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various tissues was determined by the addi- 
tion of 1 cc of a solution containing .008 

cubic centimeter to 1 5  tissues of the rat. 
i'arious tissues were chosen because the 
presence of volatile substances in certain tis- 
sues might easily affect the recovery of 1";'. 
The results of this experiment are shown in 
Table IT. which indicates that satisfactory 
recovery was achieved in each instance in 
spite of the fact that only one sample was 
determined. 

Comment. The procedure just described 
is an adaptation and a modification of the 
C'haney method for the chemical deterniina- 
tion of iodine in biologic material with a few 
changes necessary for isotope measurement. 
The method has proved to be useful because 
of its convenience and sensitivity. Twenty 

microcurie of 1'';' and 0.1 of T1'; Per 

samples can be digested and distilled conven- 
iently and the radioactivity determined the 
following day. Because of the small amount 
of solids in the distillate, very satisfactory 
planchettest always result, an'd corrections 
for self-absorption are unnecessary. The 
over-all sensitivity of this method was com- 
puted to be 30% by comparison with a 
uranium beta ray standard, that is, 30% of 
the beta radiation of the sample is recorded 
by the apparatus. With this sensitivity, as 
little as 3 x microcurie of radioiodine 
per cubic centimeter of serum may be de- 
termined accurately a t  a counting rate 10 
times the background. It is therefore pos- 
sible to determine the concentration of 1131 
in serum of patients during a half-life of 1131 
following administration of doses of about 
20 microcuries of radioiodine. 

Summar)!. -4 convenient and accurate 
method for the measurement of small amounts 
of in biologic material is described. 

t For planchettes nickle-plated cups 2.5 cm in 
diameter and 0.25 cm deep are used. These are 
placed in a brass holder at  a distance of 8 mrn from 
the Geiger-Muller tube. The Geiger-Muller itube is 
shielded throughout by an inch of lead. With this 
shielding the cosmic and incidental radiation back- 
ground varies from 0.2 to  0.3 count per second. The 
shielding for the Victoreen tube was designed by Dr. 
M. M. D. Williams, Diivision of Biophysics and 
Biophysical Research, and Mr. Dana Rogers, Division 
'of Engineering, Mayo Clinic, to both of whom the 
authors are greatly indebted. 
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The existence of a factor essential for the - 
*.\pproved for publication as Paper KO. 350, 

Journal Series of the Xorth Carolina -4gri. Exp. Sta- 
tion. 

growth of Lactobacillus bulgaricus (Sarles) 
and Lactobacillus helveticus 80 has been re- 

t Present address: Lederle Laboratories Division, 
American Cyanarnid Co., Pearl River, N. Y. 
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TABLE I. Ncan IVeight Gains in  Rats on Diets Supplemented with Calcium Pantothenate a i d  LBF 
Concentrate. 

Diet Ko.of (-~- \ 

- 
Gain in wt, g 

3 0. Daily supplement survivors 5 days 7 days 10days 1 2  days 

None 
Ca pantothenate 12.5 

7 9  9 ,  25 % 
30 ” 

,’ 100 ” 
)’ 200 ” 

LBF concentrate 3200 unitst 
(equiraleat t o  96 p g  panto- 
thenate) 

L B F  cone. 6400 units (equiva- 
lent t o  192 pg pantothenate) 

, j  9 )  

7 J  

, J  

- - -- - 0 
4 Y 5- .9.’ 10.5 -t- .7 16 -t- 1.2 21.3 2 3.3 
6 10 f .5 12.3 .6 20.7 2 1.4 27 2 .9 
8 10.3 -I 1.0 13.9 .6 1 9 . 4 2  .8 29.5 2 .8 
8 11 f- .3 15.4 1.0 18.5 2 1.4 30.8 2 1.3 
8 11.5 2 .7 16.2 2 1.0 20.5 .9 30.4 2 .9 
8 10.2 L- .8 li.1 2 1.3 18 f 1.3 29.3 2 .8 

8 9.5 & .6 16.1 3- .4 16.8 2 1.3 29.1 1.0 

it Mean 2 stand. der. of the mean. 
t The unit of L B F  is defined as that amount contained in 1 mg of standard Basamin-Busch yeast 

extract (1). 

ported recently( 1). This factor (LBF) has 
subsequently been shown to be essential for 
several other strains of the more fastidious 
lactic acid bacteria(2,3) and to be inter- 
changeable with pantothenla te for Lact o b a d -  
lus case; and Lactobacillus arabinosus (4). 

Partial identification indicates that L B F  
contains pantothenate in a bound form that 
is 50 to 100 times more active than free pan- 
tothenate for organisms which require L B F  
(4). Rasmussen et a L ( 5 )  have suggested 
that LBF may be required for the maximum 
growth of chicks on a vegetable-protein basal 
diet supplemented with fish solubles and vita- 
min BIY. This study was undertaken to de- 
termine the ability of the rat to utilize L B F  
on pantothenate-deficient diets. 

Rats of the Wistar strain, 
2 2  to 24 days old, were placed on a basal 
diet consisting of 65% glucose, 18% casein, 
10% fat, 4% minerals (USP NO. 2 ) ,  2% 
cellulose, and 1% cod-liver oil. This was 

1. Williams, W. L., Hoff-Jgrgensen, E., and Snell, 
E. E., J. Biol. Chem., 1949, v177, 933. 

2. Kitay, E. and Snell, E. E., J .  Bact., 1950, v60, 
49. 

3. Wood, H. N. and Williams, W. L., unpublished 
data. 

4. *McRorie, R. .4., Masley, P. M., and Williams, 
W .  L., Arch. Biochem., 1950, v27, 471. 

5 .  Rasmussen, R. .4., Smiley, K. L., Anderson, 
J. G., Van Lanen, J. M., Williams, W. L., and Snell, 
E. E., PROC. Soc. EXP. Bror-. AND MED., 1950, v73, 
658. 

Experimental. 

supplemented with 20 pg each of thiamine, 
riboflavin, pyridoxine, and 5 mg of choline 
chloride per rat per day. This is essentially 
the diet of Unna( 6)  and has been found ade- 
quate in our laboratory when supplemented 
with pmtothenic acid. Rats on this regimen 
lost weight a t  an average of 0.5 g per day 
during the depletion period of 2 1  to 23 days. 
Prior Ito feeding the test diets, rats were 
selected as to weight and sex and placed in 
individual cages on wire floors. Graded doses 
of calcium pantothenate and two levels of 
L B F  concentrate were fed in addition to the 
basal diet and vitamin supplement. The 
vitamin supplements and the test levels of 
calcium pantothenate or L B F  concentrate 
were mixed wi,th the basal diet in such pro- 
portion that 2 g contained the daily dosage. 
The supplemented test diets and unsupple- 
menlted basal diet were weighed out to ‘the rats 
daily in flanged cups to prevent spillage. 
Uneaten food was weighed an’d the amount 
of unsupplemented basal diet fed was ad- 
justed to insure daily ingesttion of the supple- 
mented test diet. Eight rats, 4 males and 4 
females, were fed each test diet. Four rats, 
2 males and 2 females, served as controls. 
The rats were weighed a t  intervals of 2 to 3 
days and the gains are recorded in Table I. 
The L B F  concentralte was prepared from Ba- 
cillus megatherium culture filtrate by adsorp- 
tion on charcoal and elution with n-butanol. 

6. Unna, K. ,  J .  Nutrition, 1940, v20, 565. 
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I t  contained 38,500 L B F  units per ml and 
had a potency of 840 units per mg of dry 
solids. Diet 7 contained 3,201) L B F  units in 
a daily supplement and was equivalent to 
94 , ~ g  of bound calcium pantothenate as de- 
termined by alkaline hydrolysis and micro- 
biological assay ( 7  j of the p-alanine liberated. 
Paper chromatography of materials containing 
LBF has shown that 5 or more substances 
possess LBF activity(5,g). The concentrate 
used in this study consists mainly of a mis- 
ture of the 2 LBF's (Rf 0.83 and 0.74) ob- 
tained in concentrates from R. megatherium 
culture filtrates(8). Less than 2 pug of free 
pantothenate were contained in a daily sup- 
plement. Diet 8 contained twice these 
amounts of free pantothenate and pantothen- 
ate bound in the LBF molecule. 

Results and disciission. There was no sig- 
nificant difference between the growth re- 
sponses produced by the 4 highest levels of 
calcium pantothenate and either level of L B F  
concentrate a t  the end of 1 2  days. This 
merging of response is to be expected since 
a daily dose of 2 5  to 50 pg of Ca pantothenate 
appears to be adequate for optimum growth 
after the rat has recovered from severe de- 
pletion ( 6 ) .  

Diet 8 had a pronounced odor and was 
not readily consumed by the rats. Subnormal 

7 .  .4tkin, L., \Villiams, W. L., Schultz. -1. S., Frey, 

S. Lone. C. L., and Williams, W. L., J. Bact . ,  
C. S.,  Irid. E n g .  C h e m .  Anal .  Ed. ,  1911, v16, 67. 

in press. 

gains on this diet were probably the result 
of inadequate food intake due to unpalatabil- 
ity, although the possibility of toxicity due 
to impurities in the concentrates must also 
be considered. 

Controls and some of the rats on lthe low 
pantothenate diets died in 3 to 4 days after 
the start of the experiment, as shown in Table 
I. ,411 rats receiving over 50 p.g of calcium 
pantothenate or the LBF supplemenlts sur- 
vived. This leaves little doubt as to the re- 
placement of pantothenate by L B F  for the 
rat. Further proof of this interrelationship 
is evidenced by the fact that rats which were 
prostrate after a depletion of 24 to 25  days 
were on their feet and had apparently re- 
covered in a few hours after inltraperitoneal 
injection with L B F  concenltrates or calcium 
pantothenate. Death occurred in 1 to 2 hours 
after prostration in uninjeoted rats. 

Szcmmury. Evidence is presented to show 
that concentrates of the Lactobacillus bul- 
gnricus factor will replace pantothenic acid 
in the nutrition of the rat. The quantitative 
effect of LBF in promoting growth may be 
in excess of that expected from the pantothen- 
ate contained in the LBF molecule. 

We are indebted to  Dr. J. C. Lewis, Western Re- 
gional Research Laboratory, Albany, Calif., for the 
B .  megatheriunz growth liquors and to Mr. C. L. 
Long of this department ior the paper chromato- 
graphic analysis of the LBF concentrate. 
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In addition to the presence of melanomas in 
man. these tumors have been reported in the 

horse, mule! cow! swine, goat, dog, cat, chick- 
en, rabbit, mouse, snake, and fish(1-6). De- 

*: Present address: Dcpt. of Dermatology, Mayo 

t Present address: Dept. o i  Dermatology & Syphi- 

Present address: Dept. af Biochemistry, Harvard 

Clinic, Rochester, Minn: 

lis. Cni\-ersity Hospital. Ann .Arbor, Mich. 

Medical School. 
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