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Observations on the Mechanism of Action of Penicillin.' 

GLADYS L. HOBBY, KARL MEYER AND ELEANOR CHAFFEE. 
From the Departments of Medicitie and Ophtl~almology, College of Physician8 and 
Surgeons, Columbia University, Edward Daniels Fazclkner Arthritis Clinic, and 

Insti tute of Ophthalmology, Presbyteriun Zlospital, New Pork. 

In previous reportslg the preparation and in vitro activity of 
penicillin was described. Studies on its mode of action are herewith 
reported. 

Rate of KiZEing. Pneuniococci, heniolytic streptococci and staphyl- 
ococci were tested with penicillin under various conditions, the 
number of surviving organisms per cc being determined at intervals. 
It was found that the number of survivors decreased by geometric 
units as time increased by arithmetic units. 'The log of the number 
of survivors plotted against time followed a straight line until at 
least 99% of the organisms were killed. Under the experimental 
conditions, pneumococci were destroyed at a more rapid rate than 
heniolytic streptococci, and hemolytic streptococci more rapidly than 
staphylococci. (Graph I.) 

Furthermore, with a given concentration of penicillin the rate 
of killing of a given strain of heniolytic streptococci decreased as 
the number of organisms present at 0 hours increased. Likewise, 
with a given number of hemolytic streptococci the rate of killing 
increased within limits as the concentration of penicillin was in- 
creased. There was a point, however, beyond which, with a constant 
number of hemolytic streptococci per cc, increases in the concentra- 
tion of penicillin no longer increased the rate of killing. (Graph 11.) 

The killing of hemolytic streptococci at a coiistaiit rate applied 
only to the destruction of approximately 99% of the organisms 
originally present. With the last 1% of the organisms, the reaction 
followed one of 3 courses : (1) The number of organisnis continued 
to decrease at the same rate until complete sterilization had been 
effected; (2)  the number decreased at  a somewhat slower rate, or, 
(3)  the number increased. I t  is therefore apparent that penicillin 
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TABLE I. 
Comparison of Penicillin, Gramicidin, and Tyrocidin in Bitro. 

No. of viable organisms per ce X 1000 
Inhibiting J \ 

Culture agent* Ohr 1 h r  3 hrs 7 h r s  2 4 h r  

h emol y t icus Gramicidin 1,500 2,430 1,140 7 2.4 
Streptococcus Penicillin 1,500 4,300 2,650 420 0 

((2203 Mv) Tyrocidin 1,500 0.1 0 0 0 

"10 y per cc of each was used. 

niay act as a bacteriostatic agent or it may induce a true bactericidal 
effect , 

The action of penicillin is in sharp contrast to that of the sulfona- 
niides. Whereas penicillin produces an actual killing effect, the 
sulfonainides cause only a slowing up of the rate of growth. (Graph 
111.) 

The activity of penicillin is comparable to that of gramicidin 
and tyrocidin. Penicillin, grarnicidin, and tyrocidin all prevent mul- 
tiplication and bring about a definite decrease in the number of 
organisms per cc. However, penicillin acts more slowly than either 
gramkidin or tyrociclin. (Table I.) 

Lysis. T o  heavy suspensions of hemolytic streptococci, penicillin 
was added in concentrations as high as 100 y per cc. No lysis of the 
organisms was observed on incubation at 37°C for as long as 24 
hours, 

Broth containing penicillin was seeded with hemo- 
lytic streptococci (C203 M v )  in such a way as to give a final culture 
dilution of lo-'. The cultures were incubated at 37°C and the 
number of organisms per cc counted at 0 and at 48 hours. At 0 and 
at 48 hours, portions were also filtered through a Seitz filter and the 
filtrates tested for penicillin activity. A definite decrease in the 
number of organisms per cc occurred, but no diminution in the 
amount of penicillin was detected. 

In further experiments, 350 cc amounts of culture were centri- 
fuged and the organisms suspended in 2 cc of broth. Four cc of 

,4 bsovptioi~. 

(Table 11.) 

T44BLE 11. 
dbsorption of Penicillin by Bacteria. No. Organisms x 1000. 

Penicillin 
Control J .l 

No. of hours Orgs. per cc Orgs. per cc Titer of supernatant 

U 3,000 3,000 0.1 y/,"," 
48 0 0 0.1 

0 2)9 5 0)OO 0 2,950,000 0.8 ) ' 
24 410 74 1.0 ) )  
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broth containing penicillin was added to 1 cc of this suspension, giv- 
ing a final penicillin concentration of 340 y per cc. Four cc of broth 
was added as control to 1 cc of the. suspension of organisms. AS in 
the previous experiment, the cultures were incubated at 37°C and 
the number of organisms per cc determined at intervals. At  the 
same intervals portioiis \yere filtered and the filtrates tested for  
peiiicilliii activity. Uiidcr these conditions the number of viable 
organisms reinaiiietl unaltcrecl and no loss of penicillin activity was 
observed. (Table IT. ) 

Undiluted 
18-hour broth cultures of heiiiolytic streptococci (C203 Mv) were 
divided into 6 eclual portions. To each o f  3 samples, 0.1 cc of a 
solution of penicillin was adtled giving a final concentration of 100 y 
per cc. To cach of the remaining 3, 0.1 cc of broth was added. 
One tube from each set was incubated at 4"C, at 18'"C, and at 
37°C. The nuniher o f  orgaiiisms per cc was determined at 0 and at 
48 hours. 

K o  riiultiplicatioii took ~)l:icc i l l  the control broth tubes either at 
4 , 18 , or 37 c ' .  , \ t  thc S;IIIIC time iio decrease in the nuniher of 
organisms per cc occurred i i i  the cultures to which penicillin was 
added although its activity remained unchanged. 

Similar experiments wcrc carried out using cultures containing 
fewer organisms per cc. These results are also illustrated in Table 
111. At 4 'c' no multiplication occurred in the control broth. At 
this terriperature 1)~iiiciIIiii sIiowet1 no bacteriostatic or bactericidal 
action on the organisms. :\t 1% C' niultiplication occurred at a slow 
rate and penicillin showctl iiv jclcrate aiitihacterial activity. At 37°C 
rriul tip1 icat ioii was rapid and the antibacterial action of penicillin 
was marked. I t  is apparent that penicillin is capable of destroying 
bacteria only if multiplication takes place. In  similar experiments 
carbolic acid in a concentration o f  0.1 % was also effective only under 
conditions suitahle for tiiu1til)lication. 

Penicillin acts either as a bacteriostatic or hactericidal 

Effect of Growth I"larrse O H  Activity of Pevticillin. 

(Table 111.) 

SfMU??m-y. 

T.\BLE IIT. 
Effect of Tempor;hrc and Conccm t r : ~  tion of Organisms on Penicillin Activity. 

No. of Oygnnisms x 1000. 

Orgiinisms pcr c(: i I t  48 hours 
0rg:iiiisriis J H ' Y  ( a ( *  7-- -__ 7 

Medium at 0 Ilr 4°C 18°C 37°C 

Broth punieillin, 5,500 6,480 1 7,OO 0 130,000 

Broth penicillin, 9 4,o 0 0 9 0 ,o 0 0 fi7:500 85,000 

100 y / c c  5,500 5,280 320 0.1 

100 y / c c  94,000 9 2,o 0 0 60,000 126,000 
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agent depending on the experimental conditions. The number of 
organisms decreases at a constant rate until 99% of the orgaiiisins 
have been destroyed. The rate of killing varies with different or- 
ganisms. The action of penicillin on hemolytic streptococci is not 
accompanied by lysis of the organisnis. No detectable amount of 
penicillin is destroyed or absorbed from solution by the organisnis. 
I t  appears to be effective only when active multiplication takes place. 

13774 
Chemotherapeutic Activity of Penicillin.* 

The activity of penicillin in zJitro has been discussed in detail in 
previous conimunications.' Its izz v'djltw activity was first reported by 
Chain, et UZ.,~ and by Florey, ct nZ.3 

Mice infected intraperitoneally with varying 
amounts of a highly virulent strain of hemolytic streptococci ( a 0 3  
Mv) were treated subcutaneously with small aniounts of penicillin. 

1 1 2  vim Activity. 

TABLE I. 
Effect of Subcutaneous Jiijcction of Penicillin on Group A Hemolytic Streptococcus 

Infections ((3203 Mv). 

No * 
KO. of No. Amt. of No. of prolonged No. 

Dilu. of orgs. of penicillin," days No. dead life survived 
culture inj. ~ 1 0 0 0  mice cc treated (<48 hrs) (2-7 days) ( > 7  days) 

2.0cc 180,000 9 .4-.65 <6 3 1 5 
1.occ 90,000 10 .4-.60 <6 1 2 7 
10-1 9,000 15 2 - 3 8  <6 2 4 9 
10-2 900 13 .2-.57 <6 0 4 9 
10-3 90 11 z . 5 7  <6 0 3 8 

10-5 0.9 15 0 0 15 0 0 
Controls 

"Alcoholic solution : Total dosage per iiiouse calculated t o  be <7 mg dry weight. 
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