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Abstract; Neurtral polvsacchandes and a glycoprotein were isolated by
gel Giltration from a nondiaiyzable fraction uf Aloe arporescens var,
naialensis Berger. These were shown to contain the {ollowing: a linear
polymer of a (1. 6)-0-linked a-o-glucopyranose (mot. wi. 15.000); a
branched polymer of an arabinogalactan (mal. wt. 30.000. moiar ratio
of galactase 1o arabinose 1: 1.5) with two principle linear chains of (1-
2)-O-L-arabinopyranose and (1-2)-O-p-gaiactopyranose a8 O-2 and O-
6 of the p-galactopyranose residue; a linear polymer of a (1. 4)-O-
linked B-v-mannopyranose {(mol. wr. 40.000) with 10 % acervl group: a
giycoprotein (mol. wt. 40.000; protein, 57 %; hexosamune, 4% and
carbohvdrae, 34%) consising of glucose, mannose, galactose,
glucosamine, galactosamine, MN-acerylglucosamine (2:2:1:1:4:1)
and amine acids { Asp, Thr, Ser, Glu. Giy, Ala, Val, [le. Phe, Om, Lys,
Arg, and Pro). The linear chain of {1, 4)-O-linked B-o-mannopyranose
with 10 % acetyi groups and the glycopratein enhanced pagocytosisin
adult bronchial asthmatic. D S
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Introduction -

Polysaccharides consisting of o-mannose (1), o-galactose and
p-mannose {2), and equal amounis of p-mannose and o-glucose
together with a small amount of uronic acid (3) were found in
the puip of Aloe leaves. As for glycoprotein, aloctin A and B
were isolated and their biological activities reported {4). In an
earlier experiment it was showa that oral administration of
Aloe extract showed efficacy for chronic bronchial asthmatics
of vanious zges as well as intrinsic types (3). In the screening of
Aloe exiracts for phagocytosis and nitroblue tetrazolium
chionde (NBT} reduction, glycoprotein and polysacchande
fractions showed phagocytosis-enhancing activity (6). The pre-
sent work was undertaken to isolate the active component of
the nondialyzabie fraction. This paper deals with the determi-
naton of structure and evaluatien of polysaccharides and
glycoproteins as active phagocytosis promoters.

Materials and Methods

General

Infrared (IR} spectra were obtained with a KOKEN DS-301 spec-
rophotometer. The 'H- and YC-NMR spectra were recorded with
JTEOL P5-100 {100 M Hz) and JEOL FX-100 (25 MHz) spectrometers,
respecuvely, Chemicai shifts were recorded in & units relative to the
internal standard, 3-(trimethyisilyl}-propancsulfoaic acid sodivm sait;
5 = singlet, d = doublet, ¢ = triplet, and m = multipics; J values are in
Hz. Opucal rotaticas were obtained on a JASCO DIP~4.
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Plane marerial

The fresh leaves of the plant were barvested in June. 1981, at the green
house of the herbai garden of Kyushu University where a specimen is
availabie for inspection.

Methads of Analysis

Etution of the polysaccharide fraction fram a Sepharose 6B { Pharmacia
Fine Chermicals} column, 2.3 x <6 cm and diethvlaminoethyi ceiluiose
{DEAE cellulofine. Chisso Corp.) column, 4.3 x 23 cm. and of the
givcoprotein {raction from 3 Sepharose 6B column, 4.5 X 18 cm, was
monuored by absorbance of effluents at 490 nm using the phenolsui-
furic acid method {7) and at 260 nm.

Acid hydrolyses of polysacchande A (3 mg) and C (4 mg) were car-
ried outin 2N H.S0, at 90" C for J h. Each hydrolyzaie was anaiyzed by
PC and GC 10 pive p-glucose and o-mannose, respectively. Acid hydro-
lysis of potysaccharide B {3 mg) was carmied out in the same manner as
in polysaccharide A, and arabinose and galaciose were detected on PC
and GC analyses. The spots corresponding 1o arabinose and galactase
were extracted from the paper with water. The exiracis were evapo-
rated to a syrup and deteqpined to be arabinose {0.6 mg), [al? +107"
{c = 0.06. H,0} and gaiactose (0.4 mg), {a]|3* +75° (¢ = 0.04, H.0). By
companng each sugar weight, the molar ratio of atrabinose o galaciose
was esumated to pe [.5:1.0.

Alkaline hydroivsis of the polysaccharide C (4 mg) was performed
with IN NaGQH (2 mi) at $0° C for 10 min, and the reaction mixture was
dialyzed against distilled water followed by lvophilization to give
deacetylpolysaccharide C {2 mg)., [a]p® —40° (c = 0.1, IN NaOH), with
no absorption band in the [R spectrum due to an acervi group.
Deacerylpotysaccharide C is barely saluble in warer.

PC of the sugar moiety was performed on a paper chromatogram
(Tayo Roshi No. 50) and a developing solution of BuQH/pyndine/H.O
{(6:4:3); detection was by spraying with aoiline hvdrogea pathalate
followed by heating, TLC was done on a ccilulose Fys, (Merck) with
E1QACBUOH/ACOH/MH,G (6:8:5:8) and BuOH/pyridine/H;O
{6:4:3} as solvent systems.

GC of the trimethylsilytated sugar which was obtained from the
reaction of a sugar moiety with N-trimechyisilylimidazole was per-
formed on a columa of 1.5% silicone SE 52 (3 mm x 2 m) om
chromosocrb W (AWDMCS, 60-80 mesh) at 200° C with a nitrogen
Bow rate of 45 mlfmun. The following retention umes (min) were ob-
tained: arabinose 3.5, 6.8: manoose 9.2, 14.6; glucose 13.6,21.4; gatac-
tose 11.4, and the bydrolysate of polysaccharide A, Bor Ci 13.6, 21.6;
5.6, 6.8, 11.4; 9.2, 14,6 min: glucosamine §.0, 9.2; galactosamine 6.8,
9.6; N-acerylgiucosamineg 13.2, and the hydraiysate of glycoprateun A:
9.2,11.6,13.8,14.6,21.4,6.8,8.0,9.2, 9.6 and 13.2.

Methylation analysis of carbohydrate was periemned accordiog (o
the method of Hakomori (8). This procedure was carricd out twice to
give permethylates showing no absorption band in the IR spectrurm due-
to a hydroxyl group. Each sample of the permethylate of polysac-
chanide A, B or C (5 mg} was subjected to methanolysis with 4 % hy-
drogen chiofide io MeOH (1 ml) in aseaied tube 3t 90° Cfor 2 b. After
the removal of the soivent, each methanolysate (dissolved in EtQAc)
was chromatographed on a silica gel column using EtQAe and ExCAd
MeOH as solvents 1o give matenal which showed one spot on TLC
(EtCA&MeCH, 25:1). GC of cach methanoiysate was performed
under conditions (a) and (b) as showa in Tabie L.

Methylauca analysis of polysacchande A and C gave methyl 2.3, 4-
trimethyl-O-glucopyranoside and methyl 2, 3. o-tnumethyi-O-man-



Table L

Rentention times {min) of methylated sugars and the methanoiysates of polvsacchande A, B, and C

Conditions (3)

Conditions (b}

Methyl giucopyranosides oi

2.3, 4, bletramethyl-O- 0.5
3,4, 6-tnmethyi-O- I.1
2.4, &-trimethvi-O- 1.7
2.3, b-urimethyi-O- 1.6
2.3, +trimethyl-O- 1.3
the methanoiysate of

polysacchande A 0.5:1.3
Methyl mannopyranosides of

2.3, 4, 6-teramethyi-0- 1.8
3, 4, 6-irimethyl-O- 2.8
2.4, 5-mimethyl-0- 33
2.3, 6rimethyl-O- 43
2.3, +rimethyl-O- 2.7
the methanolysate of

polysaccharide C [.8:4.3
Methyl arabinopyranosides of

3, +dimethyt-O- 1.2
2, +dimethyl-O- 1.6
2.3-dimethyl-O- 1.0
4-monomethyi-O- 2.4
3-monomethyi-O- Z.5
2-monomethyl-O- 3.6
Meibyl galactopyranosides of

3,4, 6-trimethyl-O- 3o
2.4, Getrimethyl-O- 34
2.3, 6-inmethyl-O- +.0
2.3, +irimethyl-O- 7.6
2. &-dimethyl-O- 9.2
3, 6-dimethyi-O- 7.4
4, &dimethyi-O- 5.4
2. 3-dimethyl-O- i1.8
2. +dimethyl-O- 4.4
3. +-dimethyl-0- 13.4
the methanolysate of

potysaccharide B 1.2, 3.0:13.6

Methyi giucopyranosides of
2.3,4, 6tetramethyl-O-

2 0.3
3.4, bnmethyi-O- 5.3
2. 4. Guumethyi-O- 35
2.3, 6-trumethyl-0- 5.3
2.3, +inmethyl-O- 20
the methanolysate of

polysaccharide A 0.3:2.0
Methyi mannopyranosids of

2,34, b~tetramethyi-O- 4
3.4, 6-inmethyl-O- 8.6
2,4, 6-nmethyl-O- 1041
2.3, «nimethyl-O- 12.3
2,3, +-tnmethyl-O- 8.3
the methanoiysaie of

polysaccharide C 11123
Methylarabinopyranosides of

3, +dimethyt-0- 5.8
2. -dimethyl-O- 5.2
2.3-dimethyl-O- 52
4monomethyl-O- 6.0
J-monomethyl-O- 6.4
2-manomethyl-O- i
Mezhyl gatactopyranosidesof

3.4, -inmethyl-O- 11.8
2.4, 6-tnmethyl-G- 12.4
2,3, 6-trimethyl-O- 12.2
2.3, 3-inmethyl-O- 12.4
2, 6-dimethyl-O- -
3. 6-dimethyl-0O- 29.0
4., 6-dimethyl-O- 12.8
2. 3-dimethyi-0- -
2. h-dimethyi-O- -
3. d-dimethyi-O- 3.0
methanolysale af

polysaccharide B 5.8:11.8:31.4

Condition (2): a column of 1 % acopentytglycol succinate poryester {3 mm X 2 m) cachromoserp W {A WDMCS, 60-80 mesh} at 147" C with a rul-

rogen dow rate of 40 mimin.

Condition (b): a column of 5% 1, +-butandici succinate (3 mm « 2 m) on chromsorb W { AWDMCS, 60-80 mesn} at 180" C with a nitrogen flow

rate of 60 mi/min.

oopyranoside, respectively. Methviation 2nalvsis of palysacchande B
gave methvi 3, d-dimeckyl-O-arabinopyranoside, methvi 3, 4, 6
trimethyl-O-galactopyrancside and methyl 3, 4-dimethvl-O-galac-
topyranoside. Bv comparing the area of each methylated sugar, the
molar ratio was astimated 1o be 1.56: 1.00.

Quancitative analysis of the aceryt content was determined by GC
with a column of chromaosorb 102 (Fohns-Manville, 3 mun x 2 m) ar 138°
C. a nitrogen flow rate of 55 mi/min. and propionic acid as an internat
standrad {§}. The aceryl content of polysacchande C was estimared to
be 10.0%.

Ultracentrifugation was performed on an analytical ultracentniuge
with a Schlieren optical system in a single sectorat 20°and 2 x 10° g{9).

Molecular weights were estimated from gei filtration on a Sepharose
£B cotumn (1.5 % 51.5 cm) eiuted with 0.3 M NaCl at a flow rate of 26
mith. A series of dextrans, 10, 20, 40, 70, and T-300 (Pharmaaa Fine
Chemicals) was used as standards and molecular weignts were esti-
maled from the linear correlation becween the togarithm of the molecu-
lar weights of the standards and the ratios of their clution volumes to
the void volume of the columa (9. Molecular weizht of polvsacchande
A. B, and Cand giycoprotem A were determined to be 15,000, 30,000,
and 40,000 and 40,000, respectively.

. Sodium dedecyi suifate (SDS) polyacrvlamide gei eiectronhoresis
was performed accoding to Lacmmii (10)ona 10% gel atpH 7.2, Sam-
ples were prepared in buffer containing 1% {wsv) DS and 5% (viv) 2-

-

mercaptoethanol and leit for 3 min at 100° C before application. Elec-
trophoresis was carmicd out with a current of 3 mA per gei untii the
bromphenol blue marker teached the bortom of the gel. Gzls were
stained with Coomassie brilliant bluz R250 and periodate Schiff rea-
genis (117,

For amino acid agalysis, the sample was hydrolyzed in 6N HCI at
110° C for 20 b in an evacuated sealed tube. The hvdrolvzare was then
evaparated to dryness, dissoived in 0.2N HCl, and analyzed with a
Hirtachi 835 amino acid anaiyzer.

Hydrolysis of giycoprotein A (20 mg) was carned out with pronase E
{Kaken Kagaku) at pH 7.8 in phospbate butfer 2 mil) for 24 h ar 37 C
and Ivophilized before gel-filtration (Sephadex G-25). The isolated
carbohydrate moiety was hydroiyzed with 2N H.50,. GC anaiysis re-
vealed glucose. mannose and galactose. A sampie of the glycoprotein
A (20 mg} was hydrotvzed with 2N H,50, {2 m!) at 90° Cfor 3 h. After
removai of excess BaSQ,, the soluson was subjected (o cation ex-
change resin chromatograpny (Dowex 50 W). The neurral fraction
which was cluted from the coiumn with water was examined by GC and
showed glucose. mannose and galactose. Elution of the columa with
IN NH.OH welded giucosamune, galdetosamine and A
acerylgiucosamine, as idenufied by GC anaivsis. The composition of
the sugar moiety in givcoprotein A was determuaed to be glucose: man-
nose: galactose: glucosamune: galactosamine: N-acetyiglucosamine
(2:2:1:8:4:1). A pantof the alkaline eluted fraction from the cauon
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exchange resin was evaporated Lo dryness, and the residue was gei-fil-
trated on Sephadex G-25 with monitonag at 260 nm. The compositon
of the peptide fraction was determined Lo be Asp, Thr, Ser, Glu, Gly,
Ala. Val, De. Phe, Orn. Lys, Arg, and Pro.

Quanutative analysis of the hexosamune and protein maeties in
glycopratein A was performed by the methods of Elson-Morgan (12)
aiter acid hydrolysis with 6N HCl for 6 h, and Lowry (13), respectively.

Enzymatic hydroiysis of glycoprotein A (3 mg), suspended in 0.01M
phosphace buffer (2 mi)at pH 5.3, was carried out with 8-p-glucosidase
{2 mg, aimond emuisin. Sigma). The hydroiysaie was exanuned as a
tnmethyisilyl ether on GC and showed glucose. A simiiar nydrolysis
with manaosidase {5 mg, Seikagaku kogyo) followea by GC anaiysis
revealed mannose.

Methylation anaivsis of glvcoprotein A (40 mg) was camed outin a
similar way as in polysaccharide A. From the GO anaiysis of the
methanaiysate, methvi 2. 3, 4, 6-tetra-O-methy] glucopyranoside,
methyl 2. 6-di-O-mechyl glucopyranoside. methyl 2. 3. 3. 6-tetra-0-
metpyl mannopyranoside and methyl 2. 6&di-O-methyl galace
topyranoside were identified,

Procedure for bigipgical assay

Preparation of lenkocytes from venous bicod of aduit broanchial
asthmatics and the procedures for the assay of NBT reduction 3od
phagoeytosis were according 10 the methads in 4 preceding paper (8},
Ascpuc techniques were empioyed throughout. Leukocywes (ram
peripheral blood of patients were prepared for both phagocytosis and
NBT reduction.

Preparation of leukacytes

To 20 mi of venous blood [rom adult bronchial asthmatc coliected ina
piasu¢ syringe. 4 ml of 4.5 % dextran B (mol. we. 1.7 x 10" in saline
and 500 units of hepana were added. This was throughly mixed by gen-
ile shaking and atlowed to stand {or 30 min at room temperature to sed-
iment the erytheocytes, The supernate, rich in leukocytes, was re-
moved by pressing and washed twice with Hank's bajanced salt solution
{Nakarai Chemicais Lid.). Neutrephils were counied in an aliquot
after Giemsa staining. The ceils were suspended in a volume of Hank's
balanced sait solution at 2 concentration of 2 x {0° newtrophils per mil-
lliter for the NBT reduction test and 2 x 107 neutrophils per milliliter
for the phagocytosis experiment.

NBT reducrion 1ess

To silicomzed 15-cm corical centrifuge fube the following were added:
0.1 ou of 0.01M patassium cyanide, 0.05 mi of 0.81 u latex spherules
(Difco Lab.}, 0.05 ml of aloe sample, and 0.5 mi of the celi suspension
of neutrophils {2 x 10°) in Hank's balanced salt solution. This mixiure
was preiocubated in a water bath at 37° C for 7 mun, Then, 0.5 ml of
0.1% NBT (Nakarai Chemicais, Ltd.) in 0. 15M phospinate buifer, pH
7.2, was added. The reactioa was allowed to procsed for 60 mn, then
stopped by addition of 10 m] of 1IN HCJ. The reaction mixture was cen-
mifuged at 700 g for 10 min, and the supernatant was discarded. To the
precipitate was added 3 mi of dimethyi suifoxide. and the reaction mix-
ture was heated at 100* C for 20 min. The optical density of the visible
purple color of the reduced NBT was determined at 515 nm with a
Hicachi specwophotometer against the contral which consisted of the
described reagents minus the neutrophil suspensian.

FPhagocytors

The reaction mixture consisted of 0.2 mi of neutrophils (2 x 107 is L mi
of Hank's balaaced sailt solution coarasning 5 % fetal calf serum and
.05 mi of aioe sampie. This mixiure was preincubated in a water bath
at 377 C for 7 min. A suspension of yeast parucles was ailuted with
saline soiution to 25 x 107 parucles per mulliliter and heated at 100° C
ior 30 min. To the preincubated reaction mixqure. 0.1 mi of the supsen-
sion of yeast panicies was added aod incubancn continwed ag 37° C for
&0 min. The numper of yeast particles pnagocytosed by neutzophuls was
counted after statning with 3 % Fuchsin in phenol soluton.

number of yeast phagocytosed by
100 neutrophiis

Phagocyuc index =
control

Controi: The aloe sampie was replaced by 0.05 mi of 0.15M phasphate
huffer, pH 7.2,

Results and Discussion

As shown in Fig. 1, 2, and 3, polysaccnharide A, B, and C and
glycoprolein A were isotated from the fresh leaves in a yield of
3% 1071 x 107, 1 x 107 and 3 x 107 %, respecuveiy.

Properties of poiysaccharide A: (a3’ +95.0° (¢ = 2.0 %, 0.15M
NaCl), Anai. Caled for (C,H ¢Os), C, 40.44; H, 6.71, Found.
C.40.89; H, 6.65. N{-), Ash (-). 54, = 1498 (c=05% in
0.IM NaCl), *H-NMR (D.Q) &: 3.04 (br. s., anomernic Hof a
non-reducing sugar residue).

Fresh leaf juice

centnfuegation

dialvzation, lyophilization
Non-dialyzable muienal
gel Bliration on DEAE.
celivlofing (0.028M NH,HCO,)

Nc:w:u substance
get filtration
on Sepharose 6B
(0.3 M NaCl)

N LY " -4
poiysaccharideA B C

elunon with l
0.3M Na(l, dialyzauon,
Ivophilization

glycoprotein fracuon
ge! filtration on
Sepharose 6B (0.3M MaCl)

W

o
glycoprotein A B C

Fig. 1. Fractionation scheme of polysacchandes and glycoproteins
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Fig. 3. Chromatograpiy of giycopratein fraction on Scpharose oB

Polysaccharide B: [a]§® ~66.7° (¢ = 0.25 %, H.0), Sy, . = 3.67
(¢ = 0.5% in H.0). '"H-NMR (D.0) &: 4.6 {br. 5.. anomeric H
of a non-reducing sugar residue).

Polvsaccharide C: {a]3? —190°(c = 0.5% . 0. IM NaCl), Sy L =
1.08 (¢ = 0.5 % in 0. 1M NaCl), *"H-NMR {(D,0) §: 2.13 {br. 5.,
CH,CCQO), 4.16 (br. s.. CH,COOCH.}, 4.74 {br. 5., anameric
H of a non-reducing sugar residue), 5.50 (CH,;COQOCH), “C-
NMR (0.1M NaCl) d: 176.5 (CH,C00), 22.9{CH,COQ)}, and
other signals are listed in Table II.

Glvcoprotein A: [a]g® —10.0° (88 % HCOOH. ¢ =0.6%), Sxp.
w =3.345 (c = 1.2% in 0.02M NH,HCO,), IR v %& ¢m I
3300, 1650, 1540, 1070. 'H-NMR (DCOOD) &: 2.07-2.28
(CH,CONH), 3.9-4.42 (CHOH), 4.5-4.7 (anomenc H). Car-
bohvdrate, hexosamine and protein contents were estimated to
be 34,4, and 57 %, respectively.

Structure elucidation

BC-NMR spectrometry has povided a very useful method for
the determination of the structure of poivsacchanide (14, 15).
Table II summarizes the “C-NMR spectrat data of polysac-
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chande A, B and C. rogether with As mannan 1[(1-4)-0-3-o-
mannan with 18% acetyl group, mot. we. 15,000] which was
isolated from Aloe saponana (9). Comparison of the chemical
shifts of poiysaccharide A with those of isomaltodextrin [{1-6)-
O-a-p-glucan (16, 17}] reveals a significant similarity. The C6
resonance of potysaccharide A is deshielded by 6 ppm retative
1o that of a-o-glucose due to the formation of 1-8-linkages. Ac-
cordingiy, a linear formation of (1-6}-0-z-o-glucan in polysac-
chande A was established.

These resuits suppont the finding obtained from the methyla-
tion analysis of polysacchande A. By companson of spectra
with those of so called ivory nut mannaa (18) [{1-4)-O-B-o-
mannan, mol. wt. 13,000], a complete assignment of *C-NMR
signais in polysacchande C can be made. With respect to link-
age formation, it is evident that the C4 resonance in poiysac-
chande Cis deshielded by 11 ppm relative to the C4 resonance
in 3-o-mannose. Thus. the p-mannose in polvsaccharide € was
confimmed to have (1-4}-O-linkages. The “C-NMR spectrai
data are in accord with the resulis obtained from the *C-NMR
study ot As maanan 1 (9), the structure of which was estab-
lished to be (1-4)-0-B-0-mannan with 18 % acetyl group. These
resuits are consistent with those from the methylation analysis
on poiysaccharide C.

Muthylation analysis of polysaccharide 8, composed of
arabinose and galactose in molar ratios of 1.5: 1.0, indicated
that the major chain consists of both (1-2)-O-linked arabinose
and galactose and the branching poins is O-2 and O-6 of galac-
topyranose. These findings explain the C-NMR data of C2 re-
sonances at 83.9 and 88.2 ppm which are deshiclded by 14 and
18 ppm relacive to those of methyl f-L-arabtnopyranoside and
methyl fi-o-galactopyranoside. Therefore, the main chain in
polysaccharide B consists of (1-2)-O-c-arabinose and (1-2)-0-
p-galactose linkages with a branching point jocated at O-2 and
0-6of o-gaiactose (19). The direct bond C-H coupling constant
of Cl (J¢p.q} of hexopyranose is characteristic of the anomeric
coafiguration (2(). however, it is difficult 1o assign a or B in
polvsaccharides kaving a broad signal due (0 anomeric protons
of the non-reducing carbon atom. The chemical shifts due to
equatorial anomenc hydrogen of non-reducing carbon atoms in
polysacchanides always appear at a lower feld (5 5.02-4.92),
although deviatioa was observed depending on substituents,
the aglycone. and the measurement conditions (20-25). Based
on the 'H-NMR spectral study together with a comparison of
speciic rotation vailues, the configuration of the sugar linkages
in polysaccharide A, B, and C were determined to be o, 8, and
f, respectively. A molar ratio of 2.3: 1.0 of o~-mannose to the
acetyl group in polysaccharide C was observed in the 'H-NMR
spectra.

Table 1. C-NMR Spectral Assignments of Poivsaccharides A, B, and C*
Paolysaccharides Asmanoan i* Isomaito- Ivory nut
AP B* c dextr’ wannant
Cl 100.4 100.6 1R.7 102.7 99.3 1017
ol 74.2 83.9.88.2 72.6 726 73.0 722
L 76.2 733 T4l T4l 748 733
cs .3 N3 9.0 9.1 71.1 788
& 72.9 L4 1.8 P 7Ll 78.8
Cé 68.2 63.7 63.2 833 67.1 62.1

*Chemical shifts (8) was recordea ar 25.3 MHz with 3-(tnmethyisiivl)-propanesuifonic acid sodium sadt as an internal stapdard at 28° C.

*0 memi io 0.3M NaCl,
20 mymt in B-O.
“20 meml in 0.1M NaCl.

10 me/ml in 0. 1M NaCl.
'See Ref. 15,
ee Rafl 17.
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Table 111, Effect of Pojysaccharides A. B. C and Glycopratein A on Phagocytosis and NBT reduction®

Samples Diiucon Phagocytosis NBT reduction

Polysacchande A 1:1 1.029 = 0.031 U954+ 00115
1:3 1.024 = 0.057 0.924 2 0.073
1:10 1.040 =+ 0.085 1.003 £0.067

Palysacchande 8 1:1 0.997 £ 0.121 0.887 = 8.077
1:3 1.150 = 0.087 1.095 =2.154
1:10 1.225 2 0.196 1.0 = 0,478

Polysacchande C 11 1.025 = 0.034 1.0635 = 0.039
1:3 0914 =0.062 1.i86 = (.0227
110 1182 £ B.054* LiH3 = 0.047

Glycoprotein A 1:1 1.248 £0.079= 1384 £0.475
[:3 1.182 £ 0.086*** 1.119 £ 0.078=**
1:10 1.189 = 0.051" 1.078 £ 0.081

*Each sample (100 mg) was dissoived in 3 au of 0.1 5M phosphate buffer at pH 7.2 and tested for phagocytosis and NBT reduction according o the
method described in the experimental section. The values for phagacytosis are presented as phagocytic index. The phagacytic index of the control
was calcuiaied Io pe 1.000. The opticai density of reduced NBT was determined at 515 am. The optical density of the control was caiculated to be

1.000,

Data were analyzed using Student’s t-test ro determine the significznc difference. The values in the assay are means * 5. ¢. of § sampies.
*, ** and ***: wauistically significanc from the control at p < 0.0Z, 0,05, and 0.1, respectively.

The position of the acetyl group in polysaccharide C is specu-
lated to be at O-6 and O-2 {and/or O-3) because the signals ap-
peared at & 4.10 and 5.50 ppm in a ratio of peak heightof 3: ¢
are assigned ta C6 and C2 {andfor C3) protens attached to the
acetyi group. respectively, when compared with those of o-
mannopyranose pentaacetae. This speculation was ascer-
tained from the "*C-NMR spectral data that the chemical shifts
due to C§ in polysaccharide C appear down-field reiative to
those of ivory nut mannan (17). Giycoprotetn A was not suifi-
ciently solubie in water, alkali ar 3§ % HCOOH, for UC-NMR
spectral measurement.

Giycoprotein A appeared to be a single band on disc poly-
acrylamide efectrophoresis on a 7% gei at pH 9.5 and SDS
polyacrylamide electrophoresis on 2 10% gel at pH 7.2, and
showed a single symmetrical peak with a sedimentation coeffi-
cient of S+ ,, = 3.34 5. The IR spectrum of glycoprotein A indi-
cated an absorpticn band due to an amide bond and a sharp
peak due to an V-acetyl group, in additon (¢ the broad signals
of anomeric proton noted in the 'H-NMR spectrum. Glycopro-
tein A was composed of glucose, mannose, galacrose,
slucosamine,  galactosamine and  N-acetyiglucosamine
{(2:2:1:1:4:1) and the following amino acids: Asp, Thr, Ser,
Glu, Gly, Ala, Val, lle, Phe, Om, Lys, Arg, and Pro. Enzyma-
tic hydrolysis and methylation anaiysis of glycoprocein A
shaowed that the sugar moiety is composed of rerminal glucose

and mannose residues, and glucese and galactose residues hav- -

ing branching points at O-3 and O-. However, the linkages in
the hexosamine and N-acetylglucosamine residues and the
mode of covalent connection bertween the carbahydrate and
amino acid could pot be determined because of the structure
complexicy,

In viro assay

Recently, many kinds of biologically active polysaccharides
have been isolated from varous sources, notably compounds
having anticumor activity. It is possible that thus activity is due
o a host-mediated action of the poiysaccharides; they may acti-
vate the depressed functions of phaeccytes in (umor-bearing
hosts. In an assay for phagocytosis it is preferable to use neut-
rophils from patieats similar with regard to sex, age, type of

aschma (chronic or acute), and personal clinical history (en-
dogeneous or exogencous). In addition, use of neutrophils
from patients who have not been treated with corticosterand is
important {6).

Among the polysaccharides studied here, polysaccharide C
showed some phagocytosis-enhancing effect {Table II1). This
may be closely refated to the host-mediated action of the anti-
tumor alcemannan (mot. wi. 15,000, 54 , = 1.55 $ (1}] which
has a structural profile similar to that of polysacchande C.

As shown in Table III, giycoprotein A demonstrated
phagoeytic acuivity in a dose-dependent fashion. Heat treat-
ment destrayed the phagocytic activity, which suggests that the
native structure of the protein moiety in glycoprotein A is es-
sendal for activity,

The pnagocytic activity of pofysacchande C and glycoprotein
A seen here may provide biomedical evidence for the anti-in-
flammation actuvity of Aloce arborescens var. naraiensis. In a re-
cent study (26), glycoprotein A was shown 10 sumulate
deoxyribonucieic acid synthesis in baby hamster kidney cells
and to have the propernies of a lectin which reacts with sheep
blood ceils.
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