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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  
 
В данной работе изучено insilico взаимодействие артемизинина с лиганд связывающим 

доменом глюкокортикоидного рецептора методами молекулярного моделирования. Артеми-
зинины относятся к семейству сесквитерпеновых лактонов, вторичных метаболитов лекарст-
венного растения Artemisiaannua, которое традиционно используется в китайской медицине. 
Артемизинины проявляют антиоксидантную, противовоспалительную, антиканцерогенную и 
др. активности.  Методами молекулярного докинга, анализа по главным компонентам и клас-
терного анализа выявлено три сайта связывания артемизинина с лиганд связывающим доме-
ном глюкокортикоидного рецептора, которые являются чрезвычайно важными участками. 
Проведен сравнительный анализ с кортикостероидным препаратом дексаметазоном. Нами 
впервые показано, что артемизинин влияет на чрезвычайно важные участки лиганд связываю-
щим доменом глюкокортикоидного рецептора, при этом первый сайт связывания артемизи-
нина соответствует сайту взаимодействия дексаметазона. Это может представлять молекуляр-
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ную основу для лиганд-зависимой активации рецептора и рассмотрения возможности исполь-
зования артемизинина в качестве нового лиганда для этого рецептора. 

Глюкокортикоидный рецептор – артемизинин – дексаметазон – молекулярный докинг – 
кластерный анализ 

 
²Ûë  ³ßË³ï³ÝùáõÙ Çñ³Ï³Ý³óí³Í ¿ ³ñï»ÙÇ½ÇÝÇÝÇ ¢ ·ÉÛáõÏáÏáñïÇÏáÇ¹³ÛÇÝ ÁÝÏ³ÉÇãÇ 

ÉÇ·³Ý¹ Ï³åáÕ ¹áÙ»ÝÇ ÷áË³½¹»óáõÃÛ³Ý áõëáõÙÝ³ëÇñáõÃÛáõÝ insilico ÙáÉ»ÏáõÉ³ÛÇÝ Ùá¹»É³íáñÙ³Ý 
Ù»Ãá¹Ý»ñÇ ÙÇçáóáí: ²ñï»ÙÇ½ÇÝÇÝÝ»ñÁ å³ïÏ³ÝáõÙ »Ý ë»ëùíÇÃ»ñå»Ý³ÛÇÝ É³ÏïáÝÝ»ñÇ ÁÝï³-
ÝÇùÇÝ, Ñ³Ý¹Çë³Ý³Éáí Artemisiaannua ¹»Õ³μáõÛë»ñÇ »ñÏñáñ¹³ÛÇÝ Ù»ï³μáÉÇï, áñÝ ³í³Ý¹³μ³ñ 
û·ï³·áñÍíáõÙ ¿ ãÇÝ³Ï³Ý μÅßÏáõÃÛ³Ý Ù»ç: ²ñï»ÙÇ½ÇÝÇÝÝ»ñÁ óáõó³μ»ñáõÙ »Ý Ñ³Ï³ûùëÇ¹³Ýï³ÛÇÝ, 
Ñ³Ï³μáñμáùá³ÛÇÝ, Ñ³Ï³ù³ÕóÏ»Õ³ÍÇÝ ¢ ³ÛÉ ³ÏïÇíáõÃÛáõÝÝ»ñ: ØáÉ»ÏáõÉ³ÛÇÝ ¹áùÇÝ·Ç, ÑÇÙÝ³Ï³Ý 
μ³Õ³¹ñÇã»ñÇ í»ñÉáõÍáõÃÛ³Ý, ÏÉ³ëï»ñ³ÛÇÝ í»ñÉáõÍáõÃÛ³Ý ÙÇçáóáí Ñ³ÛïÝ³μ»ñí»É ¿ ³ñï»ÙÇ½ÇÝÇÝÇ 
¢ ·ÉÛáõÏáÏáñïÇÏáÇ¹³ÛÇÝ ÁÝÏ³ÉÇãÇ ÉÇ·³Ý¹Ï³åáÕ ¹áÙ»ÝÇ ÙÇç ¢ Ï³åÙ³Ý »ñ»ù Ï³Ûù, áñáÝó ã³-
÷³½³Ýó Ï³ñ¢õáñ »Ý: Î³ï³ñí»É ¿ Ñ³Ù»Ù³ï³Ï³Ý í»ñÉáõÍáõÃÛáõÝ ¹»ùë³Ù»ï³½áÝÇ áñå»ë Ïáñ-
ïÇÏáëÃ»ñáÇ¹³ÛÇÝ ¹»Õ³ÝÛáõÃÇ Ñ»ï: ²ÛëåÇëáí, ³é³çÇÝ ³Ý·³Ù óáõÛó ¿ ïñí»É, áñ ³ñï»ÙÇ½ÇÝÁ 
÷áË³½¹áõÙ ¿ ·ÉÛáõÏáÏáñïÇÏáÇ¹³ÛÇÝ ÁÝÏ³ÉÇãÇÉÇ ÉÇ·³Ý¹Ï³åáÕ ¹áÙ»ÝÇ Ñ»ï ã³÷³½³Ýó Ï³ñ¢áñ 
Ï³Ûù»ñÇ Ñ»ï, ÁÝ¹áñáõÙ Ýñ³ ³é³çÇÝ Ï³ÛùÁ Ñ³Ù³å³ï³ëË³ÝáõÙ ¿ ¹»ùë³Ù»ï³½áÝÇ ÷áÑ³½¹»-
óáõÃÛ³Ý Ï³ÛùÇ Ñ»ï: ê³ Ï³ñáÕ ¿ ÙáÉ»ÏáõÉ³ÛÇÝ ÑÇÙù Ñ³Ý¹Çë³Ý³É ÉÇ·³Ý¹Çó Ï³Ëí³Í ÁÝÏ³ÉÇãÇ 
³ÏïÇí³óÙ³Ý ¢ ³ñï»ÙÇ½ÇÝÇ ¹Çï³ñÏÙ³Ý ÑÝ³ñ³íáñáõÃÛ³ÝÁ áñå»ë Ýáñ ÉÇ·³Ý¹: 

¶ÉÛáõÏáÏáñïÇÏáÇ¹³ÛÇÝ ÁÝÏ³ÉÇã – ³ñï»ÙÇ½ÇÝÇÝ – ¹»ùë³Ù»ï³½áÝ – ÙáÉ»ÏáõÉ³ÛÇÝ ¹áùÇÝ·–
ÏÉ³ëï»ñ³ÛÇÝ í»ñÉáõÍáõÃÛáõÝ 
 

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, β-catenins [11, 8], and also the transcriptional factors STAT-1/3/5, NF-κB , Sp1 
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 ABCB1 [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].It 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 α 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 Å (Fig.1). 
The RMSD value for the predicted pose is less than 2.0 Å, 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 Å). 

 
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±0,479kcal/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, 
Gln642 и Tyr735 (Figure 3) 
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а       b 
Figure 2.a) Binding mode of artemisinin in the catalytic pocket of hGR (PDB ID: 4UDC): I, II and III – binding 
sites .b) Superimposition of docked pose of Dexamethazone with its crystallographic structure (RMSD: 0.5 Å) 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 и D rings of Artemisisin interact with α – helixes H3, H7, H10/H11 and βА-
sheets of LBD GR. Aminoacids of H3 and βА 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, H5 и 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,H5 and 
H8 with A,B,D rings. Aminoacids of Glu542, Val543( H1, H5) 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, 
Ile747, Phe749, Arg611, 3rd binding site like dexamethasone.  
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All glucocorticoids interact with ligands including dexamethasone through Gln642, 
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. 

 

 
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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