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ABSTRACT

Several curcuminoids and sesquiterpenoids isolated from Curcuma longa (CL) have been shown to have
many pharmacological activities. In the present study, the immunomodulatory activities of the polar
fractions of CL hot water extracts were investigated using human peripheral blood mononuclear cells
(PBMC). Our results showed that the high polarity fraction of the hot water extract exhibited stimulatory
effects on PBMC proliferation as shown in [methyl->H]-thymidine incorporation assay. In an attempt
to isolate the active components responsible for the activities, further partition with ethyl acetate, n-
butanol and ethanol, progressively were performed. The cytokine productions (TGF-3, TNF-o,, GM-CSF,
IL-1a, IL-5, IL-6, IL-8, IL-10, IL-13, etc.) have been modulated by a polysaccharide-enriched fraction as
shown in ELISA and cytokine protein array. The proportion of CD14 positive stained PBMC was increased
by such fraction. The composition of monosaccharide of the active fraction has been determined by
GC-MS and gel permeation chromatography. The immunostimulatory effects of C. longa polysaccharides
on PBMC were shown for the first time. The findings revealed the potential use of C. longa crude extract
(containing curcuminoids and polysaccharides) as an adjuvant supplement for cancer patients, whose

immune activities were suppressed during chemotherapies.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Curcuma longa (CL, common name Turmeric), a plant species
from the Curcuma genus (family Zingiberaceae), is common ingredi-
ent in many health supplements in Asia. According to the Ayurvedic
Pharmacopoeia of India, essential oil from rhizome of CL was used
as a carminative, stomachic and tonic [1]. According to the Chinese
Pharmacopoeia, CL was suggested to have the functions of eliminat-
ing blood stasis, promoting the flow of “qi”, stimulating menstrual
discharge and relieving pain [2].

In modern pharmacological studies, the active components of
CL such as curcuminoids and sesquiterpenoids had previously
been shown to possess anti-inflammatory, antioxidant, and chemo-
preventive properties. Curcumin was known to suppress NF-kB
activation [3]. Recent reports suggested that curcumin down-
regulated expression of cell proliferation and anti-apoptotic and
metastatic gene products [4] and potentiated antitumor activity
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of gemcitabine in pancreatic cancer model [5]. Curcumin has also
been shown to inhibit proliferation and induce apoptosis in human
leukemic cell lines [6]. On the other hand, curcumin has been
suggested to modulate the proliferation and cellular response of
various immune cell types, such as T cells, B cells, macrophages,
neutrophils, NK cells and dendritic cells [7,8]. Previous studies
have shown that aromatic turmerone isolated from CL possessed
antioxidant [9] and antiplatelet activities [10]. The zedoarondiol
isolated from another Curcuma species showed anti-inflammatory
properties in murine macrophages [11]. Our recent findings also
suggested that aromatic turmerone possess immunostimulating
activities in human peripheral blood mononuclear cells [12]. How-
ever, very few pharmacological studies are found regarding the
polysaccharides of Curcuma species. A group of polysaccharides
isolated from CL, named ukonan A, B, C and D, showed retic-
uloendothelial system-potentiating activity, anti-complementary
and alkaline phosphatase-inducing activities [13-15]. Polysaccha-
rides isolated from related species Curcuma zedoaria and Curcuma
xanthorrhiza have been shown to have macrophage-stimulating
activity via specific activation of NFk-B [16,17]. Nevertheless, the
immunostimulatory activities of polysaccharides isolated from CL
in human peripheral blood mononuclear cells have never been
reported.
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Fig. 1. Schematic chart showing the fractionation of CL hot water extract. Numbers
in brackets are the percentage yield (w/w).

The present study aimed to isolate and characterize bioac-
tive components from the polar fractions of CL extracts using
bioassay-guided fractionation and to evaluate the immunomodu-
latory activities of such components using human peripheral blood
mononuclear cells (PBMC). The chemical profile of the bioactive
component would be characterized by GC-MS and gel permeation
chromatography. The cell proliferation responses, cytokine produc-
tion as well as the distribution of T cell subsets of PBMC would be
evaluated.

2. Materials and methods
2.1. Materials

Cell culture medium RPMI-1640, fetal bovine serum (FBS), peni-
cillin, streptomycin, and phosphate-buffered saline (PBS) were
purchased from Invitrogen (NY, USA). Ficoll-Paque™ Plus and
[methyl-3H]-thymidine were obtained from GE healthcare (UK). All
other chemicals including phytohaemagglutinin (PHA), polymyxin
B, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
(MTT), trypan blue were purchased from Sigma (MO, USA). The
ELISA kits for TNF-c, IFN-v, IL-6, TGF-[3 and the antibodies against
CD4,CD8 and CD14 were purchased from BD Pharmingen (CA, USA).
The antibody-based human cytokine array Il was obtained from
RayBiotech Inc. (GA, USA). The organic solvents, dichloromethane,
95% ethanol, ethyl acetate, n-hexane and methanol were pur-
chased from Lab-Scan (Thailand) and were either HPLC-grade or
AR grade.

2.2. Plant material

Dried rhizome of C. longa L. (CL) was purchased from a
herbal supplier in Hong Kong with the source of origin in India.
Microscopic and chemical authentication was accomplished in
accordance with the Chinese Pharmacopoeia [2]. Authenticated
voucher specimen (no. HK 40400) was deposited in the Hong Kong
Herbarium of the Agriculture, Fisheries and Conservation Depart-
ment of Hong Kong Special Administration Region, China.

2.3. Preparation of crude extract and sub-fractions

The dried rhizomes C. longa (500 g) was cut into small pieces
and soaked in 1.01 of water for 1h. It was then extracted twice
with water under reflux for 2 h. Following centrifugation, the hot

water extract supernatant was subjected to sequential partition
with ethyl acetate, n-butanol and ethanol (Fig. 1). Four fractions
(H1-H4) were obtained from the hot water extracts. The n-butanol
fraction was evaporated under reduced pressure at 60°C to dry-
ness to give H1 fraction. The water layer was mixed with 50%
ethanol. The precipitate obtained as H2 fraction. The supernatant
was further mixed with 75% ethanol. The precipitate obtained as
H3 fraction. The supernatant was evaporated to dryness to give H4
fraction. The yield of each fraction with regards to the weight of
raw herb was shown in Fig. 1. Prior to bioassays, H2 and H3 frac-
tions were dissolved in culture medium and diluted to working
concentrations, while H1 and H4 were dissolved in DMSO and the
stock was diluted in culture medium. The vehicle control cultures
received the vehicle solvent (0.2%, v/[v DMSO).

2.4. Chemical analysis of the bioactive fraction

2.4.1. Determination of the molecular weight of polysaccharides

Therelative molecular weights and the monosaccharide compo-
sitions in fraction H2 were analyzed as described by Huangetal. and
in our previous paper [18,19]. The fraction H2 was dissolved or sus-
pended in 0.05M NaH,P04-Na;HPO,4 buffer (pH 6.7, 0.05% NaNj3)
and were filtered through a 0.45 um filter. The sample was run
on a TSK-Gel G3000SWx; column (5 pm, 7.8 mm x 300 mm, Tosoh
Bioscience LLC, PA, USA) eluted with 0.05M NaH;P04-Na;HPO4
buffer to determine the molecular weight by gel filtration. The
flow rate was 0.5 ml/min. Phenol-sulfuric acid method was uti-
lized to monitor the collected fractions. A calibration curve was
constructed using standard dextran with molecular weights of
0.738 x 103, 5.8 x 103, 1.22 x 104, 2.37 x 104, 4.8 x 104, 1.0 x 10°,
1.86 x 10°, 3.8 x 10°, 8.35 x 10° Daltons (Da).

2.4.2. Determination of the monosaccharide composition of
polysaccharides

The monosaccharide composition in the polysaccharide from
fraction H2 was determined by GC-MS. The tested sample were
hydrolyzed (2M H,SO4, 100°C, 6h) and evaporated to dry-
ness. The hydrolyzed samples were then acetylated as described
by Huang et al. [18] and analyzed by GC-MS on DB-1 cap-
illary column (15m x 0.2mm) with flame ionization detector
(Agilent 6890GC/5973MS instrument) in a temperature gradient
of 100-280°C at 10°C/min. Identification and quantification of
monosaccharides were made in comparison with standards.

2.5. Human peripheral blood mononuclear cells (PBMC)
preparation

Fresh human buffy coat obtained from the Hong Kong Red Cross
Blood Transfusion Service was diluted with PBS at a ratio of 1:1.
The diluted buffy coat sample was layered on equal volume of
Ficoll-Paque™ Plus solution and then centrifuged at 800 x g for
20 min at 18°C. The thin white middle PBMC layer was collected
and the PBMC were washed with PBS twice and centrifuged at
100 x g for 10min at 18°C. The supernatant was discarded and
the PBMC were resuspended in RPMI-1640 medium plus 10% FBS,
100 units/ml penicillin, and 100 pg/ml streptomycin. The cell num-
ber was counted with a hematocytometer and the viability of the
cells was checked by trypan blue exclusion assay. Only the iso-
lated cells with 95% or above viability were resuspended to the
target density, which was 2 x 106 cells/ml, for experiments. The
PBMC were incubated at 37°C in a humidified atmosphere of 5%
CO,. The use of human buffy coat for experiment was approved
by Joint The Chinese University of Hong Kong-New Territories East
Cluster Clinical Research Ethics Committee.



344 G.G.L. Yue et al. / International Journal of Biological Macromolecules 47 (2010) 342-347

2.6. Cell viability assay

The isolated PBMC (3 x 106/ml) were seeded in 96-well flat
bottom culture plates (Iwaki, Japan) and incubated with var-
ious concentrations (100-800 wg/ml) of H1-H4 fractions from
CL for 72h. Plain medium were added to the control wells.
The fractions were dissolved in medium and filtered with
0.22 pm syringe filters (Iwaki, Japan). Following the incubation
of cells with the extracts, the medium was discarded and 30 .l
of 5 mg/ml 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT; Sigma, USA) in PBS were added to each well and
the plates were further incubated for 3 h at 37 °C. The plates were
then centrifuged at 300 x g for 10 min. The supernatant was then
removed and 100 .l of DMSO was added to each well to dissolve
the purple formazan crystals. The absorbance at a wavelength of
540 nm was measured spectrophotometrically with a BMG FLU-
OstarOptima microplate reader (BMG LABTECH GmbH, Germany).
Results were expressed as the percentage of MTT absorbance with
respect to control cells.

2.7. Cell proliferation assay of PBMC and collection of culture
supernatant

The isolated PBMC were seeded in a 96-well flat bot-
tom microplate and incubated with various concentrations
(100-800 p.g/ml) of H1-H4 fractions for 72 h. To ensure the effects
of the fractions on the PBMC were not due to the presence of
lipopolysaccharide (LPS), polymyxin B (10 g/ml), an antibiotic that
can bind LPS [20], was added to the extracts. The mitogen, phyto-
haemagglutinin (PHA), was added to target wells when appropriate
at a final concentration of 10pug/ml. Proliferation rates were
estimated by [methyl-3H]-thymidine incorporation. After the incu-
bation period of 72 h, the microplates were centrifuged at 300 x g
for 10 min to obtain cell-free supernatant. The supernatant was
collected and stored at —80 °C until cytokine ELISA experiments.

The effects of fractions on the proliferation of resting and
mitogen (PHA)-activated PBMC were determined by [methyl-3H]-
thymidine incorporation. Following incubation of cells with the
extracts for 72 h, tritiated thymidine (0.5 p.Ci/well) was added into
each well and further incubated for 6 h. Then the cells were har-
vested on glass fiber filters by cell harvester. Radioactivity in the
filters was measured by Packard TopCount NXT™ Microplate Scin-
tillation and Luminescence Counter (PerkinElmer Inc., USA).

2.8. Determination of human cytokine production of PBMC using
ELISA and protein array

The PBMC culture supernatants were subjected to test for the
concentrations of cytokines such as IL-6, IFN-vy, TGF-3 and TNF-
a by enzyme-linked immunosorbent assay (ELISA). The assay was
carried out according to the procedures recommended in the ELISA
kit manual. The expression profile of 42 different cytokines in PBMC
culture supernatant was further assessed semi-quantitatively using
antibody-based RayBio human cytokine array IIl. The assay was car-
ried out according to the procedures recommended in the assay kit
manual.

2.9. CD marker staining assay

The isolated PBMC (3 x 106/ml) were seeded in a 24-well flat
bottom microplate and incubated with various concentrations
(200-800 p.g/ml) of selected fractions for 72 h. The cells were resus-
pended with cold PBS and were blocked with 1% bovine serum
albumin in PBS for 5min at room temperature. Then the cells
were incubated with fluorescein isothiocyanate (FITC)-conjugated
mouse anti-human CD4 and CD14, phycoerythrin-conjugated CD8,

Fig. 2. Proliferative response of H1-H4 fraction-treated PBMC. Cells were seeded in
96-well plates and incubated with 200 p.g/ml of H1-H4 fractions in culture medium
for 72 h, and expressed as the mean % ratio of count per min in treated and untreated
control cells of 8 individual blood donors. Results were expressed as mean concen-
tration +S.E.M. of 8 blood samples with four wells each. Differences between the
treated and untreated control group were compared using Mann Whitney’s test.
*p<0.05 as compared to the control group.

mouse IgG, isotype for 30 min at 4°C in the dark. After washing
with PBS supplemented with 1% bovine serum albumin and 0.05%
sodium azide, the cells were subjected to flow analysis. Expressions
of CD4, CD8 and CD14 on 20,000 viable cells were then gated and
analyzed by flow cytometry (Becton Dickinson FACSCanto II, USA).

2.10. Statistical analysis

Data were expressed as the mean 4+ standard error of mean
(S.E.M.). Statistical analyses and significance, as measured by the
Mann Whitney’s test unpaired samples, were performed using
GraphPad PRISM software version 5.0 (GraphPad Software, USA).
In all comparisons, p <0.05 was considered statistically significant.

3. Results

3.1. Effects of H1-H4 fractions on cell proliferation of human
PBMC

To evaluate the effects of fractions from CL extracts on cell via-
bility of PBMC, cells were treated with 100-800 wg/ml of fractions
H1-H4 for 72 h and subjected to MTT assay. Fraction H1 showed
cytotoxic effect on PBMC at concentration higher than 200 g/ml,
while fractions H2, H3 and H4 did not show significant cytotoxic
activities (data not shown). Assays for proliferative response in
human PBMC were performed to evaluate the stimulatory activ-
ities of the four fractions obtained from CL extracts. The cells were
treated with 200 pg/ml of fractions H1-H4 for 72 h. The fractions
were added to PBMC with polymyxin B in order to rule out the pos-
sible contamination by the endotoxin. As shown in Fig. 2A, fraction
H2 (200 pg/ml) were found to significantly stimulate the prolifer-
ation of PBMC after 72 h treatment. Fractions H3 and H4 could also
stimulate the proliferation of PBMC but the increase was not sta-
tistically significant. Therefore, the immune responses towards H2
in PBMC were further investigated.

3.2. Immunostimulating activities of fraction H2 in PBMC

Different concentrations of fraction H2 were tested in cul-
tured PBMC to examine its effects on the proliferation of PBMC.
As shown in Fig. 3A, fraction H2 (100-800 pg/ml) were found to
significantly stimulate the proliferation of PBMC after 72 h treat-
ment (n=10, p<0.05). After incubating the PBMC with fraction H2
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Fig. 3. Proliferative response and TNF-a productions of H2 fraction-treated PBMC. (A) PBMC were seeded in 96-well plates and incubated with 100-800 p.g/ml of fraction H2
in culture medium for 72 h, and expressed as the mean % ratio of count per min in treated and untreated control cells of 9-10 individual blood donors. Culture supernatants
were collected 24 h after incubation with H2 fraction and the cytokine TNF-« (B), [FN-y (C), IL-6 (D) and TGF-3 (E) concentrations were specifically determined by ELISA.
Results were expressed as mean concentration +S.E.M. of 10 blood samples with four wells each. Differences between the treated and untreated control group were compared

using Mann Whitney’s test. *p <0.05, **p <0.005 as compared to the control group.

(100-800 pg/ml) for 24 h, the culture supernatants were collected.
The concentrations of TNF-«, I[FN-vy, IL-6 and TGF-3 were deter-
mined by ELISA. The TNF-a and IL-6 production was significantly
increased by H2 at 400 and 800 pg/ml (Fig. 3B and D). The TGF-
[ production was increased by H2 at 800 wg/ml while the IFN-vy
production was not affected by H2 treatment (Fig. 3C and E).

The cytokine expression profile of PBMC stimulated by frac-
tion H2 was further assessed using antibody-based RayBio human
cytokine array IIl (RayBiotech) [21]. As the fraction H2 at 200 j.g/ml
did not significantly increase the above mentioned cytokine pro-
duction, cytokine array was used to screen whether the fraction

H2 at 200 pg/ml could stimulate other cytokines or chemokines.
Results showed that fraction H2 could induce protein expression
of cytokines and chemokines GM-CSF, IL-1q, IL-5, IL-8, IL-10, IL-13
and TARC (thymus and activation-regulated chemokine) among 42
different cytokines being screened (Fig. 4).

3.3. Effects of fraction H2 on cell surface expression of CD4, CD8
and CD14 in PBMC

To evaluate the effects of fraction H2 on cell surface expres-
sion of CD4, CD8 and CD14 in PBMC, cells were treated with a
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Fig.4. (A) Representative profile of the production of cytokines from PBMC stimulated by fraction H2. PBMC (2 x 10° cells) were cultured with or without H2 (200 wg/ml) for
24 hin a 96-well plate. Cell-free supernatant was collected and cytokines in culture supernatant were semi-quantitated using antibody-based RayBio human cytokine array
IIL. Positive and negative controls were designed at (1a, 1b, 2a, 2b, 71, 81) and (1c, 1d, 2c, 2d, 7k, 8k), respectively. (B) Table lists the format of antibodies on the cytokine array.

Fig. 5. Effects of fraction H2 on the CD14, CD4 and CD8 expression in PBMC. Cells were incubated with various concentrations (200-800 w.g/ml) of H2 fractions for 72 h.
(A) The number of PBMC from 7 to 8 blood donors that stained single-positive for CD14 were quantified by fluorescence activated cell sorting and are depicted here as the
percentage of positively stained cells per 20,000 viable PBMC. (B) The ratio of CD4* and CD8" co-stained cells per 20,000 viable PBMC (n=10). The line represents the median.
Differences between the treated and untreated control group were compared using Mann Whitney’s test, *p <0.05 as compared to the control group.

Table 1a Table 1b

Monosaccharide composition of the H2 fraction. Relative molecular weight distribution of the H2 fraction.
Monosaccharide composition Relative contents (%) Mw Mw/Mn?
Ribose 2.58 Peak 1 887,000 244
Arabinose 3.31 Peak 2 5080 1.04
Xylose 0.59 Peak 3 500 7.17
Mannose 14.77 a Mw: weight lecul ight: Mn: b lecul ioht
Glucose 70.69 w: weight average molecular weight; Mn: number average molecular weight.
Galactose 5.73

series of concentrations of fraction H2 from 200 to 800 pg/ml
for 72h. In Fig. 5A, fraction H2 at concentration of 800 j.g/ml
induced significant increase in CD14* lymphocyte population in
total lymphocytes. However, the CD4*/CD8* ratio was not changed
by fraction H2 treatment (Fig. 5B).

3.4. Characterization of H2 fraction

Since fraction H2 was prepared from sequential partition with
ethyl acetate, n-butanol and ethanol, the contents of fraction H2
were likely to be polysaccharides. Therefore, the composition of

monosaccharides and molecular weight of fraction H2 were deter-
mined by GC-MS and gel filtration chromatography (Table 1). The
molecular weight parameters shown are relative to the dextran ref-
erence. The gel permeation chromatograph (Fig. 6) showing 3 peaks
detected in fraction H2.

4. Discussion

The use of health supplement containing Chinese traditional
medicine has expanded. C. longa (CL) and its extracts, curcumin,
widely consumed as food additive and medicine, are believed
to possess anti-cancer, anti-inflammatory, antioxidant and
immunomodulatory properties. However, the immunomodulatory
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Fig. 6. Gel permeation chromatograph showing the contents of fraction H2. Three
peaks were detected at 11.29, 20.48 and 22.74 min of retention time.

activity of CL polar fraction is seldom reported. In the present study,
the immunostimulating activities in human PBMC of the CL polar
fractions were evaluated in vitro. All the extract fractions were pre-
pared by bioassay-guided fractionation process in our laboratory.

The present study demonstrated that the fraction H2 of CL polar
fractions significantly stimulated PBMC proliferation and cytokine
production (Figs. 3 and 4). Since the activities of fraction H2 were
not affected by the addition of polymyxin B (10 pg/ml) (data not
shown), the observed mitogenic effect was unlikely to be mediated
by the endotoxin (lipopolysaccharide), which is a potent acti-
vator of B cells. The fraction H2 at 200 pg/ml could marginally
increase the TNF-a and IL-6 production in PBMC. In order to
evaluate the immunomodulatory properties of H2 in cytokine
induction, H2-treated PBMC culture supernatants were subjected
to cytokine protein array analysis. There were several cytokines
and chemokines increased in expression in H2-treated (200 p.g/ml)
PBMC (Fig. 4). Along with these results, some of the increased
cytokines are involved in B cells proliferation and activation as
well as T cell growth. The elevated CD14* lymphocyte population
which consists of monocytes and B cells was observed in fraction
H2-treated PBMC. Fraction H2 may be beneficial for immunomod-
ulatory function by enhancing humoral immunity. However, the
CD4*/CD8* ratio did not significantly change by 72-h treatment
of fraction H2. It may due to insufficient incubation time for the
functional T cell subsets to be generated [22].

Previous studies on Curcuma polysaccharides have focused on
the anti-inflammatory effects using macrophages. Polysaccharides
purified from C. zedoaria increased phagocytic activities of RAW
264.7 cells towards Gram-negative and Gram-positive bacteria as
well as nitric oxide and TNF-a production [4]. Crude polysac-
charide extract isolated from C. xanthorrhiza also stimulated the
phagocytosis and the release of nitric oxide, TNF-a and PGE; of
RAW 264.7 cells [5]. Nevertheless, little information is available
about the immunomodulatory activities in other cell types of the
immune system. Fraction H2, whose molecular weight and com-
position of monosaccharides were determined, was shown for
the first time to exert stimulating activities in human PBMC. The
extracts of CL contain curcuminoids, turmerones and polysaccha-
rides. In our previous study, the former components have been
shown for their antitumor and immunostimulating activities [6].
The polysaccharide in CL polar fraction was demonstrated for its
immunostimulating effect in human PBMC in the present study.
The multiple targets abilities of CL extracts could be manifested

in the present study. For future study, the multi-functionality of
CL extracts can be evaluated using a tumor-bearing Balb/c mouse
model so that both the direct antitumor effects exerted by curcumin
as well as the immunostimulatory activities exerted by turmerones
and polysaccharides can be anticipated.

In conclusion, bioassay-guided fractionation of the rhizome of
C. longa led to the isolation of the bioactive polysaccharide. Frac-
tion H2 significantly stimulated PBMC proliferation and cytokine
production in vitro. To the best of our knowledge, this is possi-
bly the first report on the immumodulatory activity exerted by
C. longa polysaccharide in PBMC. The finding revealed the poten-
tial use of whole C. longa extracts (including curcuminoids, volatile
oil and water soluble polysaccharides) as chemopreventive health
supplement.
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