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INTRODUCTION 
Indonesia is a tropical country which has much variety of 
plants and much potential for medicine. On the 20th 

century, discovery of new drug from plants are increasing. 
One of the plants is Physalis peruviana Linn which in 
Indonesia known as “ciplukan’’. Based on information 
from urban people that this plant used as antidiabetic 
agents (Ahmed et al., 2012; Chang et al., 2008; Cirigliano et 
al., 2008; Marin et al., 2010; Yen et al., 2010). 

Several studies showed that oral antidiabetic drugs 
in the market give effect on kidneys and liver. For 
example the effect of consuming gliclazide, in some 
studies is hypoglycemic, while other side effects were 
related to gastrointestinal, skin, hematologic, central 
nervous system and eye symptoms (Nogrady and 
Weaver, 2005). Some research about P. peruviana pub-
lished in Changin International Journal in 2008 showed 
that extract of P. peruviana, herbs provide therapeutic 
activities as antihepatitis disease, cancer, asthma, 
inflammatory, dermatitis, reumatis, and antimalarial. The 
activity of P. peruviana herb extract as antidiabetic by in 
vivo test was studied and will be compared with in silico 
study (Ramadan, 2001; Runyoro, 2006). Based on studies 
before the main content of ethanol extract of P. peruviana, 
were withanolide, 4-OH-withanolide, and perulactone 
(Fang et al., 2012; Kuang et al., 2011; Saeed et al., 1999). 

Studies on insulin tyrosine kinase will be increasing, 
although insulin tyrosine kinase does not represent a new 
target in drug development of antidiabetic. This study 
aims the rational target and effective drug design to find 

antidiabetic agent. Currently, molecular docking ap-
proach has been used in modern drug design to 
understand drug-receptor interactions. According to the 
literature, computational techniques can support and help 
in making drug design. In addition, it can be used to 
know mechanism of drug-receptor interactions. In this 
study the researcher docked insulin tyrosine kinase with 
main content of ethanol extract of P. peruviana as ligand 
by Molegro Virtual Docker (MVD) (Hwang et al., 2012; 
Molegro Virtual Docker, 2010; Naeem et al., 2013; 
Nogrady and Weaver, 2005). 

Molecular docking is a computer-assisted based on 
drug design. The purpose of receptor and ligand docking 
can be predicted the ligand binding model three-
dimensional visualization. This research was conducted to 
understand the interaction of three main contents of P. 
peruviana that bind to receptors. Ligand was consisted of 
ethanol extracts of P. peruviana (withanolide, 4-OH-
withanolide, and perulactone) as active compounds 
compared with gliclazide as control in insulin tyrosine 
kinase receptor (Singh et al., 2012; Singh and Konwar, 
2012; Thomsen and Christensen, 2006; Thomsen and 
Christensen, 2009). 
 
EXPERIMENTAL  
Hardware and software 
Molegro Virtual Docker 5.0 2010 and [Sybil2] were used for 
molecular modeling with dual core processors. 
  
Molecular structure and optimization 
The structure of main contents of ethanol extract of P. 
peruviana (withanolide, 4-OH-withanolide, and perulac-
tone), it was drawn by ChemBioDrawUltra11.0. 
Geometrical isomers structure of main content ofethanol 
extract of P. peruviana (withanolide, 4-OH-withanolide, 
and perulactone) was further optimized by ChemBio-
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ABSTRACT 
Physalis peruviana Linn in Indonesia was better known as ciplukan, based on information from urban people in Indonesia is as 
antidiabetic. In the previeous studies, the levels of blood glucose in animals experimental of Physalis peruviana quantified with 
glucometer and compared with oral antidiabetic drugs gliclazide, showed that Gliclazide was decrease more levels of glucose 
significantly than ethanol extract of Physalis peruviana. We have done molecular docking using Molegro Virtual Docker (MVD) on 
ethanol extract of Physalis peruviana and gliclazide to compare between in silico and in vivo studies. Based on studies before the main 
content of the ethanol extract of Physalis peruviana were withanolide, 4-OH-withanolide, and perulactone. In this study the results 
showed that gliclazide had been better bond in insulin tyrosine kinase receptor than main content of Physalis peruviana which can be 
seen from Moldock score 105.217 and Rerank score -68,2931 means that the energy was lower and more stable binding. Moldock  
Score of main content Physalis peruviana (withanolide, 4-OH-withanolide, and perulactone) were -93.5472; 70.5843; 88.7881, 
respectively. Rerank score of main content Physalis peruviana (withanolide, 4-OH-withanolide, and perulactone) were -61.5149; -
67.5345; -65.7979, respectively. The hydrogen bonds of withanolide, 4-OH-withanolide, perulactone and gliclazide with amino acid 
of insulin tyrosine kinase receptor were Phe 1186 and Thr 1186. Finally, in the 3D MVD visualization between main content of 
ethanol extract of Physalis peruviana and gliclazide can be concluded that interaction of gliclazide was more harmonious than main 
content of ethanol extract Physalis peruviana. 
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Draw3D Ultra v11.0. The structure of insulin tyrosine 
kinase receptor (PDB code 2B4S) was obtained from the 
Protein Data Bank (http://www.rcsb.org). Molecular 
Docking molecules of main contents of ethanol extract of 
P. peruviana to active site of insulin tyrosine kinase, it was 
done by Molegro Virtual Docker program after saved in 
Sybil2. (http://www.molegro.com). These algorithms use a 
cavity detection algorithm (cavity) to detect potential 
binding sites receptor which have active region to bind of 
drug (ligand). Screening of the most stable form of ligand 
combined with MM2 as energy minimize to get conforma-
tional search for generating ligand poses consistent in 
active form of receptor (insulin tyrosine kinase). Candi-
date poses were minimized incurrent energy use grid-
base method for evaluating receptor-ligand interaction 
energy was saved in Mol2. Docking was done by default 
on non-ligand Molegro Virtual Docker with 10 cavity but 
we were used cavity 1 (1367.04 volumes) for insulin 
tyrosin kinase with a grid resolution of 0:30 with maxi-
mum iteration parameters is 1500, maximum population 
size is 50 and pose of energy generation is 100.00. After all,  
it used simplex evolutionary step 300 and max distance 
factor 1.00 (Molegro Virtual Docker, 2010; Thomsen and 
Christensen, 2006; Thomsen and Christensen, 2009). 
 
Function Assessment (Score) 
Conformational forms which had been further docked 
and gave different scoring functions available in [Sybil2]. 
Molegro Virtual Docker algorithm use internal valuation 
function which DockScore was used to select and re-
differentiate position for each compounds. DockScore is 
simple style on field assessment of functions that estimate 
energy interaction toward summing energy interaction of 
ligand/receptor and internal energy of ligand. Magnetic 
field on Molegro Virtual Docker was used to solve electro-
static parameters in DockScore. Putative position used 3D 
structure to produce a score that was saved Sybil2 file 
type. Each docking was minimized by pure DockScore,  
molecular mechanics of evaluation function and pose 
which was used and presented in this study such as 
Rerank Score, RMSD (Root Mean Standard Deviation) and 
H Bond. Figure 1 shows the 3D structure was saved in 
Sybil2 (Molegro Virtual Docker, 2010; Thomsen and 
Christensen, 2006; Thomsen and Christensen, 2009). 
 
Protein 
Protein structure of insulin tyrosine kinase (PDB code 
2B4S) combine with high-resolution classification (2.3Å) 
X-rays with PTP1B complexes and ligands were imported 
into Sybil2 which is extracted to leave a cavity. Simula-
tions performed with and without ligand binding to 
explain the role of insulin tyrosine kinase of main content 
of the ethanol extract of P. peruviana (withanolide, 4-OH-
withanolide, and perulactone). This docking was not used 
in presence of water. 
 
RESULTS AND DISCUSSION 
Crystal structure of insulin tyrosine kinase receptor was 
involving transferase receptor classification in complex 
with native ligand PTPIB (2B4S) which gives information 
about the location, composition and functional confor-
mation opportunity of receptor binding space. In this 
study, we used X-ray structure of the ternary complex 
insulin tyrosine kinase in native ligand 2B4S (PDB code 
2B4S) in docking. 
 

Validation of docking methods 
Validation of docking was used to ensure orientation and 
position of ligand binding that was obtained from 
docking studies by MVD program with ten replication of 
each running. And then the parameters must be validated 
in crystal structure of receptor (PDB code 2B4S). Native 
ligand 2B4S in insulin tyrosine kinase was found in 
complex with ligand-receptor conformation. After that, it 
was extracted and put it into appropriate active site for 
ligand binding to determine the ability oforientation and 
position of ligand that was observed in cavity ligand-
receptor crystal structure. The results, indicate that control 
docking has optimal orientation of ligand complex 
binding by Molegro Virtual Docker program, it was able to 
determine toward active 2B4Swhich consist of 10 atoms 
(Figure 3), in cavity 1 (1367.04 volumes) and use protein B 
(2B4S) of insulin tyrosin kinase structure crystalline. The 
methods can be said valid if RMSD of parameters docking 
showed minimal value. 

Interaction model between main content of ethanol 
extract of P. peruviana (withanolide, 4-OH-withanolide, 
perulactone) and insulin tyrosine kinase receptor were 
presented at Figure 4. Molecular docking model of main 
content of ethanol extract of P. peruviana (withanolide, 4-
OH-withanolide, and perulactone) in active site insulin 
tyrosine kinase of intermolecular flexible docking 
simulations was obtained through Molegro Virtual Docker 
program. Dockscore and Rerank Score were calculated from 
stable conformation of insulin tyrosine kinase complex.  

All compounds in data set were incorporated in ac-
tive site of insulin tyrosine kinase, and used the same 
protocol. The insulin tyrosine kinase consists of four sites. 
They were A, B, C and D proteins and which applied here 
was B protein. Insulin tyrosine kinase is polymer that 
consist of fold α helix and β sheet. The α helix and β sheet 
of stack has monomers form with dimer interface. Dimer 
contains two active sites, one of them was in each 
monomer. This can be seen at Figure 4 insulin tyrosine 
kinase with main content of ethanol extract of P. peruviana 
(withanolide, 4-OH-withanolide, and perulactone). 

Binding between active site insulin tyrosine kinase 
and main content of ethanol extract of P. peruviana 
(withanolide, 4-OH-withanolide, perulactone) on Phe 
1186 and Thr 1186 amino acids showed in Figure 5 and 
Table 1, it showed the formation of hydrogen bonds of 
insulin tyrosine kinase with Phe 1186 and Thr 1186 was 
also showed. 

The most of amino acid residues in hydrophobic ac-
tive site were involved in affinity hydrophobic bonding 
interactions of ligand (main content of ethanol extract of P. 
peruviana (withanolide, 4-OH-withanolide, perulactone) 
and gliclazide) (Figure 6). This figure shows hydrophobic 
and electrostatic bonding between main content of 
ethanol extract of P. peruviana (withanolide, 4-OH-
withanolide, perulactone) and gliclazide with insulin 
tyrosine kinase receptor. 

The structure of most main content of ethanol extract 
of P. peruviana (withanolide, 4-OH-withanolide, perulac-
tone) was nonpolar, so this gave an advantage to 
hydrophobic for binding inside chains as receptor active 
site. The main content of ethanol extract of P. peruviana 
(withanolide, 4-OH-withanolide, perulactone) has similar 
role binding with gliclazide that has been proven as 
antidiabetic agent and occupied in cavity 1 of insulin 
tyrosine kinase receptor toward hydrophobic binding 
with aromatic ring, aliphatic chain and carbonyl group. 
Aromatic ring was important for binding, on the other
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(a)        (b) (c) (d)  

Figure 1: Chemical structure, (a) withanolide, (b) 4-OH-withanolide, (c) perulactone, (d) gliclazide. 

 

 

(a) (b) (c) (d)  

Figure 2: 3D structure of (a) withanolide, (b) 4-OH-withanolide, (c) perulactone, (d) gliclazide. 

 

 

 

                    

Table 1: Hydrogen bonding interactions between withanolide, 
4-OH-withanolide, perulactone and gliclazide with insulin 
tyrosine kinase receptor. 

Ligand  Thr 1186 Phe 1186 
Withanolide  + + 

4-OH- Withanolide + + 
Perulactone + + 
Gliclazide + + 

 

Table 3: Physicochemical parameters of withanolide, 4-OH-
withanolide, perulactone and gliclazide. 

Ligand LogP ClogP MR CMR 
Withanolide  7.63 9.137 122.95 12.4656 

4-OH- Withanolide 0.63 -0.123701 130.2 13.1906 
Perulactone 7.66 9.117 122.86 12.4656 
Gliclazide 1.97 1.093 84.53 8.5223 

Note: LogP, ClogP, MR, and CMR value calculated by ChemBioDraw 

Ultra 11.0 

 

Table 2: Docking parameters in active site of insulin tyrosine 
kinase receptor. 

Ligand MolDock 
Score 

Rerank 
Score 

RMSD HBond 

Withanolide  -93.5472 -61.5149 14.9808 0.894142 
4-OH- Withanolide -70.5843 -67.5345 10.6962 -17.9847 

Perulactone -88.7881 -65.7979 13.8455 -2.60845 
Gliclazide -105.217 -68.2931 11.9351 -7.05117 

 

 
Table 4: Comparison between in vivo activities of Physalis 
peruviana ethanol extract and gliclazide. 

Compounds  IC50 
Phylanti extract 219.71 mg/kgBB 

Gliclazide 8 mg/70kgBB 

 

 

Figure 3: Crystal structure of insulin tyrosine 

kinase complex that binds to ligand in the cavity 

(green). 

 



 

 
268 

 
Figure 4: Secondary structure between insulin tyrosine kinase receptor and withanolide (a), 4-OH-withanolide (b), perulactone(c) 

& gliclazide (d). 

 

 

(a)    (b)    (c)    (d)  

Figure 5: Hydrogen bonding interactions between insulin tyrosine kinase receptor and withanolide (a), 4-OH-withanolide (b), 

perulactone(c) & gliclazide (d). 

 

 

(a)   (b)    (c)    (d)  

Figure 6: Hydrophobic bonding interactions between insulin tyrosine kinase and withanolide (a), 4-OH-withanolide (b), 

perulactone(c) & gliclazide (d). 

  

 

(a)    (b)    (c)    (d)  

Figure 7. Electrostatic bonding interactions between insulin tyrosine kinase and withanolide (a), 4-OH-withanolide (b), 

perulactone(c)) & gliclazide (d). 

 

 

(a)    (b)    (c)    (d)  

Figure 8: Pose organize between insulin tyrosine kinase and withanolide (a), 4-OH-withanolide (b), perulactone(c) & gliclazide (d) 
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The structure of most main content of ethanol extract of P. 
peruviana (withanolide, 4-OH-withanolide, perulactone) 
was nonpolar, so this gave an advantage to hydrophobic 
for binding inside chains as receptor active site. The main 
content of ethanol extract of P. peruviana (withanolide, 4-
OH-withanolide, perulactone) has similar role binding 
with gliclazide that has been proven as antidiabetic agent  
and occupied in cavity 1 of insulin tyrosine kinase 
receptor toward hydrophobic binding with aromatic ring, 
aliphatic chain and carbonyl group. Aromatic ring was 
important for binding, on the other side the main content 
of ethanol extract of P. peruviana (withanolide, 4-OH-
withanolide, perulactone) can not binding well in active 
site of insulin tyrosine kinase because it didn’t have 
aromatic ring. The docking studies of main content of 
ethanol extract of P. peruviana (withanolide, 4-OH-
withanolide, perulactone) in active site of insulin tyrosine 
kinase receptor showed that MolDock Score and Rerank 
Score were lower than gliclazide. Decreasing interaction 
has an effect on the result of decreasing affinity binding 
between ligand-receptor. The correlation between docking 
scores and activities were shown by Dock Score, Rerank 
scores and physicochemical parameters of main content of 
ethanol extract of P. peruviana (withanolide, 4-OH-
withanolide, perulactone) and gliclazide (Tables 2 and 3). 

The value of MolDock Score, Rerank Score, and physi-
cochemical parameters showed that main content of 
ethanol extract of P. peruviana (withanolide, 4-OH-
withanolide, perulactone) was lower energy than 
gliclazide especially 4-OH withanolide. All compounds 
showed that gliclazide was higher stability and alignment 
than main content of ethanol extract of P. peruviana (Fang 
et al., 2012; Kuang et al., 2011; Molegro Virtual Docker, 
2010; Naeem et al., 2013; Ramadan, 2001; Runyoro, 2006; 
Saeed et al., 1999; Yen et al., 2010). 

According to physicochemistry parameters especial-
ly log P (hydrophobic parameters) of main content of 
ethanol extract of P. peruviana (withanolide, 4-OH-
withanolide, perulactone) was higher than gliclazide but 
steric parameters also higher value, it can effect total score 
of activity (Table 3). Molegro Virtual Docker program can 
dock for drug design to predict activity in insulin tyrosine 
kinase receptor as antidiabetic agent toward conformation 
of binding of ligand and receptor in scores value. Scores 
of them indicated that gliclazide was substituted aromatic 
and carbonyl group which was better binding than main 
content of ethanol extract of P. peruviana (withanolide, 4-
OH-withanolide, perulactone), it can be seen from Moldock 
and Rerank score (Molegro Virtual Docker, 2010; Thomsen 
and Christensen, 2006; Thomsen and Christensen, 2009). 
These results were consistent with 3D visualization where 
main content of ethanol extract of P. peruviana (with-
anolide, 4-OH-withanolide, perulactone) was lower 
interaction of hydrogen, hydrophobic and electrostatic 
binding than gliclazide in receptor. These result were 
compared with in vivo study where gliclazide was higher 
activity than main content of ethanol extract of P. 
peruviana (withanolide, 4-OH-withanolide, perulactone) 
(Table 4). 

The results showed that interaction of gliclazide was 
more harmonious than ethanol extract of P. peruviana 
(withanolide, 4-OH-withanolide, perulactone) in insulin 
tyrosine kinase receptor as antidiabetic agent which was 
supported with 3D visualization, MolDock Score, Rerank 
Score, and physicochemistry parameters by MVD program. 
 

CONCLUSION 
In this study the results was obtained that gliclazide has 
better bond in insulin tyrosine kinase receptor as antidia-
betic agent than main content of ethanol extract of P. 
peruviana (withanolide, 4-OH-withanolide, perulactone) 
which can be seen Moldock score 105.217 and Rerankscore-
68.2931. It means, if it had lower energy so it was more 
stable in binding. The in vivo test showed that ethanol 
extract of P. peruviana activity was lower than gliclazide. It 
also supported by hydrogen bonds interaction with Phe 
1186 and Thr 1186 amino acids. Finally, interaction of 
gliclazideis more harmonious than ethanol extract of P. 
peruviana in insulin tyrosine kinase receptor.  
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