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DISTRIBUTION OF ASCORBICACID BETWEENCELLS ANDSERUM
OFHUMANBLOOD1

By MARTIN HEINEMANN

(From the Department of Internal Medicine, Yale University School of Medicine, New Haven)

(Received for publication August 2, 1940)

In a previous report ( 1 ) the transfer of ascorbic
acid from serum to blood cells in vitro was studied
with concentrations of ascorbic acid in serum
significantly higher than those observed in tivo.
This communication deals with the distribution of
ascorbic acid between the two phases of human
blood when the vitamin is added in amounts above
and within physiological limits. The distribution
of ascorbic acid under conditions in which the con-
centrations in cells far exceed those in serum, and
the partition of ascorbic acid added to blood under
these conditions also are presented.

METHODS

Ascorbic acid in serum was determined according to
the recently described modification (1) of Mindlin and
Butler's method (2). Whole blood was analyzed as be-
fore, according to the method of Emmerie and van
Eekelen (3).

Recently, Butler and Cushman described a new method

by which the ascorbic acid concentration of whole blood
filtrates is determined colorimetrically (4). Their con-
clusions confirm our observations (5) that the stores of
vitamin C in the body can be estimated better by analyses
of whole blood than by analyses of plasma or serum.
At the same time, these authors object to the method
used in this laboratory because the color developed in
filtrates prepared according to the directions of Emmerie
and van Eekelen fades rapidly. Weagree with Mindlin
and Butler (2) and Butler and Cushman (4) that accu-
rate colorimetric determination of ascorbic acid is pos-
sible only if conditions can be established in which a
stable color is developed.

Figures 1 and 2 of Butler and Cushman (4) are in-
tended to show that in filtrates obtained by Emmerie and
van Eekelen's procedure the color fades progressively
while it is more stable in filtrates prepared according to
their own directions. In these figures, when extrapolated
to zero time, 1.16, 0.1 and minus 0.02 mgm. per cent by
the Butler and Cushman method would correspond to
1.26, 0.18 and 0.18 mgm. per cent by the Emmerie and
van Eekelen method. Extrapolation of an irregularly
progressing curve is highly unsuitable and values thereby

-_ _

-D
--4
co

-4=

N

LA-

LA-

C:;

0000,
--- - G

1-

I

,0--- .

-)( -
.- -9.-O

X- -Ol
O.-,,

.011
.4p

1000,
-l'

0

0 1-1

=m3

MAftCH.
LA ^ A- &A^ftftm ^ ^. .^
MY.OF ASCORBIC ACID ° °9

TAKENBYMOM. C"

FIG. 1. CORRATIONBETWEENURINARY EXCRETION OF AscoRBIc ACID AND ITS CONCENTRATIONSIN
WHOLo: BLOOD

Analyses of whole blood by the method of Emmerie and van Eekelen, X - -- - X, by the method of
Butler and Cushman, 0- ---).

On March 5, 6, 7, 9, 11 and 12 urinary surplus excretion was determined for 4 hours following the test doses.
The amounts excreted are indicated by the solid columns. There was no surplus excretion on March 5 and 9.

Aided by a grant from the Markle Foundation.
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CELLS AND SERUMAT DIFFERENT CONCENTRATIONSOF

Ascouc Acm
Concentrations in serum and cells are given as mgm.

per liter of water. The water content was not deter-
mined but calculated on the basis of average figures of
72.3 per cent for cells and 93.5 per cent for serum, de-
rived from data presented by Eisenman, Mackenzie and
Peters (10). The dotted line represents the locus of
points on which concentrations in cells and serum would
be equal.

obtained are most dubious. Yet, if rapidly fading colors
are to be evaluated at all, extrapolation is inevitable.

Figure 1 presents the relationship observed in two ex-

perimental subjects of about equal size between urinary
excretion of ascorbic acid and whole blood concentrations
determined according to both methods.2 Emmerie and
van Eekelen's procedure was used in its original form,
i.e., with titration. Filtrates prepared according to But-
ler and Cushman's method (4) were measured only with
sodium 2, 6-dichlorobenzenoneindophenol as indicator;
the methylene blue modification was not employed. The
results secured by both methods agree fairly well with
each other. Only in one instance-on March 4th, ex-

periment 1-was a difference noted when Butler and
Cushman's method gave 6.9 mgm. per liter, a value sig-

2Through the courtesy of Miss M. Cushman and Dr.
A. M. Butler, the writer had the privilege of seeing and
studying their method in advance of its publication.

nificantly lower than 12.5 mgm. per liter obtained with
Emmerie and van Eekelen's method.

The latter appeared to indicate better the degree of
saturation, since after only 290 mgm. of ascorbic acid
had been taken on the next day, 330 mgm. on March 6th
caused surplus urinary excretion. With an initial con-
centration of only 6.9 mgm. per liter in whole blood, it
is to be expected that a much larger dose of ascorbic
acid would be required to produce saturation. On March
7th and March 11th (Figure 1) when Emmerie and van
Eekelen's procedure gave identical results, approximately
equal amounts of ascorbic acid were excreted in the
urine; the correlation between blood concentrations and
amounts excreted in urine is less satisfactory when the
values obtained by Butler and Cushman's procedure are
accepted.

In the analyses presented in Figure 1, the filtrates pre-
pared according to the directions of Butler and Cushman
did not develop stable colors. Expressed in terms of
mgm. per liter, the rates of fading were from 0.8 to 1.1,
1.6 to 2.6, 1.8 to 2.5, 1.1 to 1.8, 1.6 to 2.4, 1.6 to 23 at 15
to 60 seconds. Plotted on a similar scale, the resulting
curves would resemble those obtained by Butler and
Cushman in Emmerie and van Eekelen's procedure and
represented in their Figure 2. According to Butler and
Cushman's criteria, the shape of these curves suggests
the presence of interfering colorigenic materials. Our
observations differ from their own data and interpreta-
tions only quantitatively, proving that their method is
open to the same objections voiced against Emmerie
and van Eekelen's procedure. This continued fading
cannot be attributed to the development of color at an
unsuitable acidity. The strength of metaphosphoric acid
solutions was well adjusted by titration with 0.1 N sodium
hydroxide. In blanlcs, stable colors invariably developed
with solutions in which the acid was 021 to 022 N by
titration, using phenolphthalein as indicator. Filtrates
from whole blood had consistently the same normality
(0.21) when the deproteinization had been carried out
with 2 cc. of 2.0 N solution of metaphosphoric acid, 2
cc. of blood and 12 cc. of distilled water. The only
modification of Butler and Cushman's directions consisted
in the use of defibrinated instead of oxalated blood. The
former was found to contain approximately 25 per cent
less granulocytes than the latter. This difference in
white cell count may be significant in certain instances.
Observations by Stephens and Hawley (6), Cuttle (7),
and Kreuzwendedich von dem Borne (8)-the latter
using Emmerie and van Eekelen's method-that granulo-
cytes contained high concentrations of ascorbic acid, were
fully confirmed by Butler and Cushman's investigations
(4). Since in the present study all measurements by
both methods have been conducted on samples of blood
treated identically, this loss of granulocytes in the process
of defibrination was of no importance.

Two series of data derived incidentally from experi-
ments not intended for this purpose further substantiate
the accuracy of Emmerie and van Eekelen's method.
Considering the number of manipulations and calculations
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involved, theoretical and observed values agree closely.
In the first experiment, the original concentration in
serum was 11.7 and that in cells 13.5 mgm. of ascorbic
acid per liter, respectively; immediately following the
addition of ascorbic acid, the serum concentration had
increased to 18.6 mgm. per liter; after 45 minutes of
incubation under the conditions described, this concentra-
tion had decreased to 15.5 mgm. per liter. With a cell
volume of 46 per cent, 3.1 mgm. (18.6 minus 15.5) re-
moved from serum and transferred to cells would cor-
respond to 6.7 mgm. per liter of cells which, plus the
original content of 13.5, would make a total cell concen-
tration of 20.2 mgm. per liter. The calculated whole
blood concentration was 17.7 (460 cc. of cells = 9.3 mgm.
plus 540 cc. of serum = 8.4 mgm.). By analysis a con-
centration of 16.8 mgm. per liter of whole blood was
found. In the second observation, the original concen-
tration in serum was 152, that in cells, 18.3 mgm. per
liter, respectively; after reducing the ascorbic acid con-
tent of serum by a procedure described below, a concen-
tration of 4.0 mgm. per liter was found. With a cell
volume of 48 per cent, whole blood should contain 10.88
mgm. per liter (8.78 mgm. in 480 cc. of cells plus 2.1
mgm. in 520 cc. of serum). By analysis 11.1 mgm. per
liter were found.

EXPERIMENTALRESULTS

Collection of blood, control of temperature, ad-
dition of crystalline ascorbic acid, continuous agi-
tation of blood in atmospheres of nitrogen or
oxygen were all carried out strictly according to
the directions recently described (1). "Separ-
ated " and "true " sera also were obtained and
are referred to in the same manner as before (1).
Again, hemolysis and change in cell volume were
completely prevented unless, as in one group of
experiments, they are expressly mentioned. In-
vestigating " the preservation of ascorbic acid in
drawn samples of blood," Kassan and Roe (9)
confirmed the necessity of avoiding hemolysis and
the comparative stability of ascorbic acid in whole
blood. These authors also state that ordinary
glass containers promote hemolysis and conse-
quently are not suitable for the preservation of
ascorbic acid in blood. In view of this observation
it is emphasized that pyrex glass was used through-
out all our experiments.

It was previously demonstrated that an atmos-
phere of nitrogen stabilizes ascorbic acid in whole
blood. To confirm the protective action of nitro-
gen, ascorbic acid was determined at certain in-
tervals not only in true but also in separated sera.
That ascorbic acid remains stable in separated
sera is conclusively proved by previous experi-

ments (Figure 1, B and C (1)). After many
similar observations had attested to the stability
of ascorbic acid under these conditions, it seemed
justifiable to discontinue determinations of as-
corbic acid in "separated sera" in the further
course of this investigation.

The technique of studying transfers of ascorbic acid
in the experiments presented in this paper was the same
throughout: continuous agitation at 370 C. (or at 70 C.)
in an atmosphere of nitrogen. Crystalline ascorbic acid
was dissolved in a small volume of serum and kept at
370 C. under nitrogen before addition. The amounts
transferred to cells were expressed as mgm. per liter of
cells and calculated from S1- S2 where S1 is the con-
centration in true serum immediately after addition, S2
the concentration in true serum after agitation, and CV
the cell volume.

As shown before, this method of calculating
cell concentrations proved to be reliable when
checked by calculating cell concentrations from
determinations in whole blood and serum and
measurements of cell volumes. The latter pro-
cedure was used also for evaluating concentra-
tions originally present in the cells of samples of
blood used for further experimentation;

After the addition of ascorbic acid to whole
blood its concentration was determined in sam-
ples of true serum removed immediately, after 30
minutes, and after about 45 minutes. In agree-
ment with the previous report, transfers were
invariably completed within 30 minutes. The re-
sults obtained after these intervals, therefore,
should not and actually did not differ. Whenever
they do, either a leakage in the system through
which nitrogen is conducted or imperfectly cleaned
glassware must be suspected. For the evaluation
of observations resulting from this experimental
technique, the prevention of oxidative destruction
of ascorbic acid by nitrogen acquires intrinsic sig-
nificance. Anticipating experimental data pre-
sented below, the protective action of nitrogen
was evident in all the experiments in which no
changes in ascorbic acid concentrations occurred
in true sera separated from incubated whole blood
before and after the aforementioned intervals.
Furthermore, when ascorbic acid was added to
samples of the same blood, but with different cell
volumes (obtained by removing varying volumes
of serum), the decrease in true serum varied di-
rectly with the number of cells. If ascorbic acid
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were destroyed under the experimental conditions,
the smallest amounts would be lost in the presence
of the largest number of cells, the protective ac-
tion of which upon ascorbic acid in serum is gen-
erally recognized.

A. Rate of distribution of ascorbic acid between
serum and cells follouing its addition to

defibrinated blood 3

Figure 2 represents the distribution of ascorbic
acid between the two phases of blood following
the addition of widely varying amounts of the
vitamin. In this figure, squares, triangles, open
circles and crosses depict four experiments in
which different amounts of ascorbic acid were
added to samples of the same blood; solid circles
indicate single observations. The data of both
groups demonstrate alike that the amounts of
ascorbic acid transferred to cells decrease as the
concentrations in serum diminish.

B. Lack of transfer of ascorbic acid from cells to
serum

A patient with peptic ulcer and vitamin C de-
pletion subsequent to dietary treatment was found
to have concentrations of ascorbic acid in whole
blood of 4.6, in serum of only 0.61 mgm. per
liter. At a cell volume of 41 per cent, the con-
centration of ascorbic acid in cells amounted to
10.3 mgm. per liter. These concentrations did not
change after 2 hours of incubation under the
usual conditions. The concentration in true serum
remained -constant also during 50 minutes fol-
lowing the addition of small amounts of ascorbic
acid by which the concentration in serum was
increased to 7.2 mgm. per liter.

Conditions similar to those of this observation
were duplicated experimentally in the following
way: From freshly drawn defibrinated blood,
serum and cells were separated by centrifuging.
The cells were kept in a tightly stoppered con-
tainer at about 230 C. while the serum was
treated with a wet stream of oxygen at 370 C.
for 1% to 2 hours, which almost completely de-
stroyed its ascorbic acid. Consequently, serum
and cells were placed separately in an atmosphere
of nitrogen at 370 C. for 30 minutes before being

3 Human blood was used invariably.

remixed. In the following presentation of ex-
perminents where this technique was employed,
serum treated with oxygen, and subsequently with
nitrogen, will be referred to as " prepared serum; '
separated cells, kept at room temperature and
treated with nitrogen for half an hour, as " pre-
pared cells."

It will be noted that concentrations in serum of
blood composed of " prepared serum " and " pre-
pared cells " were low, but not zero. This was
due to the impossibility of completely removing
the original serum containing ascorbic acid from
" prepared cells." This amount of ascorbic acid
in the serum of "prepared cells" became even
more inconvenient in the experiments in which it
was increased by addition of ascorbic acid. As
will be shown, such sera could be diluted to satis-
factorily low concentrations by using 20 cc. each
of "prepared serum". (without ascorbic acid)
and " prepared cells."

In three such experiments, concentrations of
ascorbic acid in true serum determined imme-
diately and at intervals after mixing both phases
of blood remained unchanged during 1 hour. The
corresponding concentrations in serum and cells
were 3.2 and 26.4, 4.3 and 20.0, 1.0 and 19.6
mgm. of ascorbic acid per liter of water, respec-
tively.

In three more experiments, " prepared serum"
was obtained from one portion of blood. Another
portion was incubated following addition of as-
corbic acid and the amounts transferred to cells
were calculated in the manner described above.
These amounts plus the ones originally present
express the total concentration in cells. After
removing the serum from this incubated whole
blood as completely as possible by centrifugation,
the remaining cells- were treated with nitrogen for
30 minutes. In this way, " prepared cells " con-
taining 37.1, 144.3 and 117.4 mgm. of ascorbic
acid per liter of water, respectively, were remixed
with corresponding "prepared sera " containing
11.8, 35.7 and 36.0 mgm. per liter of water, re-
spectively. In no instance was any change in the
concentrations in true sera observed during 70
minutes of continuous agitation at 370 C. under
nitrogen. In three experiments carried out iden-
tically, except that the temperature was 7° C.,
concentrations in true sera likewise remained
stable.
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C. Lack of transfer of ascorbic acid from serum
to cells followting the addition of

this substance
Incidentally, the distribution of added ascorbic

acid was investigated in the blood of a patient
with secondary anemia who was markedly depleted
as the result of inadequate diet. The original con-
centrations were 4.4 mgm. per liter of whole blood,
1.0 mgm. per liter of serum; cell volume was 31
per cent, the concentration of ascorbic acid per
liter of cells 11.97 mgm., or 16.6 mgm. per liter
of water in cells, against 1.07 mgm. per liter of
water in serum. In experiments carried out in
duplicate no uptake of ascorbic acid could be de-
tected during 1 hour following the addition of
ascorbic acid so as to increase the serum concen-
trations to 57.0 and 61.0 mgm. per liter of water,
respectively.

This incidental observation was imitated by us-
ing blood composed of "prepared serum" and
" prepared cells." Ascorbic acid was added to
samples of this blood (a) immediately, (b) 1 hour
and (c) 2 hours after its two components had
been re-mixed. Determining the amounts trans-
ferred to the cells in the course of 1 hour, the
corresponding changes in serum concentrations
were (a) 73.3 to 65.3, (b) 59.0 to 54.4 and (c)
68.9 to 68.0 mgm. per liter, respectively. In an-
other experiment, one part of serum was trans-
formed into "prepared serum" while the other
part, kept under nitrogen, maintained its original
concentration of 8.5 mgm. of ascorbic acid per
liter. Consequently, "prepared cells" from the
same blood were added to these sera and gently
agitated under the usual conditions. After 2
hours ascorbic acid was added to each blood. In
the blood with serum, the ascorbic acid of which
had been preserved, a transfer of 8.3 (63.3 to
55.0) mgm.= 20.2 mgm. per liter of cells was
noted after 60 and also after 105 minutes; cells in
contact with " prepared serum " for 2 hours prior
to the addition of ascorbic acid took up no ascorbic
acid; the concentration in the serum remained
48.3 mgm. per liter of serum throughout. These
results must be presented with certain reserve
since cell volumes did not remain constant, chang-
ing in the experiments from 40 to 41.5 per cent, 40
to 41.8 per cent, and 40 to 41 per cent, respectively.
The increases in cell volume, significant because

they never occurred in the experiments hitherto
described, appear to be due to changes in serum
rather than in cells. They occurred in " prepared
serum " as well as in serum treated with nitrogen
only, and were independent of the addition of
ascorbic acid; they could not be prevented by
using cells separated from samples of blood drawn
freshly from the same subject after the prepara-
tion of the sera was completed.

DISCUSSION

The data presented in Figure 2 show that the
amounts of ascorbic acid transferred from serum
to cells, following its addition to blood, bear a
direct relation to its concentrations in serum. The
ratios of distribution between cells and serum are
about the same in experiments in which different
concentrations of ascorbic acid are added to sam-
ples of the same blood as they are when ascorbic
acid is added to various bloods. At concentrations
of ascorbic acid higher than any that occur in vivo,
serum always contains more than cells. The ratio,
ascorbic acid of serum: ascorbic acid of cells, de-
clines from approximately 4.75 at serum concen-
trations of 600 to 750 mgm. per liter to 2.5 at con-
centrations of 100 to 150 mgm. per liter and to
1.5 at a concentration of 50 mgm. per liter. It
approaches unity, as previous experiments sug-
gested (1) at about 35 mgm. of ascorbic acid per
liter of water in serum.

Previously, the necessity of imitating physio-
logical conditions was demonstrated with respect
to temperature and to the avoidance of sedimenta-
tion of blood (1). Yet, in spite of maintaining
proper temperature and providing for contact be-
tween all the cells and serum by continued agita-
tion, the distribution ratios differed from those
observed in vivo and it may now be concluded that
this was due to artificially high concentrations.
When these also conformed to physiological limits
(Figure 2, below dotted line), however, the ratios
in vitro corresponded to those established in tivo.

Below 35 mgm. per liter of water the concen-
trations in cells exceed those in serum. That re-
versal of the ratio appears at about this point is
confirmed by the experiment presented in Table I
in which different quantities of ascorbic acid were
added to samples of the same blood to yield vari-
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TABLE I

Distribution of different concentrations of ascorbic acid added
to sample of the same blood

Serum Cells Quotient Serum

mgm. per liter mgn. per likr
of water of water

Original 11.8 19.0
After addition 18.2 20.0 0.91
After addition 26.7 29.0 0.92
After addition 38.0 32.1 1.18

ous concentrations in the region of 35 mgm. per

liter.
These observations in vitro agree well with re-

sults of analyses of serum and cells of freshly
drawn blood reported earlier (5). In thirty in-
stances without exception more ascorbic acid was

found in cells than in serum. The differences, il-
lustrated in Figure 3 of that communication, would
be even greater if concentrations were recorded in
terms of mgm. per liter of water instead of mgm.

per liter of total volume. In vitro as well as in
uivo, at concentrations within the physiological
range, cells withdraw the vitamin from serum be-
yond the point of equal distribution. Above the
critical concentration of 35 mgm. per liter, how-
ever, which is far higher than concentrations en-

countered in circulating blood, the amounts trans-
ferred are so small that the concentrations ulti-
mately attained are always lower in cells than in
serum. This inversion of distribution ratios with
changing concentrations seems to prove quite con-

clusively that simple diffusion alone cannot con-

trol the partition of ascorbic acid between the two
phases of blood.

In freshly drawn blood, concentrations of ascor-

bic acid never exceed 35, rarely 20 mgm. per liter,
unless they are intentionally raised for experi-
mental purposes. In vivo, as stated before, distri-
bution ratios, expressed as concentration in serum:

concentration in cells, are always less than 1.0.

Ratios greater than 1.0 may be produced by the
administration of large doses of ascorbic acid; but
only transiently, because of the transfer to cells
and the rapid elimination by the kidneys which sets
in when the concentration in the serum surpasses

about 14 mgm. per liter.
If a curve were drawn to represent the trend

of all the observations in Figure 2, it would not
be possible to determine with any certainty the

trend of distribution ratios at high concentrations.
In the experiments recorded in this figure the
maximum concentration attained in cells, when the
concentration in serum had been raised to 750
mgm. per liter of water, was approximately 160
mgm. per liter of water. No further increase in
concentrations in the cells could be detected when
the concentrations in serum were increased to
about 900 mgm. However, at these concentra-
tions filtrates must be diluted about 100 times for
analysis. The error of the method, therefore,
prohibits exact estimations. For this reason it is
impossible to decide whether 160 mgm. per liter
of water actually represent the maximal load which
cells will assume. The general trend of the obser-
vations does suggest, however, that the concentra-
tions in cells approach a limit.

As concentrations diminish, the curve describ-
ing the distribution of points seems to approach
the origin. This is substantiated by observations
of Butler and Cushman (4), who reported mini-
mal concentrations of ascorbic acid both in cells
and serum in patients with scurvy or prolonged
vitamin C deficiency. Saturation is characterized
by high concentrations of ascorbic acid in both
phases of blood (5); scurvy by its almost com-
plete absence in serum as well as in cells (4).

Passage of ascorbic acid from cells to serum
was not observed under conditions in which its
concentration was definitely higher in cells than
in serum. Transfers from serum to cells ap-
peared to be associated with some metabolic ac-
tivity of the cells, since they took place at 37° C.,
but not at 70 C. But variations of temperature
or increasing concentrations in cells to values as
high as 140 mgm. per liter of water had no power
to move the vitamin in the other direction, from
cells to serum. Ascorbic acid, therefore, seens to
form a combination with some substance or sub-
stances within the cells from which it cannot be
released by any measures thus far discovered. A
similar condusion has been reached by Reedman
and McHenry (11), Fujita and Ebihara (12) and
Holtz and Walter (13) concerning the state of
the vitamin in plant and animal tissues. These
authors assume that it is combined with protein.
Levine, Marples and Gordon (14), from studies
on infants have concluded that the metabolism of
aromatic amino acids depends upon the quantities
of ascorbic acid stored in the body.
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The avidity of cells for ascorbic acid and their
stubborn retention of the substance in vitro con-
form well to what is known of their behavior in
the body. Individuals have tolerated deprivation
of vitamin C for 42 (4), 94 (15) and 160 (16)
days without the appearance of any signs of scurvy.
Butler and Cushman (4) noted that the concen-
tration of ascorbic acid in the serum diminished
rapidly early in the course of vitamin C depriva-
tion, while the concentrations in the cells de-
creased considerably later, and gradually. The
granulocytes-and possibly platelets-retained as-
corbic acid longer than red cells. If ascorbic acid
cannot pass from cells to serum this would indi-
cate that ascorbic acid is metabolized or destroyed
more rapidly in erythrocytes than in granulocytes.

The principles that govern the distribution and
transfer of ascorbic acid in blood provide an ade-
quate explanation for the fact -already established,
that the amounts of ascorbic acid in the body can
be better estimated from analyses of whole blood
than from analyses of serum (4, 5). Concentra-
tions in cells cannot be neglected. In Table IV of
Butler and Cushman's (4) paper there are five
instances in which, without scurvy, plasma was
free from ascorbic acid. Yu (18) reported that
with equally low vitamin C concentrations (less
than 2 mgm. per liter of plasma) some persons
had manifest scurvy while others were apparently
healthy. Under similar circumstances, in our ex-
perience, an explanation for the discrepancy has
been found by analyses of whole blood.

Passage of ascorbic acid from serum to cells
was lacking in a blood with an abnormally low
serum concentration. A similar observation was
omitted from our previous report (1) because it
was made at the very beginning of this investi-
gation when the experimental technique was not
yet perfected. Transfer of ascorbic acid did not
take place either in blood, in the serum of which
it had been destroyed experimentally. Cells were
found to lose the ability to take up ascorbic acid
not immediately after being placed in " prepared
serum" but only progressively in the course of
2 hours. Except for this observation that the
reaction is not an instantaneous one, the effect of
low concentrations of ascorbic acid in the environ-
ment upon the membrane, metabolic activity or

physicochemical status of cells cannot even be
intimated. It may be correlated with observa-
tions by van Eekelen (15) who found that the
amounts of vitamin C daily metabolized dimin-
ished as the stores in the body decreased. Since
concentrations diminish more rapidly in serum
than in cells, and since low serum concentrations
impair the ability of cells to take up ascorbic acid,
it does not seem inconceivable that the metabolism
of ascorbic acid in tissue cells like that in blood
cells depends upon concentrations in serum.'

In the example just discussed, the influence of
serum upon cell function was related to concen-
trations of ascorbic acid in the former; the effect
of incubated serum upon cell volumes cannot be
correlated with any known factor.

SUMMARYAND CONCLUSIONS

(1) Amounts of ascorbic acid transferred from
serum to cells were estimated from concentrations
in the former removed from whole blood imme-
diately and at certain intervals after the addition
of ascorbic acid.

(2) As concentrations in serum decrease, the
amounts transferred to and the concentrations
attained in cells also diminish.

(3) Distribution ratios are greater than. unity
above serum concentrations of about 35 mgm. per
liter of water, smaller than unity below this con-
centration. The partition of ascorbic acid in both
phases of blood is not governed by simple dif-
fusion.

(4) Ascorbic acid is not transferred from cells
to serum when the former contain concentrations
significantly higher than the latter, either at 370
C. or at 70 C. Ascorbic acid appears to be irre-
versibly combined with some intracellular sub-
stance or substances.

(5) The magnitude of concentrations of as-
corbic acid in serum seems to affect the cellular
functions involved in the mechanism of transfer
of added ascorbic acid. No uptake occurred when
cells, prior to addition, were kept in serum with
low concentrations of ascorbic acid.

4Differences in the rate of uptake by different tissues
(19) or with regard to dehydroascorbic acid and its
reduced form (20) would not contradict this inference.
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