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ABSTRACT 

Ascorbic acid (or vitamin C) is an important component of many biological systems and various physiological roles have been 
described for it. A rapid and simple capillary electrophoresis method for ascorbic acid measurements in biological fluids as well as in 
beverages was developed. A stereoisomer of ascorbic acid, isoascorbic acid, not normally found in nature, was used as the internal 
standard for this assay. The analysis was performed in a 30 cm x 75 pm I.D. fused-silica capillary with 100 mM tricine buffer, pH 8.8, 
and measured by UV absorbance at 254 nm. The method was sensitive to 1.6 pg/ml and linear to 480.1 pg/ml. Within-run R.S.D. was 
3.2% (93.5 f 3.0 pg/ml, mean f S.D., n = 18) and run-to-run R.S.D. was 3.3% (35.6 f 1.2 pg/ml, mean f S.D., n = 10) and 1.9% 
(149.4 f 2.8 pg/ml, mean f S.D., n = 10). Average spiked recovery from human plasma samples was 98.0%. The technique has been 
demonstrated to be suitable for assay of vitamin C in biological samples and some fruit juices, 

INTRODUCTION 

Ascorbic acid is the most abundant biologically 
active form of vitamin C in humans. Analysis of 
ascorbic acid by present techniques is both time 
consuming and complicated [l-4]. High-perform- 
ance liquid chromatography (HPLC) methods have 
been used for vitamin C analysis. Examples are cat- 
ion-exchange chromatography [5], ion-exclusion 
chromatography [6], and reversed-phase chroma- 
tography [7-131. Some minor problems with ascor- 
bic acid measurement have been observed when us- 
ing amperometric detectors [6] and ultraviolet de- 
tectors [14]. These problems have been related to 
working electrode contamination of amperometric 
detectors and ultraviolet interfering components in 
biologic fluids. 

Capillary electrophoresis (CE) is a useful analyt- 
ical separation technique known for its high resolu- 
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tion and small sample volume. The number of CE 
applications is rapidly growing and includes some 
interesting applications in the clinical field [ 151. The 
analysis of urinary components by CE also has been 
reported [16-181. More recently, several papers 
have demonstrated the usefulness of micellar elec- 
trokinetic capillary chromatography (MECC) for 
separation of various groups of compounds, includ- 
ing water and fat-soluble vitamins [19]. These re- 
ports on vitamins were focused on the separation 
techniques and did not reach low detection limits of 
1.6 $/ml for clinical applications where < 2.0 pg/ml 
is considered deficient [3]. 

The main objective of this investigation was to 
develop a simple and rapid method for vitamin C 
analysis in biological fluids using a commercially 
available CE apparatus. By developing a CE meth- 
od using isoascorbic acid as an internal standard, a 
fully automated quantitative analysis of vitamin C 
in plasma, serum, urine and some beverages has 
been developed. 
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Fig. 7. Linearity curve obtained with a CE assay and a known 
ascorbic acid standard. The linear regression equation found was 
y = 1.0149x - 4.2632, Y = 0.9984. 

matrix. Similar results were obtained in urine ma- 
trix. The spiked electropherogram is shown in Fig. 
6. In addition, we further demonstrate analytical 
specificity with use of ascorbate oxidase to remove 
ascorbic acid from sample solution. We added 17 U 
ascorbic acid oxidase to 3.0 ml of urine and incubat- 
ed at 23°C for 6.0 min. This results in a smaller 
ascorbic acid peak as the ascorbic acid in the sample 
solution is oxidized to dehydroascorbic acid. 

Linearity and sensitivity of the assay is shown in 
Fig. 7 using an aqueous standard. The method was 
sensitive to 1.6 pg/ml (lowest measurable level 
above background) and linear to 480.0 pg/ml. The 
linear regression and correlation equation with 
known ascorbic acid standard samples was y = 
1.0149x - 4.2632, r = 0.9984. Satisfactory signal- 
to-noise ratios were observed at sensitive levels 
needed to cover the vitamin C deficiency cases in 
plasma or serum (less than 2.0 pg/ml) [3]. In addi- 
tion, those patients that supplemented themselves 
with large oral dosages of vitamin C also can be 
evaluated. 

We tested the application of this assay to measure 
vitamin C in several different types of fruit juices 
and a wine sample. The measurements were accom- 
plished with use of the same electrophoretic system 
as described previously for the analysis of vitamin C 
in plasma and urine. The concentration of vitamin 
C in these beverages is shown in Table II. It is of 

TABLE II 

ASCORBIC ACID DETERMINATION IN BEVERAGES 

Sample Ascorbic acid b/ml) 

Orange juice 329.9 
Apple juice 356.1 
Grapefruit juice 103.8 
Vegetable juice 344.4 
Cranberry cocktail >1.6 
White wine >1.6 

interest to note that a considerable difference of vi- 
tamin C concentration was found between beverag- 
es. 

The open-tube CE system is an excellent and 
powerful analytical system when considering that 
only a simple buffer solution was used to separate 
ascorbic acid from its stereoisomer, isoascorbic 
acid. It is applicable to a large variety of biological 
samples, many of which have been accomplished 
with HPLC [5-13,23,24] but are more labor inten- 
sive. This application of CE demonstrates excellent 
separation characteristics between ascorbic acid 
and isoascorbic acid and appears to be an improve- 
ment over HPLC means of stereoisomer separation 
and analysis. From the data we presented, this sep- 
aration technique is well suited for clinical evalua- 
tion of human vitamin C status. Vitamin C has been 
reported to be an important antioxidant and nutri- 
ent which has been shown to increase longevity 6 
years in men and 2 years in women [25]. The sim- 
plicity of this method suggests that vitamin C levels 
and distribution (ingestion, absorption and excre- 
tion) can now be easily monitored in body fluids. 
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