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ABSTRACT

AIM: To study chemical characterization and immuno-
logical activities of an acidic polysaccharide, CHC-1,
isolated and purified from the seeds of Cuscuta chinensis
Lam. METHODS: Both chemical and spectral meth-
ods were used to investigate the chemical characterization
of CHC-1. Effect of CHC-1 on the proliferation rates of
T- and B-lymphocytes both in vivo and in vitro, and an-
tibody production in vivo was measured at various con-
centrations of CHC-1. RESULTS: The molecular
weight of CHC-1 was estimated to be more than 1.0 x
10°. 'The analytical resuits of sugar components indicat-
ed that CHC-1 was composed of Rha, Ara, Gal, and
GalA in a molar ratio of 0.8:1.0:1.5:0.3. Methyla-
tion analysis and 'H, C NMR further identified the link-
ages of the residues of CHC-1. CHC-10.1 g/L promot-
ed remarkably the proliferation of T-cells and B-cells in
vitro. CHC-1 25 mg/kg, 50 mg/kg caused an evident
increase in spleen weight, lymphocyte proliferation, anti-
body production, etc. But its effect on IgG levels was
not significant. CONCLUSION: CHC-1 is a highly
branched heteropolysaccharide and possessed immune en-
hancement activities.

INTRODUCTION

Cuscutae semens, the dried seeds of Cuscuta chi-
nensis Lam, are a traditional Chinese medicine, used as a
tonic'"2 to nourish the liver and kidneys, and to treat
impotence and seminal emisston. Moreover, it is con-
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sidered to have an anti-tumour effect in Indian Traditional
Medicine® . In addition, it has been reported that the
crude polysaccharide of Cuscuta chinensis Lam causes
lymphocyte agglutination, proliferation, and increase of
[3H]thymidine, [3H]uridine as well as {°H]leucine in-
corporation at different degrees[‘”. An acidic polysac-
charide, CHC-1, has been isolated from the alkali-extract
of Cuscutae semens in our lab. Here we report the
chemical characterization and immune enhancing proper-
ties of this polysaccharide.

MATERIALS AND METHODS

Materials Dried Cuscutae semens 5 kg were pur-
chased from Shanghai Medicinal Materials Co and 1denti-
fied by Prof HUANG Xiu-Lan. Reagents: 1-cyclohexyl-
3-(2-morpholinoethyl } carbodiimide metho- p-toluene sul-
fonate (CMC) and trifluoroacetic acid ( TFA) were pur-
chased from Merck Co. Concanavalin A (ConA) and
lipopolysaccharide (LPS) were from Sigma Co, and 3-
(4, 5-dimethyithiazol-2-yl }-2, 5-diphenyltetrazolium bro-
mide { MTT) were from Fluka. Medium RPMI-1640
was purchased from Gibco Laboratories. All RPMI-1640
media were supplemented with HEPES buffer 10 mmol/
L, benzylpenicillin 100 kKU/L, streptomycmt 100 mg/L,
L-glutamine 2 mmol/L, 2-mercaptoethanol 50 pmol/L,
and 10 % fetal bovine serum, pH 7.2.

Preparation of CHC-1 The CHC-1 was isolated
from the alkali-extract of Cuscutae semens by DEAE an-
ion-exchange column and purified by Sephacryl §-300 gel
filtration column.

Determination of the molecular weight The
polysaccharide (2 mg) was dissolved in NaOH 0.001
mol/L, applied to a gel-filtration chromatographic col-
umn of Bio-Rad TSK40-TSK50, eluted with the same
buffer and detected by a Refractive Index Detector. Pre-
liminary calibration of the column was conducted using
dextrans of different molecular weights.

Constituent analysis CHC-1 5 mg was dis-
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solved with 4 mL TFA 2 mol/L and hydrolyzed at 110 T
for 2 h, then the monosaccharides were reduced and con-
verted to the corresponding alditol acetates as described by
Blakency ef af'®’. Analytical GLC was performed with
a Shimadzu-9A gas chromatograph.

Reduction of uronic acid'® CHC-1 20 mg was
dissolved with distilied water and CMC was added. As
the reaction proceeded the pH of the reaction mixture was
maintained at 4.75 by automatic titration with HC! 0.1
mol/L using a ZD-2 pH-Stat which plotted the total vol-
ume of acid added vs time. All reactions were allowed
to proceed for at least 3 h. After hydrogen ion uptake
had ceased aqueous sodium borohydride solution 2 mol/L
was added slowly. The pH of the mixture was main-
tained at 7.0 by automatic titration with HCl 4 mol/L in
the pH-Stat. A total of 25 mi, of the borohydride solu-
tion was usually required for reduction, which was com-
pleted in 60 min.

Methylation analysis Glycosyl-linkage positions
were determined using a modification of the Hakomori
procedure[ 25 Per-methylated product was then hy-
drolyzed in TFA 2 mol/L (4 h, 110 C), reduced, and
acetylated. The partially methylated alditol acetates ob-
tained from these reactions were analyzed by FD 800 GC-
MS.

NMR spectral studies NMR spectra were
recorded at Bruker AM-400 Spectrometers in [3,0.

Lymphocyte proliferation test''> in vivo
ICR ( %) mice from Shanghai Experimental Animal Cen-
ter (Grade 1 , Certificate No 153), body weight (20 £ s
2) e, were divided randomly into 3 groups: control
group (A), CHC-1 25 mg/kg group (B), CHC-1 50
mg/kg (C), ip x4 &, respectively. The mice were
killed on d 5. The body weight and weight of spleen
and thymus were measured. The spleen cells were sus-
pended to a final density of 5 x 10” cells/L in RPMI-1640
medium. Cells (100 uL/well) were added into 96-well
plate in the presence of ConA (5 mg/L) or LPS (25 mg/
L.). After incubation at 37 C in a humidified 5 % CO,
incubator for 44 h, T- and B-lymphocyte proliferation
was tested by MTIT (5 g/L, 20 pl/well) assay. The
plate was incubated for another 4 h and then the resolver
(100 uL/well) was added. The absorbance was mea-
sured by DG-3022 ELISA at 570 nm.

Antibody production test'”)  Effect on anti-
body production was measured by quantitative hemolysin
spectrophotometry (QHS) assay. The mice were chal-
lenged by ip 5 % sheep red blood cell (SRBC) 0.2 mL

permouse on d 0. CHC-1 25 and 50 mg/kg were in-
jected ip x 4 d to the mice and the mice were killed on d
5 as above mentioned. Fresh SRBC was washed thrice
with PBS (pH=7.2) and diluted at 1:20. Spleen cell
suspensions (2 x 10" cells/L.) were prepared. Cell sus-
pensions 1 mL, SRBC 1 mL and serum of guinea-pig 1
ml. were mixed, and incubated at 37 C for 1.5 h and
then centrifuged. Absorbance is preferred.

Serum IgG levels were measured by single immuno-
diffusion method. The diameters of samples in a rabbit
anti-mouse serum plate diffusion ring were measured.

Lymphocyte proliferation test!’>'*) in vitro
The polysaccharide samples (0.001 - 0.1 g/L) were in-
cubated with mouse splenocytes as described before.
The absorbence was measured also by DG-3022 ELISA at
570 nm.

RESULTS

Structure studies

Isolation and purification of CHC-1  The crude
polysaccharide CHC was extracted from Cuscuta semens
by extraction with NaOH 1 mol/L.. The CHC-1 was iso-
lated from CHC by DEAE anion-exchange chromatogra-
phy, then purified by gel filtration chromatography, dia-
lyzed against distilled water, and lyophilized. In accor-
dance with the method of the reference'® , CHC-1 was e-
luted as a single symmetrical peak corresponding to a
molecular mass of more than 1.0 x 10° as determined by
HPLC method, which indicated that the polysaccharide
was homogeneous,

Monosaccharide constituents of CHC-1  The
composition of the CHC-1 (Tab 1), determined by TLC
analysis and GLC analysis as alditol acetate derivatives,
indicated that it was composed of rhamnose, arabinose,
and galactose in the molar ratio of 0.7:1.0:1.5. The
absorption of IR at 1735.6 cm™' and the result of TLC
both proved that CHC-1 contained uronic acid. GLC

Tab 1. Sugar analysis of CHC-1.
g R (min) Molar ratio
ugar ¢ MU0 Native CHC-1 Reduced CHC-1
Rha 6.82 0.7 .
Ara 8.52 1.0 1.0
Gal 21.25 1.5
GalA - 0.3 -

2 Retention time {(min) on 2 5 % OV225/AW-DMC-chromosorb W
column {80 - 100 mesh)
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analysis of the reduced CHC-1 showed rhamnose, arabi-
nose, and galactose in the molar ratio of 0.8:1.0:1.8,
which further confirmed it containing galacturonic acid.
As a result, the relative proportions of rhamnose, arabi-
nose, galactose, and galacturonic acid i1s 0.8:1.0:1.5:
0.3.

Linkage analysis of the CHC-1 Methylation anal-
ysis of the CHC-1 (Tab 2), together with *C NMR sig-
nals of anomeric carbons (Tab 3), showed that the galac-
tose and rhamnose residues were in the pyranosidic form
(Galp, Rhap) and the arabinose residues were in the fu-
ranosidic form (Araf). The residues were identified as
2,4-disubstituted Rhap, 5-substituted Araf, 3, 5-disubsti-
tuted Araf, terminal Araf, 4-substituted Galp, 6-substi-
tuted Galp, and 3, 6-disubstitited Galp, respectively.
When the polysaccharide was reduced with NaBH, and
then methylated, subseguent analysis revealed that the
components were the same as those in the former, but

Tab 2. Methylation analysis of CHC-1.
Molar ratio
Sugar Native  Reduced  Mass fragments (m/z)
CHC-1 CHC-1

3-Me Rha 11.98 10.35 43, 87, 101, 129, 143,
189,203

2,3,5Me; Ara 10.50 11.42 43,71,87,101,117, 129,
161

2,3-Me, Ara 11.29 13.83 43,87,101,117,129,189

2-Me Ara 5.70 3.34 43, 85, 117, 127, 139,
201,261

2,3,4,66Me,; Gal 6.26 4.20 43, 101, 117, 129, 145,
161,205

2,3,6-Me; Gal 11.55 19.30 43,71, 87, 101, 117, 131,
173,233

2,3,4-Me; Gal 7.2 i7.64 43,71,87,. 101,117, 129,
161,189,233

2.4-Me, Gal 10.4 11.06 43,71, 87,117, 129, 159,
189,233

Tab 3. Characteristic signals of *C NMR of CHC-1.

Chemical

shift (ppm) Carbon assignment
176.77 ~ QOOH of GalA
102.56-111.39 C-1 of o L-Araf
14.75—-106.50 C-1 of - D-Galp
100.60 C-1 of o- L-Rhap
71.67 (H,OH of 6-subsituted Gal or 5-substintied Ara
66.97 CH,OH of 6-subsituted Gal or 5-substituted Ara
63.27 CH,OH of Ara or Gal
19.08 CH; of Rha

the proportion of 4-substituted Galp increased. Thus this
residue existed partly in the polysaccharide as 4-substitut-
ed GalpA (A = uronic acid). Therefore, CHC-1 was a
highly branched molecule with branch! points at 3, 5-dis-
ubstituted Araf, 3, 6-disubstituted Galp, and 2, 4-disub-
stituted Rhap residues.

NMR studies 'H NMR signal at 1.35 ppm de-
duced the presence of Rhamnose. As 1D NMR spectrum
showed complex signals in anomeric region, it was diffi-
cult to assign these signals. According to the refer-
ences®~ 11, BC NMR signals for anomeric carbons at
109.56 — 111.39, 104.75 — 106.50, 100.60 ppm
showed that the configuration of the residues 1n the CHC-
1 was o-L-Araf, §-D-Galp, and o-L-Rhap, respective-
ly. Due to the poor resolution of the spectra and severe
overlaps, it was difficult to assign all the carbon signals
without any ambiguities. However, some chemical
shifts of the residues were assigned (Tab 3) on combining
the data from the former analysis.

Immunological activities CHC-1 25 mg/kg in-
creased the body weight from (23 +1) gto (25%2) g
(P <0.05) and spleen weight from 6.5+ 0.7 mg/g to
(11.8+0.6) mg/g (P <0.001). CHC-1 50 mg/kg
only increased spleen weight from (6.7 + 0.8) mg/g to
(13.9 £ 1.7) mg/g body weight (P < 0.01). No
marked changes in thymus weight mm CHC-1 wreated
groups were observed.

Effect on antibody production CHC-1 25, 30
mg/kg elevated antibody production of spleen significant-
ly (Tab 4).

Tab 4. Effect of ip CHC-1 on antibody formation in vive

by quantitative hemolysin spectrophotometry (QHS) .
n=6. ¥x+s. P<0.05, P<0.01 vs control.

Dose A IgG
{mg/kg) (g’L)
0 {Control) M.4+0.9 13.1x4.1
25 62.9+1.1° 14.0+1.7
o0 62.6x+1.7° 16.0£1.5

No marked effect of CHC-1 was found on IgG level
in serum {(Tab 4).

Effect on lymphocyte proliferation CHC-1 pro-
moted the proliferation of T-cells induced by ConA and
the proliferation of B-cells induced by LPS. The results
suggest that CHC-1 increase the proliferation rate of lym-
phocytes in the presence of mitogens (Tab 5) .
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Tab 5. Effect of ip CHC-1 on lymphocyte proliferation  Cuscuta chinensis Lam may be related to the immune en-
(MTT assay} in mice. n =6. x xs. "P<0.05, hancing activities of the polysaccharides, which it con-
‘P <0.01 vs Control. .
tans .,
Dose Absorbance
(mg/kg) T-cells *B-oells REFERENCES
zg(C{muDl) o,min.ozb 0.42+0.01 | Jiangsn New Medical College. Dictonary of Chi
0.44+£0.03 0.33+0.01° . . . - ] .
0 0.47 +0.03° 0.5 +0 03° Medicine. Shanghai; Scientific and Technical Publishers;
1985. p 2005 -6.
2 Xiong YB, Zhou CH. The effect of extracts from herba
i , epimedii and semen cuscutac on the function of male reproduc-
!n'wtro test CHC-1 (0.001 —0.1 g/L) was incu- fion. Chin Pharm J 19943 29 §9— 91
bated with mouse splenocytes as described before. CHC- 3 Miyahara K, Du XM, Watanabe M, Sugimura C, Yahara S,
1 {0.01-0.1 g/L) had a promotive effect on T- and B- Nohara T. Resin glycosides. XXII. Two novel acylated
lymphocyte proliferation in vitro (Tab 6) . trisaccharides related to pesin glycoside from the seeds of Cus-
cwta chinensis. Chem Pharm Bull 1996 44 481 - 5.
Tab 6. Effect of CHC-1 on proliferation of T- and B-cells % Zhao WS, Zhang YQ. Li J, Reng 1J, Zhang L, Gu ¥C.
by MIT assay @ vitoe. n=6. x = s. "P<0.05, Analysis of the potentiation effect of plant polysaccharides on
P < 0.01 vs Control. mitogen reaction. Chin Microbiol Immunol J 1991; 11:
381 — 6,
Dose Absorbance 5 Blakeney AB, Hamris PJ, Henry RJ, Stone BA. A simple
(g/L) T-cells B-cells and rapid preparation of alditol acetates for monesaccharide
- -— analysis. Carbohydr Res 1983; 113: 291 - 9.
0{ Control) 0.42+0.02 0.43+0.04 6 Taylor LL, Courad HE. Stoichiometric depolymerization of
0.001 0.45+0.02° 0.9440.04° polyuronides and glycosaminoglycuronans to monosaccharides
0.01 0.69+0.02 0.71+0.02 following reduction of their carbodiimide-activated carboxyl
0.1 0.82+0.02° 0.82+0.05° groups.  Biochemistry 1972; 11; 1385-8.
7 Hakomori SA. Rapid permethylaton of glycolipids and
polysaccharide catalyzed by methylsulfinyl carbanion in
DISCUSSION dimethyl sulfoxide. J Biochem 1964; 55 2.05-8.
8 Preher TW, Hawthore DB. Determination of molecular
Based on the previous study, CHC-1 has been found weight of polysaccharide with HPLC. J Chromatogr 1979;
to be a complex hetero-polysaccharide. It is composed 174; 443 - 6.
of B—D—GalnjpB—D-GalAfm o L.Am, and o LRha, The © D CA. Hiht molion NMR in the determinaton of
i _ . i . i structure in complex carbohydrates. Bull Magn Reson 1988;
linkages of these residues were identified as 2, 4-disubsti- 10. 73-85.
tuted Rhap, 5-substituted Araf, 3, 5-disubstituted Araf, 10 Agrawal PK. NMR spectroscopy in the structural elucidation
terminal Araf, 4-substituted Galp, 6-substituted Galp, 3, of oligosaccharide and glycosides. Phytochemistry 1992; 31:
6-disubstituted Galp, and 4-substituted GalpA, respec- 3307 - 30.
tively. According to its components, CHC-1 belongs to 11 Yates EA, Santini F, Grermrini M, Naggi A, Tomi G, Casu
the pectic polysaccharides. Usually, the structures of this B. H ‘;‘d 1:3 NMR spectra ssgrmens of “*d;“mﬁ se-
kind of polys:ilccharides are. very complice_lwd. | qwm: bohyde Rh:s ;;%s{sg.::llsfm. heparin Gerivatives.
CHC-1 increased antibody production, and raised  y5 1; Xy, Wang JF, Zw PP, Liv L, Ge JB, Yang SX. Im-
ConA-induced T-lymphocyte proliferation and LPS-in- mune enhancement of a polysaccharides peptide isolated from
duced B-lymphocyte proliferation at 25 mg/kg and 50 Coriolus versicolor. Acta Pharmacol Sin 1990; 1): 542 - 5.
mg/kg in vivo. Moreover, CHC-1 had a direct effect 13 Heek K, Reimann J, Kabeliz D, Hardt C, Wagner H. A
on T- and B-lymphocyte proliferation in vitro. These rapid colorimetric assay for the determination of IL-2-producing
results indicate that CHC-1 is an immuno-stimulator. l;gm; ccll frequencics. J lmmunol Methods 1985 77
Since deficiency of immune function results in many dis- |, - Dﬁ, Shen YS, Zhao MR. The application of MTT col-

eases such as tumor, infection, aging, etc, it is of sig-
nificance to further investigate the bio-activity of CHC-1.
Moreover, it can be considered that many activities of

orimetric assay to measure the proliferation of lymphocytes and
the activity of rat/mouse IL-2. Chin J Immunol 1986; 2.
39—-46.
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