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sis of the feed. Inspection of the feed re-
vealed seeds resembling Crotalaria spectabilis.
Thereafter, inclusion of such seeds in test ra-
tions produced lesions similar to those ob-
served in the field.

Crotalaria depresses egg production and
causes weight loss in laying birds. Crotalaria
is known to produce firm and cirrhotic livers
in horses(3,4,5). In chickens that died in
these acute toxicity studies cirrhosis was not
observed. Cattle consuming Crotalaria seed
or plant have a loss of appetite, tenesmus and
blood in the feces. Pigs eating Crotalaria de-
velop hemorrhage into the serous membranes,
anemia, enteritis, and jaundice(6). No ane-
mia, enteritis, or jaundice was observed in the
chickens in these assays.

Summary. Concentrations of 0.05% to 5%
Crotalaria spectabilis seed were fed to chicks.
All concentrations of the legume were shown
to be toxic. Concentrations in excess of 0.3%
produced death in all birds within 18 days.

Tolerance of Chickens for Barium.

ToOLERANCE OF CHICKENS FOR BARIUM

When less than 0.2% was fed there was a
marked reduction in weight gain. In birds
which died, hemorrhage was frequently ob-
served in liver, lungs and the pericardium.
Atrophy of liver and ascites were constantly
encountered in test birds after death.
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Barium carbonate has been used for poi-
soning rats for many years. Several terms
have been used in the literature to describe
levels of barium that are toxic to animals. Le-
thal dose and fatal dose have been used in
European literature, and LD, dose in recent
American literature. Hiiter(1) considered the
lethal dose of barium carbonate for rats to be
1500 mg/kg of live weight. Dieke(2) found
that LDy, of barium carbonate for wild rats
was 1480 mg/kg. The LDy, of barium, based
on Dieke’s observations would be about 1030
mg/kg. According to Dervilleé and Rave-
leau(3), the range in fatal dose of barium,
given in the form of carbonate, is 35-56 mg,
104-139 mg, and 418-557 mg, respectively,
for the cat, guinea pig, and rabbit, per kilo
of live weight. In view of wide differences
among tolerances of different mammalian
species for barium, it was of interest to study

the tolerance of the chicken. Barium hy-
droxide and barium acetate were chosen for
this study because they are among the most
soluble of all barium compounds.
Procedure. Two types of experiments,
single-dose toxicity and growth, were used.
Single, graded doses of barium as barium hy-
droxide were administered to 40 male chick-
ens 7 weeks old with average weight of 943
+ 44 g. The required quantities of barium
hydroxide to supply 400, 500, 600, 700, and
800 mg of barium were weighed to nearest
mg and packed into gelatin capsules. A cap-
sule was placed as far down each chicken’s
esophagus as possible; then, by stroking the
chicken’s neck, the capsule was moved into
the crop. Procedures in the two growth ex-
periments were similar to those described by
Mehring, et al.(4). In Exp. 1, 12 lots of
chicks (10 males and 10 females per lot) were



TOLERANCE OF CHICKENS FOR BARIUM

TABLE I. Toxicity of a Single Dose of Barium

Hydroxide.
Barium  Survivors/ Barium  Survivors/
(mg) No. treated (mg)  No. treated
400 7/8 700 2/8
500 5/8 800 1/8
600 4/8

given the basal diet (Table II) for the first
week. When the chicks were 1 week old,
they were weighed, wing banded, and ran-
domly assigned to their respective experi-
mental diets. Levels of barium included in
the diet in Exp. 1 ranged from 0 to 1,280 ppm
(Table IIT). In Exp. 2, 16 lots of chicks
(20 females per lot) received the experi-
mental diets from one day of age. Both
growth experiments were terminated when the
chicks were 4 weeks old. Levels of barium
and the form in which this element was added
to the basal diet in Exp. 2 are shown in
Table 1IV.

Results. Results of single-dose toxicity ex-
periment are shown in Table I. The LDsg
dose of barium was estimated by method of
Gullina, e al.(5) to be 587 =+ 147 mg/
chicken or 623 =+ 156 mg/kg live weight.

Results of Exp. 1 and 2 indicate that
chickens can tolerate 1,000 ppm of barium in
their diet. In Exp. 1 (Table III) average

TABLE 1L. Formula of the Basal Diet.

Ingredient %o
Ground yellow corn 61.56
Soybean oil meal (44% protein) 31.0
Fish meal (Menhaden) 3.0
Dicaleium phosphate 1.9
Calcite flour 1.7
Salt 45
25% dry mixturc choline chloride 12
Trace mineral pre-mix (Delamix*) .10
Vit. By, and antibiotic supplement .10

(Pro-Pen ‘“2:3°°1)
Vit. A supplement (Nopeay ‘10°°}) .04
1 n kR

E (Myvamix§) .03
7 D ” Il .01
Niacin .003

.0005
.0005
.0004

Menadione gsodium bisulfite
Caleium pantothenate
Riboflavin

* Contained 6% manganese, 0.12% iodine, 2%
iron, 0.2% copper, 0.02% cobalt, and 0.01% zine.

t Contained 2 g of procaine penieillin and 3 mg
vit. By./Ib.

1 Contained 10,000 I.U. vit. A/g.

§ ” 20,000 7 E/lb.

I ” 3,000 L.C.U. vit. D,/g.
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gain in live weight of chickens in all 12 lots,
from 1 week to 4 weeks of age, was 321 + 8
g. Although growth of chickens that re-
ceived 1,280 ppm of barium in their diet ap-
peared depressed, their average gain (312 g)
was approximately only one standard error
below average gain of all 12 lots. Accord-
ingly, since no diets contained more than
1,280 ppm of barium, one must conclude that
this slight decrease in average gain may have
been due to chance.

In Exp. 2 (Table IV) with much higher

TABLE III. Effeet of Barium Hydroxide on
Growth and Feed Efficiency of Chickens between
1 and 4 Weeks of Age: Fxp. 1.

Gain

Level of added Gainin
barium, ppm  live wt, g Feed
0 329 .510
1.25 305 494
2.5 318 510
5 328% 512
10 320 498
20 330 511
40 328 .502
80 319 477
160 315 505
320 321 516
640 331 .b12
1280 312 497

* Only one of 240 chicks died; it was in the lot
receiving 5 ppm barium.

levels of barium fed, 1,000 ppm of barium in
the diet was well tolerated by the chicken, but
2,000 ppm produced slight depression in
growth. The 4,000 ppm of barium caused
significant depression of growth but did not
increase mortality. More than one-half the
chickens receiving 8,000 ppm of barium in
their diet died before they were 4 weeks old.
Chickens that received 16,000 ppm of barium,
as barium hydroxide, lived an average of 7
days; and chickens receiving same quantity
of barium, as barium acetate, lived an average
of 6.8 days. Chickens fed 32,000 ppm of
barium as barium hydroxide lived an average
of only 5 days.

Gains in live weight of chickens in series
receiving barium hydroxide appeared ad-
versely affected with each increase in level of
barium hydroxide. However, chickens fed
the basal diet in the barium hydroxide series
gained considerably more than chickens fed
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TABLE IV. Effect of Barium Hydroxide and Barium Acctate on Growth, Mortality, and Fced
Efficiency of Chickens between 1 Day and 4 Weeks of Age:

Prasma Tron TURNOVER AND CONCENTRATION

Exp. 2.

Barium hydroxide series

Barium acetate series

Gain Gain
Tevel of added Gain in Mor-  — — (Gain in Mor- ——
barium, ppm live wt, g tality Feed live wt, g tality Feed
0 183 1 .Hh4 435 2 541
250 No c¢hicks at this level 436 £ .566
500 450 0 Rit1.] 410 0 538
1000 428 0 Hb2 448 0 635
2000 406 1] A18 428 1 540
4000 410 1 D37 357 1 518
8000 231 14 510 218 12 485
16000 20 20
32000 20 No chicks at this level

the same basal diet in the barium acetate
series.  Chickens in lots fed diets con-
taining barium hydroxide gained an average
of 401 g, while those in lots fed diets
containing barium acetate gained 390 g. Thus
it appears that the 2 compounds had similar
effects on growth of chickens. If the 2 series
of lots in Exp. 2 are considered as duplicates,
average gain in weight, for same level of
barium, indicates that 1,000 ppm of barium
was tolerated and that 2,000 ppm produced
slight growth depression.

Addition of barium to the diet of chickens
had little or no effect on efficiency of feed
utilization, at least at levels to 4,000 ppm and
possibly to level of 8.000 ppm.

Summary. The LD;, dose of barium for
young growing chickens was 623 + 156 mg~
kg of live weight. When barium was fed con-
tinuously in the feed, either as barium hy-
droxide or barium acetate, chickens tolerated

levels to 1,000 ppm without apparent ill ef-
tects. A slight depression in growth oc-
curred when 2,000 ppm of barium was added
to the diet. 8,000 ppm of barium caused
death of more than one-half of the chicks in
4 week feeding experiment; and the higher
levels (16,000 and 32,000 ppm) caused death
of all chicks.
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When tracer doses of siderophilin-bound
Fe? are injected intravenously in rabbits,
plasma radioactivity declines as a simple ex-
ponential function of time (Fe™ = l.e k')

* Now at California Inst. of Technol., Pasadena.

(1). The value of time constant K is an es-
timate of fraction of plasma iron turned over
per unit time. Plasma iron turnover is calcu-
lated as the product of K, plasma iron concen-
tration and plasma volume. From results of



