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illustrates the retarding influence of both heat 
and cold on recovery rate. The far more 
drastic effect of heat is in accord with the 
decreased survival time and increased mor- 
tality rate reported5v6 under similar conditions 
in hemorrhagic shock. The retarding influence 
of cold indicates that the explanation for the 

5 Antos, R. J., PROC. SOC. EXP. BIOL. AND MED., 
1944, 68, 60. 

GBlalock, A., and Mason, M. F., in Mudd and 
Thalhimer ' s  Blood Substitutes and Blood Trans- 
fusion, Charles C .  Thomas, Baltimore, 1942, p. 24. 

increased survival time resulting from exposure 
to cold in hemorrhagic shock5l6 must be sought 
elsewhere (it is possible that the effect of cold 
may depend on intensity, and that milder 
degrees of cooling may exert a beneficial 
effect) . 

Work in progress is designed to quantitate 
the influence of environmental temperature, 
anesthesia, anoxia, fluid balance, liver damage, 
and similar accessory factors on the time 
course of plasma volume recovery after 
standard hemorrhage. 
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Sensitivity of Various Serological (Lancefield) Groups  of Streptococci to 
Penicillin." 

ROBERT F. WATSON (with the technical assistance of Mary Elizabeth Gardner.) 
(Introduced by Homer F. Swift.) 

Front the United States  Navy  Research Unit ,  Hospital of The Rockefeller Institute f o r  Medical 
Research. 

Penicillin is now being made available in 
increasing quantities for the treatment of 
patients. This agent has been demonstrated 
to be of unquestionable value in the treatment 
of a number of human infections and to be 
active against an even larger number of infec- 
tious agents in experimental animals and 
in vitro. I n  general the effectiveness of peni- 
cillin in the treatment of infections in vivo is 
closely paralleled by its activity against the 
same infectious agents in vitro. 

-~ 
* This article has been released for publication 

by the Division of Publication of the Bureau of 
Medicine and Surgery of the U. S. Navy. The 
opinions and views set forth in this article are 
those of the writers and not to be considered as 
reflecting the policies of the Navy Department. 

The penicillin was provided by the Office of 
Scientific Research and Development from supplies 
assigned by the Committee on Medical Research 
for clinical investigations recommended by the 
Committee on Chemotherapeutic and Other Agents 
of the National Research Council. 

1Fleming A., Brit .  J .  Exp.  Path., 1929, 10, 226. 
2Abraham, E. P., Chain, E., Fletcher, C. M., 

Gardner, -4. D., Heatley, N. G., Jennings, M. A., 
and Florey, €1. W., Lancet, 1941, 2, 177. 

In previous work1-5 dealing with the action 
of penicillin on streptococci in vitro these 
microiirganisms have generally been classified 
either by their fermentation reactions or by 
the appearance of their colonies on blood agar. 
The first method is long, difficult, and often 
yields inconclusive results; and the second is 
inadequate in that each group contains a large 
number of antigenically unrelated strains. The 
Lancefield method of classifying streptococci 
into serological groups, based on antigenic 
structure, is now widely used; and groups A 
through N include most of the strains which 
have been shown to be pathogenic for man and 
lower animals.01~ In a recent report Dawson 
et ~ 1 . 8  found strains of streptococci belonging 
- ~ 

3Bornstein S., J. Bact., 1940, 39, 383. 
-1 Hobby, (f. L., Meyer, I<., and Chaffee, E., €'ROC. 

SMcKee, C. M., Rake, G., and Menzel, A. E. O., 

GLancefield, R. C., J. Exp.  Mecl., 1933, 57, 571. 
7 Lancefield, R. C., The Harvey Lectures, 1940- 

1941, series XXXVI, 251. 
8I)awson, M. H., Hobby, G. L., and Lipman, 

l f .  o., PROC. Sm. EXP. BIOL. AND MED., 1944, 
58, 101. 

SOC. EXP. BIOL. APU'D NED., 1942, 50, 277. 

J .  Immunology, 1944, 48, 259. 
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to groups B, C, D, F and H to vary in their 
sensitivity to penicillin and to be equally as 
sensitive to %th as sensitive as a group A 
strain (C 203MV). 

Although strains belonging to group A 
account for perhaps 90 to 95% of all human 
streptococcal infections, groups other than -4 
are occasionally responsible for infections in 
man; and group B and C strains comprise the 
chief pathogens for animals. I t  is also well 
known that strains belonging to certain groups, 
namely, B, C, D, H, K,  and N are often non- 
hemolytic or produce only alpha hemolysis : 
and at times even some group -4 strains are 
found to be indifferent or methemoglobin pro- 
ducers under aerobic conditions. 

In the present study representative strains 
of serological groups A through N have been 
tested in vitro for their relative sensitivity to 
penicillin; and in addition, attempts have 
been made to demonstrate the presence of a 
penicillinase or inhibitor for penicillin in a 
resistant group D strain. 

Materials and Methods. Many of the 
strains of streptococci used had been recently 
isolated from human infections : the remainder 
were from stock cultures which had been pre- 
served in the dried state.+ 

For testing the sensitivity of the various 
strains to penicillin the dilution method de- 
scribed by Rammelkamp9 was employed. The 
penicillin was diluted in broth; and to each 
dilution, 0.5 cc of an appropriate suspension, 
generally containing between 1,000 and 
10,000 streptococci, was added. After 15 to 
18 hours incubation at  37°C subcultures were 
made on blood agar plates which were then 
incubated overnight. The highest dilution 
which completely inhibited growth was taken 
as the end point. This technic is obviously 
subject to the usual error involved in dilution 
methods. 

The acetone-ether extraction method de- 
scribed by Harperlo was used to test for the 
presence of a penicillin inhibitor. The acetone- 
ether extracted cells were suspended in broth 

t The author acknowledges his indebtedncss to  

!$ Rammelkamp, C. H., PROC. SOC. EXP. RIOT,. ASD 

10 Harper, G. J., Lmcet ,  1943, 2, 569. 

Dr. R. C. Lancefield for  ninny of these strains. 

MED., 1942, 51, 95. 

so that each 0.3 cc of the suspension contained 
2 mg of dried bacteria. This amount was thkn 
added to serial dilutions of penicillin and incu- 
bated at  37°C for one hour; then 0.5 cc of 
culture containing 1,000 to 5,000 cells of a 
group A strain, C 716, was added to test for 
the presence of penicillin. The filtrate of a 
broth culture was also tested for the presence 
of an inhibitor. A strain of E .  coli was used as 
a positive control. 

Results. The results of the tests for sensi- 
tivity to penicillin of representative strains 
belonging to the different serological groups 
(.4 through N) are presented in Table I. 
There was very little variation in sensitivity 
among the strains within any single group. 
The size of the inoculum, moreover, could be 
varied within wide limits (100 to 1,000-fold) 
without changing the amount of penicillin 
required to inhibit growth completely. Group 
M strains were the most sensitive and required 
only 0.0039 Oxford units to sterilize an inocu- 
lum containing 25,000 to 35,000 cells. Strains 
belonging to groups A, C, G, H, and L required 
0.0078 to 0.0313 units to kill 1,000 to 10,000 
bacteria. Growth of all the group A strains 
and most of those belonging to the other mem- 
bers of these groups were completely inhibited 
by 0.0156 units. Strains belonging to groups 
B, E, F, K, and N were slightly more resistant 
and generally required 0.0625 units to ster- 
ilize an inoculum containing 1,000 to 10,000 
cells. Group D strains, which required 2.0 to 
5.0 units to kill a similar number of bacteria, 
were most resistant to the action of penicillin. 

Since group D strains were relatively re- 
sistant to penicillin, it was of interest to deter- 
mine whether they produce a substance inhib- 
itory to the action of the drug. The results 
of tests made with acetone-ether extracted 
cells and filtrates of broth cultures of strain 
H 69D5 and a control strain of E .  coli are 
recorded in Table 11. With this technic a 
penicillin inhibitor could not be demonstrated 
in either the cells or filtrate of the culture 
H 69D5. On the other hand, an inhibitor for 
penicillin, which was inactivated or destroyed 
at  a temperature of 65"C, was demonstrated 
in both cells and filtrate of the broth culture 
of E.  coli. 

The tests re- Summary and Discussion. 
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TABLE I. 
Results of Tests for Sensitivity of the Various Serological Groups of Streptococci to Penicillin. 

O.U.” 
Inoculum inhibiting 

Strain Group Type Source S o .  Bacterial cells growth 

C ‘716 
7 9  

9 )  

1RdSC169 

) )  1 i 3  

) )  174 

) )  176 

” 1‘78 

’) 165 

) )  181 

C! 303 
T 1  
T 1/72/0 
T 12 
T 12/36/0 
22RS72 

c 98/88/0 
1RSC116 
D 136 A 

9 )  7 7  B 

2 ,  7 )  1 9  

9 ,  7 )  7 )  

7 ,  9 )  c 
7 )  9 )  D 

v 9  
16Kqi2 

1RSC73 

D 181 
7 7  

7 )  

C 519 

K 150 B 
J 148 D 
D 178 A 

D 1 i 3  

c 745 
H 69D5 

9 ,  

9 9  

7 9  

A 
A 
A 
A 

A 

A 

A 

A 

A 

A 

A 
A 
A 
A 
A 
A 

A 
A 
B 

B 

B 

B 

B 

B 

B 
C 

C 

C 
C 
C 
C 

C 
C 
D 

D 

D 
D 

D 

D 

I) 

Undet.t Dr. C. S. Kecfer 
7 ,  

), 

30 

36 

19 

17 

19 

24 

10-1 2 

3 
1 
1 
12 
12 
34 

24 
3 
I11 

I1 
9 9  

7 ,  

I11 

Ia 

I1 

9 ,  9 ,  7 ,  7 ,  

9 ,  9 )  9 )  , 9  

Rockefeller Hospital, Rheumatic Fever, 

Rockefeller Hospital, Rheumatic Fever, 

Rockefeller Xospital, Rheumatic Fever, 

Rockefeller Hospital, Rheumatic Fever, 

Rockefeller Hospital, Rheumatic Fever, 

Rockefeller Hospital, Rheumatic Fever, 

Rockefeller Hospital, Acutc Pharyngitis 

Scarlet Fever, Dr. A. R. Dochez 
Strain SF 130/2, Dr. F. GrifXth 

) ’  ) )  ) )  after 72 mouse passages 
’) ) )  42, Dr. F. GrifIith 
) )  ’) ) )  after 36 mouse passages 

Rockefeller Hospital, Rheumatic Fever, 
throat 

Strain 22RS72 after 88 mouse passages 
Rockefeller Hospital, Scarlet Fever 
Black 771, Subacute Bact. Endocardtis, 

Brownett 96, Puerperal Sepsis, Fatal, 

Brownett 96: Puerperal Sepsis, Fatal, 

Brownett 96, Puerperal Sepsis, Fatal, 

Cole 106, Puerperal Sepsis, Fatal ,  

S H I  Sliipley, Puerperal Sepsis, Fatal ,  

Bovine 
Rockefeller Hospital, Rheumatic Fever, 

Rockefeller Hospital, Rheumatic Fever, 

throat 

throat 

throat 

t 1iro:i t 

throat 

throat 

and Mastoiditis 

Dr. R. M. F r y  

Dr. H. M. F r y  

Dr. R. M. F ry  

Dr. R. M. F r y  

Dr. R. M. F r y  

Dr. R. M. F r y  

throat 

throat 

100-300 
1,000-2,000 

10,000-20,000 

1,000-2,000 

5,000-8,000 

3,000-3,000 

3,000-3,000 

2,000-4,000 

1,000-2,000 

5,000-8,000 
3,000-5,000 

3,000-5,000 
4,000-6,000 
3,000-5,000 
3,000-5,000 

4,000-6,000 
3,000-4,000 
2,000-4,000 

4,000-5,000 

500-1,000 

5,000-10,000 

50,000-100,000 

5,000-10,000 

~5,000-10,000 
5,000-10,000 

2,000-3,000 

1.000-2.000 
Strain No. 4 Guinea Pig, Dr. C .  V. Seastone ’loo-200 

7 ,  ,, ,, 7 ,  7 ,  , 7  9 ,  9 )  9 )  1,000-2,000 
9 )  ), 7 ,  7 )  7 7  7 ,  7 )  9 )  9 ,  ~0,000-20,000 
) )  ) )  1890, Human throat, Dr. F. 
Schwentker 5,000-10,000 

Bovine Mastitis, Dr. P. R. Edwards 4,000-8,000 
Monkey, Normal throat, Dr. E. E. Terrell 
Strain Andrews, Subacute Bact. Endocarditis, 

Strain Osakow, Subacute Bact. Endocarditis, 

3,000-6,000 

Dr. D. Skinner 12,000-14,000 

Dr. D. Skinner 1,000-2,000 

Dr. R. Hare 800-1,000 

Dr. R. Hare 8,000-12,000 

Dr. R. Hare 80,000-120,000 

Meningitis, Dr. J. M. Neil1 6,000-10,000 
Strain Heazman, Normal Human Vagina, 

Strain Heazman, Normal Human Vagina, 

Strain Heazman, Normal Human Vagina, 

Strain Heazman. Normal Human Vagina. 

0.0156 
0.0156 
0.0156 

0.0156 

0.0156 

0.0156 

0.0156 

0.0156 

0.0156 

0.0156 
0.0078 
0.0156 
0.0156 
0.0156 
0.0078 

0.0156 
0.0078 
0.0078 

0.0625 

0.0625 

0.0625 

0.0625 

0.0625 

0.0625 
0.0625 

0.0156 

0.0156 
0.0313 
0.0313 
0.0313 

0.0078 
0.0156 
0.0078 

5.0 

2.0 
2.5 

5.0 

5.0 

5’.0 # 
v ,  

Dr. R. Hare 800,000-1,200,000 5.0# 



68 STREPTOCOCCAL GROUPS SENSITIVITY TO PENICILLIN 

O."." 

Strain Group Tyiw sc I I1 rc 0 No. bacterial ctllls growth 
1 noculuiii inhibiting 

c 1  
K 129 
c 24*4 
3' 67 

C 41F 

H 127 
1RSC161 

4RSi2 
F i8B 
C 518 
Monk. 37 

F 90.4 

K 208 
D 34F 
K 130 
D 167A 
D 168-4X 

J 7  

? 9  

,, 
7 7  

D 168RX 
c 559 

Cheese, Dr. 0. T. Awry  1,000-2,000 
, 9  9 ,  9 ,  ,, 7 ,  10,000-20,000 

Milk, Dr. J. H. Brown 7,000-10,000 
Swine, lymphadenitis, Dr. 11. J. Stafsetli 
Strain Forrester 11, Human Sinus Infection, 

Rockefcllcr Hospital. Ihipycnia, Dr. G. S.  

10,000-12,000 

Dr. E. A. Bliss 5,000-6,000 

Mirick 1,000-2,000 
Rockefeller Hospital, Tonsil 500-600 

Rockefeller Hospit:il, Acute Plinryngitis, 

Rockefeller Hospit:il, .!cute I'haryngitis 3,000-4,000 

Strain 3702, Iiuman throat, Dr. F. Schwentker 7,000-10,000 
Jlonkey, Pneumoni:i, T>r. Thomas Francis 5,000-10,000 
Strain Perryer, Sormal human throat, Dr. 

? scar .  l + \ - t ~ I .  2,000-3,000 

(l l inii te) Sornisl  pharyiix, Th. Helen I'lunimcr 3,000-4,000 

R. Hare  6,000-7,000 
Rockefeller Hospital, Alveolar abscess 6,000-7,000 

Certified Milk, J h .  .J .  11. Brown 5,0 0 0 - 6.00 1 

Sormal pharynx, Dr. R. Hare 5,000-6,000 

Strain SC'H 7 6 ,  Dog (Vagina), Dr. R. M. F ry  3,000-4,000 
" " 192, Dog or Fox, Dr. R. M. F r y  25-35 

, 7  7 ,  9 ,  9 7  9 7  7 9  ' 1  9 ,  7 ,  9 ,  2,500-3,,500 

9 ,  9 9  200 9 7  7 ,  9 9  ,, Y 7  J J  Y ,  

S. Iuctis, Strain 0. J., Milk, Phyllis M. F. 

250-330 7 ,  , ?  ? ,  ' 1  , ?  ,, > >  9 9  7 ,  ,, 
9 )  9 7  9 )  9 Y 3 7  9 )  9 )  9 9  9 ,  j j  25,000-3~,000 

600-$00 

Slia ttock 1,000-~,000 

5.0 
5.0 
0.0623 
0.0313 

0.0625 

0.0625 
0.0313 

O.01S6 
0.015tj 
0.0313 
0.0078 
0.0 156 

0.0156 
0.0166 

0.0625 
0.0156 
0.0313 
0.0019 
0.0019 
0.0039 
0.0039 
0.0039 

0.0625 

+ 0.C.-Oxford Unit. 
t Undet.-Undctermined. 

h i  occasional colony appeared on subculture. 

TABLE 11. 
Results of Tests for  Penicillin Inliibitor in Broth Filtrates and Acetone-Ether Extracted Cells of a 

Group D and E .  coli Strain. 

System Dilutions of penicillin 

C716 plus 1:2-  1:4  1 : 8  1:16 1:32 1:64 1:128 1:256 1:312 1:1024 
10-5 dilutions Strain ,- -___- \ 

- + + +  
- + + +  
- + + +  

cells + + + + + + + + + +  
30 min) + + + + + + + + + +  

- - + + +  
trate + + + + + + + + + +  

- - - - - + + J -  30 min) - - 

0.3 cc broth (control) - - - - - - 
2 m g  extracted €I 69D3 

0.3 cc H69D5 broth fil- 

2 mg extracted E .  coli 

2 mg extracted E .  coli 
cells (heated to 3 ° C '  

2 mg extracted E .  coli 
cells (heated to 65°C 
30 min) 

0.3 cc E. coli broth fil- 

0.3 cc E .  coli broth fil- 
trate (heated to 65°C 

- - - - - - cells 

trate - - - - - - 

- - - - - 

* First tube contained 2.0 Oxford Units of penicillin. + indicates growth of test strain, C 716. 
- indicates no growth of test strain, C 716. 
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ported here show that penicillin in amounts 
varying between 0.0039 and 0.0625 Oxford 
units sterilized an inoculum containing 1,000 
to 10,000 cells of all the strains tested belong- 
ing to serological groups A through N with 
the exception of group D strains which re- 
quired 2.0 to 5.0 units to inhibit completely 
the growth of a similar sized inoculum. Group 
M strains were the most sensitive; group A, 
C, G, H, and L strains were next; and group 
B, E, F, K, and N strains were the least sensi- 
tive of those found susceptible to the action 
of penicillin in small amounts. 

From our experience as well as that of 
others,11T12 it appears that with the doses and 
methods of administration currently used in 
patients, concentrations of more than 1 Oxford 
unit per cc of blood would be difficult to 
maintain for an appreciable length of time. 
I t ,  therefore, seems unlikely that human infec- 
tions with group D streptococci that require 

11 Watson, R. F., Rothbard, S., and Swift, H. F., 

~ R a m m e l k a m p ,  C .  H. and Keefer, C. S., J.  CEin. 
J .  Am. Mctl. Assit., 1944, l!M, 274. 

Incest., 1943, 22, 425. 

systemic treatment would respond readily to 
penicillin therapy in amounts commonly used 
now. Possibly localized infections, where 
higher concentrations of penicillin could be 
maintained, might respond favorably to this 
drug. On the other hand, infections with 
strains of groups A, B, C, E, F, G, H, L, K, &I, 
and N would be expected to respond favor- 
ably to penicillin since they are susceptible 
in concentrations that can be readily main- 
tained in either the circulation or locally. 

By the methods used, no penicillinase or 
inhibitor of penicillin could be demonstrated 
in either the extracted cells or filtrate of a 
broth culture of a resistant group D strain, 
although with similar methods an inhibitor 
which was destroyed or inactivated by heat 
(65 "C for 30 min.) was demonstrated in both 
the cells and filtrate of a broth culture of a 
strain of E .  coli. KO attempts were made to 
further identify this inhibitor. If group D 
streptococci do not produce substances which 
destroy or inactivate penicillin, they probably 
will not interfere with the action of the drug 
on other penicillin-susceptible microiirganisms 
when found in mixed infections. 
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Effect of Ether Extract of the Thymus and Pancreas on Synthesis of 
Acetylcholine." 

CLARA TORDA AND HAROLD G. WOLFF. 
From the New Pork Hospital and the Departments of Medicine (Neurology)  and Psychiatry, 

Cornell Uniaersity Medical College,  New Pork, N.P. 

I t  was found that less acetylcholine was 
synthesized in the presence of serum1P2 and 
spinal fluid3 from patients with myasthenia 
gravis than from healthy persons or patients 
with diseases other than myasthenia gravis. 

*This study was aided by a grant from the 

ITorda, C., and Wolff, H. G., Science, 1943, 

2 Torda, C., and Wolff, H. G., J .  Clin. Invest., 

3 Torda, C., and Wolff, H. G., Science, 1944, 

Josiah Macp, Jr., Foundation. 

98, 324. 

1944, 23, 649. 

loo, 200. 

The pathological changes demonstrable a t  
autopsy may be an enlarged thymus and 
lymphocytic infiltration of certain tissues. 
Patients with myasthenia gravis may benefit 
from removal or irradiation of the thymus. 
I t  was ascertained in the following that the 
synthesis of acetylcholine is modified by the 
presence of thymus extracts. 

Experimental. Series I .  The effect of 
minced thymus on the synthesis of acetyl- 
choline in vitro was studied in a few experi- 
ments, but the results were inconstant. Since 
the various constituents of the minced thymus 




