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THERAPEUTIC TRIAL OF PENICILLIN

Melhods of adminisfralion.—To avoid the uncer-
tainties of intestinal absorpfion, the first cases were

treated by penicillin siven intravenously.

Sinee it is

rapidly eliminzted by the kidneys and probably pactially
inactivabed in the body, it was clear that frequent doses

wonld be necossary.

At the outzet it wasg el Ehat

intermittent adminiztration might give the best difu-
sion inta the tissues as & result of fhe repeated feme
porary raising of the concentration of the drg in the
blood above the highest level that could be attained by
continnous administrabion of the same fobal quantity,
To facilitate feequent injections a cannula was tied or a
neadie inserted info o wein and connected fo o slew deip
apparates {(Marriott and Bekwick 184901 which delivered

a steady flow of
and 08% sodiom

GO0 coom. of 1-05% sodinm citrale
chloride in 24 hr. Each dose of

penicillin was dissolved inabout 2 c.cm. of non-pyrogenic
waler, injected indo Ehe rubber tabing of the drip
apparains and fushed in with 2 [idle of the cibrate-saline

solation.

This method iz admittedly inconvenient owing

to the well-koown difficulties of maintaining an intos-

wenrous infusion for
mare than twoe or
three days, buat it
was thouzhl that
if the therapeutis
clficacy of peni-
cillin could  be
eatablished by this
mebhod other ways
cof giving the drug
could then be ex-
plored.

In case & the
effect of running in
a tontinucus sup-
ply  of penicillin
sodutbon was Lried.

Genersl imteenon of left eve:; cornea perforated Jam, 21,
Eye eviscernted Feb, 3. Blood-translosion £ pints Feb., &,
Fover dntermittent all thiz time, 93%101"F. Very ill and
ernaciated | tongue heavily foeced. Feb, 11:  right eye
bulging and conjunctival chemosis, . orbit ineised, pus geve
Sigph. aurens and. Strep. progenes.

Feb, 1Z: wll incizions suppursting, in scelp, face, both
orbits, snd right arm, Lungs invoelved, with purulent
expeckorzbion conkeining both the progenic cocei. Hib 369 ;
red eells 1,800,000, Blosd-cultars stenle.  Penteillin 200 mg,
given intraverously ;  then 100 mg. 3:-bouwrly, intravenons
exoept for two imtramusoular doses.  Shight rigor after fust
dage, othiorwize no reactions.  Striking improvernent after
total of 500 mg. peniciliin in 24 hours. Cessation of sealp.
dizcharge, diminution of right-eve suppuration amd con-
janctivitis.  Arm discharge seemed less,  Blood-tests  just
before injections for penteillin ;. 7.50 Ao finl teeee ; 1130

Al firsh o dilubion of 171000 in normal

zaline waz nzed, and as this was found o be ne moere
harmful to the vein than nermal saline alone Lhe coneen-

trabion was raized to 1500,

concentration well.
teied,

. The vein tolerated fhis
Higher concenbrations have not hoeen,

It is probable that this mwethod of intravenous

smeedication is the simplesk and most vaelol,
Administration by the mouth is complicated by the
et that penicillin iz capidly destroved by aeid and
therefore serious losses are Lo be expected in the storoach.
It may however be possible Lo earey the penicillin through
Blwe stomach by raising the pl of the gastric contents.

Experiments wilh

such substances as magnesium $ri-

gilicate or the recently deseribed aluminium phosphate

(Fauley et af. 1941) ave clearly required.

In case 6 &

strongly antibacterizl concentration of the drug was
mainkained in the arine for T days by giving it by month

together wilh sodium bicarbonate,

In this case however

we were alming b keeping up an anbilacberizl concen-
tration only in the urinary tract, and nob in the Blood.
The possibility of administration in capsules which will
pass through the stomach has nob been overlooked, Duk
some tentative experirocnts with salol-coated: capsules
wern dizcoureging,  Moreover, Cook and LatWall (1956)
stated that only 10%, of such capsules passed through the
stornach sabisfzotorily ; we have therefore nob thought ik
worth while fo onbrust o sciree and valuable substance fo

such unreliable vehicles.

Beetal administration was

bried in one subject, bub wvery litlle sctive subsiance
weas recoversd in fhe urine and it was aflerwards found
that fmwees insctivate penicillin, probably by bacberial

Aciion.

It was thought wndesivalde Lo infroduce voery

strong solutions of penicillin subeutancously or intra-
museularly owing to uneertainty about the loeal effects.
More dilute solutions, for example 1 in 500, which have
been shawn Lo be innpeuons to leueocytes, would involve

the use of exeessive amounts of Auid.

In case 1 fhe

injeckion of 100 mg. in 2 coom. of wabor qu,r:unusuuiﬂ.rl:,-‘
cansed some tenderness, though Bhis eleared ap quickly.

IHTRAVEROUS -

ADMINISERATION 13

STAPHYLOCOGCAL

AND STREPTOCOCCAL INFECTIONS -

. Dase L—DPoliceman, aged 43

Adrmibted Oet. 12, 1040,

Supputation of face, sealp snd both orbils, starting from 2

fﬂ:!: at Ehe corner of the mouth o menth caclier
mfeetion Stapk, awrews ; secondary, Strep. pragenes,

Pyriding 19

drzgarash, an., 1%

Primnary
HBulpha-

- given from Dee, 12 1o 19 no improvement ;
:oncision of multiple abscesses on face

gnd sealp.  Osteomyelitis of vight hurmeral head, proved by
- Hrays, showed on Jan. 31, 1941, after 3 weoks o pain ; &
resultiog  armeabscess,  incised; gave Sleph, gurous  pus.

Sl = 4 v - ; Aarnone. Fab. 13
ez lie |19 [10]2z ‘!?-:'__'.I?Lp.ﬁ sdlerlaaly e ol |aie v la gl [z lialie jas] pericilling 100 me,
TPenicitiin] & i T | imfravenously 4.
ur e N i hourly. Feb., [4:
U, .w\j .I'I, lLr | HE 7 I condifion much the
| 1| }\1' | i t 5. Blood-t 2
ol VA L i e | i sIe, ool-trans
o] B it ! 'I,A?‘L/‘fk;_—../-‘ et R e T il ™l Fusion 3 pints,
5 g 1 { i Perigillin 100 o, 2.
| | foaiet ! honrly Dy injection
| ks i i inmte transfusion
- bop | (] :
. j e ] | tzbe; tofal 1 g in
\'I."F\_.l' | )\\rlbjlfh_,,lr "FL/""-/J""\,,_,,_,-.-’HL"._\L/ i 24 hours,  Fels, 13
b st [ e [ ) j 1. | i ! pint blood trans-
bod SWBE || L T B2 | 5 1| fosed and penicillin
Folymarpha 5 Tty i : i :
T L 3 (o 3 T L1 ! i~ I mg. given 3-
Fig. S——Choart and whitc-ecil counds fn ease 2. maoass of

hourly,
which had been recoversd from previeus urine.  Fel. 16
rmuch irprovement ; Kb T4%.  Righl eye almost normaol.
fome discharge stiil from left eye and arm. Shortage of
penicillin inkerrupéed Lreatment frorm moon to 6 po. ) then
drip-infusion of sodiwm chloride and citrate, penicillin 300 mg,
being injocted into dreip, then 100 mg, S-hourly ; no reaclhion,
Feb, 17: penicillin supply exheosted,  Total adoministored,
A4 pgodn 8 days.  Patient felb much improved | no fever ;
appetite moeh betber 3 resolotion of infections in face, scalp
anub vight orbit; still eoughing ; sputum contained Strep.
pyegenes and N, soferrkaliz, Left orhit and right homeras still
suppurating.  Blood-urea 30 mg. per L) c.em., wrine normal,
Condition stativnacy for 10 daya, then deteriorated, espeeinlly
lunga. March 15 : died. Autopsy showed trpical pictuie of
stphylocoeen] pymmis with multiple abscesses.

White counts—TFeb. 12, 20000 (polymorphs 83%); 13th,
19,000 ;  14th, 11,200 : 15th, 16,800; 18th, 3400 ;: I%th,
TROO ; 20th, TEO0 (polymorphs SE%4) 0 2ith, 8000 ; March 5,
11,000 {polymorphs 88950,

The alfempt to freat thiz forlorn case was chiclly
valiable in that it showed that penicillin could be given
over a period of § days without significant toxic effect.
There was & fall in the itotal white count, buf both
eranualar and sgranalar cells were equally affected. Apark
Feom this effect, which has not been seen in subscquent
cagez, and the slighd rigor due to o pyrogenic impurity in
the penicillin, no contra-indications fo iis use were
observed,  Asseszment of ils effech was difficult sinee a
Lloed-transfosion was given ab the same time, and later
experience showed fhat the dose of penicillin eraployed
wasg too amall, and the period of administration too short.,
Mone the less the superficial sepsis responded well, and
did not velapse affer the penicillin was stopped.

Case Zo—Baoy, aged 15 Admitted Dec, 20, 100, for
glipped vight femoral epiphysis, Open redoction with in-
gertion of Smith-Petorsen pin Jan, 24, 18041, Severe posk-
cperskive hwmerchege followed by infection of wound with
hipmalytie stroplocooons (group A, type 13); positive Dlood.
eulture. . Wound reopened and patient given Prossptasine
froe Jan. 25 to Feb, 3, two courses of 3 g. sulphapyriding
soluble intravenously in 30 hours on Feb. Tth and Sth, and two
blocd-transfusions, but swinging fermperstuce (3971037 F.
continued (see fig, 5).

Teh, 22: looked ill, pale and wasted ; oo gromelating

areas over right hip, discharging sero.pus. b, 82% 5 red
cells 3000000 ; white cells 3300 {polymorphs T8%).  Blood.

eulture sterife,  Bloodwren 32 mg. per 100 com.  Urine
norrmal. At noon 100 mg. penieillin injected into intravenous
deip-infision of ¢itrate.saline ; repested 2.hourly for £ hours,
After interval of 3 hours given another 100 mg, producing

2




slight rigor; then 75 mg. 3-hourly. Feb. 24 : goseral con-
ditioss better, discharps less, By 0 o bad recsiped 14 g
penieilling; dese raized Lo 100 g, 3-hourly, using & purer
penicillin ; no renction. Feb. 27 : penicillin stopped ; total
34 g Theee Wood-examinations just before injeetions had
only once shown slight antibacteeial activity.  Feeling hetter ;
loeal condition wnchanged,  Blood-urea 20 mg. per 100 c.om.
Urine normal. | White cells 8300  (polymorphs T49%).
Feh. 25 : bleod-transfesion 2 pints, Foeb, 26 : ploster spies
appliesd.  After 3—4 weeks of almost normal tempormbnng pin
removed,  Apoin developed swinging temperature az hefore
poenicillin troatiment, :

Zoveral differont samples of penicillin were used in his
cpse,  The fest five doses had been recoversd from the
uring of case 1 and eauvsed no reaction. The wnext
samples, which consed some shivers, were *f third frac-
tion,” and although they had been passed through an
abzorplion column ngain they still contained the prrogen.
The later doses were *° sceond feackion " (our present
" therapeutic  penicillin®), Here there was a local
infection by a hmmaolytic streptococeus  which  had
proved resistant bo selphanilamide in large dosces and Lo
moderate doses of sulphapyridine.  Penicillin therapy
was followed by a great improvement in the patient’s
peneral condition, in apite of the dose being insufficient
Lo maintain a detectable coneendration of peniciflin con-
tirrously in the HMood.

Cazy 3—Labourer, aged 48, of poor phyeique.  Adraitbed
May 2, 1941, Carbuncle 4 in. accoss over left seapmla Tor &
digys ;. now  discharging; puz grew pure Staph. aurets,
History of chronie bronehial and nasal entarch for 4 montha,
Left axillary adenitis.  TIh, 1069 ; ved cells 4,070,000 &
white eclls 22,000 Blood-urea 31 mg. per 100 coeen,  Urino
normal,

Moy 3: penieillin 200 g, houdy for § doses by injeclion
intg introvenous drip ns in ease 2; then 100 my. hourly. Mo
reaction,  Anbibacterial activily continoously maintsined in
blood. Moy 7: earbuscle mueh improved ; slisght tender-
ness, only slight serons diseharge. Dose dropped to 100 me.
Lhourly and then 3-hourdy. Moy 10: cacbunele slrmost
completely resolved ; mo axillary adenitis ;  bronohinl and
nagal catarch cleared ;. 1) g, penicillin 6-houely fpr 4 doses
and then stopped,  IMay 11: Hb 909, 5 red eclis 4,870,000
whita cells 15,50H), Blocd-ures 37 mg. per 100 cem.  Urine
nermal. Temperature, which had been swinging 97°-1017 B,
now normal and rersained so,  Loeal treatment hed eonsisted
in knolin poultice for Grst 48 hours, sodivm sulphate dressing
Tor next 48 hours and subsequently dry deessing. May 15 :
discharged. Seen as outpaticot on May. 1% when skin over
corbuncle elmost normal and patient. zencrally well ; right
ulnar newaritis which cleared quickly, possibly frem splinting
arm for soveral days during infision.

White cotitz—Nay 3, 23,000 (polymerphs 87500 : Sth,
16,400 ; Gth, I5,200; T, T800; 8th, 9200 ; 8, 19,200 ;
L0k, 19,800 11th, 15800,

In this ease the supply of penicillin was sulficient Lo
enable a detectable concenteation of penicillin lo be
maintained continuously in the bload for the first 4 days,
There was no toxie effect from the larger dosage,  The
resull was a rapid resolution of the carbunele without its
discharging and withoul scar formation. In addition
Lhe chremic nasal and bronchial catarrh were cleared.
The white count was temporatily depressed on the 4th
and Sth days bul rose again in zpile of the drug Leing
conbinued,

Cask 4-—Baoy, aged 4} years. Admilted May 13, DL,
Covernons-sinus thrombosis from septie spots on Joft cyelid
sl faee following measles 5 weeks before. Had reccived
30 g sulphusperidine in 14 days before admission.  Semi-
empalose, meontinent of urine and feces,  Gross eedema both
epclids (g, Ga), especinlly left, with bilatersl proplosis,
Complete bilateral external ophthalmeplegin and £ dioptees
of papilleederna ; seck rigidity ; bilateral Fornis's sign and
extenzor plantar responses.  Moist zounds heth bases,  Liver
edge two finger-breadths below costal margin,  Blood-culture
sterile. Lumbar puncture gave a faintly vellow eloudy luid
under high pressure (ses tablo ), s

May 13 intrevenous infusion of eitrate saline at 10 e.cm.
an hour (rate mainiained with slight varistions for 0 dayvs,
the site of infusion being chanped 4 times). Tendeillin injectocd
into infusion ; dose 100wy hourly for fwo doses, 50 mg.
hourly for four doses, then 25 g, hourly. Mov 141 pus from
incisien made into left eyelid and swal from nose Frew

‘membrane;

Staph. aurcus. X ray: opacity of left antrum, ethmoids
clear.  May 15 : Tdeod sample an hour after dose of penicillin
ghowed no antibocterial activity ; dose inereascd to 50 mp.
hourly.  General improvement,  May 16 : obviously belter;
swelling of cyelida largely subsided.,  Blood taken just bofor
injection showed irace of antibaeterial activity., Boy 10:

TABLE III—OERERROSPINAL FLOID OF CASE &

! i"r;l,cln

g | VWhite
Date | Pressure | ime, per | o0 colls Loyt fare
{E00e, x| POT SO iy,
R | st e
May 13* | Itaised 114 . few | Slaph. aurges
o 14| Mopmal 104 . low ] _- Slaph, aureus
o 18 : Normal didk v.few | 110 | Staph, }jlrr. anil
| | | all
oo 223 ) Normald | | 45 v. [ow 45 | Sterile
oo 2T | Tiaised 120 14,600 Al i Storil
w28 Tinised 144 21,800 276 | Blerile
20 Baised W5 12,500 H ] Sterile
1 Eaiged | Llr) =40 1240 Serile
|

* Cellrcount deoe aftee fluid had steod for severnl hours.
general and local condition vastly improved (zes fip, 6I) ;
bilateral fth nerve palsy and -extensor plantar rosponsoes
remained.  Peasieillin reduced to 50 mg. F-hourly. Small
eornenl ulcer Joft oye treated with ponieillin 1 in 5000, which
eoused no dizcomfort. Bay 22 improvement musintained,
patient talking and playing with toys,  Chest elinically
noenal,  Slight pyrexis still thought to be due to pyrogen in
penicillin or to resction from thromboses in veins used foc
injections {seo fig, 7). Pondeillin stopped.  May 20 @ progress
good.  Ternporature normasl, Gencrsl eondition excellent,
Lyo movemonts returning, X ray of sinuses: only slight
elouding left antrum ; ehest ; patel of consolidation loft apex
ank srondl ring shadow right mid.-zone. These thought to bo
embaolic signs but penerel condition so good that no further
penicillin nesdod,  May 27 @ 1 s vomited and bad general
convilsions.  Lamber puncture gave uniformly blocd.stained
fuid wnder high pressure, Boesme comstose with neck
rigidity, positive omig's sign and spastic Hmbs, Moy 25
termporature began to rise again.  May 29 : appeamanes muach
a5 on admission.  Penicillin 2 g given in next 36 hours, but
died May 31,

Autopsy (De, A, T, T. Robb-Smith).—Brein showed no
thrombosis of mels venous sinuszes ;. adhesiona and ald
hiemorchago in hypophysisl repion.  Considerable old end
reeent hiemorrhage in region of pons and ecrebollum dus to
rupture of sneurvsm on lefl verlobral sriery.  Coavernous-
aimes rogion and left orbit oceupied by wdematons granulation
tigsue; left
earotid artery
portially
gecluded by
thrombus  in
its  cavoroous
course and
complotely oo-
cluded in o ita
bony  course.
Bolhk Iunpes
showed  sonl-
tored  abseess
cavities, larger
ones being air- ;
containing [ e
cvata lined by ; Aot g A
vollowish a b

Yo, B—Chsed ;6o ot bepinning of treatment ;

smoller ones it on 11Ek day of Lrealinend.

conbnining
yellowish materiel not exactly resembling pus.
net rermarkeblo. :
Histologically  grenulation tisswe i3 essentially  eimileT
whother in Jung abscesses, orbital tissues or cavernous regions
{fig. 8). Thers iz a sinall central ares of necrosis sometimes
containing & few prarepositive cocel ; around this iz 8%
erlematous  exudate  with  lipoid-sontaining  histioeytes :
surrotmding this is a praouletion tissue (ormed langely ©
histioeytes containing lipeid and blood-pigment, lymphas
cytes and plasma colls with s very occasional snentroplil

Other orgend




leueoeyte ; this bissue is well vasculsrised and thero is some
fihroblostic proliferntion, preatest in tho periphery. In the
CARVOTIOWS region soeme of the veins contain organising throm.
bus; the left carotid and vertebrol arteries show organising
throrehi which do not appenar to o infected, but as there ace
large breals in the media and elastion of the walls of both these
vesaels it ausé Te presumed that they aee' the labe results of an
nents grteritis probably of bacterial origin,  The ather organs
show no significant change.

The sutapsy showed Ehat the infection in the cavernous
sinus, orbita amd in the Iunpgs bad been almost entively
pwvercome, and Lhal healing praocesses were well advanced.
Death was due to the muplured mycobic aneuryvsm apd
not to o recrudescence of the infection. Tdefore this
vascular accident the patient had been restored from a
moribund  eondition . to apparent convalescenee, Mo
toxie effoets from the penicillin were noticed.

Case 5.—Doy, aged 14}, Admitted May 6, 1941, Staphylo-
cocenl sopticmmin with ecarly osteomyelitiz of left fermuoe
following full & doya before.  Elood-culture grew Staph.
aurens.  Given sulphathinzelo 64 po between May 7 and 12
with Httle benefit. May 17: left hip-joint explored, no
abseess found, joind contained littlo storile fuid with poly-
marphs in b, My 22 ¢ blood ond slbemin in urine. Embolic
pustular rpsh, Extension by skin traetion spplicd to left log.
May 30: X rays showed csteitis loft emorsl nook with
invelvement of joint and destruction of alveolar walls,  Ehbs-
charge from wound grow Steph, curews,

Juno G: satill extremely ill, with temperaturs rizsing to
1017 ., much pain in left hip and thigh ; urine still contained
blocd and elbumin. Hb, 749 ; red ccllz 4,290,000, Dlood-
urea 23 mg. por 1) coom. Intravenous infusion of 600 mg.
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Fitz, T—Chart and white-cell counts in ense 4,

cnicillin fn 540 c.em, nonmel saline started at 45 ¢.om, an
wur.  Iffusion continued for 90 hours during which tima
35 p. penicillin given, Na resction. Daily tests showed
eonstant  bectoriostatic concentration in . blood. General
eondition much improved, By June 10 had lost almost ell
pain snd tenderncss.  Cannula transfecred to-another wein
and infusion continued at half rate with double Sirength of
penieillin (1 g.in 504 coem.). On Jdune 11 and 13 sudiden risea
of tempersturo without apparent canse ; traced to use of
penicillin. preparcd 2 montha proviowsly and  eontnining
pyrogenie impurity. June ld4:  cannula  transferred  to
mnother vein and peoicillin reeovered from boy's urine wsed.
HNo further riso of temporature,  Steady improvement. On
June 18 continuons administeation stopped,  Glven amother
60 mg. J-hourly for 12 doses and then 4-hourly for 12 more
doses,  Stopped June 20; total dosage 172 g. Urine then
normael. Bleod-urca 20 mg. per 100 coeme. June 21 = Hb, 649;
red colls 3,750,000, Juno 23 : radicgrams of hip showed no
extension of destruetive process ; boy folb guite well.  July 0«
extension removed.  July 11z hed been afcbeilo for 34 weeke.
No pain in leg, Fassive hip movoments, floxion 807 Other
movements almest full,

White counte—June G, 0400: Sth, 9700 ; oth, 11,800
Loth, 18,800 : 11th, 11,400 I12th, 7500; 13th, 9400 ; Ldth
16,400 ; 15th, 10,400 ; 1Gth, 8400 ; 17th, T600 : 16th, G200
20k, 11,300 21st, 12,400,

. This was o caze of stapbylococeal septicemin, loealising
in the left hip-joint, which had been uninfuenced by
large doses of sulphathiazole in the carly stages.  When
penieillin was sbarted the boy was extremely ill, in preat
bain, and had an scelive nephritis.  As in the other enges
there was a striking improvement in the general condition

during the period of therapy.  All pain in the region of
the left hip disappeared, the nephritis cleared and his
temperaturs fell Lo normal. At Bhe time of writing it had
remained normal for 34 weeks and there, was good
Tunetion m the hip. :

5 ORAL ADMINISTRATION TN URNINARY INFECTION
Cask G-—=Boy, aged 6 months, Admitted Apeil B, 1041, I
o fortnight with dinrchees and vomiting, melena and general.
ised convulsions,  Dehydrated, fow petechim in skin, Red

Tog. B—1(a) Low-power view (=400, Wall of * abacesa cavity ™ in
e long showing the cedema floid rich in lipoid-containiog his-
tingytes, end the wall mede up of & vascular granalation tissue in
which thers are lnrge numbers of lipoid-containing histioeybes,
Iymphocytes and plasma-cells amd only a fow neuatrophil leaeo-

ovbes. AL the extreme right of the seeiion the normal lung
parenchyma can be seen,

(b} High-power view (= 180}, Granulation dissue fmom Ehe lefk
orbitalregion showing Lthe chameteristion of the eellulor reaetion, n
mixture of lipoid-tontaining histioey Les, lymphoey tes and plasmo-
cells, and a moederate fibrollastic proliferation.

aells 1,560,000 ; white cells 28,000 (atypical lymplhooytes 5095,
maony primitive colla).  Blood-urea 60 mg. per 100 coom,
Urine contuined albumin and pus; prew Steph. cureus
and Fact, coli,  Bulphapyridine tried but stopped beeanse
polymerphs foll to 400 per e.mm.  After fortnight’s cowrse of
ammoniam mandelate urinery infection remained.  June 3 :
urine geew puce Stepf, aurens. b 629 1 red cells 3, 200,000:
white cells 5000 (polymorphs 600). Elood-urea 66 mg. per
I00 coom,  Jooe & : attempts to pass ducdenal tuba failed, so
pentcillin given by mooth 3 20 mg. with 2 g, sodium bicarbon-
ate given houely for 3 deses and then 3-hourly, Mo toxic
signa.  Vomited once, which was not unasunl, Al specimens
of urine contained atrongly bacteriostatic concentration aof
penicilline June 7@ urine contained no puas cells ;. penicillin
reduged to 10 mp. 3-hourly.  Vomited 2-3 times  daily.
Stendy genernl improvement. Juna 9 : polymorphs up to
10} por excon. ;. blood-ures 46 mp. por 100 c.em.  Junoe
1E: penicillin stopped. June 17: blood-uren 39 mp. per
103 cem.; Hb. 70%; whito cells 4000 (polymorpha 440}
Juns 10 wrine sterile though still containing heavy eloud of
albumin and occasional costs and red eells. Genecral ccone
dition continued to improve.  June 26 1 urine skl free from
Staph. ourews.

This ense demoenstrates that it is possible to maintain a
bacteriostatic concentration of penicillin in the wurine
with small deses given by mouth.  Although the diag-
nosis was obscure bhere was no doubb of the urinary
infection by Staph. aurews, and the administestion of
penicillin overcame this infeetion,

LOCAT, APPLICATION TO THE EYE

In case 4 o 1/5000 solution of penicillin in normal salina
was applied to & corncal ulcer. It caused no ieritation
and thé condition of the cye improved. The local
application of penicilling in other ove infecfions was
therefore tried on patients in the Oxford Eve Hospital.

Case T.—=Marricd woman, sgedl 320 Haul o eorneal uleer
ef the loft eye 4 maonths previously, treated successively hy
instillation of Collosal Argentum, boracie lotion and mercuro-
chrome, and ultravicled Jight., In 6 weeks uleer resolved
corapletely, but 3 weeks later similar uleer developed in right
eve.  Trested on similer lines, Tor § woeeks s ontpatient and
then for Fortnight asz inpatient, Dut withoub improverment,
My 26, 1941 - infiltrating ulcers in inner and vpper quadrants
of limbus, gross injection of conjunetiva and conaiderablo
corneal opaciby, Bwab from oye grew Stapk. aureus.

May 30 : trentment with pendeillin began ;13000 solution
in normal saline deopped indo eye hourly by day sod 2-hourly




by night.  After 2 days little progress had been made and
il TERIas I'L]rp!j('u.l[nn, uurue,i_{'l_l_'r!-{l |11,-{‘1,".$.%:'|.r‘1.‘. Mnn:i[ﬁt'ati-::u:n Ur
Bunyan.Stannanl hag {(Bunyan 1940) made te fit oyo aod
175000 solution peniciliin ran into it New bag applied each
day, and remained full for abowt 8 hours, after which began to
leak ond needed refilling ceeasionally.  After cne day of
continuous application less injection of conjunctive “and
paticnt free from pain for first time, Treatment given for 4
duys ; on seeind day concentration of penicillin izl to
/1000 bat this cansed slight ircitation snd for last 2 davs
solution of 1/2500 used, By end of fourth day eye greatly
itmproved 3 conjunctiva only slightly injected and ecormeal
apieity idmost disappeared 5 deeper ulcer remained, bat con.
giddoral:ly smaller.  Treatment eontinued with hourly drops
of F/2500 penieillion and after ono dny strength increased to
L/500 ** thernpeutic penisilling'' which eansed no diseomfort.
June 9 (8 days after bo#h had fiest been applied) @ uleer no
longer stained with fluoreseein, but still slight anjection,
Trestrnent continued with dropa of 1600 penicillin, 2.hourly
Ly aday, d-heowarly bee night, but further improvement alow,
June 20 ¢ patient discharged, nleer healed, leaving only slight
rezidual infiltration of conjunetiva, which had eleared o week
later.

Casn &—0irl, ared 19, Burmnt her face with cigarette end
G weeks before admission 3 burn became infected and from
this & septie rash sproad over face. Week before admission
left eve became red, swollen and poinfial, O adomission oe
Junae $, 141, many amall erusted impetigo-like spots on both
gides of face.  Left conjunetive inflamed and showed thick
muesh of fine vessels ; cornew elear, lids slightly swollen,  Evo-
bath ns in cose 7 applied and Glled with 12500 pendeilling
Mext day less injection and aye not pamful,  After 3 days oye
almozt nermal 3 treatment continued with drops of 1500
penicillin 2-hourly by day and £-hourly by night.  June 13 ;
oye normal.  On and after June 10 ointment consisting of
/600 penicillin in hydrated lanoline spplicd to rush oo face
twice dailv. When patient was dischorged on June 15 rash
huad healed completely with only slight residual erythema.

While the freatment of these 2 cases was in progress,
some 12500 penicillin solution was given o 2 cutpatiends
who were told to apply drops of the solution bourly by day.

Case —NMuon, aged 24, Foreign body in lelt eye May 25,
1041 developed acute conjunetiviliz treated with boracic
acitl and zine lotion, collosal argentim, and painting lids with
gilver niteate,  Only slight improvement by June 7, when
piven penicillin drops : in pext 2 days rapid improvement,
with eomplets relief of pain.  Slight residusl eonjunctival
infiltration, so treatment continued until.fune 19, when
healing complete.

Caze lh.—Woman, aged 20. Developed acute muco-
purulent conjunctivitis on June &, 1941 ; treated for 2 days
with borscie acid and zine lotion and by painting lids with
ailver nitrate,  Penicillin drops given oo June 7, and & days
later the eve wis nlinest nermal,

In these 4 eve cases, 2 of which had proved pesistant to
routine  therapeulic measares,  penicillin applicatlion
resulted in rapid relief from pain and resolulion of the
inflasymation.  In none was there any il effect,

Discussion

From experiments in vivo and in vitro mueh evidence
bas now been assembled that penicillin combines to a
siriking degree two most desirable gqualities of & ehomo-
therapeutic apent—Ilow toxicily to  tissue cells and
powerful bacteriostatie setion.  Ils capacity to prevenot
multiplication eovers a wide range of baclerial species,
including some of the most common and  destroetive
organmsms with which mwan may be infected, pnd this
bacteriostatic action is in no way interfered wlth"h»:.' bndy
fluids ar pus, and atly to o limited extent by very large
numbers of organisms,

The crucial Ltest, however, of the efficacy of any chemo-
therapeutic agend is whether it ean favourably influence a
natural infection, In spite of the diffieultics of large-
seale production in the laboratory, we have collected
enough material to trv penicillin in a few cases. Coses 1,
2, 4. 5 and 6 had previously been trested with various
forms of chemotherapy and some also by surgery. They
were, 1n fact, patients for whom no further trestment
likely to be of bencfit could be proposed. Case 3 had
had no previeus treatment. In all patients the tempera-
ture fell and the general and loesl condition improved.
Where there was a recnigdescence of infeetion il could in

each case be attributed o inseflicient administeation of
penicillin.  The only toxie effect of any importance so far
seen was due to o pyrogenic impurity, which could Te
removed ; oand it s worth noting that an improvement.
in the spirits and appetite of the patient during treatment
was remarked onin all the eases,  Where local application
Iz been tried, it has given equally promising resalis.

Methods of administration and dosage have necessarily
been tentative, but the many poeints which still neod
investhgation” awail an adequate supply of penicitling
Enough evidence, we consider, has now hi-‘l‘.l'_l nssern hled
to show that penicillin is a new and effeetive type of
chemotherapeutic agent, and possesses some properties un-
known in any antibacterial substance hitherto deseribed.

Suminary

A deseription is given of the cultural and other con-
ditions required for the effective production of penicillin
by Penieilliven notelum @ and of methods of small-seale
mass production and assay of material suitable for thera-
peulbic use in man. 1

Obzervations on the absorption and excretion of the
drug have been made on the rabbit, the cat and man.
The material is excrebed in high concentration in the
urine of all three speeies. There is a high concentration
in_cals' and less in rabbits' bile {(that of man has not
vel been investignbed |

Evidence is prodused of the low foxicily of the aub-
stanee when applicd directly o body tissaes. .

No toxie effeets attributable to * therapentic peni-
pillin " injeeted intravenously bave so fur been observed,
though crude penicillin products contain a pyrogene
substance which can be removed by snitable lreatment,

It is shown that the growth in vitro of many pathogenie
bacteria is prevented by purified penicillin at a dilution of
one in a million or more, and Lhat others possess diminish-
ing degrees of sensilivencss, some heing quite i.'l.".‘:ilﬁ?-'lﬂlr-

Proof is given of the inability of blood, pus and tissue
derivatives to prevent the action of penieilline

Adaptlation of Slaph. aureus Lo high concenbrations of
the substance has been demonstroted, and this has been
shown not to be due to the development of o penicillin-
:inst:'nyinp; [SIFAT FTES i

A comparizon is made Dbelween the antibacterial
activity of penicillin and the sulphonamides, and reasons
are adduced why penicillin can-be expected to operate
when the sulphonamides are ineffective.

During the course of some therapeutic trials in human
infeetions it has proved possible Lo gecure apd mainlain a
bacteriostatic conceniration of penicillin in the Tdood
without eausing any toxie symploms,  After intravenous
administration a large proportion of the active substance
can be recovered from the urine and used again,

Peueillin was given intrvenously to five patwnts with
staplivlocecenl and  streptococcal  iofeetions  and by
month to one baby with a persisient staphylococecal
urinary infectivn.  IL was also applied lecally to four
eases of cve infeetion. In all these cases a [avourable
therapeutic response was oblained,

The work was planned and staeted by B, Chain and H, W.
Florey.  The chemical and hiochemical part of the work wid
enrried out in the main by E. Chain and E. P, Abraham.
M, (. Heatley devised the assay method and developed and
supervised the production of penieillin, M. A. Jennings and
H. W, Florey have conducted the biologienl tests cxeept those
especially mentioned in the text. A, I, Gardner has con-
ducted the bacteriolopies] investigations and mads some
apesinl cbservations an the growth of the mould, ©. M.
Fleteher (of the Nuffield Department of Medicine) luas been
charge of the admimistration te man,  The suceessful conduet
af the work to its present stage has only been made possible by
the closest collaboration of all concerned. W wish to thank
the physicisns and surgeons who plaeed their cases at our
disposzal.

We wish also to neknowledge the worle of the following
technicians, without whose cfforts odequate supplies ©
penieillin eould not have been produced @ Do Callow, B
Callow, B, Cooke, 3. AL Cresswell, G, Glister, C. Inayat, J. Kenls
M. Laneonster, F. MoBepney, B, Vineent.

We are indebted to the Medieal Researeh Couneil for o r_!'r:ij'll-_
townrds the expenses of large.acale production, pned  to the
Tiockefeller Foundation for providing for technicsl pssistaned
and expenses. L
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