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Abstract O Neutral polysaccharides that inhibit carrageenin-induced
edema in rats were isolated from the nondialysate of the pulp of Aloe
saponaria by gel filtration. These were shown to be a linear polymer of
a 1,4-linked 8-D-mannopyranose {mol. wt. 15,000) containing 18% acetyl
groups (As mannan 1), and a 1,4-linked a-D-mannopyranose polymer
containing a single branch on the principal chain consisting of D-glucose
residues linked at C-2 and C-4 (mol. wt. 66,000), with 10% acetyl groups
(As mannan 2). As mannan 1 inhibited carrageenin-induced hind paw
edema at 50 mg/kg ip in rats; As mannan 2 was not tested for pharma-
cological activity. A crude preparation of both As mannans was effective
when given intraperitoneally, but was ineffective when given orally.
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‘Pharmacological evidence for an anti-inflammatory
effect was provided by the isolation from a nondialysate
fraction of Aloe saponaria! of a glycoprotein with kininase
activity (1). Further studies on the nondialysate led to the
isolation of neutral polysaccharides that inhibit carra-
geenin-induced edema in rats. This paper describes the
structural studies of the polysaccharides, As mannans 1
and 2, and the pharmacological evaluation of As miannan
1.

! This plant is also called spotted aloe or soap aloe.
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EXPERIMENTAL?

Materials—The following materials- were obtained commercially:
agarose gel®, diethylaminoethyl celluloset, dialysis membrane3, brome-
lain®, protease?, anti-inflammatory drug®, and a series of dextrans®.

Methods of Analysis— The carbohydrate content of the sample was
determined colorimetrically by the phenol-sulfuric acid method (2).
Elution of material through gel® and diethylaminoethyl cellulose* fil-
tration was monitored by absorbance of the effluent at 490 nm. Acid
hydrolysis was carried out with IM H,SO, at 90°C for 2 h. Excess sulfuric
acid was removed by precipitation as barium suifate. The filtrate was
passed through an ion-exchange column!© to remove the remaining salts,
and then the filtrate was evaporated to dryness. Partial hydrolysis was
performed with 0.5M H2SO, at 70°C for 4 h. Analysis of the carboby-
drates by methylation was performed according to the method of Hak-
omori (3). This procedure was performed twice, to give permethylate
showing no hydroxyl absorption in the IR spectrum. Paper partition
chromatography?! of the sugar moiety was performed using butanol-
pyridine-water (6:4:3) and aniline hydrogen phthalate detection. Ul-
tracentrifugationl? was performed on an analytical ultracentrifuge with

2 The IR spectra were obtained witha KOKEN DS-301 spectrometer. The 1H-
and “C-NMI?“‘:ﬂn were recorded with a JEQL P$-100 (100 MHz) and 8 J'EOL
FX-100 (25 MHz) spectrometer, respectively. Chemical shifts were
units relative to the internal standards 3-(trimethylsilyl)-1- g
sodiom salt or tetramethylsilane. Optical rotations were obtained
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a'schlieren optical system in a single sector 8t 20°C and 56,000 rpm.

Gas chromatography (GC)!? of the trimethyisilvlated sugar from the
hydrolysate was performed on a column of silicone SE 52 (3 mm X 2 m)
on Chromosorb W AWDMCS (60-80 mesh) at 160°C with a nitrogen flow
rate of 45 mL/min. Quantitative analysis of the acetyl content was de-
termined by GC using a column of styrene divinylbenzene polymer (3 mm
X 2 m) at 158°C with a nitrogen flow rate of 55 mL/min, using propionic
acid as an internal standard (4). GC analysis of the methanolysate was
performed on a column of 1% neopentyl glycol succinate polyester (3 mm
% 2m) on Chromosorb W AWDMCS (60-80 mesh} at 147°C. with a ni-
trogen flow rate of 40 mL/min, and on a column of 5% 1,4-butanediol
succinate (3 mm X 2 m) on Chromosorb W' (60-80 mesh) at 180°C, with
a nitrogen flow rate of 60 mL/min.

The molecular weight estimation was determined on an agarose gel
column (1.5 X 51.5 cm) using 0.1 M NaCl at a flow rate of 26 mL/h. A
series of dextrans (10, 20, 40, 70, and T-500P) were used as a standard. The
molecular weight was estimated from a linear correlation between the
logarithm of the molecular weight of the polysaccharides and the ratio
of their elution volume to the void volume from the column. The viscos-
ities of As mannans 1 and 2 in an aqueous solution were determined by
a capillary viscometer!€ at 26°C. The intrinsic viscosity (1) was obtained
by the extrapolation to zero concentration of the straight line obtained
by plotting n.,/C versus concentration of each sample, where C is the
concentration. 5, is calculated by n,p = (¢,91/t0n0) ~ 1, where ¢, is the
time of efflux of the solution, p, is its density, ¢y is the time of efflux of
the solvent, and py is its density.

Assay Method for Carrageenin-Induced Edema—Male Wistar
albino rats weighing 120-150 g were used. Edema was induced by the
injegtion of 0.1 mL of 1% (w/v) carrageenin dissolved in saline beneath
the plantar aponeuroses of the hind paws. One to twelye hours before the
injection of carrageenin, drugs were administered intraperitoneally or

per os. The swelling (in percent) of the rat hind paws was measured by ,

a volume differential meter'’. -

Preparation of Crude Material—The fresh leaves of A. saponarig8
were harvested in September 1980 from the greenhouse of the herbal
garden of Kyushu University. Fresh leaves were cut in half in a parallel
manner, and colorless gelatinous pulp was separated carefully by scraping
from the green cortical layer containing yellow phenolics. The homoge-
nized pulp (3 kg) was centrifuged at 10,000 rpm for 30 min. The super-
patant was membrane’ dialyzed against distilled water for 48 h, and
nondialysate was lyophilized to afford a coloriess soft material (6 g).

Isolation and Purification of As Mannans ! and 2—Crude material
(yield, 0.012% from the fresh leaves) isolated from the pulp harvested in
September 1980 was dissolved in 0.3 M NaCl and was subjected to column
fractionation (4.8 X 20.5 cm, agarose gel) using the same solution as a
solvent at a flow rate of 28 mL/h. The fraction (elution volume, 110-250
mL) containing carbohydrate was pooled, dialyzed, and lyophilized to
give a colorless soft material (yield, 50.0%). This material (0.1 g) dissolved
in 0.02 M NH,HCOj3 (5 mL) was subjected to column fractionation (1.5
X 44 cm, DEAE~cellulose?) using the same solution as a solvent at a flow
rate of 25 mL/h, and the fraction (elution volume, 40~75 mL) was pooled,
dialyzed, and lyophilized to give As mannan 1 (yield, 35% from the crude
material). In a similar manner, the crude material (yield, 0.05% from the
fresh Jeaves) isolated from the pulp harvested in December 1980 was
treated to give As mannan 2 (yield, 16% from the crude material).

Chemical and Physical Properties of As Mannans 1 and 2—Since
As mannan 1 in 1% solution and As mannan 2 in 0.5% solution in 0.1 M
NaCl gave single peaks having Sz.w = 1.25 S and 1.17 S, respectively,
each appears to be homogeneous.

As Mannan 1—[a]f ~40.5° (¢ = 0.7, H;0); }H-NMR [3-(trimeth-
ylsilyl)-1-propanesulfonic acid sodium salt, D40]: & 2.13 (m, CHsC0O),
4.76 (br s, anomeric proton of the nonreducing carbon atom), 4.17, and
5.50 ppm (CH3COOCH—); 13C-NMR [3-(trimethyisilyl)-1-propane-
sulfopic acid sodiumn salt, 0.1 M NaCl}: § 176.4 (CH;COO) and 22.9 ppm
(CH;C00), with other signals listed in Table L. IR (KBr)vp,y: 1730 and
1250 cm™~!. This compound is very slightly soluble in water.

Hydrolysis of As Mannan 1—A sampie of As mannan 1 (10 mg) was
hydrolyzed to give D-mannose as the only sugar moiety by paper and gas
(as a trimethyisily) ether) chromatographic analyses. R, values: glucose
0.31; galactose 0.25; mannose 0.34; and hydrolysate 0.34. GC retention

13 Gas chromatograph GC-4BM: Shimadzu Seisakusho Ltd., Japan,

14 Chromosorb 102; Johns-Manville.

18 Shimalite W: Shimadzu Seisakusho Ltd., Japan.

16 Ubbelohde instrument.

17 Ugo Basile Co., Ltd., lealy.

18 A voucher specimen is availabie (of inspection at the Herbal Garden of Kyushu
University, Fukuoka, Japan.

times (in minutes): mannese 10.1 and 15.1; glucose 14.4 and 221 aloctime

10.7, 12.6, and 15.7; the hydrulysate 10.1 and 15.1.

As Mannan 2—[a]ff +70.0° (c = 0.8, H.0); '"H-NMR [3-(trimeth-
ylsilyl)-1-propanesulfonic acid sodium sait, D.,OJ: 4 2.13 tm, CH,COO)
and 5.00 ppm (br s, anomeric proten of the nonreducing carbon atom),
13C.NMR [3-(trimethylsily))-1 -propsnesulfonic acid sodium salt, 0.1 M
NaCl): §176.1 (CH,COO) and 22.8 ppm (CH4COO), with other signals
listed in Table L. IR (XBr) #ma,: 1730 and 1245 cm=4. This compound is
soluble in water,

Hydrolysis of As Mannan 2—A sample of As mannan 2 (15 mg) was
hydrolyzed to give D-mannose as the major sugar component and a minor
amount of D-glucose by paper and gas (as a trimethylsilyl ether) chro-
matographic analyses. Ry values: mannose 0.37; glucose 0.31; galactose
0.26; the hydrolysate 0.31 and 0.36. GC retention times (in minutes):
mannose 10.1 and 15.1; glucose 14.4 and 22.1; galactose 10.7, 12.6, and
15.7; the hydrolysate 10.1, 14.8, and 22.4. Mannose and glucose were
detected using GC in a ratio of 95:5.

Analysis of As Mannan 1 by Methylation—A sample of As mannan
1 (20 mg) was methylated according to Hakomori's method (3). The
product was chromatographed on a silica gel column using chloroform-
methanol (20:1) to give material which showed no hydroxy} absorption
in the IR spectrum; proton signals due to a methoxyl group (6 3.3-3.8
ppm) and anomeric proton signals (5 4.61 ppm) were observed in the
JH-NMR spectrum. The permethylate (5 mg) was subjected to metha-
nolysis with 4% hydrogen chloride in methanol (1 mL) in a sealed tube
at 90°C for 2 h. After the removal of the solvent, the methanolysate
(dissolved in ethyl acetate) was chromatographed on a silica gel column
using ethyl acetate and ethyl acetate-methanol as solvents to give ma-
terial which showed one spot on TLC [ethyl acetate-methanol (25:1)].
The methanoiysate was subjected to GC analysis on columns of 1% neo-
pentyl glycol succinate () and 5% 1,4-butanediol succinate (b). The
following retention times were obtained: (a) methyl mannopyranosides
of 2,3,4,6-tetramethyl-O-, 3,4,6-trimethyl-O-, 2,4,6-trimethyl-O-,
2,3,6-trimethyl-O-, and 2,3,4-trimethyi-O- derivatives: 1.8, 2.8, 3.3, 4.3,
and 2.7 min and the methanolysate: 1.8 and 4.3 min. (5) methyl manno-
pyranosides of 2,3.4,6-tetramethyl-O-, 3,4,6-trimethyl-O-, 2,4,6-tri-
methy)-0-, 2,3,6-trimethyl-0-, and 2,3,4-trimethyl-O- derivatives: 4.1,
8.6, 10.1, 12.3, and 8.5 min and the methanolysate: 4.1 and 12.3 min.

Analysis of As Mannan 2 by Methylation—A sample of As mannan
2 (8 mg) was methylated according to Hakomori’s method (3). In the same
manner as for As mannan 1, the product was treated to give the metha-
nolysate which showed a single spot on TLC [ethyl acetate-methanol
(25:1)}. The methanolysate was subjected to GC analysis to give the fol-
lowing retention times on columns of 1% neopentyl glycol succinate (a)
and 5% 1,4-butanedioi succinate (b): (a) methyl mannopyranosides of
3,4,6-trimethyl-0-, 2,4,6-trimethyl-0-, 2,3,6-trimethyl-0-, and 2,3.4-

- trimethyl-O- derivatives: 3.4, 4.3, 5.6, and 3.4 min, methyl glucopyra-

nosides of 3,4,6-trimethyl-0-, 2,4,6-trimethy}-0-, 2,3,6-trimethyl-O-, and
2,3,4-trimethyl-O- derivatives: 3.4, 5.4, 5.2, and 4.1 min, and the metha-
nolysate 5.6 min. (b) methyi mannopyranosides of 2,3,4,6-tetramethyl-O-,
3,4,6-trimethyl-O-, 24,6-trimethyl-O-, 2,3,6-trimethyl-0-, 2,3,4-tri-
methyl-0-, 4,6-dimethyl-O-, 3,6-dimethyl-0-, and 3,4-dimethyl-O- de-
rivatives: 4.9, 10.3, 12,0, 15.3, 12.0, 22.4, 20.5, and 20.2 min, methyl gly-
copyranosides of 4,6-dimethyl-0-, 3,6-dimethyl-O-, and 3,4-dimethyl-
O-derivatives: 28.5, 29.3, and 25.7 min, and the methanolysate: 15.3 and
29.1 min.

Determination of the Molecular Weights of As Mannaus 1 and
2—The molecular weights were estimated on a column of agarose gel
using a series of dextrans as a standard. The molecular weights of As

"mannans 1 and 2 were determined to be 15,000 and 66,000, respec-

tively. -

Determination of the Viscosities of As Mannans ] and 2—The
viscosities were obtained with a capillary viscometer!®. The intrinsic
viscosities of As mannans 1 and 2 was determined to be 15.6 and 2.5 dL./g,
respectively. )

Alkaline Hydrolysis of As Manuans ! and 2—Each sample of As
mannan 1 (5 mg) or 2 (5 mg) was hydrolyzed with 4% NaOH for 30 min,
and the mixture was dialyzed against distilled water followed by lyoph-
ilization to give material which showed no absorption in the IR spectrum
due to acetyl groups. Deacetyl As mannan 1: tH-NMR {3-(trimethylsi-
lyl)-1-propanesulfonic acid sodium salt, 1 M NaOD): & 4.55 ppm (br s_):
deacetyl As mannan 2: 'H-NMR [3-(trimethylsilyl)-1-propanesulfonic
acid sodium sait, 1 M NaOD): & 4.81 ppm (br s).

Partial Hydrolysis of As Mannan 1—On acid hydrolysis with 0.5M
H2S0, at 70°C for 4 h, As mannan 1 (38 mg) yielded the oligosaccharides-
The products were fractionated on a celiulose column using acetone-
water. On elution with acetone-water (10:1), (6:1), and (3:1), mannose
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