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Activity of Penicillin in vitro." 

Fleming' observed that broth cultures of a certain strain of 
Peulicilliiim ~zotn fz /m contained a substance, penicillin, which inhibited 
the growth of many (;ram positive organisms. Stimulated by the 
work of Chain, ~t nl.,? and Florey. et d.,3 who demonstrated the 
remarkable antibacterial action of impure In-eparations of peni- 
cillin, studies were carried out in this laboratory on its production 
and extraction and on its chemical and biological proper tie^.^^ '7 ' 

Aletlzod. Cultures o f  Fleming's strain of I). siottrtuiii + were grown 
for 3 to 5 days at room temperature on a h m q -  agar niedium. Saline 
suspensions of the spores froni the cultures were seeded to 2-liter 
Erlenmeyer flasks containing 400 cc o f  a modified Czapek-Dox syn- 
thetic medium prepared according to the forniula sliown in Table I. 

Brown sugar was used routinely in a concentration of 2% and 
TABLE r. 

Modified Cznpek-Dox Medium. 

g 
Sodium Ni t ra te  (NaN03) 3.5 
Potassium Yhospliate ( RH2PO4) 1.5 
Potassium Chloride (KC1) 0.5 
Magnesium Sulfate (MgSO, + '7H20) 
Ferrous Sulfate ( P e s o 4  + 7H20) 
Brown Sugar (Jack Frost, dark) 

0.5 
0.015 

20.0 
Distilled H20 to 1 liter 
Autoclave 15 lbs-I5 min. 
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gave a maximum titer of penicillin in 8 days. An equivalent con- 
centration of dextrose required 12 to 14 days. 

A temperature of 24°C proved optimal although good yields were 
obtained at various temperatures between 20" and 26°C. 

White mycelial growth with or without early sporulation and ac- 
companied by surface droplets was associated with high yields of 
penicillin. Excess sporulation was generally accompanied by low 
yields. There was no parallelism between the amount of yellow 
pigment produced in the medium and the amount of penicillin. 

Two niethods were used for the titration 
of the activity of penicillin: ( 1 ) the dilution method, and (2 )  the 
Oxford plate m e t h ~ d . ~  

In  the dilution method serial dilutions of penicillin in broth were 
seeded with a constant amount of a standard strain of hemolytic 
streptococcus (C203 Mv)  . For convenience failure to develop 
turbidity after 24 hours' incubation at 37°C was accepted as evidence 
of inhibition of growth. Activity was determined by measuring the 
least amount of penicillin necessary to inhibit growth of 2 to 4 
million organisms. This niethod is rapid and relatively satisfactory 
if experimental conditions are kept constant. 

The Oxford plate method as described by Florey, et a1.: was 
employed.: The method is based on preliminary dilutions and the 
error is therefore comparable with that of the dilution method. 
Certain additional disadvantages are inherent in the plate method. 
The size of the zone of inhibition is limited by the length of the lag 
phase of the test organism and by the depth and dryness of the agar. 
Thus the amount of activity measured is influenced by the extent to 
which diffusion of the test material has taken place before bacterial 
multiplication has begun. 

Table I1 shows the results of titration of crude preparations of 
penicillin by the two methods. Within the limit of error, the two 
tests give comparable results. 

Titrution of Activity. 

TABLE 11. 
Titrntion of Penicillin. 

Dilution method, Oxford method, 
Preparation 'y per cc units per mg 

NH I1 2" 
98 A 
81 I1 
90 D 
101 I11 

.4 

.4 

.a 

.2 

.08 

42 
45 
25 

106 
240 

~ ~ ~ _ _ _ _ _ _  

*Oxford Standard Penicillin. 

$ Oxford penicillin NH I1 2 ,  having an activity of 42 units per mg, was used as 
standard. We are indebted to Dr. N. G. Heatley for supplying us with this material. 
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TABLE 111. 
Susceptibility of Organisms t o  Penicillin. 

Susceptible strains Insusceptible strains 

Pneumococcus 
Streptococcus lazemolyticus 
Staphylococcus 
Meningococcus 
Gonococcus 
Streptococcus viridans 
€3. subtilis 
C l .  welchii 
17. septigiie 
C l .  liistolyticzls 
B. sporogenes 
B. ocdematieizs 
B.  sordell i  
L 3 c t oh a cillus 
Cryptococc~is hoininis 

H .  iniflueiazce 
E .  coli 
B. t yphos tu  
B. dysentericc! 
B. proteus 
R. paratyphosus A 
B . en t erit id  i s  
B . pjyoc y an e m  
B. fluorescats 
B .  procligiosus 
Friedlander 's be. 
S t n p  11y 1 o co cc ii R t d  b ti s--l s t r aia 
jtf i c ro r o cc ic.s a 7 b 11 s-1 strain 
Xoni l ia  nlbicn,i.s 
Moizilia krusei 
Xowilia caqi clida 

Extractioiz. Penicillin was extracted from the acidified culture 
fluid with various organic solvents as described by Meyer, et 
I t  was obtained either as the salt or as the free acid. 

Preparations of the animoniuni salt were obtained routinely with 
an activity of 0.03-0.1 y per cc against hemolytic streptococci. Crys- 
talline preparations were obtained which also had an activity of 
0.03 y per cc, equivalent to 230 to 250 Oxford units per mg. 

Penicillin was tested by the dilution method 
against a wide variety of organisms. Coiifirniing the work of 
Florey and his c o ~ o r k e r s , ~  the preparations tested were found to 
exert a remarkable effect in zritro 017 many of the Gram positive or- 
ganisms, both aerobic and anaerobic, as well as on gonococci and 
nieningococci. The susceptible and insusceptible organisms tested 
are listed in Table 111. Two strains of staphylococci were encoun- 
tered which proved resistant. 

All Gram negative organisms tested were relatively insusceptible 
to the action of this drug. 

Considerable variation was found among different strains of the 
same organism as well as anlong- the various organisms. The strains 
of piieumococcus and heniolytic streptococcus tested were 2 to 4 
times more sensitive than staphylococcus, and 10 to 20 times more 
sensitive than some strains of non-heniolytic streptococci. ( Table 
IV. ) The effect was either bacteriostatic or bactericidal depending 
on experimental conditions. 

The concentration of penicillin necessary to inhibit growth of 
or to kill Gram positive bacteria was found to be comparable to that 
of gramicidin and tyrocidin rather than to that of the sulfonamides. 

Activity in v i tyo .  
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TABLE IV. 
Degree of Sonuitivity of Various Organisms. 

Penicillin preparations 
Titer in y per cc 

f > 
Organisms NH I1 2 101 111 7 I1 No. 696 No. 924 

Streptococcus hemozyticus (C203Mv) .46 .08 .25 .12 .6 
Staphylococcus albus (Oxford) .93 .15 
J’treptococcus viridans (Dup.) .25 
Non-hemolytic Streptococcus (Cot) 250 
Lactobacillus (Leak) 2.5 

Sterilization of a culture does not always take place with penicillin. 
Nevertheless there is a l ~ v a y s  ;I marked decrease in the number of 
organisms present. Llctails will be presented in a subsequent paper. 
This is in sharp contrast to the effect produced by the sulfonamides 
which act only by decreasing the rate of multiplication. 

Titrations of penicillin by the dilution method were 
carried out in the usual mintier, using 1)roth containing para amino- 
knzoic  acid. hlootl, or ~eriiiii. A4s re1)ortt.d by Florey, et al.,“ no 
inhibition l q  these substances could be demonstrated. Likewise, the 
titratioii o f  the activity of Ixnicillin in Pappenlieinier’s synthetic 
nit.tliuni7 containing 110 1q)tone indicated that peptone has no 
i 1111 i hi t ing action. 

(-‘onfirming thc iv0i-k o f  .\l)raliani and Chain,s it was found that 
the supernatant I)rotli fi-oni cultures E .  coli does inhibit the activity 
of penicillin. The nattire o f  this inhibitor will he discussed in another 
public a t’ ion. 

Szcmrti~ry. The observations of Florey, ct oZ.,~ on the antibacterial 
activity of peiiicillin against (;ram positive organisms are confirmed 
and extended. l’rcparat ions have been obtained of such activity 
that 0.03 y inhibits the growth o f  2 to 4 million heniolytic strepto- 
cocci. This represents an equivalent of 240-250 Oxford units per mg. 

Inhibitio.tz. 
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