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Polysaccharides from the pericarbs of mangosteen, Garcinia mangostana Linn., was 
obtained by treating the dried ground pericarbs with hot water followed by ethanol precipitation 
(M fraction). The extract was fractionated by anion exchange chromatography on a DEAE-cel­
lulose column as MDE1-5 fractions. The fractions of MDE3 and MDE4 composed of mainly 
D-galacturonic acid and a small amount of neutral sugar (L-arabinose as the major one and L­
rhamnose and D-galactose as the minor ones) were studied for immunopharmacological activities 
by phagocytic test to intracellular bacteria (Salmonella enteritidis) and nitroblue tetrazolium (NBT) 
and superoxide generation tests. The results showed that the number of S. enteritidis in cultured 
monocyte with extract of pericarb of mangosteen (MDE3) was killed. Activating score (mean± SD) 
of NBT test of 100 polymorphonuclear phagocytic cells were 145±78, 338±58, 222±73, 209±77, 
211±63, 372±19, 369±20, 355±34 in normal saline control, phorbol myristate acetate (PMA), MDE3, 
MDE4, indomethacin (I), PMA + MDE3, PMA + MDE4 and PMA + I, respectively. Superoxide 
generation test was also done by color reduction of cytochrome c. Both MDE3 and MDE4 sti­
mulate superoxide production. The number of S. enteritidis in cultured monocyte with extract of 
pericarb of mangosteen was killed. This paper suggests that polysaccharides in the extract can 
stimulate phagocytic cells and kill intracellular bacteria (S. enteritidis). 

Garcinia mangostana Linn. (Family Gut­
tiferae) is known as mangosteen in Thailand. The 
fruit hull (pericarb) of the plant is effective for 
treatment of diarrhea, dysentery, skin disease and 
wound healing in Thai folklore. Antimicrobial acti­
vities of chemical constituents from G. mangostana 
Linn. were reported with the in vitro activities 

against Staphylococcus aureus, both pencillin­
sensitive and penicillin-resistant strains, Trichophy­
ton mentagrophytes and Microsporum gypseumO). 

Polysaccharides are the major constituents 
in the plant cell walls. The major xanthone of man­
gostin is presented in the pericarb of mangosteen. 
Mangostin which was extracted with methanol 
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exhibited biological activities including anti-inflam­
matory function(2). In the present study, we aimed 
to study immunopharmacological activities of poly­
saccharide from mangosteen's pericarb, which was 
primarily extracted with hot-water and DEAE-cel­
lulose fractionation, on intracellular bacterial (Sal­
monella enteritidis) killing activity of monocyte. 
To elucidate the success of phagocytosis and kill­
ing activity the phagocytic polymorphonuclear cells 
were used for oxidative burst activity test by nitro­
blue tetrazolium (NBT) and superoxide generation 
tests. 

MATERIAL AND METHOD 
Materials : Ripe fruit (mangosteen) was 

collected in Thailand. The reddish-black pericarbs 
were finely ground after being sun-dried. 

Preparation of extracts : The powder ( 100 g) 
of mangosteen's pericarb was suspended in 1.5 1 
distilled water and boiled for 1 hour. The polysac­
charide in hot water extract was precipitated with 
distilled ethyl alcohol then redissolved in a small 
amount of water and was kept after lyophilization 
as M fraction. 

Fractionation of hot water extract : The M 
fraction (1 g) was fractionated on a DEAE-cellu­
lose (Whatman DE-23, CI- form) column (2.6 x 45 
em) and eluted in stepwise gradient fashion with 
distilled water and 0.05 to 2.0 M NaCl at a flow 
rate of 3 ml per minute. Five fractions designated 
MDEl-5 were obtained. 

Analysis of constituent sugar : Neutral 
sugars in each fraction were determined by the 
phenol-sulphuric acid method using D-glucose as 
standard(3). Each of MDE was fractionated by thin 
layer chromatography after hydrolysis with 90 per 
cent formic acid. The hydrolysates were reduced 
with NaBH4 and then chromatographed on Dowex 
1x8 column (1.5 x 10 em, acetate form) using Hita­
chi G-3000 gas chromatograph with flame ion 
detector. 

Intracellular bacterial killing activity 
test(4) : Mononuclear cells were separated from 20 
ml heparinized blood by Ficoll-Hypaque technique 
and were resuspended in Hank's balance solution 
with ca+2 and 10 per cent autologous plasma. Cell 
suspension (105 cells/ml) 0.5 ml was pipetted into 
a culture plate (24 well rnicrotiter) with a glass 
cover in each well. The mononuclear cells were 
incubated at 37°C in 5 per cent C02 for 2 hours. 
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The monocytes were adhered to the glass covers, 
then the non-adherent cells were removed. 

The microorganisms, S. enteritidis, in tryp­
ticase soy broth (0.5 ml of McFarland No. 0.5 equi­
valent cell suspension) was inoculated into each 
well and the mixture was incubated for 2 hours. 
After phagocytosis, the supernatant was removed. 
Cultured media with Pen G - streptomycin; chlo­
ramphenicol and Pen G - streptomycin; Pen G -
streptomycin and MDE3 were added into separate 
well. Pen G - streptomycin was used as extracellu­
lar killing control and chloramphenicol as intra­
cellular control. After incubation for 0, 4, 8, 12, 16, 
20 and 24 hours, the glass cover was removed and 
stained with Wright's Giemsa stain. Bacteria in 
monocytes were examined and counted from 100 
monocytes under microscope. After incubation the 
phagocytic monocyte cells were lysed with 0.05 
per cent Triton X-100 and then were cultured for 
colony count determination by pour plate technique. 

NBT test(5) : 0.1 ml of EDTA blood 
was mixed with 0.1 ml of NBT (0.2% in NSS) 
and then added with 20 J.!l of stimulating agent 
(phorbol myristate acetate (PMA), MDE3, MDE4, 
indomethacin, PMA + MDE3, PMA + MDE4, PMA + 
indomethacin) using NSS as control. The mixture 
was incubated at 37°C for 60 minutes, then the 
mixture was smeared on a slide and stained with 
Wright's Giemsa stain. 

Criteria of NBT score : 
0 = no color of NBT in cytoplasm 
1 = small blue-black dot ~ 1 in a half of 

cytoplasm 
2 = medium blue-black dot in more than 

half of cytoplasm 
3 = large blue-black dot in cytoplasm 
4 = very large blue-black dot in cell 
Superoxide generation test(6,7) : Super-

oxide was measured as the reduction of ferricyto­
chrome c. Superoxide production was investigated 
in the presence of activators: PMA, MDE3, MDE4, 
indomethacin, PMA + MDE3, PMA + MDE4 and 
PMA + indomethacin. To assess the specificity of 
ferricytochrome c reduction, superoxide dismutase 
was added to selected ferricytochrome c-containing 
tubes with or without polymorphonuclear cell sus­
pension before activators were added. Superoxide 
production was calculated from the reduced fern­
cytochrome c formed using the extinction coeffi­
cient £550 = 2.1 x 10-3 M-1cm-1 
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RESULTS 
Hot water extract (M) from the pericarbs 

of mangosteen consisted of several acidic poly­
saccharide components which can be easily 
demonstrated by electrophoresis on cellulose 
acetate in pyridine-acetic acid medium and visua­
lized with toluidine blue stain. When M was frac­
tionated on DE-23 column, it gave 5 fractions, 
MDEl-5. The respective yield was 1.7, 3.0, 28.7, 
18.0 and 7.4 per cent. Sugar content from thin layer 
chromatography and gas liquid chromatography 
techniques revealed that D-galacturonic acid was 
detected in all fractions except for MDEl which 
consisted mostly as L-arabinose with a small amount 
of L-rhamnose and D-galactose. The major sugar in 
MDE2 was L-arabinose and the minor ones were 
D-glucose and D-galactose. In MDE3, 4 and 5 L-

arabinose was also plenty while L-rhamnose and 
D-galactose were also found. D-xylose and D-glu­
cose were very low in these three fractions. 

The number of intracellular bacteria (S. 
enteritidis) was more than 15 organisms per cell 
from 100 infected monocyte cells in media without 
chloramphenicol added after 24 hour-incubation 
and was 3.1 and 3.2 in media while chlorampheni­
col or MDE3 was added, respectively (see Table 1). 
MDE3 had less killing activities than chloramphe­
nicol in the same concentration (8 J.lg/well) as 
shown in Table 2. The killing property of MDE3 
may be either antimicrobial activity or production 
of reactive oxygen intermediate (superoxide, 
hydroxyl radicals, hydrogenperoxide) by NADPH 
oxidase catalysis or both. 

Table 1. An average number of intracellular bacteria (S. enterididis) per cell from 100 infected monocyte cells 
under microscope examination. 

Culture condition 

Media (without drug) 
Media with chloramphenicol 
Media with MDE3 

0 

3.5 
4.1 
4.2 

No. of intracellular organisms at indicated time (hours) 

4 8 12 16 20 24 

3.3 5.1 9.6 > 10 > 15 > 15 
4.0 3.5 3.6 3.4 3.3 3.1 
3.6 3.9 3.8 3.5 3.6 3.2 

Table 2. Baterial number (CFU/plate) of pour plate culture after phagocytic killing on intracellular 
S. enteritidis by MDE3. 

Substance added on adherent cell on 
slip after 2, 24 hours incubation 

I. Media with Pen G and streptomycin 

2. Media with Pen G, streptomycin and chloramphenicol 

3. Media with Pen G, streptomycin and MDE3 

* TNTC = Too numerous to count 

Expt. No. 

I 
2 
3 
4 

1 
2 
3 
4 

2 
3 
4 

Intracellular S. enteritidis 
(CFU/plate) at indicated time 

2 hours 24 hours 

TNTC* TNTC 
TNTC TNTC 
TNTC TNTC 
TNTC TNTC 

2 0 
9 5 
0 4 
4 2 

5 5 
56 26 
17 10 
30 22 

(By 2 hours incubation of intracellular S. enteritidis on adherent cells in media with Pen G/strep.; Pen G, strep/chloram.; or Pen G, strep./ 
MDE3 and then pour plate techmque was performed, the colony count was determined after 24 hours incubation) 
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Table 3. Average NBT score (mean ± SD) from 19 healthy individuals after stimulation with various acti­
vators in 100 phagocytic cells 

Tube No. Activators NBTscore 

I 
2 
3 
4 
5 
6 
7 
8 

Normal saline solution 
Phorbol12-myristate 13-acetate (PMA) 
MDE3 

145 ± 78 
338 ±58 
222± 73 
209 ± 77 
211 ± 63 
372 ± 19 
369 ±20 
355 ± 34 

MDE4 
Indomethacin 
PMA+MDE3 
PMA+MDE4 
PMA + Indomethacin 

Table 4. Superoxide generation (nmoV1o6 PMN) under various stimulants. 

No. 2 3 

PMA 28.5 13.6 13.6 
MDE3 18.5 8.6 18.6 
MDE4 0 3.3 0.4 
Indomethacin 9.9 20 11.8 
PMA+MDE3 26.1 23.4 38.6 
PMA+MDE4 24.8 6.1 29.8 
PMA +Indo. 14.6 27.8 12.7 

MDE3, the major component of hot water 
extract, can stimulate white blood cells to produce 
oxidative bursts as demonstrated by NBT test. The 
results showed that activating score (mean±SD) of 
NBT score of 100 polymorphonuclear phagocytic 

cells were 145±78, 338±58, 222±73, 209±77, 211± 
63, 372±19, 369±20, 355±34 when incubated with 
NSS, phorbol myristate acetate (PMA), MDE3, 
MDE4, indomethacin (I), PMA + MDE3, PMA + 
MDE4, and PMA + I, respectively (Table 3). 

Superoxide generation was indirectly mea­
sured by color reduction of cytochrome c. It was 
revealed that both MDE3 and MDE4 can stimulate 
superoxide production in polymorphonuclear cells. 
MDE3 produced slightly more superoxide than 
MDE4. However, the stimulation effect of both 
MDE3 (0.066 !Jg/tube) and MDE4 (0.066 !Jg/tube) 
were still less than PMA in the same amount (0.066 
!Jg/tube) as shown in Table 4. 

4 5 6 Mean SD 

16.7 27.9 28.7 21.5 6.9 
2.8 8.5 5.1 10.35 6.1 

16.6 5.9 14.1 6.7 6.5 
6.9 18.6 -1.7 10.9 7.3 
2.7 22.1 18.1 21.8 7.3 
4.6 13.8 37.9 19.8 12.3 

23.1 21.6 6.90 17.8 7.04 

DISCUSSION 
Pathogenic microorganisms such as Myco­

bacterium tuberculosis, M. leprae, S. typhi, S. enteri­
tidis have been found to remain viable intracellu­
larly. In this study MDE3 (polysaccharide mainly 
D-galacturonic acid) can penetrate into cell and kill 
intracellular S. enteritidis. However, its efficiency 
is less than that of chloramphenicol while Pen G 
and streptomycin have no intracellular killing 
activity. Killing activity may be either direct effect 
of antimicrobial activities or respiratory burst acti­
vities, or both. 

Since bacterial killing is associated with 
ability to develop all of the reactions associated 
with the respiratory burst, the oxygen-dependent 
mechanism of white blood cells. MDE3/MDE4 
may activate the hexose monophosphate shunt and 
produce NADP+ and superoxide (02-) by using 
NADPH. This activity can be demonstrated by 
NBT dye reduction test (Table 3). The reaction may 
be as follows : 

202 + NADPH ------ MDE3/oxidase -----> 202- + NADP+ + H+ 
202- + 2H+ -----------> 02 + H202 

NBT (clear yellow)---- 02-, H202 ----->deep blue formazan 
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Stimulation of PMN, monocytes by in­
flammatory compounds, (e.g. immune complexes, 
opsonized particles, indomethacin), microorganism, 
tumor promotors (e.g. PMA) results in activation 
of an oxidative burst. The catalytic formation of 
02- and H202 is commenced, and then HOC! is 
formed. HOC! is a unique function of neutrophils 
for host defence against infection. Our finding elu­
cidated that polysaccharide from mangosteen peri­
carb stimulated phagocytic cells to produce super­
oxide. 

In the present study, indomethacin, non­
steroid anti-inflammatory drug (NSAID), can pro-

duce superoxide corresponding to a previous find­
ing(8). Indomethacin employed to treat chronic 
inflammatory conditions such as rheumatoid arthri­
tis and gout had a strong inhibitor of myeloperoxi­
dase-H2o2-CI- system, especially HOC!. Hutadi­
lok(2) found that anti-inflammatory activity of man­
gostin isolated by benzene extraction was not able 
to prevent hyarulonic acid degradation. Further 
studies are needed for clarification of the anti­
inflammatory and extracellular bacterial killing 
activities of polysaccharide fractions from hot 
water extract, both major (MDE3, MDE4) and the 
minor ones (MDEl, MDE2 and MDE5). 

(Received for publication on June 24, 1997) 
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CJYiflvn~lJ~f!~nlJLt~Lni'll'iYitJ1 ~El~m~sn~ 1 -w~LL'Ifflfn l ~~~1nLtJ~Eln~~~~ 
n1~li1~1t1L 4EliiEltJL lJL 'If~~ 

" 

z.h::ffnB "lfu::irm!, ?'YI.J.J. *, llun!ll "lfu::irm!, ?'YI.J.J. **, 
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G'l"Til w~LL'lfl'll'n 1 "'l~ffi~•nnm"'lG'l"rl~Luiitm,Y~I'l~ Garcinia mangostana Linn. ~l!'nfTrfl'\JLL~l(;Jfl(;J:::nt:J'\J~ltJ 
Lfll'.il'\Jflfl im.JlLLtJmb'IJl\iwH DEAE-cellulose anion exchange column chromatography 1~dJ'IJ 5 ~l'\J 

t~tJ~l'IJYlihn:I.Jlru:I.Jlnvl"[~~fl MDE3 LL~::: MDE4 ~~il~l'IJU"'l:::nt:JU~l'IJ1'1-1tj]LiJ'IJ D-galacturonic acid LLfl:::il neutral 

sugar dJ'IJ L-arabinose mnvl"[~ ~l'\J L-rhamnose nu D-galactose ilLv:ltJ~L~mJfltJ L~m:nG'l"l"'iG'l"rl~~~mlll:I.JlAmn 
r]'YlBYn~1:Jilfj':I.Jn'IJL'R~Lfliff'!f'l'Ylm t~tJ1-D5nwiuii'IJLLUI'lYiL1tJ (Salmonella enteritidis) L'lll1'1JL'lfflfl1:1.Jt'\JeatJ"Yl WUll 

1 ~ t v ~.I .J" 1" • 1" ..; "' '" " 1 "- .I • I ~ 1 !'! S. enteritidis '\JL'lfflfl~:I.J 'IJ'lftJ'Yl'YlL~tJ~ l~flYllflltJ ~ L:I.Jfl:I.J MDE3 fl~~ltl 'i:::m:::(;J'\J 'I-ILn~'l[uLutl"'iflflfl 'lf~~'\J poly-

morphonuclear cell LLfl:::L~t:Ja!mnm"'i(;J"'il'il~tJ Nitroblue tetrazolium (NBT) test uu~l'\Jl'\JI'l:::LL'\J'\JflT.iLiiwu:.mmn 
NBT liifl polymorphonuclear 100 L"lf~~ WUll L~t:JH' normal saline, phorbol myristate acetate (PMA). MDE3. MDE4. 

indomethacin (1), PMA + MDE3, PMA + MDE4, LL~::: PMA +I ill'l:::LL'\J'\JLU'\J 145±78, 338±58, 222±73, 209±77, 

211 ±63, 372± 19, 369±20, 355±34 (;Jl:I.Jtll~u C.Jflm"'iLii~'[tlLut:Jft:Jt:Jn 1"11~ t~tJH'u~ii1m1wmfi'hm~ cyto­

chrome c WUlll'f~ MDE3 LLfl::: MDE4 G'l"l:I.Jl"'inm:::\{'1Jh-iilm"'lG'l"fl~'l[ULUflfflflfl1'lf~1~L'D''IJL!iitJlrl'\J "'lltl~l'\J,j' 
LG'l"'\JtlLL'IJdl tw~LL"lfl'll'llb~"l'IJG'l"l"'iG'l"n~~~mhl G'l"l:I.Jl"'inm:::\{'IJL"lffl~ phagocyte h1'11lfllm~mLul'lYiL1tJ (5. enteritidis) M 
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