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serum cholesterol for at least 2 years(2).
This suggests that the injected DNA altering
serum lipid regulation may be in some form
of a “depot”; utilized slowly (years) under
normal dietary conditions and utilized more
rapidly (months) when the animal is fed a
saturated fat. It appears, for the first time
in these studies, that the prolonged, “non-
genetic” alteration of serum lipids induced by
DNA may not be permanent.

Summary. Three groups of normal rabbits
were injected with varying amounts of DNA
along with a control group which received
saline. One year after the DNA injections,
the animals were fed a standard feed supple-
mented with 15% hydrogenated coconut oil
for 4 months. All the animals, experimental
and control, developed a mild hypercholes-
terolemia. At the end of one month of fat
feed, all 3 DNA-injected groups had signifi-
cantly lower serum lipid levels than the con-
trols. However, the continued fat feeding re-
sulted in a quantitative, direct relationship
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between amount of DNA injected and length
of time the rabbits maintained lower serum
lipids.

I wish to thank Mr. Ben Weinberg for excellent
technical assistance.
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Iron Deficiency in Monkeys Fed Diets Containing Soybean Protein.* (29180)
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Certain foods reduce iron absorption from
the gastrointestinal tract(l). In comparison
to many foods the iron of soybeans and of
diets containing isolated soybean protein has
been found to be well absorbed(2-4). How-
ever, in the experiments to be described we
observed reduced gastrointestinal absorption
of iron and iron deficiency anemia in mon-
keys receiving a diet containing isolated soy-
bean protein.

Methods. Young Rhesus monkeys (Maca-
ca mulatta) of both sexes initially weighing
1.5 to 2.5 kg were used. Different groups
received basal diet alone (Table I), basal

* Supported by research grant from Nat. Inst.
Health, US.P.HS.

t Present address: Dept. of Pathology, New Eng-
land Deaconess Hospital, Boston, Mass.

diet supplemented with 100 mg of choline
per 100 g diet, or basal diet supplemented
with 100 mg of choline, 630 mg of methio-
nine and 73 mg of cystine per 100 g of diet.
Preparation of the diets including heating in
an oven to form a cake has been described
previously (5). Some of the animals in each
group received on their food 80 mg of DL
alpha-tocopheryl acetate dissolved in ethanol
3 times weekly. Food and water were given
once daily.

Hemoglobin concentrations and reticulo-
cyte counts were obtained by standard hema-
tologic techniques. Bone marrow examina-
tions were done on direct smears of material
obtained by tibial aspiration. Serum iron
concentration was determined by the method
of Trinder(6) and serum iron binding capac-
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TABLE I. Composition of Diet.

Component %
Archer Daniels Midland 18.0
assay protein C-1
Suerose 22.0
Corn starch 43.9
Lard* 8.0
Inositol i
Salts (HMW) 1 4.0
Linoleie acidt 3.0
Vitamins§ 5
Baking powder 5

* ¢¢stripped lard’’ from Distillation Products,
Ine., Rochester, N, Y.

t Linoleic aeid, 75%, from Nutritional Bio-
chemicals Corp., Cleveland, Ohio.

} Reference 11.

§ The vitamin mixture consisted of riboflavin,
105 mg; pyridoxine, 105 mg; folic acid, 105 mg;
caleium pantothenate, 420 mg; nicotinie acid, 420
mg; menadione, 92.4 mg; and sucrose, 98.75 g. In
addition each monkey received daily on his food 0.5
mg thiamine hydrochloride, 1 ug vit By, 20 mg
ascorbic acid, 3000 1.U. vit A acetate, and 400 I.U.
of vit D.

ity was estimated by the method of Rath and
Finch(7). For comparison, hematologic stud-
ies were done on a group of normal Rhesus
zoo monkeys of approximately the same age
as the animals used in these experiments.

To measure the absorption of iron from
the gastrointestinal tract of anemic monkeys,
10 pc of Fe®? as ferrous citrate (approximate-
ly 1 pg of iron) was mixed in 50 ml of dis-
tilled water with 3 g of one of the following:
casein, isolated soybean protein, basal diet or

131

cellulose. One hundred milliliters of distilled
water were then used to wash the mixture
through a nasogastric tube into the monkey’s
stomach. Thereafter, at varying intervals,
the radioactivity of 0.1 or 1 ml samples of
whole blood was measured in a well-type so-
dium iodide crystal scintillation counter.

Results and discussion. Monkeys in each
group, including those receiving Vit. E, be-
came anemic within 2 to 7 months after the
diets were begun. At this time none of the
monkeys showed the usual signs of Vit. E
deficiency (5). There was no creatinuria; the
bone marrow showed erythroid hyperplasia,
without multinucleated erythroid cells of the
type that characterize the bone marrow of
Vit. E-deficient monkeys(8); and direct
smears of peripheral blood showed microcytic
hypochromic erythrocytes.

The total serum iron binding capacity of
the monkeys was generally high, in compari-
son to values found in man, but the highest
values were observed in anemic monkeys
(Table II). Serum iron concentrations were
reduced in the anemic monkeys with one ex-
ception (Table IT). However, in this monkey
the per cent saturation of the total serum
iron binding capacity was low, as it was in
the other anemic animals.

Tron therapy reversed the hematologic ab-
normalities (Table II) with either parenteral
(Fig.1) or oral iron (Fig. 2) being effective.

TABLE II. Hematologic Abnormalities* and Effect of Iron Therapy.

Total serum
iron binding % saturation

Animal or Hemoglobin ~ Serum iron capacity of binding
group Diet (g/100ml)  (ug/100ml) (ug/100 ml) capacity
Zoo monkeys Normal zoo diet  13.0-15.0 (4)t 150-300 (4) 350-471 (3) 36.4-75.0 (3)

241 Basal 9.2

240 Idem + choline 8.2 150 600 25.0
246 S S 5.0 112 612 18.3
237 T4+ 6.1 40

233 Basal + choline 7.9 94 294 32.0

and vitamin E

243 Idem 7.4 94 334 28.1
231 ?” 4 cystine 7.0 252 702 35.9

and methionine

Treated monkeys

231-246 Previous diets

~+ iron

10.6-14.0 (7)

* Values obtained just prior to iron therapy.

t Range of values for zoo monkeys and for experimental monkeys after iron therapy is
shown. Number of animals in these groups is in parentheses.
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Initially during oral therapy the iron was
given between feedings. Subsequently the diet
was modified by addition of 33 mg of FeSO,
and 2 g of CaCO; per 100 g diet. There-
after, hemoglobin concentrations remained
normal until Vit. E deficiency developed in
the monkeys receiving no Vit. E supplement.

We have not previously observed iron defi-
ciency in monkeys receiving casein-contain-
ing diets having the same amounts of dietary
iron as the initial diets in these experiments
(21 mg of iron per 100 g of diet). Substitu-
tion of isolated soybean protein for an equal
weight of casein is the major difference be-
tween the present diets and those previously
used. Isolated soybean protein is known to
impair the utilization of zinc(3,9), manga-
nese and copper(3). In the case of zinc it
has been suggested that phytins, which are
present in isolated soybean protein,} bind the
zinc and prevent absorption(10).

In 3 anemic monkeys, gastrointestinal ab-
sorption of Fe® from mixtures containing
either basal diet or isolated soybean protein
alone was negligible during a 4-hour period
of observation. By contrast, in the same
monkeys, significant absorption occurred dur-
ing similar studies using an Fe™-cellulose
mixture. To quantitate the effect of isolated
soybean protein on iron absorption, incorpo-
ration of Fe® into hemoglobin was measured
(Fig. 3). In the same anemic monkey ab-
sorption of the iron from a soybean protein
Fe® mixture was approximately 50% as
great as from a casein Fe® mixture.

These studies show that, in the Rhesus
monkey, diets containing isolated soybean
protein decrease the absorption of iron and
may induce iron deficiency anemia. Since
isolated soybean protein contains appreciable
quantities of phytins, binding of iron by
phytins is a possible explanation for our data.
However, further work is required to iden-
tify the binding material.

Summary. After receiving purified diets
containing isolated soybean protein for 2 to
7 months, young Rhesus monkeys (Macaca
mulatta) became anemic. The erythrocytes

1 Specifications for ADM assay protein, Archer
Daniels Midland Co., Cincinnati, Ohio,
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FIG. 1. Response of an anemic monkey (233) to
parenteral iron. An iron-dextran complex (Im-
feron, Lakeside Laboratories, Ine.) equivalent to
400 mg of elemental iron was given intramusecu-
larly.

FIG. 2. Response of an anemic monkey (2_46) to
oral iron. Iron was given daily before feeding as
100 mg ferrous sulfate mixed with 40 mg of ascor-
bie acid.
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FIG. 3. Effeet of isolated soybean protein on
gastrointestinal absorption of iron. Incorporation
of T'e® into hemoglobin is expressed as epm in
1 ml blood X 10* divided by the ¢pm in the initial
dose. During these studies hemoglobin decreased
from 7.1 to 5.2 g per 100 ml. The study using soy-
bean protein was done 36 days after the one using
casein and appropriate corrections were made for
residual radioactivity.

were microcytic and hypochromic, serum iron
concentrations were low and serum iron bind-
ing capacities were high. Iron therapy, either
parenteral or oral, produced a prompt remis-
sion of anemia. Since these diets contain as
much iron as other diets that are adequate
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in this respect, gastrointestinal absorption of
Fe® was evaluated in the presence of soy-
bean protein and compared to Fe® absorp-
tion in the presence of casein. Soybean pro-
tein caused a significant reduction in gastro-
intestinal absorption of Fe®®.

We are indebted to Mr. Raymond A. Squires and
the Little Rock Municipal Zoo for permitting us to
study the Zoo monkeys and to Mr. Ralph S. Izard
for technical assistance.
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Colter et al(1) showed that poliovirus
preparations after treatment with phenol con-
tained ribonuclease-labile infective units. In-
fection of primary monkey kidney cultures
with such units was found to be facilitated
by inoculating calcium-depleted cultures with
the infective ribonucleic acid (RNA) ad-

* This research was supported by a grant from the
National Foundation and from U. S. Public Health
Service training grant to Dept. of Microbiology.

sorbed to a facilitator (e.g., talc)(2). The
infection of such cultures with RNA from
Coxsackie A23 (Vispo)(3), Coxsackie A7,
A9, and B3, and enteric cytopathogenic hu-
man orphan (ECHO) 5, 7, 8, 11, 12, 19,
and 26 (Rouhandeh, manuscript) viruses has
since been found to be facilitated by this
method, as also has the infection of mouse
L-cells with encephalomyocarditis virus RNA

(4).



