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A number of workers have reported the de- 
velopment of exudative diathesis as a symp- 
tom of Vit. E deficiency using the diet of 
Scott et  QZ.( 1).  It was recently reported that 
organic complex of selenium was the factor 
3 of dried brewers yeast necessary for pre- 
vention of liver necrosis in rats fed a similar 
Yit. E-free Torula yeast diet( 2 )  ; and sele- 
nium was also found to be active in this re- 
gard. Schwarz et d ( 2 )  have shown that 
selenium or factor 3 concentrates would 
prevent the gross symptoms of exudative dia- 
thesis in chicks fed Torula yeast. Patterson 
et  a l . (3 )  have identified selenium as the active 
component of casein and defatted pork kidney 
in preventing development of exudative dia- 
thesis in chicks. Previous work has shown 
that exudative diathesis of the chick or poult 
resulted in marked diminution of hemoglobin 
level, total serum protein (albumin level), 
and total red cell counts. These conditions 
could be prevented by adding \-it. E or sub- 
stituting 10% dried brewers yeast in the 
Torula yeast diet ( 4 , s ) .  

In view of these results it seemed desirable 

*This work was supported in part bj- grants-in- 
aid from Robert A. Welch Fn., Hreivers Yeast Coun- 
cil, and  Distillation Products Industries. Torula 
yeast was supplied \by Lake States Yeast Corp., \-it. 
E and  vit. E-free lard by Distillation Products In-  
dustries; 'biotin by Hoffmann-La Roche ; methionine 
and glycine by Dow Chemical Co.; stabilized \-it. -4 
by Stabilized Vitamins ; chlortetracycline and iolic 
acid, by Lederle Laboratories ; menadione sodium 
bisulfite by Abbott Laboratories; vit. D, by Charles 
Bowman and Co.; and  other B vitamins by Merck 

to determine the effect of selenium on occur- 
rence of the blood changes associated with 
esuda tive dia t hesis. 

Methods. In the first study, 5 groups of 20 
\Yhite Rock chicks were placed on the Torula 
yeast diets supplemented as shown in Table I. 
The basal diet used in this study is the same 
as that of Creech et a l . ( 5 ) .  Selenium was 
supplied as sodium selenate a t  levels of 1 and 
10 ppm. A t  the end of 3 weeks: when gross 
symptoms of exudative diathesis had ap- 
peared in birds fed the basal diet. a repre- 
sentative sample ( 5  birds per group) was se- 
lected for the determination of total serum 
protein, albumin: globulin ratios. red cell 
counts, hemoglobin, and packed cell volume 
as previously described ( 5 ) .  The second 
study in this series employed 20 Sew Hamp- 
shire chicks per group with the basal diet sup- 
pIemented as shown in Table 111. Selenium 
was supplied as sodium selenate (1, 0.5, 0.1 
ppm), as the selenite (1 pprn), and as free 
selenium (0.5 ppm). A t  3 weeks of age a 
representative sample of birds from each 
group was removed for the blood analyses pre- 
viously listed. The birds in both experiments 
were housed in electrically heated batteries 
with raised wire floors; feed and water were 
supplied ad libitum. Body weights were de- 
termined at  weekly intervals throughout the 
study, and daily observations were made for 
the appearance of symptoms of exuda tive dia- 
thesis. 

The addition of selenium as the 
selenate either a t  the level of 1 ppm or 10 
ppm completely prevented development of 

Results. 

and Co. gross symptoms of exudative diathesis up to 
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4 weeks of age, as previously reported by 
Schwarz ct d ( 2 ) .  Symptoms of exudative 
diathesis were likewise prevented by addition 
of 20 mg of d-alpha tocopheryl acetate per 
lb or substitution of 10% dried brewers yeast 
in the Torula yeast basal diet (Table I) .  The 
first symptoms of exudative diathesis ap- 
peared in the basal group on the 17th day and 
increased to an incidence of 65% by the 21st 
day. Birds fed 1 ppm selenium or 10 ppm 
selenium appeared to be depressed in growth 
when compared to the birds fed 20 mg of Vit. 
E/lb or 10% dried brewers yeast (Table I) .  

The serum albumin: globulin ( A/G) ratios, 
as determined by electrophoresis a t  21 days, 
were markedly reduced in birds receiving the 
unsupplemented Torula yeast basal diet 
(Table I ) .  The A/G ratio of this group was 
0.16 whereas the birds receiving 20 mg of d- 
alpha tocopheryl acetate per lb of feed ex- 
hibited an .UG ratio of 0.73, and the dried 
brewers yeast fed group had a ratio of 0.80. 
A partial improvement in the A/G ratio was 
observed with the addition of selenium to the 
basal diet. The 1 ppm level (selenate) re- 
sulted in an A/G ratio of 0.5, while the 10 
ppm level resulted in a ratio of only 0.32. 
The latter may have been due to toxicity of 
the higher level of selenium. 

A marked reduction in the number of red 
blood cells was noted in the unsupplemented 
group ( 1.8 million). This level was elevated 
to 2.12 million in the Vit. E supplemented 
group and to 2.32 million in the dried brewers 
yeast fed group (Table 11). The 1 ppm level 
of selenium resulted in a cell count of 2.05 
million, which is approximately normal under 

TABLE I. Effect of Seleiiiu~iz on Growth and In -  
cticlence of Exudative Diathesis i n  Chicks Fed a 

Torula Yeast Diet. 

Avg wt YO birds A/G 
Supplen1 t>nt I -7 showing ratio, 
to basal diet 21 days 28 d a p  symptoms 21 days 

Xone 240 260(3birds) 100" .16 

10% dried 240 309 0 .80 

1 ppin seleniuni 213 255 0 .50 

10 ppni I d e m  187 223 0 .32 

20 m g  vit. E/lb 220 2'76 0 .73 

brewers Feast 

(Selenate) 

* Firs t  dewloped on l i t h  day;  65% incidence 
by 2 l s t  day. 

T,IBI,E T I .  Effect of Seleniuin on Blood Picture 
of Torula r e a s t  Fed Chicks at 21 Days. 

R.R.C. Hemo- Mean cell Total 
Supplcirient i n  globin, vol, mm3 serum 
to basal diet millions g % (lo-') proteill 

Kolle 1.80 5.11 156 3.18 
20 nig vit. E/lb 2.12 6.69 142 3.7i 
lOC/r ,  dried brew- 2.32 7.11 143 4.4'7 

c w  yeast 

(Selenate) 
1 ppni selcniuin 2.05 5.35 134 3.47 

10 ppiii Idem 1.92 5.33 141 3.04 

the conditions of this study, and the 10 ppm 
level of selenium produced a 1.92 million cell 
count. Hemoglobin levels were markedly re- 
duced in the basal diet (5.1 1) and returned to 
normal with the feeding of Vit. E or dried 
brewers yeast. Very little improvement was 
observed after addition of selenium to the 
basal diet. The mean cell volumes were af-  
fected only to a slight extent by any of the 
supplements, or the deficiency of Vit. E in this 
study. The total serum protein level was in- 
creased from 3.18 in the unsupplemented 
group to 3.77 in the group fed 20 mg of Vit. 
E per lb of diet, and to 4.47 in the group fed 
10% dried brewers yeast. Addition of 1 ppm 
of selenium resulted in a total protein level, 
as determined chemically, of 3.47 which rep- 
resents a slight increase over that obtained 
with the unsupplemented diet. The 10 ppm 
level of selenium failed to produce an increase 
of total serum protein level. 

In the second study (Table 111), it was 
found that as little as 0.1 ppm of selenium, 
added as sodium selenate, resulted in complete 
protection from symptoms of exudative dia- 
thesis to 4 weeks of age. One pprn of selen- 
ium as selenite and dried brewers yeast a t  a 
10% level exerted a protective effect with re- 
gard to exudative diathesis. However, when 
the ash of dried brewers yeast was fed at  the 
level equivalent to lo%, a 95% incidence of 
exudative diathesis was noted by the end of 
the 4th week. The brewers yeast was burned 
over an open flame until charring had been 
initiated and then placed in a muffled furnace 
a t  400" to 500°C for 12 hours. Under these 
conditions i t  might be expected that selenium 
would be lost to a significant extent from the 
dried brewers yeast ash. The addition of 0.5 
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yeast exert any effect pertaining to hemoglo- 
bin formation other than protection of the 
birds from the hemorrhaging which occurs in 
exudative diathesis. 

Total serum protein levels were elevated by 
addition of Vit. E, selenium, as the selenate 
a t  all 3 of the levels tested, as the selenite, 
and by 10% dried brewers yeast (Table IV) . 
No increase was noted after the feeding of 
dried brewers yeast ash or selenium as the 
free metal. A/G ratios, as determined by 
electrophoresis, were again increased with Vit. 
E, the 3 levels of selenate added to the diet, 
the selenite and 10% dried brewers yeast. 
Only a slight improvement with regard to 
AJG ratio was noted upon feeding 10% dried 
brewers yeast ash, as was also true with the 
addition of 0.5 pprn selenium. Selenium, as 
selenate, at a level of 1 ppm was apparently 
not as effective and perhaps was detrimental 
as compared to the level of 0.1 ppm. The 
A/G ratio obtained with 1 ppm selenium 
from selenate was 0.30. The A/G ratio ob- 
tained with 0.1 ppm was 0.42 which was iden- 
tical to that obtained with 20 mg d-alpha to- 
copheryl acetate per lb of feed. The feeding 
of 10% dried brewers yeast resulted in an 
A4/G ratio of 0.58 which was the highest ob- 
tained in this study. 

The results of these studies show that ad- 
dition of selenium to the Torula yeast basal 
diet will result in protection of the birds 
against symptoms of exudative diathesis, as 
reported by Scott ( 1 ) . Free selenium appears 
to be only partially effective in overcoming 
the symptoms. The addition of a smaller 
quantity of selenium as selenate (0.1 ppm) 
will produce changes, with regard to red 

Blood and Urine Tyrosine Levels in 

blood cell counts, hemoglobin, total serum 
protein, and A/G ratios, identical to those ob- 
tained by the feeding of 20 mg of d-alpha 
tocopheryl acetate per Ib of Torula yeast 
basal diet. These data indicate that 1 pprn of 
selenium as selenate was toxic and therefore, 
even though protection was obtained from the 
gross symptoms of exudative diathesis, the 
bIood components studied were adversely af- 
fected as a result of the toxicity of the sele- 
nium rather than by a Vit. E deficiency. 

Summary. Two experiments have been 
conducted with White Rock and New Hamp- 
shire chicks concerning effects of selenium, 
Vit. E and dried brewers yeast on Occurrence 
of exudative diathesis, and of these substances 
on blood changes associated with Vit. E de- 
ficiency. Selenium (selenate) a t  0.1 ppm was 
effective in reversing the lowered red blood 
cell counts, lowered hemoglobin values, low- 
ered serum protein levels, and the reduced 
A/G ratios associated with exudative diathe- 
sis. As this level was increased to 1 pprn the 
total blood changes were not as greatly af- 
fected as with feeding of 0.1 ppm level, ap- 
parently due to the toxicity of selenium. 
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Starved X-irradiated Rats. (23816) 

A. J. LUZZIO, G. SUTTON, AND J. G. KEREIAKES (Introduced by A. T. Krebs) 
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Davy(1) reported that dogs exposed to a produced, in dogs, no characteristic changes 
500 r dose of x-rays showed immediate fall in in plasma protein pattern after one week fol- 
serum albumin with return to normal after 48 lowing radiation. Thereafter, until death of 
hours. Muntz, Barron and Prosser(2) indi- the animal the serum proteins diminished 
cated that a lethal total body dose of x-rays steadily. Similar decreases in serum proteins 


