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citability of these centers to normal (homeo- 
stasis. Darrow and Gllhorn) .l’; 

The statement by Himwich and Fazekas14 
that my theory of the shock treatment in 
schizophrenia does not hold since adrenalin 
is ineffective in the treatment of schizo- 
phrenicst is obviously based on a gross mis- 
understanding. The core of the theory 
(cf. also G e l l h ~ r n ~ * ~ )  is not that insulin coma 
and electrically- or chemically induced con- 
vulsions act through the secretion of adrena- 
lin but that they greatly increase the reac- 
tivity of autonomic centers which in turn 
may influence the brain in such a manner as 
to restore normal behavior.: The neu- 

M Darrow, C. W., niid Gellhorn, E.. Am. J .  
Pliysiol., 1939, 128, 185. 

1.1 Hiniwich, 13. E., and F:izckas, J .  F., L1wii .  
AVeurol. and Psycltiut., 1942, 47, 800. 

t The paper by D p e s  and Todl5 to which tlicy 
refer docs not g i re  any evidence for  or against the 
adrenalin treatment of schizophrenics but points 
out that  adrenalin injections cause less emotional 
reactions (niixiety aiid fear) i n  the scliizoplirenic 
than in the normal individual. 

15 Dynes, J .  D., aiid Tod, €I., J .  Xcurol. and 
Psychid., 1040, 8, 1. 
: The secretion of ndrciialin is but one symptom 

of this central effect and  probably of iiiinor im- 
por tance. 

rological basis for such a hypothalamic- 
cortical relationship has been elucidated by 
Murphy and Gellhorn whereas the changes 
in conditioned reflexes described in this se- 
ries of papers indicate at  least one of the 
mechanisms which contribute to an altered 
behavior. 

Summary. Conditioned reactions which 
had been inhibited by lack of reinforcement 
in rats may be restored by insulin coma in 
normal as well as inl adrenodemedulhted rats. 
Apparently a secretion of adrenalin which is 
observed under conditions of insulin coma 
and electroshock does not play an integral 
part in the mechanism of the restoration of 
inhibited conditioned reactions. This inter- 
pretation is supported by the fact that the 
injection of adrenalin remains ineffective in 
the normal animals as far as restoration of 
inhibited conditioned reactions is concerned, 
whereas insulin coma and electroshock re- 
store these reactions. I t  is inferred from these 
experiments that the restitution of inhibited 
conditioned reactions is linked up with a 
liypothalamic-cortical discharge previously 
established by Murphy and Gellhorn and is 
not due to the liberation of adrenalin, which 
invariably accompanies the excitation of hy- 
pothalamic centers under conditions of in- 
sulin coma and electroshock. 
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Curves relating bio1ogic:rl w l u c :  and nitrogcn of proteins. 

imate those of some mammals. I t  seems evi- 
dent that biological values could be deter- 
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mined with greater speed, convenience and 
economy with this organism than with larger 
animals and that errors due to biological 
variation would be minimized because of the 
large number of individuak and the aseptic 
conditions employed. 

Experimental. A protein-free basal medi- 
um similar to that described by Kidder and 
Dewey,I3 except for the omission of the 
amino acids, was employed in the present 
experiments. The technics were similar to 
those used in the authors' laboratory for the 
determination of amino acids with lactic acid 
bacteria. Aliquots of protein solutions, 
homogenized suspensions or hydrolyzates 
were added to 19 x 100 mm pyrex test tubes. 
Ten levels of sample, each in 2 or more tubes, 
were used. Protein- and amino acid-free 
medium and distilled water were added to a 
total volume of 10 ml per tube. The tubes 
were plugged, sterilized, inoculated with a 
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TABLE I. 
Riologicnl Values of Three Proteins. 

Protein Reference 

Criterion .A ni nin 1 Casein Lactnlbumin Gelatin No. 

1,ivc.r wt regenera tioii R:i t 100 100 0 3 
100 137 14 
100 a3 15 

Si t rogen  balance 
1'1:isnia protein regeneration 
Protein lcvcl for  optimum wt  increase R a t  100 133 16 
IV t i i i  c rca sc ( '11 ick 100 46 17 

R a t  100 100-206" 16 
. \ (*it1 production T. peleii TI 100 Gl-l12* 0-3" This paper 

?? 

2 7  7 ,  

- Range of values a t  different levels of sample. 

washed suspension of Tetrahymena geleii H 
cells, and incubated at about 25"  (room tem- 
perature) for varying lengths of time. The 
response of the organism was measured by 
electrometric titration with standard base. 

Discussion. The biological values were 
calculated from the titration data using casein 
as the standard. The values found for lactal- 
bumin, a protein ,hydrolyzate and gelatin 
varied with the incubation time and, as 
shown inl Fig. 1, with the level of nitrogen 
in the sample. It has been shown previously 
by McCollum et d . l S  and Plimmer et al.19 
that biological values vary with the time and 
by Osborne et aZ.,I6 Barnes et aL6 and other 
workers cited by these authors that they vary 
with the level of the protein. 

1 4  Melnick, D., a n d  Corngill, G .  R., J. Nulrit. ,  
1937, 13, 401. 

16 Melnick, I).: Cowgill, G. R., a n d  Burack, E., 
J .  E x p .  Ned., 1936, 64, 897. 

16 Osborne, T. B., Mendel, IJ. B., and  Ferry,  E. L., 
J. Eiol. Chem., 1919, 37, 223. 

17 Almquist, H. J.: Stokstad,  E. L. R., a n d  Hal -  
brook, E. R., J. -V?drit., 1935, 10, 193. 

I S  McCollum, E. V., and  Davis, M., J .  Biol. 
Chcni., 1915, 23, 231. 

19Plimmer, R. H. A., Rosedale, J. L., Raymond, 
W. H., a n d  IJoiviides, J., Biochenz. J., 1934, 28, 
1963. 

The present data for 3 proteins, as well as 
the values reported in the literature, are sum- 
marized in Table I. The biological values 
found at  some levels of samples by the au- 
thors' micro method are in approximate 
agreement with those obtained by other pro- 
cedures. -4Ithough this correlation is of in- 
terest, it appears more significant that the 
true biological value of a protein is best ex- 
pressed by a series of numbers if time, level 
of sample and possibly other variables are 
to be taken into account. I t  mav be sug- 
gested that biological values of most mean- 
ing may be represented by areas under curves 
or volumes under planes. Whether or not 
there is a direct, or any, relation between the 
human requirements for proteins and the 
biological values of proteins determined with 
protozoa or other animals remains to be de- 
termined. 

Further studies of this problem are in 
progress. 

Summary. A method for the determina- 
tion of biological values of proteins with Tet- 
rahymena geleii H has been described. The 
values found for casein, lactalbumin, a com- 
mercial protein hydrolyzate and gelatin have 
been compared with each other and with those 
reported in the literature. 


