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relative ine f f ec t i~enw of prmiin alone.' 1 t 
war previousl~. suqgested that the >lie11 t I-:'- 
tardation of the tuberculous process in cuinea 
pigs by promin is probably clue to mi n t -  
tenuating action on the tubercle l~aciilu>.'" 
The present experiments appear to intliciit J 

a sliyht bacteriostatic action by -treptom! :.in 
against the tuhercle 1)aciIliiG i l l  i l i l l n ,  ; i n ( l  ; I  

tuberculocitlal act ion 11) the -iiiiiilt;ineriii- a! ) -  

plication of streptomycin and 1)roinin. *l'h:~ 
mechanism of the combined act ion o f  the 2 
drugs still remains to he determinetl. 

I t  may be of interest to point out the relii- 
tive value of the 3 tests eniplo!-etl to deterniine 
the presence of tubercle bacilli in  the t i h - t w .  
By direct smear esatnination~ 19 or 39.7( h 
of the 48 infected rats in the 4 g r o u p  za\*e 

11) Eiiiin:irt. I<. IV.. : i i i t l  S i i i i t l i .  . \ I .  I . .  J ' K C H  . >oi . 
I4:\p. l;Ioi. 4 \ i )  J l i - i ) . .  l!t42. 50. ;;?I).  

positive results, by the subculture technic 
2 9  or 60.4:Z were positive, and by the guinea 
pig wbinoculation tests 36 or 75% were posi- 
ti;*c. 

Sumlnnry and Conclusions. Rats inoculated 
with a human strain of tubercle bacilli were 
treated with streptomycin and promin, in- 
tli\.iclually and in combination, and the effect 
Oi treatment determined by ( a )  direct tissue 
.;inears, ( b )  subculturing of lung suspensions, 
I c )  subinoculation of lung suspensions in 
guinea pigs. Treatment with promin alone 
showed no beneficial effects, treatment with 
3treptomycin alone resulted in an average 
lower colony count than in the controls, while 
treatment with both drugs appeared to in- 
dicate sterilization of 41.6% of the animals 
and marked decrease and attenuation of per- 
5isting viable tubercle bacilli in the remainder. 

Tnterest in streptomycin has grown rapidly 
since its discovery by Schatz. Bugie, and 
Waksman.' The purpose of this report is to 
present experimental observations upon t hc 
develop ni e n t of a s t r e p t om y c i 11 - a n d pen i c i I I i II - 
resistant strain of Staphylococcus aureus. 

Materials and Methods. The Staphylococ- 
cus aureus used was the Smith strain." I ts  
viability was maintained by daily transfer in 
F.D.A.) broth, and it was found to be sensitive 
to 1.0 to 2.0 units of streptomycin per cc 
of medium. The same broth of p H  7.5 was 
employed for all sensitivity and culture studies. 

Streptomycin hydrochloride: of one lot num- 
her was used throughout the study. Strep- 
tomycin sensitivity tests were done by the 
>tlri;ll broth dilution method, and assays by 
the agar cup plate method of Stebbins and 
Kobinson .' 

Organisms Naturally Resistant t o  Strepto- 
mycin. In  making routine streptomycin as- 
says by the cup plate method, it was noted 
that a few isolated colonies of the test or- 
ganism. the Smith Staphylococcus aureus, 
grew within the clear zone of inhibition pro- 
duced by the drug. These colonies, when 
picked and subcultured, produced organisms 
that were about 10 times more resistant to 
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Effect of Treatment with Strcptornycin and Penicillin on Mice Infected with Sensitive and 
Resistant Strains of Staphylococcw aureus (Smith). 

In f ccting No. of J > 
organism Treatment mice 24 36 48 72hr 
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TABLE I. 

No. of mice surviving 

Staphylococcus Kone 5 2 1 0 0 
(iurpus (Smith) I’cnic illin 5 5 9 5 5 
Stock culture S t  reyt om ycin 5 5 5 5 5 

8 t ap11 y10c0ccu.s None 
nitreus (Smith) Pcnicillin 
S trep t oinycin Streptomycin 
Resistant 

5 4 2 1 1 
5 5 5 5 5 
5 5 5 0 0 

streptomycin than the original stock culture 
of the Smith strain microorganisms. 

Production of Strepfomycin-Resistant Or- 
ganisms. Streptomycin-resistant organisms 
could be produced at  will by growing the 
sensitive Smith strain in serial transfers in 
broth containing increasing amounts of the 
drug. After 1 7  such passages, over a period 
of 30 days, such organisms grew well in 
broth containing 2500 units of streptomycin 
per cc. 

Pcnicillin Sensitivity Tests. Titrations in 
broth were then made to note the sensitivity 
of the stock Smith organisms to penicillin. 
They were found to be sensitive to 0.1 to 0.2 
units of penicillin per cc. The streptomycin- 
resistant organisms were equally sensitive to 
penicillin. 

I n  Vivo Treatment with Penicillin and 
Streptomycin. A mouse experiment was done 
to determine the effect of treatment with both 
streptomycin and penicillin upon infections 
produced by the streptomycin-sensitive and 
streptomycin-resistant strains of the Smith 
Staphylococcus aureus. The mice were in- 
fected intraperitoneally with 1 cc of a 10-hour 
broth culture of each of these 2 strains, 
diluted 5 times in 5% gastric One- 
third of each group of 15 were then treated 
with penicillin (250 units I.P. at the time of 
inoculation, repeated once in 4% hours), an- 
other one-third with streptomycin (500 units 
I.P. at time of inoculation, repeated once in 
4% hours), and the remainder served as un- 
treated controls. 

3 Nungcstcar, W. J., Jourdonnis, L. F., and Wolf, 

4 Ercoli, K., Lewis, N. N., and Harker, E., PROC. 
.-I. .\., J. 1ptfcc.t. Dk. ,  1936, 69, 11. 

SOC. ESP. RIOL. AND MED., 1945, 59, 273. 

From Table I it will be observed that an 
infection produced by a lethal dose of organ- 
isms made resistant to streptomycin can be 
favorably influenced by treatment with peni- 
cillin, while relatively large amounts of strep- 
tomycin remain quite ineffective. 

Miller and Bohnhoff” recently published 
data for the gonococcus and meningococcus 
demonstrating the same relationships between 
streptomycin- and penicillin-resistant organ- 
isms of these species that we have just de- 
scribed for the staphylococcus. 

Production of Penicillin- Resistant Organ- 
isms. It proved to be easier to adapt the 
Staphylococcus aureus to increasing concen- 
trations of streptomycin than to penicillin. I t  
took 39 passages over 45 days to make the 
organisms grow in broth containing 500 units 
of penicillin per cc and only 15 passages to 
have a similar effect with streptomycin. No 
difference was noted in the rate of adaptability 
to penicillin between the stock culture and 
the s treptom ycin-resis tant strain. 

The organisms made resistant to 2500 units 
of streptomycin retained their ability to grow 
well in a t  least 1000 units per cc of medium 
after 4 months in the refrigerator, after sev- 
eral rapid mouse passages, and after adapting 
the organisms to penicillin. 

Using the agar plate method of Gots,” no 
substance capable of destroying streptomycin 
(“streptomycinase”) could be demonstrated 
either in organisms made resistant to 2500 
units of the drug, or in the naturally resistant 
organisms picked from a colony growing with- 

5 Millcr, C. l’., arid Eohnhoff, M., 6. A .  122. A., 

6 Gots, J .  S., Scieme,  1945, 102, 309. 
1946, 130, 485. 
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in the clear zone of a streptomj-cin a.;aj* 
plate. 

Effect of pH 012 t/w .4ction of Stvcptoniycin. 
It has been demonstrated that the action o f  
streptomycin varies markedly with change i n  
pH.;.' Tubes of F.1>..\. Iiroth were adiustt.(l 
to the follo\\ing pH's: 5.2. 5.9, 6.6. 7.2 ant1 
7.7, and to these was a?dded enough strepto- 
niycin to give concentrations of 0.4 to 200 
units per cc. Each tube was then inoculated 
with 0.1 cc of a 12-hour broth culture of 
staphylococcus, diluted 10 times. 

Table I1 shows that the inhibitory effi- 
ciency of streptomycin in h o t  h diminislies 
w i t h increasing a c icl it  y . 

To determine whether the drug is actually 
destroyed in acid solution, tubes of broth of 
a pH of 3.5, 6.4 and 7.2 were preparecl t o  
contain 10 units of streptomycin per cc. 
After standing for 2 > 2  hours i n  the incubator. 
the tubes were quickly adjusted to p H  7.5 
with S / t  h'aOH. and streptomycin assaJ-s 
were made. -411 were found to contain about 
10 units per cc, indicating that there had 
been no destruction of the drug. 

Effect of Body Fluids, Pus, and Tissue Juict. 
on Streptomycin. Four groups of broth tubes 
were set up. To the first group was added 
676 by volume of purulent pleural fluid from 
an  uncontaminated tuberculous empyema; to 
the second, the same volume of a sterile non- 
purulent tuberculous empyema fluid : to 
the third. the s m e  volume o f  an 
opalescent sterile ascitic fluid; and the 

7 IVaksi~iaii, H. -4., Hugic, E., a r i d  Scliatz, A.,  
Proc. S ' l ( i f  Mee t .  Mayo Cl i )? . ,  1944, 10, 537. 

8 Loo, Y. €I., Skcll, P. S., Thornbcrrp, H. H., 
Elirlich, J., McGiiirc, J. M., Ravage, G. M., and 
Sylvestc~r, J. ('., J .  R w t . ,  1945, 30, 701. 

iourth group constituted the broth controls. 
t<nough streptomycin solution was then added 
so that each group contained concentrations 
of the drug graded from 0.8 to  10 units per cc. 
T h e  total volume in each tube was 5 cc. ,411 
oi them were then inoculated with 0.1 cc of a 
1 2-hour broth culture of staphylococcus, di- 
luted 10 times. -4fter 24 and 48 hours in- 
cubation a t  37 (7, each tube was examined 
for evidence of growth by visual turbidity, 
;ind one loopful of broth from each was 
streaked on an agar plate. The  reaction in 
each group of tubes was checked after incuba- 
tion. and the pH found to  be between 7.2 
and 7.5 in all. The results after 48 hours 
iiicubation are given in Table 111. 

It can be seen from the table that 7.5 
units of streptomycin per cc killed enough 
organisms in all 4 groups of tubes to prevent 
growth on subculture of a loopful of broth, 
and that 2 to 3 units per cc was sufficient to 
inhibit growth in the presence of all these 
exudates. Pus and body fluids, therefore, do  
not interfere appreciably with the bacterio- 
static or bactericidal action of streptomycin 
i n  broth. 

Tn another experiment, a streptomycin solu- 
t i o n  of 100 units per cc was diluted 10 times 
in tubes of ascitic fluid, purulent pleural 
fluid, guinea pig serum, tissue juice from 
livers and spleens of normal guinea pigs, and 
a saline control. These mixtures were then 
incubated at 37°C for 24 to 72 hours and 
then tested for streptomycin activity. When 
compared with the saline control, there was 
no significant decrease in activity in any of 
the above material. 

1. Certain or- 
ganisms of the Smith strain Staphylococcus 

Summary and Conclusions. 
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TABLE 111. 
klffict ~f Body Fluids and PUS on t h c  -4ction of Ktrq)toinyvin i n  I‘itro. 1ncuI)ntion 48 hr. 

Growth kiy Tisun1 turbidity. 

strrptontycin per  cv 

Growth by su1)culture.t 

s t r i~y tom~c in  pcr cc 
[ jn i t s  of Units of 

,--- --, 7 
JIc (1 i 11 i n  3 2 3 4 5 7.5 10 2 3 4 5 7.5 10 

a w e u s  possess a natural increased resistance 
to streptomycin. This resistance is not based 
on the production of a “streptomycinase.” 
2. -4 strain of staphylococcus, highly resistant 
to streptomycin, can be produced in vitro 
from the s trep tomycin-sensitive organisms. 
3. Streptomycin resistance is a relatively 
permanent characteristic, and is not affected 
by several passages through mice. The re- 
sistant organisms retain their virulence for 
this host. 4. Streptomycin resistance and 
penicillin resistance are independent of each 
other. Staphylococci originally penicillin- 
sensitive, retain their sensitivity to penicillin 
after being made resistant to streptomycin, 
and vice versa. Treatment with relatively 
large amounts of streptomycin is ineffective 

in mice infected with a streptomycin-resistant 
strain of Staph_vlococcus aureus. These mice 
can be cured, however, with penicillin. 5 .  The 
bacteriostatic effect of streptomycin diminishes 
considerably as the acidity of the culture 
medium increases from p H  7.7 to 5 . 2 ;  the 
greatest diminution in effect occurs between 
p H  6.6 and 5.9. This must be taken into 
consideration in making in vitro assays and 
sensitivity tests, as well as in evaluating the 
action of the drug in ZIZ’vo. 6. Streptomycin 
is not destroyed after contact with broth of 
pH 3.5 for 2% hours. 7. Streptomycin is 
not destroyed, nor are its bacteriostatic and 
bactericidal powers appreciably influenced, 
by serous body fluids, pus, or normal tissue 
juices. 
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Electrophoretic and Allergenic Analyses of Fractions of Larvae of 
Trichinella spiralis. 

LUCILE 11. PORTWOOD AND EVELYN SANDERS. (Introduced by C. W. hluehlberger). 
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Fractions of larvae of TrichineZla spiralis 
have been employed as diagnostic aids in 
detecting TrichineZZa infection in man. Bach- 
man1 used an acid-hydrolyzed, saline-soluble 
extract of TrirhineZZa larvae to study intra- 
dermal responses in sensitized rabbits. 

1 B:tc.hni:rn. G. IY.; J .  P w T .  Xed., 1‘323, 2, l(i9. 

Bozicevichj prepared an antigen for precipitin 
tests from the supernatant fluid of a 5% 
saline extract heated a t  58°C for one hour 
to precipitate inert material ; the same ma- 
terial, diluted and sterilized by intermittent 

-- 2 Hoziccric.11, J., Pub. H m l t h  Rep., 1938, 53, 
2130. 




