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-4BSTRACT 

Manual and automated spectrophotometnc methods are described for the 
determinatxon of 3-deoxyhexomc and 3-deoxy-2-C-hydroxymethylpentomc acids 
The method utlhses the chromophores formed by condensation of barbltunc acid 
with the products of oxldatlon \mth penodate Thus method obviates the need for 
solvent extraction required when using 24bobarbltunc acid for chromophore 
productlon 

INTRODUCTION 

The types of saccharmxc acid formed on alkaline degradation of ohgosac- 

chandes can reveal the posltlon of substltut,on of the monomer umtsl A spectro- 
photometnc method usmg 2-thlobarbltunc aced has been described for the deter- 
mmatron of 3-deoxyhexomc (metasacchanmc) and 3-deoxy-2-C-hydroxymethyl- 
pentomc (Isosacchanmc) acids 2 In the automated version of this procedure3, the 
solvent-extractlon stage Increases the complex@ of the analysis This paper describes 
a method that may be readily automated and avolds solvent extra&on 

Standardned, analytzcal procedure - (a) Reagents (I) 0 2~ Sodium meta- 
penodate m 9M phosphonc aced, (2) 5% aqueous sodmm arsemte, adjusted to 
pH 9 0 with phosphonc acid, (3) 1% aqueous barbltunc acid, adjusted to pH 9 0 
with sodium hydroxide 

(b) ManzraZ procedzwe Sodmm metapenodate reagent (0 1 ml) was added to 
solutions of 3-deoxy-2-C-hydroxymethyl-D-erytlzro-pentomc acid (50 ,ug/ml, 0 2 ml) 
After 20 mm at room temperature, sodmm arsemte reagent (1 0 ml) was added to 
termmate the oxldatlon. The addlhon of barbltunc acid reagent (1 5 ml), followed by 
heatmg for 30 mm at lOO”, resulted m the development of a charactenstlc chromo- 

phore (L 505 nm) After the solutions had been cooled to room temperature, the 
absorbance was determmed at 505 nm The procedure was similarly apphed to 
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3-deoxy-D-arabmo-hexonic acid and 2-deoxy-o-arabmu-hexose, when a chromophore 
of It,, 486 nm was obtained Cahbratzon graphs and absorptzon spectra are shown 
m Fzg 1 
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Fig 1 Cahbratxon and chromophore absorption spectra for the barbltunc acid analysis procedure 
-0-, 2-deoxy-D-arabmu-hexose (485 MI), -@-, 3-deoxy-D-arabmo-hexoruc acid (485 run), 
- A-, 3-deoxy-2-C-hydroxymethyl-D-erylhro-pentomc acid (506 nm), - 2-deoxy-D-arabmu- 
hexose (barbztunc acid), 2-deoxy-D-arabmo-hexose (2-thlobarbltunc a&, - - -, 
2-C-hydroxymethyl-D-eryrhro-p&tomc acid (barbltunc acid), 

3-deoxy- 
------, 3-deoxy-2-C-hydroxy- 

methyl-D-eryfhro-pentomc acid (2-thlobarbltunc acid) 

(c) Automatedprocedure. The reagent compositions were rdentzcal to those used 
m the manual procedure Techmcon Autoanalyser modular equipment was employed 
throughout, and a schematzc representatzon IS presented in Fzg 2 Solutzons were 
sampled contmuously (0 10 ml/mm), and muted wzth sodmm metapenodate reagent 
(0 10 ml/mm) and water (0 10 ml/mm) durmg 10 mm Sodmm arsemte reagent 
(106 ml/min) was then added durmg 5 mm After removal of an, a proportzon of 
the sample stream was pumped (1 20 ml/mm) and mured with barbrtunc aced reagent 
(1 37 ml/min) After heating at 95” for 8 mm, the reactzon stream was cooled and the 
absorptzon determmed at 480 and 505 nm Cahbratzon graphs are shown m Fzg 3 

Effect of heatztzg tzme on coloztr development - Solutzons contazmng 3-deoxy- 
2-C-hydroxymethyl-D-erytliro-pentomc aczd (50 pg/ml, 0 2 ml) and 2-deoxy-D- 
arnbzzzo-hexose (50 pg/ml, 0.2 ml) were analysed by the standard procedure, using 
heating tunes of 0 to 60 mm at lOO”, The rate of chromophore development IS shown 
in Table I 

Eflect of concentratzon of barbzturzc aczd on coZour development. - The ter- 
mmated, penodate-oxidatzon mzxture of 3-deoxy-2-C-hydroxymethyl-D-e&r- 
pentonic acid (100 pg/ml) was sampled contmuously and mzxed with barbrturzc acid 
reagent, the concentration of whzch was steadzly increased by a lmear, concentratzon 
gradient The absorbance of the chromophore developed on heatmg was contmuously 
recorded A szmzlar procedure was employed for a solutzon of penodate-oxzdised 
2-deoxy-D-arabino-hexose The results are shown in Table II 
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Rg 2 Schematlc representation of the automated system for the determmatlon of ISO- and meta- 
sacchanmc acids Reagent cornposItIon and flow rates axr (0 32 ml/mm), water (0 10 ml/mm), 
NaI04 (0 2M, m 9hl phosphoric acid, 0 10 ml/mm), sample (0 10 ml/mm), NaAsOz (5% w/v, adjusted 
to pH 9 0 with phosphonc acrd, 1 06 ml/mm), recycled sample (1 2 ml/mm), barbltunc acid (I % w/v, 
I 37 ml/mm), and air (1 32 ml/mm) 

Fig 3 Cahbratron of the automated barbltunc acid procedure -_O-, 2-Deoxy-D-arabmo-hexose, 
-@-, 3-deoxy-2-C-hydroxymethyl-D-erythro-pentomc acid 

TABLE I 

EFFECT OF TIME OF HEATING ON COLOUR DEVELOPMENT 

Heatmg time (mm) 2 4 7 10 20 30 60 
Absorbance at 505 nm for A” 047 0 65 091 1 00 1 17 1 17 1 17 
Absorbance at 486 nm for S 0 48 1 02 1 60 167 185 200 200 

OA, 3-Deoxy-2-C-hydroxyrnethyl-D-erjthro-pentoruc acid, B, 2-deoxy-D-arabmo-hexose 

TABLE 11 

EFFECT OF BAFtBITURlC AClD CON CENTRXTION ON COLODR DEVELOPMENT 

Cont. (%) 01 02 03 04 05 06 07 08 09 1.0 
Absorbance at 

505 nm for A 0 153 0225 0268 0308 0 337 0362 0382 0397 0 397 0 397 
Absorbance at 

486 nm for B 0248 0560 0760 0890 1000 106 1 12 1 14 1 17 1 17 

A, 3-Deoxy-2-C-hydroxymethyl-D-erythro-pentomc aad, B. 2-deoxy-D-arabmo-hexose 
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Determinatzon of the eflect of possrble mterferrng compounds. - MXhamnose 
(whrch sves acetaldehyde on oxrdatron wrth penodate), D-mamutol (formaldehyde 
and forrmc acrd), sodmm pyruvate, and glyoxyhc acrd drd not interfere m the analytx- 
cal procedure or inhrbrt the production of chromophore 

DISCUSSION 

In the 2-thiobarbrtunc acrd assay for the determmatron of rso- and meta- 
sacchanmc acrds, precipitates and turbidrty are encountered on coolmg the assay 
solutrons after colour development, and solvent extractron 1s therefore necessary 
Whereas tlus can be really performed m the manual assay, problems arose m an 
automated procedure In the manual procedure, centrrfugatron is employed to clarrfy 
the two layers after solvent extractron, thus removmg turbrdrty from the orgamc 
phase In the automated procedure, no centnfugation can be employed, and thus 
when samphng from certain solutrons (e g , an alkahne degradatron m 0 25~ barmm 
hydroxrde) the turbrd solutrons may be camed into the optrcal flow-cell, grvmg nse 
to increasing baselmes and/or false readings of absorbance It was therefore necessary 
to develop an assay m whrch turbrdrty drd not develop and which, preferably, drd not 
reqmre a solvent-extractron stage 

Analysis of the precrprtates showed the presence of sulphur-contarmng com- 
pounds, suggestmg that a non-sulphur analogue of 2-throbarbrturxc acrd wouId 
ehmmate thrs source of mterference. In the assay for N-acetyineurarmmc acrd, 
Warren4 noted that rf barbrturic acrd was substrtuted for 2-throbarbrtunc acrd a 
chromophore of drfferent absorption maximum was obtained 

When barbrtunc acid was used for the determmatron of rsosacchanmc acid and 
2-deoxy-D-arubmo-hexose after penodate oxrdatron, charactenstrc chromophores 
w&h absorption peaks at 505 and 486 nm, respectively, were obtained (cf 2-thro- 

barbrtunc acrd, 549 and 532 nm) In the systems under study, such as the alkahne 
degradatron of ohgosacchandes to sacchanmc acrds, no precrprtates or turbrdrty were 
encountered 

Optrmal condrtrons for the development of chromophores m the present assay 
were estabhshed (Tables I and II) and found to be slightly different from those for 
2-throbarbrtunc acid Whereas the chromophores obtained wrth 2-throbarbrtunc acid 
showed a marked mcrease m extmction coefficient when extracted mto cyclohexanone, 

those obtamed m the present system were not usually extracted by organic solvents 

Acrdrfled I-butanol partrally extracted both chromophores Compounds derived from 
the oxidation of vanous carbohydrates wrth penodate caused no interferences m the 
procedure, although glyoxyhc acrd gave a chromophore (&,,, 410 nm) of low_ molar 
extmctron coefficrent, whrch did not interfere m the determmatron 

Although the sensrtrvrty of the present method 1s lower (-50%) than when 
using 2-throbarbrturm acid, the ease of operatron, partrcularly with respect to the 
automated method, provrdes a drstmct advantage 
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