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Abstract Background. Garcinia mangostana L(GML) pericarp extract is known to contain active substances

called Xanthones (α, β and γ Mangosteens) which is the biggest derivative and has strong antioxidant effects. This
substance also has antiinflammatory, antilipid, anticancer, antibacteria and antituberculosis effects. However, its
mechanism is still unclear. Mycobacterium tuberculosis (M. tuberculosis) invasion into the lungs through the
respiratory tract can cause severe infection. The body has an immune system which controls infection by eliminating
germs to ease the burden of infection. Interferon gamma (IFN- γ) and Interleukin 12 (IL-12) acts as positive
feedback in stimulating macrophages to kill M. tuberculosis. During this process, oxidative compounds
(ROI,RNI,NO) that plays an important role in the phagolysosome fusion process are produced. Not only does the
consumption of GML pericarp extract as an antioxidant becomes the immunomodulator to enhance the immune’s
activities, it also functions as an antioxidant that can neutralize the oxidative compounds produced by the immune
system. The aim of this study was to determine the effect of EPEBh GML on IFN-γ and IL-12 secretion activities in
mice infected with M. tuberculosis. Materials and method. This study used 30 Wistar rats, 150-200g of weight and
8-10 weeks old. Rats were randomly divided into 6 groups each consisting of 5 rats, including the negative control
(without infection and without EPEKBh GML intervention) and a positive control (rats were infected with M.tb
H37Rv at a dose of 106cfuas much as 0.2 ml through the trachea for 6 weeks). Once infected, the rats were then
intervened with EPEKBhGML 30, 60, 120 dose and 180 mg/kg bodyweigh/day for 1 month. Afterward the rats
were necropsied and dissected for the blood to be taken directly from the heart. Levels of IFN-γ and IL-12 were
analyzed using the ELISA method. Data were then analyzed using One-Way ANOVAtest followed by Post-Hoc test
(LSD), a significant P <0.05, to assess the comparison between groups. Results. Results show that EPEKBh GML
significantly affect the rise of IFN-γ levels, with a P value 0,000<0,05 and IL-12, with a P value of 0,045 <0,05.
Conclusion. EPEKBh GML was effective in increasing the activity of IFN-γ and IL-12 and the most effective dose
to increase IFN-γ and IL-12activity was 120 mg/kgbody weight/day. Also, increasing the dose to a higher dosage
had no effect on IFN-γ and IL-12 activity, in fact it tended to decline.This results need to further study to understand
what the reason.
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1. Introduction
Mycobacterium tuberculosis is an acid-resistant
bacteria that caused the death of nearly 2 million deaths

and with more than 8 million new cases each year [1]. The
World Health Organization (WHO) estimated that the
bacteria has attacked a third of the world population [2].
The prevalence of tuberculosis in Indonesia is very high,
as it is ranked ninth with an incidence of 185 cases per
100,000 people and ranks third in the Southeast Asian
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Region with the number of cases reaching 82,799 new
cases in 2012 which were reported from government and
private hospitals in Indonesia. This is an increase from the
previous year which was 71,454 cases [1]. M. tuberculosis
is a pathogenic bacteria that has the ability to live and
multiply in macrophages, after passing the mechanical
barriers in the respiratory tract and then going into the
alveoli [3]. The intracellular M. tuberculosis will stimulate
macrophages to produce interleukin-12 (IL-2) that plays a
role in the formation of T-helper-1 cells (Th1) which then
secretes interferon gamma (IFN-γ) to activate
macrophages so as to destroy the germs that have been
phagocytized [4]. Thus, macrophages can serve as a key
element in the process of M.tuberculosis limination ift
here were germs that were not killed, so that the bacteria
could survive and cause active tuberculosis infection [5,6].
Currently, tuberculosis treatment has become increasingly
complicated because of the presence of antibiotic-resistant
bacterias. The cause of the resistance is due to inadequate
treatment, or the discontinuation of drug consumption,
improper regimen and patient disobedience [7,8,9].
Patients with tuberculosis (TB) must use a combination of
some common medications such as isoniazid, rifampicin,
ethambutol and pyrazinamide [7,10,11]. Yet, there is still
resistance to the combination of drugs known as MDR-TB
(Multi Drugs Resistance Tuberculosis). MDR-TB is
defined as TB cases that are resistant to at least isoniazid
and rifampicin [12]. Currently, there is an increase of
MDR-TB cases in several countries [1]. Therefore, it is
necessary to find alternative new drugs that can help
reduce the number of MDR-TB cases.
Experts suspect the presence of immune system
disorders in patients with tuberculosis [13]. As a result,
some researchers are using immunomodulators as an
adjunct therapy for tuberculosis [14]. The rationale is,
because of the fact that from one third of the human
population who are exposed to M. tuberculosis only onetenth becomes ill. This indicates that the immune system
works quite effective against TB. Based on this evidence,
the research on the role of cytokines in the body's defense
mechanisms have been targeted in finding new strategies
of treatment of tuberculosis.
GML is known to contain a variety of secondary
metabolites with medicinal properties such as xanthone
and its derivatives. It is estimated that there are about 190
types of active substances of the xanthone class in the
world, with about 50 types contained by GML [15,16,17].
Those compounds are found in the pericarp, seed, bark,
leaves, roots and flesh of the mangosteen. Besides
xanthone, there are anthocyanin, folic acid and tannins, as
well as various nutrients with antioxidant capacity of 84,6
to 86,3%, or 0.8 times higher than ascorbic acid thus it is
called superantioxidant [18]. The mangosteen pericarp has
a wide range of benefits such as antioxidant and antiinflammatory. Chomnawang et al. stated that the xanthone
compound has potential as an anti-inflammatory in the
reduction of tumor Necrosis Factor Alpha (TNF-α)
production [19]. Supiyanti et al. proved that the GML
pericarp has anthocyanins which is a potential compound
that has antioxidant activity [20]. Suksamran found that
mangosteen can act as an in vitro anti-tuberculosis [21].
GML pericarp extract contains high levels of antioxidants
and flavonoids that can be useful as immunomodulator in
increasing TB patients’ immune through increasing IFN-
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γand IL-12 cytokines which plays a key role for
macrophage activation in phagocytosis of intracellular
microbes such as Mycobacterium tuberculosis.

2. Materials and Method
This study is an experimental laboratory research that
used a completely randomized design. After treatment was
conducted on the rat blood sample it was then measured
using the Enzyme Linked Immunosorbent Assay (ELISA)
analysis technique. ELISA results were analyzed using the
Shapiro-Wilktest [22] to determine normality in data
distribution. If the data distribution is normal represented
by P> 0,05, it is followed by the Analysis of Variance
(ANOVA) and comparisons between groups using PostHoc analysis (LSD) with SPSS 16 software program.

2.1. Preparation of Animals
The samples in this study were male albino Wistar rats
weighing 150-200 grams and aged 8-10 weeks at the
beginning of the research. The numbers of samples used
were 30 rats and an addition of 8 rats asbackup to
anticipate the death risk factor and 2 rats to test infection
by acid-fast bacili (AFB+). Rats were then placed
randomly into 6 groups with 5 repetitions, and placed in a
cage in the form of a plastic box. Rats were fed standard
feed in the form of pellets anddrinking water was given ad
libitum. Rat cage was placed in a special room with a nonmoist environment, adequate ventilation, no direct
sunlight and standard lighting at night.

2.2. Treatment of Rats
Rats were then placed randomly into 6 groups with 5
repitition. Groups of rats were differentiated based on the
treatment that is: the negative control group K (-) was a
group of rats that were not based ont he treatment that is:
the negative control group K (-) was a group of rats that
were not given any treatment other than standard food and
drink. Positive control group K (+) was a group of rats
infected with M. tuberculosis for 6 weeks without GML
extract therapy. Treatment group (P1, P2, P3 and P4) were
groups of rats infected by M. tuberculosis for 6 weeks
until it is infected then treated with GML petroleum ether
extracts with concentrations of 30, 60, 120 and 180 mg/kg
body weight/day. At the end of the treatment, the rats were
released from any treatment. The rats were then
anesthetized with ketamine-xylazine 75-100 mg/kg body
weight by intraperitoneal administration then euthanized
based on the Institutional Animal Careand Use Committee
(IACUC) using the cervical dislocation method [23].
Blood samplewas taken directly from the heart as much as
±3 ml and put into an EDTA tube. Examination of IFN-γ
and IL-12 were performed by using ELISA Kit.

2.3. Examination of IFN-γ
Cytokines usingELISA.

and

IL-12

The 3 ml rat blood sample was inserted into an EDTA
tube, then was shook back and forth. Next, the tube was
centrifuged at 5000 rpm for 30 minutes. The centrifuged
blood was separated into erythrocytes, buffy coat layer
and blood plasma. Plasma was separated and stored in a
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microtube. Standard solution was prepared by dissolving
lyophilize each for IFN-γ and IL-12. Standard and assay
diluent was then vortexed. Standard solution was then
examined in duplo, while other wells were filled with
samples that have been combined with assay diluent in
advance. Each well was then givenrabbit anti-rat IFN-γ
and IL-12 polyclonal antibodies. The plate was then
covered with sealer (Acetate Plate Sealer) to prevent
evaporation and incubated at room temperature for 3 hours.
After incubation, the plate’s sealer was opened and washed
with wash buffer. Alkalinephosphatase conjugated goat
anti-rabbit was added to each well and then resealed. The
plate was incubated for 45 minutes at room temperature.
Sealer is then opened and the liquid discarded. The plate
was washed with wash buffer. Dye reagent was added and
incubated at room temperature for 6 minutes and after that
stop solution was added. The result was read in an ELISA
Reader, to obtain the levels of IFN-γ and IL-12.

2.4. Extraction of GML
Pieces of GML pericarp was dried usingan oven at a
temperature below 50°C, ground and sieved to produce a
fine powder, the powder was then weighed each 1,000
grams to be extracted. The extraction process used the
soxhlation method. Each extraction process used 60 grams
of powdered pericarp and was extracted using petroleum
Variable

3. Results
3.1. IFN-γ Expression on Wistar Rats
Infected with Mycobacterium tuberculosis
Based on the measurement of IFN-γ levels in Wistar
rats blood intervened by GML pericarp extract using the
ELISA Kit,the following group means were obtained: P3
with 199,80 ± 17,610; P4 with 161,02 ± 32,061; P2 with
135,88 ± 35,551; P1 with 110,30 ± 52,295; followedby
K(+) with 84,52 ± 24,424 and K(-) with 17,32 ± 8,511.
Results of the ANOVA test that was followed by an LSD
test can be seen in Table 1.
Table 1. Results of One-Way ANOVA Test on IFN-γ and IL-12
Secretion
No.

Variable

p

1

IFN-γ

0,000

2

IL-12

0,045

Description
There is a significant difference between
each group
There is a significant difference between
each group

Table 2. Results of Multiple Comparison-Post Hoc (LSD) Test of IFN-γ Levels in Rats with TB
Comparison between Groups
p-value
Description
K (+)
0,003
Significant Difference
P1
0,000
Significant Difference
K (-)
P2
0,000
Significant Difference
P3
0,000
Significant Difference
P4
0,000
Significant Difference
P1
P2
P3
P4

0,219
0,017
0,000
0,001

No Significant Difference
Significant Difference
Significant Difference
Significant Difference

P2
P3
P4

0,213
0,000
0,018

No Significant Difference
Significant Difference
Significant Difference

P2

P3
P4

0,004
0,221

Significant Difference
No Significant Difference

P3

P4

0,064

Significant Difference

K (+)
IFN-γ

P1

Variable

ether solvent resulting in 300 ml of Petroliumetet every 24
hours at 59°C. The result of the extraction process was
collected and evaporated to dryness using a rotary
evaporator.

Table 3. Results of Multiple Comparison-Post Hoc (LSD) Test of IL-12 Levels in Rats with TB
Comparison between Groups
p-value
Description
K (+)
0,504
No Significant Difference
P1
0,652
No Significant Difference
K (-)
P2
0,068
No Significant Difference
P3
0,052
No Significant Difference
P4
0,074
No Significant Difference
P1
P2
P3
P4

0,448
0,016
0,012
0,018

No Significant Difference
Significant Difference
Significant Difference
Significant Difference

P2
P3
P4

0,156
0,126
0,171

No Significant Difference
No Significant Difference
No Significant Difference

P2

P3
P4

0,897
0,996

No Significant Difference
No Significant Difference

P3

P4

0,863

No Significant Difference

K (+)
IFN-γ

P1
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Based on the ANOVA test results, the table shows that
there are significant differences in interferon gamma
levelsbetween each group with a p-value = 0.000 (<0.05).
It is the same as the Interleukin-12 levels in which the pvalue = 0.045 <(0.05) which means that the administration
of petroleum ether extracts of GML pericarp (EPEKBh)
affects the increase of IFN-γ and IL-12.
Treatment using petroleum ether extracts of GML
pericarp (EPEKBh) in Table 3 can be compared with the
negative control group mean: K(-) with the positive
control group K (+) showed a significant difference where
p = 0,003 <0,05. Between the negative control group K(-)
and all other concentration treatment groups which are P1,
P2, P3 and P4 showed a significant difference with a P
value of <0,05. There were also significant differences
between the positive control K (+) and P1, P2, P3 and P4
with each p-value of (0,017; 0,017; 0,000; 0,001) <0,05
respectively. Between treatment groups, P1 also differed
significantly with P3 and P4 with a p-value of (0,000;
0,018) <0,05 respectively. While between the treatment
group P1 and P2, with a p-value of 0,213> 0,0;P2 and P4
with a p-value of 0,221> 0,05; P3 and P4 was not
significantly different with a p-value of 0,064> 0,05.
Figure 1, Shows that intervention using petroleum ether
extracts of GML pericarp (EPEKBh) onrats infected with
M. tuberculosis resulted in the mean levels of IFN-γ in the
negative control group K (-) and the positive control group
K (+) showing a significant difference in which the pvalue= 0,003 <0,05. Between the negative control group K
(-) and all other concentration treatment groups which
were PA1, PA2, PA3 and PA4, there was a significant
difference with a p-value of <0,05. There were also
significant differences between the positive control K (+)
and PA1, PA2, PA3 and PA4 with each p-value of (0,017;
0,017; 0,000; 0,001) <,05 respectively. The P1 treatment
group also differed significantly with P3 and P4 with a pvalue of (0,000; 0,018) <0,05 respectively. While between
treatment groups PA1 andPA2, with a p-value of 0,213>
0,0; PA2 and PA4 with a p-value of 0,221> 0,05; and
between PA3 and PA4 was not significantly different with
a p-value of 0,064> 0,05.

Figure 1. Graph of IFN-γ Levels in the Group of Rats Infected with TB
Receiving EPEKBh GML Intervention

3.2. IL-1 Expression on Wistar Rats Infected
with Mycobacterium tuberculosis
Based on the One-Way ANOVA test resultsof mean IL12 levels in Wistar rats blood which received intervention
using Petroleum ether extracts of GML pericarp
(EPEKBh), the following group means were obtained:P3
with 35,11 ± 17,492, P4 with 33,42 ± 8,921, P2 33,84 ±
28,68, P1 with 19,75 ± 10,913 followed by K (-) with 15,3
± 7,119 and K(+) with 8,78 ± 5,086.
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Treatment using petroleum ether extracts of GML
pericarp (EPEKBh) showed that the average between the
negative control group K (-) and the positive control group
K (+) did not differ significantly in which the p-value =
0,268> 0,05; the same is true between the positive control
group K (+) and the PA1 treatment group in which the pvalue = 0,268> 0,05.The P1 with P2, P3 and P4 treatment
groups with a p-value of 0,158; 0,126; 0,171> 0,05
respectively, and between P2 with P3 and P4 with a pvalue of 0,897; 0,966> 0,05 respectively, as well as P3
with P4treatment group did not differ significantly with a
P-value of 0,89> 0,05. While between the positive control
group K (+) and the PA3 and PA4 treatment groups with a
p-value of 0,523 and 0,055> 0.05 respectively, P1 and P2
treatment groups with a p-value of 0,185> 0,05; as well as
between the PA2 with the P3 and P4 treatment groups
with a p-value of 0,093 and 0,124> 0,05 respectively,
meaningthere was no significant difference. The same
thing wasevident in the P3 and P4 groups with a p-value
of 0,863> 0,05. The data is presented in Figure 2 below.

Figure 2. Graph of IL-12 Activity in the Group of Rats Infected with TB
ReceivingEPEKBh GML Intervention

4. Discussion
Results of Post-Hoc LSD analysis on the secretion of
IFN-γ showed that there were significant differences in
treatment groups which was between K (-) and K (+), in
contrast also with the P1, P2, P3 and P4 groups, K (+) was
different from the P2, P3, and P4 groups, while P1 was
different fromthe P2 and P3 groups, P2 was different from
P3, and P3 differed from the P4 groupin which the p-value
= (0,000) p <(0,05). The groups that did not differ
significantly were K (+) with P2, P3 and P4.
Results of Post-Hoc LSD analysis on the secretion of
IL-12 showed that the average group that differed
significantly was found in: K (+) to the P2, P3 and P4
groups with a p-value = (0,048) p<(0,05). Meanwhile,
between the K (-) and K (+) group, K (-) and P1, P2, P3
and P4 groups, as well as the P1 and P2, P3 and P4 groups,
P2 and P3, and P3 and P4 did not differ significantly.
Significant differences between the K (-) and K (+) group
in the secretion of IFN-γ indicated that the entry of foreign
antigens in the form of M.tuberculosis with the size of 106
CFU into the rat’s body through the alveolar had
stimulated the T lymphocytes, in this case Th1, to secrete
IFN-γ so that the levels increased in the blood. The results
of this study showed that the petroleum ether extracts of
GML pericarp affectedthe increased secretion of IFN-γ
and that a dose of 120/mg/kg body weight /day was the
best dose because it resulted in the p-value of 0,000 <0,05.
In P4 treatment with a higher dose of 180/mg/kg body
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weight/day the results showed that it tended to reduce
IFN-γ secretion. While for the IL-12, a significant
differenceoccurredbased on P2, P3and P4 treatmentsin
which the p-value was 0,045 <0,05. Between P2, P3 and
P4 were not significantly different, but the same trend was
also observablein the P3 treatment that showed ahigher
increase in IL-12 levels, but tended to decrease at higher
concentrations.
Increasing the dose of medication should in turn
increase the response proportional to the dose increased
[24]. However, the reality in this study was that with the
increase in concentration, the increase in response
ultimately decreased. This is because the dosage where it
cannot increase the response anymore had been reached24.
This often occurs in natural medicines, particularly in the
use of extracts, because the compound components that it
contains is not a single compound but rather it consists of
various chemical compounds, in which these components
work together to cause an effect. If the extract dose is
increased, the number of chemical compounds contained
was increase, resulting in adverse interactions that lead to
a decrease in effect [25].
The same is seen in the research conducted by Susanto,
et al., [26] using 40% ethanol extract on the activity of
Aspartate aminotransaminase (AST) and Alanine
aminotransferase (ALT) in male Sprague-Dawley albino
rats (Rattus norvegicus) induced by isoniazid, using doses
of 20,40, 80 and 200 mg/100g body weight. Study results
showed that the increase in dosage up to 100 mg/100g
body weight did not change, in factthe most effective dose
was 80mg/100g body weight. Other studies on the effect
of ethanol extractsof GML pericarpon the decrease in
blood glucose levels of mice using doses of 50,100, and
200 mg/kg body weight showed that the response to a
decrease in blood glucose levels of laboratory animals was
more effective at doses of 100 mg/kg body weight
compared to the higher dose of 200 mg/kg body weight
[27]. Mangosteen pericarp extracts contains various active
compounds that have great potential as an alternative to
various treatments. The dominant active compound contained
in the extract is xanthone which consists of various
derivatives including α-mangostin and γ-mangostin, as
well as flavonoids that have the potential as super
antioxidants, thought to act as an immunomodulator in
modulating the increase of IFN-γ and IL-12 secretion.
IFN-γ secretion by macrophages also stimulate the
formation of free radicals to destroy components of M.
tuberculosis bacteria which are the DNA and the cell
walls of bacteria that play a role in combating the M.
tuberculosis bacteria [28], in addition IFN-γ increases the
activity of macrophages to destroy the germs that havebeen
phagocytized and stimulate macrophages to produce a
variety of substances namely Reactive Oxygen Intermediates
(ROI) and nitrogen oxide (NO) which serves to inhibit the
growth of bacteria [29,30].
An increase in IFN-γ which also increases the activity
of macrophages in secreting ROI and NO during M.
tuberculosis infection proved that the bacterial infection
can lead to an immune response in the body. Infection of
M. tuberculosis in rats resulted in the development of both
non-specific and specific immune receptors. Non-specific
immune response begins with phagocytosis by NK cells
and macrophages. Furthermore, macrophages produce IL12, which then stimulates NK cells to produce IFN-γ

which in turn activates other macrophages [31]. While in
the specific immune system, Cell-Mediated Immunity
(CMI) macrophages will be activated by T cells so that it
can serve as effector cells which are more effective in
eliminating M. tuberculosis [32]. IFN-γ is also said to be a
major activator of macrophages to stimulate phagocytosis,
oxydative burst and Reactive Nitrogen Intermediates (RNI)
for intracellular killing [29,30]. However respiratory burst
also cause an increase in Reactive Oxygen Species (ROS)
and Nitrogen Reactive Intermediate (RNI). Increased ROS
in the lungs can result in tissue damage and lung
inflammation. This condition further contributes to
immune deficiency [33]. Increased ROS and RNI lead to a
greater use of endogenous antioxidants such as glutathione
to neutralize ROS. But if there is an increase in ROS in
the lungs while the detoxification capacity of endogenous
antioxidants was stable or decreasing then oxidants and
antioxidants imbalance occurs causing oxidative stress in
TB patients [34,35]. It is known that glutathione apart
from having antibacterial properties, this endogenous
antioxidant alsoplay an important role in innate immunity
against TB infection [36]. Glutathione affetcsthe in vitro
growth of H37RV. This shows that decreased levels of
(glutathione) intracellular GSH in the continuity of living
cells change the function of T cells, the activity of NF-kB,
the sensitivity of TNFα and cell death. Venketaraman et
al., reported that reduced glutathione levels in individuals
with pulmonary tuberculosis, is associated with an increase
in the growth of M. tuberculosis and proinflammatory
cytokines [36]. This means that the decrease in GSH
correlated with the increase of M. tuberculosis growth in
macrophages [37]. Based on the above mechanisms it is
necessary to maintain a balance between endogenous
antioxidants against ROS and RNI, one way requires
exogenous antioxidants which in this study is Petroleum
Ether Extracts of GML pericarp to enhance macrophage
functions through the activity of the IFN-γ and IL-12
cytokines. Results of this study showed that GML pericarp
extract was able to modulate and activate phagocytosis as
an early signal to produce the IL-12 cytokines and then
trigger the secretion of IFN-γ which is a positive feedback
effect for the phagocytosis mechanism and destruction of
M. tuberculosis.

5. Conclusions.
The activity of the Petroleum Ether Extracts of GML
pericarp at a dose of 120 mg/kg body weight/day has a
significant effect in increasing the secretion of interferon
gamma (IFN-γ) exceeding the increase at the time the rats
were infected by M. tuberculosis. And the activity of
Petroleum Ether Extracts of GML pericarpwas
significantly influential in increasing the secretion of IL12. Also, petroleum ether extracts of GML pericarpat a
higher dose that was 180 mg/kg body weight/day caused
IFN-γ and IL-12 secretion tended to decline.
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