking Simulation

A molecular docking simulation method was used to predict the inhibitory
ability of a ligand to a target protein™. With a blind docking method, the functional
side of the target protein is ignored, as the binding energy formed is a better
indicator to screen ligand activity against a target protein®. In this study, the
mechanisms of action of the S. arvensis L. compounds are predicted to involve
binding to and inhibiting the activities of the helicase, RdRp, MP*, RBD-Spike proteins
of SARS-CoV-2. The docking simulation was conducted using PyRx software ver. 0.9.9
(https://pyrx.sourceforge.io/) with academic license.
4.2.10 Ligand-Protein Interactions and 3D Visualization

The molecular complex resulting from the molecular docking simulation was
analyzed for the positions and types of formed chemical bonds with BIOVIA
Discovery Studio 2017 software (https://discover.3ds.com/discovery-studio-visualizer-
download). The software was used to predict the types of weak bond interactions
(i.e., hydrophobic, Van der Waals, hydrogen, electrostatic, and -alkyl) and display the
results in two-dimensional images. The 3D structures of the molecular complexes
predicted by molecular docking simulation were displayed using PyMol software. The
protein-ligand molecular complexes are presented as cartoons, surface models, stick
models, and selective staining®®!.
4.2.11 Molecular Dynamic Analysis

The stability of the binding interactions formed between ligands and specific
proteins domains was identified by molecular dynamic simulation with the CABS-flex
web server ver. 20 (http://biocomp.chem.uw.edu.pl/CABSflex2/index). The
parameters used in this simulation consisted of protein rigidity (1.0), protein restrants
(ss2 3 3.8 8.0), global c-alpha restraints weight (1.0), global side-chain restraints weight
(1.0), number of cycles (50), cycles between trajectory (50), temperature range (1.40),
and RNG seed (227). The final result of the simulation is shown as a fluctuating graph

or root mean square fluctuation (RMSF) with a maximum distance of 1-3%2
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4.2.12 In Vitro antiplasmodial Assay
Cultures of Plasmodium falciparum strain 3D7 were cultivated using the

24 in Roswell Park

Trager and Jensen method?? as adapted by Ekasari et al.
Memorial Institute 1640 medium (Gibco, Carlsbad, CA, USA) supplemented with
human O-type red blood cells, 5% hematocrit, 22.3 mM HEPES buffer (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid; Sigma-Aldrich Corporation, St. Louis,
MO, USA), 50ug/mL hypoxanthine, 2 mg/mL sodium bicarbonate, and 10% human OF
plasma. Chloroquine diphosphate was used as a positive control. An antiplasmodial
assay was conducted using a 24-well microplate and incubation at 37°C for 48 h. The
incubated materials were then collected, thinly smeared on a glass slide, fixed with
methanol, and stained with Giemsa to assess the number of parasites under a
microscope as compared with the negative control to determine the ICs, value to
achieve inhibition of parasitic growth. All ICs, values were calculated using Probit
analysis.

4.2.13 Cytotoxicity Assay and Selectivity index (SI)

Cytotoxicity assay was conducted using the micro tetra zolium MTT assay
against human hepatic cells (Passage/P 18). The Dulbecco’s modified Eagle’s
medium (DMEM) medium was used by adding 3.7 g of sodium bicarbonate (NaHCO3),
and pH adjustment of 7-7.2. The 500 ml of DMEM media, 50 ml of fetal bovine
serum (FBS), 5 ml of nonessential amino acid (NEAA), and 6 ml of phenstrep
(penicillin-streptomycin) were used as a complete medium. The complete medium
was used culturing the cells during assay®.

The selectivity index (SI) was calculated to describe the selective activity of
the extract against Plasmodium falciparum strain 3D7compared with the results of its
toxicity test on human hepatocyte cells. Here, the SI value was calculated by
comparing the ICsy value of the extract cytotoxicity and the ICsy value of P.
falciparum strain 3D7. The selectivity index (SI) was calculated to describe the
selective activity of the extract against P. Falciparum strain 3D7 compared with the

results of its toxicity test on human hepatocyte cells'??.
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4.3 Result and Discussion
4.3.1 Terpenoid Screening of the n-hexane extract of Sonchus arvensis L. by TLC

The n-hexane extract of S. Arvensis L. Was analyzed by TLC using silica gel GF
254 as the stationary phase and n-hexane:ethyl acetate (4:1) as the mobile phase.
There were two visible spots in daylight and under ultraviolet (UV) light at 254 nm (Rf
value = 0.12 and 0.18). Under UV light at 366 nm, there were seven separate spots
with Rf values of 0.14, 0.24, 0.29, 0.35, and 0.53. After staining with p-anisaldehyde
sulfuric acid, three separate purple spots appeared, with Rf values of 0.31, 0.59, and
0.71 (Figure 6). TLC is an established method for separation of extracts of secondary
metabolites of plant materials®”. The Rf value is an indicator of the diversity of

terpenoid compounds separated from various extracts?®,

0.53

«“— 035 . <— 031

0.24
0.14

<—0.18
<+ (.12

0.18
0.12

A B c D
Figure 6. Chromatogram of Sonchus arvensis L. extract. (A) Solvent only (n-

hexane : ethyl acetate at 4:1 ). (B) UV light at 254 nm. (C) UV light at 366
nm. (D) Anisaldehyde sulfuric acid (the purple spot at 0.35 is a

terpenoid).

4.3.2 Isolation and Purification
Sixteen fractions were collected (Table 18). The TLC results of fractions 5-12

were notable and yellow crystals formed at the bottom of the falcon tubes of these
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samples. Further crystallization was induced using n-hexane at 4°C for 24 h. White
crystals of the mother liquor had also formed at the bottom of the flasks. The light-
yellow crystals were further purified by crystallization with n-hexane (white crystal,
198 mg). The yield of the final product was 1.98% (w/w).

Furthermore, the TLC results of fractions 15-28 were also significant. Brown
crystals had formed at the bottom of the falcon tubes of these samples. Further
crystallization was induced using n-hexane at 4°C for 24 h. Finally, 379 mg of white
crystal was produced at a yield of 3.79%. The purity of each isolated compound was

determined by TLC before spectral analysis.

Table 18. Column chromatographic separation of Sonchus arvensis L. n-hexane

extract
Fractions Solvent Volume | Combined Rf Number | TLC solvent
collected | fractions values | of spots (n-hexane:
(mL) of major ethyl acetate)
spots
1-4 n-Hexane 40 1-4 0 0 4:1
5-12 n-Hexane 80 5-12 0.71 1 4:1
13-14 n-Hexane 20 13-14 0.71, 3 4:1
0.59, 0.31
15-28 n-Hexane 140 15-28 0.59, 0.31 2 4:1
29-35 n-Hexane 70 29-35 0.31, 0.24 2 4:1
36-60 n-Hexane 250 36-60 0.24, 1.8 1 4:1

Note: Conditions for GC-MS are indicated in italics

4.3.3 GC-MS Analysis

GC-MS was used to determine the metabolite profile of two groups of n-
hexane fractions of S. arvensis L. leaves: 5-12 and 15-28. Fractions 5-12 contained
two compounds (stearyl palmitate and cetyl myristate) (Table 19, Figure 7) (Appendix
3: Supplementary data 1), while fractions 15-28 contained six (hexacosanol, f3-amyrin,
Lupeol, a-amyrin, 68exadec, and taraxasterol) (Table 20, Figure 8) (Appendix 3:
Supplementary data ). Octadecyl ester stearyl palmitate (fractions 5-12) and

taraxasterol (fractions 15-28) were the major compounds among the eight detected.
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Many phytochemicals have bioactivities. Stearyl palmitate and cetyl myristate

29,30

have antimicrobial activities?*". Hexacosanol has a beneficial effect against detrusor

overactivity in diabetic patients by ameliorating overexpression of muscarinic M, and
M5 receptor mRNAs®Y, neurotrophic activity®”, and acetylcholinesterase inhibition

activity in insects®®. B-Amyrin has antimicrobial®¥, antioxidant®, and anti-

inflammatory™®® activities. Lupeol has antimicrobial®®, anti-inflammatory, and anti-
arthritic®” activities. A-Amyrin has antimicrobial activities®® and stimulates human

keratinocytes®. Betulin has anticancer activities®” and has been used as a drug

]

W and as antiviral and antitumor agents*?.

delivery system! Taraxasterol has

[43]

anticancer and anti-edematous activities and is reported to lower serum

cholesterol levels™®.
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Figure 7. Representative chromatogram of fractions 5-12 of Sonchus arvensis L.
n-hexane extract. Red arrow, octadecyl ester 69exadecenoic acid; green

arrow, hexadecyl ester tetradecanoic acid.

Table 19. Phytochemical components from GC-MS analysis of fractions 2-12 of

Sonchus arvensis L. n-hexane extract

No | Compound Retention Percentage Bioactivity
Time (minutes) | of Area (%)
1 | Stearyl 15.234 100 Antimicrobial
palmitate activities'?**"
2 | Cetyl myristate 23.944 17 Antimicrobial and
antifeedant activities™®"
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Figure 8. Representative chromatogram of fractions 15-28 of Sonchus arvensis
L. n-hexane extract. Red arrow, hexacosanol; blue arrow, B-amyrin;
green arrow, lupeol; yellow arrow, a-amyrin; brown arrow, botulin; black
arrow, taraxasterol.

Table 20. Phytochemical components from GC-MS analysis of fractions 15-28

of Sonchus arvensis L. n-hexane extract

No Compound Retention Time Percentage of Bioactivities
(minutes) Area (%)
1 Hexacosanol 11.234 27.37 Neurotrophic
activities™”
2 R-Amyrin 13.911 43.41 Antimicrobial™,

antioxidantm, and
anti—inﬂamantory[%]
activities

3 Lupeol 14.207 31.26 Antimicrobial®¥,
anti-inflamsmatory,
and anti-arthritic ®*
activities

4 o-Amyrin 14.255 2591 Antimicrobial
activities® 8],
stimulation of
human
keratinocytes
5 Betulin 14.965 59.51 Anticancer
activities”, drug
delivery systemm,
antiviral and
antitumor agents
6 Taraxasterol 15.052 100 Anticancer ™ and
anti-edematous
activities, lowers
serum cholesterol

Levels[m,

[41]

[42]
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4.3.4 Anti-SARS-CoV-2 activity

The main compounds identified by GC-MS analysis of the n-hexane fractions
of S. arvensis L. leaves were a-amyrin, 3-amyrin, lupeol, taraxasterol, and betulin
(fractions 15-28) (Table 20). All five compounds were identified as drug-like in
accordance with the Lipinski Rule of Five parameters. According to Benet et al.'?),
the Lipinski Rule of Five consists of molecular mass >500 D, high lipophilicity <5,
hydrogen bond donor <5, and hydrogen bond acceptor <10. The Lipinski Rule of Five
is also predictive of the ability to penetrate cell membranes and an early indicator of
the effectiveness of query compounds®. Molecular weight in Lipinski's rule can be
used to predict the mechanism of action of a compound, as compounds with
smaller weights move more quickly and are easily absorbed by target cells. All five
compounds are potential drug-like molecules or candidate drug molecules because
all met more than two of the Lipinski Rules of Five (Table 21). Hence, these five

compounds were categorized as drug-like molecules and probable to trigger specific

activity when forming complexes with target proteins.

Table 21. Drug-likeness analysis of compounds from n-hexane fractions of

Sonchus arvensis L. leaves.

Compound MW LogP HBD HBA MR Probability
(Dalton)
o-Amyrin 426.000 8.024 1 1 130.649 Drug-like molecule
[3-Amyrin 426.000 8.168 1 1 130.719 Drug-like molecule
Lupeol 426.000 8.025 1 1 130.670 Drug-like molecule
Taraxasterol 426.000 8.024 1 1 130.649 Drug-like molecule
Betulin 442.000 6.997 2 2 132.061 Drug-like molecule

Abbreviations: HBA, hydrogen bond acceptor; HBD, hydrogen bond donor; LogP, high lipophilicity;
MR: molar refractivity; MW, molecular weight

The potential inhibitor activity of the five compounds derived from n-hexane
fractions of S. arvensis L. leaves classified as drug-like molecules in Homo sapiens™®’
was investigated. The focus of this study was inhibition activities against kinases,

proteases, and other enzymes. The potential inhibitory activity of a query compound
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is indicated by a more positive value'”. The results showed that all five compounds

extracted from S. arvensis L. were probable inhibitors of enzyme actives (Table 22).

Table 22. Prediction of inhibitory activities of n-hexane fractions of Sonchus

arvensis L. compounds

Inhibitory activity

Compound GPCR ligand . Probability
Kinase  Protease Enzyme
Oo-Amyrin 0.22 0.19 -0.41 0.60 Probable Inhibitor
[3-Amyrin 0.22 0.11 -0.31 0.56 Probable Inhibitor
Lupeol 0.27 0.15 -0.42 0.52 Probable Inhibitor
Taraxasterol 0.17 0.08 -0.23 0.50 Probable Inhibitor
Betulin 0.21 0.09 -0.41 0.51 Probable Inhibitor

The molecular docking simulation with PyRx software ver. 0.9.9 showed that
the bioactive compounds from n-hexane fractions of S. arvensis L. leaves had the
most negative binding affinity for each SARS-CoV-2 protein as compared to the drug
controls. d-Amyrin had the lowest binding affinity for the helicase and RBD-spike
proteins (-9.8 and -8.3 kcal/mol, respectively), while B-amyrin had the lowest
binding affinity for the RdRp and MP® proteins (9.0 and -8.3 kcal/mol, respectively)
(Table 23). The activity level of a candidate compound against a target protein is
influenced by the binding affinity to the molecular complex, where a more negative
value indicates greater potential for target activity. Two of the test compounds were
predicted to produce inhibitory effects against four of the test target proteins
because each produced a more negative binding affinity than other compounds and
the drug control. The two compounds were also potential dual inhibitors because
each had the potential to inhibit two of the four target proteins of SARS-CoV-2 (Table
23). PyMol software ver. 2.5 was used to visualization the docking simulation results
and produce transparent surfaces, cartoons, stick structures, and colorations of the
protein-ligand molecular complex structure (Figure 9).

The weak bond interactions formed in the docking complex consisted of
alkyl, hydrogen, hydrophobic, Van der Waals, and electrostatic interactions. The

existence of weak binding interactions supports the existence of biological activities
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of proteins by binding of ligands to specific domains. All of the tested bioactive
compounds bound to the target protein domains with weak binding interactions,
consisting of alkyl, hydrogen, pi, sigma, and Van der Waals interactions (Table 23),
which support the prediction that each bioactive compound inhibited the activity of
the target protein. The stability of binding to the molecular complex could be
analyzed with molecular dynamic simulation by calculating the RMSF value of each
complex, as an indicator of the movement of interacting atoms on the residues that
made up peptides and proteins within a certain distance. A distance of 4 A indicates
complex stability™®. The results showed that a stable complex was formed at the
most negative lowest energy value with the highest RMSF value of 4 A. The results of
this study indicated that the RMSF values of a-amyrin, S-amyrin, lupeol, taraxasterol,
and betulin at the pocket-binding domain of each target protein were 4 A, indicating
stability (Figures 12 and 13). So, the molecular dynamic analysis data strengthen the
notion that the interactions of the five tested compounds were stable and predicted
as effective antiviral candidates by having the ability to act as inhibitors of SARS-CoV-
2 protein activity.
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Table 23. Docking results of compounds contained by Sonchus arvensis L. n-

hexane fraction with SARS-CoV-2 proteins

Grid Positions (A) Binding Affinity
Target Ligand - -
Center Dimensions (kcal/mol)
o-Amyrin -9.8
[3-Amyrin -9.4
Lupeol X -17,182 X:76,703 -89
Helicase Taraxasterol Y:30,909 Y:96,531 -9.3
Betulin Z: -74,684 Z2:76,610 -8.8
EIDD-2801 (Control 1) -6.8
PF-07321332 (Control 2) -7.7
a-Amyrin -8.6
[3-Amyrin -9.0
Lupeol X:119,717 X:79,274 -79
RdRp Taraxasterol Y:123,605 Y:84,541 -8.6
Betulin Z:115,595 Z7:95,129 -7.7
EIDD-2801 (Control 1) -6.8
PF-07321332 (Control 2) -7.0
o-Amyrin -8.0
B-Amyrin -8.3
Lupeol X. 26,256 X:57,450 -7.3
MPT® Taraxasterol Y:11,525 Y:69,117 -8.0
Betulin Z7:58,967 7:59,607 -7.3
EIDD-2801 (Control 1) -6.7
PF-07321332 (Control 2) -6.9
a-Amyrin -8.3
[3-Amyrin -8.2
Lupeol X:212,130 X:102,969 -8.0
RBD-Spike Taraxasterol Y:184,834 Y:99,563 -8.1
Betulin Z:203,765 Z:190,569 -7.0
EIDD-2801 (Control 1) -6.2
PF-07321332 (Control 2) -6.6
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Table 24. Results of identification of molecular interactions of n-hexane

fractions of Sonchus arvensis L. leaves

Molecular Complex Molecular Interaction

Alkyl: Pro175, Tyr180, His554, Prod08, Pro406,

o-Amyrin_Helicase Leud12
Hydrogen: Leul17, Asn557

Alkyl:Tyr789, Pro792

o-Amyrin_RBD-Spike Van der Waals: Ile794, Asp796, Lys790, GIn895,
Thr883, Phe797

Alkyl: Met380, His381, Leu371, Ala375, His381

B-Amyrin_RdRp Pi Sigma: Trp509
Van der Waals: Phe340, Tyr374, Leu514, Tyr515

Van der Waals: Leu271, Gly275, Met276, Asn238,
Thr199, Asp197, Arg131, Thr198
Alkyl: Tyr239, Tyr237, Leu272, Leu287
Hydrogen: Lys137

R-Amyrin _MP©

© ®

Figure 9. The 3D visualizations of molecular docking results. (A) o-Amyrin-

Helicase, (B) a-Amyrin-Spike-RBD, (C) -Amyrin-RdRp, and (D) R-Amyrin-MP™
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A301

Figure 10. RMSF values of protein-ligand complexes. (A) a-Amyrin_Helicase, (B) a-

Amyrin_Spike-RBD, (C) R-Amyrin_ RdRp, and (D) 3-Amyrin_ MP™.

Figure 11. Protein 3D structures determined by molecular dynamic simulation.
(A) a-Amyrin-Helicase, (B) a-Amyrin-Spike-RBD, (C) R-Amyrin-RdRp, and (D)
R-Armyrin-MP.
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4.3.5 Antimalaria activity of fraction of n-hexane extract of Sonchus arvensis L. against
P. falciparum strain 3D7

The ICs, values of n-hexane fractions of S. arvesis L. at various doses are
shown in Tables 25 and 26. As determined by the ICs, values, fractions 12-28 had
the highest in vitro antiplasmodial activities, followed by fractions 2-5 extracted with
ethanol and n-hexane (2.38 and 5.03 pg/mL, respectively). Many studies concluded
that extracts with ICs, values of 1-10 pg/mL are potential antiplasmodial agents
A study conducted in China reported an extract with an ICs, of 0.008-15.38 ug/mL as
a potential antimalarial drug®”. According to the criteria proposed by Kayano et

Ol.[SH

, an extract is very active as an antimalarial at ICsy < 5 pg/mL, active at 10 pg/mL
> 1G5 > 5 pg/mL, and inactive at ICsy > 10 pg/mL. Also, according to the criteria
proposed by Lima et al.®? a plant extract with an ICs, value of 10 pg/mL can be
considered active, 10 pg/mL < ICso < 25 pg/mL as quite active, and ICso > 25 pg/ml as

inactive as an antimalarial agent. Kigondu et al.*?

classified the antiplasmodial
potential of the crude extracts and fractions of plants as (a) highly active (ICsy = 1-5
ug/mL), (b) promisingly active (ICs, = 5.1-10 mg/mL), (c) good activity (IC5o = 10.1-20
ug/mL), (d) moderate activity (ICsq 20.1-40 pg/mL), (e) marginal potency (ICs 40.1-70
ug/mL), and (f) poor or inactive (ICso 70.1-4100 pg/mL).

As compared to previous research, the ICs, values of the S. arvensis L.
fractions were lower than those of dichloromethane extracts of Commiphora
africana (A. Rich.) Engl. stem bark and Dychrostachys cinerea (L.) Wight & Arn. whole
stem, which showed promising antiplasmodial activities (ICso = 4.54 + 1.80 and
11.47 + 2.17 pg/mL, respectively)®, and lower than those of Phyllanthus emblica L.
leaf with ICsq gainst P. falciparum strain 3D7 of 7.25 pug/mL (ethyl acetate extract) and
3.125 pg/mlL (methanol extract), and Syzygium aromaticum L. flower bud with ICgq
of 13 pg/mL (ethyl acetate extract) and 6.25 pg/mL (methanol extract)®®, and that of

Pterocarpus erinaceus Benth. ex Walp. (ICso = 16-30 pg/mL)P°.
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Table 25. The percent parasitemia,

growth percentage, and

inhibition

percentage of fractions 5-12 of Sonchus arvensis L of n-hexane

extract against P. falciparum strain 3D7

Concentration

% Parasitemia

Growth

Inhibition

(pg/ml) Replication 0h 48 h  |Percentage (%)| Percentage (%) 'Cs0 (ug/m)
1 0.93 6.61
Negative control 2 1.10 6.30 5.43 -

Average 1.02 6.45
1 0.93 3.34

10 2 1.10 3.45 2.38 56.17
Average 1.02 3.40
1 0.93 4.27

1 2 1.10 4.62 3.43 36.83
Average 1.02 4.45

5.029

1 0.93 5.26

0.1 2 1.10 5.00 4.11 24.31
Average 1.02 Sl
1 093 5.60

0,01 2 1.10 5.75 4.66 14.18
Average 1.02 5.68
1 0.93 7.01

0,001 2 1.10 6.39 5.68 0.00
Average 1.02 6.70
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Table 26. The percent parasitemia, growth percentage, and inhibition
percentage of fractions 15-28 of Sonchus arvensis L of n-hexane

extract against P. falciparum strain 3D7

Concentration o % Parasitemia Growth Inhibition ICs
(pg/ml) Replication 0h 48 h  |Percentage (%)| Percentage (%) | (ug/ml)
1 0.93 6.05
Negative control 2 1.10 6.34 5.18 -

Average 1.02 6.20
1 0.93 3.21

10 2 1.10 3.10 2.13 58.88
Average 1.02 3.15
1 0.93 3.48

1 2 1.10 3.64 2.54 50.96
Average 1.02 3.56

2.38

1 0.93 4.83

0.1 2 1.10 5.70 4.24 18.15
Average 1.02 5.26
1 0.93 6.56

0.01 2 1.10 6.20 5.36 0.00
Average 1.02 6.38
1 0.93 6.63

0.001 2 1.10 6.85 572 0.00
Average 1.02 6.74

4.3.6 In vitro toxicity and selectivity index (SI)

In vitro toxicity was carried out by the MTT assay method against human
hepatic cells. Then, calculating the selectivity index (SI), by comparing the CCs, of
toxicity and the ICsy of antiplasmodial activity of the natural product. The 50% toxicity
concentration (CCy) of fraction no. 5-12 and 15-28 of Sonchus arvensis L. n-hexane
extract were 253.83 and 121.45 ug/ml respectively (Appendix 3: Supplementary data
IIll). Moreover, the selectivity index was 50.47 and 51.03 respectively (Table 27).

The extract or fraction was said to have high selectivity if the value of SI>3,

and to be less selective if the value of Sl<313 (Safitri et al., 2020). de Souza et al.
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(2019) categorized that natural product has been suggested that the SI > 10 indicated
a favorable safety window between the effective concentration against the parasite
and the toxic concentration to the human cell. All of the natural products in this

study were found to be non-toxic.

Table 27. In vitro toxicity and selectivity index (SI) of Sonchus arvensis L.

extract

No. | Extract In vitro toxicity,| Selectivity index
CCsp (pg/ml) (Sh

1 Fractions no. 5-12 253.83 50.47

2 Fractions no 15-28 121.45 51.03

4.4 Conclusion

The results of this study highlight the in silico anti-SARS-CoV-2 and in vitro
antiplasmodial activities of n-hexane fractions of Sonchus arvensis L leaves. These
findings lay a foundation for further investigations of anti-SARS-CoV-2 and
antiplasmodial compounds for future pharmaceutical applications. Additionally, the
development of anti-SARS-CoV-2 and antiplasmodial assays is recommended to
assess the bioactivities of compounds for treatment of SARS-CoV-2 and malaria.
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GC-MS, gas chromatography-mass spectrophotometry; ICs, half maximal inhibitory
concentration; RMSF, root mean square fluctuation; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; TLC, thin layer chromatography
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Abstract

The requirement for new and useful compounds are growing. Some bioactive
compounds have very bioavailability but low solubility and structural instability.
Because of the phenomena, it is needed a specific effort to explore the natural
material well, such as biotransformation. Therefore, the aims of this study were to
transform homopterocarpin from Pterocarpus macrocarpus Kurz. heartwood and
evaluate the bioactivity (antioxidant, antiplasmodial and anticancer) of
biotransformation derived compound. Biotransformation of homopterocarpin isolated
from P. macrocarpus Kurz. heartwood was performed by Aspergillus niger (Ul X-172)
in soi bean meal medium (SBM) for a week. Biotransformation derived compound
was identified as medicarpin. Medicarpin exhibited in vitro antioxidant activity against
1,1-diphenyl-2-picrylhydrazyl (DPPH) (ICsq = 7.49+1.7 peg/mL) and 2,2-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid (ABTS) (ICs, = 0.61+0.4 pg/mL), in vitro

antiplasmodial against Plasmodium falciparum strain 3D7 with 1Csq = 0.414 pg/mlL,
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and anticancer against hepatocyte-derived cellular carcinoma cell line (Huh7it-1
cells) with ICs, =34.96 pg/mL. This study highligshted the biotransformation of
homopterocapin to medicarpin. It showed the good antioxidant, antiplasmodial and
anticancer activities These results have the potential to be developed into a new
drug candidate. However, the compounds and transmission-blocking strategies for

diseases control of medicarpin is essential for further study.

5.1 Methods
5.1.2 Chemicals and Aspergillus niger strain

Homopterocarpin  was isolated from n-hexane extract of Pterocarpus
macrocarpus Kurz. heartwood. The heartwood was air-dried until the dry weight
obtained. One kg dried wood was then grounded into powder at room temperature
and macerated three times with n-hexane for seven days at room temperature. The
n-hexane extract was crystallized by n-hexane solvent five times or until the crystals
were white.

Aspergillus niger (Ul X-172) was used from Plant Utilization Research Unit
Laboratory, Department of Botany, Chulalongkorn University. The spore bank was
maintained at -20 °C in cryovials in plate count broth medium (1 mL) mixed with
glycerol (0.5 mL) as a cryoprotectant agent. The working spore bank was conserved
at 4 °C in plate count agar (PCA) slants for 6 months and used for seed cultures.

5.1.2 Microbial transformation

The culture medium for biotransformation was prepared by dissolving glucose (20
g), yeast extract (5¢), NaCl (5¢), KH,PO,4 (5¢), and soy bean meal (5¢) in distillated
water (1L), namely soy bean meal medium (SBM medium) (Hoffmann and
Punnapayak, 1988). The medium solution was adjusted to pH 7 and sterilized by
autoclaving at 121°C for 15 min, 1.2 atm pressure. One ml of Aspergillus niger spores
(1x10%in 1% tween 80) from agar slant will be added into 50 mL of SBM medium and
incubated at 27+ 2°C on a rotary shaker (150 rpm). After incubated 2 days, 5 mL of
culture added to 50 mL new SBM brought medium and incubated at 27+ 2°C on a
rotary shaker (150 rpm). The 40 mg of homopterocarpin will be added into the 50

mL of culture medium after 24 h of incubation. After seven days of incubation, the
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culture will be pooled, filtered and extracted with an equal volume of
dichloromethane (DCM) in 24-h intervals, three times. The extracts will be collected
together and then evaporated in rotary evaporator under reduced pressure, and the
residue will be dissolved in DCM for TLC analysis. The extracts will be fractionated
and purified to isolate the compound.
5.1.3 Separation of bio-transformed compound
The combined DCM extract of bio-transformed compound of homopterocarpin

were chromatographed on silica gel column using n-hexane/ethyl acetate gradient
system. Compound were isolated from the fraction 25-29 and 49-69. Further
separation and purification were done using preparative TLC plate for compound 1
and 3. The system used was n-hexane/ethyl acetate 7:3 for compound 1 and 2:8 for
compound 2. Moreover, purification of compound 2 used crystallization. One
hundred milligram of fraction 49-69 were dissolved in DCM and boiled at 100°C,
added a little n-hexane and stored at refrigerator (9+4°C) with open cap condition for
24h. Colorless crystal was formed in the bottom of tube.
5.1.4 Metabolite extraction

For metabolite characterization, 50 mL of microbial culture were collected
from 0,3,5, and 7 days culture. They were simultaneously extracted from three
different culture from each day culture. Each culture was dried in freeze drier and
macerated with 10 mL of a 9:1 methanol:water solution followed by incubation at
room temperature for 24 h three times. A total of crude extract was collected and
stored at refrigerator. The solution (1 uL) was then injected into a GC-MS.
5.1.5 Metabolomic analysis using GC-MS/MS of Aspergillus niger-transformation
culture

GC-MS analysis was used to determine the phytochemical profiles of
homopterocarpin transformation culture for a week. Culture extract was dissolved in
methanol (40 mg/mL), then passed through a 45-um filter. Triple quadrupole GC-
MS/MS was performed with an Agilent 7890B GC system and Agilent 7633 ALS
detector (Agilent Technologies, Inc., Santa Clara, CA, USA) with an Agilent J&W HP-
5ms column (5% phenyl-methylpolysiloxane; inner diameter, 0.25 mm; length, 30 m;

film thickness, 0.25 pm, part no. 19091S-433Ul). The following settings were used for
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GC-MS analysis: flow rate of the mobile phase, 1 mL/min; average velocity, 36.966
cm/min; oven temperature, 80-320°C at 7°C/min and held for 2-5 min; post-run
temperature, 310°C (2 mL/min) for 5 min; carrier gas, helium; flow rate of carrier gas,
29.75 mL/min; carrier flow rate, 1 mL/min (constant mode); sample volume, 10 plL;
total running time, 24 min; injector temperature, 50°C; injection volume, 1 pL. The
interface and mass spectra ion source were maintained at 250°C. The mass spectra
were collected at 70 eV with a mass scan range of 30-500 amu, solvent delay of 3
min, and transfer line temperature of 300°C. The identification of compounds was
based on comparing the mass spectra with those of the Standard Reference
Database (version 02.L; National Institute of Standards and Technology, Gaithersburg,
MD, USA). The relative percentage of each component was calculated as the relative
percentage of the total peak area of the chromatograph.
5.1.6 Spectrophotometric analysis of biotransformation derivative compound

Gas chromatography-mass spectrophotometry (GC-MS) was conducted to
identify biotransformation derivative compound. The compound was dissolved in
Chloroform (CHCL3). The GC-MS analysis was carried out using an Agilent GC-MSD
(Agilent 19091S-433UI) equipped with a capillary column (30 m x 250 um x 0.25 pm),
and a mass detector was operated in electron impact (El) mode with full scan (50550
amu). Helium was the carrier gas at a flow rate of 3 ml/min with a total flow of 14
mU/min, the injector was operated at 280°C, and the oven temperature was
programmed as follows: 60°C, at 3°C/min to 250°C. The peaks in the chromatogram
were identified based on their mass spectra. Interpretation of the mass spectrum of
GC-MS was made using the National Institute Standard and Technology (NIST). The
mass spectrum of phytochemicals was compared with the spectrum of known
compounds stored in the NIST library. The quality of compounds above 85% was
shown in this study. Each component's relative percentage was calculated by the
relative percentage of the chromatogram's total peak area. The 'H, and *C, NMR
spectra of the compound were analyzed using the JEOL JNM-ECS instrument at

400MHz in chloroform solvent.
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5.1.7 In Vitro Antioxidant Activity
5.1.7.1 The 2,2-dipheny!-1-picryl-hydrazyl-hydrate (DPPH) inhibition assay.

The DPPH inhibition assay was modified from Prieto (2012). One hundred
microliters of sample were mixed with 100 pl DPPH reagent in methanol (0.2mM),
then incubated for 30 mins in dark conditions at room temperature. The
concentration of samples and positive control (ascorbic acid and trolox) were made
from 1.075, 3.15, 6.25, 10, 15, 25, 35, 50, 75, 100, 150, and 200 pg/ml in methanol.
The inhibition of DPPH was measured at 517 nm using a SpectraMax M3 reader.

The percentage of DPPH inhibition was calculated by an equation adapted from

Prieto (2012):

(Acontrot— Asample)/ Acontrolx 100%

Where Ag,npe Was the absorbance from the reaction of DPPH reagent and the
sample, while Ao Was the absorbance from DPPH reagent. The percent inhibition
results from the varying concentration were then plotted and regressed linearly to
get the half-maximal inhibitory concentration (ICs;) value. 1Cs, means the
concentration of the samples when inhibiting 50% of DPPH.
5.1.7.2 The 2,2-azino-bis (3 ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS) inhibition assay

The ABTS inhibition assay was from Fu et al. (2014). The 86.02mg of 2,2-azino-
bis (3 ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) was solved in
25ml acetic buffer (solution A). The 66.24mg of potassium persulphate was solved in
100 acetic buffer (solution B). Then, 5ml of solution A and B were combined and
stored at room temperature for 12-16 hours in dark condition (solution C). The 2.8 ml
of solution C was solved in 65 ml of acetic buffer, and then incubated for 30 min in
room temperature (26+2°C). The absorbance of solution C was measured
immediately (0.7-0.72, at 734nm). One hundred microliters of sample were mixed
with 100 ul ABTS reagent (solution C), then incubated for 6 mins in dark conditions at
room temperature. The concentration of samples and positive control (ascorbic acid

and trolox) were made from 1.075, 3.15, 6.25, 10, 15, 25, 35, 50, 75, 100, 150, and

93



200 pg/ml in methanol. The inhibition of DPPH was measured at 734 nm using a
SpectraMax M3 reader. The calculation of percent inhibition and ICs, value was
similar to DPPH inhibition assay.
5.1.8 In vitro antimalarial assay

In this research, in vitro antimalarial assay used cultures of Plasmodium
falciparum strain 3D7 (Trager and Jensen 1972). The composition of the medium was
human O red blood cells, 5% hematocrit in Roswell Park Memorial Institute 1640
(RPMI 1640) (Gibco BRL, USA), 22.3 mM N-2-hydroxyethylpiperazine-N-2-ethanesulfonic
acid (HEPES) (Sigma), hypoxanthine, sodium bicarbonate (NaHCO;), and 10% human
O" plasma. Chloroquine diphosphate was used as a positive control. A total of 1 mg
of sample was dissolved in 100pl of Dimethyl sulfoxide (DMSO, stock solution,
concentration 10,000 mg/ml). Furthermore, from the stock solution, serial dilutions
were made. The parasites used in this test was synchronous (ring stage) with +1%
parasitemia (5% hematocrit). A total of 2ul of test solutions with various
concentrations were taken and put into each wheel (96 wells), then 198ul of the
parasite was added (the final concentration of the test material was 100 ug/ml, 10
ug/ml, 1 pg/ml, 0.1pg/ml, 0.01 pg /ml). The test well was then put into the chamber
and given mixed gas (O, 5%, CO, 5%, and N, 90%). The chamber containing the test
wells was incubated for 48 hours at 37°C. The cultures were then harvested and a
thin blood film was prepared with 20% Giemsa staining. The blood smear that has
been made was calculated by counting the number of infected erythrocytes per
1000 normal erythrocytes under a microscope (1000X). The data was used to
determine the percent growth and percent inhibition.

Percentage of growth was obtained by the following formula:
% Growth = % Parasitemia - % growth at 0 hour
The formula for calculating the % Inhibition is as follows:
Percent inhibition = 100% - ((Xu/Xk) x 100%)
Information:
Xu = % growth in the test solution

Xk = % growth in negative control
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Based on the percent inhibition data, statistical analysis was carried out with
probit analysis of the SPSS version 20 program to determine the ICs, value or the
concentration of the test material that could inhibit the growth of the parasite by
50%.

5.1.9 In vitro anticancer assay

In vitro anticancer assay was carried out on hepatocyte-derived cellular
carcinoma cell line (Huh7it-1cellls) by the micro tetra zolium (MTT) assay method as
described by Fonseca et al. (2018). Passage (P) 18 human hepatocyte cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM) medium added with 3.7 ¢
of sodium bicarbonate (NaHCO3), with a pH adjustment of 7-7.2. Then a complete
medium was made from 500 ml of DMEM media, 50 ml of fetal bovine serum (FBS),
5 ml of nonessential amino acid (NEAA), and 6 ml of phenstrep (penicillin-
streptomycin).

5.1.10 Selectivity index (SI)

The selectivity index (SI) was calculated to describe the selective activity of
the extract against Plasmodium falciparum strain 3D7 compared with the results of
its toxicity test on human hepatocyte cells. Here, the SI value was calculated by
comparing the ICs, value of the extract cytotoxicity and the ICs, value of P.
falciparum strain 3D7. The selectivity index (SI) was calculated to describe the
selective activity of the extract against P. falciparum strain 3D7 compared with the
results of its in vitro anticancer test on hepatocyte-derived cellular carcinoma cell
line (Huh7it-1cellls). In here, the in vitro anticancer activity was perceived as in
cytotoxicity activity compared to antiplasmodial activity.

5.1.11 Data analysis

Data were expressed as the mean * standard deviation. Probit analysis was
conducted to calculate the ICs, values of in vitro antimalarial activity using IBM SPSS
Statistics for Windows, version 20.0. (IBM Corporation, Armonk, NY, USA). ICs, values of
in vitro antioxidant and cytotoxicity were calculated using linear regression Microsoft

Excel version 20.0 (IBM Corporation, Armonk, NY, USA).
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5.2 Result
5.2.1 The number of Aspergillus niger spores during transformation culture of
homopterocarpin from Pterocarpus macrocarpus Kurz. heartwood

After added homopterocarpin to the culture, total number of Aspergillus
niger spores was calculated during biotransformation. Figure 12 showed that the total

number of A. niger slightly increase day by day.

Spores number

o
I o' m T W W1 VI

Day of Culture

PP

Mumber of spores

Figure 12. Spores number of Aspergillus niger during biotransformation culture
of homopterocarpin from  Pterocarpus macrocarpus Kurz.

heartwood.

5.2.2 Metabolite profiles by GC-MS during biotransformation

Chemical analysis by GC-MS was used to determine the metabolite profile of
biotransformed-culture of homopterocarpin from Pterocarpus macrocarpus Kurz.
heartwood by Aspergillus niger. (Table 28 and Figure 13) (Appendix 4: Supplementary
data I).
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Table 28. Phytochemical components from GC/MS analysis of Pterocarpus
macrocarpus Kurz. heartwood n-hexane extract in every
crystallization

Relative area percentage
Retention
(peak area relative to the
No. Compound Time
total peak area (%)
(min)
I 11l \% \l
1 2,5-Furandione, 3-methyl- 3.81 36.76
2 Glycerin 3.983 | 41.67 100 | 55.15 | 79.86
2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-
3 4.296 | 35.34
3-one
4 Maltol 5.868 100 | 44.39
5 5-Hydroxymethylfurfural 8.688 | 34.21 35.97
6 1,2,3-Propanetriol, 1-acetate 8.965 | 82.22 | 31.87
4H-Pyran-4-one, 2,3-dihydro-3,5-
7 9.724 |1 93.17 | 40.34 | 37.27
dihydroxy-6-methyl-
8 2,4-Hexadienedioic acid 11.468 41.84 | 57.11
4,4-Dimethyl-3-(3-methylbut-3-
9 enylidene)-2- 16.692 20.69
methylenebicyclo[4.1.0lheptane
6-Isopropenyl-4,8a-dimethyl-
10 1,2,3,5,6,7,8,8a-octahydro-naphthalen-2- 17.134 21.31
ol
7-Hydroxymethylbicyclo{2.2.1}heptane-
11 18.339 24.6
1-carboxylic acid, methyl ester
3.beta.,9.beta.-Dihydroxy-3,5.alpha.,8-
12 19.561 8.98
trimethyltricyclo[6.3.1.0(1,5)ldodecane
6-Isopropenyl-4,8a-dimethyl-
13 1,2,3,5,6,7,8,8a-octahydro-naphthalen-2- 19.729 37.92 100 100
ol
Perhydrocyclopropalelazulene-4,5,6-
14 21.099 12.84 14.6
triol, 1,1,4,6-tetramethyl
15 9-Octadecenamide, (2)- 25998 | 85.32 | 55.85 | 11.54 | 54.58
16 Medicarpin 28.465 9.84 12.6
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Figure 13. Chromatogram profile of biotransformation

homopterocarpin  from Pterocarpus macrocarpus

heartwood by Aspergillus niger. A. First day of culture, B. Third
day of culture, C. Fifth day of culture, D. Seventh day of culture. 1.
Glycerine, 2. 4H-Pyran-d4-one,2,3-dihydro-3,5-dihydroxy-6-methyl-, 3.
6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahy-dronaphthalen-
2-ol, 4. 9-Octadecenamide, (2)-, 5. medicarpin
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5.2.3 Biotransformation Compound
The compound was isolated from biotransformation of homopterocarpin with

Aspergillus niger for seven days. The structure was given in Figure 13.

Demethylhomopterocarpin/ 3-Hydroxy-9-methoxycarpan/Medicarpin

Colorless amorphous solid. Mol. formula: Ci¢H1404, molecular weight 270.27
g/mol, GC-MS m/z (molecular formula): 270.3g/mol (Ci¢H1404), "H-(500MHz, CDCL,):
Table 29 and >CNMR (125MHz, CDCLy): Table 30 (Appendix 4: Supplementary data II).
Compound (2) had elemental composition Ci4Hi404 deduced through GC-MS (mz
270.3 g/mol). Mass spectra indicated that the mass of this compound is 270.3 ¢/mol,
which is 13.8 mass less than substrate (284.1) and also showed the removal of CH,
(14 mass units). The net 13.8 mass unit were less than the substrate. Based on the
spectra  analysis and reference, the compound was identified as
demethylhomopterocarpin  / 3-hydroxy-9-methoxycar-pan/medicarpin (32 mg/5L
culture). Hopterocarpin was losing the methyl moiety and adding hydroxyl moiety in

the medicarpin.

OCH,

Figure 14. The structure of homopterocarpin (1) and medicarpin (2)
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Table 29. 'H-(400MHz, CDCl;) chemical shift assignments of homopterocarpin

and (500MHz, CDCl;) medicarpin

Carbon no. Type Compound (1) Compound (2)
6y (mult, J Hz) oy (mult, J Hz)
1 CH 7.43 (d, 8.6) 7.43 (d, 92)
2 CH 6.64 (dd, 8.6; 2.5) 6.64 (dd, 8.6; 2.5)
3 C - -
il CH 6.47 (d, 2.5) 6.47 (d, 2.5)
43 C - ,
6 CH2 3.64 (t, 11.0) 3.64 (t, 11.0)
4.25 (dd, 11.0; 5.3) | 4.25 (ddd, 11.20; 5.3;
1.0)
6a CH 3.53 (m) 3.53 (m)
6b C - -
7 CH 7.13 (d, 8.5) 7.08 (d, 8.6)
8 CH 6.46 (dd,8.5; 2.3) 6.47 (dd,8.5; 2.6)
9 C - -
10 S 6.44 (d, 2.3) 6.44 (d, 2.3)
10a C - -
11a CH 5.51 (d, 6.8) 5.51(d, 6.9)
11b C - -
3-OCH,4 C-OCH3 3.77 (s) -
9-OCHj4 C-OCH3 3.79 (s) 3.79 (s)




Table 30. ’C-(400MHz, CDCl;) chemical shift assignments of homopterocarpin

and (125MHz, CDCl;) medicarpin

Carbon no. Type Compound (1) c | Compound (2) éc

1 CH 131.9 131.9

2 CH 109.3 109.3

3 C 161.2 161.2

4 CH 101.7 101.7
4a C 156.7 156.7

6 CH2 66.7 66.7
6a CH 39.6 39.6
6b C 119.2 119.2

7 CH 124.8 125.2

8 CH 106.4 107.7

9 (¢ 161.1 161.1
10 C 97.1 97.1
10a C 160.8 160.8
11a CH 78.7 78.7
11b C 112.4 112.4
9-OCHs; C-OCH3 55.5 55.5
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6-isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahydro-naphthalene-2-ol

White star crystal (solid) was isolated from homopterocarpin transformation

culture as major compound. Mol. formula: C;sH,40, molecular weight 220.35¢/mol.

Based on the GC-MS spectra and reference, the compound was identified as 6-

isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahydro-naphthalene-2-ol (Retention

time 15.866; 73mg / 5L culture) (Figure 15) (Appendix 4: Supplementary data IIl).
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Figure 15. Chromatogram profile of 6-isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-

octahydro-naphthalene-2-ol by GC-MS. A. GC-MS spectra with retention

time,

B.

6-isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahydro-

naphthalene-2-ol of spectra
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5.2.4 Antioxidant activities

The DPPH and ABTS assay were conducted to assess antioxidant activities.
The ICso value of biotransformation derived compound were shown in Table 31,
(Appendix 4: Supplementary data IV).
Table 31. In vitro antioxidant activity of Pterocarpus macrocarpus Kurz.

heartwood extract

No. | Extract Antioxidant activity,
ICs0 (pg/ml)
DPPH ABTS
1 Medicarpin 7.49+1.7 0.61+0.4
2 6-isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a- 26.17+0.91 2.12+0.97
octahydro-naphthalene-2-ol
Homopterocarpin 94.90+34.96 | 30.94+8.00
4 Ascorbic acid 5.12+2.43 2.77+1.30
Trolox 0.97+0.30 0.86+0.97

5.2.5 In vitro antimalarial activity
The 1Cso values of biotransformation derived compound were shown in Table 32

(Appendix 4: Supplementary data V).

5.2.6 Selectivity index (SI)
The selectivity index (SI), by comparing the CCs, of toxicity (ICs, of anticancer activity)
and the ICs, of antiplasmodial activity of the biotransformation derived compound

(Table 32).
5.2.7 In vitro anticancer

In vitro toxicity was carried out by the MTT assay method against Huh7it-1cellls. The
50% Inhibition concentration (ICsy) of (Table 33) (Appendix 4: Supplementary data VI).
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Table 32. In vitro antimalarial activity of bioactive compound from

homopterocarpin transformation by Aspergillus niger against P.

falciparum strain 3D7

No. | Extract % of inhibition at each concentration | IC;, |Selectivity
(pg/mU) (ug/mU) | Index
(sn
10 1 0.1 0.01 (0.001
1 Medicarpin 100 84.62 | 57.88 | 34.92 [12.50| 0.414 84.44
2 6-isopropenyl-4,8a- 100 75.05 | 5236 | 15.69 | 6.99 | 1.179 38.32
dimethyl-1,2,3,5,6,7,8,8a-
octahydro-naphthalene-2-ol
Homopterocarpin 97.98 | 78.68 | 52.16 | 30.30 [15.39| 0.52 495.85
4. Chloroquine diphosphate 100 100 79.76 | 40.49 |17.17| 0.014 -

Table 33. In vitro anticancer

activity of bioactive compound from

homopterocarpin transformation by Aspergillus niger against

hepatocyte-derived cellular carcinoma cell line (Huh7it-1cellls)

No. | Extract In vitro anticancer
activity, 1Csq (ug/ml)
Homopterocarpin 257.84
2 | Medicarpin 34.96
6-isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a- 45.18

octahydro-naphthalene-2-ol
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CHAPTER SIX
Conclusion

Infectious diseases, especially SARS-CoV-2, malaria, and microbial infection are
global health concerns. The requirement for new and useful compounds are growing
for treating all aspects human condition, such as infectious drug resistant. Some
bioactive compounds have very bioavailability but low solubility and structural
instability. Because of the phenomena, it is needed a specific effort to explore the
natural material well, such as biotransformation. The aims of the study are (i) to
isolate and identify bioactive compound from S. arvensis L. and P. macrocarpus
Kurz., (i) to transform selected bioactive compounds by Aspergillus niger, and (iii) to
determine bioactivities of selected bioactive compounds before and after
biotransformation. In this study, natural product (extract, fraction dan compound) has
been isolated from S. arvensis L. leaf and P. macrocarpus Kurz. heartwood.

The n-hexane, ethyl acetate, and ethanolic extract in vitro antiplasmodial
activity of S. arvensis L. leaf exhibited a good activity, with ICsq values were
5.119+3.27, 2.916+2.34, and 8.026+1.23 pg/mL, respectively. Each of the extracts also
exhibited high antioxidants with low cytotoxic effects. Furthermore, the ethyl acetate
extract showed in vivo antiplasmodial activity with EDsy = 46.31+9.36 mg/kg, body
weight, as well as hepatoprotective, nephroprotective, and immunomodulatory
activities in mice infected with P. berghei.

Furthermore, the n-hexane extract of Sonchus arvensis L. was fractionated by
column chromatography. n-Hexane fraction was analysed as In vitro antiplasmodial
and in silico anti-SARS-CoV-2 activity. Moreover, fractions 5-12 and 15-28 had in vitro
antiplasmodial activities with ICs, values of 2.38 and 5.03 pg/mL, respectively. The in
silico anti-SARS-CoV-2 assay showed that f-amyrin, lupeol, a-amyrin, betulin, and
taraxasterol were predicted as effective antiviral candidates by having the ability to
act as inhibitors of SARS-CoV-2 protein activity.

This study also highlishted homopterocarpin isolation from a P. macrocarpus
Kurz. n-hexane extract by crystallization. The ethyl acetate, ethanol, and n-hexane
extracts, as well as homopterocarpin, exhibited antiplasmodial activity at 1.78, 2.21,

7.11, and 0.52 pg/ml, respectively, against P. falciparum 3D7 with low toxicity. A
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compound identified by GC-MS showed in silico anti-SARS-CoV-2 binding affinity with
stigmasterol and SARS-CoV-2 helicase of -8.2 kcal/mol. All extracts exhibited
antioxidant activity against DPPH and ABTS. They also demonstrated antimicrobial
activity against B. subtilis, the ethanol and ethyl acetate extracts against £. coli and C.
albicans, and the ethanol extract against S. aureus.

Moreover, homopterocarpin was bio-transformed by Aspergillus niger (Ul X-
172) in soi bean meal medium (SBM) for a week. Biotransformation derived
compound was identified as medicarpin by demethylation mechanism. Medicarpin
exhibited in vitro antioxidant activity against 1,1-diphenyl-2-picrylhydrazyl (DPPH) (ICs
= 7.49+1.7 pg/mL) and 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS)
(ICso = 0.61+0.4 pg/mL), in vitro antiplasmodial against Plasmodium falciparum strain
3D7 with ICso = 0.414 pg/mL, and anticancer against hepatocyte-derived cellular
carcinoma cell line (HuhTit-1 cells) with ICsy =34.96 pg/mL.

This study highlishted natural product and biotransformed-derived compound
from Sonchus arvensis L. and Pterocarpus macrocarpus Kurz. as antioxidant, anti SARS-
Cov-2, antiplasmodial, and anticancer with low toxicity. These findings provide a
foundation for further investigations of natural product for infectious diseases treatment
and natural products production by biotransfomation as well. These findings also lay a
foundation for further investigations of natural product for future pharmaceutical

applications.
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APPENDIX 1

1.1
DPPH

DPPH assay of Sonchus arvensis L n-hexane extract 1

Sample A
Sample B

Wavelenght 517

APPENDIXES

Supplementary data I: Antioxidant assay

DPPH assay of Sonchus arvensis L n-hexane extract 2
Sample A
Sample B
Wavelenght 517

No Sample concentration Abs sample A Abs sample B Average No Sample concentration Abs sample A Abs sample B Average
control/Blank 0,582 0,583 0,5825 1 control/Blank 0,637 0,632 0,6345
1 1,075 0,368 0,3%9 0,3835 2 1,075 0338 0,344 0,341
2 3,125 0,356 0,389 0,3725 3 3,125 0335 0342 0,3385
3 6,25 0,353 0,379 0,366 : 6;[25 g:z;i g'z:f %’3333115
4 10 0,345 0,366 0,3555 3 15 0330 0"33 6’33
5 5 0,342 0,342 0,342 7 15 0,329 0,326 0,3275
6 25 0,336 0,3395 0,33775 A 25 0,328 0,326 0,327
7 35 0325 0,323 0,324 5 35 0325 0,32 0,3255
8 0 0314 0,316 9313 10 50 0322 0325 0,3235
9 75 0,293 0,258 32925 11 75 0,318 0,319 03185
10 100 0,283 0,282 0,2825 12 100 0,317 0,317 0,317
11 150 0,274 0,279 0,2765 13 150 0,314 0,314 0,314
12 200 0,277 0,275 0,276 14 200 03 0,302 0,301
DPPH assay of Sonchus arvensis L n-hexane extract 3 DPPH assay of Sonchus arvensis L. ethyl acetate extract 1
Sample A Sample A
Sample B Sample B
Wavelenght 517 Waveleght 517
No Sample concentration Abs sample A Abs sample B Average No Samii;z:‘;;z:ition Abs ;astle A Abs;asr?;\e B ?:Tfse
n CO"";"gza”kO g’ig; g'gii 0(3633:15 1 1,075 0,261 0,261 0,261
z 2 z £ 2 3,125 0,255 0,262 0,2585
2 3,125 0,338 0,342 0,34 3 6,25 0,266 0,262 0,264
3 6,25 0,337 0,336 0,3365 4 10 0,262 0,257 0,2595
4 10 0,331 0,331 0,331 5 15 0,254 0,254 0,254
5 15 0,331 0,328 0,3295 6 25 0,243 0,242 0,2425
6 25 0,328 0,327 0,3275 Z 35 023 0,231 0,2305
7 = R : R e
8 50 0,322 0,325 0,3235 0 100 0:181 0"179 2),18
9 7 0,318 0,319 0,3185 1 150 0,208 0,168 0,188
10 100 0,317 0,317 0,317 12 200 0,137 0,137 0,137
11 150 0,314 0,314 0,314
12 200 0,3 0,302 0,301
DPPH assay of Sonchus arvensis L. ethyl acetate extract 2
Sample A DPPH assay of Sonchus arvensis L. ethyl acetate extract 3
Sample B zamp:e:
ample
Waveleght 517 Waveleght 517
No Sample concentration |Abs sample A| AbssampleB| Average No Sample concentration Abs sample A Abs sample B Average
control/Blank 0,248 0,278 0,263 1 control/blanko 0,922 0,922
1 1,075 0,139 0,137 0,138 2 1,075 0,496 0,489 0,4925
2 3,125 0,136 0,138 0,137 3 3,125 0,495 0,475 0,485
3 6,25 0,129 0,133 0,131 4 6,25 0,486 0,464 0,475
4 10 0,13 0,125 0,1275 5 10 0,477 0,458 0,4675
5 15 0,13 0,128 0,129 6 12,5 0,462 0,456 0,459
6 25 0,12 0,117 0,1185 7 15 0,421 0,451 0,436
7 35 0,113 0,108 0,1105 : ;: 8’22‘; g'j:; %‘:32275
8 0 0,0% 0,0% 0,0% 10 50 0,394 0,413 0,4035
9 75 0,074 0,074 0,074 11 75 0,342 0,38 0,361
10 100 0,057 0,059 0,058 12 100 0,333 0,343 0,338
1 150 0,073 0,07 0,0715 13 150 0,323 0,332 0,3275
12 200 0,075 0,078 0,0765 14 200 0,321 0,322 0,3215
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DPPH assay of Ethanol extract of Sonchus arvensis L. 1

DPPH assay of Ethanol extract of Sonchus arvensis L. 2

sample A Sample A
sample B Sample B
P
Wavelenght 517 Wavelenght 517
No Sample concentration Abs sample A Abs sample B Average No samsl;;i:\/c;r;:’iﬂon Abs ;asn;zle A Abs ;asn;;le L ?’:Tﬁ:
control/Blank 0,302 0,308 0,305 I 1075 0‘271 0'271 [; o
1 1,075 0,187 0,171 0,179 : 2 - :
2 3125 016 0160 0162 2 3,125 0,269 0,268 0,2685
3 625 0,159 0,163 0,161 3 6,25 0,266 0,262 0,264
2 0 0,154 0,156 0,155 4 10 0,262 0,257 0,2595
S 5 0,154 0,156 0,155 5 15 0,261 0,254 0,2575
3 25 0,144 0,145 0,1445 6 25 0,253 0,252 0,2525
7 5 0,127 0,119 0,123 7 35 0,243 0,231 0,237
8 50 0,117 0,1171 0,11705 8 50 022 0,216 0218
9 75 0,107 0,1067 0,10685 9 75 0,195 0,194 0,1945
10 100 0,097 0,092 0,0945 10 100 0,181 0,179 0,18
n =0 0,088 0,0898 0,0889 11 150 0,178 0,168 0,173
o 200 0,083 0,085 0,08445 12 200 0,137 0,137 0,137
DPPH assay of Sonchus arvensis L. methanolic extract 1 DPPH assay of Sonchus arvensis L. methanolic extract 2
Sample A Sample A
Sample B Sample B
Waveleght 517 Waveleght 517
No Sample concentration Abs sample A
No Sample concentration Abs sample A Abs sample B Average 1 control/Blank 1,043
control/Blank 0,591 0,606 0,5985 2 1,075 0,566
1 1,075 0,305 0,308 0,3065 3 3,125 0,549
2 3,125 0,309 0,31 0,3095 4 6,25 0,541
3 6,25 0,314 0,314 0,314 5 10 0,534
4 10 0,314 0,317 0,3155 6 12,5 0,528
N B e ©
7 35 0,294 0,29 0,292 8 25 0,512
8 50 0,285 0,289 0,287 E) 35 0,51
9 75 0,271 0,264 0,2675 10 50 0,505
10 100 0,302 0,296 0,299 11 75 0,492
1 150 0,277 0,27 0,2735 12 100 0,487
12 200 0,219 0,218 0,2185 13 150 0,479
14 200 0,442
DPPH assay of Sonchus arvensis L. methanolic extract 3 DPPH assay of ascorbic acid 1
sample A Ascobic acid 1
Sample B Ascorbic acid 2
Waveleght 517 wavelenght 517
N Sample concentration Abs sample A Abs sample B Average No Sample concentration Abs sample A Abs sample B Average
° control/Blank 0,591 0,606 0,5985 control/Blank 0,499 0,47 0,4845
1 1,075 0,307 0,308 0,3075 1 1,075 0,255 0,261 0,258
2 3,125 0,312 0,31 0,311 2 3,125 0,251 0,257 0,254
3 6,25 0,312 0,314 0,313 3 6,25 0,253 0,259 0,256
4 10 0,314 0,315 0,3145 4 10 0,256 0,254 0,255
5 15 0,306 0,305 0,3055 5 15 0,25 0,254 0,252
6 25 0,28 0,297 0,2885 6 25 0,246 0,209 0,2275
7 35 0,295 0,297 0,296 7 35 0,236 0,231 0,2335
8 50 0,282 0,284 0,283 8 50 0,217 0,214 0,2155
9 75 0,282 0,268 0,275 9 75 0,196 0,193 0,1945
10 100 0,271 0,294 0,2825 10 100 0,187 0,186 0,1865
11 150 0,27 0,269 0,2695 11 150 0,11 0,105 0,1075
12 200 0,206 0,214 0,21 12 200 0,107 0,102 0,1045
DPPH assay of ascorbic acid 2 - "
" . DPPH assay of ascorbic acid 3
Ascobic acid 1 - =
. . Ascobic acid 1
Ascorbic acid 2 N N
wavelenght 517 Ascorbic acid 2
wavelenght 517
No Sample concentration Abs sample A_| Abs sample B Average Sample concentration Abs sample A Abs sample B Average
control/Blank 0,591 0,606 0,5985 No control/Blank 0,499 047 0,4845
1 1,075 0,318 0,31 0,314 1 1,075 0,263 0,266 0,2645
2 3,125 0.309 0,325 0,317 2 3,125 0,259 0,265 0,262
3 6,25 0,306 0,323 03145 3 6,25 0,261 0,246 0,2535
4 10 0313 0317 0315 4 10 0,253 0,261 0,257
5 15 0,297 0,303 03 5 15 0,249 0,252 0,2505
6 25 0,293 0,295 0,294 5 25 0,238 0,242 0,24
7 35 0,284 0,29 0,287 7 35 0,227 0,224 0,2255
8 50 0,276 0,278 0,277 8 50 0,211 0,213 0,212
9 7 0,259 0,262 0,2605 9 75 0,202 0,201 0,2015
10 100 0,247 0,26 0,2535 10 100 0,189 0,188 0,1885
11 150 0,263 0,266 0,2645 11 150 0,1 0,095 0,0975
12 200 0,216 0,219 0,2175 12 200 0,097 0,103 0,1
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1.2. Supplementary Data Il

A. Ethyl Acetate

Concentrati Replication % Growth % Inhibition
on % Parasitemia Average Average (G0
(ug/mL)
(pg/mL) Oh 48 h
Negative 1 1.23 4.07 241 - 2916
Control 2 1.03 4.80
3 0.76 4.38
Average 1.01 4.41
100 1 1.23 0.80 0 100
2 1.03 0.74
3 0.76 0,26
Average 1.01 0.60
10 1 1.23 1.07 0.71 70.54
2 1.03 1.08
3 0.76 1.07
Average 1.01 1.72
1 1 1.23 1.54 1.75 27.39
2 1.03 1.03
3 0.76 1.71
Average 1.01 1.43
0.1 1 1.23 2717 2.03 15.77
2 1.03 2.45
3 0.76 2.90
Average 1.01 2 il
0.01 1 1.23 3.84 2.27 0
2 1.03 4.65
3 0.76 4.04
Average 1.01 4.18
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Confidence Limits

95% Confidence Limits for dosis

95% Confidence Limits for log(dosis)®

Probability Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound
PROBIT* .010 .003 -2.465
.020 .008 -2.121
.030 012 -1.904
.040 018 -1.740
.050 .025 -1.606
.060 .032 -1.493
.070 .040 -1.394
.080 .050 -1.304
.090 .060 -1.223
.100 071 -1.149
.150 144 -840
.200 .254 -.595
.250 413 -.385
.300 637 -.196
.350 .954 -.020
.400 1.399 .146
.450 2.026 307
.500 2916 465
.550 4.198 623
.600 6.079 784
.650 8.913 950
.700 13.340 1.125
750 20.614 1314
.800 33.466 1.525
.850 58.874 1.770
.900 119.834 2.079
910 142.276 2.153
.920 171.443 2.234
.930 210.461 2.323
.940 264.623 2423
.950 343.605 2.536
.960 467.010 2.669
.970 681.021 2.833
.980 1124.476 3.051
.990 2478.642 3.394

a. A heterogeneity factor is used.

b. Logarithm base = 10.
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B. N-Hexane

Replicatio % Growth % Inhibition
Concentrati ICso
n % Parasitemia Average Average
on(ug/mL) (pg/mL)
Oh 48 h
Negative 1 1.23 4.38 2.58 - 5.119
Control 2 1.03 3.90
3 0.76 4.48
Average 1.01 4.25
100 1 1.23 0.80 0 100
2 1.03 0.78
3 0.76 0.74
Average 1.01 0.77
10 1 1.23 2.38 1.22 52.71
2 1.03 2.22
3 0.76 2.04
Average 1.01 Z .
1 1 1.23 2.54 1.45 43.80
2 1.03 2.45
3 0.76 2.78
Average 1.01 2.59
0.1 1 1.23 2.71 1.64 36.43
2 1.03 2.68
3 0.76 2.57
Average 1.01 2.65
0.01 1 1.23 2.88 1.82 29.46
2 1.03 2.83
3 0.76 2.98
Average 1.01 2.90
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95% Confidence Limits for dosis 95% Confidence Limits for log(dosis)®

Probability § Estimate Lower Bound Upper Bound Estimate Lower Bound | Upper Bound
PROBIT .010 .000 .000 .000 -10.826 -24.010 -7.074

020 .000 .000 .000 9.474 -20.949 -6.202
.030 .000 .000 .000 -8.616 -19.008 -5.648
.040 .000 .000 .000 7971 -17.548 -5.230
.050 .000 .000 .000 -7.447 -16.361 -4.890
.060 .000 .000 .000 -7.000 -15.351 -4.601
070 .000 .000 .000 -6.608 -14.466 -4.346
.080 .000 .000 .000 -6.258 -13.674 -4.118
.090 .000 .000 .000 -5.939 -12.954 -3.910
-100 .000 .000 .000 -5.645 -12.292 -3.718
-150 .000 .000 .001 -4.430 -9.555 -2.919
.200 .000 .000 .005 -3.464 -7.391 -2.273
250 002 .000 1020 -2.635 -5.551 -1.702
-300 013 .000 070 -1.891 -3.931 -1.157
1350 063 .003 265 -1.201 -2.504 -577
-400 284 .046 1.460 -547 -1.341 164
450 1.219 291 15.922 086 -537 1.202
.500 5.119 1.074 280.053 709 031 2.447
550 21.493 3.232 6049.799 1.332 509 3.782
.600 92.342 9.107 149222517 1.965 959 5.174
650 416.646 25.527 4267363.199 2.620 1.407 6.630
700 2038.790 73.923 149573023.588 3.309 1.869 8.175
.750 11312.662 229.438 7051100855.053 4.054 2.361 9.848
.800

76253.242 801.212 520389327261.014 4.882 2.904 11.716
850

705020.586 3412.000 78988004874200.270 5.848 3.533 13.898
.900

11576553.152 20953.836 44212991861498176.000 7.064 4.321 16.646
910

22757773.107 32452.517 204021059892008896.000 7.357 4.511 17.310
1920

47427747.761 52179.866 1074718836645834750.000 7.676 4.718 18.031
1930

106336693.699 87931.296 6681931496179899400.000 8.027 4.944 18.825
940

262002234.946 157436.142 51451479017822680000.000 8.418 5.197 19.711
1950

732743150.782 305792.324 527997911218362700000.000 8.865 5.485 20.723
1960

2453037790.362 666737.928 8145452807075246000000.000 9.390 5.824 21911
970

10834794929.582 1737264.980 235518547016771250000000.000 10.035 6.240 23372
1980

78053185263.180 6199721316 20639117471816380000000000.000 10.892 6.792 25315
1990 1753989502964.271 | 45974326.713 | 23836802057223736000000000000.000 | 12.244 7.663 28.377

a. Logarithm base = 10.
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C. Ethanol

Concentrati | Replicatio % Growth % Inhibition
on n % Parasitemia Average Average G0
(ug/mL)
(pg/mL) 0h 48 h
Negative 1 0.66 294 2.76 - 8.026

Control 2 0.90 2.98
3 1.00 4.92
Average 0.85 3.61

100 1 0.66 0.78 0.10 96.38
2 0.90 0.80
3 1.00 1.27
Average 0.85 0.95

10 1 0.66 2.22 2.00 27.54
2 0.90 2.38
3 1.00 3.96
Average 0.85 2.85

1 1 0.66 2.45 2.17 21.38
2 0.90 2.54
3 1.00 4.08
Average 0.85 3.02

0.1 1 0.66 2.68 2.40 13.04
2 0.90 2.71
3 1.00 4.36
Average 0.85 3.25

0.01 1 0.66 2.83 2.57 6.88
2 0.90 2.88
3 1.00 4.54
Average 0.85 342
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Confidence Limits

95% Confidence Limits for dosis

95% Confidence Limits for log(dosis)®

Probability Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound
PROBIT* .010 .003 -2.554
.020 .007 -2.149
.030 013 -1.892
.040 .020 -1.698
.050 .029 -1.541
.060 .039 -1.407
.070 .051 -1.290
.080 .065 -1.184
.090 .081 -1.089
.100 .100 -1.001
.150 231 -.636
.200 .450 -.347
.250 797 -.098
.300 1.333 125
.350 2.146 332
.400 3.372 .528
.450 5.220 718
.500 8.026 .904
.550 12.340 1.091
.600 19.105 1.281
.650 30.017 1.477
.700 48.321 1.684
750 80.776 1.907
.800 143.141 2.156
.850 278.869 2.445
.900 645.399 2.810
910 790.404 2.898
.920 985.080 2.993
.930 1254.912 3.099
.940 1644.524 3.216
.950 2238.548 3.350
.960 3215972 3.507
970 5020.525 3.701
.980 9075.899 3.958
.990 23076.770 4.363

a. A hetgeneity factor is used.
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1.3. Supplementary data lll

Toxicity assay of Sonchus arvensis L. extract_Antiplasmodial activity of Sonchus arvensis L. Sample: H, EA, E

Abs 560nm
Sampel 4000 2000 1000 500 250 100 50 25 12 6 3 1,5 DMEM
0,189 0,257 0,856 0,974 0,960 0,990 0,991 0,983 0,989 0,993 0,983 0,987 0,993
H 0,187 0,261 0,903 0,971 0,989 0,983 0,990 0,979 0,986 0,988 0,989 0,983 0,985
0,188 0,259 0,880 0,973 0,975 0,987 0,991 0,981 0,988 0,991 0,986 0,985 0,989
0,195 0,187 0,190 0,281 0,982 0,984 0,985 0,989 0,983 0,993 0,986 0,989 0,959
EA 0,182 0,193 0,192 0,263 0,907 0,976 0,987 0,986 0,995 0,997 0,983 0,946 0,977
0,189 0,190 0,191 0,272 0,945 0,980 0,986 0,988 0,989 0,995 0,985 0,968 0,968
0,185 0,189 0,236 0,958 0,987 0,991 0,985 0,995 0,988 0,994 0,989 0,981 0,977
E 0,186 0,187 0,426 0,892 0,980 0,989 0,984 0,991 0,987 0,988 0,984 0,987 0,980
0,186 0,188 0,331 0,925 0,984 0,990 0,985 0,993 0,987 0,991 0,987 0,984 0,979
Abs 750nm
Conc (ug/ml) 4000 2000 1000 500 250 100 50 25 12 6 3 1,5 DMEM
0,190 0,192 0,194 0,199 0,202 0,211 0,213 0,211 0,210 0,216 0,205 0,203 0,203
H 0,189 0,192 0,198 0,201 0,207 0,208 0,208 0,207 0,210 0,209 0,207 0,201 0,203
0,190 0,192 0,196 0,200 0,205 0,210 0,211 0,209 0,210 0,213 0,206 0,202 0,203
0,188 0,189 0,188 0,190 0,205 0,208 0,207 0,210 0,207 0,209 0,208 0,210 0,206
EA 0,188 0,190 0,190 0,181 0,200 0,199 0,205 0,210 0,213 0,214 0,209 0,200 0,209
0,188 0,190 0,189 0,186 0,203 0,204 0,206 0,210 0,210 0,212 0,209 0,205 0,208
0,189 0,189 0,185 0,210 0,203 0,207 0,208 0,208 0,215 0,211 0,208 0,200 0,204
E 0,188 0,188 0,189 0,195 0,201 0,207 0,205 0,207 0,211 0,208 0,205 0,206 0,203
0,189 0,189 0,187 0,203 0,202 0,207 0,207 0,208 0,213 0,210 0,207 0,203 0,204
1.4. Supplementary data IV
Table of percentage results of parasitaemia treatment of positive control, negative control, and ethyl
acetate extract of the leaves of Sonchus arvensis L.
No. | Group Replication | DO D1 D2 D3 D4 Percentage of | Percetage
(%) (%) (%) (%) (%) Parasitemia of Inhibition
(D4-DO) (%) (%)
1 Negative 1 132 | 2.29 3.67 | 5.65 7.86 6.54
control
2 1.65 2.87 4.34 5.01 7.26 5.61
3 1.45 2.00 3.68 5.81 7.19 5.74
il 1.46 | 2.58 435 | 5.89 7.32 5.86
5 1.53 | 2.98 445 | 521 7.37 5.84
6 1.34 | 2.32 3.89 | 5.02 7.40 6.06
7 1.35 212 3.92 5.11 7.10 5.75
Average
2 Positive 1 1.43 0.99 0.58 0.19 0.01 -1.42
Control
2 1.45 | 0.99 0.65 | 0.18 0.03 -1.42
3 1.53 1.23 0.54 0.23 0 -1.53
4 1.32 1.14 0.62 0.32 0.04 -1.28
5 1.54 1.34 0.61 0.44 0.02 -1.52
6 1.53 1.04 0.63 0.18 0 -1.53
7 1.54 0.98 0.54 0.34 0.02 -1.52.
Average -1.46
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3 P1 1 1.56 3.08 438 | 5.64 7.47 591 9.63
2 1.46 3.10 436 | 571 7.38 592 0
3 1.62 | 3.45 4.62 | 543 7.79 6.17 0
4 1.53 3.67 390 | 534 7.56 6.03 0
5 1.45 3.25 432 | 5.26 7.10 5.65 3.25
6 1.43 3.45 4.43 | 5.49 7.43 6.00 0.99
7 1.57 3 432 | 5.10 7.38 5.81 0
Average 4.72
4 P2 1 145 | 201 234 | 332 5.76 4.31 34.097
2 134 | 221 2.87 3.15 5.43 4.09 27.09
3 135 | 2.32 2.49 3.32 5.52 a.17 27.35
4 1.54 | 2.19 2.67 3.32 5.45 391 33.28
5 146 | 2.16 256 | 2.90 4.45 2.99 48.80
6 137 | 213 2.78 3.12 5.56 4.19 30.85
7 145 | 2.15 289 | 298 5.56 4.11 28.52
Average 2.11
5 P3 1 1.56 1.97 234 | 3.01 5.11 2.55 61.01
2 1.54 1.90 245 | 2.79 5.06 2.50 55.43
3 1.57 1.67 267 | 298 4.09 2.52 56.10
4 1.45 | 2.03 245 | 292 4.99 2.54 56.66
5 1.53 1.94 241 3.02 5.98 2.45 58.05
6 1.52 1.98 254 | 3.09 5.32 2.8 53.80
7 1.39 | 2.05 245 | 2.82 5.08 2.69 53.22
Average 1.57
6 P4 1 1.45 1.45 7)11.92 | 2.21 2.89 1.44 77.98
2 1.53 1.56 198 | 2.32 3.71 1.18 78.97
3 1.34 1.72 203 | 234 3.89 1.55 73.00
4 1.56 1.45 199 | 224 3.69 1.13 80.72
5 1.36 1.35 202 |2.31 |391 1.55 73.46
6 1.45 1.37 1.03 | 234 4.89 1.44 76.24
7 1.56 1.45 2.01 2.44 a.T7 1.21 78.966
Average 1.49

PROBIT ANALYSIS OF IN VIVO ANTIPLASMODIAL OF Sonchus arvensis L.
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A. Replicaton 1 of in vivo antilplasmodial of Sonchus arvensis L
Confidence Limits
Probability 95% Confidence Limits for concentration 959% Confidence Limits for log (concentration)a
Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound

.010 .066 .000 1.116 -1.178 -4.982 .048
.020 .138 .000 1.815 -.860 -4.328 .259
.030 219 .000 2472 -.659 -3.912 .393
.040 311 .000 3.120 -.507 -3.600 494
.050 413 .000 3.770 -.384 -3.346 576
.060 526 .001 4.430 -279 -3.130 .646
.070 .650 .001 5.104 -.187 -2.941 .708
.080 786 .002 5795 -.105 -2.771 763
.090 934 .002 6.505 -.030 -2.617 813
.100 1.095 .003 7.235 .039 -2.476 859
150 2113 013 11.254 .325 -1.889 1.051
.200 3.564 .038 16.016 .552 -1.423 1.205
250 5.580 .094 21.716 747 -1.025 1.337
.300 8.347 215 28.598 922 -.668 1.456
.350 12.122 .460 36.989 1.084 -.338 1.568
.400 17.273 943 47.346 1.237 -.026 1.675
.450 24.330 1.882 60.331 1.386 275 1.781

PROBIT .500 34.084 3.699 76.961 1533 568 1.886
550 47.750 7.215 98.895 1.679 .858 1.995
.600 67.259 14.062 129.103 1.828 1.148 2111
.650 95.835 27.454 173.601 1.982 1.439 2.240
.700 139.180 53.409 246.764 2.144 1.728 2.392
750 208.190 101.284 389.996 2318 2.006 2.591
.800 325.986 180.928 741.194 2513 2.258 2.870
.850 549.782 305.586 1824.138 2.740 2.485 3.261
.900 1061.201 524.607 6381.045 3.026 2.720 3.805
910 1243.886 591.945 8719.365 3.095 2772 3.940
920 1478.159 673.180 12271.964 3.170 2.828 4.089
930 1786.990 773511 17914.128 3.252 2.888 4.253
940 2208.774 901.159 27398.169 3.344 2.955 4.438
950 2812.619 1070.054 44588.814 3.449 3.029 4.649
.960 3736.156 1306.051 79215.878 3.572 3.116 4.899
970 5296.928 1664.011 161012.127 3.724 3.221 5.207
.980 8424.587 2288.295 414797.959 3.926 3.360 5618
990 17505.569 3760.973 1852961.269 4.243 3.575 6.268

a. Logarithm base = 10.
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B. Replication 2 of in vivo antiplasmodial activity of Sonchus arvensis L

Confidence Limits

Probability 95% Confidence Limits for konsentrasi 95% Confidence Limits for Log(konsentrasi)b
Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound
.010 .549 -.260
.020 935 -.029
.030 1.311 118
.040 1.690 .228
.050 2078 318
.060 2478 .394
.070 2.891 461
.080 3.319 521
.090 3.763 576
.100 4.224 626
150 6.817 .834
.200 9.971 999
250 13.819 1.140
.300 18.524 1.268
.350 24.303 1.386
.400 31.446 1.498
.450 40.349 1.606
PROBIT? .500 51.568 1712
.550 65.907 1.819
.600 84.567 1.927
.650 109.422 2.039
700 143.560 2.157
750 192.442 2.284
.800 266.694 2426
.850 390.121 2.591
.900 629.566 2.799
910 706.711 2.849
920 801.267 2.904
.930 919.903 2.964
940 1073.281 3.031
950 1279.659 3.107
.960 1573.375 3.197
970 2028.401 3.307
2843.196 3.454
.980
990 4841.169 3.685

a. A heterogeneity factor is used.

b. Logarithm base = 10.
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C. Replication 3 of In vivo antiplasmodial activity of Sonchus arvensis L.

Confidence Limits

Probability 95% Confidence Limits for konsentrasi 95% Confidence Limits for Log(konsentrasi)b
Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound
.010 449 -.348
.020 792 -.101
.030 1.136 .056
.040 1.490 173
.050 1.858 .269
.060 2242 351
.070 2.643 422
.080 3.063 .486
.090 3.502 .544
.100 3.962 .598
150 6.605 .820
.200 9.913 .996
250 14.044 1.147
.300 19.202 1.283
.350 25.659 1.409
.400 33.784 1.529
.450 44.085 1.644
PROBIT® 500 57.285 1.758
550 74.438 1.872
.600 97.135 1.987
.650 127.891 2.107
700 170.897 2233
750 233.667 2.369
.800 331.045 2520
.850 496.859 2.696
900 828.164 2918
910 936.932 2972
920 1071.342 3.030
930 1241.493 3.094
940 1463.659 3.165
950 1765.962 3.247
960 2201.822 3.343
970 2887.732 3.461
.980 4141121 3.617
990 7309.328 3.864

a. A heterogeneity factor is used.

b. Logarithm base = 10.
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D. Replication 4 of in vivo antiplasmodial activity of Sonchus arvensis L.

Confidence Limits

Probability 95% Confidence Limits for konsentrasi 95% Confidence Limits for Log(konsentrasw’)b
Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound
.010 449 -.348
.020 792 -.101
.030 1.136 .056
.040 1.490 173
.050 1.858 .269
.060 2242 351
.070 2.643 422
.080 3.063 .486
.090 3.502 .544
.100 3.962 .598
150 6.605 .820
.200 9.913 .996
250 14.044 1.147
.300 19.202 1.283
.350 25.659 1.409
.400 33.784 1.529
.450 44.085 1.644
PROBIT® 500 57.285 1.758
.550 74.438 1.872
.600 97.135 1.987
.650 127.891 2.107
700 170.897 2233
750 233.667 2.369
.800 331.045 2.520
.850 496.859 2.696
900 828.164 2918
910 936.932 2972
920 1071.342 3.030
930 1241.493 3.094
940 1463.659 3.165
950 1765.962 3.247
960 2201.822 3.343
970 2887.732 3.461
.980 4141.121 3.617
990 7309.328 3.864

a. A heterogeneity factor is used.

b. Logarithm base = 10.
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E. Replication 5 of in vivo antiplasmodial activity of Sonchus arvensis L

Confidence Limits

Probability 95% Confidence Limits for dose 95% Confidence Limits for Log(dose)b
Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound
.010 .056 -1.250
.020 119 -924
.030 192 =717
.040 274 -562
.050 367 -.436
.060 470 -.328
.070 .584 -.234
.080 709 -.149
.090 .847 -072
.100 997 -.001
.150 1.956 291
.200 3.342 .524
.250 5.293 724
.300 7.999 .903
.350 11.727 1.069
.400 16.859 1.227
450 23.954 1.379
PROBIT® 500 33.845 1.529
.550 47.821 1.680
.600 67.945 1.832
.650 97.683 1.990
.700 143.208 2.156
750 216.407 2.335
.800 342715 2.535
.850 585.684 2.768
.900 1149.452 3.060
910 1352.751 3.131
.920 1614.555 3.208
930 1961.269 3.293
.940 2437.209 3.387
.950 3122525 3.495
.960 4177.703 3.621
970 5975.429 3.776
.980 9615.865 3.983
.990 20353.815 4.309

a. A heterogeneity factor is used.

b. Logarithm base = 10.
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F. Replication 6 of in vivo antiplasmodial activity of Sonchus arvensis L

Confidence Limits

Probability 95% Confidence Limits for dose 95% Confidence Limits for Log(dose)b
Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound
.010 .307 -513
.020 560 -.252
.030 819 -.087
.040 1.091 .038
.050 1.377 139
.060 1.679 225
.070 1.998 .301
.080 2.335 .368
.090 2.691 430
.100 3.065 .486
.150 5.259 721
.200 8.077 .907
.250 11.671 1.067
.300 16.242 1.211
.350 22.063 1.344
.400 29.505 1.470
450 39.086 1.592
PROBIT® 500 51.548 1.712
.550 67.983 1.832
.600 90.059 1.955
.650 120.435 2.081
.700 163.598 2214
750 227.683 2.357
.800 328.992 2517
.850 505.259 2.704
.900 866.879 2.938
910 987.607 2.995
.920 1137.889 3.056
930 1329.658 3.124
.940 1582.280 3.199
.950 1929.483 3.285
.960 2435931 3.387
970 3244.195 3,511
.980 4748.222 3.677
.990 8654.855 3.937

a. A heterogeneity factor is used.

b. Logarithm base = 10.
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G. Replication 7 of in vivo antiplasmodial activity of Sonchus arvensis L.

Confidence Limits

Probability 95% Confidence Limits for dose 95% Confidence Limits for log(dose)b
Estimate Lower Bound Upper Bound Estimate Lower Bound Upper Bound
.010 .487 -313
.020 .842 -075
.030 1.192 .076
.040 1.549 .190
.050 1.916 .282
.060 2.296 361
.070 2.692 .430
.080 3.103 492
.090 3.532 .548
.100 3.978 .600
.150 6.513 814
.200 9.637 .984
.250 13.486 1.130
.300 18.238 1.261
.350 24.125 1.382
.400 31.458 1.498
450 40.668 1.609
PROBIT® 500 52.361 1.719
.550 67.416 1.829
.600 87.153 1.940
.650 113.645 2.056
.700 150.323 2177
750 203.289 2.308
.800 284.505 2.454
.850 420.960 2.624
.900 689.177 2.838
910 776.318 2.890
.920 883.516 2946
930 1018.549 3.008
.940 1193.895 3.077
.950 1431.012 3.156
.960 1770.431 3.248
970 2299.940 3.362
.980 3256.702 3513
.990 5634.685 3.751

a. A heterogeneity factor is used.

b. Logarithm base = 10.
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1.5 Supplementary data V

A BUN and CREATININE SERUM LEVEL

1. BUN

Standard concentration solvent= 50 mg/dL

AA = A1 - A2
Standard: 0,0476

Urea level : AA Sample/AA Standard x standard concentration(meg/d)

BUN = Urea (mg/dL) x 0,467

UNIFECTED GROUP

o BUN Level
Replication Al A2 AA Smp/AA Std Urea Level (me/dL)
KN-1 0,0918 0,089 0,146359 7,317927 3,41
KN-2 0,001 -0,0062 0,151261 7,563025 3,53
KN-3 0,0777 0,0708 0,144958 7,247899 3,38
KN-4 0,1968 0,19 0,142857 7,142857 3,34
POSITIVE CONTROL GROUP
Replication Al A2 AA Smp/AA Std Urea Level BUN Level

(mg/dL)
K+1 0,0055 0,004 0,032213 1,61064 0,75
K+2 0,0061 0,0056 0,010504 0,52521 0,25
K+3 0,005 0,0028 0,046218 2,310924 1,08
K+d 0,0055 0,0036 0,039916 1,995798 0,93
NEGATIVE CONTROL GROUP

o BUN Level
Replication AL w2 A4 Smp/AA Std Urea Level (mg/dL)
K-1 0,0627 0,0575 0,299719 14,98599 6,99
K-2 0,0674 0,0526 0,310924 15,54622 7,26
K-3 -0,0592 -0,0728 0,285714 14,28571 6,67
K-4 0,0616 0,0472 0,302521 15,12605 7,06
P1

o BUN Level
Replication Al A2 AA Smp/AA Std Urea Level (me/dL)
P1-1 0,3551 0,3461 0,189076 9,453782 4,41
P1-2 0,056 0,062 0,12605 6,302521 2,94
P1-3 0,1627 0,162 0,112045 5,602241 2,61
P1-4 -0,0769 -0,0779 0,021008 1,05042 0,49
P2

BUN Level
Replication Al A2 AA Smp/AA Std Urea Level

(mg/dL)
P2-1 0,3348 0,3373 0,126284 6,31419 2,95
p2-2 0,3855 0,3901 0,096639 4,831933 2,26
p2-3 0,3492 0,3452 0,084034 4,201681 1,96
p2-4 0,2698 0,2766 0,198179 9,908965 4,63
P3

- BUN Level
Replication Al A2 AA Smp/AA Std Urea Level (me/dL)
P3-1 0,3872 0,395 0,163866 8,193277 3,83
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P3-2 0,5214 0,5332 0,247899 12,39496 5,79
P3-3 0,0312 0,0203 0,228992 11,44958 5,35
P3-4 -0,4989 -0,4907 0,172269 8,613445 4,02
Pa
o BUN Level
Replication Al A2 AA Smp/AA Std Urea Level (me/dL)
P4-1 0,0948 0,0951 0,006303 0,315126 0,15
P4-2 0,0624 0,0568 0,117647 5,882353 2,75
P4-3 0,068 0,0641 0,086135 4,306723 2,01
P4-4 0,0468 0,0404 0,134454 6,722689 3,14
BUN LEVEL
ANOVA Test
Sum of Squares df Mean Square F Sig.
Between Groups 97,932 6 16,322 16,464 ,000
Within Groups 20,818 21 ,991
Total 118,750 27
Post Hoc Duncan Test
Duncan®
Subset for alpha = 0.05
Kelompok N 1 2 3 4
K+ 4 ,1525
P4 4 2,0125 2,0125
P1 4 2,6125
P2 4 2,9500
KN 4 3,4150 3,4150
P3 4 4,7475
K- 4 6,9950
Sig. ,088 ,080 ,072 1,000

Means for groups in homogeneous subsets are displayed.

a.

2. CREATININE

Standard concentration solvent= 2 mg/dL

AA = A1 — A2

Uses Harmonic Mean Sample Size = 4,000.
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Standard: 0,0192
Creatinine Level : AA Sample/AA Standard x tandard concentration (mg/dL)

UNIFECTED GROUP
o Level Kreatinin
Replication Al A2 AA Smp/AA Std (me/dL)
KN-1 0,0247 0,0262 0,092 0,18
KN-2 0,0237 0,0256 0,099 0,20
KN-3 0,0179 0,0175 0,021 0,23
KN-4 0,0324 0,0354 0,156 0,31
POSITIVE CONTROL GROUP
Replication Al A2 AA Smp/AA Std Level (mg/dL)
K+1 0,0131 0,0168 0,193 0,39
K+2 0,0233 0,0271 0,198 0,40
K+3 0,0515 0,0553 0,198 0,40
K+d 0,0095 0,0131 0,188 0,38
NEGATIVE CONTROL GROUP
Replication Al A2 AA Smp/AA Std Level (mg/dL)
K-1 -0,0361 -0,0208 0,797 1,59
K-2 -0,0540 -0,0349 0,995 1,99
K-3 -0,045 -0,023 1,146 2,29
K-4 -0,081 -0,061 1,042 2,08
P1
Replication Al A2 AA Smp/AA Std Level (mg/dL)
P1-1 0,0771 0,0784 0,068 0,14
P1-2 0,0302 0,0287 0,078 0,16
P1-3 0,0646 0,0658 0,062 0,12
P1-4 0,0573 0,0576 0,069 0,14
P2
Replication Al A2 AA Smp/AA Std Level (mg/dL)
p2-1 0,0106 0,014 0,177 0,35
p2-2 0,0203 0,0241 0,198 0,40
p2-3 0,0034 0,0004 0,156 0,31
p2-4 0,0039 0,0077 0,198 0,40
P3
Replication Al A2 AA Smp/AA Std Level (mg/dL)
P3-1 0,0095 0,0125 0,156 0,31
P3-2 0,0413 0,0436 0,120 0,24
P3-3 0,0326 0,0354 0,146 0,29
p3-4 0,0153 0,0176 0,120 0,24
P4
Replication Al A2 AA Smp/AA Std Level (mg/dL)
P4-1 0,0481 0,0505 0,125 0,25
P3-2 -0,0363 -0,0394 0,161 0,32
P4-3 -0,0258 -0,0257 0,114 0,23
P4-4 -0,0893 -0,0882 0,057 0,11

132



Sigficancy Table

B. SERUM SGOT AND SGPT LEVEL

1. SGOT

sGOT Level: AA ((A1 — A2) + (A2 — A3) + (A3 — 44))x 2143 x 1

UNIFECTED GROUP

Replication Al A2 A3 A4 Level (U/L)
KN-1 0,084 0,0838 0,0836 0,064 42,00

KN-2 0,5415 0,5364 0,4042 0,3792 5371

KN-3 0,2784 0,2604 0,2475 0,2326 31,96

KN-4 0,4366 0,4317 0,4116 0,3951 35,38
POSITIVE CONTROL GROUP

Replication Al A2 A3 A4 Level (U/L)
K+1 0,3461 0,3319 0,3127 0,297 33,68

K+2 0,2384 0,2021 0,2012 0,1899 24,25

K+3 0,34 0,3377 0,3373 0,3207 35,58

K+4 0,407 0,3821 0,3655 0,3477 38,19
NEGATIVE CONTROL GROUP

Replication Al A2 A3 Ad Level (U/L)
K-1 0,4897 0,3548 0,2211 0,0981 263,86

K-2 0,7893 0,7552 0,7053 0,6448 129,73

K-3 0,4973 0,4009 0,2853 0,1469 296,80

K-4 0,2098 0,1806 0,1327 0,0781 117,08

P1

Replication Al A2 A3 Ad Level (U/L)
P1-1 0,3545 0,302 0,2179 0,1258 102,14
P1-2 0,2837 0,2652 0,2333 0,1941 100,68
P1-3 0,0339 0,0208 -0,0418 -0,09 103,37
P1-4 0,0357 0,0003 -0,0368 -0,0923 96,52

P2

Replication Al A2 A3 Ad Level U/L)
P2-1 0,1285 0,1155 0,0719 0,0417 64,77

P2-2 -0,2133 -0,3117 -0,3134 -0,3126 68,36

P2-3 -0,1002 -0,1716 -0,2633 -0,3249 73,85

P2-4 -0,3189 -0,3106 -0,3127 -0,3165 88,43

P3

Replication Al A2 A3 A4 Level (U/L)
P3-1 0,0328 0,0048 -0,0619 -0,1071 76,63
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P3-2 0,2443 0,2445 0,2175 0,1895 60,03
P3-3 -0,3957 -0,3905 -0,3917 -0,3929 73,79
P3-4 0,0094 -0,0123 -0,0676 -0,1177 69,82
P4
Replication Al A2 A3 A4 Level (U/L)
P4-1 0,1418 0,0621 0,0781 0,0903 26,08
P4-2 0,0874 0,0851 0,0538 0,0376 34,75
P4-3 0,0875 0,1043 0,0575 0,0338 50,85
Pa-4 -0,01979 -0,2582 -0,2684 -0,2586 20,75
DATA ANALISYS OF SGOT
Significancy Table
K+ K- P1 P2 P3 P4
KN TS S S S S TS

2. SGPT
SGPT LEVEL

SGPT Level: AA ((A1 — A2) + (A2 — A3) + (43 — 44))x 2143 x 1

UNIFECTED GROUP

Replication Al A2 A3 Ad Level (U/L)
KN-1 0,1088 0,1157 0,1045 0,0926 13,41

KN-2 0,119 0,127 0,1207 0,1154 11,36

KN-3 0,2057 0,2154 0,2044 0,1986 12,43

KN-4 -0,0449 -0,0466 -0,0477 -0,0503 12,4
POSITIVE CONTROL GROUP

Replication Al A2 A3 A4 Level (U/L)
K+1 -0,3624 -0,3579 -0,3553 -0,3511 9,00

K+2 0,0162 0,0221 0,0234 0,0214 4,28

K+3 0,1225 0,1275 0,129 0,1278 2,56

K+4 0,0892 0,0952 0,0923 0,095 5,79
NEGATIVE CONTROL GROUP

Replication Al A2 A3 Ad Level (U/L)
K-1 -0,0139 -0,0157 -0,0262 -0,0327 24,13
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K-2 0,1363 0,1274 0,1099 0,099 23,38

K-3 -0,0284 -0,042 -0,0653 -0,0916 21,58

K-4 0,057 0,0624 0,0551 0,0423 27,43

P1

Replication Al A2 A3 A4 Level (U/L)
P1-1 0,0234 0,0517 -0,0064 -0,027 44,17

P1-2 -0,1246 -0,0273 -0,1166 -0,1229 13,49

P1-3 -0,0221 -0,0183 -0,0277 -0,0464 40,08

P1-4 -0,0559 -0,0566 -0,0745 -0,0893 31,73

P2

Replication Al A2 A3 A4 Level (U/L)
P2-1 -0,0523 -0,0723 -0,0959 -0,0898 22,74

P2-2 -0,1579 -0,2059 -0,2516 -0,2871 20,31

P2-3 -0,1335 -0,1455 -0,155 -0,1655 22,52

P2-4 -0,1766 -0,253 -0,2884 -0,3002 25,39

P3

Replication Al A2 A3 Ad Level (U/L)
P3-1 -0,0715 -0,0672 -0,0803 -0,0873 15,01

P3-2 -0,0278 -0,0298 -0,0341 -0,0383 9,00

P3-3 -0,0479 -0,0497 -0,0599 -0,0659 12,87

P3-4 -0,094 -0,0927 -0,1001 -0,108 16,93

P4

Replication Al A2 A3 Ad Level (U/L)
P4-1 0,01645 0,1737 0,1737 0,1751 3,16

P4-2 0,1503 0,1592 -0,1479 -0,1462 3,34

P4-3 -0,1675 -0,1621 -0,1633 -0,1622 2,36

P4-4 0,0403 0,0447 0,0403 0,0393 2,14
Significancy Table

C. SERUM TNF ALPHA AND IL10 LEVELS

1. TNF Alpha
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The Standard Curve

0.8
0.6
0.4

0.2

Kadar (ng/mL) oD
40 0,094
80 0,117
160 0,203
320 0,51
640 0,873
TNF-alpha STANDARD CURVE
y=0,0014x+0,0241 _...-- @
R?=0,9887 "
0.
Ll
o
100 200 300 400 500

y = 0,0014x + 0,0241, R?=0,9887

y = kadar TNF-alpha
x = OD TNF-alpha

600

Uninfected Group

Replication oD Level (ng/ml)
KN-1 0,304 199,93
KN-4 0,62 425,64
KN-5 0,279 182,07
KN-6 0,348 231,36
KN-7 0,317 209,21

Positive Control Group

Replication oD Level (ng/mU)
K+1 0,33 218,50
K+2 0,332 219,93
K+3 0,212 134,21
K+4 0,275 179,21
K+6 0,777 537,79

Negative Control Group

Replication oD Level (ng/mU)
K-1 0,279 182,07
K-2 0,337 223,50
K-3 0,523 356,36
K-4 0,142 84,21
K-5 0,063 217,79

700
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K-7 0,503 342,07
K-8 0,061 26,36
K-9 1,668 1174,21
P1
Replication oD Level (ng/ml)
P1-2 0,759 524,93
P1-3 0,673 463,50
P1-5 0,399 267,79
P1-7 0,635 436,36
P1-8 0,37 247,07
P2
Replikasi oD Level (ng/ml)
P2-1 2,172 1534,21
P2-3 0,775 536,36
P2-4 0,766 529,93
P2-5 1,144 799,93
P2-7 0,828 574,21
P3
Replication oD Level (ng/mU)
P3-1 0,831 576,36
P3-2 1,127 787,79
P3-3 1,056 737,07
P3-4 1,536 1079,93
P3-5 1,507 1059,21
P3-7 0,827 573,50
P3-8 0,702 484,21
P4
Replication oD Level (ng/ml)
P4-1 1,069 746,36
P4-2 0,721 497,79
Pa-3 1,16 811,36
Pa-4 1,208 845,64
P4-6 1,039 724,93
P4-7 0,752 519,93
P4-g 0,731 504,93
ANOVA
TEN ALPHA
Sum of Squares df Mean Square F Sig.
Between Groups 2317688.065 6 386281.344 8.718 .000
Within Groups 1240629.624 28 44308.201
Total 3558317.688 34

Duncan Test (POST HOC TEST)

Duncan®
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Subset for alpha = 0.05

Group N 1 2

K- 5 237.6420

KN 5 249.6420

K+ 5 257.9280

P1 5 387.9300

Pa 5 729.6440
P2 5 794.9280
P3 5 848.0720
Sig. 313 409

Means for groups in homogeneous subsets are displayed.

a.

1. IL 10 Level

Standard Curve

1.5

y = 0,0011x + 0,0428, R?=0,99
y = IL-10 level
x = OD IL-10

Uses Harmonic Mean Sample Size = 5.000.

Level (pg/mL) oD
40 0,094
80 0,117
160 0,203
320 0,51
640 0,873

IL-10 STANDARD CURVE

y = 0,0011x + 0,0428.-°
R2 - 0'9'9..,...

500 1000

1500
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Uninfected Group

Replication oD Level (pg/mU)
KN-1 0,157 103,82

KN-4 0,141 89,27

KN-5 0,169 114,73

KN-6 0,168 113,82

KN-7 0,158 104,73
Positive Control Group

Replication oD Level (pg/ml)
K+1 0,181 125,64

K+2 0,188 132,00

K+3 0,184 128,36

K+4 0,202 144,73

K+6 0,309 242,00

K+7 0,18 124,73

Negative Control Group

Replication oD Level (pg/ml)
K-1 0,133 82,00

K-2 0,104 55,64

K-3 0,172 117,45

K-4 0,136 84,73

K-5 0,153 100,18

K-7 0,173 118,36

K-9 0,225 165,64

K-10 0,196 139,27

P1

Replication oD Level (pg/ml)
P1-2 0,175 120,18

P1-3 0,161 107,45

P1-5 0,188 132,00

P1-7 0,15 97,45

P1-8 0,163 109,27

P2

Replication oD Level (pg/ml)
P2-1 0,161 107,45

P2-3 0,175 120,18

P2-4 0,141 89,27

P2-5 0,157 103,82

P2-7 0,165 111,09

P3

Replication oD Level (pg/ml)
P3-1 0,135 83,82

P3-2 0,165 111,09

P3-3 0,167 112,91

P3-4 0,165 111,09
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P3-5 0,176 121,09
P3-7 0,182 126,55
P3-8 0,135 83,82
P4
Replication oD Level (pg/ml)
P4-1 0,176 121,09
Pa-2 0,177 122,00
P4-3 0,163 109,27
Pa-4 0,171 116,55
Pa-6 0,14 88,36
Pa-7 0,177 122,00
P4-8 0,171 116,55
Anova Test
ANOVA
IL10
Sum of Squares df Mean Square F Sig.
Between Groups 5480.331 6 913.388 6.042 .000
Within Groups 4232.589 28 151.164
Total 9712.920 34

Duncan Test (POST HOC TEST)

IL10
Duncan®
Subset for alpha = 0.05
KELOMPOK 1 2 3
K- 88.0000
KN 105.2740
P2 106.3620
P1 113.2700
P3 116.5460 116.5460
Pa 119.6380 119.6380
K+ 131.0920
Sig. 1.000 .108 .087

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 5.000.
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2. APPENDIX 2

2.1 Supplementary data |

TLC chromatogram profile of n-hexane extract of Pterocarpus macrocarpus

Kurz. crystallization

o - = = a» <« (0938

! <= 0563

. ® " " <« 0688
< 0.625
. < 0.375

. 6 & 3 ) 0125

122 S 34 S 16

Fig. TLC analysis chromatogram profile of Pterocarpus macrocarpus Kurz. heartwood n-hexane extract purification during
crystallization. Stationary phase: Silica gel GF254, mobile phase: n-hexane: ethyl acetate (1:1) 1. n-Hexane crude extract, 2.
Fifth crystallization, 3. Fourth crystallization, 4. Third crystallization, 5, Second crystallization, 6. First crystallization.

2.2 Supplementary data Il

GC-MS Chromatogram profile of n-hexane extract of Pterocarpus macrocarpus

Kurz. crystallization (available in Author)
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2.3 Supplementary data lll

FTIR spectra of homopterocarpin

@ SHIMADZU
HP bu Dwi Biologi 21/10/2021 9:27:28 AM
%T
_-M\
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500

cm-1

1007 [HP bu Dwi Biologi —

%T

50—

0 g’l‘\n 1| 25 W . SN A VA 7,2 O 7 0 O 1 7Y Y R A
2ge 8 = 89 82 88 BRG] 8 3535 53813 |35
1 285 8 &8 2B 98 33 R 6%S8 3 335282385 022
5 K& & 2 PR IT 228 8|1 @ r~ el |
T T T T T T T T T T
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
cm-1
Item Value
| TAcquired Date&Time 21/10/2021 9:24:23 AM
|| Acquired by System Administrator
[ [Filename HADATA FTIR\20211021\HP bu Dwi Biologi1 ispd
|| Spectrum name HP bu Dwi Biologi
| | Sample name
|| Sample ID
[ [Option
|_{ Comment
Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area Comment
1 [43591 33.91 253 443.63 418.55 1612.992 39.483
2 145134 3445 235 497,63 443.63 3244 596 51.011
3 |555.50 38.39 6.63 580.57 530.42 2918.640 161.544
4 ]590.22 45.76 1.64 603.72 580.57 1235.812 21.558
5 |634.58 31.04 19.06 667.37 603.72 3719.066 545.908
6 |682.80 49.28 287 704.02 667.37 1811.719 60.073
7 |723.31 45.59 7.19 754.17 704.02 2559.138 195.640
8 | 79467 29.97 16.77 815.89 754.17 3662.699 471.434
9 |[842.89 24.41 21.25 873.75 815.89 3712936 578.268
10 _[894.97 38.24 7.75 914.26 873.75 2366.603 183.197
11 [937.40 2483 2481 972.12 914.26 3524570 665.583
12 [1033.85 18.97 33.62 1064.71 985.62 4778.360 1096.563
13 [1130.29 14.56 5.06 1138.00 1084.71 5149.724 226.860
14 | 1149.57 10.00 2.91 1184.29 1138.00 3726.746 196.124
15 |1197.79 26.86 9.59 1234.44 1184.29 3195615 227858
16 |1271.09 26.23 22,98 1321.24 123444 5380.519 955331
17 1134438 31.30 15.85 1375.25 132124 3297.011 437.011
18 [1381.03 45.37 273 1404.18 1375.25 1482127 57.302
18 1147554 23.82 3.93 1483.26 1404.18 5131.468 384617
20 _|1492.90 22.16 8.74 1533.41 1483.26 3219.485 244 B65.
21 | 158742 36.10 3.22 1595.13 153341 3310.715 22.380
22 |1618.28 2343 17.65 1772.58 1595.13 8043.700 -281.166
23 |1876.74 65.11 7.02 1934.60 1816.94 3592.977 312514
|24 |2050.33 69.99 4.12 2088.91 1992.47 2665.152 164.836
25 |2841.15 63.33 9.82 2864.29 2791.00 2120.334 256.452
26 | 2908.65 6263 224 2920.23 286429 1926.005 81.981
27 |2949.16 56.05 6.66 2974.23 2920.23 2212.776 201.370
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HNMR of homopterocarpi
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2.5 Supplementary data V: CNMR of homopterocarpin
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SAMPEL BU DWI_10FEB2021 30
gradient enhanced HMBC
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2.6 Supplementary data VI: Antioxidant activity of homopterocarpin and

Pterocarpus macrocarpus Kurz. extract

ABTS

Sample

.
n-Hexane of P. macrocarpus 2
Sample
60
+ 50
! Y
No C Abs sample A % aktivity 30 ¢
 Control/Blank 0723 0.728 07255 1075 42.38456 2
1 1075 0.408 0428”7 0418 3125 44.03859 01
2 3.125 0.409 0.403"  0.406 6.25 44.24535 0
3 6.25 0.408 0.401"  0.4045 10 44.79669 o 2 4 s 8 10 2 1
4 10 0.385 0.406"  0.4005 15 45.14128
5 15 0393 0.403" 0398 75 45.14128
6 5 0.394 0.402” 0398 35 46.58856
7 £ 0.373 0.402"  0.3875 50 48.38043
8 50 0375 037" 03745 75 49.82771
9 75 0.334 0.394"  0.364 100 50.31013
10 100 0.356 0.365"  0.3605 150 54.23846
1 150 0.315 03497 0332 200 52.37767
12 200 0305 03867  0.3455
5
\
- - - e - - | . - -
:n-Huanl!nf PP. macrocarpus 3
50
g
g
47
- G ] T _ “
Control/Blank 0723 0728 07255 1075 45.55479 u
1| 1.075 0.396 03947 0395 3425 45.2102 a
2 3125 0.397 0.338" 03975 6.25 45.27912 a
E] 625 0.397 03377 0397 10 4610613 o t 4 ¥ 8 o 12 "
) 10 0.39 038s” 039 15 46.65748
5 15 0.389 0385”7 0.387 25 47.27774
6 ES 0.382 03837 03825 35 47.27774
7 35 0.387 03787 03825 50 1906961
8 50 0.375 03647  0.3695 75 5031013
Bl 75 0.375 0346”7  0.3605 100 53.41144
10 100 0.345 03n” o033 150 5534114
1 150 0.327 031" 0324 200 5547838
12 200 0.326 032" 0323
Ethyl Acetate of P. macrocarpus1
Sample
Shaktivity 100
1.075 48.31461
3.125 52.28464 ®1 o
6.25 58.35206 @ e y=13113x + 49.085
No e 10 63.59551 PP L R? = 0.9652
Control/Blank 0.663 0672 0.6675 15 7183521
1 1075 0.351 0339”7 0345 25 79.40075 »1
2 3.125 033 0307 0.3185 o :
3 6.25 0.272 0284”0278 o N o - 1'7 » o
a 10 0.243 02437 0243
5 15 0.179 0197”7 0188
6 25 0.131 0.144 0.1375
7 ES 0.099 0.09%" 00975
B 50 0.059 0.059"  0.059 EA(1) 0.697781
s 75 0.047 0.05"  0.0485[1C50 0.697781 EA(2) 1.194315
10 100 0.047 005" 0.0485 EA(3) 0.353949
1 150 0.046 0048”0047 Average  0.748682
12 200 0.045 0.043"7 0.044 sD 0.422489
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Ethyl Acetate of P. macrocarpus 2

No

Conveentration Sar Abs sample A
Control/Blank

1 1075
2 3125
3 6.25
4 10
5 15
6 2
7 35
8 50
9 75

10 100
11 150
12 200

Ethyl Acetate of P. macrocarpus 3

Concentration Sam Abs sample A

Control/Blank
1 1.075
2 3.125
3 6.25
4 10
5 15
6 25
7 35
8 50
9 75
10 100
1 150
12 200

Ethanol of P. macrocarpus 1

Concentration Sam Abs sample A
Control/Blank
1.075
3125
6.25
10
15
25
35
50
75
100
150
200

Ethanol of P. macrocarpus 2

|no

Conceentration Sar Abs sample A
Kontrol/Blank
1.075
3.125
6.25
10
15
25
35

Abs sample B
0.663
0.339
0.332
0.286
0.241
0.183
0.123
0.095
0.06
0.044
0.046
0.045
0.044

Abs sample B
0.663
0.334
0.317
0.259
0.233
0.191
0.115
0.089
0.047

0.044
0.046
0.043

Abs sample B
0.797
0.405
0.378
0.297
0.28
0.251
0.193
0.19
0.11
0.047
0.043
0.11
0.042

Abs sample B
0.797
0.422
0.381
035
0.272
0.221
0.215
0.164
0.083
0.05

0.072
0.045

0.672

0342”7
0319”7
0.284"
0.249”
017a"
0127”7
0.102"
0.0a5 "
0.0437
0.044"
0.042"
0.0457

0.672

034"
03247
0.281"
0281
0.189"
0.136"

009"
0.051"
0.0a4"
0.0477
0.046 "
0.043"

0.774
04127
038"
0.339"
0.283"
02337
0.192"
0ars”
0.09"
0.044"
0.043"
0.06"
0.154"

0.774
04187

037"
0338"
0.287"

025"
0.188"
0.136"
0.0927
0.0477
0.0437
0.048"
0.042"

% aktivity
1.075 48.98876
3.125 51.23596
6.25 57.30337
10 63.29588
0.6675 15 73.25843
0.3405 25 8127341
0.3255
0.285
0.245
0.1785
0.125
0.0985
0.0525
ooms[iGs | L]
0.045
0.0445
0.0445
% aktivity
1.075 49.51311
3.125 51.98502
6.25 59.55056
10 64.49438
0.6675 15 71.53558
0.337 25  81.1985
0.3205
0.27
0.237
0.19
0.1255
0.0895
0.049
o0da[icso T 035354]
0.0455
0.046
0.043
% aktivity
1.075 47.99491
3.125 54.42393
6.25 59.51623
10 64.16295
0.7855 15 69.1916
0.4085 25 75.49332
0.358 35 76.76639
0.318 50 87.26926
0.2815 75 94.20751
0.242 100 94.52578
0.1925 150 89.17887
0.1825 200 87.52387
0.1
o.oassficsa T 0.852558]
0.043
0.085
0.098
% aktivity
1.075 46.53087
3.125 52.19605
6.25 56.20624
10 64.41757
0.7855 15 70.0191
0.42 25 74.2839
0.3755 35 80.90388
0.344 50 B8.8606
0.2795 75 93.82559
0.2355 100 94.46213
0.202 150 92.36155
0.15 200 94.46213
0.0875
o.045[1c50___ | 0.902645]
0.0435
0.06
0.0435

EA(1)
EA(2)
EA(3)
Average
sD

EA(1)
EA(2)
EA(3)
Average
sD

ETA(1)
ETA(2)
ETA(3)
Average

ETA(1)
ETA(2)
ETA(3)

Average

sD

Sample

v = 141420+ 48311
R?=0.971

0.697781
1.194315
0.353949
0.748682
0.422489

Sample

y=1.342x+49.525
R? =0.9761

0.697781
1.194315
0.353949
0.748682
0.422489

Sample

¥=1.4521x + 48,762

R=0.9556

0.852558
0.902646
0.075727
0.61031
0.46364

Sample

y =1.1566x + 48.956
R? = 0.9042

0.852558
0.902646
0.075727
0.61031
0.46364

b1
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Ethanol of P. macrocarpus 3

% aktvity A
1075 47.48568
3.125 51.87778
6.25 6142584
No Concentration Sample Abs sample A Abs sample B 10 65.43603
Control/Blank 7 0774 0.7855 15 69.95544
1 1075 0.416 0.409" 0.4125 25 78.29408
2 3.125 0.37 038" 0378 35 84.91407
3 6.25 0.341 02657 0303 50 89.56079
4 10 0.273 027”7 02715 75 94.39847
5 15 0.247 0225”7 0236 100 94.65309
6 25 0.168 0173" 01705 150 90.32463
7 35 0.121 0116”7 0.1185 200 85.48695
8 50 0.078 0.086”  0.082
9 75 0.045 0043”7  0.04a[iGG0___ [ 0.075727]
10 100 0.042 0042”0042
11 150 0.1 0.052" 007
12 200 0.184 004" 0114
Trolox 1
% aktivity
1.075 45.70042
3.125 50.76283
6.25 52.56588
No Concentration Sample Abssample A AbssampleB 10 50.83218
Control/Blank 0.725 0.717 0.721 15 53.46741
1 1,075 0.418 0365”7 03915 25 57.62829
2 3.125 0.355 0355”7 0355 35 6324549
3 6.25 0337 03477 0342 50 69.76422
4 10 0351 0358" 0.3s45 75 78.01664
H 15 0335 0336" 03355 100 85.71429
6 25 0302 0308” 03085
7 15 0.267 0263”0265
] 50 0.21 022"  0.218
9 75 0.156 061" 0.1585[IC50 | 4.475166]
10 100 0.092 0114” 0,103
1 150 0,187 0207"  o0.197
12 200 0.044 0044" 004
Trolox 2
% aktivity
1.075 49.37587
3.125 51.17892
6.25 52.08044
No Concentration Sample Abssample A Abs sample 8 10 51.17892
Control/Blank 0.725 0.717 0.721 15 52.91262
1 1.075 037 036" 0365 25 55.75589
2 3.125 0.357 0347”7 0352 35 63.17614
3 6.25 0.344 03477 03455 50 67.68377
4 10 0.356 0348” 0352 75 77.87795
5 15 0.337 0342” 03395 100 87.0319
6 25 0332 0306” 0319
7 35 0.263 02687 0.2655
8 50 0.232 023" 0233
9 75 0.16 0.159” o0.59es[icso [ 3.961089]
10 100 0.095 0.092” 00935
11 150 0.181 0.204” o0.1925
12 200 0.042 0.041" o0.0415
Trolox 2
% aktivity
1.075 49.23717
3.125 50.69348
No Concentration San Abs sample A Abs sample B 10 50.34674
Control/Blank 0.725 0.717 0721 15 50.1387
1 1.075 0.369 0363”7  0.366 25 54.99307
2 3.125 0.351 036" 03555 35 60.81831
3 6.25 0.346 0.469” 04075 50 66.78225
| 4 10 0.361 0355”7 0358 75 76.90707
H 15 0.361 0.3s58” 03595 100 84.32732
6 25 0.325 03247 03245
7 35 0.284 02817 02825
8 50 0.242 02377 02395
9 75 0.171 0.162” 0.166s5[ics0___ | 7.042853]
10 100 0.107 0119”7 0113
11 150 0.211 02187 02145
12 200 0.043 00447 00435

80
60
a0

20

ETA(1)
ETA(2)
ETA(3)
Average
sD

TRX(1)
TRX(3)

¥ =1.2413x + 49.906
R?=09225

0.852558
0.902646
0.075727
0.61031
0.46364
Sample
———
.
.
-
¥ = 0.3806x + 48,252
R = 09842
40 &0 80 100
4.475166
3.961089
7.042853
5.159703
1.650988
Sample
= .
—
P
&= y=0.3855x + 48.473
R*=0.9905
20 40 60 80 100
Sample
.
P
-
y=0.3757x + 47.354
R?=0984
40 60 80 100

30
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Vitamin C1

% aktivity A
1.075 46.91011
3.125 49.7191
6.25 50.42135

No ¢ ion San Ab: leA Ab: leB 10 50.8427
Control/Blank 0.72 0708 0712 15 5589888
1 1075 0.387 0369” 0378 25 60.46348
2 3.125 0.363 03537 0.358 35 65.66011
3 6.25 0.353 0353”0353 50 74.22753
4 10 0.348 0352”035 75 88.0618
H 15 0311 0317”7 0314 100 91.99438
6 25 0.285 0278”7 02815
7 35 0.237 0252” 02445
8 50 0.193 0174”7 0.1835
9 75 0.082 0.088”  0.085
10 100 0.063 0051”  0.057
11 150 0.051 0.049” 005
12 200 0.048 0.048" 0.048
VitaminC2
% aktivity
1.075 47.68258
3.125 49.92978
6.25 51.05337
No Concentration Sample Abs sample A Abs sample B 10 54.21348
‘Control/Blank 0.72 0.704 0.712 15 55.89888
1 1.075 0.381 0.364 r 0.3725 25 62.5
2 3.125 0.359 0354”7 03565 35 66.15169
3 6.25 0.348 0349”7 03485 50 75.35112
4 10 0325 03277 0326 75 877809
5 15 0.315 0313” 0.314 100 93.75
6 25 027 0264” 0267
7 35 0.232 0.2s” 0.241
8 50 0.178 0173”7 01755
9 75 0.091 0083" o0087(icso [ 2.134715]
10 100 0.046 0043”7 0.0a45
11 150 0.101 00as”  0.073
12 200 0.043 0042" o0.0425
VitaminC3
% aktivity
1.075 4824438
3.125 4873596
6.25 5147472
No Concentration San Abs sample A Abs sample B 10 53.65169
Control/Blanko 0.72 0704 0712 15 5660112
1 1.075 0373 0364”7 0.3685 25 6313202
2 3.125 0.365 0365”0365 35 67.9073
3 6.25 0.348 0343”7 0.3455 50 75
4 10 0.332 03287 033 75 89.88764
5 15 0.309 0.309" 0.309 100 93.96067
6 25 0.267 0258”7 0.2625
7 35 0.218 0233”7 02285
] 50 0.189 0167”7 0178
9 75 0.073 0071”7 oo72[icso [ 1.902637]
10 100 0.044 0.042" 0.043
11 150 0.043 0041”0042
12 200 0.042 0041”7 00415
DPPH
n-Hexane of P. macrocarpus 1
% aktivity
1.075 47.535505
3.125 47.034252
6.25 47.45193
No Concentration Sam| Abs sample A Abs sample B 10 47.368421
Control/Blank 0591 0.606 05985 15 49.874687
1 1.075 0318 031" o031 25| 50.877193
2 3.125 0.308 0325”0317 35 52.046784
3 6.25 0306 03237 03145 50 53.717627
4 10 0.313 03177 0.315 75 56.47452
5 15 0.297 03037 03 100 57.64411
6 25 0.293 02957 0.294 150 55.806182
7 35 0.284 029" 0.287 200 63.659148
8 50 0.276 0.278” 0.277
9 75 0.259 0262”7 0.2605[Ic50___ ] 23.350993]
10 100 0.247 026”7 02535
1 150 0.263 0.266” 0.2645
12 200 0.216 02197 02175

38888

e 8

Sample
P e
ool pas
. ® y=0.4831x + 47.939
o LE R*=0.981
0 20 a0 60 80 100
VITC (1) 4.266197
VITC(2)  2.134715
VITC (3) 1.902637
Average 2.76785
sD 1.302785
Sample
120
100 .
w0 .
- =04825x 4 48.97
oo e = A= 0987
40
20
o
0 20 40 60 80 100
wITC (1) 4.266197
vITC(2)  2.134715
VITC (3) 1.902637
Average 2.76785
sD 1.302785
Sample
Wm0
L
P y=0.493x + 49.062
“.. L 3 R?=09811
0 20 a0 60 80 100
WITC(1)  4.266197
WITC(2)  2.134715
VITC (3) 1.902637
Average 2.76785
sD 1.302785
Sampele
- od
IS B =
¥=0.0755¢ + 48.237
R?=0.8771
0 50 100 150 200
NH (1) 23.351
NH(2) 27.8279
INH (3) 31.9231
Average  27.700667
sD 4.2874661

50

150



n-Hexane of P. macrocarpus 2

No Concentration Sam Abs sample A
Control/Blank 0.591
1 1.075 0.307
2 3.125 0.312
3 6.25 0.312
4 10 0.314
5 15 0.306
3 25 0.28
7 35 0.295
8 50 0.282
9 75 0.282
10 100 0.271
1 150 0.27
12 200 0.206
n-Hexane o n-Hexane of P. macrocarpus 2
No Concentration Sam Abs sample A
Control/Blank 0.591
1 1.075 0.305
2 3.125 0.309
3 6.25 0314
4 10 0.314
5 15 0.305
6 25 0.3
7 35 0.294
8 50 0.285
9 75 0.271
10 100 0.302
1 150 0.277
12 200 0.219
Ethyl Acetate of P. macrocarpus 1
No Concentration Sample Abs sample A
Control/Blank
1 1075
2 3.125
3 6.25
4 10
5 15
6 25
7 35
8 50
9 75
10 100
11 150
12 200
Ethyl Acetate of P. macrocarpus 2
No Concentration Sam Abs sample A
Control/Blank 0.512
1 1.075 0.254
2 3.125 0.259
3 6.25 0.243
a4 10 0.236
5 15 0.224
6 25 0.187
7 35 0.16
8 50 0.119
9 75 0.083
10 100 0.08
1 150 0.083
12 200 0.082

9% aktivity
6.25 47.70259
Abs sample B 10 47.45196
0.606  0.5985 15 4895572
0.308" 03075 25 5179616
031" o031 35 50.54302
0.3147 0.313 50 52.71512
0315”7 03145 75 54.0518
0.305" 0.30ss
0.297" 02885 150 54.97076
0297”7 0.296 200 64.91228
0284 0283
0.268” 0.275[Ic50 [ 27.82787]
0.294" 02825
0.263" 0.2695
02147 om
% aktivity
1.075 48.78864
3.125 48.28739
6.25 47.53551
Abs sample B 10 47.28488
0.606  0.5985 15 49.54052
03087  0.3065 25 50.12531
031" 03095 35 5121136
0314”7 0314 50 52.04678
03177 03155 75 55.30493
029" 0302 100 50.04177
0.297" 0.2985 150 54.30242
029" 0292 200 63.49206
0289”7  0.287
02647 0.2675[Ic50 | 31.92308]
0.296"  0.299
0277 o0.2735
r
0.218 0.2185 I -I
9% aktivit
1.075 48.7781
3.125 47.89834
6.25 51.90616
Abs sample B 10 52.68817
0.512 0.511 0.5115 15 56.10948
0.261 0263”7  0.262 25 61.77908
0.269 0.264" 02665 35 67.44868
0.249 02437 0.246 50 75.17107
0.251 0233”7  0.242 75 £3.479%
0.228 02217 02245
0.207 01847  0.1955
0.172 0.161" 0.1665
0.128 012" 0127
0.084 0.085” 0.08as[ics0 | 3.230213
0.081 0.083"  0.082
0.086 0.083" 0.0845
0.083 0.081”  0.082
% aktivity
1.075 50.43988
3.125 49.75562
6.25 50.43988
Abs sample B 10 53.56794
0511  0.5115 15 56.69599
0.253"  0.2535 25 629521
0255”7  0.257 35  69.50147
0.264" 0.2535 50 77.61486
0.239” 02375 75 83.96872
0219”7 o0.2215
0.192” 0.1895
0152”7  0.156
011”7 0.1145
0.081” oos2ficso T 1.435918]
0.082” 0.081

0.087"  0.085
0.081" 0.0815

Sample

y=00732 + 47.963

¥ =0.4978x + 48.392
8

200

R'=0.9863

R1=0.8739
50 100 150
NH (1) 23.351
NH (2) 27.8279
NH(3) 31.9231
Average 27.70067
5D 4.287466
Sample
e ® . e
¥ = 0.0624x + 48.008
R'=0.7846
50 100 150

NH(1) 23.351

NH(2) 27.8279

NH(3) 31.9231

Average 27.70067

sD 4.287466

Sample
e
r e T
P
0 10 20 30 40 50

EA(1) 3.230213
EA(2) 1.435918

EA(3) 1.691499
Average 211921
sD 0.970606

.
LR

EA(1) 3.230213
EA(2) 1.435918
EA(3) 1.691499
Average 2.11921
SD 0.970606

Sample

250

y=0.5056x +49.274

R'=0.9743

80
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Ethyl Acetate of P. macrocarpus 3

Sample

% aktivity
1.075 49.65787
3.125 50.53763
6.25 5229717 60

.

No [ on Sample A Abs sample B 10 5415445 w0t e
Control/Blank 0.512 0511 05115 15 58.45552 :
1 1.075 0.258 02577 0.2575 25 63.83187 ©
2 3.125 0.257 0249”7 0253 35 69.40371 0
3 6.25 0.242 0246" 0244 50  76.9306 o o 20 0 “ = “
a 10 0.235 0.234" 0.2345
5 15 0215 01" 02125
6 5 0.186 01847  0.185
7 35 0.161 0.152"  0.1565 EA (1) 3.230213
8 50 0.122 0114”7 0118 EA(2) 1.435918
9 75 0.08 0.081" 0.0805[IC50 | 1.691499] EA(3) 1.691499
10 100 0.08 0.082" o0.081 Average 211921
1 150 0.081 0.082” 0.0815 sD 0.970606
12 200 0.082 0083" o0.0825
Etahnol of P. macrocarpus 1
Sample
% aktivity 6
1075  45.7478 =
3125 50.04888 » = =
6:25, 5210166 9 g o = y=0.4972x + 49.112
No Concentration Sample Abs sample A Abs sample B 10  54.0567 w0 R'=0.9672
Control/Blank 0.512 0511 05115 15 58.65103
1 1.075 0.286 0.269” 0.2775 25 63.24536 .
2 3.125 0.256 0.255”  0.2555 35 68.52395 °
3 6.25 0.245 0.245”  0.245 50 76.05083 o 10 20 0 4 N © W ®
4 10 0.238 0232” 0235 75 83.18671
5 15 0.217 0.206” 0.2115
6 25 0.19 018" 0.188
7 EH 0.161 0161 0.161 ETA(1) 1786002
8 50 0.124 0121”7 01225 ETA(2)  0.458601
9 75 0.087 0.085”  0.086[ICS0 | 1.786002 ETA(3) 0.027891
10 100 0.088 0.089” 0.0885 Average  0.757498
1 150 0.099 0.085”  0.092 sD 0.916375
12 200 0.088 0.089” 0.0885
Etahnol of P. macrocarpus 2
Sample
% aktivity 166
1.075 47.99609
3125 49.16911 0 = » 2
6.25 53.079179 6 = P
No Concentration Sample Abs sample A Abs sample B 10 54.83871 %0 oo E V'O‘Efsols‘s? "
Control/Blank 0512 0511 05115 15 56.989247
1 1.075 0.269 0.263”  0.266 25 64.809384 20
2 3.125 0.261 0259” 026 35 68.328446 0
3 6.25 0.25 023” o024 50 76.735093 o 10 20 30 4 0 & 70 8
4 10 0.232 023" 0231 75 8230694
5 15 0221 0219”7 022
6 2 0.179 0181” 018
7 ES 0.166 0.158”  o0.162
8 50 0.125 0113” 0119 ETA(1) 17860016
9 7 0.09 0.001” 0090s[ics0__ | 0.4586014 ETA(2)  0.4586014
10 100 0.086 0.091”  0.0885 ETA(3)  0.0278914
1 150 0.089 0.085”  0.087 RATA2  0.7574981
12 200 0.09 0092”  0.091 D 0.9163746
Etahnol of P. macrocarpus 3
Sample
% aktivity
1075 49.26686 e
3125 5L2219 80 = |
6.25 52.88368 5 PE—
No Concentration Sample Abs sample A Abs sample B 10 57.47801 w T W 055};72'9;‘9 985
Control/Blank 0.511 0512 05115 15 58.35777
1 1075 0.261 0.258" 0.2595 25 64.32063 o
2 3.125 0.252 02477 0.2495 35 67.93744 o
3 6.25 0.238 024" 0241 50 76.63734 o 10 » 0 w0 50 &
a4 10 0.229 0206" 02175
5 15 0.215 om” o023
6 25 0.184 01817 01825
7 35 0.171 0157”7  0.164
8 50 0.116 01237 0.1195 ETA(1) 1.786002
9 75 0.095 0.086" 0.0905[Ic50 | 0.027891] ETA(2) 0.458601
10 100 0.083 0089” 0086 ETA(3) 0.027891
1 150 0.089 0086" 0.0875 RATA2 0.757498
12 200 0.089 0.094" 0.0915 SO 0.916375
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Trolox 1

No [ San Ab b I
Control/Blank 0.545 0.556
1 1.075 0.297 027"
2 3.125 0.262 027a”
3 6.25 0.256 0.263"
4 10 0.254 0.256"
5 15 0.257 0.247"
6 25 0.222 022"
7 35 0.203 0.192"
8 50 0.156 0.153"
9 75 0.086 0.095”
10 100 0,074 0.073"
11 150 0.101 0.084"
12 200 0.077 0.069 "
Trolox 2
No Concentration San Abs sample A Abs sample B
Control/Blank 0535 0539
1 1075 0.266 027"
2 3.125 0.264 0.266"
3 6.25 0.27 0.279”
4 10 0.256 0.256”
5 15 0.24 0.246”
3 25 0213 0.216"
7 35 0.187 0.195”
8 50 0.147 0.1as”
9 75 0.099 0.083”
10 100 0.07 0.083”
1 150 0.09 0.085”
12 200 0.065 0.067"
Trolox 3
No o 1o Sarl b s o
Control/Blank 0.545 0.556
1 1.075 0.264 0’
2 3.125 0.27 0.266"
3 6.25 0.275 0.264"
4 10 0.256 02517
5 15 0.247 02377
6 25 0.212 o’
7 35 0.19 0.1927
8 50 0.15 0.156"
9 75 0.087 0.089"
10 100 0.081 007"
11 150 0.079 0.086"
12 200 0.067 0.065"
Vitamin € 1
No [ ion San
control/Blank 0.545 0.556
1 1.075 0.345 0326"
2 3.125 0.316 0.316"
3 6.25 0.304 030"
4 10 0.275 0.278"
5 15 0.253 0.255"
6 25 0.217 0.206"
7 E 0.183 0.164"
8 50 0.093 0.082"
9 75 0.078 0.077"
10 100 0.075 0.078”
11 150 0.079 0.079"
12 200 0.066 0.064"

% aktivity
1.075 48.50136
3.125 51.31698
6.25 52.86104
10 53.67847
0.5505 15 54.22343
0.2835 25 59.85468
0.268 35 64.12352
0.2595 50 719346
0.255 75 83.5604
0.252 100 86.6485
0.221
0.1975
0.1545
o.090s[icso [ o.736348]
0.0735
0.0925
0.073
% aktivity A
1.075 50.09311
3.125 50.65177
6.25 48.88268
10 5232775
0.537 15 54.7486
0.268 25 60.05587
0.265 35 64.43203
0.2745 S0 72.81192
0.256 75 83.054
0.243 100 85.75419
0.2145
0.191
0.146
o091 | T30709)]
0.0765
0.0875
0.066
% aktivity
1.075 51.40781
3.125 51.31698
6.25 51.0445
10 53.95095
0.5505 15 56.03996
0.2675 25 61.67121
0.268 35 65.30427
0.2695 50 72.20708
0.2535 75 84.01453
0.242 100 86.19437
0.211
0.191 200 88.0109
0.153
oossicso 0857832
0.076
0.0825
0.066
% aktivity
1.075 39.0554
3.125 4259764
6.25 45.04935
10 49.77293
0.5505 15 53.86013
0.3355 25 61.58038
0.316 35 68.4832
0.3025 50 B84.10536
0.2765 75 8592189
0.254 100 86.10354
0.2115 150 85.64941
0.1735
0.0875
0.0765
0.079
0.065

pre

TRX(1)
TRX(2)
TRX(3)
Average
STDEV

Average

vITC (1)
viTc 2)
vITC (3)

Sample

40

0.736348
1.30709
0.857832
0.96709
0.300649

Sample A

0

0.857832
0.96709

2.323882
6.729622
6.308122
5.120542
2.431131

¥=0.4047x

Ri=0.

Y= 0.4073x+ 49.23

60

Y

.9

a0

+49.702
796

R =0971

= 0.4558x + 49.609

80

A= 09955

¥=0.3421x + 49.205
2=0.7362
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Vitamin C 1

No Concentration San Abs sample A
Control/Blank 0.545
1 1.075 0.311
2 3.125 0.307
3 6.25 0.297
4 10 0.283
5 15 0.255
6 25 0.203
7 35 0.165
8 50 0.088
9 75 0.077
10 100 0.073
11 150 0.077
12 200 0.065
Vitamin C3
No Concentration Sample Abssample A
Control/Blank
1 1.075
2 3.135
3 6.25
4 10
5 15
6 25
7 35
8 50
9 75
10 100
1 150
12 200

2.7.

% aktivity A
1075  43.1426
3.125 43.59673
6.25 46.2307
AbssampleB 10 49.22797
0.556 0.5505 15 5431426
0315”7 0.313 25 62.6703
03147 03105 35 70.93551
02957 0.296 50 84.46866
02767 02795 75 86.10354
0.248" 0.2515 100 86.6485
0.208" o0.2055
0155”016
0.083" 0.0855
0.076” 0.0765[ic50 6.729622
0.074” 00735
0.078" 0.0775
0.062"7 0.0635
% aktivity
1.075 44.05086
3.125 44.68665
6.25 46.77566
Abssample8 10 46.86649
0545 0556 0.5505 15 53.95095
0.305 0311” 0.308 25 63.94187
0.307 0302”7 o0.3085 35 71.38965
0292 0294”7 0293 50 84.46866
0.289 0.296" 02925 75 86.19437
0.251 02567 0.2535 100 86.6485
0.197 02" o0.1985
0.155 016" 01575
0.086 0.085" 0.0855
0.073 0074 0.0735
0.079 0.076" 0.0775
0.061 0.063” o0.062

vITC (1)
vITC(2)
vITc3)
Average
sD

ITC (1)
vITC (2)
VITC(3)
Average
D

Sample A

¥ = 0.503x + 46.615
RY=0.8696

2.323882
6.729622
6.308122
5.120542
2431131

Sample

. ¥=

2.323882
6.729622
6.308122
5.120542
2.431131

Supplementary data VIl: In vitro antiplasmodial activity of

0.5011x + 46.839
R?=0.8643

80 100 120

homopterocarpin and Pterocarpus macrocarpus Kurz. extract

1) Ethyl acetate

% Parasitemia % Average
Concentration %
R % Growth of
(ug/mU) Oh 48h Inhibition
Inhibition
Negative 1 0.78 8.18 7.40 - -
control 2 0.78 8.20 7.42 -
1 0.78 1.64 0.86 88.38 88.26
100
2 0.78 1.66 0.88 88.14
1 0.78 3.29 2.51 66.08 65.99
10
2 0.78 3.31 253 65.90
1 0.78 5.38 4.60 37.84 38.12
1
2 0.78 535 4.57 38.41
1 0.78 6.43 5.65 23.65 23.28
0.1
2 0.78 6.50 572 2291
1 0.78 7.31 6.53 11.76 11.54
0.01
2 0.78 7.36 6.58 11.32
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Probit Transformed Responses

1.09

057

009

Probit

-057

R? Linear = 0,982

T
- 0

Log of Concentration

T
2

ICso = 1.78 pg/ml

2) N-hexane
% Parasitemia %
Concentration % Average
% Growth
(pg/ml) Oh 48h Inhibition of
Inhibition
Negative 0.78 8.18 7.40 - -
control 0.78 8.20 7.42 -
0.78 2:19 1.41 80.95 81.24
100
0.78 2.15 1.37 81.54
0.78 4.12 3.34 54.86 55.20
10
0.78 4.08 3.30 55.53
0.78 6.46 5.68 23.24 23.21
1
0.78 6.48 5.70 23.18
0.78 7.53 6.75 8.78 9.11
0.1
0.78 7.50 6.72 9.43
0.78 8.05 7.27 1.76 1.75
0.01
0.78 8.07 7.29 1.75
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Probit Transformed Responses

Probit
i

|C50 = 7. 11 Hg/ml

R? Linear = 0.998

-3

Log of Concentration

3) Ethanol extract

% Parasitemia %
Concentration
R % Growth % Inhibition | Average of
(ug/ml) Oh 48h
Inhibition
Negative 1 0.78 8.18 7.40 - -
control 2 0.78 8.20 7.42 -
1 0.78 2.11 g2 82.03 81.78
100
2 0.78 2.15 1.37 81.54
1 0.78 3.22 2.44 67.03 67.00
10
2 0.78 3.23 2.45 66.98
1 0.78 4.95 4.17 43.65 43.05
1
2 0.78 5.05 4.27 42.45
1 0.78 6.43 5.65 23.65 23.55
0.1
2 0.78 6.46 5.68 23.45
1 0.78 7.78 7.00 5.41 5.33
0.01
2 0.78 7.81 7.03 5.26
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Probit Transformed Responses

Probit

R? Linear = 0.986

Log of Concentration

T
2

4) Homopterocarpin

|C50 = 2.21 Hg/ml

% Parasitemia Average
Concentration %
R % Growth of
(pg/ml) Oh 48h Inhibition
Inhibition
Negative 1 0.78 8.18 7.40 - -
control 2 0.78 8.20 7.42 -
1 0.78 0.87 0.09 98.78 97.98
100
2 0.78 0.99 0.21 97.17
1 0.78 2.35 1.57 78.78 78.68
10
2 0.78 2.37 1.59 78.57
1 0.78 4.31 3.53 52.30 52.16
1
2 0.78 4.34 3.56 52.02
1 0.78 5.93 5.15 30.41 30.30
0.1
2 0.78 5.96 5.18 30.19
1 0.78 7.00 6.22 15.95 15.39
0.01
2 0.78 7.10 6.32 14.82
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Probit Transformed Responses

Probit

|C50 = 0.52 Hg/mt

R? Linear = 0.962

Log of Concentration

2.8 Supplementary data VI

Cytotoxicity of homopterocarpin and Pterocarpus macrocarpus Kurz. extract

N-hexane
Abs 560nm Average Abis sample
Dose Prerocarpus macrocarpus DMEM Dose DMEM
1000 00933 0.0870 0.090 13021 1000 0.045 1207 average DMEM
500 0.0912 0.088% 0.090 1.0869 500 0.067
100 0.6635 0.4748 0.569 13316 100 0.684
s0 06814 0.7630 0722 11149 s0 0773 % Viability of n-hexane extract
10 1.0785 1.1842 1131 1.2062 10 0.770 o
5 1.3897 1.6483 1519 1.0704 5 0777
1 13155 1.4077 1362 12831 1 0.780 64 »
05 12986 13736 1336 11100 05 0772 .
01 1.4509 1.3367 1.394 1.3584 01 0.7775
) .
Average 1.207 6
Abs 750 Am uiability = Average Abs sample/average DMEM*100 .
1000 00451 0.0446 0.045 Dose
500 0.0488 0.0462 0.048 1000 375 32 O
100 00516 0.0464 0,049 500 5.55 4
50 00473 0.0474 0.047 100 56.63
10 0.0469 0.0476 0.047 50 64.00 CC50=202.38ug/mL
H 0.0470 0.047% 0.047 10 63.79
1 00471 0.0480 0.048 s 5437
05 00469 0.0488 0.048 1 64.62
01 0.0486 0.0484 0.049 05 63.96
01 5442

Average 0.205

Abs 560 nm- Abs
750 nm 1.002
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Ethyl acetate

oMM
13021
1.0869

13316
11149

Ethanol

Abs 560 nm

1 12000
| 12831 10000 | . ®
1515 11100 o TN
1558 13584 | 8000 \N""-m
60.00 &"‘."s
A
L 1 ! ! ! | 4000 B N
Average 1207 ]
} ! | 100 2000 .
0,046 00497 |
0.046 00481 | 000
0,045 0.0474 o o “ w0 w w0
0,048 . oodes
0.046 . 0.0460, !
0048  oos62 | €C50=67.237ug/mL.
0.048 0.0499
0.052 0.0469
0.048 00470
Average 0.048 | |
Abs 560 nm-Abs.
750 nm |
/P N
- N
7 -’ — .) a \\\.
| Average Abs sample
DMEM OMEM
00822 0.0840 0083 30 0039 1160
01569 0.1249 0,141 1.0869 0045
14033 10213 1212 13316 1165
Laxe, L7 L4 — Las2 : { 9% Viabilitas of Ethanol extract
15323 15155 1524 12082 1475 | 14000
12034 13652 1.284 10704 1236 | |
13166 15549 1.436 12831 1.387 | | 12000
14834 13674 1425 11100 1377 1 10000
18991 12357 1567 1.3584 1520
8000
6000
Average 1207 40.00
| | | seuiabllity = Average Abs sampl 100 -
00441 00449 0.045 o027 | | |
0.0459  0.0462 0.046 . 00481 333 | ooo
00478 0.0470 0.047 . 00474 818 “ o “ w - .
00475 0.0490 0048 0.0468 10042 | | I
00483 0.0489 0049 00460 12863 | | ics0 512,48ug/mL
00480 0.0490 0.049 0.0462 127.18
00485 0.0492 0,049 00499 10653
00458 0.0492 0048 o046 11956
00478 0.0477 0,048 . 00470 11874
131.00
Average 0.048
Abs 560 nm- Abs.
750nm
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Homopterocarpin

Abs 560 nm

Dose

'ﬁ 750nm
1000

0.1001
0.1064
0.2106
0.5577
1.1492
12236
1.3575
15404
1.1381

0.0465
0.0484
0.0482
0.0524
0.0430
0.0500
0.0501
0.0521
00518

0.0977
0.0932
0.2368
0.5147
1.2570
13235
1.4032
1.6438
16119

0.0466
0.0460
0.0472
0.0490
0.0506
0.0499
0.0489
0.0507
0.0502

3. APPENDIX 3

0.099
0.100
0.224
0.536
1.203
1274
1.380
1592
1.375

0.047
0.047
0.048
0.051
0.050
0.050
0.050
0.051
0.051

Average

Average

Abs 560 nm- Abs

750 nm

DMEM
1.2887
1.4166
1.6923
1.4415
15443
1.1856
1.6078
1.1460
1.0362

1373

0.0476
0.0517
0.0503
0.0493
0.0495
0.0507
0.0543
0.0486
0.0474

0.050

3.1 Supplementary data |

Average Abs sample

Dose

0.052
0.053
0.176
0.486
1153
1224
1331
1541
1324

DMEM

1,421 average DMEM

%viability = Average Abs sample/average DMEM*100

Dose

1000
500
100

3.96
3.98
13.30
36.70
87.17
92.49
100.59
116.46
100.07

% Viabilitas of Homopterocarpin

CC50=49,93ug/mL

GC-MS chromatogram profil of fraction number 5-12 of Sonchus arvensis L.

n=hexane extract (available in author)

3.2 Supplementary data lll: Fraction of Sonchus arvensis L. n-hexane extract

cytotoxicity

Fraction number 5-12

0.386
1136
1.055
1.366
1302
1.449
1.580
1.482

rerata

0.045

0.049
0.051
0.051
0.050
0.050
0.050
0.050

rerata

Abs 560nm- Abs

750nm

1.4166
1.6923
1.4415
1.5443
1.1856
1.6078
1.1460
1.0362

1373

0.0476
0.0517
0.0503
0.0493
0.0435
0.0507
0.0543
0.0486
0.0474

0.050

1323

DMEM* 1(

500 0339

100 1,088

50 1,008

10 1315

5 1251

1 1.400

r 05 1531

o 1431
Y%viability = Average Abs /! g

Dasis

1000 248

500 25.60

100 8222

50 75.91

10 99.42

5 94.58

1 105.80

|- 05 115.70

r 01 108.17

120.00

100.00

80.00

60.00

40.00

20.00

0.00

Y
% Viabilitas Ekstrak n-hexane

ccso

zsa,saug/r_h.

=-0.1789x + 95.41
R?=0527

100

120

160



Fraction number 17-28

Dosis
1000
500
100
50
10
5
1
E 05
E 01

Abs 750nm
1000

100

17P Sonchus arvensis

0.0972
0.1184
0.6200
0.6990
0.9915
0.9917
1.0703
1.0270
13938

0.0473
0.0506
0.0506
0.0519
0.0433
0.0504
0.0483
0.0480
0.0500

0.0815%
0.0088"
083537
0.6196"
125017
123037
1.3061%
1.1803

1.3023

0.0462"
0.04877
004727
0.0515%
0.0495 %
0.0438"
0.0492F
0.0506

0.0505

4 APPENDIX 4

4.1 Supplementary data |
GC-MS chromatogram profile of homopterocarpin biotransformation-culture
extract (available in author)

4.2 Supplementary data llI

0.047
0.050
0.049
0.052
0.049
0.050
0.049
0.049
0.050

DMEM

1.2887
1.4166
1.6923
1.4415
1.5443
1.1856
1.6078
1.1100
1.3584

0.0476
0.0517
0.0503
0.0493
0.0435
0.0507
0.0543
0.0486
0.0474

0.050

seB8E

A |
oo
e

= Averag

58 B8

-

Al
== own

e

0.043
0.067
0.684
0.773
0.770
0777
0.780
0.772
0.7775

3.14

4.94
50.44
57.01
56.83
57.34
57.56
56.97
57.38

GC-MS chromatogram profile of compound 2

% Viabilitas Ekstrak n-hexane

e Abs sample/average DMEM*1( 37X
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4.3 Supplementary data IV

Anticancer activity of biotransformation derived compound

Sample: T3, 5P, HP

Abs 560nm
Sampel 1000 500 250 100 50 25 10 5 DMEM
0.092 0.081 0.081 0.545 0.746 1.380 0.954 0.913 2.098
5P 0.087 0.079 0.080 0.753 1576 3.154 2.070 1.189 2.347
0,085 0.080 0.092 1.139 1.116 1.667 1.565 1.158 1.800
0.395 0.453 1.478 1.813 2.062 2.848 2.277 1.628 1.646
HP 0.356 0.818 1.105 1.493 2.157 2.122 2.212 1.794 2.616
0.411 0.988 1.108 1.094 1.967 2678 1.595 1.300 2.972
0.281 0.346 0.371 0.440 0.731 1.621 1.849 1.309 1.999
T3 0.282 0.288 0.334 0.380 0.786 1.375 1.24 0.95 2.40
0.255 0.391 0.371 0.549 0.819 1.462 1.50 1.43
Abs 750nm
Conc (ug/ml) 1000 500 250 100 50 25 10 5 DMEM
0.0521 0.0457 0.0471 0.0546 0.0449 0.0484 0.0455 0.0445 0.0535
5P 0.0501 0.0462 0.0458 0.0479 0.0492 0.0544 0.0518 0.0557 0.0576
0.0489 0.0449 0.0513 0.0495 0.0499 0.0505 0.0498 0.0521 0.0557
0.0524 0.0457 0.0484 0.0524 0.0693 0.0586 0.0521 0.0554 0.0542
HP 0.0479 0.0478 0.0468 0.0506 0.057 0.0636 0.0542 0.0496 0.0576
0.0479 0.0517 0.0474 0.0484 0.0538 0.0641 0.0502 0.049 0.0668
0.0491 0.0463 0.0507 0.0454 0.0464 0.0534 0.0509 0.0474 0.0531
T3 0.047 0.050 0.046 0.047 0.049 0.050 0.047 0.048 0.053
0.046 0.047 0.052 0.047 0.048 0.053 0.050 0.057
Abs sample = (Abs 560nm - background) - (Abs 750nm - background)
Conc (ug/mi) 1000 500 250 100 50 25 10 5 |  oMmEMm
0.040) 0.035 0.034 0.490) 0.701 1.332) 0.909 0.868] 2.045|
5P 0.037 0.033 0.034 0.705 1.527] 3.100) 2.018 1.134 2.289)
0.036) 0.035 0.041 1.089 1.066 1.617] 1.515] 1.106) 1.745]
0.342 0.408] 1.429) 1.761] 1.993 2.790) 2.225| 1.572) 1.591]
HP 0.308] 0.770) 1.058] 1.442] 2.100) 2.05§| 2.15§| 1.744) 2.558]
0.363 0.936) 1.061] 1.046 1.913 2.614 1.544 1.251] 2.905|
0.232 0.300) 0.320} 0.395 0.685) 1.553 1.798] 1.261] 1.946)
T3 0.236) 0.23 0.2§I 0.333 0.737 1.32 1.192) 0.905 2.343
0.209 0.343 0.319 0.502 0.771 1.40§| 1.541] 1.369 0.000)
2.18
%Viability = Abs sample/average abs dmem*100
Conc (ug/ml) 1000 500 250 100 50 5 10 5
18 16 16 225 32.1 61.1 41.7 39.8
5P 17 15 1.6 323 70.0 142.2 92.6 52.0
17 16 1.9 50.0 48.9 74.2 69.5 50.7
15.7 18.7 65.6 80.8 91.4 128.0 102.1 72.1
HP 14.1 35.3 48.5 66.1 96.3 94.4 99.0 80.0
16.7 42.9 48.6 48.0 87.8 119.9 70.8 57.4
10.6 13.7 14.7 18.1 31.4 71.9 82.5 57.9
T3 10.8 10.9 13.2 15.3 33.8 60.8 54.7 41.5
9.6 15.8 14.6 23.0 35.3 64.6 70.7 62.8
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