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Abstract: Garcinia mangostana L pericarp extract is known has active substances called
Xanthones which has strong antioxidant effects. This substance also has anti-inflammatory
and immunomodulation effects. However, the intercellular infection of Salmonella stimulates
macrophage to produce interleukin IL12 for enhancement of IFN-γ secretion. lFN γ, which
plays role for activates macrophage, acts as positive feedback in stimulating macrophages to
kill S. Typhimurium. Macrophages play role in the phagolysosome fusion process are
produced. This study aims to determine the effect of Crude Ethanolic Mangosteen Extract
(CEME) on IFN-γ and IL-12 secretion in mice infected with S. Typhimurium. This study
used 25 mice Balb/c. Mice divided into 5 groups consist of 5 mice in each group, including
positive control (mice were infected with S. Typhimurium), T0 (control with 40 mg/ml of
crude extract mangosteen pericarp without S. Typhimurium), T1, T2 and T3 (treatment with
20 mg/ml, 40 mg/ml and 60 mg/ml of crude extract mangosteen pericarp). Then, the mice
were necropsied and dissected to take the blood directly from the heart. Levels of IFN-γ and
IL-12 were analyzed using ELISA. Data were analyzed by One-Way ANOVA followed by
Post-Hoc test  (LSD) to assess  the comparison between groups.  Results  showed that  CEME
increase serum IFN-γ and IL12 without infection. CEME increase serum IL12 in T1, T2and
T3 with a p-value 0,000. Other results showed decreases serum IFN-γ in T2 and T3 with a p-
value 0,000. CEME improve immune response through the increases serum IL-12 and
decreases serum IFN-γ in mice infected with S. Typhimurium.
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Introduction

Mangosteen (Garcinia mangostana) is a tropical fruit has been used as a traditional indigenous
medicine across Southeast Asia, especially the pericarp (rind/peel/hull) with widespread biological activities,
including anti-inflammatory1,2, anti-oxidant3, anti-proliferative4,5, immunostimulatory6. Ethanol extract from
mangosteen pericarp is the highest content of total polyphenols and the strongest antioxidant activity, as well
as the relatively higher antibacterial activity7.

While, the fruit pericarps are most nature abundant sources of xanthenes. These natural chemical
substances possessing of numerous bioactive properties that help to maintain intestinal health, neutralize free
radicals, help and support immunomodulation systems and treatment of skin infections8.
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Salmonella is a very successful enteric pathogen because it has developed strategies to cope with most of the
immune defenses employed by the host during the different phases of the disease9. S. Typhimurium results in
systemic infection and a disease similar mechanism as S. typhi10.  During  the  early,  innate  host   response
against  Salmonella, high levels of gamma  interferon (IFN-γ) and  tumor  necrosis factor  alpha  (TNF-a) are
produced, Lipoproteins and peptidoglycans on the surface of the bacteria ligate receptors on macrophages and
dendritic cells include the Toll Like receptors (TLRS ). Particularly, TLRs and mannose receptor and their
ligation stimulates nitric oxide production with the cells, which is toxic to bacteria. Signaling by the TLRs
stimulates the release IL12, which in turn drives NK cells to produce IFN-γ in the early phase of immune
response. IL12 also stimulates TH1 cells (antigen specific CD4) to release IFN- γ11. Consequently, production
of macrophage activating cytokines, particularly IFN-γ and IL12 are major hallmark in the host response
against all intracellular bacteria12.

In this study ethanol mangosteen pericarp extract may contains high levels of flavonoids which have
antioxidants that can be useful to improve immune response through increasing IFN- γ and IL12 cytokines
which plays a key role for macrophage activation in phagocytosis of intracellular microbes such as
Salmonella infection.

Materials and method

The study required 15 days to accomplish on 25 male mice were randomly divided into 5 groups each
consisting of 5 mice, including the positive control group, T0, T1, T2 and T3. The experimental animals of
group C1 was infected with dose of 108cfu  bacteria S. typhimurium as  control  positive,  group  T0  was
administered with  40 mg/ml (CEMP) for 14 days, group T1 was administered with 20 mg/ml (CEMP) for 7
days and 7 days later for S. typhimurium infection, group T2 was administered with 40 mg/ml (CEMP) for 7
days and 7 days later for S. Typhimurium infection,  group T3 was administered with 60 mg/ml crude extract
mangosteen pericarp for 7 days and 7 days later for S. Typhimurium infection . Afterward the mice were
necropsied and dissected for the blood to be taken. Ethical clearance approved by the studies Faculty of
Medicine Brawijaya University NO. 360/EC – S2 / 05 /2015 at date 09 JUN 2015.

Extract Garcinia mangostanal Preparation

Pieces of G. Mangosteen pericarp was dried, ground and sieved to produce a fine powder, the powder
was then weighed each 100 grams to be extracted. The extraction process used the macerated method. Each
extraction process used 100 grams of powdered pericarp and was extracted using ethanol 96%. The extract
was left to settle overnight (Pharmacology Laboratory, Brawijaya University). (Every mouse received
0.5cc/mice of concentration CEMP)

Inoculum Preparation

Four days (96 hours) after the last immunization (mangosteen extract), mice were infected with 300 μL
Salmonella Typhimurium bacteria (concentration 2x108 cells / mL) two times with 2-days interval orally. Four
days (96 hours) after the last infection, mice were sacrificed and taken the whole the blood13.

Statistical Analysis

Each data was subjected to statistical analysis. We analyzed our data using One-Way ANOVA test
followed by Post-Hoc test (LSD), a significant p <0.05, to assess the comparison between groups. We
considered < 0.05 as significant.

Results

Based on the Figure above showed that the difference in dose of CEMP influenced IL-12 levels. By
looking where the IL-12 levels in Mice was affected by S.Typhimurium, the treatment of CEMP which was
started at a dose of 20 mg/mL (T1), dose of 40 mg/mL (T2) and dose of 60 mg/mL (T3), compared with IL-12
levels in the positive control group became higher after giving CEMP.Then, IL-12 levels increased when given
higher doses of CEMP. Thus, based on the descriptive assessment according to the mean of IL-12 levels, it can
be said that the administration of treatment in the form of CEMP at a dose of 20 mg/mL (T1), 40 mg/mL (T2),
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and 60 mg/mL (T3) showed different influences, where higher dose of provided Mangosteen extract further
increased the IL-12 levels and showed CEMP at a dose60 mg/mL.
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Figure 1. Graph of IFN- γ and IL-12 Levels at each dose of Mangostine extract

As for the overall differences in IFN- γ Levels in each group above can see in the graphic .Shows that
the difference on IFN- γ levels. Starting to look where the IFN- γ levels in positive control (+) group effected
by S.Typhimurium is higher, but in group  of Mangostine extract was given started at a dose of 20 mg/mL
(T1), dose of 40 mg/mL (T2) and dose of 60 mg/mL (T3), compared with IFN- γ levels in the positive control
group. show that  the effect of Mangostine extract is starting to look where the concentration of IFN-γ Levels
in mice  induced (20 mg/mL Mangostine + S. typhimurium) was higher,and then the treatment groups dose of
40 mg/mL (T2) and dose of 60 mg/mL (T3) becomes lower  compared with IFN gamma Levels in the positive
control group. Then the IFN- γ Levels decreased when given higher doses. Thus, based on the assessment
descriptively according to the mean IFN- γ Levels is, it can be said that the administration of treatment in the
form of Mangostine extract at a dose of 20 mg, 40 mg and 60 mg showed different influences, where the
higher dose of Mangostine extract provided will further lowering the IFN gamma Levels.

Discussions

This study showed that the ethanol extract of Garcinia mangosteen pericarp affected the increased
levels of IL-12 in groups T0, T2 and T3. Giving Mangostine extract at a dose of 60 mg/mL could increase the
IL-12 levels higher than the provision of Mangostine extract at a lower dose of 40 mg/mL. Thus, the dose of
60 mg/mL was more effective to increase IL-12 levels than the dose of 40 mg/mL. However, the provision of
Mangostine extract at a dose of 40 mg/mL could increase the average IL-12 levels better than a dose of 20
mg/mL. Hence, a dose of 40 mg/mL was more effective to increase IL-12 levels than a dose of 20 mg/mL. The
average of IL-12 levels in granting Mangostine extract at a dose of 20 mg/mL was more effective to increase
IL-12 levels rather than the positive control group. Mangosteen pericarp extracts contain 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, supposed to act as an
immunomodulator in modulating the increase of IFN-γ and IL-12 secretion. IFN-γ secretion by macrophages
also stimulates the formation of free radicals to destroy components of M. tuberculosis bacteria which are the
DNA and the bacteria’s cell walls that play a role in combating the M. tuberculosis bacteria14 in other studies
showed that Mangosteen Pericarp extract can induce an increasing value of TLR5 and CD14 expression by
mice PBMCs, with optimal dose 40mg/ml. Since the level of cytokines plays an important role during the
protective response in a biological system, it is interesting to investigate the effect of Mangosteen on
cytokines15. IL-12 has multiple biological activities, and it is a key factor that drives Th1 responses and IFN-γ
production. Early application or production of IL-12 during infection may activate Macrophages and augment
a host’s cell-mediated immunity while shaping the ultimate antigen-specific immune responses. As a result,
IL-12 may play a key role in protection against bacterial and viral infections, and IL-12 immunotherapy could
be important in the treatment of diseases where a Th1 response is desirable. Meanwhile, cytokines including
IL-12 is short in vivo half-life, and in the development of advanced drug delivery systems16, 17. There were
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studies reporting that the activity of petroleum ether extracts of mangosteen pericarp at a dose of 120 mg/kg
body weight/day has a significant effect in increasing the secretion of IFN-γ exceeding the increase at the time
rats were infected by M. tuberculosis. Also, the activity of Petroleum Ether Extracts of mangosteen pericarp is
significantly influential in increasing the secretion of IL-1218. In this present study showed that (CEME)
improve immune response through the increases serum IL-12 production in mice infected with S.
Typhimurium.

Effect of mangosteen Extract pericarps on Levels of IFN- γ

IFN-γ plays a key role in enhancing immune responses, in particular by modulating macrophage
activation, which enhances the killing of intracellular bacteria19. An increase in IFN-γ which also increases the
activity of macrophages in secreting ROI and NO during infection proved that the bacterial infection can lead
to an immune response in the body Furthermore, macrophages produce IL- 12, which then stimulates NK cells
to produce IFN-γ which in turn activates other macrophages20. Giving ethanol extract of Garcinia mangosteen
pericarp affected the increasing secretion of IFN-γ and that a dose of 20 mg/mL Mangostine was the best dose
because it resulted in the p-value of 0,000 <0,05. In T3 treatment with a higher dose of 60 mg/mL Mangostine,
the results showed that it tended to reduce IFN-γ secretion. While for the IL-12, a significant difference
occurred based on T1, T2 and T3 treatments in which the p-value was 0,000 <0,05. Between T2, and T3 they
were not significantly different, but the same trend was also observable in the T3 treatment which showed
higher 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 increased21. However, this study
confirmed that with the increase in concentration, the response ultimately decreased.  This often occurs in
natural medicines, particularly in the use of extracts, because the components within the compound is not a
single compound but rather they consist of various chemical compounds, in which these components work
together to cause an effect. If the extract dose is increased, the number of contained chemical compounds will
increase, resulting in adverse interactions that lead to a decrease in effect22. In this present study showed that
(CEMP) decreases serum IFN-γ at higher dose which that back to several reasons could be led to the couse
here we suggest that the (CEMP) affected or intervention directly on Th1 cells to depress production of IFN-γ
at higher dose that may IFN-γ expression is regulated by various chemical compounds, and these components
work together to cause an effect. If the extract dose is increased, the number of contained chemical compounds
will increase, resulting in adverse interactions that lead to a decrease in effect. Or probably regulation of IFN-γ
not similar  with IL-12  at different concentrations of (CEMP). That could be conclude the lower dose of
(CEMP) affected better then higher dose. There were studies reporting that the (CEMP)  could be significantly
reduce TNF-α production generated from peripheral blood mononuclear cells by stimulating with P.acen25.

Other studies showed that (CEMP) increasing number of cells expressed CD14 and also could
altered the innate immune response and increase its activity and works optimal at 40mg/ml without any
vaccination. That can be useful as immunomodulation 26. In this study showed giving CEMP only increased
the IL-12 and IFN-γ level at 40mg/ml without any infection in (T0 group) could improve immune response as
immunoistimlut. While there studies showed that (CEMP) had the highest content of flavonoids and
anthocyanin respectively and also exhibited higher antioxidant and antibacterial activities 7.

Based on the above mechanisms it is essential to maintain and conclude the intracellular infection of
Salmonella which will stimulate macrophages to produce IL-12 playing a role in the formation of Th1 which
then secretes IFN-γ that acts as positive feedback in activating macrophages to destroy the phagocytized
germs. The Mangosteen ethanolic pericarp extract improve immune response through increases the secretion
of IL-12 and decreases secretion of IFN-γ at higher dose with S.Typhimurium infection in mice. The probably
mechanisms of CEMP towards Th1. May be there is paralysis effect due to direct effect to suppress the Th1.
May be caused by small samples (only 5) so the SD is large.

Conclusion

The effected of Crude Ethanolic Mangosteen Extract pericarp at a dose of 60 mg/ml has a significant
effect in increases the serum of IL-12 secretion and the activity of CEME pericarp were significantly
influential in decreases the secretion of IFN-γ in mice were infected by S.  typhimurium and CEME pericarp
might be as increasing the serum of IL-12 and IFN-γ secretion by negative control group (T0 group) to the
dose of CEME at 40mg/ml without any infection could altered the innate immune response.



Adell M. Ahmed Abubakeer et al /Int.J. PharmTech Res. 2015,8(5),pp 996-1001. 1000

Acknowledgment

Authors thank Dr. Sri Winarsih , M.Sc for her helpful discussions.

References

1. Chomnawang M.T., Surassmo S., Nukoolkarn V.S., Gritsanapan W. Antimicrobial effects of Thai
medicinal plants against acne- inducing  bacteria. J. Ethnopharmacol., 2005, 3,101: 330-3.

2. Akao Y., Nakagawa Y., Iinuma M., Nozawa Y.  Anti-cancer effects of xanthones from pericarps of
mangosteen. Int. J. Mol. Sci., 2008, 9, 355–370.

3. Jung HA, Su BN, Keller WJ, Kinghorn AD. Antioxi-dant Xanthones from the pericarp of Garcinia
Mangostana (Mangosteen). J. Agric. Food. Chem. 2006, 54, 2077-2082.

4. Ji X., Avula B., Khan I.A. Quantitative and qualitative determination of six xanthones in Garcinia
mangostana L. by LC- PDA and LC-ESI-MS.  J.  Pharm. Biomed. Anal. 2007, 12, 43(4), 1270-6.

5. Chaverri P.J., Cárdenas-Rodríguez N., Orozco-Ibarra M., Pérez-Rojas J.M. Medicinal properties of
mangosteen (Garcinia mangostana). Food Chem. Toxicol. 2008, 46(10), 3227-3239.

6. Matsumoto K., Akao Y., Kobayashi E., Ohguchi K., Ito T., Tanaka T., Iinuma M., Nozawa Y.
Induction of apoptosis by xanthones from mangosteen in human leukemia cell lines. J. Nat. Prod. 2003,
66(8), 1124-1127.

7. Li Q., and Xu J. Effects of extraction solvents on phytochemicals and antibacterial activities of
Garcinia mangostana Pericarp. 2014, 2321 – 1571.

8. Priya V.V., Jainu M., Mohan S.K., Karthik B., Saraswathi P., Chandra Sada Gopan V.S. Toxicity study
of Garcinia Mangostana Linn. pericarp extract in rats. Asian.  J. Exp. Biol. Sci. 2010, 1(3), 633-637.

9. Broz  P.,  Maikke  B.,  Ohlson,  Monack  D.M.  Innate  immune  response  to Salmonella typhimurium,  a
model enteric pathogen. Gut Microbes. 2012, 3(2), 62–70.

10. Lamont R.J. Bacterial Invasion of Host Cells, Cambridge University Press, 2004, 1–3
11. Murphy K.M. Janeway’s immunobiology diseases and immunological deficiencies. 2012, ISBN 978-0-

8153-4243-4.
12. Kaufmann S.H.E. Immunity to intracellular bacteria In Fundamental Immunology, 4th Ed. Lippincott-

Raven, Philadelphia, 1999, 1335–1371.
13. Winarsih S. Imunitas seluler dan protektivitas in vivo protein adhesin AdhO36 Salmonella Typhi

(Upaya Memperoleh Kandidat Vaksin Demam Tifoid). Disertasi. Universitas Brawijaya Malang. 2005.
14. Darwich L, Coma G, Peña R, et al. Secretion of interferon-γ by human  macrophages  demonstrated  at

the  single-cell  level  after costimulation  with  interleukin  (IL)-12  plus  IL-18. Immunology, 2009,
126(3), 386-393.

15. Goel A, Singh D.K., Bhatia A.K. Immunomodulating property of Ocimum sanctum by regulating the
IL-2 production and its  m-RNA expression from splenocytes  in  rats.  Asian.  Pacific.  J.  Trop.  Med.  &
Hyg, 2010, 3, 8-12.

16. Haynie D.T., Palath N., Liu Y., Li B., Pargaonkar N. Biomimetic nanotechnology: Inherent reversible
stabilization of polypeptide microcapsules. Langmuir, 2005, 21, 1136–1138.

17. Jiang B., and Li B. Tunable drug incorporation and release from polypeptide multilayer nanofilms. Int.
J. Nanomed. 2009, 4, 37–53s

18. Kaihena M.,  Syamsu,  Yasir  Y,  Hatta  M. The effect  of  the petroleum ether  extracts  from Mangosteen
pericarp (Garcinia Mangostana L.) on Interferon-Gamma and, Interleukin-12 Activities in
Albinowistar Rats (Rattus Norvegicus) infected with Mycobacterium Tuberculosis. Journal of
Microbiological Research,  2015, 3(1), 8-13

19. Martin-Fontecha  A.,  Thomsen  L.L.,  Brett  S.,  Gerard  C.,  Lipp  M,  Lanzavecchia  F.,  Sallusto  F.  2004.
Induced recruitment of NK cells to lymph nodes provides IFN-gamma for Th1 priming. Nat. Immunol.
5: 1260-1265.

20. Kubota K. Innate IFN-γ production by subsets of natural killer cells, natural killer T cells and γδ T cells
in response to dying bacterial-infected macrophages. Scand J Immunol 2010, 71, 199-20910

21. Peper A. 2009. Aspect of the relationship between drug dose and drug effect. Dose-response. 7(2), 172-
192.

22. Gurib-Fakim A. 2006. Review: Medicinal plants: traditions ofyesterday and drugs of tomorrow.
Molecular Aspects of Medicine. 1-93.



Adell M. Ahmed Abubakeer et al /Int.J. PharmTech Res. 2015,8(5),pp 996-1001. 1001

23. Susanto M., Zulfian, Kurniawan B., Tjiptaningrum A. 2013. Effect of Garcinia mangostana L against
AST and ALT activity in Rattus novergicus induced by isoniazid (In Indonesia). Medical Faculty
Lampung University journal. 23, 378-381.

24. Pasaribu F., Sitorus P., Bahri S. 2012. Effect of Garcinia Mangostana L. extraction in decreasing level
glucose in blood (in Indonesia). Journal of Fakultas Farmasi USU. 12, 142-149.

25. Chomnawang MT, Surassmo S, Nukoolkarn VS, Gritsanapan W. Effect Of Garciniamangostanaon
Inflammation Caused By Propionibacteriumacnes. Fitoterapia 2007, 78: 401-8.

26. Fithronny D M . Zain , Kurnijasanti R, Abdul Rantam F. Effect Of Mangosteen (Garcinia Mangostana
L.)  Pericarp  Extract  On  Tlr5  And  Cd14  Expression  In  Immunized  Mice  Against  Newcastle  Disease
Vaccine . 2014 . Issn 1979-1305.

*****


