
Proceedings 
of the 

Society 

Experimental Biology and Mediche 
for 

VOL. 62 JUNE, 1946 No. 2 

SECTION 
ILLINOIS 

MINNESOTA 
University of Chicago 

University of Minnesota 
University of Minnesota 

MISSOURI 
Washington University 

NEW YORK 
New York -4cademy of Medicine 

PACIFIC COAST 
Stan ford University 

SOUTHERN 
Tulane University 

SOUTHERN CALIFORNIA 
University of California, Los Angeles 

University of Arkansas 

Cornell University 

SOUTHWESTERN 

WESTERN NEW YORK 

MEETINGS 

.May 21,1946 

April 29, 1946 
May 28,1946 

May 8,1946 

May 22,1946 

April 27, 1946 

May 24,1946 

May 23,1946 

May 25-26,1946 

May 11,1946 

15384 

The Folic Acid Requirement of Chicks for Growth, Feathering and 
Hemogl &in Format ion." 

E. I. ROBERTSON, LOUISE J. DANIEL, FLORENCE A. FARMER, L. C. NORRIS, AND 
G. F. HEUSER. 

Front t h e  Agricultural Experiment Station and the  School of Xutr i t ion ,  Cornell Universi ty ,  
I thaca, N .  1'. 

Pf iff ner and associates1 isolated vitamin 
B, (folic acid) in crystalline form from liver, 
and observed that when this substance was 
fed to chicks a t  the level of 250 pg per 100 g 

of deficient diet, they grew normally and 
exhibited no -anemia at  -4  weeks of age. 
Campbell, Brown, and Emmett2 found that 
a vitamin B,-deficient diet caused poor feath- 

* The research work described i n  this paper has 
been uadert:ikm in cooperation with tlie Quarter- 
master ("orps C!onimittee on Food Research and 
has hrcn supported in par t  by grants f rom Cerophyl 

Laboratories, Tnc., Kansas City, Mo., Ledcrle Lnb- 
oratories, Jiic . ,  Pearl  River, N.Y., and The Nutr i -  
tioii Fount1:i tion, Inca., S e w  York, N.Y. 

1 Pfiffner, J. J., Binkley, S. B., I31ooni, E. EL, 
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ering, retardation in growth. and a macro- 
cytic, hypochromic anemia. Some iniprove- 
ment in growth was provided by 20 pp of 
vitamin B,, but 100 pg were necessary for 
normal growth. They stated that 40 pg ( t f  
vitamin B, completely corrected the hemo- 
globin level, although their data indicated 
that even the 100 ~g level was not equiva- 
lent to the positive controls. 

The  same authors in a subsequent paper" 
found that by injecting vitamin B, the same 
responses were obtained as when the factor 
was given orally. They concluded that the 
intestinal flora was not affected by folic acid, 
directly a t  least, but that the effect on growth, 
feathering, and blood cell components was 
caused by vitamin B,. pcr sc. From the dats 
of Pfiffner and associates4 it appears that 
25  L I B  of vitamin €3, per 100 g of diet were 
adequate for growth. but more than 25  pg 
were needed for maximum hemoglobin levels. 
Campbell. hIcCabe, Brown. and Emmett :; 
while studying the relationship of vitamin 
B, to the cellular elements of chick blood, 
concluded that 20 to 200 pg of vitamin B,. 
were needed to maintain normal hematopoie- 
sis in the growin: chick for the first 4 weeks 
of life. 

Briggs, Luckey, Elvehjem, and Hartc' used 
the fermentation L. CQS& factor of Hutchings, 
Stokstad. Bohonos. and Slobodkin? at  levels of 
5, 20. and 50 pp per 100 g of diet. Succinylsul- 
fathiazole. added to the 20 , ~ g  level of L.  casri 
factor, was found to decrease the growth 
response about 60 g and the hemoglobin level 
0.9 g per 100 cc of blood a t  4 weeks of age. 

Brown, R.. A.. Bird, 0. D., Emmett, A. D.. Hogan,  
A. G.,  :ind O'Dell, B. L., Scieiice, 1943, 95, 404. 

2 Camphell, C .  J., Rrowii, R. .4., and Emmett, 
A. TI., J .  Biol. rliem., 1944, 152, 483. 

:{ Campbell, C. J., Erown, R. .4., and Emmett., 
A. D., J .  Biol. Clwm., 1944, 154, 721. 

4 Pfiffner, .J. J., Calkins, D. G., O'Dell, E. L., 
Bloom, E. S., Brown, R.  A. ,  Camphcll, C. J . ,  ant1 
Eircl. 0. D., S c i t ~ i c r .  194.5. 102, 2 2 8 .  

ri C:imphell, ('. J., JId':il)e. JI. I f . ,  Rrown, R. .\., 
and Emmctt, A. TI., A m .  J .  Plr?ysiol., 1945, 144, 348. 

6 Rriggs, G. M., Jr., Luckcy, T. D., Elvehjem, 
C. 9., and Hart, E. B., 2'. Biol. Chem.,  1945, 3 5 8 ,  
303. 

7 IIutchings, B. L., Stokstad, E. 1,. R., Bohonos, 
N.. and Slobodkin. K. H.. Science. 1944. 09. 371. 

FOR GROWTH, FEATHERING 

Their data indicated that 50 pug of L. casei 
factor were not adequate for normal growth 
and hemoglobin formation. This finding has 
been substantiated in this laboratory by 
Charkey and associates* who suggest that be- 
tween 50 and 100 pg of L. case; factor per 
100 g of diet (probably closer to the lower 
value) are needed for optimum response from 
this factor. 

Angier and associates9 using synthetic L. 
casei factor (folic acid) found that 50 pg 
per 100 g of diet gave as good a response 
as did 100 pg, indicating that the require- 
ment for this factor is not greater than 50 pg. 

Petering, J'larvel, Glausier, and Waddell,l0 
using a yeast extract and a liver fraction to 
supply vitamin B,, observed complete pre- 
vention of deficiency symptoms when the 
amounts of the vitamin present were 2 2  and 
43 c~g per 100 g of diet, respectively. They 
concluded that the level of vitamin B, re- 
quired by the chick is probably less than 
50 pg per 100 g. 

-4dequate data have been reported to es- 
tablish the qualitative role of folic acid in 
promoting normal growth and hemoglobin 
formation in the chick and to suggest its re- 
lationship to normal feathering. I n  this pa- 
per 3 experiments are described in which 
the quantitative folic acid requirements of 
chicks for growth, feathering, and hemoqlobin 
for mat ion were determined. 

Experimental. Single Comb White Leg- 
horn cockerels, 15  to a lot, were housed in 
electrically-heated batteries placed in a room 
where the temperature was thermostatically 
controlled. All chicks were on wire mesh 
floors, and feed and water were supplied ad 
libitum. 

The chicks were fed purified diet 653 as 
Charkey, L. W., Daniel, L. J., Farmer, F. A., 

Norris, L. C., and TIeuser, G. F., manuscript i n  
preparation, Cornell University, Ithaca, New Tork. 

!J .2ngicr, R. R., Eoothc, J. H.: Hutchings, B. L., 
Jiow;rt, ,J. H., Stvnb, J., Stokstad, E. L. R., Sub- 
13:) R o w ,  T., Mr;i1ler, C. W., Cosulich, D. B., Fahren- 
bncl~, M. J.. Hultqnist, M. E., Kuh, E., Northey, 
E. H., Swger, D. R., Sickels, J. Y., and Smith, 
J. M., Jr., Science, 1945, 102, 227. 

loPeter ing ,  H. G., Marvel, J. I?., Glausicr, C. E., 
Jr.. and  Waddell. J.. J .  B i d .  Chent., 1946, 162, 477. 

- 
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Fig. 1. 

Growth and hemoglobin responses of chicks 4 
wecks of age to synthetic folic acid. Each point 
represents tlie average of 75 chicks, exccpt at the 
5 Kg and 105 &g points which :ire the averages 
of 30 chicks. 

reported by Hill, Norris, and Heuserll plus 
a factor S concentrate equivalent to 5% 
yeast.? In Experiment 1, in which 50 pg 
of 2-methyl-3-hydroxy-4-carboxy-5-hydroxy- 
methlypyridine (B-pyracin) were added per 
100 g of diet, the basal diet was found to 
contain 5 pg of folic acid per 100 g by mi- 
crobiological assay following chick liver in- 
cubation. In Experiment 2 the same amount 
of B-pyracin was added and the inositol level 
was reduced to 50 mg per 100 g of diet. No 
B-pyracin was included in the basal diet of 
Experiment 3. The folk acid content of 
the basal diets used in Experiments 2 and 3 
was 15 pg per 100 g. The difference be- 
tween the folic acid contents of the diets 
used is due to the factor S preparation added 
in Experiment 1 having only one-third the 

____ 
11 Hill, 3'. W., Norris, L. C., and Heuser, G. F., 

J .  Siitrition, 1944, 28, 175. 
t The authors are indebted t o  Anheuscr-Busch, 

Inc., St. Louis, Mo., for Strain S dried brewers' 
yeast; to Lederle Jlaboratories, Inc., Pearl River, 
N.Y., f o r  synthetic L. cusei factor (folic acid); 
and to  Merck and Co., Rahwny, S.J., for crystalline 
B - p y t c i n .  
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Growth and Iicnioglobin responses of chicks 6 
Each point 

Fig 2. 

weeks of age to synthetic folic acid. 
rcprcscnts the averagc of  45 chicks. 

amount of folic acid as the preparations 
added in Experiments 2 and 3. The preformed 
folic acid in all basal diets was approximate- 
ly 2.0 pg per 100 g. 

Experiment 1 was divided into 2 parts: 
(a)  folic acid fed at levels of 10, 20, 30, 40, 
50, and 100 pg per 100 g of diet; and (b) 
folic acid at  these same levels plus 1% SUC- 

cinylsulfathiazole. In Experiment 2 the sup- 
plements were: (a) 10, 20, 30, and 40 pg 
of folic acid per 100 g of diet; and (b) folk 
acid at  these same levels plus 2% succinyl- 
sulfathiazole. The design of Experiment 3 
was the same as 2 (a) .  Levels greater than 
40 pg per 100 g were not added to the basal 
diets fed in- Experiments 2 and 3, because 
this amount of folic acid plus the 15 pg al- 
ready present in the diet, exceeded the mini- 
mum amount found necessary in Experi- 
ment 1. 

Body weights were recorded weekly, and 
the hemoglobin levels were determined at  
the 2d, 3d, and 4th weeks in Experiment 1, 
and in Experiments 2 and 3 at  the 3d, 4th, 
5th, and 6th weeks. Hemoglobin was de- 
termined by the oxyhemoglobin method us- 
ing a Coleman spectrophotometer to read the 
color produced, according to a method de- 
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veloped in this labors tor!.. 
I n  Experiments 2 and 3 feathering was 

scored on the chicks a t  6 weeks of age as 
follows: 4-excellent: 3-good: 2-fair: 1- 
poor; &very poor. Growth. smoothness 
and condition of the feathers were taken into 
consideration in deter mining feat her score 
which was calcillated for each lot by the 
formula : 
SUlI l  (If Yt'oI'c'Y of 

-_______ x 100 = dcgi~c~e of friitlicariiig 
4 X No. of elk-ks 

Results. The data obtained a t  4 weeks of 
age from the 3 experiments are presented i n  
combined form in Fig. 1.  I n  Experiments 1 
and 2 the data obtained from the sulfonamide 
and non-sulfonamide diets were not signi- 
ficantly different. I t  was, therefore, consid- 
ered justifiable to combine the results from 
all groups in deterinining the requirements. 

From Fig. 1 it is evident that the ani!)unt 
of folic acid required for optimum growth 
and hemoglobin formation to 4 weeks of age 
under the experimental conditions is approxi- 
mately 45 pg per 100 g of diet. A straight- 
line response was obtained in growth and 
hemoglobin levc-.ls from 5 pg to almost 45 p,g 
of folic acid per 100 p of diet. 

Data from Experiments 2 and 3 which 
show growth and hemoglobin response a t  6 

i 11 (1 i v i tl ua 1 h ie k s 

( ' A )  

weeks of age are presented in Fig. 2. The  
requirement of iolic acid for maximum growth 
was found to be 45 ,ug per 100 g of diet, the 
same as a t  4 weeks of age. However, the 
requirement to maintain normal hemoglobin 
values was 35- ~g per lbo g of diet, showing 
that as the chicks became older less folk 
acid was needed.. 

The results of Experiment 2 are presented 
in Table I. These data are included be- 
cause this experiment is typical of those con- 
ducted. to determine the folic acid require- 
ment of the chick. In addition, the data 
demonstrate that succinylsulfathiazole had no 
effect on the response to folic acid under 
the conditions of the experiment, and that 
folic acid was directly concerned with 
feathering. Hemoglobin values and body 
weights a t  4 and 6 weeks of age, and feather 
scores at 6 weeks of age on sulfonamide and 
non-sulfonamide diefs are given. 

Perosis occurred in each of the experiments. 
-4 report was made by Daniel, Farmer, and 
NorrisI2 on the -  effect of folic acid on 
perosis. The permis was more severe on 
the sulfonamide diet than on the non-sulfona- 
mide diet. This was especially noticeable 
a t  the lower levels of folic acid. Because of 

' 12 Uaiiicl,:L. J., Fnrmcr,  F. A., a d  Sorris, L. C., 
, I .  Bid.  Clicni. ,  1946, 163, 340. 
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the severity of perosis many of the chicks 
were unable to secure food and water and 
died before the end of the 6-week experi- 
mental period. As a result the 6-week 
weights and hemoglobin values of the first 
2 lots on the sulfonamide diet are somewhat 
lower than the corresponding lots on the 
non-sulfonamide diet. 

The feather scores indicated that suc- 
cinylsulfathiazole included at  2 % of the basal 
diet had no detrimental effect on feathering. 
The feather score in the basal lot of Experi- 
ment 2 (b )  was not considered typical since 
it represented the scores of only 2 chicks. 
There was no difference in the feather scores 
obtained on the 2 diets indicating that folic 
acid per se is concerned with feathering and 
that intestinal synthesis of a feather factor 
is not probable, The requirement of folic 
acid for good feather development appears 
to be not less than 55 pg per 100 g of diet. 

Survival of chicks to 6 weeks of age in 
Experiment 2 required approximately 25 pg  
of folic acid per 100 g of diet. Data from 
Exieriments 1 and 3 confirm this estimate. 

Summary. The folk acid requirement of 
chicks for growth, feathering, and hemoglobin 
formation has been determined using 
a purified diet containing 2.0 pg of preformed 
folic acid per 100 g of diet. The total folk 
acid content of the basal diets as determined 
microbiologically following incubation with 
chick liver was 5 pg per 100 g of diet for 
Experiment 1 and 15 pg for Experiments 2 
and 3. 

The following amounts of folic acid, which 
include the amount in the basal diet, were 
required for its several functions: for sur- 
vival to 6 weeks of age, approximately 25  pg 
per 100 g ;  for growth and hemoglobin forma- 
tion at  4 weeks of age, 45 pg;  for growth 
a t  6 weeks, 45 pg, but for hemoglobin forma- 
tion at  6 weeks, 35 pg; and for feathering a t  
6 weeks of age, not less than 55 pg per 100 g 
of diet. 

In these experiments the addition of suc- 
cinylsulfathiazole a t  1 or 2% of the diet did 
not have any effect on growth, feathering, or 
hemoglobin formation in chicks to 6 weeks 
of age. 
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Milk as a Source of the Monkey Anti-Anemia ,Factor.* 

J. M. COOPERMAN, W. R. RUEGAMER, AND C .  A. ELVEHJEM. 
Front ilie Department of Biochemisty,  College of Agriczclturi~, Cn.iversity of Wisconsin, Madismi. 

Previous studies1T2 have shown that whole 
liver powder, raw and lyophilized liver are 
good sources of the monkey anti-anemia 
factor. In this paper we wish to report ex- 
periments carried out to determine if milk 
contains this factor, 

* Published with the approval of the Director 
of tlic Wisconsin Agricultural Experiment Station. 
Aided in part by a grant from the National Foun- 
dation for  Infantile Paralysis, Inc., New York. 
We wish to acknoivlcdge our indebtcdncss to Merck 
:rnd Companp, Rallway, N.J., for the crystallinc 
ritwmins mid to Lederle Laboratories, Tnc., Pearl 
River, N.Y.? for tlic synthetic Lactobmillzis casci 
f R ct or. 

E. 3f. S p r n  g:we us helpful assistancc in tlic 

Experimental. The method of handling 
the monkeys has been described previ~usly.~ 
The assay monkeys consisted of animals 
which failed to show complete recovery from 
a riboflavin deficiency after riboflavin thera- 
p ~ , ~  and animals made deficient in the mon- 
key anti-anemia factor by the prolonged feed- 
work . 

1 Caoyerman, .J. hi., Waisman, H. A., McCall, 
K. Ti., and Elwlijem, C. A., J .  Xufrition, 1945, 
30, 45. 

2 (looperman, J. hl., McC:ill, 15. B., and Elvehjcm, 
(7. A., Scimcc,  1945, 102, 645. 

:iTVaism:in, IT. A., Rasmussen, A. F., Jr. Elve- 
lijern, C .  A., and Clark, P. F., J .  Xutrition, 1943, 
26, 205. 


