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Importance of Choline in ,Synthetic Rations for Dogs." 

A. E. SCHAEFER, J. M. MCKIBBIN AND C. A. ELVEHJEM. 
J'rom the Department of Biochmktry, College of Agrkmlture, University of 

Wisconsin, Madison. 

During studies on the newer members of the vitamin B complex 
wi:h dogs1* we observed that a highly purified ration supple- 
mc nted with synthetic thiamin, riboflavin, nicotinic acid, pyricloxine, 
a n j  pantotlienic acid docs not permit survival. Evidence wi%S pre- 
sented for the existence o f  two other factors present in liver extract 
essential for the dog. Since choline was found to be essential for 
the prevention of fatty livers in depancreatized dogs,' we suspected 
ve-y early that choline ina'y have been one of these factors. The 
administration of choline, however, produced no effect in the de- 
ficient animals and it was concluded that these factors were distinct 
from choline. But in the light of more recent work with both rats 
and chicks we must conclude that the dose used was far below that 
found necessary for these other animals. W e  have, therefore, re- 
studied the significance o f  'choline in the nutrition of the dog using 
hi,;her levels of choline. 

Two litters of mongfel puppies were used in these experiments. 
The ration, as previously described, contained sucrose 667b , acid 
witshed casein 19%, cottonseed oil 8%, cod liver oil 3c/o, and salt 
mixture 4%. This was supplemented with thiamin and riboflavin 
at a level of 1 0  y per kg of body weight per day, nicotinic acid at a 
lerel of 2 mg, pyridoxine at 60 y, and calcium pantothenate at 500 y 
pcr kilo per day. These vitamins were administered orally in water 
sclution twice weekly. Dogs 1, 2, 3, 4, and 5 were placed on this 
ration at the age of 8 weeks. Dogs 6, 7, and 8 of the other litter 

* Published with the approval of the Direcbor of the Wisconsin Agriculturd 
EJ periment Station. 
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were placed on the ration at 6 weeks of age. The growth curves 
of these dogs are shown on the graph, It can be seen that dogs 1, 
2, 3, 4, 5 ,  and 8 receiving the choline-low ration showed a quick 
growth plateau followed by anorexia and loss of weight. No other 
symptoms were observed. The administration of clioline at a dosage 
of 100 mg per kg of body weight per day produced an immediate 
growth response in these dogs. Dogs 6 and 7 received 50 nig of 
choline per kg per day from the beginning of the experiment and 
serve as positive controls. These animals gained 1.55 and 2.1 kg, 
respectively, while the litter mate dog No. 8 had gained only 0.9 kg 
during the 25-day period. The addition of choline to the diet of 
dog No. 8 resulted in a weight increase of 1.75 kg in 12 days. The 
condition of the animals at the time of treatment was more critical 
than would appear from the growth curves. It has been our ex- 
perience with puppies on this ration that prolongation of the aiioresia 
is usually fatal. It is possible that difficulties of this kind encountered 
in our earlier studies were at least in part due to choline deficiency. 
We are now studying the choline content of the various liver frac- 
tions used to determine the relation of choline to the activity of these 
fractions. A high incidence of yellow livers observed in these dogs 
suggests a parallel to those found in choline-deficient depancreatized 
dogs. 

FIG. 1. 
Growth cusves of young dogs on the basal synthetic ration with and without 

choline. 
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The speed of onset of the deficiency is comparable to that of the 
other B vitamins. We have found in extensive studies on this 
ration involving some 125 dogs over a 3-year period that acute 
fatal deficiencies of thiamin, riboflavin, nicotinic acid, pyridoxine, 
and probably pantothenic acid may be expected within 2 to 6 weeks. 
This is in distinct opposition to the claim of Morgan4 that “Even in 
very young animals several months are required for the development 
of overt symptoms of deficiency in any of the B vitamins, with the 
possible exception of El.” 

The requirement of choline may be supposed to be largely de- 
pendent on the amounts of  methionine and cystine in the diet.51 e p  

Increasing the level of casein, therefore, lowers the choline require- 
ment of rats. Griffith‘ found that the hemorrhagic degeneration of 
choline deficiency in rats was prevented by a low fat diet containing 
47% casein even in the presence of 0.5% cystine. Most other labora- 
tories have used higher levels of casein than we have used and this 
might entirely nullify the requirement for choline. Thus Fouts, et 
nZ.,’ used 41.4%, Borson and Mettier,’ 37% casein in their vitamin 
Bo deficiency studies with clogs. In addition, the natural vitamin R 
complex sources such as liver extract and rice bran preparations con- 
tain considerable quantities of choline. The choline would have to 
be removed froni these preparations in order to demonstrate this 
deficiency. 

The growth rate of puppies maintained on this ration supple- 
mented with thiamin, riboflavin, nicotinic acid, pyridoxine, and pan- 
tothenic acid is very suboptimal and erratic even with added choline. 
The ration is, therefore, still not entirely satisfactory for studying 
the uncomplicated deficiency of any of the 6 synthetic vitamins with- 
out the addition of a crude vitamin B complex preparation, although 
we have used a ration of this kind for nicotinic acid assay of foocls 
over limited periods o f  time. Studies on other substances in liver 
extract necessary for the normal growth of the dog are now in 
progress. 

S z ~ ~ w z w y ,  In addition to thiamin, riboflavin, nicotinic acid, 
pyridoxine, and pantothenic acid, young puppies also require choline 
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and probably other factors of the vitamin B complex for norma: 
growth under the conditions of these studies. Possible factors alter- 
ing the requirement of choline for dogs on synthetic rations are 
discussed. 
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Isolation and Pure Cultivation of the Smaller Mouth Spirochetes 
by an Improved Method. 

THEODOR ROSEBURY AND GENEVIEVE FOLEY. (Introduced by A. R. 
Dochez.) 

From the Department of Bacteriology, Columbia University, New Pork. 

The characteristics and properties of the so-called commensal 
spirochetes of mucous menibraiies, and their individual or contrih- 
uting rbles in fuso-spirochetal infections, remain inadequately un- 
derstood largely because of a lack of effective nieans for their isola- 
tion and maintenance in pure culture. Treponema vimenti, the large 
delicate loosely wound spirochete of the mouth, seems never to have 
been obtained in pure culture; 7'. buccale, the large? thick, loosely 
wound form, has been reported in culture rarely,'. 2* apparently 
under conditions which could not be duplicated. T. ,microdentiurn, 
the small mouth spirochete which resembles T.  pallidurtz in mor- 
phology and is cultivable with the least difficulty,*-* seems for that 
reason to be the only member of the group which can be accepted 
with little doubt as a distinct species. Studies of pure cultures of 
T. microdentkn, moreover, have yielded interesting information on 
the pathogenesis of fuso-spirochetal  infection^.^? 6 p  ' 9  On the other 
hand, none of the other varieties which have been described and 
named, such as Noguchi's T.  ynncrodentiim~~ or the several species 
named by Seguin and Viiizent," is so clearly defined. 
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