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JOURNAL OF LIQUID CHROMATOGRAPHY, 6 ( 7 ) ,  1319-1332 (1983) 

DETERMINATION OF ASCORBIC ACID AND DEHYDROASCORBIC 
ACID I N  BLOOD PLASMA SAMPLES 

John K. Baker*, John Kapeghian, and 
Anthony V e r l  ang i e r  i 
School o f  Pharmacy 

U n i v e r s i t y  o f  M i s s i s s i p p i  
U n i v e r s i t y ,  MS 38677 

ABSTRACT 

F o l l o w i n g  t h e  s t a b i l i z a t i o n  o f  t h e  plasma samples w i t h  H C l O  and 
EDTA, t h e  samples c o u l d  be d i r e c t l y  ana lyzed by  HPLC $ s i n g  
e lec t rochemica l  d e t e c t i o n  and reversed-phase columns. The accuracy  and 
p r e c i s i o n  o f  t h e  method was eva lua ted  u s i n g  plasma samples sp i ked  w i t h  
a s c o r b i c  a c i d  (10 pg/ml)  and t h e  r e s u l t s  were a l s o  compared t o  t h e  
c l a s s i c a l  c o l o r i m e t r i c  procedure.  Dehydroascorbic ( 5  pg/ml.) was 
de termined i n  plasma samples u s i n g  UV d e t e c t i o n  f o l l o w i n g  d e r i v a t i z a t i o n  
a t  room tempera ture  f o r  45 minu tes  w i t h  o-phenylenediamine. 

INTRODUCTION 

I n  normal human a d u l t s  t h e  plasma c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  

ranges f rom 4 t o  14 u g h 1  ( 1 )  w h i l e  t h e  r e p o r t e d  va lues  f o r  

dehydroascorb ic  a c i d  range f rom 0.6 t o  2.0 pg/ml (2,3). The most w i d e l y  

used method f o r  t h e  a n a l y s i s  o f  a s c o r b i c  a c i d  i n  plasma i s  based on t h e  

c o l o r i m e t r i c  r e a c t i o n  w i t h  2 ,6 -d ich lo ropheno l  indophenol  (1 ) .  " T o t a l  

a s c o r b i c  a c i d "  i n  plasma has been measured by d i n i t r o p h e n y l  hyd raz ine  

d e r i v a t i z a t i o n  o f  t h e  dehydroascorb ic  a c i d  i n i t . i a l l y  p resen t  and t h e  

a s c o r b i c  a c i d  o x i d i z e d  t o  dehydroascorb ic  a c i d  (1,2). 

Asco rb i c  a c i d  has been de termined i n  animal t i s s u e  samples i n  t h e  

200 t o  3,000 ug/gm range u s i n g  HPLC a n a l y s i s  w i t h  UV d e t e c t i o n  a t  254 

min (4) .  I n  t h e  p resen t  study, i t  was a l s o  con f i rmed  t h a t  HPLC a n a l y s i s  
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1320 BAKER, KAPEGHIAN, AND VERLANGIERI 

with UV detection was satisfactory for the high ascorbic acid 

concentrations found in tissue samples, however, it was not satisfactory 

for the 4 to 14 pg/ml range found in plasma samples. HPLC analysis with 

electrochemical detection has been used for the analysis ascorbic acid 

in marine invertebrates in the 4 to 30 pg/g range (5) and this detection 

technique was utilized in the present study. 

Dehydroascorbic acid could theoretically be detected using 

electrochemical methods in the reductive mode but the diffusion current 

is only a small fraction of the expected value (6). While this 

manuscript was in preparation, a HPLC method for dehydroascorbic acid in 

fruit juice (100 pg/ml range) using derivatization with 

- o-phenylenediamine was published (7). This highly conjugated derivative 

formed in aqueous solution at room temperature within 30 minutes and it 

was moderately stable (8). In the present study, the pphenylenediamine 

derivatization procedure has been modified for the analysis of 

dehydroascorbic acid in plasma in the 0 to 5 ,,g/ml range. 

EXPERIMENTAL 

Determination of Ascorbic Acid by HPLC: 

Approximately 3 ml of whole blood was collected in a tube 

containing 10 mg EDTA and immediately centrifuged for 5 minutes. Then 

500 pl of the plasma was transferred to a fresh sample tube containing 

25 111 of concentrated (70%) perchloric acid, agitated using a vortex 

mixer, then centrifuged to yield a clear, nearly colorless layer. The 

total time from sample collection to stabilization with perchloric acid 

was generally less than 10 minutes. 

A calibration sample of 10 Vg/ml ascorbic acid was prepared fresh 

daily using ascorbic acid (reagent grade, Fisher Scientific Co.) with 

0.1 mg/ml Na2EDTA and 0.1 N HC104 as the diluent. Unstablized solut ions 
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ASCORBIC AND DEHYDROASCORBIC ACIDS I N  PLASMA 1321 

of ascorbic acid in th i s  concentration have a ha l f - l i fe  of only 1-2 

hours and were n o t  satisfactory f o r  calibration purposes. A calibration 

solution of 10 u g h 1  of uric acid was also freshly prepared. 

A 5.0 ~1 sample of the stabil ized plasma sample or calibration 

sample was injected into the HPLC system using a U6K injector (Water's 

Assoc.). A C-18 guard column and a 3.9 m x 30 mm ,,-Bondapak C-18 

analytical column was used with a mobile phase (1.5 ml/min) prepared 

w i t h  0.2 mg/ml Na2EDTA, 0.001 M N-octylamine, and 0.1M sodium acetate. 

The pH of the mobile phase was adjusted t o  5.0 with glacial ace t ic  acid 

before use. 

A glassy carbon electrode a t  t0.60 volts (100 nA range) was used 

with an electrometer (Model LC-3AY Bioanalytical Systems, Inc.) and a 

strip chart recorder or  a recording integrator (Model 3390A, Hewlett 

Packard). If the calibration sample was less  t h a n  25% of a fu l l  scale 

response, the electrode surface was polished (every 3-4 wks. typ ica l ) .  

Determination of Dehydroascorbic Acid: 

Stock solution of 1.0 mg/ml of dehydroascorbic acid (ICN 

nutritional Biochemicals) were prepared using d i s t i l l ed  water and these 

standard solutions were discarded i f  not u t i l i zed  w i t h i n  4 hours. 

Calibration samples of 5 ,,g/ml dehydroascorbic acid were prepared 

immediately before use because of the poor s t a b i l i t y  o f  the d i lu t e  

solutions. 

In a typical determination, 3 ml of whole blood was collected in a 

tube containing 10 mg EDTA, centrifuged, and then 500 111 of the plasma 

(or 5 pg/ml standard) was transferred t o  a fresh tube containing 50 u1 

of 0.5 mg/ml 2-phenylenediamine. The to ta l  time between collection t o  

the blood sample and the addition of the pphenylenediamine was 

typically less  than 7 minutes. 
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1322 BAKER, KAPEGHIAN, AND VEIUANGIERI  

Following a m i n i n u m  45 min. incubation period, a 10 ~1 sample was 

subjected to  HPLC analysis. A v-Bondapak C-18 column was used with a 

mobile phase (1.5 ml/min) comprised of 6.6 g K2HP04, 8.4 g of KH2P04, 

400 m l  CH30H and 3.6 l i t e r s  of water. Dual UV detectors s e t  a t  254 nm 

and 280 nm using the 0.02 AUFS range (Model 440, Waters Assoc.) were 

used fo r  the detection of the dehydroascorbic acid derivative. The 

identity of the peak was verified by a comparison o f  retention time and 

the absorbance ra t io  observed w i t h  the two U V  detectors. 

Colorimetric Determination of Ascorbic Acid: 

As an additional tool i n  establishing the va l id i ty  of the HPLC 

method, the most commonly used colorimetric procedure ( 1 )  was also 

uti l ized fo r  the analysis of some of the plasma samples. In th i s  

procedure, the blood was collected and the plasma was stablized using 

exactly the same procedure as used f o r  the HPLC determination. A 500 p1 

sample of the stabil ized plasma, 300 v1 o f  a c i t r a t e  buffer (0.22 g/ml 

trisodium c i t r a t e  adj. t o  pH 4.15 w i t h  glacial ace t ic  ac id ) ,  and 1.0 ml 

of 2,6-dichlorophenol indophenol (0.1 mg/ml i n  water) were mixed directly 

in a spectrometer sample ce l l .  After exactly 30 sec., the absorbance 

(A1)  of the sample a t  520 nm was measured. Approximately 2 mg o f  

ascorbic acid c rys ta l s  were added to  sample and the absorbance reading 

(A2) of the mixture was measured again. The difference in the 

reading (A1-A2) was taken to  be proportional t o  the ascorbic acid 

content and  the procedure was calibrated using the same procedure. 

RESULTS AND DISCUSSION -- 
Using the ion-pair HPLC system with electrochemical detection, the 

normal physiological levels of ascorbic and uric acids present i n  human 

plasma could be detected eas i ly  (Fig. 1 ) .  Using the 100 nA range (the 

leas t  sensit ive range on the u n i t )  the ascorbic acid peak appeared as a 
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FIGURE 1:  Chromatogram o f  Human Plasma Containing Uric Acid ( tR=3.4 
m i n )  and 10  ug/ml Ascorbic Acid ( tR=2 .3  m i n . )  
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1324 BAKER, KAPEGHAIN, AND VERLANGIERI 

near l y  f u l l  sca le d e f l e c t i o n  a t  2.30 min wh i l e  the so lvent  peak a t  1.3 

minutes was j u s t  b a r e l y  d i sce rn ib le .  I n  t h e  examination o f  f r e s h  plasma 

samples from man, guinea pig, and monkey; i t  was found t h a t  t he  s i z e  o f  

t he  ascorb ic  a c i d  peak was o f  t h e  same order  o f  magnitude f o r  t h e  th ree  

species b u t  t he re  were marked v a r i a t i o n s  i n  the  s i z e  o f  t he  u r i c  ac id  

peak between species (man > guinea p i g  >> monkey). 

To determine the  accuracy and p rec i s ion  o f  t he  HPLC method, human 

plasma t h a t  had been depleted o f  ascorb ic  a c i d  was spiked w i t h  

10.0 pg/ml o f  ascorb ic  acid, then the pooled specimen was d i v ided  i n t o  

f i v e  samples f o r  HPLC ana lys i s  and f i v e  samples f o r  t he  c l a s s i c a l  

c o l o r i m e t r i c  method. The r e s u l t s  o f  t h i s  comparison (Tab. 1)  showed 

t h a t  t he  HPLC method gave accurate r e s u l t s ,  however, t he  standard 

dev ia t i on  o f  t h e  se r ies  o f  measurements was h ighe r  than the  standard 

dev ia t i on  observed f o r  t he  c o l o r i m e t r i c  method. I f  g rea te r  p rec i s ion  

were needed, a f i xed - loop  i n j e c t o r  cou ld  be s u b s t i t u t e d  f o r  t he  

open-loop s t y l e  i n j e c t o r  t o  improve the  p rec i s ion  o f  the volume o f  

sample de l i ve red  t o  the  column. 

TABLE 1 

Comparison o f  t he  Standard Co lo r ime t r i c  and HPLC Methods f o r  the 
Determination o f  Ascorbic Ac id (Spiked a t  10.0 ug/ml) i n  Human Plasma 

Co lo r ime t r i c  
Plasma Sample Met hod HPLC Method 

1 11.53 p g h l  11.38 pg/ml 
2 11.59 pg/ml 10.47 pg/ml 
3 10.92 pg/ml 9.77 pglml 
4 10.97 pg/ml 

kO.92 ug/ml 

5 
average 
standard dev. kO.32 pg/ml 
plasma b lank 1.79 pg/ml 0.26 pg/ml 

11.08 / m l  ,3134 $;/ & 
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The analys is  o f  the spiked plasma samples w i t h  the c o l o r i m e t r i c  

method gave r e s u l t s  t h a t  were 12% higher  than the  t r u e  value. The 

plasma blank a l so  gave a f a i r l y  h igh  f a l s e  background value (1.79 ug/ml) 

which probably arose from redox reac t i ons  w i t h  o the r  plasma 

c o n s t i t u t e n t s  w i t h  the  indophenol dye. Though the  absorbance reading 

f o r  the plasma blank was taken 30 sec a f t e r  the a d d i t i o n  o f  the 

indophenol dye, t he  absorbance a t  520 nm by the  dye continued t o  f a l l  a t  

a f a i r l y  r a p i d  ra te .  

I n  the  e a r l y  stages of t h i s  i nves t i ga t i on ,  a number o f  d i f f e r e n t  

methods f o r  s t a b i l i z i n g  ascorb ic  a c i d  were invest igated.  Metaphosphoric 

a c i d  worked w e l l  f o r  simple so lu t i ons  o r  t i s s u e  samples o f  ascorbic 

acid, b u t  i t  was found n o t  t o  be use fu l  f o r  t he  s t a b i l i z a t i o n  o f  plasma 

samples. T r i c h l o r o a c e t i c  a c i d  was a l so  invest igated,  b u t  i t  d i d  no t  

g i ve  a c l e a r  s o l u t i o n  a f t e r  p r e c i p i t a t i o n  o f  the plasma p ro te ins .  The 

combinations o f  EDTA and HC104 was found t o  be the  most usefu l  f o r  the 

s t a b i l i z a t i o n  o f  ascorb ic  a c i d  and p r e c i p i t a t i o n  o f  plasma prote ins.  

Using t h i s  method, samples could be s tored a t  room temperature f o r  6 hr. 

w i t h  no loss,  24 h r .  a t  5O w i t h  14% loss, 7 days a t  -70' w i t h  no loss.  

There are frequent references t o  r a p i d  decomposition o f  ascorb ic  

a c i d  i n  plasma samples (1,9), b u t  there are few k i n e t i c  s tud ies us ing 

the more s e l e c t i v e  a n a l y t i c a l  procedures. A l a r g e  sample o f  monkey 

plasma was c o l l e c t e d  and s to red  a t  room temperature. A t  var ious t ime 

periods, a p o r t i o n  o f  the plasma was s t a b i l i z e d  and the  ascorb ic  a c i d  

content was determined us ing the  HPLC procedure. The r e s u l t s  o f  t h i s  

experiment (Fig. 2 )  showed the ascorb ic  a c i d  was l o s t  a t  a h igh  r a t e  

( t  = 0.55 hr . )  and the l o s s  was much f a s t e r  than would occur i n  a 

simple so lu t i on .  The same monkey plasma sample was s tored a t  5" f o r  7 

days, re turned t o  room temperature, spiked w i t h  ascorb ic  acid, then 
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FIGURE 2: Degradation of Ascorbic Ac id i n  a Fresh, Uns tab i l i zed  Monkey 
Plasma Sample Held a t  Room Temperature. 
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I 2 3 

HOURS 

FIGURE 3: Degradat ion o f  Ascorb ic  Ac id  i n  U n s t a b i l i z e d  Human Plasma 
Samples Held a t  Room Temperature. 
plasma. Open c i r c les -aged  plasma, 

F i l l e d  c i r c l e s - f r e s h  
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assayed a t  var ious t ime periods. I n  t h i s  aged plasma sample, t he  

ascorbic a c i d  appeared t o  be much more s tab le  ( t b  = 0.95 h r )  compared t o  

the  f r e s h  sample. 

S i m i l a r  r e s u l t s  were a l s o  obtained us ing human plasma (F ig.  3) .  I n  

f resh ly  c o l l e c t e d  human plasma, the sho r tes t  h a l f - l i f e  observed was 0.23 

hours. I n  human plasma t h a t  had been stored a t  5" f o r  several weeks, 

then returned t o  room temperature, t he  h a l f - l i f e  o f  ascorb ic  a c i d  

( t b  = 9.3 h r )  was considerably longer. Previous l i t e r a t u r e  repo r t s  

(1,9) have i n d i c a t e d  t h a t  t he re  was a 5-8% loss per  hour, b u t  t h e  age o f  

the plasma samples used f o r  t he  evaluat ion was n o t  ind icated.  The 

present study i nd i ca ted  t h a t  the s t a b i l i t y  o f  ascorb ic  a c i d  i n  f r e s h l y  

drawn, hemolysis-free plasma samples was much poorer than p rev ious l y  

estimated. Thus i f  one des i res t o  have an accurate estimate o f  the 

ascorbic a c i d  plasma l e v e l s  o f  a given subject ,  i t  i s  essen t ia l  t h a t  the 

t o t a l  t ime between c o l l e c t i o n  o f  t he  whole b lood and the a d d i t i o n  of the 

HC104 s t a b i l i z e r  be l e s s  than 10 minutes. 

The method t h a t  was developed f o r  the HPLC ana lys i s  o f  

dehydroascorbic a c i d  u t i l i z e d  a r e a c t i o n  w i t h  pphenylenediamine (F ig.  

4). Though t h i s  reac t i on  has been stud ied f o r  over 50 years, t he re  are 

some i n d i c a t i o n s  t h a t  t he  s t r u c t u r e  shown f o r  t h e  product  i n  F igure 4 

may n o t  be c o r r e c t  (10). However, under the condi t ions used f o r  the 

d e r i v a t i z a t i o n  of dehydroascorbic ac id  i n  the present study, on l y  one 

product was detected i n  the model systems o r  w i t h  the plasma samples. 

The reac t i on  occurs r a p i d l y  a t  room temperature i n  neu t ra l  aqueous 

so lu t i ons  o r  i n  plasma samples. The d e r i v a t i v e  appeared as a peak a t  

8.7 min, was w e l l  separated from the  excess g-phenylenediamine reagent 

a t  5.5 min, and could be detected a t  t he  5 vg/ml l e v e l  i n  human plasma 

(Fig. 5). A d e r i v a t i z e d  human plasma b lank d i d  n o t  show any o t h e r  peak 

a t  t h a t  r e t e n t i o n  time. As an a d d i t i o n a l  t o o l  i n  the i d e n t i f i c a t i o n  o f  
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H H 
0 0 

o v C H C H 2 O Y  I 2 H N ~ N H 2  0~ CHCH20H I - - 
/ \  

0 0  N N  

- o-phenylenedi ami ne dehydroascorbic acid 

FIGURE 4: Derivatization Reaction fo r  Dehydroascorbic Acid Showing 
Tentative Structure of Reaction Product. 

the dehydroascorbic acid derivative peak, dual 254 nm and 280 nm 

detectors were used. With th i s  system, the r a t io  of the detector 

response (A254/A280 = 1.33) f o r  the peak was very reproducible from week 

t o  week and the r a t io  was markedly different from other peaks naturally 

occurring i n  the plasma samples. 

To establish the accuracy and precision of the method, human plasma 

was spiked w i t h  5.0 wg/ml dehydroascorbic acid and divided into 5 

specimens fo r  analysis. The resu l t s  of this analysis (Tab. 2 )  indicated 

t h a t  the precision of the method was satisfactory w i t h  a +4.0% re la t ive  

standard deviation. However, the average value for  the f ive  

determinations (4.19 pg/ml) was found t o  be 16% lower than the expected 

TABLE 2 

Determination of Dehydroascorbic Acid (Spiked a t  5.0 pg/ml)  i n  Human 
P1 asma - 

P1 asma Sample Dehydroascorbic Acid 

1 4.34 pg/ml 
2 4.40 ug/ml 
3 4.07 ,,g/ml 
4 
5 

average 
standard dev. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1330 BAKER, KAPEGHIAN, AND VERLANGIERI 

J 

I 
0 

L I 

4 
I I I 1  
8 12 16 0 

1 I 

4 
I I I 
8 12 16 

MINUTES 

FIGURE 5: Chromatograms o f  Human Plasma containing Dehydroascorbic Acid 
Derivatized with 2-Phenylenediamine. Left-sample spiked with 
5.0 ,g/ml dehydroascorbic acid, arrow indicated position of 
derivative. Right-derivatized plasma blank. Excess 
- o-phenylenediamine appears at 5.5 min. in both chromatograms. 
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FIGURE 6: Degradation o f  Dehydroascorbic Acid i n  Unstabi l  i z e d  Human 
Plasma Held a t  Room Temperature. 
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value. Though the  samples were handled qu ick l y ,  i t  would appear t h a t  a 

s i g n i f i c a n t  p o r t i o n  o f  t he  added dehydroascorbic a c i d  decomposed before 

the  d e r i v a t i z a t i o n  reagent was added. 

To determine t h e  s t a b i l i t y  o f  dehydroascorbic a c i d  i n  t h e  sample, 

human plasma was spiked w i t h  the  ma te r ia l  a t  room temperature, and 

samples were assayed over a one hour period. The r e s u l t s  of t h i s  

experiment (Fig. 6 )  showed t h a t  dehydroascorbic ac id  had a very sho r t  

h a l f - l i f e  (tt = 0.24 h r )  under these condi t ions.  With a h a l f - l i f e  o f  

on l y  15 minutes, i t  was essen t ia l  t o  keep the  t ime between the 

c o l l e c t i o n  o f  the sample and t h e  assay t o  a minimum. 
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