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ABSTRACT
The research presented in this article aimed to provide a full quarternary structure of
human matrix metalloproteinase 9 (MMP9) enzyme with a ligand in the catalytic site for
structure-based virtual screening. The enzyme plays an important role in wound healing of
diabetic foot ulcer. By employing the primary structure of the enzyme obtained from UniProt
database (UniProt:P14780), the theoretical structure of full apoenzyme of the human MMP9
(PDB:1LKG), the crystal structures of the catalytic domain (PDB:4H3X) and the hemopexin
domain (PDB:11TV) of the human MMP9, homology modeling studies have been performed. The
ligand N-2-(biphenyl-4-yl-sulfonyl)-N-2-(isopropyloxy)-acetohydroxamic acid (CC27) or N-
hydroxy-2-[(4-phenylphenyl)sulfonyl-propan-2-yloxyamino]acetamide (IUPAC version) from
PDB:4H3X was embedded in the catalytic site of the enzyme. The modeling made use of the
modules of homology modeling in YASARA structure. Subsequently, molecular dynamics (MD)
simulations in YASARA structure were performed to examine the stability of the enzyme. The
homology model was found stable after 5.05 ns and the lowest energy of the model was found at
the 6.40 ns of the MD production run. This lowest energy snapshot was then energetically
minimized and analyzed for its applicability for virtual screening. This optimized model was then

stored in Mendeley Data (DOI: 10.17632/4gsb4p75gz.1).

Keywords: homology modeling; matrix metalloproteinase 9; molecular dynamics simulations;
virtual screening; YASARA structure.

INTRODUCTION

Enzyme matrix metalloproteinase 9
(MMP9) becomes a molecular target of
interest in the discovery of therapeutic agents
for a diabetic foot ulcers and cancer (Hariono
et al.,, 2018). The enzyme comprises a
catalytic domain and a hemopexin-like
domain, which have different roles (Roeb et
al., 2002). The catalytic domain degrades the
damaged matrix membrane in the wound
healing processes (Vandooren et al., 2017).
Uncontrolled enzyme activity causes the
membrane degradation and formation balance
disruption in the wound healing processes
(Ayuk et al., 2016). Inhibitors in the catalytic

domain are required to control the balance
(Jones et al., 2019). On the other hand,
although existed in the same MMP9 enzyme,
the hemopexin domain has a different role
(Dufour et al., 2010). Hemopexin domain acts
as a messenger receptor by forming dimers
(Ezhilarasan et al., 2009). The interaction
between the hemopexin domain with cell
surface receptors triggers cell proliferation
(Delozier et al., 2011). The growth of cancer
cells could, therefore, be inhibited by
inhibitors for the hemopexin domain (Alford
etal., 2017).

The available 3D structures can assist
the visualization of the ligand and protein
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interactions in structure-based drug design
(SBDD) approaches (Wang et al., 2018). The
homology comparative modeling method is an
approach to predict the 3D structure of
protein-based on its amino acid chain. Three-
dimensional structures in this approach are
made using other similar proteins that the 3D
structures are already known as the templates
(Cavasotto and Phatak, 2009). The processes
of building the structure of the 3D protein
model include: (1) Other similar proteins with
known the 3D structures are used as templates;
(2) The amino acid sequences of protein target
are aligned to the templates; (3) The 3D
structures of the target are constructed based
on the 3D structure of the templates; (4) The
MMP9 model resulted are then evaluated,
validated, and remodelled until appropriate
models are obtained (Mart et al., 2000).

There is one publicly available of full
MMP9 model (PDB:1LKG). Unfortunately,
there is no ligand in the model, which then
create difficulties in the binding pocket
identification. The aim of the research
presented in this article was to provide
validated virtual target to discover inhibitors
for MMP9. Therefore, homology modeling
approaches to construct a 3D structure of full
MMP9 with ligands followed by molecular
dynamics simulations to examine the stability
of the model were performed. The optimized
model resulted in this research could be
downloaded from Mendeley Data (DOI:
10.17632/4gsb4p759z.1).

METHODS
Materials and Instrumentations

The human MMP9 primary sequences
(UniProt:P14780) were obtained from The
Universal ~ Protein  Resource  (UniProt;
https://www.uniprot.org/). Three-dimensional
structures from The Protein Data Bank (PDB;
https://www.rcsh.org/) with identity
PDB:1LKG, PDB:4H3X, and PDB:1ITV were
used as the 3D structure templates of human
MMP9. The software mainly used was
YASARA Structure version 19.1.27 (license
number of 394125786). Computational studies
for homology modeling were performed in a

workstation with Intel® Pentium® Silver
N5000 as the processor, 4 GB random access
memory (RAM), and Windows 10 Home 64-
bit as the operating system. The molecular
dynamics  simulations and  re-docking
simulations were performed in a workstation
with Intel® CoreTM i5-7500 as the processor,
8 GB RAM, and Windows 10 Professional 64-
bit as the operating system.

Procedures

The homology model of the human
MMP9 was constructed by employing
P14780.fasta obtained from UniProt as the
source of the primary sequences and
PDB:1LKG (sequences 1 to 93 and 445 to
511), PDB:4H3X (sequences 94 to 444), and
PDB:1ITV (sequences 512 to 707) from PDB
as the templates. The module homology
modeling in  YASARA  Structure was
employed to construct the initial full model of
the human MMP9. Subsequently the ligands
from PDB:4H3X, and PDB:1LITV were
incorporated by aligning the chain A of the
structures to the initial model and followed by
removing the protein parts of the crystal
structures. Focused on the side chain residues
of the model, the quarternary structure was
then subjected to molecular dynamics
simulations with fixed atoms in the main chain
of residues number 94 to 444 and 512 to 707.
All ligands were also fixed during molecular
dynamic simulations. The molecular dynamic
simulations were performed in YASARA
Structure by employing a modified macro
from the default macro md_run.mcr from
YASARA Structure (Krieger and Vriend,
2009). The modification was done in line 67,
from duration="forever’ to duration=1000.
The molecular dynamics simulations were
followed by trajectory analysis using
md_analyse.mcr. The final scene file from
molecular dynamic simulations resulted from
the analysis was unfix and then subjected to
energy minimization using energy
minimization module. The scene resulted from
energy minimization was then saved as
mmp9_final.sce. Objects 2 and 3 in the scene
were then joined to object 1 by using module
Join in YASARA. The object 1 was then
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stored in YASARA object and pdb formats as
mmp9_final.yob and mmp9_final.pdb,
respectively. The model of the human MMP9
was then analyzed by employing module
check in YASARA structure and AMBER14
as the force field.

The file mmp9_final.pdb was
subsequently employed as the starting point
for 20 ns MD simulations using YASARA
Structure (Krieger and Vriend, 2009) . The
default macro md_run.mcr from YASARA
Structure was used with modification in line
67, from duration="forever’ to
duration=20000 and in line 109, from
saveinterval=100000 to saveinterval=10000.
The MD simulations were followed by
trajectory analysis using md_analyse.mcr. The
structure of the complex enzyme-inhibitor is
considered stable if the deviation of the root-
mean-squared-deviation (RMSD) values of at
least 5 ns duration of the MD simulations is
less than or equal to 1 A (Liu et al., 2017).
The first 5 ns of the MD simulations were
considered as the production run. The free
energy of binding (AG) of all snapshots during
the production run was calculated by
employing a method published by Prasasty
and Istyastono (2019). The snapshot with the
lowest AG value was then minimized and
selected to be analyzed for its applicability for
being the target in structure-based virtual

screening campaigns by performing 1000
times redock simulations wusing VINA
embedded in YASARA Structure. The
docking configuration was embedded to the
macro file dock run_1000.mcr developed in
this research. The file could be obtained from
Mendeley Data (DOl
10.17632/4gsb4p75gz.1). The model was
considered as applicable for virtual screening
if the RMSD values of at least 95% redocking
result of the ligand are less or equal to 2 A.

RESULTS AND DISCUSSION

The research presented in this article
aimed to publicly provide a full quarternary
structure of human MMP9 with a relevant
ligand in the catalytic site to be used further in
drug discovery for diabetic wound healing.
The result of the homology modeling is
available in 3 formats: YASARA scene
(mmp9_final.sce), YASARA object
(mmp9_final.yob), and PDB file
(mmp9_final.pdb). These files were then
stored in Mendeley Data
(doi:10.17632/xj7yt48jwb.1). The final model
applicable for virtual screening is available as
a pdb file (mmp9.pdb), which was also stored
in Mendeley Data (DOl
10.17632/4gsb4p759z.1).

Table 1. Quality of the final model of the full human MMP9.

Reference Value

No Quality Criteria® Value (Krieger et al., 2002)

1  Correctness of enantiomers 0.000 >0 is bad

2 Absence of cis-peptide 2.000 (at the N-terminus of PRO A 553 and of > 0 is bad, but cis-prolines
bonds PRO A 598) are OK

3 Adhereljce to naming 0.000 > 0'iis bad
conventions

4 Normality of bond lengths 0.700 <-2is poor, <-4is bad

5  Normality of bond angles 0.014 <-2is poor, <-4is bad

6  Normality of dihedral angles 0.057 <-2is poor, <-4is bad

7 Normality of planar groups 0.573 <-2is poor, <-4is bad

“JThe criteria of “Normality of water locations” was not checked since the model does not contain any water

molecule.
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Figure 1. Visualization of the catalytic site of the homology model (A) and PDB:4H3X (B). The figures were built
using YASARA Structure in default mode without shadow. The enzyme, the amino acid residues, the ligands, and
zinc atom are depicted as ribbon style, stick style, ball-and-stick style and ball, respectively. Only important
residues are shown for the shake of clarity.

The analysis of the human MMP9
homology model showed an acceptable
deviation from the average structure in all
aspects. The results and the details of the
analyzed aspects are presented in Table 1.
Based on the results, the model of the tertiary
structure of the human MMP9 resulted from
the homology modeling is acceptable for
further  application. =~ However,  visual
inspection of the interactions between the
protein, the ligands, and the cofactors should
be performed and compared to those from the
reference structures, i.e., PDB:4H3X and
PDB:1ITV.

The catalytic site of the model (Figure
1A) is slightly different from the catalytic site
of the crytal structure PDB:4H3X (Figure 1B).
The histidine triad in the model is slightly
away from the zinc atom compared to the
crystal structure, while the glutamate residue
remains similar. Nevertheless, the quantitave
approach by aligning the backbone of the
model to the backbone of the crystal structure
showed the RMSD value of those residues in
the model compared to the crystal structure
was 0.817 A. Figure 1 and the alignment show
that the model could reproduce the essential

interactions for ligands and cofactors with the
protein.  Unfortunately, the ligands in
PDB:1ITV, which was used as one of the
templates, are only sulfate ions. Therefore,
further investigation in this hemopexin-like
domain should be performed.

The reliability of the model to be
employed in a further virtual screening
campaign will significantly be increased by
employing a model with stable protein-ligand
interactions (Liu et al., 2017). Therefore,
further MD simulations for 20 ns with a
snapshot in every 10 ps were performed.
Figures 2A and 2B show the RMSD values of
the backbone atoms during the simulations
and the deviation of these RMSD values in the
duration of 5 ns started from the initial point,
respectively. As depicted in Figure 2, the
MMP9-CC27 complex in this research was
considered stable starting from 5.05 ns of the
MD simulations. The AG values of snapshots
in 5 ns after the starting stable point were then
calculated to identify the snapshot with the
lowest AG value. Figure 3 shows that the
lowest snapshot was identified at the 6.40 ns
of the MD production run.
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Figure 2. The RMSD values of the MMP9 backbone atoms during MD simulations (A), and the deviation of the
RMSD in every 5 ns from the starting point (B).
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Figure 3. The AG values of MMP9-CC27 during the production run of the MD simulations.

The MMP9-CC27 complex from the
6.40 ns of the MD production run was then
minimized and exported as a pdb file
(mmp9.pdb). The applicability checks of this
complex for virtual screening by employing
1000 redocking simulations resulted in
RMSD values of less than 2.0 A for all
redocking of CC27 poses. The highest
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RMSD value was 1.274 A. Thus, the MMP9-
CC27 complex (mmp9.pdb) resulted in this
research is highly suggested to be used in the
further development of structure-based
virtual screening protocols to discover drugs
targeting human MMP9.
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CONCLUSION

Homology modeling studies
followed by 20 ns MD simulations by
employing YASARA Structure could
result in a proper quaternary structure of
full human MMP9 complexed with
CC27. The availability of the model
offers possibilities to perform structure-
based drug design targeting the catalytic
site of the human MMP9. Further
investigation in the hemopexin domain
should be performed to study the
inhibitor selectivity of the catalytic site
over the hemopexin domain.
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ABSTRACT

Ibuprofen is a compound with low solubility but high permeability in water. One method to
improve the ability of a substance to dissolve in water is through the formation of inclusion
complexes. This study aims to obtain ratio between ibuprofen and 3-cyclodextrin which results in
inclusion complex with an optimal amount of dissolved ibuprofen. The inclusion complex was
made using solvent evaporation method with molar ratio variations of 1: 1, 1: 2, 1: 3, 1: 4 and 1:
5. The results of the inclusion complex were characterized by X-ray diffraction, FTIR, SEM, and
DTA. The solubility test was carried out using three different media; they are pH solution 7.4; pH
solution 1.5; and distilled water. The solubility test results showed no increase on the ibuprofen
solubility of the inclusion complex within medium solutions of pH 7.4 and pH 1.5 whereas in
aguades medium there was an increase in the inclusion complex solubility compared to pure
ibuprofen. Based on the results, it can be concluded that inclusion complex with molar ratio of 1:
1 shows optimal amount of dissolved ibuprofen compared to other ratio variations in aquadest

medium.

Keywords: B-cyclodextrin; ibuprofen; inclusion complexes; solvent evaporation.

INTRODUCTION

In a study conducted by Octavia et al.
(2015), it was found that pure ibuprofen
could not be dissolved for more than 70% in
30 minutes. Such compound requires a
method to increase its solubility to improve
the bioavailability of drugs (Yasir et al.
2010). Other studies investigating the
increase of ibuprofen solubility have been
carried out in the form of solid dispersion by
the methods of solvent evaporation and
melting dispersion (Gupta et al., 2011). This
study uses relatively toxic organic solvents
which will leave residue on the results of
ibuprofen solid dispersion.

Another way to improve the solubility
of drugs that are difficult to dissolve in water
is through the inclusion complex, through
which can improve the speed of dissolution,
absorption, bioavailability, and chemical
stability of the drug (Loftsson & Brewster,

1996). Inclusion complex is a form of
inserting non-polar compounds (substrates)
into a container of another compound
(ligand) (Ketan et al., 2012). B-cyclodextrin
compound is one of cyclodextrin types that
can be used as a ligand in the formation of
inclusion complex. It is because B-
cyclodextrin has relatively large cavity
diameter of up to 6A and good water
solubility of 1 part in 20 parts of water
(Rowe et al., 2012).

Based on the explanation above, this
research will produce an inclusion complex
with a variation of ibuprofen:B-cyclodextrin
ratio using the solvent evaporation method
due to an increase in ibuprofen solubility.
The purpose of this study is to obtain ratio of
ibuprofen:f-cyclodextrin -~ which  produces
inclusion complex with an optimal amount of
dissolved ibuprofen.
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METHODS

The materials used in this study are
ibuprofen (Hubei granules-biocause
pharmaceutical),  p-cyclodextrin  (BaoJi
GuoKang Bio-Technology), alcohol,
aquadest, KCI (Merck), HCI (Merck),
KH2PO4 (Merck), and NaOH (Merck). In
addition, the instruments used in this study
include X-ray diffractometer (Pan Analytical
empryren), DTA (Mettler Toledo), UV-VIS
spectrophotometer, SEM (SEM-eds JEOL
JED350), FTIR spectrophotometer (Agilent),
magnetic stirrer (Power MS-H-Pro), rotary
evaporator (Butchi), and sieving (Retsch AS
200 digits CA).

Production of inclusion complex

The inclusion complex was made into 5
formulas by varying the molar ratio between
ibuprofen:f-cyclodextrin which were 1: 1; 1:
2; 1:3; 1: 4 and 1: 5 (Table 1). Ibuprofen
was dissolved in 50 ml of ethanol (M1) while
B-cyclodextrin was dissolved in 50 ml of hot
water (60°C) (M2). After that, the M2 clear
solution was put into M1 clear solution and
stirred using a magnetic stirrer at 300 rpm for
30 minutes. The turbid solution is then
evaporated (170 bar, 150 rpm, temperature
40°C). The dried powder formed was sieved
using a mesh of 100, then dried in a
desiccator for 3 hours (Priotta, 2015).
Characterization of inclusion complexes

Infrared spectra of ibuprofen, p-
cyclodextrin and inclusion complexes were
recorded using FT-IR spectrophotometer by
KBr pellet method. Measurements were
made at wavenumbers 400 - 4000 cm-1
(Hiremath et al, 2008).

DTA would characterize the solid-state
interaction of the inclusion complex, f-
cyclodextrin and, ibuprofen. The sample
used was approximately 5 mg of ibuprofen,
B-cyclodextrin, and inclusion complex at
warming temperatures from 30 to 400 °C

with a heating speed of 10 °C / minute (Ma
et al., 2012).

XRD patterns of Ibuprofen, J-
cyclodextrins and inclusion complexes were
recorded using X-ray diffractometer with Cu
anode tube at 5-700 / 20 intervals. The
sample was placed on a plate-shaped holder
made of aluminum. Diffractogram would be
read automatically on the computer (Asih 11,
2011).

Particle morphology was observed
using SEM. The powder sample (ibuprofen,
B-cyclodextrin, inclusion complex) was
placed in an aluminum sample holder and
coated with gold with thickness of 10 nm.
Samples were then observed for the
enlargement of SEM devices. The voltage
was set at 20 kV and the current was 12 mA
(Octavia et al, 2015).

Solubility test

A total of 100 mg of standard ibuprofen
and inclusion complex results were dissolved
into 20 ml of ethanol each, put into a 100 ml
volumetric flask and dissolved with the
medium (buffer pH 1.5/ distilled water) until
the boundary mark. It was stirred using a
magnetic stirrer at a speed of 150 rpm for 15
minutes. A sample of 10 ml was taken and
filtered with a 0.45 pm filtrate membrane.
Absorption was measured at maximum
wavelength using spectrophotometer. The
solubility test was also carried out on solvent
buffer pH 7.4 without the addition of ethanol
to help to dissolve ibuprofen.

DATA ANALYSIS

Solubility test data on dissolved
ibuprofen levels were analyzed using non-
parametric analysis of Friedman because the
data were not normally distributed and were
not homogeneous.

Tabel 1. Formula of Inclusion Complex

F1 F2 F3 Fa F5
B-cyclodextrine (g) 283,75 567,5 851,25 1135 1418,75
Ibuprofen (g) 51,55 51,55 51,55 51,55 51,55

The Influence of B-cyclodextrin Concentrations as...
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RESULTS AND DISCUSSION
FTIR

The results of FTIR characterization from
ibuprofen, B-cyclodextrin and inclusion
complexes can be seen in Figure 1 and Table
2. Inclusion complexes showed the presence
of B-cyclodesktrin and ibuprofen groups. In
formula 1 there were wavelengths of 1701.5
cm® and 1459.3 cm 1 which were the peaks in
ibuprofen, a slight shift in wavelength from
1461 cm-1 to 1459 cm-1 (Barmi et al., 2018).
In formula 2, a shift in wavelength from
3283.8 to 3280.1 belonged to B-cyclodextrin
(Silverstein et.al., 1981), but there was no

Komunitas, 2020, 17(1), 8-19

aromatic peak of ibuprofen. The wavelength of
ibuprofen aromatic group was not seen in
formulas 3, 4 and 5 as well. Carboxylic group
wavelength shift from 17015 to 1735.1
belonged to ibuprofen in formula 3, formula 4
and formula 5. This indicated a weak
interaction between ibuprofen and J-
cyclodextrin (Hiremath et al., 2008). From
these results, it was known that there was a
shift in wavelength and appearance of
ibuprofen, and wavelengths of B-cyclodextrin
which indicated an interaction between
ibuprofen and B-cyclodextrin

Tabel 2. Wave Number of FTIR

Distance wave number (cm1)

B-cyclodextryn (cm-1)

(O-H) 2500-3300
(C-H) aromatis 1000-1275
(C-0) alcohol dan fenol 1000-1300

Distance wave number (cm-1)

1701
1461

(C=0) carboxylic acid
(C=C) aromatic

Distance wave number (cm-1)

O-H 2500-3300
C-H 1000-1275
C-0O 1000-1300
C=0 carboxylic acid 1701
(C=C) aromatic 1461

3263,3

1099,6

1077,2
Ibuprofen (cm1)
1701.5

1460

Inclusion complex (cm-1)
3265-3280,1
1104.1

1079.1
1701.5-1735.1
1459

———  ———
formula 4_2019-02-12t11-08-27(1 )//’_iwﬂj\fm

%Transmittance

-300f

-400]

1 1 1 L 1 1 !
3800 3600 3400 3200 3000 2800 2600

Name
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Figure 1. IR Spectrum of ibuprofen, B-cyclodextrin and inclusion complex.
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X-ray Diffractometry

It can be seen in Figure 2. In formula 1,
the inclusion complex was formed due to the
bonding of ibuprofen and B-cyclodextrin so
that the peaks in formula 1 and formula 2 were
not too many. With the increase on the number
of B-cyclodextrin, the peaks were increasingly
visible until formula 5, but did not cover the
peak of ibuprofen. The diffraction pattern
formed from formula 1 to formula 5 was
increasingly seen approaching p-cyclodextrin
diffraction pattern with increasing peaks

1500
1000

500

intensiitas

similar to B-cyclodextrin. This signifies that
ibuprofen molecule has entered the structure
of B-cyclodextrin cavity so that it looks
dominant B-cyclodextrin diffractogram (Rini
et al., 2015). The decrease in height of peak
intensity indicates a change in the structure so
that the results of the inclusion complex are
amorphous (Pamudji et al., 2014; Barmi et al.,
2018).
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Differential Thermal Analysis

Formula 1 and formula 2 showed an
endothermic process at a temperature of
2900°C - 3200°C. Endothermic changes can
occur due to oxidation of organic compounds
(Setabudi et al., 2012). However, formula 3
experienced an exothermic process at a
temperature range of 2940°C - 3020°C and at
that temperatures there was a change in mass.
Meanwhile, in formula 4 and formula 5,
exothermic process was directly followed by
endothermic process. Exothermic process
usually occurs due to the formation of crystals
during the heating process which is often
referred to solidification.

In all results (Figure 3) on inclusion
complex, dehydration which usually occurs at
temperatures of around 1000°C is absent this

12

40

50 60 70 80 920

2 theta
Figure 2. XRD result of ibuprofen, B-cyclodextrin and inclusion complex.

time due to the disappearance of ibuprofen
melting point. Ibuprofen loses its peak because
it has entered the cavity of -cyclodextrin so
that it does not show endothermic points at
these adjacent temperatures (Hirameth 2008;
Manca et al., 2005).

Scanning Electron Microscope

The results of pure ibuprofen
examination showed a long cylindrical rod
shape while B-cyclodextrin was seen as a lump
with a rough and irregular texture. In the
results of inclusion complex, all formulas
appear to have no form that resembles
ibuprofen and B-cyclodextrin. In fact, almost
all are irregular in shape (Figure 4).
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Figure 3. DTA result: (a) Formula 1, (b) Formula 2, (c) Formula 3, (d) Formula 4, (e) Formula 5, (f) ibuprofen, (g) B-
cyclodextrin.
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Figure 4. SEM results (Continued)

Solubility Test

One of the most common methods in
evaluation inclusion complexation is phase
solubility. A phase solubility diagram is
constructed by  plotting the  molar
concentration of dissolved solute found on the
vertical axis against the concentration of
complexing agent added on the horizontal
axis. Two general types of phase solubility
profiles are generated; Type A where soluble
complexes are formed, and Type B where
complexes of limited solubility are formed
(Higuchi & Connors, 1965).

The results (Figure 5) show that the
addition of B-cyclodextrin to the inclusion
complex at solution of pH 7.4 and pH 1.5
follows the type Bl diagram which means that
there is no increase in the solubility of
ibuprofen with the addition of B-cyclodextrin
at ratios of 1: 1, 1: 2, 1: 3, 1: 4, and 1: 5. As
with the aquadest medium, there is an increase

The Influence of B-cyclodextrin Concentrations as...

in the solubility of ibuprofen in formula 1
(ratio 1: 1) compared to pure ibuprofen, and
the solubility type follows type Bs diagram.
Curve Bs shows the formation of a complex
that increases the total solubility of the
compound (similar to type A diagram). More
addition of complexing agents producing
solubility of the complex is reached. As
additional compound goes into solution, some
solid complexes precipitate. Further addition
of complexing agents beyond point z results in
depletion of the compound from solution by
complex formation. Curve Bl is interpreted
similarly except that the complex formed is so
insoluble that no increase in solubility is
observed (Mosher & Thompson, 2007).
Statistical analysis of the solubility test results
shows that sig < 0.05 based on which it can be
concluded that the 2 variables (ratio of
ibuprofen:f-cyclodextrin and the type of
medium) generate different solubility results
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Figure 5. Solubility phase diagram of inclusion complexes

CONCLUSION

The inclusion complex is not able to
increase the solubility of ibuprofen within
solution medium of pH 7.4 and pH 1.5.
Meanwhile, in the aquadest medium, the
formation of inclusion complexes can increase
the solubility of ibuprofen at ratio of 1: 1.
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ABSTRACT

Pesticides exposure affects respiratory system. The study of peak expiratory flow rate
(PEFR) as a parameter of lung function changes due to limited pesticide among farmers. This cross-
sectional study aims to analyze factors affecting PEFR and formulate a model for predicting PEFR
among 76 vegetable farmers using pesticides in Tlogolele Village, Boyolali Regency. Data were
collected through questionnaire-based interview and clinical examination. PEFR test was conducted
using a peak flow meter while cholinesterase level was investigated using Deutsche Gessellschaftfur
Klinische Chemie method. The data were analyzed using unpaired T-test and Pearson test continued
by multivariate regression models. The examination showed 75% of subjects had abnormal PEFR.
Cholinesterase, body mass index, smoking habits, personal protective equipment usage, pesticide
dosage, length of work per day, and last time of spraying did not show a significant correlation with
PEFR. On the other hand, age, height, weight, frequency of spraying, and spraying duration showed
a significant correlation with PEFR and a prediction equation for PEFR model was obtained as
R?=0.268 (p<0.001). The developed model will be useful for early detection of abnormal lung
function.

Keywords: occupational health; peak expiratory flow rate; pesticide exposure.

INTRODUCTION of all pesticides. The incidence of pesticide

Pesticide exposure is still a health problem
throughout the world especially in developing
countries. In the past 10 years, there had not
been any complete statistical data on morbidity
and mortality due to pesticide poisoning
globally (Calvert et al., 2010; WHO, 2008).
The World Health Organization (WHO)
estimates that there are around 5 million cases
of accidental pesticide poisoning and 20,000
deaths per year due to pesticide poisoning. The
incidence of acute pesticide poisoning in the
workplace is 1.17 per 100,000 workers and
insecticides are the most common cause (49%)

poisoning is higher in agricultural sector
compared to non-agricultural sector (Calvert et
al., 2004; UN, 2017). The level of pesticide
poisoning is influenced by various factors
including internal and external factors. Internal
factors include age, sex, and nutritional status.
External factors are pesticide dosage, frequency
of spraying, length of work per day, length of
service, time of the last spraying, habitual use
of personal protective equipment
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(PPE), spraying time, and environmental
temperature  (Djojosumarto P,  2008;
Eddleston, 2015; Wudianto, 2007).

Exposure to pesticides in workplace
occurs in all agricultural processes such as
mixing, spraying, planting, harvesting,
weighing, product packaging, and washing
agricultural equipment. Spraying is the most
important process in pest control (Sapbamrer
& Nata, 2014). During the process of pesticide
spraying, steam and aerosol droplets from the
pesticide solution can enter the body through
inhalation. Inhalation of pesticides can cause
damage to the nose, throat, and lung tissue
because of which lung function changes and
the risk of respiratory symptoms and diseases
increases (Sapbamrer et al., 2019).

Several previous studies have reported an
association between exposure to pesticides at
work and respiratory disorders such as chronic
obstructive pulmonary disease, asthma and
chronic bronchitis (Alif et al., 2017; Hoppin et
al., 2009; Lytras et al., 2018). Occupational
exposure can also induce or exacerbate
asthma. Variability of asthma control is worse
during periods at work than away from work
(Quirce et al., 2013; Suhadi et al., 2018).
Several other studies report that the prevalence
of respiratory symptoms is associated with
pesticides (Buralli et al., 2018; Mathew et al.,
2015). Evidence of decreased lung function
tests associated with pesticide exposure
among agricultural workers has also been
reported in several studies (Chakraborty et al.,
2009; Sapbamrer et al., 2019). These studies
support evidence that exposure to pesticides
has an adverse effect on the respiratory
system.

Lung function can be assessed through
several methods one of which is by peak
expiratory flow rate (PEFR). PEFR measures
the maximum expiratory speed that can be
achieved by someone and is expressed in liters
per minute (L/min) or liters per second (L/sec).
PEFR mainly reflects the flow in large airways
and depends on the conscious effort and
muscle strength of the individual. PEFR
values are obtained by spirometry test or using
a simpler tool namely peak expiratory flow
(PEF) meter. PEFR examination with PEF

meter is easier, simpler, cheaper, and
guantitative (Ismaila et al., 2015; Mridha et
al., 2011; Thorat et al., 2017). Differences in
PEFR values among populations can be
caused by geographical factors, types of
environmental and occupational exposure,
socioeconomic status, and ethnic differences
that affect variations between individuals.
Therefore, PEFR prediction model will be
more appropriate if each region has its own
values (Nayak et al., 2016; Prasad et al.,
2006). Research on the correlation between
pesticide exposure and PEFR is still very
limited. To the best of our knowledge, there is
only one study about the correlation between
blood cholinesterase activity and PEFR in
Indonesia in which the subject of that study
was potato farmers with chronic exposure to
organophosphate  pesticides. The results
indicate a significant positive correlation of a
low degree of blood acetylcholinesterase
activity with PEFR (Luthfanto et al., 2014).
Boyolali Regency is one of regions in
Central Java of which the economy relies on
agricultural sector. For the last five years, 50
percent of Boyolali's population has worked in
agricultural sector. Its best agricultural
products include tobacco and vegetables. Selo
District is a vegetable producing center in
Boyolali (BPS Boyolali, 2018a). Tlogolele is
one of villages in Selo District with main
commodities of chilies, tomatoes and mustard
greens.
Some areas of Tlogolele have agricultural
activities throughout the year due to the
availability of water in the area (BPS Boyolali,
2018). Based on research on pesticide
poisoning in Selo District, data obtained from
pesticide poisoning reached 73.9%. Factors
related to pesticide poisoning are years of
pesticide application, personal protective
equipment (PPE), and frequency of spraying
(Harriyani, 2016). Based on the explanation
above, this study aims to determine PEFR,
analyze the factors that affect PEFR and
formulate a model of PEFR predictors towards
vegetable farmers wusing pesticides in
Tlogolele Village, Boyolali Regency.
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METHODS

This study is an observational research
applying cross-sectional design with the study
permit No. 070/412/V1/39/2019 issued by
Kantor Kesatuan Bangsa dan Politik
Kabupaten Boyolali (The Office of Political
and National Unity of Boyolali Regency). The
study protocol was approved by the Ethics
Commission of Medical Faculty, Sebelas Maret
University with the Ethical Clearance No.
261/UN27.06/KEPK/EC/2019. This study was
part of the study and development of
implemented model for health service of work
related illness in national health coverage era
for holistic and integrated occupational health
efforts.

Selection of Subjects

Samples were taken from farmers who
used chemical pesticides in Tlogolele Village,
Selo District, Boyolali Regency who met the
inclusion and exclusion criteria. Inclusion
criteria included staying for minimum one year
in Selo District of Boyolali Regency, men aged
between 20-65 years, carrying out pesticide
spraying activities for at least one year, and
willing to be the subject of research by signing
informed consent. Exclusion criteria included a
history and symptoms of lung and liver
dysfunction, signs of malignancy, a history of
alcoholic drinking habits, and the use of
cholinesterase  inhibitors. The  sampling
technique applied consecutive sampling.

Procedures

The independent variable of the study is
blood cholinesterase activity investigated in
Laboratory of Health and Medical Devices
Testing (Balai Laboratorium Kesehatan dan
Pengujian Alat Kesehatani) using Deutsche
Gessellschaftfur Klinische Chemie (DGKC)
method whereas the dependent variable is peak
expiratory flow rate measured by Philips
Respironics PesonalBest® peak flow meter.
Additional variables were generated by
questionnaire-based interview and clinical
examination for demographic characteristics,
history of pesticides application, and
anthropometric variables. Data collection was
completed at village hall of Tlogolele. The data
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collectors consisted of the interviewer and the
note documenter who guided the respondents in
answering the questionnaires. All data
collectors were trained for their reliability in
understanding the questions and the
respondents’ answers before the interview.

Data Analysis

Categorical data including smoking
habits, personal protective equipment usage,
and pesticide dosage were analyzed using
unpaired T-test. Meanwhile, the ratio data of
cholinesterase, age, height, weight, body mass
index, frequency of spraying, the length of
work per day, spraying duration, and last time
of spraying were analyzed for their
distributions followed by Pearson or Spearman
test depending on the normal distribution of the
data. Multivariate regression models were
performed on the data. All the statistical
analyses were performed using IBM SPSS
software version 22 (IBM Corp., Chicago,
USA). p-values <0.05 were considered
significant.

RESULTS AND DISCUSSION

The research subjects consisted of 76
farmers who wused chemical pesticides.
Demographic and physical characteristics,
history of pesticide application, PEFR, and
blood cholinesterase are shown in Table 1. The
mean age of the study sample was 41.86 +
10.18. Most of these farmers were graduated
from elementary school for as many as 59
(77.6%). The highest income was less than
Indonesian rupiah (IDR) 1,000,000 which were
occupied by 50 subjects (65.8%). Normal
nutritional status was 50 (65.8%) with the mean
of body mass index (BMI) of 22.09+2.38
kg/m2. Smoking habits were performed by 60
subjects (78.9%). The mean height of the study
sample was 159.03+7.02 m while the mean
body weight was 56.06+8.42 kg.

Data on pesticide application in this study
included the use of personal protective
equipment (PPE), pesticide dosage, frequency
of spraying, length of work, duration of
spraying, and last time of spraying (Table 1).
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The results showed that there were only 14
subjects (18.4%) used complete PPE. As many
as 43 subjects (56.6%) had used the dosage of
pesticides according to the rules namely 1.5-2
cc/liters of solvent. The highest frequency of
spraying was 2 times/week performed by 37
subjects (48.7%). The longest working
duration was 2 hours/day performed by 25
subjects (32.9%). The longest spraying
duration was 11-20 years by 34 subjects
(44.7%). The closest last time of spraying was
1-7 days for as many as 44 subjects (57.9%).

The results of the examination in this
study are 71 subjects (93.4%) with normal
cholinesterase levels and 5 subjects (6.6%)
with abnormal cholinesterase levels. The
results of this study are in line with a study
showing normal cholinesterase which is
higher than abnormal cholinesterase (Sandra
etal., 2019). An examination of cholinesterase
activity is an assessment of organophosphate
poisoning in workers. Decreasing blood
cholinesterase activity is reduced due to the
inhibition of cholinesterase enzyme activity by
organophosphates. However, cholinesterase
activity may not always be able to describe the
level of chronic organophosphate poisoning
especially at low dose exposure because there
is a recovery period of cholinesterase activity
after exposure. This recovery period ranges
from 35-100 days after exposure (Eddleston,
2015; Ye et al., 2013).

Based on PEFR normal values guidelines
by Indonesian Pneumobile Project Team in
1992 (Alsagaff et al., 1992), the PEFR
examination in this study showed an abnormal
result in 57 subjects (75%). The mean PEFR
value of the sample was 407.96 + 96.04. These
results are in line with studies that show higher
abnormal lung function than normal lung
function in farmers with exposure to pesticides
(Luthfanto et al., 2014; Sandra et al., 2019).
This study is also consistent with other studies
which figure out a significant decrease in
PEFR among farmers compared to the control
(Priyadharshini et al., 2017). Decreased PEFR
values can be a sensitive indicator in
predicting the amount of airway obstruction.
Pesticide aerosol drops that are sprayed in the
air can get in through inhalation which causes

irritation and narrowing of the airway
(Sapbamrer et al., 2019). The results of these
studies provide evidence on the adverse effects
of exposure to pesticides on the respiratory
system.

Bivariate test results (Table 2) in this
study showed a significant relationship
between age (r=-0,458; p=0,000), height
(r=0.434; p=0,000), weight (r=-0,322;
p=0.005), spraying frequency (r=-0.279;
p=0.015), and spraying duration (r=-0.336;
p=0.002) with PEFR. Whereas variables of
blood cholinesterase, BMI, smoking habits,
PPE usage, pesticide dosage, length of work,
and last time of spraying did not show a
significant relationship with PEFR. Negative
correlation on age variable with PEFR is in
line with studies conducted both in the general
population and certain occupational exposures
(Bhardwaj et al., 2014; Price et al., 2013).
PEFR values decrease with increasing age due
to degenerative changes in musculoskeletal
system of the thoraco-abdominal compartment
which cause a decrease in the strength of
respiratory muscles. In addition, the airways
also experience increasing resistance due to
functional changes with age (Bhardwaj et al.,
2014; Mukherjee et al., 2018).

Height shows a positive correlation with
PEFR. This is in line with research conducted
on both male and female populations (Garg et
al., 2015). Taller people have greater chest
volume. Also, airway growth and respiratory
muscle effort increase with greater body
height (Mukherjee et al., 2018). Analysis on
weight variable with PEFR is in line with
studies that show a positive correlation
between body weight and PEFR (Bedi &
Dang, 2016; Kaur et al., 2013). This finding is
due to respiratory tract and greater muscular
expiratory effort as we gain weight
(Mukherjee et al., 2018).

The spraying duration in this study shows
a negative correlation with PEFR. These
results are in line with a research by Fareed et
al. (2013) which shows a negative correlation
between duration of exposure and PEFR (r=-
0.41; p<0.01). The duration of exposure in this
study is also associated with respiratory
symptoms. Research ~ conducted by
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Chakraborty et al. (2009) also shows results of our knowledge, no previous studies have
that are consistent with the results of this analyzed the correlation between the
study. In this study, spraying frequency shows frequency of spraying and PEFR.

a negative correlation with PEFR. To the best

Table 1. Demographic and Physical Characteristics, History of Pesticide Application, PEFR, and Blood
Cholinesterase among Male Sprayers (n = 76)

Variable n (%) MeantSD or Median

(Min-Max)
Age 41.86+10.18
Education
No school 2 (2.6)
Graduated from elementary school 59 (77.6)
Graduated from middle school 8 (10.5)
Graduated from high school 7(9.2)
Income
<IDR 1,000,000 50 (65.8)
IDR 1,000,000-2,500,000 24 (31.6)
IDR 2,500,000-5,000,000 2(2.6)
Smoking habit
Yes 60 (78.9)
No 16 (21.1)
Nutritional Status / Body Mass Index
Less 4 (5.3)
Normal 50 (65.8) 22.09+2.38
More 22 (28.9)
Height (cm) 159.03+7.02
Weight (kg) 56.06+8.42
Use of PPE
Complete 14 (18.4)
Incomplete 62 (81.6)
Pesticide Dosage
By the rules 43 (56.6)
Not according to rules 33(43.4)
Spraying Frequency (times/week) 2 (1-4)
Length of Work (hours/day) 2 (1-6)
Spraying Duration (year) 20 (1-40)
Last Time of Spraying (day) 7 (1-196)
Peak Expiratory Flow Rate (L/min)
Normal 19 (25) 407.96+96.04
Abnormal 57 (75)
Blood Cholinesterase (U/L)
Normal 71(934) 5754.00 (2534-9761)
Abnormal 5 (6.6)

Note: MeantSD = meantstandard deviation; Median (Min-Max) = median (minimum-maximum); IDR =
Indonesian rupiah; PPE = personal protective equipment
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Previous studies analyzed the correlation
between frequency of spraying and other lung
function parameters such as forced expiratory
volume in one second/forced vital capacity
(FEV1/FVC), and forced expiratory flow at 25-
75% of the pulmonary volume (FEF25.75%).
The results of this study indicate a negative
correlation between the frequency of spraying
and FEV1/FVC (r=-0.85; p<0.001) and FEFs.
75% (r=-0.62; p<0.001) (Buralli et al., 2018).
Research using the cumulative exposure index
in describing variable of spraying frequency
and duration of exposure also shows the results
that the cumulative exposure index is a
predictor of FEF25.750 with a value of R? 50%
(r=-0.254; p=0.039) (Hernandez et al., 2008).
The level of pesticide poisoning depends on
pesticide toxicity, pesticide formulation,
pesticide particle size, PPE usage, duration,
frequency, and intensity of exposure.
Inhalation of pesticides can cause damage to
the nose, throat, and lung tissue which can
cause malfunction and increase the risk of

respiratory symptoms and diseases (Damalas
and Koutroubas, 2016; Mamane et al., 2015).

After conducting a bivariate analysis, all
variables (use of PPE, pesticide dosage,
spraying duration, height, cholinesterase, age,
body weight, and spraying frequency) met the
criteria for entry into the multivariate analysis
(Table 3). With multivariate analysis of linear
regression backward method, the PEFR
equation is obtained as = 465.537 + (-
3.627xage) + (2.389xweight) + (-24.31x
frequency of spraying) with an R? = 26.8%.
Equations consisting of age, body weight, and
spraying frequency contributed 26.8% to the
dependent variable (PEFR) while the remaining
73.2% was influenced by other variables. In
Indonesia, a model to predict PEFR values was
carried out by the Indonesian Pneumobile
Project Team in 1992. However, the PEFR
values in this study were obtained from the
general population. The PEFR equation in this
study consists of age and height factors
(Alsagaff et al., 1992).

Table 2. Correlation between blood cholinesterase, demographic and physical characteristics with history of pesticide
application and PEFR

Peak Expiratory Flows (L/min)

Variable MeantSD Me?SSd(:/fofCe Ir)ence o value r
Cholinesterase (U/L) - - 0.145 0.169
Age (years) - - 0.000* -0.458
Height (cm) - - 0.000* 0.434
Weight (kg) - - 0.005* 0.322
BMI (kg/m?) - - 0.391 0.1
Smoking habit

Yes 405.67+94.85 -10.90 (-65.04-43.25) 0.69 -
No 416.56+103.13
Use of PPE
Complete 441.79+78.58 41.46 (-14.73-97.66) 0.146 -
Incomplete 400.32498.50
Pesticide dosage
By the rules 423.95+94.07
Not according to 387.12+95.99 36.83 (-6.93-80.59) 0.098 i
rules
Spraying frequency *
(times/week) i i 0.015 0279
Length of work
(hours/day) - - 0.831 0.025
Spraying duration - - 0.002* -0.356
Last time of spraying i i 0.400 -0.098

(days)

Note: MeantSD = meanzstandard deviation; 95%CI = 95% confidence interval; BMI = body mass index; PPE =

personal protective equipment; *p<0.05
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Table 3. Model for predicting PEFR of male sprayers (n = 76)

Unstandardized Coefficients

Standardized Coefficients

Variable p value

B Standard Error Beta
Constant 465.537 87.323 0.000
Age -3.627 0.960 -0.385 0.000
Weight 2.389 1.170 0.209 0.045
Spraying frequency -24.310 13.895 -0.179 0.084

Note: R? = 26.8%

Research on cement factory workers in Nigeria
shows the results of the PEFR prediction model
with the PEFR equation/year of exposure =
—69.985 + 3.425xage + 2.922xheight —
2.473xweight + 10.9xyear of exposure (R?
84.3% ; p<0.001) (Ismaila et al., 2015). To the
best of our knowledge, there is no PEFR
prediction model for farmers with pesticide
exposure. The PEFR prediction model is useful
in initial screening for respiratory system
disorders in farmers using pesticides.

PEFR is an indicator of airway obstruction
that is sensitive and accurate. PEFR
examination with PEF meters is easier, simpler,
cheaper, and quantitative as well as
noninvasive (Mridha et al., 2011; Thorat et al.,
2017). PEFR prediction models for farmers
using pesticides are useful in initial screening
for respiratory system disorders. The results of
this study strengthen the evidence of the
correlation between pesticide exposure and
respiratory system disorders. However, this
study has several limitations. First, this research
was only conducted in one region/village with
a limited sample size. Second, this study was
only conducted towards male farmers so that it
limits the generalization of research results to
the other gender. Third, other laboratory
support parameters that might influence the
level of cholinesterase were not examined in
this study (e.g. hemoglobin, liver function tests,
and malignancy markers.

CONCLUSION

The equation model to determine PEFR
based on age, weight, and frequency of
spraying was obtained with enough coefficients
determination. This developed model will be
useful in determining the PEFR of vegetable
farmers as an effort to access possible medical
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attention. Multicentre studies with multigender
and larger sample sizes are recommended to
obtain PEFR predictor models.
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ABSTRACT
Traditional medicines produced from medicinal plants have played an important role in

disease treatment in Dayak Tribe, North Kalimantan. Northern Kalimantan belongs to a remote area
where health facilities like healthcare center (puskesmas — pusat kesehatan masyarakat) and hospital
are not easily accessible. This research aims to investigate herbs used by Dayak tribe in North
Kalimantan for treating pain. It is a descriptive research applying two research methods i.e.
observation and interview. We directly observed the research object and proposed questions to
respondents that were traditional healers from each village. The research was conducted in nine
villages within three regencies in North Kalimantan. Meanwhile, 38 herbs collected in this research
were from 26 families and 34 species. Four species were still locally named. The highest proportion
of the herb family used was Asteraceae. The most frequently used part of the herb for medicine was
the leaf (60.53%). The main serving methods were by boiling the herb and drinking it (63.15%).
Bone pain and stomachache were two main illnesses mostly treated by local herb therapy involving
11 herbs. In conclusion, Dayak tribe in North Kalimantan still used herbs to treat their pain.

Keywords: analgesic; Dayak tribe; herb.

INTRODUCTION real tissue damage. Mediators such as
Herbs have been processed into interleukin-1, and TNF-a spread the synthesis,
traditional medicine since thousands of years  release, and acts of prostaglandin E1 (PGE2)

ago. The medicine was in the form of raw
medicine such as tincture, tea, poultice, powder,
and other herbal formulations (Archana et al.,
2011). Indonesia is known as a country with its
high diversity of plants. There is 10% of global
flowering plant species existing in Indonesia. It
is due to natural condition in Indonesia that is
different in each island even in each region
(Indrawan, 2007). Herbs are plants mainly used
for traditional medicine. The use of herb is one
of social habits since medicine made from herbs
is more natural than modern medicine
(Makalalag et al., 2014).

Pain is a body defense mechanism form
when the body is having unpleasant emotion
and sensor experiences related to potential or

and F2a by endothelium and brain capillary
pericytes that stimulate the nerves and may
cause pain. Increasing prostaglandin content in
peritoneum cavity increases the capillary
permeability and causes pain (Nasrin et al.,
2015). Conventional therapy used to treat pain
such as analgesic, non-steroid anti-
inflammatory drugs (NSAID), and
corticosteroid have been proven to succeed
(Sreekeesoon & Mahomoodally, 2014). The
pain may vary from mild to severe. Some
therapies such as opioid are alternated for more
severe pain (Reid et al., 2015). Aloe vera (L)
Burn is used as analgesic in Mauritus to treat
leg pain and body pain (Sreekeesoon &
Mahomoodally, 2014).
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Most residents of Dayak tribe in North
Kalimantan live in an area where they cannot
easily access health facilities such as hospital
and community health center due to the long
distance. Living in an area next to the forest,
they prefer to use herbs as medicine because of
their affordability and accessibility (Yitno,
1991). This research aims to investigate herbs
for pain management used by Dayak tribe in
North Kalimantan.

METHODS

This research is descriptive in which the
data were collected through observation and
interview methods. Observation as a data
collection technique was completed by the
researcher by performing a direct observation
towards the research object, while during
interview, researchers proposed questions to
respondents to investigate herbs used for pain
management by Dayak tribe in North
Kalimantan. The study was conducted for 3
months from March 2017 to June 2017 with
permits directly addressed to customary leaders
in their respective regions.

North Kalimantan is geographically
located between 114°35°22”-118°03°00” east
latitude and 4°24°55”-1°21°36” north latitude.
North Kalimantan has a tropical climate and
two seasons i.e. dry season and rainy season,
which is similar to any other areas in Indonesia.

Interviews were performed to nine
respondents who were traditional healers from
several villages i.e. Lembudud, Long Kiwang,
and Wayangung in Nunukan; Sekatak, Long
Sam, and Pejalin in Bulungan; and Kaliamok,
Sembuak Warod, and Tanjung Nanga in
Malinau. We identified the respondents based
on information given by local people. Data on
characteristics of respondents and information
related to the use of herbs were recorded. All
interviews were conducted in the local language
that was Dayak language. Meanwhile, research
assistant acted as a translator of Dayak
language into Indonesian.

The results of data collection including
data on herb type, sample use, and the
procedure of use obtained from interviews were

Herbs Used As Analgesic by Dayak Tribe...

further  investigated
observation.
Determination of respondents using
snowball sampling method started with the
Head of Customary Affairs. Afterwards, he
gave recommendations and led the researcher to
other respondents. Each respondent would be
given information about medicinal plants.
Inventory of medicinal plants in the
field was carried out by field survey method
based on respondent information. Every plant
obtained was taken their pictures; and their
regional names as well as morphological
characters were recoded. Identification process
of medicinal herbs was performed by referring
to several books entitled Buku Flora (Steenis et
al., 2005), Kitab Tanaman Obat Nusantara
(Widyaningrum, 2011) and Atlas Tumbuhan
Obat Indonesia Jilid 4 (Dalimartha, 2006).

through  thorough

RESULTS AND DISCUSSION

The findings were discussed in three
subparts i.e. traditional healer, ethnobotanical
flora, and type of pain.

Traditional Healer

In this research, researcher collected
information about herbs used to treat pain by
communicating and interviewing one or two
traditional healers of each village. The age
range of those traditional healers was 40 up to
70 years old. Our respondents, the traditional
healers, obtained their knowledge on herbs
from their ancestors. Research on herbal
medicine for diabetes conducted in Northeast
Iran revealed that 87% of traditional healers
learned herbs from their parents or other
relatives (Tag et al., 2012). In another study,
traditional healers acquired their medicinal
plant knowledge by inheriting from their elder
lineage (father or grandfather), whereas the rest
received his medicinal plant knowledge from
dreams (Nasution, Aththorick and Rahayu,
2018). In this research, traditional healers
admitted that they received 50-100 patients in
one month. Our field observation and interview
with traditional healers during survey clarified
that patients preferred traditional medicine to
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modern drugs due to its effectiveness,
affordability, and accessibility.

Patterns of Herbs Used among Dayak Tribe

Information on herbs’ scientific name,
origin, family, and serving method is fully
presented in Table 1. 38 herbs gathered in this
research were categorized into 26 families and
34 species. Four herbs were still locally named
since they could not be identified by local
botanical experts. The highest proportion of the
herbs was Asteraceae (five species) followed
by Euphorbiaceae, Fabaceae, Lamiaceae, and
Malvaceae- each with two species and other
families with one species for each. Asteraceae
was the largest family of herb used to reduce
pain in North Kalimantan. Based on research on
herbs used to reduce pain in Mauritus (2014), it
was confirmed that out of 79 herbs found, there
were six species from Lamiaceae family,
followed by Apiaceae, Asteraceae,

Euphorbiaceae, and Poaceae with five species
each (Sreekeesoon & Mahomoodally, 2014).
Asteraceae was the largest family dominating
plant vegetation on earth with the number of
members of 24,000-30,000 species and 1,600-
1,700 genera globally spread in almost all types
of environment (Bisht and Purohit, 2014).
Besides, herbs commonly used by eastern
people in Amazon came from Asteraceae,
Lamiaceae, Euphorbiaceae, Piperaceae, and
Verbenaceae families (Hariyadi, 2011).
Asteraceae family could be used as traditional
medicine since they contained bioactive
compound components such as sesquiterpene,
lactone, pentacyclic triterpene, alcohol, tannin,
polyphenol, saponins, and sterol that could be
used as medical ingredients. Due to its bioactive
property, Astereaceae family was usually used
as insecticide, anthelminthic, antimalarial,
antiseptic, anti-inflammation, and antioxidant
(Wegeira et al., 2012).

Table 1. Types of Herbs and Serving Methods Applied by Dayak Tribe in North Kalimantan

. Local National Used .
No. Family Type Name Name Part Treated Illness Serving Method
1. Acanthacea
. Boil ten leaves. Drink
- Rheumatic o
Justicia gendarussa  War it thrice a day.
Gandarusa Leaf _
burm tonep Bruise and
sprain
2. Asteraceae
Blumea Stomachache, Boil five up tq seven
a. . Ipung Sembung Leaf . leaves. Drink it thrice a
BalsamiFera menstrual pain day
Boil a handful of leaves
b. Pluchea indica Beluntas Beluntas Leaf Stiffness until the wate_r .
decreases. Drink it
thrice a day.
Take three handfuls of
flowers, add one
Headache, chicken egg (do not
. break the egg) and
Bonga fuzziness,
. Bunga three glasses of water.
c. Heliothous anuus L mata . All parts toothache, - .
) matahari . Boil them until the
$0’0 menstrual pain, .
water decreases. Drink
stomachache

it twice a day after
meal.
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. Local National Used .
No. Family Type Name Name Part Treated Illness Serving Method
Boil ten leaves in three
d. Strobilanthescrispus Pec_a Peca beling Leaf Stomachache glasses of water until
beling the water decreases.
Drink it thrice a day.
3. Arecaceae
Daemonorops Rotan . Rotan Stem Stomachace Boil and d rink the
sembulik  jernang water thrice a day.
4.  Amaryllidaceae
Crynum asiaticum  Kaber Daun . Grill the I_eaf and put it
Leaf Sprain on the painful area
L lab bakung .
once a day at night.
5.  Amaranthi aceae
Gopheruna Bonga Kenop All parts  Headache Gr_lnd and put it on the
globasa L derem painful area.
6. Apocynaceae
Plumeria Kamboi Leaf, Pick the sap/leaf,
acuminate Ait a ! Kamboja stem, Toothache grind itand putiton
root the painful area.
7. Balsamin aceae
Impatsens Kemban Pacar air Leaf Menstrual c?r: Itrfli tlr(])?/\::? gzggrﬁga
Balsamia g pacar pain '
8. Crassulaceae
Boil seven leaves and
Rheumatic drink the water twice a
Sosor Cocor day.
Kalanchoe pinnata Leaf Pick several leaves
bebek bebek :
Sprain ar_1d smear them vv_|th
oil. Grill then putiton
the painful area.
9. Cycadaceae
Cut one cm of the
Cycas revolute Aka Akar Stem Pain killer f\}veg] , (rj:xtljdli i;:lgtcs)oak
thumb kabuk penawar two, g S
it into water. Drink the
water.
10. Euphorbiaceae
Heat the sap and
a. Jatropha Curcas L Bua Jarak Leaf Toothache smear it on the painful
jarak pagar
area.
o Babah . Boil it and drink the
b. Phyllantus niruri L anak Meniran All parts Backache water thrice a day.
11. Eragrostideae
Grind the leaf and put
it on the painful area
Eleusin indica Unduh Rumput Leaf Sprain once a day.

gelu’ carulang

Herbs Used As Analgesic by Dayak Tribe...
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Grind some leaves.

. Local National Used Treated ¢
No.  Family Type Name Name Part IlIness Swmmmmful
area twice a day
blz rebacees Mimosa pudica Uduh Putri malu Leat Rheumatic Pick % handful of the
. . 4
a Abrus precatorius S04t Saga Sterm Taggtﬁggﬁepam Ga0d< BeR B kR
' L dipon rambat tnemaér@gs@@gaof
water. Drink it thrice a
day.
13. Gesneriaceae
Cvrtandra Bura Cvrtanda The Soak it in hot water
sgrawakensis kaguyad sgrawak peak of  Stomachace and drink it thrice a
ang the leaf day.
14. Labiatae
Orthosiphon Rumput Kumis Stem, Boil it and drink the
. . . Headache .
stamineus kucing kucing leaf water thrice a day.
15. Lamiaceae
Coleus parviflorus  Dikut Kentang Stem, Stoma_lchace Grind it, add Ch.' l
a. Benth ait ireng leaf experienced leaves then put it on
P by babies the painful area.
Daun Pick some stems and
b Orthosphon Udu Kumis Stem, Backache leaves, boil them and
' aristatus pa’sing KUCi leaf drink the water.
ucing
16. Loranthaceae
Burn it and mix it with
Loranthus Ancam Benalu All parts  Toothache oil. Putiton the
painful area.
17. Malvaceae
Grewia acuminate  Bura Akar Stem Stomachace Burn it and drink the
Juss. krotok sekapu essence twice a day.
Chop the leaf and
flower, and boil them
Hibiscus rosa Bunga Kembang Leaf, in three glasses of
. . Headache .
sinensis L sepatu sepatu flower water. Drink the water
thrice a day.
18. Malastomataceae
Boil the leaf. Drink it
Leaf Stomachache  while still warm.
Melastonia Jelemuti . Peel and grind the
sepfemnerviu n Senggani stem. Use itas your
Stem Toothache mouthwash thrice a
day.
. Local National Used Treated .
No. Family Type Name Narme Part lness Serving Method
19. Menispermaceae
Pick the stem and cut
. . Bundung _ Leaf  Stomachache i Boil it in three
Tinospora crispa kemamba Brotowali '
n - glasses of water then
g Stem Rheumatic drink it thrice a day.
20. Musaceae
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Joint pain and

Pick a stem and divide
it into two. Pick the

Musa Peti Pisang Stem bone pain umbut and eat it.
21. Myrtaceae
Pick and grind six
leaves. Pour some
Psiatum guajava L  Libum Jambu biji  Leaf Stomachache water and squeeze the
leaves. Drink the
water.
22. Pandanaceae
Pick and wash three
leaves. Cut them into
small size and brew
Pandanus Kaber Pandan Leaf Rheumatic them with a half cup
amaryllifaiusroxb  nanung  wangi and stiffness of oil. Stir it. Let it
cold and smear it on
the painful area.
23. Poaceae
Pick and boil some
roots and young leaves
Root, in six glasses of water.
Cymbopogon Gisumau Sere wangi  young Rheumatic Boil until the water
nardus L L
leaf decreases and drink it
thrice a day.
24. Rubiaceae
Concang Boil and drink it thrice
Psychitria sp. abang All parts  Pain killer a day.
25. Solanaceae
Grind then use the
Physalis angulate leaves as your
L y 9 Latup Ciplukan Leaf Toothache mouthwash thrice a
day.
26. Zingiberaeae
Grind the root. Filter
Curcuma Temu Temu Root Backache and drink it thrice a
xanthorrhiza lawak lawak day.
. Local National Used Treated .
No. Family Type Name Name Part lness Serving Method
27. Unknown
Dry the root under the
. Kids’ sun, grind then brew
Unknown Faling Unknown Root stomachache  the powder. Drink it

thrice a day.

Herbs Used As Analgesic by Dayak Tribe...
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Udu

Unknown oejek

Unknown

Pick two slices of udu
pejek and smash it.
Twist it on the painful
area, wrap the area
with cloth.

Leaf,

root Sprain

Kelepes

Unknown o

Unknown Fruit

Pick and grate two
seeds, add some water,
and drink it.

Stomachache

Kayu

Unknown pela

Unknown Stem

Pick and break one
stem. Wait for two
minutes until the sap is
out and smear it on the
painful area.

Toothache

The most frequently used parts of the herbs
for medicine were the leaf (60.5%) and the stem
(26.3%). Meanwhile, the distribution of the
herbs’ parts used to treat pain is presented in
Table 2. To manage pain, Dayak tribe in North
Kalimantan preferred to use leaves of the
selected herbs. The selection is important
because the right part of herbs contains
secondary metabolite that helps patients to
obtain the desired therapeutic effect. In
addition, leaf contains many active
phytochemical pharmacologies responsible for

curative effects (Sreekeesoon &
Mahomoodally, 2014). Ethnobotanical
research in Dayak Tribe Seberuang in

Ensabang Village conveyed that leaf was
mostly used because people found it easier to
collect leaves than to collect other parts of herbs
that existed underground. Additionally, when
they dug the ground, they might destruct the
herb root, thus, harmed the herb (Damianus et
al., 2013). Another research declared that most
traditional healers used leaf to substitute part of
herb that grew underground to preserve the
herb (Traore et al., 2013). Besides, leaf is the
most accessible part of herb. In addition, leaf
could be more easily processed and gave more
benefits (Takoy, Linda & Lovadi, 2013).
Herbal therapy containing many complex
compounds was regarded to provide more
action targets to human body (Raja Nasution,
Aththorick and Rahayu, 2018).

Herbs could be used as medical treatment
through several techniques like by drinking the
herbs (63.2%), putting the herbs on the painful
area (36.8%), and wusing the herbs as
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mouthwash (5.26) for toothache. The fact is
shown in Table 3.

Serving methods can be completed by
boiling and drinking them, or by rubbing them
on the painful area. Boiling was the most
common and efficient method (Sreekeesoon &
Mahomoodally, 2014). Methods applied to
prepare the herbs were boiling (42.1%) and
grinding then smearing on the painful area
(36.8%), as presented in Table 4.

Types of Pain

Distribution of types of pain and number
of herbs for pain management is shown in Table
5. Types of pain experienced were bone pain
(rheumatic, sprain, backbone pain, and
stiffness), stomachache, toothache, headache,
backache, and menstrual pain. Out of those,
bone pain and stomachache were two types of
pain that were most frequently treated using
herbs consisting of 11 herbs for each illness.
Especially for headache, it could be cured with
a certain therapy using nine types of herb.

One of herbs used to reduce bone pain was
gandarusa. Justicia gendarussa Burm F.
(Family: Acanthaceae) is widely used in Indian
and Chinese traditional medicines and the leaf
of the plant is recommended to treat pain such
as arthritis, headache, earache, and muscle pain
(Jaijesh et al., 2009). The herb could be found
or cultivated in Indonesia, India, China,
Malaysia, Sri Lanka, Philippine, and
Bangladesh. The leaf of the herb was reportedly
anti-angiogenic, antioxidant, anti-bactericidal,
antifungal, anti-arthritis, anti-inflammatory,
anti-nociceptive, and anti-sickling, and it

Irma Novrianti et a/
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showed anthelmintic, cytotoxicity, larvicidal,
and adulticidal activity (Ningsih et al., 2015).
Additionally, gandarusa contained flavonoid
compound (Gustina, 2017) known to cure
inflammatory disorders (Wegeira et al., 2012).
Hence impeding Cox-2 formation and
preventing prostaglandin formation.

Another herb used as a therapy for
stomachache and menstrual pain was sambong
(Blumea BalsamiFera). Blumea balsamifera
(L.) DC. (Asteraceae), or sambong has been
widely used in many countries such as Chinese,
Malaysia, Thailand, Vietnam, and Philippine
for years. The herb is widely used in Indonesian
traditional medicines; the leaf of the plant is
recommended to treat pain such as arthritis,
headache, earache, and muscle pain (Rahardjo,
2016). It is the most important member in
Blumea genus and the origin herb of tropical
and subtropical Asia, particularly China. It
grows in the edge of the forest, underneath the
forest, river bed, valley, and meadow. All parts
of the herb, including the leaves, were used as
a traditional therapy to cure eczema, dermatitis,
beriberi, backache, menorrhagia, rheumatic,
and damaged skin, and as an insecticide. The
main active compound contained in Sembong
(Blumea  BalsamiFera) IS L-borneol
characterized by high volatility. Besides,

one coumarin (Pang et al., 2014). Anti-
inflammatory activity mechanism of flavonoid
is restricting eicosanoid to produce some
enzymes such as phospholipase A2,
cyclooxygenases, and lipoxygenase, hence,
reducing both leukotriene and prostanoid
concentrations.  Other  mechanisms are
histamine and phosphodiesterase restriction,
protein kinase releases, and transcriptase
activation. Restricted eicosanoid enzyme
would restrict phospholipase A2 enzyme
formation so that cyclooxygenase and
lipoxygenase would be unable to be formed
which  cancelled the production of
prostaglandin compound (Rathee et al., 2009).

Table 2. Distribution of the Used Parts of the Herbs

Part of the Percentage
No. Herbs Used Number (%)
1 Leaf 23 60.5
2 Stem 10 26.3
3 Flower 1 2.6
4 Fruit 1 2.6
5 Root 2 5.3
6 Flower 1 2.6
7 Al parts 2 5.3
8 Herb 1 2.6

Table 3. Distribution of the Technique in Herbs Use

Sembong contained essential oil, flavonoid, and No. TeChqu”e o Number Percfy”tage
terpenoid with some different biological > (%)
R 1 Oral 24 63.2
activities (Pang et al., 2014). It has many ) Topical 14 36.8
flavono!d compounds. _Ther_e_wer_e 27 of 29 3 Mouthwash ) 53
flavonoid compounds identified in Sembong
(Blumea balsamifera (L.) DC) including 21
analog flavonoids, five derivative CQAs, and
Table 4. Distribution of Herbs Serving Methods

No. Serving Method Number Percentage (%0)

1 Boiling 16 42.1

2 Grinding and smearing on the painful area 14 36.8

3 Soaking into water 3 7.9

4 Burning 1 2.6

Herbs Used As Analgesic by Dayak Tribe...
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5 Grinding and using the herb as mouthwash 2 5.3
6 Mashing up by using a blending machine 1 2.6
7 Shredding and adding water 1 2.6
8 Brewing 1 2.6
9 Eating 1 2.6
Table 5. Types of Pain and Herbs
Herbs (Local Name
No. Name of IlIness Number of ( )
Herbs
Ganda Rusa, Sere Wangi, Cocor Bebek,
1 Bone pain (rheumatic, sprain, 1 Putri Malu, Beluntas, leaf of Bakung,
' stiffness, backbone pain) Pandan Wangi, Pisang, Brotowali, Rumput
Carulan, Udu Pejek
Sambong, Rotan Jernang, Kentang Ireng,
root of Sekapu, Cyrtanda Sarawak,
2 Stomachache 11 Senggani, Jambu Biji, Peca Beling,
Brotowali, Faling, kelepeso.
Kamboja, Ciplukan, Senggani, Jarak
3 Toothache 9 Pagar, Bunga Matahari, Tahi kotok, Saga,
Benalu, Kayu Pela
Kumis Kucing, Kenop, Bunga Matahari,
4 Headache 4 Kembang Sepatu
Temu Lawak, Leaf of Kumis Kucing,
5 Backache 3 Meniran
6 Menstrual pain 2 Pacar Air, Sembung
7 Pain killer 2 Root of Penawar, Concanga-bang

One of the herbs used by Dayak people in
North Kalimantan to cure toothache was benalu
(Loranthus europaeus, family: Loranthaceae).
World Health Organization (WHO) estimates
that more than 80% of world population relies
on traditional medicines and the market is
rapidly growing. Lots of medicinal plants like
Loranthus europaeus are recommended to treat
pain (Nasrin et al., 2015). The herb is rich of
flavonoid, alkaloid, terpenoid, and
polysaccharide, and shows expressed gen
toxicity, cytotoxic and antioxidant properties.
Flavonoid is known for its ability to impede
prostaglandin synthesis involved in the final
phase of acute inflammation and pain
perception. It can also increase the number of
endogen serotonin or interact with 5-HT2A and
5-HT3 receptors involved in central analgesic
activity mechanism. Terpenoid is also reported
to show a significant analgesic activity whereas
alkaloid can also prevent inflammation by
blocking the metabolic path of arakidonat acid.
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Loranthus europaeus contains flavonoid,
alkaloid, terpenoid, polysaccharide, and other
phytochemicals that cause analgesic activities.
All parts of herbs can be used as medicine.
However, in all of our experiments, extract of
the leaves gave better effect than the stems
which might be due to its higher phytochemical
content (Nasrin et al., 2015).

CONCLUSION

This research figured out that Dayak
people in North Kalimantan still used
traditional medicine to cure pain and other
illnesses. Traditional healers collected herbs in
the forest and processed them into medicine
and gave it to their patients. The most
frequently used herb by Dayak tribe in North
Kalimantan was from Asteraceae family while
the most frequently used part was leaf.
Furthermore, types of pain experienced by
Dayak tribe in North Kalimantan were bone
pain, stomachache, toothache, headache,
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backache, and menstrual pain. Effectiveness
and safety of herbs reported to be potentially
analgesic  shall be evaluated within
phytochemical and pharmacological studies to
determine the dosage, minimum restriction

concentration, bioactive compound, and
toxicity.
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ABSTRACT

An analytical method based on combination UV-Vis spectroscopy and chemometric was
developed for detecting commonly listed adulterants such as paracetamol and piroxicam
simultaneously in traditional medicines. No complex sample preparation and separation are required
except grinding, dissolving, and filtering. The spectral interferences were resolved by multivariate
techniques. Wavelengths selection and number of components optimization were performed by a
combination of Genetic Algorithm and Partial Least Square (GA-PLS) followed by backward
elimination through Jack-Knife Partial Least Square Regression (JK-PLSR). The capability PLSR
model for quantitative analysis was assessed from the coefficient of determination (R?) and root
mean square of error prediction/cross-validation (RMSEP/RMSECYV) dan predicted residual sum of
square (PRESS). Classification performance of PLS Discriminant Analysis (PLS-DA) was
evaluated from the area under the receiver operating characteristic curve (AUROCC). For ensuring
the sensitivity of the method, the detection limits from the two pseudo-univariate lines were
estimated. The R?2, RMSEP, RMSECV, AUROCC, and detection limit obtained from the selected
models of paracetamol and piroxicam were >0.999, <0.25 mg/L, <0.15 mg/L, 100%, and <0.4 mg/L
respectively. Therefore, the proposed method is suitable for the rapid screening of adulterated herbal
medicine.

Keywords: adulteration; paracetamol; partial least square; piroxicam; UV-vis spectroscopy.

INTRODUCTION
Traditional herbal medicines have been

their products (BPOM, 2019). Paracetamol and
piroxicam are listed as common chemical

used by the Indonesian population for a long
time on any occasions whether to boost immune
systems or improve health or to treat diseases.
The abundant source of Indonesian medicinal
plants makes traditional herbal medicine still
commercially available and consumed today.
However, to enhance its efficacy and boost
sales, chemical adulterants are often added by
some manufacturers to their herbal products.
Indonesian National Agency of Drug and Food
Control (NADFC) found an illegal traditional
medicine production facility in Tangerang,
West Java, in June 2019. The manufacturer
added paracetamol as a chemical adulterant in

adulterants in traditional herbs for treating pain,
gout, and rheumatic (Ching et al., 2018).
Consumption of adulterated herb leads to
therapeutic error and may cause the patient to
worsen dependent on what kinds of
adulterant(s). Paracetamol may lead to
hepatotoxicity caused by its reactive metabolite
N-acetyl-para-benzo-quinone imine.
Piroxicam, a non-steroid anti-inflammatory
drug (NSAID), induces peptic ulcer and
gastrointestinal hemorrhages (Drini, 2017,
Tittarelli et al., 2017). Some adverse events
associated with NSAIDs were reported in
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patients who took adulterated herbal medicines,
including Cushing Syndrome (Xu et al., 2018).

Most of the chemical adulterants are
mixed homogenously in traditional herb
preparation, so it is difficult to distinguish an
adulterated powdered herb sample without
modern analytical techniques. Some analytical
methods for detecting paracetamol and
piroxicam in traditional herb preparation were
developed, such as thin-layer chromatography
(Mustarichie et al.,, 2017) and liquid
chromatography coupled with tandem mass
spectrometry (Ching et al., 2018; Kim et al.,
2014). However, the previous methods were
time-consuming due to complicated sample
preparation steps, not eco-friendly because they
used toxic organic solvent, and not practical for
initial screening since they required complex
instrumentations. For this reason, a new simple
analytical method is necessary to provide rapid
detection of these adulterants.

Ultraviolet-visible (UV-Vis) spectroscopy
provides a rapid and sensitive detection based
on light-absorbing properties of chemical
adulterants in the UV-Vis region. Lack of
specificity due to spectral interferences can be
resolved by multivariate techniques (Contreras
et al., 2010). The strength of combination
spectroscopy and chemometric techniques are
no separation processes required, more rapid
processing provided, and non-toxic solvent
used so that moving forward to the green
chemistry.  However, the  appropriate
wavelength selections are essential to generate
an accurate model.

The visual observations by comparing
multispectral data are practical and commonly
used to perform variables selection (Rahayu et
al., 2018; Rohman et al., 2017), but the holistic
changes in spectra cannot be elucidated clearly
by visual observation only (Wang et al., 2017).
The stepwise variable elimination/addition
according to Jack-Knife Partial Least Square
Regression (JK-PLSR) was recommended as
the best variable selection technique based on
the significance test (Westad and Martens,
2000). Nevertheless, the selection of optimal
variables with stepwise elimination/addition is
time-consuming due to the variables
elimination/addition that must be done each in
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order. The limitation of stepwise variable
elimination/addition can be overcome by
performing  Genetic-Algorithm-PLS  (GA-
PLS). Based on natural selection, the variables
with a higher likelihood to “persist” (fit to the
data) would be selected (Mehmood et al.,
2012). GA-PLS would be able to screen a large
number of variables, then stepwise variable
elimination/addition by JK-PLSR would be
performed more efficiently. In this study, we
apply GA-PLS and JK-PLSR to the UV-Vis
spectroscopy data for screening and eliminating
non-significant variables at once to build the
optimum quantitative models. The absorbances
of the selected wavelengths were re-processed
with PLS Discriminant Analysis (PLS-DA) for
identifying adulterated and non-adulterated
samples (qualitative analysis). As far as we
know, the wavelength selection strategy
through combination GA-PLS and JK-PLSR
has not yet been implemented in UV-Vis
spectroscopy to analyze a mixture of
paracetamol and piroxicam in herbal medicine.
Therefore, we applied these chemometric
techniques in combination with UV-Vis
spectroscopy to develop a fast method for the
detection of paracetamol and piroxicam in
traditional medicine based on the pattern
recognition of the UV-Vis multispectra data.

METHODS
Chemicals NaOH (Merck, Germany),
piroxicam (98.5%, Putra Bakti Niaga,

Indonesia), paracetamol (99.9%, Putra Bakti
Niaga, Indonesia), double distilled water, drug-
free herbs, and commercial samples obtained
from local markets in Jakarta and Tangerang in
August-September 2019.

Instrumentation

The absorbances of calibration and sample
solutions were measured by Shimadzu UV-
1800 UV/VIS spectrophotometer with 1 cm
path length quartz cell under scan-mode from
200 — 500 nm with an interval of 1 nm. Data
acquisition was conducted by UVProbe
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2.52 (Shimadzu) software and saved in .spc file
format until the next analysis step.
Calibration solutions

Five hundred mg piroxicam and
paracetamol reference standards were weighed
at the operating range of an analytical balance,
dissolved in 0.1 N NaOH, and diluted with
double distilled water in an appropriate
volumetric flask to obtain concentration about

0.25 mg/mL accurately. Meanwhile, a blank
sample solution, extracted from drug-free herbs
powder, was prepared in the same way as the
standard solutions. Standard solutions and
blank solutions were mixed in certain
proportions and diluted to the desired
concentration previously designed by central
composite design (CCD) with additional
sampling points (Table 1).

Table 1. Calibration curve design by central composite design and additional sampling points

run.order x1.coded x2.coded x3.coded x1 X2 X3
1 0.000 0.000 1.414 15 15 22
2 -1.000 -1.000 -1.000 10 10 10
3 0.000 0.000 -1.414 15 15 8

4 1.000 1.000 -1.000 20 20 10
5 -1.414 0.000 0.000 8 15 15
6 1.000 -1.000 -1.000 20 10 10
7 -1.000 1.000 1.000 10 20 20
8 -1.000 1.000 -1.000 10 20 10
9 0.000 1.414 0.000 15 22 15
10 1.000 -1.000 1.000 20 10 20
11 1.000 1.000 1.000 20 20 20
12 0.000 -1.414 0.000 15 8 15
13 0.000 0.000 0.000 15 15 15
14 -1.000 -1.000 1.000 10 10 20
15 1414 0.000 0.000 22 15 15

Additional sampling points

16 NA NA NA 20 0 22
17 NA NA NA 20 0 22
18 NA NA NA 20 0 22
19 NA NA NA 20 23 0

20 NA NA NA 20 23 0

21 NA NA NA 20 23 0

22 NA NA NA 20 0 0

x1 = approximate concentration of drug-free herbs in working solution (mg/L); x2 = concentration of piroxicamin
working solution (mg/L); x3 = concentration of paracetamol in working solution (mg/L)

Combination UV-Vis Spectroscopy And Partial Least Square...
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Sample preparation

Samples  were  homogenized and
approximately 500 mg homogenates were
weighed in the operating range of an analytical
balance, dissolved in 0.1 N NaOH, and diluted
with double distilled water to obtain
concentration about 10-20 mg/L. Each sample
was analyzed in triplicates.

Data preparation and statistical analysis
Multispectral data in .spc format were
converted to .csv and exported to R software for
further analysis. Calibration data were divided
into two groups labeled as data train and data
test. Data train (n=17) were used for generating
a regression model by PL SR technique and data
test (n=5) for performing external validation.
Wavelength selection was conducted by GA-
PLS and optimized with backward elimination
after performed a t-test for each wavelength by
JK-PLSR. Root mean square error of cross-
validation (RMSECV) and prediction
(RMSEP) was calculated by applying eq. 1 to
leave-one-out crossvalidation (LOO-CV) of

data train and back-calculation from data test
respectively. The lowest number of the
components and  wavelength  resulting
coefficient of determination (R?) above 0.999,
smaller RMSECV/RMSEP, and lowest
predicted residual sum of square (PRESS) was
selected (Rohman et al., 2016). For
discriminating between adulterated and non-
adulterated samples, qualitative analysis based
on PLS-DA was performed and visualized in
biplot of two first principal components. The
sensitivity of the proposed method was assessed
by calculating the limit of detection from
pseudo-univariate linear regression (LODpy)
accordingto eg. 2 (Allegrini and Olivieri, 2014;
Oleneva et al., 2019). All of the statistical
operations including variable selection, PLSR,
and PLS-DA calculation performed by
plsVVarSel, pls and mixOmics package installed
in R 3.6.0 (Mehmood et al., 2012; Mevik and
Wehrens, 2007; R Core Team, 2019; Rohart et
al., 2017).

2
RMSE = \/Z?’:1(.Vpredicted - yactual)

N

RMSE is the root mean square error (mg/L); Yprediced @Nd Yacwwar are predicted and calculated drug concentration in
spiked standard solution (mg/L); N is the number of calibration samples.

LODpy = 33552 [(1 + homin + 1/Dvary]””

The terms LODyy, Spu, and varp, are limit of detection, slope, and residual variance calculated from the pseudo-
univariate line between Ypredicted aNd Yactual respectively; homin is the lowest projected leverage; | is the number of

the calibration points.
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Figure 1. UV-Vis spectrum of blank (A), paracetamol (B), piroxicam (C), a mixture of paracetamol and piroxicam

(D), and representative commercially available sample (E)

RESULTS AND DISCUSSION

A traditional medicine preparation
adulterated with pharmaceutical substances
such as paracetamol and piroxicam is
challenging to detect just by relying on visual
observation. Nevertheless, the light-absorbing
properties of paracetamol and piroxicam in
aqueous solution can be used to identify them
in herbal medicine. The molecular structure of
paracetamol and piroxicam contain conjugated
double bonds that & electrons are in. Conjugated
double bonds are essential for absorbing light in
the UV-Vis region (chromophore) due to n—m*
electronic transition (Rafi et al., 2018). Besides,
the presence of the auxochrome group (-OH) in
the chromophore system may strengthen the
light-absorbing properties of paracetamol and
piroxicam. Differences in a chromophore-
auxochrome system of paracetamol, piroxicam,
and endogenous compound in herbs cause
variation of spectral patterns (Figure 1), from
which adulterated and non-adulterated herbal
medicine are discriminated.
In the case of adulteration of traditional
edicines with chemicals, the composition of

natural  ingredients with  counterfeiting
materials correlates with each other. When
chemicals are added in a higher proportion, then
the ratio of natural component is lower and vice
versa. This correlation can lead to prediction
errors due to two dependent variables correlated
with each other. The use of an appropriate
experimental design aims to prevent the effects
of undesirable correlations within dependent
variables due to the components are arranged in
a structured and statistically unrelated way
(Tomuta et al., 2017). At present, some types of
experimental designs that were used initially to
optimize responses such as CCD are widely
utilized to design calibration curves In
multivariate analysis (Hassaninejad-Darzi et
al., 2016; Pinto et al., 2019).

The relationship  between  the
concentration of paracetamol and piroxicam
with absorbance in multiple wavelengths were
modeled by PLSR. The first model of
paracetamol and piroxicam which all
wavelengths included showed a good fit to data;
however, the accuracy of prediction could be
improved by optimizing wavelength selection
(Table 2). Wavelength selection through GA-
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PLS was able to extract more than one hundred
variables to be less than 20 variables
(Mehmood et al., 2012) so that it was more
efficient to re-optimize variables selection
through backward elimination after jack-
knifing (Mevik and Wehrens, 2007). The

number of components also optimized by
assessing the plot between RMSECV/RMSEP
and PRESS against the number of components.
The number of components resulting in
minimum RMSECV/RMSEP and PRESS was
selected (Table 2).

Table 2. Validation parameters of PLSR

Wavelengths

Model (nm)

Compound Ncomp

RMSECV RMSEP R2(CV) R2(EV) PRESS

1 Piroxicam all wavelengths 4

0.541 0.326 0.9952 0.9984  4.98

213*, 298*, 351,
353*, 365%,

369%*, 393%, 4
398%*, 404%,

414*% 417*, 476

2 Piroxicam

0.141 0.208 0.9997 0.9993 0.34

213*, 298%*, 351,
353%*, 365%,

369%*, 393%, 4
398%*, 404%,

414* 417>

3 Piroxicam

0.124 0.217 0.9997 0.9993 0.26

213*, 298%,
353*, 365*,
369*, 393*, 4
398*, 404*,
414%, 417*

4 Piroxicam

0.125 0.212 0.9997 0.9993 0.26

5 Paracetamol  all wavelengths 3

0.225 0.362 0.9991 0.9979 0.86

239%, 253%,
263*, 335, 351%,
378, 381, 455,
500

6 Paracetamol

0.090 0.128 0.9999 0.9997 0.14

239%*, 253%,
263*, 335%,
351*, 381, 455,
500

7 Paracetamol

0.090 0.128 0.9999 0.9997 0.14

239%*, 253%,
263*, 335%, 4
351%*, 381, 455

8 Paracetamol

0.096 0.128 0.9998 0.9997 0.16

239%, 253*,
263*, 335%, 3
351*, 381*

9 Paracetamol

0.087 0.157 0.9999 0.9996  0.13

*Variable is significant at 95% confidence interval (p<0.05); CV = cross validation; EV = external validation; Ncomp
= number of components; RMSECV = root mean square error of cross validation; RMSEP = root mean square error of
prediction; PRESS = predictive residual sum of square; Selected models were typed in bold letter.

46

Pretty Falena Atmanda Kambira et al.



Jurnal Farmasi Sains dan Komunitas, 2020, 17(1), 41-50

5 10 15 20
| ] ] [ |

EV Paracetamol

EV Piroxicam

CV Paracetamol

CV Piroxicam

(5]

Predicted concentration (mg/L)

Q

15

Measured concentration (mg/L)

Figure 2. Validation plot of two selected regression models. CV = internal validation by leave-one-out cross-
validation; EV = external validation by using back-calculation obtained from data test.

The goodness of fit of the multivariate
regression is assessed by considering R?,
RMSEP, RMSECV, and PRESS values.
Generally, the acceptance criteria of R? and
RMSEP/RMSECYV are above 0.999 and less
than 0.4, respectively (Rohman and Man,
2010). Internal and external validation
parameters showed a high linear correlation
from the selected models, and no overfitting
was found due to the significance of all
variables in the selected model (Table 2 &
Figure 2). Variable wavelength selection
through GA-PLS followed by jack-knifing and
backward elimination proved capable of
generating a more accurate calibration model
than using all of the wavelengths without
selection and overcoming visual wavelength
selection limitation, which very subjective
wavelength selection is performed. The
optimum wavelength selection resulted in a
calibration model with high accuracy so that no
data pre-processing such derivative curve,
smoothing, or mean centering required.

The sensitivity of the models was
assessed by calculating the detection limit from
the pseudo-univariate line. The detection limit
values of paracetamol and piroxicam were

Combination UV-Vis Spectroscopy And Partial Least Square...

found in a low concentration of 0.23 and 0.36
mg/L, respectively. A low detection limit
showed that the proposed analytical method is
considered sensitive for detecting paracetamol
and piroxicam commonly added to herbal
preparation in medium to high proportion.
Classification of multispectral data
conducted by PLS-DA at the selected
wavelengths showed an excellent performance.
The high discriminant capacity of the PLS-DA
model was confirmed by the receiver operating
characteristic (ROC) curve located closer to the
top left corner and quantitatively represented by
the area under the ROC curve (AUROCC)
(Hajian-Tilaki, 2013). Based on AUROCC
values (Figure 3), the chances of the PLS-DA
model to discriminate spectral patterns between
one counterfeit to the others were about 77 —
83%, while non-adulterated with adulterated
samples  was  distinguished  correctly
(AUROCC =1). Therefore, this method can be
considered  selective  for  determining
adulterated and non-adulterated samples. The
two first principal components carried out about
98% variances, which means almost all
variance of the data can be explained by PLS-
DA. There was shown that adulterated and non-
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adulterated herbs could be distinguished with
good separation on the biplot of two first
principal components. In addition, based on our
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findings, there was no adulteration found in the
commercial samples (Figure 4).

Qutcome

ADDOT ws Other(s): 0.8132

ADDOZ vs Other(s): 0.8333

ADDA2 vs Other(s): 0.7733

BLAMK vs Other{s): 1

Figure 3. Receiver operating characteristic (ROC) curve of the PLS-DA model. Blank samples (BLANK), spiked
samples with paracetamol (ADDO01), piroxicam (ADDO02) and both paracetamol and piroxicam (ADD12)

Maximum distance

X-variate 2: 7% expl. var

o

T
2.5 0.0
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T
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Figure 4. Classification of multispectral data obtained from blank samples (BLANK); unknown commercial samples
(UNK); spiked sample with paracetamol (ADDO1), piroxicam (ADDO02) and both of paracetamol and piroxicam
(ADD12)
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CONCLUSION
A selective, sensitive, rapid, and accurate
analytical method based on UV-Vis

spectroscopy and chemometric for detecting
paracetamol and piroxicam in herbal medicine
is successfully developed. Variable selection
enhances the performance of the calibration
model so that data pre-processing was not
necessary. The limitation of this method is
restricted only for paracetamol and piroxicam
quantities.  Therefore, enclosing  other
commonly chemical adulterants would be
better for creating a vast database for future
research.
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ABSTRACT

The development of wound healing preparations in diabetes conditions needs to be done
because the wound healing process in the respective conditions requires longer time. The aim of this
study is to measure the effect of tempeh extract gel containing genistein on wound healing in
diabetes rats by observing the response parameters of collagen expression, wound closure speed,
epithelialization, and capillarization of wound tissue. The results of testing wound closure using a
base gel treatment, tempeh extract gel 2.5%, 5%, 7.5% and without treatment indicated that the
treated groups of tempeh extract gel 5% and 7.5% have significant effect on diabetes wound healing
in the tested animals. This indication is strengthened by the results of the non-treatment groups
statistical test with the 5% and 7.5% tempeh extract gel treatment which showed significant
difference in influencing the wound closure response, epithelialization and collagen formation in
tissue. The results of the statistical in group without treatment with the base treatment group without
extract gel and tempeh extract gel 2.5% showed no significant difference in influencing the wound
closure response, epithelialization and collagen formation. Statistical test results on capillarization
responses indicated that the results were not significantly different from all treatment groups.

Keywords: diabetes; gel; tempeh extract; wound closure; wound healing.

INTRODUCTION

Diabetes Mellitus (DM) is a metabolic
disorder caused by a decrease in the amount of
insulin production from pancreatic cells. It is a
chronic metabolic disorder in which the
pancreas does not produce enough insulin or
the body cannot use the available insulin
effectively. This condition could increase
glucose  concentration in  the  blood
(hyperglycemia). Indonesia ranks number 7 for
the number of people with DM in the world.
The cases of diabetes ulcer were found in 15%
of people with DM in the world (Utami and
Karim, 2014). DM conditions can cause
disruption on wound healing process. Longer
wound healing time is influenced by the
increase of matrix metalloproteinase (MMP)

and fibroblast activities in forming collagen
(Sharp and Jane, 2011).

Tempeh is food made of soy that is very
easy to get in Indonesia. The process of boiling
and processing soybeans into tempeh can
increase the level of isoflavones from soybeans
(Utari, 2010). Genistein is one of the isoflavone
compounds contained in soybeans that can be
extracted and isolated (Agrawal et al., 2015).
Genistein is known to have an influence on
wound healing through various mechanisms.
Administration of gel containing genistein can
accelerate the wound healing process in
experimental animals (Emmerson et al., 2010).
The treatment of genistein is known to
influence the wound healing process in test
animals with DM conditions (Tie et al., 2013).
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Genistein contained in tempeh extract needs to
be developed into a topical dosage form. So, it
is necessary to conduct a test to measure tempeh
extract effect in topical preparations on wound
healing process in experimental animals with
DM. The effect of administration is seen from
the amount of collagen formed in wound
healing.

The development of wound healing
preparations in diabetes conditions needs to be
done because wound healing process in
diabetes conditions often encounters obstacles.
It causes healing process to take a longer
period. These obstacles include an increasing
potential for infection due to decreasing
neutrophil migration and prolonged
inflammation. In this study, the observation of
wound healing activities in diabetic rats was
done by giving tempeh extract gel. This study
aims to look at the effect of tempeh extract gel
preparations to wound healing in diabetic rats
with qualitative and quantitative observation
parameters. The measured parameters to be
observed were the collagen expression
response, wound closure, epithelialization, and
capillarization of wound tissue in the presence
of tempeh extract gel containing genistein. The
preparations used in this study were hydrogels,
a form of preparation that can be used for
wound care. This preparation has several
benefits in closing wounds, maintaining
moisture, and delivering medicinal ingredients
(Gupta et al., 2011).

METHODS
Materials and Instrument

The  materials included enistein-
standardized tempeh extract with levels of
429,055 pg/ mL, ethanol, water, buffer citrate,
streptozotocin  (Cayman  Chemical _USA),
injection ketamine (Generic®), neutral buffer
formalin 10%, and xylene. Test animals of male
Wistar strain rats aged 2 months with a weight
range of 150-180g was obtained from the
Center for Food and Nutrition of Gadjah Mada
University Yogyakarta, masson thricrome
(Bio-Optica_ltalia).
Test Animal

The tested animals were male Wistar strain
rats placed in individual cages maintained at
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room conditions of 25 + + 2 ° C with a relative
air humidity of 75%. The weight control of the
tested animals was carried out by weighing
them from time to time. Tested animals’ bodies
weighed between 170-200g.

Induction of animal diabetic try

Experimental animals were induced with
Streptozotocin (STZ) with a single dose of
45mg/kg. Induction was carried out by
injection of i.p STZ solution in citrate buffer
(0.1M) pH 4.5. The STZ solution was made an
hour before the induction by dissolving STZ in
a cold buffer solution (Etuk, 2010).

Measurement of blood glucose levels in
experimental animals

Glucose level measurements were
performed after three days of induction with
STZ. Blood sampling was done 4 days after
STZ induction treatment. The rat blood was
taken from the retro-orbital plexus, held in a
1.5ml microtube, and let standing for 30
minutes. Blood samples were centrifuged for
15 minutes at 4,000 rpm. The obtained serum
was measured on its glucose levels based on the
workings of the GOD FS reagent (Diasys®).
Blood sugar levels used in this study were >200
mg/dl (Martsiningsih 2016).

Wound making and measurement of test
responses

Experimental animals were anesthetized
with ketamine injection at a dose of 50 mg/kg
by administering intramuscular (i.m) (Kintoko,
2017). After the animal lost consciousness, the
rat's back hair was shaved and wounded using
a 5 mm diameter punch biopsy (Junior et al.,
2011).

Grouping of Tested Animals

Tested animals were grouped into five.
Each group made replication of three tested
animals. The division of the observation group
is as follows: DM1 group: Basis Treatment;
DM2 group: Formula 1 (F1) with extract
content of 2.5%; DM3 group: Formula 2 (F2)
with extract content of 5%; DM4 group:
Formula 3 (F3) with extract content of 7.5%;
and DM5 group: No Treatment. Administration
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of preparations containing genistein gel was
done every 12 hour in the morning and evening.
The amount applied was as much as £ 25 mg in
the wound area.

Observation of collagen expression and
epithelialization

Injured skin samples were fixed using 10%
of formalin neutral buffer. Then, the sample
was put in distilled water for 15 minutes and
conditioned dehydrated with the addition of
ethanol in stages; 70%, 80%, and 96%. The
samples were clarified using xylol and printed
on paraffin blocks. The slide cutting was done
using a microtome with a thickness of 5-6 pm.
Paraffin pieces were stretched in warm water to
prevent creases. The preparation was removed
using a beaker and dried in 60°C oven. HE
staining was carried out on preparations to
evaluate closure of dermis tissue and perform
the remodeling stage (Febram, 2010). Collagen
observations were carried out by Masson

Thricrome staining based on the workings of
the Masson Thricrome Goldner (Bio-Optica®)
kit (Suvik, 2012). Furthermore, observations
were made using a microscope with a
magnification of 10 x 10 times to see the
collagen and epithelialization scores. The result
is shown in Table 1.

Observation of wound closure

The observation of wound closure was
done by measuring the diameter of the initial
wound area and wound area on the day of
observation. The diameter was obtained from
the average of two wound areas on the right and
left-back of the tested animal (Kintoko, 2017).
The percentage measurements of wound
closure (WC) were calculated using the
following formula:

initial wound area — wound area on the day

WC = X 100%

initial wound area

Table 1. Histological assessment

Parameter and description

Score

The degree of collagen formation

a. Collagen appears very dense/ small visual field (density <75%)

b. Collagen appears solid/ small visual field (density> 50% - 75%)

c. Collagen appears to be less dense/ small visual field (density> 25% -50%)
d. Collagen appears to be very dense/ small visual field (density <25%

= N Wb

The degree of epithelialization

a. High epithelialization/ microscope field of view

b. Normal epithelialization/ microscope field of view

c. Low epithelialization/ microscope field of view

d. There is no epithelialization/ microscope field of view

=N Wb

Total new blood vessel formation

a. More than 4 new blood vessels/ microscope field of view
b. 2-4 new blood vessels/ microscope field of view

c. 1-2 new blood vessels/ microscope field of view

d. There are no new blood vessels/ microscopic field of view

N Wb

The Effect of Tempeh Extract Gel on Wound Healing...
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Data analysis

The results of the research data were
analyzed using the Shapiro-Wilk test to
determine the normality of data distribution. If
abnormal data distribution was found, a
Kruskal-Wallis analysis was used and a
significant difference in results was followed by
a Post-Hoc Test

RESULTS AND DISCUSSION
Blood glucose levels in experimental animals

Diabetes in rat tested animals is a
condition in which the rats have blood glucose
levels above 200 mg/dl. In this study
measurements of serum blood levels of rats
were carried out to measure blood glucose
levels on day 0, 3, 7 and 14. The blood sugar
level tests on the animals within measurements
of 0, 3, 7, 14 were >200 mg/dl. This condition
was created to ensure that the tested animals
experienced diabetes during wound healing test
period.

High glucose level in diabetes has an
effect on the wound healing process. High
blood glucose causes decreasing neutrophils
and macrophages migration leading to
increasing potency for infection and
prolongation of inflammatory conditions. The
expression of TNF-o (Tumor Necrosis Factor-
Alpha) will increase during ulcers. The high
TNF-o increases apoptosis and decreases
fibroblast  proliferation  (Rosyid, 2016).
Decreasing number of fibroblasts causes the
synthesis of collagen in the wound area will
also decrease. The high expression of MMP
(Matrix Metalloproteinase) in a diabetes
condition has worsen the wound healing
process. MMP has cause some ECM
(extracellular matrix) degradation including
collagen.

Response toward wound closure, collagen
synthesis, epithelialization, and tissue
capillarization

The stages of the wound healing process
are grouped into four stages namely,
hemostasis, inflammation, proliferation, and
remodeling (Velnar et al., 2009). Hemostasis
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stage occurs in the initial stage after the injury.
Inflammation in the wound area is
characterized by the increase of neutrophil and
macrophage activity in the wound area.
Formation of new blood vessels and fibroblasts
occurs at the stage of proliferation. In addition,
epithelial tissue begins to form from the edge of
the wound. In the remodeling stage, collagen
synthesized by fibroblasts will bond together
and crowd increasingly. At this stage, the
epithelial tissue forms thickens and closes the
wound surface area (Baltzis et al., 2014).

The speed of wound closure is indicated
by the closure of the wound surface caused by
the process of epithelial cell formation on the
wound surface. From the results of experiments
on the gel base group, there are test subjects
who did not experience the wound healing
process. This condition is shown by the the size
of the wound diameter which did not decrease.
The highest rate of wound closure was achieved
in the 7.5% extract gel group.

From the results of the measurement of
wound closure speed, the calculation results are
obtained as in Table 2. The results of statistical
analysis using the Kruskal-Wallis test (p <
0.05) shows a significant difference in the
treatment group of 5% extract gel, and 7.5%
extract gel against the group without treatment.
In 2.5% extraction gel treatment group and base
treatment group, there was no significant
difference in the group without treatment.

Genistein is the main isoflavone
compound contained in tempeh extract. The
compound belongs to the phytoestrogen group
found in soybean seeds. Estrogen affects the
speed of wound closure by increasing
mitogenesis and migration of keratinocytes.
Estrogen interacts with Estrogen Receptor Beta
(ERP) thereby affecting the pattern of
differentiation and proliferation activity of
keratinocytes (Horng et al., 2017).
Keratinocytes has migrated from the edge of the
wound area to the center. Increased
proliferation and migration activity of
keratinocytes will accelerate the narrowing of
the wound area resulting in wound closure.

Ignatius Adi Kurniawan et al.
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Table 2. Result of wound closure, collagen synthesis, epithelialization, and capillarization.

Wound Closure (%)

Epithelialization Capillarization Score +

Group Collagen Score + SD

+SD Score = SD SD
DM1 16,23+4,07 1,11+0,33 6,00+2,64 8,33+4,61
DM2 48,99+ 7,72 1,22+0,44 6,66+0,57 9,66+3,21
DM3 91,89+14,05 * 3,00+0,50* 7,33+2,31* 8,66+3,05
DM4 94,68 +9,21* 3,67+0,50* 7,33+1,53* 7,66£3,21
DM5 33,82 £10.30 1,67+1,00 5,00£1,73 5,66+2,51

Information: *significant difference (p <0.05) to the DM5 group.

DM1 group

DM2 group

DM3 group

DMS group

DM4 group

Figure 1. Microscopic images of epithelialization in each group

Histological observation of tissue
samples was made to observe the wound
healing process from the process of epithelial
tissue formation, blood vessel formation, and
collagen. This observation is followed by a
scoring assessment of the formation of
epithelial cells, blood vessels and collagen.

Wound closure can occur when
epithelial cells, formed due to keratinocyte
differentiation, migrate over the provisional
matrix headed to the middle of the wound.
Epithelial cells will meet in the middle area of
the wound, so that cell migration will stop.
Then, the formation of bacialis membrane will
start accordingly. The thickness of the epithelial
tissue is done by measuring the image using the
help of image raster. The appearance of
epithelial tissue can be shown by the arrows in
Figure 1.

The results of statistical analysis using
(p <0.05) showed a significant difference in the
degree of epithelialization from the formula 5%
extract content and 7.5% extract content of the
treatment group. Whereas in the test group with
basis application, giving formula 2.5% extract
content did not have significant differences in
the group without treatment.

The Effect of Tempe Extract Gel on Wound Healing...

Giving tempeh extract with levels of 5%
and 7.5% extract contents has an influence on
the degree of epithelialization in the wound
healing process. Tempeh extract contains
genistein which has a mechanism for increasing
the degree of epithelialization that depends on
keratinocyte cells, fibroblasts, and
macrophages. Migration of epithelial cells into
the wound surface is one of the keys in the
process of re-epithelialization. The speed of cell
migration is influenced by the presence of
estrogen (Emmerson et al., 2010).

Formation of new blood vessels has a
major role in the process of wound healing. The
presence of blood vessels in the wound area will
increase the wound healing process. Blood
vessels contribute to the supply of blood,
oxygen, and nutrients to the injured area. Blood
vessels will be seen by the presence of red
blood cells in the observation of histological
preparations as shown in Figure 2. From the
results of the study, there were no significant
differences in the formation of blood vessels
from each test group. Giving tempeh extract gel
preparations in the base treatment group, levels
of 2.5%, 5%, and 7.5% extract content did not
provide significantly different results compared
to the group without treatment.
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DM1 group

DM?2 group

DM3 group

DMS group

DM4 group

Figure 2. Capillary microscopic depictions of each group

DM3 group

"; of S V0
DMS group

DM4 group

Figure 3. Microscopic picture of collagen in each group

Collagen is one of the proteins that make up
the skin. Collagen fibers have a strong resistance to
pressure. The more collagen found in the tissue, the
stronger the tissue is against pressure. Collagen
observations were carried out by staining using
Masson Trichrome Goldner. The results of collagen
staining provide a visualization of the green color in
the histological preparations as shown in Figure 3.
The more green color that appears shows the greater
amount of collagen contained in the test tissue.

From the results of collagen analysis, it
showed a significant difference in collagen
expression in the test group. The 5% formula group
and 7.5% extract content formula group had
significant differences in the expression of collagen
groups without treatment. The test group giving the
basis and formula 2.5% extract content did not show
any significant difference to the group without
treatment.

The content of genistein contained in tempeh
extract has an influence on collagen synthesis. From
previous studies, genistein has an effect on collagen
synthesis by binding to estrogen receptors and
inhibiting tyrosine kinase (lrrera et al., 2017). The
effect of genistein in tempeh extract on collagen
synthesis is thought to be related to the mechanism
of shortening the inflammatory phase so that the
synthesis of fibroblasts in skin tissue increases.
Fibroblasts are cells that produce collagen, so an
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increase in the number of fibroblasts in the tissue
causes an increase in the amount of collagen.

In the condition of diabetes, the formed
collagen is degraded due to high MMP in the tissue.
The reduced amount of collagen will make the
tissue more fragile. Hence, the wound that has been
covered becomes more easily open again. With the
high amount of collagen in the wound area, it is
expected to increase the tissue's resistance to
pressure on the skin.

From the results of testing, the wound closure
using a gel base treatment, gel 2.5% tempeh extract
content, gel 5% tempeh extract content, gel 7.5%
tempeh extract content and without gel treatment,
indicating the treatment group gel 5% and 7.5%
tempeh extract content treatment can affect diabetes
wound healing in test animals. This is based on the
results of the statistical test of the untreated group
with the treatment group of gel 5% tempeh extract
content and 7.5% tempeh extract content treatment
showing significantly  different results in
influencing the wound closure  response,
epithelialization and collagen formation. While the
statistical results of the untreated group with the
base treatment group without extracts and gel 2.5%
tempeh extract content treatment showed no
significant difference in influencing the wound
closure response, epithelialization and collagen
formation. The results of statistical tests in

Ignatius Adi Kurniawan et al.



Jurnal Farmasi Sains dan Komunitas, 2020 17(1), 51-58

influencing capillarization responses indicate the
results were not significantly different from all
treatment groups.

CONCLUSION

The results of testing the wound closure
using a base gel treatment, gel 2.5% tempeh
extract content, gel 5% tempeh extract content,
gel 7.5% tempeh extract content and without
treatment, indicate that the treatment group gel
5% tempeh extract content and 7.5% tempeh
extract content treatment have a significant
effect on diabetes wound healing in test animals
based on the results of statistical tests. The
untreated group with the treatment base gel
without extract and gel 2.5% tempeh extract
content treatment showed no statistically
significant test results in influencing the wound
closure response, epithelialization and collagen
formation. In addition, all treatment groups did
not show significant capillarization responses.
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ABSTRACT

Industrial revolution 4.0 is the process of digitizing the industry that leds health services in
the era of application of Information and Communication Technology (ICT) called e-health. The
application of ICT in Pharmacy is known as e-pharmacy. The role of pharmacists in Drug
Information Services by utilizing ICTs has an effect on e-health literacy which ultimately supports
the success of patient therapy. This is very important for patients with chronic diseases who are
receiving treatment for a long time, one of which is asthma patients. Therefore, this study aims to
explore pharmacist perceptions regarding the use of the internet and social media for drug
information services, with a case study of services in asthma patients. This research is descriptive
with a qualitative approach. Data is collected by interviews using an interview guide that has been
validated in a professional judgment. Interviews were conducted with pharmacist participants who
provided pharmacy services to asthma patients, who were selected purposively in March to July
2019. Data from interviews were transcribed verbatim, then a thematic analysis was performed.
Ethical clearance has been obtained under number 945/ C.16/ FK/ 2019. The results of the study
mention the use of the internet and social media indicate the potential capabilities of pharmacists in
health services and also the challenges of transformation to the role of pharmacists in the e-
pharmacy era. This study also mentions the urgency of establishing regulations regarding e-
pharmacy that is driven by the violation from the internet and social media use. Improvement of
ICT infrastructure in the pharmacy field as well as the pharmacist's contribution on the provision of
drug information for chronic diseases, including asthma, are urgently required.

Keywords: asthma; drug information services; e-health, e-pharmacy; internet; social media.

Pharmacist is one of health
professionals who has been familiar with the

INTRODUCTION
The use of Information and

Communication Technology (ICT) has been
growing up incredibly. This phenomenon is
part of the era of industrial revolution 4.0
(Hermann n.d., Bigirimana and Chinembiri
2015, RiiBmann et al. 2015). The use of ICT in
health services is known as e-health, which also
has been developing extremely (Ruxwana et al.
2010(Board  2004)). E-health  covers
supportive,  promotive, preventive, and
curative, also rehabilitative activities (World
Health Organization 2015, Lee and Lim 2017).

use of ICT for the services, especially for
purchase and storage of medicines (Webster
and Spiro 2010, Westerling et al. 2011). The
use of ICT in pharmaceutical areas is known as
e-pharmacy (European commission 2012).
Examples of e-pharmacy includes e-
purchasing, e- prescribing, and e-dispensing
(Nanji et al. 2009, Webster and Spiro 2010,
Malathi et al. 2018). The use of ICT in
pharmaceutical services can help to improve
patient’s medication adherence through drug
information services (Goundrey-Smith 2014).
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For example, a reminder tool based on internet
use has been developed in Pennsylvania USA
to improve medication adherence for asthma
patients (Pool et al. 2017). In Canada, there has
been a community of asthma patients who
interact each other through a social media
platform with a health professional as a guide
(Letourneau et al. 2012).

Indonesia is one of the top five most
populated countries in the world. As a
consequence, a huge amount of internet users
resides in Indonesia (Internet World Stats 2016,
Kominfo 2017). In the health care context,
especially pharmaceutical care services, the use
of internet could help in improving health
services to people. Patients with chronic disease
are a group of population who requires a special
service to improve their quality of life. Since
they commonly receive more than three types
of medicines for long duration of medication,
the use of internet for drug information service
could facilitate patient’s medication adherence.
Asthma is one of chronic diseases in Indonesia
with a prevalence escalation, and therefore it
requires more attention. The use of ICT on
asthma care seems promising, as has been done
in the USA and Canada mentioned earlier. Drug
information service for asthma patients
applying an internet platform is required to be
developed. However, study on the use of ICT
on asthma care in the Indonesia context is very
rare. Therefore, this study aimed in exploring
pharmacists’ perceptions on the use of ICT
platform to provide drug information service,
with asthma pharmaceutical care as a model in
this study.

METHODS
Study design and variables

This is an observational study with a
qualitative approach (FHI  2005). The
qualitative approach applied in this study aimed
to explore in more details regarding the use of
internet and social media for providing drug
information to asthma patients from the
perspectives of pharmacists who practice in
pharmacies in Yogyakarta.

Exploration on the use of internet and
social media to provide drug information for
asthma patients from pharmacists’ perspectives
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were focused on these variables: 1) capability
of use; 2) advantages and disadvantages of use;
3) barriers and expectations of use.

Data collection technique

Data were gathered using interview
technique. This technique provides opportunity
for participants to give their thought regarding
the topics questioned freely and responsively
(Kallio et al. 2016). An interview guideline was
formulated based on a theoretical framework
named COM-B (Capacity, Opportunity,
Motivation to perform a Behavior) (Eliasson et
al. 2011). This theoretical framework was
applied to assist in guiding questions to explore
perceptions on the use of internet and social
media to deliver drug information to asthma
patients based on pharmacists’ views. The
interview guideline was assessed using a
professional judgement approach. A pharmacist
who is expert in using this theoretical
framework and is familiar with pharmacist’s
standard of practice, especially in delivering
drug information was asked to assess the
guideline.

Sampling technique and recruitment of the
participants

Participants of this study were
pharmacists who met the inclusion criteria,
which is those who practice in pharmacies in
Yogyakarta and had served their asthma
patients at least one month before. The
participants were  selected non-random
purposively. The purposes in selecting the
participants were: 1) selecting those who would
provide detailed explanation on the use of
internet and social media for drug information
service, especially for their asthma patients; 2)
selecting those to fulfil variations as much as
possible, in term of gender, age, experience,
and location of the pharmacies.

Recruitment of the participants was
conducted followed these steps: 1) identified
pharmacists who met the inclusion criteria and
listed as potential participants; 2) contacted the
potential participants and approached them to
confirm their voluntary participation in this
study; 3) made appointment for interview with
those who agreed to participate in this study.
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Data collection process

Interviews were conducted during
March to July 2019. A trained interviewer met
a potential participant in a scheduled time. A
brief information of this study were delivered to
the potential participant. After that, the
potential participant was asked to sign an
inform consent to confirm her/his voluntary
participation. Interviews were done face-to-
face for about 45 to 60 minutes per-participant.
Interviews were audio-taped subject to
participants’ approval. The process of data
collection was discontinued after data
saturation was achieved. This mean that there is
no new type of information given by at least the
last three interviewees (Saunders et al. 2018).

Data analysis

Results of the interviews were
transcribed verbatim and were analyzed
thematically. The steps of thematic data
analysis are as follows: 1) repetitive reading of
the verbatim; 2) coding ideas found in the
reading; 3) grouping the almost similar ideas
with a new code; 3) extracting the grouped
ideas into a theme and drawing the emerged
themes into a theme’s map. Since constructs of
the COM-B theoretical framework informed
the interview guideline, the theme’s map were
referred to those constructs.

Ethical clearance and research permit

Ethical clearance was obtained from the
Ethic Committee of the Faculty of Medicine
Duta Wacana Christian University (UKDW)
with No. 945/C.16/FK/2019. Research permit
was sought from Badan Kesatuan Bangsa dan
Politik DIY with No.
074/2052/Kesbangpol/2019.

RESULTS AND DISCUSSION

Participants involved in this study were
15 pharmacists. Participants’ characteristic
were described in Table 1. While the themes
emerged through the interviews were defined as
follows:

The first theme: Pharmacist’s capability in
using internet and social media to support
the services

Results of the study indicate several
potencies in using internet and social media to
support the provision of services.
To support communication to patients,
pharmacists, and other health care
professionals

All participants in this study stated that
they preferred to use particular social media,
i.e.. WhatsApp, to communicate with their
patients. The WhatsApp platform allows them
to provide information to their patients in the
various ways, such as photos, pictures, or other
types of interesting visual media.

Table 1. Participants’ characteristics of the study of pharmacists’ perception in using internet on social media to
deliver drug information to asthma patients in Yogyakarta

Characteristics

Number (N=15)

Age
< 35 years 7
> 35 years 8
Gender
Male 14
Female 1
Length of practice as a pharmacist
< 10 year 5)
> 10 year 10
Type of the pharmacy
Individual pharmacy 7
Chain pharmacy 4
Pharmacy at Primary Health Centre 4

The Use of Internet And Social Media...
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“.... soalnya kalau telepon gitu kan sudah tidak

jamannya, mahal juga, kalau SMS [Short
Message Service] juga tidak bisa memuat
gambar, tapi kalau WA [WhatsApp] itu kan
bisa lebih fleksibel apapun bisa dimasukkan
kesitu....” (R13J)

Eight participants even stated that they

have been communicating regularly with their
asthma patients.
“Kalau kemarin dengan Bu P. A [nama pasien
asma rutin] ini justru kita malah via
Whatsapp.... Itu saya hubungi dan beliau juga
sudah kasih nomornya ke saya, lalu saya
hubungi via WA [Whatsapp].” (R6P)

All participants also mentioned that they

can benefit from the use of social media to
improve their knowledge by reading some
specific  information shared by other
pharmacists from around the country, with no
barriers of time and place.
“Terus mungkin juga bagusnya itu, ... soalnya
media sosial membahas tentang kayak
pertemuan-pertemuan ilmiah rutin. Tapi lewat
medsos kan tidak terbatas ruang dan waktu ...
lebih fleksibe lah istilahnya, daripada harus
ada pertemuan itu, harus ke tempat itu, butuh
waktu.” (R2NJ)

To support advertisements of pharmacy and
pharmacist’s activities

Some of the participants put a particular
information in their social media status or
profile picture, such as in Instagram, Facebook,
Whatsapp. They used the specific feature in the
social media as a tool to spread their activities
related to their service provisions.
“....Whatsapp itu kan apabila kita minta
nomer kontaknya (pasien) terus sengaja kita
upload story tentang PIO [Pelayanan
Informasi Obat] itu akan sangat mudah
menyebar dan dibaca oleh yang punya kontak
kita, kalau ada keluarga atau ada teman atau
ada sanak saudara yang membutuhkan mereka
bisa kembali men-share kepada yang
bersangkutan....” (R15P)

Intrenet and social media is also seen by
all the participants as an opportunity to
introduce pharmacists’ role to society.

“Yang maksud satu arah itu contohnya itu
kayak informasi yang diberikan itu arah dari
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kita (apoteker) itu bisa sih di media sosial lewat
media sosial untuk memperkenalkan apoteker
Jjuga bisa” (R12NJ)

To support searching of sources of drug
informartion

All the participants agreed that internet
helped them in searching information easily and
quickly.

“Kalau keuntungannya [penggunaan internet]
sih kita bisa tau apa-apa ya .... Ditanya sama
pasien gitu kan kita bisa langsung cari
[informasi], langsung nemu... (R5J)
To support other pharmaceutical service
provisions

Most of the participants mentioned that their
pharmacy has been supported by wireless
internet connection. They convinced that such
facility can help to provide services in their
pharmacy.

“Terus pelayanan informasi obat untuk
mencari obat baru misalnya ada permintaan
resep tapi di sini gak ada obatnya ya kita
searching dengan bantuan wifi atau internet,
bisa dicari lewat komputer atau pakai
handphone. Ya banyak dimudahkan lah dengan
adanya wifi kita untuk searching informasi.”
(R11NJ)

Some participants said that they did
partnership with a particular provider of
internet-based marketing platform to improve
their sales; for example, the HaloDoc.

“Kalau jualan online, kami kerjasama sama
HaloDoc. Untuk meningkatkan omset sangat
bermanfaat.” (R1INJ)

The second theme: Challenges of
pharmacist’s roles transformation in the era
of e-pharmacy
As a reliable drug informer

Some participants said that mostly
patients prefer to search drug information
through internet, especially for self medication
instead of having consultation  with
pharmacists. Participants see this fact as a
potential disadvantage of the use of internet as
information accessed through the internet is not
always valid and reliable.
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“Kadang orang tidak mau bertanya kepada
tenaga kesehatan, mereka lebih memilih untuk
cari dulu di internet, nah ketika sumber yang
dicari itu istilahnya tidak punya basic secara
ilmu kesehatan kadang kan berbeda cara
pandangnya.” (R1INJ)

“Jadi kalau ruginya itu terkait apa yang
mereka buka sendiri di internetnya. Kadang
ada informasi yang belum valid nah mereka
kadang cuma baca aja dan mereka bilang mau
ini [obat tertentu].” (R8J)

The fake and misleading health

information potentially leads to jeopardize to
the society.
“Kerugiannya adalah kalau saya melihat
secara umum atau untuk kasus ini, ya kadang
terdapat berita yang simpang siur atau hoax
gitu ya. Yang malah bingung. kita [apoteker]
itu sudah betul-betul on the track apa belum,
jadi kita [apoteker] bingung sendiri, ini bener
nggak sih?” (R2NJ)

As an authority person of online pharmacy
Participants who work at a chain
pharmacy mentioned that there is a special
group of pharmacists in their corporation, who
has a specific duty regarding digital marketing.
This team is specifically responsible to the
management of online pharmacy.
“....memang itu apoteker semua mbak, jadi
tugas kami ini ada pengenalan produk (iklan)
kemudian ada produk diskon, lalu job karir ya
macam-macam itu apoteker semua yang
mengerjakan. Digital marketing ini istilahnya,
kami ada transformasi mbak, transformasi
untuk dibuat job-job apa yang harus dilakukan
salah satunya digital marketing, tugasnya ya
itu tadi [salah satunya] untuk membuat PIO
[Pelayanan Informasi Obat].” (R13J)

As an educator to improve society’s health
literacy

Participants mentioned that pharmacist
should have capability and capacity to select a
qualified information retrieved from the
websites or social media. They have to assure
that information obtained through the internet
must be qualified, valid, and reliable to be
shared to the society.

The Use of Internet And Social Media...

“Kalau kekurangan nya sih itu tadi kalau kita
[apoteker] tidak bisa menyaring informasi, kita
[apoteker] jadi memberikan informasi yang
salah. Makanya itu menjadi tepat dan cepat
kalau kita [apoteker] bisa memilih sumber
informasi yang benar dari internet gitu.”
(R12NJ)

The third theme: urgency of regulation
regarding e-pharmacy (online pharmacy)

Most participants stated that there are a
lot of online shops that sell medicines, not only
the over-the-counter medicines but also the
prescription only medicines which must be
obtained using prescription. Even, the online
shops are run without supervision from an
authorized person, i.e.: pharmacist. Further,
participants stated that regulation regarding
online pharmacy is urgent.

“Bahwa itu enggak tepat kalau seperti itu itu
loh, kalau mau ada online sih oke, tetapi betul-
betul harus di handle oleh orang yang memang
berwenang di situ dan yang berkompeten di situ
itu. Jangan hanya penjual lepas gitu kan, tidak
ada kejelasan apapun dan sebagainya.
Regulasinya harus betul-betul ketat dan tegas.
Tapi kan lebih bagus kalau ini bisa berlaku
secara nasional ada peraturan perundang-
undangan lah atau dari Kementerian
Kesehatan seperti itu kan?” (R2NJ)

Further, participants expressed their concern
regarding the missuse of the internet for selling
medicines in a website.

“Terus juga kalau menurut saya negatifnya
adalah karena di situ [toko online] ini tidak
menutup kemungkinan juga untuk pemanfaatan
media sosial dan internet ini juga untuk untuk
kasus-kasus kejahatan tertentu juga, atau
mungkin bisa juga pemanfaatan penipuan dan
sebagainya, ini yang sangat tidak diharapkan.”
(R2NJ)

The fourth theme:
facilities

Participants who work in Primary
Health Centre (PHC) said that there are barriers
in using internet and social media to support
their pharmaceutical care service. The main
barrier they mentioned are the unstable internet

improving the ICT
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connection that causes delay or suboptimal of
the service.

“Tapi kadang kendalanya ya mungkin ada
kendala jaringan juga. Sehingga itu yang
dirasa kita sebagai kerugiannya, misalkan pas
ada kendala-kendala... Jadi bisa tidak cepat
juga, kayak gitu, kalau ketika ada kendala
seperti itu.” (R6P)

They also convinced that there are still
many PHCs in remote rural areas that have not
been reached by the internet, in other words
internet network infrastructure is still limited.

“Terkait dengan akses informasi artinya di
Puskesmas sendiri di setiap desa belum tentu
menggunakan internet yang memiliki akses
yang cepat, hanya orang-orang tertentu yang
bisa mengakses internet itu masih sangat
terbatas sehingga untuk infrastruktur internet
masih sangat terbatas.” (R14P)

The fifth theme: pharmacist’s contribution
on people’s e-health literacy regarding
chronic diseases.

Participants in this study stated that

pharmacists can contribute on the improvement
of people’s literacy regarding health and the use
of internet and social media to search qualified
health information. For example, information
about medication adherence.
“Bisa untuk lebih meningkatkan tingkat
pemahaman dari dari masyarakat ya tentang
kesehatan, tentang  penyakit, tentang
pengobatannya. Kemudian ya terus terutama
juga tentang bisa memberikan masukan juga
tentang kepatuhan. Kepatuhan dalam hal
melakukan terapi itu harapannya sih seperti itu
dan bisa diakses secara luas dan secara mudah,
secara murah gitu ya.” (R2NJ)

Some participants who work at retail
pharmacies expected to use internet and social
media to support their professional role. They
expected that the use of internet and social
media would help them to improve patients’
knowledge  regarding  medicines  and
medication, to improve patient’s medication
adherence, including asthma medication.

“Ayo bikin ini, untuk diposting, misalkan
seperti itu. Pada prinsipnya tetap ingin
menggunakan internet sebagai media untuk
kita bisa terus memberikan informasi obat
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kepada masyarakat, kepada pasien sehingga
bisa ikut meningkatkan kepatuhan penggunaan
obat dan juga meningkatkan pengetahuan
tentang obat gitu ya, terhadap asma juga.”
(R5P)

Participants stated that pharmacists
must increase their contribution on delivering
drug information using an internet and social
media. They expected that through the use of
internet and social media to communicate with
patients and people and improve patient’s
quality of life, the role of pharmacist will be
appreciated by society.

“Saya berharap dengan adanya pasien tahu
informasi obat di internet, ya walaupun masih
dalam kendali kita ya, artinya tidak seluruhnya.
Apoteker dalam membuat ini itu semuanya
disampaikan. Berharap pasienini quality of life
nya tetap bagus ya.” (R13J)

“Semoga pasien asma bisa mengontrol kondisi
kesehatannya karena kalau asma kan tidak bisa
disembuhkan, hanya  bisa  dikontrol.
Meningkatkan kualitas hidup aja sih... dan
ketika dia mendapatkan informasi yang sesuai,
dia akan bisa menjaga, istilahnya menjaga
menjauhkan diri dari alergen atau dapat tahu
cara penggunaan inhaler maupun alat yang
digunakan untuk kesehatannya dengan baik.”
(R1INJ)

Participants  were  aware  that
information  regarding chronic  diseases,
including asthma, is easily searched via
internet. However, they underlined that further
detailed consultation must be handled by
pharmacists as a health professional who are
expert in medicines.

“Misalnya mencari kata Asma ya pakai yang
mudah dipahami masyarakat terus kemudian
bisa disitu penanggungjawabnya boleh sih
kalau misalnya itu jadi ada kontak, mungkin
beberapa udah ada ya misalnya kayak contact
person atau registrasi email jadi kalo kita mau
berhubungan dengan orang yang memposting
informasi itu.” (R9P)

This qualitative study underlines five
themes from pharmacists’ perspectives
regarding the use of internet and social media to
deliver drug information to asthma patients as a
model. The five themes are: 1) Pharmacist’s
capability in using internet and social media to
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support the services; 2) Challenges of
pharmacist’s roles transformation in the era of
e-pharmacy; 3) Urgency of regulation
regarding e-pharmacy (online pharmacy); 4)
improving the ICT facilities; 5) Pharmacist’s
contribution on people’s e-health literacy
regarding chronic diseases.

The first theme emerged through this
study is pharmacist’s capability in using
internet and social media to support
pharmaceutical care practice. Pharmacist’s
capability in using internet and social media is
a strength, especially in the era of “internet of
things”. On the other side, there is a big need
from society to receive reliable information
regarding medicines, especially through online
communication (Leonita and Jalinus 2018). For
examples: the use of video uploaded in a
website to educate asthma patients regarding
the use of inhaler and other asthma medical
devices (Benetoli et al. 2017) and the use of
internet-based integrated information system in
hospital and community pharmacy to improve
health services, including pharmaceutical care
services (Lalitaphanit 2016). Internet and social
media also provide a huge opportunity for
pharmacists to improve and share their
knowledge with their colleagues, even with
other health professionals without any
significant boundaries (Webster and Spiro
2010, Leonita and Jalinus 2018). Online
communication using internet can minimize
barriers of time and location (Ruxwana et al.
2010). Therefore, pharmacists should equip
themselves with adequate knowledge and skill
regarding the use of internet and social media to
deliver drug information to their patients as
well as to have professional communication
with other health professionals (Eliasson et al.
2011).

The second theme is the need of
transformation of pharmacist’s role from “oft-
line pharmacist” to “online pharmacist”. In the
era of “internet of things” there is a need and
challenge for pharmacists to transform their
roles, especially regarding the use of ICT to
improve  pharmaceutical care  services
(Bigirimana and Chinembiri 2015). The need of
transformation is triggered by the increase of
internet used by society to search information

The Use of Internet And Social Media...

regarding medication and medicines. Social
media and website become the most popular
sources of health information accessed by
people. The online and user friendly sources of
information become a popular choice when
people got difficulty in meeting pharmacists
face-to-face (Crilly et al. 2019). There is also a
tendency of people to share their experiences
regarding their own health problems.
Information shared by lay people based on their
own experience tend to be trusted by society
(Bhaskaran et al. 2017). However, there is a
crucial problem when people are not able to
differentiate between qualified information and
false information (Prasanti 2018). Therefore,
pharmacist must take a role in helping people to
get a valid and reliable information they search
via internet. In this case, pharmacists must play
their role as an educator to improve people’s
health literacy using internet-based platforms
(MacLure and Stewart 2018). Further,
challenge of the pharmacist transformation role
is how to develop pharmaceutical care service
using internet-based platforms (Webster and
Spiro 2010, MacLure and Stewart 2018). For
example, in Scotland pharmacists has been
supported by government to transform in
managing e-prescribing and e-Health Record in
collaboration with other health professional in
hospital (MacLure and Stewart 2018).

The third theme is urgency of regulation
regarding e-pharmacy. Authorized online
pharmacy has been growing up very fast. On
the other hand, selling medicines on the
websites illegally is also common (Ebner
2012). Obtaining medicines sold in illegal
websites will jeopardize consumers, especially
regarding the risk of selecting and using the
purchased medicines inappropriately
(Chaturvedi et al. 2015). Therefore, there is an
urgent need to regulate online medicines
trading via websites.

The fourth theme is the prerequisite to
improve ICT facilities. The ICT will
revolutionize the way to deliver pharmaceutical
care services the patients (Ruxwana et al.
2010). However, ICT infrastructures in some
extends is still inadequate (Benetoli et al.
2017). In the Indonesia context, fast connection
remains a problem of the ICT facilities.
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The fifth theme is pharmacist’s
contribution regarding people’s e-health
literacy especially in managing chronic
diseases. Pharmacists must take their role as an
educator to improve people’s health literacy.
Pharmacist must also design and develop new
ways to engage with society members to
improve people knowledge and awareness
regarding the use of medicines safely (Benetoli
et al. 2017). The use of internet creates a huge
opportunity for pharmacists to get involve in
improving the society’s literacy regarding
health (MacLure and Stewart 2018).

This study is not without its limitation.
The nature of interview method in gathering
data would likely to provide a big chance for
participants to answer the question openly and
freely. This could lead to a response bias. In this
study, although questions were queried using a
guideline with emphasizing on asthma care, yet
participants tended to answer using a
perspective of chronic diseases as general. The
inclusion criteria of recruitment of participants,
which was pharmacists who had experience in
delivering pharmaceutical care service to
asthma patients within a month before the
interview, was an anticipating approach to
minimize such a response bias, however.
Furthermore, as asthma care in this study only
becomes a model, the participants’ responses
could possibly describe chronic diseases as
general.

CONCLUSION

Using the asthma care as a model this
study concludes that the use of internet and
social media to support pharmaceutical care
services is promising. There are challenges and
opportunities for pharmacists to take an
advanced role in the era of “internet of things”
to improve patient’s quality of life. Further
research is needed to develop new and
appropriate internet-based platforms that can be
used to support the pharmaceutical care
services.

ACKNOWLEDGEMENT

The authors would like to thank you the
participants involved in this study voluntary
and to the thesis examiner panel of the Master

66

of Pharmacy Study Program at Faculty of
Pharmacy Sanata Dharma University for the
valuable advises. The authors declare that this
study was funded by Kemenristek DIKTI
through “Hibah Penelitian Tesis Magister tahun
2019” (No. 029/Penel./LPPM_USD/1V/2019)
with Aris Widayati, M.Si., Apt., PhD as the
Principal Investigator.

REFERENCES

Benetoli, A., Chen, T.F., Schaefer, M., Chaar,
B., and Aslani, P., 2017. Do pharmacists
use social media for patient care?
International  Journal of  Clinical
Pharmacy, 39, 364-372.

Bhaskaran, N., Kumar, M., Janodia, M.D.,
2017. Use of Social Media for Seeking
Health Related Information - An
Exploratory Study, 9 (2), 267-271.

Bigirimana, S., Chinembiri, M., 2015. Towards
E-Pharmacy: The Future Information and
Communication Technologies Needs for

Community Pharmacies in Harare,
Zimbabwe. International Journal of
Economics, Commerce and Management,
111 (4), 1-26.

Board, E., 2004. eHealth: Report by the
Secretariat (Executive Board EB115/39
115th Session, Provisional agenda item
4.13), (1), 1-6.

Chaturvedi, A., Kumar, A., Noida, G., 2015.
Online pharmacy: an e-strategy for
medication, (April 2011).

Crilly, P., Hassanali, W., Khanna, G., Matharu,
K., Patel, D., Patel, D., Rahman, F.,
Kayyali, R., 2019. Research in Social and
Administrative Pharmacy Community
pharmacist perceptions of their role and
the use of social media and mobile health
applications as tools in public health.
Research in Social and Administrative
Pharmacy, 15 (1), 23-30.

Ebner, N., 2012. Electronic copy available at:
http://ssrn.com/abstract=2170559. Signal,

27 (2), 10-14.
Eliasson, L., Barber, N., Weinman, J., 2011.
Applying COM-B to  medication

adherence work tended to focus on the role
and its effects on patient, 7-17.
European commission, T.H.E., 2012. EU

Fajar Ira Juwita et al.



Jurnal Farmasi Sains dan Komunitas, 2020, 17(1), 59-68

eHealth Action Plan 2012 to 2020.

FHI, 1.F.H., 2005. Qualitative Research
Methods: A Data Collector’s Field Guide.

Goundrey-Smith, S., 2014. Examining the role
of new technology in pharmacy: now and
in the future [online]. Available from:
https://www.pharmaceutical-
journal.com/examining-the-role-of-new-
technology-in-pharmacy-now-and-in-the-
future/11134174.article.

Hermann, M., n.d. Design Principles for
Industrie 4.0 Scenarios: A Literature
Review.

Internet World Stats, 2016. Internet World Stats
[online]. Internet World Stats. Available
from: http://www.internetworldstats.com/
[Accessed 8 Nov 2018].

Kallio, H., Pietild, A.M., Johnson, M,
Kangasniemi, M., 2016. Systematic
methodological review: developing a
framework for a qualitative semi-
structured interview guide. Journal of
Advanced Nursing, 72 (12), 2954-2965.

Kominfo, 2017. Jumlah Pengguna Internet
2017 Meningkat, Kominfo Terus Lakukan
Percepatan Pembangunan Broadband
[online]. Available from:
https://kominfo.go.id/content/detail/1264
O/siaran-pers-no-53hmkominfo022018-
tentang-jumlah-pengguna-internet-
2017meningkat--kominfo-terus-lakukan-
percepatan-pembangunan-
broadband/O/siaran_pers/ [Accessed 23
Nov 2018].

Lalitaphanit, T., 2016. Factors affecting
community pharmacy customers’ decision
to use personal health records via
smartphone. Thai Journal of
Pharmaceutical Sciences, 42.

Lee, J.-Y., Lim, J.-Y., 2017. The Prospect of the
Fourth Industrial Revolution and Home
Healthcare in Super-Aged Society. Annals
of Geriatric Medicine and Research, 21
(3), 95-100.

Leonita, E., Jalinus, N., 2018. Peran Media
Sosial dalam Upaya Promosi Kesehatan :
Tinjauan Literatur, 18 (2), 25-34.

Letourneau, N., Stewart, M., Masuda, J.R.,
Anderson, S., Cicutto, L., McGhan, S.,
Watt, S., 2012. Impact of Online Support

The Use of Internet And Social Media...

for Youth With Asthma and Allergies:
Pilot Study. Journal of Pediatric Nursing,
27 (1), 65-73.

MacLure, K., Stewart, D., 2018. A qualitative
case study of ehealth and digital literacy
experiences of pharmacy staff. Research
in Social and Administrative Pharmacy,
14 (6), 555-563.

Malathi, S., Priadarsini, M., Dharshana, M.,
Agathiya, T., 2018. Big Data and CPS (
Cyber Physical System ) used in Pharmacy
to Alert on Expiration of Medicine, 8 (4),
16946-16948.

Nanji, K.C., Cina, J., Patel, N., Churchill, W.,
Gandhi, T.K.,, Poon, E.G., 20009.
Overcoming Barriers to the
Implementation of a Pharmacy Bar Code
Scanning  System  for  Medication
Dispensing: A Case Study. Journal of the
American Medical Informatics
Association, 16 (5), 645-650.

Pool, A.C., Kraschnewski, J.L., Poger, J.M.,
Smyth, J.,, Stuckey, H.L., Craig, T.J.,
Lehman, E.B., Yang, C., Sciamanna, C.N.,
2017. Impact of online patient reminders
to improve asthma care: A randomized
controlled trial. PLoS ONE, 12 (2), 1-17.

Prasanti, D., 2018. Literasi Informasi
Kesehatan sebagai Upaya Pencegahan
Informasi Hoax dalam Penggunaan Obat
Tradisional di Era Digital Health
Information of Literation as Prevention
Processes of Hoax Information in the Use
of Traditional Medicine in Digital Era, 3

(1), 45-52.
Riilmann, M., Lorenz, M., Gerbert, P.,
Waldner, M., Justus, J., Engel, P.,

Harnisch, M., 2015. Industry 4.0: The
Future of Productivity and Growth in
Manufacturing Industries. Business and
Information Systems Engineering, 6 (4),
239-242.

Ruxwana, N.L., Herselman, M.E., Conradie,
D.P., 2010. ICT applications as e-health
solutions in rural healthcare in the Eastern
Cape Province of South Africa. The HIM
journal, 39 (1), 17-26.

Saunders, B., Sim, J., Kingstone, T., Baker, S.,
Waterfield, J., Bartlam, B., Burroughs, H.,
Jinks, C., 2018. Saturation in qualitative

67



Jurnal Farmasi Sains dan Komunitas, 2020, 17(1), 59-68

research: exploring its conceptualization
and operationalization. Quality and
Quantity, 52 (4), 1893-1907.

Webster, L., Spiro, R.F., 2010. Health
information technology: A new world for
pharmacy. Journal of the American
Pharmacists Association, 50 (2), e20-e34.

Westerling, A.M., Haikala, V., Airaksinen, M.,
2011. The role of information technology

68

in the development of community
pharmacy services: Visions and strategic
views of international experts. Research in
Social and Administrative Pharmacy, 7
(4), 430-437.

World Health Organization, 2015. Regional
Strategy for Strengthening eHealth in the
South-Asia Region 2014-2020.

Fajar Ira Juwita et al.



