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a b s t r a c t

An immunoenhancing polysaccharide (M.W. ∼ 2.0 × 102 kDa) isolated from the aqueous extract of the
leaves of Catharanthus rosea was found to consist of 6-O-methyl-glucose, arabinose, rhamnose, and
methyl galacturonate with a molar ratio of nearly 1:2:1:2. On the basis of acid hydrolysis, methyla-
tion analysis, periodate oxidation, NMR experiments (1H, 13C, TOCSY, DQF-COSY, NOESY, ROESY, HMQC,
and HMBC), the structure of the repeating unit of the polysaccharide was established as
atharanthus rosea
olysaccharide
tructure
MR spectroscopy

mmunoactivation

This polysaccharide showed optimum activation of macrophages at 100 �g/mL and both splenocyte
L, re
and thymocyte at 50 �g/m

. Introduction

Catharanthus rosea (Raja, Nasir, Abbas, & Naqvi, 2009), fam-
ly Apocynaceae originates from Madagaskar but now spreads
hroughout the tropics and subtropics region of the world. The
ther names of this plant are periwinkle, madagaskar periwinkle,
nd sadabahar. Plant extract of different parts of C. rosea possesses
he antibacterial (Careew & Patterson, 1970), antifungal (Jaleel et
l., 2007), antiviral (Fornsworth, Svoboda, & Blomster, 1968), and
ntioxidant (Zheng & Wang, 2001) properties. The alkaloids of C.
osea are famous for anticancer activities (El-Sayed & Cordell, 1981;
l-Sayed et al., 1983; Ueda et al., 2002). Several animal studies
howed that ethanolic (Chattopadhyay et al., 1991, 1992; Ghosh &
upta, 1980) as well as aqueous (Singh et al., 2001) extract of leaves
f C. rosea lowered the glucose level of blood exhibiting antidiabetic
roperties. It has been reported (Antia & Okokon, 2005) that the
eaf juice of C. rosea produced a significant decrease in serum total
holesterol, triglyceride, LDL-cholesterol, and VLDL-cholesterol of
ats. From these observation a detailed structural characterization
nd immunoenhancing properties of a hetero polysaccharide iso-

∗ Corresponding author. Tel.: +91 03222 276558x437; fax: +91 03222 275329.
E-mail address: sirajul 1999@yahoo.com (Syed.S. Islam).

144-8617/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2010.03.019
spectively.
© 2010 Elsevier Ltd. All rights reserved.

lated from the leaves of C. rosea were carried out and reported
herein since no work regarding this is available in literature.

2. Materials and methods

2.1. Isolation, fractionation, and purification of the crude
polysaccharide

The fresh leaves (500 g) of C. rosea were collected from local
forest and washed properly with water. Its leaves were cut into
fine pieces and washed with distilled water, then boiled with
distilled water at 100 ◦C for 6 h. The whole mixture was kept
over night at 4 ◦C and filtered through a linen cloth. The filtrate
was centrifuged at 8000 rpm (using a Heraeus Biofuge stratos
centrifuge) for 30 min at 4 ◦C. The supernatant was collected
and precipitated in ethanol (1:5, v/v). It was kept overnight at
4 ◦C and again centrifuged as above. The precipitated material
(polysaccharide) was washed with ethanol for five times and
then freeze-dried. The freeze-dried material was dissolved in

40 mL of distilled water and dialyzed through cellulose membrane
(Sigma–Aldrich, retaining > M.W. 12 kDa) against distilled water for
10 h to remove low molecular weight materials. The aqueous solu-
tion was then collected from the dialysis bag and freeze-dried. Thus
crude polysaccharide was obtained (450 mg). The crude polysac-

http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:sirajul_1999@yahoo.com
dx.doi.org/10.1016/j.carbpol.2010.03.019
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haride (25 mg) was purified by gel permeation chromatography
n column (90 cm × 2.1 cm) of Sepharose-6B in water as eluent
0.4 mL/min) using a Redifrac fraction collector. 95 test tubes (2 mL
ach) were collected and assayed aliquots of the fractions using the
henol–sulphuric colorimetric assay method (York, Darvill, McNeil,
tevenson, & Albersheim, 1985) and the absorbance was recorded
t 490 nm by UV–vis spectrophotometer. Two homogeneous peaks,
S-I (test tubes 16–34, yield 8 mg) and PS-II (test tubes 44–64, yield
mg) were obtained. They were collected and freeze-dried. This
urification process was carried out in ten lots and each individual
raction was again purified and collected; PS-I (yield, 60 mg), PS-II
yield, 30 mg). Characterization of only PS-I is reported herein.

.2. Monosaccharide analysis

.2.1. Alditol acetate analysis
PS-I (3 mg) was hydrolyzed with 2.0 M CF3COOH (2 mL) at

00 ◦C for 16 h in a boiling water bath and excess acid was com-
letely removed by repeated co-distillation with water. Then, the
ydrolyzed product was reduced with NaBH4 (9 mg), followed by
cidification with dilute CH3COOH, and then co-distilled with pure
H3OH to remove excess boric acid. The reduced sugars (alditol)
ere acetylated with 1:1 pyridine–Ac2O in a boiling water bath

or 1 h to give the alditol acetates, which were analyzed by GC and
C–MS. Quantization was carried out from the peak area, using

esponse factors from standard monosaccharides using inositol as
tandard.

.2.2. Preparation of carboxy methyl reduced polysaccharide
The polysaccharide (3.5 mg) was dissolved in 1.0 M

midazole–hydrochloric acid buffer, pH 7.0 (200 �L/mg) and
ooled on ice. Sodium borohydride (40 mg) was then added
nd reacted on ice for at least 1 h. The excess borohydride was
estroyed by adding glacial acetic acid (100 �L/40 mg borohydride)
lowly to the cooled sample. An equal volume of distilled water
as then added, and the reduced polysaccharide was precipitated

y adding 3–4 times of volume of 95% (v/v) ethanol. The sample
as reprecipitated two more times with 95% ethanol and the

esidue was freeze-dried. The carboxyl reduced (Maness, Ryan, &
ort, 1990) polysaccharide was divided into two portions. One

ortion was hydrolyzed with 2.0 M CF3COOH for 16 h at 100 ◦C.
fter removing excess acid, the hydrolyzed product was reduced
ith NaBH4 and finally acetylated with 1:1 pyridine–Ac2O to yield

lditol acetate and analyzed by GC. Another portion was subjected
o periodate oxidation experiment.

.3. Methylation analysis

PS-I (4.0 mg) was methylated using the procedure described
y Ciucanu and Kerek (1984) where distilled DMSO and finely
rounded NaOH were used. The methylated product was iso-
ated by making partition between CHCl3 and water (5:2, v/v).
he organic layer-containing product was washed with water
or several times and dried. The methylated polysaccharide was
ydrolyzed with 90% HCOOH (1 mL) at 100 ◦C for 1 h and excess
COOH was evaporated by co-distillation with distilled water. The
ydrolyzed product was then reduced with NaBH4 and acetylated
ith pyridine and Ac2O. The alditol acetates of the methylated sug-

rs were analyzed by GC (using columns A and B) and GC–MS (using
P-5 fused silica capillary column). A portion of the methylated
S-I (2.0 mg) was dissolved in dry THF (2 mL), refluxed with LiAlH4

Abdel-Akher & Smith, 1950) (40 mg) for 5 h and kept overnight at
oom temperature. The excess of the reductant was decomposed by
rop wise addition of EtOAc and aqueous THF. The inorganic mate-
ials were filtered off. The carboxyl-reduced methylated material
as hydrolyzed with formic acid as before. The alditol acetate of
ymers 81 (2010) 584–591 585

the carboxyl-reduced, methylated sugar was prepared in usual way
and analyzed by GC–MS.

2.4. Periodate oxidation

PS-I (5 mg) was oxidized with 0.1 M sodium metaperiodate
(2 mL) at 27 ◦C in the dark for 48 h. The excess periodate was
destroyed by adding 1,2-ethanediol, and the solution was dia-
lyzed against distilled water. The dialyzed material was reduced
with NaBH4 for 15 h and neutralized with acetic acid. The result-
ing material was obtained by co-distillation with methanol. The
periodate-oxidized-reduced (Goldstein, Hay, Lewis, & Smith, 1965;
Hay, Lewis, & Smith, 1965) material was hydrolyzed with 2 M
CF3COOH at 100 ◦C for 18 h, and this hydrolyzed material was used
for paper chromatographic examination as well as alditol acetate
preparation as usual for the GC analysis.

2.5. Paper chromatographic studies

Paper partition chromatographic studies were performed
on Whatman nos. 1 and 3 mm sheets. Solvent systems used
were: (X) BuOH–HOAc–H2O (v/v/v, 4:1:5, upper phase) and (Y)
EtOAc–pyridine–H2O (v/v/v, 8:2:1). The spray reagent used was
alkaline silver nitrate solution (Hoffman, Lindberg, & Svensson,
1972).

2.6. Absolute configuration of monosaccharides

The method used was based on Gerwig, Kamarling, and
Vliegenthart (1978) PS-I (1.0 mg) was hydrolyzed with CF3COOH
and then the excess acid was removed by co-distillation with
water. A solution of 250 �L of 0.625 M HCl in R-(+)-2-butanol
was added and heated at 80 ◦C for 16 h. Then the reactants were
evaporated and TMS-derivatives were prepared with BSTFA. The
products were analyzed by GC using a capillary column SPB-1
(30 m × 0.26 mm), a temperature program (3 ◦C/min) from 150
to 210 ◦C. The 2,3,4,6-tetra-O-TMS-(+)-2-butylglycosides obtained
were identified by comparison with those prepared from the d and
l enantiomers of different monosaccharides.

2.7. Optical rotation

Optical rotation was measured on a Jasco Polarimeter model
P-1020 at 25.6 ◦C.

2.8. Colorimetric estimations

Colorimetric estimations were carried out on a Shimadzu
UV–vis spectrophotometer, model 1601.

2.9. Determination of molecular weight

The molecular weight of PS-I was determined by gel-
chromatographic technique. Standard dextrans (Hara, Kiho,
Tanaka, & Ukai, 1982) T-200, T-70, and T-40 were passed through
a Sepharose-6B column, and then the elution volumes were plot-
ted against the logarithms of their respective molecular weights.
The elution volume of PS-I was then plotted in the same graph, and
molecular weight of polysaccharide was determined.
2.10. GC experiments

All gas liquid chromatography experiments were performed on
a Hewlett-Packard Model 5730. A gas chromatograph having a
flame ionization detector and glass columns (1.8 m × 6 mm) packed
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ith 3% ECNSS-M (A) on Gas Chrom Q (100–120 mesh) and 1% OV-
25 (B) on Gas Chrom Q (100–120 mesh). All GC analyses were
erformed at 170 ◦C.

.11. GC–MS experiments

All the GC–MS experiments were carried out in a Hewlett-
ackard 5970 MSD instrument using HP-5 fused silica capillary
olumn. The program was isothermal at 150 ◦C; hold time 2 min,
ith a temperature gradient of 4 ◦C/min up to a final temperature

f 200 ◦C.

.12. NMR studies

The 1H and 13C NMR experiments were carried out at 500 and
25 MHz Bruker Avance DPX-500 spectrometer, respectively, using
5 mm broad-band probe. For NMR studies, PS-1 was dried in

acuum over P2O5 for several days, and then exchanged with deu-
erium (Dueñas Chaso et al., 1997) by lyophilizing with D2O for
hree times. The deuterium-exchanged polysaccharide (4 mg) was
issolved in 0.7 mL D2O (99.96% atom 2H, Aldrich). The 1H and 13C
both 1H coupled and decoupled) NMR spectra were recorded at
7 ◦C. Acetone was used as an internal standard (ı 31.05) for 13C
pectrum. The 1H NMR spectrum was recorded fixing HOD signal
t ı 4.73 at 27 ◦C using the WEFT pulse sequence (Hård, Zadelhoff,
oonen, Kamerling, & Vliegenthart, 1992). 2D (DQF-COSY) NMR

xperiment was performed using standard Bruker software. The
OCSY experiment was recorded at mixing time of 150 ms, and
omplete assignment required several TOCSY experiments having
ixing times ranging from 60 to 300 ms. The NOESY and ROESY
ixing delay were 300 ms. The delay time in the HMBC experiment
as 80 ms.

.13. Test for macrophage activity by Nitric oxide assay

Peritoneal macrophages (5 × 105 cells/mL) after harvesting
ere cultured in complete RPMI (Rose well Park Memorial Insti-

ute) media in 96-well plate (Ohno, Hasimato, Adachi, & Yadomae,
996; Sarangi, Ghosh, Bhutia, Mallick, & Maiti, 2006). The purity
f macrophages was tested by adherence to tissue culture plates.
he polysaccharide was added to the wells in different concen-
rations. The cells were cultured for 24 h at 37 ◦C in a humidified
% CO2 incubator. Production of nitric oxide was estimated by
easuring nitrite levels in cell supernatant with Greiss reaction

Green et al., 1982). Equal volumes of Greiss reagent (1:1 of 0.1% in
-napthylethylenediamine in 5% phosphoric acid and 1% sulfanil-
mide in 5% phosphoric acid) and sample cell supernatant were
ncubated together at room temperature for 10 min. Absorbance

as observed at 550 nm.

.14. Splenocyte and thymocyte proliferation assay

A single cell suspension of spleen and thymus were prepared
rom the normal mice under aseptic conditions by frosted slides
n phosphate buffer solution (PBS). The suspension was cen-
rifuged to obtain cell pellet. The contaminating RBC was removed
y hemolytic Gey’s solution. After washing two times in PBS
he cells were resuspended in complete RPMI (Rose well Park

emorial Institute) medium. Cell concentration was adjusted to
× 105 cells/mL and viability of the suspended cells (as tested by

rypan blue dye exclusion) was always over 90%. The cells (180 �L)

ere plated in 96-well flat-bottom plates and incubated with 20 �L

f various concentrations (10–200 �g/mL) of the polysaccharide
ith lipopolysaccharide (LPS, which is positive control) of 4 �g/mL.
ultures were set-up for 72 h at 37 ◦C in a humidified atmosphere
f 5% CO2. Proliferation was checked by MTT assay method (Ohno
ymers 81 (2010) 584–591

et al., 1993). Data were reported as the mean standard deviation of
six different observations and compared against PBS control (Maiti
et al., 2008; Sarangi et al., 2006).

3. Results and discussion

3.1. Isolation, purification and chemical analysis of the
polysaccharide

The polysaccharide was isolated from the leaves of C. rosea
(500 g) by hot water extraction followed by alcohol precipita-
tion, dialysis, centrifugation and freeze drying; yield 450 mg of
crude polysaccharide (PS). 25 mg of PS on fractionation through
Sepharose-6B in aqueous medium yielded two fractions PS-I (8 mg)
and PS-II (4 mg). We are reporting herein the structural char-
acterization of PS-I only. The total carbohydrate of this fraction
was estimated to be 98.5% using phenol–sulphuric acid method
(York et al., 1985). The pure polysaccharide had [˛]25.6

D +98.74 (c
0.094, water). The molecular weight (M.W.) (Hara et al., 1982) of
the polysaccharide was found to be ∼2.0 × 102 kDa. Paper chro-
matographic analysis (Hoffman et al., 1972) of the hydrolyzed
polysaccharide showed the presence of arabinose, galacturonic
acid, rhamnose, and a slow moving spot nearer to glucose. The
absolute configuration of the sugar units was determined by the
method of Gerwig et al. (1978) and confirmed by the NMR spec-
troscopy. GC analysis of the alditol acetates of the sugar showed
the presence of rhamnose, 6-O-methyl-glucose, and arabinose in a
molar ratio of nearly 1:1:2. The carboxy methyl reduced (Maness
et al., 1990) polysaccharide on hydrolysis, followed by GC analysis
of corresponding alditol acetates showed the presence of rham-
nose, 6-O-methyl-glucose, arabinose, and galactose in a molar
ratio of nearly 1:1:2:2. This result indicated that galacturonic acid
residues were present in the polysaccharide. The polysaccharide
was methylated using the method of Ciucanu and Kerek (1984).
The alditol acetates of methylated product were analyzed by GC
and GC–MS which showed the presence of 2,5-Me2-Ara; 2,3-Me2-
Ara; 2,3,4,6-Me4-Glc, and 3-Me-Rha in a molar ratio of nearly
1:1:1:1. The above result indicated the presence of one unit of
3-acetyl arabinose and methoxy-glucose as terminal residues. It
also indicated the presence of (1→5)-linked arabinofuranosyl or
(1→4)-linked arabinopyranosyl and (1→2,4)-linked rhamnopyra-
nosyl. The GC–MS analysis of the alditol acetates of methylated
carboxyl-reduced (Abdel-Akher & Smith, 1950) polysaccharide
showed two new peaks of 3-Me-Gal and 2,3-Me2-Gal. This result
indicated that galacturonic acids were present as (1→2,4)-linked
and (1→4)-linked moieties. For further linking information, a
periodate oxidation experiment (Goldstein et al., 1965; Hay et
al., 1965) was carried out with the carboxyl-reduced and intact
polysaccharide. The periodate-oxidized, NaBH4 reduced material
upon hydrolysis with trifluoroacetic acid followed by GC analy-
sis showed the presence of rhamnose only. The GC–MS analysis of
carboxyl-reduced periodate-oxidized, methylated (Abdel-Akher &
Smith, 1950) polysaccharide showed that 3-Me-Rha and 3,6-Me2-
Gal were present in a molar ratio of nearly 1:1. Thus the periodate
oxidation experiment confirmed that rhamnose and one galactur-
onic acid residue were present as (1→2,4)-linked moieties.

3.2. NMR and structural analysis of polysaccharide

The 1H NMR spectrum (500 MHz, Fig. 1) of this polysaccharide at

27 ◦C showed signals at ı 5.37, 5.22, 5.06, and 4.93 for six anomeric
protons where ı 5.06 and 4.93 accommodated two protons for each
signal and the rest for another two protons. The spectrum had an
unusually downfield chemical shift of one of the ring proton in the
anomeric region, indicated by the signal at 5.12 ppm. The singlet at



S. Patra et al. / Carbohydrate Polymers 81 (2010) 584–591 587

Table 1
1H NMR and 13C NMR chemical shifts (ppm) of polysaccharide, isolated from Catharanthus roseaa,b recorded in D2O at 27 ◦C.

Glycosyl residue H-1/C-1 H-2/C-2 H-3/C-3 H-4/C-4 H-5a, H-5b/C-5 H-6a, H-6b/C-6 6-O-Me COOCH3 3-O-COCH3

�-d-Glcp-6-OMe (1→ 5.37 3.57 3.66 3.53 3.83 3.63, 3.93 3.75
A 100.0 72 73.7 70.9 71.1 68.1 53.3

→5)-�-l-Araf (1→ 5.22 4.2 4.07 4.09 3.86, 3.91
B 109.6 82 76.9 82.8 68.1

→2,4)-�-l-Rhap (1→ 5.06 3.93 3.79 3.48 3.87 1.23
C 100.8 76.0 68.3 79.4 68.0 17.5

3-OAc-�-l-Araf (1→ 5.06 4.1 5.12 4.07 3.77, 3.82 2.03c

D 107.8 81.3 79.4 84.3 61.6 171.0d, 20.2e

→2,4)-�-d-GalpA6Me (1→ 4.93 3.7 3.81 3.99 4.43 3.78f

E 100.8 75.5 70.9 77.1 70.9 171.0d 53.3g

→4)-�-d-GalpA6Me (1→ 4.93 3.55 3.85 3.98 4.43 3.78f

F 100.8 68.9 69.0 77.1 70.9 171.0d 53.3g

a Values of the 13C chemical shifts were recorded with reference to acetone as the internal standard and fixed at ı 31.05 at 27 ◦C.
b Values of the 1H chemical shifts were recorded with respect to the HOD signal fixed at ı 4.73 at 27 ◦C.
c Value of the acetyl methyl proton.
d Value of the carbonyl carbon of ester and acetyl group.
e Value of the acetyl methyl carbon.
f Proton value ester group.
g Value of the ester methyl carbon.
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Fig. 3. The ROESY spectrum of polysaccharide, isolated from Catharanthus rosea. The
ROESY mixing time was 300 ms.

Table 2
ROESY data for the polysaccharide isolated from Catharanthus rosea.

Glycosyl residue Anomeric
proton
ıH (ppm)

NOE contact
protons
ıH (ppm)

Residue, atom
ig. 1. 1H NMR spectrum (500 MHz, D2O, 27 ◦C) of polysaccharide, isolated from
atharanthus rosea.

.03 was indicative of CH3 proton of an acetic ester. The doublet at

.23 ppm may be for the CH3 proton of deoxy sugar, rhamnose.
he carbomethoxy proton was observed at 3.78 ppm. The sugar
esidues were designated as A–F according to their decreasing
nomeric proton chemical shifts (Table 1). In the 13C NMR spec-
rum (125 MHz, Fig. 2) at 27 ◦C signals appeared at ı 109.6, 107.8,
00.8, and 100.0 for six anomeric carbons where signal at ı 100.8
onsisted of three carbon and the rest for another three carbon
ignals. The signals at ı 17.5 and 20.2 were assigned as methyl car-
on of rhamnose and methyl carbon of acetyl group, respectively.

urthermore the signal at ı 53.3 was assigned for methyl carbon of
ster group and for O-methyl carbon. All the 1H and 13C signals were
ssigned using DQF-COSY, TOCSY, NOESY, ROESY (Fig. 3, Table 2),
nd HMQC NMR experiments.

ig. 2. 13C NMR spectrum (125 MHz, D2O, 27 ◦C) of polysaccharide, isolated from
atharanthus rosea.

�-d-Glcp-6-OMe (1→ 5.37 3.48 C H4
A 3.57 A H2

3.63 A H6a

→5)-�-l-Araf (1→ 5.22 3.7 E H2
B 4.2 B H2

→2,4)-�-l-Rhap (1→ 5.06 3.99 E H4
C 3.79 C H3

3-OAc-�-l-Araf (1→ 5.06 3.86 B H5a
D 3.91 B H5b

4.1 D H2
4.07 D H4
3.77 D H5a

→2,4)-�-d-GalpA6Me (1→ 4.93 3.98 F H4
E 4.43 E H5

3.7 E H2

→4)-�-d-GalpA6Me (1→ 4.93 3.93 C H2
F 3.98 F H4

3.55 F H2
4.43 F H5



588 S. Patra et al. / Carbohydrate Polymers 81 (2010) 584–591

Catha

J
r
o
a
o
e
r
m
6
T
i
6

T
T

Fig. 4. Part of the HMBC spectrum of polysaccharide, isolated from

Residue A had an anomeric proton signal at 5.37 ppm and
H-1,H-2 ∼ 3.8 Hz, JH-1,C-1 ∼ 170 Hz indicating that it was an �-linked
esidue. Large coupling constants JH-2,H-3 and JH-3,H-4 (∼10 Hz) were
bserved for A, supporting that it was d-glucosyl moiety. The
nomeric carbon signal of residue A appeared at ı 100.0 and the
ther carbon signals from C-2 to C-6 were assigned from HMQC
xperiment. The presence of methoxy group at C-6 position of
esidue A was confirmed by appearance of cross-couplings between
ethoxy carbon at ı 53.3 and its H-6a, H-6b atoms [A OMe(C), A H-
a and A OMe(C), A H-6b] in the HMBC experiment (Fig. 4, Table 3).
hus considering the result of methylation analysis and NMR exper-
ment, it may be concluded that residue A was a �-linked, terminal
-O-Me d-glucopyranosyl moiety.

able 3
he significant 3JH,C connectivities observed in an HMBC spectrum for the anomeric proto

Residue Sugar linkage H1/C1

ıH/ıC

A �-d-Glcp-6-OMe (1→ 5.37

100

B →5)-�-l-Araf (1→ 5.22

109.6

C →2,4)-�-l-Rhap (1→ 5.06
100.8

D 3-OAc-�-l-Araf (1→ 5.06

107.8

E →2,4)-�-d-GalpA6Me (1→ 4.93
100.8

F →4)-�-d-GalpA6Me (1→ 4.93
100.8

6-OMe (ıC)
A �-d-Glcp-6-OMe (1→ 53.3

COOMe (ıH)
E →2,4)-�-d-GalpA6Me (1→ 3.78

F →4)-�-d-GalpA6Me (1→ 3.78

3-OAc (ıC)
D 3-OAc-�-l-Araf (1→ 171.0
ranthus rosea. The delay time in the HMBC experiment was 80 ms.

The residue B was assigned as �-l-arabinofuranosyl moiety. The
furanose conformation was confirmed by high chemical shift of C-1
(ı 109.6), C-2 (ı 82.0), C-3 (ı 76.9), and C-4 (ı 82.8). The coupling
constants JH-1,H-2 (∼3.4 Hz) and JH-1,C-1 (∼163 Hz) indicated that
arabinofuranose was �-glycosidically linked residue supported by
the unresolved anomeric proton at ı 5.22. The downfield shift of
C-5 (ı 68.1) and other carbon values with respect to the standard
value of methyl glycosides (Agrawal, 1992; Rinaudo & Vincendon,
1982) indicated that residue B was (1→5)-linked glycosides. Thus

considering the result of methylation analysis and NMR data, it was
confirmed that residue B was (1→5)-�-l-Araf.

Residue C had an anomeric proton chemical shift at ı 5.06
(JH-1,H-2 ∼ 1.8 Hz and JH-1,C-1 ∼ 170 Hz) indicating that it was an �-

ns/carbons of the sugar residues of the polysaccharide of Catharanthus rosea.

Observed connectivities

ıC/ıH Residue Atom

79.4 C C-4
72 A C-2
3.48 C H-4

75.5 E C-2
82.8 B C-4
3.7 E H-4

77.1 E C-4
3.99 E H-4

68.1 B C-5
82.8 B C-4
84.3 D C-4
3.86 B H-5a
3.91 B H-5b

77.1 F C-4
3.98 F H-4
4.43 E H-5

76.0 C C-2
3.93 C H-2
4.43 F H-5

ıH

3.63 A H-6a
3.93 A H-6b

ıC

171.0 E C-6

171.0 F C-6

ıH

5.12 D H-3
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inked residue. Residue C was assigned as Rhap due to the signals
or an exocyclic methyl group and weak couplings of H-2 with H-1
nd H-3. The 13C signal for the anomeric carbon of residue C was
bserved at ı 100.8. The downfield shift of C-2 (ı 76.0) and C-4 (ı
9.4) indicated that residue C was present as (1→2,4)-�-l-Rhap.

Residue D was assigned as �-l-Araf since it showed coupling
onstant JH-1,H-2 ∼ 3.4 Hz and high anomeric carbon chemical shift
ı 107.8). The anomeric proton chemical shift of residue D appeared
t ı 5.06. Cross-peaks were found between H-3 (5.12 ppm) of
esidue D and C-4 (84.3 ppm) [D H-3, D C-4] as well as H-3
5.12 ppm) of residue D and acetyl carbonyl carbon (171.0 ppm)
D H-3, OAc (C))] in HMBC experiment (Fig. 4, Table 3) strongly
uggesting that C-3 of residue D is the site of O-acetylation. All

he carbon chemical shifts of residue D were more or less same to
he standard value of methyl glycosides and also confirmed by the
MQC experiment. Thus, considering the experimental data of both
ethylation and NMR experiment it was confirmed that residue D
as �-linked, terminal 3-OAc-l-Araf.

Residue E was assigned as d-GalpA6Me as its spin system
onsisted of five protons with the high chemical shift of H-5
ignal (4.43 ppm). The galacturonic acid configuration was con-
rmed by the small coupling constants JH-3,H-4 (∼3.0 Hz) and JH-4,H-5
∼3.3 Hz). The anomeric proton signal of moiety E at ı 4.93 and
H-1,C-1 ∼ 171 Hz indicated that d-galacturonosyl residue was �-
inked anomer. 13C signal for the anomeric carbon of the residue

was observed at ı 100.8. The downfield shift of C-2 (ı 75.5) and
-4 (ı 77.1) with respect to the standard value of methyl glycosides

ndicated that residue E was 2,4-linked-�-d-GalpA. The presence of
arboxymethyl group in residue E was confirmed by the appearance
f intra-residual coupling between ester carbonyl carbon (ı 171.0)
nd the carboxymethyl proton (ı 3.78) [COOCH3 (H), E C-6] in the
MBC experiment (Fig. 4, Table 3). Thus, the result indicated that

esidue E was methyl ester of 2,4-linked-�-d-GalpA.
Residue F was assigned as (1→4)-linked galacturonic acid moi-

ty as this spin system consisted of only five protons with a high
hemical shift of H-5 (ı 4.43) and week coupling between H-3, H-
and H-5 as well as a high chemical shift of C-4 signal at ı 77.1.

he anomeric proton chemical shift for residue F at ı 4.93 ppm and
oupling constants JH-1,H-2 ∼ 3.2 Hz and JH-1,C-1 ∼ 171 Hz indicated
hat residue F was �-linked. The carbon signals of residue F were
bserved at ı 68.9, 70.9, 70.9, and 171.0 for C-2, C-3, C-5, and C-6
ester carbonyl), respectively. The appearance of intra-residual cou-
ling between carbonyl carbon (ı 171.0) and carboxymethyl proton
ı 3.78) in HMBC experiment (Fig. 4, Table 3) clearly indicated that

arbonyl group of galacturonic acid was present as methyl ester.

The sequence of glycosyl residues of the polysaccharide was
etermined from ROESY (Fig. 3, Table 2) as well as NOESY (not
hown) experiments followed by confirmation with HMBC experi-
ent (Fig. 4, Table 3). Residue B had interresidue ROESY contracts
ymers 81 (2010) 584–591 589

from H-1 to H-2 of residue E. Residue D had interresidual ROESY
contacts from H-1 to H-5a and H-5b of residue B. Hence, the
sequence in between the residues B, D, and E was established as

Again, from the interresidue ROESY contacts from E H-1 to F H-
4, F H-1 to C H-2, C H-1 to E H-4, and A H-1 to C H-4 the following
connectivities were established

So, from the ROESY and NOESY connectivities the repeating unit
of the polysaccharide was established as
Fig. 5. (a) In vitro activation of peritoneal macrophage stimulated with different
concentration of the polysaccharide in terms of NO production. Effect of different
concentration of the polysaccharide on (b) splenocyte, and (c) thymocyte prolifera-
tion (asterisks indicate the statistically significant compared to PBS control).
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A long range HMBC experiment (Fig. 4, Table 3) was carried
ut to confirm the NOESY and ROESY connectivities. The cross-
eaks of both anomeric protons and carbon of each sugar residues
f the polysaccharides were examined, and both inter- and intra-
esidual connectivities were observed from HMBC experiments
Fig. 4, Table 3). Cross-peaks were found between H-1 (5.06 ppm)
f residue D and C-5 (68.1 ppm) of residue B (D H-1, B C-5); C-
(107.8 ppm) of residue D, and H-5a and H-5b of residue B (D

-1, B H-5a; D C-1, B H-5b), with other inter- and intra-residual
oupling between H-1 of residue D and C-4 of residue B (D H-
, B C-4) and H-1 of residue D with its own C-4 atom (D H-1, D
-4). Similarly cross-peaks between H-1 (5.22 ppm) of residue B
nd C-2 (75.5 ppm) of residue E (B H-1, E C-2); C-1 (109.6 ppm)
f residue B and H-2 (3.7 ppm) of residue E (B C-1, E H-2), with
ther intra-residual coupling between H-1 of residue B with its
wn C-4 (B H-1, B C-4), were observed. Cross-peaks were also
bserved between H-1 (4.93 ppm) of residue E and C-4 (77.1 ppm)
f residue F (E H-1, F C-4); C-1 (100.8 ppm) of residue E and H-4
3.98 ppm) of residue F (E C-1, F H-4). Cross-peaks between H-1
4.93 ppm) of residue F and C-2 (76.0 ppm) of residue C (F H-1, C
-2); C-1 (100.8 ppm) of residue F and H-2 (3.93 ppm) of residue
(F C-1, C H-2) were observed. The cross-peaks between H-1

5.06 ppm) of residue C and C-4 (77.1 ppm) of residue E (C H-1,
C-4), C-1 (100.8 ppm) of residue C and H-4 (3.99 ppm) of residue
(C C-1, E H-4) were observed. Again the cross-peaks between
-1 (5.37 ppm) of residue A and C-4 (79.4 ppm) of residue C (A
-1, C C-4); C-1 (100 ppm) of residue A and H-4 (3.48 ppm) of

esidue C (A C-1, C H-4) were observed. Intra-residual coupling
etween methoxyl carbon (53.3 ppm) and H-6a and H-6b pro-
on of residue A [OMe (C), A H-6a] and [OMe (C), A H-6b] were
bserved. The cross-coupling of carbonyl cabon (171.0 ppm) of O-
cetyl group with methyl proton (2.03 ppm) [OAc (C), OAc (H)]
nd H-3 (5.12 ppm) of residue D [OAc (C), D H-3] were found.
gain cross-peak was also observed between carbomethoxyl pro-

on (3.78 ppm) and ester carbonyl carbon (171.0 ppm) of residues E
nd F.

.3. Assay for macrophage activity by NO

Some biological studies were carried out with this polysaccha-
ide. Macrophage activation of the polysaccharide was observed in
itro. On treatment with different concentrations of the polysac-
haride an enhanced production of NO was observed in a dose
ependent manner with optimum production of 20.5 �M NO per
× 105 macrophages at 100 �g/mL of the polysaccharide (Fig. 5a).
he various types of polysaccharides like lentinan inhibits tumor
rowth by stimulating the immune system (Chihara, 1978) through
ctivation of macrophages, T-helper, NK, and other cells.

.4. Splenocyte and thymocyte proliferation assay

Proliferation of splenocyte and thymocyte is an indicator

f immunoactivation. The splenocyte and thymocyte activation
ests were carried out in mouse cell culture medium with the
olysaccharide and assayed by the MTT [3-(4,5-dimethylthiazol-2-
l)-2,5-diphenyltetrazolium bromide] method (Ohno et al., 1993).
he polysaccharide was tested to proliferate splenocyte and thymo-
ymers 81 (2010) 584–591

cyte as shown in Fig. 5(b) and (c), respectively, and the asterisks on
the columns indicated the statistically significant differences com-
pared to PBS (phosphate buffer solution) control. At 50 �g/mL of the
polysaccharide, splenocyte proliferation index was observed maxi-
mum as compared to other concentrations. Hence, 50 �g/mL of the
polysaccharide can be considered as efficient splenocyte prolifer-
ators. Again 50 �g/mL of that sample showed maximum effect on
thymocyte proliferation. The splenocyte proliferation index (SPI)
as compared to PBS control was close to 1 or below indicated low
stimulatory effect on immune system. Some mushroom (Mondal,
Chakraborty, & Rout, 2006; Rout, Mondal, Chakraborty, Pramanik, &
Islam, 2004, 2005; Roy et al., 2009) and plant (Das et al., 2009; Ojha
et al., 2009) polysaccharides had also shown similar type of spleno-
cyte activation as well as phagocytic response of macrophages as
reported earlier by our group.

4. Conclusion

A water soluble heteropolysaccharide was isolated from aque-
ous extract of the leaves of C. rosea and purified by gel-filtration
chromatography. The reported material is not a pectic polysaccha-
ride but the fragment [→4)-�-d-GalpA6Me (1→4)-�-d-GalpA6Me
(1→] of pectin is present in the repeating unit of this polysaccha-
ride. This molecule showed splenocyte and thymocyte activation
and phagocytic response of macrophages in a dose dependent man-
ner. On the basis of chemical analysis and NMR studies the structure
of the repeating unit of the polysaccharide was established as
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