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problems, hardly germane to the present con- 
siderations, are raised by the demonstration 
of a condition whereby small slowly conducting 
fibers on one side of the central nervous system 
can bqlance the conduction of impulses by 
larger rapidly conducting contralateral fibers 
well enough to maintain symmetrical activity 
of the organism as a whole. The described 
condition is an important one, however, in re- 
lation to future analyses of the function of 
parts of the developing central nervous system. 
Any such analyses must take into account the 
degree to which, and the mechanisms by 
which, the embryonic brain can successfully 
compensate for the addition of supernumerary 
units. 

Summary. Locomotor reactions have been 
observed in Fundulus heteroclitus embryos ab- 
noimal in number and arrangement of Mauth- 
ner’s neurones. Five out of 11 embryos lack- 

ing Mauthner’s axones on one or both sides of 
the cord were abnormally passive or immobile; 
the remaining six exhibited vigorous swimming 
movements. Out of 7 embryos in which the 2 
Mauthner’s fibers coursed posteriorly both on 
the same side of the cord, 2 were abnormally 
passive and 5 exhibited vigorous movements. 
Asones from supernumerary Mauthner’s cells 
were present in the cord in 22 embryos; one of 
these embryos was abnormally passive, but the 
others exhibited no variations of behavior at- 
tributable to the altered number of Mauthner’s 
fibers. The apparently negative results of the 
experiments in which supernumerary axones 
were added, and the fact that asymmetry in the 
arrangement of fibers was not reflected in 
asymmetry of reaction, demonstrate a high de- 
gree of regulability of function In the develop- 
ing brain of Fundulus. 
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The discovery’ and confirmation2 of the ex- 
istence of pseudo-pyridoxine, which has very 
high bacterial potency, raises a question re- 
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garding its activity in animal nutrition. Car- 
penter et ds reported preparations of pseudo- 
pyridoxine to be less active for the rat than the 
original pyridoxine. We wish to report in this 
paper similar studies on the activity of pseudo- 
pyridoxine in chick nutrition. 
- _ _ . _ ~  ~- 

t The present address of Dr. C;. M. Briggs is the 
1kpa.rtment of Poultry Husbandry, T-niversity of 
Naryland, College Park,  Maryland. 
: C%llled pyrucin-3 i n  this paper to distinguiah it 

froin the lactone of ~-n1ethyl-3-hydrox~-4-rarboxy- 
.?-liydroxvlllethylpyridine, wliich has rlao been re- 
ported to be artive.7. I’yracin-5 has also been 
termed a-pjracin and prridoxic acid. 

1 h e l l j  E. E., Guirard, B. M., and Williams, R. 
J., .7. Biol. Chem., 1942, 143, 519. 

2 Carpenter, L. E., and Strong, F. M., Arch. BW- 
rlwin., 1944, 3, 375. 

.?Carpenter, L. E., Elvehjem, C. A., and  Strong, 
F. M., PROP. Moc. NXP. RIOL. AND MED., 1943, 84, 
123. 
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TABLE I. 
Composition of Rations. 

for both the rat and bacteria9 are not consid- 
ered here. 

Constituent 494 

Dextrin' ( g )  61 
Casein t (g) 18 

Salts V (13) (g) 6 

1 ( - )  Qstine (g) 0.3 
Thiaminc H a  (mg) 0.3 
Riboflavin (mg) 0.6 
Ihlrium pantothe- 

Choline C1 (mg) 150 
Nicotinic acid (mg) 5 
Pyridoxine HC1 (mg) 0.4 

Gclstin (g) 10 

Soybean oil (g) 5 

nate (mg) 2 

Biotin (mg) 0.02 
i-Inositol (mg) 100 
B,,, and €3,- concen- 

494-R, 494K 

61 
18 
10 

6 
5 
0.3 
0.3 
0.6 

2 
150 

5 

0.02 
100 

61 
18 
10 

6 
5 
0.3 
0.3 
0.6 

2 
150 

5 
0.4 
0.02 

100 
I" 

trate (;.h)t 100 100 
Vitsmin DS (mu) 0.004 0.004 0.004 
a-rfocop&& '(in) 0.03 0.03 0.03 
2-Meth\.l-l, 4-naph- 

thoquinone (mg) 0.05 0.05 0.05 
Vitamin A 

(U.S.P. units) 1700 1700 1700 

* Yadr by adding corn starch to water until the 
ronsistency of putty i s  obtained, autoclaving for  3 
hr drying and grinding. 

tSMACO vitamin test casein. 
$ Made as described for the superfiltrol eluatc.12 

When the two microbiologically potent deri- 
vatives of pyridoxine, pyridoxal (2-methyl-3- 
hydroxy-4-formyl- 5 ahydroxymethylpyridine) 
and pyridoxamine ( 2-methyl-3-hydroxy-4- 
aminornethyl-5-hydroxymethylpyridine), be- 
came available in crystalline it seemed 
desirable to test them for vitamin €310 and 
B11 activity as well as for vitamin €36 activity 
in the chick. SnelP has recently reported 
these compounds to be slightly more active 
than pyridoxine in rat nutrition. Pyracin-5,t 
the lactone of 2 -met hyl-3 -hydroxy-4-hydroxy- 
methyl-5-carboxypyridine, was included in 
these tests because Scott et al.8 found it to be 
active in chick nutrition. Bound forms of 
pyridoxine which have been found to be active 

4 Rnell, N. E., J .  BioZ. Ckent., 1944, 154, 313. 
5 Harris, S. A., Heyl, D:, and Folkers, K., J .  

Rwl. Chem., 1944, 154, 315. 
6 Snell, E. E., Abstractg -4m. C h m .  Soc. Meeting, 

New Pork, 1944, p. 7B. 
7 Scott, M. L., Norris, L. C., Heuser, G. F., and 

Bruce, W. F., J .  Am. Chenr. SOD.,  1945, 67, 157. 
8 Grott, M. L., Norris, L. C., Heuser, G. F., Bruce, 

W. F., Coover, H. W., Jr., Bellamy, W. D., and 
Gunsalus, I. C., J .  BioZ. Chem., 1944, 154, 713. 

_ _ ~ -  

Symptoms of the vitamin BB deficiency syn- 
drome in the chick., not previously described, 
are also reported. 

Experimental. The methods used were 
similar to those previously described.l0-l2 Day- 
old White Leghorn chicks, obtained from the 
University Poultry Department or commercial 
hatcheries, were placed in heated cages with 
raised screen bottoms and fed basal ration for 
three days. They were then divided uniform- 
ly into groups of 6 and fed (ad libitum) the 
basal ration with the proper supplement added. 

The composition of the different rations 
used is given in Table I. The vitamin BB ac- 
tivity of the different preparations was tested 
by using ration 494-B6. Likewise, the ability 
of the compound to replace vitamins Blo and 
BI1 was determined on ration 494-K. The 
compounds were also added to a ration con- 
taining the vitamin Blo and Bl1 concentrate 
and the response noted. 

Blood samples for prothrombin estimation 
were drawn by heart puncture from. a few of 
the chicks at 2,3 and 4 weeks. Recovery from 
this procedure appeared rapid since the blood 
picture of these chicks on the following week 
was very similar to that of other chicks within 
the same group. Whole blood clotting time 
was determined by the capillary meth0d.l3 

Results. The data in Table I1 show that the 
addition of pyridoxal, pyridoxamine, or pyra- 
cin-5 to the vitamin BIO and B11 deficient diet 
has no effect on growth or feathering in the 
chick. Pyridoxamine is also inactive when fed 
in a mixture with xanthopterin,Q thymine and 
guanine. Groups 9-12 inclusive indicate that 

SHoehberg, M., Melnick, D., and Oser, B. L.. 
J .  Bid .  Chem., 1944, 138, 119. 

loBriggs, G. Y., Jr., Mills, R. C., Hegsted, D. 
Y., Elvehjem, C. A., and Hart, E. B., PouZtry Sci., 
1942, 21, 379. 

11  Briggs, G. N., Jr., Luekey, T. D., Elvehjem, 
C. A., and Hart, E. B., J .  BWZ. Chmn., 1945, 138, 
303. 

IZBriggs, G. M., Jr., Luckey, T. D., Elvehjem, 
C. A,, and Hart, E. B., J .  Bwl. Chem., 1944, 158, 
433. 

lJMcGowan, J. P., Brit. Med. J., 1907, 2, 1580. 
$ Prepared by Dr. R. C. Mills, now in the service 

of the armed forces. 
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TAT;l,k; 11. 
Hrsults on the Vitamin DlI ,  :inti R,, Deficiriit Ration. 

pyridoxine and pyracin-5 give no significant 
response when fed with the complete ration. 
These compounds produced no consistent effect 
on hemoglobin formation. 

The growth and survival data froni 3 vita- 
min Be experiments, Table 111, indicate that 
pyridoxal is slightly more than one-half and 
pyridoxamine is about four-fifths as active as 
pyridoxine, while pyracin-5 is completely in- 
active. In one experiment pyridoxal and pyri- 
doxamine were fed at  a very low level to 
eliminate the possibility that they might be 
toxic a t  the higher levels fed previously. The 
results of groups 7 and 9 indicate that these 
compounds have no pseudopyridoxine-like ac- 
tivity in the chick. 

Be Dejiciency Syndrome. Most of the 
symptoms previously reported,'*16 for vita- 
min Be deficient chicks were observed. These 
include reduced food consumption and growth, 
asthenia, poor feather development (re- 
sembling that obtained in an arginine-glycine 
deficiency), occasional fits and convulsions, 
and death. Hyperexcitability, reported by 

and Hart, E. B., J .  B i d .  Ckeni. ,  1939, 130, 493. 

1939, 42, 180. 

tion, 1942, 24, 515. . 

~ - 
14 Hcgsted, D. M., Olcson, J. ,T., Elvehjem, C. A., 

15 Jukcs, T. H., I'ROC. Sot,. ESP. BIOL. ASI)  MED., 

IsLcpkovsky, S., and Kratzcr, F. II., J .  S t f / r i -  

I,epkovskyl" as stage I, was not observed al- 
though strong stimuli were applied, e. g . ,  
various loud noises, sudden movements, and 
short air blasts. 

The onset of a fit (whether mild or ending 
in convulsions) is usually accompanied with 
short, high-pitched chirps. Hemoglobin values 
(Table IV) indicate that vitamin Bs deficiency 
in chicks is accompanied by a definite anemia. 
The anemia is quite pronounced in some of 
the deficient chicks while in other chicks a de- 
hydration seemed to have occurred which 
manifested itself as a hemoglobinemia. 

While making hemoglobin determinations, 
difficulty in preventing clotting was unex- 
pectedly encountered in some of the vitamin 
B,; deficient chicks. Upon further investiga- 
tion it was found that the deficient chicks 
(only 3 were alive at  this time) had a. whole 
blood clotting time of 2.5 (1.8-4.0) min, while 
the value for one of the controls was 4.5 min 
and that of 2 others was greater than 10 min. 
The results of the next experiment indicated 
that 2-week-old chicks have similar whole 
blood clotting times, while 3- and 4-week-old 
chicks, deficient in vitamin B,,, have a de- 
creased clotting time (when compared with the 
control chicks). At 4 weeks it was found 
(Table V) that 2 57 of pyridoxine supplement 
per 100 g of ration 494-BS gave no response, 
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TABLE 111. 
Growth Results Using Vitamin Be Dpfivicnt Ration. 

Weight g Approximatc D a d /  
Xo. Supplement per 100 g 494-B0 at 4 n-ks :ietivity t chicks 

1 None ti9 14/24 
~ ~ ~. 

2 5-/ pyridoxine HCl 3’ wks 1 6;s 
74 1 0/6 3 26r  9 9  

4 SG ” 

5 l0Oy ” 

6 4 0 0 ~  ” 

7 5; pyridoxalHC1 

9 5r uvridoxamine HC1 
8 507 ” 

108 1 1/11 
197 1 0/12 
222 1 0/24 

2* wks low 
95 .6 
2“ wks 1OW 

6/6 
3/6 
6/6 

10 50; A -  ” 127 .9 3/6 
11 1007 ” 167 .B 0/6 
12 lOOy pyrarin-5 50 0 5/6 
13 200y ” 3* wks 0 6/6 
14 4007 ” 4* wks 0 6/6 
15 As 14 + 1007 pyridoxine HCl 138 no effect 0/6 - .- ~ _ _ _  ~ - _  
* Indicates time of death of the last chick in thc group. 
t Artivity values are hased on surviral data as well as growth data in groUpR Fo. 8 and 

No. 10. 

5Dy gave an intermediate value and chicks re- 
ceiving 100y had clotting times comparable to 
the controls. Chicks which received 10Dy of 
pyridoxine per 100 g of ration for the first 
week and the vitamin Be deficient ration for 
the next 3 weeks (group 5) had a short whole 
blood clotting time (2 min) at 4 weeks. Con- 
trol chicks receiving 5% alfalfa or 1 mg of 
2-methyl-1, 4-naphthoquinone per 100 g of 
ration 494 (groups 7 and 8 respectively) had 
comparatively long whole blood clotting times. 

Determinations of the prothrombin level (or 
activity) (Table V) made by Dr. John B. 
Field indicate that the decrease in whole 
blood clotting time is accompanied by a de- 
tectable hyperprothrombinemia in the Bo de- 
ficient chicks. 

No gross pathology of the internal organs 
was observed at autopsy although the spleens 
of the vitamin Ba deficient chicks appeared 
abnormally small. Further investigation in- 
dicated that the spleens of the vitamin Ba 
chicks were proportionately smaller than those 
of control chicks (the spleens were respectively 
0.09 and 0.20% of the body weights). 

Since the activities found for 
pyridoxal and pyrjdoxamjne using the chick 
assay are not in accord with the high bacterial 
potencies, pyridoxine remains the most im- 
portant of the Bu vitamins in chick nutrition. 
Assays of natural materials for nutritionally 
active vitamin Be should thus be made using 
either biological methods, or corrections for the 

Discussion. 

TABLE IV. 
Hemoglobin Values of 4-Wcrks-Old Chicks. 

Hb 
Dict KO. chicks g/lOO cc Range 

B, deficient 10 6.5 (3.1- 9.7) 
Complete 19 8.7 (6.4-10.4) 
Differenec 2.2 

Standard error = 0.6V 

* Thc statistical validity of thesr data was con- 
firmed by Dr. s. Anles by use of “Students” &test 
fo r  unique samples. 

differences found between the biological and 
microbiological activities of compounds such 
as pyridoxine, pyridoxal and pyridoxamine. 

Pyracin-5 appears inactive under all of the 
conditions used, in contradiction to the first 
report of the Cornell workers? A later re- 
port1* indicates that a concentrate in their ra- 
tion was contaminated with some L. casei 
factor. Recently Scott et aL5 have reported 
that the lactone of both the 4- and the 5-  
carboxypyridine derivatives are active for the 
chick in the presence of a Lactobacillus casei 
factor. This finding, presented without data, 
is difficult to evaluate, but it should be pointed 
out that the third Lactobacillus casei factor 
gives a significant response without feeding any 
lactone.llJ* This response, as well as the 

15 Canipbell, H. A., Smith, W. K., Roberts, W. 
L., and Link, K. P.: J .  Biol. Chefti., 1941, 38, 1. 

1s Norris, L. C., Flour and Feed, 1944, 45, 44. 
19 Hutehings, B. JJ., Stokstad, E. L. R., Bohonos, 

N., 2nd Slohodkin, N. II., Schzrr, 1944, 99, 371. 

- - - _--- -- 

- - - - - - - - - . - - 
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‘rAI;I,E v. 
W l i o l ~  Blood and 1’rotliroml)in Clotting Times of 4-Weeks-Old Chicks. 

Wholr blood Ylotliromhia 
s n . clotting time time 

KO. Suppleinent/lOO g 4H4-Ri; clrir1,n (inin) ( s e e )  ----- - _ _ ~ ~ _ _ _  
1 Nonr 3 4 ( 3.3- 5.0) 31 (28.0-32.2) 
2 25.7 pyridoxine 4 4 ( 3.0- 6.0) 
3 5o-y ” 4 8 ( 1.2-13.5) 
4 10o-y ” 4 17 ( 8.8-29.3) 
5 10% ” (1st work only) 2 2 ( 2.0- 2.5) 
6 4007 ” 4 16 (11.3-19.0) 39 (33.9-46.3) 

8 4ooy I ’  + 1 1ng 2-  
‘i 4 0 0 ~  ’ *  + 5 g alfalfa 4 21 ( 9.3-34.0) 

mrtlipl-1. 4naplitlioquinonc 4 11 ( 6.3-13.8) 
9 100% l’mctical broilt-r lation 4 20 (10..?-29.O) 

-~ ~. - - -  - - _ _  
* Deterniinations by Dr. .John E. l+ld uvinp the 12.5vc plasma method17 with thrombo- 

plastin prrpnrrhd from ellick !wain. 

response to other compounds such as vitamin 
C”” and p-aminobenzoic acid,21 is not obtained 
when the bacterial flora is altered by feeding 
sulfa drugs or corn meal.“ While we have 
been unable to observe any effect due to the 
feeding of pyracin-5 it is entirely 8pssible that 
certain responses may be obtained when it is 

20 Briggs, G. M., Jr., Lucltey, T. D., Elvelijeni. 
C. A., and Hart, E. B., FRM:. 8oc. RXP. EIOL. A A D  

- __ - -. - _. - - . 

fed in combination with other factors. 
The decreased whole blood dotting time, as 

well as the decreased prothrombin clotting 
time, observed in the vitamin Bo deficient 
chicks is obtained with a ration containing ade- 
quate amounts of vitamin K.y2r23 Whether the 
anemia and small spleens are correlated in 
some way with the blood clotting mechanism 
is not known. 

MED., 1944, 55, 130. 
21 Briggs, G .  M., Jr., Luelrcay, T. D., Jlills. H. C., 

Elvchjem, C. A., and Ilart, 14: .  13.. PRO(.. Sw. &;XI*. 

!!z Tlinycr, S. A.. MrKee, R. W., Einklq-, 8. H., 
NacC‘oquodale, T). W., :~nd I)oisy, E. A., PROC. 
SW. E X P .  HIOL. A S ] )  I\rLU., 1‘3s!b, 41, 194. 

2:; Sational Hesr:ri(.il (’ouiic.il, R w o w i t I e t t ~ e c /  X U -  
trieirt Allowuitees fo r  Domut ic  dncnmlu, 1944, 
Bull. So. 1, 1). 3. 

Summary. Pyridoxal, pyridoxamine and 
pyracin-5 were found to be inactive singly in 
replacing vitamin Blo or vitamin B11 in chick 
nutrition. The biological vitamin Be activity 
of these three compounds is qProximately 
> %. X, and 0 respectively. Vitamin Bs de- 
ficiency symptoms in the chick were found to 
include a decreased clotting time, hyperpro- 
thrombinemia, small spleens and anemia. 

BIOL. AND MRD., 1943, 52, 7. 
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of dl-Alanine. 
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There is evidence concerning specific effects 
upon intermediary protein metabolism of hor- 
monal factors capable of influencing growth 
(for review, see Long1). Thus the growth fac- 

* Xided by a grant from the Charlton Research 
Fund. 

ILong,  C. S. H., Cold Spriibg Havbor Symposiu 
on Quaiit. Bwl., 1942, 10. 91. 

~ - ~ - 

tor of the pituitary has been shown to cause a 
fall in blood NPN, chiefly amino and urea N;2 
a decrease in total NPN in the body and 
especially in the liver, all nitrogenous fractions 

_ _ ~  _ _ _ -  
2 Tsel, H. Y., and Walkins, O., Am. J .  Phgrriol., 

3 Shaffcr, N. K., and Lee, Eil. O., J .  Riol. Chcm., 
1929, S9, 662. 

1935, 108, 355. 




