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The commonly used Chromsystems vitamin C (ascorbate) assay (Munich, Germany) has
a sample storage life of five days at —20°C. Stabilizing agents have been successfully used
to increase longevity; however, their suitability with this commercial assay is unclear. We
investigated the compatibility of a stabilizing agent, perchloric acid/diethylenetriaminepen-
taacetic acid (PCA/DTPA), with the Chromsystems assay. Plasma was stored at —-80°C,
with or without PCA/DTPA. Storage up to six months was assessed through baseline and
repeat analyses, stability was assessed by comparing paired non-stabilized and PCA/
DTPA-stabilized plasma, and performance was assessed using allowable performance
specifications of an external quality assurance program. Ascorbate concentration was sig-
nificantly lower in non-stabilized plasma than in paired PCA/DTPA-stabilized plasma, with
a proportional difference of 11% (P=0.01). All storage analysis results were within the al-
lowable performance specifications. Storage at -80°C prevented plasma ascorbate oxida-
tion; however, substantial oxidation occurred during sample processing. In conclusion,
PCA/DTPA significantly reduces ascorbate oxidation, and PCA/DTPA-stabilized ascorbate
plasma is compatible with the Chromsystems assay and stable for up to six months, when
stored at -80°C.
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There has been a resurgence of studies on vitamin C (ascorbate),
particularly in relation to critical care, which has led to an in-
creased interest in its measurement [1]. According to the exter-
nal proficiency testing program run by the Royal College of Pa-
thologists of Australasia Quality Assurance Programs (RCPAQAP),
a commercial assay supplied by Chromsystems (Munich, Ger-
many) is the most widely used method to measure ascorbate in
serum or plasma [2]. The assay combines high-performance
liquid chromatography (HPLC) with ultra-violet (UV) detection.
The assay instructions state that the durability of plasma ascor-
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bate is five days when stored at —20°C. This is prohibitively short
for studies using plasma that is collected over a long period and
batch-analyzed for randomized control trials (RCTs) and plasma
collected in remote areas.

Methods to improve the ascorbate stability by minimizing its
oxidation to dehydroascorbic acid (DHA) using a stabilizing agent
or by reducing DHA to ascorbate have been published previ-
ously [3-8]. These studies used in-house analytical methods to
validate the sample handling and processing procedures. How-
ever, there is no evidence to support the application of the sam-
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ple processing procedures to the popular commercial assay.
Therefore, we determined (1) whether the inclusion of a stabiliz-
ing agent during sample handling and processing is compatible
with the commercial assay and, if it is, (2) whether plasma ascor-
bate stability can be extended beyond the period recommended
by the manufacturer.

This study was nested within the Vitamin C, Hydrocortisone
and Thiamine in Patients With Septic Shock (VITAMINS) trial,
NCT03333278 [9] (ethics approval number: HREC/17/Austin/238).
The RCT was conducted over 18 months from May 2018. In-
formed consent was obtained from the participants. Blood sam-
ples were collected in lithium heparin vacutainer tubes (BD,
Franklin Lakes, NJ, USA, cat. no. 367886) and centrifuged at
4,000 rpm (1,431xg) and 4°C for 10 minutes. Plasma from
each sample was transferred into multiple 1.7 mL microfuge
tubes (cat. number AX-MCT-175-C; Fisher BioTeC, Wembley,
WA, Australia) and subjected to two sample handling and pro-
cessing methods. One group of plasma samples was immedi-
ately stored at —-80°C (Fig. 1A), and, in the other group, a stabi-
lizing agent, perchloric acid (PCA, cat. number D6518; Sigma-
Aldrich, Castle Hill, NSW, Australia)/diethylenetriaminepenta-
acetic acid (DTPA, cat. number 311421; Sigma-Aldrich), was
added at a plasma:PCA/DTPA ratio of 1:1 (v:v) prior to storage
at -80°C (Fig. 1B). The study design considered the expected
available plasma volume from the critical care patient popula-
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tion, which led to the decision to assess one stabilizing reagent,
PCA/DTPA.

PCA/DTPA was selected owing to its success in minimizing
ascorbate oxidation to DHA [3]. PCA/DTPA was prepared at a
concentration of 0.54 M by adding 4.66 mL of 70% PCA to 100
mL of deionized water, followed by the addition of 10 mg of DTPA,
and was stored at 4°C. The above-cited study recommended
plasma storage at —-80°C. We did not assess the storage tem-
perature of —20°C as advised in the commercial assay instruc-
tions because some studies have reported that non-stabilized
plasma stored at temperatures above —75°C exhibits a higher
oxidation rate [8, 10]. Additionally, in studies using an acid sta-
bilizer and metal chelator, such as PCA/DTPA, plasma was stored
at-80°C [5, 11].

Plasma samples were analyzed on a Shimadzu HPLC-UV sys-
tem (Rydalmere, NSW, Australia). The Chromsystems assay, re-
agents, column, and internal quality controls (IQCs) were sourced
by Astral Scientific (Taren Point, NSW, Australia). Performance
was assessed by the inclusion of a bi-level IQC run within each
batch, as well as enrollment into the RCPAQAP plasma vitamin
C program. The average coefficient of variation (CV) of the bi-
level IQC (mean low concentration=37.1; high concentration=
111.9 pmol/L) throughout this study was 9.6% (min=8.1%;
max=11.0%; uncertainty of measurement=22.0%), while RC-
PAQAP yielded a CV of 3.9% (based on the median results of
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Fig. 1. Schematic representation of the plasma sample handling and processing procedures utilized in this study. (A) Immediate storage of
non-stabilized plasma at —-80°C, followed by HPLC-UV analysis. (B) Addition of the PCA/DTPA stabilizing agent to the plasma aliquot (1:1,

v:v) and storage at —-80°C, followed by HPLC-UV analysis.

Abbreviations: PCA, perchloric acid; DTPA, diethylenetriaminepentaacetic acid; HPLC-UV, high performance liquid chromatography with ultra-violet detection.

https://doi.org/10.3343/alm.2021.41.4.414

415



ANNALS OF
LABORATORY
MEDICINE

22 participants; min=2.4; max=17.5%) and a bias of 5.0 pmol/L
(min=0.7; max=18.8 umol/L). The allowable performance speci-
fications (APS) set out by the RCPAQAP are based on biological
variation studies and were adopted in this study to determine
significant differences [2, 12].

Three experiments were performed to assess the storage and
stability of ascorbate whilst validating the PCA/DTPA compatibil-
ity with the Chromsystems assay. The first experiment was a stor-
age study of non-stabilized plasma samples (N=39), wherein
we measured the baseline (To) ascorbate concentration and re-
peated the analysis of the duplicate samples (T1) 2, 7, 15, or 26
weeks (=1 week) later. The results of T: and To were compared
to assess significant changes in concentration. The second ex-
periment was identical to the first one, except that PCA/DTPA-
stabilized plasma samples (N=42) were analyzed. In the third

>

Storage of non-stabilized plasma

30 r
290
S 10
= -10
2
s =2
[ i —
_30 1 1 1 1 1 1 1 1 ]
0 3 6 9 2 15 18 21 24 27
Time (week)
Difference in stored PCA/DTPA-stabilized plasma from
non-stabilized plasma baseline results
60 X
2 . "
s W[ TTTTTTTTTT - g‘
3 x X
= 0 B4x x‘f é SR
=0 _ R e e oo
&
s =40
© X
_60 1 1 1 1 1 1 1 1 ]
0 3 6 9 12 15 18 21 24 727
Time (week)

Collie JTB, et al.
PCA/DTPA for the Chromsystems Vitamin C assay

experiment, we compared non-stabilized and paired PCA/DTPA-
stabilized plasma samples. Time points of 2, 7, 15, and 26 weeks
(+1 week) of storage were selected for analysis to represent ex-
pected potential delays associated with the factor combination
of recruitment, efficient use of consumables, and instrument
availability. Prior to the experiments, PCA/DTPA was diluted with
de-ionized water (1:1, v:v) and analyzed as a blank sample to
ensure there was no chromatographic interference.

Statistical tests were carried out and all plots were generated
using Microsoft Excel (Washington, DC, USA), with the Analyse-
it statistical software (Leeds, UK) and MedLabQC software (Metz,
France). Paired two-tailed t-test, Passing—Bablok regression,
and difference plot were used, with To being the independent
variable for the storage experiments and non-stabilized plasma
for the comparison experiment. Results were considered statis-
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Fig. 2. Difference plots and Passing—Bablok regression of storage and stability experiments. The data displayed in panels A, B, and C are
results from the Ty analyses for each plasma sample and are expressed as a percentage change in concentration from the baseline, To, on
the Y-axis. The X-axis represents weeks in storage before the T analysis. (A) Storage of non-stabilized plasma. Mean percentage concen-
tration difference of +1.2% (median+0.5%). (B) Storage of PCA/DTPA-stabilized plasma. Mean percentage concentration difference of
—0.2% (median+1.5%). (C) Comparison of PCA/DTPA-stabilized plasma with paired non-stabilized plasma. Numbers of samples per time
point analyzed: 2 weeks (N=4), 7 weeks (N=7), 15 weeks (N=14), and 26 weeks (N=14). Mean percentage concentration difference of
+9.9% (median+3.6%). (D) Passing—Bablok regression of non-stabilized plasma against PCA/DTPA-stabilized plasma. Concentrations de-
termined through all experiments ranged from 2-812 pmol/L. The dashed lines in panels A, B, and C represent the +25% APS for results

>36.0 pmol/L.

Abbreviations: PCA, perchloric acid; DTPA, diethylenetriaminepentaacetic acid; APS, allowable performance specifications; Cl, confidence interval.
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tically significant when P<0.05, the 95% confidence interval
(Cl) of the difference plot did not pass through zero, or the 95%
Cl of the Passing—Bablok slope did not include 1.00.

The two storage experiments revealed no significant change
in ascorbate concentration between non-stabilized (P=0.98)
and PCA/DTPA-stabilized (P=0.15) plasma over six months
when using the Chromsystems assay. A non-significant bias was
observed in the difference plots for these experiments, with an
estimated difference of -0.1 pmol/L (95% Cl=-9.6-9.3 pmol/L)
for non-stabilized plasma and 5.7 pmol/L (95% Cl=-2.1-13.5
pumol/L) for PCA/DTPA-stabilized plasma. All results were within
the APS (Fig. 2A and B).

The comparison experiment revealed that the PCA/DTPA-sta-
bilized plasma had a significantly higher ascorbate concentra-
tion (P=0.01) than the non-stabilized plasma with an average
difference of 27 pmol/L (Min=-6, Max=235 pmol/L) when us-
ing the Chromsystems assay. Multiple data points fell outside
the APS limits, and the average percentage difference between
the two groups was 10% (Fig. 2C). The Passing—Bablok regres-
sion analysis revealed a significant slope of 1.11 (95% Cl=1.02—
1.29), indicating a 11% proportional difference between the
paired PCA/DTPA-stabilized and non-stabilized plasma, and a
non-significant intercept of -9.72 (95% Cl=-34.93-2.57 pmol/L)
(Fig. 2D).

Our results indicate that plasma ascorbate concentration sta-
bilized with PCA/DTPA is compatible with the Chromsystems
assay. In addition, plasma stored at —-80°C was stable for up to
six months, regardless of the addition of PCA/DTPA. This is con-
siderably longer than the stability of five days at —20°C reported
by the manufacturer. Prolonged storage life will be suitable for
time-sensitive analyses conducted over long durations and re-
motely collected samples that require transportation and will al-
low batch analyses in routine pathology laboratories and RCTs.

PCA/DTPA prevents the oxidation and, ultimately, hydrolysis,
of ascorbate. A significant loss of ascorbate would be expected
in the absence of a stabilizer at room temperature. A significant
loss of ascorbate has been reported in samples incubated at
23-25°C for 2 hours, and a median reduction in ascorbate con-
centration of 18% (range=10%-32%) was observed after a
2-hour delay of plasma separation [5, 13]. However, when a
stabilizing agent is added, the amount of ascorbate oxidized to
DHA is minimized [5].

The two storage experiments demonstrated that plasma was
stable for up to six months when stored at —-80°C. This suggests
that storage at ultra-low temperature does not cause a significant
loss of analyte through oxidation. In the storage experiment us-
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ing PCA/DTPA-stabilized plasma, owing to the suppression of
ascorbate oxidation, the analyte concentration was maintained
throughout the study period, which led to a non-significant change
in results. In non-stabilized plasma, ascorbate oxidation occurred
until the plasma was prepared for To analysis or reached a fro-
zen state, resulting in an underestimation of the actual ascor-
bate concentrations.

As the Chromsystems assay measures only ascorbate con-
centration, not DHA, the differences observed in the compari-
son experiment are likely due to the minimization of ascorbate
oxidation by PCA/DTPA. Therefore, a higher ascorbate concen-
tration was maintained in the PCA/DTPA-stabilized plasma than
in the paired non-stabilized plasma. Although the Passing—Bablok
regression analysis revealed a significant slope, the percentage
was within the uncertainty of measurement of 22% and unlikely
to be clinically significant. Therefore, we predict that the use of
the PCA/DTPA would not affect the reference values and deci-
sion limits, provided that sample handling and processing pro-
cedures remain consistent.

Our experiments provided evidence that the inclusion of the
PCA/DTPA stabilizing agent reduces analyte loss by minimizing
ascorbate oxidation during sample handling and processing,
which are conducted at temperatures higher than the storage
temperature.

Plasma ascorbate stability has also been demonstrated in a
previous study, using other reagents and sample handling and
processing procedures [1]. However, these procedures had not
been verified for the Chromsystems assay. Hence, our work vali-
dates the compatibility of PCA/DTPA for sample handling and
processing with this assay. This information is valuable for labo-
ratories employing the Chromsystems assay as well as for RCTs
on ascorbic acid intervention using plasma ascorbate analysis.

We used samples collected from patients in an intensive care
setting since it reflects real patient results and demonstrates
clinical utility in the target population. However, because of the
small study population, we could assess only one stabilizing
agent and one storage temperature. Despite the perceived limi-
tations, the results obtained sufficiently provided evidence for
the compatibility of PCA/DTPA with the Chromsystems assay
and demonstrated a significant difference in ascorbate concen-
trations between non-stabilized and PCA/DTPA-stabilized plasma
with stability longer than the five days recommended by the man-
ufacturer. Our results warrant a repeat study with multiple time
points and other stabilizing or reducing agents and storage tem-
peratures. In addition, a long-term trial to assess analyte stability
for a minimum of 1-2 years would be beneficial for creating a
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sample biobank for future clinical studies.

In conclusion, we demonstrated that —-80°C storage prevents
plasma ascorbate oxidation and that substantial oxidation oc-
curs during sample handling and processing. We verified that
the inclusion of PCA/DTPA as a stabilizing agent significantly re-
duces ascorbate oxidation, allowing for more accurate results,
while maintaining compatibility with the Chromsystems assay.
We also demonstrated that plasma has a storage life of up to six
months at —80°C, which is beyond the manufacturer’s recom-
mendation. We recommend the inclusion of PCA/DTPA as a sta-
bilizing agent and storage at —-80°C for plasma to be analyzed
using the Chromsystems assay.
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