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due to coramine was not prevented by the 
addition of choline or methionine. The fact 
that a combination of lipotropic factors and 
high protein diet was not capable of prevent- 
ing the abnormal liver growth would suggest 
that this action of coramine is not due to 
any decrease in factors necessary for trans- 
methylation but to a specific action of the 
coramine molecule. 

1.  The effect of the ingestion 
of a series of pyridine derivatives by imma- 
ture rats on a high protein diet is described. 
2. None of the N-methyl derivatives of this 
series had any appreciable influence on either 
the fat content or the absolute liver weight. 
3. Gamma picoline, nicotinic acid, and nico- 

Summary. 

tinamide produced slight increase in liver 
fat; beta picoline and coramine produced sig- 
nificant increases in liver fat. In  the case 
of beta picoline and coramine this increase 
in fat could be prevented by the inclusion of 
1.2% methionine or 0.5% choline. The ef- 
fect of methionine or choline on the metab- 
olism of the other compounds reported was 
not determined. 4. Coramine produced a 
great increase in the fat-free liver weight 
which could not be prevented by the addition 
of choline or methionine to the diet. 5. The 
growth inhibition following the administra- 
tion of beta picoline or coramine was not 
appreciably affected by the addition of choline 
or methionine to the high protein diet. 
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Growth and Reproduction in Rats on Synthetic Rations.” 

EUGENE M. SPORN, W. R. RUEGAMER, AND C. A. ELVEHJEM. 
From the Department of Biochemistry, College of Agriodture,  University of Wiscowh,  Hadison. 

Introduction. I t  is now generally recog- 
nized that rats grow at a rapid rate when 
given synthetic diets containing only 6 B 
vitamins. When sulfonamides are added, the 
growth is greatly retarded but the effect is 
counteracted by the addition of folic acid and 
biotin. Ransone and Elvehjeml reported 
that certain folic acid concentrates from liver 
produced a growth response beyond that 
which could be attributed to the known vita- 
mins present. Recently evidence has been 
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lRansone, B., and Elvehjem, C. A,, J. Biol. 
Chem., 1943, 151, 109. 

presented for the presence in fresh liver and 
other materials, of a factor necessary for con- 
tinued growth and a normal blood picture 
in the monkey.2 Further work has shorn 
the existence of an unknown factor(s) in 
liver which stimulates the growth of S. 
faecalis when this organism is cultured on a 
“complete” synthetic m e d i ~ m . ~ ’ ~  The pres- 
ent work was undertaken to determine the 
effect upon growth and lactation of rats re- 
ceiving a purified ration containing 10 crystal- 
line B vitamins. 

Experimental. Male weanling rats (Sprague- 
Dawley) weighing between 38 and 45 g were 
used in all growth experiments. They were 
housed in individual cages and were fed the 

2 Cooperman, J. M., Ruegamer, W. R., and Elveh- 
jem, C. A., PROC. Sw. EXP. BIOL. AND MED., 1946, 
62, 101. 

3 Cooperman, J. M., Ruegamer, W. R.: Snell, E. 
E., and Elvehjem, C. A., J. Biol. Chem., 1946, 163, 
769. 

4Ruegamer, W. R., Cooperman, J. M., Sporn, E. 
M., Snell, E. E., and Elvehjem, C. A., J. BWZ. 
Chcm., 1947, 107, 861. 
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TABLE I. 
Effect of Liver Supplements on the Rate of Growth in Rats. 

Period Avg gain per wk 
Group \Y k Supplement g 

~~~ 

Basal ration 

None 
5 cc raw milk per day 
0.3 g ” liver )’ ” 
3 70 lyophilized liver (Squibb) 
1% 1:ZO liver powder (Wilson) 

Basal ration + double level of B vitamins + cystine 

6 2 Xone 
7 2 0.5 g raw liver per day 
8 2 3 70 lyophilized liver (Squibb) 
9 2 1% 1:20  liver powder (Wilson) 

10 2 1% Lederle liver prep. No. 1432 

29 
33 
36 
38 
35 

31 
34 
37 
35 
36 

Oorn-soybean meal ration + double level of B vitamins 
11 3 None 36 
12 3 0.5 g raw liver per day 43 
13 3 3% lyophilized liver (Squibb) 43 
14 3 10/0 1:ZO liver powder (Wilson) 45 
15 3 1% Lederle liver prep. KO. 1432 44 

basal ration and fresh water ad libitum. Six 
rats were used in each group. 

The synthetic basal ration was composed 
of sucrose 7376, casein (Smaco) 18%, corn 
oil (Mazola) S%, salts IV 476, and thiamine 
0.3 mg, riboflavin 0.3 mg, niacin 2 mg, pyri- 
doxine 0.2 mg, pantothenic acid 2 mg, folic 
acid 0.025 mg, biotin 0.01 mg, inositol 10 mg, 
choline 100 mg, and p-aminobenzoic acid 
25 mg per 100 g of ration. Vitamins A and 
ID were administered as oleum percomorphum 
diluted 1:4 with corn oil and fed at the rate 
of 2 drops per week. 

Since milk and liver had been shown to 
be good sources of the monkey antianemia 
factor,’ these substances were used as sup- 
plements to the basal ration. Many groups 
of rats have been studied, and in each case 
the animals receiving milk or liver supple- 
ments grew at a faster rate than those on 
the unsupplemented ration, but the differences 
in rate of gain were never large. Typical 
results are given in Table I, Groups 2 and 3. 
Lyophilized whole Iiver at  a level of 3% in 
the diet gave the best response (Group 4). 
Certain samples of Wilson’s 1:2O liver pow- 
der have produced some response (Group 5 ) .  

When the response was calculated at dif- 
ferent weekly intervals, it was found that in 
practically all cases the greatest difference 

was observed at  the end of 2 weeks. The 
results for a few groups calculated at  the end 
of this period are given in Table I (Groups 
6 through 10). In this instance, the basal 
ration was supplemented with additional 
vitamins and cystine in order to eliminate 
any possible deficiency of known factors. 
Under these conditions, the differences were 
still small but the response to each of the 
supplements was approximately the same as 
on the original basal ration. 

In  an earlier report, Jaffk5 found that an 
alcoholic extract of fresh liver produced a 
growth response in rats fed a natural diet. 
Therefore, the following ration was fed in 
order to compare the growth response with 
that obtained with the synthetic ration: whole 
ground yellow corn 46.3 5 %, commercial soy- 
bean meal 46.35%, corn oil (Mazola) 5 % ,  
cystine 0.376, CaHP04 0.92%, CaC03 0.6%, 
NaCl iodized 0.44%, MnS04 4H20 0.04%. 
Vitamins were added at  the same levels as 
in the synthetic ration. The growth on this 
unsupplemented diet was greater than on the 
synthetic basal, but the differences between 
the basal and the supplemented diets were 
much more consistent. (Table I, Groups 11 
through 15). 

‘5 Jaff6, W. G., J. Biol. C h m . ,  1946, 165) 387. 
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TABLE 11. 
Results Obtained with S. f aeca l t  Assay. 

Readings on Evelyn 
Series I Series I1 
units units 

For details of w a y  see reference 3. 
The values noted represent liver samples added at a level of 90 mg (dry weiglit) per 10 CC 

of medium, while .the urine represents undiluted samples of 1 cc per 10 cc of medium. 

The hemoglobin concentration of the blood 
was determined after the rats had been on 
the various rations for 4 and 10 weeks. At 
both periods, the average figures for ani- 
mals receiving the supplemented and unsup- 
plemented rations were about the same. Dif- 
ferential leucocyte counts obtained after 
these rats were on experiment for 10 weeks 
showed no significant variation from the nor- 
mal. 

At the end of 10 weeks, rats receiving diets 
similar to those used for Groups 1, 2 and 3 
were sacrificed and the livers removed for 
assay with S. faecaZis.3 The readings ob- 
tained in the Evelyn colorimeter after a 12- 
hour incubation period are shown in Table 
11. The results indicate that there is a sub- 
stance in the liver of rats which stimulates 
the growth of S.  faecalis. However? the livers 
of those animals that had received milk or 
liver were much more active in stimulating 
the growth of this organism than those from 
rats not receiving milk or liver. 

In another series, 24-hour urine samples 
were collected during the ninth week in ad- 
dition to removal of the livers a t  the end of 
this period. The urine from the rats on the 
basal group produced some stimulation in 
growth of S. faecalis, but the urine of rats fed 
milk or liver supplements gave greater stim- 
ulation (Table 11). When this work was re- 
peated with rats receiving the corn-soybean 
ration, similar results were obtained. 

Lactation Studies. Female weanling rats 
(Sprague-Dawley) were placed on the syn- 
thetic ration and supplemented as in Groups 
1, 2 and 3. A single dose of vitamin E (10 

mg) was administered by dropper to each 
rat immediately before each mating. The rats 
were kept in separate cages until the end 
of the 10th week of experiment, tmhen each 
group was placed in a large cage. Females 
were mated with males from our stock col- 
ony at the end of the 13th week. After preg- 
nancy was ascertained by a significant weight 
increase, the female rats were placed in small- 
er individual wire cages without false bot- 
toms. One day after parturition all litters 
were reduced to six. The percentage sur- 
vival was calculated on the basis of the num- 
ber alive at  the end of the 21-day suckling 
period as compared to the original number 
at one day of age. 

The original experiment consisted of 6 fe- 
males in a group, and these were remated 
after a 3-week rest period. The results ob- 
tained are presented as the total of both 
matings. 

Basal 73  
)’ + 0.5 g fresh liver/day 95 

Similar series have been carried through with 
approximately the same results. In  every 
case good reproduction has been obtained 
but the animals receiving the liver have 
reared a larger percentage of the young left 
with the mothers. 

Discussion. Although a positive response 
in growth was obtained whenever a liver 
preparation was added to the synthetic ra- 
tion, it is evident that the differences in most 
cases are so small that it is difficult to use 
this response as an assay for a new factor 
in liver. Apparently the supply of at least 

Ration % survival 

” + 5 cc raw milk/day 66 
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one additional factor is limiting when rats 
are fed the basal ration containing 10 B vita- 
mins. but the degree of deficiency seems to 
decrease as the animals are continued on 
this regimen. This type of response suggests 
that the limiting factor is produced within 
the body, and that the amount produced is 
not sufficient to meet the needs of the ani- 
mal during the first few weeks on the ration. 

The most consistent differences were ob- 
tained with the mixed diet, and it appears 
that such a diet is most useful for assay pur- 
poses. This may be explained by the fact 
that the intestinal flora supported by a nat- 
ural ration differs from that which exists on 
a synthetic ration. The corn and soymeal 
is not specific in this respect since other 
natural rations have given similar responses. 
Geyer et aL6 have noted greater differences 
between rats fed a synthetic basal and those 
supplemented with liver, when the animals 
were kept in tube cages. Better differences 
may be obtained when coprophagy is pre- 
vented in rats fed the natural ration. Cary 
et aL7 have reported that extra extraction of 
casein removes a factor “X” necessary for 
optimum growth of the rat. This may ex- 
plain the inability to produce significant dif- 
ferences on synthetic rations containing casein 
which has not been exhaustively extracted 
with alcohol. 

Previous reports showed that Wilson’s 
1:20 liver powder was inactive for the stim- 
ulation of growth of S. faecalis; however the 
samples used in this work were active for 
both the rat and S. faecalis. Thus different 
samples vary and the activity is similar for 
the rat and the microorganism. When the 
activity of liver or urine from rats fed the 
basal is compared to that of rats fed the ac- 
tive material, there is always an increased 
activity in the case of supplemented rats. 
This change suggests an increased storage of 
the factor in the liver, as well as increased 
excretion when a dietary source is fed. Previ- 

CGeyer, R. P., Geyer, B. R., Derse, P. H., Zinkin, 
T., Eh-ehjem: C. A, and Hart, E. B., J .  Sutr., 

TCary, C. A. Hartman, A. M., Dryden, L. P., 

_ _ _  

1947, 33, 129. 

and Likely, G. D., Fed. Proc.. 1946. 6. 128. 

ous work* has demonstrated clearly that the 
Bc potency of the liver was increased when 
the dietary intake of folic acid was increased. 

The fact that the urine and liver of rats 
fed the unsupplemented ration stimulates 
growth of S. faecaZis may be due to the pro- 
duction of the factor by the intestinal flora, 
to the presence of an undetectable amount 
of the factor in the basal ration, or to the 
storage of the factor in the animal body dur- 
ing the pre-experimental period. I t  is also 
possible that S. faecalis may be stimulated by 
more than one factor. This last possibility 
is being investigated. 

The results obtained in the lactation 
studies are in general agreement with reports 
from other laboratories. Richardson and 
Hogans reported improved lactation in rats 
upon addition of a fullers earth eluate of 
liver, which supplies Bc and probably un- 
recognized vitamins. A liver filtrate which 
contained a low level of Vitamin Bc was just 
as active in this respect. Cerecedo and Vin- 
sonlo reported a beneficial effect on lacta- 
tion when a folic acid concentrate was added 
to the diet. It is quite possible that these 
concentrates are sources of unknown nutri- 
ents essential for maximum lactation in the 
rat. Spitzer et aZ.ll obtained better lactation 
when Wilson’s 1:20 liver powder was added 
to a mixed diet which was unsatisfactory for 
lactation. 

In  the series raported in this paper, folic 
acid and biotin were used in crystalline form. 
The fact that a significant increase in per- 
centage survival of young is attained when 
fresh liver is added to this diet, indicates 
that the liver contains a factor(s) necessary 
for maximum survival of young. It is quite 
possible that the same factor is concerned 
in the growth stimulation and in the improved 
lactation. 

* Schweigert, B. S., Teply, L. J., Greenhut, I. T., 
and Elvehjem, C. A, Am. J .  Physiol., 1945, 14p, 
74 

9Riohardson, L. R., and Hogan, A. G., Fed.  
Proc., 1945, 4, 161. 

10Cerecedo, L. R., and Vinson, L. J., Arch. 
Bwchem., 1944, 5, 469. 

11 Spitzer, R. R., and Phillips, P. H., J .  Nutr., 
1946. 52. 631. 
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Summar~f. Although rats grow at a rapid 
rate on a synthetic diet, it is possible to ob- 
tain small increases in the rate of growth by 
the addition of liver and liver preparations. 
The differences can also be obtained when 
the basal ration contains adequate amounts 
of folic acid. A larger and more consistent 
response to liver can be demonstrated when 
a corn-soybean meal ration is used. The ad- 
dition of liver to the synthetic ration fed fe- 
male rats increased the percentage of young 
surviving during the lactation period. 

A factor in liver has been shown to stim- 
ulate the growth of S.  faecalis. Assay with 
this organism indicates that a n  increased 
amount of the factor is excreted in the urine 

OF BACITRACIN 9 

and stored in the liver of rats fed liver prep- 
arations. It is suggested that more rigorous 
methods are needed, such as prevention of 
coprophagy, use of natural rations or more 
extensive treatment of the components of the 
synthetic ration in order to devise suitable 
assay procedures. 

Wo are indebted to Merck and Co., Inc., Rahway, 
N. J., for crystalline vitamins; t o  the Wilson Lab- 
oratories, Chicago, Ill., for liver powder 1:20 and 
whole liver powder; to E. R. Squibb and Sons, 
New Pork, for desiccated whole liver and lyo- 
philized liver; to Lederle Laboratories, Inc., Pearl 
River, N. Y.,  for synthetic folic acid and several 
liver fractions. 

15846 

Some Pharmacological Characteris tics of Bacitracin 11. Absorption and 
Excretion of Bacitracin in the Dog.* 

JOHN V. SCUDI, MARY E. CLIFT, AND RUTH A. KRUEGER. 
From the Department of Pharmacology, College of Physicians and Surgeons, Columbia 

University, New Pork City. 

Continuing an investigation of the pharma- 
cological characteristics of bacitracin,l we 
have studied the absorption and excretion 
of the antibiotic in the dog. Because such 
studies are of fundamental importance in 
the rational use of the drug, the following 
data are presented. 

Expm*mentaZ. One female and 5 male 
mongrel dogs, weighing 7.5 to 11 kg, main- 
tained on a stock diet and water ad libitum, 
were fasted over-night before use. In  gen- 
eral, fasting dogs were given 2 0 0  cc of water 
by stomach tube at  9:OO a. m. and again at 
noon to insure an adequate diuresis. The 

*The work dewribed in this paper was done 
under a contract between the Office of the Surgeon 
General and Columbia University. Administration 
of the contract was directed by Dr. Frank L. 
Meleney. 

1 Scudi, J. V., and Antopol, W., P m .  Soc. EXP. 

t We are indebted to Dr. John T. Goorley of the 
BIO. AND MID., 1946, 64, 503. 

Ben Venue Laboratories for the bacitracin. 

antibiotic, a single lot designated B-100,t 
was administered by various routes at ap- 
proximately 9:30 each morning, and sterile 
blood samples were taken at specified time 
intervals thereafter. The blood was pernit- 
ted to clot and sterile samples of serum, 
diluted one to 3, were used directly in the 
assay procedure. Urine samples were col- 
lected 7 and. 24 hours after administration 
of the drug. Occasionally 3- and 5-hour urine 
samples were collected in connection with 
distribution studies. These, and the routine 
7-hour samples were taken by catheter. The 
7- to 24-hour specimen was collected in a 
metabolism cage as a total sample. The 
urine samples were diluted one to 10 and 
passed through a 'Selas filter before testing. 
For stool analysis, a 1 g aliquot of the well 
mixed specimen was triturated with 50 cc of 
water and the clear supernatant fluid was 
passed through a Selas filter before testing. 

The test procedure, involving the inhibi- 
tion of the Chanin strain of P-hemolytic strep- 


