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Radioactively labelled ascorbic acid and dehydroascorbic acid, when incubated with human blood, migrate 
irreversibly into human red blood cells. Isolation and characterization of the moieties trapped within the cells 
via infrared spectroscopy established both their identities as L-ascorbic acid. Evidence in the form of the 
degree of in vitro entrapment of ascorbic acid as a function of the times of incubation and the effect of 
incubation temperature, anion recognition site inhibitor, and active transport inhibitor on the rate of 
entrapment support the hypothesis that ascorbic acid is oxidized on or near the surface of the red blood cell 
to dehydroascorbic acid which migrates through the lipid portion of the cell wall and is reduced back to 
ascorbic acid within the cell. The resulting L-ascorbic acid can not pass through the cell wall and is therefore 
entrapped. 

Many studies [1-4] indicate that dehydro- 
ascorbic acid penetrates the erythrocyte both in 
vivo and in vitro. Inconsistent results were ob- 
tained by Golden and Sargent [1], who showed 
ascorbic acid either passed into or moved out of 
erythrocytes when these cells were suspended in 
media containing ascorbic acid, and by Borsook et 
al. [5], who concluded that red cells were ab- 
solutely impermeable to ascorbic acid. The lack of 
agreement in the studies concerning ascorbic acid 
probably depends to a great extent on the analyti- 
cal methods used for the determination of ascorbic 
acid. Hornig et al. [6] tried to avoid these difficul- 
ties by undertaking their in vitro studies with 
guinea pig erythrocytes using radioactively labelled 
ascorbic acid and dehydroascorbic acid. Their re- 
suits [6] strongly suggest that the erythrocyte 
membrane is permeable to both ascorbic acid and 
dehydroascorbic acid in either direction. Most re- 
cently, Okamura [7] found that ascorbic acid was 
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taken up very slowly by human erythrocytes and 
that dehydroascorbic acid was taken up very 
rapidly by human erythrocytes to establish equi- 
librium after one minute. 

In the present study the interaction of radioac- 
tively labelled ascorbic acid and dehydroascorbic 
acid with human erythrocytes was examined over 
a period of time of hours rather than minutes. 
4-mi samples of whole blood in EDTA-treated 
tubes were incubated with 1.0 ml of a mixture of 
1.2 mg L-[1-14C]ascorbic acid containing 50 ~Ci 
activity and 10.8 mg L-ascorbic acid dissolved in 
12 ml isotonic phosphate buffer solution prepared 
from 0.15 M KH2PO 4 and NazHPO 4 (pH 7.2). 
The samples were incubated at 37 °C for 3 h. The 
whole blood was then centrifuged at 1300 x g via 
a clinical centrifuge for 5 rain and the plasma was 
separated from the erythrocytes. The erythrocytes 
were washed several times with an equal quantity 
of isotonic phosphate buffer solution with samples 
of the supernatant removed for liquid scintillation 
counting. When the supernatant count was equal 
to the background count the washed red cells were 
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quantitatively transferred to a dialysis casing 
(length: 6 inches; open diameter: 7/16 inch; 
Molecular Weight Cutoff range 3500) and exhaus- 
tively dialyzed against 50 ml isotonic buffer solu- 
tion at 4°C. Samples were removed from the 
dialysate for liquid scintillation counting until 
background count was reached which was an indi- 
cation that reversibly bound ascorbic acid was 
dialyzed away from the red cells• Deionized water 
was added to the dialysis bag containing the red 
cells and the resulting solution was exhaustively 
dialyzed against 50 ml deionized water at 4°C. 
The red cells were osmotically lyzed and any 
ascorbic acid trapped within them was dialyzed 
away. Samples were removed from the dialysates 
until background count was reached• These latter 
dialysates were pooled and lyophilized. The per- 
centage entrapment was calculated by comparing 
the amount of radioactivity entrapped to the total 
amount used in the incubation mixture. All sam- 
ples for counting were prepared in 5 ml aquasol 
(New England Nuclear) and were counted three 

times against a Cesium external standard channel 
to 0.3% error using a Beckman Liquid Scintillation 
Counter (Model LS-3801). This procedure was 
repeated using radioactively labelled dehydro- 
ascorbic acid prepared immediately before use by 
oxidation of L-[1-14C]ascorbic acid with bromine 
[81. 

We found that with an incubation temperature 
of 37°C and an incubation time of 3 h 16.3 + 1.1% 
of the original radioactively labelled ascorbic acid 
and 16.2 _+ 1.2% of the original radioactively 
labelled dehydroascorbic acid were entrapped 
within the red ceils. Since the amount of entrap- 
ment was virtually the same, whether the oxidized 
or reduced form of the vitamin was used, the 
entrapped residues from the pooled and lyophi- 
lized final dialysates were characterized in the 
form of KBr pellets via their infrared (Nicolet 
FTIR) spectra• The total lyophilized residues were 
used to produce the specific infrared spectra in 
Figs. 1 and 2. Note that the spectra are identical• 
This means that the entrapped moieties are struct- 
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Fig. 1. Infrared spectrum of the unknown entrapped residue in the red blood cells from the pooled and lyophilized dialysates 
obtained after 3 h incubation of ascorbic acid with h u m a n  blood at 37 o C, 



"D o L~ le poolq uemnt[ 
ql!A~ p!oe o!qaoosr jo uo!leqnou.~ q t~ sour pou!glqo soleSKl~!p pozff.n.ldoK I ptre palood oql mosj s[IoO poolq poa oql u! (I) onp!soa 
padd~aluo u~ou31un otIl ptre '(E) p!oe o!qJoose oand '(~) p!og o!qJooseo.~p,(qop o.md jo esloods pox~.Uu ! oql ,Io uos.uedmo D "g "~'!,_q 

(i-no) s~311f~3Av~ 
O0 "00~ O0 "009 O0 "OOI 0 "O00I 0 "OOtI 0 "OOII 0 "O0;[Z 0 "000~ 0 "00I£ 0 "OOit 0 l I 4 1 i I I i I 

o 

o 
o 

(e) 

0 

0 
0 
0 

0 

°o x 

t O~ 

0"'1 
0-~ 

41 
0 

0 
0 
0 

0 

0 
0 

"DoLCl~ poolq u~mnq ql.~p!ogo!q~oos~oJpKqopjo uo!~qnou!q g~olJ~ potr~.lqo 
sol~s~[~!p poz![~doK| pu~ polOOd oql mo~] s|popoolq po~ o~ u! onp!sol poddg~luoumou~lun oql jo mruloods po~gatu I "E "g!8 

(l-no) s~3~nN3,w~ 
00"00~ 00"009 O0"OOg 0"0001 O'OOti O'OOgl O'OOZZ 0"000£ 0"008£ O'OOet 0 

I. I I ( I I I I I 
0 
0 
0 
0 

F 
0 

0 
0 
0 

0 

0 

0 

0 

0 

0 
0 

o 
0 

ggI 



136 

urally the same no matter  in which form the 
vitamin is initially present in the incubation mix- 
ture. A comparison of the infrared spectra of 
ascorbic acid, dehydroascorbic acid, and the en- 
trapped residue from the ascorbic acid incubation 
mixture, as presented in Fig. 3, identified the 
entrapped residue as ascorbic acid. 

Further experiments using radioactively labelled 
ascorbic acid and varying the time of incubation 
at 37 ° C  to 2 and 4 h resulted in observed entrap- 
ments of 10.2 + 0.9% and 24.4 + 1.8%, respec- 
tively. Varying the incubation temperature to 
27 ° C  and 10 ° C  for 3 h incubation time resulted 
in observed entrapments of 10.0 + 0.8% and 5.6 + 
0.6%, respectively. Varying the concentration of 
ascorbic acid in the 3 h incubation mixture by 
diluting the radioactive ascorbate with 2- and 
4-fold excess unlabelled ascorbate did not alter 
the amount of labelled ascorbate entrapped; this 
means the rate of ascorbate entrapment  was di- 
rectly proportional to the amount  of ascorbate 
present in the incubation mixture. Incubation in 
the presence of oubain, an active transport  inhibi- 
tor, and 4,4'-dinitro-2,2'-stilbenedisulfonic acid, an 
anion recognition site inhibitor, had no effect on 
the percent entrapment of radioactive ascorbic 
acid. 

It is concluded from the isolation and char -  
acterization data presented that ascorbic acid is 
entrapped in human erythrocytes in its native 
form, the reduced state. The degree of entrapment  
of the vitamin is time dependent and is not af- 
fected by active transport  or anion recognition site 
inhibitors. This suggests that the uptake of ascorbic 
acid, in whatever form, is most probably a process 

of diffusion. Finally, the observation that the en- 
t rapment  is temperature sensitive could mean that 
the entrapment phenomenon is enzymaticaUy 
mediated. 

The results of the experiments presented lead to 
the hypothesis that L-ascorbic acid is enzymati- 
cally oxidized on or near the surface of the red 
blood cell to dehydroascorbic acid which diffuses 
through the lipid portion of the cell wall. Once in 
the cell, dehydroascorbic acid is reduced back to 
ascorbic acid which lacks a transporter within the 
red blood cell membrane.  It is unclear whether the 
oxidizing or reducing enzyme controls the rate of 
entrapment of ascorbic acid. Experiments are in 
progress to further elucidate this hypothesis. 
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