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Anemia as the earliest sign of Vit. E defi-
ciency in the monkey was first reported by
Day and Dinning(1). The anemia was
slightly macrocytic, and was accompanied by
a granulocytosis as evidence of marrow ac-
tivity. These findings suggested that the
anemia occurring might be the result of an
increased rate of erythrocyte destruction. Re-
sults of an experiment designed to test this
hypothesis are the subject of this report.

Methods. Monkeys of the rkesus type
which had been on a diet deficient in Vit. E
for varying periods of time were selected for
this study. The composition and preparation
of the diet have been described(2).

Erythrocytes were tagged with radio-active
chromium according to the principles set
forth by Gray and Sterling(3) and Ebaugh
et al.(4) and modified for application to small
animals by Marvin and Lucy(5). The one
departure from the technic as described was
use of the brachial vein rather than cardiac
puncture for obtaining blood for tagging, and
use of the ear for obtaining repeated samples.
Complete blood counts were made at inter-
vals, also from the ear veins. Radioactive
chromium (Cr') was determined in a scin-
tillation well counter using a thallium-acti-
vated sodium iodide crystal.

Results and discussion. Survival curves of
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6 studies on 4 monkeys are shown in Fig. L.
Monkey #211 served as a replete control,
having never been given an E-deficient diet.
Its erythrocyte count was 5.8 million per cu
mm and hemoglobin and hematocrits were
normal. Maximal survival time was 98 days;
the curve was symmetrical with no apparent
changes in rate of chromium loss. This nor-
mal value agrees well with that of 100 -+ 20
days reported by Harne, et al.(6) using the
consecutive reticulocyte peak method.

Monkey #204 had been on the deficient
diet only 35 days when its cells were tagged
and injected. On the 137th day of the dietary
regimen, no activity could be detected; a
maximal survival time of 102 days. During
this time, erythrocyte count was 5.7-5.9 mil-
lions per cu mm. Monkey #205 had an 88
day survival time when measured between
the 188th and the 276th day on the deficient
diet. During this time red cell count de-
creased from 5.55 to 4.24 millions per cu
mm. This is possibly not a significant, but
certainly a suggestive, shortening of the life
span.

On the other hand, after 349 or more days
on the diet, survival was shortened to 49, 45,
and 35 days in monkeys 207, 205, and 204,
respectively. Erythrocyte counts were be-
tween 3.02 and 3.98 millions during the time
these determinations were being made.

Five months after addition of adequate
daily supplements of tocopherol were given
monkey #205, red cell count had risen from
3.07 to 5.85 millions. Life span of the eryth-
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FIG. 1. Curves showing disappearance of Cr™
from blood of 4 monkeys. Ordinate gives ratio of
Cr® content at various times after tagging to Cr®
content on day after tagging. Abseissa indicates
time after tagging. Monkeys 204 and 205 were
tested twice,

FIG. 2. Curves showing effects of vit. E-defici-
ency and replacement therapy on disappearance of
Cr® from the blood of Monkey #2035, Coordinates
the same as Fig. 1.

FIG. 3. Regression line relating maximal erythro-
cyte survival time on abscissa, and avg erythrocyte
count during time of survival study on the ordinate.
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rocytes of this recovered monkey was 91 days
(Fig. 2).

Curves in Fig. 1 show rather poor correla-
tion between life span and time on the defi-
cient diet. If, however, one plots lifespan
against erythrocyte count, a respectable re-
gression line can be drawn by inspection (Fig.
3).
The deficiency of Vit. E may alter the
erythrocyte in such way that its longevity is
impaired. The erythrocytes may thus die
linearly due to a premature senescence. On
the other hand, E-deficiency may result in a
random destruction of erythrocytes regardless
of age. A combination of these two mechan-
isms must certainly be considered. As pointed
out by Sheets, et al.(7) removal of cells by a
combination of random destruction and se-
nescence can be represented by the formula-

tion
t -kt
Ni:=N, ( 1—¥ ) e

where N, and N; are numbers of cells ini-
tially and at time t, T is mean survival time
and K is a constant characterizing rate of
random destruction. With the chromium
technic, K is a measure also of rate of elu-
tion. Rearrangement of the formula, solving
for K(5) makes possible calculation of this
constant. When values obtained are tabu-
lated and inspected, it is apparent that rate
of random loss of chromium (random de-
struction plus elution) persists longer at a
higher level in the severely deficient monkeys
than in those normal or only slightly defi-
cient ones. This would substantiate the sug-
gestion that the anemia of E-deficiency in
the monkey is partly hemolytic(2).

The mechanism whereby this random “he-
molytic” destruction takes place is of inter-
est. Gyorgy and Rose(8) reported that the
erythrocyte of E-deficient rats could be he-
molyzed in dialuric acid, but this agent did
not appear to have a differential hemolytic
effect on erythrocytes of premature infants
(9). Such erythrocytes could, however, be
hemolyzed by hydrogen peroxide(10), and
this hemolysis was inversely proportional to
plasma tocopherol levels(11). Horwitt e al.
(12) showed that in vitro exposure of eryth-
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rocyte stroma to hydrogen peroxide increased
color production with 2-thiobarbituric acid;
presumably reflecting an increased peroxide
content. According to Deuel(13) peroxida-
tion of unsaturated fatty acids at the ethene
locus is followed by formation of hydroxy-
keto-acids and finally cleavage of the chain.
If this occurs in the lipid of the erythrocyte
envelop and stroma, greater fragility and
hemolysis might well result. The well docu-
mented antioxidant effect of alpha tocopherol
(14) could prevent the action of hydrogen
peroxide and other oxidizing agents in wvitro.
Oxidizing substances iz vivo which could al-
ter erythrocyte lipids in absence of Vit. E are
not presently defined, but hydrogen peroxide
as a metabolic transient might well be one of
them.

It has also been shown that blood fat ex-
erts a hemolytic effect(15) even at normal
post-prandial levels(16). The diets used in
our experiments, and generally used in studies
of Vit. E deficiency, contained relatively
large amounts of fat. Replacement with al-
pha tocopherol, without changing fat content
of the diet, reduced the excessive rate of
erythrocyte loss. It is possible, therefore,
that Vit. E may interfere with hemolytic ac-
tion of the ingested fat. If the binding of the
fat by the erythrocyte is the critical point, as
has been suggested(15), and this binding is
oxidation-dependent, the antioxidant effect of
Vit. E may be important. Further work is
indicated before the mechanism is elucidated.

Summary. Survival of Cr?! tagged eryth-
rocytes, autologously transfused, is severely
shortened in monkeys maintained on Vit. E-
deficient diets. Maximal survival times of
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35, 45, and 49 days were obtained after mon-
keys had been on the diet for 349 or more
days, as compared with about 100 days for
replete controls. The shortened survival
time, associated with anemia, could be re-
versed upon addition of Vit. E. The mechan-
ism is discussed.
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