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Abstract-From the hot water extract of the seeds of Maloo uerticillata, a polysaccharide (MVS-IIIA) has been isolated 
by fractionation on DEAE-Sephadex A-25 followed by chromatography on Sephacryl S-500 and Con A-Sepharose 
columns. Chemical and spectroscopic studies established that the polysaccharide possesses mainly an a-l$linked L- 
arabino-3,6-/I-D-galactan structure a-1,3-Linked L-arabinopyranose, /I-1,Clinked D-xylose and a-1,4-linked D- 
galacturonic acid residues were also identified as the component units. The polysaccharide showed remarkable 
reticuloendothelial system potentiating activity in the carbon clearance test. 

INTRODUCTION 

Recently, we have obtained and elucidated the structural 
features of three neutral polysaccharides (MVS-I, MVS- 
IIA and MVS-IIG) [l, 21, an acidic polysaccharide 
(MVS-IVA) [3] and the major peptidoglycan (MVS-V) 
[4] from the seed of M&I verticillata L. The present 
paper describes the isolation, structure analysis and 
phagocytic activity of a new acidic polysaccharide from 
this material, which is an Oriental crude drug. 

RESULTS AND DISCUSSION 

The crude polysaccharide fraction was isolated from 
the seeds of M. verttcillata by hot water extraction 
followed by precipitation with ethanol. The aqueous 
solution was applied to a DEAE-Sephadex A-25 column 
(carbonate form). After elution with water, the eluate with 
0.2 M ammonium carbonate was dialysed, concentrated 
and apphed to Sephacryl S-500 column. The eluate 
containing the first peak fraction was subjected to affinity 
chromatography on Con A-Sepharose After elution with 
a buffer, followed by dialysis and gel chromatography 
with Sephadex G-25, a pure polysacchande destgnated as 
MVS-IIIA was obtained. 

The polysaccharide gave a single band on PAGE, after 
staining with periodate-Schiff and Coomassie Blue re- 
agents. Further, it gave a single peak on gel chromato- 
graphy with Toyopearl HW-75F. The polysaccharide 
showed a negative specific rotation ([a]h4 - 40.4”). Gel 
chromatography using standard dextrans gave a value of 
about 8.5 x lo6 for its M,. 

Quantitative analyses showed that the polysacchande 
was composed of L-arabmose (52.9%). D-xylose (3.3%), 
D-gahCtOSe (33.0%), D-galacturonic acid (11.6%) and a 
pepttde moiety (1.7%). The molar ratio of these compo- 
nent sugars was 16: 1:8.3. 

*Part 5 in the serves ‘Constituents of the seed of Maiua 
uertmllata’, For Part 4, see ref [3]. 

iAuthor to whom correspondence should be addressed. 

The carboxyl groups of the hexuromc actds in the 
polysaccharide were reduced with a carbodiimide reagent 
and sodium borohydride to give the correspondmg neu- 
tral sugar residues [S]. Both the original polysaccharide 
and the carboxyl-reduced derivative were methylated 
with methylsulphinyl carbanion and methyl iodide in 
dtmethyl sulphoxide [6]. The methylated products were 
hydrolysed, then converted into the partially methylated 
alditol acetates. Methyl ethers of hexuronic acids were 
removed from the hydrolysis products of the methylated 
native polysaccharide by treatment with anion-exchange 
resin. GC-MS [7] showed the presence of 2,3,5-tri-O- 
methyl arabinose, 2,4-di-O-methyl arabinose, 2,3-di-O- 
methyl arabinose, 2,3-di-O-methyl xylose, 2,4,6-tri- 
O-methyl galactose and 2,4-di-O-methyl galactose in a 
molar ratio of 4 : 2 : 10 : 1: 4 : 4. The carboxyl-reduced de- 
rivative gave 2,3,5-tri-O-methyl arabinose, 2,4-di-O- 
methyl arabmose, 2,3-d&O-methyl arabinose, 2,3-di-O- 
methyl xylose, 2,4,6-tri-O-methyl galactose, 2,3,6-tn- 
O-methyl galactose and 2,4-di-O-methyl galactose in a 
molar ratio of 4:2: 10: 1:4:3:4. 

The polysaccharide was subjected to periodate oxi- 
dation followed by reduction with sodium borohydride. 
The component sugar analysis of the product showed 
that all the galactose units and one-eighth of the arabin- 
ose units remained after periodate oxidation No xylose 
or galacturomc acid was found in the product. 

The ’ 3C NMR spectrum of the polysaccharide showed 
six anomeric carbon signals at 6 112.024,110.162,107.087, 
105.818,104.442 and 100.771. Among these, it was evident 
that those at 6112.024 and 110.162 were attributable to 
anomeric carbons of a-L-arabinofuranose [S], those at 
6 107.087 and 105.818 to anomeric carbons of a-L-arabin- 
opyranose [3, S] and p-D-galactopyranose [9], and those 
at 6104.442 and 100.771 to anomeric carbons of P-D- 

xylopyranose [9] and a-D-galactopyranosyluronic acid 
[lo]. These results suggested that the mimmal repeating 
unit of the polysaccharide is composed of seven sugar 
units as shown m Fig. 1. 

The effect of the polysaccharide MVS-IIIA on a reti- 
culoendothelial system (RES) was demonstrated by the in 
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four* a-L-Araj-( I --t four’ -+3)$-D-Gdlp-( 1 * 

ten* +S)-a-L-AraJ( I-+ four* -3)-/?-D-Galp-( I - 

tWO* -+ 3)-a-L-Arap-( I -+ three* -+d)-a-D-GalpA-(I- 

one* -+4)-,9-D-Xy1,7-( 1 -+ 

Fig 1 Component sugar residues m the rnmlmal repeatmg umts m the structure of MVS-IIIA. *Number of 
residues 

uluo carbon clearance test [l l] using zymosan as a 
posltlve control. When administered 1.p (50 mg/kg), the 
phagocytlc indices of MVS-IIIA, zymosan and control 
(blank) were 0.4492+0.1048, 0.1713 kO.0361 and 0.0778 
+O 0108. Thus the value was remarkably increased, 
suggesting powerful activation of RES by i.p injection of 
MVS-IIIA 

As examples of plant polysaccharldes having a phago- 
cytosls-enhancing effect, several acidic and branched 
heteroglycans have been obtained from plants belonging 
to Echmacea, Eupatorlum, Chamomilla, Calendula, Bap- 
tzsla, Achyroclrne, Armca, Sabal and Eleutherococcus gen- 
era [12]. Two 4-methylglucuronoxylans have been ob- 
tamed from the herbal part of Eupatorium cannabium and 
E perfohatum [ 131 An active fucogalactoxyloglucan has 
been isolated from Echinacea purpurea cell cultures [14]. 
Further, an acidic arabmogalactan has been isolated 
from P&urn album berries [15]. 

As the RES activating polysaccharldes from Oriental 
crude drugs, sanchinan A from the root of Panax notogin- 
senq [ 161, saposhnikovan A from the root and rhizome of 
Saposhmkovla dwarlcata [17] and MVS-IVA from the 
seed of Ma/vu vertwllata [3] have beeh reported so far. 
These polysaccharldes contam arabmo-3,6-branched 
galactan units m common as their major parts, though 
they have different types of backbone chain The struc- 
tural characterization of MVS-IIIA 1s similar to that of 
MVS-IVA m regard to both their high arabmose content 
and the presence of cc-1,3-linked L-arabmopyranose resl- 
dues Further mvestlgatlons of the relatlonship between 
biological activities and structural features are m pro- 
gress 

EXPERIMENTAL 

Plant materral The seed of M vert;ctllata was imported from 

Cfuna, and Its plant of origin was ldentlfied by cuftivatlon m the 

botanical garden of this College 

Isolabron of the pofysaccharlde The seeds (200 g) were homo- 
genized and extracted with hot H,O (2000 ml) with stlrrmg for 

1 hr After suction filtratlon, the filtrate was poured mto two vols 

of EtOH The ppt was dissolved m H,O (200 ml) and applied to 

a 5 (I d) x 78 cm DEAE-Sephadex A-25 column (Pharmacla Co ) 

DEAE-Sephadex was pretreated as described m a previous 

report [lS] After elutlon with water (1760 ml), the column was 

eluted with 0 2 M (NH&CO, Fractions of 20 ml were collected 

and analysed by the PhOH-H,SO, method [19] The eluates 
obtained from tubes 135 to 161 were combmed, dlalysed, coned 

and dpphed to a 5 (1 d ) x 74 cm Sephacryl S-500 column (Phar- 

macia Co ) The column was pre-eqmhbrated with 0 1 M 
Tn-HCl buffer (pH 70) and eluted v&h the same buffer 

Frdctlons of 20 ml were collected, and the eluates obtamed from 

tubes 26 to 34 were combmed, dlalysed and coned The soln was 

apphed to a 1 5 (I d ) x 40 cm Con A-Sepharose column (Pharma- 

cia Co ) The column was pre-eqmhbrated with 0 067 M PI buffer 

(pH 7 0) contammg 0 15 M NaCl, 1 mM MgCl, and 1 mM CaCl, 

and kept at 4” and eluted with the same buffer Fractions of 10 ml 

were collected, and the eluates obtamed from tubes 4 to 10 were 

combined, chalysed and coned The soln was applied to a 5 (1 d ) 

x78 cm Sephadex G-25 column The column was eluted 

with H,O, and fractions of 20 ml were collected The eluates 

obtained from tubes 27 to 40 were combmed, coned 
and lyoplulysed MVS-IIIA (13 5 mg) was obtained as a wlute 

powder 
Determmat~on ofM, The sample (3 mg) was dissolved m 0 1 M 

Trls-HCI buffer (pH 7 0) and applied to a 26 (Ed) x 95 cm 

Toyopearl HW-75F column (Tosoh Co ), pre-eqmhbrated and 

developed with the same buffer Fractions of 5 ml were collected 

and analysed by the PhOH-H2S0, method Standard dextrans 

havmg known M,s were run on the column to obtain a 

calrbration curve Fraction numbers of the peaks of dextrans 2 0 

x 10h, 2 7 x 105. 1 5 x lo’, MVS-IIIA and native dextran (void, 

Tokyo Kasei Co) were 53, 63, 65, 46 and 41 

PAGE Tlus was carried out m an apparatus equipped with gel 

tubes (0 4 1 d x 13 7 cm) and 0 005 M Tns--glycme buffer (pH 8 3) 

at 5 mA/tube for 40 mm Gels were stamed by the PAS pro- 

cedure and with Coomassie Blue reagent MVS-IIIA gave a clear 

band at a distance of 5 7 cm from the ongm 

Analyses oj the components Hydrolysis and cellulose TLC of 

component sugars were performed as described m a previous 

report [1X] The configurations of component sugars were 

proved by GC of trimethylsdylated r-methylbenzylammoald~tol 

denvatives [ZO] The hydrolysate was reduced, acetylated and 

analysed for component sugars by GC [17] a fused silica 

capillary column (0 053 I d x 1500 cm) of SP2380 (Supelco Co ), 

programmed temperature mcrease of 3’ per mm from 160 to 

200”, He 10 ml/mm Galacturomc acid was estimated by a 

modlficatlon of the carbazole method [21] PeptIde detertm- 

nation was performed by the method of ref 122) 

Reduction ofcarboxyl groups This was carried out with l- 

cyclohexyf-3-Q-morpholmoethyI) carbodmmde metho-p-tolu- 

enesulphonate and NaBH, as described m a previous report 
[23] The reaction was repeated x 3 under the same con&Ions 

Yield was 20 mg from 50 mg of the sample 

Methylatron analysu Methylation was performed with meth- 

ylsulphmyl carbamon and Me1 m &methyl sulphoxlde as de- 

scribed m a previous report [24] The products were hydrolysed 

with &lute H$O, m HOAc. then reduced and acetylated as 

described m 1251 The partially methylated al&to1 acetates 

obtamed were analysed by GC/MS usmg a fused capillary 

column (0 032 I d x 3000 cm) of SP2330 (Supelco Co ) and with 

firogrammed temperature increase of 4‘ per mm from 160 to 

220’, He I ml/mm The RR+ of the products wllh respect to 1,5- 
cl]-O-acetyl-2,3,4,6-tetra-0-methyl-D-gluc>toI and their mam 

fragments m the MS are shown m Table 1 

Periodate oxldatmn The polysaccharlde (5 0 mg) was oxidized 

with 005 M Na metapertodate (4 ml) at 5’ in the dark The 

oxidation was completed after 4 days The reaction mixture was 



Immunologically active glycan from Malva vertzcdlata 261 I 

Table 1 RR,s on GC and mam fragments m the mass spectra of partially 

methylated alditol acetates 

Acetate RR,* Main fragments (m/z) 

1,4-Ac-2,3,5-Me-r-Arabmltol 0 69 43, 45, 71, 87, 101, 117, 129, 161 

1,3,5-Ac-2,4-Me-L-Arabnntol 104 43,87, 117 

1,4,5-Ac-2,3,-Me-L-Arabmltol 1.12 43, 87, 101, 117, 129, 189 

1,4,5-AC-2,3-Me-D-Xyhtol 121 43, 87, 101, 117, 129, 189 

1,3,5-Ac-2,4,6-Me-D-Galactltol 1.29 43, 45, 87, 101, 117, 129, 161 

1,4,5-Ac-2,3,6-Me-r+Galactltol 143 43, 45, 87, 99, 101, 113, 117, 233 

1,3,5,6-Ac-2,4-Me-D-Galactltol 201 43, 87, 117, 129, 189 

*Relative to 1,5-Ac-2,3,4,6-Me-o-glucltol 

successively treated with ethylene glycol (0 02 ml) at 5” for 1 hr 

and NaBH, (15 mg) at 5” for 16 hr, and was adJusted to pH 5 0 

by addltlon of HOAc The soln was coned and apphed to a 2 6 

(1d.)x96 cm Sephadex G-25 column The column was eluted 

with water, and fractions of 10 ml were collected The eluates 

obtained from tubes 21 to 26 were combmed, coned and 

lyophllysed Yield, 3.3 mg Determmatlon of the components 

was carried out as described above. 

Phagocylrc actuxty Male mice (ICR-SPF, 25-30 g) were used 

m groups of five The sample was dissolved m physIologIca 

sahne and admnustered I p (50 pg/g body weight) once a day for 

5 days 48 hr after this treatment, the mice were InJected via the 

tad vem with colloidal carbon (Pehcan AG, F R G ) The mk was 

dduted (x 8) with PI buffered sahne contammg 1% gelatme 

before use, and the amount of resultmg soln used was lOpl/g 

body weight Blood samples were drawn from the orbltal vem at 

0,3,6,9, 12 and 15 mm The blood (25 ~1) was dissolved m 0 1% 

Na,CO, (2 ml) and the absorbance at 660 nm was determmed 

The phagocytlc Index, K, was calculated by means of the 

followmg equation K =(InA, -InA,)/(t, -t& where A, and A, 

are the absorbancles at times t, and t,, respectively Results were 

expressed as the arlthmetlc mean + s d of five mice 
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