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Abstract
Aliquots
from 40 plasma
pools preserved
with
metaphosphoric
acid were assayed
for their ascorbic
acid
values
after 12, 24, and 42 months
of storage
at -70#{176}C.
Similarly,
aliquots
from 16 plasma
pools were assayed
for
values
of retinol,
several
carotenoids,
and two tocopherols
at 15.5, 27.5, and 51.5 months
of storage
at -70#{176}C. There
were no indications
of important
losses of these
antioxidant
micronutrients
during
storage
from the first
to the last assay.
Introduction
The value of serum
banks for studies
of acute infectious
diseases has long been recognized
(I). Their
use for studies
of
chronic
diseases
is more recent and is expanding
rapidly
(2). In
view
of this widespread
use, there
is need for elementary
knowledge
that is currently
lacking.
An example
is the effect of
long-term
freezer
storage
on serum
or plasma
values
of many
analytes.
What little is known
about storage
stability
of antioxidant
micronutrients
is essentially
limited
to retinol,
/3-carotene, and a-tocopherol;
it is almost
entirely
based on observational
studies
in which
the source
population
is different
for
each storage
time (3). In such studies,
changes
with duration
of
storage
can be confounded
by any differences
in serum
or
plasma
concentrations
in the various
populations.
Much better
estimates
can be obtained
by assays
of aliquots of the same serum or plasma
pools stored
and assayed
after different
lengths
of storage.
However,
only a few studies
have reported
on repeated
assays
of aliquots
of the same specimens after storage
times of more than 1 year. Ascorbic
acid
showed
only “marginal
degradation”
after storage
at - 70#{176}C
for
1 .5 years when preserved
with Dli’ (4). Serum from 35 women
that had been
stabilized
with metaphosphoric
acid showed
concentrations
of ascorbic
acid and dehydroascorbic
acid after
4-6
years storage
at -70#{176}Cthat were “generally
similar”
to
fresh drawn samples
(5). Retinol
was stable for periods
up to 8
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years both at -20
and -70#{176}C(6-7).
No detectable
changes
were noted
in serum
values
of carotenoids
and a-tocopherol
after 15 months
of storage
at -70#{176}C(8), whereas
considerable
losses of carotenoids
were noted after storage
at - 20#{176}C
for as
short a time as 6 months
(9).
To add to these data, we have periodically
assayed
aliquots
of several
large plasma
pools. This report records
our results for
ascorbic
acid after 1.0, 2.0, and 3.5 years of storage,
and aand a-carotene,
cryptoxanthin,
lutein,
lycopene,
and a- and
‘y-tocopherol
after
1.3, 2.3,
and 4.3 years
of storage
at
-70#{176}C.

Materials

and

Methods

From June to November
1989, a mass campaign
was conducted
in Washington
County,
MD, to recruit volunteers
to donate
20
ml of blood for a research
bank. Blood was drawn
into 20-mI
heparinized
vacutainers
(Fisher
Scientific,
Pittsburgh,
PA). The
tubes were tilted slowly
back and forth to 45#{176}
from the horizontal for a total of 8 times to ensure that the heparin
dissolved.
Blood
was refrigerated
at 4#{176}C
until it was processed,
usually
within
2-6 h, and always
within
24 h of blood drawing.
The
vacutainers
were centrifuged
at 1000 X g for 30 mm. For the
ascorbic
acid assays,
0.7 ml of plasma
was pipetted
into 5-ml
blue-capped
Vanguard
Cryogenic
Vials (Sumitomo
Bakelite
Co., Ltd., Neptune,
NJ) containing
0.7 ml of 10% solution
of
metaphosphoric
acid. Equal aliquots
of the remaining
plasma
were pipetted
into each of two 5-ml Cryotubes
with clear caps
to distinguish
them from the aliquots
for ascorbic
acid assays.
All aliquots
were quickly
frozen at -70#{176}Cand kept at approximately
that temperature
until they were withdrawn
for various
studies.
Plasma
for the study of storage
effects
came from persons
who resided
in states
not contiguous
to Washington
County.
They were selected
from specimens
donated
closest
to the end
of the blood
donation
campaign,
mostly
in October
and November
1989. Each pool was composed
of plasma
from four
persons.
For ascorbic
acid, there were a total of 44 pools,
10
from each of4 age-sex
groups (males born 1910-1939;
females
born 1910-1939;
males
born 1940-1969,
and females
born
1940-1969)
plus 4 “comparison”
pools derived
from a single
large pool to estimate
intraassay
variation
at each storage
time.
For other analytes,
there were only I 6 pools, 4 from each of the
4 age-sex
groups
plus 2 additional
comparison
pools.
The specimens
designated
for each pool were removed
from the freezers
and thawed
in ice water under dim yellow
light. They were then inverted
20 times to remove
any possible
effects
of layering
during
freezing.
After each pool was prepared,
6 aliquots
were pipetted
into Cryotubes,
labeled
with
pool numbers,
and promptly
refrozen
having
been thawed
for
<30 mm. At the designated
storage
times, one of these aliquots
from each pool was shipped
in insulated
containers
containing
dry ice to the assay laboratory,
where the specimens
were stored
at -85#{176}Cuntil thawed
for assay.
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Assays
for ascorbic
acid were done at 12, 24, and 42
months
after the midpoint
of the blood donation
dates for the
contributors
to these pools.
For retinol,
carotenoids,
and tocopherols,
assays
were
done at 15.5,
27.5,
and 51.5 months,
respectively,
after their midpoint
collection
dates. The laboratory was masked
with regard
to the source
of each aliquot.
For ascorbic
acid assays,
metaphosphoric
acid-stabilized
plasma
samples
were thawed
at room temperature
while being
protected
from light (20 mm), mixed by vortex (15 s), and then
centrifuged
(15 mm; 4#{176}C;
10,000
X g). The clear supernatant
was assayed
for ascorbic
acid with the use of 2,4-dinitrophenylhydrazine
as chromogen
(10, 11). The laboratory
accuracy
for
this analytical
procedure
with the use of both internally
and
externally
prepared
quality control
specimens
is ± 4%, whereas
the day-to-day
and within-day
precision
(coefficient
of variation) of the laboratory
for the assay is <0.05.
The analytical
instrumentation
used
to assay
ascorbic
acid
did not vary
throughout
the 42 months
of assay. This equipment
consisted
of
a Gilford
Response
UV/Vis
spectrophotometer
(CIBA-Corning
Diagnostics
Corp.,
Medfield,
MA) plus a Gilford
printer/plotter. They were maintained
continually
under the manufacturer’s
authorized
service
agreements.
UV/Vis
lamps were replaced
as
necessary.
The other
frozen
plasma
samples
were thawed
at room
temperature
while being protected
from light (20 mm), mixed
by vortex
(15 s), and then centrifuged
(2500
X g; 5 mm; 4#{176}C)
to obtain
clear samples
that were assayed
for the fat-soluble
vitamins
and carotenoids
with the use of reversed-phase
HPLC
methodology
(8). Laboratory
accuracy
for this analytical
procedure,
based
on internally
and externally
prepared
quality
controls,
is 2% for retinol,
<5%
for tocopherols,
and <12%
for
the individual
carotenoids,
whereas
the day-to-day
and withinday precision
(coefficient
of variation)
of the laboratory
for
these fat-soluble
analytes
is <0.06.
The analytical
instrumentation used to assay the fat soluble
vitamins
and carotenoids
did
not vary throughout
the 5 1.5 months
of assay. This equipment
included
a ternary-gradient
HPLC
pump
(Model
SP8800;
Thermo
Separation
Products,
Fremont,
CA); a dynamic
mixer
(Model
SP5800;
Thermo
Separation
Products);
an 80 position
autosampler
(Model
SP8775;
Thermo
Separation
Products)
equipped
with a 20-pd
sample
loop; a guard
column
(NewGuard
C18; Applied
Biosystems,
Inc., Foster
City, CA);
an
analytical
HPLC
column
(3 m and 4.6 x 100 mm; Microsorb
C15, Rainin Instrument
Co., Inc., Woburn,
MA); and two analytical,
variable
wavelength,
programmable
UV/VIS
detectors
(Model
783, Kratos
Analytical;
Applied
Biosystems,
Inc.) interfaced
with
two dual-channel,
programmable
integrators
(Model
SP4270;
Thermo
Separation
Products).
All instrumentation
was maintained
continually
under
the manufacturer’s
authorized
service
agreement.
UV and Vis lamps were replaced
as necessary
as were the guard and analytical
HPLC columns.
To estimate
the average
rate of change
for each of the
selected
micronutrients
over the entire observation
period and
the baseline
value for a storage
time of zero, a simple
linear
regression
model
was fitted for the concentration
of each pool
at the three storage
times (measured
in years) with the use of the
least squares
method.
The intercept
represents
the estimated
“baseline”
value.
The slope divided
by the intercept
and multiplied
by 100 represents
the percentage
change
in concentration per year, expressed
as a percentage
of the baseline
value.

Results
Intraassay
coefficients
ison specimens
that

Table

1

Intraassay
plasma

coefficientsofvariation”
vitamins
at each

for concentrations
three assay times

of the

of selected

Assays
Vitamins
First

Second

Third

1.7

1.4

3.5

1.5

2.6

1.8

co-Carotene

10.6

12.2

12.6

n-Carotene

12.9

14.3

16.8

Cryptoxanthin

7.3

9.5

6.1

Lutein

3.3

1.9

2.6

Lycopene

4.0

3.9

1.7

a-Tocopherol

8.4

7. 1

y-Tocopherol

5.8

9.2

Ascorbic

acid

Retinol
Carotenoids

Tocopherols

,‘

Expressed

Table

7.8
10.6

as percentages.

2

Estimated

baseline

plasma
age-sex

concentrations
groups

of selected

Estimated
Vitamins

Units

acid

Retinol

mg/dl
.tg/dl

yrs

1.08
80.1

by

values

Males

20-49
Ascorbic

ba seline

vitamins

Females

50-69

yrs

1.15
81.2

20-49

yrs

50-69

1.23
60.5

yrs
1.58

74.8

Carotenoids
a-Carotene

eWdl

3.3

4.9

5.5

6.3

zg/dl

18.0

22.6

29.1

45.3

a-Carotene
Cryptoxanthin

zWdl

Lutein

zg/dl

Lycopene

zWdl

10.6

10.2

18.3

22.6

9.14

29.8

23.6

37.4

79.1

50.9

48.9

78.1

Tocopherols
a-Tocopherol

mg/dl

1 .22

1 .24

1 .02

1.46

‘y-Tocopherol

mg/dl

0.22

0.25

0.21

0.29

mens at each storage
time. Calculations
were based on values
for the four comparison
aliquots
in each ascorbic
acid set and
the two
comparison
aliquots
in sets assayed
for retinol,
carotenoids,
and tocopherols.
Table
1 shows
that intraassay
variability
was the least for retinol
and ascorbic
acid and the
greatest
for a- and f3-carotenes.
Calculated
baseline
values
of the selected
vitamins
in
plasma
are shown in Table 2. Although
the donors of plasma
for
the pools in this study were not selected
to be representative
of
any particular
population,
it is reassuring
that these values
are
compatible
with other published
baseline
values from American
populations
(4, 12).
Table 3 shows
the mean values
at each storage
time and
the estimated
average
annual
percentage
changes
in analytes
during
the period
between
first and third assays.
All changes
were slight and well within the limits of chance
variability,
with
overall decreases
for ascorbic
acid, retinol,
and tocopherols
and
increases
for the carotenoids.
Discussion

of variation
were based on the comparhad been assayed
along with other speci-

Although
questions
in this study were

can be raised about the fact that specimens
frozen
and then thawed
some time later for
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Table 3
Mean concentrations
three assay times,
and estimated
per year of storage

of selected
vitamins
in plasma
at each of the
average
percentage
changes
in concentration
at -70#{176}Cduring
the study period
Change

Assays
Vitamins

Ascorbic
Retinol

acid

(mg/dl)

(zg/dl)

First

Second

1.25

1.23

Third
1.22

per year
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