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ABSTRACT 

A c h i p t i o n  is given of a specific and simple liqilid chromatoqraphic method 
for t h e  de te rmina t ion  of vi tamin C (ascorbic  acid)  in protein-free plasma. The 
adysis t h e  per sample is only 4 min, the retention time of ascorbic acid heino 
2.4 min. A detec t ion  lirnit of 0.3 mq/l (1,7,u-n01/1) was achieved usinq t h e  rou- 
tine attenuat,ion of the detector. The day-to-day coefficient of variation is less 
than 7.2 'In at. a physioloqical level  and t.he within-day var ia t ion is less than 4.7 
O/O. lk method recovcred 101 % (mean) of ascorbic acid supplemented to olasma. 
Mean plasma ascorbic  acid concenthat ion was 11.1 mql l  (63 pmol / l )  in healt.hy 
adult volunteers, whereas considerably lower values were found in a qroua nf ran- 
domly se lec tkd  54-year-old-men. 

*) To whom al l  correspondence should be  addressed 
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INTROOlJCTlON 

PARVIAINEN ET AL. 

Ascorbic acid (vitamin C )  possesses tremendous hioloqical and pharmacoloqical 

significance. Ascorbic  ac id  a c t s  a s  a unique reducinq a q e n t  for  t h e  prolyl hy- 

droxylase cat.alyzed synthesis of hyboxyproline in collaqen (1). Over t  vi tamin r 

deficiency with dist.inct clinical and radioloqical siqns, known a s  scurvy,  has  he- 

come rare in developed countries althouqh mild vitamin C deficiency is encoun-  

tered occasionally (2). Daily consumption of la rqe  quant i t ies  of ascorhic  acid is 

claimed tn have many beneficial effects aqainst illnesses such as  t,he common cold 

( 3 ) .  

Several met.hods have been developed for assay of ascorbic acid in various 

biological samples  or in plant matkr ia ls ,  many of these  methods havinq ser ious 

drawbacks .  Commonly used method of dye t i t ra t ion  with 

2,6-dicholorophenol-indophenol (4) or t h e  ke tone  der ivat izat ion method with 2,4- 

dinit-rophenylhydrazirie ( 5 )  are  non-specific for ascorhic acid and in addi t ion a r e  

laborious and time-consuming. Similar problems a r e  also cncountered  with o t h e r  

rccently proposed methods based on modifications of the reducinq capacity of as- 

corbic  ac id  (6, 7). The e n z y m a t i c  mat.hod (8) with ascorbic  acid oxidase coupled 

tn the colour reaction or fluorometric method (9) seem to be more specific than 

the aforementioned methods,  but a r e  s t i l l  r a t h e r  complicated and a r e  less  su i tab le  

for  rout ine de te rmina t ion  of  ascorbic  acid in plasma. 

Hir$+erformance liquid chromat.oqraphy (HFLr) IS a powerful tool for vita- 

min analyses. HPI-C has  been used for assayinq t h e  ascorhic  acid conten t  in 

foods, includinq f r u i t s  and veqetahles  (10, 11, 12, 13), and in beveraqes  

(14). Some o f  these  methods  (10, 13) a r e  a lso capable  of resolvinq and quant i -  

fyinq dehydroascorbic acid, an oxidized form of ascorhic  acid found in minute  

quantities in foods. Doner  and Hicks (15) w e r e  t h e  first. to  s e p a r a t e  ascorbic  

acid and its oxidation products plus erythorbic acid and i t s  oxidation products  
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simultaneously using a weak anion exchanqe amino column. Ascorbic  acid,  

hmever, was ih cnly component in oranqe juice and urine that they were able to 

demonstrate. Their  assay involved h0t.h r e f r a c t i v e  index and LJV detect ion.  Pose 

and Nahrwold (16) proposed that ascorbic acid and rlehydroascorhic acid h e  ana-  

l y z e d  s imulataneously using an amino column plus I JV  detec t ion  with t.wo 

wave-lenqt.hs. In quinea pig plasma only ascorbic acid levels were detected (11 5 

1 mg/l). Ident i f icat ion and  quant i f icat ion of ascorbic  acid in e x t r a t c s  of human 

lymphocytes was &scribed by 1-iehes e t  al. (171, who used a sthonq anion ex- 

chanqe column. Tsao and Salimi (18) used a reverse-phase rlnS column and elec- 

trochemical detect.ion for ascorbic acid and isoascorhic acid, which is bioloqically 

a re la t ively weak analog of ascorbic  acid,  froin brain samples .  F luorometr ic  de- 

t d n a t i m  of tdid vitamin (3 in whole blood with precolumn dcrivatization was re- 

cent.ly descr ibed by Speek and his col laborators  (19). Ascorbic acid was  f i rs t  

oxidized enzymatically to dehydro-ascorhic acid, which was chanqed to a quinoxa- 

line derivative analyzed usinq a reverse-phase column. R e f e r e n c e  values of vi ta-  

min C in whole blood of heakhy Dutch adul t s  ranqed f rom 20 t o  RO ,umol/ l  

(3.5-14.1 mg/l) wit.h a mean value of 54,umol/ l  (9.5 mq/l). nther recent ly  des- 

cnbed W-C: methxls include measurement, of uric acid, ascorbic acid and some re- 

lated met.abolites in biological f luids  using anion-exchanqe HP1-T wit.h I JV de tec t ion  

@I). Two very recent works utilized reversed-phase HP-C combined with electro- 

chemica l  de tec t ion  of body fluid metabol i tes  (21, 22). 

In the p r ~ &  study, weak mion exchanqe HPI-C with IJV detection was *wed 

to develop a rapid, fully aut.omatizable, re l iable  and sensi t ive method for  analysis  

of levels of ascorbic acid in human plasma. Sample preparation is simple and in- 

volves only dilution of t h e  plasma sample  t o  5 'In metaphosphoric  acid,  centr i fuqa-  

tion, and d i rec t  quant i f icat ion.  
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2188 PARVIAINEN ET AL. 

MATERIALS AND METHODS 

R e a g e n t s  

Thc stmk ascorbic acid (Siqma) standard 1000 mq/l was freshly prepared in 

water and fur ther  di luted t o  t h e  f inal  s tandard  concent ra t ion  (routinely 10 mq/l). 

The workinq s tandard  was  handled t h e  s a m e  a s  the samplps. 

A 5 % meta$ns$mic a a d  slluticm was prepaed hy washinq the metaphosphor- 

ic dcid c rys ta l s  (Fluka) before  t h e  final solution was  dissolved and f i l tered.  

The solution was s tored  a t  + 4 O  r for  one wrck.  

Sample preparat ion 

V m u s  blood was obtaird from d j o c t s  wh3 had fasted 12 h. The sample was 

drawn (at 7-9 AM) usinq Venoject. VT-050 HI- heparin tubes. The plasma was  sep- 

arated 4 M e d  wit,hin 30 minutes by centrifuqinq (1000 x q) at. +ZOO T. for I0 

min. The plasma samples  were  s tabi l ized in dupl icatz  by addinq 0.5 ml of plasma 

to 4 5  ml of 5 YO metaphosphoric acid, followed by careful vortexinq. The Dlasrna 

protkins a r e  precipitat.ed and ascorbic  acid is  s imultaneously stahilized. The s t a -  

bilized samplffi wffe stmed at -80' C for not more than one month if not analyzed 

immediately. Prior t o  analysis t h e  sample  t.ubes w e r e  centr i fuqed,  and t h e  c l e a r  

s l p m t a n t  thus obtained was injected directly into the liquid chromatoqraphic cn- 

lumn. The workinq s tandards  w e r e  also dilutkd 0.5 ml + 4.5 rnl in  5 "In metaphos-  

phoric  acid. 

t x p e r i m e n t a l  HP1-13 

H7-C w a ~  perfarmed mnq commercially available components. Samples were 

analyzed isocratically usinq e i t h e r  an Altex l l O A  pump and Schoeffel  var iable  \ )V 
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detector SF 770 set to 254 nm, a Varian Vista 5500 Liquid Chrornatoqraph and 

CIV-200 var iable  UV d e t e c t o r  s e t  t.o 254 nm or Perkin-Elmer Series 10 r-iquid 

Chromatoqraph and LC-15R UV det-ector at. 254 nm. These chromatographs w e r e  

equipped with a Rheodyne Model 7125 inject ion valve wit.h a 20,ul f ixed sample  

loop. For recordinq we used either a Perkin-Elmer Model 56 or Model RlOO re- 

c o r d e r .  A fully a u t o m a t e d  ascorbic  acid analysis was per formed usinq 

Perkin-tlmer Series 4 ILiquid Chromatoqraph plus 1-C-terminal, and P-E JSS-100 

Aut.osampler, I-C-95 UV/visible Spect . rophotometer  n e t k c t o r  and 1-CI-100 Labora to-  

ry Cornputinq Integrator .  

A Resolution stainless-steel column (150 x 4.6 mm 1.D.) home-packed with 

Yesolution-W 3,um (equals t,o Spherisorb S3NH2 hulk packinq), was  initially m a d e  

available by Mr. Sandy Fuchs, Kaukomarkkinat ny (Espoo, Finland). Commercially 

avai lable  amino columns (e.g. Spherisorb , uRondapak probahly a r e  applica- 

ble, but t.he met.hod we describe is subject for alterations when these a re  to he 

used. The  e luent  consis ted of a 25 solut ion o f  2.5 rnM pot.assium dihydrogen 

phosphate in acet.onitrile (Merck, chromat.oqraphy qrade). A f low-rate  of 1.2 or 

1.5 ml/rnin (column hack-pressure 1500-2000 psi, 10-15 MPa) was used. 

Asmbic acid was quantified by comparinq t.he peak heiqhts of the samples or con- 

t rols with those  given by known concent ra t ions  of st,andards. 

R 
2 

R R 

The linearity of the det.ect.or response to ascorbic acid was established by 

using this cal ihrator  from 0 to  100 mq/l. The s tandard  was  handled in t h e  s a m e  

way a s  t h e  samples. 

Pscmbic acid was separat.ed from the standards and plasma samples as  illus- 

t ra ted in F igures  1 and 2. 1) showed only 

two minor reagent peaks a t  1.2 and 3.6 rnin. These a r e  readily d i f fe ren t ia ted  

A metaphosphoric  acid blank (Fiq. 
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2 min 
H 

0.002 T A ST5 ST10 
1 

BLANK 

1,. 
A A  

iA 

ST25 

s1 

..i 
A l  

52 

.I 
Figure 1. 
Separation of ascorbic acid from plasma. 
Blank: 5 % metaphosphoric acid injection; 
5: ascorbic acid sandard 5 mg/l; 
10: ascorbic acid sl.andard 10 mq/l; 
25: ascorbic acid standard 25 mg/l; 
S1: a normal plasma sample; 
S 2 :  same as in S 1  but ascorbic acid (20 mq/l) was added. 
Retkntion t ime o f  ascorbic acid (AA): 2.4 min. 
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0.00 2 T. 
L1 L1 

4A 

Af 

2 min 
H 

L1 

i I 
L2  

i P  

h 

L 2  

.i 
L 2  

b 
Figure 2. 
Two plasma samples cont.aininq low concent.rations of ascorbic acid were injected in 
t r ipl icatk (marked a s  1-1 and 1-2, respectively). 
Retent.ion t i m e  of ascorbic  acid (AA): 2.4 min. 

from the ascorbic  acid peak at. 2.4 min both i n  s tandards  and in plasma samples  

(Fig. 1). An unknown peak was observed in all plasma samples  e lut ina a t  3.2 

min, and not possessing any in te r fe rence .  R e p e a t e d  inject.ions of  two plasma s a m -  

ples cortaininq very low ascorbic acid concent.rations are  shown in Fiqure 2. The 

ascorbic acid concentrat ion in sample 1-1 was  only 1.6 mq/l indicat inq a t r u e  vi ta-  

rnm C depletion, and the concentration in sample 1-2 was 3.5 mq/l indicat inq a 
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2192 PARVIAINEN ET AL. 

mild deprivation. 

same (Fig. 2). 

The peak heights  in repea ted  inject ions were  essent ia l ly  t h e  

protein in the samples is precipitated with 5 YO metaphosphoric acid, which 

gives a c lear  protein-free superna tan t ,  and in addition, a lso s tab i l izes  vi tamin r 

(9, 16). Stabdized plarma samples can be stored at. -80' C up to four weeks without 

any appreciable  loss of ascorbic  acid (da ta  not. shown). 

Tm ;$solute r e c o v q  of ascorbic acid from plasma was measumd hy analys- 

ing plasma supplement.ed with 1 0  mq/l  or 20 mq/l  of ascorbic  acid before  depro- 

teinizatim. The recovery (n=lO) was 101 2 8 "6 (mean + SD), compared with thr? 

standard made up in 5 ?/o metaphosphoric  acid. No internal  st.andard is t.hus needed 

in t h e  ascorbic  acid analysis. 

Praisim was &tmmined in the series by repeated analysis of plasma samples 

containing 6.7 and 26.8 mq/l of ascorbic  acid. The coeff ic ientk of variat ion 

was 4.7 ?h (n=15) and 2.4 % ( ~ 1 4 ) .  The precision evaluated from day to  day 

wi th  these  samples  w a s  7.2 "h (n=12) and 3.1 O h  (n=13) respect ively.  

A cktectia, limit of 0.3 mg/l was achieved usinq the routine detector atten- 

uation of about  0.016 absorbance units of t h e  fu l l  scale. This s e e m s  t o  he well 

enouqh also for  t h e  de tec t ion  of a qrave  ascorbic  acid depletion. 

P l m a  m r b i c  acid concentrations were measured from 19 adult volunteers 

of which 8 were females and 11 w e r e  males. The plasma ascorhic  ac id  concent ra -  

tions were 11.1 2.4 mg/l (mean 2 SD, 63 A 14 umol/l) with a ranqe of 6.1 - 

16.5 mg/l  (35 - 94,umol/l). In addi t ion t h e  plasma ascorbic  ac id  levels  w e r e  

determined from a randomly select.ed qroup of 54-year-old men livinq in the city 

and rural area of Kuopio (n=155). The t.otal r a n a e  of ascorbic  acid was 0.7 - 

22.0 mg/l (4 - 125 ,umol/l) with a mean value of 7.7 2 4.4 mq/l (2 SD, 44 2 

25,umol/!). Eleven of these  men (7.1 %) had ascorb ic  acid levels below 2.0 mq/l  

(11 umol/l), which is reqarded a s  ascorbic  acid deplet ion (23). In addition, 

27 of the remaining 144 men (17.5 'In o f  to ta l  155) had an ascorbic  acid level 
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between 2.1 - 4.0 mq/l (12 - 23;dmol/l) and were thus suspected of havinq mild 

vitamin C deprivation. Accordino t o  t h e  r e c e n t  s tudy of Speek e t  al. (19), a 

vitamin C level under 20 umol/l (3.5 mq/l) would be reqarded as  below normal. 

Moreover, our results f o r  plasma ascorbic  ac id  in adul t  volunteers  can  be superim- 

pased ori those of Speek et al. for vitamin C in whole blood (ascorbic acid plus 

dehydroascorbic acid). Results obtained by conventional chemica l  methods  (9, 23, 

24) a re  also compared to t.hose obt.ained by t.he present, HP-r) method (Tahle 1). 

In Table I is shown a comparison of plasma vi tamin C assays ohtained by our  pro- 

posed method and by the method of Rrubacher and Vuilleumier (9). Reveal inq 

correlation is 0.9335 between these  two methods. P lasma vi tamin C assays  usinq 

the methxl of Rnbacher ad Vuilleumier (9) were done by one of us in the Nation- 

31 Public Healt,h 1nst.itute in Helsinki. The comparison be tween t h e  met.hods was  

cbne by analysiy 27 randomly selected plasma samples obtained from the qroup of 

54-year old men ( ~ 1 5 5 ) .  

1 

In addition to test the reliability of our new assay for vitamin C, the ef- 

fect, of la rqe  oral  doses  of ascorbic  ac id  on t h e  levels  of vit.amin C in plasma 

were tested in a short. trial. Eight. healthy adult volunteers received e i t h e r  500 

mg or 1 q ascorbic ac id  daily for  one week. In t.he four  subjec ts  who rece ived  1 

q, the basal level (mean 8.7 mq/l) rose 84 O h  af ter  one week compared with only 

11 O h  in t h e  four  subject.s who rece ived  500  mq (mean basal level  11.6 mq/l). 

week aft.er supplementation ceased, plasma ascorbic acid was still elevated 54 

% in t.he 1 g supplement  qroup, and fell to t h e  init,ial level a f t e r  an addi t ional  

week. T k  initial level was reached one week af ter  cessation of the 500 mq sup- 

plement .  According to Yunq et al. ( 2 5 ) ,  only about  30 % of t h e  inqested ascor-  

bic acid in tablet form is absorbed, and the ascorbic acid half-life is only hours 

(about. 4 hours) when t.he body s t o r e s  a r e  sa tura ted .  In our t-est, 1 q of ascor-  

bic acid gave a longer saturation of the body stores than did 500 mq. F u r t h e r  

s t u d i e s ,  however ,  a r e  needed t o  invest iqate  t.he kinet ics  o f  ascorbic  acid. 
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2194 PARVIAINEN ET AL. 

Table 1. Plasma vitamin C assays by our method compared with the method 
of Brubacher and Vuilleumier (1974). 

R r u b a c h e r  a n d  HPLC ( y )  R r u b a c h e r  a n d  HP1-C ( y )  
Vuilleumier ( x )  V u i l l e u m i e r  ( X I  

mg/ I mq/ I 

1 . 9  
4 . 8  
8 . 6  
4 . 9  
6 . 5  
4 . 1  
4 . 1  
5 . 2  
5 . 9  
9 . 6  

1 0 . 8  

3 . 0  
8 . 6  
2 . 2  

2 . 3  
6 . 1  

1 1 . 5  
5 . 2  
6 . 7  
3 . 8  
3 . 9  
5 . 2  
5 . 1  

1 3 . 2  
1 1 . 3  

2 . 7  
1 0 . 9  

2 . 4  

7 . 1  
1 1 . 9  

2 . 9  
9 . 9  
1 . 6  

1 1 . 3  
7 . 5  
2 . 1  
5 . 8  

1 0 . 3  
4 . 5  

1 . 5  
6 . 1  

7 . 6  
1 2 . 4  

4 . 5  
1 . 4  
1 . 5  

10.4 
7 . 1  
1 . A  
5 . 9  

1 0 . 5  
5 . 4  

1 . 7  
8 . 5  

L i n e a r  r e q r e s s i o n  e q u a t i o n :  y(HPI-C) = 1 . 0 3 5 ~  + 0 . 2 6 5  
r = 0 . 9 3 3 5 ,  n = 2 7  
x = 6 . 0 3  r n g / l ;  SD, = 3 . 2 1  m q / l  
y = 6 . 5 0  m q / l ;  5 0 ~  = 3 . 5 6  m q / l  
p a i r e d  t - t e s t :  n . s .  

Further studies of the  correlat.ion of ascorbic acid levds  to ot.her biochemical in- 

d ices  in plasma and to  heal th  habi ts  a r e  now in progress. 

In m l u s i o n ,  we have described a fast and reliable method for analysis of  

ascorbic acid in human plasma. Our method resembles  t o  t h a t  descr ibed by Rose 

and NA-mmld (16) but, however, it. became evident. durinq the course of this study 

that  their rnet.hod is not  readi ly  appl icable  to  clinical use. P lasma samples  s t a -  

bilized with 5 % metqh@mric acid can be stored at -80" C at  least one month wit.h- 

out noticeable detor iorat ion o f  ascorbic  acid. Moreover, measurements  o f  plasma 
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mrbk acid is recommended since the levels found in whole blood (23) are simi- 

lar ,  and also because plasma i tself  s e e m s  t o  be  t h e  pr imary car r ie r  of ascorbic  

acid to t.he tissues (261, t.hus givinq a reliable assessment of the overall vi tamin 

c s ta tus .  
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