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ABSTRACT

Epidemiologicalevidence suggests that intake of vitaminC and of fruit and
vegetables rich invitamin C may reduce the riskof certaincancers. Most
epidemiologicai studies have relied on estimates of vitaminC based on
questionnaires because serum ascorbie acid (AA) can be veryunstable. The
objective of this study was to investigate the effect of extended storage at -70°C
and &multiple free-thaws on AA concentrationin stabilizedhuman serum from a
large multi-centercervicalcancer ease-controlstudy; the serum samples had been
stabilizedby acidificationwith mcta-phosphoricacid and stored at -70°C The
results showed that under these conditions human serum samples are stable for
periods of at least 2 years. Therewere indicationsthat samplepreparationin the
fieldand freezingand thawing the stabilizedserum samples could affect
reproducibility and validity. Overall, our results indicate that with this
stabilizationmethod, biologicalmaterial collected in large-scale, multicenter
studies remains useful for AA analysis for at least 2 years after collection.
l_blitk_ byElmvi_,fv_tt_ Ira:.
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INTRODUCTION

Epidemiologieai evidence suggests that intake &vitamin C and of fruits and
vegetables rich in vitamin C may reduce the risk of certain types of cancers (1-8). Most of
these epidemiological studies have evaluated the role of vitamin C with dietary intake
information obtained from questionnaires. However, estimates of vitamin C intake from
dietary instruments can be imprecisebecause of recall bias, inaccuracy of food
composition values, and loss of vitamin C during storage and cooking (9,10).
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Direct assessment of serum AA (I 1,12) may provide a more valid measure of
nutrient status for studies of cancer etiology. However, vitamin C in human serum is
rapidly and irreversibly oxidized so that very few studies have been able to measure
vitamin C directly. In these studies, serum AA had to be measured shortly after the blood
was collected (6,13,14). Therefore, guaranteeing the stability of AA in blood samples
stored over extended periods is crucial for large prospective or case-control studies as it
can take years to accrue sufficient cancer cases for analyses (15-17).

In this report, we examine several methodological issues pertinent to collection
and storage ofmeta-phosphoric acid stabilized serum held for later AA analysis, these
include the effect of prolonged storage at low-temperature, the influence of multiple
freeze-thaw cycles, and the effect of sample collection and sample preparation by
personnel at various times and at different study sites.

MATERIALS AND METHODS

Serum samples were obtained from a case-control study of cervical cancer carried

out in five metropolitan areas (Birmingham, Chicago, Denver, Miami, and Philadelphia)
from 1983 through 1985. For all study participants, a pair ofaliquots of serum (i.e.,
duplicates) were stored. Details of the study design have been described elsewhere (18-
20). For this study, 66 control subjects were randomly selected from non-smoking white
study participants aged 35-59. Subjects were selected so that they were representative of
the 5 study centers, the different phases ofentry into the study (early -- March 1983 to
February 1984; middle -- March 1984 to December 1984; and late -- January 1985 to
October 1985), and of AA concentrations as determined in 1989: (low -- _0.879 mg/di;
medium -- 0.880 - 1.263 mg/dl; and high --1.267 - 2.316 mg/dl). In addition, two sets of
serum samples (24 and 21 samples, respectively) were selected from the 66 to investigate
the effect of thawing and freezing on AA concentrations; these latter samples were not
representative of the five sites or of AA concentrations.

Whole blood was collected by venipuncture, allowed to clot at room temperature
for 40 to 60 minutes, and centrifuged at 3,500 rpm in a non-refrigerated table-top
centrifuge for 10 minutes. Then 1 ml. of serum and ] nil. of 10% freshly-made recta-

phosphoric acid were mixed and immediately stored at 4°C. Within 24 hours these
samples were frozen at -70°C. Serum from each subject was aliquoted in duplicate.

Periodically, batches of study samples and interspersed quality control samples
were shipped on dry ice to the analysis laboratory where they were stored at -85°C until
thawed for spectrophotometric determination of serum AA using 2,4-dinitrophenyl-
hydrazine as chromogen (A,B) (21). The qdality control samples consisted of two pools
of human sera, prepared by the Centers for Disease Control, containing either "low" or
"normal" concentrations of A,A.

One objective of this study was to investigate the effect of extended storage at -
70"C on AA concentration in stabilized human serum. In 1989, 55 "low" and 55 "normal"



VITAMINC ANDSTABILITY 1411

quality control sampleswere analyzed. Twelve "low" and 12 "normal"qualitycontrol
samples were analyzedin 1991 andcomparedto the 1989 results(experiment 1).
Differences in AA concentrationsfor the qualitycontrolsamplesassayed in 1989 (n=55)
and 1991 (n=12) were tested for sisnificanceusinga 2-samplet-test.

Stabilitywas also investigatedviaanalysesat two differenttimes, of paired
aliquots stored foreach of the 66 controls (experiment2). In 1989 (betweenJune and
August), a singlealiquot was randomlyselected fromeach pairof aliquots, thawed, and
assayed forAA. The remainingaliquotswere assayed in November 1991. The difference
in values for each pairwas testedfor significanceusinga pairedt-test. Ifa significant
overalldifferencewas found for these 66 pairedsamples, the influenceof study site,
collection time (e.g., personnelexperienceas the studyprogressed),andAA concentration
was assessedusing a generallinearmodel. For descriptivepurposes,least square mean
differenceswere calculatedusing the differenceinvalues foreach pairofaliquots. Least
squaremeans representthe meansthat would be expected ifthe studydesign hadbeen
balanced on the three factors:study site, collectiontime, and AA concentration.

The effects of freezing and thawingwere also investigatedin two differentways.
First,we used each sampleas its own control,successivelythawingandrefreezingthe
same samples(experiment3). Twenty-fourserumsampleswere initiallyassayedfor AA
in 1989, refrozen,stored at -700(2,andagainthawedandassayed in 1991. The effects on
AA concentrationsof this regimenwere tested viaa pairedt-test. Finally,we investigated
the effect on stabilizedserumAA of multiplefreezes andthaws(experiment4). Twenty-
one samplesunderwentthree thaw-freezecycles;AA concentrationwas assayed at each
thaw. Serumwas frozen at -70°C for2 week intervalsbetween thaws. A one-way
analysisof variancewas usedto analyzethese data. Significantdifferenceswere examined
usingcontrasts.

RESULTS

Resultsof experiment1 showedAA concentrationinstabilizedqualitycontrol
serumpoolsto bestableat-70°Cfor2 years.ThemeanAA valueforthe"low"quality
controlsampleswas0.85_+0.03mg/dL(mean_+standarddeviation)bothin 1989and
1991;for "normal"qualitycontrolsamplesthevalueswere1.25+ 0.04mg/dLin 1989and
1.28+__0.03 mg/dLin 1991,a differencethatwasnei'herstatisticallynorbiologically
significant.Thesepooledsamplesprovidea precisetestof theeffectonAA concentration
of 2 yearsof storage;asthesesampleswerepooledsamplespreparedatthesametime,
therewasno inter-individualvariability.

Similarly, the AA inthe stabilizedserumof the 66 subjects(experiment2) showed
no biologicallymeaningfuldegradationduring2 yearsof storage. The meanserumAA in
the set of aliquots measuredin 1989 was 1.22 mg/dL, while thatin the second set of
aliquots,measuredin 1991, was 1.25 mg/dl, While this smallincreasein concentrationis
likelyto be biologicallyinsignificant,it was foundto be statisticallysignificant(p<0.0001)
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by a paired t-test. To investigate this increase further we used a general linear regression
model.

Results from linear regression (Table I) indicated that different study sites did not
have a significant effect on the increase in serum AA concentration, but that both
collection time and level of initial (1989) AA concentration did. Contrasts showed that
there was a significant increase in AA concentration during the early and middle phases of
the study as compared to the late phase. A comparison of the least square means for the
differences (1991 minus 1989) for the early, middle, and late phases of the study indicated
that they were small (0.044, 0.037, and -0.004 mg/dL, respectively) and decreased over
time.

TABLE I: The Effect of Study Site, Collection Time, and AA Concentration on the Diffe-
rence in AA Concentration (1991 - 1989) in Duplicate Serum Samples from the Same
Subject

P-value

Study Site 2 0.10
Collection Time 3 0.04
Ascorbic Acid Concentration 1989* 0.002

t Factors in a linear regression model and associated p-values.

2 Fivestudysites:Birmingham,Chicago,Denver,Miami,andPhiladelphia.

s Three collection times during the study: early - 3/83-2/84; middle - 3/84-12184;
late- 1/85-10/85.

4 Three concentrations: low - 0 to 0.879 mg/dl; medium - 0.880 to 1.263 mg/dl; and

high - 1.267 to 2.316 mg/dl.

The least square mean differencesin serum AA (1991 minus 1989) on duplicate
samples at low, medium, and high concentrations in 1989 were -0.002, 0.015, and 0.064
mg/dL, respectively. There was a significant increase in AA concentration when

duplicates with high levels of AA (1.267-2.316 mg/dL) were compared.

Our investigation of the effects of successive thaws showed a small but
statistically significant (p<0.0001) increases in the se,'um AA concentration between the
first and the second thaw in both experiments 3 and 4, but no additional increase between
the second and the third thaws (Table II). The increase after the first thaw-freeze cycle
and storage for 2 weeks was similar in magnitude to that seen in samples that were
thawed and frozen and stored for 2 years. In both situations serum AA increased by 0.07
to 0.09 mg/dL.
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TABLE II: Effect of Repeated Freeze-ThawCycles on AA in Meta-Phosphodc Acid
StabilizedSerumSamples

StudyDesign N Freeze/Thaw AA cone. (mg/dL)
cycle (mean+ SD1)

Two week cycle
1991 21 1 1.14 + 0.65
1991 21 2 1.23 +_0.67z
1991 21 3 1.22 _+0.68z

Two yearcy¢1¢
1989 24 1 1.13 _+0.59
1991 24 2 !.20 +.0.602

Interindividuaistandarddeviation.

z Significantlydifferentfrom cycle 1 values.

DISCUSSION

The results of this study indicated that the AA concentration in stabilized serum is
stable at -70°C for 2 years. Furthermore, collection of blood samples at different sites did
not affect the AA concentrations. Both these issues are important in epidemiological
designs as many such studies are carried out in different locations, so that the samples are
collected at different places. Furthermore, in large studies, samples have to be stored for
many years before analyses can take place, thus, the long-term stabilityof AA is very
important.

We found thatthe during the late stage of the studythe differencein AA
concentration between the duplicatesampleswere small. These results suggest that the
technicians may have improved in sample preparationover time. It is important that
adequate trainingbe given to all technical staff beforeinitiatinga study collecting
biological samples for AA measurements.

The observed increase in AA concentrationsin various types of samples seen in
experiments 3 and 4 needs to be investigated further. The apparent increase in the AA
concentration in samples with high AA may be an artifactof the assay, as these values are
at the top end of the standard curve. Alternatively,there maybe some unknown factor
operating to produce a concentratingeffect at these high levels or due to evaporation of
the acidifiedaqueous phase during repeated samplehandling. To avoid such problems
multiple aliquots from each subject should be stored so that unthawed aliquots can be
used if repeat measuresneed to be taken.

In conclusion, this study shows that AA in human serumsamples that have been
stabilizedwith meta-phosphodc acid is stable during storage at -70°C for periodsof 2
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years or more. This encouraging finding indicates that blood collected in large-scale,
multicenter studies are useful for AA analysis several years after collection using the
method described here.
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