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ERYTHROMYCIN,
STUDIES OF ITS MODE OF ACTION

FRANK STREIGHTOFF

Eli Lilly and Company

Indianapolis, Indiana

Relatively little is known of the mode of action of erythromycin. This
antibiotic is widely used in the treatment of infectious diseases and has un-
doubtedy prolonged the lives of thousands of people. It would seem ax-
tomatic that more knowledge of the mode of action would serve as a
foundation for more effective clinical use.

Although Pittenger et al. (1) and Haight and Finland (2) bad tested
some organic and inorganic compounds for reversal of the inhibitory action
of erythromycin, it seemed profitable to use a more informative method.
Such tests have usually been carried out in liquid media using a single con-
centration of the compound in question and one level of the inhibitory sub-
stance. It was felt that by the use of agar plates, seeded with a sensitive
organism, a solution of the test compound could be introduced on a filter
paper disk. Through diffusion an infinite variety of concentrations of the
test substance would be present in concentric zones around the filter paper
disk. The antibiotic could be added either in the bacteriostatic threshold con-
centration to the liquid seeded agar medium before pouring the plate, or
added on filter paper disks close to the test compound disks on the hardened
agar surface. After incubation the zones of growth or inhibition could be
interpreted in terms of reversal or potentiation of the inhibition of erythro-
mycin and toxicity of the test compound.

Brown and Emerson (3) found that pantothenic acid, beta-alanine and
carnosine reversed the inhibitory action of erythromycin towards the gravis
strain of Corynebacterium diphtheriae. No confirmation has been made to
date by other investigators. It would seem desirable not only to attempt to
confirm their work but also to look for a similar situation in other organisms.
It appeared that organisms in which such an effect would be most apparent
would be those which require either pantothenic acid or beta-alanine for
growth. In this category Laciobacillus casei and L. arabinosus require pan-
tothenic acid for growth and numerous strains of yeast require either pan-
tothenic acid or beta-alanine. Since erythromycin is used in the treatment of
diseases caused by Diplococcus. Mrcrococcus and Streplococcus, it seemed
pertinent to use those organisms to test for the reversal by pantothenic acid
or beta-alanine of the inhibition due to erythromycin. Finally, it seemed de-
sirable to determine whether the resistance of highly resistant strains of M-
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crococcus pyogenes var. anreus is due to high production of pantothenic acid.

Many organisms which are resistant to penicillin are resistant by virtue of
their production of penicillinase, an enzyme capable of destroying penicillin.
This enzyme has been found to be extracellular and intracellular in nor-
mally resistant organisms and in organisms in which the resistance has de-
veloped (4). As one of the possible mechanisms of resistance to
erythromycin, it seemed obvious that an attempt should be made to find
crythromycinase. Haight and Finland (2), using many strains of the highly
resistant gram-negative organisms, could find no extracellular erythromy-
cinase. Since resistance in staphylococcal infections has become a serious
problem, it appeared of value to determine the presence or absence of intra-
cellular or extracellular erythromycinase in the two highly resistant strains of
Mierococcus pyogenes var. aureus available.

One possible mode of action of erythromycin would be its interference
with the functioning of one or more enzymes necessary to the growth or re-
production or action of the sensitive organism. Stone et al. (5) recently re-
ported that staphylococci which were highly resistant to erythromycin in
vitro were still sensitive when treated in vivo in mice. Since the pathogenicity
of the staphylococcus is closely associated with coagulase production, one
explanation for this phenomenon would be an inhibition of coagulase by
the antibiotic.

REVIEW OF THE LITERATURE

Erythromycin has the formula C,;Hg;NO,; with a structure approximat-
ing that shown in Fig. 1 and a molecular weight of 734. Tt is a base with a pK
8.6. Tt is slightly soluble in water and more readily soluble in organic sol-
vents. A pH of less than 4 or higher than 10 is highly destructive (6, 7).
Degradation studies have led to the identification of large fragments, includ-
ing erythralosamine, CogH,oNOyg, and cladenose, CgH,60y (Fig.1) (7). One
fraction of erythralosamine is desosamine, CgH;;NO; (Fig. 1) (7). A large
fragment, dihydroerythronolide, Cy;H,;Og, has been described (Fig. 1) (8).

Erythromycin appears to be a member of a group of antibiotics which in-
cludes: albomycetin (CgpHgNOy, mol. wt., 596) (9), amaromycin (10),
angolamycin (Cyy_g Hgr_g, _INO,g, mol. wt.,, 977-1005) (11), carbomy-
cin (C4yHg:NO 4, mol. wt., 830) (12, 13), carbomycia B (Cyy _42Hgr_s9
NOy;, mol. wt., 814-828) (14), celesticetin (CoHgs_ 4oN204p, mol. wt.,
496-500) (15), exrythromycin B (C3;H7;NO; o, mol. wt., 721) (16), griseo-
mycin (17), leucomycin (Cg;HyoNO;o, mol. wt., 540) (18), methamycin
(Co5Hy3NO;, mol. wt., 470) (19), narbomycin (CogH;sNO;, mol. wt.,
510) (20), antibiotic PA-105 (21), pikromycin (Ca;Hy3NO;, mol. wt,,
477), (22), rhodomycin (23) and spiromycin (24).

In general the members of the erythromycin antibiotic group exhibit
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FIGURE 1
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similar antibacterial and antiviral spectra. The resemblance of the spectra of
carbomycin (12), celesticetin (25), erythromycin B (26), griseomycin
(17), antibiotic PA-105 (21} and spiromycin (24) to that of erythromycin
has been noted by other investigators. Organisms showing moderate to high
sensitivity to erythromycin include the following genera: Bacilius, Brucella,
Clostridium, Corynebacterium, Diplococcus, Hemophilus, Micrococcus, My-
cobacterium, Neisseria, Rickettsia. Streptococcus, Vibrio, lymphogranuloma
virus and meningopaeumonitis virus. In genera! the gram-negative organ-
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isms, Escherichia, Proteus, Psendomonas. Salmonelia and Shigella show high
tesistance. There are variations in the degree of effectiveness of the different
members of this antibiotic family. Carbomycin, for example, is usually less
effective than erythromycin. There are some marked differences. Amaromy-
cin, for example, inhibits Brucella abortus with 1.56 mcg/ml (10) while
erythromycin does not inhibit the organism with 1000 mcg/m! (17) even
though it is quite active against other members of the genus (6).

Cross-resistance has been demonstrated between erythromycin and erythro-
mycin B (27), carbomycin (28), celesticetin (25), griseomycin (17), anti-
biotic PA-105 (21), and spiromycin (24). Cross-resistance evidence
suggests that leucomycin is closely related to carbomycin and somewhat Jess
closely related to erythromycin (29).

The chemical structure desosamine has been demonstrated in erythromy-
cin (7), erythromycin B (16), pikromycin (23) and narbomycin (20).
Carbomycin and carbomycin B contain the very similac desoxydimethyl
amino sugar. mycaminose (14). In rhodomycin the order in which the radi-
cals are attached to the desosamine ring has been changed (23). One of the
radicals attached to the ring structure in desosamine is a dimethyl amine. It is
interesting to note that albomycin (9), angolamycin (11), carbomycin (12),
carbomycin B (14), erythromycin (7)), erythromycin B (16), leucomycin
(18), methamycin (19), narbomycin (20) and pikromycin (22) all have
but a single nitrogen atom.

The literature on other members of the erythromycin antibiotic family;
reviewed here, indicates no mode of action.

The effect of various inorganic and organic substances on the bacterio-
static action of erythromycin has been investigated. Pittenger et al. (1),
working with Micrococcus pyogenes var. anrens in vitro, found that various
concentrations of Cl—, NO,—, SO,~, Na+, K+, Mg++, Cat+, Mn++,
Cut+, Cot+,Fet+, Zn++ Na-thioglycolate, cysteine-HCl, acetate, fuma-
rate, alpha-glutarate, malate, oxalactate, pyruvate, succinate, citrate and vita-
min mixtures (riboflavin, thiamin, biotin, niacin, p-aminobenzoic acid, calci-
um panthothenate, pyridoxine, pyridoxal, pyridoxamine and folic acid) had
neither appreciable potentiation or reversal of the bacteriostatic ability of
erythromycin. Haight and Finland (2) found that various concentrations
of NaCl, dextrose, Na-thioglycollate, cysteine-HCJ, semicarbozide, urea,
glutaniic acid, p-aminobenzoic acid and pteroylglutamic acid had no signif-
icant effect on the in vitro inhibition of Bactllus cerewus no. 5 by erythromycin.
They also reported that various concentrations of the sodium salts of citric,
pyruvic, acetic, lactic, fumaric and succinic acids and the enzyme penicil-
linase had no effect on the inhibition of Strepiococcus no. 98. Human sera
at various levels had no effect on the antibiotic’s inhibition of Sarcina lutea.
Brown and Emerson (3) reported that 500 mcg/m! beta-alanine or calcium
pantothenate, equivalent to 200 mcg/ml beta-alanine, permitted growth of
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Corynebacterium diphtheriae in 70 times the original minimal inhibitory con-
ceatration of erythromycin. L-caraosine, equivalent to 100-400 mcg/ml of
beta-alanine, reversed the inhibition of up to 30 times the minimal iahibitory
concentration of the antibiotic.

Haight and Finland (2) found a 530 and 800-fold increase of the in vitro -
inhibitory activity of erythromycin against Streptococcus no. 98 aad Sarcina
{utea. respectively, when the pH was increased from 5.6 to 8.5. Pittenger
etal. (1) found a 30-fold increase in the bacteriostatic action against Micro-
coccus pyogenes var. aurens with the increase of pH from 6.5 to 8.5. They
also noted that an apparent potentiating effect of phosphates on the activity
of erythromycin was actually due to the effect of the buffering action on pH.
Pittenger et al. (1) suggested that the free base had much more activity than
the salt of the aatibiotic and that the increase of activity as the pH increased
was due to release of the free base.

Haight and Finland (2) found that a change in the pH by replacing the
oxygen with carbon dioxide did not affect the bacteriostatic action of erythro-
mycin against Streplococcus no. 98, Streptococcus C203, Sarcina lutea, Strep-
tococeus viridans, Diplococcus pnenmoniae type 111, Staphylococens no. 195
or an entecrococcus.

Resistance has been developed in sensitive strains in the laboratory. Pit-
tenger et al. (1) found that Micrococcns pyogenes var. anrens increased its
resistance to erythromycin about 300-fold in 25 serial transfers in the pres-
ence of the antibiotic. The development of resistance to erythromycin was
slightly less rapid than the development of resistance to penicillia and much
less rapid than the development of resistance to streptomycin under the same
conditions. No organism which had become autritionally dependent on
erythromycin was found. Hsie and Kotz (30), however, developed a strain
of M. pyogenes var. aureus which had become nutritionally dependent on
carbornycin.

Haight and Finland (2) attempted to determine whether species which
are naturally resistant to erythromycin produce erythromycinase. Using the
method of Gots (31) numerous stcaias of Psexdomonas aeruginosa, Aero-
bacter aerogenes, Klebsiella pneumoniae, Escherichia coli, Protens vulgaris,
Salmonella and Shigella were checked for the production of an extracellular
erythromycinase which would destroy erythcomycin which was present in an
amount just inhibitory to the test organism, Sarcina lutea. No evidence of
destruction of the antibiotic was found. By a second method, suspensions of
Protews vulgaris and Escherichia coli organisms had no destructive effect on
a solution of erythromycin over a 72-hour period.

Obviously, there are preseat in nature mechanisms for the destruction of
this antibiotic. The erythromycin content of plasma in vivo drops rapidly
without a corresponding amount being excreted in the urine or otherwise
being accounted for (2). One scrap of evidence of its metabolism has been
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found. Des-N-methyl erythromycin has been isolated from the bile of dogs
(32).

Stone et al. (5) found that coagulase-positive strains of Micrococcus
pyogenes var. aureus which had been isolated from human cases showed
large variation in in-vitro sensitivity but showed small variation in in-vivo
sensitivity to erythromycin. Inhibition in vitro was caused by 0.195 mcg/mi
erythromycin for strain no. 30554, 10,000 mcg/ml, for strain no. 30664,
and 5,000 mcg/ml, for strain no. 3072A. In 20 to 25 g Swiss mice, the ef-
fective dose of erythromycin 50 per cent of the time was 18 mcg for strain
no. 3055 A, 22 mcg for strain no. 3066A and 116 mcg for strain no. 3072A.
Of significance, in interpretation of this work, is the widely accepted belief
that coagulase production is the best indication of pathogenicity in strains of
M. pyogenes var. aureus (33). Boniece et al. (34) found that erythromycin
was effective in reducing the coagulase activity of numerous strains of M.
pyogenes var. aurens.

In one of the few papers on the effect of erythromycin on enzymes, Ja-
cobson and Ayevedo (35) reported that erythromycin did not iohibit fu-
merase, lipase, cholinesterase and thiaminase from animal sources or the
fermentation of alcohol by yeast.

MATERIALS AND METHODS
Materials

ORGANISMS:

Bacillus subtilis, spore suspension, strain X12.1, R. C. Pittenger

Corynebacterinm diphikeriae, strain X166, R. C. Pittenger. strain Toronto, McClain

Diplococens pnewmoniae. strain type 1, Park

Lactobacillus casei, no. 7469, American Type Culture Collection

Micrococens pyogenes var. auieuns, strain no. 3055, strain no 3066, strain no. 3067,
strain no. 3074, all from Boniece

Pioteuns vulgaris. strain no. 9484, American Type Culture Collection

Pseudomonas aernginosa, strain X239, R. C. Pittenger

Streptococcus pyogenes. C203, strain no. 8868, American Type Culture Collection

Saccharomyces cereviviae, "Gebriider Mayer,” strain no. 7752, “Old Process,” strain
no 7753, "Fleischmann's Baker's,” strain no. 7754, Ainerican Type Culture
Collection

MEDIA:

Brain heart infusion {(Difco) used with Corynebactertum

Hydcolyzed casein inedium (36) used with Mscrococcus

Mycin assay ager (Difco) used with Bacillns subiilis

Tryptose (Difco), 1 per cent, in nutrient broth (Difco) used with Corynebacter 1m

Pantothenic acid assay medium (Difco) used with Laczobacitins

Seed agar (Baltimore Biological Laboratories) used with Micrococcus. Proten and
Psendomonas

Tryptose medium (37) used with Dsplococcus and Sivepiococeus

Y east synthetic medium (38. 39) used with yeast
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INSTRUMENTS:

Laboratory Model G, Beckman pH Meter

Junior Speetrophutometer, Model 6A, Coleman Instruments, Inc.
OTHER MATERIALS:

Alumina A-303, Aluminum Company of America

Discs of very pure, highly absorbent paper for the assay of penicillin and other anu-
bacterial substances, $-in (12.7 mm) dian, No. 740-E, Carl Schleicher and Schuell

Erythromycin standard solution, 100 mcg/ml. One hundred mg ‘Ilotycin’ (erythro-
inycin, Lilly), lot no. 652282, was dissolved in 100 ml 1 per cent sodium and
potassium phosphate solution adjnsted to a pH of 7.0 (Hartman-Leddon Co.)
and filtered through a Seitz filter. Solntion was made np fresh at least once a
month and stored in a refrigerator unti! used.

“Tes-Tape,” a paper impregnated with glucose oxidase and horse-radish peroxi-
dase, Eli Lilly Company

Sereening of Compounds to Determine Reversal or Potentiation of Action of
Erythromycin

Method of Screening. Work was begun using seeded agar plates to which
erythromycin was added on a centrally located paper disk. Selutions of com-
pounds to be tested were added to paper disks which had been placed on the
agar. Part of the disk would cover agar in which the antibiotic would diffuse
from the erythromycin disk and would be expected to inhibit growth. Part
of the disk would cover agar where no inhibition would be expected to occur.

It was decided that seeded plates, in which a bacteriostatic threshold level
of erythromycin was present, would constitute a sensitive means of demon-
strating any reversal action that a compound might have. In this event the
disk to which an active compound had been added would be surrounded by
a circular zone or a halo in which growth of the test organism took place. The
diameter of the zone would be related to diffusability of the compound as
well as to its inherent activity.

Micrococcus pyogenes var. anrens no. 3053, a strain sensitive to several
antibiotics, and spores of Bacillus subtilis were used for these tests. Synthetic
media were tried first and found unsatisfactory. Seed agar (BBL) was used
with M. pyogenes and mycin agar (Difco) was used with B. subtilis. Ten
ml of heated Jiquid agar was poured into a Petri dish. After the agar base
had hardened, 5 ml additional liquid agar containing 0.5 ml of a 1/100
dilution of either organism and, when indicated, containing 0.5 ml of the
appropriate concentration of erythromycin, were layered in on top. When
M. pyogenes was used, 50 mcg of the antibiotic was either incorporated in
the seeded agar or added to the paper disk. When B. subtilis was used, 10 mcg
of the antibiotic was used. The antibiotic was added to the paper disk in 0.05
ml quaatities; solutions of test compounds were added in 0.07 ml quantities.
To prevent absorption of moisture from the medium by the paper disks,
solutions were added to the disks immediately alter they had been placed on
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the agar. Plates were incubated at 37°C. for 24 hours and then examioed for
growth.

Compounds Screened. A large number of compounds were screened for
effect on the inhibitory action of erythromycin against Micrococcus pyogenes
var. aureys and the spores of Bacillus subtilis, using both techniques. Com-
pounds and their per cent concentration in solution were as follows:

amino acids: DL-alpha-alanine, 1 and 10; beta-alanine, 0.1 and 10; L-arginine, 1;
DL-aspartic acid, 1 and 2; hydrolyzed casein (vitamin-free). 10; DL-citrulline, 1:
creatine, 1: L-cysteine-HCI, 1 and 10: ethionine. 1; L-glutamic acid, 1 and 2:
L-histidine-HCI. 1 and 5; DL-isoleucine, 2; L-leucine-HCI, 1: DL-lysine-HCJ, 1;
DL-methionine, 1: norleucine, 1; DL-phenylalanine, 1; L-proline, 1; DL-serine,
11 DL-threonine, 1: DL-tryptophan, 1; DL-valine, 2

purines: adenine sulfate, 1; guanine-HCI, 0.7: uracil. 1; xanthine, 1 (All purines
were brought into solution with NaOH.)

organic acids: citric acid, 1 and 10; oxalic acid, 1 and 10

vitamins: acetyl choline-HCJ, 10: ascorbic acid. 1; beta-alanine, 0.1 and 10; biotin,
0.000,04, Ca-pantothenate, 0.1 and 1; inositol, 0.1; niacin, 0.06; p-aminobenzoic
acid, 1; pimelic acid, 0.025; pyridoxine, 0.12, thiamine-HCI. 0.1; yeast extract. 10

carbohydrates: dextrose, 10: lactose, 10; levulose, 10; D-maitose, 1: mannose, 1;
mannitol, 10; rathnose, 10, rhamnoce, 2. ribose. 1; sucrose, 1 and 10; xylose, 10

miscellaneous organic compounds: adeoylic acid, 1; L-asparagine, 1 and 10: beef ex-
tract, 10: betaine, 1; creatinine, 1; desosamine, 10: D-glucosamine. 1: glutathio-
nine, 1: glycerol, 10; mercaptoethyl amine, 10; mucio, 5; Na-thioglycollate, 1;
tetra sodium salt of ethylene diamine tetra acetic acid, 9.4

inorganic compounds: FeSO..7H:0, 0.1 and 10; KCl, 0.1; ZnSO..7H:0, 0.1: TISO,,
0.1; H,BOs, 0.1; NaH.PO, and Na.HPO, (pH 7.0), 10

Hydrogen lon concentration. The pH was determined for all samples
screened which had not been previously discarded.

Since some of the compounds which reversed erythromycin were found to
have pH’s of 4.0 or less, the pH’s of the solutions of seven of these com-
pounds, adenylic acid, ascorbic acid, L-aspartic acid, L-cysteine-HCJ, L-glu-
tamic acid, glutathione and L-histidine-HCI, were brought up to the range
of 6.0 to 7.0. Solutions of these neutralized compounds were added to paper
disks on seeded plates containing a bacteriostatic amount of the antibiotic
and checked for reversal of the action of the antibiotic.

L-Cysteine-Hydrochloride. This compound was tested for reaction with
erythromycin under mildly acid conditions. A 0.2 per cent L-cysteine-HCl
solution was made in erythromycin standard solution and the pH adjusted to
5.2. As a control, erythromycin standard solution was adjusted to a pH of 5.2.
The cysteine-erythromycin and control solutions were heated in a 56°C.
water bath for 1 hour. Fifteen mf of each solution were filtered through a
Seitz filter and compared, using paper disk assay techniques with both test
organisms. The diameters of the zones of inhibition were measured and com-
pared as an indication of comparative potency. The remainder of the cysteine-
erythromycin and control solutions were stored in a refrigerator at 6°C. for
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about 72 hours. The solutions were then filtered and comparative potencies
again determined.

Orpanic and Inorganic acids. In view of the data which showed that com-
pounds which reverse the action of erythromycin were acidic, additional acid -
substances were tested in the same manner as the original screening. Sub-
stances tested were alanine 2 per cent and HCI 1 per cent, glycine 2 per cent
and HCl 1 per cent, HCI 1 per cent, Jactic acid 1 per cent, malic acid 1 per
cent, HoSO, 1 per cent and tartaric acid 1 per cent.

Revival. Finally, chemicals with the ability to reverse the action of erythro-
mycin, including acidic substances, were checked for revival of organisms
which had been inhibited by erythromycin. Agar plates seeded with either test
organism and containing bacteriostatic concentrations of erythromycin were
incubated at 37°C. for 24 hours. Solutions of test compounds were added to
paper disks on the surface of the agar. The plates were incubated an addi-
tional 48 hours and then examined for revival of organisms.

Investigation of the Reversal by Calcinm Paniothenale and Beta-Alanine
of the Inhibitory Effects of Erythromycin on Several Species of Bacteria

Lactobacillus casel. L. casei was used to determine if Ca-pantothenate and
beta-alanine have the ability to reverse the inhibition caused by erythromycin.
The procedure followed was that of the Difco Manual (40). Amounts of Ca-
pantothenate added to the tubes were equivalent to 0, 0.02, 0.2, 2 and 20
mcg/ml of the final volume. Four tubes containing each level of Ca-panto-
thenate received 0, 0.04, 0.2 and 1 mcg erythromycin per ml of the final
volume, respectively (Tahle 1). Distilled water was added to bring the
volume to 5 ml. Five ml pantothenic acid assay medium was added. The cul-
ture tubes were sterilized by autoclaving and then inoculated with a suspen-
sion of washed L. caiei. The cultures were incubated at 37°C. for 72 hours,
The pH was determined for each culture. An interpretation was made on
the basis of pH as an indication of growth and acid production. This test
was repeated. Subsequently, a test was set up in which all tubes received
0.2 mcg/ml Ca-pantothenate. Amounts of beta-alanine added to tubes were
0, 0.2, 2, 20 and 200 mgc/ml of the final volume. Four tubes containing
cach level of beta-alanine received 0, 0.2, 2, and 20 mcg erythromycin per
ml of the final volume, respectively (Table 2).

Saccharomyces cerevisiae. Three strains of S. cerevisiae, "Old Process,”
“Fleischmann’s Baker's” and “Gebriider Mayer,” were checked for their
requirements of Ca-pantothenate. Using the synthetic medium of Williams
et al. (38, 39) “Gebriider Mayer" gave the greatest response to the addition
of Ca-pantothenate to the medium. A test was set up with all tubes in du-
plicate. Amounts of Ca-pantothenate added to the tubes were equivalent to
0, 0.005, 0.01, 0.02, 0.03, 0.04 and 0.05 mcg/ml of the final volume. Eight
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tubes containing each level of Ca-pantothenate received 0, 1, 10 and 100
mcg erythromycin per ml of the final volume for each pair, respectively
(Table 3). After inoculation, tests were incubated at room temperature for
5 days. Readings of optical density were made at a wave length of 550
lambdas with a spectrophotometer. Subsequently, another test was run in
which amounts of beta-alanine added to the tubes were equivalent to 0, 0.2,
0.4, 0.6, 0.8 and 1 mcg/ml of the final volume. Eight tubes containing each
level of beta-alanine received 0, 1, 10 and 100 mcg erythcomycin per ml of
the final volume [or each pair, respectively (Table 4).

Micrococcis pyogesnes var. anreus. M. pyogenes var. aureus, strains no.
3055 and no. 3067, were investigated using hydrolyzed casein medium (36).
Amounts of Ca-pantothenate added to the tubes were equivalent to 0, 0.1, 1
and 10 mcg/ml of the final volume; amounts of beta-alanine, were equivalent
to 0, 10, 100 and 1000 mcg/ml. For each strain a set of four tubes at each
level of Ca-pantothenate or beta-alanine received 0, 0.1, 0.2, 0.5, 1 and 2
mcg erythromycin per ml of the final volume, respectively (Table 5). Aftec
inoculation, cultures were incubated at 37°C. for 5 days. Growth was de-
termined by a visual estimate of the turbidity. Very heavy growth was given
a value of 4; heavy growth, 3; moderate growth, 2; slight growth, 1; and no
growth, O.

Streptococcns pyogenes and Diplococcus pnenmoniae. S. pyogenes C-203
and D. pneumoniae Park type 1 were investigated using tryptose medium
(37). Amounts of Ca-pantothenate added to the tubes were equivalent to
0, 0.1, 1 and 10 mcg/ml of the final volume; amounts of beta-alanine, were
equivalent to 0, 10, 100 and 1000 mcg/ml. For each organism a set of four
tubes containing each level of Ca-pantothenate or beta-alanine received C,
0.005, 0.01, .02 and 0.04 mcg erythromycin per ml of the final volume,
respectively (Table 6). After inoculation, cultures were incubated at 37°C.
for 4 days. Growth was determined by a visual estimate of the turbidity.

Corynebacterium diphtheriae. C. diphtherige strains X-166 and Toronto
were investigated using a medium of 1 per cent Tryptose (Difco) added to
nutcient broth. Amounts of Ca-pantothepate added to the tubes were equiv-
alent to 0, 0.1, 1 and 10 mcg/ml of the final volume; amounts of beta-alanine,
were equivalent to 0, 10, 100 and 1000 mcg/ml. For each strain four tubes
containing each level of Ca-pantothenate or beta-alanjue received 0, 0.004,
0.0008, 0.016 and 0.032 mcg erythromycin per ml of the final volume, re-
spectively (Table 7). It was necessary to use a large inoculum to get satis-
factory growth. One drop of undiluted S-day culture was used. After
inoculation, the cultures were incubated at 37°C. for 9 days. After vigorous
shaking, the growth was determined by a visual estimate of turbidity.

Pantothenic Acid Production by Resistant Strains of Micrococcus pyogenes
var. aureus. Two resistant strains of M. pyogenes var. aureus, no. 3066 and
no. 3074, and sensitive strain no. 3055 were grown in hydrolyzed casein
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medium without the presence of pantothentic acid and beta-alanine. After in-

oculation, the cultures were incubated at 37°C. for 24 hours. A 10 m! ali-

quot of each culture was autoclaved at 15 Ib. steam pressure for 15 minutes.

To each culture was added 10 ml 4 per cent acetic acid, 2 ml N/1 NaOH and

1 g mylase. The tubes were placed in 2 50°C. water bath for 24 hours. The"
pH was brought to 7.0. These samples were assayed for pantothenic acid

using Lactobacillus casei in the manner earlier described.

Investigalion of the Presence of Intyacellular or Extracellulay
Erythromycinase

Gots” Method, Exiracellulayr Erythromycinase. Using the method of Gots
(4), Protens vulgaris, Psendonionas aeruginosa and resistant strains of Mi-
crococcus pyogenes var. aureus were checked for the production of extracellu-
lar erythromycinase. Seed agar (BBL) plates were prepared which were
seeded with sensitive strains M. pyogenes var. anreus, no. 3055 and no. 3067,
and which contained 1.4 mcg erythromycin per ml. The plates were streaked
with the above mentioned resistant organisms. The plates were incubated at
37°C. for 24 hours and examined for the growth of the seeded organisms in
the agar.

Breakdown of Evythromycin in Solution by Extracellular Exythromycinase.
Resistant strains of Micrococcus pyogenes var. anreus, no. 3066 and no. 3074,
were used in a second check for the production of an extracellular erythro-
mycinase. It had been previously determined that these strains could grow in
the presence of 200 mcg erythromycin per ml. Cellophane tubes containing
5 ml hydrolyzed casein medium (36) were immersed (n 25 ml of the same
medium in 40 mm diam culture tubes. The dialyzing tubes were inoculated
with resistant strains no. 3066 and no. 3074, respectively, and 100 mcg
erythromycin per ml was added to the medium surrounding the dialyzing
tubes. A third tube was inoculated with sensitive strain no. 3055, no anti-
biotic being added to the medium. A fourth tube was prepared in which
erythromycin was added but no inoculation was made. After 72 hours incu-
bation at 37°C., dilutions were made of the media outside of the dialyzing
tubes. The dilutions were made in hydrolyzed casein medium in 2-fold steps
from 1:2 to 1:64. The diluted medium was then inoculated with sensitive
strain no. 3055 and incubated at 37°C. for 2 days. The presence or absence
of growth in the dilutions was noted.

Solvent Treatment of Cells 1o Release Intracellular Erythromycin. Abraham
and Chain (41) originally found penicillinase as an intracellular enzyme by
grinding up cells of Escherichia coli. Kitby et al. (42) found that the treat-
ment of Micrococcus cells by fat-removing solvents, acetone and ether, was a
satisfactory means of making intracellular penicillinase available. Gilson and
Parker (43) found that by using the solvents at temperatures of —20°C.
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they bad less inactivation of the enzyme. Adapting the method of Gilson and
Parker to the facilities available, resistant strains, no. 3066 and no. 3074, of
Micrococcus pyogenes var, anrens were checked for the production of
erythromycinase.

The entire surface of plates of seed agar (BBL) was inoculated with a
suspension of the resistant M. pyogeizes strains. Two plates were inoculated
with each strain. After 24 hour incubation at 37°C., 3 ml sterile saline solu-
tion were added to each plate. The organisms were suspended in saline sofu-
tion. About 5 ml of suspension of each strain were harvested and added to a
centrifuge bottle. Each centrifuge bottle was placed in a beaker of alcohol
which had been cooled at —20°C. Twenty-eight ml of acetone, cooled to
—20°C., were gradually added with shaking. The suspension in the centri-
fuge bottle was maintained within the range of —10°C. to —20°C. After 75
minutes with frequent shaking, the acetone was removed with suction. An
additional 25 ml of —20°C. acteone was added to the residue and the sus-
pension maintained at —10°C. to —20°C. with frequent shaking for 75
minutes. The acetone was again removed with vacuum. This time, 25 m! of
—20°C. ether were added to the residue and the suspension matntained at
—10°C. to —20°C. with frequent shaking for 75 minutes. The ether was re-
moved with suction. The residue in the centrifuge bottle was dried by
evacuation to a pressure of below 100 microns Hg for 1 hour.

Erythromycin was added to hydrolyzed casein medium at dilutions from
1 mcg to 200 mcg per mil of final volume. One series of tubes served as con-
trols, a second series received a suspension of no. 3066 treated cells; a third
series received a suspension of no. 3074 treated cells. All tubes were inoc-
ulated with a suspension of the sensitive no. 3055 strain, excepting sterility
controls. Since sterility controls on inoculation indicated that viable Micro-
cocens cells were present in the residues, another plan was necessary to dem-
onstrate the presence or absence of erythromycin.

An erythromycin standard solution was brought in contact with the de-
fatted cells, sterilized by fltration, and checked for destruction of the anti-
biotic. A tube containing 3 ml of erythromycin standard solution, 1000 mcg
of the antibiotic per ml, received 1.7 mg of defatted no. 3066 cells; a second
tube received 4.1 mg of defatted no. 3074 cells; a third tube received no
cells and acted as a control. All tubes were left at room temperature for 48
hours. Twelve ml distilled water were added to each tube and the contents
then filtered through a Seitz filter. Dilutions of the filterates added to hy-
drolyzed casein medium were equivalent to 0, 0.10, 0.39, 1.56, 6.25, 25 and
100 mcg of erythromycin originally present per ml of final volume. All tubes
were inoculated with the sensitive strain no. 3055 of M. pyogenes var. anreus.
After incubation at 37°C. for 4 days, the tubes were examined for growth.

Physical Destruction of Cell Wall to Release Intracellular Erythromy-
cinase. According to Hugo (44) and Mcllwain (45), a very satisfactory
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method of preparing cell-free enzymes is by the physical rupturing of the
cell wall with fine abrasives. Resistant strains no. 3066 and no. 3074 of Mj-
crococcus pyogenes var. aurens and the resistant organisms Profens vulgaris
and Pseudomonas aeruginosa were treated in this manner to determine the
presence of intracellular erythromycinase. )

The entire surfaces of two plates of seed agar (BBL) were inoculated with
each strain of organism used in this experiment. After 24 hour incubation at
37°C.. 4 ml sterile saline solution were added to each plate and the organ-
isms therein suspended. About 8 mi of each strain were harvested aud placed
in a centrifuge tube. The cells were centrifuged down in an angle head centri-
{uge and had a final volume of about % ml. The residue was transferred to a
cooled sterile mortar. Six-tenths g of Alumina A-303 were added. The cells
were ground with a pestle for 1 minute following the procedure described by
Mcllwain (45). The ground cells were resuspended in 2 ml sterile saline
solution and 1 ml erythromycin standard solution. The suspensions were re-
frigerated at 6°C. for 24 hours and then left at room temperature for 24
hours. Next they were diluted with 27 ml distilled water each and were
sterilized by filtration through Seitz filters. The filtrates were added to hy-
drolyzed casein medium in amounts equivalent to 0, 0.1, 0.4, 1.2, 3.7 and 11
mcg of erythromycin originally present per ml of final volume. All tubes
were inoculated with the sensitive strain no. 3055 of M. pyogenes var. aureus.
After incubation at 37°C. for 3 days, growth was determined by visual in-
spection.

The Effect of Erythromycin on the Action of Coagulase and Other Enzymes

Coagulase tests were carried out in a mananer similar to that described in
the Difco Manual (46). Plasma was prepared from rabbit blood to which
1 per cent Na-oxalate was added. Dilutions of erythromycin were made in
distilled water with erythromycin standard solution. Derivatives of erythro-
mycin were dissolved or suspended in distilled water. Micrococcus pyogenes
var. ayreus was grown in Brain Heart Infusion (Difco) at 37°C. for 24
hours. Suspensions of the organisms were staudardized at 42.5 per cent light
transmisston at a wave length of 550 lambdas in a spectrophotometer. Five-
tenths ml plasma were measured into an 11 mm by 65 mm culture tube; 0.1
ml erythromycin solution, derivative solution or water was added; 0.1 ml
standardized suspension of M. pyogenes var. aureus cells was added last.
Each tube was mixed by shaking and placed in a 37°C. water bath. Tubes
were examined for coagulation every 5 minutes for the first 30 minutes and
every 10 minutes up to 3 hours. The amount of coagulation was estimated
by the apparent viscosity of the plasma. A numerical value of 4 was assigned
when the tube could be inverted without displacement of the plasma from
the bottom of the tube; a value of 0 was assigned when there was no ap-
parent change in viscosity.
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A preliminary study was made on the effect of the addition of erythromy-
cin or its derivatives at the time of growth on the formation of coagulase by
M. pyogenes var. anreus. Tubes containing S ml casamino acid medium to
which had been added 12.5, 5 and 1.25 mcg erythromycin, 5 mg desosamine,
S mg erythralosamine, S mg dihydroerythronolide, CsH,,O¢, and 2 control
were inoculated with strain no. 3055. A control medium and a medium with
100 mcg erythromycin added were inoculated with strain no. 3066. The co-
agulase action of these cultures was noted for the first 60 minutes. The ef-
fect of the addition of 100 mcg erythromycin at the time of the coagulase
test on the coagulase activity of strain no. 3055 was also determined.

A second series of tests was carried out using cultures of sensitive strains
no. 3055 and no. 3067 and resistant strains no. 3066 and no. 3074 grown in
brain heart infusion alone and resistant strains no. 3066 and no. 3074 grown
in the presence of 100 mcg erythromycin per ml. The coagulase activity was
determined for each of these six cultures alone with the addition of 100 mcg
erythromycin at the time of test.

A third series of tests was carcied out using cultures of strains no. 3055,
no. 3066, no. 3067 and no. 3074 grown in brain heart infusion. At the time
of test, 0, 0.1, 1, 10 and 100 1ncg erythromycin were added to plasma tubes
with each strain of M. pyogenes var. anreus to determine the effect on co-
agulase activity of erythromycin.

A fourth series of tests was carried out to determine the effect of several
degradation products of erythromycin on the coagulase activity of M. pyo-
genes var. aurens. At the time of test 1000 mcg desosamine, 1000 mcg cla-
denose, 100 mcg dihydroerythronoelide, 100 mcg erythralosamine, and 1 mcg
erythromycin were added in 0.1 ml distilled water to 0.5 oxalated plasma.
One-tenth m! of suspended cells of M. pyogenes was added to each tube as
well as to a control. Strains no. 3055, no. 3066, no. 3067 and no. 3074 were
used. The time of coagulation of each tube was noted.

The new clinical aid, “Tes-Tape,” depends on the activity of glucose
oxidase and horse-radish peroxidase to determine the presence of glucose in
the urine. A 40 mm strip of “Tes-Tape” was wet with 0.05 ml erythromycin
standard solution and allowed to air dry. The antibiotic treated strip and a
control strip were both wet with a 1 per cent glucose solution. Both strips
were dried in the air for 1 minute. The depth of the coloc of each strip was
compared with the color chart on the tape dispenser.

RESULTS

Screening of Compounds to Determine Reversal of Potentiation of Action of
Erythromycin

Componnds Screened. Several of the compounds screened showed some
form of activity. Some of these substances reversed the inhibition of the test
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organisms by erythromycin; other potentiated the action of the antibiotic;
still others acted independently of the erythromycin in a toxic effect on the
test organisins or reacted with the media to form opaque areas.

The following compounds reversed the inhibition of test organisms by
erythromycin. The diameters of the growth zones on plates seeded with Mi-
crococeys pyogenes vac. auveus and spores of Bacillus subtilis are here listed:

adenylic acid, 1 per cent: B. 5., 14 to 19 mm

ascorbic acid, 1 per cent: M. p., 14 mm; B. 5., 14 to 18 mm

DL-aspartic acid, 2 per cent: M. p.. 15 to 24 mm; B. 5., 19 to 26 mm

citric acid, 1 per cent: M. p., 22 mm, B. 5., 18 10 27 mm

L-cysteine-HCI, 10 per cent: AL p., 23 to 33 mm; B. 5., 27 to 34 mm

L-glutamic acid, 1 per cent: B. 5, 15 to 21 mm glutathione, 1 per cent: M. p.. 19mm
L-bistidine-HCI. 5 per cent: M. p., 20 mom; B. 5., 22 mm

oxalic acid, 1 per cent: M. p.. 23 mm; B. 5., 27 to 33 mm

The inhibition of Micrococcus pyogenes var. anrens and spores of Bacillus
subtilis by erythromycin was potentiated by adenine sulfate, 1 per cent,
guanine-HCl, 0.7 per cent, uracil, 1 per cent, and xanthine, 1 per ceat.

A aumber of the compounds which reversed the inhibition of erythromy-
cin had a halo-like growth zone. In fact, the only one of these reversing com-
pounds for which this halo-like effect was not seen was glutathione. Data
giving the diameter of the inaer zone of inhibition is given in the paragraph
2, page 79. In seeded plates to which erythromycin had not been added, these
compounds produced zones of inhibition of about the same diameter as the
inaer diameter of the halo in plates to which erythromycin had been added.

Oxalic acid reacted with both media to form opaque zones around the
paper disks.

Toxic effects of Micrococcus pyogenes var. aurens and spores of Bacillus
subtilis produced inhibition zones with diameters as follows:

TFeSO..7TH:O, 10 pec cent: M. p.. 25 mm; B. 5.. 27 mm

D-glucosamine, 1 per cent: M. p., 25 mm; B. 5, 13mm

mercaptoethyl amine, 10 per cent: B. 5., 50 mm (no sharp threshold)

thioglycerol, 10 per cent: M. p,, 2L mm; B. 5., 16 mm

tetra sodium salt of ethylene diamine tetra acetic acid, 9.4 per cent: M. p., 27 mm;
B. 5., 34 min

FeSO,.7H50, 10 per ceat, and D-glucosamine, 1 per ceant, enhanced the
growth of spores of Bacillus subtilis with zones 39 mm and 22 mm in di-
ameter, respectively.

Hydrogen Ion Concentration. The hydrogen ion concentration was de-
termined on solutions of all compounds screened except Ca-panthothenate,
pyridoxine, niacin, biotin, desosamine, ZnSO,.7H-0O, TiSO,; and H;BO;.
The hydrogen ion concentrations of most solutions were found to lie within
the pH range of 5.0 to 7.9. Solutions which had a hydrogen ion concentration
above or below this range had pH's as follows:
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adenine sulfate, | per cent

10.0
adenylic acid, 1 per cent 2.7
ascorbic acid, 1 per cent 2.5
DL-aspartic acid, 2 per cent 29
betaine, 1 per ceat 4.1
citric acid, 1 per cent 2.2
L-cysteine-HCI, 1 per cent 1.7
L-glutamic acid, 1 per cent 29
glutathione, 1 per cent 3.0
guanine HCI, 0.7 per cent 10.4
L-histidine-HCl, 1 per cent 4.0
mercaptoethy) amine, 10 per cent 4.6
oxalic acid, 1 per cent 3.7
p-aminobenzoic acid. 1 per cent 3.7
thiamine-HCI, 0.1 per cent 3.7
uracil, | per cent 9.9
xanthine. 1 per cent 10.4

The neutralized solutions of adenylic acid (4 per cent), ascorbic acid (10
per cent), L-aspartic acid (5 per cent), L-cysteine-HCI (10 per cent), L-
glutamic acid (4 per cent), glutathione (2 per cent) and L-histidine- HCI
(5 per cent) gave no evidence of reversing the bacteriostasis of the test or-
ganisms, Micrococcus pyogenes var. anrens and Bacillus subtilis. caused by
threshold amounts of erythromycin.

L-Cysteine-HCI. Erythromycin which had been treated with L-cysteine-
HCl at a pH of 5.2 at 56°C. for 1 hour gave zones of inhibition with both
Micrococcus pyogenes var. aurens and the spores of Bacillus subtilis iden-
tical with those obtained from an erythromycin control which bad been
treated with no L-cysteine-HCI. After a subsequent 3-day storage in the re-
frigerator, potencies were still identical.

Organic and Inorganic Acids. Tt was found that the inhibition of Micro-
coccus pyogenes var. aurens and the spores Bacillus subiilis was reversed by
a number of organic and mineral acids. Alanine (2 per cent) and HCI (1 per
cent), glycine (2 per cent) and HCI (1 per cent), HCI (1 per cent), lactic
acid (1 per cent), malic acid (1 per cent), HySO, (1 per cent) and tartaric
acid (1 per cent) were effective. In the case of B. subtilis these acids in the
aforementioned concentrations caused halo-like zones of growth in plates
containing threshold amounts of the antibiotic. In the case of M. pyogenes the
zone of growth extended to the paper dish on which the acid had been added.

Revival. It was found that revival of Micrococens pyogenes var. aurews
and spores of Bacillus subtilis by a threshold amount of erythromycin could
be effected by the compounds which had shown reversal action when added at
the same time as the antibiotic. DL-asparic acid, L-cysteine-HCl and L-histi-
dine-HCI brought about the revival of both organisms. Growth could be seen
at 24 hours but was much more evident at 48 hours. Only a small percentage
of the inhjbited organisms were revived. In the case of M. pyogenes var.
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asreyni most of these appeared to be growing on the surface of the agar. After
becoming aware of the importance of the pH of the compouads screened, it
was found that alanine (2 per cent) and HClL (1 per ceat), ascorbic acid (4
per ceat), L-glutamic acid (2 per cent), HCl (1 per cent) and HaSO, (1
per cent) brought about the revival of B. subtilis. The revival of M. pyogenes
var. anres was brought about by alanine (2 per cent) and HCI (1 per cent),
ascorbic acid (4 per cent), L-glutamic acid (2 per ceat), malic acid (1 per
cent) and tactaric acid (1 per cent).

luvestigation of the Reverial by Calciuim Pantothenate and Betla-Alanine
of the Inhibitory Effects of Evythromycin on Several Species of Bacteria

Lactobacillus casei. In the studies with L. cave/ it was found that
0.2 mcg/ml erythromycin caused an increase ia the pH of the blank tubes to
which no Ca-pantothenate had been added after the tubes had heen inoc-
ulated and incubated 3 days at 37°C. One mcg/ml of the antibiotic resulted
in a still higher pH (less acid production). The minimal inhibitory level of
erythromycin, i.e., 0.2 mcg/ml erythromycin, 0.02, 0.2 and 2 mcg/ml Ca-
pantotheaate caused a reversal of the inhibitory effect and brought about
growth. However, whea 1 mcg/ml of the antibiotic was present even 20
mcg/ml of the vitamin caused no appreciable reversal of inhibition (Table
1). When 0.2, 2 or 20 mcg/ml of erythromycia was present, up to 200 mcg/
ml beta-alanine had no growth effect in the presence of 0.2 mcg/ml Ca-
pantothenate (Table 2).

Saccharomyces cerevisiae. With the “Gebruder Mayer” straia of S. ce-
revisiae 10 meg/ml of erythromycin caused no inhibition. When 100 mcg/ml
of the antibiotic was present, it took 0.02, 0.04 and 0.05 mcg/ml Ca-panto-
thenate to bring the growth of the yeast to the level, as measured by the
spectrophotometer, which 0.005, 0.02 and 0.03 mcg/ml Ca-pantothenate
attained in the absence ol erythromycin (Table 3). Similarly, it required
0.4 and 0.8 mcg/ml beta-alanine in the presence of 100 mcg/ml erythromy-
cin to bring about growth equivalent to that of 0.2 an 0.4 mcg/ml beta-
alanine in the absence of erythromycin (Table 4).

It was necessary to use the level of 100 mcg/ml erythromycin to cause a
reduction of growth of the yeast. It was impractical to use higher concentra-
tions of the antibiotic due to its limited solubility.

Micrococcns pyogenes var. anrens. Strain no. 3055 of M. pyogenes var.
anrens was inhibited by 0.5 mcg/ml erythromycin in the absence of either
Ca-pantothenate or beta-alanine; strain no. 3067 was inhibited by 1.0
mcg/ml. With 0.1, 1 and 10 mcg/ml Ca-pantothenate added to the medium,
1.0, 0.5 and 0.5 mcg/ml of the antibiotic were required for inhibition of
strain no. 3055 and 1.0, 1.0 and 1.0 mcg/iml of the antibiotic for strain no.
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3067. With 10, 100 and 1000 mcg/ml beta-alanine added, 0.5, 0.5 and 0.5
mcg/ml erythromycin were required for inhibition of strain no. 3055 and
1.0, 1.0 and 2.0 mcg/ml, for strain no. 3067. Neither Ca-pantothenate or
beta-alanine reversed the inhibition of these strains by erythromycin ap-
preciably (Table 5).

Diplococens pneumoniae. The growth of D. prenmoniae was partially in-
hibited by 0.005 mcg/ml erythromycin and completely inhibited by 0.01
mcg/ml in the absence of Ca-pantothenate or beta-alanine. The presence of
0.1, 1 and 10 mcg/ml Ca-pantothenate, the organism was inhibited by 0.01
mcg/ml of the antibiotic at all levels. In the presence of 10, 100 and 1000
mcg/ml beta-alanine, the organism was inhibited by 0.0 mcg/ml erythromy-
cin at all levels. Neither growth factor reversed the inhibition of the organ-
ism by the antibiotic (Table 6).

Streptococcus pyogenes. The growth of §. pyogenes was partially in-
hibited by 0.005 mcg/ml and completely inhibited by 0.01 or 0.02 erythro-
mycin in the absence of Ca-pantothenate or beta-alanine. In the presence of
0.1, 1 and 10 mcg/ml Ca-pantothenate, the organism was inhibited at all
levels by 0.02 mcg/ml of the antibiotic. In the presence of 10, 100 and 1000
mcg/ml beta-alanine, the organism was inhibited by 0.01, 0.02 and 0.02
mcg/ml of the antibiotic, respectively. Neither Ca-pantothenate nor beta-
alanine caused any appreciable reversal of the inhibition of §. pyogenes by
erythromycin (Table 6).

Corynebacterium diphtheriae. The inhibition of C. diphiheriae by erythro-
mycin showed no sharp cut-off point. A 0.004 mcg/ml concentration of the
antibiotic permitted maximum growth of the organism; 0.008 mcg/ml,
permitted heavy growth; 0.016 mcg/ml. permitted moderate growth; and
0.032 mcg/ml, permitted slight growth. In the presence of 0.1 and 1 mcg/
ml Ca-pantothenate or 10, 100 and 1000 mcg/mi beta-alanine, the different
concentrations of erythromycin produced the same pattern of inhibition as
in the control which received neither nutrient. When 10 mcg/ml Ca-panto-
thenate was used, the partial inhibition caused by 0.008 and 0.016 mcg/ml
erythromycin appeared to be reversed and that caused by 0.032 mcg/ml of
the antibiotic was not affected (Table 7).

Gots’ Method. Using the two sensitive strains of Micrococcus pyogenes
var. aurens, no. 3055 and no. 3067, in seeded plates, there was no evidence
that the resistant strains of M. pyogenes var. aurens, no. 3066 and no. 3074,
or the resistant organisms Protens vulgaris and Pseudomonas aeruginosa
produced a metabolite which was capable of diffusing through the agar and
ceversing the inhibition of erythromycin.

Production of Pantothenic Acid by Resistant Straimns of Micrococcus pyo-
genes var. aureus. Mylase-treated, autoclaved suspensions of resistant and
sensitive strains of M. pyogenes were assayed for pantothentic acid content.
The suspension of sensitive strain no. 3055 contained 0.51 mcg/ml panto-
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thenic acid; resistant strain no. 3066 contained 0.44 mcg/ml; resistant strain
no. 3074 contained 0.43 mcg/m!.

Linvestigation of the Presence of Intracellulay and Extracellular
Erythromycinase

Gots” Method. Extracellulay Erythromycinase. Using the method of Gots
(4), agar seeded with sensitive strains no. 3055 and no. 3067 of AMicrococ-
cus pyogenes var. anreus gave no indication of a diffusible extracellular
erythromycinase in either resistant strains no. 3066 and no. 3074 of M. pyo-
genes var. anrens orf in the resistant organisms Profexs vulgaris and Psenu-
domonas aeruginosa. Using bacteriostatic amounts of the antibiotic in the
agar, there was no growth of the sensitive seeded organisms in the proximity
of the resistant organisms.

Breakdown of Erythromycin in Solution by Extracellular Erylbhiomycinase.
After incubation the erythromycin containing media surrounding the dialyz-
ing tubes which were inoculated with resistant strains no. 3066 and no. 3074
of Micrococcus pyogenes var. anrens and the antibiotic control still inhibited
the growth of the sensitive strain no. 3055 at dilutions up through 1:64. The
second control, which contained no erythromycin and had been inoculated
with sensitive strain no. 3053, produced no substance capable of reducing
growth (Table 8).

Solvent Treatmen! of Cells to Release Intracellular Erythromycinase.
Erythromycin solutions which had been treated with the solvent-extracted,
resistant strains of Micrococcus pyogenes var. anreus had identical inhibitory
powers. In each case after treatment by defatted cells of strains no. 3066 and
no. 3074, dilutions equivalent to an original concentration of 0.39 mcg/iml
erythromycin inhibited the growth of sensitive strain no. 3055 of M. pyo-
genes var. anreus; dilutions equivalent to an original concentration of 0.10
mcg/ml did not inhibit the growth (Table 9).

Physical Destruction of Cell Wall to Release Intracellular Erythromy-
cinase. Dilutions of erythromycin which had been treated with alumina
ground cells of resistant strains no. 3066 and no. 3074 of Micrococcus pyo-
genes var. aurens and the resistant organisms Profeus vulgarss and Pseu-
domonas aernginosa and had been subsequently sterilized retained much
erythromycin activity. In all four cases dilutions equivalent to 1.2 mcg/ml
original erythromycin content inhibited growth of the seusitive strain no.
3055 of M. pyogenes var. auvens; dilutions equivalent to 0.4 meg/ml original
erythromycin content did not inhibit growth (Table 10).

The Effect of Erythromycin on the Action of Coagulase and other Enzymes

In the preliminary test the presence of coagulase was varied when erythro-
mycin and several erythromycin degradation compounds had been added to

197



the growing organism Micrococcus pyogenes var. aurens. Using strain no.
3055, the control with no compound added, cultures grown with 1 mg/ml
desosamine, 1 mg/ml erythralosamine and 1 mg/ml dihydroerythronolide all
gave a coagulation value of 4 after 60 minutes. The addition of 100 mcg
erythromycin at the time of the test reduced the coagulation value of no. 3055
to 3 at 100 minutes. Using strain no. 3066, the control gave a coagulation
value of 3 at 60 minutes and the addition of 100 mcg erythromycin at the
time of test reduced the coagulation value to 1 at 60 minutes.

In the second series of tests, using suspensions of M. pyogenes var. aureis
which had been standardized by a spectrophotometer, the addition of 100
mcg erythromycin to the mixture of plasma and suspension of organisms at
the time of test increased the time required for coagulation. The six suspen-
sions of the organism coagulated the plasma in periods of time varying from
40 to 80 minutes. When 100 mcg erythromycin was added at the time of the
test, the time required for coagulation was 80 minutes to greater than 3 hours.
The increase in time to bring about coagulation due to the addition of
erythromycin at the time of the test varied from 40 minutes to greater than
140 minutes (Table 11).

A third test, with all four strains of Af. pyogenes var. aureus, revealed
that amounts of erythromycin as smali as 0.1 mcg increased the time of co-
agulation. With all four strains the addition of 1 mcg erythromycin resulted
in sti)l further increases of time required for coagulation. Amounts of
erythromycin in excess of 1 mcg, namely 10 and 100 mcg, did not further
increase time required for coagulation under test conditions but took longer
for coagulation than those tubes which received 0 or 0.1 mcg of the anti-
biotic (Table 12).

It was found that the addition of 100 mcg/ml erythromycin increased
the growth for resistant strains no. 3066 and no. 3074 of M. pyogenes var.
aureus as measured in percentage light transmission from 23 to 20 and 34 to
28, respectively.

In a final test, the effect of several degradation products of erythromycin
on the time required for coagulation was found to vary among the same four
strains of M. pyogenes var. aurens. The average time required for formation
of a coagulum, firm enough to allow inverting the tube without loss of the
plasma, was 82 minutes. The addition of 1000 mcg desosamine required on
the average 76 minutes; 1000 mcg cladenose, 80 minutes; 100 mcg eryth-
ralosamine, 97 minutes; 100 mcg dihydroerythronolide, 112 minutes; and
1 mcg erythromycin, over 160 minutes (Table 13).

“Tes-Tape,” the glucose oxidase and horse-radish peroxidase impregnated
paper, was not affected in its reaction to glucose by erythromycin. Tape
previously saturated with erythromycin standard solution reacted to give the
same color upon being wet by glucose solution as a control.
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DISCUSSION

Screening of Compounds 1o Determine Reversal o f Potentiation of the
Action of Erythromycin

Nearly one hundred compounds were screend for effect on the inhibition
of growth of Micrococcus pyogenes var. aurens and the spores of Bacillus
subtilis by erythromycin. Solutions of four of these compounds potentiated
the action of the antibiotic and solutions of nine of the compounds reversed
the action. The four compounds which had a potentiating effect were purines
and had been dissolved, using NaOH, with resulting pH's of 9.9 to 10.4.
Solutions of the nine compounds which had shown reversal of the action of
erythromycin were all acidic with pH’s ranging from 1.7 to 4.0. Since the
work of Pittenger et al. (1) and Haight and Finland (2) indicated that an
increase in pH resulted in increased activity of erythromycin, it appeared
that both the potentiating and reversing phenomena resulted from the hydro-
gen ion concentration of the solutions screened.

The neutralization of the solutions of screened compounds which showed
activity afforded an opportunity to determine whether the structure alone
could account for activity. With the four purines, adenine, guanine, uracil
and xanthine, neutralization would result in their precipitation and, there-
fore, no useful data could be obtained. Solutions of seven of the nine active
acidic compounds were brought to pH’s between 6.2 and 7.0. None of these
solutions retained the ability after neutralization to reverse the action of
erythromycin. As a complementary measure, various other organic and inor-
ganic acids were found to reverse the action of.the antibiotic.

Revival, apparently, presents a similar situation. Only solutions of acid
compounds brought about revival and they were for the most part the same
as those which caused reversal. It would appear that the greater proportion
of the Micrococcus pyogenes var. aurens and Bacillus subtilis cells had been
killed by the “bacteriostatic” concentration of erythromycin. The remaining
resistant bacteria resumed growth after the shift to the acid side, by the ad-
dition of the solution to the paper disk, reduced the effectiveness of the
antibiotic to below the bacteriostatic level.

The halo phenomenon was exhibited in both reversal and revival. In
plates sceded with the spores of Bacillus subtilis the diameters of the inner
zone of inhibition were larger than those of plates seeded with Micrococcus
pyogenes var. anrens. The inner zone of inhibition adjacent to the paper disk
appears to be a toxic effect of a low pH. Since Bacillus subtilis requires more
alkaline surroundings it follows that the zone would necessarily be larger.
With an increase in distance from the paper disk one would expect the pH
to rise to a level where the bacteria were not inhibited and at which the con-
centration of antibiotic present would be reversed and, finally, at a still
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greater distance the strength of the acid would have been so reduced that
the organisms would again be inhibited by the antibiotic.

It had been suspected that the sulfhydryl radical of cysteine or the closely
related mercaptoethylamine might react with a ketone group in erythromycin
but there appears to be no reaction.

Desosamine, the nitrogen containing sugar which is found in numerous
antibiotics of the erythromycin group, exhibited no activity of any kind.
The activity of erythromycin is due to other characteristics of the molecule.

Investigation of the Reverial by Calcium Pantothenate and Bela-Alanine of
the Inhibitory E ffects of Erythromycnr on Several Species of Bactersa

Very little has been found to support the thesis that Ca-pantothenate and
beta-alanine act as antagonists of erythromycin. Brown and Emerson (4)
used Ca-pantothenate and beta-alanine to reverse the inhibition of Corynebac-
terium diphtheriae by crythromycin. Employing the same medium but using
different strains of the bacterium, Ca-pantothenate and beta-alanine did not
reverse the action of erythromycin. In this study ratios of Ca-pantothenate
and beta-alanine to the antibiotic equalled or surpassed those used by Brown
and Emerson. The data reported hece do not confirm their findings, although
other strains were used.

Working with other organisms and various technics, indications of the
reversal of tbe action of erythromycin by Ca-pantothenate or beta-alanine
were found in two instances. The “Gebriider Mayer” strain of Saccharomyces
cerevisiae showed reversal of inhibition due to the antibiotic in the presence
of both Ca-pantothenate and beta-alanine. The reversal of erythromycin
was seen at only one inhibitory concentration of the antibiotic since higher
levels were not practical due to its limited solubility. Therefore the nature of
the reversal cannot be determined. Two alternative explanations of the re-
sults can be made. Since the yeast requires either Ca-pantothenate or beta-
alanine, the antibiotic cannot be inhibiting the growth and division by block-
ing the production of Ca-pantothenate or beta-alanine. It is possible,
however, that the erythromycin acts by competing with Ca-pantothenate or
beta-alanine for a position in an essential enzyme system. As an alternative,
esythromycin could be jnterfering with an essential enzyme system which is
distinct from the enzyme system in which Ca-pantothenate and beta-alanine
play an important role. In this situation the addition of a sub-bacteriostatic
amount of erythromycin and the presence of a low amount of Ca-pantothe-
nate would interfere with the normal operation of the respective enzyme
systems. While the reduced action of either enzyme system alone would not
prevent growth and reproduction, the reduced action of both enzyme sys-
tems would, synergistically, inhibit growth or reproduction. If the reversal
is competitive, it may be estimated that either 0.02 mcg Ca-pantothenate.or
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1 mcg beta-alanine reverse the action of 100 mcg erythromycin. The activity
coefficients of Ca-pantothenate and beta-alanine would be 5,000 and 100,
respectively. Lactobacilius carei showed no reversal of the action of the anti-
biotic with beta-alanine; but in the presence of the minimal inhibiting con-
centration of erythromycin, the bacterium showed an apparently non-com-
petitive reversal of the inhibition by Ca-pantothenate.

In the other organisms studied, Ca-pantothenate and beta-alanine did not
reverse the inhibitory action of erythromycin. The inhibition by erythromy-
cin of Diplococcus pneumoniae, Micrococcus pyogenes var. awrens, and
Streptococens pyogenes was not reversed by Ca-pantothenate at concentra-
tions as high as 10 mcg/ml or beta-alanine at concentrations as high as 1000
mcg/ml. The average level of pantothenic acid in human blood was found
by Pearson (47} to be 0.19 mcg/ml. Tt appears unlikely that vitamin therapy
would increase the pantothenic acid above blood levels at which no reversal
of the action of erythromycin would occur.

If the action of erythromycin were reversed by Ca-pantothenate, resistance
of organisms might be due to synthesis of large amounts of that vitamin.
Amounts of pantothenic acid produced by two highly resistant strains of
Micrococcus pyogenes var. aureus were almost equal to that produced by a
sensitive strain. The enzyme mylase made pantothenic acid in a bound form
available for assay. These data are convincing in showing the lack of any com-
petitive relationship between erythromycin and pantothenic acid. Since
beta-alanine is a precursor of pantothenic acid (48), the above data consti-
tute indirect evidence that synthesis of beta-alanine is not the means by which
these strains are resistant to the antibiotic.

The evidence that the resistant strains of Micrococcus pyogenes var. aurens
and the two organisms, Proteus vulgaris and Psendomonas aeruginosa, do
not produce extracellular erythromycinase, is equally valid as evidence that
they do not produce extracellular metabolites competitive with erythromycin.

With the possible exception of data found using the “Gebriidder Mayer”
strain of Saccharomyces cerevisiae. all results indicated that neither Ca-pan-
tothenate or beta-alanine competitively reversed inhibition caused by erythro-
mycio.

Investigation of the Presence of Intracellular and Extracellular
Erythromycinase

One mechanism which might account for the resistance of certain strains
and organisms to erythromycin would be the presence of erythromycinase.
The enzyme might be present either in an extracellular form or in an intra-
cellular form.

Neither of the two resistant Micrococcus pyogenes var. anrens strains nor
Protens vulgaris nor Pseudomonas aernginosa reversed the inhibition of the
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two sensitive seed organisms by erythronycin. In addition, resistant strains
of M. pyogenes var. aurens were grown in dialyzing tubes surrounded by
media containing erythromycin. It should be expected that the erythromycin
would diffuse through the cellophane tube to the organisms and be broken
down if erythromycinase were present. Here again there was no indication
of destruction.

It should be noted that if apparent destruction of the antibiotic had oc-
curred it would be necessary to determine whether erythromycinase had
destroyed the erythromycin or a competitive metabolite had been produced.

Since no extracellular erythromycinase was found, it can be concluded
that the resistant strains of Micrococcns pyogenes var. anreus are truly re-
sistant. Tt had been found previously that some “resistant” organisms pro-
duce an antibiotic destroying enzyme which changes the environment by
reducing the antibiotic concentration below the threshold level so that the
truly sensitive organism can grow. Such is not the case here.

The possibility of an intracellular erythromycinase still remained. The
treatment of cells by fat solvents has been found to render the walls of the
cells permeable enabling molecules as large as penicillin, for example, to
come in contact with enzymes in cells (4). There was no evidence, however,
of erythromycinase in the solvent-treated strains studied. The use of high
frequency sound waves to break down the cell walls was rejected because the
celis of Micrococcus pyogenes var. anreus offer great resistance to this treat-
ment. Confirmation by grinding with alundum was chosen since it is ef-
fective and yet causes a minimum of denaturation of the protein of the cell.
Apparently there was some absorption of the antibiotic on the alundum and
the contents of the cells; but the amount of erythromycin left free in the
solution after treatment was still many times that necessary to inhibit the
growth of a sensitive strain. Thus, the evidence is strong that intracellular
erythromycinase is not present in the two resistant strains of M. pyogenes
var. aurens and in Proteus vulgaris and Psendomonas aeruginosa.

No evidence of either extraceflular or intracellular erythromycinase was
found in the organisms studied.

The Effect of Erythromycin on the Action of Coagulase and Other Enzymes

Originally it had been suspected that the effectiveness of erythromycin
in vivo in mice against strains of Micrococcus pyogenes var. anrens was due
to an effect on coagulase by erythromycin. This matter was pursued when
Boniece et al. (34) revealed that erythromycin in small amounts reduced the
activity of coagulase. From the results obtained using four strains of Micro-
cocens pyogenes var. aurens there is no doubt as to the reduction of the speed
of coagulase activity when small amounts of erythromycin were added at the
time of test. Furthermore, the degradation compounds, cladenose, desosa-
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mine, dihydroerythronolide, and erythralosamine, had little if any activity
compared with erythromycin. It appears that the property of reducing the
activity of coagulase is evanescent as the antibiotic is cleaved into its com-
poncent parts. The data concerning dihydroerythronolide and erythralosamine |
was not statistically significant and it would be worth while to make further
tests of the effect of these compounds on coagulase. The inhibitory action of
erythromycin cannot be associated with its degradation compounds, desosa-
mineg, erythralosamine, and dihydroerythronolide.

One conclusion s obvious, erythromycin interferes with sensitive strains
of Microcorcus pyogener var. aurens in at Jeast two ways: it inhibits portions
of the metabolic system which function in the growth and reproduction of
the organism; and it interferes with the action of coagulase. It should be
noted, however, that coagulase was still formed by resistant strains growing
in the presence of the antibiotic. Erythromycin interferes with the action of
coagulasc not with its production.

It would appear that with the Ainding of an antibiotic which protects mice
in vivo against in vitro resistant Micrococcus pyogenes var. aurvens, and the
fact that the antibiotic reduces coagulase activity, one may have found a
phenomenon of considerable utility. Let it be assumed that erythromycin
counteracts M. pyogenes var. aurens in vivo by reducing the speed of co-
agulase activity. Since the antibiotic does not inhibit the reproduction of the
organism, but inhibits the action of one of its enzymes acting externally, it
would appear that there would be little tendency for the development of an
in-vivo-fast strain which would produce a coagulase more resistant to the ac-
tion of erythromycin. Since this is a most versatile organism, it would appear
more likely that the protection afforded to the animal by the use of the anti-
biotic would favor the development of strains which might be resistant to
other natural host defenses and might kill the host by a method 1n no way
connccted with the coagulase action.

The effect on the speed of coagulase activity may be an in vitro index for
screening drugs and antibiotics for in vivo effectiveness against Micrococcuns
pyogenes var. aurens. The finding of active substances by this in vitro method
which would be also active in vivo, would, aside from the possibility of
clinical usefulness, throw additional light on the manner in which M. pyo-
genes var. anrens behaves in vivo.

CONCLUSION

Erythromycin is antibiotic by its interfercnce with the normal functioning
of one or more enzyme systems in susceptible organisms.

A screening of nearly one hundred compounds, using Micrococcus pyo-
genes var. aurens and the spores of Bacillus subtilis, revealed no substances
capable of reversing the inhibition caused by erythromycin. Compounds in

203



acid solution acted to reverse the activity of erythromycin and compounds
in alkaline solution acted to potentiate its activity; bul the basic cause was
the acidity or alkalinity of the solution.

For clinical purposes, the revival of organisms inhibited by erythromycin
would appear to be favored by planting into media with as low a pH as would
be compatible with the organism.

No evidence was found that Ca-pantothenate or beta-alanine reversed
competitively the inhibition by erythromycin ot Coryizebacterinm diphthe-
rige, Diplococcus pneumoniae. Lactobacillus casei. Micvococcns pyogenes
Var. aurens Zlnd S/rep/()(oa‘//f P)‘og?)/e.f,

Both Ca-pantothenate and beta-alanine brought about reversal of the
inhibition of Saccharomyce cerevisiae by erythromycin. Owing to solubility
limitations it was not possible to use larger amounts of the antibiotic and
determine the presence of a competitive reversal of the type exhibited by
p-aminobenzoic acid and the sulfa drugs over large variations of concentra-
tion.

No evidence was found of the synthesis of a metabolite competitive with
erythromycin by resistant organisms. Resistant strains of Micrococcny pyo-
genes var. anreus synthesized the same amount of pantothenic acid as a sen-
sitive strain. Gots' test demonstrated that resistant strains of M. pyogenes
\ar. aurens. Protens vulgarry, and Psendomonas aeruginosa synthesized no
extracellular metabolite capable of reversing the action of erythromycin,

Neither extracellular nor intracellular erythromycinase was found in Als-
crococcus pyogenes var. anves. Proteus vnlgaris. or Pyeudomonas aernginosa.
Neither solvent treatment nor mechanical rupruring of celis released such an
enzyme. ’

Desosamine, a structure common to numerous members of the erythromy-
cin antibjotic group, has no effect on the action of erythromycin and has no
bactetiostatic effect on Micrococcus pyogenes var. anseus or on the spores of
Bacillus sublilss.

The finding of Boniece 2t al. (34) that erythromycin reduced the activity
of the coagulase of Micrococcus pyogenes var. anreus was confirmed. Desosa-
mine and cladenose, degradation products of erythromycin, did not reduce
the activity of coagulase. It is suggested that additional work should be done
to determine whether the reduction of activity of coagulase by dihydro-
erythronolide and erythralosamine is significant. None of the four degrada-
tion products of erythromycin tested had an effect on coagulase which
approached that of the antibiotic.

Erythromycin had no effect on the enzymes glucose oxidase and horse-
radish pegoxidase.

It is suggested that in view of erythromycin’s reduction of the activity of
coagulase, there may be little tendency for “in vivo resistant” strains of Ali-
crococcus pyogenes var. aureus to develop. The coagulase activity test is
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recomimnended as an in vitro mcthod for the testing of drugs for their in vivo
effectiveness against M. pyogenes var. anieus.

The inactivity of various metabolites on the action ol erythromycin, the
inability of Ca-pantothenate and beta-alanine to reverse the inhibition of-
numerous organisms by the antibiotic, and the apparent absence of erythro-
mycinase, lead to the conjecture that the most fruitful areas of study of the
mode of action would be: 1. the investigation of the effect of erythromycio
on the various enzyme systems in the bacterial cell; 2. the comparison of the=
eozyme systems of sensitive and resistant strains of the same organism.
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TABLE 1

Effect of Calcium Pantothenace and Erythromycin on the Hydrogen Ion Concentration
of Lactobacillus caser

erythromycin mcg/ml

Calcium 0.0 0.04 0.2 1.0
Panto-
chenate pH pH pH pH
mcg ‘ml
0.0 33 5.5 5.8 6.3
0.02 44 4.5 5.1 6.4
02 4.1 4.1 4.6 6.4
2.0 4.1 4.2 48 6.4
20.0 4.1 41 4.8 6.4
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TABLE 2

Effect of Beta-Alanine and Erychromycin of the Hydrogen Ion Concentration of
Lactobacillus casei

erythromycin mcg/m!

Beta- 0.0 0.2 2.0 20.0
Alanine
mcg/ml pH pH pH pH
0.0 4.1 4.7 6.7 6.7
0.2 4.2 4.6 6.7 6.7
2.0 4.1 4.7 7 6.7
20.0 4.2 4.7 6.7 6.7
200.0 4.1 4.6 6.7 6.7
TABLE 3
Effect of Calcium Pantothenate and Erythromycin
on the Growth of “Gebritdder Mayer™ Strain
of Saccharomyces cesevisiae
erythromycdin mcg/ml
Calcium 0 1 10 100
Panto-
thenate (readings in optical density)
mcg/ml
0.000 .014 016 .0L3 010
0.005 .081 073 072 .044
0.01 .092 .095 .080 .055
0.02 A2 116 122 .078
0.03 25 A22 126 .102
0.04 134 128 134 2123
0.05 140 136 137 129
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TABLE 4

Eftect of Beta-Alanine and Erythromycin on the Growth of "Gebriider Mayer” Strain
of Saccharomyces cerevisiae

erycthromycin mcg/ml

Bera- 0 1 10 100

Alanioe

mcg/ml (readings in oprical density}
0.0 024 .009 004 .003
0.2 116 35 —_ 054
0.4 216 211 L9y 126
0.8 .242 266 264 .224
1.6 276 .290 274 276
3.2 .300 .294 .296 .282

TABLE 5

Effecc of Bewa-Alanine and Calcium Pantothenate on the Growch* of Micracocius
pyogeres var. aurens, Strains no. 3055 and 3067.

erythcomycin mcg/m]

Strain no. 3055 Strzin no. 3067
Calcium 0.0 0.1 0.2 0.5 L.0 0.0 0.1 0.2 0.5 1.0
Paptothenate
mcg/ml
0.0 4 4 4 0 0 4 4 4 (0] 0
0.1 4 4 4 4 0 4 4 4 0 (4]
1.0 4 4 4 0 0 4 4 4 0 0
10.0 4 4 4 4] 0 4 4 4 0 0
Bera
Alznine
mcg/mi
0 4 4 4 0 0 4 4 4 0 0
10 4 4 4 0 4] 4 4 4 4} 0
100 4 4 4 0 0 4 4 4 0 0
1000 4 4 4 4] 0 4 4 4 0 0

* Growth was determioed by visual estimare of wrbidity. Very heavy growth was given a
value of 4; heavy growth, 3; moderate growrh, 2; slight growth, 13 and no growth, 0,
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TABLE 6

Effect of Bera-Alanine and Calcium Pancothenate on the Growdh* of Diplococcn
prenmoniae Park 1 and Streptococcus pyogenes C203

D. pneumoniae S. progene,

erythromycin mcg/ml

.000 .005 .010 020 .040 .000 005 .010 .020 .040
Ca-Panro-
thenate
mcg/ml
0.0 4 2 0 0 0 4 2 2 0 0
0.1 4 2 0 0 0 4 2 2 0 Q0
1.0 4 2 0 0 0 4 2 2 0 Q
10.0 4 2 0 0 0 4 2 2 0 0
Bera-
Alanine
mcg/mi
0 4 2 0 0 Q 4 2 0 0 0
10 4 2 0 0 0 4 2 0 0 0
100 4 2 0 0 0 4 2 2 0 0
1000 4 2 0 0 0] 4 2 2 0 0

* Growth was determined by visual estimate of turbidity. Very beavy growth was given a
value of 4; heavy growth, 3; moderate growth, 2; slight growth, L; and no growth, 0.

TABLE 7
Effect of Beta-Alanine and Calcium Pancothenate on the Growth* of Corynebacterium
diphiberiae
Strain X-166 Scrain Toronto

erythromycio meg/ml

000 .004 .008 0L6 .032 .000 004 008 .016 .032
Ca-Panro-
thenare
mcg/ml
0.0 4 4 3 2 ;| 4 4 3 2 1
0.1 4 4 3 2 1 4 4 3 2 1
1.0 4 4 3 2 1 4 4 3 2 1
10.0 4 4 4 4 1 4 4 4 4 1
Beta-
Alanine
mcg,/ml
0 4 4 3 2 L 4 4 3 2 1
10 4 4 3 2 fl 4 4 3 2 1
100 4 4 3 2 3 4 4 3 2 1
1000 4 4 3 2 L 4 4 3 2 1

* Growth was determined hy visual estimare of turhidicy. Very heavy growth was given a
value of 4; heavy growth. 3: moderate growth, 2; slight growth, L; and no growth, 0.
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TABLE 8

Growth* of Mucrococcns pyogenes var. aurens in the Presence of Dilutions of Erythromy-
an Treated by Conract wich Dialyzing Tubes Seeded with Resistanc Strains of A,

DYOZENES VAL, aurei’
&

Not [nocu- Strain Stcain Strain
Jated no. 3066 no.3074 no. 3055
ervthromycin mcg/ml (original concenrration)

Dilution of medium

from ourside of dialyz- 100 100 100 0

ing tubes
L E2 Q0 0 0 4
V4 0 0 0 4
1:8 0 0 0 4
1516 0 0 0 4
1 & 32 0 0 0 4
1 :64 0 V] 0 4

* Growth was delermined by visual estimate of rurbidity. Very heavy growih was given a
value of 4; heavy growib, 3; moderate growth, 2; slight growth, 1; and no growth, 0.

TABLE 9

Growth* of Micrococens pyogenes var. anreus in the Presence of Dilutions of Erythromy-
cin Treated by Solvent-Excracted Resistant Strains of M. pyogenes var. aurens

Equivaleni of Erythromycin Originally Strain Scrain
Presenc after Dilurtion mcg/ml Control no. 3066 no. 3074
100.00 0 0 0
25.00 0 0 0
6.25 0 0 0
1.56 0 Q0 0
0.39 0 0 0
0.10 4 4 4
0.00 4 4 4

* Growth was determined hy visual estimate of twrhidity. Very bheavy growth was given a
value of 4; heavy growth, 3; moderate growth, 2; slight growth, 1; and no growrh, 0.
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TABLE 10

Growth* of Microceccus pyogenes var, anrens in the Presence of Dilutions of Erythro-
mycin Treated by the Ruprured cells of Four Bacterial Strains

Equivalent of Erythromy- Alicrococcus pyogenes Protens Psendornonas
cin Originally Present var. asreus vielgaris aeruginesa
afrer Dilution Sirain Strain
mcg/ml no. 3066 no. 3074
11.0 0 0 0 0

3 0 0 0 0

1:2 0 0 0 (¢}

0.4 4 4 4 4

0.13 4 4 4 4

0.0 4 4 4 4

* Growth was determined by a visual estimate of wurbidity. Very heavy growth was given 2
value of 4; heavy growrth, 3; moderate growth, 2; slight growth, 1; and no growth, 0.

TABLE 11
Effect of Erychromycin on the Coagulacion of Plasma by Micracoccns pyogenes var.
anreis
Strain no. 3055 3066 3066 3067 3074 3074
Erythromycin during gecowth o 0 100 0 0 100
meg/ml
Erytbromycin added at
time of test meg/m! minutes required for coagulation
0 40 40 40 50 80 50
100 80 over 130 140 180 180
180
Increase in time due to 40 over 90 90 100 130
erychromycin 140



TABLE 12

Effect of Different Concentrations of Erythromycin on the Coagulation of Plasma by
Micrococcns pyogenes vas. aureus

Strain oo. 3055 3066 3067 3074

Erythromycin added at time

of test mcg/ml minutes required for coagularion
0 30 40 40 50
0.1 40 60 80 70
1 70 130 150 over 180
10 70 130 100 130
100 70 90 90 100
TABLE 13

Effect of Degradation Producis of Erythromycin on the Coagulation of
Plasma by Micrococcus pyogenes vac. aureus

Strain oo. 3055 3066 3067 3074

Compound added

ac time of test. ...... R minutes required for coagulation

None, control. .. .. : 30 70 130 100
Desosamine, 1000

mcg. .. . R . 40 60 100 100
Cladenose, 1000

MCE a5 = 55 mw 5s 50 70 100 100
Erythralosamine,

100 meg........ . z 60 70 130 130
Dihydroerythronolide

100 mecg....... ¢ W ww 60 130 130 130

Erythromycin,
1 mecg.... . e 100 over 180 over 180 over 180
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