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ABSTRACT

Fatimah grass (Anastatica hierochuntica ..) is a desert plant known as a traditional Indonesian medicine to help
the childbirth process become more comfortable: however, there is no scientific evidence to support this.
Previous studies have reported that methanol and water extracts from these plants have antioxidant, antifungal
and antimicrobial activity. Also, several studies based on im vive analysis have shown that Anastatica
hierochuntica L. has anti-inflammatory, anti-melanogenic and gastroprotective activity as well as
hepatoprotective properties. Anaftica hierochuntica L. has been found to contain flavonoid substances such as
luteolin-7-glucoside, isovitexin, kaempferol 7-glucoside, kaempferol 3 rhamnoglucoside, quercetin, rutin, and
glucosinolates, i.e.. glucoiberin, glucocheirolin, and sterols. Based on the content of these compounds,
Anastatica hierochuntica L. is a phytoestrogen that can bind to estrogen receptors in the human body and
produce a pro-estrogenic or anti-estrogenic effect on the target tissue. Thus, it may be used for herbal treatment.
In silico tests were performed using computer simulation methods to initiate the discovery of new drug
compounds or improve efficiency in the drug compound activity optimization. In silico tools can be us@Efo
predict, hypothesize and identify novel findings or new advances in the field of treatment and therapy. This
study aimed to determine the prediction of estrogenic activity compounds in Fatimah grass (dnastatica
hierochuntica 1..) and its potential as a phytoestrogen with target agonists to the estrogen receptor using in silico
tests. In silico studies were done using Pass Server and Molecular Docking by utilizing the role of
computational chemistry and the ACD/I-Lab program online. In this study, it was found that active compounds
in Fatimah grass have low activity against estrogen receptor agonists because the average value of activity
obtained was low (<0.3). The results of molecular docking using the PyRx program showed that isopimaric acid
was a compound that has a binding affinity value close to that of estradiol, so isopimaric acid is predicted to be a
phytoestrogen.
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INTRODUCTION

Herbaceous plants have been widely used in various countries as a traditional medicine for
pregnant women to treat various pregnancy-related diseases thereby improving the health status of
pregnant and postpartum mothers (Norden & Havnen 2005). One of the herbaceous plants known to
facilitate childbirth is Fatimah Grass (dnastatica hierochuntica 1..), a desert plant originating from
Arabia. Empirically, the use of Fatimah grass in Indonesia for mothers who will give birth was often
reported for pregnant women who believed that it could facilitate the process of uterine contractions
during childbirth.

Previous studies showed that Anastatica hierochuntica 1. extract contained phenolic
compounds (51.97 mg/gd.w). flavonoids (42.53 to 46.28 mg/gd.w). P-carotene (2.27pg/g) and
lycopene (Zﬁ ug/g) (Mohamed. et al. 2009). The flavonoid contents are luteolin-7-glucoside,
isovitexin, kaempferol 7-glucoside, kaempferol 3 rhamnoglucoside, quercetin, rutin and
glucqginolates such as glucoiberin and glucocheirolin as well as sterols. Rizk et al. (1993) explained
that the lipid fraction of Anastatica hierochuntica plants was producedgydrocarbon isolation
(especially: C25H52, C29H60 and C31H64) and the sterol fraction (P-sitosterol, campesterol,
stigmasterol and cholesterol) also identified two flavonoids, namely luteolin and luteolin 7-0-
glucoside.

Flavonoids have estrogenic activity and significantly increase the cytosolic ERu concentrations
which also increase uterine sensitivity after binding to estrogen (Breinholt et al. 2000). Phytoestrogens
or herbal estrogens can bind to estrogen receptors produced by the body and produce pro-estrogenic
or anti-estrogenic effects on the target tissue. The response depends on the amount of estrogen and
estrogen receptor produced. Several studies have successfully obtained an overview of the effects of
phytoestrogens, including the ability to bind to estrogen receptors on target organs and also induce
gene products that have a specific response to estrogen (Kuiper et al.. 19f).

Its receptors mediate the mechanism of action of estrogen. Estrogen receptors (ER) are
members of the nuclear receptor hormone superfamily. which includes nearly 150 members. Estrogen
receptors bind to the hormone estrogen for the transcription process in specific genes, consisting of
two isoform subtypes, namely ERa and ERp. Estrogen bonding to receptorgfijduces changes in
receptor structures, leading to dimerization, pre-transcriptional modification, and binding to DNA
enhancing elements in the promoters of specitic genes that will interact with transcription machinery
to produce changes in promoter activity (Conneely et al., 2001).

In inactive conditions, steroid hormone receptors such as estrogen are bound to chaperone
proteins known as heat shock proteins (IHSPs). such as hsp90, hsp70, and hsp56. In physiological
conditions, steroid or estrogen hormone bonds in the receptor terminate the chaperone protein bond
with the receptor, making it easier for the receptor to interact with the genome by bonding with
deoxyribonucleic acid (DNA). Estrogen receptors are bound to DNA as homodimers, with
dimerization occurring after release from the chaperone protein. Estrogen receptors form more stable
homodimers than other steroid receptors (Beato et al., 2000; Conneely et al., 2001). The process when
the chaperone protein is separated from the steroid receptor after being bound to steroid hormones
causes the receptor to bind to DNA and is known as activation or transformation. This is also called
steroid-dependent conformational changes from the receptor protein. However, the molecular basis of
the steroid work step is unclear. After activation and dimerization, the receptor is tightly bound to a
specific DNA sequence, close to the gene regulated by estrogen. The binding of receptor proteins to a
specific DNA sequence is called the response element (HRE) hormone. The result is the interaction
between estrogen receptors and other transcription factors and the essential transcriptional complex.
This interaction affects the rate at the start of the transcription of genes, whether positive or negative.
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ER mediates estrogen activity in critical p.hysiological Eycesses. including the development and
functioning of the female reproductive system. Laudanski et al. (2004) found the presence of ERa and
ERP expression in a woman's myometrium at the end of pregnancy with moderate EROP intensity
and moderate/strong ERP. Immunostaining results indicated the presence of ERa antibodies in the cell
nucleyggguclear localization), while ERP was reported in the cytoplasm (cytoplasmic localization).

This study aimed to determine the estrogenic activity of compounds in Fatimah grass
(Anastatica hierochuntica 1..) and its potential as a phytoestrogen, with agonist targets for estrogen
receptors. The samples in this study were herbal extracts of Fatimah grass (4dnastatica hierochuntica
L. family Brassicaceae) which had been dried. A phytochemical test was performed using a liquid
chromatography-mass spectrometry (LCMS) method. The prediction used was based on in silico
analysis using the Pass Server and Molecular Docking method by utilizing the role of computational
chemistry and the online ACD/I-Lab program. Docking simulations were carried out to visualize the
molecular level interactions between compounds with ERa. As a comparison, a simulation of docking
between estradiol and ERa was carried out. Many studies of estrogenic activity and in silico tests in
herbaceous plants have been carried out, but studies related to in silico tests on Fatimah grass
compounds (Anastatica hierochuntica 1..) have never been carried out before. Therefore, the results of
this study are expected to provide information about estrogenic Fatimah grass activity and its potential
as a phytoestrogen for further research related to the role of Fatimah grass (Anastatica hierochuntica
L.) in childbirth.

MATERIALS AND METHODS

Phytochemical Analysis:

Phytochemical tests of Fatimah Bass extract (Anastatica hierochuntica 1.) using the LCMS
method involves a chemical analytical technique that combines the physical separation capability of
liquid chromatography (or HPLC) with the ability for mass ggglysis of mass spectrometry (MS).
Layered chromatography or the MS system is often used in the chemical analysis because the ability
of each technique i1s improved synergistically. Liquid chromatography separates the mixture with
several components, while mass spectrometry provides thruct'ural identity of each component with
high molecular specificity and detection sensitivity. This technique can be used to analyze
biochemical, organic and inorganic compounds that are commonly found in complex samples from
the environment and biology. The LCMS procedure used for the phytochemical test of Fatimah grass
(Anastatica hierochuntica L..) in this study was started by dissolving 100-250 g of smooth Anastatica
hierochuntica L. into 95% ethanol at a ratio of 1:5 by maceration and centrifugation at 5000 rpm for
20 minutes. The supernatant obtained was further processed to purify the extract or was purified
before proceeding to the LCMS test with the computer program LCMS Solution for Windows. The
data were processed using the PostRun LCMS. The test results were used to determine the compounds
in Fatimah grass (Anastatica hierochuntica L..) that will be used to assess estrogenic activity based on
the in silico tests.

Target Identification:

The three-dimensional structure of estradiol, which 1s associated with egenic and estrogen
receptor activity and which will be used in the docking process, was obtained from the Protein Data
Bank (GDP) via http://www.rscb.org with GDP ID: 1ERE and stored in the form of PDB format (*
pdb ); unnecessary molecules (ligands and water) were removed using PyMol software.




Figure 1. 3D Structure of human estrogen receptor ligand-binding domain in complex with 17beta-estradiol

Ligand Identification:

Ligand preparation was done by downloading the active compound ligands from Fatimah
grass through PubChem (http://pubchem.ncbi.nlm nih.gov), and then the 2D structures were stored in
SDF format (* sdf). Each ligand structure was made in the SDF format and then converted to GDP
format for doctrinal studies. The 3D structure of the ligand is shown in Figure 2.

(1ERE)

Figure 2. The 3D structure of isopimaric acid (CID: 442048)

Table 1. The Pubchem ID & Structure of reference endogenous estrogens and selected dietary

compounds.
N | Compound (Pubche | Mol Structure/SMILES Notation /ITUPAC Name
o m CID) | Formula/
Mol wt

1 | 17-beta 5757 CisHx O,

estradiol 272.388

/Estradiol/ g/mol

Dihydrofollic

ulin

SMILES:
CC12CCC3C(C1CCC20)CCCe=C3C=CC(=CHO
IUPAC Name: (8R.95.135,148,175)-13
methyl6.7.8.9.11.12.14.,15,16.17decahydrocyclopenta[
a]phenanthrene-3,17-diol




2 | Isopimaric 442048 | CaoHse0:
Acid 302.458
g/mol
SMILES:
CCI1(CCC2C(=(EER 3C2(CCCC3(C)C(=0)O)C)C1)C=C
JUPAC Name: (1R 4aR.4bS.7S,10aR)-7-ethenyl-1,4a,7-
trimethyl-3.4.4b.5.6.8,10,10a-octahydro-2H-
phenanthrene-1-carboxylic acid
3 | Ellagic acid 5281855 | CiaHsOs W
302.194 '“--l =
gfmol Y
g | JI
EMILES:
C1=C2C3=C(C(=C10)O)OC(=0)C4=CC(=C(C(=C43
)OC2=0)0)O
IUPAC Name: InChI=1S/C14H608/c15-5-1-3-7-8-
4(1420)22-11(7)9(5)17)2-6(16)10(18)12(8)21-
13(3)19/h1-2,15-18H
4 | Naringenin 932 CisHi20s
272.256
g/mol .
. oy
SMIEES:
58 (0C2=CC(=CC(=C2C1=0)0)0)C3=CC=C(C=C3)0
IUPAC Name: 5.7-dihydroxy-2-(4-hydroxyphenyl)-
2.3-dihydrochromen-4-one
5 | Medicarpin 336327 | CisHpOq4
270.284
g/mol _ LV
e A .
ERILES:
COC1=CC2-C(CPF1)C3COC4=C(C302)C-CC(=C4)0
TUPAC Name: (6aR.11aR)-9-methoxy-6a,11a-dihydro-
6H-[1]benzofuro[3,2-c]chromen-3-ol
Molecular Docking:

Protein-ligand docking studies were carried out based on the crystal structure of human o-
estrogen receptors. The software used for docking was Autodock Vina in PyRx v.0.8. The molecular
docking method was used to predict the interactions that occur between two or more molecules and




the strength of the docking score as well as the type of bond that occurs. The principle in docking is to
tether a ligand (Fatimah grass compound) to the active site of the receptor (estrogen receptor). The
docking results were stored in PDB format and the binding affinity value data were stored in
Microsoft Excel software. Ligands in this molecular docking process were all compounds that can be
found in Fatimah grass (Anastatica hierochuntica 1..) which were identified from the phytochemical
test results using the LCMS method. The visualization of docking results only used the compounds
that were chosen due to the greatest potential as phytoestrogens.

The 2D Docking Results Visualization:
The 2D bond type was analyzed using Discovery Studio v.2016 software. This visualization
can be used to analyze the type of bond and the distance between the molecules that interact.

Processing and data analysis techniques:

The molecular docking analysis using the PyRx program was used to determine the
interaction between the estrogen receptor and bioactive Fatimah grass. It was determined based on the
affinity score binding i.e. the more negative score of affinity, that the interaction between
macromolecules (receptors) and ligands (compounds) were better. The lower the docking score
produced, the stronger the ligand-receptor affinity (Gilson and Zhou 2007) (while the prediction of the
active compounds activity in Fatimah grass on estrogen receptor agonists using PASS SERVER gave
an average activity score of at least 0.7 which means that the compound computationally has potential
as a phytoestrogen).

RESULTS AND DISCUSSION

The Bioactive Compounds Found in Anastatica hierochuntica L.

Phytochemical analysis results showed that the ethanol extract of Anastatica hierochuntica L
contained 75 kinds of active compounds. mainly consisting of most flavonoid. phenolic, and organic
acids and a small portion of diterpene, triterpenes, sesquiterpenes and sterols. Meanwhile, only 20 of
the 75 compounds found in Anastatica hierochuntica 1.. ethanol extract were estimated to have greater
estrogenic activity potential than other compounds (Table 2).

Table. The 20 bioactive compounds found in Fatimah grass that were selected

No Compound Name Molec(;}::'o;\felght Group Con}gzﬁmon
1 | Isopimaric acid 302.45 Diterpene 0.33186
2 | Ellagic acid 302.19 Phenolic 3.31892
3 | Naringenin 272.25 Flavanoid 2.59025
4 | Medicarpin 270.28 Pterocarpane 1.12839
5 | Sugetriol 252.35 Sesquiterpene 1.00152
6 | Chlorogenic acid 354.31 Organic acid 1.73833

Polycyclic aromatic
7 | Anthracene I78.23 hvd)roisarbon 118165
8 | Palustric acid 302.45 Organic acid 0.26471
9 | Apigenin 270.24 Flavonoid 1.98546
10 | Caryophyllene 204.35 Sesquiterpene 2.60233
11 | Levopimaric acid 302.45 Diterpenc 0.24025
12 | Luteolin 302.45 Diterpene 0.24025




13 | & Cadinene 204.35 Sesquiterpene 0.36135
14 | Chrysin 25424 Flavonoid 1.97967
15 | Genistein 270.24 Isoflavonoid 0.19306
16 | Daidzein 254.24 Isoflavonoid 0.26501
17 | B Selinene 204.35 Sesquiterpene 0.60812
18 | Irisresorcinol 318.49 Phenolic alkene 4.80996
19 | Kaempferol 286.24 Flavonol 1.91508
20 | Quercetin 302.24 Flavonol 2.63521
The Activities Prediction of Anastatica hierochuntica L

phytoes

Molecu

The prediction was conducted using PASS SERVER. It was shown that active compounds in
Fatimah grass have low activity against estrogen receptor agonists because the average value of
activity obtained was low (<0.3). This indicates that the compound has predicted potential as a

trogen based on the computational analysis (Goel, 2011) (Figure 3).

Probability to be "active"

Estrogen beta receptor agonist

Estrogen alpha receptor agonist
oxytocic —

oxytocin agonist
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0.5

Figure 3. The active compound activity of Fatimah grass towards the estrogen receptor agonist

Docking of Anastatica hierochuntica L

Molecular docking was carried out using the PyRx program to determine the interaction
between macromolecules (receptors) and ligands (compounds) (Figure 4).
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Figure 4. The score of Fatimah grass active compounds binding affinity to agonist estrogen receptor (Kcal/mol)

The binding affinity value of isopimaric acid was -9.7, ellagic acid was -9.6, naringenin was -
8.8 and medicarpin was -8.5. This means that 1sopimaric acid and allagic acid had potential activities
likes those of estradiol because the binding affinity value was close to -10.7, while Naringenin and
medicarpin have lower binding affinities. This indicated that the more negative score of binding
affinity resulted in a better interaction between macromolecules (receptors) and ligands (compounds)
because it only needs a small amount of energy to interact. Based on these results, isopimaric acid was

predicted to be a phytoestrogen, while Naringenin and Medicarpin compounds were predicted to have
smaller phytoestrogen potential than Isopimaric acid and Ellagic acid.

The 2D Visualization of Isopimaric acid The 2D Visualization of Estradiol
ALA
PMET A:350
AZA21 - LEU
[ il S}J A:lde _
EHy L D GLUY
2 a h
ASss . Amod \ Resaal.. lassz
LEU — 3 e q — — 4
A3 [ o NS\ VAR H
=N P ¢ O )
' NN L /_/ Yooy
— ‘ J LEY ™~ \__/ . ALA
/ / g Al525 P A:350
/ (Azdng
LEU :
A:384
LEY
LEU LEL MET AZ387
A525 ILE Ai38q : 3 LEU
Aza2a /3% Az
Interactions Interactions
Bl conventional Hydrogen Bond [ riake Il corventiceal Hydrogen Bond [ ake
[ Atn B P Tshered [ Prad

Figure 5. Ligand bonds (active compounds found in Fatimah grass) on the estrogen receptor active site




It is clearly shown that ligand bonds of isopimaric acid at estrogen receptors occur at amino acids
Leu39l, Ala350, Leu387, Leu346, Phed04, Leu525, and Leu384, which were the same as the
estradiol bonds in estrogen receptors. Other bonds of isopimaric acid with estrogen receptors occur at
amino acid Met421, whereas estradiol binds to Met388 (Figure 5).

Note: Blue: estrogen receptor, orange: [sopimaric acid, green: estradiol

Figure 6. The 3D structure of isopimaric acid and estradiol

DISCUSSION

The results showed that thmclive compounds contained in Fatimah grass had low activity
against estrogen receptor agonists for both the u-estrogen receptor and f-estrogen receptor, as well as
estrogen agonists (mean value <0.3). These results were obtained from the overall analysis of active
compounds in Fatimah grass using the Pass server program. This indicates that the active compounds
in Fatimah grass are also predicted to have an ability as phytoestrogens based on the computational
analysis, but are still not analyzed based on the in vive analysis (Goel, 2011). However, from the
results of the docking analysis, some active compounds in Fatimah grass (Anastatica hierochuntica
L.) have potential as phytoestrogens based on docking scores. It is assumed that isopimaric acid,
ellagic acid, naringenin and medicarpin compounds have potential as phytoestrogens because they
have a large binding affinity score close to that of estradiol as a control. This binding ability of
phytoestrogens can help to predict their activity in selective tissue based on the expression of estrogen
receptor subtypes in specific tissues. A similar competitive molecular docking approach has also been
used for agonists and antagonists of estrogen alpha (ERa) receptors (Ng H. W., 2014). ERa has three
specific binding sites 1.e. ligand binding domain (AF-2), against growth factor (AF-1) and the DNA
domain (]ﬁA-binding domain). Ligands that bind to estrogen receptors and compete with estrogen
are called selective estrogen receptor modulators (SERMs). SERM compounds can act as antagonists
or agonists depending on the location of the receptors on the target tissue; this is due to different
tissues having different ERa conformations (Putra, 2008).

Phytoestrogens are a substrate of plants that have estrogen-like properties; although its
chemical properties are different from those of estrogen, it has a nucleus that is exactly the same.
Estrogenic properties occur because phytoestrogens also have 2-OH/hydroxyl groups that are 11.0-
11.5 AO in essence., which is exactly the same as the estrogen nucleus itself. The researchers agree the




distance of 11 AO and this -OH group is the main structure of a substrate to have an estrogenic effect,
which has a certain affinity that able to occupy estrogen receptors (Achadiat 2007). Phytoestrogens
will have estrogenic effects if they bind to estrogen receptors, but the affinity of phytoestrogens
against estrogen receptors is lower than that of endogenous estrogen. Bonds of phytoestrogens or
herbal estrogens with estrogen receptors produce a pro-estrogenic or anti-estrogenic effect on the
target tissue. The response depends on the amount of estrogen and estrogen receptor produced.
Phytoestrogens are compounds that are naturally formed and are found in plants. Phytoestrogens are
contained in plant ues in the form of glycosides, which are soluble in water. Phytoestrogens are
identified as plant substances that are structurally and functionally similar to estradiol (Knight, Wall
& Eden 1999). Several studies have succeeded in obtaining an overview of the effects of
phytoestrogens, including their ability to bind to estrogen receptors on target organs and induce gene
products that have a specific response to estrogen (Kurzer 1997). Phytoestrogens have estrogenic
properties and receptors similar to 17p-estradiol (Lissin et al., 2000).

The prediction of the phytoestrogen effects based on the in vivo analysis is more difficult due to
the route of administration, the chemical form of the phytoestrogens, metabolism, bioavailability,
half-life, time and level of exposure, intrinsic estrogenic state and non-hormonal secondary mediation
of phytoestrogens. The potential of Fatimah grass extract (Anastatica hierochuntica 1..) as a
phytoestrogen through in vive research showed that the administration of Fatimah grass extract with a
dose of 100 mg/KgBW for 5 days could increase estrogen alpha (ERa) receptor expression compared
to controls (Astutik, 2011). However, from these results, the active compounds that act as ligands in
binding to estrogen receptors are unknown. Based on the results of docking tests on active compounds
in the extract of Fatimah grass, it can be seen that some compounds in Fatimah grass can bind to
estrogen receptors and have a great affinity, including [sopimaric acid. Ellagic acid, Naringenin and
Medicarpin. By binding to the ligand on the receptor, there is stimulation of the protein receptor,
resulting in a change in shape, which results in the receptor-ligand complex becoming active. This
complex enters the cell nucleus and is thought to be bound by certain components of chromatin or
genetic material. This causes the activity of genes to change and stimulates the formation of DNA
(Deoxyribonucleic Acid) through RNA (Ribonucleic Acid).

[sopimaric acid is a member of the resinous acids group in the form of tricyclic diterpene,
which has a thick three-ring structure, one carboxyl group and a double bond (conjugated). Isopimaric
acid and several other compounds in Fatimah grass (Anastatica hierochuntica 1..) can bind to human
estrogen receptors with different affinity. This can be seen from the docking score of compounds in
the Fatimah grass with estrogen receptors. The results showed that isopimaric acid had the highest
docking score compared to other active compounds in Fatimah grass (Anastatica hierochuntica L..)
including flavonoid compounds that are widely found in Fatimah grass, which is close to endogenous
estrogen docking score, estradiol. This shows a significant similarity between the in vivo test and the
in silico approach to estrogen definitively from plant-derived compounds. Therefore, the in silico
study is very important in screening & predicting the activities of a large number of compounds
including estrogenic activity. Conceptually, isopimaric acid is a compound that acts as a major
distributor of calcium (Ca?") in cells by activating the opening of potassium (K*) channels after
binding to receptors. Therefore, through this in silico test, it is also possible to analyze the role of
Fatimah grass extract herbs in activating transduction signals in cells and gene transcription processes
using pathway analysis. Thus, these findings indicate that the active compounds in Fatimah grass have
estrogenic effects and are predicted to be phytoestrogens that may play a role in the reproductive
process.




CONCLUSION

In conclusion, isopimaric acid 1s one of the estrogen receptor ligands found in Fatimah grass
(Anastatica hierochuntica 1..) which provided the greatest affinity and good potential as
phytoestrogens. Therefore, the results presented here are important for the faster and cheaper
screening of a large number of plant-derived compounds such as for estrogenicity to discover drugs.

ACKNOWLEDGEMENT

This research was financially supported by Pusat Peningkatan Mutu dan Sertifikasi Pendidik for
Lecture’s Scholar related to Kementerian Kesehatan RI. Thanks to Shimadzu Laboratory that
facilitated this research with LCMS and InBio Indonesia of Universitas Brawijaya Malang that help to
perform the in silico test.

(1) Similar studies must be carried out to predict the activity of compounds in signaling activity
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