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In this present work, a cycloartobiloxanthone compound was isolated from the stem wood and root  aptidiabetic:

bark of the Pudau plant (Artocarpus kemando Mig.). The purity of the compound was determined using . '

thin-layer chromatography with three eluent systems and melting point tests. The sample was then =~ Anticancer;

analyzed using UV-Vis, IR, and NMR spectroscopy, ensuring that the compound is cycloartobilox-  Antibacterial;

anthone. The cycloartobiloxanthone compound was obtained in a yellow crystalline form with a Artocarpus kemando Mig.
melting point of 285.1-286.6 °C. The compound was then investigated for antidiabetic, anticancer, and
antibacterial properties, showing that the compound has an anti-diabetic effect by reducing the activity
of the a-amylase enzyme, with the highest percentage of inhibition of 48.53 + 1.84% achieved with the . .
use of 1000 ppm of the compound. Cycloartobiloxanthone isolated has an ICs, value of 9.21 pg/mL for  Article History:
anticancer activity against MCF-7 cells, indicating that the compound shows active cytotoxic actions.

Staphylococcus aureus was very strongly inhibited by the compound in the antibacterial test at all ~ FReceived: 19 September 2023
doses, whereas for Salmonella sp., the activity was categorized as moderate at concentrations of 0.4  Revised: 27 December 2023
and 0.3 mg/disc and strong at 0.5 mg/disc. The anti-diabetic, anti-cancer, and antibacterial bioactivity

studies indicated that the cycloartobiloxanthone compound isolated has a broad spectrum of Accepted: 11 January 2024
pharmacological actions, indicating that the compound has promising potential. Published: 01 February 2024

1- Introduction

Diabetes mellitus is a metabolic disease that causes hyperglycemia due to abnormalities in insulin production, insulin
action, or both [1]. This disease is associated with genes or heredity, as well as the impact of poor living habits. According
to the International Diabetes Federation [2], diabetes mellitus will affect 537 million individuals globally by 2021, with
a predicted number of 643 million by 2030 and 783 million by 2045. In 2021, the costs required to handle diabetes
reached around one trillion USD and will continue to increase if there are no breakthroughs in handling this chronic
disease effectively and less costly. Currently, it is estimated that there are around 19.5 million people with diabetes in
Indonesia, placing this country in fifth place among the countries with the most diabetes sufferers after China, India,
Pakistan, and the United States. It is feared that this number will continue to increase and is likely to reach 45 million in
2045. In addition to the large number of sufferers, another disturbing fact is that diabetes sufferers are not limited to
adults but also children and adolescents [3]. According to D'Souza et al. [4], diabetes cases in children and adolescents
increased during the COVID-19 pandemic, reflecting the danger of diabetes as a severe chronic disease-causing
complications and shortening life expectancy [5].
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Diabetes has a long-term impact that damages cells and tissues, resulting in a decrease in the immune system, which
makes sufferers more susceptible to complications [6]. According to Ceriello & Prattichizzo [7], diabetic complications
are caused by unstable glucose levels, blood pressure, plasma lipids, heartbeat, body weight, and serum uric acid. Cancer
and bacterial infections are two examples of diabetic complications [8, 9]. According to Lega et al. [10], diabetics have
a significantly greater risk of developing cancer than those without diabetes. The results of another study indicate that
diabetic women have a greater mortality rate after breast cancer detection than non-diabetic women [11]. Furthermore,
a weak body condition allows microbes from the environment, such as bacteria, to readily infiltrate the body, resulting
in a variety of infections and diseases. High glucose levels allow germs to develop and disseminate more rapidly, making
diabetics more susceptible to illness. According to Casqueiro et al. [12], diabetics suffer from infections in all organs
and systems, including foot infections, invasive external otitis, rhinocerebral mucormycosis, and cholecystitis gangrene.

Up to present, the most widely used treatments for diabetes are insulin and several synthetic anti-diabetic drugs.
According to Rai et al. [13], the use of insulin devices and pumps in diabetics has disadvantages such as the inability to
mix different kinds of insulin, the need to keep the dosage low, skin irritation or hypersensitivity, and relatively high
expense. Long-term use of synthetic medications is also problematic and therefore not recommended because this
practice can lead to adverse effects. One common case is a leg infection caused by bacteria. To cure this infection, the
most common practice is the use of antibiotics. Unfortunately, some bacteria are resistant to antibiotics, of which
Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa are three examples that have been acknowledged
as microorganisms [14-16].

In response to the antibiotic-resistance phenomenon, the search for alternative drugs has been focused on plant-
derived anti-diabetic substances, in appreciation of their fewer or no adverse effects as well as being less expensive than
synthetic drugs [17]. One class of plant-derived compound compounds that has been acknowledged to exhibit anti-
diabetic effects is flavonoids. This class of compounds is also known to have a wide range of pharmacological effects,
such as protecting the heart and nerves, preventing age-related neurodegenerative diseases, preventing Alzheimer's and
stroke, reducing neuropathic pain, and having anticancer, antioxidant, anti-inflammatory, antimalarial, antiviral,
antibacterial, and antifungal properties [18]. Flavonoids are secondary compounds found in different parts of plants and
function. not only as a constitutive agent but also as a defense system to protect plant tissues from microbial attack.
Flavonoids are made up of 15 carbon atoms in their fundamental carbon structure. With the C6-C3-C6 configuration,
these carbon atoms form two benzene rings and one propane chain [19].

Artocarpus plants are known to contain a variety of secondary metabolite substances with high bioactivity, such as
flavonoids and their derivatives. In previous studies, various flavonoids have been isolated from the Pudau (A. kemando),
breadfruit (A. altilis), Kenangkan (A. rigida), and jackfruit (A. heterophyllus) [20-23]. In previous works, successful
isolations of several flavonoids from A. kemando Miq have been reported, such as prenylated flavone and xanthone [24,
25], artoindonesianin C, artomandin, artonol B, artosimmin [26], artonin E, artonin O, artobiloxanthone, and
cycloartobiloxanthone from the bark of the plant [27].

In this study, flavonoids isolated from the stem wood and root bark of the Pudau plant (A. kemando Miq.) were tested
for anticancer, antibacterial, and antidiabetic activities. This study is supported by the finding of Suhartati et al., in which
it was reported that the xanthoangelol isolated from A. kemando Miq. showed antibacterial properties against Bacillus
subtillis as well as anticancer activities [28]. This investigation is also supported by the bioactivities of flavonoids from
different plants reported by other workers. As an example, Lotulung et al. [29] reported that four flavonoid compounds
isolated from the ethanol extract and ethyl acetate portion of the breadfruit plant (A. altilis) exhibit anti-diabetic activity.
Hmidene et al. [30] discovered that O-methylated and glucuronosylated flavonoids obtained from Tamarix gallica could
block the activity of the a-glucosidase enzyme. Hesperetin, luteolin, quercetin, catechin, and rutin are flavonoid
compounds that can block the activity of a-amylase [31].

2- Material and Methods
2-1-Tools and Instrumentation

Glassware (Pyrex), micropipette (Eppendroff), autoclave (CV-EL 12L/18L Certoclave Sterilizer), oven (T60
Heracus), laminar air flow (CRUMA model 9005-FL), water bath (Memmert W 350), microscope, centrifuge, biosafety
cabinet, multimode reader, and CO, incubator were used in this study. Melting point apparatus (MP-10 Stuart), Agilent
Technologies FT-IR spectrophotometer, *H-NMR (Agilent DD2 system operating at 500 MHz) and **C-NMR (Agilent
DD2 system operating at 125 MHz) spectrometers, and a spectrophotometer (Cary-100 UV-Vis from Agilent
Technologies) were used for spectroscopic analyses.

2-2-Material

Samples of stem wood and root bark of the Pudau plant (A. kemando Miq.) were obtained from Karang Anyar Hamlet,
Klaten Village, Penengahan District, South Lampung. The solvents of n-hexane, methanol (CH3OH), and ethylacetate
(EtOAcC) used for extraction and chromatography are technical grade and distilled before use, but the solvents utilized
for spectrophotometer analysis, which include methanol, were of proanalytical quality (p.a.). The anti-diabetic test
material consists of Bacillus sp. type I1A a-amylase enzyme (Sigma Aldrich), 95% acarbose (Sigma Aldrich), iodine
(Merck), DMSO (Merck), HCI (Merck), and soluble starch (Sigma Aldrich). Cisplatin, antibiotics, dimethyl sulfoxide
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(DMSO0), phosphate buffered saline (PBS), PrestoBlueTM Cell Viability Reagent, Roswell Park Memorial Institute
Medium (RPMI), fetal bovine serum (FBS), trypsin-EDTA, and trypan blue with pro-analytical quality are the MCF-7
cell cytotoxic test materials. The mixture of nutrient agar (Oxoid), methanol (Merck), amoxicillin, and ciprofloxacin was
used as an antibacterial test material. Salmonella sp. and S. aureus were received from the Laboratory of Biochemistry
at the University of Lampung.

2-3-Extraction and Isolation

The maceration method was applied for extraction, by soaking pudau stem wood powder (1.8 kg) in 4.8 L MeOH for
24 hours, which was repeated three times (a total of 3 days process). A rotary vacuum evaporator was used to concentrate
the MeOH extract, yielding a mass of 50.53 g of crude extract. The non-polar fraction was separated by liquid-liquid
extraction, and then n-hexane was added. A rotating vacuum evaporator was used to concentrate the MeOH extract
(50.53 g, polar phase), which was then dissolved in acetone. Only 32.19 g of the extract was soluble in acetone, resulting
in a gel-like substance. The acetone-soluble fraction was separated further using vacuum liquid chromatography in a
silica column (10% n-hexane-EtOAc gradient), giving 37 fractions (Fr. LA-10E). Due to the development of crystals
adhering to the vial, Fr. 3C (276.1 mg) was chosen for further purification through silica gel column chromatography
[ethyl acetate: n-hexane 15%, v/v], yielding two mixed fractions (Fr. 3C2 and Fr. 3C3). The 3C3 fraction was mixed
with the 3C2 filtrate and refined further, yielding yellow crystals of the 3(C2)3b fraction (40 mg).

Pudau root bark powder (1.23 kg) was macerated in 4 L MeOH for 24 hours and was repeated three times (a total of
3 days process). A rotary vacuum evaporator was used to concentrate the MeOH extract, yielding a crude extract of
109.19 g. The non-polar fraction was separated using n-hexane, and the semipolar fraction was separated using ethyl
acetate and subsequently concentrated using a rotary vacuum evaporator. The ethyl acetate fraction (53.34 g) was
separated further using vacuum liquid chromatography in a silica column (10% n-hexane-EtOAc gradient), producing a
total of 16 fractions (Fr. 1-16). Due to the development of crystals adhering to the vial, Fr. 10d (590 mg) was chosen for
further purification through silica gel column chromatography [ethyl acetate: n-hexane 30%, v/v], yielding four
combined fractions (Fr. 10d1, 10d2, 10d3, and 10dk). The 10d3 and 10dk fractions were mixed (10dm) and refined
further, yielding yellow crystals (23 mg) of the 10dm2k fraction. The flow chart of the research can be seen in Figure 1.

H Compounds identified by UV-Vis, IR
:. Spectrophotometry and Nuclear Magnetic Resonance |

___________

| Extraction H
‘ Root bark | and Isolation H

Artocarpus kemando Miq.

Flavonoiar compound

[ R

: Purity analysis was carried out by TLC method and |
I melting point measurement. :

Figure 1. Flowchart of the research
2-4- Antidiabetic Test

The iodine test method was applied to determine the anti-diabetic bioactivity of the compounds [32], using starch as
a substrate. In a test tube, 0.25 mL of inhibitor (flavonoid compounds) dissolved in DMSO was added to 0.25 mL of
enzyme and incubated at room temperature for 10 minutes. After adding 0.25 mL of 1% starch solution, the mixture was
incubated at 37°C for 30 minutes, with stirring every 10 minutes. By adding 0.25 mL of 1 N HCI, followed by 0.25 mL
of iodine reagent, and 4 mL of distilled water, the reaction was stopped. After totally stirring the mixture, the absorbance
of the sample at the maximum wavelength of 600 nm was measured using a UV-Vis spectrophotometer. As a
comparison, measurements were also taken for acarbose. The following formula was used to calculate the activity of the
sample, defined as the percentage of inhibition [33].
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(A2-A1)
(A4-A43)

Inhibition (%) = {1 - x 100} 1)
where Al is absorbance of the solution containing sample, starch, and a-amylase enzyme, A2 is absorbance of a solution
containing sample and starch, A3 is absorbance of a solution containing starch and a-amylase enzyme, and A4 is
absorbance of solutions containing starch.

2-5- Anticancer Test

The anticancer test was performed by staining MCF-7 cells with PrestoBlue reagent according to the manufacturer's
instructions. The cell culture was then cultured in 96 well plates at 37°C in a 5% CO; gas atmosphere until a percentage
of cell growth of 70% was reached. The cells were cultured for 48 hours at 37°C in a 5% CO gas atmosphere after being
treated with the isolated compound and then treated with the presto blue working reagent. The absorbance of the sample
at a wavelength of 570 nm was measured using a multimode reader. The anticancer test was carried out at the Central
Laboratory of Padjadjaran University, Bandung, West Java.

2-6- Antibacterial Test

The paper disc method was used for the antibacterial test [34]. In 150 mL of distilled water, 4.2 grams of nutritional
agar were dissolved and boiled for 15 minutes until the mixture turned into homogenous sample. The agar media were
placed in test tubes containing up to 15 mL of agar media and up to 5 mL of distilled water per test tube. A petri dish
was filled with 15 mL of agar medium per test tube. After the medium was ready, an aliquot of 5 mL of agar media that
has been mixed with distilled water containing 1 loop of bacteria was placed in the medium. The compound isolated and
the positive control were then prepared at three concentrations: 0.3, 0.4, and 0.5 mg/disk. A mass of 1.5 mg of sample
was dissolved in 150 pL methanol, then 30, 40, and 50 pL of the solution were taken and stained onto disc paper. The
paper discs holding samples, positive controls, and negative controls were then placed in the prepared medium. Positive
controls in the antibacterial test used were amoxicillin for S. aureus and ciprofloxacine for Salmonella sp. The inhibitory
zone was measured after the petri dish was covered with plastic wrap and placed in the incubator for 24 hours.

3- Results and Discussion
3-1-Purity Analysis

The purity of the crystals obtained from the isolation process was determined using melting point measurement and
thin layer chromatography (TLC). The TLC method was used to confirm that the crystals obtained were pure and free
of contaminants around the compound, with three variances in the resulting Rf values. Based on the TLC chromatograms
in the three eluent systems utilized, crystals from the wood section of the stem revealed a single stain, indicating the
presence of Compound 1. The Rf of the 10% MeOH: DCM eluent system was 0.71. The Rf of the acetone: DCM 10%
eluent system was 0.62. The Rf of the 30% ethyl acetate: n-hexane eluent system was 0.22. While the crystals obtained
from root bark displayed three distinct Rf values in the three eluent systems studied, they were 0.22 in the ethyl acetate
eluent variation: DCM (25%), 0.46 in the ethyl acetate eluent variation: n-hexane (50%), and 0.69 in the acetone eluent
variation: n-hexane (80%). The three eluent systems all displayed a single spot on the TLC chromatogram; therefore,
the compound was labeled as Compound 2.

Melting point measurements revealed that compound 1 has a melting point of 285.1-286.6 °C and compound 2 has a
melting point of 292-294°C. Further analyses were then conducted using three different eluent systems to examine the
stains and Rf values of the two compounds. The three eluent systems used were DCM: ethyl acetate (25%), n-hexane:
ethyl acetate (50%), and n-hexane: acetone (80%). The results of the TLC analysis are presented in Figure 2, indicating
that the two samples displayed the same stains with the same Rf values. Based on these TLC features, it is then concluded
that the two samples are the same substance.

b o 1~—2

DCM: ethyl acetate (25%) n-hexane: ethyl acetate (50%) n-hexane: acetone (80%)

Figure 2. Comparison of TLC chromatograms of Compound 1 and 2
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3-2-UV-Vis Spectroscopic Analysis

UV-Vis spectrophotometry analysis can be used to identify the types of flavonoids and their oxygenation patterns,
determine the types of chromophores, conjugated double bonds, and auxochromes of organic compounds, and provide
information about the structure of these compounds based on their wavelengths. As a general rule, flavonoid compounds
are acknowledged to have a characteristic spectrum that consists of two bands, i.e., band I at 250—285 nm and band Il at
300-550 nm [35].

Figure 3 shows the UV-Vis spectrum of compound 1 and 2, displaying that compound 1 has three peaks with Amax of
228, 274 and 391 nm respectively, whereas compound 2 is characterized by the peaks at Amax 0f 228, 273, and 391 nm.
In this respect, it can be seen that compounds 1 and 2 have comparable Amax values. The peaks at Amax of 390 and 391
nm in the band | of the spectrum of the compounds demonstrate the properties of flavone compounds for the cinnamoyl
group resonance in ring B. The absorptions at Amax 273 and 274 nm in band I1 are characteristic of a flavone spectrum,
demonstrating the resonance of the benzoyl group in ring A. The peaks at Amax Of 273 and 274 nm are associated with
electron excitation from n—x*, which is a characteristic chromophore for an aromatic compound with conjugated double
bond system (-C=C—C=C-). The peaks at Amax 0f 390 and 391 nm reveal are associated with electron excitation from
n—n*, indicating the presence of a heteroatom conjugated system with conjugated double bonds (-C=C-C=0).
Compounds 1 and 2 display a typical conjugated aromatic and carbonyl system for the flavonoid compound framework
as revealed by the UV-Vis spectrum data [35].
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Figure 3. UV-Vis Spectrum of (a) Compound 1 and (b) Compound 2
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The location of the hydroxyl functional groups in the flavonoid core was established by examining the peak shift
caused by the addition of a shear reagent. To detect more acidic and unsubstituted hydroxyl groups, NaOH shear reagent
was added. The effects of NaOH shear reagent addition can be observed in the UV-Vis spectra shown in Figure 4. A 45-
65 nm bathochromic shift in band | suggests the existence of a hydroxyl group at the C3' or C4' position. Because of the
presence of particular substituents called auxochromes on the chromophore, the bathochromic effect causes a shift in
absorbance from longer to shorter wavelengths. The addition of the NaOH shear reagent resulted in a bathochromic shift
of 53 nm in band | for Compound 1 from Amax 391 nm to 444 nm with increasing intensity, as shown in Figure 4A.
Compound 2 exhibits a bathochromic shift of 55 nm in band | with increasing intensity, from Amax 390 nm to 445 nm as
can be observed in Figure 4B. The ionization of the base-sensitive hydroxyl groups causes this shift. The presence of a
hydroxyl group at the C4' position is indicated by a bathochromic shift in band | accompanied by increased [26].
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©
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S
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Figure 4. UV-Vis spectra of (a) Compound 1 and (b) Compound 2; before and after adding NaOH shift reagent

The shifting reagents AICI; and AICIs/HCI were used to identify the existence of a hydroxyl group near to ketone at
the C5 position, as well as the presence of an ortho-dihydroxyl group in ring B. The results are compiled in Figure 5.
Compound 1 had a bathochromic shift of up to 40 nm from Amax 390 nm to 430 nm with increasing intensity in Figure
5A after adding the shift reagents AICl3; and AICIs/HCI to the band 1. Compound 2 likewise experienced a bathochromic
shift in band | of 41 nm after the addition of AICI; shift reagent from Amax 390 nm to 431 nm and a shift from 390 to 428
nm after adding AICIs/HCI shift reagent with increasing intensity in Figure 5B. The inclusion of the AICI; shear reaction
causes a shift, indicating the existence of a hydroxyl group at the C5 position, near the ketone group. The change due to
addition of AICIs/HCI addition suggests the existence of an ortho-dihydroxyl group in ring B. When AICI3/HCI was
added, there is essentially little change in the absorption peak in band I, suggesting that the compound contains no ortho-
dihydroxyl group in ring B [35].

Page | 48



Emerging Science Journal | Vol. 8, No. 1

144 230 286 e Compound 1
286
1.2 = Compound 1 + AICI3
10 e Compound 1 + AICI3 + HCI
5]
S 0.8 -
2
o
3 0.6 1
<
0.4 A
0.2 A
0.0 T T T T T easaemata, ]
200 250 300 350 400 450 500 550 600
Wavelength (nm)
(@)
0.8 -
Compound 2
Compound 2 + AICI3
0.6 4 230 285 Compound 2 + AICI3 + HCI
230 273 286
Q
e
3 04 4
2
3 321 321 431
0.2 A
200 250 300 350 400 450 500 550 600
Wavelength (nm)

(b)
Figure 5. UV-Vis spectra of (a) Compound 1 and (b) Compound 2; before and after adding AICI3/HCI shift reagent

The occurrence of a bathochromic shift of 5-20 nm in band 1, which is indicative of the presence of free 7-OH groups,
was discovered using the NaOAc shift reagent, as demonstrated by the spectra in Figure 6. After the NaOAc shift reagent
was added, the UV-Vis spectra in Figure 6 suggest the occurrence of a hipsochromic shift, which is shown as a shift in
maximum absorbance to a lower wavelength in band Il and a bathochromic shift in band 1. Hipsochromic shifts of 7 nm
from maximum 274 nm to 267 nm for compound 1 and 7 nm from maximum 273 nm to 266 nm for compound 2 in band
I1 show the absence of a free hydroxyl group at the C7 position. Meanwhile, a reaction between the phenolic group in
ring B and the NaOAc shear reagent results in the bathochromic shift in band I [35].
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Figure 6. UV-Vis spectra of compound 1 (a) and compound 2 (b) before and after adding NaOAc shift reagent

The findings in Table 1 reveal that Compounds 1 and 2 have similar characteristics with cycloartobiloxanthone
isolated from the plant A. dadah [36]. Because the isolated compounds contain the identical peaks at the UV-Vis
wavelengths, it is assumed that Compounds 1 and 2 are cycloartobiloxanthone compounds. To confirm this assumption,
further characterization was performed using an infrared spectrophotometer.

Table 1. Comparison of Amax UV-Vis spectra of cycloartobilosanthone and isolated compounds after addition of shift

UV-Vis kmax (NM)

Compound 1 Compound 2 Cycloartobiloxanthone [36]
MeOH MeOH MeOH

391 390 390

274 273 274

228 228 228
MeOH+NaOH MeOH+NaOH MeOH+NaOH

444 445 435

267 264 265

208 221 229
MeOH+AICI; MeOH+AICI; MeOH+AICI;

430 431 435

348 348 348

322 321 321

286 286 287

208 230 230

MeOH+AICI;+HCI  MeOH+AICI;+HCI MeOH+AICIz+HCI

430 428 435

348 347 348

322 321 321

286 285 287

230 230 230
MeOH+NaOAc MeOH+NaOAc MeOH+NaOAc

428 428 390

267 266 274

215 226 228
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3-3- IR Spectroscopy Analysis

The presence of atomic vibrations in a molecule is the basis for this spectroscopic technique. Stretching, bending, and
scissoring vibrations occur in the bonds between atoms as a result of interactions with the provided infrared waves. The
absorbed IR wavelength corresponds to this vibrational frequency, which is unique and individual to each atomic bond.
The IR wavenumbers vary from 625 to 4000 cm, in which the region at 625-1300 cm represents the fingerprint of
each compound and demonstrates great specificity [37]. IR spectroscopy is mostly used to determine functional groups
exist in the compounds [38]. Figure 7 depicts the IR spectra of Compounds 1 and 2 investigated.

Transmittance (%)

Compound 2
Compound 1

T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 7. IR spectrum of Compounds 1 and 2 from the Pudau plant (A. kemando Miqg.)

Compounds 1 and 2 have the same absorption peaks, according to data from an infrared spectrophotometer
examination. Absorption peaks for compound 1 are located at wave numbers of 3566, 3056, 2967, 2117, 1915, 1647,
1550, 1468, 1341, 1237, and 1148 cm. The spectrum of compound 2 is marked by the presence of absorption peaks at
wave numbers of 3563, 3056, 2967, 2109, 1908, 1722, 1647, 1550, 1468, 1341, 1237, and 1148 cm™*. Absorption in the
wave numbers range of 3563-3566 cm reveals stretching vibrations emanating from the hydroxyl groups in phenol,
which can form hydrogen bonds defined by tapering and sharp absorption bands. The presence of aliphatic C-H groups
(sp®) is shown by absorption band at the wave number of 2967 cm™. The existence of C-H vibrations in the aromatic
rings is shown by the absorption peaks at wave numbers 1550-1468 cm, while the absorption band at 1647 cm™
confirms the existence of a carbonyl group conjugated with C=C. Table 2 compares the absorption peaks of the IR
spectra of isolated compounds and typical cycloartobiloxanthone compounds.

Table 2. Comparison of the absorption peaks of the IR spectra of Compounds 1 and 2 with standard
cycloartobilosanthone compounds

Bonding Vibration (cm™)

Compound1l Compound 2 Cycloartobilosanthone [36]

3566 3563 3567
3056 3056 3117
2967 2967 2971
1647 1647 1654
1550 1550 1551
1468 1468 1476
1341 1341 1352
1237 1237 1265
1148 1148 1153
954 954 960

805 805 810
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In the finger print region, the IR spectra of compounds 1 and 2 are characterized by absorption peaks at the same
wave number (625-1300 cm). In this case, the best technique to assure an organic component is to compare its IR
spectrum to that of its equivalent. Both samples indicate the same substance if their IR spectra in the fingerprint region
match each other [39]. Other conventional cycloartobiloxanthone compounds exhibit very identical absorption bands in
the fingerprint areas of 1352, 1265, 1153, 960, and 810 cm™ [36], suggesting that the two compounds are identical.
Based on the results of characterizations of isolated compounds using UV-Vis and IR techniques as well as comparisons
with standard compounds, it is then reasonable to conclude that the isolated compounds obtained from the stem wood
(Compound 1) and root bark (Compound 2) of the Pudau plant (A. kemando Mig.) are cycloartobiloxanthone compounds.

3-4-NMR Spectrometry Analysis

The compounds isolated were also characterized using Nuclear Magnetic Resonance technique, include *H-NMR,
BC-NMR, HSQC, H-H COSY, and HMBC. Figure 8 depicts the chemical shifts in the *H-NMR spectrum of the
isolated cycloartobiloxanthone compound. The isolated cycloartobiloxanthone compound's *H-NMR spectrum reveals
the presence of protons from sp® carbon (methyl protons) at 1.59 ppm (3H, s); 1.44 ppm (3H, s); 1.42 ppm (3H, s); and
1.24 ppm (3H, s), which shows a singlet peak due to lack of coupling to other protons. Furthermore, the proton C sp? at
2.28ppm (1H, t, J=15.3 Hz) exhibits a triplet peak owing to proton coupling at 3.11 ppm. The proton at 3.11 ppm has a
doublet (dd) peaks because it is connected to the proton at 2.28 ppm (1H, t, J=15.3 Hz).

2.3199
2.2893
2.2589

—13.3931

0.9~ — —10.1928
1.0~ }—— —9.8697

0.9~

A T

FS
o
N
15
©
@
~

6
f1 (ppm)

Figure 8. The H-NMR spectrum of the isolated cycloartobilosanthone compound

The spectrum indicates the presence of protons from the sp® carbon as well as protons from the alkene chain sp?
carbon at 6.81 ppm (1H, d, J=9.5 Hz) and 5.74 ppm (1H, d, J=10 Hz), which are mutually exclusive and coupled to form
a doublet peak in the spectrum. The proton of the aromatic ring's sp? carbon was discovered at chemical shifts (8) of 6.28
ppm (1H, s) and 6.17 ppm (1H, s), resulting in a singlet peak since it did not couple to other protons. The chemical shifts
in Figure 8 are estimated to be: 1.24 ppm (H-12); 1.42 ppm (H-17); 1.44 ppm (H-18); 1.59 ppm (H-13); 2.28 ppm (H-
10); 3.11 ppm (H-9); 5.74 ppm (H-15); 6.17 ppm (H-6); 6.28 ppm (H-3"); 6.81 ppm (H-14); 9.86 ppm (4'OH); 10. The
13C-NMR spectrum, displayed in Figure 9, supports these *H-NMR features.
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Figure 9. The 3C-NMR spectrum of the isolated cycloartobilosanthone compound
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The BC-NMR spectra revealed the existence of eight aromatic C atoms binding oxygen at 179.33 ppm (C-4), 160.82
ppm (C-2), 160.60 ppm (C-7), 157.98 ppm (C-8a), 151.05 ppm (C-5), 150.55 ppm (C-2"), 146.57 ppm (C-4"), and 136.25
ppm (C-5". At 102.88 ppm (C-3') and 100.66 ppm (C-6), two aromatic C atoms bond to H atoms. Other aromatic C
atoms may be observed at 111.09 ppm for C-1' and 98.93 ppm for C-8. The H-NMR and 3C-NMR spectra of the
cycloartobiloxanthone compounds reported by Makmur et al. [40] are compared in Table 3.

Table 3. Comparison of 1H-NMR and 13C-NMR spectrum data between the cycloartobiloxanthone and reference

'H-NMR (ppm) BC-NMR (ppm)
Martinez-Gonzalez [31] Cycloartobilosanthone C Gmi;g;e[zél] Cycloartobilosanthone

1.35 (3H, 5, H-12) 1.24 (3H, s, H-12) 2 160.8 160.82

1.47 (3H, s, H-17) 1.42 (3H, s, H-17) 3 103.6 -
1.48 (3H, s, H-18) 1.44 (3H, s, H-18) 4 180.6 179.93
1.58 (3H, s, H-13) 1.59 (3H, s, H-13) 4a 104.5 104.06
2.40 (1H, t, J= 15.1 Hz, H-10) 2.28 (1H, t, J= 15.3 Hz, H-10) 5 150.9 151.05
3.20 (2H, dd, J=15.15 & 7.05 Hz, H-9a) 3.11 (2H, dd, J= 15,15 & 7.05 Hz, H-9a) 6 101.2 100.66
3.40 (2H, dd, J=15.15 & 7.05 Hz, H-9b) 3.34 (2H, dd, J= 15,15 & 7.05 Hz, H-9b) 7 160.7 160.60
5.58 (LH, d, J= 10 Hz, H-15) 5.74 (1H, d, J= 10 Hz, H-15) 8 99.6 98.93
6.25 (1H, s, H-6) 6.17 (1H, s, H-6) 8a 158.6 157.98
6.25 (1H, s, H-3%) 6.28 (1H, s, H-3”) 9 19.5 19.38
6.85 (LH, d, H-14, J=10.3 Hz) 6.81 (1H, d, J=9,5 Hz, H-14) 10 46.4 46.10
9.86 (4’-OH) 11 93.4 92.52
10.19 (2>-OH) 12 22.3 22.54
13.39 (5-OH) 13 27.7 27.75
14 114.9 114.54
15 127.0 127.53
16 77.8 78.11
17 27.7 27.80
18 279 27.92
I 1114 111.09
2’ 150.4 150.55
3 103.8 102.88
4 145.9 146.57
5’ 136.6 136.25
6 132.1 132.29

Table 3 demonstrates that the isolated cycloartobiloxanthone compound exhibits a proton chemical shift similar to
the cycloartobiloxanthone compound reported by Makmur et al. [40]. HSQC (Heteronuclear Single Quantum Coherence)
was used to examine the relationship/connectivity between the proton and the carbon linked to the isolated
cycloartobiloxanthone compound. Using 'H-'H COSY, the relationship/connectivity between the protons and the
protons bound to the isolated cycloartobiloxanthone compounds was investigated. Meanwhile, the long-distance
correlation between protons and carbon was described in detail using the HMBC (Heteronuclear Multiple Bond
Correlation) correlation spectrum. Table 4 shows the isolated cycloartobiloxanthone long distance connection and
correlation between protons and carbon in more detail.

Table 4. Long distance correlation data of isolated cycloartobilosanthone compounds (3 in ppm, J in Hz)

Position L dc HMBC correlation
3 6.28 (1H, s) 102.88 C-2’,C-4,C-5
6.17 (1H, s) 100.66 C-4a,C-5,C-7,C-8
3.11 (2H, dd, J=15,15 & 7,05) 19.38 C-3,C-6’, C-9, C-11, C-12, C-13
10 2.28 (1H, t, J=15,3) 46.10 C-2,C-3,C-4, C-6°, C-10, C-11
12 1.24 (3H, s) 22.54 C-11
14 6.81 (1H, d, J=9,5) 114.54 C-8, C-8a, C-15, C-16
15 5.74 (1H, d, J=10) 127.53 C-8, C-16, C-17

Figure 10 shows a skeletal correlation of tricyclic flavonoids A-B-C based on long-distance correlation data (HMBC)
from Table 4. The arrangement of protons and carbons in the isolated cycloartobiloxanthone structure conforms to the
placement of protons and carbons in the cycloartobiloxanthone structure, as demonstrated by this correlation pattern.
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Figure 10. The correlation pattern is based on the HMBC correlation of the isolated cycloartobiloxanthone

Based on the TLC treatment with three eluent systems, UV-Vis, IR, H-NMR, and C-NMR spectrometric analyses,
the estimated structure for the substance isolated from the stem wood and root bark of the Pudau plant (A. kemando
Migq.) is cycloartobiloxanthone. Figure 11 depicts the structure of cycloartobiloxanthone compounds.

OH (@]

Figure 11. The structure of cycloartobiloxanthone

3-5- Antidiabetic Test

The antidiabetic bioactivity test was performed in vitro using the a-amylase inhibitory activity. The basic idea behind
this test is to use starch as a substrate reacted with the a-amylase enzyme iodine solution. Starch that does not undergo
hydrolysis forms a blue complex, allowing its absorption to be measured at visible wavelengths with a UV-Vis
spectrophotometer. The greater the inhibitory activity of the enzyme, the less starch is hydrolyzed and the less glucose
is generated. In this investigation, four levels of concentration were employed in the samples, namely 250, 500, 750, and
1000 ppm, with acarbose serving as the positive control. Figure 12 shows the results of determining the value of %
inhibition in cycloartobiloxanthone and acarbose samples.

100 - -
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B Acarbose
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Figure 12. Correlation of variations in concentration (ppm) of cycloartobiloxanthone and acarbose to inhibition (%) of a-amylase
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Cycloartobiloxanthone and acarbose demonstrated the highest a-amylase inhibitory action at 1000 ppm, with 48.53
+ 1.84% and 81.56 * 1.64%, respectively. Figure 12 shows that the higher the concentration of both
cycloartobiloxanthone and acarbose, the greater the percentage of inhibition achieved. Cycloartobiloxanthone, a
flavonoid compound containing an active hydroxy group, functions as an enzyme inhibitor, lowering the effectiveness
of the enzyme in the process. Flavonoid compounds that bind to enzymes alter the active site of the enzyme, making it
harder to recognize by the substrate and interfering with the enzyme-substrate interaction. Nasution et al. (2015) [41]
discovered that betasitosterol compounds derived from the bark of the A. camansi plant may decrease blood sugar levels
in male Swiss Webster rats. Idris et al. (2022) [42] discovered that methanol extract from the leaves of the Rhodomyrtus
tomentosa plant has antidiabetic effects of 82.41 + 2.21% against a-amylase inhibition and 81.91 + 1.09% against a-
glucoamylase inhibition. Methanol extracts from the Allium consanguineum plant inhibited a-amylase at concentrations
of 62.5, 125, 250, 500, and 1000 pg/mL, which was 29.88 + 0.89%, 42.78 £ 0.45%, 47.44 + 0.86%, 64.72 + 0.89%, and
75.29 £ 0.64% [43].

The ability of flavonoid compounds to inhibit a-amylase activity is the primary mechanism for their anti-diabetic
effect. Cycloartobiloxanthone compounds reduce enzyme activity by attaching to the active site of the a-amylase
enzyme, inhibiting the enzyme's role in hydrolyzing starch to glucose as a consequence. The inhibitory impact is
determined by two factors: (1) hydrogen bonding between the hydroxyl groups of the flavonoids at certain sites and the
catalytic residue, and (2) the creation of conjugated systems within the flavonoids, which stabilize the connection with
the active site. The conjugated system is generated on rings A and C by a C4 carbonyl group and a double bond C2, C3,
as well as particular hydroxyl groups on C5 and C7 on ring A and C3' on ring B [44].

3-6- Anticancer Test

Using the PrestoBlue reagent, cycloartobiloxanthone isolated was tested for anticancer activity against MCF-7 breast
cancer cells. The concentrations of cycloartobiloxanthone utilized were 3.91, 7.81, 15.63, 31.25, 62.50, 125.00, 250.00,
and 500.00 pg/mL. When living cells were added to the PrestoBlue reagent, the blue resazurin, which has no fluorescence
phenomenon, changed to the highly fluorescent red product resorufin. After then, the absorbance was measured at 570
nm. The 1Cs value of cycloartobiloxanthone in suppressing MCF-7 breast cancer cells is shown in Figure 13.
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Figure 13. The results of the 1C50 value of cycloartobilosanthone compounds from A. kemando Mig. against MCF-7 cells

Based on ICs values, Atjanasuppat et al. [45] divided cytotoxic activity into four groups: 20 pg/mL active, > 20-100
ug/mL moderate, >100-1000 pg/mL weak, and >1000 ug/mL inactive. Figure 13 depicts the anticancer impact of
cycloartobiloxanthone on MCF-7 cells, with an ICsg value of 9.21 pg/mL and active cytotoxic activity. Suhartati et al.
[28] discovered that xanthoangelol compounds isolated from the leaves of A. kemando Mig. exhibited cytotoxic potential
with active activity. In human lung cancer cells, cycloartobiloxanthone compounds produced from the stem bark of A.
gomezianus show anticancer action [46]. Xanthohumol compounds, according to Jiang et al. [47], can act as anticancer
agents against resistant MCF-7/ADR cells. Chethankumara et al. found that the methanol fractions of the stem bark and
leaves of the Alseodaphne semecarpifolia plant have potential cytotoxicity against MCF-7 cells, with ICso values of
47.11 £ 3.53 pug/ml and 48.62 + 2.40 pg/ml, respectively [48]. Flavonoid compounds found in the plant Eriocaulon
cinereum R.B. by phytochemical screening was reported to exhibit anticancer activity in MCF-7 cells with an 1Cs of
7.28 £ 6.75 ug/mL [49]. According to Slika et al. [50], flavonoid compounds have anticancer properties because they
are able to eliminate reactive oxygen species (ROS), inhibit oxidase enzyme, chelate metals, and activate antioxidant
enzymes.

3-7- Antibacterial Test

After successfully isolating cycloartobiloxanthone from A. kemando Mig., antibacterial tests were performed against
S. aureus and Salmonella sp. using the paper disc technique, with the width of the inhibition zone as indicator. According
to Davis & Stout [51], hypothesis of antibacterial power, the strength of a compound based on antibacterial inhibitory
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zone is classified into four categories: weak (5 mm), medium (5-10 mm), strong (10-20 mm), and very strong (>20 mm).
In this investigation, three concentrations were employed in the antibacterial test: 0.3, 0.4, and 0.5 mg/disc. Amoxicillin
was utilized as a positive control for S. aureus bacteria, whereas ciprofloxacine as a positive control for Salmonella sp.
The results of antibacterial tests are displayed in Figures 14 and 15, while the widths of the sample inhibition zones are
compiled in Tables 5 and 6.

0.3 mg/disc 0.4 mg/disc 0.5 mg/disc

Figure 14. Antibacterial test results of cycloartobilosanthone compounds against S. aureus bacteria at various
concentrations

0.3 mg/disc 0.4 mg/disc 0.5 mg/disc

Figure 15. Antibacterial test results of cycloartobilosanthone compounds against Salmonella sp. bacteria at various
concentrations

Table 5. The size of the inhibition zone of the cycloartobilosanthone antibacterial test against S. Aureus

Inhibition zone (mm)

Sample Concentration
0.3 mg/disc 0.4 mg/disc 0.5 mg/disc
Cycloartobilosanthone 28 31 35
Control (+) 34 36 39
Control (-) - - -

Table 6. The size of the inhibition zone of the cycloartobilosanthone antibacterial test against Salmonella sp

Inhibition zone (mm)

Sample Concentration
0.3 mg/disc 0.4 mg/disc 0.5 mg/disc
Cycloartobilosanthone 8 10 13
Control (+) 39 42 47
Control (-) - - -

Antibacterial bioactivity of cycloartobiloxanthone compounds against S. aureus bacteria was shown in Figure 14. At
doses of 0.3, 0.4, and 0.5 mg/disc, cycloartobiloxanthone compounds had inhibitory zone widths of 28, 31, and 35 mm,
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placing them in the very strong category. At the same concentration, the inhibition zone diameters of the amoxicillin
positive control were 34, 36, and 39 mm, respectively. Suhartati et al. [28] discovered that xanthoangelol compounds
isolated from the leaves of A. kemando Mig. displayed high antibacterial action against B. subtilis. Two compounds were
identified: quercetin-3-O-a-L-(2”-E-p-coumaroyl-3”-Z-p-coumaroyl)-rhamnopyranoside (E,Z-30-hydroxyplatanoside)
and quercetin-3-O-a-L-(2”-Z-p-coumaroyl-3”-E-p-coumaroyl)-rhamnopyrano-side (Z,E-30-hydroxyplatanoside) from
the leaves of the plant Platanus acerifolia showed significant inhibitory activity of S. aureus ATCC 25904 with MICs
ranging between 4 to 64 pg/mL [52]. According to Yu et al. [53] four analogues of the flavonoid type procyanidin B3-
3-O-gallate (1), rhamnetin 3-O-(600-galloyl)-B-D-glucopyranoside (2), rhamnetin 3-O-a-Lrhamnopyranoside (3), and
quercetin 3-O-(600-galloyl)-B-Dglucopyranoside (4) found in the methanol extract of Woodfordia uniflora leaves can
inhibit S. aureus (strain USA300) with compounds 2 or 4 resulting in a significant reduction in MRSA biofilm formation.

The isolated cycloartobiloxanthone compound showed antibacterial bioactivity in the medium category, with
inhibition zone diameters of 8 and 10 mm at concentrations of 0.3 and 0.4 mg/disc and specified as strong category, with
inhibition zone diameters of 13 mm, at concentrations of 0.5 mg/disc. Ciprofloxacine was used as a positive control in
this test because it has very strong antibacterial properties with an inhibition zone width of > 20 mm at doses of 0.3, 0.4,
and 0.5 mg/disc. Suhartati et al. [28] discovered that the xanthoangelol compound isolated from the leaves of A. kemando
Miq. Exhibited no antibacterial effect against E. coli. The dry ethanol extract of Averrhoa bilimbi L. leaf powder inhibited
the growth of Salmonella sp. by 27.00 £ 1.73 mm [54]. According to Abdallah et al. [55], ethyl acetate fraction extract
from Sclerocarya birrea (A. Rich) stems may inhibit the growth of Salmonella typhi, with a maximum inhibitory zone
at 10 mg/ml of 9.7 £ 0.0 mm.

The results of antibacterial tests revealed that the cycloartobiloxanthone compound from the Pudau plant (A. kemando
Miqg.) displayed inhibitory activity against S. aureus and Salmonella sp. The inhibitory zone revealed that the
cycloartobiloxanthone compound exhibited stronger antibacterial activity against S. aureus, a Gram-positive bacteria,
than against Salmonella sp., a Gram-negative bacteria. Gram-positive bacteria have a cell wall with a strong
peptidoglycan content, minimal lipid, and polysaccharides (teichoic acid) but no outer membrane. The capacity of
flavonoid compounds to establish complex interactions between proteins in the bacterial cell wall and the hydroxyl
groups in flavonoid compounds gives them antibacterial bioactivity. According to Bouarab-Chibane et al. [56],
flavonoids, which are phenolic compounds containing multiple -OH active groups, can be toxic to protoplasm, causing
damage and penetration of the bacterial cell wall. The formation of hydrogen bonds between phenol groups and proteins
causing a damage on the protein structure and reduces the permeability of the cell wall and cytoplasmic membrane.

4- Conclusion

The stem wood and root bark of the Pudau plant (A. kemando Mig.) were successfully used to obtain pure flavonoid
compounds with the same structure. UV-Vis spectrophotometry, IR spectroscopy, and NMR were used to validate the
structure. The purity of the two flavonoid compounds was determined using the TLC method with three different eluent
systems. The findings revealed that the two compounds were identical. The compound isolated from the stem wood and
root bark has the structure of cycloartobiloxanthone. The compound was found to exhibit antidiabetic, anticancer, and
antimicrobial properties. At a dosage of 1000 ppm, the compound demonstrated anti-diabetic characteristics by inhibiting
the action of a-amylase by 48.53 + 1.84%. In the active cytotoxic category, cycloartobiloxantone has anticancer activity
with an 1Csq value of 9.21 pg/mL against MCF-7 cells. This compound also demonstrated antimicrobial against S. aureus
and Salmonella sp. According to these findings, the cycloartobiloxantone from A. kemando Mig has anti-diabetic, anti-
cancer, and anti-bacterial bioactivity, showing that this flavonoid has a broad spectrum of pharmacological action, with
promising potential to treat complicated diseases.
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