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ABSTRACT 

Graded hydrolysis of purrfied bael gum afforded three neutral and two acrdrc 
ohgosacchandes, together wrth monosaccharides These sugars were rdentrfled 
through penodate oxrdatron, methylatron, reductron wrth lithmm alummum hydride, 
co-chromatography. and preparatron of crystallme derrvatrves The neutral ohgo- 
saccharrdes were characterrzed as 3-O-b-D-gaiactopyranosyl+arabmose, 5-0+-D- 
galactopyranosyl-L-aabmose, and 3-O+-D-galactopyranosyl-D-galactose, and the 
acidic ohgosaccharrdes as 3-O-@-D-galactopyranosyluromc acrd)-D-galactose and 
3-O-(B-D-galactopyranosyluromc acid)-3-O-P-D-galactopyranosyl-D-galactose 

INTRODUCTION 

The bael plant (Aegle marmelos) IS found abundantly m Indra Bael fnut and, 
partmularly, bael gum, known for therr antramebrc and antrhrstarmmc actrons, are 
important m I&an Ayurvedrc medicine r Bael frmt 1s used agamst dysentery and 
dmrrhea’ Marmelosm, present m the fruit, IS an exceedmgly potent drug and, If taken 
in doses of 50 mg, acts as a laxatrve and dmretic, wrth a shght lowermg of respuatron 
and a tendecy towards sleepmess In larger doses, rt acts as a strong depressant for the 
heart3. The gum IS used to prepare adhesrves, water-prool?ng, and orl-emulslon 
coatmgs4. Some prehmmary mvestrgatrons on rrpe bael gum were made by Par&h 
et al 2, but no detailed work on the elucldatron of the structure of the polysacchandes 
of bael gum seems to have been performed so far In the present paper, we report 
detailed structural studies on the ohgosaccharrdes obtained by graded hydrolyses of the 
degraded gum 

The bael gum was isolated by first takmg out the gummy envelope around each 
seed of unrrpe bael frmts. From these envelopes, the pure polysaccharxde of the bael 
gum was obtamed by repeated precrpltatron from aqueous solutron with ethanol untrl 
its spectic rotatton remamed constant The final preclprtate was washed wrth acetone, 
and dned over phosphorus pentaoxrde m vacua The puntled gum had [& +84O 

*Structural Investigatmns oc Bad (AI& martelos) Gum, Part I 
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(C 0 2, water), and contamed galactose (71), arabmose (12 5), rhamnose (6 S), and 
galacturomc actd (7 0%), it was converted mto the degraded gum by heatmg a 1% 
solutron of the gum m 0 05~ oxalic acid for 75 mm on a borlmg-water bath The 
excess of oxahc acid was removed as calcmm oxalate, and the degraded gum was 
isolated by precipitation from the solution with ethanol The precipitate had [a&, +44” 
(m water), and contamed galactose (79 5), arabmose (3 5). galacturomc acid (8 6), 
and rhamnose (4 2%), d was found to be electrophoretrcally homogeneous, and was 
used for graded-hydrolyses studies 

The graded hydrolyses, gurded by the results of pilot experrments for maxrmal 
yield of lower ohgosaccharrdes, was conducted by heating a 1% solution of the 
degraded gum m 25m~ sulfunc acid for 16 h on a borlmg-water bath The acidic 
sugars were adsorbed on a column of Dowex-1 X-4 resin Three homogeneous 
drsacchandes (I, II, and III) plus galactose, arabmose, and rhamnose were isolated 
from the neutral fractron of the hydrolyzate by csmg Whatman No 3 MM chromato- 
graplnc paper Drsacchande I contamed a galactosyl group and an arabmose resrdue, 
the latter berng at the reducing end, rt proved to be 3-O-j?-D-galactopyranosyl-L- 
arabmose, as (a> the drsaeohmde had RGlc value and specrfic rotation ldentrcal with 
those of an authentrc sample, (b) its methyl glycoside consumed 1 9 moles of perrodate 
per mole, and (c) the permethylated denvatrve yrelded 2,3,4,6-tetra-U-methyl-D- 
galactose and 2,5-dr-O-methyl-L-arabmose on hydrolysis Drsacchande II also 
contamed a galactosyl group and an arabmose residue, the arabmose being present 
at the reducing end, and rt was characterrzed as 5-O-P-D-galactopyranosyl-L-arabmose 
as (a) the RGlc value and the specrfic rotation were Identical with those of the authentrc 
compound, (b) the methyl glycosrde consumed 2 9 moles of perrodate per mole, and 
(c) on methanolysrs and hydrolysis, the permethylated drsaccharrde yielded 2,3,4,6- 
tetra-0-methyl-D-galactose and 2,3-dr-0-methyl-L-arabmose On hydrolysis, dr- 
saccharrde III yielded only galactose, and was identified as 3-O-/?-D-galactopyranosyl- 
D-galactose, mamly by the results of perrodate oxldatron and by comparison with an 

authentrc sample 
The mrxture of acrdtc sugars was recovered from the column of anron-exchange 

resin, and galacturomc acid, an aldobrouromc acid, and an aldotnouronic acid were 
isolated from tins fractron The aldobrouromc acrd was proved to be 3-0-(8-D- 

galactopyranosyluromc acid)-D-galactose mamly through methylatron studies and 
the results of penodate oxrdatron of its methyl ester methyl glycoslde On hydrolysis, 
the aldotrlouromc aad, [a],, +40”, afforded galacturonx acid, galactose, and an 
aldobrouromc acid that was chromatographrcally mdrstmgurshable from ~-O-@-D- 

galactopyranosyluromc acid)-D-galactose However, on reduction of the trrouromc 
acid with sodium borohydnde, and subsequent hydrolyses, the hydrolyzate showed 
a spot for the same aldobrouromc acrd, together wrth zones for galactose and 
galacturomc acid, when the paper was sprayed with amhne oxalate, suggestmg that 
the tnouromc acid has the sequence galacturonrc acrd-galactose-galactose. On 
penodate oxrdatron of the methyl ester methyl glycosrde of the aldotnouronrc acid, 
1 9 moles of the oxrdant were consumed per mole of the aldotnouromc acid, tlus 



BASL GUM 221 

mdrcated that the lmkage between the two galactose residues IS (1+3) This conclusron 
was corroborated by a Smith-degradatron study of the aldotrrouromc acid, in which 
only galactose was detected Upon methanolysrs and subsequent hydrolysis, the 
permethylated aldotrrouromc acrd yielded 2,3,4-tn-O-methyl-D-galacturomc acid 
and I&4,6-trr-O-methyl-D-galactose. showmg that the a~dotrrouromc acrd IS 3-G 
(P-D-ga~actopyranosyhIromc acid)-3-O-P-D-galactopyranosyl-D-galactose 

The results so far obtamed give some msrght into the structural detarls of the 
polysacchandes present III the degraded gum, but are rnsufficrent for proposal of a 
plausible structure for the gum polysacchande Charactenzatron of these ohgo- 
saccharides indicated that the galactose restdues are mcstly linked through O-l and 
O-3, and that the arabmose residues are lurked through O-l and O-3 and also 
through O-l and O-5 The arabmose resrdues hnked through O-l and O-5 are 
evidently in the furanose form No drsacchande contammg rhamnose could be 
isolated The low, posrhve, specrfic rotation (+ 44” m water) suggests that both the a 
and the fi type of hnkage may be present m the polysacchande 

ExPERIMENTAL 

Materrals and methods - The solvent systems (v/v) used for paper partrtron 
chromatography were (A) 18 3 1 4 ethyl acetate-acetrc acrd-formrc acrd-water, (B) 
4 1 5 I-butanol-acetrc acrd-water, (C) 5 5 1 3 ethyl acetate-pyrrdme-acetrc acld- 
water, (0) 8 2 1 ethyl acetate-pyrrdme-water, and (E) 4 1 5 I-butanol-ethanol-water 
The spray reagents used were (a) amhne hydrogen phthalate, (b) alkaline sdver 
nitrate, (c) amhne hydrogen oxalate, and (d) benzldme perrodate All specrfic rotations 
recorded are eqmhbrmm values Unless otherwlse stated, all evaporations were 
conducted ZIZ uacm at 30-40” Whatman No 1 filter paper was used for quahtatrve, 
paper chromatography, and quantlhes up to 200 mg of sugar nuxtures were separated 
on Whatman No 3 MM sheets 

Acidic ohgosaccharrdes were converted mto then methyl ester methyl glycosrdes 
by refluxmg with dry, methanohc hydrogen chlonde (2 5%), and neutral ones were 
converted mto methyl glycosrdes by keeping with dry, methanohc hydrogen chlonde 
(2 5%) for 36 h at room temperature Each solutron was made neutral with silver 
carbonate, the suspension filtered, and the filtrate evaporated to a syrup 

Penodate oxrdatlon studies were conducted spectrophotometncally’ The 
molecular weights of the ohgosaccharrdes were determmed by the alkalme hyporodlte 
method”. The monosaccharides from the polysaccharrde solutions were estrmated by 
using the L-cysteme-sulfunc acid method7, takmg the dlchromatrc readmgs for 
galactose’ at 412 and 380 11111, for arabmose’ at 390 and 420 nm, and for rhamnoseg 
at 396 and 482 nm. Uromc acid was determmed by the carbazole method” at 
535 run N-p-Nrtrophenylglycosylammes of the monosaccharrdes were prepared” 
by refluxmg a methanohc solution of the sugar with a methanohc solutron of p- 

mtroamhne contalmng a trace amount of hydrochloric acrd, and crystalhzmg the 
denvatrve from ethanol 
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lsolatzon of purzjied gum - Gum and seeds were collected from 20 green 
bael-fruits Water (400 ml) was mixed with the gummy natend, and the suspensron 
was filtered through nylon cloth To the clear titrate was added ethanol (5 vol), 
whereupon a browmsh precipitate appeared Thus was centrifuged off, and suc- 
cessively tnturated with ethanol (three times) and acetone, yield 45 g, [a]n +90” 
(c 0 5, water) The polysaccharrde was dissolved m water (400 ml) and precipitated 
by addition of ethanol (4 vol) The polysaccharrde was isolated as already described,, 
and this process of drssolutlon and repreclpltation was repeated five trmes, the value 
of the specific rotation had then become constant at +84” The final polysaccharrde 
was dried over phosphorus pentaoxlde zn vacua, yield 40.12 g, [a]n f84” (c 0 5, 
water), moisture 1 93, ash 0 45, uromc acid 7.0, OMe 0 3, 0-4~ 0 O%, and mtrogen 
neghgtble 

In the hydrolyzate of the polysacchande, arabmose, galactose, rhamnose, 
galacturonic acid, and an aldoblouromc acrd were detected by paper chromatography 
usmg solvents A, B, and D, and spray reagents b and c The constituent mono- 
saccharides were separated on paper by usmg solvent B, and were identtfied through 
preparation of derivatives (see Table I) by methods described earher. Galactose, 
arabmose, and rhamnose from polysacchande solutions were determined as described 
earlier, found, galactose 71, arabmose 12 5, and rhamnose 6 5% 

Preparatzozz ofdegradedgum - A solution of whole gum (8 g) m 0 05M oxah 

acid solution (800 ml) was heated on a bolhng-water bath for 75 mm (the time 
prewously found for maximal release of the labile arabmose and rhamnose without 
hydrolysis of galactose resrdues) The soiutron was made neutral mth 0 05~ calcium 
hydroxide solution, the calcmm oxalate was removed by centnfugatlon, and the 
supematant hquor was dialyzed against dlstdled water and then poured with stirring 
into ethanol (3 vol) contammg 1% of l&mm chloride The resultmg precipitate was 
tnturated three times with ethanol, and once with acetone, and dned , yreld 5 72 g A 
portion was dissolved m water and the polysacchande was reprcclpltated with 
ethanol, and isolated as before The specific rotatron of these two fracttous was the 
same (+ 44”) The degraded polysacchande was electrophoretrcally homogeneous 
When subJected to electrophoresls m a Shandon high-voltage, electrophoresls model 
L24 apparatus, in either borate buffer (pH 9 5) or phosphate buffer (pH 8 0), at a 
potentral gradrent of 20 V/cm, it showed a smgle, clear spot at 1 cm towards the 
cathode. This homogeneous, degraded polysacchande contamed moisture 0 3, 
ash 2 6 (as Li), uroruc acid 8 6, galactose 79 5, arabmose 3 8, and rhamnose 4 2%, 
and was used for the detailed, structural studies 

Graded hydrolyszs of degraded gum - Guided by the results of pilot expen- 
ments for the maximal yields of the small ohgosacchandes, the degraded gum (3 0 g) 
was heated with 25mM sulfunc acid (300 ml) for 16 h on a bolhng-water bath The 
solution was cooled. made neutral (BaCOs), and the suspension centrifuged The 
supematant hquor was passed through a column of Amber&e IR-120 (H+) resm and 
then through a column of Dowex-1 X-4 (MCO,‘) resm, on which the acr&c ohgo- 
saccharides were adsorbed (Each column was washed with dlstrlled water untrl the 
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tial washings gave a negative Mohsch test.) The neutral eluate and the washmgs 
were combined, and evaporated to a syrup (2 6 g) Paper-chromatographrc examina- 
tion (solvent B and 0) of thrs neutral fraction mdmated the presence of three ohgo- 
saccharides (Rozc 0 50,O 23, and 0 17 m solvent B), together with galactose, arabmose, 
and rhamnose 

Exantznatzorz of nezzrral ohgosacclzarrdes - The mixture of neutral sugars was 
resolved on Whatman No 3 MM paper, and the zones correspondmg to the ohgo- 
saccharrdes were cut out, and eluted with water Before this elutron, each of these 
fractions was tested for homogenerty by paper chromatography 

CJzaracterzzatzon of 3-0-/SD-galacropyranosyik-arabznose - The syrup of I 
(89 mg) had f&, + 57” (c 0 2, water) (ht ’ 5 [aJD + 64”), RGzc 0 50 (solvent B), and mol 
wt 316(calc for C,1H20010, 312) On hydrolysis, it yrelded galactose and arabmose 
m equal proportions A portion of the sugar was reduced with sodium borohydnde 
and then hydrolyzed After the usual treatment, the product was exammed by paper 
chromatography usmg amhne hydrogen oxalate spray reagent, when only one spot, 
correspondmg to galactose, was obtamed A portron of the disaccharide (10 mg) was 
converted mto the methyl glycosides, and these were oxrdized with sodmm meta- 
penodate, 1 9 moles of perrodate were consumed per mole of the disaccharide 
derivatives Part of the mixture was methylated by the Hakoman method’ 6, and the 
product methanolyzed and hydrolyzed The resulting components were Identified as 
2,3,4,6-tetra-O-methylgalactose and 2,5-di-O-methylarabmose on paper chromato- 
grams The mixture was separated on paper The former had [c&, + 110” (m water) 
(ht l7 f logo), and the latter, [I& + 63” (m water) (lit I8 + 60”) 

CJzaracterzzatzorz of 5-O-P-D-gaJactopyranosyJ-L-arabznose - The syrup of II 

(57 mg) had MD -20” (c 0 25, water) (ht lg [c.&, - 18’), RGzc 0 23 (solvent B), and 
mol wt 306 (talc for C,,H,,O,O, 312) On hydrolysis, rt yielded galactose and 
arabmose m equal proportrons Reduction with sodium borohydrrde, and subsequent 
hydrolysis, gave galactose as the only reducmg sugar The mixture of methyl 
glycosrdes was subJected to penodate oxrdatron, rt consumed 2 78 moles per mole 
A portron of thus glycosrde mixture was completely methylated by the Hakomori 
method, and the product hydrolyzed Spots correspondmg to 2,3,4,6-tetra-O-methyl- 
galactose and 2,3-di-U-methyl arabmose were obtamed The 2,3-dl-O-methyl-L- 
arabinose had [a]n + 100” (m water), ht ” + 104” 

CJ~aracl’enrat1ot.z of 3-O-~-D-ga~aCtOpyr~OSy~-D-ga(acrose. - The syrup of III 
(132 mg) had [c&, i 63” (c 0 5, water) (ht ” +60”), RGIc 0 17 (solvent B), and mol 
wt 338 (talc for C12H22011, 342) On hydrolysis, it yielded galactose only One 
mole of the methyl glycosrdes of the drsaccharide consumed 2 05 moles of penodate 
The disaccharide, crystalhzed from methanol-acetone, had m p and mixed m p 163- 
165” (ht ” 163-170”) 

Examznarzon of tJ*e aczdrc sugars - The washed column of Dowex-1 X-4 resm 
was eluted with 0 05~ sulfuric acid (200 ml) and then with water (500 ml) The 
solutions were combined, made neutral with barmm carbonate, and the suspension 
centrifuged The supernatant liquor was evaporated to a syrup (300 mg) which, on 
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paper-chromatographic exammatron, showed three components; these were separated 
on paper, and mdrvrdual components were checked for homogeneity, and then 
characterized Galacturomc acid was characterized as descrrbed earher (see Table I) 

Clzaracterz~atzon of 3-0-(@-D-galactopyrazzosylurollrc and)-D-galactose - This 
albobiouromc acid (43 6 mg) had [c&O f50” (c 0 5, water) (ht 22 +56 27, RGolA 0 5 
(solvent A), and mol wt 349 (talc for C,,H,,O,, , 356) On hydrolyses, it gave spots 
on a paper chromatogram correspondmg to galactose, galacturomc acrd, and the 
ongmal aldobiouromc acid Reductron of the aldobrouromc acid with sodium boro- 
hydride, followed by hydrolyses of the reduced product, gave galacturomc acrd only 
(but no galactose) as the reducing sugar On reductron with hthmm alummum hydride, 
the methyl ester methyl glycosrde of the aldobrouromc acid gave galactose, only, on 
hydroIysis On periodate oxidation, the methyl ester methyl glycosrde consumed 
1 85 moles of penodate per mole 

Identzficatzon of 3-0-(B-D-galactopyranosyluronic aczd)-3-0-B-D-galacto- 
p~vanos~~l-D-galactose - This aldotnouromc acid (23 6 mg) had [a]:’ +40” (c 0 2, 

water), RGazA 0 34 (solvent A), and mol wt 512 (talc for C18H30017, 518) On 
hydrolyses, rt yielded galactose, galacturomc acid (trace), and the same aldobiouromc 
acid as already characterized The aldotriouromc acid was reduced with sodmm boro- 
hydride, and the product hydrolyzed On paper chromatography (using amhne 
hydrogen oxalate spray-reagent), spots for galactose, galacturomc acid, and the 
aldobiouroruc acid were detected The methyl ester methyl glycoside was reduced with 
hthmm alummum hydnde, and the product hydrolyzed, on paper chromatography, 
the hydrolyzate showed a spot for galactose, only On perrodate o,idatron, the methyl 
ester methyl glycoside consumed 1 9 moles of perrodate per mole On complete 
methylatron, methanolysis, and hydrolysis of the methylated methyl glycosrdes, the 
spots on a paper chromatogram corresponded to those fos 2,3,4-trr-O-methyl- 
galacturomc acid and 2,4,6-tri-0-methylgalactose (and no other spots) These 
methylated sugars could not, however, be studied m detad, as the amounts of them 
were too small 
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