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antibody present to itself and to RI/5/57.

Summary. Six strains of influenza A virus
were isolated in New York during the 1957
pandemic. Close antigenic relationship was
found among these strains and 2 Far East iso-
lates. and slight antigenic relationship to older
prototype strains was also demonstrated. One
of the local isolates, RI/5/57, was found to
be a very sensitive indicator of the presence
of hemagglutination-inhibiting and neutraliz-
ing antibodies against the 1957 strains of in-
fluenza A virus in human serum. Antibodies
to the RI/5/57 strain were demonstrated in
patients of various ages obtained from 1940
to 1957. The sensitivity of the 6 New York
strains to non-specific inhibitors of hemagglu-
tination varied from apparent insensitivity in
3 strains to extreme sensitivity in 2.
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Studies on Copper Metabolism. XXV. Relationship Between Serum and

Liver Copper.*

(24093)

H. DeEMpsey,! G. E. CARTWRIGHT AND M. M. WINTROBE
Department of Medicine, University of Utah College of Medicine, Salt Lake City

In a previous publication from this labora-
tory(1), 2 infants with hypochromic anemia,
hypocupremia, hypoferremia and hypoalbu-
minemia were described. The parenteral ad-
ministration of iron was followed by prompt
hematologic response and by appreciable in-
crease in serum albumin, but not by an in-
crease in serum copper. The hypocupremia
was alleviated only by administration of cop-
per. Tt was suggested that hypocupremia was
secondary to a deficiency of copper which was
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great enough to produce hypocupremia but
which was not sufficiently severe to be sig-
nificant in the pathogenesis of anemia. Little
is known concerning the interrelationship be-
tween dietary, serum and liver copper. It has
been shown in both swine(2) and rats(3) fed
diets low in copper that hypocupremia pre-
cedes development of anemia. The extent to
which serum copper concentrations reflect tis-
sue concentrations of copper in animals fed
diets containing low, normal and mcreased
amounts of copper is unknown.

This paper presents observations on corre-
lation between serum and liver copper in rats
fed diets containing low, normal and increased
amounts of this element. Data on blood he-
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TABLE I. Observations on Hemoglobin, Serum Copper and Serum Iron, Liver Copper and
Total Serum Proteins.

Total
Hemoglobin, Serum copper, Copper, Serum iron, protein,
Group Day g% 48 % Wt, g ug/gt ug %ot g %t
Normal 0 138 6.9* 8.98 3.53 .03* 161 6.8
copper 10 142 10.6 6.15 3.657 .23 278
20 135 6.2 6.58 3.73 .23 207
40 15.3 121 4.7 6.07 410 .05 222
60 15.5 133 6.4 5.54 3.84 .04 238
Low 5 65 5.0 8.98 3.26 .07
ecopper 10 58 3.6 7.04 2.67 .15 233 6.4
20 4 6.6 6.80 1.58 .15 210 5.9
40 15.5 23 4.2 6.38 231 .15 187 5.2
60 14.6 24 4.4 6.14 2.08 .12 130 6.3
High 0 93 29 6.30 4.84 .35 147
Copper 10 119 3.9 4.78 3.63 .35 218
20 132 2.7 5.44 6.38 .62 233
40 149 5.8 4.98 8.95 1.11 281
60 184 8.7 4.71 12.16 1.00 182

¥ The figures refer to the mean =+ stand. error of groups of 10 rats.

} Pooled samples.

moglobin, total serum proteins and serum iron
are also reported.

Methods. One hundred and fifty male,
Sprague-Dawley rats, 150 to 200 g in weight
were used. The basal diet consisted of evap-
orated milk,} diluted 1:1 with demineralized
water. 25 mg of ferric chloride,$ spectro-
scopically-free of copper, was added to 11 of
the basal diet. Since each animal consumed
about 50 ml of the basal diet daily, each re-
ceived 1.25 mg of iron/day. The diet fed to
animals in the “normal-copper” group was
supplemented with copper acetate in such an
amount that each animal received 40 pg of
copper daily. The diet fed animals in the
“high-copper” group was supplemented with
copper acetate in such an amount that each
animal consumed 1.6 mg of copper daily. Ten
animals in the “normal-copper” group were
sacrificed on days 0, 10, 20, 40 and 60. The
“low-copper” group was started on the experi-
ment at the same time as the “normal-copper”
group and 10 animals were sacrificed on days
5, 10, 20, 40 and 60. The “high-copper”
group was studied at a later date and 10 rats
were sacrificed on days 0, 10, 20, 40 and 60.
All animals were anesthetized lightly with

Percent charg

t ug/g of wet tissue.

ether and exsanguinated wia the abdominal
aorta. The livers were removed, rinsed with
copper-free water, weighed and stored in the
frozen state. Methods for determination of
serum copper(4), serum iron(5) and tissue
copper(6) have been published previously.
Total serum protein estimations were per-
formed by the method of Weichselbaum(7).
Hemoglobin was determined by the cyanme-
themoglobin method(8).

Results. The data are presented in Table
I and in Fig. 1. Concentration of copper in

B
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1 Copper concentration of 70 to 110 ug/l.

§ Prepared from carbonyl iron powder (96% iron),
Grade RX, Antara Products, General Aniline and
Film Corp., N.Y.City.

a 10 20 .30 40 50  éf
Days on Experiment

FIG. 1. Influence of dietary copper on concentra-

tion of copper in serum and liver. Values are ex-
pressed as % change from initial values.
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liver and in serum of the animals in the “nor-
mal-copper” group remained relatively con-
stant.

In the “low-copper” group, the serum cop-
per decreased rapidly in the first 5 days to
48% of the initial value. During the next 35
days there was a more gradual decrease to a
level of about 23 pug %. Thereafter, concen-
tration remained at this low level. Concen-
tration of copper in the liver decreased grad-
ually over the first 20 days and thereafter re-
mained constant at about 60% of the initial
value.

In the animals fed a ‘“high-copper” diet
there was a progressive increase in concentra-
tion of copper in both the serum and the liver.
Over the first 20 days there was a more
prompt increase in serum copper than in liver
copper. Thereafter, there was a slightly
greater rate of accumulation of copper in the
liver as compared with the serum (Fig. 1).

Anemia of significant degree was not pres-
ent in the animals in the “low-copper” group
in spite of an 80% reduction in serum copper
and a 40% reduction in liver copper. The ap-
pearance of hypoferremia in the “low-copper”
animals is in agreement with observations in
copper-deficient pigs(2). Likewise. the fail-
ure of copper-depleted rats to develop hypo-
proteinemia is in agreement with observations
in swine(2).

Discussion. Under conditions of these ex-
periments, dietary intake of copper greatly
influenced concentration of copper in the se-
rum and in the liver. Within certain limits
concentration of copper in the serum paral-
leled concentration in the liver. In general. a
change in the intake of copper was reflected
more promptly in the serum than in the liver.
With a “high-copper” diet there was a pro-
gressive increase in the concentration in both
the serum and the liver but after about 30
days there was a greater rate of accumulation
of copper in the liver than in the serum. Thus,
the capacity of the serum copper to increase
beyond a certain point seemed more limited
than was the capacity of the liver.

It is interesting that with a diet low in cop-
per, concentration of copper in the liver de-
creased to about 60% of the initial value in
20 days but thereafter there was no further
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decrease. This suggests that there is a “la-
bile” fraction of liver copper and a more
“stable” fraction. In severely anemic copper-
deficient pigs, the liver copper averages 5%
of the normal values(2). Thus, the more
stable fraction of liver copper is depleted in
severely deficient animals with anemia. It
should be pointed out that the experiments in
swine were performed on rapidly growing, 5
day old pigs, whereas the rats used in the
present experiments were not fed the low-
copper diet until after the age when they grow
most rapidly. This probably accounts for the
lesser degree of depletion of liver copper in
the rats than in the pigs.

It should be emphasized that concentration
of copper in the serum and in the liver does
not reflect dietary intake of copper under all
conditions. Likewise, under certain circum-
stances there is no relationship between con-
centration of copper in the serum and in the
liver. For example, in Wilson’s disease(9),
the dietary intake of copper is normal. concen-
tration of copper in the serum is greatly re-
duced, and concentration of copper in the liver
is greatly increased. In this disease there is
a specific inability to synthesize ceruloplas-
min, the copper protein of plasma. In condi-
tions in which protein synthesis, rather than
availability of copper, limits synthesis of ceru-
loplasmin(1), it may be expected that there
will be disparity between concentration of cop-
per in the serum and in the liver. Likewise,
in conditions such as pregnancy and infection
in which the synthesis of ceruloplasmin is
accelerated(10), there may be disparity be-
tween dietary intake of copper and serum cop-
per concentration and between concentration
of copper in serum and in the liver.

Summary. 1. Dietary restriction of copper
in adult rats was followed by prompt decrease
in serum copper and a somewhat slower and
less extensive depletion of liver copper. 2.
Feeding of diets high in copper was followed
by increase in concentration of copper in both
serum and liver. The increase occurred more
rapidly in serum than in liver during the first
20 days. Thereafter, rate of increase was
greater in liver.than in serum. 3. It is con-
cluded that concentration of copper in serum
and liver is markedly influenced by dietary
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intake of copper and that there is a close cor-
relation between serum and liver copper con-
centrations.

The authors are indebted to Mrs. Marilyn Dahm,
Mr. George Trappett and Mr. Dale Chlarson for
technical assistance.
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Bile Acid Metabolism, Dietary Fats, and Plasma Cholesterol Levels.*
(24094)

SaNForD O. BYERs AND MEYER FRIEDMAN
Harold Brunn Institute, Mount Zion Hospital, San Francisco, Calif.

The discovery of plasma cholesterol lower-
ing properties of ingested highly unsaturated
fats(1,2) has stimulated extensive study con-
cerning the possible mechanism by which this
effect is mediated. Most research has been
focused upon possible changes in plasma
transport or tissue disposition of cholesterol,
while little attention has been directed toward
possible intra-intestinal effects of ingested un-
saturated fats. However, recently Gordon et
al.(3) have reported an increased excretion
of bile salts in feces of individuals ingesting
sunflower seed oil (iodine No. 135) as against
those ingesting hydrogenated coconut oil (io-
dine No. 6). Recently, we observed(4) that
when absorption of bile acids (but not of
cholesterol) was diminished in rats by ileal
reimplantation of the common bile duct, a
marked reduction in plasma cholesterol con-
centration occurred. In the present study the
effects of ingested highly unsaturated fats
upon both the flow and constituents of bile
and upon absorption of cholesterol itself are

* Aided by grants from Life Insurance Medical Re-
search Fund and Amer. Heart Assn.

reported.
Methods. A. Acute effect of ingested
highly unsaturated fats wupon intestinal
absorption of cholesterol. To determine the
possible effect of a highly unsaturated fat
upon intestinal absorption of cholesterol, a
group of 9 healthy male adult rats (Long-
Evans strain) were starved for 24 hours, then
given 50 mg of cholesterol dissolved in 3 ml
of soy bean oil (iodine No. 121; Liebermann-
Burchard positive material 4.6 mg/ml
calculated as cholesterol). Another group of
5 rats was given the same amount of choles-
terol in 3 ml of corn oil (iodine No. 120; L-B
positive material = 11 mg/ml). For control
purposes, one group of 5 rats was given 50
mg of cholesterol in 3 ml of warmed lard (io-
dine No. 59; L-B positive material = 1.2
mg/ml), and another group of 5 rats, the
same amount of cholesterol in 3 ml of coconut
oil (iodine No. 6; L-B positive material = 1.1
mg/ml). Immediately after feeding, all rats
were subjected to cannulation of intestinal
lymph duct(5) and lymph collected for 24
hours was analyzed for cholesterol(6). B.



