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Eleutherine americana Merr. extract regulates
mitochondrial calcium homeostasis in intra-abdominal
adhesion: A computational study
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ABSTRACT

Aim: Intra-abdominal adhesion (IAA) is the most significant complication after surgery. This study explores the active compound
from Eleutherine americana Merr. as a regulator of mitochondrial calcium homeostasis in IAA. This study aimed to evaluate
computationally the potential of E. americana Merr. extract as a mitochondrial calcium activator in IAA cases. Materials and
Methods: The sample was 14 active compounds from E. americana Merr. extract that was collected from the PubChem database.
Prediction as a calcium channel activator was conducted using Prediction of Activity Spectra for Substances SERVER. Human
intestinal absorption (HIA) and lethal dose 50 (LD50) were evaluated using SERVER. Protein target and pathway were evaluated
using STITCH, and computational analysis was done using Cytoscape. Results: The results showed that 10 bioactives from E.
americana Merr. extract have potential as calcium activators (Pa >0.3). The active compound of E. americana Merr. can be easily
absorbed in the intestine based on its HIA+ score (HIA >0.9). Conclusion: The application of this extract was possible due to
LD50 evaluation that showed that it was less toxic (LD50 <3 mol/kg-BW). E. americana Merr. extract regulates mitochondrial
calcium homeostasis, by modulation of two types of the mitochondrial calcium channels, VDACI and MARCK (mRyR).
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INTRODUCTION

Intra-abdominal adhesion (IAA) is the most common
serious and significant complication after surgery,
with the incidence rate reaching 90-95%.0%
Approximately 15% of patients have to reoperate
due to intestinal obstruction, where adhesions result
in bowel obstructions and require lysis. Reoperated
patients have a high rate of recurrence and 5-20%
mortality.®?] Now becoming a standard procedure,
laparoscopy can lower the incidence of adhesion
to 12-1.3%, but adhesions may still ensue after this
procedure.** No agent or definitive method has been
developed that reliably prevents IAA.M
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Mast cell (MC) degranulation is suggested to be a
major factor in adhesion formation. Laparoscopies
cause MC degranulation and secretion of histamine,
tryptase, and chymase. Fibrosis of connective tissue is
affected by the MCs tryptase and chymase. Histamine
results in vasodilatation and aggravates reperfusion
injury.®

Calcium homeostasis is very important to the MCs.
Injuries and cell death are caused by insufficient
calcium for homeostasis.l” Ischemia and reperfusion
injuries during laparoscopy can open calcium
channels in the MC membranes.”®! The cytoplasmic
calcium increase causes MC degranulation!”
Evaluating the molecular mechanism could benefit
drug development. Activating calcium channels in
membrane mitochondria are a possible solution for
stabilizing intracellular calcium levels. Calcium
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homeostasis is important for preventing apoptosis and
necrosis of the MCs.

This study explores the active compound from
Eleutherine americana Merr. as a regulator of
mitochondrial calcium homeostasis in [AA. This
plant is well known as traditional medicine in Borneo,
Indonesia. E. americana Merr. has savor as an immune
stimulant, anti-inflammatory, antitumor, antioxidant,
and antibleeding agent.'"!"] Like methlut and
cromolyn, E. americana Merr. consists of flavones. Its
mechanism(s) of action involve decreasing intracellular
calcium levels.'? Tt is promising that E. americana
Merr. is a MC stabilizer. The biological activity and
pathways of E. americana Merr. in humans could
be explored computationally based on the structure—
activity relationship (SAR) approach. SAR is a well-
established method for biological process prediction.

MATERIALS AND METHODS

Ligand Preparation

Structure  of  simplified molecular-input  line-
entry system and 3D components of bioactive
compound E. americana Merr. were obtained from
the PubChem Open Chemistry Database. These 14
bioactive compounds are triterpenoid (CID 451674),
anthraquinone (CID 6780), eleutherinol/eleutherinone
(CID 15559106), elecanacin (CID 102091822),
eleutheroside-a (CID 101855622), eleutherine (CID
10166), isoeleutherine (CID 10445924), eleutherol (CID
120697), eleuthoside-b (CID 95224384), isoeleutherol
(CID 108003 14), dihydroeleutherinol (CID 102473740),
hongconin (CID 110108147), naphthol (CID 8663), and
naphthoquinone (CID 8530).110:11:13-16]

Biological Activity Prediction

Biological activity was predicted using the Prediction
of Activity Spectra for Substances (PASS) SERVER

http://www.pharmaexpert.ru/passonline/based on SAR
approach. The PASS SERVER score uses a constant
probability activity (Pa) with a threshold of 0.7. If Pamore
than 0.7, the laboratory tested will not much be different
with the computer prediction results.'” The compounds
were predicted for human intestinal absorption (HIA)
for evaluating oral use using Laboratory of Molecular
Modeling and Design server (http://lmmd.ecust.edu.cn/).
The lethal dose (LD50) of each compound was evaluated
using Advanced Chemistry Development iLab (https://
ilab.acdlabs.com/iLab2/) to predict the lethal dose when
applied in vivo in an animal model.

Protein Target and Pathway Analysis

The protein target of the active compound was
evaluated using hit identification and target prediction
using HITPICK (http://mips.helmholtz-muenchen.
de/hitpick). Analysis of the molecular pathway
prediction of this protein target using STRINGdb.
The pathway analysis was used for describing the
molecular mechanism of the active compound in
the cell. The direct pathway analysis was conducted
using the STITCH web (http://stitch.embl.de) server
for determining the chemical and protein interaction.
All pathways were downloaded and merged to get
comprehensive pathway. The shortest path analysis
was done in Cytoscape software.

RESULTS

The Biological Activity of Active Compound from
E. americana Merr. Extract

The compound screening for biological activity is the
first step to exploring herbal potency computationally.
The calcium channel inhibitor in the membrane cell
and calcium channel activator in the mitochondria has
arole in stabilizing MCs. The screening was based on
the Pascore. APaof0.3 means that the active compound
has minimum potency for the specific activity. If Pa
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Figure 1: Probability activity of Eleutherine americana Merr. extract as calcium channel activator
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Table 1: E. americana Merr. active compound based on canonical SMILES, HIA and LD50 analysis

Name of compound CID Canonical SMILES HIA+ LDS0 (Mol/kg)

Triterpenoid 451674 CCI(CCC2(CCC3(C(=CCC4C3(CCCsc4(ccce (C5(0) 0.9840 2.4620
COS(=0)(=0) 0) 0) C) C) C2C1) C)C(=0)0)C

Naphthol 8663 C1=CC=C2C=C (C=CC2=C1) O 1.0000 1.8556

Anthraquinone 6780 C1=CC=C2C(=Cl) C(=0) C3=CC=CC=C3C2=0 1.0000 2.7726

Eleuthoside B 95224384 CC1C2=C (C=C3C=CC=C (C3=C20C4C (C(C (C(04) 0.5342 2.5761
COCSC (C(C (C(05) CO) 0) 0) 0) O) 0) O) OC) C(=0) O1

Eleutheroside A 101855622 CC1=CC(=0) C2=C (C=C3C=C (C=C (C3=C201) O) 0.6505 2.3027
OCA4C (C(C (C(04)CO)0O)0)0O) C

Eleutherol 120697  CC1C2=C (C=C3C=CC=C (C3=C20) OC) C(=0) O1 0.9838 3.0288

Isoeleutherine 10445924 CCI1CC2=C (C(0O1) C) C(=0) C3=C (C2=0) C=CC=C30C  0.9920 2.8741

Elecanacin 102091822 CCICC23C (CC201) C(=0) C4=C (C3=0) C=CC=C40C 0.9963 2.6281

Eleutherine 10166  CCI1CC2=C (C(0O1) C) C(=0) C3=C (C2=0) C=CC=C30C  0.9920 2.8741

Dihydroeleutherinol 102473740 CC1CC(=0) C2=C (C=C3C=C (C=C (C3=C201)0)0) C 0.9637 2.3861

Eleutherinol/ 15559106 CC1=CC(=0) C2=C (C=C3C=C (C=C (C3=C201)0)0)C  0.9722 2.1674

Eleutherinone

Hongconin 110108147 CC1C2=C (C3=C (C=CC=C30C) C(=C2C(=0) 0.9524 2.9636
cOno oo

Naphthoquinone 8530 C1=CC=C2C(=0) C=CC(=0) C2=C1 1.0000 2.8888

Isoeleutherol 10800314 CC1C2=C (C=C3C=CC=C (C3=C20) OC) C(=0) O1 0.9838 3.0288

SMILES: Simplified molecular-input line-entry system
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Figure 2: Calcium homeostasis by regulating mitochondrial
calcium channel has an essential role in cell survival

is more than 0.7, the laboratory research results will
be similar to the computer prediction results.['”? There
are 10 compounds that have a Pa score above 0.3 as
a calcium channel activator. However, we screened
the best three compounds that have high probability,
which are naphthol (0.723), naphthoquinone (0.656),
and anthraquinone (0.647) [Figure 1].

HIA analysis was conducted for evaluating the
pharmacokinetic properties of the active compound. The
results showed that these active compounds could apply
orally. 98% of active compounds from E. americana
Merr. extract have an HIA score above 0.9. This means
that the extract could be easily absorbed in the human
intestine. The lethal dose parameter is necessary before
conducting the in vivo experiment. LD50 analysis
showed that most compounds have an LD50 below
3.0 Mol/Kg as a lethal dose prediction [Table 1].

Activation of calcium channels in mitochondria will
be a solution to IAA. The extract has a Pa score for
calcium channel activation above 0.3. This means

that it has to be shown experimentally to confirm that
hypothesis. Laparoscopies make intracellular calcium
higher in MCs. The sudden increase of calcium in
the cytoplasm causes loss of calcium homeostasis
and triggers injury and cell death. Injuries due to
calcium toxicity may be reversible or irreversible. In
physiologic condition, normal levels of calcium in the
cytosol are between 10 and 100 nMol, in contrast to
the extracellular level of 1-2 mMol (approximately
10,000 times).[ Preserving calcium homeostasis is
essential in life!'>'™ [Figure 2].

E. americana Merr. Extract as the Regulator of
Mitochondrial Calcium Homeostasis

Pathway  analysis  revealed that  naphthol,
naphthoquinone, and anthraquinone are able to interact
with protein calcium channel activators (VDACI,
MCU, and MARCKS/mMyR) through the intermediate
protein. Naphthol interacts with SULTIA1 and
PTGES3, then with HSP90OAA1 and finally with the
calcium activator protein [Figure 3]. Anthraquinone
interacts with the calcium activator protein through
TOP1 and HSP9OAA1. NR1H4 is a target protein of
naphthoquinone obtained the target HITPICK protein
analysis. NR1H4 can activate the expression of the
ABCBI1 protein and bind to the HSP90AAT1 protein
to interact with the calcium protein activator. This
molecular mechanism was categorized based on the type
of action in the stitch database. VCAMI is a calcium
channel protein in the membrane which will be inhibited
by calcium channel mitochondria (VDACT) to stabilize
the cytosol calcium level [Figure 3].

DISCUSSION

Average shortest path length analysis was done to
determine the fastest and the most effective pathway.
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Figure 3: Naphthol, anthraquinone, and naphthoquinone
play a role in the regulation of the mitochondrial calcium
channel (VDAC and MARCKS)

Table 2: Average shortest path length analysis

Protein target Average shortest path length

VDACI 2.05
MARCKS/mMyR 2.15
MCU 2.25

VDACI is predicted to be the fastest protein pathway
to interact with bioactive of E. americana Merr.
followed by MARCKS [Table 2]. The lowest score
indicates the most effective path for the regulatory
process.

Calcium entry into the mitochondria is regulated by
several channels including VDAC.I"! The calcium
entry mechanism is regulated by calcium signaling
in the subcellular region. Like both sides of a
coin, VDACI1 has a multifunctional mitochondrial
protein action.””! Metabolic and survival pathways
interact with the VDACI1 protein in regulation of
the mitochondrial calcium homeostasis.?') VDCA1
involved in mitochondrial calcium uptake induced
an apoptosis/anti-apoptosis balance. Early activation
of VDACI may optimize calcium homeostasis
because VDAC is able to regulate the influx and
efflux of calcium.">?% In hypoxia and anoxia, VDAC
has excessive closure and leads to downregulation
of mitochondrial function.”? Regulation of VDAC
is expected to improve mitochondrial function. In
addition, MARCKS (mRyR) that are located at the
inner membrane mitochondria may play a critical role
in mitochondrial calcium-mediated functions such as
energy metabolism, the mitochondria transition pore
opening, and reactive oxygen species forming.?*24
This unique property makes mRyR an ideal candidate
for sequestering calcium quickly and transiently during
physiological activity in cells that mRyR may function
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to sequester calcium in mitochondria in response to
the elevation of calcium level in intracellular.**

It can be concluded that E. americana Merr. extract has
calcium channel activator activity. The computational
study revealed that naphthol, naphthoquinone, and
anthraquinone were the main components. They
can regulate mitochondrial calcium homeostasis
by modulating VDAC and MARCKS/mRyR in
mitochondrial membranes. Both proteins could uptake
high intracellular calcium in injuries. This study could
be used as basic information for further experimental
analysis of E. americana Merr. extract.
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