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Altered Proliferative Response of Normal and Malignant Cells
Exposed to a Polysaccharide Extract from
Tamarindus indica Pulp
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A water-soluble Polysaccharide Extract (PE) 1solated from the pulp of the fruit
bodies of a Mexican species of Tamarindus indica 1.. was characterized by
thin-layer chromatography and HPLC. Fructose, glucose, arabinose and xylose
were the major components of the hydrolyzed PE samples. Normal lymphocytes
and several lineages of malignant cells were cultured m presence of different
amounts of PE solution and their effects on cellular proliferation were assessed
by tritiated thymidine uptake. After incubation for 48 h, a significant reduction on
the thymidine uptake was observed when Con-A-stimulated mice’s splenocytes
were mcubated with tamannd PE. Furthermore, a similar reduction in proliferative
activity was detected also in CTLL-2 and HelLa cell lines. A comparative control
assay showed a more intense inhibition when similar amounts (5-100 pg mL ™) of
cis-platinum was added to HeLa cells. The morphological examination of PE-
treated HeLa cells revealed their transformation into multinucleated giant cells.
The results suggest that polysaccharide extracts obtained from tamarind pulp may
contain active inhibitors of in vitro cellular multiplication.
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INTRODUCTION

Although Tamarindus indica L. 13 a tree indigenous
to India and South East Asia, it now grows naturally
other tropical and subtropical regions of the world where
their fruit is popular. Tamarind seeds are frequently used
as a soup seasoner and the pulp of the fruit 13 widely used
for foods and beverages!. Tamarind seeds contain high
levels of certain essential amino acids, thus malking them
a good candidate to supplement animal and human diets'.
Moreover, diverse medicmnal liquors made of the tamarind
pulp are recommended in developing countries for their
laxative, antiseptic, diuretic and anti-inflammatory
effects™; they have also been showed to be beneficial in
controlling fever™.

The frequent use of tamarind fruit as food™ and the
traditional application of their crude extracts for medicinal
purposes'™ have stimulated diverse studies concerning to
its chemical composition. Studies of the biological
activities of their extracts have shown diverse and fairly
interesting activities. For example, the pulp extracts of
T. indica can influence intestinal permeability by
mcreasing the bicavailability of aspirin in healthy human
volunteers'™ and extracts obtained from seeds was found
to possess anti-fungal® and anti-oxidative activities”.
Recently, a crude polysaccharide obtained from tamarind
seeds had an i vitro inhibitory effect on both chemotaxis
and proliferation of human peripheral blood cells"™. The
present study reported that a similar crude
polysaccharide, obtained from the pulp fruit of a Mexican
species of Tamarindus indica, mhibits the in vifro
proliferative response of both normal and transformed
cells.

MATERIALS AND METHODS

Isolation and characterization of the polysaccharide
extract: The fruits were obtained in Cuautla, a village near
150 km to México City. In the Etnopharmacology
Laboratory of the Umversidad Auténoma Metropolitana,
a Crude Polysaccharide (CP) from dried pulp (50 g) of the
fruit of T.
according to methodology Sreelekha et al'". The CP was
filtrated, precipitated and collected by centrifugation. The
pellet was dissolved in distilled water and dialyzed with
agitation for 48 h against distilled water at 4°C. After
centrifugation, the supermatant was collected and mixed
with chloroform. Denatured proteins were removed from
the water-chloroform interphase. The procedure was
repeated until the interphase was clear. The aqueous layer
containing the Polysaccharide Extract (PE) was collected,
dialyzed against distilled water, lyophylized and

indica was extracted with water at 4°C
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redissolved (5 mg mI.™") in acetate buffer pH 7.0. Before
its use, the solution was clarified by vacuum filtration
through activated charcoal (Merck). The protein content
of the PE was assayed by the Bradford method"" and the
component sugars of hydrolyzed samples were analyzed
by chromatography'.

Chromatography: Preliminary thin layer chromatography
studies were performed with silica gel plates (Merck)
impregnated in 0.02 M sodium acetate. Separation of the
water soluble saccharides from the hydrolized extract of
the tamarind pulp was also obtained m the Orgamic
Chemistry Department of the Facultad de Quimica,
UNAM, by HPLC, using a modular model (Waters
Associate Inc., Milford, MA) with a high pressure pump
model 310 and a Rheodyne injector connected to a
300x3.9 mm carbohydrate analysis steel column (Perkin-
Elmer Corp, Norwallk, CO), with a 410 refraction index
detector model. A 90-10% v/v acetonitrile-water mobile
phase with a 1 mL min™' flux was used. Standard
solutions of xylose, arabinose, fructose, glucose and
galactose were used as reference carbohydrates.

Cell sources: Cells used to test the anti-proliferative
effect of PE were obtained from different sources.
(a) Splenic lymphocytes were obtained from two-month
old BALB/c healthy female mice, which were killed by
cervical dislocation, having previously been anesthetized
with ether. The cells from the spleen were dissociated in
a cold Phosphate Buffered Solution (PBS) under sterile
conditions; (b) CTLL-2 (an IL-2-dependent lymphoid cell
line) was originally obtained from the American Type
Culture Collection (Rockville, MD); (¢) YAC-1 cell line
derived from a virus-induced murine lymphoma was
kindly provided by MC Nancy Mora (Immunology Dept,
IIBM, UNAM) and (d) HeLa cell line was derived from an
adenocarcinoma of human uterine cervix. All cells were
washed three times before their use and then they were
adjusted in RPMI 1640 medium (Hy Clone Lab, USA)
supplemented with previously mactivated (56°C for
30 min) 10% Fetal Calf Serum (Flow Lab, USA), 10mM
L-glutamine (Microlab, Mexico, DF), 25 mM HEPES
(Microlab, Mexico, DF), 100 UmL ™ penicillin (Microlab,
Mexico, DF) and 100 ug mL ™" streptomycin (Microlab,
Mexico, DF). All cultures and the inhibition of the
proliferative assays were performed in the Biology
Department of the Facultad de Quimica, UNAM.

Cell viability: Tnitial cell viability was measured by the
addition of one volume of 0.4% trypan blue (Gibco BRI,
USA) in PBS to 5 volumes of cells suspended in the
culture medium. After incubation at 23°C for 5 min, the
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cells were examined by light microscopy for evidence of
dye exclusion. Tn other experiments, final viability in Hel.a
cells was studied after mcubating for 48 h with two
different amounts (50 and 100 pg mL™") of tamarindus
polysaccharide extract.

Cell cultures: (a) Single cell suspensions of normal
lymphoeytes were obtamed by disaggregating of the
splenic tissue. The erythrocytes were eliminated by
osmotic shock with NH,C1 solution and the remaining
cells were washed three times in RPMI medium and
adjusted to 3x10° cells mL ™. One hundred microlitres of
splenic menonuclear cells were plated in triplicate, twice,
in  96-well flat-bottomed plates (Costar, Cambridge,
Mass.) and mixed with 100 pL of culture medium
containing progressive 2x dilutions of an mnitial solution
(100 pg mL™") of tamarind PS. (b) CTLIL-2 cell line was
grown in RPMI-1640 and supplemented as mentioned
above by adding 1 U mL™" of recombinant murine 1L-2
(rmIL-2) (Pharmingern, San Diego, CA). After three days of
culturing, the CTLI.-2 cells were washed with RPMI-1640,
adjusted to 200x10° cells mI.~" and suspended in a culture
medium containing 8 UmL ™" of IL-2. Aliquots of 100 uL
were added i triplicate to the wells of a microculture plate
which had previously received 100 ul. of serial dilutions
of tamarind PE. {¢) YAC-1 and Hel.a cell lines were also
adjusted at 200x10° cells mL™" in RPMI-1640 medium,
without IL-2 and mixed with equal volumes of the PS
dilutions. All cells were plated in a similar fashion and the
cultures were performed in triplicate, with or without the
polysaccharide extract. A control inhibitory assay was
also performed by adding progressive 2x dilutions of a
100 uM cis-platinum solution to Hel.a cell cultures.

Inhibition of the proliferative assay: The cell cultures with
splenic lymphocytes were tested by mitogen stimulation
using Concanavalin A (Con A) (Sigma, St. Louis, Mo.)
according to the procedure previously described'?. Con-
A (2 g mL™") was solubilized and added (0.1 mL) to wells
containing the culture medium and PE serial dilutions. The
cells were incubated in a humidified atmosphere with 5%
CQ, at 37°C for 72 h. Eighteen hours before culture
ending, 0.5 pCi of ["H]-TdR (6.7 Ci/mM, New England
Nuclear Corporation, Boston, Mass.) was added (in RPMI
1640 medium) to each well. In other experiments, the cell
lines YAC-1, CTTL-2 and HelLa were cultured in the same
medium without mitogen stimulation. These cells were
mixed with serial dilutions of tamarind PE and incubated
for only 48 h. In a control experimental assay, serial
dilutions of 100 uM cis-platinum were added to Hela cell
samples only. Then, 0.5 uCi of ["H]-TdR was added to
each well 8 hours before the culture ending. All cells were
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harvested onto fiberglass strips with a multiple cell
harvester by using copious amounts of a saline solution.
["H]-TdR incorporation was measured by liquid
scintillation spectroscopy. The results are expressed as a
percentage of the inhibition of the cell proliferation as
follows: 100/(cpm from control cells/cpm from tamarind-
treated cells).

Morphology of PE-treated HeLa cells: The Hel.a cells
were seeded over glass coverslips and incubated for 48 h
at 37°C m RPMI-1640 medium supplemented as mentioned
above. Tamarind PE (50 or 100 pg mL™") was added to
cultures. After 48 h, coverslips with cells were fixed
(80% ethanol, 10% sucrose). To study their gross
morphology and chromatin structure, cells were stained
with 2,4-diamino-2-phenyl-indole (DAPI) and visualized
on a fluorescence microscope. This morphologic studies
and the quantification of multinucleated cells were
performed into Departamento de Genética y Toxicologia
Ambiental del Instituto de Investigaciones Biomédicas,
UNAM.

Quantification of multinucleated and giant cells: Giant
multinucleated DAPI-stamned cells were identified by
using a Nikon Labophot-2 microscope (Nikon, Garden
City, NY). At least 10 areas were randomly selected for
analysis under 400 x magmfications. An average of
1500 cells was examined per coverslip and the percentage
of positive cells was calculated. The data presented are
representative of three separate experiments and the cells
were counted by two different techmically tramed

persons.
RESULTS

Sugars identified on the polysaccharide extract from
tamarind pulp: Chromatographic analysis of hydrolyzed
samples from water soluble PE showed a constant mixture
of nonvolatile sugars. Different kinds of sugars were
detected after a thin layer chromatography. Hydrolyzed
samples were analyzed by HPLC (Fig. 1), percentages of
the major components obtained were as follows, fructose
(36.15%), glucose-galactose (35.40%), arabinose (9.23%),
xylose (3.32%) and non-1dentified sugars (15.88%). Protein
content was only 13% according to the Bradford method
(data not shown).

Effect of tamarind PE on Concanavalin A-stimulated
Ilymphocytes: Spleen cells from healthy mice exposed to
different doses of tamarind PE showed a significant
reduction in *H-thyvmidine incorperation compared with
unexposed cells. A low dose of 25 pug mL ™ reduced until
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Fig. 1: HPLC analysis of a hydrolyzed polysaccharide extract from the pulp fruit of Mexican species of Tamarindus
indica. The first image (A) shows the successive elution of the components in the sugar mixture of the control
sample, which were collected from a Carbohydrate Analysis column (300 x 3.9 mm) by using water: acetonitrile
(10:90 v/v) as a mobile phase and a flow rate : 1.0 mL min"; detector: RI1. Graph shows first the void volume and
after the successive resolution of xylose, arabinose, fructose, glucose and galactose. Image B shows the elution
of the components in the hydrolyzed polysaccharide extract from tamarindus pulp fruit, corresponding to the void
volume, xylose, arabinose, unidentified sugars, fructose and glucose-galactose

70% the proliferative response of these cells (p<0.05), a
higher concentration of PE showed a more intense
inhibitory effect, whereas the lower dose (1.56 ug mL.™")
produced no significant inhibition in the proliferation rate
(Fig. 2). Thus, PE appears to act in a dose-dependent
manner (r = 0.89).

Effect of tamarind PE on the multiplication of malignant
cell lines: Since Con-A binds to carbohydrate structures
expressed on the membranes of lymphocytes, we next
attemnpt to rule out a possible interference of tamarind PE
with the molecular target of Con-A. We use three different
cell lines m the absence of the mitogenic stimulation by
Con-A. When the tamarind PE was added to the culture
medium containing CTLL-2 cells plus & p mL ™" of rmIL.-2,
a dose-dependent inhibition in the cell proliferation was
also observed. Tamarind PE at 25 ug mL ™" inhibited 60%
of the "H-thymidine uptake (Fig. 2), in this cell line. A
similar effect was observed with HelLa cell cultures
exposed to tamarind PE, where a progressive inlibition on
the multiplication of this non-lymphoid tumor cell line was
also detected after 48 h of incubation with increasing
doses of tamarind PE (Fig. 2). PE concentration at
25 pg mL ™" inhibited 40% of the *H-thyvmidine uptake by
HeLa cells, whereas i the comparative control test, the
["H]-TdR uptake by these cells was inhibited 90% when
25 pug mL™" of cis-platinum were added to the culture
medum (Fig. 2). Interestingly, non dose-dependent
mhibitory effect was observed in cultures of the YAC-1
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Fig. 2: In vitro inhibition of nuclear uptake of °H-
thymidine in Con A-stimulated splenic T murine
lymphocytes (@), CTLL-2 cells in presence of
mmllL-2 (2), YAC-1 (©) and HeLa () cell lines,
when they were exposed to progressive 2x
dilutions (100 pg mL™") of the extract of
tamarindus polysaccharide (PE). HeLa cells were
also incubated with progressive dilutions of a
100 uM cis-platinum solution ( & ). The inhibition
of proliferation is expressed as the percent of
reduction on the thymidine uptake in control cells
without the PE. Results show the average of three
separate experiments, each in triplicate
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murine lymphoid cells when diverse amounts of tamarind
PE were added to the culture, however, this cell line
displayed a consistent susceptibility to tamarind PE
exposure, since their proliferation was inhibited around
50-60 %ein all doses tested (Fig. 2).

Effect of tamarind PE on the appearance of HeL a cells:
The microscopic examination of the Hel.a cells seeded on
coverslips revealed morphological differences between
HelL a cells exposed to tamarind PE and without PE. In the
absence of PE, HeLa cells were abundant in the culture
medium, having a uniform appearance and a relatively
small size (Fig. 3A). In contrast, HelLa cells cultures
exposed to tamarind PE exhibited an irregular zize and
shape (Fig. 3B). While some PE-treated Hel.a cells were of
comparable appearance to those cultured without PE,
other cells displayed a cytoplasmic enlargement and an
increase in the number of nuclei that each cell possess,
somefimes more than 10 per cell (Fig. 3C and D), which
were often grouped in the central area of the cells while at
the periphery the cytoplasm was broadly spread out in
thin lamellas with developed pseudopods. Between 200
and 250 out of 1500 Hela cells were recorded as
multinucl eated-giant cells when 50 pg mL~" of PE were
added to the cultures versus 20-25 mulfinucleated-giant
cells observed in control cultures without PE (Fig. 4). A
significant proportion (20%) of the HeLa cells appeared
dead after their incubation for 24 h with 50 pg mL ™' of

tamarind PE, by contrast only 5% of cells dead when they
were incubated in the culture medium without PE.
However, the number of multinucleated cells was
significantly elevated after they were exposed to 50 and
100 pg mL~" of tamarind PE (Fig. 4).

DISCUSSION

Diverse polysaccharides isolated from both vegetal
and bacterial sources have shown antiproliferative and
antitumor activities™™. Most of them indeed exhibited
these effects through the activation of the host’s immune
system. For example, macrophages and cytotoxic T
lymphocytes increase their anti-tumoral activities when
fruit polysaccharides are orally administered in C3H mice
previously impl anted with carcinoma tumor cells™. The in
vivo and i vitro murine phagocytic function have been
stimulated by polysaccharide fractions obtained from the
marine alga Porphyra yezoensis™, the polysaccharide
fractions from other Japanese plant increase the anti-
Sheep Red Blood Cells {SRBC) antibody response in
normal BALB/c mice™” and lectins from tubers of plants
belonging to the Araceqe family are potent mitogens to
human peripheral blood lymphocytes!™. Moreover,
polysaccharides isolated from .dngelica gigas Nakai
stimulate the response of B lymphocytes by increasing
the expression of IL-2, IL-4, IL-6 and IFNv"™ and some
protein-bound mushroom polysaccharides increase the

Fig. 3: Diverse morphological abnormalities in HeL.a cells were observed after their incubation for 48 h in culture medium
with 50 or 100 ng mL~" of the tamarind polysaccharide extract. (A) HeLa cells culture without PE (x200). (B) HeLa
cells exposed to 100 pg mL~' of PE after 48 h of culture (x200). (C) Several nuclei can be observedin HeLa cells
incubated with PE (50 pg mL™") during 48 h (x400). (D) Amplification of one HeLa cell with more than 10 nuclei
after 48 h exposure to 50 pg mL~" of tamarind PE (x1000)
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: A ligh number of HeLa cells were identified as
multimucleated cells after they were exposed during
48 hto different doses of tamarind PE (ug mL.™").
Bars express the mean numbertstandard deviation
of multinucleated cells, 1500 HeLa cells were
counted per slide

production of THl-type cytokines™. In other

experiments, polysaccharide fractions derived from fungal

samples®! and dried safflower petals™ can also exert an
immunostimulatory effect by increasing the synthesis of
pro-inflammatory cytokines.

However, not all vegetal, fungal or bactenal
polysaccharides have the mmuno-stmulant actions
described above!"™. The arabinomannan exocellular
polysaccharide from Mycobacterium tuberculosis inhibits
the functions of human lymphocytes™ and a cytotoxic
principle solated from Tamarindus indica fruits inhibits
the development of sea urchin embryo cells™™. Extracts
from Tamarindus seeds exert an in vitro antiproliferative
effect on human lymphocytes!”
polysaccharides 1solated from fungal samples have

antiproliferative activity on experimental transplanted
[25]

and  some

tumors

Here indicating  that a
polysaccharide extracts from the pulp fruit from a Mexican
species of T. indica also induces a significant inhibition

evidences crude

of the cellular division of murine lymphocytes and also of
tumor cell lines. In a previous study on the in viire
mhibition of the proliferative response of human
lymphocytes!'” a blocking effect on the mitctic activity of
phytohemagglutinin - was proposed to explain the
mhibitory activity of some polysaccharides from seeds
extracts of T. indica. In contrast, our results have shown
that the polysaccharides from the pulp of tamarindus fruit
have a similar inhibitory effect on a cell line derived from
a murine lymphoma (CTLL-2),
multiplication 1s not induced by mitogenic stimulation.

whose in  vitro

This discrepancy can be afforded if we considered that
Sreelekha et ol used the polysaccharide extracts from
the seeds of tamarindus fruit wihile we wutilized
polysaccharides from the pulp of the fruit bodies of
T. indica, which suggest that the composition of sugars
could be different between the two extracts, besides a
possible different target for their biological activity could
also explain these apparent discrepancies. On the other
hand, they assessed the antiproliferative response in
normal human lymphocytes while we did it in four
different types of cells.

It 1s also observed that the tamarindus
polysaccharide extract was able to induce the
transformation of Hel.a cells into giant multinucleated
cells. Although the formation of giant cells occurs
spontaneously in cultures of Hela cells, here it seems to
be enhanced by the exposure to tamarindus PE. The
biological significance of these tamarind PE-induced
transformations remains unknown. However, several anti-
neoplastic agents have been reported to induce the
formation of cells with two or more nuclel both in vivo
and in vitro assay™. Sodhi®”? has claimed that cis-
platinun induces the transformation of Sarcoma-180 cells
mto bimucleated and multinucleated giant cells by
inhibiting cytokinesis. Another drug such as bleomycin
also induces the formation of giant polynucleated cells by
cell fusion or by mitosis without cell division™. Giant
Hela cells have been also observed after their incubation
with an etoposide™. Different mechanisms such as the
disruption of both tubulin  polymerization and
actin/myosin polymerization™ or abnormal expression of
H-Ras®™ could be involved in the generation of
multinucleated cells and thewr catastrophic death by
arresting the cytokinesis or the mitotic process. Although
Hel.a cells incubated in the presence of the tamarindus
polysaccharide also showed the morphological changes
similar to those observed m the induced mitotic death,
whether tamarindus PE induces similar mechanisms such
as described above 1s unknown and were out of scope in
the present study.

It is concluded that water-soluble polysaccharide
extracts obtamed from pulp fruit of a Mexican species of
T. indica can induce a dose-dependent inhibition of the
in vitro proliferation of both Con A-stumulated
lymphocytes from normal mice and also from tumor cell
lines. Furthermore, when the same tamarindus
polysaccharide extract was added to Hel.a cells cultures,
an elevated number of giant multinucleated cells were
observed. Further experiments are needed, however, to
identify and characterize the specific sugars derived from
the tamarindus fruit that may be associated with this
antiproliferative effect, as well as to decipher mechamsm
involved in inhibiting the cell proliferation.
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