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FOREWORD 

Knowledge a.bout penicillin increases on a. 

logarithmic sea.le a.a time adva.noee on an arith­

metical scale. This paper is an attempt to pre-

sent a few aspects of penicillin therapy as far 

a.&;known to the first week in April, 1945. Since 

that time so many articles on the same subjects as 

this thesis have appeared that another thesis of equal 

size could probably be written. 

Consequently, alt1:lough I regret the im perfections 

a.nd inoompleteneas of this thesis, I !e�l that I was 

fortunate in writing it at a time when all the know­

ledge about one or two branches of penicillin therapy 

could still be presented with reasonably completeness. 

To my advisor, Dr. A. Ross McIntyre, for his 

helpful advice and for reading the manuscript; to the 

entire library staff, who repeatedly uncovered material 

which I might otherwise ha.ve missed; and to Mrs. Paul 

Bell, wh9 typed the final draft, I.wish to a.cknowled.ie 

my indebtedness and express my thank.a. 

Apr 11 27 , 1945.



INTRODUCTION 

Lesa than t wo deoades ago Charles Thom (136), a 

orld authority on molds, wrote a book on the Penicillia, 

in which he indioted them as follows: 

"The molds of the genus Pen1o1llium share with the 

Aspergilli and the Mucors a noisome pre-eminence as weeds. 

They rot our fruit, attack our vegetables and meats, in­

jure our stored grain, spoil our soft drinks and our 

bottled water, contaminate our pantries and kitohena and 

even attack our bodies. They infect and at times destroy 

the usefulness of solutions a.nd moist precipitates, dis­

color fibers, wood, paper stock, stored paper and some­

times our books. In the laboratory they infest and often 

invalidate every kind of culture oper~tion, bacteriol~­

ical, mycological, or phanerogamio. To offset theae 

activities, chemist& have gathered a little return by 

using them in bioohemioal inveatigations and the cheese 

industry has capitalized on their enzymic activity to 

ripen such cheeses as Camembert and Roquefort. Otherwise 

their possibilities of usefulness remain mostly unknown, 

but their presence is thrust upon ue so frequently that 

some me~ns of identifying them is very desirable •• " 

It was from one of the members o! this obnoxiou 

family that Dr. Alexander Fleming (47) a few yeara later, 

in 1928, was to extract the wonder drug Penicillin, which 
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possibly will be the greatest single medical die~overy 

of the century. 

HISTORY OF PENICILLIN 

Penicillin was disoovered partly by accident. Dr. 

Alexander Fleming (47) had peen interested for many year 

in the deatruotion of bacteria by leuoooytes. In 1922 

(54) he described lysozyme, a powerful antibacterial 

ferment ooourxing naturally in human tissues and seore-

L tiona, especially tear~ and in egg white and elsewhere. 

In 1928 in the laboratories of St. Mary's Hospital in 

London, while working with staphlooooous variants, he was 

using a number of culture plates which were set aside on 

the laboratory bench and examined from time to time. 

These plates inevitably beoa.me air contaminated, and 

after a time, there developed a mold colony around which, 

in his own words, "The etaphlocooous colonies had become 

transparent and were obviously undergoing lysis". This 

as sufficiently striking and unusual that he preserved 

the original plate a.nd suboultured it. (Until reoently 

all of the penicillin used olinioally had been produced 

from subcultures of thia original tube). It was found 

that broth in which the mold had grown for a week or two 

aoQuired marked inhibitory properties to many common 

bacteria, even when diluted 500 to 800 times. The mold 

was . identified later as Penicillin notatum (49). It had 
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e-ver befor e been regarded as of y import~noe, and in 

his b the Pen icill i a , Thom (136) voted only a 

few linee to it. It 

ting bre .. nches of Ryes ... ..., 

originally been found on rot-

in Norway , and 

~t other times by other author s , 

been d~­

.t Thom a t-

tribut it t estl ihg. Flemi christened the active 

subs t ance "Penicillin"*• He found that some species of 

bacteria were highly suscept ible , others not at all , to 

the act ion of this new antibiotic. He also found that 

the penicillin had no pois onous effect a on wcite blood 

cells , nor was i t toxic when injected into ~nimals . 

Fleming (49 ) made the first a~~l icat i ons of the new 

substance in bacteriological s t udi Since it rec-

ei the ~rowth of the at r eptocoooi and sta~hlococci nor­

ally found in the mouth, but not the growth of infl 

enza bacilli, its addition to a throat ewab culture µer­

itted the latter organi sm to grow uncontaminated by 

ordinary th flor a. . 

Unfort-1Iia t e ly , a lthough the pot entia l value of peni­

cillin was recognized and the mold exhaustively studi e~, 

it was very stable and a ttempts to extract the activ 

rinciple from the broth and concentrate it met with 

little sucoeee . These , together wi th the small number of 

*Although Dorland's Dictionary and the British Broadcas t­
ing Company pronounce penicillin with the acc ent on the 
s~cond syllable , Dr. Fleming accents the third , i. e ., 
~ennyeil'-lin (13). 
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septio oa~es in pea.oetime, a.nd the advent of the sulfona­

mides, prevented much further interest and its clinical 

use was not seriously pursued. In his original (1929) 

paper, Fleming (47) stated: 'It may be a.n effioient ant1-

septio for application to or injeotion into areas infeoted 

with penicillin-sensitive microbes•, and in 1931: •It is 

uite likely that it ••• will be used in the treatment of 

eptiQ wounds.• (48) 

Beyond publishing several papers on the use of peni­

cillin in the laboratory to separate susceptible from 

non-susceptible organisms, and experiment~lly on drese­

ings for septio wound.a, Fleming apparently did not pursue 

the matter further. (48,49) 

It was to the problem of extracting penicillin in 

urified form to which the Oxford workers, headed by H. w. 
Florey (26) turned their attention when war in Europe 

became imminent, and there appeared to be great need for 

some method of control of infection more effective than 

those then in use. Falk (45), whose intereet in the 

matter was that of a close observer, states that the full 

story of the redi&oovery of penioillin nine years after 

Fleming•s work has not been told, probably because 

Professor Florey ha.a not w~nted to detract from the honor 

due Professor Fleming. Florey was interested in anti­

bacterials of cellular origin and he and others read· 
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Fleming~a original l929 paper on penicillin , and found 

it difficult to understand why the study of penicillin 

had practically lapsed for nine years. This was probab­

ly due mainly to di!fioulties in purification • 

Florey and co-workers borrowed a strain of the 

Fleming Penicillium notatum and recultured it. Florey, 

being busy, asked Dr. Norman Heatley to work with Dr. 

Abraham Cha.in, and they, in 1938, suooeeded in purifying 

and standardizing penicillin, and by late Spring of 1940 

had prod.uoed enough for animal experiment3. These ex­

periments were well planned and were immediately and 

brilliantly suocessful, and were published in a.n epoch­

making paper, •Penicillin as a Chemotherapeutio Agent• 

( as) . The importance of these drama.tic results were 

understood at onoe, a.nd praotioally the whole Sir 

William Dunn Institute of Pathology was turned over to 

penicillin researoh, the work being finanoed mainly by 

the British Medical Research Oounoil. This was at 

Britain1 s darkest hour--at the time of the fall of Frs.noe. 

Clutterbuck, Lovell and Raistriok (32) had found in 

1932 that the mold could be grown on a purely synthetic 

liquid medium but they did not suooeed in extracting peni­

cillin from the medium in stable form. They had found, 

however, that if the medium was acidified and shaken with 

ether, the penicillin passed into the ether. Unfortunately, 
• 
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when they tried:_ to get rid of the ether and oonoentrate 

the penicillin by evaporation, most of the penicillin 

activity was lost. One observation which this group lDl&de 

confirmed a similar observation of Fleming's (49), and 

this suggested that penicillin was not too unstable to 

handle; that was , that its activity might, under oertain 

conditions, be maintained in the original medium for aome 

weeks. 

One of the firs t ste in the pr .ogres& was the el.ab-

oration by Heatley (33) of a quick test for penicillin 

which made the oup assay of penicillin-containing fluids 

possible. It was also Heatley who had developed and 

supervised the production procedures at Oxford. 

The crucial observation was made that when ether con­

t a ining penicillin was shaken with water conta ining the 

right amount of alkali, the penicillin passed from the 

ether back into water. In this way penicillin could be 

extracted from the orude brew and p~rtially purified. ~e 

prooesses now used for the preparation of penicillin all 

depend at one stage or another on transference of peni­

cillin from a water solution to a.n organio solvent and 
• 

back. The i solat ion from the original medium of a pro-

tein and salt-free product made possible a study of the 

baoterial and pharmaoologioal properties in detail. 

The benefits to be derived fr~m such a ohemothera,­
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peutio agent for the treatment of the wounded in the 

armed foroes were obvious to the medioal profession of 

the embattled peoples of Britain, and arr~ngements were 

made by the Rockefeller Foundation for Florey and Heatley 

to visit the United States. England. at that time, was 

being extensively bombed and did not appear to be the 

laoe to undertake large scale production of eo delioate 

and capricious a product. Aooordingly, the Rockefeller 

Foundation brought Drs. Florey a.nd Heatley to the United 

States to enlist help on the problem. They were imme­

diately referred to the National Academy of Science and 

to Dr. Charles Thom, head Mycologist of the United States 

Department of Agriculture. Work on the problem was begun 

almost at onoe. (33). 

By December l94l at the Northern Regional Research 

Laboratory at Peoria, A. J. Moyer, a microbiologist, had 

found that the addition of oorn steeping liouor to the 

medium upon which the mold grew increased the yield by at 

least ten times, and strain seleotion increased the yield 

of penicillin from two up to forty Oxford units per 00. 

This was possibly the greatest single factor 1n making 

oommeroial production of penioillin feasible. A still 

further extension of this work increased the yield from 

two to two hundred units per 00. in small flasks. A yield 

cf one hundred units per co. represents only .06 mg. of 
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pure drug, and half is lost in reoovery. 

The work in Peoria has been largely sup~orted by 

the United States Department of Agrioulture, helped by 

the Committee on Medical Research of the Offioe of 

Scientifio Research and Development. Several commercial 

companies in this country were also encouraged to under­

take the mass production of this much needed drug. The 

increased re~uirements for antibacterial agents, brought 

about by the war, eerved as a great stimulus to the 

commercial manufacture of penicillin (33). 

After the entry of the United States into the war 

late in 1941, work was speeded up, In order to expedite 

clinical research, the Oommittee on Medical Research of 

the Office of Scientific Research and Development appoint­

ed the Chairman of the Committee on Chemotherapeutic and 

Other Agents_ of the National Research Council, Dr. 

Chester Keefer, to supervise the distribution of all 

tocks available for therapeutic trial. Under this ar­

rangement clinical investigation of penicillin has been 

conducted on as wide a scale as supplies of materi~l have 

ermitted. As reports from individual research workers 

and inveetigative groups have been received, they have 

been collated, and summarized by the Committee on Chemo­

therapeutic a,nd Other Agents. The first report of this 

body, embracing the results obtained in 500 oases of 
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va rious infections treated by 22 groups of invest igators, 

ap·~ear eci in August 1943 (81). From a s tudy of thie, a.nd 

o! independent reports ~ublished both in America and 

Engl and, it is obvious that the discovery of penicillin 

constitutes the greates t forward step in chemotherapy 

since the advent of the sulfonamides, and in many respects 

the new a.gent appears far superior to the sulfonamides 

or to any other group of therapeutic compounds. 

Penicillin has now reached the stage at which its 

ffioacy in a wide variety of diseases has been estab­

lished, although its full clinical potentialities are 

yet to be r ealized. At the present time , the deman 

of the armed forces have been fully met , and penicillin 

is now available for use in civilian practice without 

r estriction. Effective Mi::1-roh 15, 1945, ~reducers and 

istributors may sel l penicillin through normal commer­

cial channels ; 1,280,000 ampules, each containing l00,000 

its , for the period March 15 to March 31 , and 1,500,00 

,-·ules monthly , each containing 100,000 units , may be 

expected. Th i s pe r month figure i s four times the total 

U. s. production ju.at one year a.go (33). 

The faot that the supply of penicillin has been limit­

ed o.nd s trictly controlled until its true value was ac­

curat ely assessed and fully established has been, in a way , 

a very good thing, for it has prevented uae of the mold by 



unso1entif1o investigators and the oonse~uent overbUl'den­

ing of the literature with f alse or equivocal cla im~, 

whioh must l a ter be disproved, and our thinking revised. 

In oontraet to most inves tigative probleme , one 18 im­

pressed by the total agreement on basic princip.les, and 

to a l arge extent, on finer deta ils , One may be f a irly 

sure that when an author presents a statement as a f~ot, 

there will soon be corroboration from independent and 

equally r eliable sources, Even in tenta tive conclusions 

there i s usua lly agreement, and nowhere have I encountered 

direct challenge of findings or retraction of a claim. 

Inves tigation and experiment have been carried out on a 

plane of tota l objectivity, by cautious men with facili­

ties for checking all results, but more important, by men 

who possess true zeal for scientific truth. 

PRODUCTION OF PENICILLIN 

There are four methods of t roduction: surfaoe, sub­

merged, bra.n and continuous flow. 

l. Surface culture: This is the old standard method. 

Spores are seeded on the surface of flasks of various 

size conta ining culture media . The yield is better in 

small flasks because diff usion of the nutrient is better 

if the medium is shallow, and because the concentration is 

greater, recovery costs are lees, Commercially, production 

is a...ccomplished in one or two quart bottles or in large 
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fla..:t pa.ns. 

The advantages of this method are high yield, simpler 

equipment, and espeoia.lly safety, as contamination of a 

few flask• does not destroy the whole run. The ohief ob­

jection is the high labor cost of handling so many small 

units. 

a. Submerged oulture: Thie is done in large vats. 

The myoelium of the mold grows submerged. Thie is the 

best method when it will work. To prevent surface growth, 

the vat muet be agitated a.nd rotated a.nd the media sup­

plied with abundant sterile air. Not all strains, 1noluu-

1ng the notatum, grow well with this method. There is, of 

course, the greater danger of contamination, as the con­

ditions are ideal for growth ot ba.oteria , and the sterili­

zation of air is a not inconsiderable problem. 

The biggest advantage of this procedure is the sav­

ing of labor. 

3. On moist bran, the yield is high, but bran is a 

poor conductor of the heat the mold produoes, and bran is 

hard to sterilize. 

4. Clifton (31) ha.s devised a. method of large- soale 

penicillin production, modifications of which are now 

largely used commercially._ A~.me41um of yea.it extra.ot 1a 

allowed to trickle over a column of wood shavings on 

which the mold is growing. This oloaely resembles the 
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oomruerci~l method of product ion of vinegar. Substitution 

of corn steep liquor more than doubled the production of · 

penicillin . The author claims that this method has the 

advantage of continuous production and requires a minimum 

of equipment and handling. The chief disadvantage is the 

ossibility of contamination. 

RECOVERY OF PENICILLIN 

After filtration or centrifugation of the broth cul­

ture to remove the mycelium (and the bran if it was used); 

a clear yellow to brown solution remains, which still con­

tains enough nutrients so that contaminants can very 

uickly destroy all the penic illin if given a cha.nee. The 

broth is therefore protected by chilling, asepsis or use 

of a disinfectant. 

The concentration of penicillin is 30 to 100 

units per cc., or .002-.005% of penicillin. Sinoa it is 

so unstable to pH, metals and other reagents, there are 

till difficult problems . 

Penicillin as ueed clinically is the sodium or cal­

cium salt of a reasonably strong organic acid. The PH is 

set at 2.-3.0 d all free organic acids are extraoted 

with a solvent suoh as ether , chloroform or amyl aoetate, 

at a low temperature, and rapidly, due to the instability 

of the peni01ll1n . It is then combined with sodium bi­

oarbonat~ to form sodium penicillin. The final solution 
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must be frozen_and dried in that state, like plasma, a.nd 

is done either in bulk or in small ampules. 

Finally, it is a powder, pale yellow to dark brown, 

of a potency of 100-500 units per mg., and is a mixture of 

the sodium salts of most of the orga.n1o a.oids in the orig~ 

inal broth, with 8-30% of sodium penicillin. 

ORGANISMS USED 

Penicillin production is not confined to Penioillium 

notatum, although this is the orga.niem most commonly as-

soc ia.ted with it. Penicillium note.tum is a member of a. 

large aggregate of forms commonly designated as the 

Penicillium chrysogenum group. There are a number .of the 

group which a.re good penicillin producers. Over 200 strains 

of molds of the notatum-chrysogenum group were tested in 

an effort to find better penicillin-producing stra ins, a.nd 

at least two superior ones have been obtained. An exten­

sive program is under way at various research centers 

seeking richer sources of penicillin. 

CHARACTERISTICS OF PENIOILLIA 

Reid (128) investigated a large number of various 

hypomycetes, and found that only Fleming's mold had a.ny 

antibacterial effect. Later investigation haa shown tha~ 

many of the Penicillia produce penicillin; some of these 

1roduots are toxio. Strain selection ha.a resulted in high 

commercial yiel~s. 
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The media used for penicillin production has been 

extensively modified. Fleming (47,49) ~tated that the 

mold grew in a. variety of. di!f'erent1a.l media, but best 

in trypsin digest broth. Later, Abraham (4) recommended 

Clutterbuok's (32) modification of the synthetic Czapek~ 

Dox media containing sodium nitrate, potassium acid 

phosphate, potassium chloride, magnesium sulfate ferrous 

sulfate and glucose. This formula was modified by McKee 

and Rake (109), who substituted brown sugar for glucose. 

Hobby et al (86) reduced the a.mount of brown sugar a.nd 

made other slight changes, Kocha.laty (97) substituted 

ma.nganeee for iron and others stated that the addition of 

zinc was helpful. Taylor (135) claims that the growth of 

Penicillium notatum was far better on Amigen than on any 

other substrate. 

The addition of corn steep liquor to the media at 

the Northern Regional Research Laboratory in the early 

da.ye of American production doubled the yields of peni­

cillin a.nd wae a long step forward in making commercial 

production possible (33). 

Growth of Penicillia: Only known identified strains 

of the highest pptency wer~ selected, and thes·e were 

rigidly controlled to prevent degeneration. The number 

of vegetative transfers were reduced to a minimum. A 

oonveni~nt method of keeping cultures at a high level was 
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by allowing aporu.lation of the mold mixing the spores 

with dry sterile sand , and drying the mixture at low 

tempe.r a.tures. As needed , spores from this master raoe 

were sown upon suitable media. 
aO 0 The mold flourishes at aQ O. with a range of 20-26 

c., but fails to grow at 37°0~ It grows at a wide range 

of oxygen tensions but not anaerobically. The production 

of penicillin is in part dependent on the pH of the media, 

being maximum slightly below the neutral point. 

PRODUCTION PROGRAM 

In April 1944 there were 21 plants being ereoted in 

the United States and Canada at a tota l cost of twenty 

million dollars , mostly financed by private capital. 

Production in the early months of manufacture was as 

follows: 

January to May 1943 
June 
July 
August 
September 
October 
November 
December 

January 1944 
Februa ry 
March (estimated) 

400 million units 
425 do 
762 do 
906 do 

l,787 do 
a ,872 do 
4,846 do 
9,184 do 

l2 ,550 
18,700 
40,000 

do 
do 
do 

No l ater published figures have been found, but the 

a.mount now released monthly for civilian use alone is 

several times as great as the total u. s. production a 

year ago . 13 
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PURIFICATION OF PENICILLIN 

Dre. McPhilla.my and Wintersteiner of the Squibb 

Institute for Medical Research were the first to isolate 

pure crystalline penicillin (ll). 

potenoy of 1,650 units per mg. 

hen pure, 1 t ha 

Isolation was difficult because of the instability 

of ponicillin. It is destroyed by dilute acid and al-

kali, by many heavy met~ls such as zinc , cadmium, oopper 

and mercury , and by primary alcohols , ketonio and oxi­

dizing agents. The stable alkali and alkaline earth 

alts are very s.oluble in water, and no organic cation 

forming a relatively insoluble salt was found. 

Purification, therefore, is limited to distribution 

between different solvents and water , and to adsorption 

methods. Chr~matographic methods have been used ex­

tensively. These combined with a reduction procees 

with aluminum amalgam have yielded penicillin products 

from which salts could be made , the purest materia l at 

Oxford being 1000 units pe r mg., and is capable of in­

hibiting growth of certa in bacteria in a dilution of 

bout l:50,000,000. 

PHYSICAL AND CHEMICAL PROPERTIES OF PENICILLIN 

Penicillin is a highly unstable acid which reacts 

chemically to form salts and esters . Although the 

sodium salt so far has been most genera lly used , the 
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calcium ealt is more stable, less hygroscopic, and 

equally effective. The sodium salt ia a light orange­

brown powder having a elight odor. It i s very soluble 

in water, and although soluble .in alcohoi, is inaotivat-

J ed by this solvent. Clinically penicill in is fre~uently 

administered in sodium chloride or glucose. 

Penicillin in the dry state is stable to light but 

is adversely affected by heat in direct relation to the 

t emper ature. When stored at temperatures below 10 O., 

however, it r etains practically its full activity for 

several months. Aqueous solutions ca.n be kept at 

refrigerator temper~turee for several days without 

s ignificant loss of potency. 

The chemic a l formula of penicillin is still in 

dispute. According to Abraham (1), the nitrogen content 

appeared to increase with the purity of the product. On 

the asoumption that the product is practically pure, tho 

molecular weight is about 640. Although the Oxford 

workers (25) state that their product is nitrogen free, 

Meyer et al (112) state that all of their highly active 

and pure pr epar ations analyzed for one nitrogen atom 1 

with a probable formula. of 014H19N05 or C14H17NOstffaO. 

Abraham et a l (1) announced earlier that the formula wae 

C24H3a0110N2BA (as the barium salt), and stated that 

there were no oxygen-methyl or nitrogen-methyl groups. 
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Meyer and colleagues (ll2) believe that pen icillin does 

not oont~in a free primary amino group. Abraham et al 

(1) contend that the penicillin is the salt of a strong 

dibaeic acid , and that there is evidence of one carbonyl, 

one latent oarboxylio and two aoetylatable groups, and 

at least five carbon-methyl groups. This group found no 

easily reducible double bend. 

Garrod (69), in seeking more potent molds , suggests 

the other possible approach to produotion--ayntheeis of 

enicillin. When the structure of penicillin is known 

it may be possible by varying it to obtain a wider range 

of activity . The isolation of pure sodium penicillin by 

Squibb and Company (ll) crystals was a step forward in 

this direction. The pure salt has an activity of about 

1650 Oxford units per milligram . Due to difficulties in 

urifioation and aubse~uent loss of potency , impure peni­

cillin is used clinically and material with a potency of 

100 units or less per milligram yielde satisfactory 

therapeutic results. Increasing the purity decreases the 

toxicity, and untowa rd effects are caused mainly by 

roducts of low potency , that is , these effects are due 

to impurities . 

EFFECT ON BACTERIA 

Penicillin, a potent antibiotic , differs from chemi­

cal antibiotics-the eo-oalled antiseptica--in the manner 
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in which its antibacterial influence is exerted. It 

safety alao appears largely due to this difference in 

action . 

The chemical ant i aept ios in general are protoplasmic 

oisons, in adequate concentration quickly destructive not 

only to the invading bacteria, but to leucocytes and tis­

sue cells of the host as well . Penicillin, by contrast, 

is not a protoplasmic poison , but a.ocomolishea its anti­

bacterial influence by affecting the functional activity 

of certain microorganisms . It induoee certain morphologic 

changes in these organisms , accompani ed by interference 

With their normal biologic processes and reproduction. 

This antibacterial activity of penicillin does not 

affect all organisms. Greatest efficacy is manifested 

against the aerobic and anaerobic gram-positive bacteria . 

Against gram-negative organisms penicillin exerts, as a 

rule, little or no effect, except that the gram-negative 

Neisseria are part icularly sens itive to its a.otiona. 

Dubos (42a), in an attempt to explain thie difference 
I 

in penicillin-sensitivity, suggests that the chemical 

group responsible for the gram-staining reaction may be 

involved in the reaction to penicillin. He explained this 

to be in accordance with Ehrlich's theory that ant i septic 

and ant i bodies owe the ir activity to their reepective 
-
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ability to react with chemically rea.otive groups (known 

as receptors) in the bacterial cell. 

Below are listed the organisms so far found to be 

senaitive and those considered to be resistant to peni­

cillin. This list must not be considered conclusive. 

Some organisms have not been tested clinically: others 

have been found to be either more or less sensitive in 

vivo than in vitro. 

CLINICAL INDICATIONS 
A. Penicillin is the beat therapeutic agent available 

for the treatment of: 
1. All sta.phyloooocio infections with and without 

bacteremia: 
Acute and chronic osteomyelitis 
Ca.rbuncles--aoft tissue abacesaes 

ningitis 
Cavernous or lateral sinus thrombosi 
Pneumonia.--empyema 
Carbuncle of kidney 
Wound infections--Burn 
Endooardi tis 

2.All cases of olostridia. infections: 
Gas gangrene 
Mal ignant edema 

3. All hemolytic streptocoooio infections with ba.oteremia 
and all serious local infections: 
Cellulitie 
Ma.stoiditie with intracra.nial complications, i.e., 
meningitis, sinus thrombosis, etc. 

Pneumonia and empyema 
Puerperal sepsis 
Peritonitis 
Endoca.rdit is 

4. All a.naerobio streptocoooio infections: 
Puerperal sepsis 
Localized infections elsewhere 
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5. All ~Jneumocoooio infections of: 
Meninge · 
Pleura 
Endocardium 
All oases of sulfonamide-resistant pneumococcic 
pneumonia 

6. All gonoooccio infeotione, especially those 
complicated by: 
Arthriti 
Ophtha.lmia. 
Endoca.rditis 
Peritonitis 
Epididymiti 

7. All cases of Anthrax 

a. All ca.see of chronic pulmonary suppuration in 
which surgical treatment ia contemplated. 

9. All meningocoocic infections failing to 
respond to sulfonamides 

10. All cases of bacterial endocarditis due to 
susceptible organisms. 

B. Penicillin ie effective in the following diseases , 
but its position has not been definitely defined: 
l. Syphilis 
2. Act inomyo os is 
3. Diphtheria, especially in horse-serum sensitive 

atients 

C. Penicillin ia of questionable value in mixed infections 
in which the predominating organism is of the gramt 
nega tive flora--1.e., 
l, Ruptured appendix with peritonitis 

• Liver a.baoesse 
3. Urinary tr~ot infections 
4. Also in rat bite fever due to streptoba.o illus 

moniliformi 

D. Penicillin is contraindicated in the following cases 
because it is ineffective: 
l. All gram-neg~tive bacillary infections: 

Typho1di--Paratypho1d 
Dysentery 
E. Coli_ 
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2. 
3. 
4. 
s. 
6. 
7. 
8. 
9. 

lO. 
ll. 
1a. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

H. Influenzae­
B, Proteus 
B. Pyocyaneus 
Br. Melitensis {undulant fever) 
B. Tularense (tularemia) 
B. Friedlander 

Tuberculosis 
Toxoplasmosis 
Histoplasmosis 
Acute rheumatic fever 
Lupus erythematosis diffuse 
Infectious mononucleos1e 
Pemphigus 
Hodgkin's di eeaae 
Acute and chronio leuk·emia 
Ulcerative colitis 
Coooidiomyooais 
Malaria 
Poliomyelitis 
Blastomycosis 
Nonspecific iritis and uveitis 
Mon111asi 
Virus 1nf,otions 
Cancer ~lll) 

Whether the effect of penic illin in causing ces­

sat ion of bacteria to multiply and slowly to die is due 

to a baoteric.ida.l or ba.oteriostatio effeot, a.ooording to 

Garr od (70), is not clear, and the meohanism of the ef­

fect is unknown, although the peculiar changes 1n baoteri&l 

morphology first observed by Gardner (68) suggest that at 

least the prooess of division i s inhibited. Hobby et al 

(86, 87, 88 , 89 , 90) believe that 'bacter iooidal act ion 

t akee pla.oe only if mult iplication occurs. Penicillin ia 

apparently not destroyed nor absorbed from solut ion by 

bacteria, and lyeis of organisms does not ooour. Gara.nor 

(68) found microseopio changes in all suaoeptible rod-
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shaped organi81ns that showed a.ny inhibition. These 

changes consisted in lengthening of cells, mainly due 

to a failure of fission; growth proceeds but divis~on 

a.nd separation of the cells do not follow in due course. 

Fleming (50) is in complete accord with these findings 

of Gardner's. 

These findings are in contrast to the action of the 

sulfonamides which cause a slowing of the rate of 

growth , and is similar to that of gramaoidin , whioh pre­

vents multiplication, but penicillin acts more slowly 

than either. 

ABSORPTION , EXCRETION , AND DISTRIBUTION IN THE TISSUES 

Absorption and exoretion of penicillin are dependent 

chiefly on route of administration, dosage, a.nd status of 

the kidneys. The drug may be given locally, parenterally 1 

and of late, orally. For local appl ication, it may be 

aoplied with sulfanilamide as a powder , or as a cream 

mixed in soft paraffin and lanette wax. Bodenham states 

that this method is particularly effective 1n the treat­

ment of burns (19 , 20). Fleming (52) was the first to show 

that penicillin diffuses very slowly into the cerebro­

spinal fluid and that for meningitis, to be effective, it 

must be injected intratheoally. Thie obeervation has 

since been confirmed by many other obeervers (126). 

In the past, the chief routes used have been the 
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intra venous d intramuscular. Herrell (85) believe 

that the continuous intravenous route insures more uni­

form and continuous contact with the bacteria. He 

claims that periodic intravenous injections of relative~y 

large a.mounts of penioillin, followed by intervals durin 

which the amount in the blood is almost negligible, may 

o much to encourage t evelopment of ~enicillin-fast or 

en ioillin-resistant pathogens. Ra.mmelkamp d Keefer (127) 

recommend the intravenous route for severe infections when 

high blood levels must be reaohed rapidly. Lyons (101) 

ing from ex~e rience in an Army hospita l, believes 

that in unskilled hands the inoidenoe of thromboses after 

intravenous injection is great enough to make the intra.-

.usoular route preferable. This has been the method most 

widely uaed,"chiefly because the administrat ion of the 

drug is often done by other than medical per sonnel. Sub­

cutaneous injection, according to Rammelka.mp and Keef er 

( 127) causes local soreness and penici_llin should not ~e 

given by that route. However, Dr. John L. Gedgoud (70a),of 

the University of Nebraska College of Medicine , routine-

ly administers penicillin subcutaneously to pediatr ic 

a tients, with uniformly good results. It was claimed 

after early trials that ~enicillin given 

did not establish sufficiently high bloo 

bcute.neously 

levels to be 

therapeut ically effective , a olaim tha t has not been 

_roved in pr actice. 
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Penicillin which is given intravenously or into 

sites available to the blood stream is rapidly excreted 

by the kidneys, so that by three hours after injection 

little is found in the blood. Attempting to maintain 

therapeutically adequate blood levels, is, as Florey . 

( 70 ) states "like trying to fill a. ba.th:ts.ub with the 

lug out". Injected locally into wounds , joint or other 

cavities, excretion is not nearly so rapid. 

Methods of slowing penioillin absorption from the 

eite of injection or excretion via the kidneys have re­

cently occupied the attention of ma.ny investigators. 

Romansky a.nd Rittman (131) employed a beeswax­

.ea.nut oil mixture as a vehicle for penicillin calcium. 

The calcium salt was used because it is less hygroscopic 

than the sodium salt and forms a better mixture with the 

oil. The mixture (5% beeswax 1n pea.nut oil plus peni­

cillin) is sufficiently liquid to be injected with a.n 

ordinary needle. The mixture delayed absorption and 

excretion and maintained a detectable level in the blood 

for six to seven hours, and in the urine for 20-32 hours. 

From the standpoint of ease of handling , preservation , 

etc. , the mixture was satisfactory , and clinically it 

cured acute gonorrheal urethritis in single doees of 

100,000 units , a total amount identical with that used by 
-
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multiple injections. Commenting on this experiment, 

Armstrong et a l (14) suggest that perhaps a long-continued 

low concentration of penicillin is more effective thera.-

eutioally than separated spikes of higher concentration. 

Trumper and Hutter (137) employed a slightly dif­

ferent method of delayed abaorption. They preceeded and 

followed the injection of penicillin in the deltoid 

muscle by the application of an ioe bag to the area. 

Bacteriostatio levels of penicillin were found in the 

blood for six hours or longer. Because of relapse in 

some of their patients, they suggest that two or three 

injections in 24 hours, instead of the usua l aix or eight, 

may suffice for the treatment of gonorrhea. It is hard 

to discover any advant age this method of administration 

has over that of Romansky and Rittman(l3l). 

Rammelka.mp an-d Keef er ( 127) noted that excretion of 

penicillin was inhibited in patients with renal failure. 

This suggested the poeaibility of excretory blockade as a 

means of maintaining adequate blood levels over longer 

eriods. Ra.mmelkamp and ooworkers (124,127) employed 

diodrast for this purpoae , Beyer and colleagues (18) 

a.raa.minohippuric acid. Both of these substances de­

crease the rate of renal excretion of penicillin about 

two-thirds~ and maintain bloOd penicillin titers at a 

therapeutio level for s ix hours compared to abo·ut two 
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hours for non~blockade oontrols. The mechaniam of this 

delay is that both penicillin and the other prepara­

tions are excreted by the renal tubules in addition to 

glomerular filtration, and by competing for tubular 

excretion, less penicillin is excreted in a given length 

of time. 

Ra.mmelkamp a.nd Helm (125) found that gastric juioe 

destroys penicillin rapidly, especially at body tem-

era.ture, but that penicillin is quickly absorbed when 

introduced directly into the duodenum. Hydrochlorio 

acid, not pepsin, is apparently responsible for the a.otion 

of gas tric juice on penicillin. In two subjects with 

ernioious anemia, the absorption of penicillin given 

orally was greater than tha t observed in normal subject~. 

Rammelkamp and Keefer (123,127) attempted oral ad.­

ministration of penicillin in normal subjects, but found 

by blood and uxinary level studies that there was poor 

absorption, and that this was only slightly increased by 

simultaneous administration of sodium bicarbonate, was shovm by 

Rammelkamp and Helm (125). Sinoe patients with a.ohlor-

hydria attained adequate blood levels after oral ingestion 

of penicillin, and since introduction of the drug into the 

duodenum resulted in similar findings, it was reasoned 

that penioillin was destroyed in the gastrio juice. 
.. 

Powell-and Jamies on (122) found that although huge (20 mg.) 
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doees of penicillin orally were required, exiJerimental!y 

infeoted mioe oould be protected, thus proving tha t under 

some circumstances the oral route was possible thera.­

peutioally. Further studies of the matter had to wait 

until supplies of penicillin became more pl entiful, since 

when attention has been turned to the less efficient but 

more convenient ora l method of administration. 

In the light of these findings , Charney et al (30) , 

a.nd Free et a l (67) studied penicillin excretion thr~ugh 

the kidneys af ter combined administration of penicillin 

and buffer salts, with a buffer range not reaching a~ 

kaline pH va lues. (It is known that penicillin is sensi­

tive to alkaline as well as acid r eactions.) These in­

vestigators found trisodium citrate to be a suitable buf­

fer. Figures of urinary exoretion of penicillin are not 

of course an accurate yardstick of the therapeutic effect 

penicillin might exert in the body, but are proof that it 

is absorbed from the gastrointestinal tr~ot. This theory 

waa proved olinically in patients with gonorrhea who re­

ceived penioillin oombined with buffer. With sodium oi­

trate, the effective dose of penicillin was comparable to 

the doses routinely used in parenteral administration, and 

the blood penicill in level was higher and more prolonged 

than if no buffer was given. McDermott and colleagues (107) 
-

report the treatment of l2 pneumonia patients with oral 
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enicillin with results similar to those following in­

tramuscular administration of penioillin, although the 

size of the oral doees is not stated.· The ea.me grou 

administered penicillin orally in various mixtures and 

concluded that oil and oil with beeswax mixtures may be 

superior to either buffered or unbuffered penicillin for 

oral administrations. Libby (98) reported similar con­

clusions, finding suspensions of penicillin salta in 

cottonseed oil, enclosed in gelatin capsules, maintained 

ordinary therapeutio levels if given repeatedly. 

The oral route will probably become the method of 

choice in the future, when method.a are devised to pro­

tect the drug from the action of gastric seoret1one, and 

when the drug becomes plentiful and cheap enough that it 

need no longer be used with scrupulous economy. 

Abra.ham and Cha.in (a) and Rammelka.mp and Keefer (127) 

found that absorption of .penicillin from the rectum 19 

poor, and only a small a.mount appears in the urine. This 

is probably due to inactivation of the a.ntibiotio in the 

lower bowel by enzymes from Escherichia coli, 

Penicillin is absorbed very slowly from joint cavi­

ties, bursae or pleural cavities,henoe the local action 

is prolonged in these areas (127). 

INDICATIONS FOR PENICILLIN 

The commoner uses ·of ~enioillin are well known and 

-29-



merit little more than mention here. At the present time 

the use of the drug ie modified by limitation of supply, 

cost ·and t edious me tho of adm inis tra tion. Because of ite 

otency and gre~ter range of effeot , when compared with 

the sulfonamide s , certain types of bacterial infections 

demand immediate use of penicillin. Most common of the~e 

r e those caused by staphlooooous only partially respon­

s ive to the sulfonamides . Staphyloooccemia mortality 

has been r eduoed to lees than 20% (40 , 85) . Acute osteo-

yelitie , cavernous sinus thrombosis , carbuncles , fur­

unoles , lung , brain and mediastinal abscesses , palmar 

space , tendon sheath and wound infections have resp onded 

well in many oases , and better than to any ~revious trea ~-

ent. 

Early controversy concerning the value of penicillin 

in the treatment of eubaoute bacterial endocarditis has 

en dissi~ated by mor e recent studies , in wh ich l ar ge 

oses have es t abl~shed the drug as definit ely cura tive i n 

a l arge proportion of adequately treated cases (41 ,99). 

All cases of anaerobio streptoooocal infections such 

as puerpera l seps i s and empyema deserve penicillin treat­

ent 1 as it i s mo r e effective than the sulfonamides. 

Penicillin i s aw.ickly cura tive of pheumococcal pneu­

onia , m~ningoooocal meningitia and gonorrhea , but a 

these diseases reap ond adequat ely to the sulfonamides , it 

- 30-



is not likely that they will be treated with penicillin 

until it becomes freely available, oheap and oa.n be ad­

ministered by mouth. Only the oomplioa tione of these 

diseases and those resistant to the sulfonamides are now 

treated with penicillin. 

STORAGE OF DRY PENICILLIN 

Penioillih is stable for at least one year when stor­

ed in its original container under refrigeration at a 

temperature of 10° c. (50° F.) or below. 

While Penicillin in its unopened package is reason­

ably stable at ordinary temperatures, it is rapidly in­

activated by high temperatures and may undergo slow 

deterioration even at room temperature. 

In the dry form, Penicillin is very hygrosoopio. 

After absorbing moisture from the atmosphere, it tends to 

lose potency even if stored at low temperatureo. 

PREPARATION OF SOLUTIONS 

Penicillin is extremely soluble. It may be dissolved 

in small amounts of sterile, pyrogen-free, distilled 

water, sterile physiologic saline solution, or sterile 5 

per oent dextrose solution. 

All Penicillin solutions not used immediately should 

be kept under refrigeration at 10° c. (50° F.) or below. 

Since Penicillin gradually loses potency after 1t is put 

into solution even though properly stored, it is preferable 
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not to use solution• more than 24 hours old • . No solution 

should be used 48 hours after preparation. 

Penicillin is packaged in sterile . containers, and 

solutions need not be sterilized before administration, so 

long aa solvents used are sterile and solutions are not 

contaminated. 

A. For Intravenous Injection: 

l. The dry Penicillin may be dissolved in sterile 
physiologic salt solution in concentrations of 
l,000-5,000 units per oc. for direct injection 
through a syringe. 

a. The dry Penicillin may be dissolved in sterile 
normal saline or 5 per oent dextrose solution 
in lower dilution (25-50 units per co.) for 
constant intravenous therapy. 

B. For Intra.muscular Injection: 

l. The total volume of individual injections should 
be small, i.e., 5,000 units per oc. of sterile 
normal saline. It may also be given by conetant 
intra.muscular d.rip--120,000 units in 250 co. 

C. For Topical Applicatione: 

l. The dry form of the sodium salt is irritating and 
should not be used alone in this oonoentrated form. 

a. Solutions of 250 units per oc. of physiologic salt 
solution are .satisfactory. For resistant or more 
intense infections this oonoentra tion may be in­
creased to 500 units per oo. 

DOSAGE AND ADMINISTRATION 

The dosage will vary from one patient to another de­

pending on the type and severity of infection. Recovery 

has followed in many ser~oua infeotions following 40,000-
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50,000 units a daf; in others, 100-,000-129,000 units or 

even more are neoessary. The objective in every oase ia 

to bring the infeotion under control as quickly as pos­

sible. The following reoommendations are made at the 

present time with a full realization that revisions may 

be neoessary as experienoe accumulates. 

Penicillin is excreted rapidly in the urine so that 

following a single injeotion it is often impossible to 

deteot it in the blood for a period longer than 2 to 4 
.. 

hours. It is well to use repeated intra.muscular or intra-

venous injeotions every 3 or 4 houra, or to administer it 

as a continuous infusion. 

A. In serious infections , with or without bacteremia , ~ 

initial dose of 15,000 or ao,ooo units with continuing 

dosage as : 

l. Constant intravenous injeotion of normal saline 
solution containing Penicillin so that 2,000 to 
5,000 units are delivered every hour, making a 
total of 48,000 to 120,000 units in a 24-hour 
period. One-half the total daily dose may be 
dissolved in a liter of normal saline solution 
and allowed to drip at the r ate of 30 to 40 
drops per minute. 

2. If continuous intravenous drip is undesirable , 
then 10,000 to 20,000 units may be injeoted 
intramuscularly every 3 to 4 hours. 

3. Af~er the temperature ha.s returned to normal, 
Penicillin may be stopped and the· 001.1.rse of the 
disease followed carefully . 

B. In ohronically infected compound injuries, osteomyelitis, 

etc. 
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l. The dosage aohedule should be 5,000 units every 
2 hours or 10,000 units every 4 hours parenter­
ally with local treatment as indicated. Thie 
dosage schedule may have to be increased, depend­
ing upon the seriousness of the infection, and 
response to treatment. Best results are obtained 
in these oases when Penicillin is combined with 
ade~uate surgioal treatment. 

c. Gonorrhea 

l. Twenty thousand units every 3 hours intramuscular­
ly for 5 doses. The minimum dosage has not been 
worked out completely. Results of treatment 
should be controlled by culture of exudate. 

D. Empyema 

1. Penicillin in normal saline solution is injected 
directly into the empyema cavity after aspiration 
of pus or blood. Thia is done onoe or twice.daily, 
using 30,000 or 40,000 units depending on the size 
of the cavity, type of infection, and number of 
organiama. Penicillin solutions should not be used 
for irrigation. It requires at least 6 to 8 hours 
for a maximum effect. 

E. Men1ngit1• 

l. Penicillin does not penetrate the subarachnoid 
space in appreciable a.mounts, so thdt it is ne­
oeasa.ry to inject 1 t into the .. subarachnoid spa.oe 
or intraoisternally. Ten thousand units diluted 
in normal saline solution in a concentration of 
1,000 units per oo. may be injected once or twice 
daily, depending upon the clinical course and the 
preeenoe of organisms. Intravenous or intra.mus­
cular injections are usually given ooncomita.ntly. 

F. Bacteria l Endocarditie 

1. Penicillin is the best agent available for the 
treatment of bacterial endooarditis. It is as 
effective a lone as when combined with heparin. 
Treatment should be continued for 3 weeks or · 
longer, depending upon the individual oaee. The 
intra.muscular route is the one of ohoioe, although 
in a few inetanoes it may be desirable to use the 
continu~u• intravenous route in order to obtain 
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maximum effedt. For beet results the dosage 
should range from 200,000 to 300,000 units a day. 

G. Local Infections 

l. The sodium salt of Penicillin in dry form i 
irritating to wound surfaces and should not be 
used alone in this oonoentrated form. Solutions 
in phyaiologio saline, suspensions in mineral oil 
or petrolatum, or admixtures with a suitable 
owder base are satisfactory. 

2. For topical application, Penicillin may be diluted 
to conoentra t1ons of 250-500 units per Gm. Isotonic 
ealine containing 250 unite per 00. may be applied 
on compresses. Small Dakin tubes are inserted in 
the compresees and additional a.mounts of Penicillin 
are administered through the tubes every 8 hours . 
It is imper~t ive that the Penicillin be trapped 
a t the aite of the lesion for a minimum period of 
six to eight hours. Penicillin cannot be used 
effectively as an irrigation. (lll) 

TOXICITY OF AND ALLERGY TO PENICILLIN 

In a.nima.ls, penicillin has produced toxic effects on~y 

when huge doses are given, and these reaction, have be­

come less as purer preparations of the drug have been 

given. Abra.ham and co-workers (4) were able to produoe 

severe reactions in mice by the intravenous injection of 

a Preparation containing 40-50 units per mg. But Florey 

and Jennings (55) reported that 20 mg. of a preparation 

containing Z50-325 units of penicillin per mg. could be 

given to mice without ill effects, thus indicating that 

urification reduces the acute toxicity of penicillin. 

Hobby, Meyer and .Chaffee (89) pointed out that a 

ca rdinal symptom of toxicity in mioe was respiratory 

-35-

------------



embarra.esment--choking, gasping, rapid respiration. The 

presence of these pulmonary phenomena following toxic 

doses into mice (30,000 units per kg.) was confirmed by 

Robinson (130). Within the limits of therapeutic doses 

(100 units per kg.) none of the animals was ha:rmed. 

No complete histologic study of animals dy-ing of 

large doses of penicillin has been enoountered. Acoording 

to Hobby and co-workers (89) no pathology wae noted oth~r 

than congestion of the lungs. Hamre et al (76), giving 

large doses over a few days time, found that the most 

oommon finding for all species of animals (guinea pigs, 

mice and r abbits), was foci of necrosis in the liver. 

According to Hamre and colleagues (76) all animals 

given penioillin subcutaneously showed a severe reaction 

at the site of injection. This ma.y account for the wide­

spre~d prejudice against the use of this route in humane, 

·a prejudice which is only of late being broken down. (70a ) 

Clinically, no seriously significant toxic effects 

have been observed following systemic therapy with either 

the sodium or the calcium salt of penicillin. According 

to Garrod (69) one thousand times the concentration of 

enicillin necesaary for therapeutic action can be pro­

duoed in the blood without ill effect. Treatment with the 

drug is governed not by fear of overdosage but only by 

anxiety to employ soprecioua a remedy with utmost poss ible 
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eoon9my. Impurities remaining after extraction were be­

lieved to be the prime causes of reaotione (55). Fur­

ther refinement of the drug seems to have r educed these 

r eaotions listed by Lyona (101): 

l. Chills with or without fever after intra.­
venous ·1nj ections • 

2. Eosinophilia--20 to 30%. 
3. Burning pain at the site of intramuscular 

inj ections. 
4 • Headache • 
5. Fa intnes s a nd flushing of the face . 
6. Unpl easant t aete following parenteral injection. 
7. Tingling of the testes. 

• Muscle cramps. 
9. Femora l phlebothrombosis. 

All of the s ymptoms listed have been mild and hav 

caused no diff iculty aside from tempora r y discomfort to 

the patient. Trans i ent azotemia hae been recorded in a 

few cas es by the Floreys (56) and by Lyons (lOO), Al­

buminuria or other s ignificant evidence of renal damage 

has not been noted in t hes e oases , and such rise in non­

,"\ rotein nitrogen content of the plasma as has occurred 

ear s to have been unimportant. For a ll practical, 

clinical purpos e enioillin haa f ew or no toxic proper-

ties , and within any r easonable limit y be det ermined 

on the bas i s of clinical r e~uireme nta without cons ider 

tion of poss ible toxic eff ects . 

Urticaria following ~enioillin admin istration haa 

been observed in a f ew cas es but has never been se rious, 

s inc e i t usually disappear s when penicil l in i s withheld 

f or a d~y or sever al days . Lyons (101) r e~orts urticarial 
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reactions to penicillin occurring in 12 of 209 cases, or 

5.7%, in a.nearly series. In one patient with osteo­

mye~itia, who received a second oourse of penicillin 

after an interval of a week, massive, generalized urti­

caria appeared and persisted until the drug was stopped. 

The patient•e past history of sensitiveness was negative. 

Lyons (lOl) presents evidence to indicate by skin tests 

etc., an obvious allergy to penicillin, and states that, 

"the course of the urticaria was independent of con­

tinuation or cessation of treatment 0 , but the patient 

lost his urticaria immediately on oeseation of treatment. 

Criep (36) challenges this statement of Lyons• that the 

course of the urticaria was indepe~dent of continua.nee or 

cessation of treatment. His case followed a course al­

most identical to that of Lyons' patient, with ·similar 

skin test findings. 

It is significant that the reports in the literature 

for 1944 contain scant mention of urt1oarial oomplic~tio~s, 

which provides ancillary evidence for the contention that 

reactions to penicillin are caused more by impurities than 

by the drug itself. 

The reactions to penicillin therapy in syphilis re­

ported by Lentz (97), Moore (114), Stokes (133), Leifer 

(96) and others and described in more detail elsewhere, are 

robably due to impurities in the drug, or are the reactions 
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caused by stirring up a quiet syphilitic focus which any 

antisyphilitic drug would do. 

ASSAY OF PENICILLIN 

Foster (60) was the first to formulate the require­

ments of a suitable assay for penicillin. The material 

to be tested must require no pre-treatment , the test 

must have a high accuracy, the results must be avail­

able with reas onable promptness, the readings must be 

unequivocal, and it must be demonstrated that only one 

member of the Penicillia is present. The methods of 

a.seay may be cla.seified under one of the following bas­

ic principles: 

l. The Oxford cup method~. The progenitor of 

this method was that of the hole or agar cup teohnic 

described by Fleming (47,51)! Foster et al (61,62,63, 

64,65) modified the method by implanting tiny glass or 

oroela.in cylinders containing penicillin in nutrient 

plates heavily seeded with Staphlococous aureus. The 

Plates were incubated twelve to sixteen hours at 37° 

C., and the surrounding zone of ba.oterial inhibition 

read. A standard solut ion produced an average zone of 

inhibition of 24 mm. 1 which 'tYaa defined as a Florey 

unit. According to Coghill (33), it was at the in­

sistence of Florey that the term •oxford• unit was 
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ubstituted for the original designation "Florey unit•. 

a. Serial dilution me thod: This is done in tubes 

containing nutrient broth or upon agar plates. The 

essential points of the plate method are as follows: 

va rious amounts of the sample are mixed with ten co. 

of melted a.gar~ which after solidification, is streak­

ed with a test organism. Concentration of penicillin 

i s determined by compar ing degrees of inhibition. 

Since the Florey (Oxford) unit as defined above 

did not apply to the aeria l dilution method, Florey 

and Jennings (57) defined this unit in terma of the 

l atter as follows: A unit is that amount of penicil­

lin which, when d i ssolved in 50 oo. of meat extract 

broth , comple tely inhibits the growth of a test strain 

of Staphloooocus aureus. Expressed differently, a meat 

extract broth conta ining one unit of penicillin per 

mg. just inhibits the growth of Staphlooocoue aureua 

in dilutions of l to 50,000. 

3. Turbinimetrio: Foster (60,61,63) et al stated 

that the inhibition of growth of a culture of Staoh­

loooocus aureus in liquid medi a was a function of the 

enioillin oonoentrat ion, and that the turbidity of 

mixture as measured by a colorimeter was in inverse 

ratio to the s trength of the penicillin. Recently 
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the teohnio-has been modified by the substitution of 

Bacillus adhaerans for Staphlocooous aureus. The time 

reauired for an end-point was reduced to three to five 

hours. This method is particularly suitable for use 

in assaying substrates. 

Foster and Woodruff (63.64,65) have summarized 

the disadvantages of these methods: 

l . Oxford cup: Affected by the pH of the media. 

Organisms and penicillin must be inoculated within a 

very short time of one another, and the preeenoe of a 

halo may make the reading of the end point difficult. 

2. Serial dilution: (a) in liouid broth--sterile 

samples are necessary or else sterility must beef­

fected by passage through a Seitz filter. The end 

oint may not be definite. (b) plate method--this is 

affected by cnanges in pH; the presence of bacteria 

conta ining penicillinase may affeot the end point, and 

the method is very tedious. 

3. Turbinimetrio: A large quantity of the sample 

is necessary 1 and it ie too difficult for routine use. 

The Oxford unit as later defined (7) is the one 

most used in the United States, Great Britain and Can­

ada.. The potency of such a unit is such that .Ol-.O2 

of a unit per cubic om. inhibits the growth of 26 sen­

sitive strains o? Staphloooocus. 
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The Food and Drug Administration bas set up a new 

standard, consisting of pure crystall ine penicillin, 

which is our National Standard 1n the United States • 

Its value is 1650 units of penicillin per mg., and it 

is believed to be reasonably close to the Oxford unit· 

(33). 

The purposes of penicillin assay are first, to 

determine the penicillin content of ma.nufaotured swn-

lee, and second, to determine blood or serum levels, 

to check adequacy of dosage. Although no hard and 

fast rules oan as yet be laid down, oonoentrations of 

• 156 Oxford units per oc. are considered adequate for 

most inf eotions. As the supplies become gre·ater and 

costs less, clinicians will be less interested in main­

taining minimum adequate levels, as determined by 

laboratory prooedurea , but will supply dosages known 

to be adequate . 

PENICILLIN IN NON-PYOGENIC INFECTIONS 

Bee.ides its use in the pyogenio inteotions, peni­

cillin is finding wide application in the treatment of 

diseases oaused by a variety of organisms, many of 

which are unaffected by the sulfonamides, and has 

roved to be effective 1n vitro or 1n experimental in­

fections in animals 1n some conditions eo far not 

treated with penicillin in the human. In addition, it 
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.i.ua t)roved to be d i s!:'.l.p.,.;ointin5 in many di seases , clini­

cal ;.:.nd ex;::er i .men tal. Its clinical a1,:~l ic .;wb ili ty in 

all conditions except those caused by the mo re common 

rue- formers i s st ill not definitely outlined . An a t-

t empt iv ill be ma.de to g,ive a resume of the work s o f a r 

one i n the use of penicillin in theae non- .:iyogenic 

d i sease ... . 

DISEASES CAUSED BY BACILL I 

1, PENICILLIN IN ANTHRAX 

Flemin~ (47) in his original ~aper obaerved that tae 

rowth of Bacillus anthracia was i nhibited in vitro by 

a pen icillin concent r ~tion of 1:10, com~dred to 1:40 

for Staphlococcus aur eus . Abr~ham et a l (4) found th~t 

the growth of one etruin of Bacillus anthracis w~a in­

hibited in vit ro at the same concentr a tion aa that 

wh ich inhi b ited fou r different ot r o. i fli;I of St0.µ!.lOCOCCl.lS 

;.ireus . Heila.s.n a Herrell (84 ) found tha t 100% of 

mice inoculated with ten times the l e thal numbs r of 

anthr<.1.x b.i.c illi could be p rotected if pcn io illin therapy 

was started a t once , while al l the controls di e~. 

Three f emo.le wool worker a with sn:oars and/ or cul­

tures of cutaneous lesions poai tivE for B-3.c illus anth-

r ac i a wer 

r anging fro 

treat ed with t otal i osages of 

150,000 to 475,000 unite. 
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healing, subsidence of olinioal signs and symptoms , 

and disappearance of the organisms from the lesions, 

with complete recovery. So far no oases of anthrax 

with baoteremia have been treated with penic illin. 

The Committee on Chemotherapy of the National Reeaaroh 

Council h~a received reports on four human oases of 

anthrax tre~ted with penicillin {9). All survived. 

2. CHANCROID OF THE CERVIX 

While this condition is not commonly seen in white 

women , Day ¢38) reports on two cases. The diagnosis 

was made by ruling out the usual causes of a red, 

edematous, boggy cervix, Only one case was treated wi.th 

penicillin , 20 ,000 units intra.muacula.rly every three 

hours, for five days. In a week the pelvic examination 

revealed no abnormality. 

3. DIPHTHERIA 

Corynebacterium diphtheriae has been shown to be 

susceptible in vitro to penicillin. Although epeoifio 

antitoxin is the remedy of ohoioe in the treatment of 

diphtheria, when it is unavailable, or when there is a 

hypersensitivity to it, it is desirable to have an 

alternative medication. 

A recent report to the Committee on Medical Re­

searoh of the Office of Scientific Research and Devel9p­

ment (10) states: "Diphtheria has occurred in German 

-44-



risonera of war and where antitoxin waa unavailable 

or sensitivity present , penicillin hae proved very ef­

eotive." No details are given. Sweeney et al (134) 

without citing experience , state that penicillin is 

of no value in diphtheria. 

In caaee where, in spite of administrat ion of anti­

toxin, the loca l infection still ~resents a threat to 

life, for example, laryngeal diphtheria , administrat ion 

of penicillin would seem desirable. It must be remember­

ed , however, that penicillin has no specific action in 

the body against toxins a lready formed (10). 

4. RAT BITE FEVER DUE TO STREPTOBACILLUS MONILIFORMIS 

Although rat bite fever caused by the Spirillum minus 

responds quite well to arsenotherapy , the less fre­

quently seen Streptobaoillus form haa never been satis­

factorily treated with drugs. Altmeier et al (5) re-

ort on three children who were definitely diagnosed, 

who were treated with penicillin. A ten month old 

inf ant received 302,500 units, a 2 month old boy 212,500 

units and a 4½ year old child exhausted the ava ilable 

supply after receiving 132,000 unite. All had had 

oaitive blood cultures and high fevere. The fever 

disapp eared rapidly wi th treatment, and blood cultures 

became negative. The insufficiently trea ted case took 
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longer but recovered. Recovery for all three was a 

matter of days, compared to weeks or months for cases 

reported in the older literature , some cases developing 

a crippling arthritis and there was some mortality. 

5. GAS GANGRENE AND TETANUS 

McIntosh and Selbie (108) found that in mice , in­

fected with Clostridium welohii , injection of peni­

cillin in solution at the s ite of infection , combined 

with subcutaneous uae of specific antitoxin , gave 

higher survival times and doubled the number of sur­

vivals than either agent alone , and that penicillin 

is better than proflavine or sulfonamides in syner­

gistic ac tion with ant itoxin. Cra ig et a l (34) re-

orta on one case in which crepitus was preaent and 

cultures positive for Cloatridium we lch11 and hemo­

lytic streptococci, which was successfully treated 

with penicillin topically and with large doses intra­

muscularly, in addition to antigas aerum and blood 

transfusions. 

in 48 hours. 

There was rapid control of the toxemia 

McKnight et al (110) report a case of 

gas gangrene treated with tetanus antitoxin, sulfa­

thiazole and amputation which , when moribund, was 

saved by penicillin administered topically, and by 

intravenous a.nd intramuscular injection (this , an early 
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case,-was widely publicized in the newspapers). Harvey 

(77) reports on a case in which the orgs.nisms were 

eliminated, although the patient died, apparently of 

toxemia. Buxton and Kurman (22) report on two oases 

with severe symptoms of tetanus and history of possible 

infection, which responded r ap idly and completely to a 

combination of tetanus a.nti toxin a.nd penicillin. It wa.s 

their oonclusion that the addition Q~ penicillin to 

tetanue antitoxin is apparently a life-saving measure. 

Jeffrey and Thomson (92) report on 33 cases of gas 

gangrene in military casualties in Italy, in which 

radical surgery with full supportive therapy, ga. 

gangrene antiserum, plus penicillin resulted in a total 

mortality of 36.4%. MoAuley and Gearhart (106) report 

a patient who, when near dea th from gas gangrene, re­

covered sufficiently on huge doses of penicillin, so 

that amputation could be performed. The patient live~. 

Pickett (l20a.) :reports two in.jured soldiers who develop­

ed gas gangrene, who were cured by large doses of peni­

cillin. 

DISEASES CAUSED BY SPIROCHETES 

l. LEPTOSPIROSIS ICHTEROHEMORRHAGICA (WEIL'S DISEASE) 

This ie a. disease found chiefly in oriental countries 

among persons who work in water. The animal :reservoir 

is the rat population, which discharges the spiroohetea 
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-in the urine. Serum is of some value if given early in 

the disease, but arsenic and bismuth are not eful . 

Abra.ham et al concluded from in vitro tests that 

Leptoepira ioterohemorrhagica was relatively insensitive 

to the action of penicillin. Heilman and Herrell (80), 

however, were able to protect guine igs injected with 

infected blood conta ining several times the lethal dose 

of leptoepirochetes. Of 14 untreated animals , three 

died after a few days , and most of the others developed 

generalized lesions of leptoapiroeis. Of 14 treated 

animals, none had any abnormal temperature during ob­

servation , and none died. Seven showed ·no lesions of 

leptospirosis, and the other seven died of what seemed 

to be the toxic effects of penicillin. (Penicillin is 

relatively toxic for guinea pigs .) Smaller doses of the 

antibiot ic gave better protection. In a final experi­

ment, using smaller doses of penicillin over longer 

periods , none of 32 treated pigs had any fever durin 

treatment, and all but one of the controls suffered 

from elevated temperature, some very markedly. None of 

the treated and most of the untreated animals died of 

leptospirosis. 

Croaa (37) reports a case of Weil ' s disease which 

failed to improve on Leptospira icterohemorrhagioae 
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antiserum. When treated with a slow intra.muscular drip 

of penicillin, a total of 800,000 units over seven da.ys, 

the pat ient recovered slowly. Guinea pig inoculations 

with organisms recovered from this case also showed the 

efficacy of penicillin in this condition. 

2. YAWS 

No record of the animal experimental treatment of 

yaws with penicillin could be found in the literature. 

Whitehill and Austrian (139) report on 17 cases 

treated in a British Colonial Service Hospital. The 

lesions on all these patients had been progressing, and 

spirochetes morphologically identical with Treponema 

were isolated from the lesions. In all but one, the 

serum Kahn tests were positive before treatment with 

enicillin wae atarted. The patients received 15,000 

units of penicillin every four hours for five days, a 

total of 400,000 to 500,000 units. The treponemata 

rapidly disappeared, and all the lesions were hea led 

in three weeks. 

3. VINCEN'I'S STOMATITIS 

In a pr e limina ry study of the trea tment of this con­

dition in the United States Navy it was found that 

top ical application of sodium penicillin in normal 

saline solution, 500 to 1000 units per oc., applied 

twice daily arrested inflammation of the gingivae in 
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oral fuaospiroohetosis in humans, clinically and 

1croacooically, after s ix to eight applications. 

Cra ig et al (34) re~ort good res ults in the same oon-

ition by the use of 20 , 000 units intramuec~a rly each 

two hours for two to three days , a regime which seems 

unnecessarily intensive , as does the schedule of 

Sweeney et a l (134), who cured all of 43 patients by 

the uae of 25 , 000 units intramuscularly eac h three 

hours, to tota l doa~ge of 600,000 to 1,000 , 000 units. 

A novel and ingenious approach to the same problem is 

that of the British workers MacGregor and Long (102}, 

who inc orpora ted penicillin into oral pastilles . Peni­

cillin in the amounts of 100-1000 unite wa s mixed with 

melted gelat in baae to which .1% ni~agin wa s added. 

When hardened , the mixture was out into squares . In­

telli~ent patient coopera tion was required, for the 

inveotigators prescribed tha t the pastille was to be 

held in the bucoal sulcus , not chewed or sucked, and 

left until dis s olved (about 45 minutes ), then imme­

diately replaced. by a new one . Twenty-five cases of 

acute ulcerative gingivostomat itis (Vinc ent ' s ty;ie ) 

were tredted by this method . All the patients became 

as ymptomatic in ~4 hours. Epithelialization of the 

ulcerated area s had ao improved that in all caaes 

trea t ment was stopped !n fi ve days . After the first 
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24-hours, spirochetes were absent, and fusiform bacilli 

reduced, and in 72 hours none of either was found. No 

other therapy was used (the pastilles were also found 

useful in acute streptooocous tonsillitis). 

4. RELAPSING FEVER 

This tick and louse borne disease o~used by a variety 

of sp irochet es of the Borrelia group , has been treated 

in the pas t vi i th arsenics.ls, but the resul ta have been 

f a r from satisfactory. Heilman ~nd Herrell (82 ) found 

that in vitro there was no diffe r ence in the motility 

of their tes t strain between controls and those treated 

with a concentr~t i on of ~enioillin which inhibit bac­

teria . The organ i sm ~sed was Borrelia novyi. However , 

in vivo, when treatment with ;:,enicillin wo.s s t arted 2~ 

hour s after mic e were injected intraper itoneally with 

blood from inf ected r~t s , improvement was noted in 

most cf the treated mice 24 to 36 houre after treat­

ment was started, while the illneaa of the untreated 

controls ho,d become mor e sever e . There was com;lete 

absence of sp irochetes from the blood smears of the 

tre~ted group in two to thr ee days , and total mortality 

was under five Jero ent , compared to 75 percent mortal­

ity in the controls . While there were only four r e­

lapses in the trea ted mice (about 15 percent), all the 
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·rvlving controls had relapses. It is pointed out 

that as all the strains causing relapsing fever are 

closely related , it is likely that penicillin will be 

effective in all oases of the disease. 

Eagle et al (43a ) report similar results in ex­

perimental relapsing fever in mioe and rats , but end 

on a less hopeful note by ca lculating tha t to cure 95% 

of both mice and rats 400 , 000 units of penicillin per 

kg. would be needed. If this can be translated to man , 

25 , 0CO , OOO units would be needed for cure. Moreover , 

the dose needed for rats is about ha lf the quantity of 

enicil~in which has been found to be f a t £l for that 

species. Lourie and Collier (100), after simil~r ex-

ner iments, conclude that penicillin a ar s to be more 

effective th~n neo~rsphena.mine in exverimental relaps­

ing f~ver. 

RICKETTSIAL INFECTIONS 

1. TYPHUS 

In the pust , and especially in wartime, typhus has 

frequently assumed epidemic proportions, with high 

ortality. There has never been any eatisfactory treat-

ment, d control has centered around su~~resaion of 

the rat and louse po~ula.tion. 

In teeting the effectiveness of penicillin on the 
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causative agent of typhus, Moragues (115) infected 

mice in groupa with doae f Rickettsia of variable 

s iz e , from overwhelming to miniml.llll leth~l dosage . A 

crucial point in these experiments was the determina­

tion of the presence or _abeenoe of secondary bacter i a l 

infection. It was concluded that this secondary in­

fection wae not ~resent in any of the mice used, so that 

only the Ricke tts i a caused dea th. Penicillin definite­

ly protected the treated mioe from t~hue when given in 

divided doses , if the diaeaee was not overwhelmin&. 

Assuming the penicil lin like the sulfonamides exerts 

its baoterios t a tic action by interfering with meta-

bolic act ivity, the apQarent vulnerability of Rickettsiae 

to penicillin suggest s that they possese enzyme sys tems 

which enable them to carry on a certa in amount cf in­

dependent metabolic activity. 

The results would seem to justify a thorough clini­

ca l trial of penicill in in human typhus. So far no 

such trial has appeared in the literature . 

2. ROCKY MOUNTA IN SPOTTED FEVER 

Edmunds (44) reports of a case ill with typ ic~l eym~­

toms of Rocky Mountai n spotted fever, and a history of 

tick bites , and incre~sed agglutination dilut ion for 

Rocky Mountain s~ottei fever. 100,000 units of peni­

cillin given b y cons t ant intravenous dr i p caused the 
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tempera ture of the patient to fall in two hours from 

104° F. to l0<1F., with improvement in the symptoms. 

The patient recovered. Notwithstanding the good re­

sults in t hi s case , the author hesitat es to draw con­

clusions from this single instance of its use. 

VIRUS DISEASES 

l. TRACHOMA 

Trachoma. i s one of the few diseases which responds 

to the sulfonamides. Gilford (?Ob) reports on four 

atients , all Russian nat ionals , who were treated in a 

Britieh hosp ital for trachoma. Ev ery case showea ~ 

well marked vascularization of the cornea and pannus 

formation. TWo ~~tients were treated with penic illin 

drops of a concentration of 16,000 units per co., each 

three hours for three days. The others, serving as 

controls, were given the standard treatment of sulfa­

thiazole by mouth and mercur ic oxyohloride drops and 

copper sulfate locally. The patients trea ted with 

enic illin were objectively well at the end of three 

days , but in the controls the conjunctivae was still 

inflamed and the photophobia undiminished . On peni­

cillin drops the disease clea red quickly. Unfortunate­

ly the patients could not be observed over a long 

eriod . 

-54-



• ORNITHOSIS AND PSITTACOSIS 

Because of the multiple hosta, Meyer (112) ha. 

suggested that it is desirable to r eplace the term 

"• ... sittaoosis" by the term "ornithosis", since the pri­

""' ry source of infection is not always ps ittac ine in 

oriJ;l'; in • 

During the past decade , an atypical pneumonia 

variously designated as "virus" or "focal" pneumonia 

or "acute pneumonitis" has become an important clini­

cal entity, and the clinical course of this and of 

ornithosis are very s imilar. To date no treatment has 

roved of va lue in clinica l or exper imental ornithosis. 

A sulfa-resistant fever in a.n unusu~l case of pneumonia 

should lead one to suspect a virus infection . 

In seeking to determine the effectiveness of peni­

cillin on the virus of ornithosis, Heilman s.nd Herrell 

(79,83) inoculated eighty mice with large doses of the 

virus. Of the forty which received 1000 units of peni­

cillin daily for seven days beginning 17 hours after 

inocula tion, only two, or 5%, died, while 35, or 88%, 

of the controls died, and these meetly during the firs t 

week. The t wo treated mice which died did so on the 

14th and 15th days . Many of the mice which recovered 

ha rbored the virus in t he liver or spleen • 
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- Experimental confirmation of clinical experience 

that penicillin is ineffective against virus diseases 

is reported by Pa rker and Diefendorf (120) of the 

Western Re&erve Univer&ity School of Medicine. Equine 

encephalomyelitie , psittacosie , St. Louie encephalitis 

an~ two strains of vaccinia virus were teated by these 

inves ti~ators. Two methods were used to determine 

viruscidal ef f ects. By the first method , the virus 

was cultivated in Rivers-Li culture medium consisting 

of a suspension of chick embryonic cells in Tyrode 

solution , with or without penicillin . After five days' 

incubation the penicillin containing cultures and the 

non-penicillin controls were titrated for virus. By 

the second method, both virus and penicillin were in­

jected into the yolk sac of intact chick embryos or 

laced on the chorioallantoic membranes. Development 

of lesions on the membrane or death of the embryo was 

t aken as a criterion of virus growth. · 

The results of experiments in which viruses were 

cultivated in Rivers-Li medium showed that the rates of 

growth in the presenoe of 10 units o! penicillin pe r oo. 

within the limits of the experimental error are iden­

tical with the rates in the non-penicillin controls. 

Similar negative results were obtained in many of the 
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intact chick embryos. In one series of experiments 14 

y embryos were inoculated on the chorioallantoie with 

a quant ity of vaccinia virus sufficient to give 15 to 

50 lesions on each membrane . In the therapeutic tests 

soc unite of ~enicillin were injected into eaoh e.gg 

either 24 hours before the inoculation, or at the time 

of th·e inoculation. Difference could not be distinguish­

ed between the control and the treated embryos either . 

in the size or number of lesions when the membranes werd 

examined two days later. Negative results were obtain­

ed also with St. Louis encephalitis and with equine 

encephalomyelitis virus. 

Slight therapeutic results were obta ined with 

sittacosis . Ninety percent mortal ity of embryos in­

jected with psittacosis virus was reduced to eighty 

eroent by one or more yolk sac injections of 500-600 

units of penicillin 

These positive results are of little clinical 

interest, since n,aintenanoe of a compa r able blood con­

centra tion of penicillin in man would re~uire the daily 

injection of several million units. On the whole , 

Par ker's experiments confirm the current clinical be­

lief that penicillin is without practical therapeutic 

value in virus infection. In a similar study with the 

virus of psittaooaie , the same investigators (120) 
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found that the mortality of treated mice was 8% , of 

untrea ted mioe, 100%. Thirty days after the inocula­

tion all of the survivors were sacrificed and at 

autopsy showed enlarged spleens , and moat of them har­

bored the virus in the liver and-spleen. These two 

experiments would indicate that penicillin proteote 

the ls from the virus of ornithosie, but did not 

te the virus , and may have inhibited the multi­

lication of the virus or prevented further invasion 

of the cells of the host; tha t is, an acute and fatal 

infection was converted into a chronic and benign one. 

OTHER VIRUSES 

In an effort to determine the effect of penicillin 

on certain viruses, Pa rker and Diefendorf (120) in­

oculated chick embryos with va rious viruses. In the 

doses used, penicillin was without effect on the mul­

ti~lication of the viruses of vaccinia, St. Louis 

encephalitie or equine enoephalomyelitie , or on the 

course of the disease induced in chick embryos by 

vaccinia or equine enoephalomyelitis. Penic i llin did 

have a very definite effect on the cou.r se of the dis­

ease induced in chick embryos by the viruses of ps it­

tacosis and of meningo-pneumonitis. It is to be noted, 

however, that the doses used were large. To maintain 

a comparable blood leve~ oonoentration of the drug 

-58-



would re~uire the injection into man of several million 

ti.nit s daily. The pr ac tical importence of this observ 

tion may , therefore , be questioned. Cra ig et al (34) 

report the failure of penicillin to affect the course 

of one case of acute epidemic rotitis and three oases 

of infect ious mononucleosis. Many other oases of both 

experimental and clinica l failure of penicillin in 

virus diseases could be cited , with e~ua l lack of pro­

fit. 

ISCELLANEOUS CONDITIONS 

Wollgaat (140) reports three oases of aotinomyoosis 

of the cervical region. One of these waa treated for 

eight weeks , the othere for one week , with large doses 

of pen icillin, with indifferent or no results . All 

three responded promptly to sulfonamide therapy. 

Snow (132) reports a case of American leishmaniasis 

treated both intram:\J.Soularly and topically with penicil­

lin, with no significant change until therapy was in­

tituted. Neghme (117) showed that mice infected ex­

er imentally with Trypanosoma cruzi showed no signifi­

cant differences between treated animals and controls 1 

both before , during and after penicillin treatment. 

Foley et al (59) tested the susoept-ibility of seven 

stra ins of Listerella to penic illin. This organism, al­
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thougli apparently not a pathogen , is widely distributed 

nd has been thought to cause infectious mononucleosis. 

The aeven strains studied all grew freely in forty times 

the concentration of penic illin necessary to inhibit 

completely the growth of other representa tive ~r 

,ositive organisms. Cra ig (34) reports three cases of 

infectious mononucleosis, mentioned above , which did 

not respond to penicillin therapy. 

Boland et al (21) treated ten pat ients with acute 

rheumatoid arthritis with intensive penicillin therapy , 

and fa11·ed to bring about any definite improvement. 

Cra ig et al (34) treated one case, with similar results. 

Sweeney et al reports that penicillin has no curative 

va lue in disseminated lupus nor in trichophytoeis. 

Sweeney et al (134) and Cra ig (34) also agree that peni­

cillin is of no value in malaria nor filariaeie . 

In the trea tment of rheumatic fever, Foster et al 

(66) treated 38~ and Watson et al eight , young adults , 

most of them as soon as diagnosed , and all the i:,atients 

received inteneive, prolonged peni cill in therapy. 

Sweeney et al (134)and Craig et al (34), reportin~ on 

maller numbers of tients , agtee with the other groups 

of invest igator s , that penic illin failed to alter the 

course of the disease . 
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CONTRAINDICATIONS 

Penicillin is not indicated in the gram negative 

bacillary infect1ona such as typhoid, para-typhoid , 

undulant fever, tularemia, dysentery and infections 

produced by Hemophilua influenzae , Bacillus proteuw , 

Ba.cillus pyocyaneus , Bacillus Friedlander and organ­

i sma of the coli-aerogenes group. It is of no value 

in ulcera tive oolitia, tuberculosis, rheumatic fever, 

Hodgkin's diseci.se , virus diseases, blood dyscras i as , 

parasitic infestations , including those caused by 

simple cell forms , and all fungus, yeast, blastomycotic 

and neoplas tic diseases (94,106,111). 

PENICILLIN IN THE TREATMENT OF SYPHILIS 

Encouraging results ha.ve been obtained in the 

treatment of all forms of syphilis with penicillin, but 

all the work so far published is still presented with 

caution. Although no cases have been followed for the 

long per iods of time necessa ry to be certa in of cure, 

clinical and laboratory findings indicate that a method 

may be developed to eradicate syphilitic infection in 

a. few weeks r a ther than in the lengthy interva ls reQuir­

ed with arsenotherapy . 

PENICILLIN IN THE TREATMENT OF EARLY SYPHILIS 

The earliest re~ort on the use of penicillin in 

syphilis was-made by Mahoney (104) on four oases of 
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-rimary syphilis in males, ea.ch with a. single penile 

chancre of a.n average duration of eight days, all 

with positive serological tests at the start . The 

treatment was 25 , 000 units of penicillin intra.muscu­

larly each four hours for 48 doses, over a period of 

eight ye, a total of 1,200,000 units . Complete 

dieappearanoe .of the spirochetes from the lesions oc­

curred within 16 hours; carefully controlled sero­

diagnostic tests showed that the reacting subst~nce 

usually associated with spirochete activity in early 

syphilis disapveared from the blood rapidly and com-

letely. The report concluded: nshould later exper i­

ments confirm the impression to be gained from the 

resent pilct study, a rebuilding of the entire 

structure of syphilis therapy may become imperative.• 

Interest in penicillin treatment of syphilis was 

reatly stimulated, and in September 1944 several re­

orts were published simultaneously. Moore et al 

(114) stated that "Early syphilis i s at present under 

investigat ion in Z3 clinics or research oentersn. 

Moore's own group used four treatment schedules , 

identical except for single dosage and total dosage. 

The patients were treated for seven and one-half days, 

at three hour intervals for a total of sixty intra-
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muscular injectione , the individual doses being one, 

five, ten and twenty thoueand Oxford units, and the 

total ~uantity 60, 300, 600 thousand and 1,200,000 

units of the sodium salt . (See Table I). Some, in 

ddition to penic illin, received 320 mg. of ma.pharsen, 

a known subcurative dose, during the 7½ days of therapy. 

Of the 1418 patients treated by Moore's grou~, 

177 had seronegative pr imary, 379 seropos itive pr imary, 

698 uncomplicated and 67 complicated early secondary 

syphilis, and 97 various types of recurrent (usually 

reviously treated) secondary syphilis. At the time of 

the report, most of these had been observed for nine 

eeks or longer. 

Ma.honey et a l (105), report ing at the &a.me time 

aa Moore, treated a similarly varied group of tients, 

but a total of only 100, and used only a single treat­

ent schedule, 20,000 units each three hours for 60 

doses, a total of 1,200,000 units in 7½ dayg . 

Both Ma.honey (105) and Moore (114) reported that 

regardless of the single or total dose of penicillin, 

organisms disappeared from open lesions in every case 

in from six to sixty hours. There were more f~ilures 

among the patients with secondary lesions than in 

those with primary lesions in Ma.honey's cases, but this 
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was not marked except tha t seronegative results were 

obtained earlier , 84 days being the minimum for reversal 

of pos itive serological teat. Nine of Ma.honey's cases 

were classed as probable failures, which corresponds 
(96) 

closely with Leifer's finding of three oases of outright 

failure out of 25 cases of secondary syphilis , or 13% 

failures , three months after a course of 1,200,000 unit 

of ~en icillin admini~tered in a manner comparable to 

that of Moore and Ma.honey. From the probable failures, 

Ma.honey was led to conclude that there are probably 

some -persons with syphilis who a.re resistant to peni­

cillin as some are to arsenic therapy, and as some 

onorrhea patients are resistant to sulfonamides. It 

is felt that certa in host factors are largely re­

onsible for determining whether or not an agent , a 

enicillin , will be effective in infections which are 

amenable , as a rule to treatment, although strain 

characteristics (as in gonorrhea) may play a role. It 

is felt that one of the most important problems in 

chemotherapy is the delineation of this essential factor 

and the development of ways in which it may be favorab­

ly influenoed. 

In Moore's oases, healing waa less ~r t With the 

60 , 000 units in e ight days schedule than with the three 
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other, larger doaage schedules , being , in the latter, 

s rapid as with arsenioals , and apparently having as 

its minimu eriod tissue response after elimination 

of the irritating organisms . 

Serolo~ical response , Moore reports , shows a 

trend regardless of total dosage , toward reversal with­

in 20 days from the start of treatment. With the 

300 , 000 to 1 , 200 ,000 unit schedules the trend ie un i ­

form , but with the 60 , 000 unit schedule this reversal 

is slower and leas pronounced. The reversal is iden­

tical with that of arsenic therapy, customary or in­

tensive . 

Further , of those with seronegative primary 

syphilis , there were only two out of 48 who had re­

l apses to positive serology in the brief per iod 

(about nina weeks) followed , and the quantity of peni­

cillin (60 , 000 to 1 ,200 , 000 units) made no difference 

in this trend; that i s , results were satisfactory in 

95 . 8% of cases of primary seronegative syphilis for 

the brief time studied. 

Moore r eports that of 10 oases of patients with 

early syphilitic meningitis treated in a manner iden­

tical to that described above , all the patients re­

ceived symptomat i c relief and that spinal fluid ab-
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normalitieo improved. 

The opuimal time-doee relationshi p for penicillin 

in early syphilis so far determined is: The 20-fold 

(60,000 to 1,200,000 unite) doses i.~ 7½ days all have 

rofound effect on clearing of lee ions, healing and 

se rological reversal. In seronegat ive primary syphilis, 

no statements as to minimum effective dose can be made;, 

as all were effective , and a still smaller a.mo unt may 

·rove adectuate . In seropoei tive primary and early 

secondary , any dose of les3 than 600,000 units total 

allows relapses in 5%, and 1,200,000 units total, re­

lapses in 2% , in the short observation period of about 

nine weeks . (Table II) 

In the 94 patients who received 320 • of ma.phar-

sen, a known subourative dose , plus either 60,000 or 

300,000 units . of penicill in, only one relapse occurred 

(114). It is perhapa to be expected that certain 

·-atients with early syphil i s will prove to be resistant 

to penic illin exactly aa some patients are to arseno­

therapy. But it is possible th~t those resiat~nt to 

one will not be the same ones resistant to the other 

and that a combination of the two forms of treatment 

will eventually ~rove to be more effective 

ethod of use of either alone. 
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Barksdale (16) reports a case of e~rly syph ili s 

hich ended fatally ten days after rece i ving 1 , 200 , 000 

un i ts of penicillin intra.muscularl y , the death occurr ing 

from a cause totally unrelated to the treatment. A 

athological examination of the body tissues with 

special stains failed to reveal any spirochetes any­

where. In view of the spirochetemia and general ten­

dency of the organisms to invade tissues , especially 

the regional lymph nodes , in the early stages of the 

disease , this is especially significant , as it sug­

gests that the spirochetes are destroyed r a ther thd.n 

driven into the deeper t i ssues. 

Moore (114) , after trea tment of his comparat i ve l y 

small ~roup , concluded that penic i ll i n as so f a r em­

ployed i s not suitable for mass application to large 

numbers of cas es , since it requires hospitalization 

with skilled treatment day and night. Methods must be 

eveloped for use of penicill in on an ambulatory bas i s . 

A warning note in the use of penicill i n in the 

treatment of gonorrhea ia sounded by Greydon (73) , 

Shafer and Zakon (131~) , Van Slyke (138) , Ricchiut i 

(129) , Canizares (23) , and by many others . Penic ill i n 

is the first thera~eutic agent to be effective in the 

trea tment of both ayphilis a nd gonorrhea. However , 

100 , 000 units of penicillin is ample for c.ur e o:f , ., 
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the average case of gonorrhea and this will render 

noninfectious but Will not cure early sy;hilis , and a· 

at i ent with syphilis so trea ted wi ll ~rom;tly show a 

relapse. Shafer and Za.kon cite a case of intr~urethral 

chancre in a male in which this occurred . Van Slyke 

(138) urges th~t thiG ~oss ibili ty be avoided by making 

microscooic testa of lesions before beginning treatment 

ith ~enicillin for gonorrhea , and serolog ical tests 

after ~enicillin trea tment is concluded , and some time 

later when the serology would more likely be positive. 

He em~has iz ea the masking effect of even amall amounts 

of Jenioillin on a~irochetal lesions . Canizares (23) 

tates that the period of observation for syphilis of 

_atients treated for gonorrhe~ with penicillin should 

be one year and preferably longer . 

One group of pat ients to whom penicillin wi ll 

~rove especially valuable is the small number resistant 

to arsenic and bismuth. Nelson and Dunc~n (118) believe 

there ia an increase in this phenomenon in the United 

States , in recent ye~rs , although in 1936 Beerm (17), 

who noted such an increase in Euro~e , stated that no 

such increase w~s occurring in the United States at 

that time. Until penicillin became available , there 

was no effective method of treating such cases except 
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ith fever therapy induced by malaria or artificia lly, 

nd suoh treatment i s difficult and expensive . 

Nelson and Duncan (118) r eport on s ix patients, 

each of whom had early syphilis and in a ll of whom the 

cutaneous and general les ions had shown either ~regres­

sion or f a ilure to heal under ade~uate trea tment with 

trivalent arsenic, and usua lly with bismuth. Trea t­

ment and course on penicillin therapy Wd.S in general 

the same as in patients With early ayphi l i a not pr e­

vious ly treated with metals and ar senioals . On the 

bas i s of wha t was le~rned , the authors would uae 

2 ,400 , 000 units intramuscularly in s ixty 40,000 unit 

oses , at three or four hour interva l a , On this 

r eg ime infectiousness waa quickly controlled and the 

serological response reversed . The writers feel tha t 

it may be tentatively concluded tha t previoua conven­

tional trea tment does not pr epare the pat i ent fo r a 

superi or response to penicillin treatment. 

In s ome 2000 patients with early syphilis s o f ar 

treated with penicillin, no examples of penicillin re­

s istance have s o far been encountered, and in one case 

trea ted with 60 , 000 units , later uee of 1 , 200 , 000 units 

brought about ~rompt hea ling (114). This r a ther im-

r esa ive result would seem to r efut .:: the wa rnin.;i: sounded 
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by- Da.weon and Hobby (39) a.f'te r in vitro etudies. Admit­

ting tha t the only criterion for a.n in vitro test of 

the act ion of drug on spirochetes is · rendering them 

immotile, they w~rn that in the treatment of human 

syphilis, care must be exercised to administer a suffi­

cient q_ua.nt ity of penicillin to cure the pa tient rapid­

ly; otherwise, there will be the possibility of produc­

ing a penicillin-resistant strain of spirochetes. The 

basis for this warni is as follows: In studies of 

the use of penicillin in the prophylaxis of syohilitio 

skin infections in the rabbit, it was found tha t a 

strain from an insufficiently treated rabbit was more 

resistant to the action of penicillin than was the con-

trol strain, based solely on compar isons of motility. 

As indicated above, these findings would suggest the 

development of penicillin fastness in inadequate peni­

cillin therapy in humans, but clinically no such pheno­

menon has been observed. 
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TABLE I 

Disappearance time of spirochetes from primary leeione 

(Moore). 

UNITS OF PENICILLIN 
PER INDIVIDUAL DOSE 

1,000 
5,000 

10 ,ooo 
20,000 
40,000 

TABLE II 

DISAPPEARANCE 
TIME IN HOURS 

21 
20 
19 
14 
13 

Seropositive early syphilis, nine or more weeks after 

compl etion of penicillin tre~tment (Moore). 

SATISFACTORY UNSATISFACTORY 
RESPONSE RESPONSE (NO 

(REVERSED CHANGE 
TOTAL NUMBER OR FALLING OR 
PENICILLIN CASES TITERL_ RELAPSE) 

60,000 units 38 57.8% 42.1% 
60,000 units 

lus Ma.pharsen 
320 mg. 26 76.9% 23.0% 

300,000 units 79 82 .• 1% i?.7% 
300,000 units 

lus Mapha.rsen 
91.6% 8 .3% 320 mg. 24 

600,000 units 109 88 ,0% li.0% 

1,200 ,ooo units 62 90 ,3% 9 • &fa 
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CONGENITAL SYPHILIS 

There is a long-held tenet among ayJhilologi s ts 

that any woman who ha.a had syphilis should be trea ted 

throu~hout each pregnancy. Thia i s wel l borneout by 

the studies of Dippel (42) on fetal autopsy findings. 

Two of nine fetuses of Wa.saermann-negat ive mother s 

yielded sp iroc hetes . It i s not known how many slight­

ly infected babies are born alive to Wassermann ne 

tive mothers . Miller (113) cites one case in which 

nothing was found until the child was nine year s old. 

Dippel (42) found no sp irochetes in feta l tissue 

rior to the eighteenth week_ of gestat ion. It is 

obvious from this that the syphilit io mother must re­

ceive therapy prior to the e i ghteenth week if her 

child ie to be protected aga ins t syQhi l itio infection. 

Arsenotherapy in pregnancy for the treut ment of 

yphilis leaves much to be desired, as it is sub­

curative to the mo ther and,in five to eight pe rcent 

of cases, f a ils to be wholly preventive to advanoement 

of the di sease in the mother , and involvement of the 

fetus . In addi t ion, i t i s s omewhat dangerous to both. 

A drug curative to both mother and fetus dur ing pr eg­

nancy i s greatly to be wished for. 

In the treatment of the syphilitic pr egnant woman, 
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if the fetus is already infected, cura tive doses of an 

antiey·ohilitio ent must ttaverse the ol aoental membrane. 

This is often unoert~in for a r aenioals. 

PENICILLIN IN THE PREVENTION AND 
TREATMEN T OF CONGENITAL SYPHILIS 

In an attempt to evaluate penicillin in the pre­

vention of congenital syphilis, Lentz et al (97) 

treated 12 pregnant women with symptomatic early 

syphilis i two with early latent syphilis. Seven of 

these were re~orted 'U:)On af ter delivery , the maximum 

observa tion period being 316 daye post-partum, the 

.verage be i 84 days . On f theae r eceived a tota l 

of 2 ,400,000 units of penicillin in 50,000 unit doses, 

the others 1,200,000 units of penicill in in 25,000 unit 

doses , all administered intramuscularly every four hours 

for eight ye . (One patient failed to receive the last 

two i njections.) In ali cases trea tment w~ t arted be-

tween the fifth and eighth lunar months of pr egnancy. 

Lentz r eports t~t a ll the infdnt a born were full 

term at birth except one , and it ap~eared healthy. All 

were symptom free and ae ronegat ive at the time of the 

report , although three had eitive cord blood test 

a t birth . The titer of these three fell eharply and 

became normal in leao than a month, with no tendency to 

revert to_ pos itive . In the period of observation only 
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tnre others became seronegative , and this at variable 

times , but all were clinically normal. 

Lentz ~ointed out tha t the permeability of the 

- 1a.oental membrane to penicillin W'ci.s a t that ti1ne un-

known. More rec ently , Greene and Hob (71) re oorted 

n exper1ment to det ermin l ac enta l Jerme~bility to 

enioillin. Four women in active labor were g iven peni­

cillin within two hour s of delivery . A comparison of 

maternal and pl acental penicill in ae levels showed 

that significant cunts of penicil lin ~ass the pla-

centa l barrier , a lthough fetal 

ternal levels. 

levels were below 

Thie ~assa6e of penicillin into fet a l circul a tion 

s demonstrc:1. ted Lentz• finding of no 

stillbirths or neonatal deaths in hi eries of 14 

(half of whom had not delivered at the time of the re-

uort) . This woul ~n unusual r esult if there had 

been no anti-syphilitic treatment. 

Lentz (97) a l s o r eports on five ca.sea of congenital 

yphilis in young infants treated with penicillin . 

There i s no report on whether or not there was ante~ar­

tum arsenotherapy. The pl an of trea tment was a tota l 

doee of penicillin of 16, 000 to 19,000 units ~er pound 
, . 

of body weight , or 80 , 000 to 250 ,000 units total doeage . 
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Thia is in excess of that given adult er .,:;ouna. of boo.y 

we ight. With this regime t wo of the five di ed, neither 

of cau.ses directly attributable to the therapy, but 

Lentz concluded that as wit r aenotherapy, it m~y be 

wi se. to wait 

leas t t wo 

til a congenita l syphilitic infant ia a t 

nthe of age before start i ng rJenicilli 

thera~y, and to s t art with small dose 

trea tment for three or four weeks . 

nd continue 

Moore et al (114) r eport briefly on 20 infant 

treated with 20 , 000 ita of penicillin pe r kilograw, 

or roughly one-half to two-thirds of Lentz• dosage , 

that is , the equivalent to a total dosage of 1, 200 , 000 

units tota l in an adult , based on body we ight. Th l s 

roup states tha t the result s are analagoua to early 

uired adult syphil i s , with rapid hea ling of les ions 

and less r apid reversal of serology. Pla to (121) 

reports that of 2,8., ca.a ea , 25 had f r more month 

of fol low- up , and of these all but one were apparently 

cured of a ll manifestations . This one had only X-Ra.y 

r s l apae and a ahar ~ rise in serological titer . Hi 

oeage oorre ded to tha t used by Moore (114). 

Stokes et a l (133) r eport that inter s titial kera.­

tit i a pr esent s r a ther equivocal though at times drama­

t ically favorabl e r esults after penicillin treutment , 

but this i e not as yet int erpretable in r el ation to 
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time-dosage. Two of the treated oases were made woree. 

Other congenital lesions responded comparably well 

with l a te neuroayphilis; that i s , the Jrogress of the 

iseaae was arres ted but dama~e already done was ,of 

course , unimproved. Three of Stokes• oases of e ighth 

nerve deafness showed no improvement. 

Lentz et al (97) r ecommend that , in view of the 

emonstrably incompletely curat ive effect of a total 

of 1,200,000 units of penicillin in not less than ten 

-oercent of ca.sea , twice this a.mount i s a, pro~ er and 

r eaumably S'lfe wnount for the pregnant woman in good 

condition, with reduced individual doses for the first 

36-48 houre . This amount will clear the mother of in­

fective surface lesions and protect a good prooortion 

of offspring from early or immediate manifestations . 

It ia to be r emembered thai the cases reported 

are early syphilis complica ting pr egnancy. Ther e are 

as yet no known s tudies of l a tent syJhilis of unknown 

durat ion complicating pregnancy treated with Jenicillin. 

Moreover , in the woman the ultimate tes t of cur e of her 

syphilis will a lways r emain her ability to give birth 

to normal children in subsequent pregnancies, even 

though no further antiSY;,:>h ilitio treatment i s admini~­

t er ed (97). Thus it will be several years before the 
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se of penicillin for treatment of suoh oases can be 

evaluated with r easonable certainty. 

PENICILLIN IN THE TREATMENT OF LATE SYPHILIS 

The published r eports on the use of penicillin in 

l a t e syphilis a re few in number as yet, but include a 

f a ir number and variety of oases . Stokes et a l (133) 

report the r esul t s obtained by e i ght groups of inveati-

tors , working entirely independently. Lacking pre­

cedent, each of the eight inves tigator s groped his way 

into the problem. Most of the patients were treated 

in aocord.a.noe with the dosage schedules which had been 

found by Mahoney et al (104) to be effective in early 

syphilis , with r eg~rd for the phye iolo~ioa l and 

harmaoological properties of penicillin in the body. 

Total dosages of 1 , 200 ,000 units or les s , in 25 , 000 

unit doses each three or four hours, we r e contrasted to 

2,000,000 to 4,000,000 units , in individua l doses of 

25,000-50,000 . Many ty of late syphilis were treat-

ed, including 56 cases of par es is , and neurosyohili 

of all fo totaled 122 oases . Some case d previous-

ly been treated with fever or with ar senic and biamuth . 

In neuroeyphilis, judgment of improvement was made 

on the basis of reduction in cell c ount, tota l protein, 

intens ity of colloidal tes t, compl ement-fixat ion test , 
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and clinical improvement. The reaults were , i ny 

oases, spectacular , from both a clinica l and serolo-

ical standpoint . Stokee (133) commented th~t "Peni­

cillin has diatinotly benef icial serolo~ioal effect 

on neuroayJhilia , including early and l ate manifeata­

tione , not excepting t abes and paresis , and includin 

as ymptomatic neuro0yphilis. Its action on gumma.tous 

,nifestat ions of skin, 

and complete". 

oosae and bonea is striking 

SY¥PTOMATIC RESULTS 

Cra ig et al (34) trea ted 74 oas es of l a tent and 

centra l nervous system syph ilis with l a r ge doses of 

enioillin. For each , 40,000 units were given each 

three hours, for 100 injections or a tota l of 4,000 , 000 

units in l~} days for latent , and twice tha t n~nbertor 

neuroayphilis, concluding with . ten unit s of artificial 

fever accompanied by ten 60,000 unit inj ections of 

enioillin intravenously. The results were excellent 

d Cra ig feels that these sched~lea ar e optimal a t the 

resent time. 

Of Stokes ' thirty oas es of pares i s and t abopareeis 

classed aa simple demented , only six failed to improve, 

and one gr ew worse . Half improved fifty percent or 

r e . The transformat ion in orientat ion, speech, 
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handwriting, encephalographic findings , disappearance 

f ptosia and violent headache , were often atrikin~. 

Aa with every form of treatment for syphilis , deter­

iorated oases made no response, or at best, leea than 

the others . Of ten patients with various forms of 

eningovasoular neurosyphilia, six showed varyin 

rades of improvement. Les ions of benign gummatous 

syphilis of skin and bones healed under a doaa~e of 

aDnroximately 300 , 000 units in twel ve to forty-six 

~ye with few failures . Cases with optic neuritis and 

iritis due to syphilis showed improvement. 

A Jat i ent with a nodular ayphiloderm of the nooe 

was given a course of penicillin at the Mayo clinic by 

O'Leary and Herrell (119), in doeea of 20 , 000 unite 

twice daily for ei~ht ye , a total of 320,000 units. 

Three weeke after the course was oomJleted , the skin 

over the area was normal except for slight residual 

igmentation. There w no reversai of the pos itive 

se rologic findings. There had been no other clinical 

findin~s . This ia the only instance encountered any­

where of giving penicillin only twice a day. 

LABORATORY AND PATHOLOGICAL RESULTS 

Stokes (133) found that irres~eotive of the syete 

of treatment used , and in all types of sy .. ,)hilia , pen _._­

C illin causes a reduction of sy~hilitic reag1n titer 
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n the blood in from fifty to sixty percent of late 

oases . Only five serorea iata.nt caaee were trea ted, 

and of these , ons Wa3 made negative and four were 

improved. In neuroay~hilia , Stokes obeerved that the 

commonest ch1nge is a drop in cell count and total 

rotein. Although the work so far done is only su..:­

estive , it appears that neuroayphilie with a low 

cell count has a less favorable ~rognosis under peni­

cillin treatment than pat ients with a high cell count. 

REACTIONS TO PEN IOILL!N IN SYPHILOTHERAPY 

Apart from the reactions to penicillin describe 

elsewhere and caused by allergy in the Jatient, or 

pyrogenic impur ities in the drug , there are certain 

reactions to Jenicillin worthy of mention . These a r e 

usually~ Herxheimer-like reaction or therayeutic shoe~. 

Mahoney et al (105) re~orted that 86% of 100 pat ients 

with e~rly sy;hi l i s had a Herxheimer-like reaction on 

the first day of pen icillin treatment . Leifer re~orte 

7% reactions on a grou::i pf the same size, but in :Moore 1 s 

(114) larger ser i es (1418 patients), there were only 

59% with reaotions. The s ymptoms consisted usually o-:f 

fever alone , or an exacerbation of secondary syphilis , 

or both. The fev er was usually mild , reaching about 

102 F., but was occasionally higher. All ulcerative 
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and cutaneous lesions promptly receded, and there were 

no severe toxic reactions. A few patients showed ex­

foliative dermatitis, and this ma.y be moderately 

severe, requiring several we.eke to return tp normal. 

Reaotiona other t han these are infre~uent and inconae­

quential, and consist of urticaria, erythema multiforme~ 

eneralized fruritis , herpes simplex, gastro-inteatinal 

i sturbances , or secondary fever . No therapy was re­

quired other than c essat i on of penicillin, or reduction 

in dose , u~t i l the subs idence of the untoward s toms. 

There was apparently no loss of t herapeut ic effect . 

Stokes et a l (133) reports tha t therapeutic shook 

a y occur in late syphilis under the ual rule that 

an active syphilitic process in a vital struc ture may 

be gr avely and even fatally damaged by a large dose a t 

the s t a rt of tret .. tment . Twenty-three :per cent of 

Stokes' late cases reforted r eacti ons inter~retable aa 

Herxheimer or thera~eutic ahock effects , most of the 

with fever , and this sometimes rose to 105.5 F, In a 

few oases there were more ser i ous eymptoma , as con-

vulsions , 

allergic 

Reactions 

nia , and hallucinat ions , a.nd a few showed 

feetati ~ gastro-intestinal sym;toms . 

·· en icillin-::-treated late e ilia are , 

wever , :fewer tha 

ser i ous . 

early , and 
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In two of Lentz ' (97) 14 pregnant women , threaten­

ed abortion , as evidenoed by spotting and lower ab­

dom inal orampa , ooourred , in one 18 hours , in the other 

48 hours after the start of ; enicillin. The drug was 

diately di scontinued, but r esumed in full dosage in 

24 ho~rs without a recurrence of symftoms . Thia , ac­

cording to Lentz , cou.ld be considered a type of 

Herxheimer r eaction occurring in a grossly dieeuse 

area and would poss ibly fall in the oa tegory of ~la­

oenta l shook , occas i onally seen after a r aenotheravy 

w1 thout preparatory treatment in .,:> i•egna.nt women with 

active syphilis . 

RECOU::ENDED DOSAGES IN SYPHILIS 

The low toxicity of penicillin oav.ses the problem 

fits use i n syphilis , as in other conditions caused 

by susce~tible organ i sms , to be one of utmost economy 

the use of the limited supplies of a pr ecious a.rue,.. 

Lentz (97) suggests tha t in the pr egnant woman with 

early ay~hilis , a total dose of twice 1 , 200 , 000 unit 

in eiKht days should be used , s inc e the lesser quant ity 

results in f a ilure in about ten percent of oaaes . 

There should be reduced individual doses i n the first 

36-48 hours , to pr event pl ac ent al or therapeutic shock . 

In e~rly syphilis, there was a good r esponse to the 

ei ~ht-day, 1 , 200 , 000 units eched~le in many cases , and 
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inoe there i s as yet no cv iu6nce that the s~ iroohete 

become fenioillin fast , retreatment can be used in 

oases which do not r espond to the first course. Moore ' 

(114) ree~lts i n combining maJharsen with ~enicillin 

eserve further &tudy~ ea~ecially wh11 

n1oillin are limited. Leifer (96) holds the tent~tive 

,inion that it i s best to use higher doses than the ~.a 
und 2.4 million unit schedules , and that the future ma 

reveal the need for ~rolongat ion of the tre~tment beyond 

seven and one-hal Stokes (l33) asoerts tha t , 

f f hand, there was no strikin~ difference reco~izable 

between the shorter time (three hours contrasted to four 

hour intervals ) in the treatment of late eyphilis , except 

the more frequent induction of Herxheimer reactions 1n 

the shorter inte rval schedule , and this could be avoided 

by reduction in the dosage the first 24-48 hours. He 

offers that the findi n late neurosyphilis eug0 est 

that good effects may be secured 

mum dosage so far employed , as some 

as than the maxi­

tients with 

~tomat ic neuroeyyhilis o ohieve almos t normal 

inal fluid on 1 , 200 , 000 units and com~letely hieve 

the retreatment with the ea.me ount. Pushing the 

...,a tient 'bver t hum~" to a Jartial self cure is a re-

cognized irinci~le with some aspects of late neurosyphilis. 
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This is in direct contras t to the statement of 

Crai ~ et al (34) that 4 , 000 , 000 unit totals in latent, 

and 8 , 000 , 000 unit courses combined with fever tnerapy 

,.nd still more penicillin in neurosy1;hilis a,p~ear 

optimal at present . Sinoe ~enioill i n is of auoh low 

toxi city, i t would appear that no objection , except 

cost and unavai lability of the drug could be ra i sed to 

the mere liberal dosages of Crai6 • 

For congenit~l syphilis , schedules adjusted to body 

weight , but otherwise oom~~rable to adult regi mes , ap­

ear to meet the problem adequately. 

A warning note is sounded by Hough ($1) concerni ng 

the necessity of adeQuate treatment of syphilis. He 

recalls that almost immediate ly following the intro­

duction of arsphenamine , there was an epidemic of early 

neurosy~hilis in Euro~e , due to inadequate treatment . 

The cause of so many caeea of neurorelapse was inade-

uaoy of the treatment , Hough believes that if eyphi li_ , 

early or late , is to be treated with penicilli n , it 

should be done with a view to protection of the future 

of the ~atient as well as to arrest infectiousneee. He 

reminds us that ~enioillin penetrates the oerebros~inal 

fluid inadeoua tely . Some of the new drugs , as ~enioil-

lin , may t com~letcly s terilize the ~atient 1 e t 
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and by r ap idly destroying many but not all of the 

.sp irochetes , thus may materi ally lower a very essent i al 

f actor in oure-- the patient's immunity. 

The oaee of l ate ayphilode rm (119) euooessfully 

treated a t the Mayo Clinio,with 300,000 units tota l 

iven in twice da ily inj ection~ oauees one to wonder 

if uerhaps the c onstant blood penicillin level so ae­

i duously sought by mos t workers i s not, after all, 

bs olut ely necessary. 

The quest ion of the route of administration of peni­

cillin i s in dispute among those treating sy~hil1e ae 

among other therap i s t s . Barksdale (16), by determin-

ing quantitative blood penicillin levels on those 

at i ent s treated with intra.musoular inj ections every 

three hour s , found that it w~s im~oss i bl e to maintain 

a constant leve l of penicillin, and indeed for one­

third of the time , ther e was no penicillin detected in 

the blood by any t es t. Thia made him think tha t the 

continuous i ntr avenous dr i p might be the procedure of 

choice , and he states tha t by giving 2, oao ,000 units 

intravenously in 9 days , his group was able to main­

t a in a blood level ten times as high e.s by intramuscular 

inj ection, with no r elapses in 11 patients with primary 

or secondary syphilis, and no ~oa i t ive serological f in 
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in 

the o 

ior. 

beyond the 14th week. B~rksd.ale,therefore , holds 

nion tha t the intravenous method may be super­

tokee (133), however, in the treatwent of late 

hilie, r e~orta that r elapse appears to be more 

freauent after intravenous than after intramuscula r 

act.ministrat ion of coni,.;ara.ble doses. No conclusive 

st~tement can be made at the preaent time, but the 

roponents cf the i ntramuscula r route have numbers on 

their side at least . 

RESULTS 

There is one point on which complete unanimity of 

opinion seems to have been achieved by all investi"'' 

tors in the use of penicillin . Thie is the fact that 

the results, although encouraging, must be considered 

reliminary. It is of utmost importance that this fact 

be universally realized, and it will be extremely un­

fortunate if the lay press overstimula tes the hopes of 

the public . Although immediate reaults are coreparable 

with the best of other intensive treatment achedulea , 

this by no means indicates that the Treponema pallidum 

has been comtletely destroyed throughout the body. 

Early reourrenoe or late sequelae may yet oocur. The 

most careful observations and control over a period 

of perhaps t wenty years before a:ny conclusion oa.n be 
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drawn concerning the ultimate effeot. Dosage so far 

hae been ~urely t ent~t ive . The optimum time-dosage 

rela tion hu.o not been worked out. It i s obvious then 

tha t the penicillin treatment of syphilis must be 

rega,rded a.s an experimenta l procedur e for many yea.rs 

to come. New methods of administration may have to 

be devised. Penicillin excret ion is known to be r ap i ~, 

which necessitates repeated inj ections a t inte rvale 

of three or four hours . In the futur e , this may be 

ended by slowing renal excretion or absor pt ion from 

the injeotion s ite. 
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CONCLUSIONS 

l. ·penicillin, a. new antibiotic derived from a. 

mold, ia remarkable for its potency, lack of toxicity 

and wide range of applicabilitj. It is useful in some 

some conditions caused by bacteria which have not here­

tofore been amenable to any treatment, notably 

euba.cute bacterial endooa.rditia. 

a. While ~ra.ctioa.lly a.ll the experimental a.nd 

clinioa.l work done so far indioa.tee that the parenteral 

is the route of choice in administering penicillin, 

recent studies have shown that, with increasing supplies, 

it may be possible to give penicillin orally. 

3. Penicillin, since it is excreted very rapidly, 

must be given at frequent i ntervals, or absorption or 

excretion must be slowed, in order to ma.inta~ adequate 

blood levels. This 18 a problem on whioh much work is 

being done at the present time. 

4. Dosage of penicillin may be computed with regard 

for rapidly bringing a disease under control, and with­

out rega rd for possible toxio effeots. Dosage varies 

with the causative agent, the degree of involvement, -

and the route of administration. Since the cost of 

penicillin is still high, minimum effective doses are 

being sought for t he conditions in which it is useful. 

5. Penicillin is useful in many diseases caused 

by gram-pos itive organisms, in several spirochetal dis­

eases, and in some Rickettsial infeotions. It has not 
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been definitely proved to be useful in most virus dis­

eases nor in parasitic diseases, nor against gram-nega tive 

organisms exoept the Neisseri& group. It is of no value 

against the toxins of bacteria, nor against conditions 

not of biotio orjgin. 

6. Penicillin ha.a been shown by preliminary etudiee 

to be striklngly effective against syphilis in all stages 

in short, intensive courses of treatment. It protects 

the fetus of an infected mother a.nd oauses remissions in 

neurosyphilis. The work so far done suggee~s that peni­

cillin is probably the beet antisyphilitio agent so far 

discovered. The final judgment of results must not be 

made, however, until many years have elapsed. 

7. There is as yet no indication that penicillin 

therapy alone is capable of replacing diagnostic aoumen, 

laboratory studies and genera l medio&l supervision. 
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