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CHROM. 7581 

HIGH-PRESSURE LIQUlD CHROMATOGRAPHY OF CARBOHYDRATES 

SUhIMARY 

A procedure is described for the separation of‘ \xutcr-soluble wood poly- 

saccharides on Bio-Glas (granular porous glass) and Bio-Gel P (polyacrylamide) 
packed cotumns using high-pressure liquid chromatography (HPLC). An esample of 
HPLC crnploving non-aqueous solvent systenx and ElkI Gel OR-PVA (vinyl acetate 

copolymer) type pnckin, ‘1 marerials is also discussed- 

ISTRODtiCTION 

A technique is described l-or the separation and isolation of some water- 
soluble \\-ood polysaccharides and lo\\--molecLllar-\ei~llt carbohydrates using high- 
pressure liquid chromatogrt~phy ( HPLC). The polysacchrides surveyed include 
arc~bino~alact3ns i~rom x\estern l:lrch (LrwLv oc~cidm~olis), lvater-soluble polysaccl~a- 
rides from loblolly pine (Fimrs rotd~~) and ;L synthetic polymer formed by thermal 
polymerization of meth_vl-c~-t,-~lucop_vrnnoside. 

ESPERlhlENTAL 

A Waters Ass_ (Framin~ham, Mass_. U_S_A_) liquid chromatogrtlph (Model 
202) equipped N ith a 1000 p-s-i_ pumping system and both ultraviolet and ditkential 
refractometer detectors was employed. All chromatograms \vere obtained at room 
temperature_ 

Bio-Gel P-2 and P-60 (poiyacrylamide @) and Bio-Glas 500 (granular porous 
glass) packing materials were obtained from Bio-Rad Labs.. Rockville Center, N-Y., 
U.S.A. EM Gel OR-PVA 500 (\*inyl acetate copolymer) packing material was obtained 
tiom EM Labs., Elmsford, N.Y., U.S.A. 

Molecular weight standards (destrtm polymers) \xere purchased from Phr- 
nxicia, L’ppsala, Sweden. 

Stainless-steel columns. 4 ft. :-: 3jS in., Eere used for both Bio-Gel and Bio- 
Glas materials while a column 2 ft. := l/S in. was employed for the EIM Gel packing. 
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Granular Bio-Gel was suspended in wuter and alloyed to swell overnight_ 

The vatcr W;IS then decanted offin order to remove any lint particles_ Sutlicient frcsb 
water was added to form a thick slurry, which was then poured slowly into the CO~LIIIII~. 

Suhseqtientl~, the column \k;is attached to a sol~xxit output line on the liquid chroma- 
togaph and tlflo~ed to purge \i-ith the solvent for < h_ The process of adding packins 
material and purging w:s repeated until the column ~-as completely pttcked. 

Porous Bio-Girts \\as suspended in water in a stoppered Btichner funnel, and 

a acuun1 was applied_ \Yhen all bubbling of the slurry had ceased, the column ws 
packed in an analogous manner to the Bio-Gel cohnnn. 

As EM Ge! OR-PVA materials can br used onix with non-aqueous solvents, 
this packing \vas allo\\ed to r\\ell in methanol overnight. After clamping the 1 ft. ,_ 
1:s in_ column in it vertictil position, :t VLLCUUIII W.IS applied at the lowx end \vhile 
3 slurr\- of the packing material wits slowk introduced at the top. Final pressure 
packinS of the column 1~3s accomplished by usins a high-pressure p~mip. Further- 
more. to prevent foreign matter from bein, ‘1 introduced into the UV or refractometer 
cells, all nealy packed columns wzre al!o\\ed to purge with appropriate solvents for 
3 h before being connected to the inlet !iner of the detectors_ 

The polysaccharides \\ere hydrolyzed ami rhe hydrolyzxte \\ as si!! iated usinp 

t!1e procedure of %eeley C’I crl.‘. The silylrtted monosaccharides \\crc sepuratcd ~tnrl 
identiiied by gas-liquid chromatography (GLC) and quantitatively Jetermincd usinp 
an electronic integrator as previously described by l-aver t’i rd.‘_ The y:iluc of each 
sugar 1~;~s corrected fi,r any loss due to decomposition and for addition of ZL \vatc‘r 
molecule during hydrotyris. 

lf’crrer-soJrtJdt~ poJ~.st,ct-Jt~ritJt~s _ ji-om lohld~~ JCm5_ Uoards. cui from the sap- 
\vood of rl gccn lobloll! pine (Finm- rrretk~) log. wxe ground into small chips mid 

passed throu& z.t Wiley mill equipped kit11 a 60-mesh set-ccn. Tl;c sap\~oaJ me:11 
(CU. 1500 g) \vas then placed in LN o Itltge containers and extracted ~1 it11 dislilled ~1 riter 
(J 1) tix- 2-1 h at room temperature. The two solutions fierr‘ liltcrcd and the acl~wo~~s 

tiltrates combined. -4 rotary evapottltor \\as employed to conccntratc the ac~~~co~~s 

tiltrate to a thick, dark brown syrup. This material was lab&d total, cold-\\atcr-sol- 
uble fraction. Fehiins_‘s reagent was then added to an rtqucous solution of this syrup. 
causing a light g-een material to precipitate_ The precipitate L\;LS collcctcd and \wshed 
\vith a large volume of distilled \vater and then rtllo~wd to air dry. Decomposition of 
this polvsaccharide-copper complex \v;\s pertkmed by alding it to ice-cold (0 ) 
ethanol containins hydrochloric acid (5 1.‘;,. vjv)_ The precipitate w\‘;ts collected b> 
tiltration and washed successively ~1 ith ethanol, acetone and diethyl ether. This procc- 
dure \vas repeated three times to yidd a puriiied ~alacto~lucomannan. 

The Fehling‘s-soluble fraction from above \vas deionized with h.1 B-3 ion 
cschang_er and filtered- The liltrate ~vas then concentrated to ;I small volume and 
added to an excess of ethanol_ The white precipitate \\-hi& lbrmed W;LS Lvttshed SLIC- 

cessively with ethanol , acetone and diethyl ether. This material NXS lahelcd Fehlingl_‘s- 
wluble fraction. 
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a dry sample board of larch_ These blocks were then planed into chips and passed 
through a Wiley mill. The resultant meal was placed in ZL Soshlet unit and exhaustively 

estracted successively with benzene, bcnzetx-ethanol ( 1: I) and ethanol. After the 
sample bad been air dried, it was likewise extracted with distilled water (24 b, 20’). 
The aqueous extract was filtered, concentrated to a small volume and added dropwise 
to a four-fold esccss of denatured ethanol. Tk llullj white precipitate which formed 
was collected, washed sequentially 11 it11 ethanol, acetone and dietbyl ether and dried 
in it vacuum oven_ 

Prohrrs fi-ottt thertttul pof~.tttcri=~triott of‘ ttteilt~l-c~-D-~ltt~~)l~~.t-~itt[~.sit_ A small 
sample of methyl-cc-u-glucopyranoside 1~3s introduced into the beating chamber 
(initial temperature 310”) ofa Cbromttlytics MP-3 tlwmrtl anal_vzct- while the chamber 
w:ts being pursed with nitrogen. The reaction wts allo\\ed to proceed isothermally at 
3 10‘ for 10 min, at which time the sample v.as removed and dissolved in ;t small 

;tmoitn~ of water. 
The above rcmperatttre and rexrion time were chosen because earlier studies 

bad she\\ n that meth~~l-c~-t,-~lttcop~ctnoside would polymerize tmder these condi- 
t ions’_ 

RESULTS AND DISCUSSIOK 

Fig. 1 sho\\s the separation of the tx\‘o x\atcr-soluble r~r3bitlo~~l~tct~tt~~ lion1 
larch on a Bio-Ckts 500 packed colutnt~. This packing material withstood high 
pressures sell: hence larger tlow-rates v.ere employed. Sbnt-p, \vell sep:trated peaks 
\\ere obtained ti>r the polymers on Bia-Glas, which illustrated that a random molec- 
ular \veighr distribution did not exist. Subsequently. each component ~;ts isolated 
from rlie liquid clirotiiatc~~rttpli and characterized by GLC. The results. v. hich are 

shown in Table I_ agree ti-ell wit!1 previously reported Lxlues for these ~ot~~p~~un~ls~ -‘_ 
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TABLE I 

ANALYSIS OF LARCH ARABINOGALACTANS 

Molecular \veighrs (A,,. and A.,* values) for the two water-soluble arabino- 
gaktctans were obtained by making standard runs of destrnn polymers on the Bio- 
Glas 500 coltunn. Apparently, owin g to the relative inertness of the porous glass 
beads. little if any atlinity interaction took place beween the column and destran 
standard_ Hence, molecular weights were determined accurately on this column es- 
cept in the region near the void volume (molecular v:eiglit operating rtqe ofcolunin 
= lO,OOO-100,000). The high-molecular-\i~eigIlt component ciuted very ctosc to the 
void volume of the column I theretbre, little tirndwnental information about its 
polydispersity or molecular weight could be obtained_ HoEever. the other com- 
ponent had a much hver molecular wei&t. so characterization ~;LS easy_ This 
species possessed a poI?dispersity of 2. i 6 and AT,, 2nd IO,,_ values of SO% and 1 S, 195. 
respectiveIy_ 

Fis_ Z sho\vs the separation of the total. could-\~ter-solLlble polysacchrides 
on a Bio-Gel P-60 packed column. The Bio-Gel materials \tcre ibund IO compress 
very easily under high pressure so a IOK tlo\s-rate had to be cmplo~cd. The total 
elution time kas slightly over 4 Ii. 

After introducing large samples of total, cold-i\ater-s~~luble materitL1 via the 
Z-ml loop injector. frtlctions \vere isolated from the total run (see Fig_ 2) and analyzed 
by GLC. The results indicated the prrsence of an arabinosr-, mxmosc- and &KXOSC- 
conrrrking poIyner. a gtllacto~lucomannan and large amounts oTgl?_ccrol. One tiac- 

Fig:. 2_ HPLC rcfrxtive ides chromritogmm of total. cold-water-soluble material. Co!umn: 4 it _ 
. 3 S in.. stainless steel. Bio-Gel P-60 packing material. Solvent: wtter. Fhv-rate: 0.3 ml min. 

( I) Unknown: (2) ~I~tctogIucomannan: (3) arabinose-_ mannusc nnd grt!rtctoliecontnining pal> n:rrr 
(1) &0x0!_ 
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tion (peak 1) appeared to be a mixture and, because its elutiou volume was so near 

the void volume of the column, it could not be resolved any further. 
As stated previously, the total, cold-water-soluble material was cl~emically 

fractionated using Fehling‘s solution. The Fehling’s-insoluble fraction (copper com- 
plex precipitate) yielded a galactoglucomannan similar to that reported by Jones and 
Painter’ and by Timell’o ([~]s,” = -19.6’). Acid hydrolysis and GLC analysis con- 
firmed the presence of galactose, ~ Aucose and mannose in the ratio l-1 :1_0:3_S_ The 
periodate consumption was determined spectropliotometricallyl’ and found to be 0.9s 
molc/anhydro unit, while the formic acid liberation was 0.19 molc/anl~ydro unit_ 

The Fehling‘s-soluble fraction aKorded a white material containing arabinose, 
mannose and galactose in the ratio 1_0:1_0:2_7_ This material was homogeneous by 
HPLC criteria and further chemical purifcstion with Fehling‘s solution failed to 
alter its mannosc content_ This polysaccharide appeared completely diftkrcnt from 
arabinogrhctan material repor ted from lxch’ and Monterey pine” and even lob- 
lolly pine3 total wood_ A complete structural anrllysis, which is beyond the scope 
of this paper. would be necessary in order to contirm this material as being a true 
arabinogalactnn species. 

Fig_ 3 slio\vs the Fehlin~‘s products as they appeared on a Bio-Gel PdOcolumn_ 

Scan A and B of the Fchling’s-insoluble fraction were run in order to illustrate the 
utility of liquid chrornatograpl~y in monitorin g 3 chemical purification. Cliromato- 
gram A shows the cold-\vatcr-soluble ~alactoglucomannan contaminated with an 
unknown component (peak 1). After repeated precipitation with Fehling’s solution. 
thr a- ,,llttcto~lucomannan was resolved into one peak (peak 2), exclusive of any con- 
taminntin~ material (scan B)_ Peaks 1 and Z are anttlogous to those on the ch-omato- 
vam of the total, cold-water-soluble material. The Fehling-s-soluble fraction con- Z 
tained three compounds correspondin g to peaks 1, 3 and 4 on the chromatogram of 
the total, cold-\\-utcr-soluble material. Components genrratin~ peaks 3 and 4 were 
easily charxtcrized. but peak I_ which NXS caused by a high-molecular-weight species. 

:31 L 

Fig. 3. HPLC refractive indcs chmmatogmms of Fchling‘s-insoluble (a) and Fehling-s-soluble (b) 
materials. Column: Bio-Gel P-GO, 4 ft. :-: 3!S in_. st-dinless steel. Solvent: water. Flow-rate: 0.3 ml~min. 
A. unpurifisd Fchling‘s-insolubls fraction: B. puritird FchlingS-insoluble fraction_ (1) Unknown: 
(2) galactoglucomnnnzm; (3) ambinose-. mannose- and gaktosc-containing polymer, (4) glycerol. 
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could not be further purified. As stated earlier, it eluted at the void volume of the 
column- A Bio-Gel P series column possessing a higher molecular weight operating 
range \vould have resolved this material, however. 

Fig. 4 illustrates the separation of some low-molecular-weight carbohydrate 
materials when a non-aqueous solvent system was employed. Again, the packing 
material was easily compressed at high pressures (high ff ow-rates), so a low ff ow-rate 
had to be used. 

Fig. 4. HPLC rekactiv-e indes chromntogram of some Io~\;molrculctr-sleight carbohydrates. Column: 
EM Gel OR-PVA 500. 2 ft_ x l!S in.. stsinless steel_ Solvent: methanol. Flow-rate: 0.3 ml~min. 
(I) Stachyose hydrate; (2) D[i)-cellobiose: (3) D(-)-ribose_ 

Resolution of peaks on the EM Gel column was escellent. And, although a 
number of compounds were suneyed, the separation of tetrasaccharides from di- 
saccharides and monosaccharides seemed to be one ofthegreatest assets ofthe column. 

In order to study further the utility of the &o-Gel packing materials, poly- 
merization products from a thermal decomposition reaction of methyl-rc-wglucopy- 
ranoside were investigated. Fi g. 5 sho\ts the initial and final products as \\-ell as the 
intermediate compounds formed in the polymerization process. 

; 
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Fig_ 5_ HPLC refractive indes chromatogram of products from thermal polymerization of methyl- 
rr-D-glucopyranoside_ Column: B&Gel P-2. 4 ft. :-: 3iS in_ Solvent: water. Flow-rate: 0.9 ml/min. 
A, Total reaction mixture: B, methyI-a-D-glucopyrnoside. 
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The first peak eluted from t!le Bio-Gei P-2 colymn was the highest-molecular- 
weight compound or “compounds ” in the reaction mixture For this particular re- 
action, the tirst peak of scan A corresponded to mol. wt. >, 1300 while the last peak 
corresponded to mol. wt. <192_ The intermediate area between the first and last 
peak of scan A can be associated with materials in the reaction mixture possessing 
random molecular \veights from 192 to 1300_ Scan B of pure methyl-cc-wglucopyra- 
noside was run for comparison_ Perhaps the most important fact to be ascertained 
from the above illustration is that through the use of HPLC, polymerization processes, 
and many other types of reactions, can be monitored from initiation to termination_ 

Also, the total reaction: mixture can be analyzed directly, eliminating the formation 
of any derivatives_ For esample, neutral sugars can be studied in their narural states 
when usins HPLC, while analysis by GLC would require common derivative for- 
mation (e.g_, trimethylsilyl, acetyl and trifluoroacetyl derivatives). 

CONCLUSiON 

Through the use of HPLC, water-soluble polysaccharides, together with low- 
molecular-\\eight carbohydrates and polymerization products, were separated, col- 
lected and identified. Bio-Glas packed columns gave the most rapid separation of 
high-moleculrrr-\\eight, water-soluble polysaccharides, lvhile Bio-Gel was found most 
useful for separating comples mixtures of polymers. Lower molecular weight cnrbo- 
hydrates were separated on both Bio-Gel and EM Gel OR-PVA columns, with EM 
Gel giving the best resolution_ The only dra\vback found with the EM Gel packings 
was that non-aqueous solvents had to be employed. Consequently, analysis of those 
carbohydrate oligomers which possess more than four units was somewhat limited 
o\ving to solubility problems. 
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