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Abstract
Background and Objective: Alpha-bulnesene is one of the main components of patchouli oil, but only a few pieces of information are
available that only prove its  in   vitro  analysis. Its activity can be determined by in  vitro/in silico  analysis and their relationship. The aim
of the study to understand the function of  in  silico  and in vitro: Alpha-bulnesene (CID94275) from patchouli oil as prostaglandin H2
synthase (PGHS-1/PGHS-2) inhibitor selective, the element was assessed by means IC50, binding energy calculation and PGHS-1/PGHS-2
selectivity. Material and Methods: The alpha-bulnesene fraction of patchouli oil was isolated using fractional vacuum distillation patchouli
oil by PiloDist-104. The analysis of alpha-bulnesene fraction was done using GC-MS, IR spectrometry and NMR-spectrometry. The fraction
was calculated by IC50 PGHS-1/PGHS-2 value through spectrophotometric test PGHS-ovine 760700. The binding energy of (with GBMV
model solvent) of alpha-bulnesene with PGHS-1 and PGHS-2 was done using the molecular docking tools by Hex 8.0 and the interactions
were  further  visualized  by  Discovery  Studio  Client  3.5  software.  Results:  The analysis of 8th-fractions proved the existence of the
alpha-bulnesene. The fraction of alpha-bulnesene from patchouli oil was found at 82.12% (8th-fractions). IC50 of alpha-bulnesene fraction
from PGHS-1 was found at 23.28:M and PGHS-2 was at 59.52 µM. The score of  binding  energy  obtained  from  the calculation (with
GBMV model solvent) of  alpha-bulnesene  showed  result  of  PGHS-1 =-77.58 kcal MolG1; PGHS-2 =-59.59 kcal MolG1. Conclusion: An
alpha-bulnesene fraction from patchouli oil has a ratio of IC50 and binding energy that was potentially used as PGHS-1 inhibitor selective.
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INTRODUCTION

Alpha-bulnesene is one of the major components of
patchouli oil sesquiterpenoid groups  from  Pogostemon
cablin Benth1. This compound has the bioactivity ability as an
anti-aggregation platelet on rabbit blood through PAF
(platelet-activating factor) inhibitor mechanism and PGHS
enzyme2. Some of the available  information only proves the
in vitro analysis of activity of alpha-bulnesene. Furthermore,
the activity of this compound can be studied through an
analysis involving the in vitro  and in silico which can
demonstrate the relationship between the two methods of
analysis. 

Drugs that inhibit the mechanism of isoenzymes PGHS
(prostaglandin  H2 synthase) are called NSAID (non-steroid
anti-inflammatory drugs). The prostaglandin enzyme of the H2
synthase pathway (or COX (cyclooxygenase) pathway) is the
enzyme that is responsible for conducting the steps in the
prostaglandin biosynthesis process, generating the product of
prostaglandin-H2 (PGH2)3. There are two isoforms of PGHS
enzymes namely: PGHS-1 and PGHS-24. PGHS-1 catalyzes the
formation of prostaglandins to implement the regulation of
physiological functions, meanwhile, PGHS-2 catalyzes the
formation of "bad prostaglandins" which causes
inflammation5. Inhibition of PGHS-2 produces analgesic,
antipyretic and anti-inflammatory (NSAID). Whereas, the
inhibition of PGHS-1 is responsible for providing the
antithrombotic effect. Acetosal is one of NSAID medicines that
is used as an anti-aggregation platelet which prevents the
occurrence of platelet aggregation that can cause blockages
in the blood vessels6-9. However, some classical NSAID drugs
cause toxicity in the gastrointestinal tract, such as
acetylsalicylic acid, phenylbutazone, indomethacin, diclofenac,
ibuprofen and naproxen10,11. These drugs are non-selective for
PGHS-1 and PGHS-2. The strategy undertaken to reduce the
toxicity of classic NSAIDs can be done by developing the drugs
as a selective inhibitor of PGHS-212,13. Steroids have an obvious
role in the treatment of inflammatory diseases, but due to
their toxicity, they can only be used within short periods
except for very serious cases in which risks are acceptable.
Consequently, the side effects of this drug cause great
concern. Therefore, it is necessary to develop other methods
or compounds made of natural ingredients that function as
drugs inhibiting the PGHS-1/PGHS-2 selective.

The determination in vitro  analysis of PGHS inhibitor
selective used the IC50 (inhibitor concentration-50) and
Selectivity Index (SI). Determination of IC50 analysis performed
in vitro and in vivo used multiple detection methods PGHS
activity, such as oxygen absorption method, peroxide method,

an enzyme  immunoassay  (EIA)  and radioimmunological
assay (RIA)7[7]. The selectivity of cyclooxygenase can be
supported by virtual modeling. The development of virtual
modeling methods screens the docking results of drug
compounds (ligands) of receptor protein to predict the
position and the orientation (pose) of ligand interaction
toward the target protein that has low molecular weight. This
is a basic guideline to obtain the structure-activity relationship
in case the condition of the high-resolution structure of a
compound cannot be obtained. The development of virtual
modeling is conducted to perform energy calculations for the
complexes,  protein  and  ligand  using certain solvent
models14-16. Bioactivities of some compounds isolated from
natural products, organic materials, such as alpha-bulnesene
isolated from patchouli oils can be used for inhibiting the
PGHS-1/PGHS-2 isoenzyme unclearly. 

The aim of this study was to qualitatively calculate the IC50
and binding energy for the selectivity of alpha-bulnesene
(CID94275) inhibits prostaglandin H2 synthase (PGHS/COX).
This research  is  expected  to  explore  the  selectivity  of
alpha-bulnesene as the inhibitor PGHS-1 and PGHS-2 through
the IC50 determination and binding energy. Besides, this
research also attempts at employing the approaching
methods to determine the bioactivity of compounds that can
be used as inhibitors made of natural organic materials.

MATERIALS AND METHODS

Study area: The study was carried out at the Academic of
Pharmacy and Food Analysis of Putra Indonesia Malang, East
Java and Chemical Research Center, LIPI, Serpong, West Java,
Indonesia from March, 2019 to April, 2020.

Alpha-bulnesene fraction analysis: Patchouli oils were
obtained from the steam distillation of Pogostemon cablin
Benth in the home industry Trenggalek, Indonesia. The
fraction of alpha-bulnesene was used in the fractional vacuum
distillation using PiloDist-104-Germany. The operating
conditions of a fractional-vacuum distillation performed in this
research were determined based on the Identification of
Compounds of patchouli oil. The operating conditions were
set at  pressure  1  mBar;  The  head  temperature   fractions
(1st fraction to 8th fraction) were 95.0-122.0, 112.0-120.3,
120.3-111.7, 111.7-114.8, 114.8-112.3, 112.3-116.2, 116.2-118.7
and 118.7-124.6, respectively and the Flash Temperature
fractions were set at 148.9-136, 156.0-154.0, 154.0-153.0,
153.0-162.9,  155.0-160.0,  160.0-161.0,  161,0-165.2  and
165.2-180.0, respectively. The fraction was analyzed through
the  GC-MS   Shimadzu   QP-2010   SE   (Shimadzu   Corporation
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Japan) with RTX-Wax column (Restek. Germany), MS detector1

and Wiley8 Library, NMR spectrometer JEOL Delta2 500 Hz
(JEOL Ltd, Japan) and FT-IR spectrometer Shimadzu-8400
(Shimadzu Corporation Japan).

In  silico  analysis: Binding energy (Ebinds) PGHS-1 and PGHS-2
of alpha-bulnesene: 3D model from PDB ID: 1PTH was
obtained from the SWISS-MODEL repository for PGHS-1 and
3D model from PDB ID: 6COX for PGHS-2. Alpha-bulnesene
(CID94275) was downloaded from http://pubchem.ncbi.
nlm.nih.gov/in a 3D-SDF format in which energy form was
then minimized and converted to 3D-PDB format by Open
Babel 2.3.1 in Hex 8.0 as the ligand for virtual screening.
Hex8.0 Cuda software was used to calculate the docking
ligand single alpha-bulnesene (CID94275) to PGHS-1 and
PGHS-2. The output of the docking analyzed the 2D
interaction of active site using Discovery Studio 2019 Client
software to simulate all complex structures CID94275 to
interact PGHS-1 and PGHS-2 with MM-GBMV model solvent.
Furthermore, energy analysis (complex, protein and ligand) as
a candidate model of PGHS-1 and PGHS-2 inhibitor selective
was done using the Discovery Studio 2019 Client software.
Binding energy was calculated based on the Eq.17,18:

)G = Gcomplex - [Gprotein + Gligand]

In vitro analysis: IC50 PGHS-1 and PGHS-2 of alpha-
bulnesene fraction: The determination IC50 alpha-bulnesene
fraction was done using the test of spectrophotometric COX
(ovine). The concentration inhibitor, i.e.: 20, 60 and 180 µM in
DMSO solvent. Pre-test preparation, protocol and analysis of
the determination of IC50 were done through manual tests of
spectrophotometric PGHS (ovine) Inhibitor Screening Assay Kit
Series 760700.

Selectivity alpha-bulnesene as PGHS-1 and PGHS-2
inhibitor: The selectivity of alpha-bulnesene to PGHS-1/PGHS-
2 inhibitor can be determined based on this equation: log ratio
of (IC50 PGHS-2 and IC50 PGHS-1) and-log [ratio binding energy
PGHS-2 and binding energy PGHS-1]7.

RESULTS

Alpha-bulnesene   fraction   analysis:   The   fraction   of
alpha-bulnesene (8th fraction) and the other fraction from
patchouli oil was used in the vacuum fractional distillation
using PiloDist-104, Germany. The analyses of alpha-bulnesene
fraction, patchouli oil and the other fraction were done using

GC-MS, which result is presented in Fig. 1a. The fragmentation
analysis of alpha-bulnesene (CID94275) using GC-MS, is shown
in Fig. 1b-1. The results of the mass spectrometry analysis of
the alpha-bulnesene  using  GC-MS  showed  TIC retention
time = 23.25 min. EI mass  spectrum  analysis  showed results
of m/z: 204 (base), 189, 175, 161, 147, 133, 119, 105, 93, 79, 67,
55. The simulation of the fragmentation pattern is also
presented in Fig. 1b-1. The fragmentation pattern of this
compound was simulated as follows: Start with the
termination of these compounds through the release of CH3
radicals in the peak molecular ion (M+), to make the peak at
m/z  = (M+-15) = 189. The peak of m/z = M+-15 = 189, The-CH2
release occurred successively to obtain peak m/z = 133 which
was  followed  by  the  release of-C2H4 to obtain the peak of
m/z = 107. The peak m/z = 147 was brought to experience the
release of-C2H8 to obtain peak m/z = 119, followed by the
release of C2H2 to obtain peak m/z = 91, as shown in Fig. 1b-1.
UV-Vis Spectra: no-absorption (structure of alpha-bulnesene
does not have auxochromes and chromophore groups). IR
Spectra (neat) Lmax (KBr) cmG1 = 3072, 2991, 2801, 2720, 1776,
1613, 1442, 1377, 1212 was indicated by alkenyl CH stretch,
alkenyl C=C stretch, alkyl, C-H stretch and fingerprint area. The
analysis of NMR spectrum was exhibited in two broad singlet’s
at */ppm 2.32-2.18 (2H, exocyclic methylene) and two near
singlet’s at */ppm 0.90 and 0.84 (6H, two methyl groups
attached to double bonds), as shown in Fig. 2b. Spectra data
of EIMS, 1H-NMR and 13C-NMR were fairly in line with the
results of elucidation structure results reported in the
literature (as alpha-bulnesene) as shown in Fig. 1b-2.

In vitro analysis: IC50 of alpha-bulnesene to PGHS-1 and
PGHS-2: The values IC50 of 8th fraction (alpha-bulnesene
fraction) were calculated using the test kit PGHS-Ovine. The
regression linear analysis was done to determine the IC50
values of alpha-bulnesene fraction to PGHS-1 and PGHS-2, as
shown in Fig. 2a.

In  silico  analysis: Binding energy (Ebinds) of alpha-bulnesene
to PGHS-1  and  PGHS-2:  Docking  (ligands  to  proteins)
alpha-bulnesene (CID94275) to PGHS-1 and PGHS-2 was done
using Hex 8.0 software and visualization using Discovery
Studio 2019 Client software, as shown in Fig. 2b. The software
of Discovery Studio 2019 Client was also used to simulate the
complexity of ligand alpha-bulnesene interacts with proteins
PGHS-1 and PGHS-2 with MM-GBMV model solvent. Binding
energy calculations using the Eq:

)G = Gcomplex - [G-protein + Gligand]
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Fig. 1(a-b): Analysis of alpha-bulnesene (8th) fraction
(a) TIC fraction-8 (alpha-bulnesene), patchouli oil and the other fraction analyzed by GC-MS Shimadzu QP-2010 with RTX-Wax column, detector MS and
Wiley8 Library, (b) MS and NMR alpha-bulnesene analyses, (b-1) The fragmentation alpha-bulnesene and the fragmentation pattern of alpha-bulnesene,
(b-2) 1H-NMR and 13C-NMR alpha-bulnesene analyses

21

  
The-fraction-8: α-patchoulene (2.73%), β-caryophylene (5.57%), α-bulnesene (82.12%), 
gemacrene-A (1.98%) and α-patchouli alcoho (7.62%) 

The-fraction-8, α-patchoulene (2.73%), β-caryophylene (5.57%), α-bulnesene (82.2%), gamacrene-
A (1.98%) and α-patchouli alcohol (7.62%) 

The fraction-7: seychellana (2.03%), α-patchoulene (5.57%, β-patcnoulene (3.70%), β-caryophylene 
(12.36%) and α-bulnesene (76.31%) 

The fraction-6: alpha guaiene (6.71%), seychellene (14.23%). α-patchoulene (23.01%), β-
patchoulene (8.68%), (β-caryophylene (8.76%) and α-bulnesene (38.62%) 

The fraction-5: α-gurjunene (0.86%), α-guaiene (21.02%), seychellene (25.05%), α-patchoulene 
(28.04%), β-patchoulene (7.06%), β-caryophylenen (1.60%), α-bulnesene (10.50%) and α-patchouli 
alcohol (2.22%) 
The fraction.4: unknovn-1 (4.35%), unknown-2 (1.44%), α-gurjunene (5.49%), α-guaiene (32.15%), 
seychellene (10.71%), α-patchoulene (9.14%), β-patchoulene (2.46%), β-caryophylene (2.51%), α-
bulnesene (19.98%), gemacrene-A (7.17%) and α-patchouli alcohol (4.60%) 

The fraction-3: unknown-1 (11.22%), unknown-2 (6.13%), α-gurjunene (16.06%), α-guaiene 
(48.56%), seychallane (11.57%) and α-bulnesane (6.47%) 

The fraction-2: unknown-1 (1.69%), α-guaiene (31.45%), seychellene (2.47%), α-patchoulene 
(15.18%), β-bulnesene (33.98%), gemacrene-A (8.07%), γ-patchoulane (3.91%) and α-patchouli 
alcohol (3.27%) 
The fraction-1: unknown-1 (8.87%, α-gurjunene (6008%), α-guaiene (40.47%), seychellene 
(10.90%), α-patchoulene (5.52%), β-caryophylenen  (3.17%), α-bulnesene (19.02%) and α-
patchouli alcohol (5.97%) 

Patchouli Oil: α-gurjunene (1.61%), α-guaiene (12.64%). seychallene (4.78%), α-patchoulene 
(4.50%), β-patchoulene (1.96%), β-caryophylenen  (2.60%), α-bulnesene (20.79%), gemacrene-
A (1.90%) and α-patchouli alcohol (49.29%) 

TIC 

TIC 

TIC 

TIC 

TIC 

TIC 

TIC 

TIC 

TIC 

TIC 

(a) 8 

8 

7 

6 

5 

4 

3 

PO 

1 

2 

(b)  

20   30    40    50   60    70   80    90  100  110 120  130 140 150  160 170  180  190 200 

20   30    40    50   60    70   80    90  100  110 120  130  140 150  160 170  180  190 200 

m/z 

100 

40 

55 

41 

67 

79 
93 107 

119 133 
147 

161 
175 

189 
204 

100 

27 

41 

55 
67 

79 

95 117 

119 135 
147 

161 
189 

204 

H3C 

CH3 

H3C 
CH2 

m/z = 204 

H3C 

H3C 
CH2 

CH3 

-CH3 

m/z = 189 m/z = 161 
CH3 CH3 

-CH2 

H3C 
CH2 

H2C+ 
-C2H2 

H2C C+ 

-CH2 CH2 
m/z = 79 

m/z = 93 m/z = 119 m/z = 147 

m/z = 41 

-C2H2 

H3C C+ 

CH2 

H2C+ 

-C2H2 H2C+ 

H3C 

CH3 
CH3 

-C2H2 
CH+ 

Fragmentation pattern of alpha-bulnesene 

Fragment analysis of alpha-bulnesene 

Fragment Wiley-8 of alpha-bulnesene 

3
9

8

7

65

4

10

15

11

12

13 CH3

CH3

Alpha-bulnesene
CID94279

Alpha-bulnesene (CID94275)

H

2

1

14

CH2

H C3

StructureCarbonType of
carbon

13
C signal

/ppm�

Signal /ppm, J/Hz�����
�

152.42

142.25

128.99

108.22

51.01

46.28

38.98

34.84

33.30

31.95

30.55

26.35

22.40

21.04

15.57

C
�

CH2

C
�

CH

CH2

C�

CH

2CH

2CH

CH

CH2

2CH

3CH

3CH

3CH

C-1

C-6

C-7

C-2

-8C

C-7

C-10

C-5

-12C

C-11

C-9

C-3

-13C

C-14

C-15

2.18

2.46:2.32

2.11:2.02

1.85

1.67:1.64

1.63

1.37:1.28
1.03:0.97

0.90
0.84
0.76

(b-2)



Trends Bioinform., 13 (1): 18-26, 2020

Fig. 2(a-c): In silico and in vitro  analyses of alpha-bulnesene (CID94275) to PGHS-1/PHGS-2
(a)  In  silico :  2D and 3D-structure ligand alpha-bulnesene interaction with PGHS-1 and PGHS-2, (b) Regression analysis of IC50 of alpha-bulnesene
fraction-PGHS complexes and (c) Selectivity of IC50 and binding energy alpha-bulnesene (CID94275) to PGHS-1/PGHS-2
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The score of binding energy calculation (with GBMV
model solvent) of alpha-bulnesene from PGHS-1 was found at
-77.58 kcal MolG1 and from PGHS-2 at-59.59 kcal MolG1, as
shown Fig. 2b.

Selectivity alpha-bulnesene as PGHS-1 and PGHS-2
inhibitor: According to the equation-log ratio [IC50 PGHS-2
and IC50 PGHS-1] and-log [ratio binding energy PGHS-2 and
binding energy PGHS-1], a selectivity of alpha-bulnesene to
PGHS-1/PGHS-2 inhibitor is presented in Fig. 2c.

DISCUSSION

Patchouli oil (volatile compounds) consists of rich
sesquiterpenoid, mainly the patchouli alcohol (patchoulol)
and some tricyclic sesquiterpenoid, such as alpha-bulnesene,
alpha-guaiene and seychellene. The other components
include  alpha-patchoulene,   beta-patchoulene, beta-
caryophyllene, germacrene-A, alpha-gurjunene and the
sesquiterpenoids1. ISO Standard 3757:2002 patchouli oil, the
major constituent of patchouli oil were (alpha-patchouli
alcohol 30-35%), alpha-bulnesene (13-21%) and alpha-
guaiene (11-16%)17-19. Tsai, et al.2, has analyzed the
compounds of patchouli oil (Pogostemon cablin Bentham
(Lamiaceae))  form  Koda  production  Pharmaceutical   Co.,
Ltd. Taiwan which consisted of alpha-guaiene  (20.62%),
alpha-bulnesene (16.18%), beta-patchoulene (12.12%) and
patchouli alcohol (11.12%). In this study, GC-MS analysis of
patchouli oil compounds from traditional steam distillation
indicated an increase in the content of compounds, such as
alpha-patchouli alcohol, alpha-bulnesene, alpha-guaiene and
seychellene, respectively, as shown in Fig. 1a. The
characteristics of patchouli oil compounds obtained from
Trenggalek-East Java have major components, including
alpha-patchouli alcohol, alpha-bulnesene, alpha-guaiene and
seychellene, respectively. The patchouli oil contains the
compounds that conform to Standard ISO patchouli oil1,20-24.

The     properties     of      alpha-bulnesene,      C15H24;
weight     =    204.351    [g MolG1];    XlogP    =    3.74;    Gibbs
energy = 77.7 [kcal MolG1], complexity 295.16, H-donor = 0 and
H-receptor = 021,22. In this research, the isolation alpha-
bulnesene from patchouli oil by fractional-vacuum distillation
(PiloDist-104) has obtained fraction -8 to 82.12%. The presence
of alpha-bulnesene in the 8th fraction was seen from the
result of  GC-MS  analyzes.  Data  EI-MS  of  fraction-8  for
alpha-bulnesene as a member of sesquiterpenoid showed a
decreasing peak similar to Wiley8 Library. According to
Silverstein et al.25, the decreasing peak m/z = 14  indicates that

the compound belongs to the saturated hydrocarbon group,
including the sesquiterpenoid group. The results of mass
spectra, IR spectra and NMR analysis show similar results to the
results of previous research which states that fraction-8, a
yellow liquid and exhibited the expected spectral properties:
MS, m/Z 316 (M+ = 75), 180 (60), 167 (100), 150 (37), 137 (71);
IR Spectra (neat) υmax (KBr) cmG1 = 3072 (=C-H stretch
medium), 2991 (-C-H stretch weak), 2801 (C-H strong), 2720
(C-H stretch alkane), 1776 (cyclic stretch), 1613 (C=C stretching
cyclic alkene), 1442 (C-H bending alkane), 1377 (C-H bending
alkane) and 1212 (C-H bending alkane); NMR spectrum, two
broad singlet’s at τ 5.36-5.62 (2H, exocyclic methylene) and
two near-singlet’s at τ 8.37 (6H, two methyl groups attached
to double bonds), which strongly support the structure of
alpha-bulnesene19. In this research, it is found that the
characteristic   of  alpha-bulnesene  fraction  (8th  fraction)
from  patchouli  oil  (from  Pogostemon cablin Benth (East
Java-Indonesia)) obtained major components of alpha-
bulnesene20-24 and  some other components such as
impurities, as shown in Fig. 1. The Hsu research, the isolated
alpha-bulnesene obtained sub-fraction-3.5 from fraction-3
(fraction -1 to 4) by GC-TCD as performed by a Hewlett-
Packard 5890 gas chromatography equipped with a thermal
conductivity detector. The oven temperature was set at 50EC
for 4 min, then it was programmed from 50-272EC, at 6EC/min
and finally set at 272EC for 3  min19.  Other  studies  showed
that the alpha bulnesene fraction was separated using
chromatographic techniques, while our study employed
fractional distillation, where the yield of alpha-bulnesene
fraction preponderant1,24. 

Non-steroidal anti-inflammatory drugs (NSAIDs) have a
huge therapeutic benefit for treatments of various types of
inflammatory conditions. The target for these drugs is the
PGHS, a rate-limited enzyme involved in the conversion of
arachidonic acid into inflammatory prostaglandins. PGHS-2
selective inhibitors are believed to have the same anti-
inflammatory, anti-pyretic and analgesic effects such as those
of non-selective inhibitor NSAIDs with little or none of the
gastrointestinal side effects. The PGHS-2 and PGHS-1
selectivity ratios are vital in the design of PGHS-2 inhibitory
drugs. Natural product-based compounds seem to be better
as these compounds are generally supposed to devoid severe
side effects23. The PGHS-2 and PGHS-1 selectivity ratio
determine the ratio of IC50 PGHS-2/PGHS-1. One method to
determine the IC50 values is using the peroxidase method. This
assay measures the peroxidase catalytic activity of PGHS as an
indirect measurement of PGHS activity that will be very
sensitive to compounds that are also co-reductions.
Meanwhile,  the  cyclooxygenase  initiation   is   dependent  on
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peroxidase turnover, the inverse is not true: Peroxidase activity
can occur at/or near-maximal efficiency within the absence of
a functional cyclooxygenase active site. It should be also noted
that the most precise enzymatic measurements made in the
literature are derived from this assay, which directly
quantitates the two activities of the enzyme7. This research,
the 8th fraction (fraction of alpha-bulnesene) have the value
IC50 of PGHS-1 (23.28 µM) and PGHS-2 (59.52 µM), therefore
the selectivity of the alpha-bulnesene fraction is inclined as
PGHS-1 inhibitors. Some literature also indicates that the
compound is generally natural-based products consisting of
mainly PGHS-1. This result goes consistently with the result of
Tsai et al.2, research which states that alpha-bulnesene
inhibited AA-induced thromboxane B(2) (TXB(2)) formation
and prostaglandin E(2) (PGE(2)) formation. These results
indicate that the inhibitory effect of alpha-bulnesene on
platelet aggregation occurred due to the dual activity;
specifically, the chemical blocked PAF-induced intracellular
signal transduction and interfered with cyclooxygenase
activity, which resulted in the decrease of thromboxane
formation. This study is the first study that demonstrates
alpha-bulnesene as a PAF receptor antagonist as well as an
anti-platelet aggregation agent while Park et al.20, have
examined the in vitro, ex vitro and in vivo use of the herbal
medicine (including  P.  cablin) as a novel antithrombotic
agent. Thus, our research supports the mechanism of the
inhibition of PGHS-1. The anti-platelet activity has been known
to occur due to the induction of intracellular signal
transduction by alpha-bulnesene which interferes with the
activities of cyclooxygenase which result in the decrease of
thromboxane production. The IC50 values in the PGHS need
conformation  in  silico  analyses.

The result of in silico analysis supported the
conformational ability analysis of alpha-bulnesene as the
candidate of inhibitor selective. The further confirmation in
this study was conducted by docking (ligands to proteins)
ligand alpha-bulnesene (CID94275) to PGHS-1 and PGHS-2,
visualization analysis and  calculations  of  binding  energy.
The  visualizations  of  active  site  interactions   between
alpha-bulnesene-PGHS-1 and-PGHS-2 complexes showed all
van Der Walls interaction because alpha-bulnesene does not
have    any    H-donor  and  H-acceptor20-23.  The  different 
types of interactions in the alpha-bulnesene-PGHS-1 and
alpha-bulnesene-PGHS-2 complexes will certainly affect its
binding free energy23. Binding energy was performed using
the MM-GBMV model solvent method. MM-Generalized Born
Molecular Volume (GBMV) models provide a computationally
efficient means to represent the electrostatic effects of solvent
and are widely used. A class of particularly fast GBMV models

is based on the integration of an interior volume which is
approximated as a pairwise union of atom spheres-effectively,
in which the interior is defined by a van der Waals interaction
rather than Lee-Richards molecular surface. The
approximation is computationally efficient, but if it is
uncorrected, it will allow high dielectric (water) regions to
become smaller than the water molecule among atoms,
leading to the decreased accuracy. An earlier pairwise of the
GBMV model was developed using a simple analytic correction
term that largely alleviates the problem by correctly describing
the solvent excluded volume of each pair of atoms. The
correction term introduces a free energy barrier to the
separation of non-bonded atoms. This free energy barrier is
seen in explicit solvent and Lee-Richards molecular surface
implicit solvent calculations. The robustness and simplicity of
the correction preserve the efficiency of the pairwise GBMV
models while making them a better approximation to reality26.
The calculation of binding free energy is computed as follows:

G = Gcomplex - [G-protein + Gligand]

where, Gcomplex is the absolute free energy of the complex,
Gprotein is the absolute free energy of the protein and Gligand is
the  absolute  free  energy  of the ligand)20-23. The free energy
of  each   term  was  estimated as a sum  of  the  three  terms:

[G] = [EMM] + [GSOL] - T.[S]

where,  EMM  is the molecular mechanic’s energy of the
molecule expressed as the sum of the internal energy (bonds,
angles and dihedrals) (Eint), electrostatic energy (Eele) and van
der Waals term (Evdw): 

[EMM] = [Eint] + [Eele] + [Evdw]

+GSOL, accounts for the solvation energy which can be
divided into the polar and nonpolar part. The polar part
accounts for the electrostatic contribution to solvation and is
obtained by solving the linear Poisson Boltzmann equation in
a continuum model of the solvent. On the other hand, the
other part accounts for the nonpolar contribution to solvation
and represents the cost of creating a cavity inside the solvent.
This is linearly related to the solvent accessible surface area.
[GSOL] implicitly includes the entropy, unlike +EMM,. Finally,
configurationally entropies were computed by diagonalization
of the  cartesian   coordinate   covariance   matrix   following
the  method  described by  Schlitter  and  extensively   tested
in  protein  systems.  Scoring  binding  energy  calculation
(with     GBMV    model    solvent)    of     alpha-bulnesene
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(PGHS-1 = -77.58 kcal MolG1;  PGHS-2  =  -59.59   kcal   MolG1).
The   value   similar   with   the   selective   IC50   value   for 
alpha-bulnesene,    as   shown   in    Fig.    2c.    Therefore,
alpha-bulnesene has been indeed proven to act as a selective
inhibitor of PGHS-1. The similar research to the natural product
as PGHS inhibitor selective showed the binding energy
calculation of some alpha-patchouli alcohol isomer which was
also suggested as candidates for a PGHS-1 inhibitor selective27.
The relationship binding energy, Ki and  IC50  are defined
Gbinding = 2,303 R.T log Ki.

This study only shows the relationship between binding
energy and IC50 value. However, both relationship does not
present the interactions of  the  substrate  and the inhibitors
to  act   as   a   competitive  inhibitor,  un-competitive  and
non-competitive against the enzyme. This study can be
expanded further by doing conformation again to the
relationship  of  the  IC50  value  and  the binding energy.
Alpha-bulnesene is one result of patchouli oil from
Pogostemon  cablin  Benth. This compound is a natural
product compound. This compound has been proven to be
also one of the compounds has the ability as PGHS-1 selective.
Through semi-synthetic small changes in their structure, their
selectivity against PGHS-2 can be improved. This study
illustrates one way of the characterization of potential natural
PGHS inhibitors.

CONCLUSION

In silico/in vitro  analysis: Alpha-bulnesene (CID94275)
from    patchouli    oil    as    prostaglandin   H2   synthase
(PGHS-1/PGHS-2) has IC50 values from PGHS-1 was found at
23.28 µM and PGHS-2 was at 59.52 µM, while the score of
binding energy obtained from the calculation (with GBMV
solvent model)     of    alpha-bulnesene    showed   the   result 
 of PGHS-1 = -77.58 kcal MolG1;  PGHS-2  = -59.59  kcal MolG1, 
so alpha-bulnesene fraction from patchouli oil that was a
candidate as a PGHS-1 selective inhibitor.

SIGNIFICANCE STATEMENT

This research has the advantage of having examined the
ability alpha-bulnesene isolate from the patchouli oil that
determines their nature as PGHS-1 protein inhibitors. In vitro 
analysis, alpha-bulnesene isolates showed their ability as
PGHS-1 inhibitors. This is also synergistically supported in its
in silico analysis. This study will help researchers to uncover
the role of natural material compounds  that  many
researchers cannot yet explore. Thus, this computational
approach can emphasize researchers around the world

designing anti-inflammatory drugs based on active
compounds of natural ingredients from sources that are
not/under-exploited. However, although it is effective in the
in  vitro   and  in   silico   analysis  of  this  study,  further  in
need of an in vivo  investigation  as  a candidate for effective
anti-inflammatory drugs.
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