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A Tamarindus indica Linn Pulp Polysaccharide Inhibits Fever
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Facultad de Quı́mica, UNAM; and Graduate Studies in Biological and Health Sciences, Universidad Aut�oonoma
Metropolitana-X-I, Mexico, DF, Mexico

Abstract

A water-soluble crude polysaccharide was obtained from
the pulp of Tamarindus indica Linn. (Caesalpiniaceae)
(TpPs). Gas chromatography analysis of a hydrolyzed
sample confirmed the main chain of (1!4)-b-D-glucan,
containing glucose, xylose, and galactose. TpPs was
assayed in febrile rats and Balb=c mice. Pyrexia was
induced in rats by subcutaneous yeast injection, and in
mice with an intraperitoneal injection of a lipopolysac-
charide (LPS) from Escherichia coli. Animals were
treated with different oral TpPs doses (5–100 mg=kg).
A significant dose-dependent reduction of the rectal tem-
perature was observed. We also analyzed the effect on
cytokines response to in vitro TpPs treatment in perito-
neal exudates cells (PECs), as well as in response to
LPS cell stimulation. IL-1b and IL-6 cytokines were mea-
sured in the supernatants through ELISA assays. Cells
treated with LPS (10 mg=mL) or TpPs (100 mg=mL) alone
resulted in a significant release of IL-1b. Our results indi-
cate that, depending upon the experimental conditions,
TpPs (0.005–0.5 mg=mL) abolished the IL-1b response
to LPS cell stimulation, but at higher doses (50–
100 mg=mL) increased it, and reduced significantly the
IL-6 response. In febrile rats and Balb=c mice, TpPs
did prevent fever in a dose-dependent manner. These pre-
liminary findings show an in vitro modulating effect by
TpPs in IL-1b profile at the local immune cellular level,
and both febrifuge and hypothermic responses in a
mouse model.

Keywords: Fever, interleukin-1b, interleukin-6, polysac-
charide, pulp, Tamarindus indica Linn., xyloglucan.

Introduction

The fruit of the Tamarindus indica Linn. (Caesalpinia-
ceae) tree has been used in traditional medicine in Mex-
ico as a laxative and refrigerant, and the fruit subjected
to decoction is used as a drink to treat fever. Its med-
icinal use has also been described in other countries
(Grieve, 1989; Khurana & Ho, 1989; Lanhers et al.,
1996). At present, knowledge on its febrifugal properties
is solely based on empirical experiences. A polysacchar-
ide (amyloid) has been isolated from the cellular walls
of the cotyledons of the T. indica seeds (White & Rao,
1953). Polyglucose has been identified as a xyloglucan
(XG) and a main chain with b-(1!4) linkages to glucose
residues, with a double helix conformation, and substi-
tution patterns with lateral chains (Kooiman, 1961).

Polysaccharides (Ps) obtained from higher plants are
complex structures as they possess different types of sugar
linkages, involving different monosaccharide residues that
participate importantly in the mechanisms of inflamma-
tory and anti-inflammatory responses (Lasky, 1992).

Fever is a primary disorder of thermoregulation and a
common clinical sign in many diseases. It is characterized
by an upward displacement in the level at which body
temperature is regulated (Stitt, 1981). Fever and
hypothermia represent two different strategies of fighting
system inflammation, each developed as an adaptive
response to certain conditions like ambient temperature,
premorbid pathology, and current conditions like stress
or nutrition (Romanovsky & Székely, 1998).

Current concepts on the pathogenesis of fever empha-
size the importance of the cytokine-prostaglandin
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cascade, named humoral line (Székely & Romanovsky,
1998). The pyrogenic cytokines IL-1b (Dinarello &
Wolff, 1982; Dinarello, 1984) and IL-6 (LeMay et al.,
1990) are recognized as primary endogenous mediators
of the inflammatory response in the pathogenesis of fever
and inflammation in the acute stage (Heinrich et al., 1990).

The current study was aimed toward assessing in an
in vivo murine model the febrifugal activity of the soluble
components of the pulp from Tamarindus indica Linn. in
accord with its traditional way of use. First, we treated
febrile rats, pyrexia induced by subcutaneous (s.c.) yeast,
with the aqueous extract of tamarind pulp (AeTp),
obtained by decoction in accord with its traditional
way of use. Then, a partially purified pulp polysacchar-
ide (TpPs) was obtained by precipitating the polyose
components in the fruit. The composition of TpPs was
characterized by gas chromatography analysis, in the
hydrolyzed sample, and by spectral analysis of 13C
NMR. Next, we assessed if the soluble polyglucose TpPs
affects high body temperature on febrile mice, pyrexia
induced by lipopolysaccharide (LPS) by oral route, in
different doses. We determined the effects of soluble
TpPs in both febrile (LPS) and normal BALB=c mice.
We considered the key role that macrophage peritoneal
cells for cytokine local production play in pathogenesis
fever, therefore, we next analyzed in an in vitro murine
model the effect of TpPs in cultured peritoneal exudate
cells (PECs) obtained from BALB=c mice under different
experimental conditions. In addition, the levels of
proinflammatory cytokines IL-1b and IL-6 in cells super-
natants was examined.

Materials and Methods

Plant material

The fruit was collected in March 2002 in San Pedro Apa-
tlaco, Municipality of Ayala, Morelos, Mexico. A sample
of the fruit and the aerial parts was identified by
Dr. Martha Martı́nez and deposited in the Herbal
Collection of the School of Sciences (UNAM). The speci-
men was assigned the registry number 0094084 FCME.

Preparation of the aqueous extract of the T. indica
pulp (AeTp)

The seed was removed from the fruit, and the pulp was
dried (50 g) at a temperature below 50�C. The dried pulp
was pulverized in a mortar, weighed, and according to
each dose was dissolved in water and boiled for 5 min;
the boiled mixture was left to cool and then filtered.

Extraction of the T. indica pulp polysaccharide (TpPs)

The polysaccharide was extracted from the dry pulp, fol-
lowing the method of Sreelekha et al. (1993). Dry pulp
(50 g) who added to de-ionized water (150–200 mL) at

4�C, the solution was filtered, and 70% ethanol
(2.4 v=v) was added and kept under agitation for 12 h.
The fraction not soluble in ethanol was separated by
centrifugation at 30,000 rpm for 30 min. Afterwards,
the filtrate was redissolved in de-ionized water at 4�C,
dialyzed exhaustively against de-ionized water under
constant agitation, and finally lyophilized following the
method of Gidley et al. (1991). From the dry pulp, 0.9–
1.29% (w=w) of the partially purified Ps was obtained.

Animals

Healthy, male, pathogen-free Wistar rats weighing 250 to
200 g were used only once. Randomized groups of six
animals each were formed, kept in cages at controlled
temperature (22� 3�C), under a 12:12 h light-dark cycle
(0800–2000 h=light), during the whole study. Animals
were fed a standard diet and provided water ad libitum.

Male BALB=c (Harlan, Lab. de México, D.F. México)
mice were used, 4 to 5 months old and free of pathogens.
Animals were kept at constant environmental tempera-
ture (22� 3�C), and 12:12 h light-dark cycles (0800–
2000 h=light), with free access to water. Both rats and mice
were handling according to the International Standards
for the Care and Use of Laboratory Animals (NIH,
1996), and the working protocol was approved by the
institutional ethics and research committee. Animals were
randomly assigned to groups of five each and placed in
cages throughout the study period and were fed a standard
diet (Harlan).

Chemical analysis

Analysis of the TpPs through gas chromatography

Analyses of the constituent sugars were performed at the
Chromatography Laboratory of the Institute of Chemistry,
UNAM, by means of gas chromatography on a Hewlett-
Packard Agilent-6890 (CG-LCR-IQUI) system, with the
following conditions: AT-5 column, Split 20 injector,
temperature of 290�C, FID detector of flame ionization,
Helium as carrier gas, and a 1 mL=min flow. Previously,
the lyophilized sample (1 mg) and the (1!4)-b-glucan stan-
dard obtained from rye (Sigma-Aldrich, St. Louis, MO,
USA) were partially hydrolyzed in 0.2 M HCl (200mL) for
1 h at 85�C. Trimethylsilanized derivates were prepared.
Standards for monosaccharides were included.

Spectral analysis of 13C NMR

The lyophilized sample (10 mg) was prepared in 1 mL of
deuterated solution (D2O), at a temperature of 90�C;
analyses were performed with Varian Unity 300 MHz
equipment. The spectrum was obtained with a field
force of 75.4 MHz, relaxing time of 1 s, pulse of 30�.
Resonances for C-1 were compared with data from dif-
ferent sources. Spectral analyses were performed at the
Institute of Chemistry, UNAM, México.
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Chemical reagents

Yeast USP (Saccharomyces cerevisiae) (PYE-0901057) was
from Laboratorios DROTASA (D.F. México). All
standard monosaccharides—D (�) arabinose, rhamnose,
a-xylose, D(�) fructose, D(þ) galactose, D(þ) mannose, a-
D(þ) glucose—as well as b-glucan (obtained from rye), the
E.coli lipopolysaccharide (LPS) serotype 026:B6, and aceta-
minophen (4-acetamide-phenol) (N-acetyl-p-aminophenol)
were from Sigma-Aldrich (Sigma-Aldrich, St. Louis, MO,
USA); 0.4% Trypan blue was from Gibco BRL (USA).

Biological studies

In vivo studies

Antipyretic activity in rats

Hyperpyrexia was induced in rats by s.c. injection of
20 mL=kg of a 20% aqueous suspension of a yeast in
the back below the nape of the neck (Loux, 1972). Tem-
perature was measured through a thermal sensor with a
cover and a rubber tip, connected to an electronic ther-
mometer (Digital Thermistor Thermometer Cole Parmer
Instruments Co., Chicago, IL, USA). The sensor was
introduced (2 cm) into the rectum of the animal for
60s. Only those rats that increased the temperature
0.9�C above their basal temperature 6 h after the admin-
istration of the yeast suspension were chosen. Changes
in colonic temperature (D�C) are expressed as (þ)
increment or (�) decrement with respect to the basal
febrile temperature (Tf). To avoid temperature changes
due to circadian rhythms, treatments were administered
always between 0900 and 0930 h. A decrease of at least
0.5�C for more than 30 min in the colonic temperature
with respect to the basal febrile temperature was con-
sidered a positive antipyretic effect (Vogel & Vogel,
1997). Treatments were applied randomly to groups of
six febrile rats. Different doses of dried pulp were pre-
pared, from 1.8 to 3.0 g=kg of weight, and were dis-
solved in water and boiled for 5 min, then the mixture
cooled (AeTp). AeTp was administered orally to febrile
animals in a 10 mL=kg volume. Another group received
acetaminophen at 80 mg=kg of weight as reference anti-
pyretic (Guasch et al., 1990), and a control group
received only the vehicle (water at 10 mL=kg). Changes
in colonic temperature (D�C) were recorded at 30, 60,
120, and 180 min after administering the AeTp and were
compared with the control group.

Antipyretic activity in mice

To determine the TpPs effect in an experimental fever
model, pyrexia was induced in a group of mice
by administering intraperitoneally 30 mg of the LPS dis
solved in physiologic saline solution at 37�C. Tempera-
tures were recorded at 60 and 180 min after administra-
tion of LPS. Those animals that did not increase their

temperature in 0.9�C after 3.5 h were eliminated from
the study. Febrile mice received different doses, 5, 50,
and 100 mg=kg
of soluble TpPs in water at 0.1 mL=10 g of weight; tem-
perature was measured at 60, 120, 180, and 240 min. To
compare changes in temperature, a control group of mice
received water orally (10 mL=kg), and another group
received acetaminophen orally (80 mg=kg), as an antipyr-
etic reference standard. Before injecting the endotoxin,
basal rectal temperature (Tb) was measured inserting
a digital thermometer (Thermistor Probe Digital; Cole
Palmer) into the rectum for 1 min.

In vitro studies

Collection and culture of peritoneal exudate cells
from BALB=c mice

BALB=c mice were used for the in vitro studies. Animals
were sacrificed through CO2 inhalation, and then the
peritoneal resident cells were isolated. The peritoneal
cavity of each mouse was washed with 5 mL of sterile
RPMI-1640 medium without bovine serum. A massage
was applied on the abdomen and after 5 min the cell-rich
fluid was placed in a propylene tube at 4�C; cells were
separated through centrifugation at 450� g for 12 min.
Viability (>95%) of cells was determined in a 0.4% Try-
pan blue solution, counting the nucleated cells. There-
after, cells were washed and adjusted to a density of
1� 106 cells=mL of RPMI-1640 medium supplemented
with 10% fetal bovine serum previously inactivated
(56�C for 30 min), 25 mM HEPES (Microlab, Sigma-
Aldrich, St. Louis, MO, USA), 100 U=mL penicillin
(Microlab, Sigma-Aldrich, St. Louis, MO, USA), and
100 mg=mL streptomycin (Microlab, Sigma-Aldrich,
St. Louis, MO, USA). Cells (1 mL) were placed in 16-mm
wells in 12-well plates (Costar, Cambridge, MA, USA),
and were incubated at 37�C in a humid atmosphere with
5% CO2 during 24 h. The cell-free supernatants (500 mL)
were stored at �20�C, until needed to perform the immu-
noassay to quantify the cytokines.

Assay to determine the in vitro production
of cytokines IL-1b and IL-6

The PECs were treated in five different subgroups, in
triplicate, and were incubated at 37�C during 24 h.

(i) Control group: Peritoneal cells (1� 106 cells=mL)
were cultured in RPMI medium, as a negative control.

(ii) Peritoneal cells (1� 106 cells=mL) were stimulated
with LPS (10 mg=mL), as a positive control.

(iii) Peritoneal cells (1� 106 cells=mL) treated with
soluble TpPs were cultured with each TpPs dose:
0.005, 0.05, 0.5, 5.0, 50, and 100 mg=mL.

(iv) LPS-stimulated cells: Peritoneal cells were first
stimulated with LPS (10 mg=mL), then each TpPs
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dose (0.005–100 mg=mL) was added to the culture
medium in each well 30 min after endotoxin.

(v) Cells to which TpPs was first added in doses from
0.005 to 100 mg=mL were stimulated with LPS
(10 mg=mL) 30 min thereafter.

An ELISA kit (Quantikine M; R&D Systems,
Minneapolis, MN, USA) was used to determine IL-1b
and IL-6. The assay was performed according to the
manufacturer’s instructions. The method allows for the
detection of 7.8 to 500 pg=mL levels for IL-1b and 15.6
to 1000 pg=mL for IL-6. Optical density of the culture
supernatants was measured by means of a microplate
spectrophotometric reader (Multiskan, MS, Lab. Systems,
Helsinki, Finland) and reference wavelength was 450 nm
(with correction to 540 nm). Cytokine levels are expressed
in pg=mL=106 peritoneal exudate cells.

Statistical analysis

To analyze the data of the in vivo effect of TpPs on febrile
basal temperature (Tf), the average febrile temperature at
the beginning of the study at time 0 for each group of
animals was considered. Temperature was expressed as
an average value and standard deviation (SD), both
increases (þ) and decreases (�), for each time t. The dif-
ferences between the means of treatments were analyzed
by ANOVA, and Tukey’s test was used at a cutoff level
of 0.05 to determine significant differences among treat-
ments. With the in vitro model, cytokine concentrations
were expressed as means and SD and analyzed by the
two-tailed Student’s t-test at a 95% confidence interval.
Significance of differences between the means of treat-
ments and the controls was set at p < 0.05.

Results

Identification of the sugar components and types of

linkages of the polysaccharide from TpPs

Gas chromatography analysis allowed identification of
sugars in the hydrolyzed sample of partially purified
polysaccharide: glucose:xylose:galactose at a molar
relation of 3.3:1.5:0.5; fructose residues (2.91%) and
arabinose (3.59%), as well as rhamnose (3.41%). The sig-
nals characterizing the b-D-glucan were confirmed in
32.45%. Data obtained from the 13C NMR spectrum con-
firmed the signals in the anomeric region of the spectrum
(95–105 ppm) for glucose (103.4 ppm), xylose (99.8 ppm),
and a very small signal for galactose (105.5 ppm).

Febrifugal activity of AeTp in hyperpyrexia-induced rats

Oral administration of AeTp induces a significant
febrifugal activity at doses between 0.3 and 0.9 g=kg in
febrile Wistar rats. Our data show that a 1.5 g=kg dose

induced a progressive and significant decrease in rectal
febrile temperature in a dose-dependent manner (Fig. 1).

Effect of TpPs in febrile BALB/c mice

In healthy BALB=c mice, the pyrogenic effect of the i.p.
administered endotoxin at 1.5 mg=kg produced an
increase of the maximal colonic temperature of more
than 1.37�C at approximately 180 min after endotoxin
administration. In mice treated orally with TpPs at doses
of 5, 50, and 100 mg=kg of weight, at 3 min after the LPS
administration the febrile response to the endotoxin was
completely blocked, with a maximal effect at 120 min
(�1.48� 0.55�C) with the 100 mg=kg dose (Fig. 2). The

Figure 1. Effect of different doses (g=kg) of the aqueous
extract of T. indica pulp (AeTp) by oral route on the rectal tem-
perature in febrile Wistar rats with respect to the time course.
Each value represents the mean (n ¼ 6) of the changes in febrile
temperature (D�C)� SD for each time. Experimental groups
were compared with the control group. �p < 0.05, ��p < 0.001.

Figure 2. Effect of TpPs on the colonic temperature with
respect to the time course in febrile BALB=c mice. Each value
represents the mean (n ¼ 5) of the changes in febrile tempera-
ture (D�C)� SD for each time, with respect to time 0, when
treatments were orally administered. �p < 0.05, ��p < 0.001.
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inhibitory effect on the febrile response to the endotoxin
can be observed even with the 5 mg=kg dose; the rectal
temperature decreased even with this minimal dose,
and it remained below and persisted for 240 min after
its administration.

In vitro study

Effect of TpPs on IL-1b production

Figure 3 depicts the effect of different TpPs doses on per-
itoneal cells from BALB=c mice, cultured during 24 h in
RPMI medium, stimulated and not stimulated with LPS.
TpPs at 100mg=mL added to the culture medium increased
IL-1b concentration (62.6� 18.9 pg=mL) (p < 0.005)
compared with the control group (14.9� 3.8 pg=mL) and
was similar in magnitude to the effect of LPS stimulation
(78.0� 8.8 pg=mL) (p ¼ ns), at a 10mg=mL dose. At lower
doses, the cytokine level was lower than that produced by
the endotoxin. When cells were stimulated with LPS
(10mg=mL), addition of TpPs to the medium at high doses
(50 and 100mg=mL) increased significantly (p < 0.005) the
IL-1b cell release. The effect corresponded with 2.4- and
2.3-times, respectively, compared with the level induced
by the LPS alone, revealing a synergic effect and an opti-
mal cellular activation response. At the lower dose of
TpPs, the synergic effect was not observed and the cyto-
kine concentration was similar to the level reached when
cells were stimulated only with the endotoxin.

When we modified the experimental conditions by sti-
mulating the cells with LPS and 30 min after adding the
TpPs to the culture medium, a synergic effect of IL-1b
stimulation was observed with the two high doses (50

and 100 mg=mL). However, at the lower TpPs doses
(0.005 to 0.5 mg=mL), an opposite effect was observed,
as the cellular stimulation induced by the LPS was inhib-
ited by the TpPs effect at the four lower doses. The
suppressing effect is observed in cells treated with 0.005,
0.05, and 0.5 mg=mL of TpPs, with very low IL-1b levels
of 15.64, 16.35, and 13.61 pg=mL, respectively, and com-
parable with the cytokine levels attained in cells not
stimulated with the endotoxin (14.97 pg=mL) (Fig. 4).

Effect of TpPs on IL-6 production

Cultured cells with all TpPs doses used produced signifi-
cantly lower amounts of IL-6 than those attained with
LPS (p < 0.005), and even at lower levels than the cells
in RPMI medium (Fig. 5). When cells were LPS-stimu-
lated before adding TpPs, the IL-6 release in the medium
was increased with the 5.0, 50, and 100 mg=mL doses
(p < 0.005). Addition of different TpPs concentrations
affected the amount of IL-6 released by cells previously
stimulated with LPS. At the lower doses (0.005 and
0.05 mg=mL) of the TpPs, IL-6 levels decreased signifi-
cantly with respect to cells stimulated only with the endo-
toxin (p < 0.01). In contrast, an additive effect was
observed when the TpPs concentration was increased in
the culture medium.

When the peritoneal exudate cells were exposed to TpPs
before being stimulated with the endotoxin, they released
significantly lower concentrations of IL-6 (p < 0.005)
compared with those cells stimulated with LPS alone
and those previously stimulated with the endotoxin
(Fig. 6). The observed effect is dose-dependent; reduction

Figure 3. TpPs was added in doses of 0.005, 0.05, 0.5, 5, 50,
and 100mg=mL, compared with cytokine secreted in LPS-
stimulated cells (10mg=mL), to which TpPs was added after-
wards. The open bar corresponds with cells in medium alone,
and the solid bar with cells stimulated only with LPS. Values
represent the mean and SD of three experiments. �p < 0.01,
��p < 0.005 compared with the concentration of cells stimu-
lated only with LPS. Student’s t-test.

Figure 4. IL-1b concentration in the supernatant of PECs in
culture. Cells were stimulated with LPS (10 mg=mL) to which
TpPs was added afterwards at 0.005, 0.05, 0.5, 5, 50, and
100 mg=mL doses; the IL-6 secreted was compared with those
to which TpPs had been added previously. The open bar corre-
sponds with IL-1b in medium alone, and the solid bar corre-
sponds with cytokine secreted only with LPS. Values
represent the mean and SD of three experiments. ��p < 0.005
compared with LPS. Student’s t-test.
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in IL-6 was observed starting with the lowest dose 0.005,
even 100mg=mL. Even at the maximal dose of 100mg=mL
=mL the cells did not present any effect induced by the LPS
stimulation, as occurred with IL-1b; the reducing effect on
the IL-6 levels for the TpPs doses below 5 mg=mL was even
smaller than that observed in the cells from the negative
control group.

Table 1 depicts the comparative analysis of cytokine
IL-1b and IL-6 levels in the different protocols, estimat-
ing the reduction=increase in percentage. Their compari-
son reveals differences not only due to the doses but also
to the cellular microenvironment, when cells are stimu-
lated with the endotoxin or are previously exposed to
the polysaccharide from the T. indica pulp. Estimating
as 100% the LPS effect on the synthesis=release of the
cytokines, it can be observed that a suppressed pro-
duction of proinflammatory cytokines or synergic effect
of TpPs predominates for IL-1b in lower doses and
shows an additive or reducing effect for IL-6.

Discussion

In this study, we confirmed the febrifugal effect of the
aqueous extract prepared with the Tamarindus indica
pulp administered orally to febrile rats. Fever decreased
in a dose-dependent manner. At doses from 1.8 to
2.4 g=kg, the AeTp abolished completely the pyrexia
induced by S. cerevisiae yeast (p < 0.005) compared with
the control (Fig. 1). This preliminary result allowed us to
assume that the febrifugal effect was due to some of the
soluble components extracted from the pulp.

Extraction of the partially purified water-soluble poly-
saccharide allowed characterization of a b-D-glucan
structure with signals for the anomeric carbon of b-glu-
cose with a-xylose and b-galactose residues as glucosidic
substituents in the main chain, according to the NMR
spectrum for 13C (York et al., 1995), which was identified
as a xyloglucan (XG). The gas chromatography analysis
of a hydrolyzed sample revealed the main monosacchar-
ides glucose:xylose:galactose at a molar proportion of
3.3:1.5:0.5. Srivastava and Singh (1967) reported a com-
position for the polysaccharide obtained from the coty-
ledon kernel of T. indica seeds to be at a relation of
glucose:xylose:galactose (2:1.5:0.5). Gidley et al. (1991)
identified the composition of the Ps from the seed of
T. indica as a galacto-xylo-glucan with a (1!4)-D-glucan
chain and arabinose content (2–3%). Under the same
extraction conditions, the composition of the TpPs
obtained from the T. indica, pulp agrees with the compo-
sition that was reported by Garcı́a-Tamayo et al. (2005).

In the in vivo study performed in BALB=c mice, the TpPs
administered orally exerted a febrifugal effect that was
dose-dependent. We chose the mouse model, because it is
considered an excellent animal model to study the
participation of the cytokines involved in the febrile res-
ponse and the endogenous mediators involved in the
biology of fever in response to the endotoxin (Kozak et al.,
1994). TpPs, at a 5 mg=kg dose, abolished the LPS-induced
pyrexia (Fig. 2); the effect persisted for 240 min. Our data
provide evidence that the TpPs-xyloglucan reduced the
febrile temperature induced by LPS, as piresis stimulus, in
an in vivo murine model in a dose-dependent manner.

Figure 6. Effect of TpPs on IL-6 concentration. Peritoneal
cells in culture were stimulated with LPS (10mg=mL) to which
TpPs was then added at 0.005, 0.05, 0.5, 5.0, 50.0, and
100.0mg=mL, compared with those that received first TpPs
and then were stimulated with LPS. The open bar corresponds
with IL-6 in medium alone, and the solid bar with cytokine
secreted by cells stimulated only with LPS. Values represent
the mean and SD of three experiments. �p < 0.01, ��p < 0.005
compared with LPS. Student’s t-test.

Figure 5. Concentration of IL-6 in supernatants of PEC cul-
ture. Cells were stimulated with LPS (10mg=mL) to which TpPs
was added at 0.005, 0.05, 0.5, 5.0, 50.0, and 100.0mg=mL, and
IL-6 levels were compared with those that received only TpPs.
The open bar corresponds with cells cultured in medium alone,
and the solid bar corresponds with cells stimulated only with
LPS. Values represent the mean and SD of three experiments.
��p < 0.005 compared with LPS. Student’s t-test.
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In the in vitro model, we focused on the effect of the
TpPs-XG on the cellular response to LPS stimulation
in cells isolated from the peritoneum of BALB=c mice.
It is known that PEC is predominately composed of
peritoneal macrophages, which have been estimated to
represent 60–90% (Weir, 1978). As it has been exten-
sively demonstrated, endotoxin exerts a potent stimula-
tory action, dose-dependent, on the activation of
murine peritoneal macrophages and induces production
of proinflammatory cytokines (Wright et al., 1993).
The TpPs showed a moderate cellular stimulatory effect
on peritoneal cells as IL-1b was detected in the super-
natant of the cultured cells at 24 h. The effect was
dose-dependent. With the 100 mg=mL dose of the TpPs,
the concentration of IL-1b was 62.7� 18.9 pg=mL
(Fig. 1), representing �80% compared with the effect
of LPS at 10 mg=mL (78.0� 17.6 pg=mL). Cells of the
immune system, such as macrophages, are activated as
a result of the productive interactions between the
ligands (endogenous or exogenous) and different recep-
tors as immune receptors (Veillette et al., 2002). Glucans
that are found in the cell wall of fungi, bacteria, and
plants are known to stimulate humoral and cell-mediated
immunity in humans and animals (Williams, 1997).

TpPs consists predominately of b-(1!4)-D-glucan
polymer. To date, four b-glucan receptors have been
identified as candidates mediating immunomodulator
activities of the polyglucose b-glucan compounds:
CD11b=CD18 (CR3) receptor, which binds to the poly-
saccharide portion of the LPS molecule and is part of
the integrin b2 family, which are trans-membrane proteins
expressed in neutrophils, monocytes=macrophages, and
NK cells (Wright & Jong, 1986). The cytoplasmic domain
of the CR3 receptor binds unopsonized zymosan and
participates in transduction signals due to a translocation
of nuclear factor NFjB when binding LPS and presents it
to a transduction of intracellular signal in cascade by a

direct communication. The receptor for b-glucan ligands,
expressed in human and murine monocytes and macro-
phages (Goldman, 1988); it has been identified as a phago-
cytic receptor (Janusz et al., 1986).

Recently, a small receptor has been identified, called
dectin-1, that has been pointed out as the main receptor
for b-glucan soluble-type structures found in polysac-
charides, not opsonized, and that participates in innate
immune response in the recognition and phagocytosis
of pathogenic and non-pathogenic fungi and yeast, as
well as in plants, by macrophages (Herre et al., 2004).

Dectin-1 has been recognized as the main receptor in
primary macrophages, as it presents specificity to recog-
nize ligands b-1,3 and b-1,6 in fungi, as well as ligands
b-1,3 and b-1,4 in carbohydrate polymers in plants
(Brown & Gordon, 2001; Brown et al., 2003). Our results
show that TpPs induces proinflammatory mediators such
IL-1b at higher dose, 100 mg=mL; this may be regarded as
a consistent result, as it has been reported that b-glucans
cause stimulation of this cytokine (Sherwood et al., 1987;
Abel & Czop, 1992; Tzianabos, 2000).

This allows considering the possible participation of a
specific mechanism mediated by receptors in the synergic
effect of LPS=TpPs, observed in this preliminary study,
with 5, 50, and 100 mg=mL doses of TpPs in cells pre-
viously stimulated with the endotoxin, as an optimal
cellular stimulation effect was attained, through a poten-
tiating effect in IL-1b release, up to 1.2-, 2.4-, and 2.3-
times, respectively (Fig. 3).

In contrast, the markedly inhibitory effect of the
proinflammatory cytokine IL-1b observed when PECs
were exposed previously to the TpPs at very low doses
(0.005, 0.05, 0.5, and 5 mg=mL), and then stimulated with
LPS, indicates that the cells were unable to respond to
the endotoxin stimulus and produce proinflammatory
cytokines, demonstrating an association between the
cellular inhibitory response due to minimal amount of

Table 1. Effect of different doses of T. indica pulp polysaccharide (TpPs) on stimulation cellular response (%) for IL-1 and IL-6 cells
release in the different stimulation protocols.

Stimulation (%)

IL-1b IL-6

Group Dose (mg=mL) (1) (2) (3) (1) (2) (3)

LPS 10 100 100 100 100 100 100
Control — 19.2 19.2 19.2 72 72 72
TpPs 0.005 88.5 20.0 35.8 81.5 43.6 40.9

0.05 114.5 20.9 34.8 86.6 48.6 36.0
0.5 102.5 17.4 37.7 102.2 44.8 39.2
5.0 123.9 76.3 55.8 126.7 71.8 42.8

50.0 240.3 134.6 50.4 120.2 87.1 51.6
100.0 230.3 212.1 79.4 125.7 98.7 59.4

(1) LPS-stimulated cells then treated with TpPs. (2) TpPs-treated cells then stimulated with LPS. (3) Nonstimulated cells to which only
TpPs had been added.
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TpPs, suggesting an inhibitory mechanism of phago-
cytosis and=or of activation signals (Fig. 4). Only at
the highest dose (100 mg=mL) was a synergic LPS=TpPs
effect with a significant (p < 0.005) increase in IL-1b
release observed. However, our results do not reveal if
the suppression of IL-1b release is mediated by a com-
petitive mechanism or a noncompetitive one.

In peritoneal cells cultured without previous LPS
stimulation, high levels of IL-6 were detected in the cor-
responding control group. It has been reported that the
activation of monocytes=macrophages by adherence to
culture plates (plastic surfaces) induces high mRNA
levels for IL-6 in less than 2 h (Navarro et al., 1989). This
IL-6 production seems to be a spontaneous response to
stress. However, when TpPs was added to the culture
medium at different concentrations, cells reduced their
IL-6 concentration significantly (p < 0.005), even at the
0.005 to 100 mg=mL doses, below the levels detected in
the nontreated group (control) in culture with RPMI
medium (Fig. 5).

In non-LPS-stimulated cells, significant reduction
(p < 0.005) was observed in IL-6 concentration when
these were treated with TpPs doses of 0.005 to 50 mg=mL,
and showed differences with those previously stimulated
with the endotoxin (Fig. 6). This allows inferring, as for
IL-1b, an interaction between the partially purified Ps
with the cellular mechanisms for LPS and a negative
regulatory effect on the endogenous mechanisms mani-
fested as a total or partial reduction of the concentration
of both proinflammatory cytokines in the medium.
Further studies are needed to determine whether a mech-
anism of occupation or competence occurs in some of the
receptors involved in LPS-mediated cellular activation
signaling. According to Wang et al. (1991), some par-
tially synthetic structures of the lipid A that compete
for the specific binding sites to LPS receptors are
involved in the inhibition of IL-6 production and prevent
the effective action of LPS needed for IL-6 induction
in vivo in human monocytes and, hence, can exert an
immunomodulator effect in the presence of exacerbated
immunologic reactions during certain diseases.

In conclusion, this study shows the in vitro polarity in
the TpPs effect on the cellular response to IL-1b that is
manifested in the potentiation seen with the 100 mg=mL
dose and contrasts with the suppressor effect observed
when cells were treated with small doses (0.5–0.005
mg=mL) before being stimulated with LPS. The compara-
tive analysis of the stimulating=suppressing effect of
TpPs in vitro on the proinflammatory cytokines showed
quantitative differences (Table 1) and the modulation
of part of the component of the immune response. The
inhibitory effect was quantitatively more pronounced
for IL-1b than for IL-6. However, these results do not
provide an answer to whether TpPs antagonizes the sti-
mulatory effect of LPS by means of an inhibitory mech-
anism due to occupation of specific binding sites or by

cooperating with the endotoxin, and whether the effect
has a bearing or not on the transcription and=or trans-
duction level of proinflammatory cytokines.

Our results suggest that xyloglucan can be one of the
main immunomodulator components of soluble TpPs
that decrease fever in an in vivo murine model by cellular
interactions that produce changes in release of proinflam-
matory cytokines. It provides novel evidence on the dose-
dependent febrifugal effect when administered orally to
febrile mice. These results can explain at least part of
the mechanisms involved in febrifugal use of tamarind
pulp decoction in traditional healing systems.
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