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and causes development of coronary athero-
sclerosis or is coincident with it and not an
etiologic agent has not been clarified. This
is being investigated.

Summary. Renal hypertensive rats on an
all-meat diet developed hypercholesterolemia
and coronary atherosclerosis within 16 weeks.
Intact meat-fed, intact chow-fed, and renal
hypertensive chow-fed rats developed neither
condition by 50, 20 and 20 weeks respec-
tively. Aortas of all animals chow- or meat-
fed were normal. Thus, it appears that hy-
pertension coupled with a high fat, high pro-
tein, but low cholesterol, diet is related to the
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production of hypercholesterolemia and cor-
onary atherosclerosis. It is suggested that
such a system may serve as an éz vivo tool
for the study of prevention, development and
possible reversal of coronary atherosclerosis.
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Roche et al.(1,2) Foy and Kondi(3) Tas-
ker(4) and Layrisse et al.(5) showed that
considerable blood may be lost into the intes-
tine by patients infected with hookworm. By
means of a method involving the tagging of
circulating erythrocytes with both Fe 59 and
Cr 51(6), Roche and Pérez-Giménez(7) and
Layrisse et al.(5) were able to measure intes-
tinal iron loss as distinguished from fecal iron
loss. It was found that fecal loss was on an
average 55.9(7) and 64.10%(5) of intestinal
loss, which would indicate that part of the
hemoglobin iron was being reabsorbed. There
was excellent correlation between fecal Fe 59
loss and reduction in blood Fe 59 activity,
which would indicate that the absorbed iron
was being utilized for fresh red cell synthesis
(5).

Barun ef al.(8) demonstrated, in hemato-
logically normal patients injected with Fe 59,
a progressive migration of radioactivity from
the top to the lower levels of the packed red
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cell mass, as the erythrocytes aged with time.
Eventually, radioactivity would again in-
crease in the upper layer as the Fe 59 from
the destroyed red cells was utilized for a new
erythrocyte formation. Somewhat more ef-
ficient separation of erythrocytes of different
age has been obtained by ultracentrifugation
(9).

It was thought that, in cases with an abnor-
mal iron loss into the intestine, as in hook-
worm infected subjects, followed by reabsorp-
tion and reutilization of such iron for hemo-
globin synthesis, a constant supply of Fe 59
into freshly formed erythrocytes should result
in radioactivity in the top layer of the hema-
tocrit remaining at a relatively high level. If
proved unequivocally to be true, this finding
would provide further proof for iron reab-
sorption and reutilization from the intestinal
tract.

Methods. Four heavily infected patients,
with more than 5000 hookworm ova per gram
of feces, and 3 normal non-infected subjects
were selected for study. The patients were
hospitalized in the wards of the Hospital Uni-
versitario in Caracas throughout the study
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FIG. 1. Distribution of Fe 59 aetivity in upper
and bottom layer of packed red cells. Above: avg
of 3 normal subjects. Below: avg of 4 patients
heavily infected with hookworm. Full line: radio-
activity of upper layer. Interrupted line: radioaec-
tivity of bottom layer. Vertical lines ending with
a dot: upper layer stand. dev. Vertieal lines end-
ing with an arrow: bottom layer stand. dev.
and no iron therapy was given. Circulating
erythrocytes were tagged by injecting 15 uc
of Fe 59, with a specific activity of about 40
pc/mg of iron in the form of ferrous citrate.
Twenty cc of blood was withdrawn every 15
days for 120 days. Blood samples were pre-
pared by means of a modification of the origi-
nal method of Barun et al.(8). The blood
was collected in heparinized tubes; 2 cc was
used for hematocrit, red cell count and hemo-
globin determinations, and the rest was left
standing about one-half hour. The plasma
was separated off and the remaining red blood
cells were centrifuged at 3000 rpm (2260 g)
for 45 minutes. The packed red cells were
then marked off into 4 equal parts, and each
portion was drawn off separately by means
of a steel tube attached to a 2 cc syringe. The
syringe and needle were washed twice be-
tween each portion, and the washing added to
the previous sample. The samples were
frozen and thawed until complete hemolysis
ensued and radioactivity was counted in a

well type scintillation counter. The result
was expressed in percent of total radioactivity
found in the 4 layers.

Results. The hemoglobin and hematocrit
values in all subjects were constant through-
out the study, indicating that iron metabolism
was in equilibrium. The results are summar-
ized in Fig. 1. Only values from the top and
the bottom layer were utilized, following the
practice of Barun et al.(8) as those in the
middle layers turned out to be too variable
to give readily interpretable results. Although
the subjects were few, the results were uni-
form and the standard deviations small, par-
ticularly after the 15-day sample. The curves
in the normal and in the hookworm infected
subjects are fundamentally different; in the
former, the lines cross around the 30th day,
radioactivity in the lower layer becoming
higher than that in the upper. Around the
80th day, radioactivity in the upper layer
starts increasing, and that in the lower layer
decreasing, until the curves cross again
around the 110th day. In hookworm-infected
subjects, although there is an initial increase
and decrease respectively of the upper and
lower level radioactivity, the values remain
separated and the curves never cross.

Discussion. The results in normal subjects
are in essential agreement with those given
by Barun et al.(8). Since incorporation of
Fe 59 is limited to immature erythrocyte se-
ries(10,11), and the tagged cells which ap-
pear in the circulation during the first days
after Fe 59 administration are mainly reticu-
locytes whose density is relatively low(12,13),
radioactivity in the top layer of the packed
cells would be expected to be initially high,
which is the case. As the cells grow older,
their density increases(14,15) and Fe 59 ra-
dioactivity migrates towards the bottom of
the tube, which accounts for the reduction in
activity in upper hematocrit levels, and the
progressive increase in lower level activity.
As the older tagged cells begin to be de-
stroyed, around the 90th day(14,15), radio-
activity in the bottom layer decreases and, as
the iron from these destroyed red cells is re-
utilized for erythrocyte synthesis, radioactiv-
ity in the upper layer again increases.

In the hookworm-infected subject, the up-
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per level radioactivity remains elevated. This
is interpreted as due to continuous incorpora-
tion of young Fe 59 labelled erythrocytes into
this layer. It is not due to increased hemoly-
sis, because, if such were the case, one would
expect a decrease of bottom layer radioactiv-
ity before the 90th day or graphic evidence
for occurrence of a homogeneous pool between
the 2 layers(8), as may occur in patients with
very short erythrocyte life span (unpublished
experiment). In hookworm-infected patients,
practically the only source of Fe 59 for hemo-
globin synthesis in the marrow is the Fe 59
reabsorbed from the hemoglobin which is con-
stantly being lost into the intestine, As a
consequence of this loss, the patients may
destroy 5 times as many erythrocytes as nor-
mal and but few of the newly released red
cells reach old age; under such circumstances,
at the 30th day only 23% of the cells would
remain in the circulation and at 80th day,
less than 2%. This accounts for the bottom
layer of the hematocrit remaining constantly
low. By the same token, this finding provides
indirect evidence for reabsorption and re-
utilization of Fe 59 from hemoglobin lost into
the gastrointestinal tract by hookworm-in-
fected patients.

Summary. The distribution of Fe 59 in the
top and bottom layer of centrifuged erythro-
cyte samples was determined during 120 days
after administration of the isotope in hema-
tologically normal subjects and hookworm-
infected patients. While in normal subjects
there was a progressive migration of radioac-
tivity from the top to the bottom layer be-
tween the 15th and 90th days as the erythro-
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cyte aged with time, in the hookworm-in-
fected patient the top radioactivity layer re-
mained constantly high during the 120 days
of the study. This phenomenon is explained
by the constant reabsorption of iron from
the hemoglobin lost into the intestine, which
is reutilized by the bone marrow to form new
erythrocytes.
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