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ABSTRACT 

The acidic polysaccharide isolated from the gum exudate of Suietenia nmhoganp, 

and the degraded polysaccharide obtained by its mild hydrolysis with acid, are 

composed of residues of D-galactose, L-arabinose, L-rhamnose, and D-galacturonic 

acid. The products of methylation of these two polysaccharides and their carboxyl- 

reduced derivatives were characterized. The results of the methylation and periodate- 

oxidation experiments showed that these polysaccharides are extensively branched, 

and that their backbone is a (l-+3)-linked D-galactan chain. The periodate con- 

sumption was in accord with the linkage distributions proposed. End-group analysis 

showed that the polysaccharide has a high value of average degree of polymerization. 

INTRODUCTION 

Swietenia mahogarty (Meliaceae) is a large, deciduous, medicinally and economi- 

cally important plant’. A number of terpenes, coumarins, steroids, and their glycosides 

have been isolated’-’ from the various parts of the plant. Usually, it produces a 

small amount of gummy material from mechanically injured parts of its stem. 

We now report structural studies on this gum. The original polysaccharide 

isolated from the purified gum contains residues of D-galactose, L-arabinose, L-rham- 

nose, and D-galacturonic acid in the molar ratios of 37 : 5 : 4: 10. Mild hydrolysis 

with acid under controlled conditions produces a degraded polysaccharide consisting 

of the same four sugars in the ratios of 37 : 3 : 1 : IO. The results of complete acid 

hydrolysis, mild acid hydrolysis, carboxyl reduction, methylation analysis, periodate- 

oxidation studies, and Smith degradation, and the determination of the average 

degree of polymerization of the gum polysaccharide are herein reported. 

RESULTS AND DISCUSSION 

The natural gum was freed of soluble impurities by repeated washing with 

benzene-diethyl ether-ethanol, and the porous mass thus obtained was taken up in 

water, the suspension centrifuged, the polysaccharide precipitated from the super- 

natant liquor by ethanol-acetone, and the process repeated twice. The crude poly- 
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saccharide was freed of cationic Impurities by passage through :I column of .4mberliti: 

IR-120 (H+) resin. The eluate was concentrated. and the product finally drid mw 

P,O,. HomogcIieity of the pure polysaccharide was checkd b> high-vk>ltnge. papct 

elcctrophorcsis and gel filtration through Scphadc\i G- 100. The carh~~h~dratc content 

(estimated by the phenol-sulfuric acid nxthnd”) and the uranic acid content (by lhc 

carbazole’ nicthod) of the purified polysaccharide (OP) \\cre found ti) bc W and 

16.36 ‘,,y rcspectivcly. 

Suitable conditions for preparation of the degraded pc9>wccharide wcrc 

established by trrnl expcrimcnts. Prolonged autohydrolysi\ ( 120 h I at 100 of the 

OF’, V, ith periodic exam Ination ofthc hydroly/_ate by paper chronlatographv, revealed 

that L-arabinose and L-rhamnose appeared dunn g the carlicr stases of hydrolysis. 

The labile clca\age of thcsc tlto mc~nosnocharide~ indicated that the!, might be at 

branch chains, end that thcrc were wme arabinocc residues 111 the I‘ur;tnosc form. 

Further degradation of the 01’ IVBS then conducted hy using _._ ’ $rnV 5uU‘urIc acid 

for 30 h at 60’. The solution \\a\ cxhausti\ely dialyzed, and the depdcd polysucchar- 

ide (DGP) isolated bv precipitatinn \\ith ct2ianol---aretc)li~. That the IXiP M;IC t‘iectro- 

phorrtically homogencoua \~a:, ascertained by high-voltage. pupcr cIccfrophore>is. 

Tho relatively high ct>ntt’nt ( - 16.3 ‘I,,) ot’ uranic acid in the OP hindered coni- 

plete hydrolysis by mineral acid. The carbosyl groups in the OP and DGP \+ert’, 

therefore. reduced \vith I -~yclohe~yl-?-(3-n~ol-pholinoet~~yi Icarbod~imtdc mctho-p 

tolurnesulfonate (CMC‘) and sodium horohydridc’ TV ice-rrpcatcd application of 

this method ga\c reduced products (CMC-reduced OP and C‘S,lC‘-reduced DGF’) 

that responded negligibly to the carbazole test. 

Complete hydrolysis of OP. DGP, CMC-reduced OF’, and CXIC-reduced DGP 

with M sulfuric aold revealed the presence of u-galactost‘, L.-arabino,c, I -rhnmnose. 

and n-galacturonic acid. Tlw enhanced proportions of I>-galuctosc 111 the carhoxyl- 

reduced-OP and -DGP wcrc in close agreement with the uranic acid contents in OP 

and DGP. The identities of the tnonosncch:lrides present were confirmtxl by nxasurc- 

ment of the specific rotation. t l.c.“, and p.c.. and by s.1.c. 8s their :rlditnl ncctattx 

Their compositions are prcscnted in Table I. 

TABLE I 
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TABLE II 

METHYLATEED PRODUCTS FROM OP, DGP, CMC-REDUCED OP, AND CMC-REDUCED DGP OF Swiefenin 
mahogany 

Meihylated monosaccharides Mole proportiorrs Linkage patterrl 

bP DGP CMC- CMC- 
reduced reduced 
OP DGP 

2,3,4,6-Tetra-O-methyl-D-galactose 
2,4,6-Tri-0-methyl-D-galactose 
2,3,4-Tri-0-methyl-D-galactose 
2,4-Di-O-methyl-D-galactose 
2,6-Di-0-methyl-D-galactose 
4,6-IX-0-methyl-D-galactose 
6-0-Methyl-D-galactose 
2-0-Methyl-o-galactose 
2,3,4-Tri-0-methyl-L-arabinopyranu~~: 
2,3,5-Tri-0-methyl+arabinofuranose 
2,4-Di-0-methyl-L-arabinopyranose 
2,5-Di-0-methyl-L-arabinofuranose 
2,3,4-Tri-O-methyl-L-rhamnopyranose 
2-0-Methyl-L-rhamnopyranose 

10 
2 
9 
1 
6 
I 
6 
2 

12 
2 
1 

6 

6 
2 
2 

20 
2 
9 
1 
6 
1 
6 
2 

- 

2 
2 
1 
3 
1 

22 
2 
7 
1 
6 
1 
6 
2 
2 
1 

Galp-( 1 + 
+3)-Gal&l+ 
+6)-Galp-(14 
+3,6)-Galp-(l+ 
--f 3.4)~Calp-(I+ 
+2,3)-Galp-(l+ 
+2,3,4)-Galp-(l+ 
+3,4,6)-Galp-(1-t 
Arap-(I + 
Ara$( 1-t 
+3)-Arap-(l+ 
+3)-Araf-(l+ 
Rhap-( 1 + 
+ 3,4)-Rhap-(1 --t 

The mode of linkage of the constituent monosaccharides and their distribution 

pattern were apparent from the methylation experiment. The OP, DGP, CMC- 

reduced OP, and CMC-reduced DGP were methylated first by the Hakomori method” 

and then by the Purdie method”; the product showed no free OH absorption in the 

infrared spectrum. The methylation products were hydrolyzed completely, the sugars 

converted into the methylated alditol acetates, and these characterized by g.1.c.” 

using column 2. The data from the methylation analysis are presented in Table II. 

The results of the methylation experiment could be interpreted by first con- 

sidering the characterized products from methylated DGP and methylated, CMC- 

reduced DGP. The formation of 2,3,4,6-tetra-0-methyl-D-galactose (12 mol) in- 

dicated that 12 nonreducing termini are occupied by D-galactosyl groups. The CMC- 

reduced DGP gave 22 mol of 2,3,4,6-tetra-O-methyl-D-galactose per mol. This larger 

proportion could be explained as the result of carboxyl reduction of D-galactosyl- 

uranic acid groups (10 mol) occupying nonreducing, branch ends, together with the 

nonreducing D-galactosyl units (12 mol). The characterization of 2,4,6- and 2,3,4- 

tri-O-methyl-o-galactose (see Table II) from both DGP and CMC-reduced DGP 

indicated the presence of +3-Gal-1 --f and +&Gal-l -+ units, respectively. The 2,6- 

di-O-methyl-D-galactose (6 mol), 6-O-methyl-D-galactose (6 mol), and 2-O-methyl-D- 

galactose (2 mol) might be formed from a (l-+3)-linked D-galactan core (supported 

later by periodate-oxidation studies) in which 6 mol are branched at C-4, 6 mol at 

C-4 and C-2, and 2 mol at C-4 and C-6, respectively. One mol proportion each of 
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water (4 L) was passed through a column (100 x 2 cm) of Amberlite IR-120 (HS) 
resin. The eluate (5 L) was concentrated, and the polysaccha~de precipitated with 
ethanol-acetone (yield 35 g), [cz]~ + 10” (c 2, O.lh% NaQH). The homogeneity of 
this original polysaccharide (OP) was tested by high-voltage, paper electrophoresis 
in borate buffer (pH 10.2), and by gel filtration through Sephadex G-100 in pyridine- 
acetate buffer (pH 4.5). 

Gmeral ~.~~~~~~~l~n~~~ ~o~ldi~iorl.~. - The estimations of sugars (by the phenoi- 
sulfuric acid and carbazoie methods) and the kinetic study of periodate uptake at 4’ 
were conducted with a Beckman Model 26 spe~trophoton~~ter. Unless otherwise 
specified, all optical rotations were measured at 24” with a Perkin-Elmer Model 241 
MC spectropolarimeter at 589.6 nm, Infrared spectra were recorded with an Acculab 
10 Beckman instrument for KBr pellets. High-voltage, paper electrophoresis at 2” 
was conducted with a Shandon Model L-24 jnstrument, on Whatman No. 1 filter 
paper, using borate buffer (pH 10.2). Paper chromatography for detection, and for 
preparative isolation of sugars, was performed on Whatman No. 1 and Whatman 
No. 3 MM paper, respectively. The solvent systems (v/v) used for paper chromato- 
graphy were (A) 8 : 3 : 1 ethyl acetate-pyridine-water, and the upper layers of (B) 
4 : 1: 5 I-butanol-acetic acid-water, and (C) 4 : 1 : 5 I-butanol-ethanol-water. Spraying 
agents were (a) alkaline silver nitrate solution in aqueous acetone, and (b) a saturated, 
aqueous solution of aniline oxalate, T~jn-iayer ~hromatography9 with silica gel C 
(100-200 mesh) was performed by using solvent systems (A) and (C), and anisal- 
dehyde-sulfuric acid as the spraying agent. Gel filtration was performed on a column 
(100 x 1.4 cm) of Sephadex G-100 with pyridine acetate buffer (pH 4.5). Gas-liquid 
chromatograplly of the monosaccharides as their alditol acetates and partially 
methylated alditol acetates was conducted in glass columns containing (I) 37; of 
OV-225 on Gas-Clrom Q (loo-120 mesh), and (5) 3 y0 of ECNSS-M on Gas-Chrom 
Q (100-1~0 mesh), with nitrogen as the carrier gas, in a Packard Model 419 Becker 
instrument fitted with a ~~nle-ionization detector. Sugar solutions were always 
evaporated in a rotary evaporator at 50”, and the products dried by lyophihzation. 

Pre~~~~tio~z of the degradedpof~ssncclzari~e (DGP). - The original polysa~~har” 
ide (OP, 4 g) was treated with 2.5mM sulfuric acid (100 ml-) for 40 h at 60”, the 
duration of treatment being ascertained from the results of pilot experiments. The 
mixture was dialyzed for 120 h at 4”, and the DGP was precipitated from the dialyzate 
by means of 3 : I (v/v) ethanol-acetone (800 mL), and dried over P,Os; yield 1.5 g, 
[~]z -9” (c 1, water). It migrated as a single, broad spot in electrophoresis (60 
V/cm). 

Carbox32 red~c~j~~ of OP and DGP. - Both OP and DGP (150 mg each) were 
separately dissolved in water (40 mL). l-Cyclohexyl-3-t2-morphol~~loethy~)carbod~- 
imide metho-p-toluenesulfonate (CMC, 1.5 g) was added to each polysaccharide 
solution, with stirring, and the pH maintained at -4.75 by dropwise addition of 
0.01~ hydrochloric acid during 4 h. Sodium borohydride solution (2.5M, 50 mL) 
was then added to each solution, the pH being m~nta~ned at 7 by simultaneous 
addition of4~ hydrochloric acid. The mixtures were stirred for a further 1 h, dialyzed, 
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and concentrated. The entire process of reduction V,XS repeated t\s ice. Chl C-~CLILICL‘C~ 

OP and CMC-reduced DGP (70 and 80 mg, rcapecti\ely) \\t‘rc thus obtained. 

,Il~~tli~~/~~tim mtr(~~.si~. ~~~ The OP, DGP. CMC-rcducecl OP. and CMC-rcdLlc& 

DGP (IO mg each) were placed in separate. air-tight \,ials. They UCK mrwd \!lth 

dry dimethyl sulfoxide (I.3 ml.) li~llocved by 31 methylsuifinyl socllum (IO mL) in 

an atmosphere of dry N2> stirring being continued otornight. .Lnd then trcatcd with 

methyl iodide ( IO mL) by- tlropu~~e addition. The product5 \tex di;Jy/ed c\hausti\el) 

against distilled water, the s~>lutions concentrated, and IIlc cnnccntratek c\tracted 

with hot chloroform. They lucre remethylatcd once I~\, the I’urd~c Inethod. The 

infrared spectra of these m&hylated prcjducts showed no abwrpti~~n b:wti war 

3500 cm ' (yield 5. 4, h. and 7 mg. r~specti\eIy). 

The methylated products (-I mg each ) were rclluued with SO”,, fc~rmic acid 

for 3 h, and. after removal of the formic acid as the ;~~ucous azcotl opt‘. NC’I-t’ hydro- 

lyzed with O.%l sulfuric acid for IO h at 100’. After the usual trcaim~nt. the products 

wre converted into partlallq methylated alditol acetates, and clutractcrixd hi g.1.c. 

in column 2. The results are presented iu Table Il. 

In separate ekperimcnts, OP and DGP (27 mg each ) k\crt’ cacli treated \vith 

0.04~ sodwn metapcriodatc (25 mL) for 3-i hat 3 In the darh. That z~,c‘r’~~ of oxidant 

\bas decomposed \vlth cthylcne glycol (10 mL.), and the solution? \~t‘re dialyxd, :tnd 

concentrakd. The contents t+cre reduced M Ith sodium h~~rohydrrd~ ( I g J, and, after 

the usual treatment. the bol-oh),~iride-ruciLiccd. l’t‘r”‘iiatc-clsIrli/r.tI p~l~~~cllaridc~ 

lte1.c isolated by precipitation with ethanol (q~eld, 9 mg). One p~rL1c~11 ( 3 ing) of thi\ 

material was hydrolyzed with hi sulfuric acid at 100 ‘. and the producta. after con- 

version into alditol acetates, analyzed by g.1.c. in colunln !. ,Another part (5 mg) \tas 
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treated with 0.5~ sulfuric acid (8 mL) for 18 hat room temperature, the acid neutraliz- 

ed with BaCO,, and the solution decationized, and dialyzed. The solution was 

concentrated, and the product subjected to a second Smith degradation. After the 

usual processing, the periodate-immune material was hydrolyzed with 0.5~ sulfuric 

acid, and the monosaccharides were characterized by g.1.c. in column I. 

End-group analysis. - To a solution of the polysaccharide (50 mg) in very 

dilute sodium hydroxide solution (5 mL) was added sodium borohydride (30 mg), 

and the mixture was kept for 48 h. The excess of borohydride was decomposed with 

dilute acetic acid, and the pH was adjusted to 6. The solution was cooled to 4”, 

0.25~ sodium metaperiodate solution (10 mL) was added, and the volume of the 

mixture was adjusted to 25 mL. The oxidation was allowed to proceed in the dark, 

and, periodically, aliquots (2 mL) of the mixture were transferred to test tubes, and 

the excess of periodate immediately precipitated by addition of a saturated solution 

of lead acetate (3 mL). A length of dialysis tubing containing distilled water (5 mL) 

was introduced into all of the test tubes. The concentration of formaldehyde in the 

dialysis tubings was determined by the chromotropic acid procedure15, using D- 

mannitol as the internal standard. 
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