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Gastrectomy and Iron Absorption: Effects of Bleeding, Iron Loading and

Ascorbic Acid in Rats.
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The incidence of iron deficiency anemia fol-
lowing gastrectomy led to numerous studies
which failed to demonstrate significant intesti-
nal blood loss from most anemic gastrecto-
mized patients. Iron depletion was attributed
to inadequate absorption. However, investi-
gators showed normal absorption from test
doses of iron salts and believed that the iron
deficiency was caused by poor absorption of
food iron(1-8).

Like man, gastrectomized rats develop a
microcytic hypochromic anemia which re-
sponds to parenteral injections of large oral
doses of iron. Whitehead and Bannerman
showed that anemic gastrectomized and nor-
mal rats absorb similar quantities of iron(9).
The etiology of iron deficiency in gastrecto-
mized rats is the subject of this study.

Methods. Male albino rats of the WRCF
strain, weighing 200 to 250 g, were used. Rats
were housed in galvanized wire cages and fed
a standard rat and mouse diet containing 15
mg of iron per 100 g of dry weight. It was
estimated that rats consumed about 2 mg of
iron daily on this diet(10). One-half the rats
in this study were gastrectomized one month
before iron absorption studies were initiated.
Surgery was performed through a midline ven-
tral incision; the stomach was excised and an
end to end esophagoduodenostomy was con-
structed. Forty-eight rats of comparable
weight were used as normal control animals.
Rats were iron-loaded by intramuscular injec-
tion of 25 mg of iron as dextran-iron (Im-
feron), 7 to 14 days before iron absorption
studies. Hematocrits were measured by the
microhematocrit technique, the mean value for
each group was greater than 36% and no se-
lection was made upon this determination. Fe-
cal collections were tested for hemoglobin by
the benzidine method(11).
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Iron absorption studies were performed by
administration of test doses of radioiron
through an olive-tipped 17 gauge endoesopha-
geal tube. Test solutions contained 0.25 uc of
ferric® chloride and 0.25 mg of elemental iron
as ferrous sulfate, brought to a volume of 1
ml with iron free distilled water. The pH of
test doses was brought to 3.7 = 0.1 by addi-
tion of either HCI or NaOH. Under these con-
ditions most of the tracer dose is maintained
in the ferrous state(12). Animals were fasted
overnight and for 4 hours after dosing. Ab-
sorption of radioiron was measured with a
small animal whole-body liquid scintillation
detector (Packard ARMAC). Rats were placed
in vented quart ice cream cartons and whole-
body radioactivity was measured 3 hours and
7 days after dosing. Reference standards were
prepared by adding a test dose of radioiron to
250 ml of water filled plastic bottles. The ra-
dioactivity in animals and standards was
measured for two 100-second periods. Absorp-
tion of radioiron from test doses was calcu-
lated by the ratio of net counts 7 days after
dosing (ry) to those of the standard (sx) and
a similar ratio at 3 hours (r,/s,) (13).

rx/sx X 100 = percentage absorbed
To/So

Results. Gastrectomized rats developed an
anemia which responded to parenteral doses of
iron (Fig. 1). Untreated, the anemia becomes
severe(9). Negative benzidine tests on fecal
collections from 30 of 32 animals indicated
that the anemia was not caused primarily by
intestinal bleeding.

Unbled animals (Fig. 1). Normal animals
absorbed significantly more radioiron from
test doses of ferrous sulfate than gastrecto-
mized rats (13 =+ 3.8 vs 6.9 = 2.4%; p<
0.01). Addition of 10 mg of ascorbic acid to
test doses increased the amount of iron®® ab-
sorbed by both groups of animals but the dif-
ferences became insignificant (17.5 =+ 8.2%
vs 12.7 + 5.9%). Iron-loaded gastrectomized



578

GASTRECTOMY AND IRON ABSORPTION

Non -Bled animals

% absorbed

O Normal Rats
72 Gastrectomized Rats

30 %

200/0 —

10% *

6 6% 6
Grour 498 42. 516 418 48 50.4 479 46.6
Hemotocrit%

ASCORBIC AC. 25mg Fe~IM ASCORBIC AC, I0MG/DOSE
10mg/ dose 25mg Fe - I.M,

FIG. 1. Iron absorption in non-bled rats. Central bar indicates 1 standard deviation. Figure in
columns shows number of animals in each experiment.

rats absorbed approximately the same amount
of iron®® from test doses as normal animals
that received intramuscular injections of Im-
feron (5.6 == 3.7% vs 4.2 = 1.0%). Likewise,
if iron-loaded rats were given test doses of ra-
dioiron containing ascorbic acid, both intact
and gastrectomized rats absorbed similar
quantities of iron (7.9 =+ 2.6% vs 6.8 =+
2.2%).

Bled animals (Fig. 2). When similar stud-
ies were performed in rats that were bled and
fed a milk diet, marked differences in iron ab-
sorption were observed between all groups of
gastrectomized and control animals. Intact
rats absorbed 59.1 = 12.1% vs 17.7 == 3.8%
in the gastrectomized animals (p<<0.001).
Similar differences were observed if ascorbic
acid was added to the test dose (55.1 =+
13.6% vs 19.8 + 2%), if the animals had
been iron-loaded before bleeding (57.5 =+
12.7% vs 12.4 = 4.3%) or if the iron-loaded-
phlebotomized rats were given oral doses of

iron containing ascorbic acid (304 =+ 14.1%
vs 9.2 + 5.1%). Even iron-loaded animals
that were bled only 2.5 ml absorbed signifi-
cantly greater amounts of iron®® from test
doses than similarly treated gastrectomized
rats (24.4 = 6.0% vs 7.1 = 2.4%).

Discussion. The iron content of the mam-
malian body is small, about 60 parts per mil-
lion(14). The concentration must remain
within parrow limits to prevent the develop-
ment of either siderosis or iron deficiency. The
body’s store of iron is primarily maintained by
controlled absorption; the intestine responds
to the body’s requirement by increasing or de-
creasing the amount absorbed (10,15).

Like man, rats develop iron deficiency ane-
mia after gastrectomy(1-8). Although previ-
ous studies showed no difference in the ab-
sorption of iron from test doses between nor-
mal and gastrectomized rats(9), our observa-
tions indicated that iron absorption was signi-
ficantly decreased following gastrectomy. Dif-
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ferences in the absorption of iron became sta- measuring iron absorption accentuated differ-
tistically insignificant with the addition of as- ences between gastrectomized and intact ani-
corbic acid or after both groups of animals mals. Loss of the stomach made rats incapable
were iron-overloaded by the injection of Im- of responding appropriately to an increased
feron. Contrariwise, bleeding the rats before requirement for iron.

Bled animals. Bled 5 ml of blood
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FIG. 2. Iron absorption in bled rats. Central bar indicates 1 standard deviation. Figure in
colurans shows number of animals in each experiment.
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Summary. Gastrectomized rats developed
iron deficiency because of decreased absorp-
tion of iron. Although these animals absorbed
almost normal quantities of iron from test
doses when they were iron replete, they were
unable to increase absorption of iron appropri-
ately in response to iron depletion. This sug-
gested that iron deficiency occurred after gas-
trectomy because of an inability to adjust ab-
sorption in response to changes in the body
requirement.
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Adenovirus types 3 and 7 have many sim-
ilar biological properties, but appear to be
serologically unrelated when tested by neu-
tralization or hemagglutination-inhibition
(HI). Rowe et al(1,2) reported no cross-
reactivity when types 3 and 7 were tested by
neutralization with hyperimmune rabbit sera.
Studies of reciprocal HI tests with rabbit
antisera(3,4) substantiated the absence of
serological relationship between the 2 types.

Types 3 and 7 have several biological pro-
perties in common including; similar neutral-
ization rate kinetics with homotypic antise-
rum(5), quantity of infectious virus pro-
duced(5), length of latent period prior to
multiplication(5), hemagglutination reaction
(6), and type of cytopathic effect (CPE)
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elicited in monkey kidney tissue culture(7).
Perhaps the single most important biological
factor in which these 2 types resemble one
another is the ability to cause tumors in new-
born hamsters which contain indistinguishable
“T” antigens(8).

With few exceptions the serological studies
described above were carried out with proto-
type strains and antisera prepared to the
same strains. In an attempt to better eluci-
date the serological relationship between
strains of a given type and cross-reactions be-
tween types 3 and 7 we have studied 25
strains and their respective rabbit antisera
by both neutralization and HI tests.

Methods and materials. Viruses. Strains
were obtained from various sources. Most
were obtained after relatively few passages;
however, others had been carried extensively
in the laboratory. Biographies of viruses used
in this study are found in Table I.

Neutralization tests. Neutralization tests





