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ABSTRACT

Objective: Andrographis paniculata has long been a traditional medicinal plant in Indonesia. This study
is intended to evaluate the anti-pro-inflammatory cytokines of 98% ethanol extract of A. paniculata by
in vitro and in silico approaches. Inhibition of pro-inflammatory cytokines is also one of the therapies in
treating COVID-19. Methods: The molecular docking approach was utilized as a first screening to evaluate
the potential for suppression of macrophage cell activation; an ADMET prediction test was performed to
determine the pharmacological, pharmacokinetic, and toxicity as a therapeutic target. TNF-«, I-1R, and
|6 levels were measured using an ELISA method to investigate anti-cytokine pro-inflammatory activity
in LPS-induced RAW 264.7 macrophage cells. LC-MS/MS was used to identify additional metabolite
compounds. Results: Ethanol extract containing particular metabolites 14-Deoxyandrographoside and
14-Deoxy-17-hydroxyandrographolide inhibited TNF- o and Il=1 B3 by 100% and I1-6 by 85.59%, respectively.
While compared to the Dexamethasone molecule as a positive control, preliminary screening and ADMET
prediction for the metabolite compound 14-Deoxyandrographoside exhibited relatively high binding stability
to the CD14 receptor by -7.5 kcal/mol and was safe against various ADMET indications. Conclusions: This
study reveals that the compound 14-Deoxyandrographoside in pure ethanol extract is a potential anti-

cytokine agent candidate for treating pro-inflammatory cytokines, including COVID-19 infection.
Keywords: LC-MS/MS, Molecular docking, Pro-inflammatory cytokines, Sambiloto.

INTRODUCTION

Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) is a coronavirus that causes
severe acute respiratory syndrome known as
Coronavirus Disease 2019.! Acute respiratory
distress syndrome (ARDS) is the leading cause
of death in COVID-19 patients.>® The cause of
ARDS in COVID-19 infection is the occurrence
of a cytokine storm.* Cytokine storm is an event
of excessive release of pro-inflammatory cytokines
due to an uncontrolled systemic inflammatory
response.” Sustained cytokine storm causes
tissue damage, increasing the risk of vascular
hyperpermeability, multiorgan failure, and death.®
Inhibition of the pro-inflammatory cytokine storm
in the early stages of COVID-19 is an effective
therapeutic strategy to prevent the development
of more severe ARDS.” Since WHO has not yet
recommended particular medications for the
treatment of COVID-19, the focus of current
COVID-19 therapy is on anti-cytokines or
immunomodulators.®® Finding a source for plant
metabolite molecules with anti-cytokine properties
is an essential challenge. In silico analysis is the
most widely used method as an initial screening
to find and analyze potential candidates for plant
metabolite compounds that have the potential as
pro-inflammatory anti-cytokines for COVID-19
therapy. In silico analysis of several plants shows
promising potential as a target for COVID-19
therapy. A. paniculata is one of the plants reported
to have inhibit SARS-CoV-2.02 A. paniculata
is reported to have metabolite compounds with

a pharmacological activity that can reduce the
characteristics of the pathogenesis of COVID-19,
such as anti-inflammatory,” immunomodulator,’
and antivirus.'*-2

A. paniculata is a plant that grows well in Indonesia
and has been widely used to treat COVID-19
in several Asian countries.'*”® The primary
metabolites of A. paniculata are andrographolide,
neoandrographolide, 14-deoxyandro grapholide,
and  14-deoxy-11,12-didehydroandrographolide.
Many studies have been carried out on A. paniculata
as an anti-inflammatory. However, screening for
the potential of inhibiting A. paniculata metabolites
against the production of pro-inflammatory
cytokines has not been widely reported. Hence,
screening and characterization of metabolites of
A. paniculata, which have the potential as anti-
cytokines, need to be carried out.

Currently, the screening method for metabolites
of medicinal plants by binding them to target cells
is widely used because it is more effective and
efficient.’*"* Macrophages are the main cells in the
immune system that regulate the body's defense
mechanism  against disease.® Microorganism
infection through the CD14 receptor will activate
macrophage cells to release several inflammatory
mediators, including pro-inflammatory cytokines."
In this study, the molecular docking method of A.
paniculata metabolites against the structure of the
CD14 protein was used as an initial screening to
determine the potential for inhibiting macrophage
cell activation based on its affinity energy value.
The ADMET prediction analysis carried out the

Cite this article: Lukito EW, Iswantini D, Antariksa B, Rafi M, Wahyudi ST. Screening and
Identification of Metabolites from Sambiloto (Andrographis paniculata) Ethanol Extract
for Pro-Inflammatory Cytokines Inhibitory through /n Silico and In Vitro Approaches.
Pharmacogn J. 2024;16(1): 131-140.

Pharmacognosy Journal, Vol 16, Issue 1, Jan-Feb, 2024



Lukito EW, et al. Screening and Identification of Metabolites from Sambiloto (Andrographis paniculata) Ethanol Extract for Pro-Inflammatory Cytokines Inhibitory

through In Silico and In Vitro Approaches

metabolite compound with the best affinity energy to determine its
inhibitory potential based on pharmacology, pharmacokinetics, and
toxicity as a target for COVID-19 therapy. The in vitro analysis was
carried out by binding the metabolite compound A. paniculata to RAW
264.7 macrophage cells induced by LPS to determine the bioactivity of
inhibiting the production of pro-inflammatory cytokines, namely IL-6,
IL-1B, and TNF-a. The metabolites of ethanol extract of A. paniculata
were identified using UHPLC-Q-Orbitrap HRMS. 22!

MATERIALS AND METHODS
Molecular Docking

Protein Preparation

The crystal structure of the CD14 protein or macrophage cell receptor
(PDB ID: 4GLP) was downloaded from the RCSB Protein Data Bank
(https://www.rcsb.org/), and then optimization, minimization, and
checking of missing residues were carried out using AMBER20.

Protein Preparation

A total of 35 structures of A. paniculata metabolite compounds and
Dexamethasone compounds as positive controls were downloaded
from PubChem (https://pubchem.ncbi.nlm.nih.gov/), then the
collected ligands were optimized using ORCA.?

Molecular Docking Simulation

Molecular docking simulations investigated the interaction between
A. paniculata metabolites and Dexamethasone with the CD14 receptor
protein (4GLP). Dexamethasone is a synthetic glucocorticoid with
anti-inflammatory and immunosuppressive properties that is used
to treat a variety of disorders.** We optimized the structure of the A.
paniculata metabolite in the previous step. Blind docking was performed
to discover the active site of CD14 macrophages and then targeted docking
was employed using virtual screening to determine the position with
the greatest affinity energy. The coordinates x = 51.795; y = 35.218; and
z = 2.484 were utilized in the simulation using Autodock-Vina with five
repetitions. The assembly docking step will further process the five highest
compounds that emerge consistently in five repetitions.

Ensemble Docking Structures Using Molecular Dynamics
Simulation

In this study, molecular dynamics simulations were carried out to
create a docking ensemble structure. The AMBER ff14sb force field is
used to model the structure of the 4GLP protein.”” The protein files
were put into a 20x20x20 A solvent box. To prepare the simulation
system, tleap software was used.

a) Minimization Step

The simulation begins with energy minimization. The phase aims to
reduce the energy required for the complex structure to adapt to its
natural state while avoiding undesirable van der Waals interactions.
Energy minimization was carried out in stages with different restraints
at each stage: 1000, 500, 250, 100, and 50 kcal/mol.

b) Heating and Equilibration Step

When the minimization stage is finished, the confinement is eliminated
and the molecules are free for movement. The heating, equilibration,
and molecular dynamics simulations were then performed. The
Langevin protocol was used in the warm-up stage, along with the NVT
dynamic ensemble. The system was heated to 300 K while maintaining a
10 kcal/mol confinement. The purpose of this constraint is to maintain
the protein structure molecules stable during heating. Following
that, an equilibrium stage is performed in which the limitations are
progressively lifted and the system adapts to a certain temperature.
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¢) Molecular Dynamics Simulation and Ensemble Docking

The step is continued using 200 ns molecular dynamics simulations to
generate 10 clusters for use in the assembly docking stage. The docking
process was carried out by considering the interaction between the
compounds and the 4GLP protein. After the docking procedure is
completed, the docking findings are analyzed and ranked based on
the affinity score or bond energy between the molecule and the target
protein. Compounds with high affinity or bond energy scores will be
chosen for the molecular dynamics modeling of protein complexes.
This step aims to discover more about the stability and dynamics of
the interactions between these chemicals and the target protein. As a
result, the assembly docking step is expected to offer more information
about the possible interactions between the tested drugs and the 4GLP
target protein.

Complex Structure Molecular Dynamics Simulation

The molecular dynamics of the ligand, 4GLP protein, and ligand-
macromolecule complex in water were simulated in the final stage.
The same folder contains pre-processed.pdb macromolecule and .mol2
ligand files. The ligand structures were loaded using the Antechamber
software and the results were stored in .mol2 files. The .mol2 files were
then used to generate the .frcmd file using the parmchk command. The
topology and coordinates were generated using the tLeap program and
the leap.in file. Minimization, heating, equilibration, and molecular
dynamics simulations were performed on the 4GLP protein-ligand
complex.

a) Complex Structure Analysis

The RMSD (Root Mean Square Deviation) technique compared
molecular structural changes during simulation to the starting structure.
RMSD provides information about the stability and convergence of the
simulation.?

Prediction of Absorption Distribution Metabolism Excretion
Toxicology (ADMET)

Metabolite compounds that show stable affinity energy in ensemble
docking simulations, followed by ADMET properties analysis.
ADMET predictions were performed using the Admet SAR 2.0 online
server (http://lmmd.ecust.edu.cn/admetsar2/).

Preparation and Sample Extraction

Extraction was carried out by the maceration method. A. paniculataleaf
samples were cleaned by washing with water. The samples were dried
in the sun and then crushed into 80-mesh powder. Approximately 25 g
of the powder was added with 250 mL of 98% ethanol, then immersed
with continuous stirring for 6 hours, then the sample was left for 12
hours without stirring. The extraction was repeated five times, and the
filtrate was collected and concentrated using a rotary evaporator at 40
°C. The extract was then stored in a freezer at -80 °C.*

Pro-inflammatory Cytokines Inhibitory Assay
RAW 264.7 Macrophage Cell Culture

RAW 264.7 macrophage cells were obtained from the Primate Research
Center, IPB University, Bogor, Indonesia. Cells were grown in DMEM
medium with 10% FBS and 1% penicillin-streptomycin. Cells were
incubated at 37 °C with 5% CO2 humidity until cells were confluent,
then cells were harvested with trypsin-EDTA.*

Cell Viability Test

The cell viability test was carried out using the MTT method.** 1 x 104
cells per well RAW 264.7 cells were planted in 96-well plates and then
incubated for 24 hours. The discarded medium was replaced with a new

132


http://lmmd.ecust.edu.cn/admetsar2/

Lukito EW, et al. Screening and Identification of Metabolites from Sambiloto (Andrographis paniculata) Ethanol Extract for Pro-Inflammatory Cytokines Inhibitory

through In Silico and In Vitro Approaches

medium and added to the test sample at various concentrations of 5,
25, 50, and 100 pg/mL, then incubated again for 24 hours. The medium
was removed, then the cells were washed with PBS. 10 pL of 5 mg/
mL MTT solution was added to each well and again incubated for 4
hours. The formed formazan crystals were dissolved in 100 uL DMSO.
Absorbance was measured using a microplate reader at a wavelength
of 570 nm.

Pro-Inflammatory Cytokine Inhibitory Assay

Cytokine inhibitory activity was carried out by measuring TNF-a, IL-
1B, and IL-6 levels in LPS-stimulated RAW 264.7 cells using the ELISA
method. RAW 264.7 cells of 1 x 10° cells per well were planted in 96 well
plates and then incubated for 24 hours. The medium was discarded,
replaced with a new medium, and added to the test sample at 20 pg/
mL, 30 pg/mL, and 40 pg/mL. The cells were incubated again for 2
hours, then the cells were stimulated with 1 pg/mL LPS and incubated
again for 24 hours. The medium was taken and then centrifuged at 2000
rpm for 10 minutes. The supernatant was collected for measurement
of TNF-a, IL-1f, and IL-6 levels using the Elabscience Mouse Elisa kit
according to the instructions for use.

Identification of Metabolite Compounds of A. paniculata
Ethanol Extract

Sample Solution Preparation

As much as 5 mg of the ethanol extract of A. paniculata leaves was
dissolved in 1 mL of LC-MS grade methanol, followed by sonication
for 30 minutes. The sample solution was filtered with a 0.22 um filter
membrane. The filtrate was analyzed using UHPLC-Q-Orbitrap HRMS
to separate and identify metabolites.

LC-MS/MS Analysis

The metabolites of the ethanol extract of A. paniculata leaves were
separated using a Vanquish Flex UHPLC-Q Exactive Plus Orbitrap-
High Resolution Mass Spectrometer with Accucore C18 (100 x 2.1 mm,
1.5 m) as a column. The mobile phase consisted of 0.1% formic acid in
water (A) and 0.1% formic acid in acetonitrile (B). The gradient elution
is formatted as follows: 15% (B) from 0 to 1 min, 15-55% (B) from 1 to
20 min, 55-95% (B) from 20 to 23 min, 95% (B) from 23 to 28 minutes,
then 15% (B) from 28 to 30 minutes. The flow rate used was 0.2 mL/
minute with an injection volume of 2.0 pL. The ionization source used
in the MS system is ESI, with positive and negative ionization modes in
the m/z range of 100-1500. The capillary temperature used was 320 °C,
the spray voltage was 3.8 kV, the casing gas and auxiliary gas flow rates
were 15 and 3 mL/min, the automatic gain control (AGC) was 3 x 106
and the injection time was set to 100 ms. The collision energies used are
18, 35, and 53 eV. The scan type used is full MS/dd MS2 and full scan
data set with a resolving power of 70,000 FWHM.

Data Analysis

Data obtained from UHPLC-Q-Orbitrap HRMS were processed using
Compound Discoverer 2.2 with an in-house database collected from
information on metabolites in A. paniculata. Identification of metabolites
through several stages, namely the stage of selecting the appropriate
spectrum, equalizing the retention time, detecting unknown compounds,
grouping unknown compounds, predicting processes, searching mass
lists, finding gaps for missing peaks, filtering compounds on blanks, and
performing MS2 confirmation on identified metabolites.

RESULTS AND DISCUSSION

Molecular Docking Analysis

Molecular docking analysis is a quick approach for screening drugs
based on the highest bond affinity energy (AG).** Molecular docking
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data revealed that various A. paniculata metabolites had lower AG
than Dexamethasone, the positive control. A lower AG value suggests
that the ligand and protein are more stable.”* The lower the AG, the
more spontaneous the bond between the ligand and the receptor.**
Factors such as the number of hydrogen bonds, amino acid residues,
and bond affinity energies influence the AG of the receptor-ligand. The
compounds with the lowest and most constant AG values include beta-
sitosterol, andrographiside, neoandrographolide, andrografolactone,
skullcapflavone I, 14-Deoxyandrographoside, and apigenin. The seven
best compounds were selected from 35 metabolites of A. paniculata for
ensemble docking (Table 1).

Ensemble Docking Analysis

Ensemble Docking is an advanced stage of molecular docking that
is performed on ligands that have consistent affinity energy after
five repetitions. The compounds Beta Sitosterol, Andrographiside,
Neoandrographolide, =~ Andrografolactone, Skullcapflavone I,
14-Deoxyandrographoside, and Apigenin were selected to perform the
ensemble docking test on the structure of the CD14 receptor.

The assembly docking data is the average value of AG from 10 different
structural conformations of the receptor-ligand complex taken every 20
ns over a total span of 200 ns divided into 10 clusters (Table 2). The test
results showed that the andrographiside, 14-deoxyandrographoside,
neoandrographolide, and apigenin compounds had the lowest AG
value, which was less than -6.25 kcal/mol, this condition indicated
that the four compounds had fairly good binding stability to the
CDI14 receptor.”® Andrographiside, 14-Deoxyandrographoside,
neoandrographolide, and apigenin were selected for further ADMET
properties assay.

ADMET Predictions

The ADMET (Absorption, Distribution, Metabolism, Excretion,
and Toxicity) prediction was carried out for andrographiside,
14-Deoxyandrographoside, apigenin, and neoandrographolide so that
information about the potential of these compounds to be developed
as inhibitors based on their pharmacology, pharmacokinetics, and
toxicity can be obtained.

The ADMET indicator is essential in the study of the development of
drug compounds.® The five ADMET indicators used are Applicability
Domain, Human Intestinal Absorption, AMES, Carcinogenicity, and
Human Ether-a-go-go-Related Gene inhibition. Applicability domain
test metabolites' physicochemical and topological properties, including
molecular weight, alogP, number of atoms, number of aromatic
rings, and number of hydrogen bond donors and acceptors. Human
Intestinal Absorption shows the ability of metabolites to be absorbed
into the intestine and digestive system. AMES Mutagenesis is the
ability of metabolites to cause mutations and toxicity. Carcinogenicity
indicates the potential of a compound to cause cancer. Human Ether-
a-go-go-Related Gene inhibition is an inhibitory potential that causes
fatal cardiac arrhythmias.’>?

The results of the ADMET prediction analysis are shown in Table
3. Positive and negative signs indicate that it can or cannot occur
and decimal values 0 to 1 indicate the percentage of possibility or
impossibility of occurring *>*. ). Based on the results in Table 3, apigenin,
which has good enough ADMET testing results to be developed
as a pro-inflammatory cytokine inhibitor, while andrographiside,
14-Deoxyandrographoside, and neoandrographolide compounds
showed positive signs on the Human Ether-a-go-go-Related indicator.
Gene inhibition was 67.6% and 75.9%, respectively. This condition is a
potential inhibitor that can cause fatal cardiac arrhythmias.*

The findings of the molecular dynamics simulation demonstrate that
the CD-14 receptor has an increase in RMSD values in the 0-10 ns
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Table 1: Value of Gibbs free energy (AG) of A. paniculata metabolites and positive control of CD14 macrophage receptors (PDB ID: 4GLP).

No. Ligand

1 Beta Sitosterol

2 Andrographiside

3 Neoandrographolide

4 Andrografolakton

5 Skullcapflavone I

6 14-Deoxyandrographoside

7 Apigenin

8 Andrografidin E

9 Dexamethasone (Positive control )

10 Luteolin

11 Wogonin

12 Bisandrographolide A

13 7-O-metilwogonin

14 Andrografidin A

15 Andrografidin C

16 Deoxyandrographolide

17 Andrographolide

18 Dehydroandrographoline

19 Isoandrographolide

20 3.14-Dideoxyandrographolide

21 14-Deoxy-11.12-didehydroandrographolide
22 3.4-Dicaffeoylquinic Acid

23 Andrograpanin

24 14-Deoxy-11-oxo-andrographolide

25 Diterpene II (Lactone)

26 5-Hydroxy-7.8.2-trimethoxyflavone-5-glucoside
27 14-Deoxyandrographolide

28 14-Deoxy-12-Hydroxyandrographolide
29 14-Deoxy-11-hydroxyandrographolide
30 1.8-dihydroxy-2.6-dimethoxyxanthen-9-one
31 Paniculide-A

32 5-Hydroxy-7.8.2".3"-tetramethoxyflavone
33 Paniculide-C

34 Paniculide-B

35 Eugenol

AG (kcal/mol) replications:

1 2 3

-8.4 -8.4 -8.7
-8.1 -8.1 -8.0
-7.5 =7 -7.8
-7.7 -7.6 -7.6
-7.9 -7.4 -7.4
85) ) -7.4
-7.6 -7.4 -7.6
=755 -7.4 -7.4
=75 -7.4 -7.4
-7.6 -7.3 =73
-7.7 -7.2 -7.2
-7.0 -7.0 -7.6
-7.8 -7.0 -7.0
-7.4 ol ~7:3
-7.4 =70 =71l
-7.3 -7.0 -7.0
L2 -7.0 -7.0
=7oll -7.0 =71
-7.1 -7.0 -7.1
-7.1 -7.0 -7.0
-6.5 ol Tl
-7.0 -6.9 -7.0
-7.1 -7.0 -6.9
L2 -6.8 -6.9
-7.0 7ol -6.9
-6.9 -6.9 -6.9
-6.9 -6.8 -6.8
-7.0 -6.6 -6.6
-6.9 -6.6 -6.6
-6.7 -6.5 -6.5
-6.6 -6.3 -6.2
-6.3 -6.5 -6.3
-6.4 -6.4 -6.3
-6.2 -6.2 -6.2
-5.2 -5.0 -5.0

-8.4
-8.1
-7.5
-7.7
~7.9
-7.6
=73
=73
)
-7.6
=77
-7.0
-7.8
-7.4
-7.4
-7.3
-7.2
-7.1
-7.1
7.1
ol
-7.0
=7
2
-7.0
-6.9
-6.9
-7.0
-6.9
-6.7
-6.6
-6.3
-6.4
-6.2
=52

-8.5
-8.1
=79
-7.6
-7.4
T
-7.4
-7.4
-7.4
=73
-7.2
-8.1
-7.0
-7.1
-7.1
-6.9
-7.0
=71l
-7.0
-7.0
3]
=72
-7.0
-6.8
-6.9
-6.9
-6.9
-6.6
-6.7
-6.5
-6.3
-6.5
-6.3
-6.1
-5.1

Table 2: Ensemble docking results of A. paniculata metabolites against CD14 macrophage receptors (PDB ID: 4GLP).

AG (kcal/mol) at measurement time (ns)

Ligand - e

Andrographiside -6.4 -7.0
14-Deoxyandrographoside -6.5 -6.9
Neoandrographolide -6.9 -7.0
Apigenin -6.3 -6.8
Skullcapflavone I -6.4 -6.4
Andrografolakton -6.5 -6.4
Beta Sitosterol -6.0 -6.8

Table 3: ADMET prediction of A. paniculata metabolites with the best AG value using the ADMET SAR 2.0 online server.

60

-6.8
-6.4
-7.0
-6.9
-6.8
-6.6
-6.3

80 100 120
=75 -7.8 -7.4
-7.5 -7.2 -7.2
-7.5 -7.5 -6.9
-6.8 -6.8 7.2
-6.9 -6.9 -6.4
-6.7 -6.4 -6.1
=73 =7 -5.9

A. paniculata metabolite compounds

ADMET indicator o
Andrographiside

Applicability Domain In Domain
Human Intestinal Absorption (+) 0.8124
AMES Mutagenesis (-) 0.61
Carcinogenicity )1
Human Ether-a-go-go-Related (+) 0.6759

Gene inhibition
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14-Deoxyandrographoside
In Domain

(+) 0.8124

(-) 0.71

(-) 0.6266

(+) 0.6759

140 160
-5.9 -5.9
-5.7 -5.9
-5.8 -5.3
-6.3 -5.8
-5.7 -4.8
-6.0 -5.4
-6.2 -5.0

Neoandrographolide
In Domain

(+) 0.8124

(-) 0.67

()1

(+) 0.7587

180
-6.3
-6.1
-5.5
-5.4
-5.3
-5.6
-4.7

AG

average 2
-8.48 0.13
-8.08 0.04
-7.72 0.20
-7.64 0.05
-7.60 0.27
-7.50 0.07
-7.50 0.10
-7.44 0.05
-7.44 0.05
-7.42 0.16
-7.40 0.27
-7.34 0.50
-7.32 0.44
-7.26 0.15
-7.22 0.16
-7.10 0.19
-7.08 0.11
-7.08 0.04
-7.06 0.05
-7.04 0.05
-7.04 0.31
-7.02 0.11
-7.02 0.08
-6.98 0.20
-6.98 0.08
-6.90 0.00
-6.86 0.05
-6.76 0.22
-6.74 0.15
-6.58 0.11
-6.40 0.19
-6.38 0.11
-6.36 0.05
-6.18 0.04
-5.10 0.10
200 :vGerage eE
=58 -6.49 1.12
-4.1 -6.35 0.99
-3.9 -6.33 1.17
-4.1 -6.24 0.93
-4.3 -5.99 0.92
-4.1 -5.98 0.79
-3.3 -5.87 1.23
Apigenin
In Domain
(+) 0.9881
(-) 0.6741
()1
(-) 0.897
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region, but beyond that period, the receptor has steady fluctuations and
is in the 3.5 A range. This indicates that the interaction between the
ligand and the receptor occurs in a stable system for 100 ns. Meanwhile,
RMSD ligand 20 varied at 100 ns but remained near the CD-14 receptor
(<0.7 A). Figure 1 illustrates the changes in the RMSD of the ligand and
receptor during the simulation.

The results of the MMPBSA analysis showed that the CD-14 and
apigenin receptors had a total MMPBSA energy of -8.3369 kcal/mol.
MMPBSA energy is dominated by electrostatic interactions between
CD-14 receptors and apigenin. The negative MMPBSA energy value
indicates stable interaction between the CD-14 receptor and apigenin.
These results may provide a further understanding of the strength of
the bond between the ligand and the receptor and the interactions of
the amino acid residues involved in the ligand-receptor complex.*

To determine the maximum test concentration with a viability of 100%,
it was calculated using the linear equation of pure ethanol extract y =
-802x + 131.84 to obtain an antilog x value of 40 ug/mL. Then this dose
was used to test the inhibitory activity of pro-inflammatory cytokines.

Pro-Inflammatory Cytokine Inhibitory Activity

The inhibitory activity of pro-inflammatory cytokines was determined
by measuring TNF-a, IL-1pB, and IL-6 levels in LPS-stimulated RAW
264.7 cells using the ELISA method. The test results in Table 5 show that

Table 4. Energy value of MMPBSA complex compound CD-14 and
apigenin.

Energy Component E (kcal/mol)

R Van der Waals -8.23
Viability Test
EEL -11.23
The cell viability test was carried out using the MTT method to see the
number of living cells after being given the extract, thereby knowing EPB 12.31
the concentration of the extract which is not toxic to RAW 264.7 cells. ENPolar 113
The results of the viability test showed a decrease in the number of
living cells along with an increase in the concentration of the extract Delta Gas -19.52
given (Figure 2). Test concentrations with a percentage of cell viability Delta solv 11.18
of less than 80% are test concentrations that are toxic to cells.” At a
test concentration of 100 ug/mL, it causes up to 57% cell death, so the TOTAL -8.34
percent cell viability is 43%.
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Figure 1: RMSD receptor CD-14 (a) and apigenin (b) values.
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Figure 2: Viability result test of RAW264.7 cells on pure ethanol extracts by MTT assay.
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Figure 3: Representative chromatogram of pure ethanol extracts of A. paniculata leaves in positive ionization mode (A) and negative ionization mode (B).

Table 5: Effect of A. paniculata extract on inhibition release of pro-inflammatory cytokines in RAW 264.7 cells.

Cytokine Level (pg/mL + SD)

Samples

TNF-a IL-1B8 IL-6 TNF-a
Negative control (cells only) 7.040 + 0.88 3.781 £ 0.714 2.085 £ 0.53 49.547 +4.93
Positive control (LPS alone) 13.971 + 1.28 13.376 £ 1.22 13.175 + 0.57 0.00 +0.00
LPS/extract (20 pg/mL) 0.000 + 0.00 0.000 + 0.00 6.401 + 0.72 100.00 + 0.00
LPS/extract (30ug/mL) 0.000 + 0.00 0.000 + 0.00 3.699 + 0.91 100.00 + 0.00
LPS/extract (40 pg/mL) 0.000 + 0.00 0.000 £ 0.00 1.889 + 0.40 100.00 + 0.00

Table 6: Putative identification of metabolites in pure ethanol extracts of A. paniculata leaves.

No. Name of Metabolites RT [min] Formula Mw Error Mass
(ppm)

1 14-Acetylandrographolide 15.16 C,H,,0, 392.2199 -0.05
2 14-Deoxy-11.12-didehydroandrographolide  10.11 C,,H,0, 332.1978 -2.99
3 14-Deoxy-11-oxo0-andrographolide 10.17 C,,H, O, 348.1927 -2.7
4 14-Deoxy-17-hydroxyandrographolide 7.76 C,H,,0, 352.2238 -3.32
5 14-Deoxyandrographolide 15.28 C,H,,0, 334.2132 -3.75
6 14-Deoxyandrographoside 10.83 C,H, O, 496.2656 -3.34
7 3.14-Dideoxyandrographolide 13.92 C,H,, 0O, 318.2183 -3.83
8 5-Hydroxyjasmonic acid 5-O-hexoside 2.45 C,H, O, 386.1931 -2.47
9 5-Hydroxy-7.8-dimethoxyflavanone 21.01 C.,H, O, 300.0986 -3.78
10 7-O-metilwogonin 21.97 C,H,O, 298.083 -3.65
11  Andrografolakton 15.57 C,H,,0, 296.1768 -2.8
12 Andrographic acid 6.58 C,,H,, O, 364.1879 -1.82
13 Andrographiside 6.75 C,H, O, 512.2613 -1.63
14 Andrographolide 7.58 C,, H,, 0, 350.2082 =34l
15  Apigenin-7-O-glucuronide 7.58 C,H,0, 446.0839 -2.36
16  Bisandrographolide A 15.57 C,H, O, 664.396 -2.23
17 Diterpene II (Lactone) 10.28 C,,H, O, 346.1769 -3.22
18  Neoandrographolide 13.93 C,H, O, 480.2712 -2.3
19  Quinicacid 111 C,H,O, 192.0629 -2.68
20 Scoparin 8.37 C,H, O, 462.1155 -1.57
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IL-1p

71.871 + 3.43
0.00 + 0.00
100.00 + 0.00
100.00 + 0.00
100.00 + 0.00

lon
mode

[M-HJ

[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M+H]*
[M-HJ

[M+H]*

Inhibition Activity over positive control (%)

IL-6

84.25 +3.49
0.00 + 0.00
51.23 £7.17
71.75 +5.29
85.59 + 3.41

MS-MS

391, 345, 301

333, 315, 297, 285, 257

349, 331, 313, 285

353, 317, 299, 287

335, 317, 299, 287, 259
497, 299, 287, 259

319, 301, 289

387, 351, 207, 149

301, 197

299, 285

297, 269, 255

365, 347, 329

513, 351, 333, 315, 297, 285, 257
351, 333, 315, 297, 285, 257
447,271, 153

665, 315, 297, 285

347, 329, 283

481, 319, 301, 289

191, 147, 87, 85

463, 301, 287
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LPS stimulation in positive controls can increase TNF-a, IL-1f, and
IL-6 up to 84.25% when compared to negative controls. The inhibitory
activity of pro-inflammatory cytokine production in macrophage cells
treated with the extract showed very significant inhibitory potential.

At a test dose of 20 ppm, the extract was able to inhibit the production
of pro-inflammatory cytokines TNF-a and IL-1f up to 100%, a different
thing was shown in the inhibitory activity of pro-inflammatory cytokine
IL-6 at test doses of up to 40 ppm it was able to inhibit up to 85.59 %.

Research on A. paniculata as an anti-inflammatory has been carried
out, andrographolide, dehydroandrographolide, and neoandrographolide
are the most widely reported metabolite compounds that have anti-
inflammatory potential through various targets and pathways of inhibition.

Andrographolide is reported to suppress the production of pro-
inflammatory cytokines such as TNF-X, IL-1f,1L-16,IL-12,and IL-18 in
activated macrophages.* Andrographolide works by inhibiting the Nf-
kp activation pathway.” Kim et al. also reported that andrographolide
inhibited pro-inflammatory cytokines by suppressing mitogen-
activated protein kinase (MAPK) and activating the AMP-activated
protein kinase (AMPK) pathway in LPS-induced macrophages.*
Nareika et al. reported that andrographolide inhibited nitric oxide
(NO) synthesis in LPS-stimulated RAW 264.7 cells by inhibiting
protein synthesis inducible nitric oxide synthase (iNOS) so that NO
production in cells decreased.*! Several other studies have also reported
that andrographolide interferes directly or indirectly with various
targets involved in the inflammatory process such as inflammatory
cytokines,* andrographolide inhibits cyclooxygenase-2 (COX-2),*
inducible nitric oxide synthase,”” and Interferon gamma (IFN-y).*
Andrographolide, dehydroandrographolide, and neoandrographolide
are also reported to exhibit anti-inflammatory activity by inhibiting
cyclooxygenase-1 (COX)-1, cyclooxygenase-2 (COX)-2, inhibiting the
Nf-kp activation pathway.*

In addition, the crude extract of A. paniculata showed strong
inhibitory activity on pro-inflammatory mediators such as NO, IL-1p,
and IL-6.% Several studies have also reported that andrographolide
has anti-inflammatory activity in the lungs.”” Li et al. reported that
andrographolide in vivo tests on rats were shown to reduce allergen-
induced inflammation, cellular infiltration in the airways, and airway
hyperresponsiveness by inhibiting NF-kB expression in the lungs, in
the nucleus and the airway epithelial cells.!

Various studies on the anti-inflammatory activity of A. paniculata
metabolites can inhibit various types of targets and production
pathways of pro-inflammatory mediators, and this condition is in line
with the target of therapy in cases of COVID-19 infection. Inhibition of
pro-inflammatory mediators in the early stages of COVID-19 infection
is an effective therapeutic strategy to prevent the development of more
severe ARDS.”

Pure ethanol extract of A. paniculata with the potential to inhibit
the production of pro-inflammatory cytokines TNF-a and IL-1p by
100% and IL-6 inhibitory activity of up to 85.59% is a potential anti-
inflammatory agent candidate for the treatment of inflammation-
related diseases including COVID-19. It is necessary to characterize the
metabolites of pure ethanol extract of A. paniculata leaves to determine
the specific metabolites that have the potential as pro-inflammatory
anti-cytokines.

Identification of Metabolite Compounds

The metabolites of the ethanol extract of A. paniculata leaves were
separated and identified using UHPLC-Q-Orbitrap HRMS to determine
the composition of the extracted metabolites. The chromatogram in the
positive ionization mode produces more metabolites when compared
to the negative ionization mode (Figure 3).

137

A total of 20 metabolites were identified in the pure ethanol extract
of A. paniculata leaves consisting of 4 metabolites belonging to the
flavonoid class, 2 metabolites belonging to the phenolic acid group and
14 metabolites belonging to the diterpene lactone group (Table 6).

Andrographolide, dehydroandrographolide, and neoandrographolide
are the most widely reported metabolites of A. paniculata with anti-
inflammatory potential. However, other metabolites that play a more
specific role in inhibiting the production of pro-inflammatory cytokines
have not been widely reported. Compounds 14-Deoxyandrographoside
and 14-Deoxy-17-hydroxyandrographolide are compounds of the
diterpene lactone group, which are thought to have only been identified
in ethanol extracts.

The 14-Deoxyandrographoside compound was identified in the positive
ionization mode with a retention time of 10.83 and was fragmented
at m/z 497.27469 [M+H]*, 335.185 [M+H-GIc]*, 317.174 [M+H-Glc-
2H20]* , 299.164 [M+H-Glc-2H20]* and 287.16382 [M+H-Glc-
2H20-C]*. The 14-Deoxy-17-hydroxyandrographolide compound
was identified in the positive ionization mode with a retention time
of 7.76 and was fragmented at m/z 353.23282 [M+H]", 335.22214
[M+H-H20]*, 317.21164 [M+H-2H20 ], 299.20032 [M+H-3H20]*
and 271.20468 [M+H-3H20-CO]*. The potential of the compounds
14-Deoxyandrographoside and 14-Deoxy-17-hydroxyandrographolide
as an anti-inflammatory has not been reported.

CONCLUSIONS

Pureethanolextractwithspecificmetabolites 14-Deoxyandrographoside
and 14-Deoxy-17-hydroxyandrographolide showed activity in
inhibiting the production of pro-TNF-a and IL-1 cytokines by 100%
and IL-6 by 85.59%. The in silico analysis and ADMET prediction
for the metabolite compound 14-Deoxyandrographoside showed
good binding stability of -7.5 kcal/mol to the CD14 receptor when
compared to the Dexamethasone compound as a positive control
of -7.44 kcal/mol. 14-Deoxyandrographoside is safe against several
ADMET indicators. Ethanol extract of A. paniculata is a potential
anti-inflammatory agent candidate for treating inflammation-related
diseases, including COVID-19 infection.
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