BRITIS

SH JOURNAL OF EXPERIMENTAL

PATHOLOGY -

JUNE

929

On the Antibacterial Action of Cultures of a Penicillium,

with Special Reference to their Use in the Isolation of B. influenze
Alexander Fleming, F.R.C.S.

From the Laboratories of the Inoculation Department, St Mary's Hospital, London

Receied for publication May 10ch, 1929,

Wi y
the lsborstory bench and examined from time to tme. In the examinarions these plstes
ly exposed o theair and they became contaminated with various microor-
ge colony

. purentan )y y 0.

ganisms.

ing someching ofthe propertie of the bactrilyci substance which had evidenty been

Tewas

found that

1 the reacton ofpenicilinis sered from i oiginal pH of 9 0 a pH of 68 it is much
more sable

p y the mould may have

CHARACTERS OF THE MOULD.

The colony appears s a white luffy mass which rapidly incresses i sie and after 4 few
d

denote the fltrte of a broth culture of the particulr penicilium with which we are
METHODS OF EXAMINING CULTURES FOR ANTIBACTERIAL SUBSTANCE

The simplest method of exanining for inhibitory power i o cut a urrows i an sgar plate

I dl 1
black. In four or five days a bright yellow colour s produced which diffses into the
. dish col

(ora plate of ) and 6l this i with  misture of cqual prts
of sgarand Fhen tis s sl coles
be strcaked a right angls from che o to che dge of the plate

dark green feled mass. The broth becommes bigh yellow and his ellow plment i nox

estrcted by CHCl, The resction of the broth becomes markedly alkaline,che pH vary

the agar,so thae
ehe microbes show visible geowth i has spread out for  centimere or more i sufficent
concenteaton to inhibi grovwh of a sensicive microbe. On farther incubation it will be
e tht the proximal porton of the culeure for perhaps one centimete becomes trans-

ing from 85 t09. Acid . e

Growth is sl st 37°C. and is mast rapid about 20°C. No growth is observed under

anscrobic conditons,

In e mrphlogy s crpin el nd il o charsrms o clwly
bl

hatiis an “animal de aborstoire.” Thi penicillium is ot uncommon in he ai of the

sborstory

1S THE ANTIBACTERIAL BODY ELABORATED IN CULTURE BY Al
ouLDS?

ids were tesed for antbacteral substances at various incervals up to one month. The
species examined werer Fidamia viridicens, Boryeis cineis, Aergills fimigatus
Sprrkem, ldopatom, Pl . O hs s found i oy cme

s of y

Itisclear, dhercfore,
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T the rese ofthis aricleallusion will conseantly be made to xperiments with fltrates of
broth culure of this mauld, o for convenience and to avoid the repeiton of the rarher
cumbersome phrase “Mould broth firace,” the name “penicilin” will be used. This il

 high ancibacterial iee. One specimen of such fuid comp
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this portion of

microbes are dissolved, indicring th the sntbuterial substance s concined to dif

fise into the agar in sufficient concentration to induce dissoluton of the bactri. This

simple method therefore suffces to demonstre the bacerio nhibitory and bacterilytc:

propertes of y
casure of 4F in

T

Gronh ofsaphylococes in diusons of peniclin s under.

T L—Effect of Kecping at Room Temperature on the Anti-Staphylococal Power of Penicillin.
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y titeaed by maling. penicilinin

po
fresh nurient broth,
suspension and incubaring them. The inhibiton can then readily be seen by noring the.
opaciy ofthebroth,
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a5 the mould grows only sowly at e it el

grovthof
e hardy, lives well in culture, grows rapidly, and is very semsiive 0
penicilin.

The bactericdal poveer can be tsted in the same way except tha at incervals measured

PROPERTIES OF THE ANTIBACTERIAL SUBSTANCE
1 hour at 56°0r 80°C
i e iy “Table ). Boling for 1 hous .

Efeof
o

ral o very slighely acid chen the reduction is much les. Autoclaing for 20 minutes at
115°C. practically destroysie

Efct of fltration—Passage shrough a Scie. fiker does not diminish che antibacteial
ponwer, This i the best method of obraining i active movld broth,

Solubility—Ic i frecly soluble in water and weak salne solutions. My collague, Mr

s foand that i penicillin s evsporsted at  low temperature o  sticky mass the
by absolute alcohol. It or

chloroform.

Iopment of inbibitory sulstance i cueure—A SO0 . Elenmeyer flask con-
aining 200 .. o broth was planted with mould spores and incubated at oom temper-
cure (10" o 20° C.). The inhibitory pawer of the broth o staphylocoseus was tested at
inteval,

Grown 120" . the devlopment of the active princple is more rapid and s good sample
will compltely inhibi staphylococei in a1 i 500 or 1 in 800 dilution in 6 or 7 days. As
e e St

the culture ages the ancibac have almost

rams—

h The rae of

ehis fll can be scen from Table L
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It appeas,dhercfor, tha penicillin belongs to the group of low acting antiscptics, and
the saphylococeiare only compleely killed afiee an intervl of ove 4% hours even in 2
oncentrasion 30 or 40 times stronger than i necessary o inbibic completely the culare
i broch, I the wesker concentratons it will be scen that a is chere is groweh of the
staphylococci and only sier some hours e the cocei kil off. The same thing can be
scen i3 seies of dilurons of penicllinin broth are heavily infected with staphylococeus
and incubated. IFthe cultures are examined after four hours it may be seen that growth has
caken place apparently equally i al the tubes but when examined aftr being incubated
avernigh,the tubes conaining penicilin in concentrasions greste than 1 300 or 1in
400 are perfectly clear whilethe control tube shows  heavy groweh, Thisis a ler stz
ion of the bactrioytie action of penicllin.

TOXICITY OF PENICILLIN

0= o growe £ = ace of rowe + = poo row +-+ = ormal growth,

inluenze wich Gram-negaive cocc and occasionally some osher microbe. This makes it
e m—

B.influcnse!

ind when'c i o b ol o d e n s el i pncln.OF

if growh of . influcne
must be used, . ¢ St agar, 35 by the epression of the peumocaccl and the
e TGS S e g e st 15
gan i lost influenze

tobe. .mu} misd.

Figs. 3 and 4 are photographs of culture-plstes made ster the method described abore,

inFig. 32 and B inf pread over

e whele plte of Fildesedium (Fildes, 1521, then  drops o penelin ware spred
R Mg S
halfgives a pure culue of B infle
cold" made on the same medium. Here, on the upper half (untreated with peniclin)
saphylococci and diphtheroid bacil grow abundantly, while on the reted (lower) half
only some thee or four olonics of B influenze apper.

Fig 4 represents culture of nasal mucus from a

ow. Twenty . injcted intravenously into @ rabbie were not more toxic than the same
quantiy of broth. Hilf 3 c. injeted intraperitoneallyinto & mouse weighing sbov 20
s large infected man was

hour foraday had no e fec.

I vitrop y y 1
in 600 docs ot intrfere with leucoeyti Fancrion to 3 rester extent han docs ordinary
broch.

USE OF PENICILLIN TO DEMONSTRATE OTHER BACTERIAL INHIBITIONS.

Js ke sl Jaced it s ot whete the i

Jant s thick,
plant i thinner and the sreprococsl colones are mre widl
sppear,especialy those of Gram.negative cocei. These Gram-negativ coccl are inhibited
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T
rioinhibitory substance which s very sctive towards some microbes while not affcting
others, The members of thecoltyphoid group e unaffcted 1 are oher intestinal bacil
such 15 B pyanens, B, procus and V. cholerse, Orher bacteria which are insensiive to
penicillin. are the enteroco

Fridlinder’s pneamobcillus, and . nluenzae (Pfefe), while he scton on B, dsente-

H h
us s comp atin

occus, some of the Gramnegative cocei of the mouth,

trifing when compared with the effcton the pyogenic cocc

I ison the pyogenic cocei nd on bacll of the diphtheris group thit the action i most
manifes

Staphylococc are very senitve, and the inhibitory efec i praccically the same on all
saain, whatevr thecolour o type ofthe saphylococcus,

Streptoccs ppogenes s als very sensitve, There were small differences in the ire with
diffrent strsins, but it may be ssid generally that i is slightly more senstive thin
saphylococcus.

Pcumococi are cquallysenscve with Sireprccs yogencs

iy while
others arc as sensitve a5 5 gyogencs. Gomococei, meningacocci, and some of the Gram.
negative coci found in nasal catsrhal conditons are about 2 senstive 3 ar scaphylo-
coccl. Many of the Gram-negtive cocei found in the mouth and throst are, however,

quie insensi
B. dipbterie i les affcted than staphylococeus bus s yee complrely inhibited by a 1%
diluion of a fiesample of peniciln.

Tt may be nored here that peicillin, ehich isstrangly inhibitory to many baceri, docs

The Rateof M/.m/ Staplylococ by Penilin

i thei acion, others

like favine or novarsenobillon are slow, Experiments were made to ind inco which cae
gory penicillin il

1 cc. volumes of dilutons i broth of penicilin were added 10 cmm, vohumes of 1 1in
1000 diluon ofa staphylococcus broth culeure, The ub
and atinervals 10 cnm, volumes wereremoved and plted with the following

s were then incubated at 37°C
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USE OF PENICILLIN IN THE ISOLATION OF 5. INFLUENZ (PFEIFFER) AND
‘OTHER ORGANISMS.

Tt somedimes happens that in the human baody a parhogenic mictobe may be diffcul to

maskic If

former are allowes o develop mormaly. Such an example occurs in the body, cerinly

ith £, influcnze probably with Bordec's whooping.cough bacillus and
s e A o S et
associated y 4 Allof
hese, with the exeption of o ofche Gran-negatv coci ar highly sensiive o peni
illinand by the additon of some of thi t the medium they can be completly nhibited

y y P
with the molten culture medium before the plates are made, but an casier and very sats
factory method is tospread the infecee material, spurum, nasal mucus, tc, on the plate

i the usual way and then over one .
e Ty ey o Lo e S e

e ey ey e

,vol. X, no. 3, pp. 226-236, and two plates
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I conuncion withmy collgue,Dr. MeLea, & sres of colures were mide fom the
s waded for“nfnza.” The swabs were plniedon boiled bloodagar

TABLE Vi Sermmary o Reusessaind fom PNl S in 25 Consentive Gt of

In the sbove Table account has ony been taken of the common microbes found i these
culture. I some shere were  few diphtheroid bacilli which were s pencilin sens
tiv, and in othersthere were Gram-negaive bacill which were penicllin nscnsicive, al

though they were inhibiced by sereptococe or pncumococci. Pncumococe and srepro-
the

other,

cases i much lrger numbers —

(Bocehia, 1909). This degree of nhibition is hardly comparable with 0% or s of peni-

plccy y the 1% necessaryfor B
dipbeberie.
Penicl
aver the well sephylo-

Ag
oSy e G A
‘mre povveful inhibitory agent than s carbolic acid and it can be applid to an nfected
surfice undiluted s i is noiritan and non-toxic. I pplied,therefore, on 2 dressing, it
willsill b effcive ven when dilured 800 cimes which is more than can be said of the
chemicalantscpricsin use, Experiments in connection wih is value in the trestment of
pogenic infecions are in progress.

Insddiion

useful forits paver of

tures s that pencllin insensiive bacreria can readily be fsolated. A notable insance of

hisis the

ddock, for their
help in careing out some of the experiments described in his paper, and to our mycolo-
it MrIa Touche, or issuggestionsas o theidentity of the penicllium,

In conclusion my thanks ae due to my collsgues, Mr. Ridley and Mr. C

SUMMARY

1. A certsin type of penicilum produces in clture 1 poverful andbacterisl substance.
The antbacteral power of the culeur reaches its maximum in about 7 days 31 20" C,
and after 10 days diminishes uni it has almost disappeared in 4 weeks.

, P beenor-
dinary nuient broth.

3. The actve agent s readily lterble and the name “pencilin has been given o i
rates of broth cultures of the mould.

. Denicllin loses most of s pover affer 10 to 14 days at oo temperatare but can be
preservd longer by neutraization

5. The scive agent s not destroped by bailing for 4 few minutes but n lkalne soluton
Ammg for 1 hour markedly reduces the power, Autoclving for 20 minutes at 115 C

Teis
ciand the diphtheria group o bacil
Auenz bacllus

O e e e
Many bacteia are quit insensitve, . th coli-typhaid group, the

ly planted thickly

por
o of sh e without peniclin v st cofot the s were i by
taking smeas from thick porcions o the groweh. I these cases it s possible chat the .

This b F
fect the present srgument that by the additon of penicilli to the cueure medium, snd

casier Andin a numbe of cass it wasisolated when it was compleely missd i the cul
wres without penicln.

Ep—

e with n enormous number of thse coce,
From a numbe of observations which have been made on sputum, posenasil and thoat
swabs it scms lkely that by the se of piciln, oganisms of the 8. nflunze group will
e isolated from a geat variey of achological conditions a5 wellas from individuals who
P ——

DISCUSSION

Iehs aspecies ofpeniellum produces i cul

e very powerfil
it

lly it may be said that the lease sensiive bactera ae the Gram-negative bacill, and the
mos susceprible are the pyogenic coce. Inhibitory substances have been descrbed in old
culturesof s i

L i LA i S T L

enougt
ibitory tothe «mgm\ peniciliom wed i s preparaton,

Emmerich and other workers

have shown that old cultures of £, gyocyancas acquire 3

e L e e R e e s

I ifes howe

ever in being relacively din acting on

of baceris. T diphh y

1o pyocyanas, while the pyogenic cocei ar unafeced, but the percentages of pyocyaneus
filtrace necessay forthe inhibition of thes organisms was 40, 33, 40 and 60 respectively

7. Penicilin is non-toxic o animals in enormous doses and is non-iretant. I doses not

8. s suggesed that t may be an fficent antisepic for sppliction t, of injection ino,
areas infected with penicillin-sensiive miceobes

9. The use of penicilln on culture pltes renders obvious many bacterial nhibitions
‘which are nor very evident i ordinary culres

10. B influens:
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