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Abstract - The wotal vitamin O content in human plesma s
widely accepled as an indicator of the issue status of vitamin O
A lguid  chromategraphy  method  with  wltravielet detector
(264 nm) for measaring ascorbic acid in human plasma was
developed, A Cg reversed-phase column ol cetrimide as an
iowpriring  agert was emploved. Aseorbic acid  (Ad} was
measured after reducing L-dehvdrouascorbic acid to L-avcorbic
aciel with dithisthreitol, The stability of the ascorbic acid in
plusma, metaplhosphoric acid and trickorsacetic acid way alio
The including  linearity
(i-60 gpiel), occuracy [RE98%), repeatability (28%) and
reprociucibility (7.2%), showed that the method v reliakle for
meiswring e total vifamie O conlent (o ploima.
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INTRODUCTION

L-Ascortic acid has been proposed as  having
capcer-chemao-preventive  activity (1,2} Vitamin i3
widely claimed o have @ protective role in the oxdative
damage and degenerative diseases (3,4.5) The rapidly
ncreasing nlerest in vitamin C inlake and status indices
has wrped the need to offer a walid method  for
determination of L-ascorbic acid, OF these  indices,
plasma vitamin O concentration §s the most widely
preferred  mainly  Because iU % sensitive  bBoth Lo
variations in the intake and body stores of the vitamin
(6], The tatal vitamin C content in blood plasma and
leucocytes s widely accepted as an indicator of the
tissue status of vitamin {7 The total vitamin © of a
sample is the sum of L-ascorbic acid and its oxidized
form, L-dehydroascorbic  acid (8] The bhiological
aclivities of these o are similar (7).

L-ascotbic acid in plasma or serum has been
measured most often b colorimetric methods hased on
the oxidation-redoction properties of Leascorbie acid or
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the formation of chromogenic derivatbees, such as
hydrazone (9.

The preferred methed  for
L-ascorbic acid i% the
2a-dichlorophenolindophenol (10,117,

Accurate measurement of ascorbic acid m bBiological
samples (such as plasma) depends an a relizble method
for stabilizing this material in the matrix of interest and
the availability of # reliable assay [or Lhis analyle,
High-performance  liguid  chromatography  (HPLO)
methods have been proved suitable for determining
ascotbic  acid  in physiological and - tissues
(8,12,13) In this study vitamin C s determined m
human hicod plasma by HPLC using a UV detector,
Also s simple method  Tor samples  preparation is
proposed,

af
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determination
reduction
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MATERIALS AND METHODS

Reagents
L-Ascorbie acid, dithaothreitel (DT,
trichloroacetic acid  (TCA),  melaphosphoric  acid

(MPA), methanol, cetrimide, 4'-hydroxyacetanilide and
sadivm dibydrogen phosphate were fram o Moerek
(Darmstadt,  Germany).  Dooble-distilled  deionized
water was uwsed throughout.

Standard preparation

Stock solution of L-ascorbic acid (123 wgiml) with
dithiothreital (3mM)] was prepared 0 water, which
appearcd  stable for weeks in dark ol 4°C Stock
solulion of L-ascorbic acid was used for preparation of
working  standards  [1,2,5,10,20,35 40,5035 and 60
pemly and  these working  stundards  were  [urther
diluted by  waler.  Internal  standard  solution  of
d'-hydroxyacetanilide (4 wgml)  with  dithaothreitol
[(3mM) was preparcd in metaphosphorie acd 10%.




Determination of ascorbic acid by HPLC

Sample preparation

Vepous blood samples were drawn from the
forcarm wvein of volunteers [25-33 years), and were
rransfecred o fubes wilh heparin to obtain plasmea.
Plasma was scparated by centrifagation at 35300 g for 3
min at 4°C, In a 2ml PTFE-capped centrifuge tube,
200wl of plasma was mixed with 200 wl of internal
standard  solution. The  precipitated  proteins were
removed by centrifugation at 18000 2 for & min at 4°C
and the supernatant was filkered through o 0.22 pm
filter {Sartorivs, Goettingen, Germany). Finally, a 5 pl
aliguot of the clear phase was injected directly onto the
HPLCT column.

Liguid chromatography

The HPLC system included & manual injector
(Rheodyne, California, USA), a HPLC pump
iMaxi-star K-1000, Knauver, Herlin, Germany), a Oy
reversed-phase column (Nowva-Pak Cig 4 pwm 250 X
4.6 mm, Waters, Milford, USA), a spectropholometer
W -Wisible detector (K2300, Knauer, Berlin, Germany)
and a computer software (FEurcchrom 2000 Yer, 1.6,
Enauer, Berlin, Germany) as inlegrator,

The maobile phase consisted of phosphate buffer
(30 mM, pH = 45 with 25 mM cetrimide,
fltered  throwgh - a 022 am  Olter  (Sarlorius,
Cinettingen, Germany). The fow rate was 1 mlmin,
and the analyss was carricd out gt room temperature.
The UV detector was sel at 264 nm and 0.001 AUFS.
4" -hydrosyacetznilide was used as the internal standard,

Standard calibration

Ao similar procedure o that of the sample
preparation was used substituting 200 ul of diluted
standard  solution  for  plasma  sample  and  then
calibration curve woere drawn by plotting peak arca
ratiog against L-ascorbic acid concentralions.

RESULTS

Chromatography conditions

Preliminary experiments showed that phosphate was
superior 1o other buoffers and  clectrobvtes  (sulfate,
acetate, eic),

Fxporiments were carried out with cetrimide, as an
on-pairng agent.

The first wariable o be studicd o detail was the
effect of pH on the peak separation of ascorbic acid,
4'-hydrovvacetanilide (internal standard) and plasma
companenis on chromatogeanm.

In this study it was noticed that at pIl 4.3,
resolution was  excellent. The next variable to be
evaluated was the concentration of ion-pair. The best
results were obtained with 2.5 mM cetrimide (7).
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L-ascorbic acid can be determined by its ultraviolet
absorbance at 245 nm, but Hegenaver and Saliman
reported that measurement al 260 nm could avoid
some of the interferences (14) and we noticed that
determination at 264 nm was much more suitable,

The chromatogram of vitamin C in plasma is shown
in figure 1.

Table 1. Some of method validation data, as recovery,
precision and sensitvaty,

Recovery

Sample (n=5) Spike added  The spiked  Recovery$

{ugml) {pg/ml) sample/n=2)
(ugfml)
961 = 013 2 11.57 £ 0.7 9,58
5 1443 = 042 9516
10 19.53 + 0.38 99.2
Mean = 9R5E
Precision (REDF)
S pml Fepeatahilivy Intemal
(Sample) m=10 reproducibility
(n=5]
- 285 T2%
5 pgml 3 A
(Standard}
20 ugiml 1.5% ZHE
CStandard)
Sensitivity and lnearity range
Calibration range Slope Intercept
m=14) R [RALTCY (RALIC)
{pg/ml]]
O0upml  09% 0033 007sss

* RALC: Relative ares under Lthe curve

Sample preparation

The samples wers  deproteinized by methanol,
rrichlorcacetic acid 10% and melaphosphoric acid 10%
(157 Metaphosphoric acid 1079 was chosen becauss i
could precipitate proteins and prevent the oxidation of
L-ascorbic acid (16,17, 18).

Another  advantage the  similarity  of
metaphosphoric acid to the mobile phase because it
hydrolyzed 1o phosphate {199

Due ta L-ascorbic acid instability, dithiothreitol was
added to samples. Dithiothreital prevents the oxidation
of L-ascorbie aceid and converts dehydroascorbic acid to
Leascorbic acid (200, The DTT-stahlized samples are
nol suilable for colorimetric assays that invohe cither
an oxidation or reduction step. On the other hand the
MEPA-stabilized samples are compatible with  most
colorimetric and lguid chromatographic methods (217

We stabilized samples by DTT and MPA because
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hoth of them are suitable for lguid chromatographic
methods. Therefore, the determined concentration is
the total ascorbic acid.

Linearity and analytical range

The correlation between the peak area ratios and
the L-sscorbic acid concéntrations was evaluated over
the rangs 0-60 wg/ml and was found to be linear (v =
007895 + 00323 K2 = 0996 n=14). A standard
addition curve for plasma (9.6 (g/ml) with added
amounts of 2, 5 and 10 pg ascorbic acid was plotted,
which showed no o significant  difference  with  the
calibration curve of the standard solution.

Arcuracy

The accuracy of the method was verified by means
of recovery assay. This was accomplished by an
analyzing standard solution and  spiked  (enriched)
plasma. The analytical recovery was DRI9B8% for total
ascorbic acid,

Precision

The repeatahility of the method was caleulated by
using the measured data of a single day, In contrast
internal reproducibility of the method was caloalated by
using the measured data of 5 successive days. Both
values were expressed by relative standard deviation
The precsion data are shown in Table 1.

Sensitivity

Eensitivity of the method was expressed by angular
cocfficient (slope) of the calibration curve, The methoed
validation (22) data are shown in Table 1.

Limit of detection and limit of determination

Limit of detection was .2 wpgiml, which was
caleulated from a signal 1o nose ratio of 3,

Limil of delermination was 0.4 pg'ml, which was
calculated from a signal to paise ratio of 6 (23]

Stability

Due to the mstability of L-ascocbic acid, it should
he determined immediately aller oblaining the samples,
bul the eguipment required is not available in most
labaratories. This has necessitated  forearding  the
samples to other institutions, which 18 inconvenient and
expensive and may reselt in inaccurate estimates of
vitamin © content (doc to the instability of the
compound  mo lransit and  sample  preparation).
Therefors, it is useful to have an estmation of the
stability of the stored semples. In our study the stability
of L-ascorbic acid in plasma, irichloroacetic acd 3%,
melaphosphoric acld 3% with dithiothreitol 2.3mM
were studied at 4 C and -28° C.

The obtained results are summarized in Table 2,
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Fig 1. A tvpical ascorbic acid and internal standard
chromatogram in plasma sample and spiked sample,

RALC
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+ Calibration curve In water
o Calibration cueve in plasma by standard additien

Fig 2. Ascorbic zoid stability data in plasma, TCA, MPA
and MPA with DTT aL 4°C and -28°C.
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Dretermination of ascorbic acid by HPLOC

Table *. Ascorbic acid stability data in plasma, TCA, MPA and MPA with DTT a1 4% and -28°C.

Toral ascorbic i\“;ifj_fl'_’l_?gf{’?!} s

Stored at 470

Stored ar 2850

Hers Spiked TCA 5% MPA 5% MDA S5 Spiked TCA 5% MPA 5% MPA 5%
Flasma & DTT 25mM Plasma & DTT 2.5 mM
[} 5975 ai,00 6000 G002 59.75 0,00 Gi, 10 GO0
2 a8.11 5542 3590 3910 5013 59.44 61,27 59,80
4 50,738 5139 60,10 6105 Fi.%6 3T.57 G004 Gi1 10
) AE.0E 4923 30,240 R 54.49 54,80 58.07 58.90
2 42.11 42.11 Gns R0 53.25 5294 59,80 GiE
ik .70 3593 - 5560 - - 5790 &0
21 - 3900 . 4397 43,97 . .
23 1953 18,22 50,5 55.50 4273 43.04 5960 S8.06
25 17.57 17.68 G0 50.0] H0ED e
Doy
2 0.4 Lib, i 3840 G010 26,63 il 60,20 29,490
4 M.[.* M., 59340 G2 520 712 0,00 60,25
f - - a3 59646 M., M. 5948 6106
A . 5990 :,:-.I'_!_I'!-I'I 5977 39,80

* MO Mot detected

Mot determined

DISCUSSION

The dara show that ascorbie acid content in plasma and
richlarozectic acid solution decreased very fast at 490
and -28°C0 whereus the ssvorbic acid was slable in
melaphosphoric acid 5% and metaphosphoric acid 5%
with dithiothreitol 2.5 mb.

Margolis and Duewer {1996} demonstrated thal total
ascorbic acid in properly prepared human plasma wias
stable at -70°C for at least & vears when preserved with
duthiothreitol. Alse they showed that 1otal ascorbic acid
in o human  plasma or o serum preserved  with
metaphosphoric aend (MPA) degrades slowly, at the
rate of ne more than 1% per year (210

Therefore, samples should be determined immediately
or when 1 ois not possible 1o analyze Lhe samples
immediately,  they  should  Be slabilized by
metaphospharic acid and dithiothreinol and kept at 4°C
or lower untbl snalysis. Inooconclusion the method
valiation parameters show thal the method s wvery
sensittve, accurate, reliable and adeguate for measuring
the teal vitamin C vontent in human plasma, and it can
he performed on a relatively small bBlood sample, and
without the need for sophisticated sample preparation
procedures,
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