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Interest in the relationship between
ascorbic acid and leucocyte activity was
aroused during a series of studies on
fundamental mechanisms governing
phagocytosis. The repeated collection
of blood tinged peritoneal exudate, con-
taining few white cells which proved to
be unusually fragile, directed attention
to the fact that the donor animals,
guinea pigs, were deficient in vitamin C.

A search of the literature contributed
some positive information on the role
of ascorbic acid in white cell physiology.
Perla and Marmorsten! found the cellu-
lar response to intraperitoneal irritation
to be poor in scorbutic guinea pigs.
They did not mention, however, any
lessening in the phagocytic activity of
the few cells obtained. A definite impair-
ment of the phagocytic activity of leuco-
cytes from donors low in vitamin C has
been reported by several workers in-
cluding Lowrynowicz,? Busing,® and Cot-
tingham and Mills.4

Vitamin C has long been known to be
a component of leucocytes. Ralli and
Sherry® emphasize in their paper on
adult human scurvy that the concen-
tration of blood vitamin C is higher in
the white cells than in red cells or
plasma.
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The work of Crandon, Lund, and
Dill® has shown that the white cell-
platelet layer is the last fraction of the
blood to be depleted of its vitamin con-
tent. The significance of these relation-
ships to phagocytic activity is unex-
plained.

Mary Elizabeth Reid,? in her review
article, describes the role of calcium and
ascorbic acid in the proper functioning -
of the muscle cells. She then suggests
the need for investigating the role of
ascorbic acid in other tissues, such as
the leucocytes, in whose proper func-
tioning surface activities play an out-
standing role.

This report deals with the relation-
ship between the ascorbic acid level of
peritoneal exudate obtained from guinea
pigs and the fragility and phagocytic
activity of the white cells in the exudate.

METHODS

The guinea pigs used in these experi-
ments received only a regular diet of a
commercial ration* for rabbits plus
some dry alfalfa. The rabbit ration is
claimed to contain all the elements
needed for full growth and development
of the animals except vitamin C. On

‘this diet, the control animals soon de-

veloped symptoms of scurvy, namely,
loss of weight, tendency to spontaneous
hemorrhages, and paresis. If allowed
to continue without treatment, the proc-
ess was terminated by death, usually
hastened by secondary infections. The
remainder of the animals under obser-
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vation received intraperitoneally, for
varying periods of time, 50 mg of ascor-
bic acid per day. This amount was
double that found to be the requirement
of the guinea pig by Ecker and Pile-
mer3 and was so increased in accordance

with the work of Kyhos, Severinghaus,

and Hagedorn® on the effect of large
doses of ascorbic acid in restoring the
vitamin C metabolism of depleted
animals.

The white cells were obtained for
study by inducing exudation into the
peritoneal cavities of the donor animals.
On the afternoon before the cells were
to be used, 100 ml of Locke’s solution
containing 0.19, glucose was injected
intraperitoneally into each animal. The
following morning (15-16 hours later),
the animals were exsanguinated by
bleeding from the heart. The serum so
recovered was used later in the phago-
cytic system. Following death, 5 ml of
109, sodium citrate solution was intro-
duced into the peritoneal cavity to pre-
vent the formation of fibrin clots in the
exudate. Finally the abdomen was
oyened and the exudate collected. The
exudate from several animals was
pooled in a 250 ml centrifuge bottle. The
bottles and contents were then chilled
in a bath of ice water. From this point
in their manipulation, until the cells
were ready for incubation in the phago-
cytic ststems, they were stored at about
5C.

The cells were concentrated by gentle
centrifugation (100 r.p.m., 134G) for
five minutes. The supernatant fraction
was removed, and the cells resuspended
in Locke's solution containing 0.1% glu-
cose. It was found necessary to repeat
this procedure to free the cells of the
sodium citrate, as well as any opsonic
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substance which might have been pres-
ent. The final suspension was stand-
ardized by direct cell counts to contain
45,000 to 50,000 leucocytes per cu mir.
The data in the present work refer only
to polymorphonuclear leucoyctes which
constituted 80 to 859, of the white cells
in the fnal suspensions.

The phagocyte suspension was then
subjected to various tests. About 5 ml
of the cell suspension and of the seruimn
were set aside in the deep freeze (— 350
C) to await determination of ascorbic
acid. This step was justified by the work
of Kassan and Roe'? on the preservation
of ascorbic acid in drawn samples of
blood and other fluids. They found that
the loss of ascorbic acid from such speci-
mens maintained in the frozen state was
essentially nil. Further, the thawing
process served to disintegrate the white
cells, thus aiding in the vitamin C assay.
When a number of serums and exudate
samples had been accumulated, a day
was set aside for the ascorbic acid deter-
minations. The colorimetric method of
Roe and Kuether® which depends upon
the coupling of 2—4 dinitrophenylhydra-
zine with dehydroascorbic acid was
found satisfactory for qur purposes.

The bacterial suspension employed as
antigen in the phagocytic tests con-
tained a beta hemolytic streptococcus
(New York 5) which had been grown in
0.19%, glucose-peptone broth for 24
hours at 37 C. After the cells had been
concentrated, and washed by repeated
centrifugation and resuspension in
Locke’s solution, they were killed by
heat (80 C for 30 minutes). The use of
killed bacteria as test objects in the
phagocytic systems has been common
practice since the publication of Gab-
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ritchevsky.”? The turbidity of the sus-
pension was adjusted using a photo-
electric colorimeter (Lumitron) to 379,
transmission of light when compared to
distilled water as 100%,. Fresh suspen-
sions were prepared every two or three
weeks.

The system for study of the phago-
cytic activity of the white cells was set
up in chemically clean tubes (73 X8
mm). Each tube received:

(a) 0.3 ml of the bacterial suspension.

(b) 0.2 ml of the test substance. (This varied

in each series from different dilutions of

serum to plain Locke's solution.)
{c) 0.5 ml of the phagocyte suspension.

The tubes were sealed with paraffin-
dipped corks, and were gently rotated

cytes were examined in each smear for
the condition of the cell, and for phago-
cytosis, by at least two, preferably
three, individuals. The system used for
evaluating activity was essentially that
of Hamburger® in which the cells were
counted plus or minus according to
whether or not bacteria could be seen
within them.

RESULTS

The exudates from deficient animals
were strikingly lacking in white cells,
and frequently the material was made
even less satisfactory for phagocytosis
studies by the presence of large numbers
of red blood cells. This contamination
was uniformly present in exudates found

TABLE L.—Effect of ascorbic acid on fragility and phagocytic activity of leucocytes.

Ascorbic No.

Vitamin C

Vitamin C

No. of Animals Fragilit; 9 activit
acid days level of level of BLity 0 Y

tests per test per day given serum* exndate* of cellst of cellst
] 3 0 _— 0-.25 0- .30 809077 30% -

4 3 50 1 0-.30 .25~ .35 859, 30-359,

5 3 50 2 10-.40 30—~ .45 509, 509

4 3 50 3 10~.45 55— .75 209, 75%

5 3 50 4 20~.55 90—-1.20 10~129; 85-90 9,

6 3 50 5 20~.60 1.0 ~1.25 109, 909,

5 3 50 6 25—-.60 1,0 —-1.25 109, 85-90 9,

50 7 36-.90 1.0 —1.28 5-109, 85-90%,

5 3
Total number of animals used in tests =120,

* Quantity =mg/100 cc of the fluid,
No serum pregent in the system,

Homologous serum gquals 20 % of the phagocytic system.

end over end to insure optimum contact
between the bacterial cells and the
phagocytes at 37 C for 15 minutes. At
the end of this time, the tubes were re-
moved from the warm chamber and
plunged at once into a bath of ice water
to arrest further phagocytic activity.
Duplicate films on slides were carefully
made from the contents of each tube.
After drying, the slides were stained
with Wright’s stain and examined,

In order to eliminate any element of
personal bias and individual differences
in counting, a serial number was as-
signed to each slide. At least 100 Jeuca-

12. Gabritchevsky, G, 1890, Ann. Inst. Past, 4:
346,

to contain less than 0.30-0.35 mg of as-
corbic acid per 100 ml of suspension.
Such hemorrhage was never found ac-
companying exudates whose vitamin C
content was above 0.45 mg per 100 ml.

The results of the fragility tests and
phagocytic activity are given in table 1
and graphically presented in figure 1.
The cells from vitamin C low donors
proved to be singularly difficult to pre-
pare for use. Further, when serum was
not-used in the phagocytic systems, the
ease of rupture of the cellg during in-
cubation was found to bear an inverse

13. Hamburger, H. J. 1912, Physikalisch-chem-
ische Untersuchungen tber Phagozyten.
Wiesbadén.




AscorBIc ACID AND PHAGOCYTIC ACTIVITY 53

o o
® ©
¥ ¥

o
[+
¥

°
»
T

o]
n
¥

ASCORBIC ACID LEVEL - wmG. PER 100 cc.
o o
- ~

0 T 20 30 40 56 6o 70 8090 100
PER CENT CELLS SHOWING RUPTURE OR PHAGOCYTOSIS

F1c. 1.—Phagocytosis and fragility of leucocytes as affected by ascorbic acid.

o
)

ATE)
9 -—
(4]

100 cc. EXUD
o O
2 o

ASCORBIC ACID
LEVEL
o
iy

(MG./

o
o .

5 10 IS 20
PER CENT SERUM

F16. 2.—Amount of serum required in system to prevent rupture of cells.




54 W. J. NUNGESTER AND ADA MAY AMES

ratio to the ascorbic acid level of the
exudate. The rupturing was especially
marked when the ascorbic acid level was
between 0.15 mg and 0.60 mg per 100
ml of exudate. Above this level cells
were much less fragile.

Within limits the amount of phago-.

cytic activity was found to vary with
the amount of ascorbic acid present.
This effect, as in the fragility test, was
most noticeable between concentrations
of 0.10 mg and 0.60 mg of the vitamin
per 100 ml of exudate. Above this latter
ascorbic acid value, the amount of phag-
ocytic activity tended to reach a con-
stant level.

Serum in the phagocytic systems not
only promoted activity, but was also
found to have a protecting action for the
cells. Figure 2 shows graphically the
amount of serum necessary to prevent
rupture of the cells as related to the as-
corbic acid level of the exudate from
which the phagocytes were obtained. It
will be noted that this quantity varied
inversely with the vitamin C content of
the cells. At 0.25 mg or less per 100 ml

of cell suspension at least 159, serum
was required in the system. Exudates
found to contain 0.60 mg or more re-
quired as little as 59, serum to prevent
rupture. At ascorbic acid levels of 0.80—
1.10 mg per 100 ml of exudate, the tend -
ency for the cells to rupture was mini-
mum,
SUMMARY

The results of these studies demon-
strate a relationship between the ascor—
bic acid content of exudative polymor—
phonuclear leucocytes from guinea pigs .
and the fragility and the phagocytic ac~
tivity of these cells. A parallel is also
drawn between the level of vitamin C
metabolism of the donor animals, and
the quantity and quality of the exudate
obtained from the injection of an irri-
tating substance into their peritoneal
cavities.

Serum in the system not only pro-
motes phagocytic activity, but also
tends to protect the cells from rupture.
The amount necessary to afford such
protection varies inversely with the
vitamin C content of the cells.



