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SUMMARY 

High-performance liquid chromatography on two Asahipak GS-320 hydro- 
philic gel columns (50 x 0.76 cm I.D.), connected in series, with 0.015 M tartrate 
buffer (pH 3.0), containing 2 mM ethylenediaminetetraacetate and 0.05% p-thiodi- 
glycol as eluent allowed the separation of glucose, diketogulonic acid + diketoglu- 
conic acid, dehydroisoascorbic acid, dehydroascorbic acid, ascorbic acid, and isoas- 
corbic acid within 55 min. Ascorbic acid in a urine sample was stabilized by the 
addition of an equal volume of 5% metaphosphoric acid solution, containing 0.5% 
of fl-thiodiglycol. Filtration of the mixture through a column of Dowex 5OW-X8 
(H+) facilitated the determination of ascorbic acid and isoascorbic acid in human 
urine. Samples could be analyzed every 20 min. 

INTRODUCTION 

Urinary levels of ascorbic acid are said to reflect recent dietary intakes’. How- 
ever, the instability of ascorbic acid and the presence of interfering substances in 
human urine has prevented routine determination. Photometric methods, based on 
the reducing power of ascorbic acid or on the formation of the dinitrophenylhydra- 
zine derivative of dehydroascorbic acid lack sensitivity’,‘. Methods based on high- 
performance liquid chromatography (HPLC) provide good separation of ascorbic 
acid from isoascorbic acid3+, but UV or electrochemical detection yields chromato- 
grams with some interfering peaks 6*7. Both pre- and post-column derivatization with 
fluorometric detection improve the sensitivity - 7 lo, but application of this method to 
the determination of urinary ascorbic acid has not yet been reported. 

In a previous report we have shown that ascorbic acid, dehydroascorbic acid, 
diketogulonic acid, and glucose could be separated on a column of a hydrophilic gel, 
Asahipak GS-320, by isocratic elution, using an aqueous buffer of pH 3.0. This 
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method was applied for the determination of ascorbic acid in fruit juiceil. Better 
resolution of ascorbic acid from isoascorbic acid is obtained by using two columns 
of Asahipak GS-320, connected in series. Pretreatment of urine by use of a column 
of sulphonated polystyrene resin in the hydrogen ion form permits the determination 
of urinary ascorbic acid and isoascorbic acid free from interference by fluorescent 
impurities. 

EXPERIMENTAL 

Materials and solutions 
Benzamidine hydrochloride was a product of Tokyo Kasei Kogyo (Tokyo, 

Japan), potassium sulphite (reagent grade), and other chemicals (analytical grade); 
were purchased from Yashima Pharmaceutrical (Osaka, Japan). Water (ultrapure 
grade) was prepared by reverse osmosis (ROpure 40; Barnstead, Boston, MA, 
U.S.A.), ion exchange, and charcoal adsorption of organic matter (NANOpure-II; 
Barnstead). 

The mobile phase was prepared by dissolving 4.5 g of tartaric acid, 1.5 g of 
disodium ethylenediaminetetraacetate and 1 g of /I-thiodiglycol in 2 1 of ultrapure 
water and adjusting the pH to 3.00-3.03 with 4 M sodium hydroxide solution. The 
solution was filtered through a membrane filter (pore size 0.45 pm) and degassed 
under vacuum before use. 

The concentration of the primary stock solutions of ascorbic acid and isoas- 
corbic acid was 1 mM in the mobile phase. A secondary standard was prepared by 
diluting the stock solution with the mobile phase to give a solution of 20 PM. These 
standard solutions were prepared daily. 

Dehydroascorbic acid was prepared by oxidation of ascorbic acid with iodine 
solution. The iodine solution was prepared by dissolving 12.7 mg of iodine in a 
concentrated solution of 25 mg of potassium iodide in ultrapure water and then 
diluting the solution to 100 ml with ultrapure water. A volume of 1 ml of the solution 
of ascorbic acid in water (2 mM) was mixed with 6 ml of the iodine solution and, 
after 1 min at 20°C the excess iodine was destroyed by the addition of three drops 
of /3-thiodiglycol. This solution was diluted with the mobile phase to give a solution 
of 8 pM which was analyzed immediately. Dehydroisoascorbic acid was prepared by 
oxidation of isoascorbic acid using the procedure described above. 

Diketogulonic acid and diketogluconic acid were prepared by hydrolysis of 
dehydroascorbic acid and dehydroisoascorbic acid, respectively. A solution of oxi- 
dized ascorbic acid or isoascorbic acid, described above, was neutralized with 100 
~1 of 0.5 M sodium hydrogen carbonate solution and incubated for 1 h at 30°C. The 
solution was diluted to 50 ml with the mobile phase, and 5 ml of the solution was 
diluted again with the mobile phase to 50 ml to give a solution of 4 PM. 

Reagent A was a solution of benzamidine hydrochloride (0.02 M) and reagent 
B was potassium borate buffer of pH 10 (0.75 M), containing 0.2 M potassium sul- 
phite. 

Equipment 
The chromatographic system consisted of a constant-delivery pump (Tri Ro- 

tar-III; Jasco, Tokyo, Japan), an automatic sampler (Model KSST-60J; Kyowa Seim- 
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itsu, Tokyo, Japan) and two columns of hydrophilic gel (Asahipak GS-320, 50 x 
0.76 cm I.D.; Asahi Chemical Industry, Japan), connected in series. A dual-head 
pump (Model SP-024-2; Jasco) was used to pump the reagents and mix them with 
the effluent from the column. A Model FP-550F spectrofluorometer (Jasco), equipped 
with a flow-cell (7 ~1) was used to monitor the fluorescence. 

Preparation of Dowex 50 column 
Dowex 5OW-X8, 200400 mesh, was suspended in water and poured into a 

chromatographic tube (10 x 0.7 cm I.D.; equipped with a IO-ml reservoir) and 
allowed to settle under gravity to form a resin bed, 2.5 cm high. Then it was washed 
with 10 ml of 2 M hydrochloric acid solution, followed by deionized water until the 
washings became neutral. 

Pretreatment of human urine 
Fresh human urine was mixed with an equal volume of 5% (w/v) metaphos- 

phoric acid solution, containing 0.5% (w/v) /I-thiodiglycol, and stored in an ice-bath 
or in a refrigerator at - 1°C. A volume of 1 ml of the mixture was added to the 
Dowex 50 column, inserted in a test tube (15 x 1.8 cm O.D.), containing 50 ,~l of 
5% (w/v) disodium ethylenediaminetetraacetate solution and immersed in an ice- 
bath. After the sample had penetrated the column, the column was washed with 3.95 
ml of 2 mM tartaric acid solution, containing 0.05% /$thiodiglycol. The eluate and 
washings in the test tube were filtered through a disposable filter unit (ED-03, pore 
size 0.45 pm; Gelman Sciences Japan, Tokyo, Japan) and 50-250 ~1 of the filtrate 
was used for analysis. 

Chromatographic separation andjluorometric determination 
A volume of 50-250 ,ul of standard or sample solution was injected into an 

Asahipak GS-320 column, maintained at 30°C. The mobile phase was pumped at a 
flow-rate of 1 .O ml/min and the eluate was mixed, using a T-shaped connector, with 
a 1: I mixture of reagents A and B. Reagents A and B were pumped with a dual-head 
pump at a flow-rate of 0.36 ml/min each and mixed, using the T-shaped connector. 
The mixture was heated at 90°C in a polytetrafluoroethylene tube (50 m x 0.5 mm 
I.D. x 1.5 mm O.D.) immersed in a water bath. Fluorescence was measured with 
excitation at 325 nm and emission at 400 nm. 

RESULTS AND DISCUSSION 

As shown in Fig. 1, glucose, diketogulonic acid, dehydroisoascorbic acid, de- 
hydroascorbic acid, ascorbic acid and isoascorbic acid were eluted in that order 
within 55 min. Diketogulonic acid overlapped with diketogluconic acid. Since ascor- 
bic acid is easily oxidized in aqueous solution, it was slowly converted to dehydroas- 
corbic acid during chromatography on Asahipak GS-320. Dehydroascorbic acid ap- 
peared as a low plateau ahead of the peak of ascorbic acid as shown in Fig. 2. 
Assuming that all the dehydroascorbic acid in the plateau resulted from ascorbic acid 
during chromatography, the relative conversion of ascorbic acid to dehydroascorbic 
acid was calculated as 2.5% when 150 ~1 of 20 ,uM ascorbic acid solution was injected, 
and 6% when 4 ,uM ascorbic acid was injected. Thus, as the amount of ascorbic acid 
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Fig. 1. Elution pattern of glucose, diketogulonic acid, dehydroascorbic acid, ascorbic acid, diketogluconic 
acid, dehydroisoascorbic acid, and isoascorbic acid. Peaks: 1 = diketogulonic acid (4 PM); 2 = dehy- 
droascorbic acid (8 PM’); 3 = ascorbic acid (20 PM); 1 and 4 = diketogulonic acid and diketogluconic 
acid (4 @I each); 5 = dehydroisoascorbic acid (8 PM); 6 = isoascorbic acid (20 PM); 7 = glucose (I 
mA4). The volume of sample injected was 150 ~1. For chromatographic conditions see text. 

Fig. 2. Elution pattern of ascorbic acid (20 @4). Numbers in the figure are the same as those indicated 
in Fig. 1. The volume of sample injected was 150 ~1. The low plateau in front of the peak of ascorbic 
acid is dehydroascorbic acid, formed from ascorbic acid inside the column. 

injected into the column decreased, conversion to dehydroascorbic acid increased, 
but at each concentration, the peak height of ascorbic acid was quite reproducible, 
i.e., the coefficient of variation was 2.5% for the former and 3.1% for the latter, and 
working curves showing the relationship between peak height and concentration of 
the sample could be drawn. With isoascorbic acid, the relative conversion to dehy- 
droisoascorbic acid was slightly less than that of ascorbic acid to dehydroascorbic 
acid. Since isoascorbic acid is eluted after ascorbic acid, it will be necessary to correct 
the peak height of ascorbic acid for the presence of dehydroisoascorbic acid when 
isoascorbic acid is present in a sample. The increase in the peak height of ascorbic 
acid in such a case will be 1 or 2% of the peak height of isoascorbic acid for a sample 
containing 40 @I or 8 p&I isoascorbic acid, respectively. 

A sample of dehydroascorbic acid, prepared by iodine oxidation of ascorbic 
acid, contained about 1% of diketogulonic acid. Since the coefficient of variation of 
the peak height of dehydroascorbic acid was larger than that of ascorbic acid and 
isoascorbic acid under the present conditions, we did not attempt to determine de- 
hydroascorbic acid in this work. 

3 
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Fig. 3. Elution pattern of a human urine sample, filtered through a column of Dowex 5OW-X8. The 
volume of sample injected was 200 ~1. Numbers in the figure are the same as those indicated in Fig. 1. 
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We stabilized ascorbic acid in urine by addition of an equal volume of 5% 
metaphosphoric acid solution, containing 0.5% of fl-thiodiglycol. After the mixture 
was kept in an ice bath for 20 h, the change in the content of ascorbic acid was less 
then 3%. 

The elution pattern of a human urine sample is shown in Fig. 3. The retention 
times of peaks 2, 3, 5 and 6 correspond to those of dehydroascorbic acid, ascorbic 
acid, dehydroisoascorbic acid and isoascorbic acid. Although the retention time of 
peaks 1 and 4 are shorter than those of diketogulonic acid and diketogluconic acid 
by 0.6 min, addition of diketogulonic acid to the sample indicated that peak 1 and 
4 corresponds to the peak of diketogulonic acid and diketogluconic acid. Samples 
could be analyzed every 20 min, and the recovery of ascorbic acid and isoascorbic 
acid added to a urine sample at concentrations of 10 PM and 50 ,uM, respectively, 
were 98.2 f 1.7% and 98 ?Z 1.5% (S.D., five determinations). 

The results indicate that Asahipak GS-320, a cross-linked vinyl alcohol co- 
polymer, is suitable for the estimation of ascorbic acid and isoascorbic acid in human 
urine. 
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