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Stiniulation of Sporogenic and Nonsporogenic Bacteria by Traces of Peni- 
cillin or Streptomycin 

The remarkable therapeutic efficacy of 
penicillin and streptomycin is dependent up- 
on their low toxicity to tissues and their un- 
usual capacity to inhibit or kill, in vivo, a 
wide variety of pathogenic organisms. 

That the biological activity of these anti- 
bacterial agents is not limited to their bac- 
tericidal or bacteriostatic properties may be 
readily demonstrated, although this fact seems 
to have been overlooked by most micro- 
biologists and clinicians. The bacteria-con- 
trolling property of these drugs has for the 
most part obscured the phenomenon of growth 
stimulation associated with low concentra- 
tions of the drugs. Evidence of a so-called 
biphasic action of penicillin has been reported 
by Miller, Green, and Kitchen1 who noted 
that certain concentrations of penicillin in 
broth containing S ~ Q ~ ~ ~ Z O C O C C U S  aureus in- 
duced upon incubation, increased turbidity 
over the control containing no penicillin. The 
effect was irreqular a t  37°C but quite con- 
sistent a t  24°C. 

I t  is the purpose of this paper to show 
that suitably diluted solutions of either peni- 
cillin or streptomycin, when incorporated in 
a nutrient medium, exert a definite stimulat- 
ing effect upon the growth of many bac- 
terial species. Stimulation of this nature 
was first observed in a spore-formin: species 
with tomatin as the test substance; our ob- 
servations were then extended to penicillin 
and streptomycin and widened to include a 
rather large group of spore-forming species 
and 2 nonspore-forming pathogenic species. 

When spore-forming species were used, 
washed spores were seeded uniformly into 
tubes of sterile (autoclaved) skim milk to 
yield a final concentration of approximately 
50,003 viable spores per milliliter. The in- 

1 Miller,  W. s., G i w n ,  ('. .\., :tiid I<itc*licii, I<.,  
Yature,  194.5, 15.3, 210. 

oculated samples were heated a t  95°C for 
15  minutes and cooled, after which distilled 
water dilutions of the antibiotics*.t were 
thoroughly mixed with the inoculated sam- 
ples. These samples together with the con- 
trols. which received no antibiotics but were 
manipulated similarly, were then incubated, 
usually a t  30°C and observed a t  frequent 
intervals for the first visible indication of 
growth. In the nonsporing species a small 
loopful of a 17-hour tomato broth culture 
served as inoculum for each tube of medium. 
The requisite dilutions of reagents were made 
up from the powder just prior to use. Two 
or more controls were included in each se- 
ries to take account of chance variations. 
The data were essentially reproducible al- 
though in som,o samples unexplained dis- 
crepancies occurred. 

Examination of the data (Table I)  shows 
that both penicillin and streptomycin were 
for most strains stimulatory a t  one or more 
concentration levels. The degree of stim- 
ulation varied from a few hours to  several 
days as measured by first visible evidence of 
growth: between the test and control sam- 
ples. Film preparations made a t  one or 
more stages in the development of the cul- 
tures, in most instances revealed a positive 
correlation between visible indication of stim- 
ulation and cell numbers. Greatest stimula- 
tion was found in Bacillus megatherium, 
while in Bacillus mycoides and certain strains 
of Bacillus cereus it  was not apparent. In  
Clostridium perfringens ( 2  cultures) stimula- 
tion was slight and frequently irregular. The 
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2 nonspore- formers, 0 Streptococcus agalac- 
tiae and Staphylococcus aureus, were chosen 
because of their causal relationship to bovine 
mastitis. The latter evidenced rather slight 
and a t  times irregular stimulation at the 0,001 
and 0.0001 levels (u/ml) of penicillin and in 
most of the streptomycin concentrations. 
Strcp. agalactiae was appreciably stimulated 
through a wider range of penicillin and strep- 
tomycin. In general, streptomycin was more 
frequently stimulatory than was penicillin. 
It is perhaps significant that the stimulatory 
effects of penicillin and streptomycin were 
generally more apparent in the cultures in- 
cubated a t  30°C than at higher tempera- 
tures, which accords with the previously men- 
tioned observation of Miller et a1.l upon the 
staphylococcus. 

Tn view of th,e limited number of drug levels 
iised. it should not be supposed that the most 
favorable concentrations were attained in 
these experiments or that cultures negative 
in reaction would not respond at other drug 
levels. The recorded data were obtained in 
;t skim milk medium; when this medium was 
enriched by the addition of glucose and yeast 
extract the stimulating properties of the anti- 
hiotics were usually greatly reduced or en- 
! irely eliminated. 

LVelch, Price, and Randall2 recently re- 
ported that streptomycin a t  certain concen- 
tration levels when injected intraperitoneally 
in mice infected with Eberthella typhosa in- 
creased rather than decreased the fatality 
rate. This suggested to the authcrs the pos- 
sibility of stimulation of the infective agent 
by streptomycin; further strengthening this 
view was their observation that certain levels 
of streptomycin in broth, though inhibiting 
any visible evidence of growth, induced, 
nevertheless, a greater multiplication of cells 
than did samples containing lower concen- 
trations of the drug. This report, together 
with that of Miller et aL,l came to our atten- 
tion after most of our observations were com- 
pleted. The  former observations together 

$ ltccoiitly isohted from acute bovine mastitis 

2 Wclcli, H., Price, C. W., and Randall, W. A., 
by L. A. Hurkcy, this Bureau. 

J .  Aw.  Phnrm. Assn., 1946, 35, 155. 
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with those here reported indicate that the 
stimulating activity of penicillin and strepto- 
mycin evident in vitro is probably operative 
irp vivo. 

By evincing, in suitable con- 
centrations, bacteriostatic or bactericidal ac- 
tivity and at  certain much lower concentra- 
tion levels a stimulatory effect, penicillin and 
streptomycin conform to a familiar behavior 
pattern of drugs and chemical reagents. The 
biphasic action of sulphonamides has been re- 
ported.’ Recognition of the potential stiin- 
ulatory activity of these drugs further in- 
creases the problems of initial dosage and 
maintenance in the body fluids of proper drug 
levels. The importance of achieving com- 
plete destruction of the infective agent by 
the initial dosages receives added emphasis. 
I t  is apparent also that concentrations of 
these drugs efficacious as bactericidal or bac- 
teriostatic agents for one species of micro- 
organism, for another, perhaps coexistent in- 
fective agent, may be stimulatory. Thus, 
Eagle et aL3 found that 0.01-0.02 u/ml of 
penicillin was actively spirochaeticidal, a 
zone not infrequently stimulating to the 
spore-forming species employed in our study. 

Discussion. 

:$ Eag’e, IT . ,  JI:ignusoii, I€.  J.,  a n d  Plciwlimiin, 
H. ,  Jolriis Hop.  I l o s p .  H i t l l . ,  1946, 7 0 ,  168. 

Rammelkamp and Keefer4 reported maximum 
antibacterial action for Streptococcus hae- 
molyticus when the concentration of penicillin 
in blood and serum was 0.019 u/ml. Evi- 
dence5yG seems to indicate that part of the 
therapeutic activity of penicillin is associ- 
ated with accompanying impurities, a fact 
which has necessitated in recent years the 
administration of larger doses to offset the 
greater refinement. of the product; converse- 
ly it is not unlikely that the stimulatory 
concentration level of penicillin and strep- 
tomycin would be lowered by increased puri- 
fication. 

Summary. Suitable, low concentrations of 
penicillin or streptomycin in sterile milk 
(autoclaved) stimulated the growth of many 
spore-formers and Staphylococcus aureus and 
Streptococcus agalactiae. The degree of 
stimulation differed with the organism and 
with some cultures was not apparent in the 
range of concentrations used; some of the 
practical implications of growth stimulation 
by penicillin and streptomycin are briefly 
discussed. 

-1 R-i~nmclkaiiip), C. I€. ,  and Keefer, C. S., .I. C l i n .  

e-) Siiiitli, \V. .J., Scicticc, 1946, 104, 411. 
I/l,u<st., 1943, 22, 649. 

c‘oiniii.  Mcd.  Hes., IJ. 8. 1’. 11. and F. D. -\.: 
J. M c t l .  r l ~ ~ w . ,  1946, 131, 271. 

15754 

Studies on Auricular Tachycardia Caused by Aconitine Administration. 

DAVID SCHERF. 
From. thc Departnient of Medicine, Kew York Mcdicttl College." 

Aconitine in minute amounts provokes ab- 
normal stimulus formation in the heart. I t  
has been demonstrated that with particular 
precautions a long-lasting, regular, bigeminal 
rhythm can be obtained after the intravenous 
administration of aconitine in the experi- 
mental animal.’ Studies on the effect of 

* Aided by a grant from thc United Hospitals 

1 Scherf, D., Z. f. d. gcs exp. Ned., 1929, 65, 
Fund. 

198, 222. 

topical application of aconitine on the dog’s 
heart are reported in this paper. 

Method. The experiments were performed 
on 23 dogs. Morphine-nembutal anesthesia 
was used. The heart was exposed in the 
usual way. The vagi were severed in the 
neck. If necessary, the peripheral end was 
stimulated with the aid of a Cambridge in- 
ductorium. 

The electrocardiograms were registered in 
lead 11. 


