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Ascorbic and dehydroascorbic acid measurement

in human serum and plasma'*

Sam A Margolis, Regina G Ziegler, and Kathy J Helzlsouer

ABSTRACT Plasma supplemented with ascorbic acid was
prepared; the stability of these samples was characterized and
the accuracy of the supplementation was established. Studies on
the accuracy, precision, and sources of methodological bias in
the measurement of ascorbic acid were summarized. Measure-
ments of the ratio of ascorbic acid to dehydroascorbic acid in
clinical samples was evaluated and was shown to be relatively
constant in plasma taken from blood stored at 12 °C for 6 h.
These results imply that whole blood has the capacity to maintain
a constant ascorbic-dehydroascorbic acid ratio and suggest that
this ratio may be of physiological significance. Am J Clin
Nutr 1991;54:13155-18S.
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Introduction

Throughout the past decade there has been intense interest
in the rolc of antioxidants in the prevention of cancer. Ascorbic
acid, one of these antioxidants, has been extensively evaluated
clinically as a cancer prevention agent, particularly in gastroin-
testinal (1-3) and cervical cancer (4). To obtain a clearer as-
sessment of the role of ascorbic acid in cancer prevention, the
National Cancer Institute sponsored an interlaboratory study of
plasma ascorbic acid in cancer patients. Qur studies were initiated
to provide a suitable serum-based control material of demon-
strated stability and containing an accurately measured amount
of ascorbic acid for the purpose of testing the proficiency of the
participating laboratories for the measurement of ascorbic acid.

This project consisted of developing a method for preparing
stable serum-based materials and an accurate method for quan-
tifying the analyte(s), assessing the precision and accuracy of the
measurement, assessing the long-term stability of the ascorbic
acid in the candidate serum-based quality control material, con-
ducting round robin analyses of the serum-based control ma-
terial, and evaluating clinical samples.

Development of a method for preparing stable
serum-based reference materials

Various acids with and without chelating agents have been
used to preserve ascorbic acid and dehydroascorbic acid (DHAA)
in piasma and serum (5). We selected dithiothreitol (DTT) as a
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preservative because at a neutral pH, which minimizes protein
precipitation, it can maintain ascorbic acid in its reduced form
and reduce DHAA to ascorbic acid (6, 7). With this reagent,
plasma or serum can be supplemented with ascorbic acid, ly-
ophilized, and conveniently stored at —70 °C without loss of
ascorbic acid (6). Thus, a quality control material can be reliably
prepared. In the case of colorimetric assays, the DTT interferes
with the assay and must first be removed with a reagent such as
N-ethylmaleimide (7).

To utilize DTT and to improve specificity and sensitivity, we
modified a high-performance liquid chromatography (HPLC)

~ method of analysis (8) and used a more stable electrochemical

detector (9). For several serum pools this method resolved the
ascorbic acid from all other detectable electrochemically active
materials [metaphosphoric acid (MPA), uric acid, and DTT)
within 8 min (9). Additionally, by first measuring the ascorbic
acid in plasma and then treating the plasma with DTT at neutral
pH for 30 min, we quantitatively converted DHAA to ascorbic
acid and were able to accurately measure DHAA by differ-
ence (9).

Assessment of the precision and accuracy of the
ascorbic acid measurement

Precision and accuracy were assessed with two candidate ref-
erence materials containing different amounts of ascorbic acid.
They were prepared by gravimetrically adding ascorbic acid to
an ascorbic acid-free serum matrix (9). Representative samples
from each candidate material were assayed on 12 different days,
over a 21-d period. The results indicated that the method ac-
curately measured the gravimetrically added ascorbic acid. The
coeflicient of variation of a single measurement was 2%, and no
discernable variation was observed in the sample preparation
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process, sample extraction step, or HPLC analysis. These ma-
terial were then used to evaluate quality control in our mea-
surements of clinical samples. Precision and accuracy studies
were also performed on ascorbic acid-supplemented plasma
preserved with MPA, and similar results were observed.

Assessment of the long-term stability of ascorbic acid
in candidate reference materials

Several investigators have studied the short-term stability (1-
5 wk) of ascorbic acid and DHAA in serum and plasma under
acidic conditions at —20 and —~70 °C (10-12). We have extended
these stability studies to frozen and lyophilized plasma samples,
stored at —~70 °C, in which ascorbic acid is preserved with DTT
(6). Under these storage conditions the ascorbic acid in the ly-
ophilized plasma was stable for 66 wk and showed only marginal
degradation after 80 wk. The ascorbic acid in the frozen plasma
was stable for = 57 wk. Recently, these studies were extended
to include ascorbic acid and DHAA in plasma preserved with
MPA (5 g/100 mL) for 13 wk (9). Although these materials were
stable at —70 °C, the sum of ascorbic acid and DHAA in the
MPA-preserved plasma showed measurable loss within 24 h at
4 °C. The loss was more pronounced at 25 and 50 °C. These
results demonstrate that care must be taken to thaw frozen MPA-
preserved plasma samples at temperatures of 20 °C or lower
and to assay them promptly (9).

Round-robin analysis of the candidate reference
material

Four plasma pools were supplemented with ascorbic acid at
difterent concentrations in our laboratory to form candidate ref-
erence materials. The reference material lots from each plasma
pool were evaluated in a round-robin study (Table 1). Pools 1-
3 (except for lot 46) were lyophilized in the presence of DTT,
and pool 4 was preserved with MPA (5 g/100 mL). The results
indicate that the participating laboratories generally obtained
values comparable to those of the National Institute of Standards
and Technology (NIST). The standard deviations of the round-
robin ascorbic acid measurements primarily reflect interlabo-
ratory variation. All of the participating laboratories but one
used HPLC methods to measure ascorbic acid. One laboratory,
not included in Table 1, measured the total ascorbic acid in
- MPA-stabilized lot 103 by the dinitrophenylhydrazine method
(13) and obtained a unexpectedly high mean value of 76.20
umol/L compared with the NIST value of 66.38 umol/L (9).
This interlaboratory variation in ascorbic acid measurement is
similar to the interlaboratory variation NIST has obtained in
round-robin mecasurements of §-carotene, vitamin A, and vi-
tamin E. The source of the interlaboratory variation in ascorbic
acid measurements is not clear and may be due to methodolog-
ical bias and/or to inaccurate standards. Quality-control mon-
itoring with reference materials can improve the accuracy and
precision of the measurements by participating laboratories (W
May, unpublished observations, 1991) and is a prerequisite for
comparing measurements from different laboratories.

Evaluation of clinical samples

The utility of a clinical method lies in its ability to measure
an analyte precisely and accurately in multiple samples at low
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TABLE 1

Comparison of round-robin and the National Institute of Standards
and Technology (NIST) native ascorbic acid values*

Round-robin NIST
Plasma lot resultst results
umol/L umol/L
Pool 1
37 350123 35912
45 53.0+ 35 $1.3+24
46§ 525420 494+ 1.6
Pool 2
58 30.1 + 3.1 358+12
60 9.8 + 1.1 103 +0.5
Pool 3
107 248+ 12 26.7+£0.6
108 624 + 2.8 66.8 = 1.5
Pool 4
103§ 52.7+22 57.3+02
104§ 2.1 %12 23.0x0.7
*$xSD.

1 Round-robin measurements on lots 38, 45, and 46 (7 laboratories)
were completed 13 wk after the sample preparation, measurements on
lots 58 and 60 (S laboratories) were completed 4 wk after sample prep-
aration, and measurements on lots 103, 104, 107, and 108 (4 laboratories)
were completed 56 wk after the sample preparation. Each value represents
the average mean of independent duplicate mecasurements on two dif-
ferent samples (4 measurements).

1 Data represents an aggregate mean of all data ifi our stability studies.

§ Lot 46 was frozen only and lots 103 and 104 were preserved in MPA
(5 g/100 mL) and frozen. The other lots were freeze-dried.

cost and with short analysis time. We have conducted three
studies which examine the utility of our HPLC methods for the
measurement of ascorbic acid and DHAA in plasma. In the first
study total plasma vitamin C (ascorbic acid plus DHAA) was
measured in children with three classes of juvenile rheumatoid
arthritis (14). Mean vitamin C concentrations (umol/L) were 19
in the 8 children with systemic disease, 27 in the 14 children
with polyarticular disease, 40 in the 12 children with pauciar-
ticular disease, and 37 in 9 children without rheumatoid arthritis.
The plasma vitamin C concentrations of the first two groups
were significantly different from each other and were significantly
lower than the vitamin C levels of the third and fourth groups.
Similar results have been reported in adult populations (11, 15);
together these studies suggest that low plasma vitamin C may
be associated with problems in connective-tissue metabolism.
The observation that for several clinical conditions the ratio
of ascorbic acid to DHAA may different from that of normal
subjects (11, 16, 17) and the fact that the oxidation of ascorbic
acid to DHAA in serum and plasma (10) is relatively rapid
prompted us to evaluate the stability of ascorbic acid and DHAA
in blood. Only a limited amount of data has been published on
the stability of ascorbic acid and DHAA in whole blood (18,
19). We further examined the stability of ascorbic acid and
DHAA in the blood of six normal subjects in the presence and
absence of DTT at 4 °C. The blood was drawn into tubes con-
taining anticoagulant and was immediately divided into 2 mL
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ASCORBIC DEHYDROASCORBIC ACID MEASUREMENT

TABLE 2
The stability of ascorbic acid and DHAA in whole blood, stored at 4 °C
DHAA*%
Total Time of measurement
ascorbic
Subject acid* Oh 3h 6h
umol/L umol/L
1 83315 8.1 6.2 7.3
2 773+ 1.0 94 7.4 6.6
3 80.0 £ 0.6 8.9 1.7 8.0
4 379+05 4.1 4.5 4.1
5 50.5 + 0.7 5.6 6.6 4.3
6 67.9 £ 1.2 4.5 4.7 1.7

* Each value represents the mean + SD of duplicatc measurements
on plasma samples that were obtained by centrifuging blood samples at
0, 3, 6, and 24 h (ic, 4 samples, 8 measurements).

t Each value was obtained by subtracting the native ascorbic acid
from the total ascorbic acid (9) and represents the average of duplicate
measurements on a single sample.

aliquots that were allowed to stand at 4 °C for 0, 3, 6, and 24
h. At the end of each time period the samples were centrifuged,
and the plasma was added to an equal volume of MPA (10 g/
100 mL water) and was frozen at —70 °C. The total ascorbic
acid was assayed according to our published method (9). The
results in Table 2 summarize the total ascorbic acid for each
subject. The values for the total ascorbic acid for the different
time periods were combined because the values remained un-
changed over the 24-h period. This is reflected in the small SDs
of a single measurement. The DHAA values (Table 2) do not
appear to vary in any consistent way during the first 6 h. The
amount of DHAA measured in these subjects (6.8-12% of the
total ascorbic acid) is consistent with the results of some inves-
tigators (11, 17, 18), but not for others (7, 16, 20). The stability
of the ascorbic acid and DHAA in blood for 6 h and the instability
of ascorbic acid in plasma or serum (10) suggest that the blood
cells play a significant role in maintaining this ratio and that it
may represent the metabolic equilibrium of the system. This is
further supported by the inability of DTT to totally reverse this
ratio in blood, whereas in plasma it is capable of completely
converting the DHAA to ascorbic acid (9). If the presence of
DHAA in plasma is an artifact it arises during the blood collec-
tion process, because the analytical method is precise and ac-
curate, and the ascorbic acid and DHAA are stable for = 90 d
when stored in MPA (5 g/100 mL plasma) as described above (9).

Finally, in a study of 35 cancer-free female subjects, we ex-
amined the effect storage time (10~12 mo), patient age, smoking,
and vitamin C supplementation on the plasma content of MPA-
stabilized ascorbic acid and DHAA. The procedures followed
were in accord with the Helsinki Declaration of 1975 as revised
in 1983. Preliminary analysis indicated that ascorbic acid in-
creased slightly with age and decreased noticeably with cigarette
smoking, which is consistent with the results of other investigators
(21-24). Except for cigarette smokers, we observed no other
effects. Furthermore, there were no changes in the absolute
DHAA content. The lack of any effect of storage over a 10- to
12-mo period further supports our observations on the long-
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term stability of ascorbic acid and DHAA in MPA-stabilized
plasma. |
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