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ABSTRACT

A description is given of a specific and simple liquid chromatographic method
for the determination of vitamin C (ascorbic acid) in protein-free plasma. The
analysis time per sample is only 4 min, the retention time of ascorbic acid being
2.4 min. A detection limit of 0.3 mg/l (1.7 ymol/l) was achieved using the rou-
tine attenuation of the detector. The day-to-day coefficient of variation is less
than 7.2 % at a physiological level and the within-day variation is less than 4.7
%. The method recovered 101 % (mean) of ascorbic acid supplemented to bplasma.
Mean plasma ascorbic acid concentration was 11.1 mg/l (63 pmol/l) in healthy
adult. volunteers, whereas considerably lower values were found 1n a group of ran-
domly selected 54-year-old-men.
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INTRONDUCTION

Ascorbic acid (vitamin C) possesses tremendous biological and pharmacological
significance. Ascorbic acid acts as a unique reducing agent for the prolyl hy-
droxylase catalyzed synthesis of hydroxyproline in collagen (1). Overt vitamin €
deficiency with distinct clinical and radiological signs, known as scurvy, has be-
come rare in developed countries although mild vitamin C deficiency is encoun-
tered oceasionally (2). Daily consumption of large quantities of ascorbic acid is
claimed to have many beneficial effects against illnesses such as the comman cold
(3.

Several methods have been developed for assay of ascorbic acid in various
biological samples or in plant materials, many of these methods having serious
drawbacks. Commonly used method of dye titration with
2,6~dicholorophenol-indopheno! (4) ar the ketone derivatization method with 2,4-
dinitrophenylhydrazine (5) are non-specific for ascorbic acid and in addition are
laborious and time-consuming. Similar problems are also encountered with other
recently proposed methods based on modifications of the reducing capacity of as-
corbic acid (6, 7). The enzymatic mathod (8) with ascorbic acid oxidase coupled
to the colour reaction or fluorometric method (9) seem to be more specific than
the aforementioned methods, but are still rather complicated and are less suitable
for routine determination of ascorbic acid in plasma.

High-performance liquid chromatography (HPILC) 1s a powerful tool for vita-
min analyses. HP!.C has been used for assaying the ascorbic acid content in
foods, including fruits and vegetables (10, 11, 12, 13), and in beveraqges
(14). Some of these methods (10, 13) are also capable of resolving and quanti-
fying dehydroascorbic acid, an oxidized form of ascorbic acid found in minute
quantities in foods. Doner and Hicks (15) were the first to separate ascorbic

acid and its oxidation products plus erythorbic acid and its oxidation products
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simultaneously using a weak anion exchange amino column. Ascorbic acid,
however, was the anly component in orange jutce and urine that they were able to
demonstrate. Their assay involved both refractive index and UV detection. Rose
and Nabrwold (16) proposed that ascorbic acid and dehydroascorbic acid be ana-
lyzed simulataneously using an amino column plus tJV detection with two
wave-lengths. In quinea pig plasma only ascorbic acid levels were detected (11 +
1 mg/t). Identification and quantification of ascorbic acid in extrates of human
lymphocytes was described by 'iebes et al. (17), who used a strong anion ex-
change column. Tsao and Salimi (18) used a reverse-phase INS column and elec-
trochemical detection for ascorbic acid and isoascorbie acid, which is bioloaically
arelatively weak analog of ascorbic acid, from brain samples. Fluorometric de-
termination of total vitamin C i1n whole blood with precolumn derivatization was re-
cently described by Speek and his collaborators (19). Ascorbic acid was first
oxidized enzymatically to dehydro-ascorbic acid, which was changed to a quinoxa-
line derivative analyzed using a reverse-phase column. Reference values of vita-
min C in whole blood of healthy Dutch adults ranged from 20 to 80 umol/l
(3.5-14.1 mg/1) with a mean value of 54}1mol/1 (9.5 mg/l). Other recently des-
cribed HPLC methods include measurement of uric acid, ascorbic acid and some re-
lated metabolites in biological fluids using anion-exchange HPL.CC with UV detection
(7). Two very recent works utilized reversed-phase HP'_C combined with electro-
chemical detection of body fluid metabolites (21, 22).

In the present study, weak anion exchange HPILLCT with UV detection was used
to develop a rapid, fully automatizable, reliable and sensitive method for analysis
of levels of ascorbic acid in human plasma. Sample preparation is simple and in-
volves only dilution of the plasma sample to 5 % metaphasphoric acid, centrifuga-

tion, and direct quantification.
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MATERIALS AND METHODS

Reagents

The stock ascorbic acid (Sigma) standard 1000 mg/l was freshly prepared in
water and further diluted to the final standard concentration (routinely 10 mq/D).
The working standard was handled the same as the samples.

A 5 % metaphosphoric acid solution was prepared by washing the metaphosphor-
ic acid crystals (Fluka) before the final solution was dissolved and filtered.

The solution was stored at +4° © for one week.

Sample preparation

Vernous blood was obtained from subjects who had fasted 12 h. The sample was
drawn (at 7-9 AM) using Venoject VT-050 HI_ heparin tubes. The plasma was sep-
arated and handled within 30 minutes by centrifuging (1000 x q) at +20° © for 10
min. The plasma samples were stabilized in duplicate by adding 0.5 ml of plasma
to 45 ml of 5 % metaphosphoric acid, followed by careful vortexing. The plasma
proteins are precipitated and ascorbic actid is simultaneausly stahilized. The sta-
bilized samples were stored at 80° © for rot more than ome month if not analyzed
immediately. Prior to analysis the sample tubes were centrifuged, and the clear
supernatant thus obtained was injected directly into the liquid chromatographic co-
lumn. The working standards were also diluted 0.5 m! + 4.5 ml in 5 % metaphos-

phoric acid.

Experimental HPILLC

HA.C was performed wsing commercially available comporents. Samples were

analyzed isocratically using either an Altex 110A pump and Schoeffel variable UV
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detector SF 770 set to 254 nm, a Vartan Vista 5500 Liquid Chromatograph and
LV-200 variable UV detector set to 254 nm or Perkin-Elmer Series 10 'iquid
Chromatograph and I.C-158 UV detector at 254 nm. These chromatographs were
equipped with a Rheodyne Model 7125 injection valve with a 20/\1! fixed sample
loop. For recording we used either a Perkin-Elmer Model 56 or Model R100 re-
corder. A fully automated ascorbic acid analysis was performed using
Perkin-Elmer Series 4 l.iquid Chromatograph plus '.C-terminal, and P-E 155-100
Autosampler, 1_C-95 UV/visible Spectrophotometer Netector and '.C1-100 !'_aborato-
ry Computing Integrator.

A Resolution stainless-stee! column (150 x 4.6 mm 1.N.) home-packed with
F{esolution—NHz 3 um (equals to SpherisorbR SZNH2 bulk packing), was initially made
available by Mr. Sandy Fuchs, Kaukomarkkinat Ny (Espoo, Finland). Commercially
available amino columns (e.q. SpherisorbR, uRondapakR ) probably are applica-
ble, but the method we describe is subject for alterations when these are to be
used. The eluent consisted of a 25 % solution of 2.5 mM potassium dihydrogen
phosphate in acetonitrile (Merck, chromatography grade). A flow-rate of 1.2 or
1.5 ml/min (column back-pressure 1500-2000 psi, 10-15 MPa) was used.
Ascorbic acid was quantified by comparing the peak heights of the samples or con-

trols with those qiven by known concentrations of standards.
RESULTS AN DISCUISSION

The linearity of the detector response to ascorbic acid was established by
using this calibrator from 0 to 100 mg/l. The standard was handled in the same
way as the samples.

Ascotbic acid was separated from the standards and plasma samples as illus-

trated in Figures 1 and 2. A metaphosphoric acid blank (Fig. 1) showed only

two minor reagent peaks at 1.2 and 3.6 min. These are readily differentiated
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AA
2 min
—
0.002 ST25
A
STS ST10
BLANK AA S1
AA
* g AA
fFigure 1.

Separation of ascorbic acid from plasma.
Blank: 5 % metaphosphoric acid injection;
5: ascorbic acid sandard 5 mg/l;

10: ascorbic acid standard 10 mg/l;

25: ascorbic acid standard 25 mg/l;

Sl: a normal plasma sample;

AA

S2

S2: same as in Sl but ascorbic acid (20 ma/l) was added.
Retention time of ascorbic acid (AA) 2.4 min.
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0.002 2 min
A —
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AA AA

W (WG WL I

Two plasma samples containing low concentrations of ascorbic acid were injected in
triplicate (marked as 1.1 and 1.2, respectively).
Retention time of ascorbic acid (AA): 2.4 min.

from the ascorbic acid peak at 2.4 min both in standards and in plasma samples
(Fig. 1. An unknown peak was observed in all plasma samples elutina at 3.2
min, and not possessing any interference. Repeated injections of two plasma sam-
ples containing very low ascorbic acid concentrations are shown in Figure 2. The
ascorbic acid concentration in sample 1.1 was only 1.6 mg/! indicating a true vita-

min C depletion, and the concentration in sample 1.2 was 3.5 mg/l indicating a
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mild deprivation. The peak heights in repeated injections were essentiaily the
same (Fig. 2).

Protein in the samples is precipitated with 5 % metaphosphoric acid, which
gives a clear protein-free supernatant, and in addition, also stabilizes vitamin ™
(9, 16). Stahilized plasma samples can be stored at -80° © up to four weeks without
any appreciable loss of ascorbic acid (data not shown).

The absolute recovery of ascorbic acid from plasma was measured by analys-
ing plasma supplemented with 10 mg/l or 20 ma/l of ascorbic acid befare depro-
teinization. The recovery (n=10) was 101 + 8 % (mean + SN), compared with the
standard made up in 5 % metaphosphoric acid. No internal standard is thus needed
in the ascorbic acid analysis.

Precision was determired in the series by repeated analysis of plasma samples
containing 6.7 and 26.8 mg/l of ascorbic acid. The coefficients of variation
was 4.7 % (n=15) and 2.4 % (n=14). The precision evaluated from day to day
with these samples was 7.2 % (n=12) and 3.1 % (n=13) respectively.

A detection limit. of 0.3 mg/l was achieved using the routine detector atten-
uation of about 0.016 absorbance units of the full scale. This seems to be well
enough also for the detection of a qrave ascorbic acid depletion.

Plasma ascorbic acid concentrations were measured from 19 adult volunteers
of which 8 were females and 11 were males, The plasma ascorbic acid concentra-
tions were 111 + 2.4 mg/l (mean x SD, 63 + 14 ,umol/I) with a range of 6.1 -
16,5 mgfl (35 - 94 ,urnol/l). In addition the plasma ascorbic acid levels were
determined from a randomly selected group of S4-year-old men living in the city
and rural area of Kuopio (n=155). The total range of ascorbic acid was 0.7 -
228 mg/t (4 - 125 umol/D with a mean value of 7.7 + &4 mg/l (+ SD, 44 +
25,um01/!). Eleven of these men (7.1 %) had ascorbic acid levels below 2.0 mg/}
(11 umol/l), which is regarded as ascarbic acid depletion (23). In addition,

27 of the remaining 144 men (17.5 % of total 155) had an ascorbic acid level
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between 2.1 -~ 4.0 mg/t (12 - 23 ,umol/l) and were thus suspected of having mild
vitamin C deprivation. According to the recent study of Speek et al. (19), a
vitamin C level under 20 /urnol/l (3.5 mg/l) would be regarded as below normal.
Moreover, our results for plasma ascorbic acid in adult volunteers can be superim-
posed on those of Speek et al. for vitamin C in whole blood (ascorbic acid plus
dehydroascorbic acid). Results obtained by conventional chemical methods (9, 23,
24) are also compared to those obtained by the present HPL method (Table T).
In Table I is shown a comparison of plasma vitamin C assays obtained by our pro-
posed method and by the method of Brubacher and Vuilleumier (9). Revealing
correlation is 0.9335 between these two methods. Plasma vitamin (C assays using
the method of Brubacher and Vuilleumier (9) were done by one of us in the Nation-
al Public Health Institute in Helsinki. The comparison between the methods was
done by analysing 27 randomly selected plasma samples obtained from the group of
54-year old men (n=155).

In addition to test the reliability of our new assay for vitamin C, the ef-
fect of large oral doses of ascorbic acid on the levels of vitamin C in plasma
were tested in a short trial. Eight healthy adult volunteers received either 500
mg or 1 g ascorbic acid daily for one week. In the four subjects who received 1
g, the basal level (mean 8.7 mg/l) rose 84 % after one week compared with only
11 % in the four subjects who received 500 mg (mean basal level 11.6 maq/l).
One week after supplementation ceased, plasma ascorbic acid was still elevated S4
% in the 1 g supplement group, and fell to the initial level after an additional
week. The initial level was reached one week after cessation of the 500 mg sup-
plement. According to Yung et al. (25), only about 30 % of the ingested ascar-
bic acid in tablet form is absorbed, and the ascorbic acid half-life is only hours
(about. 4 hours) when the body stores are saturated. In our test, 1 g of ascor-
bic acid gave a longer saturation of the body stores than did 500 mg. Further

studies, however, are needed to investigate the kinetics of ascorbic acid.
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Table 1. Plasma vitamin C assays by our method compared with the method
of Brubacher and Vuilleumier (1974).

Rrubacher and HPLC (y) Brubacher and HPILC (y)
Vuilleumier {(x) Vuilleumier (x)
ma/ 1 mg/ |

1.9 2.3 7.1 7.6
4.8 6.7 11.9 12.4
B.6 11.5 2.9 4.5
4.9 5.2 9.9 7.4
6.5 6.7 1.6 1.5
4.1 3.8 11.3 10.4
4.1 3.9 7.5 7.1
5.2 5.2 2.1 1.8
5.9 5.1 5.8 5.9
9.6 13.2 10.3 10.5
10.8 11.3 4.5 5.4
3.0 2.7 1.5 1.7
8.6 10.9 6.1 8.5
2.2 2.4

Linear regression equation: y(HPLLC) = 1.035x + 0.265

r 0.9335, n = 27
X 6.03 mg/l; Sﬁx
y 6.50 mg/l; SDy
paired t-test: n.s.

3.21 mg/l
3.56 mq/1

nonon
[[]]

Further studies of the correlation of ascorbic acid levels to other biochemical in-
dices in plasma and to health habits are now in progress.

In concluston, we have described a fast and reliable method for analysis of
ascorbic acid in human plasma. Our method resembles to that described by Rose
and Nahrwold (16) but, however, it became evident during the course of this study
that their method is not readily applicable to clinical use. Plasma samples sta-
bilized with 5 % metaphosphoric acid can be stored at 80° C at least one month with-

out naticeable detorioration of ascorbic acid, Moreover, measurements of plasma
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ascorbic acid is recommended since the levels found in whole blood (23) are simi-
lar, and also because plasma itself seems to be the primary carrier of ascorbic
acid to the tissues (26), thus giving a relishle assessment of the overall vitamin

C status.
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