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COMPARATIVE ASPECTS OF COPPER METABOLISM AS
REFLECTED BY THE COMPOSITION OF ANIMAL TISSUES
INTRODUCTION

Our knowledge of the mineral requirements of animals was at

first largely limited to such major elements as calcium, magnesium,
phosphorus and to common salt. This concept had to be broadened
to include minor or

trace elements, such as iodine, copper, zinc,

and cobalt. Progress in the latter area was at
of

first hindered by lack

sensitive analytical methods. Although our knowledge concerning

iodine, iron, and copper in some instances predates satisfactory

analytical procedures, many of the trace elements were found to be
widely distributed in plant and animal tissues before their biological

importance was established.
Copper has been reported in measurable amounts in numerous
food substances, and by the correlation of the results obtained by dif-

ferent investigations, it is not difficult to account for its presence in
the animal organism (119, p. 455). It appears that it is possible to

trace this element back to foods

of

vegetable origin and even to the

soil upon which the plants were grown. Supplee and Bellis (119, p.
456)

reported that copper is a normal constituent

of many edible

plants. They stated that copper is present in all parts of the plant.
They also added that zinc and copper are present in measurable

2

amounts in the flesh and organs of various animals, in the milk and
blood and in human excreta.

Also it was reported (119, p. 456, 457)

that zinc and copper are commonly associated together in these substances and that zinc is usually found in greater amounts than is cop-

per. Generally it is concluded that these elements are ingested with
the food, absorbed from the gastro -intestinal tract, stored in the

muscles and in the liver and finally pass into the body excretions and

secretions.
Copper functions in mammalian tissues as a component of various

metallo- enzymes and proteins which are needed for normal erythropoiesis, bone formation, and for a number of oxidation -reduction reactions. Copper also has an effect on iron metabolism. The several
enzymes containing copper and proteins are probably only representative of many others still unidentified, but the exact mechanism and

site of action for those already known are often poorly understood
(135, p. 251).

Naturally occurring copper deficiency has never been clearly

demonstrated in man, but has been produced experimentally and also
observed among cattle and sheep grazing on copper deficient soils
(19, p. 94, 108). The highest concentration of copper is found in

liver and in the central nervous system, muscles, and bone. Only
when the intake is abnormally high, copper seems to be preferentially

accumulated by any tissue. Wohl and Goodhart (135, p. 251) reported

3

that the copper content of food depends to a large extent on the amount
in the environment.

They also added that copper is so widely dis-

tributed in human foods, that any calorically adequate diet will almost
certainly provide the daily requirements for copper.
The purpose of these experiments was to investigate and confirm

the effects of copper supplementation on the several types of animals

used. The criteria used included tissue composition and hair -coat

abnormalities.

4

REVIEW OF LITERATURE

The Role of Copper in Anemia

During the past four decades there has come about a realization

that trace amounts of copper are essential to the biological synthesis
of hemoglobin and the

structurally related iron porphyrin -protein

enzymes. Also trace amounts of copper have been shown to be essen-

tial for the development

of the

plant pigment, chlorophyll (74, p.

18)

.

Hart et al. (50, p. 810-812) reported that the presence of copper
in plant and animal tissues had been known for sometime..

But no

definite function had been assigned to it at that time, except in the

case of some molluscs and crustacea where copper is a constituent of
hemocyanin (the blue respiratory pigment).

They added that their re-

sults showed that copper was one of the elements in the H2S fraction
of the

ashes of certain foodstuffs which were highly active in promot-

ing the utilization of iron in the formation of hemoglobin.

Hart et al. (49, p. 67,

79 -80)

cited Von Bunge's report that milk

is very low in iron, while Abderhalden stated that when animals were
kept for prolonged periods on a diet consisting only of milk, anemia

occurred with a marked decrease

of hemoglobin content of blood.

Hart et al. showed that feeding a whole milk diet to rabbits resulted
in a nutritional anemia characterized by low hemoglobin levels and

erythrocyte counts. In addition, they found this type of anemia can

5

be prevented or corrected by inorganic iron in the presence of fresh

cabbage or an alcoholic extract of yellow cornmeal.
Ruth et al. (98, p. 397 -402) reported that copper is an essential

element and that it functions especially in the stimulation
globin formation in the presence of an adequate diet.

of

hemo-

When they fed

different levels of copper as copper sulfate to albino rats, they found
slight toxicity in the group fed a level of 500 ppm. Also increasing

toxicity of higher levels were observed as indicated by growth re-

cords. After four weeks they found the blood copper value increased
two to five times, while the liver copper value increased to a maxi-

mum of 300 times normal. Elvehjem (31, p.

16 -17)

reported that

feeding a diet of cows milk alone to weanling rats resulted in a nu-

tritional anemia after

28 to 35

days. He found that only iron with

copper stimulated hemoglobin formation.
104 -105) found

marked depletion

the severely anemic rats.

Schultze et al. (103, p. 101,

of copper and

iron from the body

of

When they fed iron and copper, maximum

hemoglobin formation was observed. In addition, they reported that
young pigs suffering from both iron and copper deficiency cannot form

hemoglobin and erythrocytes when pure iron alone is supplied. They

observed a rapid hematopoiesis when iron and copper were fed to the

severely anemic pigs. Waddell et al. (131, p. 53,

63 -65) found a

chronic anemia in rats fed whole milk and copper without iron. They

also observed a low growth rate and poor reproduction. Moreover,

6

they observed no anemia in rats fed whole milk supplemented with

iron and copper. Growth and reproduction were still subnormal.
This was related to the low caloric intake incident to being restricted
to milk diets.

Stein and Lewis (113, p. 465, 472) reported that feeding evapor-

ated milk to rats resulted in a fall in hemoglobin without a corresponding drop in the number of the erythrocytes, which occurs when

raw milk is the main article of diet. Their results indicated that the

copper in the evaporated milk is responsible for the temporary maintenance of a higher erythrocyte count. When they added 0.025 mg to
0.

5

mg copper daily to the milk diet of anemic

rats,

a definite

ery-

thropoietic action without any influence on hemoglobin formation was
observed. Keil and Nelson (59, p. 49,

56)

reported that they easily

produced nutritional anemia in rats on a whole milk diet. They found
that copper was the only element which had a positive effect on hemoglobin building, when added together with iron to the whole milk diet.

Underhill et al. (124, p. 22 -25) produced nutritional anemia in rats
by keeping them on whole milk diet.

They found that purified iron

alone was ineffective in preventing or curing it. In addition, supple-

ments of cobalt, nickel, zinc, and manganese to iron failed to cure

nutritional anemia, They too found that copper alone, of all the
metals studied, has the ability to supplement iron in curing the nutritional anemia of rats.

7

Mitchell and Schmidt (82, p. 478, 485 -486) reported that a true

nutritional anemia can be produced in rats raised from parents that
have been fed on diets low in iron.
Swanson and Smith ( 120, p. 495 -496) found that total elimination
of all inorganic constituents of the diet

resulted in an atypical blood

picture in the rats. They found that the blood cells were very small
in size as shown by determinations for red blood cell volume and by

calculations for corpuscular volume. In addition, they found that the

total hemoglobin was reduced and also the absolute quantity of the
individual cell, but they found the percentage of hemoglobin in each

cell was normal. Schultze and Elvehjem (102, p. 370 -371) reported
that the feeding of adequate amounts of iron and copper to the severely
anemic rats resulted in a definite increase in hemoglobin and erythro-

cytes. No response was obtained by feeding iron or copper alone.
They also observed that about 0.3 mg of iron and 0.005 to 0.01 mg
of copper were found to be the

minimum daily requirement to produce

a typical reticulocyte response in anemic

rats. Myers and Beard

(84, p. 108 -109) found that copper was the most effective element in

preventing hemoglobin degeneration with 0.05 and 0.

10

mg of iron,

followed closely by manganese, arsenic and chromium. They found
the iron was essential for hemoglobin regeneration in nutritional

anemia, and the action of the other elements to be probably catalytic
in nature.

They also concluded that their results gave little support

8

to the concept that copper was a specific supplement to iron in the

cure of the nutritional anemia of rats.
467)

Titus and Hughes (122, p. 463,

reported that not only copper but also manganese is effective in

the utilization of iron in hemoglobin building.

Moreover, they added

that apparently these two elements when added to the ration, are

stored in the animal body.
Smith and Medlicott (110, p. 358) reported that a microcytic and

hypochromic anemia was developed in rats fed a diet deficient in iron
or copper or both. They also added that feeding of pure iron to anemic

rats restricted to milk diets led to

a significant

increase in the mean

cell volume which, however, still remains less than normal. A rise
in the erythrocyte count which was not accompanied by an increase
in hemoglobin, resulted when copper was fed to anemic rats on ex-

clusive milk diets.
Waddell et al. (130, p. 129) fed twelve mineral elements to rats
and found that none of them approached copper in its ability to bring

about increased hemoglobin formation.

They concluded that copper

is unique in this connection and must be considered a necessary ele-

ment in the nutrition of the animal body. Pearson et al. (93, p. 762763) found

that proteins of liver, casein, egg albumin, and soy bean

oil meal are consistently effective in building hemoglobin.

They con-

cluded that the formation and maintenance of normal hemoglobin

values is a more sensitive index than growth and that in the presence

9

of adequate amounts of

iron and copper the animal will utilize its body

proteins for hemoglobin synthesis. In addition, the rate of hemoglobin
synthesis is significantly retarded when the dietary protein is either

qualitatively or quantitatively inadequate for growth.
Orten et al. (89, p. 7-8) showed that feeding milk diets to rats

resulted in nutritional anemia. Inorganic iron failed to prevent anemia,
but when iron was supplemented by copper an approximately normal

hemoglobin level was maintained. They also reported that a mixture
of manganese, cobalt, nickel and zinc, supplementing

iron had no

prophylactic action in nutritional anemia, while the same mixture
plus copper prevented a decrease in the hemoglobin level. Smith and
Otis (107, p. 42) found that addition of copper in the anemia production

period made more complete utilization of iron reserves possible, so
that animals thus rendered anemic had no stores of iron. To the

contrary, copper reserves in the rats which received no copper other
than that in the milk, were exhausted before all the iron reserve had
been converted into hemoglobin.

They added that when copper was

fed with iron, these iron reserves became available for hemoglobin

formation, and the resulting gains in hemoglobin were therefore not
a true

measure of the response to iron, but were abnormally large

owing to the effect of copper in the conversion of body

reserves

of

iron into hemoglobin.
Gubler et al. (42, p. 1090 -1091) reported that feeding a milk diet
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low in copper to swine resulted in an impaired ability to absorb iron

from the tissues and, inability to utilize parenterally administered
iron for hemoglobin synthesis even when it is available in the bone

marrow in normal quantities. Cartwright et al. (17, p. 151-152)
found that the anemia of copper- deficiency in swine is morphologically

similar to the anemia due to iron deficiency in swine. Oldfield (88,
p. 30) cited McGowan and
of copper

Grichton's reports that very small amounts

were needed for proper utilization of iron in iron - deficiency

anemia in baby pigs. Maass et al. (69, p. 326 -327) fed raw milk diets
supplemented with crystalline B- vitamins and manganese to dogs, and
then rendered the animals anemic by bleeding. They observed no

response when the diet was supplemented with iron in the absence of
copper. When they provided

3

mg copper per day an immediate and

rapid increase in hemoglobin, hematocrit, and red cell counts was
obtained. Moreover, they found that administering 10,

iron with
dogs.

3

20

or 30 mg

mg copper gave a characteristic remission of anemia in

Smith et al. (111, p. 181) reported that in the rabbit a de-

ficiency of iron or copper or both in the diet resulted in a hypochromic and microcytic anemia. They also added that a similar condition

prevailed in the rat, while in man

a

deficiency of iron is known to

produce a microcytic and hypochromic anemia. Moreover, they
added that the pig is the only exception in that a milk- induced anemia

results in

a

hypochromic and normocytic anemia.
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Elvehjem and Hart (32, p.

140 -141) found

that placing day -old

chicks on a sole diet of cows' milk resulted in a fall of hemoglobin

from

8

grams to

4

grams per

100 ml, in 12 to 15

days.

When they

added purified (copper -free) inorganic iron salt, to the basal ration
which contained small amounts of copper, an immediate stimulation
of hemoglobin

synthesis resulted. They found that only when minute

amounts of copper were added to the diet a stimulation of hemoglobin

formation was obtained. In addition, they found that copper acts as a
supplement to iron in hemoglobin synthesis in chicks as well as in

rats. Carlton and Henderson (13,

p. 227, 228, 233)

reported that

copper is necessary for hemoglobin synthesis in the growing chick.
They also added that chickens deprived of copper became anemic, de-

veloped a form of leg weakness and sudden death, with massive hemo-

peritoneum or hemopericardium due to rupture

arteries. They concluded that

a

of the

dietary copper level

aorta and other
of about

2.7

ppm was not significantly different from one of approximately 8.

7

ppm

for growth and erythropoiesis in chickens. In addition, they found

that in most experiments ascorbic acid intensified the effects in
chickens of a copper- deficient diet. They also reported that feeding

ascorbic acid at

a

rate of

5 g /kg

of

diet resulted in reduced growth,

lower hemoglobin, and hematocrit levels and increased mortality in

chickens. Cartwright (15, p. 117 -118) reported that copper has been
shown to be essential for normal erythropoiesis in chickens, mice,
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rats, rabbits, dogs, pigs, sheep, cattle, and infants.
Copper in Blood
Lahey et al. (63, p. 322, 325 -327) reported, about 1870, that

copper was recognized as a usual constituent of blood but relatively
few studies had been made on the metabolism of this element in hu-

man subjects.

The main reason was the inadequate analytical methods

in the past, but now more reliable methods have facilitated the mea-

surement of the copper contents of whole blood, plasma, and red
cells in normal subjects. Lahey et al. (63, p.
whole blood copper of humans is 96

+ 131.1g

327) showed

and 100

blood in the male and female, respectively.

+ 11

+ 29

µg per 100 ml of

µg per 100 ml

They also reported that

the copper content of red blood cells gave a value of 110

males and 122

that the

+ 16

µg in

red blood cells in females.

Moreover, they added that these results confirm the observations that

plasma copper is significantly higher in females than in males.
Tompsett (123, p. 1544, 1549) found that normal human blood con-

tains from 0.185 to 0.229 mg copper per

100

ml which is more or

less equally distributed between plasma and corpuscles. Wohl and
Goodhart (135, p. 251) reported that whole blood contains about 100
mg per 100 ml, distributed approximately equally between plasma and

erythrocytes. The amount tends to be constant in the red cells, but
serum values, however, rise during pregnancy and in many disease

13

states. Fay et al. (34, p. 489 -490) reported a slight elevation in the
free erythrocyte porphyrin, and a diminution in serum iron during the

later part of pregnancy. Moreover, an elevation

of the

plasma cop-

per value was observed during pregnancy. The higher blood copper
in the pregnant women was also confirmed by Lahey et al. (64, p.
336 -338).

They also added that higher values for whole blood and

plasma than normal were found in patients with various subacute or
chronic infections, while the red blood celes copper was usually normal.
Tompsett (123, p. 1544 -1549) reported that the copper contents

horse, and guinea -pig bloods are

of sheep, ox, pig,

of the same

or-

der as that of human blood. Only rabbit blood showed slightly lower

values. Underwood (125, p.

61)

reported that the copper contents in

whole blood of healthy man, pigs, rats, dogs, rabbits, cats, horses,

sheep, and cattle fall within the range of 0.

liter . Beck (7, p.

1)

5

-

1.5 mg copper per

found that the highest blood copper in the pig

at 1.4 mg per liter whole blood, and the lowest blood copper value in

domestic fowl and turkey as 0.

23 mg

per liter. Also he added that

in most other species the values range between 0.

liter. Moreover,

5

and 1.0 mg per

he suggested that the usual range in an individual

species probably represents the optimum for the physiological re-

quirements

of

this species.

The change in blood copper levels in man was observed by

14

several investigators. Lahey et al. (64, p. 336 -338) reported hyper cupremia, due to an increase in plasma copper in acute leukemia,
Hodgkin's disease, hemochromatosis, aplastic or primary refractory

anemia, hyperthyroidism, pernicious anemia and iron deficiency
anemia. They also added that hypocupremia was found only in lipoid

nephrosis and in hepatolenticular degeneration and is probably related
to the increased urinary excretion of copper in these conditions.

Markowitz et al. (71, p. 1505, 1507) reported that in neurologic di-

seases there was no decrease in the quantity

of

ceruloplasmin in the

serum. They also added that no ceruloplasmin was found in brain,
spleen, bile or erythrocytes of normal control subjects. In addition,
they found that the copper -protein complex in normal erythrocytes to
be immunologically distinct from ceruloplasmin. Butterworth,

Jr.

et al. (12, p. 596 -597) suggested that hypocupremia in sprue may fre-

quently be due primarily to an inability to synthesize the protein por-

tion of ceruloplasmin, also that in some patients malabsorption of

copper may be a contributing factor. Dempsey et al. (24, p. 520,
522 -523)

reported that in two infants with hypochromic anemia, they

also found hypocupremia, hypoferremia, and hypoalbuminemia. They
suggested that hypocupremia was secondary to a deficiency of copper
which was great enough to produce hypocupremia but which was not

sufficiently severe to be significant in the pathogenesis of anemia.
Feeding low copper diets to swine and rats resulted in
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hypocupremia which precedes development of anemia. Their results
also showed that dietary restriction of copper in adult rats resulted
in a prompt decrease in serum copper, while feeding higher copper

levels resulted in an increase in concentration of copper in both serum
and liver.

Schultze et al. (104, p. 116 -117) found that iron and cop-

per deficiencies in pigs resulted in extremely low levels of copper in
the blood.

When they fed

2

to 4 mg of copper per day together with

iron a very rapid and significant increase of the copper content

of the

blood resulted.

Johnson and Kountz (56, p. 518 -519) demonstrated that total

serum copper increases with the administration of certain hormones
such as testosterone and estrogen during pregnancy, and also in dif-

ferent pathological states. Their results showed an increase in total
serum copper content and a decrease in the total serum zinc content
in pregnant women.

Russ and Raymunt (97, p. 466) found that ad-

ministering estrogen in doses ranging from 0.25 to
4

1. 0

mg for

3

to

weeks markedly increased the serum total and "direct" reacting

copper or ceruloplasmin levels in subjects with various diseases.

Johnson et al. (55, p. 98 -99) obtained a significant increase in serum
copper of healthy men and women as a result of testosterone propionate or estradiol benzonte administration. Adams and Haag (2, p.
588 -590)

stated that it is conceivable that the data on man is largely

confined to a copper environment analogous to that of cattle showing

16

plasma values

of 1.0 or

more micrograms of copper per ml. They

found that whole blood and plasma of cattle contain approximately

equal concentrations of copper only in the vicinity of one µg per ml.
Copper in Other Animal Tissues

Flinn and Inouye (36, p. 113 -114) raised the question whether
copper might play some important role in the metabolic reaction of
the organism.

Their results showed that the liver copper content of

the normal human ranged from 2. 4 to 15 mg per 100 grams of dry

tissue. Beck (7, p.

reported the liver copper value in man as

1)

24

ppm and in the rat as 10-18 ppm of dry tissue. Cartwright and

Wintrobe (18, p. 229 -230) found the copper content of organs from

normal subjects as follows: liver,

heart, 3.0µg per gram; kidney
gram; and muscle

tration

0.

9

µg

of copper in the

5.

2. 0 µg

1

µg per gram (wet

tissue);

per gram; spleen 0.8µg per

per gram. They found the highest concen-

liver and brain. Moreover, they added that

the liver is the main storage organ in the body economy of copper,
and that the major excretion of copper is through the biliary system.

Wintrobe and Cartwright (133, p. 416 -417) noted that in Wilson's

disease a marked increase in the concentration of copper occurred in
the liver as well as in the involved areas in the brain.

Bush et al.

(10, p. 1777 -1778) showed that the excessive accumulation of copper

in the tissues of patients with hepatolenticular degeneration is due to

17

increased absorption

of copper

from the gastro -intestinal tract.

They also found that the absorption of cupric acetate can be effectively

inhibited by the administration of potassium sulfide. Cordano et al.
(21, p. 335 -366) showed that 42 to 135 µg per kg per day copper is

required by rapidly growing infants with poor stores of copper.
Beck (7, p.

1

-18) found that the concentration of

liver copper in

ppm on dry weight basis.

He also added

most species lies below

50

that high liver copper in some species is not so much due to a higher
intake of copper as to a lack of mechanisms restricting the storage of

copper.

Flinn and Inouye (36, p.

106)

observed that when large

amounts of copper are fed to guinea pigs an increase in the liver cop-

per results. Cunningham (22, p. 1291) reported that addition of copper to the diet of rats resulted in an increase of copper content in the

liver and skin
an

of

rats.

When additional copper was fed to the mother,

increased copper storage was found in the newly born rat. Mills

(79, p. 398) found higher levels of liver copper in

rats fed herbage

supplements than from the administration of equivalent amounts of

cupric sulphate. He added that this response was due to the water soluble copper component in herbage, which is more readily available

than the free cupric ion. Dempsey et al. (24, p. 523) showed that

dietary restriction

of copper in adult

crease in serum copper and
depletion of liver copper.

rats resulted in

a somewhat

a

prompt de-

slower and less extensive

They also found that feeding high copper
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levels resulted in an increase in concentration of copper in both serum
and liver.

They observed that the rate of increase was greater in

liver than in serum after the first

20

days. Moreover, they found a

close correlation between serum and liver copper concentration.
Owen (92, p. 448) determined the distribution of copper in normal

adult male rats. He found the highest copper contents in the kidney,
5.

1

µg per gram wet weight,

Gray and Daniel (41, p. 31,

liver 4.

4 and

33) showed

heart

4.

5

mg per gram.

that the level of copper in the

liver of the animals studied is significantly influenced by the nutritional copper status of the animal and the dietary levels of molybdenum
and sulphate, as well as that of copper.

Lindow et al. (67, p. 435)

found that feeding additional copper to rats resulted in increased cop-

per contents

of the

skeleton, kidney, spleen and the liver amounting

to 1. 6, 2, 5, and 20 times, respectively.

Kulwich et al. (61, p. 490)

showed that feeding 1000 ppm molybdenum as sodium molybdate to

rats and swine

on

natural diets resulted in a pronounced increase in

copper contents of the kidneys and liver. This is in line with the hy-

pothesis that excess copper which is physiologically ineffective may
be accumulated when a high level of molybdenum is fed.

Kulwich et

al. also found that swine are more resistant to molybdenum toxicity

than are rats.

Engel et al. (33, p. 1163) found significantly lower stores of

liver copper in calves fed unsupplemented rations containing

4 to

5

ppm
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of copper.

They also noted that liver copper concentrations more

closely reflected ration levels. Pryor (94, p. 123,

133)

reported

that the liver copper contents in the foeti of pigs, cattle, and sheep

are higher than those of the respective adult animals.
Gubler et al. (44, p. 544 -545) found a very low tissue copper

level in the case of copper- deficient swine, while normal to high in

iron -deficient swine. Moreover, they noticed a marked increase in
the heart weight and a moderate increase in the liver and kidney

weights due to copper deficiency, while no effect was observed on the

other organs.

Teague and Carpenter (121, p. 389) observed an un-

usual leg condition in young growing swine when fed a copper deficient

diet. They also found that the animals, while not paralyzed, remained in a prone position.

Cartwright (15, p.

283)

reported that copper deficiency in sheep

in Western Australia resulted in a condition known as "enzootic

ataxia ".

Copper deficiency in young lambs resulted in hypochromic

anemia which is also accompanied by demyelinization of the nervous

system and hemosiderosis of the tissues. Butler et al. (11, p. 424425) found a slight

stiffness and incoordination of hind limbs of young

lambs with a low initial copper status, which had been given large
amounts of molybdate and sulphate orally.

They also showed that the

values of cytochrome oxidase were as low as those found in natural

cases

of

delayed "swayback" of the same age. Marston et al.
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(72, p.

7

-8) studied

"coast disease"

of

sheep in south Australia.

They

found sick animals characterized by loss of vigour, loss of weight,
and anemia.

Moreover, they found reduced copper levels in the liver,

while the iron content of the liver from sick animals was greatly in-

creased. Dick (25, p.

30 -33)

observed that an increase in the moly-

bdenum intake of cattle and sheep resulted in lower storage of the

copper in the liver. Dick (26, p. 638) found that the presence of in-

organic sulphate was required to enable molybdenum to exert its
maximum limiting effect on the storage of copper in the liver of
sheep. He added that studying the molybdenum effect without taking
into account the inorganic sulphate may be misleading.
Reddy et al. (96, p. 191) found no difference in copper contents of

liver, spleen, and kidney of conventional and germ -free rabbits.
They found a lower rate of iron and copper metabolism but a similar

rate of manganese metabolism in germ free rats as compared with
conventional rats.

O'dell et al. (86, p. 405) found that chicks reared for four weeks
on a modified non -fat

milk diet deficient in copper showed evidence of

a mild anemia, leg weakness, and bone deformation.

Their histologi-

cal studies revealed a derangement of connective tissue metabolism
with the major defect in elastic tissue. Savage et al. (99, p. 15, 17)
found that the histopathology of the aortas from copper- deficient poults
was hardly distinguishable from that of poults fed practical diet
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supplementedwith 0.10 percent ß- aminopropionitrile. They also ob-

served high incidences

of subcutaneous

hemmorrhage, perosis and

enlarged hocks, but no aortic rupture in copper- deficient poults.
Moreover, they found a lower elastin content in the aortas of the

copper- deficient poults than in the controls. Starcher et al. (112,
p. 320) showed

that copper deficiency affected the synthesis of elastin,

and the amino acid analysis of elastin from copper- deficient and con-

trol chicks showed that the lysine concentration

of the copper -

deficient elastin was three times that of control elastin. O'dell et al.
(87, p. 9, 12) fed copper- deficient diets to chicks.

Their results

showed that the experimental birds weighed only about 30 percent as

much as the controls, but their aortas were twice as heavy as those
of the

controls.

They found that the saline - soluble fraction from

copper- deficient aortas contained nearly twice as much nitrogen.
The aortas from the control birds contained about 47 percent elastin
and the deficient group about 26 percent, on the basis of dry weight.

Moreover, the copper- deficient group accumulated a large fraction
of non -elastin, non - collagen

protein and had an increased concentra-

tion of soluble collagen. In addition they found that the elastin iso-

lated by sodium hydroxide treatment contained a greatly elevated
concentration of lysine and significantly less desmosine and isodesmo sine.

Lahey et al. (62, p. 1069) showed that animals deficient in dietary
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copper developed skeletal abnormalities, microcytic -hypochromic

anemia, leukopenia, and an increase in the iron -binding capacity of
the plasma.

Hypocupremia, reduced erythrocyte copper content,

and lower copper levels in other tissues were also noted.

Larson (108,
" teart"

p. 36)

Smith and

cited Ferguson et al. to the effect that certain

pastures in England which were toxic for cattle contained

large amounts of molybdenum and that symptoms of molybdenum toxicity could be alleviated by drenching the cattle with a solution of cop-

per sulfate.
Gubler et al. (44, p. 533, 544) found that both the concentration
of

total cytochrome

c

and myoglobin of the heart muscle were in-

creased in copper deficient animals. Moreover, they noticed a
marked reduction in the activity

of

cytochrome

c

due to copper de-

ficiency but not in case of iron deficiency. In addition, they found
a

decrease in the glutathione content

of the

liver in copper deficiency,

while a normal level was found in case of iron deficiency.

Schultze

(101, p. 736) showed that copper is essential for the formation and

maintenance of cytochrome oxidase activity of liver and heart tissues
of

rats. Schultze (100,

p. 223)

reported that normal mature rats

responded to hematopoietic stimuli by a rapid increase of cytochrome
oxidase activity of the bone marrow. Also he found a close relation
between the cytochrome oxidase activity of the bone marrow and its

ability to form hemoglobin and erythrocytes. Hill and Matrone (52,
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p. 426)

noticed a reduction in the heart cytochrome oxidase activity

due to copper deficiency in chickens, while iron deficiency did not

affect the cytochrome oxidase activity.
105) found a

Cohn and Elvehjem (20, p.

marked decrease in the cytochrome a of heart, liver,

and brain in nutritional anemia of rats.

Stotz et al. (114, p. 521)

showed that complete poisoning of oxidase enzymes was produced with

seven different copper inhibitors.

They also found that a mixture of

copper and albumin assumed the characteristic properties of an enzyme.
Role of Copper in the Pigmentation of Hair and Wool

Impaired copper status in different species of animals may result from one or a combination of perhaps three sets of circum-

stances. Simple copper deficiency results from the consumption of
forages which are very low in copper content. Such forages may
contain of the order of 1 -2 ppm copper on a dry basis.

Induced cop-

per deficiency may result where forages contain 4 -10 ppm copper.
Such forages, in the absence of factors interfering with copper utili-

zation, should provide sufficient copper to maintain normal blood
and liver levels.
Among the interfering substances is molybdenum. Impaired

tissue copper status is, however, known to occur in areas where
molybdenum has not been found in what appear to be excessive
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amounts, hence "unknown" factors. Moreover, impaired copper

status also occurs in association with the more intense forms of molybdenum toxicity.
The influence of copper on hair and wool has been studied by a

number of investigators. The study of the copper content of hair has

attracted some attention due to the depigmentation
of wool which may occur in

of the

hair coat or

copper- deficient rats, cattle, or sheep.

Cunningham (22, p. 1272) studied the copper contents of hair of dif-

ferent animals. He reported 14.8 ppm copper in hair of rats,
ppm in hair of dogs, 11.

feathers

of the

9

ppm in hair of cats, and 4.

9

22.

7

ppm in the

domestic fowl. He added that addition of copper to

the diet of rats resulted in increased copper contents of skin and hair.

McElroy (74, p. 278) showed the copper concentration in the hair of
adult man to be

hair

of

15

mg per kg of tissue.

Owen (92, p. 448) found the

normal adult male Sprague -Dawley rats to contain

gram. Goldblum et al. (38, p.

15 -17)

30 µg

per

reported that there is little

correlation between the relative values of zinc, magnesium, copper,
iron and manganese in skin, nails, and hair. They also found that
zinc occurs in greater amounts in nails than in skin or hair.

They

also showed that the greatest concentration of copper is in hair,
while hair has the least concentration of iron.

that the black hair contained

0. 001

Moreover, they found

percent iron, and

percent copper. Dutcher and Rothman (29,

0. 003 to 0. 013

p. 68) found a

higher
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iron value in the human red hair than hair of any other shade. They
did not find any relation between the copper content and the color

shade of human hair- Strain et al. (117, p. 490) showed that there

is no direct relationship between the radiozinc dose and the resulting

hair -level in dwarfs. Also, they added that the radioactivity

of the

hair from dwarfs does not compare with the high values measured
in rat hair, which becomes the most radioactive part of the body with

continued ingestion of zinc -65. Hopkins et al. (53, p. 1064) found

that the radionuclide content of hair may offer a non- destructive
method of estimating strontium

-90

in bone.

Hartwell (51, p. 547 -548) noted that grey -black rats turned
brown when fed for a long period on a diet of skim milk and starch,
while the animals regained their original color when placed on a nor-

mal diet. He added that although the hair- pigment is usually assumed
to be derived from protein products, it is possible that other sub-

stances are also needed for the synthesis of these pigments. Hartwell
(51, p. 547) quoted Garrod to the effect that "the trend of opinion at

the present day was towards the view that the melanins are derived

from proteins in general, perhaps by the action of a tyrosinase and
that the natural melanins are allied to the melanoid substances which

are formed during the hydrolysis of proteins.

"

Hartwell concluded

that the melanins are formed from tyrosine and tryptophan. Free
(37, p. 371) reported that a specific organic food factor is necessary
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for the maintenance of the black fur of black or piebald rats. He
noted that black rats when fed an exclusive diet of whole milk, rapidly
and uniformly became gray. He concluded that graying of black hair

in rats may result from a deficiency of a factor or factors present in

the vitamin

B

complex and may also result from a deficiency of iron,

copper, and manganese. Gorter (39, p. 90) found that administration of copper resulted in the darkening of bleached hair of rats. He
showed that anemia and depigmentation in rats and cats were related
in that each may be a symptom of severe copper deficiency.

Gorter

found that zinc deficiency caused baldness, while a deficiency of cop-

per caused depigmentation no matter how much zinc was given. Moreover, he found this syndrome curable to a certain extent by feeding
sufficient copper and zinc, but not by either metal alone. Keil and
Nelson (59, p.

56)

observed a distinct change in the color of the dark

coated rats in nutritional anemia.

Moore et al. (83, p. 145) reported

the loss of the normal brown iron - containing pigment of the incisor

teeth and achromotrichia in rats fed a diet of raw beef. They found
that copper supplementation to raw meat diets of rats completely

prevented all these abnormalities. Adams (1, p. 336) found that copper and manganese deficiency in the diet of mice resulted in other
evidences of abnormality, especially loss of hair, and very light -

colored livers.
Hall and MacKay (46, p. 166 -167) reported pigmentation and
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cirrhosis

of the

liver in rabbits following administration

salts in their feed. Flesch (35, p.

82 -83) showed

of copper

that copper is an

essential dietary factor for maintaining the normal color

of fur in

several species of animals. He observed that the depigmentation of
copper- deficient rats and rabbits could not be cured by supplementing the diet with manganese, iron or with vitamin B factors.

He also

added that copper was assumed to act as a catalyst in mammalian

pigment formation.

Flesch also found that black and grey hair of

rabbits, guinea pigs and rats generally but not always contained more
copper than white hair of the same individual.

In addition he found

more iron in the red -brown hair than the white hair of guinea pigs.

Arthur (5, p.

75)

found that excessive dietary molybdenum fed to

guinea pigs resulted in poor growth and in colored animals, achro-

motrichia. Hair analyses revealed high molybdenum and low copper
contents. Smith and Ellis (109, p. 81,

87)

reported that depigmenta-

tion and loss of hair has been shown to be associated with a deficiency
of

several nutrients. They found that in addition to an anemia, cop-

per deficiency in the rabbit resulted in achromotrichia, alopecia and

dermatitis.

They cited Kubowitz as finding that the amount of copper

extractable from mammalian hair is directly proportional to the degree of pigmentation. Flesch (35, p.

83) showed

mouse melanomas had a copper content

4 to 13

that melanin from

times higher than the

tumor from which it was prepared. He concluded that copper plays
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a role as a local

catalyst in mammalian pigmentation.

Stout et al. (115, p. 421, 425 -426) observed under -fur depigmen-

tation in mink when raw whole hake or whiting were included in the
diet.

They reported a normal pigmentation when the hake was steam

heated and that the condition was reduced when eviscerated fish were
fed.

Later (116, p.

51)

they found this abnormality was due to "a

non - specific dietary deficiency rather than to assume that iron is

directly concerned with pigmentation processes.
Flinn and Inouye (36, p.
of

113)

"

reported that the copper content

highly colored feathers of certain birds, as for example Donaldson

turaco, where red primary feathers contain a pigment, seven percent
of which is copper.

Hill and Matrone (52, p. 426, 431) found that

feeding a copper deficient diet to chicks decreased the number of

erythrocytes, while iron deficiency resulted in a decrease in hemoglobin content of erythrocytes. Also, they found that copper defic-

iency decreased feather pigmentation, while iron deficiency had only
a

slight effect on pigmentation.
Marston and Lee (73, p. 229, 235) reported that various breeds

of sheep

reacted differently toward copper toxicity. They found that

cross -bred sheep tended to withstand effects for

a

longer period than

pure Merinos. The British breeds of sheep were particularly prone
to enzootic jaundice which is

in the liver.

related to the accumulation

of copper

They found no beneficial effect on the character of the
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wool fleece when feeding only
50 mg to 100 mg

1

mg copper per day.

When they fed

copper per day the fleece of the experimental ani-

mals were all characteristically crimped. Dick (27, p. 196, 202)
found that feeding high levels of molybdenum with constant intake of

sulphate resulted in a condition of "steely- wool ". He explained this
on the

basis that a large part of the circulating copper is not avail-

able to the enzyme systems concerned with the development of fleece

characters, and that higher intakes

of molybdenum and sulphate de-

veloped a "physiological" copper- deficiency in sheep.
218, 223)

Lee (65, p.

reported that the most striking symptom in fleeces

copper- deficient sheep is the deterioration
wool of normal animals.

of the

He added that "faulty

of

crimp found in the

keratinization

of the

wool fibers leads progressively to the appearance of secondary waves

superimposed on the diminishing normal crimp and, finally, to the
production of straight lustrous fibers entirely devoid of crimp.

referred to this specific symptom

of

"

Lee

copper- deficiency as "steely"

wool, while in other parts of Australia it is called "stringy" wool.
He found that

stringy wool is much more noticeable in Merino than

British breed types. Burley and Kock (9,

p. 21, 29) found that cop-

per in an unidentified state, is essential for the complete synthesis
of

keratin in the wool follicle. They too found that copper- deficiency

in Merino sheep produced an inferior quality of wool, which lacked

the normal crimp, the disappearance of which is considered one of
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They showed that more

the first symptoms of copper deficiency.

sulfhydryl groups and fewer disulfide groups were present in copper -

deficient than in normal wool, and so deficiency of copper seems to

interfere with the formation or incorporation

of disulfide groups into

the wool protein. They suggested that copper- deficiency may inter-

fere with other aspects

of

keratin synthesis. By means of Sanger's

method (the identification and estimation of free amino groups of

proteins and peptides by the formation of derivatives with

2,

4-

dinitrofluorobenzene) they showed that "wool from copper- deficient
sheep contains more N- terminal glycine and alanine and sometimes

more N- terminal serine and glutamic acid than wool from normal
sheep.

gram

"

Burley (8, p. 1020) found that

of the

10

"normal" Merino wool, while

µm sulphydryl groups per
26

µm per gram was the

value of the copper- deficient Merino wool from the same staple. He
showed that the conversion of sulphydryl groups to cystine linkages

is less complete in copper- deficient than in "normal" wool, and this
may explain the relative weakness of this wool.

Ott et al. (91, p. 47)

found that copper- deficiency in lambs resulted in depraved appetite

(eating wool), reduced growth, and loose wool.
Mills (78, p. 604, 609) reported that copper- deficiency dis-

orders

of

cattle and sheep in Britain frequently exist in areas where

the dietary copper intake of the grazing animal appears to be adequate.
He also added that in

areas where neonatal ataxia

of

lambs
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(

"swayback ") is found, herbage copper values are appreciably higher

than those of areas in Australia where the apparently identical syn-

drome, enzootic ataxia is common. He found the copper contents
of "swayback" producing
8 -13

ppm,

11 -22

pastures in Britain as follows:

ppm, and

6

-13

14 -27

ppm,

ppm. His results also showed that

rather less water - soluble copper is present in the "swayback"
producing pastures than the normal herbage. Moreover, he found
a

seasonal variation in the solubility

of

herbage copper, particularly

in the case of the normal samples examined.
Kikkawa et al.

(60,

p.

43 -47)

found that the natural animal pig-

ments are composed of metallic complex salts. They used some

tyrosine containing materials such as mammalian hair, bird plumage,
fish skin and insect skins or wings in their experiments. They ob-

tained more copper, cobalt, and iron from black hair than from any
other colored hair. Kikkawa et al. showed that white is associated
with nickel, dark colors including blue, green, and brown are

associated with copper, cobalt and iron. They found each pigment
is produced by an enzyme system which has a special metal as a

prosthetic group. Goss and Green

(40,

p.

331)

found different copper

values of hair from hair of different colors of the same species of
animal. They found that, except in the hogs, as much if not more
copper in the white or light - colored hair than in black hair of the
same species. Their results do not agree with those reported by
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Kikkawa et al. that black hair is associated with a high copper con-

tent, while the white hair is low in copper or contains only a trace
of

copper. Goss and Green found higher copper values of white wool

obtained by feeding black sheep excess molybdenum. Also they
found

12 -13

ppm in either black or white hair Holstein cows, 26 -30

ppm in the hair of Hereford cows, and 15 ppm copper in the hair of

the Angus bull. They found the hair from black hogs contains

copper while samples from white hogs revealed

hair samples from whiterats gave

14

12

ppm copper.

ppm.

17

ppm

Moreover,

Haag and Idris (45)

(unpublished data) found that the copper content of hair from "normal"

black and brown cattle ranged from

9. 4 to 14. 4 ppm, while

hair

samples from cattle on high molybdenum grass ranged from
5. 35

ppm copper.

2. 63

to

Mink hair of several different colors showed

values within a narrow range of

5. 02

to 5.93 ppm.

Vanderveen (126, p. 1224) observed no symptoms of molybdenum

toxicity such as alopecia, achromotrichia (loss of hair color) diarrhea,

emaciation, or anemia but low liver and blood serum copper in the

heifers which received diets containing from
without added sulfate sulfur.

fers receiving
0.

3

He

a diet containing

5

to 50 ppm molybdenum

observed the same results in hei-

from

5

to 20 ppm molybdenum and

percent sulfate sulfur. Alopecia, and achromotrichia were ob-

served in heifers fed
sulfur.

50

ppm molybdenum and

0. 3

percent sulfate
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Van Koetsveld (127, p. 229, 233, 235) reported that manganese

and copper are dietary essentials for all higher animals, because
of the

important role they play in various enzyme reactions, espec-

ially in liver. He reported that manganese deficiency in adult animals resulted in rough hair which is discolored brownish at the tips.
His results also showed that colored hair contained more trace ele-

ments than white hair. The copper content of hair from healthy
adult animals was

8

-15 ppm, with an average of

age manganese value was 12 ppm.

10

ppm. The aver-

Van Koetsveld found that the cop-

per content of hair seldom rises above

15

ppm.

He concluded that

the diagnosis of copper- deficiency can always be confirmed with a

hair analysis, which will show

a value below 8 ppm copper.

Werner

and Anke (132, p. 1569) found that black cattle had more ash, man-

ganese, molybdenum and cobalt and less iron than white, while they
found no significant difference in copper.

They showed that the trace

element content of hair was closely related to those in the feeds.

Their analyses of rump hair in early spring and in autumn gave an
indication of the supply of trace elements to cattle in winter and

summer feeds, respectively. Zacherl and Weiser (136, p. 742) found
that hair from the tail of cattle contained more manganese than hair

from other parts, while zinc was very uniformly distributed. They
found male cattle under fifteen months of age had more zinc than

older animals, while females had more manganese than males, but
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for zinc the difference was not significant for those under fifteen
months. Moreover, they said that it appeared that there was no re-

lation between the levels of calcium, manganese, and zinc contents
in hair to values in feed.

They also found that manganese does not

accumulate in hair. Miller et al. (77, p. 1093 -1094) found higher
zinc values in hair from five month old heifers than that of either
young or aged cows.

In addition, they found less zinc in the hair of

zinc -deficient calves when compared with those given adequate zinc
in diet.

This difference disappeared when the groups were fed a

practical diet.
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MATERIALS AND METHODS

Plan of the Experiment
The plan of the experiment consisted, in part, of a study of some
of the comparative aspects of copper metabolism in

several types of

animals. Different levels of dietary copper were fed and their effects
were studied as reflected by a change in the composition of animal

tissues.
Growth rates, food consumption, feed conversion efficiencies,

hemoglobin values, blood, liver and hair copper values were chosen
as indicative of the copper status of rats and golden hamsters. Hemo-

globin values were included because it had been demonstrated by
(98, p. 397-402), (103, p. 104 -105) , and (59, p. 49, 56) that copper

is necessary for normal hemoglobin production in a variety of

species.
Animals
The animals used in this experiment were decendants of the

Department of Agricultural Chemistry rat and golden hamster colon-

ies. The white rats (Mus norvegicus albinus) were originally obtained from the Evans -Long colony in California. The black and
white hooded rats were originally obtained from the Steenbock colony
in Wisconsin.

The brown and white hooded rats appeared as a
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mutation resulting from a cross between the Evans -Long and
Steenbock strains.
The black rats, the brown rats (tan) and the golden hamsters

(Mesocricetus auratus) were also obtained from the Agricultural
Chemistry Department colonies. Solid color animals were chosen
for this experiment for the purpose of making it easier to obtain
homogenous hair samples.

Description of Animals Used in This Experiment
Twenty to forty animals from each type were used in this study.
The variations in numbers of the animals were dictated by availa-

bility. Twenty -one white rats, twenty -seven black rats, thirty -six
brown rats (tan) and forty golden hamsters were placed on experi-

mental rations when

21

days of age. The males were separated from

the females, each sex was randomized into two groups, and each

group was then distributed randomly into different cages.
of each

One group

animal type was fed a basal diet (diet #304 for the rats and

diet #305 for hamsters) for eight weeks, while its counterpart was
fed the basal diet plus ten parts per million copper for the same

period of time. The "control" animals for each group were kept in
another room and fed a PurinaLaboratory Chow stock diet. All the

animals were housed in air - conditioned rooms.
The animals were fed from glass

jars, the food consumed and
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refused was accurately weighed and recorded. Growth rates were

recorded for all animals at weekly intervals. At the end of the experimental period the animals were sacrificed and hemoglobin values,
blood copper, liver copper and hair copper levels were determined.

Growth rates, food consumption and feed efficiency were calculated

from the cumulative growth and feed consumption data.
Mortality
There was no mortality among either white or black rats during
this experiment.

One copper - supplemented brown

rat and four cop-

per supplemented hamsters died during the experimental period
from unknown causes.

The question

arises whether the loss among

hamsters might have been related to low food intakes.
Diets and Their Preparation
The basal

Two different basal diets were used in this study.

diet for the rats (Table I), is a modification of the diets used by
Mills and Murray (81, p. 552) and by Schweigert (106, p. 57). It

consisted of

20

percent purified casein,

percent Wesson oil,

4

65

percent cerelose,

percent salt mix (Table

II) and

1

10

percent vita-

min mix (Table III). In addition, Vitamin A acetate, 4 mg per kg

diet, Vitamin D, 200 µg per kg diet, and a -tocopherol, 0.
kg diet were included.

2 g

per

38

TABLE I.

BASAL DIET #304.

Purified Casein
Cerelose
Wesson Oil
Salt Mix M -3
Vitamin Mix V -2
Vitamin A *
Vitamin D
a -tocopherol **
*dis solved in 50 ml Ethyl alcohol
* *dissolved in a portion of the Wesson oil.
TABLE II.

20%
65%
10%
4%
1%

4 mg /kg diet
200 y /kg diet
0. 2 g /kg diet

ref. (81, p.

552)

SALT MIX M -3*

Salt

Grams

NaC1

292. 50

KH2PO4

816. 60

CaCO3

800. 80

Mg SO4

120. 30

FeSO4. 7H2O

56. 60

KI

1.66

MnSO4. H2O

8. 45

ZnC12

0. 545

CoC12. 6H2O

0. 0476

Use a 4% Salt Mix in diet #304

*Modified from the method of Jones and Foster.

ref. (57, p. 245)
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TABLE III.

VITAMIN MIX V -2*

Thiamine HC1
Riboflavin
Pyridoxine HC1
Ca- D- pantothenate
Choline Chloride
Niacin
Menadione
Folic Acid
Biotin
Vitamin B12 (. 1%)

40 mg
25 mg
20 mg

200 mg

mg

10

g

1

mg
20 mg
10 mg
10

g

1

12. 325 g
87. 675 g

Lactose

100. 00

*ref.

K.

g

Schwarz (105, p. 245)

The basal diet for the golden hamsters (Table IV) is a modifica-

tion of the diet used by Hamilton and Hogan (47, p. 214). It consists

percent purified casein,

of 20
3

percent cellulose,

min mix (Table VI).

4

65

percent cerelose,

percent salt mix (Table

7

percent lard,

V), and

1

These basal diets were analyzed for copper
The basal

content by the method of Eden and Green (30, p. 1202).
diet of rats contained 0. 95 mcg copper per gram of diet.
content of the basal diet of the golden hamsters was
of diet.

percent vita-

1.

The copper

07 mcg /gram

Ten parts per million copper (as CuSO4 5H20) were added

to both basal diets in the case of the copper supplemented rations.
The several types of animals used as controls in this study were

fed commercial Purina Laboratory Chow.

control diet was found to be

14. 45 mcg

The copper content of the

per gram

of

diet.

The stock
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BASAL DIET #305.*

TABLE IV.

Purified Casein
Cerelose
Lard
Cellulose
Salt Mix
Vitamin Mix V-4

20%
65%
7%
3%
4%
1%

*ref. (47, p. 214)
TABLE V.

SALT MIX M-4.**

Salt

Grams

CaCO3

125.

2

Ca3(PO4)2

376.

3

Mg CO3

25. 0

Mg SO4 7H2O

32. 8

NaCl

69. 0

KC1

112.

0

KH2PO4

212.

0

FePO4. 4H2O

20.

5

MnSO44H2O

25.

5

AL2(SO4)3 K2SO4. 24H2O

0. 17

KI

0. 08

NaF

1.

Use a 4% Salt Mix in diet #305

*Modification of Hamilton and Hogan.

ref. (47, p. 214)

00
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TABLE VI.

Vitamin Mix

V -4.

mg/ 100g diet
Thiamine HC1
Riboflavin
Pyridoxine HC1
Ca- pantothenate
Niacin
p- Aminobenzoic Acid
Inositol
Choline Chloride
Menadione
Biotin
Vitamin B12
Folic Acid
Vitamin A *
Vitamin D
a -tocopherol **
Lactose

0. 8

1.6
1.0
2. 0
5. 0

10.0

10.0
300.

0

3. 0

1.0
1.0
0.

1

1200 I. U.
170 I. U.
2.

5

mg

331.75
500. 00

Use
*

**

1%

vitamin mix in diet #305

dissolved in 50 ml Ethyl alcohol.
dissolved in portion of the Wesson oil. ref. Decker (23, p.

20)

hamsters received fresh carrots in addition to the Purina Laboratory
Chow.

The copper content of the fresh carrots was reported by

Albritton (4, p.

116)

as 0.07 to 0.08 mg copper /100

tion of fresh, uncooked carrots.

g

of edible

por-
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Sampling
At the end of the experimental periods, the

rats and the golden

hamsters were sacrificed by chloroform inhalation. Blood was obtained by cutting a ventricle of the heart and removing the blood from
the chest cavity by means of a heparin- rinsed pipette.

The blood

from the animals in each cage was pooled. The livers and hair
samples were removed from the sacrificed animals, and saved sep-

arately in plastic containers. Appropriate amounts

of blood,

liver

and hair from the several types of animals in this study were analyzed

for their copper contents.
Hemoglobin Determination
A few

drops of blood from each animal were used for hemoglobin

determination.

A

small amount

of

saponin was added to the blood

sample, then stirred until a uniform, clear hemolysis was obtained.
The amount of oxyhemoglobin was then determined with a Spencer

hemoglobinometer.

The hemoglobinometer is used to compare the

absorption of the hemoglobin in the hemolyzed blood with the absorption of a standardized wedge of glass whose transmission properties

are similar to those

of

hemolyzed blood.
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Copper Determination
Blood Copper Determination
The blood samples collected from the animals of each cage were

pooled.

The pooled blood samples were analyzed for their copper

contents by a modification of the method of Eden and Green (30, p.
1202 -1208) as in the following

procedure:

Ten milliliters of whole blood were treated with two ml of con-

centrated sulfuric acid and five ml of

60

percent perchloric acid.

This mixture was heated in Pyrex digestion tubes over a low flame

until the organic matter was charred to finely divided particles in a

freely boiling solution. To the cooled mixture were added five ml
of

concentrated nitric acid. The mixture was then heated over a low

flame until a colorless solution remained. The digestion was continued over a high flame until the excess nitric and perchloric acids
had been boiled off and only the sulfuric acid remained.
When the digestion was complete, five ml of glass -distilled

water and
added.

2.

5

ml of a 40 percent ammonium citrate solution were

The purpose of the addition of ammonium citrate is to form

a complex with the

ferric ions to prevent their reacting with the color -

developing reagent. After the solution cooled, ten ml of concentrated

ammonium hydroxide were added to bring the pH to

8. 5 to 9. 0.

samples were then transferred to separatory funnels for color

The
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development. Ten ml of a 0.1 percent solution of diethyldithiocarba -

mate were added to each sample.

A

yellow copper complex was

formed. This complex was extracted with two ten ml portions of re-

distilled carbon tetrachloride. The carbon tetrachloride layers were
drawn off, filtered through anhydrous sodium sulfate to remove

water.

The carbon tetrachloride extracts were then brought up to a

final volume of 25 ml. Duplicate blanks of deionized water plus the

reagents were similarly treated. The optical density was read at
440 mµ, using 1.

3

cm cells in a Model

14

Coleman Spectrophoto-

meter. Carbon tetrachloride was used in the reference cell. The

corrected optical density values were used to compute the copper
content of the blood, with the following equation:
Copper (ppm)

=

where: Corrected E
0. 211

(Corrected E)
0. 211
=

=

x

Final volume of 25 ml
sample of 10 ml

Optical density value of sample minus
optical density value of the blank.

Optical density value determined on
Model 14 Coleman Spectophotometer for
a carbon tetrachloride solution containing
one microgram copper per ml.

Liver Copper Determination
The liver copper analyses were conducted in a manner similar

to those used for blood samples.

Approximately one -half to one gram

liver was dried overnight (at 100°

C)

in a preweighted digestion tube
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in order to obtain the dry weight of the sample.

during the digestion of liver was

5

Nitric acid added

ml instead of the

3

ml used for

blood.

Hair Copper Determination
The hair was rinsed with deionized water and dried at 100o C.
A known weight of

hair (usually from one -half to one gram) was

placed in a digestion tube. Reagents, digestion and sample treatments were carried out as in liver samples. The color developments
for the liver and hair samples were similar to that used for the blood

samples. The copper contents of the liver and hair were calculated
as follows:

Copper (ppm) /g liver or hair "dry weight"

Corrected E
0. 211

x

Final volume of 25 ml
Sample weight

=
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RESULTS AND DISCUSSION

Growth and Food Consumption

Table VII shows the growth rates of the several types of animals
on different

dietary treatments used in this study. It also shows the

food consumption of different types of animals for the experimental

period. From the results in Table VII it can be observed that the
final gain in weight of the rats per eight weeks is slightly lower than
the values reported by Mendel et al. (75, p. 271) and Mills and

Murray (81, p. 547 -552) for rats on stock diets. Growth rates of the
golden hamsters in Table VII are also lower than the values reported
by Hamilton and Hogan (47, p. 223), and for

hamsters fed our stock

diet.
The growth rate of white rats on the low copper basal diet is
shown in Table VIII.

From the same table it can be observed that

the live weight gains of the white rats ranged from 120 to 194

eight weeks, with an average of 144

g

/rat /eight weeks, or

g

/rat/

18 g /week.

The final weight gains of the copper supplemented group varied from
131 to 200 g /rat /eight
g

weeks, with an average of

159 g,

or 19.

8

/week.
Table IX shows the growth rate of black rats on different dietary

treatments used in this study. The final weight gains of the black

rats ranged from

118 to 134 g /rat /seven

weeks, with an average of

TABLE VII.

SUMMARY OF AVERAGE GROWTH, FOOD INTAKE AND FEED EFFICIENCY OF
RATS AND GOLDEN HAMSTERS.

Type of Animal

Test Period Dietary
Treatment
(Weeks)

Average
Growth*
g/

Brown Rats

Golden Hamsters

g / animal

g /animal / wk

8

Low Copper

144

597

75

4. 15

8

Basal
Basal Plus

159

648

81

4.07

7

Copper
Low Copper

128

498

71

3. 89

7

Basal
Basal Plus

142

522

75

3. 67

7

Copper
Low Copper

143

481

69

3. 36

7

Basal
Basal Plus

155

508

73

3.27

7

Copper
Low Copper

19

149

21

7.84

7

Basal
Basal Plus

23

155

22

6.74

White Rats

Black Rats

animal

Feed
Efficiency

Average Food
Intake **

Copper
*no significant difference (P< 0.05)
* *no significant difference (P< 0.05)

TABLE VIII.

AVERAGE GROWTH DATA FOR WHITE RATS.

Time in Weeks

Cage

Dietary Treatment

Basal Diet

Basal Plus Copper

No.

0

1

2

3

4

5

6

7

8

1

50** 79

106

128

145

163

161

165

170

120

2

54

75

105

130

148

163

186

186

187

133

3

54

81

113

149

183

207

235

255

248

194

4

51

73

100

127

148

162

174

179

179

128

5

59

85

121

161

195

202

240

248

259

200

6

57

86

113

139

161

173

180

191

188

131

7

51

75

93

127

160

168

191

201

202

151

8

52

75

95

130

160

178

206

204

205

153

*The difference between the average gain is not statistically significant
* *Figures

Total Gain
per Rat Average*

shown are g /rat.

(P< 0.05).

144

159

TABLE IX.

AVERAGE GROWTH DATA FOR BLACK RATS.

Time in Weeks

Cage

Dietary Treatment

No.

4

5

6

7

91

121

137

146

171

166

130

51

74

98

120

132

152

150

118

56

61

80

104

126

165

181

190

134

4

31

45

64

83

106

130

176

180

149

5

37

46

74

73

100

129

152

167

130

6

45

57

83

89

121

138

180

192

147

2

1

35 ** 61

2

32

3

Low Copper Basal

Basal Plus Copper

*The average difference is not statistically significant (P < 0.05).
* *Figures

shown are

Total Gain
per Rat

3

1

0

g

/rat.

Average*

128

142

50

128 g,

or

18 g /week.

The group on the low copper basal diet plus

copper gave a range of 130 to 149

g

/rat /seven weeks,

with an average

of 142 g, or 20 g/week.

Growth rate values of the brown rats are shown in Table X.

results show that final weight gains
ranged from
or 20

125 to 171 g /rat /seven

g /week.

155 g,

basal diet

weeks, with an average of 143 g,

The values for the group on the low copper basal diet

plus copper ranged from 133 to 174

erage of

on the low copper

The

g /rat /seven

weeks, with an av-

or 22 g /week.

Values of the final weight gain of the golden hamsters used in

this study are shown in Table VII. Results show that the low copper
diet group gave a range of

average of

19 g /seven

13

to 25 g /hamster /seven weeks, with an

weeks or 2.7

g /week.

per supplemented group ranged from
with an average of 23

g /seven

9

to 25

weeks, or 3.

The values of the copg /hamster /seven

2 g /week.

weeks,

Food consump-

tion by the hamsters was so poor that the growth was only about 25

percent of that expected on stock diets.
Food Intake

Tables XI, XII, XIII, and XIV show the food intakes of the several
types of animals used in this study. The values shown in Table XI are
the total intakes per cage for the experimental period.

The average

intake per animal for eight weeks and per week were derived from

TABLE X. AVERAGE GROWTH DATA FOR BROWN RATS.

Time in Weeks

Cage

Dietary Treatment

No.

Low Copper Basal

Basal

+

Copper

3

4

5

6

7

1

1

36 ** 58

79

113

121

141

176

174

138

2

39

53

78

97

119

127

153

164

125

3

39

62

77

95

123

150

173

175

136

4

34

59

82

98

133

167

199

205

171

5

40

51

83

102

114

147

182

192

152

6

39

47

58

68

93

124

174

200

161

7

39

54

69

77

97

141

194

213

174

8

35

37

54

71

85

108

159

168

133

0

*The average difference is not statistically significant (P< 0.05).
* *Figures

Total Gain
per Rat

2

shown are g /rat.

Average*

143

155
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TABLE XI. AVERAGE FOOD INTAKE OF WHITE RATS.
(g /rat /8 weeks)

Cage
Dietary Treatment No.
Low Copper Basal

1

616

2

571

3

620
579

4

Basal Plus Copper

Total Food Intake
per Rat (g)

5

6
7

8

Average (g)*

597

642
658
622
670

648

*The average difference is not significant (P< 0.05).

TABLE XII.

AVERAGE FOOD INTAKE OF BLACK RATS.
(g /rat /7 weeks)

Cage

Dietary Treatments

No.

Low Copper Basal

1

2

450
478

3

501

4

487
485
515
590
480

5

6
7

8

Basal Plus Copper

Total Food Intake
per Rat (g)

9

10
11

12
13
14

498

500
603
489
560

522

483
497

*The average difference is not significant

Average (g)*

(P< 0.05).
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TABLE XIII.

AVERAGE FOOD INTAKE OF BROWN RATS.
(g /rat /7 weeks)

Cage

Dietary Treatment
Low Copper Basal

No.

5

439
460
524
500
451

6

511

7

500

8

493
479

1

2
3

4

Basal Plus Copper

Total Food Intake
per Rat

9

10
11

12
13

580
528
521

Average*

481

508

458

*The average difference is not statistically significant (P< 0.05).

TABLE XIV.

AVERAGE FOOD INTAKE OF GOLDEN HAMSTERS.
(g /Hamster /7 weeks)

Dietary Treatment
Low Copper Basal

Cage
No.
1

2
3

4

Basal Plus Copper

5

6
7

8

Total Food Intake
per Hamster

Average*

151
147
169
130

149

140
150
148
180

155

*The average difference is not statistically significant (P< 0.05).
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the above values.

Table VII summarizes the accumulative intake for

the several types of animals from which the average food intake per

animal per week were derived. Similar summary Tables XII, XIII,
and XIV are included for black rats, brown rats, and golden ham-

sters.
The food intakes of the white rats on low copper basal diet

ranged from 571 to 620
597 g /eight weeks

g

diet /rat /eight weeks, with an average of

or 75 g /week. The intakes of the copper supple-

diet /rat /eight weeks, with

mented group ranged from 622 to 670

g

an average of 648 g /eight weeks or 81

g /week.

The total food consumption of the black

rats is shown in Table

The results show that the total intake of the low copper basal

XII.

diet group ranged from 450 to 590
an average of 498

g /seven

g

diet /rat per seven weeks, with

weeks or 71

mented group ranged from 483 to 603

g

g /week.

The copper supple-

/rat /seven weeks,

with an

average of 522 g /seven weeks or 75 g /week.
Table XIII shows the total food intakes of the brown rats. It
shows that the low copper basal diet group ranged from 439 to 524

diet /rat /seven weeks with an average of 481
week.

g /seven

g

weeks or 69 g/

The low copper basal plus copper group ranged from 458 to

580 g diet /rat /seven weeks with an

average of 508 g /seven weeks or

73 g /week.

The values for the total food intake of the golden hamsters are
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shown in Table XIV.

The results show that the low copper basal diet

group ranged from 130 to 169

average of

149 g /seven

diet /hamster /seven weeks with an

weeks or

mented group ranged from
with an average of 155

g

21 g /week.

140 to 180 g

g /seven

The copper supple-

diet /hamster /seven weeks,

weeks or 22 g /week.

Feed Efficiency
Table VII shows the summary of the growth, food intake and

also the feed efficiency (gram feed consumed /g gain) of the several
types of animals used in this study. The results show that the groups
fed the copper supplemented diet had a comparatively better feed

efficiency than those raised on the basal diet.

The highest feed ef-

ficiency result on the low copper basal diet was shown by the brown

rats followed in decreasing order
the golden hamsters.

by the black

rats, white rats and

When fed the copper supplemented diet, the

feed efficiency order did not change. The overall efficiency is shown
in Table VII.

From the same table it can be concluded that the re-

sults of food consumption and weight gain show the extent of variation
between individuals and groups of several types of animals used in

this study.
The food intakes and growth rates of the golden hamsters were
so variable that it appears impossible to properly

assess their signi-

ficance. Fortunately tissue copper analyses do not appear to depend
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primarily upon the level

of food intake and the body weight changes.

Hemoglobin Values
Table XV shows the levels of hemoglobin found in the several

types of animals on different dietary treatments. Rats on the stock

diet had hemoglobin values ranging from
These values are within the range of

15.6 g/100 ml.

14. 6 to

12. 8 to 17.

5

g/100 ml reported

by Albritton (4, p. 116) and are in line with those of Underwood (125,
p. 15) as 14 to 15 g/100 ml.

From Table

XV

it may be concluded that supplementing the low

copper basal diet with

10

ppm copper for the several types of animals

used in this study, resulted in a statistically significant (P< 0.05) in-

crease in the hemoglobin levels when compared with the values of
the respective low copper basal diet groups.

The animals on the

basal diet plus copper gave hemoglobin values equal to the stock diet
groups. These results confirm the report by Elvehjem (31, p. 1617), Keil and Nelson (59, p. 49), and Myers and
109)

Beard (84, p. 108-

that the addition of a copper supplement to low copper basal

diets resulted in essentially normal hemoglobin levels.

The results

in the Table XV also show the extent of variations between individuals
and groups.
The hemoglobin values of the golden hamsters on the stock diet

ranged between 15.2 to 16.7 g /100 ml, with the average of

.

TABLE XV. SUMMARY OF HEMOGLOBIN LEVELS (g/100 ml) OF RATS AND GOLDEN
HAMSTERS.

Percentage Response

Type of Animal

Dietary Treatment
Low Copper
Stock Diet
Basal Diet
Average Range Average
Range
14.5-

15.6

7.8-

9.

1

(Stock

=

100 %)

Basal Diet
Low Copper Basal
Plus Copper Stock
Basal + Copper
Hb Level as % Control
Range Average
13.7-

15.7

100

58

100

14.4

100

61

97

14.6

100

75

100

14.6

100

White Rats

17.0

13.8-

14.8

4.0-

Black Rats
16.2

13.9-

17.0

10.4

9.0

11.5

14.6

11.6

14.015.6

11.6

13.9-

Brown Rats
15.2

15.2Golden Hamsters

16.7

11.7

15.4

--

15.5

--

13.415.4

--

95
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15.4 g/100 ml. The white rats on the low copper basal diet had
hemoglobin values ranging between 7.
g/100 ml hemoglobin.

8

to 10.4 g/100 ml, with the

Hemoglobin values of the white

average of

9.

rats

basal diet plus copper varied from 13.7 to 17.0 g /100 ml,

on the

1

with the average of 15.7 g/100 ml. If we set the average values of
the stock diet groups at 100 percent (Table XV), then the relative

value of the low copper basal group will be equal to

58

percent, and

the basal diet plus copper group will be equal to 100 percent.
The black rats on the low copper basal diet gave a range of 4. 0
to 11.5

g /100

ml hemoglobin, with an average of 9.0 g/100 ml.

we set the average value of the stock diet group at 100

If

percent, then

the relative average value of the low copper basal diet will be equal
to 61 percent and the relative average value of the basal diet plus

copper group will be equal to 97 percent, (Table XV).

The hemo-

globin values of the brown rats on the low copper basal diet ranged

from 11.6 to 11.7 g/100 ml, with an average of
globin.

1

1. 6

g/100 ml hemo-

If we set the average value of the stock diet group at 100

per-

cent, then the relative average value of the low copper basal diet will
be equal to 75 percent, and the relative average value of the basal

diet plus copper group will be equal to 100 percent. The golden

hamsters on the basal diet plus copper ranged from 13.4 to 15.4
g/100 ml hemoglobin, with the average of 14.6 g/100 ml. If we set
the average value of the stock diet group at 100 percent, then the
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relative average value

of the

basal diet plus copper group will be

equal to 95 percent.

Results of Blood Copper Analyses
The whole blood copper levels of the several types of animals on

the stock diet as shown in Table XVI lie in the range of
mcg /ml.

These values fall within the range of

O. 5

to

O.

63 to

1. 50

1.11

ppm re-

ported by Underwood (125, p. 61), for vertebrates. These values

are also in line with the results reported by Beck (7, p.

1), as

0.5

to 1.00 ppm.

From Table

XVI it may be concluded that supplementing the low

copper basal diet with

10

ppm copper for eight weeks, resulted in a

statistically significant (PG 0.05) increase in the whole blood copper
levels of the several types of animals used in this study when corn-

pared with the group on the low copper basal diet. These results
confirm the values reported by Cartwright (15, p. 288), Idris (54,
Baxter (6, p.

p. 49, 51),

1

-10), Lahye et al. (64, p. 336 -338),

Schultze et al. (103, p. 104 -105) and Ruth et al. (98, p. 402) that
feeding copper as a supplement to the diets of rats, swine and lambs

resulted in higher blood copper levels.
White

rats

per value of

on the stock diet (Table XVI) gave a whole blood cop-

1. 11

revealed a value

mcg /ml.

The golden hamsters on the stock diet

of 0. 967 mcg /ml copper in the whole blood.

The

TABLE XVI.

EFFECT OF COPPER SUPPLEMENTATION UPON BLOOD COPPER LEVELS OF
RATS AND GOLDEN HAMSTERS.

Diet Treatment
Low Copper Basal

Type of Animal

Percentage Response

Plut

Stock
Basal
Copper
Blood Copper Content

(Stock = 100 %)
Low Copper Basal Plus
Stock
Basal
Copper
Blood Copper as % of Stock Diet

mcg/g

mcg/g

mcg/g

White Rats

1.110

0.270

1.020

100

24.0

92.

Black Rats

0.630

0.142

0.510

100

23.0

81.0

Brown Rats

0.663

0.060

0.544

100

9.1

82.0

Golden Hamsters

0.967

0.336

0.633

100

34.7

The difference between

1

and

2

%

%

%

65.

0

5

is statistically significant (P < 0.05) .

0,

0
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brown rats on the stock diet revealed

O.

663 mcg /ml, and the black

rats on the stock diet gave

O.

630 mcg /ml copper in whole

a value of

blood.
All species on the low copper basal diets showed whole blood

copper well below accepted normal values. The lowest value was
found in the whole blood of the brown rats which averaged 0.060

mcg /ml. The black rats averaged 0. 142 mcg /ml, while the white

rats averaged

0. 270 mcg /ml, and the

0. 336 mcg /ml,

on the

golden hamsters averaged

Table XVI. In this study the several types of animals

basal diets supplemented with copper showed an increase in

blood copper to essentially normal levels except in the case of golden

hamsters. Golden hamsters on the copper supplemented basal diet
showed approximately two -thirds of the copper levels found in the

stock diet group. Black and brown rats on the basal plus copper diet
showed blood copper levels above 80 percent of the stock diet group,

Table XVI.

The white rats and the golden hamsters on the basal plus

copper diet resulted in a lower copper value in their whole blood
when compared to their stock diet group, Table XVI. The white rats
on the

basal plus copper diet showed an average blood copper value

of 1.020 mcg /ml while those on the low copper

basal diet averaged

0.270 mcg /ml copper, Table XVI. The black and the brown rats on
the stock diet gave whole blood copper values lower than those ob-

tained in white rats and the golden hamsters on the stock diet. It is
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not presently known what significance can be attached to these dif-

ferences.
If we set the blood copper levels of the

several types of animals

in Table XVI on the stock diets at 100 percent, then the relative blood

copper value of the white rat on the low copper basal diet group will
be equal to 24.0 percent whereas the values of the low copper basal

plus copper group will be 92.0 percent. The black rats on the basal

diet group will be equal to 23.0 percent and the value of the low cop-

per basal plus copper diet group will be equal to 81.0 percent. The
brown rats on the low copper basal plus copper diet showed an average blood copper value of

O.

544 mcg /ml, while

those on the low

copper basal diet averaged 0.060 mcg /ml. If we set the value of
stock diet group at 100 percent, the whole blood copper value of the
low copper basal diet will be equal to 9.

1

percent and the value of

the low copper basal plus copper group will be equal to 82.0 percent,

Table XVI. The golden hamsters on the low copper basal plus copper
diet averaged

O.

633 mcg /ml.

If we set the value of the stock diet

group at 100 percent, the low copper basal diet group value will be
equal to 34.7 percent, while the low copper basal plus copper diet
group value will be equal to 65.5 percent.

Results of Liver Copper Analyses
Liver copper analyses of the white rats on different dietary
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treatments are given on Table XVII. From these values it can be
concluded that feeding of a ten ppm copper supplement to the low cop-

per basal diet of the white rats resulted in a statistically significant
(P < 0.05) increase in the liver copper content.
TABLE XVII. EFFECT OF COPPER SUPPLEMENTATION UPON
LIVER COPPER (mcg /g) OF THE WHITE RATS.
Low Copper

Stock Diet
Cage
No.

Basal Diet
Average

No. of

Average

Range

mcg/g
12.45-

mcg/g

mcg/g

13.78

13.46

Animals Range

6

0

1.

3

1

2

3

2

3

4

3

5

2

92-

mcg/g

2. 89

2.40

2. 602. 75

2. 66

3. 423. 54

3.48

8

3

3.01

13.46

Average
The difference between
In addition, the

mcg/g

8.82-

3

7

mcg/g

3. 51

2

6

Basal
Plus Copper
Range Average

1

and

2

is significant (P

results on Table

9. 39

9.10

11. 5312. 18

11.85

11. 0814. 54

13. 07

9. 2511. 94

10. 50

11.13

1

<

0.05).

XVII show that the white

rats

2
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on the stock diet gave a range of 12. 45 to 13. 78 mcg copper /g

basis, with an average

on dry weight

of 13. 46 mcg.

Liver copper

values on the low copper basal diet group range from 2.40 to

copper basal diet plus copper group range from 9.
11. 13 mcg.

3. 51

Copper values of the low

mcg /g liver, with an average of 3.01 mcg.

liver, with an average of

liver

10

to 13. 07 mcg /g

If we set the average value of

the stock diet group at 100 percent (Table XXI), then the relative

average value

of the low

copper basal diet will be equal to 22 percent

and the relative average value of the low copper basal diet plus cop-

per group will be equal to

83

percent.

Table XVIII shows the results of the liver copper analyses of the

black rats on different dietary treatments. It shows that feeding ten
ppm copper supplement to the low copper basal diet of the black rat

resulted in

a

statistically significant (P< 0.05), increase in liver

copper values.

from

5. 51

Liver copper values on the stock diet group range

to 7.01 mcg /g liver, with an average of 6. 30 mcg.

Cop-

per values on the low copper basal diet group range from 1.87 to
3. 67 mcg /g

liver, with an average of

2. 53

mcg.

Copper values of

the group on the basal diet plus copper range from 5. 32 to 6. 57
mcg /g liver, with the average of 5.92 mcg.

The average value of

the stock diet group was compared with the average values of the low

copper basal diet group and basal diet plus copper group. If we set
the average value of the stock diet group at 100 percent, then the
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TABLE XVIII. EFFECT OF COPPER SUPPLEMENTATION UPON
LIVER COPPER (mcg /g) OF THE BLACK RATS.

Stock Diet
Cage No. of
No.

Animals Range Average
mcg /g mcg /g

0

1

2

3

5

5. 517. 01

Low Copper
Basal Diet
Range Average
mcg /g mcg /g

6. 30

1.72-

2

3

2. 21

1.97

2. 393. 00

2. 70

1.

3

16-

2. 27
4
5

6

7

8
9

10

Basal
Plus Copper
Range Average
mcg /g mcg /g

1.87

2.32-

2

3

2. 55

2.44

2. 565. 37

3. 67
5.

1

3

3

18-

6. 01

5. 64

5. 005. 60

5. 32

5. 586. 10

5.90

3

6.406.57

2

6.62
6. 056. 20

6. 18

Average
The difference between

relative average value

2. 53

6. 30
1

and

2

1

5. 92 2

is significant (P< 0.05).

of the low copper

basal diet group will be

40

percent and the relative average value of the basal diet plus copper
will be equal to 94 percent.
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Liver copper analyses of the brown rats on different dietary

treatments are given on Table

XIX.

From these values it can be

concluded that feeding of a ten ppm copper supplement to the low cop-

per basal diet of the brown rats resulted in a significant increase in
the liver copper content, (P< 0.05).

Moreover, the results on Table XIX show that the brown rats on
the stock diet gave a range of 7.
an average of 7. 99 mcg.

20 to 8. 79

mcg copper /g liver, with

Copper values of the low copper basal diet

group range from 0. 86 to 2. 20 mcg /g liver, with an average of 1.33
mcg. Liver copper values on the low copper basal diet plus copper

group range from 4. 99 to 6.

53

mcg /g liver, with an average of 6.05

mcg. If we set the average value of the stock diet group at 100 per-

cent, Table XIX, then the relative average value of the low copper

basal diet group will be equal to

17

percent and the relative average

value of the low copper basal diet plus copper group will be equal to
76

percent (Table

XXI)

.

Liver copper analyses of the golden hamsters on different dietary

treatments are given in Table

XX.

Liver copper values on the stock

diet group range from 8.84 to 11.74 mcg /g liver on the dry weight

basis, with an average

of 10. 67 mcg /g.

Copper values of the low

copper basal diet group range from 4.05 to
an average of 5.05 mcg.

gave a range of 8.

21

6. 07 mcg /g

liver, with

Hamsters on the copper supplemented diet

to 10. 37 mcg copper /g

liver, with an average
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TABLE XIX.

EFFECT OF COPPER SUPPLEMENTATION UPON
LIVER COPPER (mcg /g) OF THE BROWN RATS.
Low Copper
Basal Diet
Range Average

Stock Diet
Cage
No.

0

1

No. of

Animals Range Average
mcg/g
mcg/g mcg/g mcg/g
7. 206
8.79
7.99
3
. 891. 69

2

3

.

4

.

4

1.

3

3

.

8

9

10

1. 19

2. 20

84-

1. 20
7

.86

75-

2. 44
6.

1. 32

84.91
. 80-

3

1. 56
5

1. 38

90-

1. 79
3

Basal
Plus Copper
Range Average
mcg/g mcg/g

1.02

4
3

2

3. 946. 03

4. 99

5. 587. 00

6.45

5. 816. 34

6. 08

5.

3

43-

7. 63
11

12

5.

3

3

Average
The difference between

7. 99
1

and

2

1

33

6. 53

03-

7. 61

6. 25

5. 037. 35

5. 98

1

is significant (P< 0.05).

6.05

2
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TABLE XX. EFFECT OF COPPER SUPPLEMENTATION UPON
LIVER COPPER (mcg /g) OF THE GOLDEN HAMSTERS.

Stock Diet

Low Copper

Basal Diet
No. Animals Range Average Range Average
mcg/g mcg/g mcg/g mcg/g

Cage

0

1

2

3

No. of

5

8. 8411. 74

10. 67

5

5

2. 306. 08

4. 68

3. 847. 56

5. 39

1.

5

96-

5. 23

4

6

7

4. 05

4. 26-

5

7. 84
5

Basal
Plus Copper
Range Average
mcg/g mcg/g

6. 07

2

4

9. 1811. 55

10. 37

7. 6310. 23

9. 34

5.

5

43-

10. 78
8

7. 268. 74

5

Average
The difference between

10. 67
1

and

2

5.05

1

8. 29
8. 21

9.05

2

is significant (P< 0. 05) .

of 9. 05 mcg.

From the results shown

on Table XX it can be concluded

that

feeding a ten ppm copper supplement to the low copper basal diet of
the golden hamsters resulted in a significantly higher (P <0. 05) liver

copper. In addition, Table XX shows that the values of the copper
supplemented group is lower than the values of the stock diet group.
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TABLE XXI.

SUMMARY OF LIVER COPPER LEVELS OF RATS
AND GOLDEN HAMSTERS.

Diet Treatment

% Response (Stock = 100 %)
Low Copper Basal
Basal 1 + Copper 2 Stock Basal + Copper
Stock
Liver Copper as %
Liver Copper Content
Type of Animal
of Stock. Diet Group(%)
mcg /g mcg /g mcg /g
Low Copper Basal

13.46

3.01

Black Rats
6. 30
7.99
Brown Rats
Golden Hamsters 10. 67

2. 53

White Rats

The difference between

1. 33

5.05
1

and

2

11.13
5.92

100

22

83

100

40

94

6.05
9.05

100

17

76

100

47

85

is statistically significant

(PAC

0. 05).

If we set the average value of the stock diet group at 100 percent,

Table XXI, then the relative average value of the low copper basal

diet group will be equal to 47 percent, and the relative value of the

basal diet plus copper group will be equal to

85

percent.

Table XXI shows a summary of copper analyses of liver in dif-

ferent types of animals used in this study. There were significant
differences among the different groups of animals fed the stock diets.
White rats showed the highest copper value, 13. 46 mcg /g liver

followed in decreasing order by liver copper values of the golden

hamsters,
rats

10. 67 mcg /g

6. 30 mcg /g.

liver, brown rats

7. 99 mcg /g, and black

Copper values on low copper basal diets showed

values in which the hamsters had the highest copper value,

5. 05

mcg /g liver, followed by those of the white rats, 3.01 mcg /g, the

black rats 2.

53 mcg /g, and the

brown rats with the least amount of
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liver copper 1.33 mcg /g. When the basal diet was supplemented with
10

ppm copper, the white rats had the most liver copper, 11.

13

mcg /g, followed by that of the hamsters, 9. 05 mcg /g, the brown rats

6.05 mcg /g, and the black rats with the least liver copper, 5.92
mcg /g liver. As in the case of blood, it is not presently known what

significance can be attached to these differences.
The hamsters on the stock diet received fresh carrots in addition
to the Purina Laboratory Chow fed the other stock animals.

stock diet of the animals had 14.45 ppm copper.

The

The copper concen-

tration of carrots has been reported by Albritton (4, p.

116) as

0.07

to 0. 08 mg on wet weight basis.

Results of Hair Copper Analyses
Hair copper analyses of the white rats on different dietary treat-

ments are given on Table XXII. From these values it can be concluded that feeding copper supplement to the low copper basal diet
of the white

rats, resulted in

a

higher level of copper in the hair.

The results on Table XXII show that the white rats on the stock

diet gave a range of 13.

erage of

15. 22 mcg.

68 to 16. 12

Hair copper values of the low copper basal diet

group range from 0. 63 to
mcg.

mcg copper /g hair, with an av-

1. 87

mcg /g hair, with an average of 1.21

Copper values of the low copper basal diet plus copper group

range from

6. 02 to

6.87 mcg /g hair, with an average of 6.

37

mcg.
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TABLE XXII. EFFECTS OF COPPER SUPPLEMENTATION UPON
HAIR COPPER (mcg /g) OF THE WHITE RATS.
Low Copper

Cage
No.

No. of

Animals

0

1

4

Stock Diet
Range Average

mcg/g
13.68-

mcg/g

16.12

15.22

3

Basal Diet
Range Average
mcg/g mcg/g

.

88-

1. 35
2

4
5

6

7

8

1. 11

.46-

3

.75
3

Basal
Plus Copper
Range Average
mcg/g mcg/g

1.

2

3

.63

37-

2. 36

1.87

. 881.91

1. 24

2

2

3

4. 937. 14

6. 04

6. 256. 85

6. 55

6. 027. 71

6. 87

5. 976. 06

3

Average

15. 22

The difference between

1

and

2

1. 21

1

6.02
6.37

2

is significant (P <0. 05) .

If we set the average value of the stock diet group at 100

percent

(Table XXII), then the relative average value of the copper basal
diet group will be equal to
of the low copper

8

percent, and the relative average value

basal diet plus copper group will be equal to 42

percent (Table XXVI).
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Hair copper analyses of black rats on different dietary treatments

are given in Table XXIII. Hair copper values on the stock diet group
range from 4.
copper per

g

32 to 8. 33 mcg /g, with an

average of

5. 94

micrograms

hair. Copper values of the low copper basal diet group

range from°.. 97 to 2.99 mcg /g hair, with an average of

1. 64

mcg.

The group on the basal diet plus copper gave a hair copper value with
a range between 3.73 to 7.40 mcg /g

hair, with an average

mcg. As shown on Table XXIII, animals in cage number

average of

2. 98 mcg

of 5.

10

11

had an

copper per gram hair; this value was not in-

cluded in the average value of the supplemented group as the low
value may have resulted from sample losses during digestion. If we

set the average value of the stock diet group at

100

percent, then the

relative average value of the low copper basal diet group will be
equal to 28 percent, and the relative average value of the low copper

basal diet plus copper group will be equal to

86

percent, Table XXVI.

From the results on Table XXIII it is clear that
of copper to the

basal diet

of the

a

supplement

black rats resulted in a higher hair

copper value that is statistically significant (P<O.05). It is also

noticed that the values of the supplemented group are slightly lower
than the values of the stock diet group.

This may be due to the higher

dietary copper in the stock diet group.
Table XXIV shows the hair copper analyses of the brown rat on

different dietary treatments. Hair copper values of the stock diet
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TABLE XXIII. EFFECT OF COPPER SUPPLEMENTATION UPON
HAIR COPPER OF BLACK RATS.
Cage
No.

No. of

Animals

0

9

1

2

2

3

4

Stock Diet
Range Average

mcg/g mcg/g
4.325.94
8.33

3

3

Low Copper
Basal Diet
Range Average

mcg/g

1. 231. 30

1. 26

1. 051. 61

1. 29

781.07

.97

.

1.

2

06-

2. 35
5

1:

3

2

7

1

8

3

9

10
11

1.70

27-

3.47
6

mcg/g

2.99

3.914.79 4.35
7.40
-4.44-

3

6. 40

5.20

3. 503. 99

3.73

2.39-

3

-

2

5.94

Average
*Cage No.

Basal
Plus Copper
Range Average
mcg/g mcg/g

10

3. 57

4.414. 90

1.64

1

is not included in the average.

The difference between

1

and

2

2. 98*

is significant (P < 0. 05).

4. 66
5. 11 2
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TABLE XXIV.

EFFECTS OF COPPER SUPPLEMENTATION UPON
HAIR COPPER OF BROWN RATS.

Cage
No. Animals

Stock Diet
Range Average

No. of

0

1

2

3

4
5

6

6

3

mcg/g

mcg/g

5. 107. 45

6.20

Low Copper
Basal Diet
Range Average

mcg/g

mcg/g

0. 56. 94

0. 70

32-

3

1.

1.44

3

1.56
0. 42-

0.86

0.70

4
3

3

Basal
Plus Copper
Range Average
mcg/g mcg/g

0. 621. 70

1. 10

0. 63O. 84

0. 75

2.693. 54

7

4

3.916.73

8

3

2

3

11

3

1

3.60

2.223.15 2.69*
4.657. 77

12

4.65

3.573. 62

10

5.49

4.554. 74

9

3.16

5. 696. 07

0.94 1
6. 20
Average
*Cage No. 10 is not included in the average.
The difference between 1 and 2 is significant (P< 0.05).

6.21
5. 84
4. 83

2
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group ranged from 5.
6. 20 mcg.

10

to 7.45 mcg /g hair, with an average of

Copper values on the low copper basal diet group range

from 0.70 to 1.44 mcg /g hair, with an average of 0.94 mcg. Hair
copper values on the low copper basalidiet plus copper group range

from

3. 16 to 6. 21 mcg /g

hair, with an average

of 4. 83 mcg.

These values show that the feeding of a ten ppm copper supplement to the basal diet of the brown rats for eight weeks resulted in

significantly higher (P<. 0.05) hair copper value. If we set the average value of the stock diet group at 100 percent, (Table XXIV), then

the relative average value of the low copper basal diet group will be

equal to

15

percent, and the relative average value of the low copper

basal diet plus copper group will be equal to

78

percent, Table XXVI.

Hair copper analyses of the golden hamsters on different dietary

treatments are given on Table

From these values it can be

XXV.

concluded that feeding a copper supplement to the low copper basal

diet of the golden hamsters resulted in a significant increase (P <O.05)
in the hair copper content.
In addition, the

results

on Table XXV show that the golden

hamsters on the stock diet group gave
copper /g hair, with an average of 7.

a range of

19

mcg. Copper values on the

copper basal diet group range from 1.33 to
an average of 1.71 mcg.

6.43 to 7. 83 mcg

2. 13 mcg /g

hair, with

Hair copper values of the low copper basal

diet plus copper group range from 5.01 to 6.41 mcg /g hair, with an
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TABLE XXV.

EFFECT OF COPPER SUPPLEMENTATION UPON
HAIR COPPER OF THE GOLDEN HAMSTERS.
Low Copper

Cage
No. Animals
No. of

0

1

2

Stock Diet
Range Average

mcg/g
6.437.83

5

mcg/g

Basal Diet
Range Average
mcg/g mcg/g

7.19
1. 291. 93

5

1.

5

6

7

2.13

0.63-

5

2. 50
5

1.71

31-

2. 78
4

1.67

0.87-

5

2. 94
3

Basal
Plus Copper
Range Average
mcg/g mcg/g

1.33

2

4

4.037.45
5.00-

6.41

6.79

5.73

4.67-

5

7. 81
8

4.46-

5

6. 04

7.19

Average
The difference between

average of

5.76

5. 73

1

and

1.71
2

1

5.01
5.73

2

is significant (P< 0.05).

mcg. If we set the average value of the stock diet

group at 100 percent, Table XXVI, then the relative value of the low
copper basal diet will be equal to 24 and the relative average value
of the low copper

percent.

basal diet plus copper group will be equal to

80
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TABLE XXVI. SUMMARY OF HAIR COPPER LEVELS OF RATS
AND GOLDEN HAMSTERS.

Percentage Response
Diet Treatment
Low Copper

Black Rats
Brown Rats

(Stock

Basalt

Stock

Basal

mcg /g

mcg /g

mcg /g

15.22
5.94

1.21

6. 20

=

Low Copper

100 %)

Basal
Copper

Basal +
Copper Stock
Hair Copper as % of Stock
Hair Copper Content
Diet Group

Type of Animal

White Rats

1

Golden Hamsters 7.

19

The difference between

1

+

%

%

6. 37

100

8

42

1.64

5. 11

100

28

86

0.94

4. 83

100

15

78

1.71

5.73

100

24

80

and

2

%

is significant (PG 0.05).

Table XXVI shows a summary of copper analyses of hair in dif-

ferent types of animals used in this study. There was a variation in
the values of the different types of the animals fed the stock diet.

Hair from the white rats contained the most copper, followed in de-

creasing order by hair from the golden hamsters, brown rats, and
black rats. Hair from animals on the low copper basal diet showed
values in which the hamsters had the most copper, followed by those
of the black

rats, the white rats, and the brown rats with the least

amount of copper.

When fed a copper supplement in addition to the

basal diet, the white rats had the most hair copper, followed by that
of the

hamsters, the black rats, and the brown rats with the least

hair copper.
The stock

hamsters received fresh carrots in addition to the
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Purina Laboratory Chow fed the other stock diet animals.
From Table XVI, Table XXI, and Table XXVI, it can be observed that the copper values of the blood, liver, and hair of the dif-

ferent types of animals fed stock diets used in this study followed a

pattern in which the white rats contained the most copper in different

tissues studied, followed in decreasing order by the hamsters, the
brown rats with the lowest copper values.

This pattern is reversed

in order only between the brown and the black rats in the values of

hair copper, Table XXVI.
The differences in tissue copper levels found in the several types
of

rats are both interesting and surprising. The several colors

originated in the same colony. Copper analyses among the several

tissues were randomized to an extent that appears to preclude systematic analytical errors producing the differences just referred to.
Achromotrichia and Alopecia
Copper functions in mammalian tissues as a component of various

metalloenzymes and proteins, which are variously needed for normal

erythropoiesis, bone formation, growth, pigment formation, and a
number of oxidation reduction reactions (125, p. 49). Dietary cop-

per deficiency has never been clearly demonstrated in man, except
possibly in the case of nursing infants, but has been observed and

experimentally produced among cattle and sheep grazing on copper
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deficient soils, Wohl and Goodheart (135, p. 251). Cartwright and
Wintrobe (19, p. 94, 101) stated that copper deficiency in man could

occur only as a result of an extreme dietary deficiency of copper.
In addition, they said "all the conditions associated with copper de-

pletion, hypoproteinemia have been observed," although they concluded that it is possible for increased loss of copper -protein com-

plex to occur from the body.

Copper deficiency also causes depig-

mentation of hair coat in rats and cattle and of wool in sheep,
Underwood (125, p. 53). The relation between pigmentation and cop-

per concentration, however, is not yet clear. Goss and Green (40,
p. 331)

reported that the white hair from healthy animals contains

a significantly higher copper content than does black

hair. Kikkawa,

et al. (60, p. 43 -47; p. 127, 229, 235) reported that the black and
not the white hair contains the higher copper content.
p. 82 -83)

reported that the black and grey hair

of

Flesch (35,

rats, guinea pigs

and rabbits generally but not always contained more copper than the
white hair from the same animals.
The relation of copper deficiency to the several symptoms in

different animals was observed. It was reported that copper deficiency produced graying of hair in black rats, and depigmentation
followed by baldness in the cat, Gorter (39, p. 90). A similar de-

pigmentation in black rats occurred when fed a milk diet, Free (37,
p. 371 -373) .
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Underwood (125, p. 80) reported that achromotrichia has been

observed in the copper deficient rat, rabbit, cat, dog, goat, sheep
and cattle, but not in the pig.

The copper- deficient rabbit is more

resistant to achromotrichia, alopecia, and dermatitis than it is to
anemia.

Changes in the physical appearance and growth of hair, fur

or wool were noticed in copper- deficient rats, rabbits, dogs, cattle
and sheep.

Smith and Ellis (109, p.

81 -87)

reported that in the

copper- deficient rabbit, alopecia occurred along with achromotrichia.
The pig is almost the only species among domestic animals in which

dark haired strains do not develop achromotrichia due to copper deficiency.
Copper- deficiency symptoms may occur because of low dietary
copper or from impaired metabolism of copper stores in the animal
body.

It was reported by Arthur and others (5, p. 69, 75), (126, p.

1224), and (85, p. 431, 438) that high molybdenum affected copper

metabolism and resulted in loss

of weight,

loss of coat color, anemia,

alopecia, dermatitis and retardation of growth in cattle, rabbits, rats
and guinea pigs.

Copper deficiency symptoms due to unavailability

of copper were also
20) in

reported by (27, p. 196, 202; 125, p. 71; 80, p.

sheep grazing on pastures with normal levels of copper and

molybdenum but with high levels of sulphates.
In this study, the several animals on different dietary

showed various hair -coat abnormalities.

treatments

Some of them showed
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bleached hair only, while others showed bleaching and loss of hair.
The several types of animals in this study showed bleaching of hair as

the

first symptoms. From the results

Figure 3, Figure 4, and Figure

5,

shown in Figure 1, Figure 2,

it can be concluded that feeding

the low copper basal diets for eight weeks resulted in depigmentation
and loss of hair of the several animals used in this study.

Figure

1

shows a white rat fed the low copper basal diet. It was anemic and
shows rough hair on the back and marked alopecia and dermatitis.
The anemic condition was reflected in the low hemoglobin value, low

blood, liver, and hair copper values.

Figure

fed the low copper basal diet plus copper.

2, shows a white

rat

It shows no symptoms of

anemia or hair loss. Also the hemoglobin value, the blood, liver,
and hair copper values were normal.

Figure 3, shows the black rats on different dietary treatments.
On the

right front is shown the rat which was fed the low copper basal

diet. It shows depigmentation and loss of hair, which is in line with
the results of Gorter (39, p. 90) that feeding a copper- deficient diet
to black

rats resulted in graying

3, on the

of

hair and baldness. Also Figure

left back, shows a black rat fed the low copper basal diet

plus copper.

No symptoms of

depigmentation or loss of hair were

observed on the copper supplemented diet. Also it was found that
the hemoglobin values, the copper levels of blood, liver, and hair
of the black

rats

on

different dietary treatments supports the extent
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of depigmentation as shown in Figure 3.

These results are in line

with the findings of Gorter (39, p. 90; 59, p. 56; 37, p. 371) that

copper deficiency in rats resulted in anemia, depigmentation, loss
of

hair, and loss

of weight.

Lower hemoglobin values, lower copper

values of blood, liver, and hair was also reported by Underwood
(125, p. 72), Cunningham (22, p. 1291 -1292), and Hardison et

al.

(48, p. 1182).
In Figure 4, the hair color of the brown

rats is shown.

On the

left is shown the brown rat fed low copper basal diet. It shows

marked bleaching

of

hair but alopecia was not observed. Also a

significantly lower hemoglobin value as well as low copper values of
blood, liver, and hair were found.

The brown rat fed the copper

supplemented diet is shown on the right in Figure 4. No symptoms
of

depigmentation or alopecia were observed. This is in line with

Gorter (39, p.

90)

that darkening of the bleached hair resulted after

copper administration.

Figure

5

shows the golden hamsters on different dietary

treat-

ments. On the left is a hamster fed the low copper basal diet. It
shows a comparatively depigmented hair coat. No marked loss was

observed.

On the

right in Figure

5

is shown a golden hamster fed

copper supplemented diet. No depigmentation or alopecia were ob-

served. Also the results of the tissue studies showed higher values
in the hamsters on copper supplemented diet.
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The results of hair depigmentation and alopecia in different

animals studied in this experiment confirm the reports by Gorter
(39, p. 90) , Cunningham (22, p. 1272) , Arthur (5, p. 75), Smith and

Ellis (109, p. 81, 87), Dick (27, p. 196), Marston and Lee (73, p.
235), Free (37, p. 371), Underwood (125, p. 80), and Miller et al.

(77, p. 1091- 1093).

Also the contrast between the hair color or

alopecia in the groups of animals used in this study, was found to
support the results obtained when the different tissues were studied
for copper.

1
s.

Figure

1.

White rat showing alopecia and rough hair coat on
low- copper basal diet.
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r

Figure

2.

White rat showing usual hair coat on copper -

supplemented diet.

"v1

Figure

3.

Black rats showing effect of two levels of copper
intake on hair coats. Rat in foreground shows depigmentation and alopecia on low- copper basal diet.
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1,

Figure 4. Brown rats showing effect of two levels of copper intake on hair coats. Rat in the left shows slight depigmentation on low- copper basal diet.

'
,,

Figure

5.

Golden hamsters showing effect of two levels of copper intake on hair coats. Hamster in foreground
shows slight depigmentation on low- copper basal diet.
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SUMMARY AND CONCLUSIONS

1.

This study is concerned primarily with some comparative

aspects

of copper

status in several types of animals, with

particular emphasis

on the influence of two levels of copper

intake on tissue composition.
2.

It was found that the several types of animals used responded

differently to the several levels of dietary copper.
3.

The addition of ten ppm copper to the low- copper basal diets

generally resulted in increased hemoglobin levels and tissue
copper contents.
4.

There appeared to be some significant species and strain

responses with respect to tissue composition and hair coats.
Hair coat abnormalities variously included depigmentation
and alopecia.
5.

All types of animals used in this study showed evidence of

anemia and depleted tissue copper status when fed the low copper basal diets.
6.

Supplementation with

10

ppm copper restored tissue copper

status to essentially normal levels with the possible exception of hamsters.
7.

The rather unexpected differences in response with reference
to hair coats suggest the need for additional studies of strains

available in this laboratory.
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