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One of our vitamin C research projects requires a simple micro-method for the 
routine analysis of r_-ascorbic acid (AA) and D-isoascorbic acid (MA) in animal 
tissues and body fluids- LA& a stereoisomer of AA and a commonly used food 
antioxidant, has about 5 oT of the antiscorbutic potency of AA’. These two isomers 
have been- quantitatively differentiated by their different rates of osazone formation 
of the o_xidized AA and IAA with 2,Miinitrophenylhydrazine’. Paper chromatogra- 
php and thin-layer chromatography’ have also been used for the separation of 
these two substances in microgram quantities. The-recent-high-performance liquid 
chromatography (HPLC) technique of Arakawa and co-workerss*g seems to he ap- 
plicable to the estimation of AA and iAA in animal tissues, but the chromatograms 
presented by these authors show extraneous W absorptions not related to either AA 
or IAA assay. AA and IAA in fruit juices have been separated by Bui-NguyEnlO and 
by Geigert et al.” using HPLC and the chromatograms also show interfering UV- 
absorbing components. Moreover, these methods are not sensitive enough to serve 
our purpose_ 

HPLC has been used for the measurement of vitamin C with anion-ex- 
change12-16, LiChrosorb-NH, (refs. S-lo), reversed-phase C& (ref. 14) and ion-pair 
reversed-phase Cl8 (refg. 17 and 18) columns and with electrochemical detec- 
tionl2-” or tied-wavelength UV detection 8-11~18_ Ultramicro quantities of as- 
corbic acid in urineIs and in plasma and leucocytes’6 have been analyzed using anion- 
exchange columns with electrochemical detection. Furthermore, Finley and Duang” 
have reported the use of paired-ion reversed-phase chromatography with UV detec- 
tion for the simultaneous assay of ascorbic acid, dehydroascorbic acid and diketogu- 
Ionic acid. 

in the present study, reversed-phase -HPLC with electrochemical detection is 
used and a suitable ion-pairing reagent is added to the mobile phase to couple with 
AA and IAA. The two structurally different complexes thus formed with the ion- 
pairing reagent are subseque&ly separated on the HPLC column_ -The method is 
reliable and highly sensitive and can be used to detect accurately as low as 2 ng of AA 
or IAA in a sample. -The procedure is siqple and rapid and ixxvolves onlymhomogeniza- 
tion of the sample, centrifugation and direct quantitation by HPLC 
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EXPERIMENTAL 

The equipment and instrumentation were throughly described by Pa&la and 
Kissinger’ . 2~17 All chromatograms were obtained using commercially available com- 
ponents and an amperometic detector (BioAnalytical Systems, West Lafayette, IN, 
U.S.A_). The analytical column was a 25 cm x 4.6 mm Ultrasphere ODS; 5 p, Ahex 
prepacked column. The eiuent which consisted of 40 m&I acetate t I mM decyl- 
amine in methanol-water (15:85) was partially degassed by a simple water aspirator 
hefore use. A iMilton Roy pump (Model 396) equipped with a pulse dampener was 
used to pump the eiuent through the system at a constant flow-rate of 0.93 ml/min_ 
The injection valve was a Rheodyne injection valve (Model 7125:. The detector elec- 
trode (BioAnalytical Systems) was packed with a wax-graphite paste, CP-W (Bio- 
Anaiytical Systems). The potential of the chromatographic detector was set at 0.7 V 
rerxti an Ag/AgCl reference electrode. Quantitative determinations were made by 
comparing the peak heights of the samples with those given by known concentration 
of standards_ 

Reagents 
The stock AA or IAA standard solution was prepared freshly with 50 m&f 

perchIoric acid and diluted immediately before use. 
The stock acetate buffer (2 M) was prepared by diluting 101 ml of glacial acetic 

acid and 22.2 g of anhydrous sodium acetate to a total volumn of 1 1. The eluent 
buffer, 40 mM acetate, was prepared by mixing 20 ml of the 2 34 stock buffer with 1 
m&J decylamine, 150 ml of methanol and an appropriate amount of deionized water 
to obtain a tinal volume of 1 1. 

Sampk preparation 
At the time of analysis, the tissue was weighed while still cold. A 300-M volume 

of 0.05 84 perchloric acid was added to a 1.5 ml polypropylene tube containing lO-3r3 
mg of tissue. The tissue was then thoroughly homogenized by sonication (Ceil Dis- 
ruptor, Model W-225 R, Heat Systems, Ultrasonic, Plainview, NY, U.S.A.). The 
homogenate was centrifuged at 1520 g for 10 min. A J-10+ volume of the clear 
supernatant thus obtained was injected directly into the liquid chromatographic 
cohm?n_ 

RESULTS 

We have tested a number of ion-pairing reagents. They are brucine, strychnine, 
cinchonidineS quinidine, ephedrine, amphetamine, 1 $dimethylhexyiamine, decy- 
iamine and tridecylamine_ Ah are acceptable ion-pairing reagents but the best separa- 
tionis-obtamedvvithde#amIC i 

Fig. l-iliustrates the use of our method on tissue extract solutions obtained 
from mouse liver and brain. IAA and AA introduced as standards or present in the 
tissue-extracts are well resolved under the.experimental condition described in the 
Experimentaf section (Fig. 1 A2, B2, and C2)_ The ion-pair complex derived from 
IAA is more strongly retained on the cohmm. A parallel experiment of tissue extract 
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Fig. 1. Chromato_~ for L-ascorbic acid (AA) and D-&ascorbic acid (MA) in standards and in tissue 
extract samples of mouse liver and brain. (Al) I I ng IAA standard injected; (A2) 1 I ng IAA ami 7 ng AA 
standard injected; (Bl) liver extract containing AA and an unidentified substance; (B2) liver extract sample 
with 6 ng IAA standard addition; (Cl) brain extract containing AA; (C2) brain extract sample with 7 ng 
IAA standard addition. Altex Cls reversed-phase 25 IXKI x 4.6 mm stainless-steel column. Mobile phase: 
40 mM acetate buffer + 1 m&f decylamine in methanol-water (15%) at a flow-rate of 0.93 m@in_ 
Applied potential: 0.7 V YS. AgjAgCl. 

without LAA acid addition has been carried out for a chromatographic comparison 
(Fig. 1 Bl and Cl). 

When the liquid chromatography is run with a UV detector, the chromato- 

grams of animal tissues**9 and fruit juiches 1o*11 show the occurrence of interfering 

substances in the samples_ The selectivity and sensitivity of the electrochemical ap- 
proach become apparent when it is applied to these biological samples. Because of the 
requirement of electrochemical activity of the analytes, substances that oxidized at 
much greater potentials than the aualyte would not be detected within the potential 
limits. Our results demonstrate that the electrochemical method is highly specific. The 
chromatograms of the brain tissues (Fig. 1 Cl and C2) are completely free of interfer- 
ing substances. Fig. 1 Bl and B2 show an unident&d electrochemically active com- 
pound in the liver samples but it is well separated from the vitamin and its isomer by 
the HPLC column. 

AA and LAA levels of mouse plasma and urine sztqh as well as orange 
juiche, milk, and animal food have been analyzed by our method. The chromato- 
grams of these biological samples and food products resemble those shown in Fig. 1. 
The precision of this method was checked by multiple analyses on a single tissue 
sample containing IAA. Typically, the relative standard deviation for six measure- 
ments is calculated to be better than 40/ 
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