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INTRODUCTION

At the end of the first transition group in the periodic
arrangement of the elements, there occurs a group of elements
which have become of considerable blological interest. These
elements, atomic numbers twenty-five to thirty, are manganess,
iron, cobalt, nickel, copper and zinc. With thes exception of
iron, which 1s needed in larger quantities than the other ele-
ments, the animal body apparently requires moat of the other
elements in very small amounts in order to maintain health.
Accordingly, these elements are emong those known as "trace
elements™ in animal nutrition.

Of these elements, 1lron 1s found chiefly in the heme
portion of hemoglobin but it is also found as an indiapensable
constituent of all living cells in enzyme systems such as
cytochrome, catalase, peroxidase and other oxidases; copper has
been shown to be necessary in the diet to permit the body to
utilize iron in hemoglobin formation; manganese deficiency in
the dilet of female rats leads to a high mortality rate of the
young; & deflclency of zine in the diet of rats causes a marked
decrease in intestinal absorption and the growth rate deoreases
50 per cent; nickel has never definitely been shown to be in-
volved in animal nutrition, although it is found in traces in

animal tlssues; cobalt has recently been found to be an



e o 7

-2 -
indiaspensable element in the nutrition of cattle and sheep in
order to prevent a deficlency disease which 18 usually fatal.
In general, the functions of most of these elements in animal
metabolism are not known. Thus the study of such trace elements

offers a wide field of research opportunities.

Statement of the Problem

Although cobalt salts have been shown to have some phys-
lologlcal effects upon various species of animels, there is no
report in the literature of any integrated investigation of
these various effocts of cobalt salts on any one specles. Sev-
oeral studles of different aspecta of the probliem have been made

on the albino rat, Mus norveglcus albinuas, but some of these

seem to be based on data obtained {rom experimentas on only two
or three rats. In view of the common use of the albino rat as
an experimental animal, it seemed thut a study of some of the
various physiological effects of cobalt sélta on this animal
might produce some new knowlodge leadlng to an understanding
of the cobalt requirement of thls animal or of the manner in
which cobalt acts witiin the organism. To that end & nutri-
tional and blochemicrl investigation was planned to furnish
informution on the followlng questions:

1. What 1s the effect upon the growth of rats when

cobalt sslts are added to an adequate basal ration?
2. Will cobalt salts added to the basal ration affect

the re.roduction of rats?
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Will added cobalt salt in the dlet affect the lacta-
tion of female rats as measured by the success in
raising the young?
How 1s cobalt distributed in the tissues of normal
rats and in the tissues of rats fed cobalt salts?
Which tissues absorb the greatest proportion of the
added cobalt?
How rapldly 1s cobalt deposited in those tissues
where 1t is found to be most abundant?
vhat is the minimum lethal dose of cobalt salts when
given to rats by stomach tube?
What is the minimum amount of cobalt in the diet of
rats which will stimulate hematopolesis?
Do ingested cobalt salts affect the concentration of
such normal blood constituents as reducing sugar and
non-protein nitrogen?
Does addition of cobalt salts to the diet affect the
amount of reducing suger in the urine?
W1ill amino acids other than cystine, cysteine and
methionine detoxify cobalt within the organism?



HISTORICAL

Cobalt in Animal Nutrition

A "wasting disease" of cattle and especlally of sheep
has long been known in various parts of the world. Affected
animals lose their appetites, show progressive emaciation and
develop an anemia., The anemia, however, sometimes does not
appear until very late in the course of the disease (3).
Affected sheep become "dark and sunken in the wool", the face
assumes & dirty gray color, there 1s a marked pallor of the
visible membranes and the animals become depressed and listless
(42). The fleece of affected sheep shows a discontinuity co-
incident with the onset of the disemse, making the wool less
satisfactory for use (74). The progressive emacliation gener-
ally terminates fatally, although not usually for many weeks
after the first symptoms apoear. In Scotland the disease 1s
called "pine"; in Kenya, "Nakuruitis" (65). In New Zealand
1t 1s known as "Morton Mains ailment" or "bush sickness"
(47). In Australia it is called "wasting disease", 'enzootic
marasmus”" (55) or "coast disease" (96). In Florida affected
sheep are "salt sick" or "hill sick" (120). In Michigan the
silment is known as "Grand Traverse disease", "Lake Shore

disease™ or "pica" (84).
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Since one characteristic of the synirome 1s that sheep
suffer from the disease only when pasturedln certain sreas and
recover when moved to "healthy" pastures, it was long sus-
pected that the disease might be due to some dletary deflic-
lency. In view of the anemlc condition of affected animals 1t
was first thought that iron was the deficient factor and some
workers found that administration of iron compounds cured the
disease (13) (65). In 1934, however, Filmer (56), in Australla,
was able to show that the curative factor was not iron but some
contaminant in the iron compounds previously used to ocure the
disease. In addltlon, Underwood (142) found that the livers of
bush-sick sheep contained more than five times as much iron as
the livers of normal sheep, indicating that the dlsease was
due to a deflclency of some substance necessary for the normal
utilization of iron by the animal rather than a deficiency of
iron itself. Underwood and Filmer (145) were soon able to
show that the deficient factor was cobalt. Seven sheep suf-
fering from bush sickness were cured by feeding them cobalt
chloride solution at the rate of 0.1 to 2.0 mllligrams of
cobalt per day. Almost simultaneously, Lines (95), working in
anothor part of Australia, announced tlhe cure of two sheep
suffering from coast disease by doses of cobalt nitrate given
at the rate of one milligram of cobalt per day.

Since the initial discovery of the curative effects of
cobalt salts on this syndrome, investlgators in other parts of

the world have reported simllar success with such treatments.
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These investigations are summarized in Table 1.

Table 1

Reports of Successful Treatment of Nutritional
Deficlency Disease with Cobalt Salts

*

: Animal

Locatlion Curative dose Investigators
New Zesaland Sheep 4 mg. Co*' per week Askew and Dixon (8)
New Zealand Sheep 1-2 mg. CoS04 twice Hopkirk (73)
8 week
Australia Sheep 0.l mg. Co* per day Filmer and

South Australia Sheep

South Australia Sheep
Scotland Lamba
Western Canada Sheep
Florida Calyes

Kichigan Cattle

45 mg. CoS04*45 mg.
CuS04 every two
months

Both Co** and Cu**
needed

1 mg. Co*t per day

Not stated
5 mg. cobalt per

day
Not stated

Underwood (57)
Scott (133)

Marston et al (110)

Corner and Smith
(43)
Bowstead and
Sackville (34)
Neal and Ahmann
(120)
Killlham (84)

It has been found possible to treat the syndrome by feed-

ing the animals salt licks containing cobalt chloride (42).

A close correlation has been found by a number of inves-

tigators (4) (74) between the incidence of bush sickness and

the cobalt content of pastures (pasture plants) eaten by the

animals,

In areas where sheep were affected with bush sickness,

the cobalt content of pastures ranged from 0.01 to 0.07 part

per million while pastures from "healthy” areas contained 0.2

to 1,0 part per milllion of cobalt.
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Cobalt deficiency in plant materials has been traced to
a cobalt deficiency in the soils on which the plants were
grown (80) (124) (135) (146) and investigators in different
parts of the world have found 1t poasible to increase effec-
tively the cobalt content of such solls by treating them with
fertilizers containing cobalt chloride or cobalt nitrate (10)
(103) (139). Such treatment increased the cobalt content of
pastures grown on the solls and prevented bush sickness in
sheep pasturoed on them (7) (1llu).

Althougli some investigators seem to vpelieve that cobalt
deficlency 1s the sole cause of bush slckness, others malintain
thet it may be complicated by deflciencies of other elements
such ag copper or even iron. Thls may very well be true, con-
sidering the wide geographic distribution of the ailment and
the consequent wide varliation in soll deficiencies which might
be encountered. 1In addltion, the amount of cobalt necessary
to cure the ayndrome must be expected to vary since cobalt-
deflclient solls of various localitles are not all equally
deficlient and varying amounts of cobalt would thus be found in
plant materiuls grown on such solls. Consequently, the amount
of cobalt needed in the dliet for adequate nutrition of cattle
and sheep cannot be stated preclsely. It is probably of the
order shown in the table on page 6.

Due to the extrome difficulty in preparing cobalt-free
basal rations, the cobalt requirements, if any, of other animals

are not known. Underwood and Elvehjem (144) fed rats on a milk




-8 -
diet with added salts of coppoer, iron and cobalt. They found
no hemoglobin increase or growth response over those of rats
fed the diet without added cobalt. Analyslis of the ration by
the nitroso~R-salt method showed a cobalt content of eleven
micrograms per liter, corresponding to a daily intake of 0.6
microgram of cobalt per rat. They concluded that if cobalt is
required by the rat, it must be 1n amounts of 0.6 microgram or
less per day.

Dixon (48) gave a drench of a cobalt salt at the rate of
four milligrams of cobalt twice weekly to one cow each of
soven pairs in a "sheep-slck" urea and found that the milk
yilold was not altered significantly from thet of the peired
controls.

Bertrand and Nakamura (29) attempted to prepare a nickel-
and cobalt-free ration (composition unatated) which they fed
to mice, both with and wlthout supplements of cobslt sulfate
and nickel chloride. The mice receiving the supplement sur-
vived an average of 23.1 days whlle those not roceiving the
supplement survived an average of 19.7 drRys. These workers
interpreted thies data as indlcating the physiological im-
portance of cobalt and nilckel. Their method of freeing the
ration of nickol and cobalt, howsver, would also remove all the
water-soluble vitamins and the growth curves they presented
showed typlcal vitamin-deficient growth responses by the mice

used in the experiments.
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Physiological Effects of Cobalt and Cobalt Salts on Animals

Hematopoletlec action

In 1929 Waltner and Waltner (150) observed that the hemo-
globin and erythrocyte count of rats weighing 130 to 200 grams
increased by 20 per cent within 24 hours after subcutaneous in-
Jection of 100 milligrems of cobalt nitrate in solution. The
hemoglobin values and the erythrocyte count also were increased
20 per cent to 25 psr cent when two per cent of metallic cobalt
was added to the ration of rats. These animals died within two
to three weeks, however. With 0.5 per cent of metallic cobalt
added to the ration, rats survived six to seven months, on an
average. The average erythrocyte count rose to 10,500,000 and
the hemoglobin concentration increased to 165 per cent. These
values persisted until the death of the rat. If cobalt was re-
moved from the diet, both erythrocyte count and hemoglobin
value decreased to normal levels. Later Waltner (149) fed
daily doses of 10 to 60 milligrams of metalllic cobalt and 60 to
300 milligrams of CoAspy to 21 children suffering from secondary
anemia, The number of erythrocytes increased an average of 32
per cent in 14 oases. The other seven children were not bene-
fited. The hemoglobin concentrations and the leucocyte counta
remained unchanged.

Mascherpa (112) fed dally doses of ten milligrams of

metallic cobalt to a normal dog, to a dog which had been bled
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to produce anemia, to a dog which had been fed a mllk dlet and
to a dog which had been bled and kept on & milk diet, each with
another dog as & control, receiving the same treatment but not
receiving cobalt., The dogs receiving cobalt showed a slightly
higher hemoglobin concentration and erythrocyte count than the
controls and Mascherpa consldered this evidence of the hemato-
poletic action of cobalt.

Brewer (35) later discounted these experiments. He
claimed that varlations of 15 to 20 per cent in erythrocyte
count are normal in dogs end that dally doses of powdered
cobalt chloride furnishing 4.0 milligrams of cobalt ion per
day did not produce erythrocytosis in any one of four dogs after
26 days of treatment. Later Brewer (3¢) reported that a dose in
excess of five milligrams of cobalt (fed as cobalt chloride)
per kilogram of body welght was necessary to increase sig-
nificantly the hemoglobin concentration in dogs. Similerly,
no regularly significant increase in erythrocyte count occurred
until the amount of cobalt fed as cobalt salt exceeded ten
milligrams per day per kilogram of body weight.

Davis (44) clalmed that the erythrocyte count of normal
dogs should not vary more than seven per cent from one day to
the next. lle found that feeding dogs a solution of two milli-
grams of cobalt chloride (in 1/1000 dilution) per kilogram of
body welght per day increased the erythrocyte count 20 per cent
in two weeks.

Polonovski and Briskas (126) fed cobalt chloride to dogs
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made anemic by a milk dlet. Ten to thirty milligrams of the
salt were given every two or three days. The animals' weight
decreased, the erythrocyte count increased from 2,000,000 to
5,000,000 but there was no effect on the hemoglobin concentra-
tion.

Davis (46) found that cobalt polycythemia in dogs 1is
accompanied by an increase of blood volume due chiefly to an
increased volume of cells.

In an investigation of the effect of cobslt on sheep,

Bell (18) found that cobalt d1d not stimulate the formation

of abnormal numbers of erythrocytes. Later Bell (1)) re-
ported that an anemia often accompanies bush sickness in sheep
but that the sickness also occurs without anemia, Josland

(77) gave a drench of cobalt sulfate to four sheep at the

rate of one millligr:m of cobalt per 200 grams of body weight
per day for seven weeks. One shoop developed a polycythemia and
twb shesp developed a mild anemia. Two hoggets drenched with
flve milligrams of cobalt (glven as cobalt sulfate) per day for
ten months became anemic. No data on the blood picture were
presented.

Josland (76) fed two rats a stock diet with one per cent
of anhydrous cobalt sulfate added. Two other rats received the
stock dlet only. He reported an intense polycythemia and loss
of body weight within seven weeks in the rats receiving the
cobalt sulfate. Josland and McNaught (78) found that one
milligram of cobalt (fed as cobalt sulfate) given daily to
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eight rats produced persistent polycythemia In only one rat and
transient polycythemis in the others. The early hematopoletic
effect was not sustained. After the first sixteen weeks, the
erythrocyte count fell to the level of the controls. The
hemoglobin concentration increased for 32 weeks and then de-
creased. ‘

In a study of the effects of heavy metals on anemia, K. W.
Schultze (131) reported that daily doses of 0.5 to 2.0 milli-
grams of cobalt added as cobalt chloride to a mllk diet fed to

rats increased the orythrocyte count from 6,000,000 to

'b,OO0,000 within ten days while tho hemoglobin concentration

was unaffected. The rats dled within ten days. Polonovakl
and Briskas (126) fed one milligram of cobalt chloride per
day to rats made eanemic by o milk dlet and obssrved an aver-
age erythrocyte increase from 4,680,000 to 6,000,000, %hite
cells 1lncreased slightly from 20,000 to 25,000. Hemoglobin
rose from S0 per cent to 70 per cent. Feeding two milligrams
of cobalt chloride per day increased these values somewhat.
The mechanism of the polycythemic action of cobalt is un-
known, although several investigators have tried to attack the
problem, Berwald, Arsenau and Dooley (30) found that splen-
ectomy prevented daily injections of cobalt from increasing the
erythrocyte count in rats. They polnted out, however, that

this might be dus to an anemia produced by Bartonella muris, a

common infection in splenectomlies. Orten (121) found that the

proportion of reticulocytes increased somewhat preceding the
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increase of hemoglobin and erythrocytes in cobalt polycythemia.
He thought this to represent an increased rate of formstion of
erythrocytes rather than a decreased rate of destriction. He
concluded that the effect of cobalt was due to an active stimu-
lation of the hematopolietic organs rather than the enhancing
of a passive accumulation of erythrocytes.

Barron and Barron (14) injected ten milligrams of cobalt
sulfate subcutaneously into rabbits dally and found a poly-
cythemia to appear in six to seven days, accompanied by the

appearance of reticulocytes and erythroblasts., When 60 milli-

grams of ascorblc acid were injected intravenously simultansously

with the cobalt sulfate injection, the polycythemia falled to
appear in ten days. When the ascorbic acid injections were
discontinued, the polycythemla appeared within six to seven
days. They auggeacéd that the cobalt inhibits the respira-
tory function of immature erythrocytes, causing them to be
thrown into the circulation as mature non-respiring cells.
They thought ascorbic acid to function as one of the regu-
lators of the level of red cells in the circulatory system.
Davis (45) found that while both cobalt and anoxia pro-
duce polycythemia in doga, only the cobalt polycythemia is
depressed when daily injections of ascorbic acid are given at
the rate of eight milligrams per kilogram of body weight. He
found that the ascorbic acld content of blood of the dogs fed
cobalt was diminished. He suggested that cobalt might inter-

fere with a respiratory function of vitamin C. Oral
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administrction of cobalt at the rate of two milligrams per day
produced polycythemia in dogs but had no other apparent effect.

Anderson, Underwood and Elvehjem (2) fed whole liver
powder, liver extract and pantothenle acld concentrate to rats
with a cobalt polycythemla and found that these substances
alded in producing and maintaining s Ligh level of cobelt
polycythomia when added to a mlilk diet contalning s dally sup-
plement of 0.7 milligrams of 1ron as the pyrophosphate, 0.07
milligrams of copper as the sulfate, 0,03 milligrams of mang-
anese as the chloride and 0.7 milligrams of cobslt as the
chloride.

Michelnzzi and Saviano (118) investignted the polycy-
themia caused by cobalt compounds in rabbits and guinea
pigs. They reported that 20 milligrams of cobalt chloride
injected subcutaneously into rabbits or 16 milligrams in-
Jacted subcutaneously into guinea oigs produced a numarlocal
inocrease in erythrocytes. 1In tho rabbit, the incroaseo was
as much as 3,000,000 above the original number. The orythro-
cyte count receded spontaneously, however, after 16 to 24
hours.,

Since Hart (68) and Potter, Elvehjem and Hart (127)
showed that copper was a necessary dletary factor in order
for anemic rats and dogs, respectively, to utilize iron for
hemoglobin regeneration, several investigators have studled
the effects of cobalt salts on thls phenomenon. Underhill
and others (141) showed that cobalt salts, among other
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compounds, could not replace the copper as a supplement to iron
in curing the nutritional anemia of rats.

McGhee (98) placed an alloy of iron, cobalt, manganese and
copper in milk in an ice box and fed the "metalized milk" so
obtalned to rats whose hemoglobin concentrstion had been
lowered to 75 per cent. The rats to which the "metalized milk"
was fed showed rapid hemoglobin regeneration. There was a
lower mortelity than when salts of these metals were added to
the milk. No attempt was made to determine the amounts of
these metals in the "metalized milk" fed nor were any experi-
ments made with any other combinations of these metals.,

Orten and others (122) added 0.5 milligram of cobalt
chloride or cobalt sulfate per day to a milk dilet containing
0.5 milligram of iron and 0.025 milligram of copper and fed
this to young rats., They reported a marked polycythemia with
the hemoglobin content and erythrocyte count increasing on an
average about 50 per cent above the level of the controls not
given the cobalt salt., The cell volume increased 25 per cent
but the leucocyte count was not significantly changed. Al-
though cobalt and copper together produced a polycythemis,
when the copper was omltted from the diet the rats developed
an snemia and died. Later these workers (123) reported that
a milk-iron-copper-cobalt dlet produced a true polycythemia
in rats characterized by an actual increase in cell volume.
They also found that added manganese alleviested the toxle
condition due to long administration of cobalt,
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Beard snd Andes (16) fed rats a milk diet with 0.25 nilli-
gram of iron added daily. ‘“hen 0¢15 to 0¢30 milligram of co-
balt was added to this ration daily, a polycythemla occurred
wlthout any increase in hemoglobin values. Hemoglobin and
erythrocytes were both increased when vitamin D and 0,30 milli-
gram of cobalt ion per day were added to the mllk-iron ration
and also when 0,30 milligram of cobalt ion and 0.05 milligram
of copper ion were added to the milk-iron ration. They con-
cluded that copper, more than the amount present in the body
of the rat and in milk, did not influence the production of
cobalt polycythemia.

Marshall (107) fed rats a milk dlet to which cod liver
0ll and yeast had been added, together with a dally supplement
of 0.5 milligram of iron as the chloride, 0,025 milligram of
copper as the sulfate, O.l milligram of manganese as the sul-
fate and 0.5 mllligram of cobalt as the chloride. A poly-
cythomia developed which was lowered only temporarily by daily
injections of a concentrated liver extract.

Underwood and Llvehjem (144) fed rats a milk diet with
added copper, iron and cobalt salts. They reported no in-
creasod hemoglobin or growth response over that of rats fed
the milk, iron and copper without added cobalt salt. However,
they found enough cobalt present in the milk used to furnish
each rat with about 0.6 microgram of cobalt per day. They con-
cluded that 1f cobalt is required in the nutrition of the rat,

1t must be in amounts less than 0.6 microgram per day.
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Frost, Spitzer, Elvehjem and Hart (63) fed dogs on a milk
diet with added salts of copper, iron and manganese. Adding
three to six milligrams of cobalt ion per kilogram of body
wolght produced a temporary polycythemia. In addition to this
transient effect, they found that feeding 40 milligrams of cobalt
ion dally to pupples produced no polycythemia at all. Vhen
dogs made anemic by bleeding were fed cobglt lon prior to feed-
ing iron and copper, the normal hematopoletic response to the
iron and copper was inhibited. The homatopoletic activity was
resumed when whole dry liver or liver extract was fed.

Frost, Elvehjem and Hart (62) reported that while iron
and copper sufficed for normal hemoglobin regeneration in dogs
made sanemic with a millk diet, O.1l milligram of added cobalt
lon per day stimulated hematopoelsis in dogs where hemoglobin
formation was unusually slow with only iron and copper added
to the milk ration.

‘In sumnmarizing the work on the hematopoletic effect of
cobalt salts, it may be sald that most inveatigators have found
that cobalt compounds, in sufficient amounts, increase the
orythrocyte count and the hemoglobin concentration in the
blood of sevoral spocles of animals when ingested or injected,
although there seems to be considerable bilological variation
in hematopoletic response between individual animals. There
is not much agreement in the literature as to the minimal
amount of cobalt necessary to cause hematopoiesis. The mech-

anism by which the effect occurs is not definitely known,
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althourh some investipgators have made tentative suggestions.

Toxic effects

The physiologlcal effects of ingestion of cobalt salts by
various speclies of animals have usually been studlied in connec-
tion with oxperiments on their hematopoletic offect or their
use in treating the cobalt deficiency syndrome previously dis-
cussed. Josland (76), for example, in studying the hematopo-
letic action of cobalt sulfate on a pair of rats, observed that
addition of one per cent of anhydrous cobalt sulfate to a normal
ration produced loss of body weipht and, in one rat, death,
within seven weoks. He found no cirrhoslis of the liver in
elther rat. Davis (44) found that feeding dogs two milligrams
of cobalt per kilopgram of body welpght per day for five months
produced no toxic symptoms other than polycythemia; similarly,
giving dogs six milligrams of cobalt (as cobalt chloride) per
kllogram per day by stomach tube produced no toxic symptoms in
three weeks. Josland (77) noted no toxic effects in the organs
of sheep which had beon given a drench of cobalt sulfate daily
for seven weeks at the rate of one milligram of cobalt per 200
grams of body welght.

Grifrlth, Pavcek and lMulford (66) fed cobalt sulfate to
rats and supplemented the basal rations with cystine, choline
and cysteine, both individually and in combination. They found
that growth was decreased by adding 0.12 per cent of cobalt
sulfate heptahydrate but that this toxic effect of the cobalt
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salt was alleviated by the supplements of cystine and choline
and was especlally relieved by cysteine. Cobalt is known to
form a complex with cystine and they belleved that the detox-
ification of the cobalt by those substances operated through
such a mechanism.

Sutter (137) subcutaneously injected small amounts of co-
balt chloride in physiological salt solution, pH seven, into
mice, frogs and guinea pigs. Besides observing a marked poly=-
cythemia, he determined the toxlec dose of cobalt chloride to
be about two to three milligrams per ten grams body woight of
frogs and about one milligram per ton grams body weipght of
mice. Yosada (153) reported the lethal subcutaneous doses of
cobalt chloride and cobalt sodium ciltrate to be 0.1 milligram
of cobalt per ten grams of body welght in frogs and 0.3
milligram of cobalt per ten grams of body weight in mlce.
Caujolle (38) reported the lethal dose of cobalt chloride in-
Jested intravenously into dogs to be more than 30 milligrams
of cobalt per kilogram of body welght. HMassol and Broton
(114) found that one milligram of cobalt sulfate injected into
tho braln of a guinea pig did not produce death. Villaret,
Bertrand and Justin-Besangon (148) reported that liver cirrho-
sls rosulted aftor hypodermic injections for five days a week
of two milliliters of 0.5 per cent cobalt acetate in gulnea
pigs and four milliliters of one per cent cobalt acetate in
rabblts. They presented little data on their experiments or

observations, however. LeGoff, in a series of articles (90,
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91, 92, 93), found that cobalt chloride, cobalt citrate and
cobalt salicylate produced a vasodilating action in the head,
ears and face of men when lsotonlc solutions were injected
subcutaneously in doses of 0.0l to 0.05 gram of cobalt. The
reaction was instantaneous and lasted five to fifteen minutes
or more. There were no other toxic effects. Larger doses
led to nausea and intestinal pain. In another study, LeGoff
(88) injected 0.09 gram of cobalt chloride into rabbits delly

for four months without observing any 111 effects.

Elimination after ingestion or injection

Caujolle (37) injected 1/20 molar cobalt chloride solu=
tions parenterally into a dog In whose bile duct a catheter
had been 1ntroduced; He found that after 147.5 milligrams of
cobalt chloride were injected parenterally, only 2.1 milli-
grams appeared in tho bile. Caujolle and Lafitte (39) in-
Jected cobalt chloride solutions into dogs intramuscularly
and intravenously and found only traces of cobalt In the
bile. They found cobalt to be eliminated in both urine and
foces under these conditions. They thought that urinary elimi-
nation ocourred only slowly, but since thelr first urine anal-
ysis was not made until ton hours after the injeoction, 1t is
difficult to see on what evidence this idea 1s based. Stuart
(136) injected cobalt acid tartrate subcutaneously into several
species of animals and found that the volume of urine was gen-

erally increased. He attributed thlis to an increased water
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intake by the animals. LeGoff (88) injected cobalt chlorlide
into rabbits and found that only 20 to 25 per cent of the co-
balt was oliminated in the urine in the next 24 hours. The
cobalt was determined electrolytically in the ashed residue
from cvaporation of the urlne. Later LeGoff (89) injected

0.6 per cent cobalt chloride into men and women. After injec-
tions of 24 milligrams of cobalt chloride, one subject elim-
inated 6.8 milligrans and 6.4 milliprams in two tests. Another
subject (a diabetic) eliminated 2.64 milligrams. The same
electrolytic method was used as before in determining the
amount of cobalt present. Duval and LeGoff (51) determined

tho amount of cobalt in human urine after intramuscular injec-
tion of one to two milliliters of isotonic cobalt chloride
solution. They clalimed that some people did not eliminate co-
balt for 24 hours after injoction. They concentratod the co-
balt by electrolysis of tho urine in a U~tube and dotermined
the amount of cobalt with alphanitrosobetanaphthol in acetic
acid. Mascherpa (1l1l) gave dogs, by mouth, one millipram of
motalllc cobalt per kilogram of body weight and clalmod that
the urinary nitrogen excretlion was increased, although hls data
do not seem to support this view.

In oxporiments on mineral metabolism with the use of
radloactive isotopes, Copp and Greenberg (40) gave 0056 as co-
balt chloride to two 250 gram rats, both intraporitoneally and
by stomach tube. Ninety-six hours aftor giving doses of ten

micrograms of cobalt lon, 0.46 microgram of cobalt was retained
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after the intraperitoneal injection and 0.27 mlcrogram was re-
tained 2fter administration by stomach tube. ihen parenterally
adninistered, the chief path of excretion was by the urine, al-
though there was a small continuous olimination in the feces.
Over 60 per cent of the cobalt was recovered in the foces after
adninistration by stomach tube. Most of the cobalt absorbed
was rapildly excreted in the urine. In both cases 70 per cent
of the cobalt was excretod in the first ten hours and nore than
20 per cent was excreted within two days.

Askow and Josland (1l) dronched sheep with four nilligrams
of cobalt chloride and determined tho amount of cobalt present
in the urine and feces by tho nitroso-R-salt method. 'itthin
24 hours of the drenching, a large proportion of the total co-
balt found in the urino had already been excreted and only a
small amount of cobalt appeared in the urine after 72 hours.
The cobalt in tho urino, however, represented only 2 per cent
of tho total given, the great bulk of Lt appearing in the
feces passed durling the first 48 hours after drenching. “fter
120 hours, no cobalt from the dronch appoarod in eithor urine

or fecos. Apparently some cobalt was stored In the tlssues.

Effcots on some enzyme 8ystems

Soveral Investigators have studied the effects of cobalt
on various onzyme systems. Cori, Colowiclk and Cori (41), in a
study of the enzymic conversion of glucose-l-phosphoric ester

to the hexose-6-cster in tissue extracts, showed that the
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actlvity of the phosphoglucormutase involved was increased up to
fifteen times by the presence of cobalt ion, among other metal-
1ic ions tested. Lehmann (94) showed that both cobalt nitrate
and roduced glutathione increased the formation of hexose-6-
phosphate from glycogen but not the glucose-l-phosphate, the co=-
balt nitrato belng effective at lower concentrations than the
glutathione. A 1/350 molar cobalt nitrate solution added to
an undialyzed rabbit nuscle extract formed 0.1 milligram of
tlucose-l=phosphate and 3.6 miliigrnm of the hexose-G-phosphate
while a control run simultaneously without cobalt nitrate
formed O.1 milligram and 2.6 milligrams respoctively. The co-
balt could not act by the same mechanism as the reduced gluta-
thione since it not only reacted at a much lower molarity but
actually removed froe =SH groups, as shown by nogative nitro-
prusside testse.

Thannhauser, Roichel and CGratton (140) found that cobalt
ion lncreasod the ascorblc acld activation of serum g-glycero~
phosphatase. The cobalt ion and the ascorbic acld formed a
comploxe.

Hellerman and Perkins (70), in an invostigation of the
role of metal lons in the actlivation of arginase, found that
tho hydrolysis of arginine was induced by the activating action
of cobalt, nlckel, manganous or ferrous ions on urease. The
ninimm concentration of cobalt ilon necessary for maximum acti-
vation under conditlons of the experiment was 1 x 10"'5 molar.

Hellerman and Stock (71) found that liver arginase action was
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enhanced by nickel ion and especially by cobalt ion from pH
values of 5 to 7.7. Edlbacher and Baur (53) found that liver
arginase, inactivated by several weeks dialysis, was reacti-
vated by cobalt gsulfate and other metal sulfates in 0,001
molar concentration. Llanganous sulfate was active at a con-
centration of 3.3 x 10~% molar while other metal sulfates were
not, so these workers belleved manganese to be the coenzyme.

Jacoby and Shimizu (75) found that 0.2 to 1.0 gram of
powdered metallic cobalt destroyed the activity of 25 milli-
liters of 0.3 per cent urease solution in 20 minutes. Adding
five milliliters of five por cent glycocoll solution to ten
milliliters of urease solution inactivated by cobalt or one
millligram of potassium cyanide to 25 milliliters of inactivated
urease solution reactivated the enzyme. The glycocoll was the
more effective, however.

Michaelis and Stern (117) studied the effects of some
heavy metals on the activity of calf spleen cathepsins
against its owvn sploon proteins. Ferrous sulfate, zinc sul-
fate and cobalt sulfate inoreased the enzyme activity while
mercurlc sulfate depressed the enzyme activity. If the activ-
i1ty of the enzyme alone was called 100 per cent, thon a mlxture
of enzyme and cobalt sulfate (9.6 x 10™2 milligrams of cobalt
ion per milliliter) showed an activity of 124 per cent and a
mixture of enzyme and cobalthexamminchloride had an activity of
158 per cent.
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Bernheim and Bernheim (21) found that cobalt sulfate

partially, and manganese chloride completely inhibited the ox-
idation of phospholipides catalyzed by the washed liver pro-
tein-vanadium system. MNlckel, iron, titanium and chronium
salts had no effect. Oxidation of cysteine to its sulfonic
acid by washed liver protein was also inhibited by cobalt,
mangenese and titanium salts. Cobalt salts added to rat -

liver had 1little offect on the oxygen uptake.

Effocts on the action of ilnsulin

Several articles have appoarcd in tho literature con-
cerning a possible relationship between cobalt and the hypo-
glycomic action of insulin. Bertrand and ifacheboeuf (24) re-
ported finding 62 to 100 milligrans of cobalt in 200 gram
samples of pancreas from five species--cow, calf, horse, sheep
and pig, so feeling that there might be some rolation between
cobalt and insulin, they analyzed four different insulin
preparations and found 15 to 42 milligrams of cobalt per 100
units of ilnsulln. Later (25) they injocted rabbits intraper=-
itoneally with lsotonic salt solutlions containing cobalt (as
chloride or sulfate) simultancously with injectlions of insulin.
Their data, presented in the form of grapha, show no great varia-
tlon in the blood sugar curves for tho rats receiving insulin
alone and those receliving insulin with added cobalt salt, but
novertheless they concluded that cobalt did prolong the action
of the insulln, although 1t did not increase the velocity of
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the hypoglycemic action. The same investigators (26) later re-
ported the sane results in experiments on dogs. Insulin action
was prolonged, the blood sugar remainiﬁg at low values for a
longer time when cobalt was injected with the insulin.

Labbé, Roubeau and Nepreux (86) obtained similar results
with a rebbit 1njecfed with three units of insulin and later
with three unlits of insulin and 0.3 milligram of cobalt sulfate.

"Three hours after the injection,. the blood sugar was 77 milli-

gram per cent in the rabbit given insulin alone and 44 milli-
gram per cent in the rabbit given insulin and cobalt sulfate.
Throe hours and forty-five minutes aftor the injection, thq
values were 94 and 54 milligram per cent respectively. Al-
though these represent data from one experiment on one rabbit,
the investigators concluded that cobalt sulfate increased the
hypoglycemic action of insulin,

Magenta (106) reported later that cobalt nitrate given to
dogs slightly increased the glycemia while cobalt nitrate given
with insulin to dogs did not increase tho hypoglycemic action
of tho insulin. WHe presentod no data to substantiate these
assertlons.

Blatherwick and Sehyun (31) injected intravenously 0.041
milligram of cobalt (as cobalt salt) per kilogram of body
welght into rabbits and found that there was no effect on the
blood sugar concentration. They injected intravenously 0.009
milligram of cobalt ion per kilograﬁ of body weight simul-
taneously with insulin into rabbits and determined the blood
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sugar before injection and 1.5 and 3.0 hours after injection.
A week later they determined blood sugar at the same inter-
vals in the same rabbits after injection of the same amount of
insulin but without any cobalt salt. By comparing the sets of
data obtained, they found that three of the flve rabbits
tosted had a sonewhat greater hypoglycemia with the cobalt
present, one rabbit had less hypoglycemia and the data for the
fifth rabbit were inconclusive. Subcutaneous injection of
0.04 to 0.06 milligram of cobalt lon per kilogram of body
weight in the same type of experiment enhanced the hypogly-
cemia in only one of four rabbits. They concluded that co-
balt ion was without appreciable effect on insulin hypogly-
cemia in the rabbilt.

Rathery and Levina (129) studied the effect of a mix-
ture of cobalt and nickel salts on human diabetics. They
claimed that injections of an isotonic salt solution contain-
ing 0.1 milligram of the metals at the rate of 2.5, 5 or 10
milliliters every two days exerted a favorable action in five
cagses and did not oxort a favorable action in six cases. They
presonted no data and did not state what they conslidered a
"favorable action".

Labbé, Roubeau and Neprewx (85) determined blood sugar
concentrations in nine diabetics given nlckel or cobalt salts
at various levels. The cobalt solution injocted at the rate
of 1.0 milligram of cobalt chloride per kilogram of body welght
had no hypoglycemic action either with or without simultaneous
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insulin injections. Similar results were obtalned for the
nickel lon compounds. These workers concluded that these
metals had no hypoglycemic effect in the human diabetic.

Sahyun, Nixon and Goodell (130) added 1.0 milligram of
cobalt chloride to 1000 units of insulin and found that the
physiological activity of the insulin was preserved after
incubation at 52° for seven weeks or longer. They concluded
that cobalt ion was as effective as zinc lon in preserving insu-

1in.

Analytical Methods for Determination of
Cobalt in Blologlcal Materigl

It 1s obvious that no rellablc data on the distribution
of cobalt in plant materials or in animal organs or oxore-
tions can be obtained without a satisfactory analytical method
for determinling the amount of cobalt presont. A special dif-
floulty is that the amount of cobalt in such materials 1is
usually very small--a fow parts por million at tho most and
often only a few tenths of a part per million. Several work-
ers have attempted to adapt known methods or devise now ones
for making acourate determinations of such minute quantities of
cobalt.

Bertrand (27) (28) end some of his co-workers, early in-
vestlgators in thls flold, determined the cobalt present in
solls, seeds, animal tlssues, etc., by precipitating the co-

balt as potassium cobaltinitrite. They claimed that five
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micrograms of cobalt could be detected in this way. Even if
this remarkable claim is true, this 1is pgreater than the
amount of cobalt often found in any manageable welght of
sample. Later (23) they developed another method of separat-
ing cobalt and determining it by the brown color developed
with dimethylglyoxime. Caujolle and Lafitte (39) precipitated
the potassium cobaltinitrite, oxldized it with standard po-
tassium permanganate and titrated the unused exceas of per-
manganate. They obtalned data on the cobalt content of
various animal tissues and excreta in this way.

LoGoff (88) determined cobalt in urine by an electro~
lytic method after evaporation of the urine and ashing the dry
residue. Bayle and Amy (15) deposited traces of cobalt electro-
lytically on copper or zinc cathodes and determined the cobalt
spectrographically. They claimed that this method would detect
ten micrograms of cobalt. Dutolt and Zbinden (49, 50) using a
spectrographic mothod, reported finding cobalt in the human
pancroas and occaslonally in human blood but never in human
livor. They gave no data on the amounts of cobalt present.
Fox and Ramage (60, 61) analyzed animal tissues spoctrograph-
ically and reported a spasmodic distribution of cobalt. They
found cobalt only in marine animals., VWobb (151) was unable to
detect cobalt in animal tissues by spectrographic means and con-
cluded that the concentration of cobalt in such material was be-

low the 1limit of sensitivity of the spectrographic method.
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Wright and Papish (152) and Blumberg and Rask (32) were unable
to find cobalt spectrographically in milk ashes although Under-
wood and Elvejhem (144), by means of a colorimetric method,
later showed milk to contain small amounts of cobalt. Becker
and Gaddum (17) applied a spoctrographic method to the analysis
of limonites. A sample which had been found effective in cur-
ing bushe-sickness was found to contain 0.005 per cent of co-
balt. 1lNo cobalt was found in an ilneffective sample. No other
element present in the effective ore was absent in the in-
effective ore, leading these workers to conclude that cobalt
was the effectlive elemont.

0f the colorimetrlc methods for determining cobalt, the
alphanitrosobetanaphthol method was used by McHargue (100) who
reported finding traces of cobalt in Kentucky blue grass.
Paulais (125) cleimed to be able to dotect one to ten micro-
grams of cobalt per milliliter by this method and reported
finding cobalt in the organs of a mollusk. Duval and LeGoff
(51) claimed that 0,05 microgram of cobalt could bo deter-
mined with alphanitrosobetanaphthol in acetlic acid when this
method was applied to the analysis of human urine previously
concentratod electrolytically in a U-tube.

Bertrand and Macheboeuf (22, 23) separated cobalt from
ashed materials from animals and plants by extracting with
ammonium hydroxlide and hydrogen peroxide, precipitating with
hydrogen sulphide, dissolving the nickel and cobalt and pre-

cipitating them with dimethylglyoxime.. This was extracted
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with chloroform, evaporated in a porcelain dish and the color
obtained compared with standards. This procedure produced
data whose maxirmm cobalt values were from 0,05 to 2.0 parts
per million in animal organs.

In 1933 Stare and Elvehjem (134) adapted the colorimetric
method of Van Klooster (147) for cobalt determinations on bi-
ological material. This method makes use of a reagent, nltroso-

R-galt, whose structural formula 1is

0
NaO;5 OH
SOJN.~

This obviously 1is a derivative of the alphanitrosobetanaphthol
reagent but instead of producing a red precipltate with cobalt,
1t forms a red color in solution. Stare and Elvehjom were

able to detoot 0.0lmilligrams of cobalt as tho lower limit of
the method but modifications of the method made by Kidson,
Askew and Dixon (82) and LicNaught (104) in New Zealand (where
the 1nflueonce of cobalt on bush sickness had just been dis-
covered) soon improved the sensitivity of the method.

MoNaught (101) found that the smallest amount of cobalt which
could be determined with this modified method was about 0.2
miorogram. Underwood and Elvehjem (144) clalmed that 0.5 micro-
gram was about the smallost amount of cobalt that could be
detormined with any accuracy with the modifiod procedure.
Kidson and Askew (81) examinod tho procedure critically and

recormended a minor change in a neutrallzation step which gave
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more consistent results. McNaught (102) found that this slight
change enabled 0.05 microgran of cobalt to be detected. No
Interference with the cobalt determination was noted when 100
rmicrograns of copper and 1000 nicrograms of iron were present.
Ahmad and lcCollum (1) used the method to analyze plant mater=-
ials and reported that 1t was not necessary to remove iron or
copper from these substances before determining the cobalt
present.

The nitroso-R-salt method was found to be unsatlisfactory
in the presence of much calcium due to precipitation occurring
at the noutralization step and carryinpg down cobalt, so Lugg
and Josland (96) devised another modification in which calcium
ion was effectively removed from solution by complex formation
with added citrate salts.

Sylvester and Lampltt (138) found the nitroso-R-salt
method unsultable for plant materials where a high ash content
was obtained. They treated the hydrochloric acid extract of
the ash with alphanltrosobetanaphthol, extracted with dithizone
reagent and finally determlned the oobalt presont with nitroso-
R-salt, thus avolding interference of other metal ions.
Marston and Dewey (100) obtalned a solution of plant and animal
tissues by treating them with nitric, perchloric and sulfuric
aclds. The cobalt present was removed with dithizone and the
nitroso-R-salt color developed in citrate-sodium carbonate

buffer, the yellow color of the excess nitroso~R-salt being
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destroyed by adding bromine. They were able to recover and
determine two micrograms of cobalt with an error of about one
per cent.

Hibbard (72) has suggested a procedure for estimating co-
balt with choline in a dithizone extract. This method was par-
ticularly adapted to determinations of cobalt In soils.

To summarize the analytical methods for detormining cobalt
in biological materials, it 1s apparent that the colorimetriec
nitroso-R-salt method is the most satisfactory one avallable
at tho present time. lNot only does it require less expenslve
equipmont than the spectrographic mothod, but it Lls also niore
sensltive, as evidonced b; the wide disapreement as to tho co-
balt content of various blological materials among lnvosti=-
gators using the spectrographic method. This need not be sur-
prising in view of the complexity of tho cobalt spoctrum and
the relatively recent rise to prominence of very sensitive
colorimetric methods for determination of many olements by means

of varlious organic roagonts.

Cobalt Content of Plant Materials

Bertrand and Mokragnatz (27, 28) analyzed twenty samples
of food vegetables and found cobalt in most of them, ranging
from 0,02 to 0.3 part per million. Cobalt was found in all
plants examined in a later study. No data were presented in
these articles, however. McHargue (99, 100) reported finding
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traces of cobalt in Kentucky blue grass and in soy beans.
Ranapge reported the occurrence of cobalt in St. Ignatius beans.

The niore reliable data in thls fleld, however, have been
obtained more recently with the nitroso=-R-salt method, usually
in connection with recent studies on bush sickness. Pasture
plants, from both bush~gsick and healthy areas, have been an-
alyzed for cobalt by soveral workers. Thelr data are swun-

marized in Table 2.

Table 2
Cobalt Contont of Pasture Plants

Cobalt content (parts per million):

Plant ¢ From healthy : From bush-sick : Reference
: area : area :
"Pastures" 0.03-0.43 0.02-0,07 Underwood and
Harvey (146)
Alfalfa hay 0.12 0.03-0.06 Killham (84)
"Pag tures" Less than 0.04 lMeNaught (103)
"Pagtures" 0.,04-0.37 0.,005=0.17 MeNaught and
Paul (105)

Some investigators have noted a seesongl variation in the
cobalt content of plantas. Askew and Maunsell (12) found tho co-
balt content of pastures to be distinctly higher in the spring
than later in the semson, HHcNaught and Paul (105) found tho
cobalt content of pastures to increase in winter when growth was
retarded and to decreaso In the spring when growth was rapid.

Uclaught (L03) claimed that the minimum cobalt content occurred
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in December (a summer month in New Zealand where the study was

made). Kidson and Maunsell (83) state that adding cobalt

chloride to superphosphate fertillizers used on cobalt-deficicnt

soils produced an increased cobalt content in fodder crops

(turnips, swedes, rane, oats).

Bonner, HcNaught and Paul (33)

found the cobalt content of pastures to increase from 0.06 to

1.03 part per million when cobalt sulfate was used as a soil

top dressing.

Analyses of other plant materials reported in the recent

literature are surmarized in Table 3.

Table 3

Cobalt Content of Plant Materials

-

Materlal

Cobalt content
:(parts per milliom):

Reference

Vheat germ oil

Corn starch
Casein
Dried yeast
Beans (dry)
Peas (dry)
Corn (dry)
Vtheat
Peanuts
Pecans

Tea

'hite flour
Coffes bean
Cacao bean

0.007
0.003
0.01
0.038
0.18=0,475
0014-0042
0006"0.08
0,06-0.,15
0.57
0.25
0.12=-0.19

0.003
0.028-0.,049
0.05=0.41

Grimwett (67)

Ahmad aﬁd MecCollum (1)

1]
"
n
L

Sylvoster and Lampitt
(138)

"
t
"
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Cobalt Content of Aninal Materlials

Bertrand and MiAcheboeuf (23, 24) reported finding more
cobalt in snimal tissues than in plant materlals by use of
an analytical method utilizing potassium cobaltinitrite.

They found that beef liver contained 0.20 part per million

of cobalt while the pancreas contained 0.23 part per million.
Pancreas of other animals seemed to eontain less cobalt: cow,
0.,075; calf, 0.,070; horse, 0.,100; sheep, 0.075; and plg,

0.062 part per million. They found that insulin preparations
contalnod 0015 to 0,042 part per million of cobalt. Caujolle
and Lafitte (30) reported that much highor concontratlons of
cobalt were present in pancreas (94 to 198 parts per million)
and llver (53 to 289 parts por milllion) of dogs which had
previously been injocted with solutions of cobalt salts. They
reported no cobalt analyses on normial dogs, however.

Dutoit and Zbinden (49), using a spectrographic mothod,
reported finding cobalt in the ash of animal organs and blood.
Later (50) they reported finding cobalt in the pancreas but
not in the liver. Tox and Ranage (60, Gl) also dotormined co-
balt spectrographically and roported finding 0.3 part per
million of cobalt in the liver of Archidoris tuberculata.

They reported finding cobalt only in marine animals.
A number of rocent investigators have used the nitroso-~

R~galt method for determining cobalt in animal tissues.
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Josland (77) gave a cobalt sulfate drench to sheep for seven
weeks at the rate of one milligram of cobalt per 200 grams
body weipht and found that tho cobalt content of the organs
was much higher than in sheep which had not been fed cobalt.
Josland (76) also investigated this effect on rats. Two rats
were fed cobalt sulfate and the analyses of thelr organs were
compared with those of organs from normal rats. These data

are shown in Table 4.

Table 4
Cobalt Content of Rat Organs

T Parts per million of cobalt in fresh tlssue
Organ ¢ Control rats (not : Rats fed cobalt
N fed cobalt) ¢t Rat No., 1 : Rat lo., 2

Carcass 0.015-0.025 333 2.61
Spleen 0.63 17.9 6.2
Pancroas 0.75 18,9 16.7
Kidneys 0.3 21.2 17.1
Liver 0.36 57.5 43.6

It 18 apparent that the greatest lncrease in cobalt content
ocourred In the lliver with the kidney taking up the next
greoatest amount.

Underwood and Harvey (146) analyzed livers of bush-sick
and of healthy sheep. The livers of bush-sick sheep contailned
0.03 to 0.14 part per million of cobalt (on the dry matter
basis) while those of healthy sheep contained 0.08 to 0.58
part per million of cobalt. McNaught (104), in a critical
study of the nltroso~R-salt method, found that rat livers
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contained about 0.20 part per million of cobalt on the average.
Stare and Elvehjem (134) fed rats on a milk-iron-copper-
mangancse diet and found that the entire bodies of the rats
contained less than 0,01 milligram of cobalt (the limit of
sensitivity of the analytical procedure they used)e %hen
polycythemia occurred 0.04 to 0.05 milligram of cobalt was
found in the entire body. dJosland and McNaught (78) reported
that a polycythemic rat contained 0.050 milligram of cobalt in
1ts entire body after beilng fed one milligram of cobalt (as
cobalt sulfate) for 48 weeks. Rats which had been fed this
sriount of cobalt without developing polycythemia contained
only 0,030 milligram of cobalt in the entlre body. Control
rats not fed cobalt had only 00,0047 milligram of cobalt in
the entire body.

Askew and Dixon (9) analyzed the pancreas, liver and
spleon from sheep that had been drenched with cobalt salts in
bush sickness experiments and obtained the data shown in Table

5.

Table 5
Cobalt Content of Sheep Organs

Parts per million of cobalt in dried tissue

Organ Sheep not glven cobalt:Sheep gziven cobalt
Pancreas 0,02 06,07
Liver 0,02 0.20

Spleen 0,03 0.04




A numbor of food materlals of animal origin have becen an-
alyzed for cobalt with the nitroso-Resglt method or modifica-

tions of it. These data are given in Table 6.

Table 6

Cobalt Content of Some Mood Haterials of
Aninal Origin

tParts per million:

Food : of cobalt H Reference
Butter 0,013 Grimmett (67)
Lard 0.007 "
Cod liver oil 0.004 "
Pancreas 0.18=0.,24 dhmad and MeCollum (1)
Milk 0.001 Sylvestor and Lampltt (138)
Addenda

Some investigators have studied the blologlcal effects of
metallic cobalt on certain animals. Tho work of lHaschorpa
(113) might be cited. NHe claimod that he had obtalned cobalt-
protein compounds by treating proteina with motalllc cobalt
and that when proteins from a particular animal tissue wore
used to malte such a substance and the resulting compound injected
into another animal, preferential deposit of cobalt occurred in
the homologous tissue of the sccond anirmml. This whole idea has
been categorically denied by Lazaris (87) who could not dup-
licate Mascherpa's work.

A number of reviews of the litorature on the blological

significance of cobalt have appeared in recent years. Among
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the shorter reviews are those of Godden (64), Fairbanks (54),
Schultze (132) and McCollum (97). More complete reviews have
been made by Marston (108), Underwood (143) and Maynard (115).
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EXPERIMENTAL

Plan of Experiment

In investigations such as those for this thesis it is not
always possiblo to make a detallod plan of all the experiments
to be made, since results of one experiment often suggest
othor studlies which might be of interest. In general, how-
ever, it was planned to feed rats the laboratory's stock grow-
ing ration with cobalt salts added to furnish various concen-
tratlons of cobalt and to study the effects of these diets on
grouth, reproduction and lactation. It was also plarned to
investigate the composition of blood and urine with respoct
to a few of tho more cormon constituents for which satis-
factory analytical methods are available. These are limited
by the very small blood samplos obtainable from rats without
causing serlous injury to the animal. More specifically, it
was plannoed to study the changes produced in the blood in
hemoglobin concentration, erythrocyte count, non-protein
nitrogen concentration and blood sugar concentration and to
examine the urine for albumin and for reducing supar after the
rat had ingested simple cobalt salts, either fed in the diet
or administered by stomach tube. It was thought best to re=-

strict the investigation to these means of entry of cobalt
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ion into the organism (through the digestive tract) since
these are more closely related to nutritional problems than
other means of injection of test solutions into animals. Of
Interest in this connection was the determination of the mini-
mum lethal dose of cobalt (as cobalt salt) when given by
stomach tube and the minimﬁm concentration of cobalt salt in
the diet necessary to stimulate hematopoiesis. It was also
planned to make cobalt analyses of such tlssues as liver, kid-
ney, pancreas, spleen, heart, lungs, stomach, Intestine and
testes, both from rats which had been fed cobalt salt and from
those which had not received added cobalt salt in the dlot.

Materials and Methods
Rations

The basal ration fed all the rats in this study was the
growing ration on which the stock rats of tho colony of the
chemistry department have been grown successfully for many
vears. It conslisted of a mixture of natural feeds in the fol-
lowing parts per volume: ground hulled oats, 4 parts; ground
yellow corn, 4 parts; ground wheat, 1 part; alfalfa meal, 1
part; tankago, 0.5 part; buttermilk powder, 0.5 part; linseed
meal, 0.5 part. To this mixture 0.35 pound of bone meal and
0.5 pound of sodium chloride were added for each 100 pounds of
rations These materials were obtained from a dealer in Ames,
Iowa, and were mixed every two weeks by the regular laboratory

starf,
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Analyses of the growing ration for cobalt by the nitroso-
R-salt method showed a variation in the cobalt content from
0.27 to 0.42 part per million over a period of six months. The
average cobalt content was 0.33 part per million and this 1s
so much less than tho lowest concentration of cobalt ion fed
(5 parts per million) that it need not be considered in these
experiments. _

No investigator of the cobalt problem has described his
method for incorporating small amounts of cobalt salts into
the rations used in his experiments. Since failure to obtaln
a feod mixture of approximately uniform cobalt content 1is
obviously important to tho validity of the oxperiment, spocial
attention was given to the method of adding the cobalt salts
to the basal ration. The calculated amount of cobalt salt was
weighod out on an analytical balance to at least three aig-
nificant figures, transforred to a small wash bottle, dissolved
in 10-15 milliliters of distilled water and sprayed over the
surface of a welghed amount of basal ration in a large flat
pan. This was then mixed by hand so that the clumps of feed
molstened with the cobalt salt solution seemed evenly dis-
tributed and not larger than tho size of a bean. The ration
was allowed to stend until the clumps containing the cobalt
salt were thoroughly dry. The entire ration was then sifted
through a small flour sieve (holding about 200 grans of ra-
tion) into another large flat pan and the unsiftable residue

from each sievefull was ground in a mortar and pestle. This
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was then resifted over the contents of the pan, the unsiftable
residue again ground in the mortar and resifted on to the con-
tents of the pan as before. This always reduced the cobalt
clunps to such a fine powder that none was apparent in the
small amount of unsiftable residue remaining. This, consist-
ing mostly of pleces of cracked corn and a few oat hulls, was
added to the previously sifted material so that its composi-
tion might remain the same as the growing ration used for the
control groups, except for the added cobalt salt. The entire
sifted ration was next mixed thoroughly by hand and stored in
tlass jars with scrow tops.

These rations were mixed in this way every two to three
weeks for each group of rats and thelr homogeneity is demon=-
strated by the smooth growth curves obtalned during expori-

nental periods of as long as 40 woeks.

Care of animals

The rats used for the feeding oxperiments were selected
from the young of the stock colony at weaning aze (approxi-
mately 28 days), their initial weipght being 45-55 grams when
each experiment was started. They were assembled into groups
of three males and three females and housed In metal cages
measuring 24 inches long, 12 inches wide and 8 inches high. The
cages were arranged in batterles and kept in theo same room as
the stock colony rats where the temperature was maintained at

approximately 28° C. the year around. Each cage, except as
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noted below, had a removable screen bottom with a sliding pan
underneath. The bottom of the pan was covered with woodshav-
ings end the pans were removed, cleaned and filled with fresh
shavings each week. The wire screens were removed regularly,
cleaned in running water and dried before being replaced.

Viater was suppllied to each cage from an Inverted bottle
fitted with a one-hole rubber stopper and a bent glass tube
drinking fountain. The rats were allowed to drink as nuch
water as they wanted. Fresh water was supplled at all times
and the bottles were cleaned thoroughly with a brush every
woek.

Feed was supplicd to each cage in a tin cup soldered to a
tin plate and sot inside a pan wlth high walls to prevent
scattoering of the foods All the groups (except certain con-
trol groups) were suppllied with all the feed they would eat.
At regular intervals the cups and pans were washed thoroughly
and dried.

Prognant females were sogregated from thoir groups and
placed in cagea provided with wood shavings but no screen
bottoms. In experiments where lacltation was studied, the mothers
were permitted to rear their young until 28 days after birth
when the young were destroyed and the females were returned to
the original group.

Por experiments where cobalt salts and other substances

were injected into the stomach, young or mature rats were
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selected from the stock colony, placed in screen bottom cages
and supplied with water but no foods. They were fasted in this
way {or approximately 24 hours before use. Thelr weights were

recorded prior to the experiment.

Operatlive niethods

Collection of urine. Urline specimens were collscted by
placing rats individually in a circular motabollsm cage made
of galvanized acreen wire wlth three meshes per inch. The
cage was 8 lnches in dlameter and 8 inches high, It was
equipped with two small cilrcular openings through which the
rat could put its head to obtain feed and water. The cage
was set on an elght inch glass funnel which directed the
urine exocroted into a test tube graduated in tenths of a
milliliter. A porcelaln Gooch disc in the apox of the funnel
prevented feces from falling into the urine. The feed and water
roooptacles were placed outslde tho rim of the funnel so that
no feed or water could fall into the urine. Rats were placed
in the cago In the morning and the urine collected was taken
for analysis at the same hour the following morning. The
cage and funnel were washed thoroughly with water and dried
each time they were used.

Anesthesia. In order to pass a stomach tube into rats
without exclting them, they were anesthetlzed with intra-
peritoneal injoctions of a nembutal solution containipg 3

millipgrems of nembutal per mllliliter and injected at the rate
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of one milliliter per 100 grams of body weight. In order to
make the injection, the rat was placed on the table, covered
with one thickness of a towel to avoid danger from biting and
grasped with the left hand with the ratts head toward the

wrist and the f{ingers encircling the body, the 1little finger
encircling the throat. The rat was turned over, the head
lowered to allow the gut to slip forward, and the needle of

an injection syringe containing the calculated volume of
nembutal solution insertoed into the peritoneum near the mi&-
1line of the body with the needle directed toward the posterior.
The solution was injocted, the needle withdrawn and theo rat
placed in a bucket until needod. The entire operation can be
done rapldly and there is usually little struggling. Anesthesia
was usually complete in 10-15 minutes and lasted one to two
hours. The hypodermic syringe and tho 22 guage needles used
wWere obtained from Becton, Dlckinson and Company.

Use of stomach tube. In order to inject test solutions

Into the stomachs of rats, a French Noe. 8 cathotor about six
Inches long was used as a stomach tubo. One end of tho tube
was [itted to the hub of a hypodermlic needle cut off for this
purpose and was attached by this means to a hypodermic syringe.
The end of the cathetor was dipped below the surface of some of
the test solution in a small test tube and drawn into the
syringe. The syringe was then inverted and enough of the con-
tents expclled to remove all alr bubbles from the syringe and

catheter. Vith the desired volume of test solution in the
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syringe, the catheter was passed into the rat's stomach by
grasping the tongue and pulling it forward while the catheter,
moistened with water, was inserted with a rotary motion down
the esophagus. %With a little experience it was found posslble
to insert the tube into the esophagus and not the trachea.
The rat was raised into a vertical position, head up, the
syringe emptied and the catheter removed. It will be noted
that the catheter itself remalined filled with test solution
both before and after the injection, nmaking possible the in-
Jection of precise volumes of solution from the syringe
itself.

Blood semplinpge Blood samples for counting erythrocytes

and determining blood sugar were obtained from the tail. The
larger samples (0.1l nl.) noeded for determination of non-
protein nlitrogen wore obtained from the external saphenous
vein. In each case, however, blood was drawn from a free-
flowing inclsion.

To draw blood from the tall, tho rat was wrappod in a
towel with the tail protruding, the tall wiped and stroked
once or twice toward the tip. An Incilsion was made with g
sharp scalpel in the prominent vein near the tip of tho tall
and a sample of blood drawn into a plpette of sultableo slze.
Trenner plpettes were used for the erythrocyte counts and
plpettes marked at 0.05 milliliter were used for the blood

sugar samples.
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To draw blood from the external saphenous vein, the rat

was rolled in a btowel with one hind leg extended outside, the
inside of the leg was shaved and the saphonous vein punctured
with a lancet. Blood was drawn from the free-flowing puncture
into a 0.1 milllliter plilpette. Care was taken to avold sever-

ing tho vein and producing blood clots under the skin.

Analytical methods

lloztof;lobine FHomogloblin was determined by the acid
hematin mothod as described by Hawk and Bergein (69). Read-
ings were made in g hemoglobinometer obtained from the Bausch
and Lomb Optical Company.

Erythrocyte counts. Erythrocyte counts were made with a

Trenner diluting pipette and a Levy counting chamnber with the
improved MNeubauor ruling. Fhyslological salt solution was
used as the diluting fluid.

Doterminantion of pH. Tho pH of the cobalt chloride solu-

tions and the pH of the hydrochloric acid snlution were
moasured on a Cameron p!l Moter menufactured by the Vebster
Electric Company, Racine, Visconsin. The current was turnod
on and the instrument allowed to operate long cnough before
making the pH determinations so that there was no drift in the
meter reading.

Blood sugar. Blood sugar was determined by the method of

Folin and Malmros (59) as modified by Keil and Nelson (79),

Hon-protein nitrogen in blood. Non-protein nitrogen was
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deterniined in blood by the method of Folin and Viu described by
Hawk and Bergeim (69) as modified by V. B. Fish (58) for
small samples of blood.

Reducing sugar in urine. Reducing sugar in the urine was

determined by Sumner's method as described by Hawk and
Bergeim (69).

Cobalt. Cobalt was determined by the colorimetrlic
nitroso-R-salt mothod of Stare and Elvehjem (134) as modi-
fied b7 Kidson, Askew and Dixon (82) and Kidson and Askew
(81l). The procedurc outlined in the following paragraphs was
found to give consistent results and showed excellent re-
coveries of cobalt salts added to animal and plant tissues.

Mince the tissues with a scalpel and ash the weighed
sample in a muffle furnace, ralsing the temperature graduslly
to avold spattering. PFinally maintain at a red heat for
three hours to insure complete destruction of organic matter.

Dissolve the residue in 15 ml, of HC1l (specific gravity
1.12), warm t1ll dissolved, cool and extract with ether using
20 ml. of ether for each 10 ml. of solution. arm to expel
ether from the water phase and extract again with ether.
Evaporate the water phase to dryness.

Take up the residue with 0.5 ml. of HCl (specific gravity
1.12) and six drops of HNOz (1:1). Add enough water to bring
the volume to 15 ml. and boil to oxildlze any reducing sub-
stances. Cool. Add two mle of 0.l per cent nitroso-R-salt

solutlion and then two grams of sodium acetate. leat to 70°,
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Add five drops of phenolphthalein and then ten per cent KOH
drop by drop with shaking until pink. Add three more drops of
phenolphthalein and just destroy the pink color with 0.5 N
HCl. Boll exactly two minutes, keeping the solution just acid
to phenolphthalein. Add 20 drops of HNO4 (1:1) and boil two
minutes more. Cool under the tap and make up to volume in
Nessler tubes, flltering into the tubes if there is any pre-
cipitate or cloudiness. Compare with standards prepared the
same day using known (and comparable) amounts of cobalt

according to the procedure of this last paragraph

Chemicals

Cobaltous chloride. The cobalt chloride used was Baker

and Adamson's reagent quality CoClp.6ly0e The maximum limits
of impuritlios stated on the label were: S0z, 0.0025 per cent;
Cu, 0.000 per cent; e, 0,005 por cent; Pb, 0.000 per cent.

Cobeltous nitrate. Cobalt nitrate, Co(1105)5.6H,0, abso-
lutely chemically pure and nickel free, was obtained from the
City Chomical Corporation, New York, l. Y.

Cystine. The cystine used was originally prepared from
hair in theae laboratories. It was dlssolved in 20 per cent
hydrochloric acid and reprecipitated with a hot concentrated
solution of sodium acetate. The preciplitate was allowed to
stand over night in a refrigerator, filtered, washed with water
end then with alcohol and finally allowed to dry in air on a
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porous plate. A fine white powder was obtained which con-
sisted of typical hexagonal cystine crystals when examined
under a microscope. A hot saturated solutlion of the powder,
vhen allowed to cool, formed similar typlcal hexagonal crystals
easily visible to the naked eye.

Glucose. The glucose used for standard solutions and for
injection solutions was Baker and adamson's reagent quallty
anhydrous glucose.

Glycine. Glycino, amrmonia free, was obtained from the
Fastman Kodak Company, Rochester, N. Y.

Nitroso-R-salt. The nitroso-R-salt used was obtained from

the Lastman Kodak Company, Rochester, N. Y.
Sodlium tungstate. The sodium tungstate used for prepar-

ing blood filtrates was obtained from the Mallinckrodt Chemical

VVorks and was free of molybdenum.

Presentation of Data
Growth

Since the literaturo is not clear with respect to the
amount of added cobalt salts which rats can tolerate in their
dlet, a prelininary experiment was planned to determine the

maximum level of cobalt salt in tho ration which rats can ingest

without dying. To the growing ration usod for the rat colony
of the physiological chemistry scction of the chemlstry depart-

ment, cobalt chloride was added in amounts to give 1,0 per cent,
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0.5 per cent, 0.1l per cent and 0,05 per cent of cobalt and
each one of these rations was fed to a group of six rats. A
fifth group of rats was fed growing ration only, wlth no
added cobalt salt, to serve as controls. In these feeding ex-
periments, as well as in all others, except where otherwise
noted, each group of rats consisted of three males and three
females, 45-55 grams in welght at the beginning of the experi-
ment, kept together in metal capges with feed and water sup-
plied ad libitum. The lethal effects of these rations are

stiowvm in Table 7.

Table 7
Lethal Effects of Ratlons Containing Added Cobalt Chloride

I

Time necessary for
rats to die

o0 o0

Cobalt ion content

500 parts por million (0.05%) 3-5 woeks
1,000 parts per million (0.1%) 2-3 weoks
5,000 parts por million (0.53%) 1-2 weeks

10,000 parts per milllon (1.0%) 1 weolk

It 1s apparent that rations containing 500 parts per million
(0.05%) or more of cobalt (as cobalt chloride) are lothal to
young ratse.

Growth experiment A. Three groups of six rats each were

fed growing ration with cobalt nitrate added to give lovels of
200, 100 and 50 parts per million of cobalt (0.02 per cent, 0.0l
per cent and 0.005 per cont cobalt respectively), with a control

group of six rats recelving growlng ration without added cobalt
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salt. The rats were weiched each week, feed consumption
records were kept for each group and a dated record was kept
of all pregnancles, the number and weight of young in each
litter at birth and at 28 days of age and the welght of each
feniale before and efter parturition. GCrowth data aere shown
in Table 8. Growth curves for each level of cobalt (as cobalt
nitrate) are plotted in Figure 1. Feed consumption by these
groups of rats Is shown in Table 9.

Growth experiment B. It was noted in growth experiment

A that the feed consumption of groups of rats receiving cobalt
salt was always less than that of the controls recelving no
added cobalt salt, so another series of growth and reproduc-
tion experiments was planned where the control groups receiv-
ing no added cobalt salt were fed only the welght of ration
consumed on the previous day by the rats roceiving added co-
balt salts and supplied vwith all the feed they desired to eat.
Cobalt was fed at a level of 50 parts per million to a group
of twelve rats (six males and six femalos) and at a level of
200 parts per million to a group of six rats (three males and
three fomalos). Each group was paired with a control group
consisting of simllar numbers of rats whose feed was re-
strictod as descrlbed asbove. Cobalt nitrate was used as the
source of cobalt, as In growth experiment A, Growth, feed con-
sumption and reproduction records were kept as before. In
additlion, since these rats were ingesting equivalent quantitiles

of ration, the urine of both groups and their controls was
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Tgble 8

Growth Experiment A
Average Veight in Grams of Groups of Six Rats Fed Growing
Ration with Added Cobalt Nitrate

\Vfeeks : Concentration of added cobalt
Fed ration None t 50 popeMe 2100 PepPele 2200 Pepeme
0 57 52 54 50
1 74 70 64 50
2 88 80 74 52
3 101 91 386 51
4 114 106 99 50
5 144 119 104 54
] 151 130 111 55
7 165 136 120 59
8 194 157 138 72
9 202 158 143 76
10 210 161 145 83
11
12
13 216 170 149 94
14 217 176 164 103
15 251 184 161 108
16 255 201 179 116
17 266 200 179 128
18 266 199 191 131
19 279 215 190 141
20 282 218 187 140
21 295 229 185 136
22 300 233 191 144
23 309 237 196 150
24 313 248 198 1556
25 317 234 205 162
26 32). 241 211 166
27 327 244 217 168
28 331 261 222 169
29 330 257 221 179
30 338 263 232 179
31 338 273 233 189
32 357 257 2462 2088
33 342 258 25¢ 221
34 338 250 204 233
35 336 258 266 229
36 338 263 265 248
37 334 261 266 248
38 326 261 270 255
39 348 280 272 267

8Ped growing ration without added cobalt salt from thirty-
second week until the end of the experiment.



Vei:ht

350%

£50

200

100

50

Concentrition of «~dded cobalt
ilone

DD ePellle == e o e e e
100 p.p.t, ~—O=—Cwo- O
200D DepeTie ——O-OOrOr—iy

B rovin: ratlion +ithout ndded connlt
ol el tfroa thiz tine until end
of «epuriment.

4 & o 1s 20 b 2 42 36
“ecks el ration

ot

6]
[

o
.

1. Orowsh erpiriaent 2. AT T2 e Ltht of grouns of die rata fel srocing
ration sitn ndded cohnlt nitrate

40



- 57 =

Table 9

Feed Consumption in Grams by Groups of Six Rats
in Growth Experiment A (Teble 8)

fed ration :  None 50 p.p.me :100 pepeme :200 pepome.
385

1 470 350 260
2 500 390 370 340
3 460 460 400 290
4 600 300 470 350
5 500 430 340 300
6 530 470 420 310
7 540 470 440 360
8 620 530 410 310
9 620 400 450 480
10 500 460 400 480
11 820 400 380 400
12 500 410 400 510
13 600 405 420 390
14 1130 515 600 540
15 1100 430 400 500
16 750 5156 390 430
17 770 530 440 535
18 830 640 450 500
19 670 500 460 535
20 880 650 390 600
21 720 650 480 470
22 620 480 420 530
23 540 6§60 430 600
24 640 520 420 650
25 600 630 490 570
26 700 660 410 680
27 700 700 580 500
28 600 790 470 600
29 600 730 580 540
30 650 790 460 560
31 600 620 440 700
32 700 630 5608 7508
33 850 600 540 750
34 1200 600 500 500
35 1300 800 600 800
36 800 1000 660 1100
37 600 1000 640 800
38 700 1000 700 500
39 200 900 700 800

8Fed growing ration without added cobalt salt from thirty-
second week until the end of the experiment.
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analyzed quantitatively for reducing sugar and tested quali-
tatively for albumin. The blood of the rats recelving 50
parts per million of cobalt ion and that of their controls
was analyzed for non-protein nitrogen. At thie end of the
feeding experiment, tissues were pooled and analyzed for co-
balt by the nitroso-R-salt mothod. Growth data are shown in
Table 10 and are plotted in Figures 2 and 3.

After belng fed these rations for 23 weeks, tho rats re-
celving 200 partec per million of added cobalt and tholr con-
trol rats had consumed an averago of 1l.38 kllograms of feed
each, 'The rats recelving only 50 parts por :ulllion of added
cobalt lon end their controls had each conasumed an avera;e of
1.92 kllograms of foed in tho sane length of tluae.

Growth experiment C. In order to ovserve any effeots of

smallor concentratlons of added cobalt nitrate than used in
the precoding experiments, a ration contalning 25 parts per
million of added cobalt nitrato was fod to a group of fiftoen
males and fifteen females while another group of fifteen niales
and fifteen females, receiving growling ration wlthout added
cobalt nitrate,served as controls. Records were kept as be~
fore on growth, feed consumption and reproduction. Tissues
from these rats were analyzed for cobalt by the nltroso-R-
salt mothod at the close of the oxperiment. Growtn data are
presented in Table 11 and are plotted in Flgurec 4. TFeed ocon-

sumption data are shown 1in Table 12,
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Table 10

Growth Experiment B
Average Welght 1n Grams of Groups of Rats Fed Growing
Ration with Added Cobalt Nitrate. Control Groups Fed

Only the Weight of Ration Consumed by the Paired Group
Recelving Added Cobalt Salt

Weeks Concentration of added cobalt
fed ratlion H None : 50 p.p.m. ¢ None 1200 p.p.m.
t l2rats : 12 rats : 6 rats : 6 rats
0 47 48 54 51
1l 66 64 64 60
2 70 81 75 66
3 112 99 93 75
4 131 124 96 86
6 146 138 109 92
6 165 159 122 102
7 182 175 133 118
8 202 187 149 123
9 213 200 148 132
10 207 202 159 136
11 . 176 139
12 221 204 173 146
13 2256 211 186 157
14 230 227 184 1565
156 240 229 186 159
16 237 231 196 159
17 238 244 192 163
18 248 239 192 164
19 256 248 199 162
20 2563 248 202 171
21 257 266 203 173
22 263 248 207 172
23 261 281 221 179
24 278 267 218 178
25 280 266 218 178
26 286 275 228 173
27 292 282
28 288 271
29 295 281
30 288 281
31 293 279
52 298 283

33 293 288

—————— 4 o+ e i n e
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Teble 11

Growth Experiment ©
Average Welght in Grams of Groups of Thirty Rats Fed
Growing Ration Alone and Growing Ration with
25 Parts Per Million of Addad Cobalt as Cobalt Nitrate

Weoks fed : Concentratlion of added cobalt
ration : None : 25 p.p.m.
0 73 67
1 95 85
2 119 105
3 142 121
4 l62 141
5 179 168
6 192 181
7 209 203
8 220 209
9 224 220
10 222 221
1l 228 227
12 228 230
13 235 230

14 265 244
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Table 12

Feed Consumption in Grams by Groups of Thirty
Rats in Growth Experiment C. (Table 11)

Wealts fed : Concentration of added cobalt
ration : None : 20 DeDolle

1l 3800 3000

2 4200 3100

3 4200 3000

4 3700 3200

5 3500 3500

6 4100 3000

7 4300 3800

8 3300 2200

9 3000 2000

10 3200 3800

11 3900 3500

12 4100 3000

13 4100 4000

14 4700 4500
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Growth experiment D. Groups of six rats each were fed

growing ration with 5 and 10 parts per million of added co-
balt as cobalt nitrate, respectively, and a control group of
rats receiving no added cobalt salt was grown simultaneously.
Hemoglobin determinations were made on these rats at regular
intervals and growth, feed consumption and reproduction records
were kept as before. Some of the tissues of the group receiv-
ing 10 perts per nmillion of added cobalt and some tilssues

from the controls vere analyzed for cobalt as in the preced-
ing experiments. Growth data are given in Table 13 and plotted
in Figure 5.

Reproduction

Reproduction data were reocorded for all the rats in
grovwth experiments A, B, C and D but some variations in the
conditions of the different experiments should be noted. In
all cases, however, when litters of more than six young were
produced, the litters were reoduced to six before the females
wero allovwed to rear them to weaning age (approximately 28
days).

In growth experiment A, vhere cobalt nitrate was added
to the ration to glve cobalt concentrations of 0, 50, 100 and
200 parts per milllon, the females wore allowed to raise six
of thelr young to weaning agoc. In the case of the controls
(receiving no added cobalt lon), the females were not returned

to the malcs for some time after weaning of their first litters.
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Table 13

Growth Experiment D
Aversge Weight in Grams of Groups of Six Rats
Fed Growing Ration with Added Cobalt Nitrate

Weeks fed t__Concentration of added cobalt
ration : None : 5 pepeme ¢t 10 p.pom,
0 51 47 49
1 80 56 75
2 101 78 102
3 121 109 125
4 143 129 159
5 164 143 173
6 185 172 180
7 196 187 211
8 206 203 207
9 224 213 219
10 247 234 223
11 250 235 238
12 269 260 252
13 268 258 262
14 290 266 280
16 28b 264 268
16 299 274 281
17 307 284 293
18 306 286 304
19 316 206 288
20 321 302 300
21 341 292 319
22 329 302 311
23 338 306 313
24 352 304 316
25 349 298 317
26 o4l 312 37

27 354 327
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When the control females were returned to the males, however,
they promptly reproduced again.

In growth experiment B, where the feed intake of the con-
trol groups was restricted to the amount eaten by the paired
groups receiving 50 and 200 parts per million of added cobalt
ion, respectively, the females were not allowed to ralse their
litters but were returned to the males after each parturition.

In growth experiment C, reproduction data included only
the first lltters ralsed by the females, since these rats were
intended primarily for tissue analysis studles.

In growth experiment D in which added cobalt ion was fed
at concentr:rtions of 0, 5 and 10 parts per million, reproduc-
tion data were kept throughout the entire experiment (27
weeks) and each female was allowed to ralse litters of six or
less to weaning age after each parturition.

It 1a apparent that due to the different conditions of
the experiments, the data from all four main groups sre not
all atrloctly comparable. However, the conditions up to the
production of the first litter in each group are comparable
and these data are shown in Table 14. Table 15 shows a
similar ocomparison of data for the second litters from growth
experiments A and D only. Table lo shows a compilation of
data for growth experiment B for the entire duration of the

experiment (25 weeks),



Table 14

Comparison of Data on Production of Pirst Litters

¢ Growth experiment : Crowth experilment :Growth ex-:Growth experi-
(Data for control : A _ : B :periment C: ment D
groups are : No 2 50 ¢ 100: 200t No ¢ 50 : Yo : 200 : Ho ¢ 25 : No : & : 10
underlined,) : Co : ppm: ppm: ppm: Co ¢ ppm: Co : pom ¢ Co ¢ ppm ¢ Co : ppm :ppm
: $ Co : Co s Co ¢ Co : :t Co : : Co : ¢t Co : Co
Number of females 3 3 3 3 6 6 3 S 15 15 3 3 3
Number reproducing 3 3 1l o 6 S ] 0 i3 15 3 3 3
Number of young 32 16 1 0O 52 31 23 0 105 81 17 26 22
Total weight of
young 139 43 3 0 255 167 111 0 381 329 47 83 61
Average number of
young per litter 10,7 5.3 8Jd 6.2 7.6 Bl 6.2 5.3 8.7 7.3
Average weight of
each litter 46 14 43 33 37 29 25 15 28 20
Average welght of
each young 4.5 2,7 4,9 .4 4,8 30 4,0 2.8 3.2 2.8
Average age of fe-
males in days at
first parturition 113 126 92 93 121 97 94 87 103 104
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Table 15

Comparison of Data on Production of

Second Litters

(Data for control: Growth experiment A : Growth experiment D
groups are ¢ No ¢ 50 :100 :200 ¢ No : & = 10
underlined.) : Co : ppm :ppm :ppm ¢ Co ¢ ppm : ppm

$ $ Co :Co :Co ¢t Co : Co

Number of females 3 ] S 3 3 3 3

Number producing

second litters 3 2 0 0 3 3 2

Total number of

young 28 13 0 o 26 23 22

Total welght of

young 112 49 0 0 81 93 74
Average number
of young per

litter Ded BeD 8.7 767 10.5

Average welight

of each litter 37 25 30 33 37

Average welpght

of each young 4.0 3.8 3.4 4.3 Seb
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Table 16

Comparison of Reproduction Data for Growth
Experiment B (25 Vieeks)

(Control groups for each concentration of cobalt lon vere fed
only the weipght of growing ration consumed by the paired
froup fed added cobalt ion.)

Concentration of added

(Data for control groups are cobalt ilon
underlined.) ¢ None : 50 ¢ lione : 200
s : _ppm_: ¢ ppm
Humber of females 6 ] 3 3
Number reproducing 6 5 S 0
Total number of litters 33 25 8 0
Total nunmber of young 279 167 65 0
Total welipht of young 1500 797 306 0
Averago numbor of litteres 5.5 5.0 37
Average number of young per
litter 8.5 6.7 7.9
Avorage welpght of cach litter 45 32 38
Average wolpght of e-noh young 5.3 4,7 4.8

|
|




Lactation

Success of lectation was judged by the per cent of
litters raised from birth to an age of 28 days and by com-
parison of the average welights of the young at birth and at
28 days of age. These data were obtained durlng the course of
growth experiments A, C and D for tlre groups of rats fed ra-
tions with a sufficlently low concentration of added cobalt
fon to permit reproduction to occur. The data are summarized

in Table 17.

Hemoglobin formation

Since 1t 1s well established in the literature that
administration of sufficient amounts of cobalt salts stimu-
lates hemogloblin formatlion in rats, an attempt was made to
determine the minimum amount of added cobalt necessary in
the dlet of rats to produce such a stimulating effect.

The blood of the rats in growth experiment D, receiving
0, 5 and 10 parts per million of added cobalt {as cobalt
nitrate) was analyzed for hemoglobin at regular intervals
for 25 weeks, Feed consumption records were kept. The
data from the hemoglobin determinations are summarized in
Table 19 and plotted in Figure 6. The feed consumption at

representative periods 1s shown in Table 18,



Table 17

Surmary of Data on Lactation
Per Cent Success in Raising Litters. Averare Weights of Each Young

at Birth and at 28 Days of Age

experi-

(Data for control groups ; ment A ; ment C : ment D
are underlined.) : No 0 : XNo : 25 ¢ No : 5
H Co : ppm ¢ Co ¢ ppm : ©Co : ppm
. : : Co :__Co i 3 Co
Nunber of Iemales 3 3 15 15 3 3
Number reproducing 3 3 13 13 3 3
Number of litters born (5 7 13 13 pxo] 8 '
Number of litters ralsed 6 5 12 12 9 8 &
Per cent success in raising litters 100% 713 92 92% 90%  100% '
Weight of each young
at birth 4,3 2,7 3.8 3.8 2.8 3.1
First litter iieight of each young
at 28 days 54 26 30 30 43 52
Wlelght of each young
at birth 4.0 3.5 3.6 4.2
Second litter ileight of each young
at 28 days 40 36 65 55
lelght of each young
at birth 4.0 37 2.9
Third litter ‘Vieight of each young
at 28 days 29 63 57




Table 18

Averange Feed Consumption (Grams of Feed Per Rat Per Day)
of Rata in Growth Experiment D at Representative Perlods

: Concentrstion of added cobalt
Vieek : None t 5 p.p.m. : 10 p.p.m,
5 12 13 13
9 16.6 14 15.5
14 16.6 16.6 16.6

Distribution of cobalt 1in the tlasues

The rats of growth experiment C receiving O and 25 parts
per million of added cobalt were raised primarily for tlssue
analysis so after 16 weeks feeding on these rations, the ani-
mals were kllled and the liver, kidney, spleen, heart, lungs,
stomach and intestine of each rat were removed, rinsed free
of blood and hair with diatilled water, blotted on clean
filter paper and placed in individual tared casseroles, weighed
and analyzed for cobalt by tho nitroso-R-salt method previously
described. The contents of tho stomach and intestine were re-
moved before analysls, At the same time, tlssues from four
rats from growth experiment A which had been fed 50 parts per
million of added cobalt 1on for 40 weeks were analyzed indi-
vidually in the same way. The data obtained are shown in

Table 20,



Table 19

Average Hemoglobin Concentrations (¥illigrams per 100 ml.
of Blood) of Groups of Six Rats Fed Growing Ration with
O, 6 and 10 Parts per Killion of Added Cobalt

Concentration of added cobalt

Week None : 5 pepems ¢ 10 pep.m.
0 11.7 10.0 11.0
1l 11.7 11.4 10,6
e 11,9 11.9 11.8
3 11.6 12,2 12,5
4 12,7 12.8
5 12.0 12.2 13.2
6 11.9 13.2
7 12.%7 14.2
8 13.0
9 14.6

10 12.6 13.2

11 12.6 12.%7 13,3
12 12.0

13 12.2 12,8
14 12.3

156 12,9 12.4
16 12,7 12.4 12,2
17 12.7 12.6 12.3
18 12.6 12, 12.4
19 12.7 12,9 12,9
20 12.6 13.1 12.9
21 12.3 13.2 12,8
22 12.1 13.1
23 12.3 13.3
24 12.4 13.4

25 12.3 13.5
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Table 20

Parts Per ¥illion of Cobalt in FPresh Tissue

Distribution of Cobalt in the Tiassues of Rats Fed Cobalt
Nitrate.
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Tissues of three rats which hed been fed 10 parts per
million of added cobalt in growth experiment I were next
analyzed individually as before, along with tissues from six
of the control rate which had not been fed added cobalt salt.
Tissues analyzed were liver, kldney, spleen, pancreas and
heart. These data are shown in Table Z1.

A third seriess of snalyses was merde on the tissues of
34 rats of growth experiment B in which added cobalt ion was
fed in concentrations of 50 snd 200 parts per million along
with control groups recelving no added cobalt ion. Organs
annlyzad wora lliver, kidney, spleen, pancreas, heart, lungs
and testes., In these analyses, similar organs from throe
rats recelving the same concentration of added cobalt aalt
were pooled so that the cobalt present might be more oansily
determined due to the increased amount in eesch sample
analyzed. For these reessons (the greater numbor of rats
used, the increased amount of cobalt in each sample) as
well as the fact thint these analyses were made after much
valuable oxperience with the method had been obtanined, these
datn must be considered the most accurate of all the data
shown for dlstribution of cobalt in the tissues. Theae

data are presented in Table 22.



Table 21

Distribution of Cobsalt in the Tissues of Rats Fed Cobalt

Nitrate. Parts Per Million of Cobalt in Fresh Organ
Amount of : : : : : :
cobalt ion: Rat: SQx'leer 'Kidneys :Spleen :Pancreas:Heart

added to : : : : : : :
ration ¢ : H : H : :
Ly} H 0.9 1.0 trace 1.0
G F 1.0 1.6 1.0 1.5 1.0
BS M 0.8 l.4 0.0 0.0 1.0
None W M 0.9 1.5 1.0 trace l.0
Vi F 1.6 2.0 2.0 0.0 0.5
BS F 1.1 1.8 1.5 0.0 1.0
Average 1.0 1.6 1.1 traces? 0.9
10 parts vi N 0.9 2.0 1.5 1.4 l.7
per BS u l.1 2.0 1.8 0.6 1.5
million W M l.4 1.9 1.2 1.0 0.3
Average 1l.l 2.0 1.5 1.0 1.1
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Table 22

Distribution of Cobalt in the Tlssues of Rats Fed Cobalt
Nitrate. Parts Per Million of Cobalt in Fresh Organs

b — 1

Amount H :

added : Rat Sex :Llver: neys:Spleen:creas:Heart:Lungs:Testes
to : : : : : : : :
ration ¢ : : : : : : :
50 3 males 1.7 2.0 101 1.0 1.7 0.3
parts 3 males l.7 2.4 1.5 0.5 1.5 0.3
per 4 femalos 1.8 3.0 1.1 0.8 1.9 0.8
million
Avornga 107 2.5 1.2 008 1.7 0.8 0.3
3 males O.4 007 0.0 0.8 0.8 0.2
None 3 malces 0.2 0.7 0.5 Q.0 0e3 0.2
3 females 0.3 1,0 O.4 Q.7 Oe7 0.0
3 fenmales 0.2 0.8 0.2 0.2 0.2 Q.0
‘verag;o 0.3 0.8 0.3 0.4 0.5 0.0 0.2
200 3 1118108 600 4.8 104 1.2 1l.2 0.9
parts S femalos 7.8 4.3 2.4 led4 le7 1.3
per
million Averago 6.8 4.5 1.9 1.3 1.5 1.3 0.9
None 3 males 0.5 0.7 0.0 0.0 0.4 0.2
S females 0.5 0.8 0.0 0.0 0.2 0.2
Average 0.5 0.7 0.0 0.0 0.3 0.2 0.2

N. B. Each control group was fod tho same wolght of growing
ration without added cobalt as was consumed by the
paired group of rats recelving added cobalt nitrate 1in
the ration.



Rate of deposition of cobalt 1in the liver

The study on the distribution of cobalt in thse tissues
showed that cobalt was deposited 1n greater proportion in the
liver than in any other organ. For this reason 1t was
thought of interest to determine the length of time nec-
essary for the cobalt concentrrtion to reach a maximum in
the liver when rats were fed s dlet containing added cobalt
salt,

Young rats (80-100 grams in welgkt) were fed growing
ration to which 100 parts per million of cobalt had been
added in tke form of cobalt nitrate. One male and one fe-
male were killed each day, the livers removed and analyzed
for cobalt in duplicate. To serve as controls, the livers
of two males and two females were analyzed for cobalt before
the feeding of added cobalt salt was started. Food consump-
tion snd weight records were kept. The data obtained ure

shown in Table 23.

Toxicity of cobalt salts administered by stomach tube

Since there is little agreement in the literature as to
the minimum lethal dose of cobalt ion for rats, it was thought
advisable to determine the toxiclty of the cobalt salts used
in previous experiments when given by stomach tube in solution

in varying amounts to rats of different weights.
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Table 23

Rate of Deposition of Cobalt in the Liver of
Ration with 100 Parts Per Million of A4

Number of days

rats were fed ; ; ; : ;:
ration with 0 : 1 : 2 : 3 :
added ocobalt : : H :
nitrate : : : :
Average food ; : : ; H
oconsumption per: : 12 : 13 ¢ 10 :
rat (grams) : : : : :
Cobalt intake : : : ; :
(miorograms) : : 1200 : 1300 : 1000 :
Sex 4: F P M N s F u; F M : F M f
Weight (grams) . a8 80 a8 98 : 106 126: 109 120: &4 146 :
Weight of fresh: t (part) :

liver (grams): 3.07 2.99 3.11 3.04! 1.30 3.39: 3.66 h.gh: 2.83 u.;_l}i__;

Cobalt found
(miorograms)
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Solitions of cobalt nitrate and cobalt chloride were
prepared ranging in concontration from 20 to 60 milligrams
of cobelt per milliliter. Rets selected from the stock
colony wers anesthetized by intraperitoneal injection of
nembutal solution at the rate of 3.0 milligrams of nembutal
per 100 grams of body welght. When the rat was unconscious,
a stomach tube was passed into the stomach and exactly 1,0
milliliter of the cobalt test solution passed into the
stomach from a hypodermic syringe fitted to the stomach
tube. In some cases the rats wvere fasted for 24 hours be-
fore the experiment. The data obtalned are shown in

Tables 24 and 25.

Effect of cobalt salt in the diet on reducing sugar and

albumin in ths urine

Rats from growth experiment B which had been fed cobalt
nitrate added to the growing ration for six months in con-
centrations of 50 and 200 parts per million of cobalt and
control rats which had been fed the same weizhts of growing
ration with no added cobalt salt were placed indlvidnally in
metabollsm cages with food and water snd the urine collected
for 24 hours. The 24-hour volume of urine was recorded. The
urine was tested qualitatlively for albumin with Roberts'
reagent and analyzed quantitatlively for reducing sugar by
Sumner's method. Each rat was left in the metabolism cage

for two consecutive days so that check analyses might be made,



e r— . 0 e i s

- 084 =

Table 24

Effects of Administering Cobalt Chloride Solution

(None of

to Rats by Stomach Tube

the rats in thlis experiment were fastcd.)

HlIIigrams of :MIlligrams of

Rat ¢ cobalt ion : cobalt ion e Effect
: injected :per 100 grams @
Sex: Welpght :0f body welght:
M 220 30 14 Recovered
|4 7% 40 14 Recovered
M 274 40 15 Recovered
U 273 40 15 Recovered
P 166 30 18 Recovered
P 165 30 18 Recoverod
P 154 30 20 Died
M 270 60 22 Died
4 250 60 24 Died
M 244 60 25 Died
P 160 40 26 Died
F 163 40 25 Died
7| 220 60 27 Di.ed
F 144 40 28 Died
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Table 25

Effects of Administering Cobalt Nitrate Solution

to Rats by Stomach Tube

sMilligrams:Milligrams:

Rat tof cobalt :of cobalt : :
: ¢ lon in- : ion per :Treatment : Effect
Sex:Welight: jJected :100 grans : :
: H ¢ of body : 2
H : : welght : H
M 250 20 8 Fastod Recovered, 1 hour
M 234 20 9 Fasted Recovered, 2 hours
K 2350 20 9 Fasted Recovered, 2 hours
M 310 40 13 Fasted Recovered, 1 hour
M 254 40 16 Fasted Recovered, 2 hours
M 210 40 19 Mot fasted Died, 2 hours
F 196 40 20 Not fasted Recovered, 2 hours
M 284 60 21 Not fasted Recovered, 2 hours
M 180 40 21 Fasted Died, 30 minutes
M 270 60 22 Not fasted Recovered, 2 hours
M 180 40 22 Not fasted Diod, 24 hours
¥ 255 60 22 Not fasted Died, 20 minutes
M 250 60 24 Not fasted Died, 2 hours
M 240 60 25 Not fasted Died, 30 minutes
F 154 40 26 Fasted Died, 30 minutes
F  l42 40 28 Not fasted Recovered, 48 hours
M 208 60 29 Not fasted Died, 30 minutes
M 180 60 33 Not fasted Dled, 30 minutes
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Albumin was found present in all urine specimens
tested, both from rats fed cobalt salt and from rats not
fed cobalt salt., The data for the reducing sugar determina-

tions in the urine are presented in Tables 26 and 27,

Effect of cobalt salt in the diet on non-protein nitrogen in

the blood

Non-proteln nitrogen was determined in the blood of the
rats of growth experiment B which had been fed 50 parts per
million of cobalt (in the form of cobalt nitrate) in the
growing ration for a period of five months. Similar deter-
minations wore made on the control group of rats fed the
same weight of growing ration with no added cobalt salt as
was consumed by the palred group fed cobalt n!trate. For
most of the rats & second series of analyses was made to
check the first results.

The determinantion was made by the Folin-Uiu method as
modified by V. B. Fish for small volumes of blood. DBlood
was drawn from the saphenous vein for tho analyses, The

data obtainod are presented in Table 28.

Effects on blood sugar of peroral administration of cobalt

chloride solutions alone and with urea, glucose and glyclne

The study of the toxicity of solutions of cobalt salts
glven by stomach tube was extended to an investigation of

the changes in blood sugar concentration brought about by
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Table 26

Reducing Sugar in Urine of Rats Fed Cobalt
Nitrate for Six Months

: : : tMilligrams
Concentration: ¢ 24-hour : Per cent :of reducing
of added ¢ Rat : volume of @ reducinpg : sugar ex-
cobalt ion : surine (ml.): surar s creted in

s : : ¢ 24 hours

YM3 5.8 0.050 2.9
3.0 0.036 1.1
WML4 4.4 0.027 1.2
3.2 0.047 1.5
VR4 39 0.035 1.4
3.2 0.020 0.9
None WF3 3.2 0.035 1.1
5.2 0.040 2.1
VWFL3 2.7 0.025 0.7
2.3 0.039 0.9
"l"l'F"l 107 0.021 004
Sed 0.050 1.7

Average 3.5 ml. 0.036% 1.3 ng.

Variation (107"5.8) (0.021-00050) (004-209)

WMl 2.4 0.026 0.6
2.2 0.055 l.2
wMe 2.5 0.030 0.7
3.6 0,077 2.8
; GM2 4.3 0.120 5.2
f 50 4.7 0.070 33
parts BSF1 2.2 0.108 3.4
per 2.0 0.085 1.7
million GF1 5.8 0.047 2.7
2.2 0.105 2.3
Wr2 1.1 0.085 0.9
1.7 0.075 1.3

Average 3.0 ml. 0.073% 2.2 mg.

Variation (1.1"‘5.8) (00026"0.120) (006-502)

N. B, Rats of the group receiving no added cobalt salt were led
the same welpght of ration consumed by the rats receiving
added cobalt.
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Table 27

Roduelng Sugsar in Urine of Rots od Cobelt
Mitroto for Cix Yonths

AR R -~
Hsgffgramz

Concentration: ¢ Z4-hour ¢ Por cont :0f reduelng
of added ¢ Rat ¢ volime of ¢ preducing $ SUCADr OXe
cobelt lon surino (1ale.): sugar :+ oroted in
$ : H s 24 hours
H 3 : H
"l.l’}" g .?5 O.Cd__fj 1.?
T2 0060 1.1
Qi 2eH 04040 1.0
GeO 060308 1.5
k94 He2 0064 Jed
llone 25 0000 S0
b 3e0 0+0€C5 2.0
540 0.042 21
L, 300 0.0?)5 100
5.0 V47 Red
wER Se2 04080 2e6
Hef 0087 He0
Lvoraps 4,0 nle Qo051 Dad 3%
Varintlon (2e2«5.8) (0eU33=0e020) (lel=5e0)
oy 28 0280 2.2
6.4 \)0053 3.4
e led 030856 1.2
Lol Qe04 1e8
200 parts Wiy e Ve DOV oD
por Gl CelOC Ce2
million nsy Se9 Uel? 5 Y]
Seb 06140 Ol
cr 1.8 Q.070 Pe¢)
20 De 300 1l.°
|35 3ef} Qelll 2e0
2.0 0e130 Ge22
Avorapge 3¢5 1le 0ei)367 Jed e
Varintion (1.4"6.‘3) {0e053=0 01‘10) (103"’6 02)

Telle Rets of the proup recelving no added cobalt salt were feod
tho sanmo woipght of ration consured by the rats rocoiving
added cobalt.



Table 28
Non-protein Nitrogen Concentration in the Blood

of Rats Fed 50 Parts per Million of Added
Cobalt Ion

Concentrs~: :Milligrams per caent of non-protein nitrogen
tion of : : Firat determination : Second determination
added H : Actual : ¢ Actual :
cobalt ion: Rat : values : Average : values : Average
BSM1 49.7 47,7
60,0 49.8 47.3 47,5
GM1 43.4 43.4 41.5
46.35 43.9
GFl 50,3 41.1
5l.1 50.7 41.0 41.0
WMl 50.3 42.1
50 parts 51.6 50.8 42.5 42.3
per BSF1 51,1 51,1 46 .6
million 47 7 47 ol
w2 52.4 51.1
53.0 52,7 50.3 50,7
wM2 47.7 46 .6
49.2 48,5 45,5 46,0
MFL2 47 .2
46.3 46 .8
Average 49.2 45.5
Variation (43.4=53,0) (41,0-50,3)
WP LS 48,2 44,4
456 .5 46,9 43.4 43.9
WKUL3 39,.8 39.8 39.8
39.8 39.8
wWM3 38,2 38,2 43.4
41.5 42,5
WMR3 41.5 47 .2
! None 47 .7 44 .6 46 .6 46 .9
WE'3 38.2 50.3
39,0 38.6 48,9 49,6
WMR4 43 .4
41 .5 42,5
W4 39 .8
40.3 40,0
WF4 42, 42,5
Average 41 .6 44 .5

Variation (38,2-48,2) (39.8=50,3)
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administration of less than the minimum lethal dose of cobalt.
Changes in blood sugar concentration often reflect funda-
nental metabolic changes within the animal. An additional con-
sideration was the avallablility of a suitable analytical method,
worked out by Kell (79) in these laboratories, for determining
blood sugar in such small sarples of blood as can be obtained
from rats without inflicting permanent injury.

Rats weipghin;,: 200 to 400 grams weore fasted 24 hours. A
blood sample was then drawn from the tall and analyzed for
glucose. The rat was next snesthetized by intraperitoneal in-
Jection of nembutal at the rate of 3.0 millipgrams of nembutal
por 100 grams of body welght. Anosthesia was usually complete
in 15 minutes so that a stomach tube could be passed into the
stomach and 1.0 or 2,0 milliliters of the solution to be
tested could bo Injected into the stomach from a hypodermic
syringe attachod to tho stomach tube. The stomach tube was
withdrawn and the tail blood analyzed for plucose at inter-
vals of 15, 30, 60, 90 and 180 ininutes after the time of in-
Jeotion of the test solution. Cobalt chlorlde solutions were
used in concentrations of 20 milligrams of cobalt in 1.0
milliliter, 20 milligrams of cobalt in 2.0 milliliters and 10
milligrams of cobalt in 1.0 milliliter.

In order to show that the effects produced were due to
the cobalt and were not caused by the slight acidity due to
hydrolysis of the cobalt chloride, the pH of the cobalt

chloride solutions uwed was measured on a Cameron pH Meter, a
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very dllute hydrochloric acid solution was made up to approx-
imately the same pH, this solution was injected Into the
stomach and the glucose concentration In the blood determined
as before. With 20 milligrams of cobalt per milliliter, the
pH of the solutlion was found to be 4.9. With 10 milligrams of
cobalt per milliliter, the pH of the solution was 5.3. The
hydrochloric acid solution used was made up to a pH of 5.0
by adding 0.l normal hydrochloric acid drop by drop to a liter
of distllled water until the desired pH was reached,

The blood sugar data obtained in these experiments are
presented in Taeble 29 and plotted in Figure 7.

Since some amino acids have been shown to detoxify co-
balt salts, cobalt chloride solutions were administered by
stomach tube simultaneously with a solution of ureas and
with a solution of glycine to study the effect of these com-
pounds on the hyperglycemia produced by cobalt ion., These
data are shown in Table 30 end plotted in Figure 8, together
with the data from Table 29 for the effect of distilled
water injoctions and injections of 20 milligrams of cobalt in
2,0 milliliters of solution for purposes of comparison.

The effect of cobalt ion on glucose tolerance was studied
by aimultaneous injection of cobalt chloride and glucose solu-
tions into the stomach in varylng concentrations. As before,
blood sugar was determined at intervals after the injection.

Data are presented in Table 31 and are plotted in Figure 9.



Table 29
Changes Produced in Blood Suger Concentration

by Administration of Cobalt Chloride
Solutions by Stomach Tube

Time in minutes after
injection of cobalt
solution

o 15 30 60 90 120

MI1ligrams of glucose
per 100 ml. of blood

Solution : Rat
injected :Sex:Welght

o0 o9 oo o0 o0

M 370 91 107 86 83 86 102

1,0 ml. M 300 82 111 101
distilled M 380 93 104 91 88 95 87
water F 200 96 102 107 98 98
Average 90 106 99 90 90 96

M 440 118 127 109 97 124

20 mg. M 412 100 112 95 140 132 123
cobalt ion M 290 94 116 127 143 133 182
in 2.0 ml, M 290 85 133 154 160 180

Average 99 118 116 133 137 162

T3

220 115 131 137 194 208 185

20 mg. P 230 116 126 126 164 187 200
cobalt ion F 250 112 166 1656 157

in 1.0 ml, F 342 109 164 140 180 210 227

M 400 125 136 138 190 138 121

M 180 124 167 192 167 182

Average 117 145 148 175 186 183

F 222 113 127 123 124 111 107

10 mg. M 280 98 108 122 102 111 117
cobalt ion M 140 101 112 125 120 1356
in 1,0 ml, F 160 114 141 132 114 140

M 150 108 117 106 114 136
Average 107 121 121 116 111 127
M 300 72 96 84 89 91
2.0 ml, F 200 72 83 m 80 89
HCl, F 196 80 92 84 90
pH 5.0 F 190 98 87 82 88 87
M 240 94 91 78 80 81
Average 83 90 81 86 87
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Table 30

Changes Produced in Blood Sugar Concentration by
Simultaneous Administration of Cobalt Chloride,
Urea and Glycine Solutions by Stomach Tube

Time in minutes after :
injection of cobalt : 0 15 30 60 90 120
and glveine solutions
So%ution : Rat : Milligrams of glucose
injected :Sex:Welight: per 100 ml. of blood

Co, 20 mg. M 300 96 114 101 110 163 192
Urea, 80 mg. M 235 90 116 109 129 133 129
in 2,0 ml. M 310 78 92 85 108 122 95

Average 88 107 102 115 139 139

Co, 20 mg. M 2" 79 103 97 92 95 90
glyocine, M 27 74 103 98 96 956
200 mg. M 350 86 97 96 100 280 104
in 2,0 ml, M 365 111 89 96 96 109
Average 80 103 95 98 94 101
co, 10 mg.
glyocine, 220 84 101 87 100 102 109

F
100 mg. F 200 90 102 95 105 109
in 2.0 ml, Average a7 108 91 102 106 109

Co, 20 mg. 200 105 133 138 154 160 177
glyocine, 220 93 95 111 118 111 103

100 mg. 200 95 111 106 102 92 100
in 2.0 ml. 276 86 111 111 143 161 182

F
M
M
M
M 280 77 100 105 123

M 266 687 126 126 146 170 200
M 270 83 104 108 108 111 106
M 286 83 107 111 140 154 148
M 240 90 100 106 112 124 125
K 276 87 116 114 138 128 110
M 270 74 108 108 142 144 156
M 220 82 93 88 92 96 92
Average 87 109 111 126 132 136
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Table 31

Changes Produced in Blood Sugar Concentration by
Simultaneous Administration of Cobalt Chloride
and Glucose Solutions by Stomach Tube

and glucose solutions

Time in minutes after
injection of cobalt

©

15 30 60 890 120

Solution : Rat
injectdd :Sex:Weight

T T

Milligrams of glucose
r 100 ml, of blood

M 366 102 133 121 133 117 105
M 317 119 126 124 1456 120
250 mg. M 370 105 164 147 143 140 130
glucose M 350 111 162 151 160 130 124
M 320 107 180 143 138 126 126
Average 109 149 137 142 127 121
20 mg. M 310 1290 160 143 139 132 125
cobalt F 260 98 146 167
250 mg. M 367 113 161 147 166 135 159
glucose K 3656 106 141 160 177 178
in 1.0 ml. M 360 143 178 156 136 122
Average 118 157 163 148 148 146
P 264 130 161 171 152
20 mg. ¥ 330 83 107 121 131 154 158
cobalt M 360 84 116 121 161
250 mg. M 350 106 131 116 100
glucose M 406 103 167 147 150 222 200
in2,0ml, K 35b 97 148 168
M 306 137 164 184 138 138
Average 106 141 141 144 149
M 370 96 131 126 120 116
10 nmg. F 265 90 133 133 120 110
cobalt F 230 88 116 100 117 108 125
1256 mgz. F 2830 109 134 136 126 1283 110
glucose M 217 91 140 127 129 W71 177
inl.Oml. F 180 96 182 206 238 287
Average 97 138 138 141 1561
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Effects of feeding glycine and cobalt chloride simultaneously

to rats

The data presented in the previous experiment indicated
that glycine was able to detoxify the cobalt in some way
which seemed to prevent the hyperglycemla produced by cobalt
salt alone., It was thought of interest to investigate the
effects of feeding cobalt chloride and glycine simultaneously
to growing rats to observe the effects upon growth, repro-
duction, the hemoglobin concentration ln the blood and the
erythrocyte count. Groups of six rats of weaning age were
fed growing ration with 200 parts per million of added
cobalt (as cobalt chloride) with supnlements of 0, 0.05 per
cent, O.1l per cent and 0.2 per cent glyclne. In addition, a
control group received only the growing ration. Hemoglobin
determinat! ons and erythrocyte counts were made on all the
rats in this experiment after they had been receiving these
dlets for 13 weeks. These data are shown in Table 32.

After the rats had been receiving these rations for 17
weeks and 1t was apparent that the glycine was having no
detoxifying effect upon the added cobalt chloride, it was de-
cided to feed cystine 1n place of the glycine in two of the
dietsa. Accordingly the 0.05 per cent glycine was replaced
with 0.3 per cent cystine and the 0.1 per cent glycine was
replaced with 0.5 per cent cystine. All other diets re-
mained unchanged. All growth data is shown in Table 33 and
is plotted 1n Figure 10,
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Table 32

Erythrocyte Counts and Hemoglobin Data for Rats
Fed Cobalt Chloride and Glycine

ertt——

At ——

3 t s S

: Rat : milligrams : Erythrocyte

Diet fed : Sex : Weight : per 100 ml.: count

M 303 13.0 7,845,000

U 278 12,5 8,405,000

No cobalt, M 295 13.4 8,735,000
no glycine F 237 13.4 9,065,000
F 232 11.1 7,270,000

P 262 11.2 8,406,000

Average 268 12.4 8,287,500

M 184 16.2 12,490,000

M 164 17.6 17,080,000

Cobalt ion, M 162 14.0 13,365,000
200 p.pem, F 145 135 9,400,000
no glyocine F 127 16.7 12,080,000
F 131 14,8 11,620,000

Average 152 15.5 12,672,500

M 200 16,8 17,090,000

M 140 18,5 17,900,000

Cobalt ion, M 170 19,0 14,140,000
200 p.p.m. F 162 15.8 13,040,000
glyoine 0.2 F 146 17.0 13,870,000
F 161 14.5 12,030,000

Average 163 16,9 14,680,000

M 160 18,2 14,600,000

M 170 14,0 8,420,000

Cobalt 1on, M 160 14,5 8,444,000
200 PePelle |3 183 16.0 8’650,000
glyoine 0.1% F 120 15.4 13,040,000
F 132 16.0 9,000,000

Average 153 15.4 10,359,000

M 160 16.8 10,810,000

M 151 17.0 15,870,000
Cobalt 1ion, F 180 15.3 6,500,000%
200 p.p.m. P 143 16.0 12,810,000
glycine 0.05% F 130 16.4 8,430,000
Average 153 16.1 11,684,000

8Ear infection (16.3) (13,230,000)
Averages, neglecting (a)
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Table 33

Average VWelight in Grams of Groups of Six Rats Fed Cobalt
Chloride with Supplements of Glycine or Cystine

s Supplement fed
: None : Co, 200 : Co, 200 : Co, 200 : Co, 200
Wooks P PeDella ¢ PePeMe3 ? PePelle; : DePoeMe}
fed : : : glycine : glycine : glycine
ration: : : 0,28 : 0.,¢ .05%
o] b2 49 60 54 49
1 80 70 68 67 68
2 96 69 70 73 72
3 121 83 83 83 89
4 143 94 96 21 94
S5 162 99 1056 101 o7
6 187 106 113 106 104
7 206 122 130 112 113
8 226 125 135 121 118
9 219 132 139 119 116
10 240 142 145 137 128
11 244 139 144 136 137
12 263 148 160 148 149
13 268 152 163 163 153
14 285 153 166 158 157
16 294 160 169 160 156
16 279 167 163 164 160
17 299 157 163 161 1568
18 303 167 166 173K 166"
19 310 176 164 186 168
20 303 179 166 200 179
21 304 180 171 2056 177
22 313 185 180 214 194
23 307 188 177 217 194
24 334 190 184 227 206
26 317 185 1956 231 208
26 312 186 1856 231 210
27 330 181 179 238 212
28 316 174 178 236 209
29 315 180 189 241 216
30 320 188 17 251 223

BGlycine replaced by 0.5 per cent cystine.
bGlycine replaced by 0.3 per cent cystine.
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No reproduction occurred in any of the groups fed cobalt
chloride with or without added glycine or cystine except for
two litters produced 53 days apart by one of the females re-
ceiving 200 parts per million of cobalt and 0.2 per cent
glycine. %The first litter was not produced until all the

control group femmlea had reproduced three times.,

——r S U # A T 77 A sHtn Lo 5 17 e A < s e o i i < 4 o ©
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DISCUSSION

Growth

It 1s apparent from the data of Tables 11 and 13 and
from Figures 4 and 5 that rations containing 5, 10 or 25
parts per million of added cobalt (as cobalt nitrate) do not
appreciably affect the growth of rats. The curves of Figure
5 show that the growth rate of tho rats receiving added co-
balt ion in these concentrations is very similar to that of
tho control group not fed added cobalt salt. Table 8 and
Figure 1 show that rats receiving 50 parts per million of
cobalt (as cobalt nitrate) do not grow as rapidly as the con-
trols whon the controls are allowed to eat all the ration
they want. Table 10 and Figure 2 show that when tho control
enimals not fed cobalt nitrate are fed only as much ration as
eaten by the rats consuming the ration with 50 parts per
million of added cobalt, no appreciable diffeoronce in growth

1s apparent between the two groups. Neither group, however,

grovs as well as rate eating all the growing ration they want--

compare tables 8 and 10 or Figures 1 and 2.
This indicates that at least a large part of the growth

decrease caused by the presence of 50 parts per million of

added cobalt in the diet 1s due to the restriction of feed
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intake by the rats.

Table 8, Figure 1 and Table 10, Figure 3 show the effects
of cobalt (as cobalt nitrate) at the 200 part per million
level. In addition to ths reduced growth rate due to re-
stricted feed intake, there 1s an additional toxic effect
within the organlsm, since rats receiving 200 parts per mil-
lion of cobalt grow very appreclably slower than the controls
eating the same welght of growing ration without added cobalt
salt.

Feed consumption of rats recelving 200 parts per million
of cobalt was considerably less than that of rats fed only
50 parts per million of cobalt (an average of 1.38 and 1,92
kilograms of feed in 23 weeks por rat for each group, re-
spectively). This accounts for at least part of the differ-
ence in growth rates of the two groups.

The greatly decreased growth rate occurring on rations
containing 200 parts per million of cobalt 1s apparently not
due to any permanent injury to the rat, since the growth rate
increased at once when the cobalt was omitted from the grow-
ing ration. This 1s shown 1n the lower curve of Figure 1.

Figure 1 shows that the decresse 1n growth resulting from
adding cobalt nitrate tc the ration is approximately propor-

tional to the amount of cobalt added.,
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Reproduction

It is readily apparent from the data of Tables 14, 15
and 1 that when cobalt is present in the ration (as cobalt
salt) in concentrrtions of 100 parts per million or more, re-
production ceases entirely.

Table 14 shows that when 5, 10 or 25 parts per million of
cobalt ion are added to the ration, there is little difference
in the reproduction of first litters by rats receiving cobalt
salt and those receiving no added cobalt salt., Apparently co-
balt in the diet at the 25 parts per million level or less
exerts little harmful influence on reoroduction as far as the
first litter is concerned. Table 15 shows that cobalt in the
ration at the 5 or 10 parts per million level does not affect
reproduction of the second litter,

When 50 parts per million of added cobalt are present
in the diet, the effect on reproduction seems to be more com-
plex. Inspection of the data in Table 14, growth experiment
A, shows the marked decrease in the average number of young
and the average welght of the first litter when 60 parts per
million of cobalt are added to the ration. The reproduction
data of growth experiment B, Table 14, (where the control ani-
males were fed only the weight of ration consumed by the rats
receiving added cobalt ion) show a much less striking decrease

in the number of young produced. It 1s probable that as far
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as first litters are concerned, the decreased reproduction
caused by 50 parts per million of added cobalt in the diet may
come about through the effect of thils concentration of cobalt
on growth, which in turn deperds malnly upon the decreased feed
intske of rats fed cobalt salts at thls level. Table 15 shows
a decrease in the average number and welght of the second

litter of rats fed 50 parts por mlllion of cobalt, not quite

so striking as that of the first litter. Table 16 shows that
for longer perlods of time, the average number of young and

the welght of each litter are slightly smaller for rats receiv-
ing 50 parts per milllion of added cobalt than for the control
animals fed the limlted amounts of ration described previously.
It should be noted that of the six females fsd cobalt salt at
this concentration, only five reproduced, one dying in firat
pregnancy. All of the control females reproduced.

It seems, thon, thot the initial decrease of reproduction
causod by 50 parts per million of cobalt added to the dlet as
cobalt nitrate may be due in part to decreased growth but that
over longer perliods of time, when the more slowly growing rats
recolving added cobalt salt have had an opportunity to mature,
the differences 1n reproduction become smaller. The delay in
attaining maturity and the decreased reproduction caused by
restricted feed intake alone are clearly shown in the data for

the control groups of growth experiment B, Tables 14 and 16.
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Lactation

The data of Table 17 show that the per cent success in
ralsing young from birth to 28 days of age is practicsally
identical for the control rats receiving no cobalt salt and
rats receiving 5 and 25 parts per million of added cobalt. In
addition, the welghts of young at birth and at 28 days show
little difference between control groups and groups receiving
cobalt. It must be concluded that &5 or 25 parts per million
of cobalt ion in the ration do not affect lactation of rats,

When cobalt ion 138 fed at a concentration of 50 parts per
million, only five of seven litters born were successfully
raised. The everage weights of the first litter at birth and
at 28 days are smaller for the rats receiving cobalt., The
second litters show no great differences. It may be con-
cluded that a concentrution of 50 parts per million of cobalt
in the dlet affects lactatlon of rats to a small extent but
that lower concentrations of cobalt are without influence on

lactation,

Hemoglobin Formation

The rats fed 10 parts per million of cobalt (as cobalt
nitrate) showed a definite stimulatlon of hemoglobin formation
during the first ten weeks of the experiment as shown in Table

19 and Figure 6. This early increase in hemoglobin
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concentration in the young rats caused by the cobalt salt is
not permanent and the values decrease to the level of the con-
trols after the fourteenth week,

The feed consumption data of Table 18 show that this
stimulation of hemoglobin formation was brought asbout by an
average cobalt inteke of 0.15 milliigrams per rat per day. An
aversge intake of 0,07 milligrams of cobalt ion per day by
the rats fed 5 parts per million of cobalt 1on falled to stimu-
late hemoglobln formation above the general level of the con-
trols.

It 18 apparent that the minimum amount of cobalt in the
diet which is necessary to stimulate hemoglobin tormation in
young rats lies between 0,07 and 0.15 milligrams of cobalt

per day.

Distribution of Cobalt in the Tissues

The third series of analyses of rat organs for cobalt
presented in Table 22 must be considered the most accurate
since these analyses were made last, after much experience
with the analytical method had been obtained. In addition,
organs of three rats were pooled for these determinations, thus
making the estimation of low concentrations of cobalt more
accurate.

In general, the deta of Tables 20, 21 and 22 indicate

that the amount of cobalt present in the tissues of rats fed
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growing ration without added cobalt salt 1s less than one part
per million., Adding cobalt salt to the dlet increases the co-
balt content of most of the organs studled. Liver and kildney
show the greatest increase in deposition of cobalt under these
conditlions while stomach and lntestine show the least. Spleen,
pancreas, heart, lungs and testes show some incressed cobalt
deposition but the increase 1s much less than proportional to
the concentration of cobalt salt fed. Only in the liver does
the increased deposition of cobalt seem to be proportional to
the concentration in the diet. The deposition of cobalt in
the kidneys, while less than proportional to the amount of co-
balt fed, 1s still conslderably greater than that of other
organs except that of the liver. Since otler workers have
shown that & portion of the ingested cobalt ion is excreted
in the urine, this devosition in the kldneys might be ex-
pected. <The most striking observation from the data of Table
22, however, 1s the great lncrease in the cobalt content of

the liver that occurs when cobalt salt 1s added to the dlet.

Rate of Deposition of Cobslt in the Liver

Allowing for the blological variations inherent in the
experiment, it 1s apparent trom the data of lable 23 that the
concentration of cobalt in the liver reaches a maximum aver-
age value of about 7.0 parts per million in about four days
when young rats are fed a ration containing 100 parts per

million of cobalt as cobalt nitrate. It should be noted in
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Table 22 that the cobalt concentration in the livers of rats
fed 200 parts per million of cobalt for 26 weeks was 6.8 parts
per milllion, agreeing very well with the maximum value found
in thls experiment.

It 1s of interest that the livers of female rats showed a
uniformly greater concentration of cobalt than the livers of
male rats under the conditions of this experiment.,

It 1s seen from the food consumption data of Table 23
that the amount of cobalt deposited 1n the liver in any one
day (12-15 micrograms maximum) is only about one per cent of

the daily intske of cobalt (1000-1400 microgrems).

Toxiclity

It is apparent from the data of Tables 24 and 25 that
the minimum lethal dose of cobalt salt for rats, when in-
Jected into the stomach of the anesthetlzed animals, is approx-
imately 20 milligrams of cobalt per 100 grams of body welight.
There 18 little apparent difference between the toxic
effects of cobalt nitrate and cobalt chloride.

Effect of Cobalt Salt in the Diet on Reducing
Sugar and Albumin in the Urine
Comparing the data in Tables 26 and 27 for each level of
cobalt with that of 1ts own control group, it is evident that
addition of cobalt ion to the diet at levels of 50 and 200
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parts per million approximately doubles the per cent of reduc-
ing sugar in the urine. The actual number of milligrams of
reducing sugar excreted in 24 hours 1s increased by adding co-
balt nitrate to the dlet but the values are not affected to
the same extent as the per cent reducing sugar since the 24-
hour volume of urine tends to be slightly lower for the rats
recelving added cobalt nitrate in the ration. The average
per cent reducing sugasr, excretion of reducing sugar per 24
hours and the limits of variation of these values are all
greater for the rats fed 200 parts per million of cobalt ion
than for those fed 50 parts per million.

The lower limits of the varliation of the values are
about the same for rats fed cobalt nitrate and the controls
receiving no added cobalt salt. The upper limits of the varia-
tion are invariably greater for the rats fed cobalt salt.

Qualitative tests for albumin with Roberts' reagent
showed albumin present in urine of rata fed cobalt salt as
well as in the urine of the rats fed growing ration with no
added cobalt.

Effect of Cobalt Salt in the Diet on
Non-Protein Nitrogen in the Blood
Conslidering the variation in the values for the determin-
ations of non-protein nitrogen in tho blood € individual rats
and for all rats shown within one group shown in Table 28, it
1s probable that the differences between the non-protein
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nitrogen concentration in the blood of rats fed cobalt salt
and those not fed cobalt salt are not great enough to indi-
cate any change caused by the additional cobalt in the diet.
It may be concluded that cobalt fed at the 50 part per million

level does not affect the blood non-protein nitrogen.

Effects on Blood Sugsr of Peroral Administration
of Cobalt Chloride Solutions Alone and with
Urea, Glucose and Ulycine

The data of Table 29 plotted in Figure 7 show that 20
milligrams of cobalt (as cobalt chloride) injected into the
stomach by stomach tube causes the blood sugar concentration
to increase markedly, especially in the period from 30 to
120 minutes after tle injection. The hyperglycemia is much
greater i1f the 20 milligram sample of cobalt is injected in
1.0 milliliter of solution than 1f 1t is injected in 2.0
milliliters. The anesthesla and manipulation probably cause
the initial increase in blood sugar since such an increase 1s
noted under these conditions when only distilled water is in-
Jected into the stomach. The hyperglycemia caused by the co-
balt salt does not ap.ear untll 30 to 60 minutes after injoc-
tion of the cobalt solution. The hyperglycemia 1s not due to
the slight acidlity caused by the hydrolysis of the cobalt
chloride since injection of a hydrochloric acid solution of the
same pH as the cobalt chloride solutions did not increase the

blood sugar concentration at all. It had approximately the



e s e i e

- 113 -
same effect on the blood sugar concentration as did injec-
tion of distilled water.

Table 30 and Figure 8 show that when glycine in suffic-
ient amounts 1s injected into the stomach simultaneously with
the cobalt salt, the blood sugar concentration does not rise
but remains approximately at the same level as when distilled
water is injected. Urea, on the other hand, in two experi-
ments of the thres made, did not prevent cobalt from causing
the hyperglycemia noted with Injections of cobalt salt alone.

It should be noted {rom Table 30 that glycine depresses
the hyperglycemia caused by cobalt only with injections of
ten times as much glycine as cobalt by weight. The mole
ratio for these weights 1s approximately eight glycine
molecules to one cobalt ion. With injections in a ratio of
four glycine molecules to each cobalt fon (100 milligrams of
glycine and 20 milligrams of cobalt), it should be noted that
approximately half of the values for the glucose concentra-
tion in the bloocd 120 minutes after the injection show the
marked hyperglvcemia typlocal of injections of cobalt salt
alons. The other half of these values tends to approximate
the low level produced by glyclne and cobalt 1n the eight to
one mole ratio. The flve higher values lie between 148 and
200 milligram per cent while the five lower values ile betwaen
92 and 110 milligram per cent. Only two values, 125 and 136
milligram per cent, lle 1In the range between, This concen~

tration of blood sugar values in relatively narrow ranges,
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especlally at the lower values, apparently indicates that the
mole ratio of four glycine molecules to eack cobalt ion
approaches the limiting value for detoxification of the cobalt
in 1ts hyperglycemic action.

Table 31 and Figure 9 show the effects on glucose toler-
ance of injecting cobalt salt into the stomach by stomach tube.
The blood sugar curve after injection of glucose only starts to
fall 60 minutes after the injection while all the curves for
the effects of 1injecting cobalt salt and glucose into the
stomach simultaneously do not fall after 60 minutes but remain
at a practlically constant value. Inspection of the curves of
Figure 9 suggests that the normal decrease of blood sugar be-
ginning 60 minutes after injection of glucose solutions into
the stomach is apparently Jjust offset by the increased blood
sugar formed by the toxlc action of cobalt salt which apoears
in the period from 30 to 60 minutes and especially in the
period from 60 to 120 minutes after injection of the teast so-

lutions into the stomach.

Effects of Feoding Glycine and Cobalt
Chloride Simultaneously to Rats

Table 33 and I'lgure 10 show that glyeine, when fed in the
diet, does not prevent added cobalt salt from inhlbiting
growth, the growth curves for rats fed both cobalt chloride
and glycine at verlous concentrations not only belng aslmost

identical but also following closely the growth curve for rats
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fed cobalt chloride without added glycine. Similarly, added
glycine in the dlet does not markedly alleviate the inhibiting
effects of cobalt on reproduction, no reproduction occurring
among any of the nine females receiving added coﬁalt chloride
with added glycine with the exception of two litters produced
by one female receiving 0.2 per cent glycline in addition to the
200 parts per million of cobalt.

Table 32 shows the effects of added cobalt chloride and
glycine 1n the dlet on the erythrocyte count and hemoglobin
concentration in the blood of rats which had received these ra-
tions for about 13 weeks. The striking increanses in erythro-
cyte count and hemoglobin concentration caused by adding 200
parts per million of cobalt to the diet were not lowered by
adding 0.2 per cent glycine to the ration. Addition of 0,1
per cent glycine to the ration with 200 parts per million of
cobalt apparently caused the erythrocyte count to decreasse in
some of the animals but not in others while the hemoglobin
concentration remained at the higher level assoclated with co-
balt feeding. A stlll lower concentration of glycine, 0.05
per cent, lowered the erythrocyte count in only one rat out
of four, Anomalous results 1n cobalt polycythemia have beon
reported by others in the literature and apparently must be
attributed to the blologicael variation to be expected in such
experiments. fith this in mind, it mey be concluded that
added glycine in the dliet of rats probably has little effect

in lowering the elevated hemoglobin concentrations and
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orythrocyte counts caused by adding cobalt chloride to the
ration.

When the rats had been fed rations with added glycine and
cobalt chloride for 17 weeks and 1t was appasrent that glycine
was not detoxifying the cobalt, the glycine was replaced with
larger concentrations of cystine. Table 33 and Figure 10 both
show the immediate inorease in growth rate which occurred when
cystine feeding was begun. This agrees with the recently pub-
lished work of Griffith, Pavcek and Mulford (66) who found
that cystine and other sulfur containing amino acids were

able to detoxify cobalt salts within the organism.
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CONCLUSIONS

From the data presented in this thesis the following
conclusions have been drawn:

l. Ratlions containing 500 parts per million of cobalt
(as cobalt chloride) are lethal to young rats in 3-5 weeks.
Greater concentrations of cobalt salt are lethal In a shorter
time.

2. Rations containing 25 parts per million of cobalt (as
cobalt nitrate) or less do not aeppreciably decrease the rrowth
rate of rats.

3e hen cobalt nitrate is fed at the rate of 50 parts
per million of ocobalt in the growing ration, decoreased growth
of rats results primarily because of doocroased feed intake.

4. when cobalt nitrate is fed at the rate of 200 parts
por mlllion of cobalt, decreased growth of rats results both
because of decreasod feed intake and because of an additlional
toxle effect of the cobalt salt within the organism.

5. The decreased growth caused by 200 parts per million
of cobalt in the diet 1s not due to any permanent injury to
the rat as far as growth is concerned, since the growth rate
increases immediately when the added cobalt salt is omitted
from the diet.
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6. The decreased growth of rats caused by adding cobalt

salt to the dlet 1s approximsastely proportionsrl to the amount

of cobalt added.

7. Reproduction of rats csases entirely when 100 parts per
million of cobalt or more are added to the diet as cobalt
nitrate.

8., When 25 parts per million of cobalt are in the diet
(as cobalt nitrate),reproduction of the first litter is not
affected in any way.

9. When 50 parts per milllion of cobalt are added to the
diet (as cobalt nitrate), the number of voung per litter, the
number of litters born and the weight of each young are all
decreased. The effects aro probably due in large measure to
the decreased growth of the mothers caused by this concentra-
tion of cobalt salt in tho dlet.

10, When 50 parts per million of cobalt are fed in the
ratlon, successful lactation, as judged by the successaful
ralsing of the young, 18 decreased to a small extent. Lower
levels of cobalt salt do not affect lactation.

1l. The amount of cobalt present in the tissues of rats
fed growing ration without added cobalt salt is, in general,
less than one part per million,

12, Adding cobalt salts to the dlet increases the amount
of cobalt most markedly 1n the liver and kidneys. Spleen,

pancreas, heart, lungs and testes show some increased cobalt
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deposition while intestins and stomach show the least in-
crease.

13, Only in the liver 1s the deposition of cobalt pro=-
portlional to the amount of cobalt salt fed, this organ tsking
up far more of the cobalt than any other. Deposition of co-
balt in the kldneys is less than in the liver but 1s greater
than that of other organs.

14, When cobalt nitrate or cobalt chloride solutions are
Injected into the stomach of anesthetlzed rats by stomach
tube, the minlmum lethal dose ls approximetely 20 milligrams
of cobalt per 100 grams of body weight. There is 1ittle
apparent difference in toxicity of the two salts under theso
conditions.

15. When young rats are fed 100 parts per million of
cobalt (as cobalt nitrate), tho deposition of cobalt in the
liver reaches a maximum in four to flve days. The maximum
smount of cobalt deposited per day is only about one per
cent of the total cobalt intake.

16. Ten parts per million of cobalt in the dlet (as co-
balt nitrate) 1s tho lowest concentration thnt will stimulate
the formatlion of hemoglobin in young rats. The stimulation
is not permanent at this concentration of cobalt, the hemo-
globin concentration decroasing to that of the controls after
about 14 weeks. The intake of cobalt to cause this initial
stimulation of hemoglobin formation lies between 0,07 and 0,15

milligrams per day.
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17, Addition of cobalt nitrate to the diet at levek of 50
or 200 parts per million of cobalt approximately doubles the
per cent of reducing sugar in the urine. Part of thls effect
i1s due to a small decrease in the volume of urine of rats fed
the added cobalt salt but the major part of the effect is due
to an increase in the amount of reducing sugar excreted.

18. Albumin is present in the urine of rats fed cobalt
nitrate as well as In the urine of rats not recoiving added
cobalt salt in the diet.,

19. Addition of cobalt nitrate to the diet does not
appre;inbly affoct the amount of non-protein nitrogen in the
blood.

20. Yhen a solution containing 20 milligrams of cobalt
(as cobalt chloride) is iInjected into the stomach of rats, the
blood sﬁgar concentration is markedly increased in 30 to 60
minutes after the injection. The effect 1s more pronounced
) when the solution of cobalt chloride is more concentrated, evon
thougt the same amount of cobalt is given.

21, Yhen glucose and cobalt chloride solutions are injected
simultaneously into tho stomach of the rat by stomach tube, the
normal decrease of glucose in the blood after 60 minutes or
more 18 offset by the increasod blood sugar formed by the effect
of the cobalt salt, maintaining the blood sugar concentration at

a constant elevated value for 60 to 120 minutes after tho
injection.
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22, ‘hen 200 milligrams of glycine are injected with 20
milligrams of cobalt (as cobalt chloride) into the stomach,
the glycine prevents the cobalt salt from lncreasing the blood
sugar concentration. When 100 milligrams of glycine are in-
jected with 20 milligrams of cobalt, the hyperglycemlia is pre-
vented in about half of the cases.

23. When glycine and cobalt chloride are added to the
grovwing ration, the glycino doos not provent the added cobalt
salt from inhibiting growth or reproduction of rats.

24. The increased hemoglobin concentration and erythrocyte
count caused by adding cobalt chloride to the growing ration

are not approclably decreased toward the normal values by

simultaneous feeding of glycine.
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SUMMARY

A study was made of the effects of feeding cobalt chlo-
ride and cobalt nitrate on the growth, reproduction and lac-
tation of rats. Concentrations of 25 parts per million or
less of cobalt added to the diet were found to be without
appreclable effect on the growth rate, success of lactation
or reproduction of the first litter. %Yhen 50 parts per million
of cobalt were added to the diet, growth of rats was decreased,
primarily due to tho decreased feed intake; the number of
young per litter, the welght of each litter and the average
welght of each young were all decreased and success in lac-
tation was docreased to a small extent. 'With concentrations
of 100 parts per million or more of cobalt added to the
diet, reproduction ceased entirely. Uith 200 parts per million
of cobalt in the dlet growth was deoreased both because of
decreased feed intalte and because of some other toxic effect
of the cobalt salt within the organism. The decreased growth
rate caused by 200 parts per million of cobalt in the diet was
not due to any permanent injury to the rat (as far as growth
vas concerned) since growth was resumed when the cobalt salts
were omitted from the diet. 1In all cases, the decreased
growth caused by adding cobalt salts to theo diet was approx-
Imately proportional to the concentration of cobalt salt fed.
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Yhen concentrations of 500 parts per million of cobalt were
fed to young rats, thoy dled within 3-5 weeks. Higher cobalt
concentrations in the ration were lethal in a shorter time.

Cobalt analyses were made on tissues of rats fed cobalt
salt and on tlssucs of rats which had not received added co-
balt salt in thelr diet. In general, the tissues of rats not
fod cobalt salts contained less than one part per million of
cobalt. The tlssues of rats fed cobalt salts showed marked
increase in cobalt content In the liver and kidneys with
lesser increases in the spleen, pancreas, heart, lungs and
testes. The least increoases in cobalt content occurred in
the intestine and the stomach, Only in the liver was the
concontration of deposited codbalt proportional to the concen-
tratlon of cobalt fed in theo dlect. Depositlon of cobalt in
the kidneys was less than in liver but groater than In the
other organs studlied. 'hen young rats were fed a diet con-
talning 100 parta per million of added cobalt, the concentration
of cobalt deposited in tho liver reached tts maximm value in
4 to 5 days after tho fooding of such a ration was startod.

iihen rats were fed 50 or 200 parts por million of added
cobalt and control groups werc feod the samue welpht of ration as
consumed by the rats rocelving cobalt, the amount of reducing
sugar In the urine of tho rats fed cobalbt salt was markoedly in-
creased over that of the controls. Albumin was present in the
urine of rats fed cobalt salt as well as in that of rats not

fed cobalt salt. The concentration of non-protein nitrogen in
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the blocd was apparently not altered by feeding cobalt salt
under these circumstancese.

Ten parts per million of cobalt (as cobalt niirate) in the
diet scened to be the lowest concentration that would stimulate
hemoglobin formation and this stimulation was not lasting, the
hemoglobin concentration decreasing after about 14 weeks to that
of the controls not fed added cobalt salt.

ihen cobalt nltrate or cobalt chloride solutions were in-
Jucted Ly stomach tube into the stomachs of anosthetizod rats,
the minimmum lothal dose was found to be approximately 20 milli-
grams of cobalt per 100 grams of body weipght. There was little
difference in the toxicity of the two salts.

When less than the lethal emount of cobalt salt was in-
jected by stomach tube, the blood sugar concentration increased
markedly in 30 to 60 minutes after the injection and lncreased
stlll more from 60 to 120 minutes after the Injection. The
effect was more pronounced when more concentrated solutions
were injected, oven though the same amount of cobalt was glven.
The hyperglycemla was not due to the slight acidity caused by
hydrolysls of the cobalt chlorlde. ‘hen 200 milligrams of
glycine were injectod by stomach tube, along with 20 milligrans
of cobalt, no such lnorease in blood sugar concentration
ocourred, the glycine apparently detoxifying the cobalt salt.
¥Wnen glucose solutions were injected Lnto tho stomach wlth cobalt
sult in & simlilar manner, the normal decrease in blood sugar

concentratlion 1n 60 to 120 minutes after injection (expected of
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glucose injecctions alone) did not occur, the blood sugar con-
centration remaining at a constant, elevated value during the
60 to 120 minute period after injection. Apparse—tly the normal
blood sugar decrease expected from the glucose injection was
just offset by the blood sugar increase caused by the toxic ac-
tion of the cobalt salt.

%hen glycine and cobalt chloride were fed to rats in the
growing ration, glycine failed completely to prevent the cobalt
salt from decreasins growth and stopping reproduction. 1In
addition, the added glycine fa led to prevent the added cobalt

salt from increasing the hemoglobin concentration and the

erythrocyte count in the blood.
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