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roethylene-extracted soybean oil meal/day/ 
100 lb to young calves for 10 days induced 
aplastic anemia and caused death 14-25 days 
after feeding of the toxic material had ceased. 
m-batyl alcohol injected by various routes 
after feeding of the toxic agent had ceased, 
but before appearance of clinical symptoms. 
failed to prevent development of aplastic 
anemia. 
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Several investigators have studied the in- 
fluence of various metallic elements on choles- 
terol metabolism and experimental atheroma- 
tosis in animals( 1-8). The action of cobal- 
tous chloride is of particular interest because 
of its damaging effect on pancreatic a-cells 
(9).  Caren and Carbo(8) found that co- 
baltous chloride given intravenously causes 
an increase in plasma cholesterol concentra- 
tion of rabbits lasting 1 or 2 weeks. 

The present paper reports the influence of 
cobaltous chloride, given in the diet and by 
subcutaneous injection, on aortic atheroma- 
tosis and plasma lipid pattern in cholesterol- 
fed chickens. 

Methods used have been described in detail 
previously ( 10). Eight-week-old White Leg- 
horn cockerels were set out in groups of 10 in 
wire batteries and fed a diet containing 270 
cholesterol and 5% cottonseed oil until they 

were 16 weeks old. Experiments were then 
terminated. Food was withheld overnight, 4 
ml of blood were drawn from alar vein and 
mixed with citrate solution, the birds were de- 
capitated, and thoracic aortas and brachio- 
cephalic arteries were removed and graded for 
degree of atheromatosis, using a scale of 0 
to 4. Plasma aliquots were analyzed for total 
cholesterol ( 1 1 ) and lipid phosphorus ( 12,13 ) , 
and for cholesterol in lipoprotein fractions 
separated by Cohn’s Method 10( 14,15). 

CoClz 6H20 was given initially 
in the diet a t  concentration of 0.5%. It was 
toxic and accordingly was fed only for the 
second half of the 8-week experimental period. 
The cobalt-fed birds in 5 experiments (Table 
I) had less atheromatosis and lower blood 
cholesterol concentrations than did the con- 
trols. There was no effect on lipid phos- 
phorus concentrations. The treated birds 

Results. 



COBALT IN CHOLESTEROL-FED COCKERELS 475 

TABLE I. Lesion Scores, Plasma Lipid Concentrations, and Weight Changes in Cholesterol- 
Fed Cockerels Given CoC1, - 6H20 in the Diet for 8 Weeks. 

-Lesions- f-. Cholesterol -\ 
a-Lipo- p-Lipo- a 

Dose, Avg Total protein protein - Lipid P, Wt gain, 
% Incidence score r-mg/lOO ml-, a + p mg/100ml C/PL* g 

.5 t 
0 
P 
0 

.001 

.01 

.05 

.25 

.5 t 

.05 
0 
P 

24/45 .88 
38/47 1.52 
.005 <.Ol  
6/10 1.4 
7/10 1.25 
7/10 1.3 
4/10 .6 
2/ 4$ 1.0 
5/10 .8 

11/30 .42 
19/30 1.17 

.04 ,002 

323 54 
525 46 

<.OOl  <.05 
362 34 
368 28 
281 36 
293 34 
370 54 
257 42 
265 33 
344 35 

.06 .2 

247 .20 
456 .12 

311 .ll 
322 .12 
237 .15 
241 .16 
289 .20 
210 .18 
217 .16 
292 .13 

.07 .09 

<.OOl  <.OOl 

6.35 
6.35 
1 
6.22 
5.77 
5.22 
4.88 
6.95 
5.43 
5.22 
5.66 

.2 

2.03 
3.18 

<.OOl 
2.24 
2.29 
2.08 
2.46 
2.03 
1.81 
2.07 
2.34 
.1 

342 
955 

1011 
1118 
1116 
1000 

150 
332 
916 
990 

< . O O l  

.05 

* C/PL = Cholesterol/phospholipipid ratio. 
$ 6 out of 10  died. 

generally lost weight during 4 weeks of cobalt 
feeding, with the result that their over-all 
weight gain during the &week period was only 
35% of that of controls. Next, cobaltous 
chloride was fed in various concentrations in 
the diet to detmmine greatest dose that would 
not reduce weight gain. Four groups of birds 
were given O.OOl%,  O.Ol%, O.OS%, or 0.25% 
CoC12 6H20 for the entire &week period. A 
fifth group was given 0.5% CoC12 6H20 for 
the second 4 weeks only, and a sixth group, 
given no cobalt, served as controls. As shown 
in Table I, small amounts of cobalt caused 
weight gain, and large amounts caused weight 
loss and death. Birds fed CoC12 6H20 at 
0.05% of the diet gained about the same 
weight as controls, but had less atheromatosis 
and lower plasma cholesterol concentrations. 
CoC12 6H20 was given at  0.05% in the diet 
in 2 further experiments. The results of all 3 
tests a t  this level are summarized in Table I. 
Treatment consistently reduced arterial in- 
volvement and lowered plasma cholesterol 
concentrations. In the second and third ex- 
periments the treated groups gained less 

t CoC1, 6H20 fed at 0.5% for only 4 wk. 

weight than controls, but the data do not 
show any tendency within treatments for 
smaller weight gain to be associated with 
lower lesion score. 

Organ weights. Table I1 presents the 
weights of the pituitaries, adrenals, thyroids, 
and testes, and erythrocyte counts and blood 
hemoglobin concentrations at the end of one 
of the experiments with 0.05% CoC12*6H20 
in the diet. Cobalt-fed birds had smaller 
pituitaries and testes and somewhat lower 
erythrocyte counts than controls. The dif- 
ferences in average hemoglobin concentration 
and thyroid weight were not large enough to 
be significant. There was no apparent effect 
on the adrenals. 

Examination of pancreas. Pieces taken 
from 10 birds fed 0.05% CoC4 6H20 in the 
diet for 8 weeks were fixed in Bouin's solution, 
Sections from head, body, and tail, stained 
with hematoxylin-eosin and by the method of 
Gomori( 16), showed no evidence of damage 
to the a-cells. Additional birds were then 
given cobalt chloride intravenously in single 
and multiple doses in lethal and sub-letha1 

TABLE 11. Organ Weights, Erythrocyte Counts, and Blood Hemoglobin in  Cholesterol-Fed 
Cockerels Given 0.05% CoCl, 6H20 in the Diet for 8 Weeks. 

Treatment mg *g mg Testes,g REC X 10* g/100mI 
' Pituitary, Adrenal, Thyroid, Hb? 

Cobalt (10) 8.19 174 116 2.73 2.90 9.63 
Controls (10) 9.63 177 133 7.71 3.23 10.03 
P .03 .a .4 ,004 .1 .4 
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TABLE 111. Radioiodine rptake in Cholesterol- 
Fed Birds Gircn CoC1, * (iH,O, 0.05yo in tlic Diet. 

Thyroid Blood Thyroitl 
Thyroid activity, activity, - 

Tre:~ tinelit wt, iiig c/iu/iiig c/ni/ail Blood 

C'olKIlt (10)  128 802 26.1 3.5.1 
C'o11trols ( 1 0 )  151 790 24.9 33.4 
P . I  .- .8 . I  > - 

amounts. The single doses ranged from 0.012 
mg cobalt chloride to 3.0 mg cobalt chloride. 
Single doses above this range resulted in im- 
mediate death from respiratory failure. Sev- 
eral chicks from each group were sacrificed 
at  5 hours. 1 day, 3 days, 1 5  days, and 30 
days. One group of 3 chicks was given 4 
daily doses of 3 mg cobalt chloride each, in- 
travenously and sacrificed on the 5th day. 
Again. there was no evidence of damage to 
the pancreas. As positive controls, 4 guinea 
pigs were given 3 daily doses of 30 mg,/kg 
cobalt chloride each intravenously and sacri- 
ficed 6 or 24 hours after the last dose. Sec- 
tions of pancreas from these guinea pigs, as 
well as some normal control animals, were 
stained simultaneously with those of the 
chickens. Alpha cell damage was present in 
the dosed guinea pigs. 

Damage to the 
thyroid after oral dosing with cobalt has been 
observed in man ( 1 7 ) .  For this reason radio- 

Radioiodine uptake test .  

iodine uptake tests were done here on 10 cock- 
erels fed 0.05% CoC12 * 6H20 for 8 weeks and 
on 10 controls. Each bird was given 1 pc of 
-I1:{* intravenously. Five hours later 4 ml of 
blood were taken by venipuncture, the birds 
were decapitated, and the thyroids weighed, 
placed in Bouin's solution, and counted in a 
well-type scintillation counter. The results 
are presented in Table 111. The dosed birds 
again had somewhat smaller thyroids than the 
controls, and their specific radioactivity was a 
little higher. The iodine uptakes, as judged 
by ratio of activity in thyroid to that in blood, 
were about the same in both groups. 

Subcutaneous injection of CoClz 6H20 in 
3 experiments 5 times a week in doses from 
0.005 y to 25 mg (Table IV) increased both 
lesion scores and plasma cholesterol con- 
centrations. At highest dose, which killed half 
the birds, lesion score was reduced, but here 
again plasma cholesterol was elevated. Inas- 
much as birds eat about 80 g of food daily, 
the 40 mg ingested each day as 0.015% of the 
diet considerably exceeds the highest tolerated 
subcutaneous dose. 

Summary  and conclusions. (1) Feeding of 
cobaltous chloride to cholesterol-fed chickens 
reduced the incidence and severity of their 
aortic lesions and caused blood cholesterol 
concentrations to be lower than in controls. 

TABT,E IV. Lesion Scores, Plasma Lipi(1 Conecntrations, and Weight Changes in Cholesterol- 
Fed Cockerels Gircn Diffcrcnt ~4niounts of Co(:l, * GH,O by Subcutaneous Injection for 8 Weeks. 

--Lesions- -- Cliolt~stclrol---~ 
U-TAipo- p-Lipo- u 

Avg Total proteiii protein -- Lipid P,  Wt gain, 
Dose Incidence scow -nig/ltlO ii~l-, a + p mg/100ml C/PL* g 

Y 
0 
.005 
.05 
.5 

5 
50 

5 (1 
1 .j( 1 

Inor, 

n 

0 
1 

1 0  
25 

c;/ 9 
8/10 
5/10 
7/10 
8/10 
9/10 
4/1t) 
(i/ 9 
t i /  9 
8/10 

5/ 9 
6/ 9 
7/10 
0/ 5t 

1.1.5 
1.63 
L O O  
1.8 
1.75 
1.3 

1 ..?.? 
1.1 7 
1.1.5 

-- 
. I  .P 

. G i  
1.29 
1.4 
0 

3 i l  
4 i 5  
307 
ti19 
4 14 
350 
29 1 
423 
303 
3 I 9 

22'2 
356 
386 
451 

294 . 1 O  
418 .11 
2T2 .l5 
511 .10 
343 .I4 
297 .13 
246 .14 
3.j I .17 
2:Vl . l O  
2 i ; i  . ] I )  

r -- 

189 .14 
324 .10 
335 .14 
415 .08 

3.58 4.51 
3.70 5.06 
2.83 4.12 
4.30 5.63 
3.06 5.25 
3.48 4.02 
4.23 2.57 
5.63 2.84 
5.48 2.30 
4.66 2.63 

4.62 1.96 
6.39 2.10 
7.07 2.13 
6.75 2.67 

813 
948 
996 
855 
874 
838 
962 
853 
880 
924 

838 
912 
727 
220 

* C/PL = Cholesterol/phospholipid ratio. t 5 out of 10 died. 
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The amounts of cholesterol in P-lipoprotein 

were similarly reduced and - + ratios were 

increased. There was no consistent effect on 
lipid phosphorus concentrations. Cobalt 
in the diet did not seem to influence activity 
of the thyroid. When given either in the diet 
or intravenously, cobalt did not change the 
structure of the pancreatic a-cells. ( 2 )  Sub- 
cutaneous injection of cobaltous chloride gen- 
erally increased the incidence and severity of 
aortic lesions and concentration of cholesterol 
in blood. These findings are similar to those 
of Caren and Carbo in the rabbit(8). (3)  
The influence of cobalt in the diet on lipid 
pattern and aortic lesions was opposite to that 
of parenterally administered cobalt. It did 
not produce other effects indicative of previ- 
ously reported specific systemic actions. Si- 
perstein, Nichols, and Chaikoff ( 1 ) concluded 
that blood-cholesterol-lowering effect of ferric 
chloride given in the diet was due to precipi- 
tation of bile acids, resulting in decreased 
cholesterol absorption. It is concluded here 
that the effect of cobalt in the diet of choles- 
terol-fed chickens similarly is due to a local 
action in the intestinal tract. 

U 
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Abnormal Fat Absorption in Tumor-Bearing Rats." (24081) 
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A number of workers have shown that loss 
of body weight accompanying tumor growth 
is associated with depletion of total body li- 
pids( 1,2). This loss in body weight, however, 

* In partial fulfilment of requirements for degree 
of Doctor of Philosophy in Dept. of Biochemistry, 
Georgetown University Medical School and sup- 
ported in part by grant from Nat. Cancer Inst., 
Bethesda, Md. 

is not due to anorexia alone, since force-feed- 
ing will not overcome depletion of carcass lipid 
previously described( 3 ) .  Despite this lipid 
loss, a progressive, marked hyplipemia is 
often associated with tumor baring in rats 
when tumor weight exceeds 10% of total body 
weight (4). Studies of intestinal absorption in 
cancerous animals have never been described, 
although absorption may play a very signifi- 


