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In this work in silico study of the interaction of artemisinin with ligand bind domain of
glucocorticoid receptor by molecular modeling methods. Artemisinins belong to the family of
sesquiterpene lactones, secondary metabolites of medicinal plant Artemisia annua, which has been
traditionally used in Chinese medicine. Artemisinins exhibit antioxidant, anti-inflammatory, anti-
carcinogenic and other activities. Molecular docking, principal component analysis, cluster analysis
have revealed three binding sites of artemisinin with ligand bind domain of glucocorticoid receptor
which are very important regions. Comparative analysis was performed with dexamethasone, which is
a corticosteroid medication. Thus, we have shown for the first time that artemisinin affects extremely
important sites of ligand bind domain of glucocorticoid receptor, it should be noted that the first
binding site of artemisinin corresponds to the interaction site of dexamethasone. This may represent a
molecular basis for ligand-dependent receptor activation and the possibility of using artemisinin as a
new ligand for glucocorticoid receptor.

Glucorticoid receptor — artemisinin — dexamethasone - molecular docking — cluster analysis

B nannoii pabote u3ydeHo insilico B3auMoaeicTBIE apTeMU3HHIHA C JIUTaH/ CBA3BIBAIOLINM
JOMEHOM TJIFOKOKOPTUKOUIHOTO PELENnTOpa METOJaMU MOJEKYISPHOTO MOAEIUPOBAHUSA. ApTeMH-
3WHHUHBI OTHOCATCSA K CEMEHCTBY CECKBHTEPIIEHOBBIX JIAKTOHOB, BTOPHYHBIX METa0OIUTOB JIEKAPCT-
BEHHOTO pacTeHHUs Artemisiaannua, KOTOpOe TPAJULIHOHHO HCHONB3YETCS B KUTAWCKOW MEAHIIMHE.
ApTEeMU3UHUHBI NIPOSBIIOT aHTHOKCUJAHTHYIO, [IPOTUBOBOCIIAIUTENIBHYI0, aHTUKAHIEPOICHHYIO U
Jp. aKTHBHOCTH. MeTonaMy MOJIEKYJISIPHOTO JOKHHTa, aHaIM3a 110 TJIaBHBIM KOMIIOHEHTaM H KJiac-
TEPHOTr0 aHaJKM3a BBIIBICHO TPU CaiiTa CBSI3bIBAHUS apTEMM3MHUHA C JIUTAHJ CBA3BIBAIOLIMM JIOME-
HOM TIJIIOKOKOPTUKOUJHOIO PELENTOopa, KOTOPbIE SBIISIOTCA Ype3BbIYalfHO Ba)KHBIMHU YYaCTKaMH.
IIpoBeneH cpaBHUTENbHBIM aHANIM3 C KOPTUKOCTEPOMIHBIM IIpENnapaTroM AekcaMmera3oHoM. Hamu
BIIEPBbIE [T0KA3aHO, YTO APTEMU3UHUH BIHAET HA UPE3BBIYAIHO BaXKHBIE YYACTKU JIUTAH]| CBSI3bIBAIO-
UM JIOMEHOM TJIIOKOKOPTHKOUIHOTO PELENTopa, NMPHU 3TOM MEPBBIA CalT CBA3BIBAHUS apTeMH3HU-
HUHA COOTBETCTBYET CalTy B3aMMOJCHCTBHS JEKCaMeTa30Ha. JTO MOXKET MPEACTaBISTh MOIEKYIIApP-
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HYIO OCHOBY JUISl JIMTaH[-3aBUCHMO} aKTHUBAILMH PELENTOPA U PACCMOTPEHNUSI BOSMOKHOCTH HCTIONb-
30BaHUS apTEMH3MHIHA B KAYECTBE HOBOTO JIMTAH/A AT 3TOTO PELENTopa.

I'mIoKOKOPTUKOUAHBIN PELENTOP — APTEMU3UHUH — IEKCAMETa30H — MOJICKYJISIPHBIM JOKUHT —
KJIACTEPHBI aHaJIH3

Uju  wphuwwnwupnid hpwywuwgywé E wpntdhghuphuh W gyniynynpuinhynhnwiht puywihsh
thawun Ywuwnn nndtuh thnfuwgntgnipjwl niuntduwuhnpnpnil insilico dnlGyntiwiht dnnGpugnpdwu
JGennutph dhgngny: WUpwnGdhghuhUuGpp wwuwnwunwd Bu ubupyhpbnwtUwihu jwywnnuubph puunw-
Uhphu, hwunhuwUwiny Artemisiaannua nGnwpnyuGph Gpypnpnwihb UGunwpnihn, npu wdwunwpwnp
ogqunwgnndyntu £ shuwywlu pdoyniejwl Jtg: UpinbGdhghUuhUutnp gnigwptpnud U hwwopuhnwuwnwihl,
hwywpnppnpnwihu, hwywpwngybnwdhu W wy) wywmhdnipinibutp: UnGyniwihu nnphugh, hhdbwywu
pwnwnphstph yGpinedniejwl, Yiwuwnbnpwihu yepinénejwu dhgngny hwjinuwptbpdb) £ wnpunbdhghUhuh
W guntynynpinhnhnwiht pLywihsh (hgwunywwnn nndtuh dhg U Juwdwl Gpbe Ywie, npnug sw-
thwquwlg Ywplnp GU: Ywwnwpdt) £ hwddwnwywu gGpineénceinit nGpuwdtnwgnuh npwbu Ynp-
wnhynupbnnhnwihu nbnwujnieh htwn: Wuwhuny, wnwghu wugwd gnig E wpdb, np wpwnbdhghup
thnfuwagnnud £ gyniynynpinhynhnwih puywihshih thqwlnyuwnn nndtuh htwn swthwqulig Yuplenp
Ywjptph hGwn, punnpnud Upw wnwehu Ywipp hwdwwwwnwupuwunud £ nbpuwdGunwgnuh thnhwagnb-
gnijwu Ywiph htwn: Uw Ywpnn E dniGyngqwihu hhdp hwunhuwuw) thgwunhg Ywhuwé puywihsh
wywnhywgdwl W wpwnBUhghuh nhunwnydwu huwpwydnpniejwup npwtu Unp |hqwln:

QunLynlynpunplynpnuyhl pbuwypy - wpnbdhghUpl - nbpuwdtinwgnl - Unjthnyuyhl nnphliq-
Ywuinbnuyhl Yepnconcaynty

Artemisinins, secondary metabolites of medicinal plants Artemisia annua belong to the
family of sesquiterpene trioxane lactones, traditionally used in Chinese medicine [1, 6].
Artemisinins exhibit a wide range of biological activities, such as antioxidant, anti-
inflammatory, anti-carcinogenic, immunomodulating, antimicrobial, antiamiloidogenic
anthelmintic, antiviral,etc. [8,19]. Artemisinins may contribute to formation of free radicals,
modulate multiple signaling pathways, including TLR, Syk tyrosine kinase, phospholipase
C, phosphatidyl inositol-3 kinase / protein kinase C cascade, mitogen-activated protein
kinases, B-catenins [11, 8], and also the transcriptional factors STAT-1/3/5, NF-xB , Spl
and Nrf2 / ARE, as well as NR3. In vitro studies in human hepatocytes revealed the
activation of the constitutive androstan receptor (CAR, NR1I3) [5] the main mechanism of
artemisinin mediated induction of CYP3A4, CYP2B6, and ABCBI1 [18]. However, the
exact mechanisms of action or molecular targets are not well studied. There is a major task
for the identification of molecular targets for artemisinin. Preliminary in silico screening
using TargetNet [23] showed that the optimal target for artemisinin is the ligand-binding
domain of the glucocorticoid receptor (LBD GR). Ketosteroid receptors including human
glucocorticoid (hGR) play a vital role in the maintenance of numerous functions such as
metabolic and homeostatic regulation through the interaction with glucocorticoids [16,
20].Glucocorticoids are known to play a significant role in orchestrating cell-cell
communication, which is necessary for the coordination of development, growth,
metabolism, immunity and used extensively for inflammatory disorders [7, 14]. However,
this is a double-edged sword approach with beneficial therapeutic actions alongside serious
adverse effects [22].1t should be noted that a lot of modern research has been focused on the
development of novel compounds such as selective glucocorticoid receptor agonists or
selective glucocorticoid receptor modulators , that can be used as anti-inflammatory drugs.

In silico study was performed for the identification of binding sites of artemisinin with
human glucocorticoid receptor and comparative analysis with common used drug
Dexamethasone (9-fluoro-11b,17,21-trihydroxy-16 a methylpregna-1,4-diene-3,20-dione).

Materials and methods

LBD of hGR was selected from the Brookhaven (RCSB) Protein Data Bank (PDB)
[3]. In order to validate the accuracy of the obtained results, co-crystallized dexamethasone
ligand was extracted from the LBD of hGR and performed blind docking.To build the hGr—
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ligand complex, using Autodock Vina [21]. 100 docking runs were performed. Principal
component (PC) [12] and cluster analysis using K-means algorithm [10] was performed on
docking results. Cluster quality was assessed using Davies—Bouldin Index (DBI) ,Silhouette
Score, Dunn Index and the pseudo-F statistic (pSF or Calinski Harabasz) [2]. The root-
square-mean-deviation (RMSD) was calculated using MDTraj library [13]. The RMSD
between the predicted conformation and the observed X-ray crystallographic conformation
was then determined.Maps of hydrophobic and hydrophilic interactions for artemisinin and
dexamethasone with hGR were also generated. Ligplot was used for the identification of
interaction modes of artemisinin [23]. 3D visualization was done using Pymol [9].

Results and discussion

The docking procedure accuracy was assessed by examining how closely the centroid
[13] pose extracted from 100 runs (binding conformation) by re-docking of co-crystallized
ligand 9-fluoro-11b,17,21-trihydroxy-16a-methylpregna-1,4-diene-3,20-dione (dexametha-
sone) resembles the binding mode obtained by X-ray crystallography. The RMSD value
between the two superimposed poses of dexamethasone co-crystallized ligand, bound to
hGR (PDB ID: 4UDC) and its conformation obtained after re-docking was 0.5 A (Fig.1).
The RMSD value for the predicted pose is less than 2.0 A, which indicates that the
prediction is of good quality [21].

-

Figure 1. Superimposition of docked poses of dexamethasone (blue) with its crystallographic structure (red)
conformation (RMSD: 0.5 A).

Principal component analysis and cluster analysis using k-means demonstrated that
there are three binding sites of artemisinin to LBD GR. The first binding site (cluster)
contained 65% of docked poses with the highest binding affinity (-7,069+0,479%cal/mol).
An optimal number of clusters were chosen, simultaneously accounting for a low DBI,
High Silhouette, High Dunn Index and high pSF values [2].

Comparative analysis of the interaction of artemisinin and dexamethasone demonst-
rated that the first binding site of artemisinin matches the interaction site of dexamethasone
with LBD hGR. (Fig 2 a, b).

Dexamethasone forms 3 hydrogen bonds with hGR between (Figure 3, Figure 4b) Leu
563, Gln 570 and Thr 739 residues. It should be noted that dexamethasone forms hydrogen
bonds, while artemisin does not. Artemisinin interacts hydrophobically with Asn564,
GIn642 u Tyr735 (Figure 3)
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Figure 2.a) Binding mode of artemisinin in the catalytic pocket of hGR (PDB ID: 4UDC): 1, II and III — binding
sites .b) Superimposition of docked pose of Dexamethazone with its crystallographic structure (RMSD: 0.5 A)
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Figure 3. Putative Hydrogen bonds (black line) formed between
Dexamethasone with LBD of hGR (PDB ID: 4UDC).

The hydrophobic interaction analysis of the first binding site demonstrated (fig 2a )
that A, B, C u D rings of Artemisisin interact with a — helixes H3, H7, H10/H11 and BA-
sheets of LBD GR. Aminoacids of H3 and BA play an important role during dimerization of
LBD GR and aminoacids of H5 - dimer stabilization [4]. Aminoacids of H3-H7 (550-
653a.a) are responsible for the binding with chaperone Hsp90[15], and H3, HS u H12 - co-
activator NcoA-2 binding site [23]. In the second binding site A,C,D rings of artemisinin
interact hydrophobically with the aminoacids of H9 and H10 and in the third — H1,HS and
HS8 with A,B,D rings. Aminoacids of Glu542, Val543( H1, HS) are responsible for the
dimerization stabilization of LBD hGR[17] Artemisin interaction interacts hydrophobically
with the aminoacids of the first binding site: Met560, Leu563, Phe623, Met646, Leu732,
I1e747, Phe749, Arg611, 3rd binding site like dexamethasone.

107



All glucocorticoids interact with ligands including dexamethasone through GIn642,
while Tyr735 plays an important role during ligand interpretation and receptor transacti-
vation. The interactions with these amino acids play a critical role for conformation
changes of the receptor. Both artemisinin and dexamethasone interact with Ile747 and
Phe749 of the loop that is located before AF- 2 helix. These interactions provide the
stabilization of AF-2 during its active state as well as the dimerization of LBD GR. This
presents a molecular basis for ligand dependent activation of GR [4]. Comparative analysis
of the first binding site of artemisinin with LBD GR with dexamethasone demonstrated that
have common amino acids that participate during the interaction. Each ligand has its own
peculiar interaction with other amino acids, which can explain GR conformation changes
and this can promote the formation of alternative protein surface and affect co-regulator
binding.

Phefild
(EA}

(HT) ’%
Mulfulf

A B
Figure 4. Binding mode of the 1-st cluster artemisinin (PDB ID: 4UDC) (a) and
dexamethasone (b) in the catalytic pocket of hGR.

In this study we have shown for the first time that artemisinin affects extremely
important sites of LBD GR, it should be noted that the first binding site of artemisinin
corresponds to the interaction site of dexamethasone. This may represent a molecular basis
for ligand-dependent receptor activation and the possibility of using artemisinin as a new
ligand for GR.
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