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ships and possible antagonisms might de- 
velop between various groups of growth fac- 
tors. The only instance of such effects en- 
countered up to the present time is that be- 
tween glutainiiie and -4TP plus adenylic acid. 
KO explanation of this interesting relationship 
is available a t  the present time. 

The necessity of cultivating the tissues in 
naturally-occurring nutritive media for 3 to 
5 days prior to the replacemlent of these 
natural media by synthetic mixtures is an un- 
desirable feature of the present experiments. 
During this preliminarq- period of cultivation, 
the cells might be able to store up reserve food 
substances that would serve as a source of 
nutrient during the subsequenlt period oif culti- 
vation in synthetic media. Still, tissues cul- 
tivated in Earle’s solution alone degenerated 
and died within 6 or 7 days (Table I) .  This 
yould seem to indicate that the effects of the 
initial period of maintenance in the prelim- 
inary feeding mixture are not exerted long 
after this original fluid is removed. Eventually 
it is hoped that this early maintenance period 
in non-synthetic media may be eliminated. 

The systematic addition of new ingredients 
to the synthetic mixture has seldom resulted 
in a marked improvement that could be at- 
tributed to any one substance. But periodic 
comparisons of the effect of the more recent 
test solutions with simpler 
b,een used earlier (Table 

111. Influence of 

mixtures that had 
I )  have shown a 

progressive increase in the survival time of 
the cultures and a markled improvement in 
their appearance. Thus, for esample, results 
obtained, with Mixture 199 were vastly su- 
perior to those obtainled with mistures con- 
taining only amino acids, vitamins and Tween 
80. 

The results reported in the present com- 
munication have established that synthetic 
Mixture 199 will support the survival of chick 
embryo tissues for an  average period of 4 to 5 
weeks. Although this mixture will not support 
the cells indefinitely, it does appear suitable 
for use as a basal synthetic medium for further 
investigations on cell nutrition. 

The  nutrition of animal cells 
in tissue culture has been studried with partic- 
ular referenlcx to amino acids, vitamins, nucleic 
acid constituents and various accessory growth 
factors. Th,e optimal concentrations of these 
substances for the maintenance of cell life 
in vitro have been established and a complete- 
ly synthetic fleeding solution has been devised. 
Although this mixture will not support cell 
life indefinitely, it has been found adequate to 
maintain chick em,bryo cells for an average 
period of 4 to 5 weeks. The  mixttire is being 
used as a basal synthetic medium for furthler 
studies on the unidentified growth-promoting 
substances known to occur in natural media. 

Summary. 
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Data are presented elsewhere(1) which measured by the rate of urea formation, is 
show that the rate of protein catabolism, as increased markedly in rats after sudden loss 

of 75% or all of thle total renal tissue. -4 
higher rate of protein catabolism waJs found ’. This work was supported by  a grant f r o m  the 

The author  gratefully ackiiowledges technical in rats subjected to nephrectomy 
than in those with 25% oif the total renal 
substance remaining. I t  was suggested that 
loss of 75% or all of the total renal tissue 
might release the mechanism responsible for 
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Columbia Foundation. 
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breakdown of body protein from one of its 
usual inhibitory influences. The experiments 
reportdl here support this hypothesis. 

Methods. The experimenbal conditions and 
method&, and data obtained from control 
animals are given in detail elsewhere. ( 1) One 
hundred and fifty female albino rats, selected 
at  M y  weights of 150 g, were divided into 
groups of 10 rats each. The rats of 9 groups 
were submitted. It0 total nephrectomy. Bilateral 
ureteral ligations, with division of the ureters 
between ligatures, were performed on the 
rats of 6 groqps. The rats were fed a caloric- 
ally adequate solution of 15% gluccvse in 
m t e r  with 0.4% sodium &loride and vita- 
mlins of the B complex for 2 days before opera- 
tion, and after operation untlil autopsy, in 
order to eliminate the influence of food protein 
consumption on the serum urea concentrations. 
Three groups of nlephrectomized' animals were 
killed at  the end of the 4th, 16th and 24th 
postoperative hours, and 3 'groups of rats sub- 
jected to bilateral ureteral ligation were killed 
at  the end of the 1 2 t h  and 24th postoperative 
hours. The anlimals were killed by exsangui- 
nation under ether anesthesia, and aliquot 
pdrtions of serum were combined to form one 
serum pool 'for each group. Serum urea con- 
centrations were determined by the urease 
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Average serum urea concentrations. 

2. Addis, T., J Lab. and Clin; Xed., 1925, 
r10, 402. 

aeration method of Addis, ( 2 )  all measure- 
ments being made in duplicate. Rates of 
urea formation were calculated by the pro- 
cedure used in other experiments. ( 1 ) 

Results. Fig. 1 shows that the serum urea 
concentrations both of the nephrectomized 
animals and of the rats subjected to ureteral 
ligation continuously increased after operation 
until the end1 04 the 24th postoperative hour. 
The serum urea canoentrtition of the nephrec- 
tomized! rats, however, increased at a more 
rapid rate. At th.e end of the 24th postopera- 
tive hour it exceeded the serum urea concen- 
tration of the rats whose ureters were ligated 
by 22.7 mg per 100 cc, or approximately 

The rates of urea formation, are given by 
Table I. In each successive postoperative 4 
hour period, the rate of urea formation of the 
nephrwtomized rats was greater than that of 
the animals subjected to bilaterial ureteral li- 
gation. The total amount of urea formed 
during the 24 postoperative hours was 120 
mg per rat by the nephrectomized animals, 
and 99 mg per rat by the rats with ligated 
ureters. The magn<itude of this difference 
cannot be explained by supposing inequalities 
in hydration, because both types of rats gained 
an equal m o u n t  of weight after operation, 
and presented grossly equal quantities of sub- 
cutaneous and intraperitonleal fluid at  autopsy. 

Discussion. While the excretory function 
of the kidneys ceases after bilateral ureteral 
ligation, blood continues to flow through the 
organs, and the renal tissue remains viable for 

2076.t 

- 
t The differcnce between the obsened means at 

the end of the 24th postoperative hour, or 22.7 mg 
per 100 cc of scrum, was testcd by Fisher's t 
test. The ratio of the differeiicc t o  its sampling 
error was 22.7/9.64 = 2.35. Entering Fisher's 
table with 4 degrees of fsecdom, and halving the 
probability found, one finds a probability of 
approximately 4 in 100 that the differeiice ob- 
tained in the plus direction would occur by chance 
if the experiments were repeated. Furtheriiiorc, 
thc observations madc a t  the cnd of the 12th hour 
after ureteral ligation also fa11 to  about the sane 
degree below the neyhrectomized lerel. For these 
reasons, thc difference observed between the serum 
urea concentrations of the ncphrectomizcd rats 
and of the animals subjected t o  bilateral uretcral 
ligation is considered t o  be statistically significant. 
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TABLE 111. 
I n  v&o Sensitivities of Aureomycin-Resistant Beta Hemolytic Streptococci After Transfer on 

Control Medium or Passage Through Mice. 

Sensitivity after 'transfer on 
Resistant control medium, pg/ml Sensitivity after 

Parent, variant, 12 normal mouse 
Group Strain p g / d  pg/ml h5 x s 50 '75 100' passages, pg/nil 

B T5 
T7 
T8 
T10 
T11 

C U1 
U2 
u3 

.5 

.5 

.5 

.5 

.08 

.08 

.08 

.08 

.08 

.1 
1.0 
1.0 

~ 

1 
3 
4 
3 

1 
1 
2 
2 
1 

1 
60 
20 

~ 

1 
3 
3 

1 

1 
1 

1 
50 
30 

1.8 
4.0 
3.0 

1.5 
1.0 
2.0 

0.5 
3.0 
8.0 

most uniform in their rate of development of 
resistance. By group, the rate of development 
of resistance was -4 less than B less than C.  

C. Acquired Resistance on Control Medizcm. 
All 23 parent organisms were subcultured 
serially on control medium (aureomycin-f r e  
blood agar). Dissociation was minimal d 
no changes in hemolysis were observed. After 
40 transfers, no significant increase in aureo- 
mycin resistance was discernible. 

Three 
aureanycin-resistant strains of group A, 3 of 
group B, and 3 of group C streptococci were 
subcultured serially 100 times on aurmmycin- 
free blood agar plates in an attempt to restore 
their original sensitivity. The organisms were 
tested on the 25bh, SOth, 75th, and 100th 
transfer by the whole plate mthiod. Only 
the 2 most resistant group C strains (U, and 
Us) lost 5 ;6ths of the acquired resistance after 
the 50th passage on plain b l d  agar plates. 
Neither? however, returned to its original level 
of sensitivity. These values, recoded in 
Table III? remained unchanged over an 8- 
month period of storage in broth at 4°C. 
T h e e  strains each of group A, B, and C 
streptococci after acquiring aureomycin re- 
sistance were passed intracerabrally 1 2  times 
in normal mice and their in vitro sensitivities 
determined' by the whde plate technic. Only 
the 2 (most resistant group C strains (Uz and 
Us) showed a significant decrease in resistance 

D. Loss of Acquired Resistance. 

E. Change in Virulence. Only 3 strains of 
streptomci, the Uz ?nd U3 group C m d  the 
Sz group A strains, showed an appreciable loss 
of m u s e  virulence after acquiring aurmmycin 
resistance. In general, the behavior of the 
control strains was similar to that of the parent 
organisms. In 5 of 6 group A, B, and, C 
strains, the virulence of the resistant variant 
was increased over that of either the parent 
or resistant organism by 1 2  intracerebra1 pas- 
sages in mrmd mice. These results are given 
in Table IV. The numiber of viable strepto- 
cocci in cultures of the parent and resistant 
strains was essentially the same. 

F. Antigenic and Hemolytic Changes. The 
23 beta hemolytic streptococci were regrouped 
!by the Lancefield technic after acquiring 
aweomycin resistance. In  only 1 resistant 
group B organism, the T5 strain, were we un- 
able to demonstrate the group-specific precipi- 
tinogen. Transient conversion from ibeta to 
alpha hemolysis occurred on concentrations of 
aureomycin which limited growth in several 
group A, B, or JC organisms. These strains, 
when growing on control medium, had the 
normal beta type of hemolysis. Two group C 
organisms which produced, an area of greening 
beyond the clear zone, showed an exaggeration 
of this color when growing on low concentra- 
tions of aureomycin. This greenish hemolytic 
aura completely disappeared leaving only a 
dear beta zone as the inhilbiting concentration 

(Table 111). of aureomycin was reached. 
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G .  Enzymatic Alterations. Early pesults of 
comparisons of antigenic and enzymatic alter- 
ations producedl in the same beta hemolytic 
strept'ococci by the separate induction of pen& 
cillin-, streptomycin-, bacitracin-, and aureo- 
mycin-resistance have been reported from this 
laboratory. (9) Aureomycin-resistant organ- 
isms, in general, showed a less altered metab- 
olism, as measured by their streptolysin-S, 
proteinase, streptokinase and ribonucleaze pro- 
duction, thman did either penicillin- or strepto- 
mycin-resistant streptococci. No significant 
change in streptolysin S activity accompanied 
induced aureomycin resistance in 5 group A 
and 3 group C organisms surveyed. The 2 
group A strains t[hat produced proteinase 
showed unaltered enzyme activity after in- 
duced aureomycin resistance. However, re- 
duced streptokinase production was demon- 
strated in 1 of 3 group -\ and 1 of 2 group 
C resistant variants when compared with their 
controls. Ribonuclease activity was lessened 
in 2 of 7 group A streptococci by transfer on 
aureomycin medium. 

I N  VIVO.  A. Acquired Resistance in PYO- 
tected Mice or Embryonated Eggs. The. 
C203 MV strain of beta hemolytic streptococ- 
cus developed no in vivo aurmmycin resistance 
after 25 serial mouse passages, nor was there 
a change in the in vitro sensitivity at  the end 
of these passages. The PD50 for aureomycin 
and LDso for the 1st and 25th passages 
respectively were essentially the same. The 
sensitivities of &e parent. intermediate and 
final strains as determined by the whole plate 
technic were identical. Similarly, the C203 
311' strain showed no acquisition of resistance 
to aurmmycini through 30 egg passages, a5 
measurd by the successive amounts of aureo- 
mycin needed to sterilize the eggs and by the 
change in in vitro sensitivity of the passaged 
organism. 

D ~ S C U S S ~ O ~ Z .  Resistance to aureomycin may 
be induced in beta hemolytic streptococci by 
a technic similar to that used for penicillin or 
stwptomycin. hlmy subcultivations are neces- 
sary on sulb-inhibitory concentrations of the 
drug to produce a detectable change in the 
sensitivity of any of the streptococci employed. 
The magnitude and rate of the changes are 
quite comparable to those previously seen for 

penicillin. (3 , s )  Failure to demonstrate the 
development af aureoamycin resistance in vivo 
in a group A strain was obtained also with 
penicillin.(6) Both the in vivo and in vitro 
results suggest that the development of aureo- 
mydn resistance in beta hemolytic streptococ- 
ci will not be of clsinkal importance if an 
analogy between laboratory studies and clini- 
cal results for penicillin and aureomycin is 
valid. To date, penicillin resistance by beta 
hemolytic streptococci h a  not been of clinical 
importance. This had been predicted by 
several laboratory studtiles ( 11,12,3,6) on in- 
duced resistance. Aureomycin appears to pro- 
duce alterations in the biology of streptococci 
less frequently than does streptomycin or peni- 
cillin. The mouse virulence is only infgrequent- 
ly decreased, the group anltigenicilty is un- 
changed, and the enzyme systems are only 
occasionally inhibited. 

Summary. 1. The aureomycin semitivity 
range of 274 recently isolated group A, B, 
and C beta hemolytic streptococci was 0.02- 

2. Aureomycin resistance was induced in 23 
strains of group A, B, and C beta hemolytic 
streptococci by 40 serial subcultivations on 
aureomycin medlium. The minimum increase 
in resistance was 2-fold in a group A organ- 
ism, and maximum increase was 60-fold in1 a 
group C organism. 

3. Serial transfer on control medium or pas- 
sage through normal mice partially restored 
aurmmycin sensitivity to resistant variants. 

4. Mouse virulence was decreased in only 
the 2 group C organisms which had s h m  the 
highest degree of aurmmycin resistance. 

5. I n  only 1 group B resistant variant was 
the group specificity lost after the develop 
ment of aurmmycin resistance. 

6. Growth on maximum concentrations of 
aureomycin stimulated transient conversion 
from clear to green hemdysis in organisms 
normally producing only a dear beta zone. 
Conversely, group C organisms with no& 
11. a. McKee, C. M., and Houck, C. L., Pmc. 

Soc. EXP. BIOL. AND MED., 1943, v53, 33; b. Rake, 
G., McKee, C. M., Hamre, D. M., and Houck, C. L., 
J .  Irrvmunol., 1944, v48, 271. 
12. Todd, E. W., Turner, 8. S.,  and Drew, 

L. G. W., Brit. Mcd. J., 1945, v2, 603. 

0.5 pg/ml. 
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TABLE IT. 
Mouse Virulence of Group A, B, and C Beta Hemolytic Streptococci with Acquired Aureomycin 

Resistance. 

LDso after 40 transfers on 
Initial LD,, r LDss of resistant 

8 3 Control Aureomycin medium strains-after 12 
X O .  medium /---? mouse passages 

Group Strain Ililution" organisms t Dilution" Dilution" X o .  organisms t Dilution" 

A S'7 101.9 1.6 X 10-3 10-3.S 10-1.5 3.0 X 108 
83 101.5 2.0 x 102 10-3.7 10-3.0 8.4 x 103 
54 104.9  3.7 x 102 10-3.3 1 0 3 . 0  4.5 x 103 104.2 

C u1 10--1.n 2.1 x 105 , 10-2.6 10-1.8 1.0 x 106 104.6 

G3 10-2.5 5.8 x 104 10-2.8 . 10-1.2 2.0 x 106 104.7 
a2 10-6.0 9.3 x 101 104.0 10-0 2.2 x 107 

" The LDso is expressed in  terms of the dilution of the whole broth culture after it had been adjusted 

t The LD50 is expressed in terms of the number of viable streptococci inoculated. 
in density to that of its corresponding parent strain. 

green hemolytic characteristics lost their green 
hemolytic zones when gmwn on maximum 
aureumycin concentrations. 

8. Redudon in streptokinase production oc- 
curred in 2 of 5 group A and C resistant 
strains itnd diminished ribnuclease activity 
in 2 of 7 group A resistant variants. No change 
in stmptolysin S or pmteinase activity was 
observed. 

9. The C203 MV strain of group A strep- 

tococcus failed to acquire aureomycin resis- 
tance after repeated exposures to sublethal 
amounts of the antibiotic either in mice or 
embryonated hens' eggs. 

The anthoi-s take pleasure in acknowledging the 
assistance of Evelyne L. King, George R. Collins, 
and Elizabet.11 B. NaSeux. 

Beceived October 20, 1949. P.S.E.B.M., 1950, v73. 

VII. Vitamin B12< and the Intrinsic Factor. (17560) 
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(Introduced by Gladys A. Emerson) 

From the Research Laboratories of Merck and Co., Im., Rahzvay, N .  J .  

Soon after the discovery by Minot and 
Mmurphy( 1) of the effectiveness of liver in the 
dietary treatment cd pernicious anemia, it was 
shown thlat foods such as beef muscle contain 
a heat-stable substance, designated the ex- 
trinsic factor'(2) which produces little or no 
response when ingested by a pernicious anemia 
patient unless normal gastric juice is also ad- 
ministered with it. The activity of gastric 

1. Minot, G. R., and Murphy, W. P., J. Am. Xed. 

2. Castle, W. B., and Townsend, W. C., Am. J .  
Aam., 1926, 1787, 470. 

M&. 8&., 1929, v178, 764. 

juice hrzs been ascribed to the so-called in- 
trinsic factor; gastric juice alone has no oral 
hernatqmietic p e r . ( 3 )  Over a period of 
years tthe relationship btween the extrinsic 
and intrinsic factors has been the subject of 
comidaable clinical experimentation by 
Castle and his associates, and other investi- 
gators. Recent findings on this subject are 
as follows: Vitamin B12, active parenterally 
at the microgram level, has been found. to be 
essentially inactive when administered orally 

3. Castle, W. B., and Ham, T. H., J. Am. Med.  
Asm., '1936, v107, 1456. 


