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ABSTRACT Plasma supplemented with ascorbic acid was preservative because at a neutral pH, which minimizes protein
prepared; the stability of these samples was characterized and precipitation, it can maintain aseorbic acid in its reduced form
the accuracy of the supplementation was established. Studies on and reduce DHAA to ascorbie acid (6, 7). With this reagent,
the accuracy, precision, and sources of methodological bias in plasma or serum can be supplemented with aseorbie acid, ly-
the measurement ofaseorbic acid were summarized. Measure- ophilized, and conveniently stored at -70 °C without loss of
ments of the ratio of aseorbic acid to dehydroascorbie acid in ascorbic acid (6). Thus, a quality control material can be reliably
clinical samples was evaluated and was shown to be relatively prepared. In the case of colorimetric assays, the Drift interferes
constant in plasma taken from blood stored at 12 *C for 6 h. with the assay and must first be removed with a reagent such as
These results imply that whole blood has the capacity to maintain N-ethylmaleimide (7).
a constant aseorbie-dehydroaseorbie acid ratio and suggest that I'o utilize DTT and to improve specificity and sensitivity, we
this ratio may be of physiological significance. Am J Clin modified a high-performance liquid chromatography (HPLC)
Nutr 1991;54:1315S- 18S. method of analysis (8) and used a more stable electrochemical

detector (9). For several serum pools this method resolved the
KEY WORDS Aseorbic, dehydroaseorbic, human serum, ascorbic acid from all other detectable electrochemically active
stability, reference materials, cancer-free females, juvenile rheu- materials [metaphosphoric acid (MPA), uric add, and DTT]
matoid arthritis, laboratory performance, whole blood within 8 min (9). Additionally, by first measuring the ascorbic

acid in plasma and then treating the plasma with DTT at neutral

Introduction pH for 30 rain, we quantitatively converted DHAA to aseorbic
acid and were able to accurately measure DHAA by differ-

Throughout the past decade there has been intense interest ence (9).
in the role of antioxidants in the prevention ofcancer. Ascorbic

acid, one of these antioxidants, has been extensively evaluated Assessment of the precision and accuracy of the
clinically as a cancer prevention agent, particularly in gastroin- ascorbic acid measurement
testinal (1-3) and cervical cancer (4). To obtain a clearer as-
sessment of the role of ascorbie acid in cancer prevention, the Precision and accuracy were assessed with two candidate ref-
National Cancer Institute sponsored an interlaboratory study of erence materials containing different amounts of ascorbic acid.
plasma ascorbic acid in cancer patients. Our studies were initiated They were prepared by gravimetricaily adding aseorbic acid to
to provide a suitable serum-based control material of demon- an aseorbic acid-free serum matrix (9). Representative samples
strafed stability and containing an accurately measured amount from each candidate material were assayed on 12 different days,
of aseorbic acid for the purpose of testing the proficiency of the over a 21-d period. The results indicated that the method ac-
participating laboratories for the measurement of asc_rbic acid. curately measured the gravimetrically added ascorbic acid. The

This project consisted of developing a method for preparing coefficient of variation of a single measurement was 2%, and no
stable serum-based materials and an accurate method for quan- discernable variation was observed in the sample preparation
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- _From the National Instituteof Standards& Technology,Gaithers-
ducting round robin analyses of the serum-based control ma- burg,MD; theNational CancerInstitute,Rockville,MD; and the Johns
terial, and evaluating clinical samples. Hopkins Schoolof Hygieneand Public Health, Baltimore.

2Identification of any commercial product does not imply recom-
mendation or endorsement by the National Institute of Standards and

Development of a method for preparing stable Technology,nordoes it implythat the materialor equipment identified
serum-based reference materials is necessarilythe best availableforthe purpose.

3Supportedin partbythe NationalCancerInstitutecontractno Y0 l-
Various acids with and without chelating agents have been CP9-0506.

used to preserve aseorbic acid and dehydroascorbic acid(DHAA) 4Addressreprintt_queststo SAMargolis,NIST,Building222, Room
in plasma and serum (5). We selected dithiothreitol (DTT) as a A158, QuinceOrchardRoad,GaithersburgMD 20899.
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process, sample extraction step, or HPLC analysis. These ma- TABLE 1
terial were then used to evaluate quality control in our mea- Comparison of round-robin and the National Institute of Standards
surements of clinical samples. Precision and accuracy studies and Technology(NIST)nativeaseorbic acid values*
were also performed on ascorbic acid-supplemented plasma
preserved with MPA, and similar results were observed. Round-robin NIST

Plasma lot resultst results_

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

Several investigators have studied the short-term stability (i- Pool I37 35.0 5=2.3 35,9 + 1.2
5 wk) of ascorbie acid and DHAA in serum and plasma under 45 53.0 +_3.5 51.3 =1=2.4
acidic conditions at -20 and -70 °C ( I0-12). We have extended 46§ 52.5 -J:2.0 49.4 _+1.6
these stability studies to frozen and lyophilized plasma samples, Pool 2
stored at -70 °C, in which ascorbic acid is preserved with DTT 58 30.1 :t 3.1 35.8 _-+1.2
(6). Under these storage conditions the ascorbic acid in the ly- 60 9.8 ± 1.1 10.3 :l:0.5
ophilized plasma was stable for 66 wk and showed only marginal Pool 3
degradation after 80 wk. The ascorbic acid in the frozen plasma 107 24.8.4:.1.2 26.7:1:0.6
was stable for _ 57 wk. Recently, these studies were extended 108 62.4 +_2.8 66.8 _ 1.5
to include ascorbic acid and DHAA in plasma preserved with Pool 4

103§ 52.7 _+2.2 57.3 :t:0.2
MPA (5 g/100 mL) for 13wk (9). Although these materials were 104§ 22.1 _+.1.2 23.0 ± 03
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 *_ ± SD.

t Round-robinmeasurementson lots 38, 45, and 46 (7 laboratories)results demonstrate that care must be taken to thaw frozen MPA-
werecompleted 13wk after the samplepreparation, measurements on

preserved plasma samples at temperatures of 20 °C or lower lots 58and 60 (5 laboratories)were completed 4 wk after sample prep-
and to assay them promptly (9). oration,and measurementson lots 103,104,107,and 108 (4 laboratories)

werecompleted56wkafterthe samplepreparation.Eachvaluerepresents
Round-robin analysis of the candidate reference the averagemean of independentduplicate measurementson two dif-
material ferentsamples(4 measurements).

_tDatarepresentsanaggregatemean ofaUdataih ourstabilitystudies.
Four plasma pools were supplemented with ascorbic acid at §Lot46 wasfrozenonlyand lots 103and 104werepreservedin MPA

different concentrations in our laboratory to form candidate ref- (5 g/100 mL)and frozen. The other lotswere freeze-dried.
erence materials. The reference material lots from each plasma
pool were evaluated in a round-robin study (Table 1). Pools I-

3 (except for lot 46) were lyophilized in the presence of DTT, cost and with short analysis time. We have conducted three
and pool 4 was preserved with MPA (5 g/100 mL). The results studies which examine the utility of our HPLC methods for the
indicate that the participating laboratories generally obtained measurement ofascorbic acid and DHAA in plasma. In the first
values comparable to those of the National Institute of Standards study total plasma vitamin C (ascorbic acid plus DHAA) was
and Technology (NIST). The standard deviations of the round- measured in children with three classes of juvenile rheumatoid
robin aseorbic acid measurements primarily reflect interlabo- arthritis (14). Mean vitamin C concentrations (#tool/L)were 19
ratory variation. All of the participating laboratories but one in the 8 children with systemic disease, 27 in the 14 children
used HPLC methods to measure ascorbic acid. One laboratory, with polyartieular disease, 40 in the 12 children with pauciar-
not included in Table 1, measured the total ascorbic acid in ticular disease, and 37 in 9 children without rheumatoid arthritis.

MPA-stabilized lot 103 by the dinitrophenylhydrazine method The plasma vitamin C concentrations of the first two groups
(I 3) and obtained a unexpectedly high mean value of 76.20 were significantly different from each other and were significantly
umol/L compared with the NIST value of 66.38 _mol/L (9). lower than the vitamin C levels of the third and fourth groups.
This interlaboratory variation in ascorbic acid measurement is Similar results have been reported in adult populations (11, 15);
similar to the interlaboratory variation NIST has obtained in together these studies suggest that low plasma vitamin C may
round-robin measurements of/_-carotene, vitamin A, and vi- be associated with problems in connective-tissue metabolism.
tamin E. The source ofthe interlaboratory variation in ascorbie

The observation that for several clinical conditions the ratio
acid measurements is not clear and may be due to methodolog- of ascorbic acid to DHAA may different from that of normal
ical bias and/or to inaccurate standards. Quality-control mon-
itoring with reference materials can improve the accuracy and subjects (11, 16, 17) and the fact that the oxidation of ascorbic

acid to DHAA in serum and plasma (10) is relatively rapidprecision of the measurements by participating laboratories (W
May, unpublished observations, 1991) and is a prerequisite for prompted us to evaluate the stability ofascorbic acid and DHAA

in blood. Only a limited amount of data has been published oncomparing measurements from difli_rent laboratories.
the stability of ascorbic acid and DHAA in whole blood (18,

Evaluation of clinical samples 19). We further examined the stability of a_orbic acid and
DHAA in the blood of six normal subjects in the presence and

The utility of a clinical method lies in its ability to measure absence of DTT at 4 oC. The blood was drawn into tubes con-
an analyte precisely and accurately in multiple samples at low raining anticoagulant and was immediately divided into 2 mL
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TABLE2 term stability of ascorbic acid and DHAA in MPA-stabilized
The stabilityof ascorbicacidand DHAAin wholeblood,storedat 4 °C plasma. []

DHAA*

Total Time of measurement References
ascorbic

Subject acid* 0 h 3 h 6 h 1. StahelinHB, Gey KF,BrubacherG. PlasmavitaminC and cancer
death: the prospectiveBasel study. Ann NY Acad Sci 1987;498:

#mol/L #mol/L 124-31.
1 83.3 + 1.5 8. I 6.2 7.3 2. SobalaGIrl,SchorahCJ, SandersonM, et al. Ascorbieacid in the
2 77.3 _ 1.0 9.4 7.4 6.6 human stomach.Gastroenterology 1989;97:357--63.
3 80.0 ± 0.6 8.9 7.7 8.0 3. Correa P. The gastric precancerous process. Cancer Surv 1983;2:
4 37.9 + 0.5 4.1 4.5 4.1 437-50.
5 50.5 ± 0.7 5.6 6.6 4.3 4. Romney SL, BasuJ, Vermund S, Palan PR, Duttagupta C. Plasma
6 67.9 -±1.2 4.5 4.7 7.7 reduced and total aseorbic acid in human uterine cervix dysplasias

and cancer. AnnNY Acad Sci 1987;490:132-43.
* Each value represents the mean ± SD of duplicate measurements 5. PelletierO. VitaminC (L-ascorbieacid and dehydro-t,-ascorbieacid).

on plasma samplesthat were obtained by centrifugingblood samplesat In: AugustinJ, Klein BP, eds. Methodsof vitamin assay.NewYork:
0, 3, 6, and 24 h (ie, 4 samples,8 measurements). John Wileyand Sons, 1985:303-46.

t Each value was obtained by subtracting the native ascorbic acid 6. Margolis SA, Davis TP. Stabilization of ascorbic acid in human
from the total ascorbic acid (9) and representsthe averageof duplicate plasma and its liquid chromatographic measurement. Clin Chem
measurementson a singlesample. 1988;34:2217-23.

7. Okamura M.An improved method fordetermination of L-Ascorbie
acid and L-dehydroascorbicacid in blood plasma. Clin Chim Acta
1980;103:259-68.

aliquots that were allowed to stand at 4 °C for 0, 3 6, and 24 8. Grun M, Loewus FA. Determination of ascorbic acid in algae by
h. At the end of each time period the samples were centrifuged, high-performanceliquid chromatographyon strongcationexchange

resinwithdectroehemicaldetection.Anal Biochem 1983;130:.i91-8.
and the plasma was added to an equal volume of MPA (10 g/ 9. MargolisSA,Paule RC, ZieglerR. The differentialmeasurement of
100 mL water) and was frozen at -70 °C. The total ascorbic ascorbic and dehydroascorbic acid in plasma preserved in dithio-
acid was assayed according to our published method (9). The threitol or metaphosphorie acid. Clin Chem 1990;36:1750-5.
results in Table 2 summarize the total aseorbic acid for each 10. BradleyDW, EmeryG, Maynard JD. Vitamin C in plasma:a corn-
subject. The values for the total aseorbie acid for the different parative study of the vitamin stabilized with trichloracetie acid or
time periods were combined because the values remained un- metaphosphoric acid and the effectsof storage at -70 °, -20", 4",
changed over the 24-h period. This is reflected in the small SDs and 25 *C on the stabilized vitamin. Clin Chim Aeta 1973;44:47-
of a single measurement. The DHAA values (Table 2) do not 52.

appear to vary in any consistent way during the first 6 h. The 11. I,uneeJ, BlakeDR. The determination ofdehydroaseorbicacid and
amount of DHAA measured in these subjects (6.8-12% of the ascorbicacid inserum and synovial fluidof patientswith rheumatoid

arthritis(RA). Free Radio ResCommun 1985;1:3I-9.
total aseorbie acid) is consistent with the results of some inves- 12. Kutnink MA,Skala JH, SauberlichHE, Omaye ST. Simultaneous
tigators (11, 17, 18), but not for others (7, 16, 20). The stability determination of ascorbic acid, isoascorbic acid, (erythrobie acid)

! ofthe ascorbic acid and DHAA in blood for 6 h and the instability and uric acid in human plasma by high-performance liquid chro-
of aseorbic acid in plasma or ,serum (10) suggest that the blood matography with amperometrie detection. J Liquid Chromatogr
cells play a significant role in maintaining this ratio and that it 1985;8:31--46.
may represent the metabolic equilibrium of the system. This is 13. Roe JH, MillsMB,OesterlingMJ, Damron CM.The determination
further supported by the inability of DTT to totally reverse this of diketo-t.-gulonic,dehydro-L-ascorbicacid and L-ascorbicacid in
ratio in blood, whereas in plasma it is capable of completely the same tissueextract by the 2,4-dinitrophenylhydrazine method.
converting the DHAA to ascorbic acid (9). If rite presence of J Biol Chem 1948;174:201-8.

14. BaconMC, Raiten DJ, Craft N, et al. Nutritional status and growthDHAA in plasma is an artifact it arises during the blood collec-
in juvenile rheumatoid arthritis. Semin Arthritis Rheum 1990;20:

tion process, because the analytical method is precise and ac- 97-106.

curate, and the ascorbic acid and DHAA are stable for ->90 d 15. Hall MG, Darling RC, Taylor FHL. The vitamin C requirement in

:i when stored in MPA (5 g/100 mL plasma) as described above (9). rheumatoidarthritis. Ann InternMed 1939;13:415-23.
: Finally, in a study of 35 cancer-free female subjects, we ex- 16. NagyE, Degrell I. Determination of ascorbic acid and dehydroas-

amined the effect storage time (10-12 mo), patient age, smoking, corbic acid in plasma and cerebrospinalfluid by liquid chromatog-
and vitamin C supplementation on the plasma content of MPA- raphywith electrochemicaldetection. J Chromatogr 1989;497:276-
stabilized ascorbic acid and DHAA. The procedures followed 81.
were in accord with the Helsinki Declaration of 1975 as revised 17. SchreiberJ, Lohmann W, Unversagt D, Otten A. Determination of
in 1983. Preliminary analysis indicated that ascorbic acid in- ascorbic acid, dehydroaseorbic acid and isoascorbic acid in blood.

Fres Z Anal Chem 1986;325:473-.5.
creased slightly with age and decreased noticeably with cigarette 18. Lee W, Davis KA, Rettmer RL, Labbe RF. Aseorbic acid status:
smoking, which is consistent with the results ofotber investigators biochemical and clinicalconsiderations.Am J Clin Nutr 1988;48:
(21-24). Except for cigarette smokers we observed no other 286-90.
effects. Furthermore, there were no changes in the absolute 19. Interdepartmental Committee on Nutrition for National Defense.

!! DHAA content. The lack of any effect of storage over a 10- to Manual for nutrition surveys. Washington, DC: US Government
12-mo period further supports our observations on the long- PrintingOffice,1957.
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!_i 20. NyyssonenIL PikkarainenS, ParviainenMT, Heinonen K, Mow dietaryand supplementalintakeof vitaminC in smokersand non-
onenI. Quantitativeestimationofdehydroascorbicacidand ascorbic smokers.Ann NY AcadSci 1987;498:144-52,
acid by high-performanceliquidchromatography--applicationto 23. MuratoA. SmokingandvitaminC. WorldRev NutrDiet 1991;64:
human milkplasmaand leukocytes.JLiquidChromatogr1988;11: 31-57.
1717-28. 24. Hematologicaland nutritionalbiochemistryreferencedataforper-

21. PelletierO. Vitamin C and cigarettesmokers. Ann NY Acad Sci sons6months-74 yearsof age:UnitedSlates1976-80. Washington,
1975;258:156-68. DC: US GovernmentPrintingOffice, 1982 [DHHS publication

22, Smith JL, Hodges RE. Serum levels of vitamin C in relation to (PHS)83-1682.]
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