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R E S E A R C H  A R T I C L E

BACKGROUND: Eventhough 6-Mercaptopurine 
act as a major drug for rheumatoid arthritis (RA) 
treatment, however, its toxicity become a limitation. 

Therefore, this current study investigated whether 
6-hydroxy-2-mercaptopurine (6H2MP) and 6-thioguanine 
(6TG) compounds are purine nucleoside analogues as a 
potential treatment of RA. The objective was to evaluate 
the therapeutics effects, especially the anti-inflammatory 
potential of 6H2MP and 6TG in the lipopolysaccharides 
(LPS)-induced RAW264.7 cells and phorbol myristate 
acetate (PMA)-induced HIG-82 cells.

METHODS: Macrophage cells (RAW264.7) and rabbit 
synoviocytes (HIG-82) cells were induced using LPS and 
PMA to evaluate the anti-inflammatory potential of 6H2MP 
and 6TG. The cytotoxicity assessment was done by using 
MTT assay, while enzyme-linked immunosorbent assay 
(ELISA) was used to determine the anti-inflammatory 
potential, including tumour necrosis factor (TNF-α), 
interleukins (IL-1β, and IL-6). 

RESULTS: Upon LPS-induced, RAW 264.7 macrophages 
demonstrated that 6H2MP and 6TG could suppress the 
production of nitric oxide (NO) in vitro. The half-maximal 
inhibitory concentration (IC50) value of 6TG and 6H2MP 
were 10.73 and 13.31, respectively. Further studied in 
PMA-induced HIG-82 synovial fibroblast cells showed 
that 6H2MP and 6TG also suppressed the release of NO, 
Prostaglandin E2 (PGE2), and inflammatory cytokines such 
as TNF-α, IL-1β and IL-6. The 6TG is more effective to 
reduce inflammatory reactions compared to 6H2MP, by the 
lower dose needed compared to 6H2MP in all experiments 
except in PGE2. 

CONCLUSION: The inhibition of inflammatory mediators 
is an important mechanism by which 6TG and 6H2MP may 
alleviate pain and articular inflammation. These results 
indicated that 6H2MP and 6TG are effective candidates for 
ameliorating inflammatory-associated complications.
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Abstract

Introduction

Infection, stress, and injury will cause inflammation. 
Macrophages play the main role as key modulator and 
effector cells in immune response as an immediate defence 
against foreign agents in the initiation, maintenance, and 

resolution of inflammation. Macrophages will be activated 
upon inflammatory stimuli and produce mediators that 
include nitric oxide (NO) and prostaglandin E2 (PGE2). 
The inflammatory cytokines such as tumor necrosis 
factor (TNF)-α, interleukin (IL)-1β, and IL-6 will also 
be produced. RAW 264.7 macrophages stimulated by 
lipopolysaccharide (LPS) is the common technique to 
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investigate these inflammatory cytokines.(1) RAW 264.7 
cells, easily cultured, and phenotypically resemble primary 
macrophages. For these reasons, they have been used 
extensively in various macrophage cellular physiology 
studies.  LPS-stimulated  RAW  264.7  macrophage  is  a 
model for  anti-inflammatory  drug  screening and in the 
investigation of the signal pathways involved for the pro-
inflammatory cytokines production and enzyme induction.
(1)  The  immortalized  rabbit  synovial  fibroblast  HIG-
82 cells line, which shares numerous characteristics 
of activated human rheumatoid synovium in the same 
concentrations, mimics the same conditions as rheumatoid 
arthritis pathogenesis.(2) 
 The thiopurines antimetabolites, 6-mercaptopurine 
(6MP) or PurinetholTM and 6-thioguanine (6TG) or 
Thioguanine TabloidTM are structural purine analogues 
act as anti-cytotoxic agent which often used as anti-
cancer drugs and acute leukemia treatment. Commonly 
administered to patients orally, undergo both intestinal 
and hepatic metabolism to form thioguanine nucleotides 
before incorporated into DNA by replacing the endogenous 
purine guanine. The 6-hydroxy-2-mercaptopurine 
(6H2MP) is an end product of enzymatic hydroxylation of 
2-mercaptopurine (2MP), which is the analogue of 6MP. 
The active form of 6TG is closely related to mercaptopurine 
and similarly inhibits purine metabolism. 6TG currently is 
used against inflammatory bowel disease as well as several 
lymphoid tumors such as acute myeloid leukemia (AML), 
acute lymphoid leukemia (ALL) and chronic myeloid 
leukemia (CML).(3) 
 Drugs for the treatment of RA are usually used to 
control the normal state of body's immune system from 
further damaging the joints. Intracellular metabolism will 
either  inhibit  de  novo  purine  synthesis  (DNPS) or 
incorporate into DNA for drugs that are inactive (pro-drugs)  
and  cause  cytotoxicity  DNA.(4)  Due  to  its  structural 
similarity to purines, 6H2MP and 6TG are able to inhibit 
DNA  synthesis  and  disrupt  the  leukocyte  proliferation. 
The  broadly  T-cell  effects  allow  them  to  inhibit 
autoimmune responses (5)  occurred in arthritic disease and 
6TG is proved to triggers apoptosis in a cancer cell–specific 
manner (6).
 In this study, the ability of these two drugs; 6TG 
and 6H2MP to inhibit the inflammatory cytokines and 
inflammatory mediators were studied separately. The 
two druges were tested in 2 different groups with various 
concentrations by using medium cells which are LPS-
stimulated RAW264.7 cells and PMA-stimulated HIG-82 
cells. 

Methods

In Vitro Cell Viability and Anti-inflammatory Testing
RAW 264.7 cells and HIG-82 cells (American Type Culture 
Collection, Manassas, VA, USA) were used to initially screen 
and examined the effects of the drugs on apoptotic cell death 
and their anti-inflammatory properties. These were done via 
the cell viability test by using 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide (MTT) assay and were 
continued by investigating the NO production by using 
Griess reagent. In an attempt to know how 6TG and 6H2MP 
act as an anti-inflammatory drugs on PMA-induced HIG-
82 cells, the cytokine secretions (TNF-α, IL-1β, IL-6) and 
prostaglandin E2 (PGE2) also were  analysed  by  using  
commercially available ELISA kits. 

The Macrophage RAW264.7 Cell Culture Preparation
The RAW 264.7 cell line was cultured as manufacturer’s 
instructions in Dulbecco's modified Eagle's medium 
(DMEM) (Gibco BRL, Grand Island, NY) supplemented 
with 10% fetal bovine serum (FBS) (Equitech-Bio Inc., 
Kerrville, TX, USA) and 1% penicillin-streptomycin 
solution at 37°C in a 5% CO2 atmosphere.
 In preparations of all experiments, cells were grown 
until achieved 80-90% confluency. The cells were scraped 
out from the flasks and centrifuged at 110 g at 4°C for 10 
minutes. The media were discarded by pipetting and cells 
sediment were suspended with new fresh DMEM containing 
the same supplements.
 A standard trypan blue cell-counting technique was 
used to determine the cell viability. The cells concentration 
was adjusted to 2 × 106 cells/mL with more than 80% 
viability. Fifty µL cells were dispensed into 96-well plate 
tissue culture-grade with 1 × 105 cells/well concentration in 
each well. To attach cells to the well plate surface, the plate 
was incubated for 2 hours at 37°C in 5% CO2 atmosphere. 

Cell Cytotoxicity Assay (MTT) for Non-induced and 
LPS-induced Macrophage RAW264.7 Cells
The indicator of cell viability was determined when cell 
respiration being measured as an indicator by using the 
mitochondrial-dependent reduction of MTT to formazan. 
The principle of this assay was the ability of viable cells 
reducing MTT dye to dark blue from pale yellow colour. To 
prepare the MTT solution, briefly the MTT was dissolved in 
phosphate-buffered saline at 5 mg/mL. Next it was filtered 
using 0.2 µM filter to sterilize and remove any insoluble 
residues before being kept in the place out from sunlight 



 385

Anti-inflammatory Effects of 6-Mercaptopurine Analogues (Nordin NS, et al.)
Indones  Biomed J. 2021; 13(4): 383-95DOI: 10.18585/inabj.v13i4.1650

exposure. The stock solution of MTT was prepared freshly 
during the day of experiment. After 2 hours incubation of 
procedure to attach the cells to the well plate surface, the 
unattached cells were gently discarded, and the attached 
cells were then stimulated with Escherichia coli LPS (10 
µg/mL) (for the experiment with inducer) in the presence 
or absence of the treatment sample (6TG or 6H2MP). 
Diclofenac sodium (185 µg) has been used as a positive 
control drug in this study. Cells were then incubated in a 
humidified 5% CO2 atmosphere for 24 hours at 37°C. 
 After an overnight incubation with the treatment 
samples, 50 µL of the spent media was removed to a new 
96-well plate for the next experiment (Griess assay). The 
stock MTT solution was added to all wells and the plates 
were incubated at 37°C for 4 hours. After 4 hours, the 
supernatant medium was removed and the remaining dark 
blue of formazan precipitate was solubilized in 100 µL 
DMSO. The absorbance of each well was measured at 
570 nm on a microplate reader (Infinite M200, Tecan, Port 
Melbourne, Australia). The cell viability was calculated by 
the relative reduction of optical density which corresponds 
with the number of viable cells. Percentage of cell viability 
= (mean absorbance of treated cells/mean absorbance of 
untreated control) × 100 and analyzed. The IC50 values were 
determined by the GraphPad Prism software (GraphPad 
Software, San Diego, CA, USA).

Determination of NO in LPS-induced RAW 264.7 
Macrophages Cells
The NO production in the cell-free culture supernatants was 
indicated by the accumulation of nitrite. The nitrite levels 
were determined by Griess reagents.(7) Briefly, 50 µL of 
the supernatant medium was collected from each of the 
stimulated and treated cell cultures described previously 
and transferred into a new 96-well plate. These supernatants 
were mixed with 100 μL of Griess reagent in each well and 
incubated at room temperature for 10 minutes. This was 
followed by reading the absorbance at 540 nm by using 
the microplate reader. The nitrite quantity was  determined 
by comparison with sodium nitrite standard curve. The 
calculation of the percentage of inhibition was done based 
on different treatment samples ability to inhibit NO2 below 
the levels generated by control cells. 

Synovial Fibroblast Cells (HIG-82) Cell Culture 
Preparation
HIG-82 cells were cultured in Ham’s F12 medium and 
Penicillin–streptomycin solution (Gibco, Grand Island, 
NY, USA) supplemented with 10% FBS, 1% penicillin-

streptomycin in a humidified 5% CO2 at 37°C. The cells 
were seeded into 25 cm2 plastic culture flasks with density 
of 5 × 105 cells/flask. The cells became confluent at 5-7 
days later. The confluent cultures were trypsinized and sub-
cultured at a 1:4 split ratio. Cells were grown until achieved 
(80-90)% confluency before starts all the experiments. The 
trypsinized confluent cultures in each flask were centrifuged 
at 110 g at 4°C for 10 minutes. The medium was discarded, 
and the cells sediment were suspended with fresh Ham’s 
F-12 nutrient mix medium containing the same supplements.
 The cell viability was determined by using the trypan 
blue cell-counting technique. The cell (2 × 106 cells/mL) 
with viability more than 80% were plated into each well of 
a sterile 96-well plate. Fifty µL cells were dispensed into 
each well with 1 × 104 cells/well concentration. The plate 
was incubated for 24 hours at 37°C in 5% CO2 atmosphere 
to allow the cells to attach at the well surface. 

Cell Cytotoxicity Assay (MTT) for Non-induced and 
PMA-induced HIG-82 Cells 
The viability assays for activated HIG-82 cells were 
performed by 24, 48 and 72 hours of incubation. The 
indicator of cell viability was determined when cell 
respiration are measured as an indicator by using the 
mitochondrial-dependent reduction of MTT to formazan. 
 Briefly the HIG-82 cells were seeded in 3 different 96-
well plates for 24 hours of incubation. After finishing the 
incubation period, the unattached cells were gently discarded. 
The attached cells were activated with 0.1 µg/mL phorbol 
myristate acetate (PMA) (Sigma-Aldrich Chemicals, St. 
Louis, MO, USA) in each well and immediately followed 
by giving treatments (6TG and 6H2MP). Diclofenac sodium 
(185 µg/mL) has been used as a reference drug in this study. 
Cells from each plate were then incubated in a humidified 
5% CO2 atmosphere for 24, 48 and 72 hours at 37°C. 
 After finishing the incubation period, 50 µL of the 
spent media was removed to a new 96-well plate for the next 
experiment (Griess assay) and the stock of MTT solution 
was added to all wells. The plates further were incubated 
at 37°C for 4 hours. The supernatant medium was removed 
after 4 hours and the remaining dark blue of formazan 
precipitate was solubilized in 100 µL DMSO. The cell 
viability was determined by absorbance at 570 nm using a 
microplate reader.(8)

Determination of NO in PMA-induced HIG-82 Cells
The NO production or the nitrite levels were determined 
by Griess reagents and the procedure was same as in the 
previous section for RAW 264.7 cells.(7)
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Figure 1. Percentage of viability of non-induced RAW 264.7 cells and LPS-induced RAW 264.7 cells treated with 6TG and 6H2MP 
for 24 hours. A: Percentage of viability of non-induced RAW 264.7 cells treated with 6TG and 6H2MP for 24 hours; B: The percentage 
of viability of LPS-induced RAW 264.7 cells treated with 6TG and 6H2MP for 24 hours. Data were analysed using one-way ANOVA 
followed by Tukey HSD post hoc test and expressed as mean±SEM (n=6). Values with different superscript letters differ significantly 
between groups (p<0.05).

Prostaglandin E2 Immunoassay for PMA-induced HIG-
82 Cells 
The concentration of PGE2 in the treated HIG-82 cells 
were measured by using an ELISA kit (Thermo Scientific, 
Waltham, MA, USA). The samples were prepared as 
described in previous section, and the supernatants were 
collected and used according to the manufacturer’s 
instruction. A standard curve was generated for the PGE2 
concentrations estimation. Both negative and positive 
controls were included in each run. 
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Inflammatory Cytokines Immunoassays (TNF-α, IL-1β, 
and IL-6) for PMA-induced HIG-82 Cells 
The effects of the treatment towards inflammatory cytokines 
production of the treated HIG-82 cells were determined by 
using ELISA kits from Thermo Scientific. Briefly the cells 
cultured as described in previous section; which more than 
80% of viability were plated into sterile 96-well plate and 
incubated for 24 hours. The attached cells were activated 
with 0.1 µg/mL (PMA) followed by 6TG and 6H2MP 
treatments simultaneously before the next incubation. After 
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Results

Cell Viability Percentage on Non-induced and LPS-
induced Macrophage RAW264.7 Cells in 24 Hours
In the first experiment (Figure 1A), no-inducer has been 
added in order to test the toxic effects of the drug directly 
towards cell without any influence. It was found out that 

24 hours, the supernatants of the cell culture medium were 
collected before performing the assays for TNF-α, IL-1β, 
and IL-6 in accordance to the manufacturer’s instructions. 
The cytokines amount was calculated by comparison from 
the standard curve and the optical density of each well was 
evaluated by using a microplate reader at 405 nm. All assays 
were done in duplicate and determined by standard curves 
from diluted controls.

Statistical Analysis
The experiments were repeated until 3 data sets (in 
duplicate) and had been accumulated for each response 
(n=6). All results are presented as the mean±S.E.M and 
were analysed by using one-way ANOVA. When ANOVA 
showed significant differences between groups, Tukey’s 
honestly significant difference (HSD) post hoc test was 
used to determine the pairs of groups showing statistically 
significant differences. The significance indicative has 
been specified into p-value less than 0.05 (p<0.05). All the 
statistical analysis was carried out by using GraphPad Prism 
version 5.01 for Windows.
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Figure 2. Quantitative data of NO in LPS-induced RAW 264.7 after being treated with different concentrations 25, 50 and 100 µM 
of each 6TG and 6H2MP for 24 hours, respectively. Data were analysed using one-way ANOVA followed by Tukey HSD post hoc test 
and expressed as mean±SEM (n=6). Values with different superscript letters differ significantly between groups (p<0.05).

there was no significant suppression of cell viability in 
all concentration of the drugs-treated group compared to 
controls group (normal and diclofenac-treated group), 
indicating that the treatments induced negligible cytotoxic 
effects on normal RAW 264.7 macrophages.
  In the second experiment (Figure 1B), LPS was used 
as the inducer to activate the RAW 264.7 cells. Treatment 
with 6H2MP able to maintain the cell viability compared 
to 6TG, where there is no significance difference in the cell 
viability percentage with diclofenac treated control group. 
Meanwhile 6TG treatment is unable to maintain the cell 
viability and further killing more cells. But this cannot be 
predicting early as the control results in this study showing 
there is no significant difference in the viability of cell 
between normal group, LPS- induced untreated group and 
LPS-induced diclofenac treated group. 
 The half maximal inhibitory concentration (IC50) did 
not obtained within the ranges of doses 3.125-100 µM applied 
in this experiment. Based on these results, we employed 
both the drugs 6TG and 6H2MP used concentrations of 25, 
50, and 100 µM, that did not adversely affect cell viability 
for experiments later.  

NO Production in LPS-induced RAW 264.7 Cells
LPS-induced RAW 264.7 cells released high amounts of 
nitrite into the culture medium within 24 hours experiment 
(Figure 2). The treatment incubation of activated RAW 
264.7 cells with 6TG and 6H2MP reduce the NO production 
in concentration dependent manner at dose 50 µM and 100 
µM, which is non-significance difference to LPS+diclofenac 
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treated group. Treatment with 6TG at dose 100 µM 
attenuating the NO release from the cells with no significant 
different levels from the normal group.

Cell Viability Percentage on Non-induced and PMA-
induced HIG-82 Cells for 24 Hours
The non-induced HIG-82 cells were incubated with varying 
concentrations of 6TG and 6H2MP drugs separately 3.125-
100 µM for 24 hours to investigate the effects of both 
treatment on cell viability. Diclofenac has been used as 
positive control drug without activation of the cell. There 
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Figure 3. Percentage of viability of non-induced HIG-82 cells and PMA-induced HIG-82 cells treated with 6TG and 6H2MP for 
24 hours. A: Percentage of viability of non-induced HIG-82 cells treated with 6TG and 6H2MP for 24 hours; B: Percentage of viability 
of PMA-induced HIG-82 cells treated with 6TG and 6H2MP for 24 hours. Data were analysed using one-way ANOVA followed by Tukey 
HSD post hoc test and expressed as mean±SEM (n=6). Values with different superscript letters differ significantly between groups (p<0.05).

were no-inducer has been used in experiment (Figure 3A) 
in order to test the toxic effects of the drug directly towards 
cell without any influence of activator. It was found out that 
there were no significant suppression of cell viability in all 
concentrations of the treatment drugs compared to normal 
group and also diclofenac-treated group.
 In Figure 3B, cells were induced and activated with 
PMA (0.1 µg/mL). Diclofenac has been used as positive 
control drug with the activation of cells by PMA. Treatment 
with 6TG and 6H2MP with doses of 3.125-100 µM for 24 
hours did not produced any significance value of difference 
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compared to control groups (normal group and diclofenac 
treated group). It showed the ability of these 2 drugs to 
retain the viability of cells when PMA was used to produce 
the inflammation towards HIG-82 cells colonies. 

Cell Viability Percentage on PMA-induced HIG-82 Cells 
for 48 and 72 hours
In Figure 4A, the treatment 6TG 50 and 100 µM and 6H2MP 
(100 µM) in 48 hours exhibited a significance difference 
compared to control PMA+diclofenac group, thus showing 
toxicity effects and decrease the viability of cells. The IC50 
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Figure 4. Percentage of viability of PMA-induced HIG-82 cells treated with 6TG and 6H2MP in 48 and 72 hours. A: Percentage of 
viability of PMA-induced HIG-82 cells treated with 6TG and 6H2MP in 48 hours; B: Percentage of viability of PMA-induced HIG-82 cells 
treated with 6TG and 6H2MP in 72 hours. Data were analysed using one-way ANOVA followed by Tukey HSD post hoc test and expressed 
as mean±SEM (n=6). Values with different superscript letters differ significantly between groups (p<0.05).

for 6TG within 48 hours experiment is 10.73, while for 
6H2MP is 13.31. 
 In Figure 4B, which was done in 72 hours, 6TG 
treatment on the PMA-induced HIG-82 cells was able to 
maintain the cell viability at the doses from 3.125 µM to 
25 µM. The viability of cells also maintains at the doses 
from 3.125 µM to 50 µM when treated with 6H2MP. Both 
treatment of 6TG and 6H2MP at dose 25-100 µM showing 
toxicity effects compared to normal group of cells. The IC50 

for 6TG is 10.46, while for 6H2MP is 12.3. From result, the 
percentage of viability of normal cells group was lower than 
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100%. All groups of cells of controls and treatment doses 
also decrease in the cell percentage of viability into below 
than 100%. The survival rate of the normal cells without 
any inducer or treatment decreased 9.7% from 24 hours 
treatment to 48 hours treatment. The rate further decreased 
in 10% from the 48 hours treatment to 72 hours treatment. 
 The overall results of activated HIG-82 cells that 
treated with 6TG and 6H2MP, there is no significant 
suppression of cell viability were found at all concentrations 
3.125-100 µM within 24 hr treatment, showing that both 
drugs separately used can be the treatment against the cell 
cytotoxicity occurred in the cell cultured medium. Based 
on these results, we employed both of the drugs 6TG and 
6H2MP used concentrations of 25-100 µM which apparently 
did not adversely affect cell viability for the subsequent 
experiments within 24 hours.

NO Production in PMA-induced HIG-82 Cells
NO levels in PMA-induced HIG-82 cells was decreasing 
when treated by 6TG and 6H2MP at all doses; 25 µM, 50 
µM and 100 µM (Figure 5). At highest dose tested (100 
µM), it shows the significance difference of result between 
treatments and PMA-induced untreated group, revealing the 
ability of 6TG and 6H2MP to fully inhibit NO production in 
this studied culture medium. 

PGE2 Biosynthesis in PMA-induced HIG-82 Cells
The results of the PGE2 assay revealed that 6TG and 6H2MP 
at all concentrations tested are able to inhibit PGE2 release 
from PMA-induced HIG-82 cells. The treatment with 6TG 
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Figure 5. Quantitative data of Nitric Oxide in PMA-induced HIG-82 cells after being treated with different concentrations 25, 50 
and 100 µM of each 6TG and 6H2MP for 24 hours, respectively. Data were analysed using one-way ANOVA followed by Tukey HSD 
post hoc test and expressed as mean±SEM (n=6). Values with different superscript letters differ significantly between groups (p<0.05). 

inhibit PGE2 at dose 50 µM and 100µM while 6H2MP 
was able to inhibit PGE2 levels at dose 100µM, which was 
based on the non-significance difference in results analysis 
with diclofenac-treated control group (PMA+diclofenac). 
In controls groups of experiment, HIG-82 cells that were 
induced with PMA showed a 7.8-fold increase in PGE2 
secretion compared to non-induced cells (normal group) 
(Figure 6).

Inflammatory Cytokines (TNF-α, IL-1β and IL-6) Levels 
in PMA-induced HIG-82 Cells
The pro-inflammatory cytokine activity concentrations of 
TNF-α, IL-1β and IL-6 indicates the anti-inflammatory 
activity in the PMA-induced HIG-82 cells were illustrated 
in Figure 7 (A, B and C), respectively. In TNF-a analysis, 
results showed that treatments with 6TG and 6H2MP at 
all doses 25-100 µM were able to decrease TNF-α levels 
in dose dependent effects. But there was no significant 
difference of all the TNF-α concentration levels in sample 
groups compared to normal group, indicates the treatment 
dose does not produce enough effect for the activated cells 
to turn into normal levels. Meanwhile, 6TG treatment was 
effective to decrease IL-1β levels in the activated HIG-82 
cells at all doses (25-100) µM, with no significant difference 
in statistical analysis compared to PMA-treated control 
group (PMA+diclofenac). The IL-6 levels of activated 
HIG-82 cells also decreased in concentration at all doses 
25-100 µM when treated with 6TG and 6H2MP, with no 
significance difference compared to PMA-treated control 
group (PMA+diclofenac) and normal group. 
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Discussion

This study constantly demonstrated that 6TG and 6H2MP 
treatment on normal RAW 264.7 macrophages via MTT 
assay for 24 hours did not produce any significant cytotoxic 
effects in comparison with our control drug, diclofenac. 
When RAW 264.7 macrophages cells activated with LPS, 
apoptosis was triggered, and the cytotoxicity of the cells 
occurred. Treatment with 6H2MP also showed apoptosis in 
the activated cells, but less effect compared to 6TG at the 
same doses. The reactions of cell lines to these two drugs 
may be due to the polymorphic levels of enzymes expression 
within the cell which associated with drugs metabolism. 
The two main enzymes are thiopurine methyl transferase 
(TPMT) and hypoxanthine guanine phosphoribosyl 
transferase (HGPRT), which plays main part in breaking 
down (metabolizing) thiopurine drugs into inactive, 
nontoxic compounds. TPMT enzyme respectively forms 
the anti-metabolic products and generates the pro-apoptotic 
metabolites during metabolism process.(9) Both activation 
of 6TG and 6H2MP is catalyzed by hypoxanthine-guanine 
phosphoribosyl transferase (HGPRT), following by the 
multi-step transformation to thioguanine nucleotides (TGNs) 
that further incorporated into DNA or RNA and inhibit the 
de novo purine synthesis (DNPS). The TPMT enzyme is 
responsible for methylation 6TG and 6H2MP into different 
methylated metabolites, which are methylthioguanosine 

monophosphate (meTGMP) and methylthioinosine 
monophosphate (meTIMP), respectively.(10) 
 In inflammation, macrophages will produce cytokines/
chemokines and various inflammatory mediators, including 
NO. Reduction in the production of inflammatory mediators 
in the macrophages maybe beneficial in the treatment of 
many inflammatory diseases.(11) NO occupy pro-apoptotic 
properties in macrophages, with high levels induces cell 
cycle arrest, apoptosis and senescence.(12) The inducible 
isoform of Nitric Oxide Synthase (iNOS) suppression in 
LPS-stimulated RAW 264.7 cells are important criteria to 
inhibit NO production.(13) LPS has been shown can induce 
iNOS expression and production of NO by a variety of 
cells including murine macrophage RAW264.7 cells.(14) 
There are reports in RA studies on increased endogenous 
NO synthesis and this evidence proposed that NO mediates 
T cell dysfunction in autoimmune disease. Therefore, NO 
inhibition in LPS-stimulated RAW 264.7 cells is one of the 
potential approaches to screen the various anti-inflammatory 
drugs.(13) 
 The control treatment drug in this study, diclofenac 
significantly inhibited NO production induced by LPS in 
RAW 264.7 macrophages. This is similar to the previous 
study published (15) and consistent with other studies in 
which diclofenac and aspirin-like NSAIDs inhibit NO 
production in diverse cultured cell types (16), even though 
the precise mechanism of iNOS expression by diclofenac has 
not yet been fully understand. In the presence of endotoxin 
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and cytokines in an inflammatory setting, macrophage 
expressed the inducible iNOS. The expression of iNOS 
is high in macrophages that are activated with LPS. LPS 
activate macrophage by Toll-like receptor 4 (TLR4) and 
stimulates mitogen-activated protein (MAP) kinase/JNK 
signalling cascades, leading to the NF-ƘB activation.(17) 
It has been suggested that the anti-inflammatory effects of 
diclofenac may exert by inhibiting the iNOS gene expression 
at the transcriptional level through NF-kB activity 
suppression. Diclofenac is a nonsteroidal anti-inflammatory 
analgesic which is widely used in arthritic-type diseases, for 
acute pain, and during the post-operative period. It also can 
induce other action mechanisms that leads to its analgesic 
properties but its regulation for long durations of time is not 
suggested due to adverse gastrointestinal effects.(18) 
 The results in this study also demonstrated that studied 
drugs 6TG and 6H2MP were significantly decreased the 
accumulation of NO in LPS-stimulated RAW 264.7 cells with 
concentration dependent manner. 6TG compound effectively 
inhibited the production of NO compared to 6H2MP in the 
same dose and might be important in inflammatory diseases 
prevention mediated by enormous generation of NO. High  
iNOS activity may cause increased in NO production and 
leads to tissue damage. Exposure of Thiopurine family of 
drugs influence macrophage functions by inhibiting the 
Rac1/JNK signalling, leads to decrease in iNOS expression 
following by decreased the NO production. The treatment 
with 6MP resulted in Rac1-JNK-cJun-dependent iNOS 
expression inhibition in activated macrophages.(19) The 
6MP thoroughly restrain Rac1 activity in CD4+ T-cell 
differentiation and efficiently attenuate activation of 
JNK-mediated signaling in macrophages, thus inhibit the 
interaction and activation with antigen presenting cells 
such as macrophages. Inactivation or activation of Rac1 by 
affiliate with guanosine diphosphate (GDP) and guanosine 
triphosphate (GTP). It involves in many cellular downstream 
cellular activities central to normal cell physiology such as 
cellular adhesions, cell proliferation, migration and invasion, 
reactive oxygen species (ROS) production, apoptosis, and 
inflammatory responses. The role in cancer of Rac1 may 
provide the proliferative and invasive characteristic of 
fibroblast-like synoviocytes that have been isolated from 
patients involved with RA. Thus, the chemical inhibition and 
Rac1 depletion might counteract the aggressive tumor-like 
features of fibroblast-like synoviocytes. The suppression of 
Rac1 activity might help to lessen the clinical symptoms of 
inflammatory arthritis.(20) 
 In this study, the cytotoxicity and anti-inflammatory 
properties of 6TG and 6H2MP were going further into HIG-

82 rabbit synovial fibroblast cells, revealing the treatment of 
6TG and 6H2MP did not inhibit synoviocyte viability in 24 
hours via MTT assay. The observation is similar with data 
obtained on previous study of RAW 264.7 macrophages 
cells. This means the treatment with either 2 drugs did not 
produce any toxicity towards non-PMA induced HIG-82 
cells within 24 hours. The result produces same manner 
which in PMA-induced HIG-82 cells within 24 hours, 
where both 6TG and 6H2MP drugs also did not produce 
toxicity. The cytotoxicity occurs apparently for 48 hours 
and 72 hours treatment, where IC50 for 6TG is lower than 
6H2MP in both experiments. The IC50 for 6TG within 48 
hours experiment is 10.73, while for 6H2MP is 13.31. The 
IC50 in 72 hours experiment for 6TG is 10.46, while for 
6H2MP is 12.3. This may prove that the direct metabolism 
of 6TG to 6-TGNs (6-thioguanine nucleotides) prevents 
the enzymatic variability due to genetic polymorphism 
and refrain the intolerance of azathioprine inducer. This 
allow them to produce cytotoxicity towards cell in lower 
dose compared to 6H2MP, thus observing of 6-TGNs may 
contribute to treatment optimization.
 This study shows drug 6H2MP produces a significant 
dose dependent suppression of NO production by synovial 
cells and proved that PMA 0.1 (µg/mL) is able to induce 
higher NO synthesis. This is similar to other study which 
stated that synovial fibroblast have the potential to synthesize 
NO.(21) Concentrations of NO and nitrite in serum and 
the synovial tissues of RA patients are significantly higher 
compared to healthy control.(22) NO act as a mediator 
that controls cell activity at the inflammatory sites such as 
production of cytokines, signal transduction, mitochondrial 
activity and apoptosis.(23) Caspase-3 is a cysteine protease 
and a central effector of many apoptotic pathways allocated 
in mitochondrial intermembrane space and cytoplasm. 
In resting cells, the enzyme activity is inhibiting by 
S-nitrosylation process of caspase-3 at the active site of 
cysteine. Increased NO level may inhibit the synovial 
fibroblasts apoptotic cell death by restricting the activation 
caspase-3 by nitrosylation of thiol group, and this action 
leads to RA pathogenesis.(24) 
 The activated HIG-82 cells by PMA secrete 
prostaglandin E2 (PGE2) into their culture medium.
(2) Result showed that both drugs, 6TG and 6H2MP are 
able to reduce PGE2 production, which is correlates with 
their ability to inhibit the NO production at dose 100µM. 
Among arthritis patients, the increase of PGE2 is likely to 
be from synovial cells and macrophages. NO may activate 
cyclooxygenase and increase the level of prostaglandin, but 
currently there is no systematic justification of the cross-
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Conclusion

The results upon LPS-induced RAW 264.7 macrophages 
demonstrated that 6H2MP and 6TG are able to suppress 
the production of NO in vitro. Further studied in PMA-
induced HIG-82 synovial fibroblast cells shows that 
6H2MP and 6TG also suppress the release of NO, PGE2, 
and inflammatory cytokines (IL-1, IL1β and IL-6), in vitro. 
6TG is more effective to reduce inflammatory reactions 
compared to 6H2MP. It shows suppression in lower dose 
compared to 6H2MP in all experiments except in PGE2. 
The inhibition of TNFα, IL1β and NO is an important 
mechanism by which 6TG and 6H2MP may affect pain and 
articular inflammation. 
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