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that their loss is a significant aspect of the
response to stress, amounting to an actual
loss of 17% of all solids present. Possible
factors responsible for the loss of solids may
be loss of diffusible cellular proteins, loss of
mineral ions to the blood, or excess secretion
of pituitary hormones.

Summarv. Effects of severe stress, immer-
sion in water at 70°C for 5 seconds, were
studied on the male albino rat in relation to
response of the anterior pituitary. Using 5
different staining methods, no significant
changes in percentage of acidophils, basophils
or chromophobes were found 1, 3 or 12 hours
after stress, although there were marked in-
creases in number of cells per field in the 12
hour post-stress rats. Fresh weight of the
pituitary showed no significant change in 1
and 3 hour post-stress animals, but the 12
hour group displayed a marked reduction,
which was evident on both an absolute and a
relative to body weight basis. Comparison
of relative dry weight and amount of fluid
lost in drying in unstressed and 12 hour
stressed animals revealed that the weight de-
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crease consisted of both fluid loss and reduc-
tion in solids.
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Although sulfhydryl groups have a func-
tion in the metabolism and integrity of eryth-
rocytes, its nature is poorly defined. Ingbar
(1) reported that cysteine caused sickling of
erythrocytes from patients with sickle cell
anemia. It was prevented by the addition of
heavy metals or p-chloromercuribenzoic acid.
Benesch and Benesch(2) have shown that
either phenylmercuric hydroxide or mersalyl
(salyrgan) caused hemolysis of sheep eryth-
rocytes in a fairly consistent pattern; and
that this hemolysis was blocked by sulfhydryl

* This work was supported in part by the Office of
the Surgeon General, Department of the Army and
by the Trust Fund of the Department of Medicine.

groups but not by sulfur in the disulfide link-
age or other forms of sulfur. Dimant, ef al.
(3) more recently have been concerned with
the question of de movo synthesis of gluta-
thione by erythrocytes. In our previous
studies(4) on the feeding of methionine, pro-
thrombin and accelerator globulin decreased
in all 3 human subjects. Increased erythro-
cyte destruction was demonstrated in only
one subject.

This present study concerns the relation of
certain factors of the red cell environment to
hemolysis caused by p-chloromercuribenzoic
acid.

Method. The sodium salt of p-chloromer-
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FIG. 1. Effect of concentration and temperature
on hemolysis by the sodium salt of p-chloromer-
curibenzoic acid. Ervthroeytes were added at 0
min. There was no hemolysis in the saline corntrol
indicated by hemispheres on the base line.

curibenzoic acidt (PCMB) was prepared in
5x10~* molar concentration in 0.9% sodium
chloride solution. Erythrocytes were pre-
pared from heparinized blood of normal hu-
man donors. The cells were washed 3 times
in cool 0.9% sodium chloride solution. After
the last washing 0.5 ml of packed cells was
added to 25 ml of 0.9% normal saline con-
taining the chemicals studied in the particu-
lar experiment. Unless otherwise specified,
the cells were incubated at 37°C during the
period of observation. The degree of hemoly-
sis was determined by measuring the amount
of hemoglobin in the supernatant fluid of a
suspension of cells at intervals throughout the
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study. By relating this figure to 100% he-
molysis, obtained by completely hemolyzing
a homogeneous suspension of the cells and
measuring the optical density in a photometer,
the per cent of hemolysis at any time could
be calculated. Any existing hemolysis was
measured. Correction was made by subtract-
ing this value from the completely hemolyzed
sample or the samples obtained at various

times. The following equation shows this
relationship:

0D, - 0D,
% hemolysis — ~ %X 100.

0D, - 0D,

OD, = Optical density of supernatant im-
mediately after adding red cells.

OD,, — Maximum optical density possible
with this concentration of red cells
(100% hemolysis).

OD, —= Optical density of supernatant at
any time during test.

Zero time was the instant of adding the red
cells. The samples of hemoglobin to be
measured in the photometer were in a weak
solution of ammonium. hydroxide. No effort
was made to control the pH. During hemoly-
sis the pH of the supernatant fell from 7.6 to
7.3.

t Purchased from Sigma Chemical Co. Results. 1. Effect of PCMB concentration
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FIG. 2.

Amino acids containing sulfhydryl groups inhibit the hemolytic effect of PCMB;

those without sulfhydryl are ineffective. There is very little hemolysis of the eontrol erythro-
eytes in 0.9% saline suspension in 4 hr. Erythrocytes were added at 0 min.
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and temperature on hemolysis (Fig. 1). In-
creasing the concentration of PCMB 2 and 3
times the original 5x10* molar resulted in a
slight increased rate of hemolysis; and the
onset of hemolysis after initial contact with
the reagent began at 75 instead of 90 minutes.
Decreasing the concentrations of PCMB pro-
gressively prolonged the hemolytic process
over a period of 3 to 4 hours. Under stand-
ard conditions with a concentration of PCMB
of 5x10-* molar at 37°C hemolysis began in
about 90 minutes and was completed in 120
to 130 minutes. This has been a fairly con-
sistent observation with different samples of
PCMB and erythrocytes from different don-
ors. Incubation at 25°C lengthened the time
before the onset of hemolysis and, once
hemolysis had begun, the rate was slower.

I1. Inhibition of hemolysis by amino acids
containing —~SH groups added to PCMB solu-
tion before conmtact with erythrocytes (Fig.
2). Amino acids containing sulfhydryl groups
in equimolar concentrations inhibited the
hemolytic effect of PCMB if added to the so-
lution before the erythrocytes. Cystine and
methionine were completely ineffective in this
inhibition.

III. Effect of addition of ~SH groups after
contact of PCMB and erythrocytes (Fig. 3).
An equimolar concentration of glutathione
was added immediately after the red cells
were suspended in the PCMB solution and
30, 60 and 90 minutes later. At one minute
and 30 minutes most hemolysis was pre-
vented. There was considerable inhibition of
the PCMB effect when glutathione was added
as late as 60 minutes. Even at 90 minutes,
just before hemolysis was about to begin, the
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FIG. 3. Imhibition of hemolysis when glutathione

added at intervals after contact between erythro-

cytes and PCMB. Erythrocytes were added at 0
min, .
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addition of glutathione altered the curve re-
markably although hemolysis went to com-
pletion.

1V. Effect on hemolysis of washing eryth-
rocytes after contact with PCMB (Fig. 4).
Erythrocytes were washed 3 times in cool
saline after one minute in contact with
PCMB and after 30 and 60 minutes. The
washed cells were suspended in 25 ml of fresh
saline. Washing the erythrocytes one minute
after contact with PCMB solution virtually
eliminated the hemolytic effect. Washing
after 30 minutes reduced the rate of hemoly-
sis so that there was 20 per cent hemolysis at
210 minutes instead of the usual 90 minutes.
Washing at 60 minutes had little influence on
the onset and rate of hemolysis except that
about 10% of the cells were resistant to
hemolysis for over 4 hours. This finding was
in contrast to that of the previous experiment
when the addition of glutathione at 60 min-
utes prevented most hemolysis. The superna-
tant from the initial separation in this study
was saved and tested for hemolytic activity
by adding another 0.5 ml of red cells. These
curves were reciprocals of those in Fig. 4, in-
dicating a progressive loss of hemolytic activ-
ity from the solution the longer the
erythrocytes had remained in it. The super-
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FIG. 4. Incomplete inhibition of hemolysis by

washing PCMB from erythroeytes. Red cells were
added to PCMB at 0 min.

natant removed at 60 minutes was free of
hemolytic effect. However, contact for 1 min-
ute produced no detectable loss in hemolytic
activity. The reaction between erythrocytes
and PCMB is not instantaneous but requires
a lapse of time.

V. Exhaustion of PCM B hemolytic effect by
exposure of PCMB to single aliqguot of red
cells (Fig. 5). The usual suspension of red
cells in PCMB solution was made and
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FIG. 5. Exhaustion of hemolytic effect of PCMB
by one exposure to erythrocytes. In this chart
only, time scale is measured from time when red
cells were added to the PCMB in (1) and time
when a second portion of red cells was added to
the hemolyzed mixture in (2), time when the cell
suspension was made in saline in (3).

hemolysis was allowed to proceed. As soon
as hemolysis was complete another 0.5 ml of
red cells was added to this hemolyzed mix-
ture and more observations were made.
There was very little hemolysis of the second
portion of red cells, which indicates that the
hemolytic effect of PCMB was exhausted by
the first aliquot of red cells. This then raised
the question as to whether the exhaustion of
the hemolytic effect was the result of —SH
groups in the cell stroma or inside the cell
envelope.

V1. Exhaustion of PCMB hemolytic effect
by hemoglobin but not by stroma (Fig. 6).
A suspension of stroma and a hemoglobin
solution were prepared by thrice rapidly
thawing and freezing 0.5 ml of packed cells.
A few milliliters of cold 0.9% sodium chlor-
ide solution were added to the hemolyzed
mixture which was then centrifuged. The
clear supernatant was transferred to a tube
and the quantity was made up to 25 ml with
0.9% sodium chloride solution. A small
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FIG. 6. Inhibition of PCMB hemolytic effect by

incubation with hemoglobin solution and failure

of inhibition by stroma suspension. Test erythro-
cytes were added at 0 min.
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quantity of fluid containing the stroma was
placed in another tube and the volume made
up to 25 ml with 0.9% sodium chloride solu-
tion. Microscopic examination showed the
hemoglobin portion to be virtually free of
stroma and the stroma to be concentrated in
the other tube. PCMB was added to the two
tubes in the concentration of 5x10~* molar
followed by incubation for 90 minutes. Then
0.5 ml of erythrocytes was added to each tube
and the usual procedure followed. The stroma
fraction altered the shape of the curve but
only to an insignificant degree. Hemolysis
in the other tube was almost completely in-
hibited by the hemoglobin solution. Since the
stroma was not washed the alteration in this
curve may have been caused by the small
amount of free hemoglobin in the stroma sus-
pension.

VII. Effect of glutathione plus glucose on
the PCMB hemolvtic system (Fig. 7). Glu-

N

3

g

v
3

G SH #GLucose AopeD
4

¥

3
/ 2

g

Yo MHEarol ¢y s/S
3 ¥

o3 % ¥

30 60 go
It OTES

720 o

FIG. 7. Failure of glucose to modity inhibition of

PCMB hemolysis by glutathione. Erythroeytes

combined with PCMB at 0 min. In (4) red cells

were suspended in solution of PCMB and NaCl
only.

tathione in equimolar concentration with
PCMB and glucose to produce a final concen-
tration of 1 mg per 1 ml was added at inter-
vals of 1 minute, 30 minutes and 60 minutes
to the red cells suspended in PCMB solution.
Glucose had no beneficial effect and was
harmful when added at 60 minutes.
Discussion.  Organic mercurials which
combine with —SH groups cause hemolysis of
human erythrocytes. Previous transforma-
tion of the organic mercury compound into
the mercaptide with cysteine or glutathione
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inhibits hemolytic activity. The rate of
hemolysis is influenced by temperature(11)
as well as concentration of the mercurial re-
agent. Benesch et al.(5) found a striking
variation in the reactivity of the —SH groups
of crystalline hemoglobin among different
species. Those of dogs and man were less
reactive than those of sheep. Racker(6) sug-
gested that the difference in rate of reactivity
between sulfhydryl groups and reagents may
be influenced by properties of adjacent groups
on the protein molecule.

That —~SH groups are necessary for the in-
tegrity of the erythrocyte is a fact. The
thiols responsible for this effect are not known
nor is the mechanism known. A recent report
(5) indicates there are 8 moles of —SH per
mole of hemoglobin in man. Previous studies
have demonstrated the presence of ergothio-
neine(7-9) and glutathione(10) within the
erythrocyte. The glutathione is in a dynamic
‘state(3) and may traverse the cell envelope.
Less is known of the role of ergothioneine.

The necessity of -SH groups for the integ-
rity of the erythrocyte suggests that control
of the thiol system may be advantageous in
the preservation of whole blood stored for
transfusion.

Conclusions. 1. The sulfhydryl reagent,
p-chloromercuribenzoic acid, causes hemoly-
sis of human erythrocytes. This action can
be prevented by prior reaction with sulfhy-
dryl groups. 2. The hemolytic action of

Pyridoxine Responsive Anemia in the Human Adult.*
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PCMB is reversible by washing cells for as
long as 30 minutes after contact with this
agent. Reversibility of hemolysis lasts up to
60 minutes after addition of free sulfhydryl
group. 3. No protection from PCMB hemoly-
sis was noted with stroma whereas hemo-
globin solution was effective. 4. The reac-
tion between PCMB and the —SH group of
erythrocytes is relatively slow. 5. A physi-
ologic concentration of glucose offered no pro-
tection from hemolysis in this system.
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Although pyridoxine is necessary for nor-
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mal hematopoiesis in dogs(1,2), swine(3-5)
and monkeys(6), no evidence is available
that abnormal hematopoiesis occurs in hu-
mans secondary to a naturally occurring de-
ficiency of pyridoxine or alteration in its
metabolism(7,8). In general, the hematolo-
gic alterations resulting from pyridoxine de-
privation in animals have been characterized
by a hypochromic, microcytic anemia with



