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INTRODUCTION

A mould was isolated in this laboratory by

Dr. D.G. Denton in 1947 which was tound to produee in

eulturea potent toxin neutralizing substance. The mould

was isolated as a contaminant trom a Lowenstein's slope

wh1ch had been 1noeulated with sputum tor the bacteriolog1cal

diagnos1s ot tuberculos1s.

It was shown that the active toxie neutra11zing

pr1nciple was secreted into the med1um during the growth

ot the mould in tluid cultures and that it May be demonstrated

in Mycelium free culture f1ltrates.

Binee, other than the specitic antitoxins, no tox1n

neutralizing substances have ever been round which have proven

effective in the therapy of bacterial toxaemias it was felt

that an attempt should be made to isolate and characterize

the active principle and to investigate 1ts spectrum of toxin

neutraliz1ng activ1ty.
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TOXlN NEUTRALlZlNG SUBSTANCES DERlVED FROM MlCROORGANISMS

AN HlSTORlCAL REVlEW

l. A GENERAL SURVEY OF DETOXIFYlNG AGENTS

PRODUCED BY MlCROORGANlSMS.

In the early l890's Metchnikoff demonstrated that Bacillus

subtilis was able to produce substances which neutralized diph

theria toxin, tetanus toxin and snake yenom after a period ot

"in vitro" combination. It was further shown that fungi like

Isaries, sporotrichous and Toru1a, parasites ot insects and human

parasites, destroyed the toxicity of such toxins.

Calmette working with a strain of Bacillus subtilis isolated

by Metchnikoff, observed that it was able to diminish the toxicity

of snake venom. In 1902 Emmerish, Lowe and Koeshum reported that

pyocyanase, produced by Pseudomonas aeruginosa, detoxified diph

theria toxine Nicolle, in 1907, showed that in symb10tic cultures,

Bac111us subti11s detoxified the toxins produced by Clostridium

tetani. C10strldlum chauvel and other baateria.

The interest in detoxifying agents was stimulated by the

work of Carpenter and Barbou who in 1938 demonstrated that

su1phanilamide destroyed the toxlc1ty of gonococcal endotoxins

and the toxins of Staphylococcus aureus and C10stridlum welchli,

so that after a combination of tew hours at 37°C. they were no

longer active "in vitro" or "in vivo".
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With the discovery of the antibiotics many experiments

have been made to find out whether they might 1nhibit the

production ot toxins trom bacteria, or neutralize their toxins

"in vitro" and "in vivo~. Oontroversial results have been

recorded in the med1cal literature and no agreement has been

reached at this time in respect to their possible therapeutic

use.

Ramon and Richou in 1945 caused a new wave ot interest

in the field of the antibiotics in general and of the detoxi

tying agents in particular with a series of experiments on the

filtrates of Penicillium notatum, streptomyces griseus and

Bacillus subtilis. They demonstrated in the filtrates potent

substances, tota11y difterent trom the antibiotic which these

fi1trates contain, which were able to detoxity certain bacterial

toxine.

The tollowing is a more detai1ed account ot the 1iterature

concerning the toxin neutralizing activity ot tungal and bacterial

derivatives. -

a) Pure and commercial penicillin

Richou (1945) showed that 200 Units of highly purit1ed

penicillin d1d not destroy tetanus, diphtheria and staphylococoa1

toxins when incubated wlth the toxin for 6 days at 3700. Blair

(1946) and Segalove and Hlte in 1947 clalmed that the haemolytio,

dermonecrotic and lethal ettects of staphylococcal alpha toxin

were not neutra1ized after incubation with penicilline Segalove

in 1947, however. demonstrated inhibition of the production ot

staphyloeocca1 haemolysin, 1ethal factor and dermonecrotoxin but

not enterotoxin by growing selected natura11y and artificia117



- 3 -

reslstant stralns in Amigin liquid medium containing sublethal

concentration ot penlcillin.

In regard to neutralization ot the diphtheria toxln,

Ercoli (1945) showed that high concent;ations ot penieillin such

as 10,000 units/ml. atter 5 hours comb1natlon wlth diluted

diphtheria toxin corresponding to 3-4 necrotizing doses gave

complete inhibition of the toxln effect as tested in the skin

of the rabbit. Crystalline penicillin G had the same ettect

as the commercial samples. Buxbaum, Henner and Dolgopolo (1947)

reported that doses of penieillln trom 5,000 to 10,000 units

protected to some extent guinea pigs inoculated intradet_al17

with the diphtheria toxine Ehrenberg, ~isher and Lofgren (1946)

showed that a commercial preparation ot penieillin delaye4 the

diphtheria toxin-antitoxin flocculation reaction, and that it

was more eftective in this respect it it was mixed tirst wlth the

toxin rather than the antitoxln. This suggested that it combined

with the toxine

Scheneirson (1947) reported that lmpure penlcillin

incubated w1th the toxin of Clostrid1um welchii, type A, ta1led

to neutralize its haemolytie, lecithinase, necrotizing and lethal

activities, each ettect being tested separately.

Dowling and H1rsh (1946) tollowing up the work ot Boor

and Meads who had observed a shortening of the course ot scarlet

fever in patients treated with penicillln, noted that a mixture

ot penlcillin and erythrogenic toxin when injeeted lntracutaneous17

lnto normal subjects gave no ditterent results than d1d injections

ot toxin with isotonie salt solutions. They observed, turthermore,
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that pen1cillln lnjected into the area of rash of patlents

with scarlet fever did not cause blanching, and that Dlek

positlve patients, receivlng penclllin. dld not become Dlck

negative.

In splte of thls 1ack of effect agalnst a number of

toxlns especlal17 "ln vlvo", Miller, Boor. and Hawk in a serles

of experiments from 1945 to 1948 were able to show that penic1llln

in sufficient dosage could dlmlnlsh the effect on mlc. of the

endotoxins of Nelsserla lntracel1ularls, Nelsserla gonorrhoeae,

Salmonella paratlphl A, Salmonella paratyphl B, Salmonella typhl

murlum, Salmonella enterltldis, Shlge1la paradlsenteriae and

Aerobacter aerogenes. The crude endotoxlns consisted ot bacterial

bodies suspended in water, held at pH 8 in the refrigerator for

14 hours, then neutralized and sterillzed. Such suspensions.

1njected lntraperltoneal17 in approprlate doses, kllled the mlce

regular17. By givlng penicillln repeatedly the death rate cou1d

be much reduced. although lt was never brought to zero. Treatment

which started 1-2 hours before the injection of endotoxin and

continued for 24 hours afterwards, was tound to be inferior to

treatment in whlch large repeated doses tota11lng from 12,000

ta 20.000 unlts were giTen iD the 24 hours period before the

injection ot endotoxine Even lt penicil11n injections were

stopped some hours before the endotox1n was injected so that

pen1cillin could no longer be detected in the blood the sav1ng

ot life resu1ted. A single injection of 30,000 units in oi1

and bees wax a1so had a considerable effect. The 1ntraperitoneal

route was more etfective than the subcutaneous. The tox1n

neutralizing activity was found in crystalline penicil1ias G.X.K,
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and dihydro penicillin F and was abo11shed by pen1c11linase.

Impure penic1111n and 1ntermediate tractions ot industr1al

purificat1on, according to the above c1ted Miller, Boor and

Hawk had an activity ot trom 2 to 4 times as great as that ot

crystal11ne penicilline The enhaneement was due to a heat stable

factor which was apparently lost to some extent in the preparation

ot the crystalline product. In experiments w1th Salmonella typhi

murium Miller, Boor and Hawk established the amount ot endotoxin

which gave the LD 50, and administered it to three groups ot 10

mice each. The tirst group received three injections of crystall

ine pen1cillin 20, 18 and 2 hours before the injection of the

endotoxine The second group received impure penicillin instead

ot crystal11ne penicillin and the th1rd group served as a control.

The LD 50 ot the control group was 0.05 ml, that ot the group

treated w1th crystal11ne penlc1llln 0.11 ml., and that of the

group treated w1th impure penic11lin 0.26 ml. The data show

that increasing amounts Qt endotoxin were necessary to estab11sh

an LD 50 with increas1ng activ1ty ot the detoxitylng agent and

that impure penicillinwas more etfective than crystal11ne

pencillin.

In regard to tetanus toxin Neter (1945) reported

a slight reduction ln the activity ot tetanus toxin by contact

w1th 1,000 un1ts/ml. ot penicilline Manzullo (1948) found that

tetanus toxin was not neutra11zed by penicilline

Imbriano (1952) tested the activity ot penic1111n

on tetanus tox1n working w1th semi-pur1f1ed prec1p1tates of

culture filtrates of Clostrld1um tetan1. He determined the
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LD BO as the quantity of toxin which killed BO per cent of

rats of 100 gms. in 120 to 144 hours following subcutaneous

injection; with l LD BO of toxin the animals died in 120 to

144 hours whereas l LD 50 of toxin mâx e d with 30 mgms , of

penicillin (BO.OOO International Units) failed to produce

symptoms. 2 LD BOs of the toxin caused tetanus and death in

120 hours. Animals treated with BO,OOO unitsof penicillin

developed tetanus in 72 hours which remained localized for

thre e day B in the poste rior part of the bo dy and unt il th e
ninth da y at the leg 0 f the inje ct ed si de at whi ch time symptoms

disappeared. Increasing doses of tetanus toxin required

increasing doses of penicillin until with 1,000 LD 50, which

constitutes the maximum amount of toxin which was administered,

the controls died in 24 hours. When 1,000 LD 50's were mixed

with 1,000,000 units of penicillin 60 per cent treated animaIs

d1ed. 1,000 LD 50's m1xed with 1,250,000 units of penicillin

caused at 72 hours a local tetanus at the leg which disappeared

in four d ay a , The sam e dose of t e x f n when mdx e d with 1,700,000

unite of penicillin failed to produce tetanus.

b) Clavacin and Its Isomers

Blai r and Halman (1943) fou nd th at clava ci n di d not

affect the toxicity of staphylococcal t o x t n s , Neter and Will

(1944) and Neter (1945) round that câ a va cf n mixed with tetanus

toxin "in vitro" destroyed i~s toxic effect~ a mixture of cla

vacin and lethal dose of tetanus toxin fa1led to kill experi

ment al animal s.
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Putzer (1946) investigated the ettect ot clavacin,

1soclavacln, dimethi11soclavacin and alpha keto beta butyrolactone

on tetanus toxine He showed that clavacin prevented tetanus

and death in all the animals receiving clavacin-tox1n mixtures.

On the other hand neither lsoclavacin nor its der1vatlves

prevented tetanus and death, even when administered in amounts

five times greater than that ot clavacin.

e) Toxin Neutralizing Substances Isolated by
Ramon and Rlchou

Ramon and Richou (1945) tound that f1ltrates ot

Bacillus subtllls, Penicillium notatum and Streptomyces griseus

contained a principle which was able to detoxity a number ot

toxins "in vitro". This act1ve principle did not bear any

relationship to the antibiotic eonta1ned 1n the same t1ltrates,

1.e. subti11n, pen1eil11n and streptomye1n respect1vely, nor

to the princ1ples having anti-v1rus propert1es wh1ch are also

contained 1n the tiltrates.

The method used tor the production ot the toxin

neutra11z1ng substances was the follow1ng: the medium in whieh

the respective mou1d Or bacter1um had been grown was t11tered.

The tiltrate was saturated w1th sedium sulphate and was held

for three hours in water-bath at 37°0. When a prec1pitate

tormed the mater1al was t1ltered through paper, the preeip1tate

was collected trom·the paper and red1ss01ved in dist1lled water.

A unit ot the active principle was taken as the minimal quantity

of tiltrate wh1ch was able to neutralize 100 Burnett units ot

staphyloooccus haemolysin in a water bath at 3700. in six hours.
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The active principle was capable ot detoxityins

diphtherla toxin, the toxin ot the Pre1sz-Nocard bacillus,

staphylococcal and tetanus toxins. It had l1ttle ettect on

the toxin ot Pasteurella pestis and Staphylococcus beta-toxin ,

The principle isolated trom Bacillus substilis was

heat-stable, being destroyed only at a temperature ot 12500.;

the principles trom PeniCillium notatum and streptomyces griseus

.ere, on the other hand, destroyed at a tempe rature ot 7500.

The active principles, when dialysed against distilled water,

were not tound in the dialysat., nor within the cellophane bag

but, according the authors, were rather adsorbed to the cellophane.

Pormalin added to a concentration ot 0.05 per cent did not destroy

their toxin neutralizing properties.

Oavalli (1947) tollowing the experiments ot Ramon and

Richou tound that ditterent strains ot Penicillium notatum

produced ditterent quantities ot toxin neutralizing substance.

He showed that the de~truction of the toxin tollowed a aonomo

lecular curve, the velocity of the reaction beiDS proportional

to the ratio of the ooncentration of fi1trate to the concentration

of toxine Cavalli's toxin neutra11z1ng substance was not

dialysable and it was destroyed by heating at 60°0. Del Vecchio

et al. (1948) grew Penicillium notatumon a Czapex-Dox medium

modified by adding lactose and peptone. With one-third

saturation with ammonium sulphate a precipitate was formed

which conserved all ot the toxin neutralizing activity ot the

original tiltrate.
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,Ha u du r o y and Rosset (1946) uslng the methods or Ramon

.and Rlchou incu bated for six hours at 3'7°0. a mixture or

Penicillium notatum filtrate and concentrated tuberculine

The mixture was injected subcutaneously tnto guinea pigs which

had been inrected wlth tuberculosis six weeks betore. They

showed that the tiltrate ot Penicillium notatum was able to

neutralize the toxicity ot the tuberculin tor sensitized pigs,

the pige reoei ving the mixture remaining alive. whereas the

controls receiving only tuberculln dled.

Smolens, MoAleer and McLaren (1947) tollowing the

experlments ot Ramon and Riohou worked wlth a crude commercial

tiltrate, trom wh1ch the penici11in had been extracted, and

tetanus to x t n containing 100,000 MLD/m1. In the "in vitro"

experimen.ts, toxln and mould tlltrate were mixed at 200.,2000.

and 3700., tor thirteen hours. Upon addlng sheep red blood

celle atter this time no haemolysis occurred s now i.n g that the

tetanus haemolysin had been inactivated. However, in "in vitro"

experiments the mottld ti1tratea were not active against the

n eu r-o eo xtn , Groups ot titteen mice were inJected subcutaneously

wlth anMLD ' of toxin and 1 ml. ot the filtrate intraabdomina1ly.

A total ot 220 mgms. of detoxitying agent was given at intervals.

AlI ot the mI c e died within 24 hours.

Smolens et al. clalmed that the detoxltying agent was

dialysable and therefore could not be a proteine They turther

stated that the prlnciple destroyed "in vitro" not only the

toxicity but also the antigenlc power ot tetanus toxine Thirty

six mice, survivors ot an intection ot toxln. plus detox1tying
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principle, when challenged with 4 MLD~ot tetanustox1n three

weeks later all died within 48 hours.

d) Aspergillus tumigatus

Villa Anna Maria (1950) found that the filtrates

of two strains of Aspergillus fumigatus had a marked aetivity

as a detoxitying agent on staphylooocca1 toxine

Helis (1945) supposing that the detoxifying

substanoes secreted by some microorganisms deve10p better under

conditions where the struggle for life is stronger, tixes three

conditions tor the research ot active detoxitying principle.

a) isolation ot microorganisms in an externa!

medium as, for example, in his own studies river water,

b) growth in a medium c10sely simulating the

natural habitat,

c) growth at a temperature ot 2200. to simulate

natural conditions.

Nelis found three strains, that he called 027,

026, 022, which secreted substances able to detoxity stephylococcal

and diphtheria toxins. The strains were not identitied by the

author. Re tound a certain correlation between the gelatinolytic

and the detoxity1ng power of the stra1ns. The following 1s the

only information provided concern1ng the nature of the organisms.

Strain 027: Large cocci in tetreads; non motile;

gram pos1tive. On agar: round colonies, porcelain white. Sugar

not termented; no action on the m1lk; no production ot indole.

8train 026: Smallcocc1 in clusters; non motile; gram negative.

On agar: irregular colonies with elevated centers. Sugars Dot
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termented; no action on milk; no indole production; no lique

taction of gelatine. Production of brown pigment which diffuses

into the medium. Strain 022: Short rods; motile; gram negative.

On agar: white semitransparent -colonies. Gas and acid trom

maltose; saccharose; levulose; acid trom galactose. Coagulation

ot milk. Strongly gelatinolytic.

II. STUDIES OF THE POSSIBLE MODE OF ACTION OF

TOXIN NEUTRALIZING SUBSTANCES FROM MICROORGANISMS

a) Commercial and Puritied Fenicillin

Imbriano (l952) in his study ot the activity ot

commercial and puritied penicillins on tetanus toxin. suggests

that the penicillin acted in an enzymatic way by blocking some

important groups in the Molecule ot tetanus toxine

Futzer (1946) studied the activity ot clavacin and

isoclavacin and showed that clavacin was able to neutralize

tetanus toxin whereas isoclavacin did not. These results

offered to the author the possibility of study1ng the correlation

between the chemical structure of clavacin and its toxin neutral

1zing capacity. By comparing the formulae of clavacin and 1so

claTacin it ls apparent that these compounds differ only in the

position of one double bond between two atoms of carbon. However,

the simple shift in the positions of the double bond produces a

profound change in several of the chemlcal characteristies of

clavac1n. Thus the tetrahydro gamma pyrone ring in clavacin.

becomes a dihydro gamma pyrone ring in isoclavac1n. and the

beta gamma unsaturated butyrolactone in clavacin changes to an

alpha-beta unsaturated butyrolactone in lsoclavacin. While both
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compounds have a double bond in the alpha beta position to a

keto group its position in relation to the re8t of the mole cule

1s different in the two compounds. Ev1denoe that the position

of the double bond markedly alters the characteristic of these

compounds i8 indicated by the fact that the dimetyl isoclavaoin,

having the double bond in the same position as the 1soclavacin,

is more res1stant to catalyt1c hydrogenation than clavac1n.

Putzer states that the toxin neutralizing act1vity is apparently

dependent upon the position of the double bond. Bowever, which

ohemical group or groups in the molecule, affected by the pos1t1on

of the double bond. are responsible for the detox1fying activity

cannot as yet be determined.

Van Heyningen (1951) claims that in the experiments

of Putzer with clavacin only a few MLD's ,of tetanus toxin were

coneerned such that the molar ratio of elavacin to toxin was

probably very high and doubts for this reason that one can claim

any specifie effect of clavacin on the toxin molecule.

In connection with the activity of elavacin in

reference to the position of the double bond in the moleoule,

it 15 1nterest1ng to note that cholesterol contains certain

specifie group6in its molecule which are responsible for its

anti-haemolyt1c activity. Smythe and Harris (1940) Hewitt and

Todd (1939) and Cohen, Perkins and Puterman (1940) found that

cholesterol was active against sapon1a and the oxygen-labile haemoly

sins, but that none of the oxygen-stable haemolysins such as

Clostridium welohii alpha tox1n, Staphyloooccus haemolys1n and

Streptolysin S was inhib1ted by cholesterol. Berliner and
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and Schonheimer (1938) studied the antihaemolytic aotivity

of cholesterol, the stereoisomers of dihydrooholesterol and the

bile acids corresponding in structure and spatial arrangement.

They found that the antihaemolytic oompound had a hydroxyl group

at position 3 cis to the methyl group at position 10 and either

a transfusion of rings A and B, or a 5-6 double bond. The bile

acids whose spatial arrangement of the 8ubstituents at position

3 and 5 were opposite to those of the anti-haemolytlc compounds

were strongly ha emolyti o.

Ramon and Richou (1947) have on the basis of the

thermolabili ty of the to xdn neu tralizing su bstances found in the

filtrates of Penicillium notatum, Streptomyces griseus and

Bacillus subtilis suggested a possible enzymatie activlty. They

feel that the deto:x:ifYing aotivity is not a simple combination

of the two substances; it is Irreversible, the to:x:in Lo s Lng its

toxic and antigenic properties completely and irretrievably.

Cavalli (1947) in dis eu e s f n g the resul ts of Ramon

and Richou notes that the active principle trom Baeillus subtilis

la thermostable, being aff'eoted only by a temperature ot 125°C.,

and auggests on thls basls that enzymatie aet1vity ot this

su bst an ce t s po stulat ad W1 th d if t i cu lty. However, wi th r espe ct to

the active prlneiples of Penicillium notatum and Streptomyces

griseus Cavalli suggests that the curves ot inactivation ot the

toxin, the thermolab1lity ot the substances and their non-d1alyzable

property point to a possible enzymatic nature, the enzyme attecting

the toxie group ot the toxin molecule. Cavalli states that non-






































































































































































































































































































