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INTRODUCTION

Over the last 20 years many workers, mainly in the United States, Canada,
Britain, Scandinavia and Australia, have sought suitable drugs to inhibit growth
of organisms of the Pleuropneumonia group (P.P.L.O.) or Mycoplasmataceae.
Most of the work has been carried out in vitro on the mycoplasmata of bovine,
caprine, rodent or human origin, and in vitro or in ovo on those of avian origin.
Summaries of the findings of this previous work are given in Tables 1 and 2.

The purpose of the present study was twofold: first, to discover whether repre-
sentative collections of Mycoplasma gallisepticum strains from Britain and other
countries were similar in their sensitivity to drugs; and, secondly, to find out whether
M. gallisepticum drug sensitivities differed significantly from drug sensitivities of
some other more typical members of the mycoplasmata; such differences might
reflect differences in the structure of the various strains of Mycoplasma at present
included in the single genus by Edward & Freundt (1956).

Our particular interest has lain in the apparent differences between the non-
pathogenic avian mycoplasmata and the pathogenic coccobacilliform bodies of
Nelson (1936a-d) which were named Mycoplasma gallisepticum by Edward &
Kanarek (1960). Strain X95 of Markham was taken as the type-species of this
latter group, and so far all pathogenic strains tested in this laboratory have
belonged to this distinct serological group (Chu & Newnham, 1959). Up to 1962
this was the only serotype known to agglutinate erythrocytes of avian and
mammalian origin. But Yoder & Hofstad (1962) in the United States, and
Roberts (1963) in Britain, have since described two new serotypes (distinct
from each other and from M. gallisepticum) which may also agglutinate avian
erythrocytes and which were isolated from air-sac lesions in chickens and turkeys.

M. gallisepticum strains differ from the more typical members of the myco-
plasmata mainly in morphology, but Adler (1964) has listed a number of other
differences. To gain more fundamental information on their supposed or actual
differences, a study of this kind should be associated not only with studies in
biochemistry and biophysics (Leach, 1962; Razin, 1963c; Razin, Argaman &
Avigan, 1963; Morowitz et al. 1962), but also with serology, immunochemistry
(Fowler, Coble, Kramer & Brown, 1963; Lemcke, 1964) and detailed cytology
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combined with electron microscopy. A start has already been made in this
laboratory using electron microscopy and agar-gel diffusion techniques and
publication of our findings will follow in due course.

MATERIALS AND METHODS

Culture medium

The basal medium used throughout the work was Brucella broth and Brucella
agar prepared by Albimi Laboratories Inc., Brooklyn, New York. The liquid
medium was modified in the following way: 28 g. of the powder was dissolved in
100 ml. of distilled water and the solution was dialysed against 900 ml. distilled
water. After 48 hr. the dialysate was made up to a final volume of 11. with distilled
water and the pH adjusted to 7-0. To each 100 ml. of the medium was added
0-2 ml. penicillin containing 100,000 units per ml. and 1-0 ml. of a 1 in 80 solution
of thallium acetate. Finally, Andrade's indicator was added together with 0-1 %
glucose and 15% unheated sterile horse serum. The complete medium was sub-
sequently sterilized by passage through a Seitz-EK filter. The manufacturer's
instructions for reconstituting the solid medium were followed exactly except for
the addition of glucose, horse serum and the same concentration of antibiotics as
used in the liquid medium.

Origin of strains of Mycoplasma, etc.

Twenty coccobacilliform strains of M. gallisepticum were tested together with
sixteen strains of classified and unclassified mycoplasmata from various sources in
Britain and other countries. L1, the stable L-form of Streptobacillus moniliformis,
obtained from the Lister Institute, was included for comparison. Summaries of
details of the strains are presented in Tables 3 and 4.

Drugs and antibiotics tested

The antibacterial, antifungal and antiprotozoal agents used in this study are
listed below:

Tylosin tartrate (Tylan)
Demethylchlortetracycline hydrochloride (Ledermycin)
Chlortetracycline hydrochloride (Aureomycin)
Tetracycline hydrochloride (Achromycin)
Oxytetracycline hydrochloride (Terramycin)
Spiramycin adipate (Rovomycin)
Erythromycin lactobionate (Erythrocin)
Chloramphenicol (Chloromycetin)
Streptomycin sulphate
Kanamycin sulphate (Kannasyn)
Ethidium bromide
Prothidium bromide
Antrycide methyl sulphate
Furazolidone
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Effect of antibiotics and other drugs on Mycoplasma 9

Nitrofurazone
Neoarsphenamine (Neosalvarsan)
Nystatin (Mycostatin)
Polymixin B sulphate (Aerosporin)
Sodium aurothiomalate (Myocrisin)

Experimental method

Two drops of a 2- to 3-day broth culture of each strain were inoculated into a
series of tubes containing 2 ml. of broth and falling concentrations of the drug
under test. When the drugs were water-soluble, the concentrations were 1000, 200,
40, 8, 2, 0-5, 0-1, 0-02 and 0-004 /Jg./ml. broth. A broth control without drugs was
included in the series. When testing against Furazolidone, Nitrofurazone and antry-
cide, the concentrations lay between 200 and 0-004 /tg./ml., while with prothidium
bromide the concentrations lay between 40 and 0-004 fig./ml. Erythromycin and
antrycide were dissolved in a little methanol before adding to the broth, and
Furazolidone was similarly dissolved in a little dimethylformamide. Concentra-
tions of nystatin and polymixin are given in units/ml., the concentrations of
nystatin lying between 200 and 0-004 units/ml. The solutions were made up just
before the tests.

After inoculation the tubes were incubated at 37° C. for 7 days and a record kept
of acid production as indicated by Andrade's indicator which was used as an
index of growth. At the end of 1 week a loopful from the tube containing the
highest concentration of the drug to show acid production was plated on to agar
and the plates incubated for 2-4 days, after which they were examined for colonies
by means of a dissecting microscope of x 35 magnification and using oblique,
transmitted light. Many of the tests were repeated at least once and results
varying by more than one tube were rarely encountered. M. agalactiae and the
three strains of M. gallinarum differed from the rest by not fermenting glucose;
with these organisms growth was estimated by plating from each tube on to
solid medium from the second day onwards.

RESULTS

The sensitivities in vitro of the thirty-six strains of Mycoplasma and the L-form
of Streptobacillus moniliformis in liquid medium are presented diagrammatically
in Tables 5-7.

The results obtained with sodium aurothiomalate (Myocrisin) are not included
in the tables owing to the frequent occurrence of a zone of inhibition with growth
at both higher and lower drug concentrations when testing strains of M. galli-
septicum. Thirteen strains of M. gallisepticum were tested repeatedly, some in
triplicate on the same day and some on different days (to a maximum of five
occasions). Variable results were obtained—sometimes no 'zoning' occurred and
the strains grew in all concentrations from 0-004 to 1000/<g./ml.; sometimes the
maximum concentrations permitting growth varied from 0-004 to 40 /ig./rnl.; but
on most occasions, from about the fourth day onwards, acid production was
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observed in concentrations of 0-004 and 0-02 /tg./ml., and again at 8 /ig./ml.,
with a zone of inhibition lying between 0-1 and 2iwg./ml., and then from 40 to
1000 /ig./ml. This inhibition might remain for the whole 7 days (or longer), or
only one tube would finally show inhibition, or 'zoning' would have disappeared
altogether by the end of the test period.

This phenomenon was not observed when testing the other strains of Myco-
plasma against sodium aurothiomalate. The maximum concentration permitting
growth of avian non-pathogenic strains varied from 2 to 200/<g./ml., while Iowa
695, the two saprophytic strains, the rodent strains and the two goat pleuro-
pneumonia strains grew in all concentrations up to 1000 /<g./ml. M. agalactiae and
Bovine 'P I ' , however, did not grow in over 40/<g./ml., and Bovine 'K ' was
inhibited by 8 /tg./ml.

DISCUSSION

Differing techniques, different media, the use of solid or liquid medium, the
decrease in activity of some drugs in solution over different test periods, the com-
parison of different species and of different strains within a species, and the ready
emergence of resistant strains, could all contribute to the varied results obtained
by independent workers.

It was because of the wide differences observed between the sensitivity to
erythromycin of human genito-urinary mycoplasmata and strains of M. gallisep-
ticum, both in vitro and in vivo, that this comparative study of drug sensitivities
was initiated. Reports from all workers studying human strains stressed the
almost complete lack of sensitivity of the strains to the drug in vitro (Keller
& Morton, 1953; Harkness & Bushby, 1954; Blyth, 1958) and in vivo (Rubin,
Somerson, Smith & Morton, 1954). Carski and Shepard (1961) also reported the
insensitivity of their tissue culture contaminant (? human) strains to 15/ig.lml.
of the drug.

A few workers have found erythromycin sensitivities of other mammalian
mycoplasmata which compare well with those of human urethritis strains, although
there are exceptions (see Table 1). These findings contrasted with reports of high
sensitivity, both in vitro and in ovo, of most pathogenic avian mycoplasmata (see
Tables 1 and 2). Inglis (pers. comm.) observed variations in sensitivity of strain
A514 of from 0-125 to 1-0 /fg./ml. after 7 days' incubation, depending on the con-
centration of organisms in the inoculum.

In our experiments, twenty strains of M. gallisepticum were inhibited by
2 /jg./ml. or less of erythromycin, the maximum concentration permitting growth
varying between 0-004 and 0-5 /ig./ml. The non-pathogenic avian strains, however,
were capable of growth in 8 to 1000 /tg./ml. M. agalactiae and 2098/61 were also
relatively insensitive.

It will, however, be seen that the results obtained with the two saprophytic
strains resemble those with M. gallisepticum, and an unusual result was observed
with the goat and bovine pleuropneumonia strains. After 5 days' incubation the
maximum concentrations permitting growth were recorded as lying between 0-004
and O-5/ig./ml. for Bovine 'K ' and G 1/61, and between 0-02 and 2/tg./ml. for
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14 AUDREY G. NEWNHAM AND H. P. CHIT

Bovine ' P I ' and 'goat'. After 7 days, however, growth of all four strains had
occurred up to much higher concentrations—8-1000 /<g./ml. This result was pro-
bably due to the loss of activity of the drug after 5 days, the drug being bacterio-
static against these strains, but bactericidal against all other strains tested.
Compared with the tetracyclines, however, erythromycin seems in general to be
more stable in solution. Unlike chlortetracycline, its inhibitory action increases
with increased alkalinity (Haight & Finland, 1952a). Blyth (1958) studied in
detail the loss of activity of erythromycin, neomycin, tetracycline, oxytetracycline,
chloramphenicol, spiramycin, streptomycin and some other drugs over a test
period of 5 days. Although erythromycin (and neomycin) were the only two drugs
whose action had not decreased over 5 days in agar at 37° C, Haight & Finland
(1952 a) reported a progressive deterioration in activity of all solutions of the drug
in broth over 4-7 days at 37° C. and at room temperature. They also stated
(Haight & Finland, 19526) that the drug exerted its effect best on multiplying
bacteria and that its action could be either bacteriostatic or bactericidal depending
on the sensitivity of the organisms concerned and the concentration of the
antibiotic.

Tetracycline, together with the derivative forms of this antibiotic, have been
tested extensively against mycoplasmata in vitro and in vivo. In our experiments
it inhibited thirteen strains of M. gallisepticum at concentrations varying from
< 0-1 to < 2 jug.jml., and similar concentrations were recorded for most of the
other mycoplasmata. This compares favourably with the findings of most other
workers (see Table 1). Wide variations found by Yamamoto & Adler (1956) when
testing ten different avian strains, and by Domermuth (1958), were probably due
to selection of resistant organisms, as Blyth (1958) later reported that the M.I.C.
for tetraeycline against his human mycoplasmata increased from 0-5 to 16 /tg./ml.
over twenty subcultures in the presence of the drug.

Selection of resistant strains and loss of activity of the drug is of special signi-
ficance when examining the effect of tetracyclines on growing organisms. This is
particularly true in the case of chlortetracycline, which is the least stable of the
tetracyclines particularly in solution at incubator temperatures, in an alkaline pH
(Lepper, 1956) or when in contact with serum or ascitic fluid (Paine, Collins &
Finland, 19486). At pH 2-5 the half-life of chlortetracycline is about 14 days,
while at pH 8-5 it is only about 4 hr. Thus perhaps also in our experiments a false
picture is given, where, if the test period had been shorter, the figures presented
would have been somewhat lower. Blyth (1958) exposed his mycoplasmata to the
drug for only 2 days, but found that the activity of chlortetracycline had greatly
decreased after only 1 day's incubation at 37° C. The variation in results obtained
with different avian mycoplasmata might also have been partly due to prolonged
tetracycline therapy of infected birds before isolation of the organism again
resulting in emergence of resistant strains (Fahey, 1957; Osborn & Pomeroy,
1958; Osborn, Mataney & Pomeroy, 1960; Newnham, 1963).

Figures given by other authors for the inhibition of mammalian mycoplasmata
were considerably higher than those recorded in our experiments (see Table 1).
The same was true of M. gallisepticum, where our seventeen strains were inhibited
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at concentrations between 0-1 and 8/jg/ml., figures, in general, somewhat lower
than those reported by previous workers, although Gross (1961) did comment
that the drug would have long since been inactivated over his test period of
4 weeks.

Considerable variations in sensitivity were obtained by all workers with oxy-
tetracycline. It was one of the first antibiotics to be tested, with favourable results in
vitro and in vivo, against human genito-urinary mycoplasmata and non-gonococcal
urethritis. Robinson, Wichelhausen & Brown (1952), testing twenty-eight strains
from human rheumatic and genito-urinary diseases, observed that more than half
of their strains were completely inhibited by 1-0/fg/ml. or less. They commented
that this drug was superior to chloramphenicol, chlortetracycline, streptomycin
and sodium aurothiomalate, perhaps because of its greater stability, although there
was apparently some loss of activity over the test period. They noted great diff-
erences between the minimal inhibitory concentrations of the drug and the
minimal lethal concentrations for most strains, sometimes as great as 32-fold or
occasionally 256-fold.

Results obtained by other workers with oxytetracycline against mammalian
mycoplasmata seem, in general, to indicate a lesser sensitivity than the human
strains (see Table 1), but in our experiments inhibition was obtained at quite low
concentrations of the drug. Strains of M. gallisepticum were generally inhibited at
an even lower concentration than were the other mycoplasmata (0-1-8 fig./ml.),
figures which compare favourably with those of most other workers.

The results with demethylchlortetracycline in our experiments showed that its
activity against most of the thirty-three mycoplasma strains was higher than that
of the other tetracyclines. All strains except one were completely inhibited at
concentrations ranging from less than 0-02 to 2 /tg./ml. The apparent superiority of
this tetracycline may have been due to its much greater stability in solution over
7 days at 37° C. (Finland & Garrod, 1960).

Chloramphenicol, a broad-spectrum antibiotic commonly used in the past against
mycoplasma infections, was tested but was found somewhat less inhibitory than
the tetracyclines. Again very varied results were obtained by previous workers.
Maximum concentrations of the drug permitting growth of our strains ranged
from 0-5 to 40 fig./ml. although nineteen strains of M. gallisepticum were inhibited
between 2 and 8/tg./ml.

The results obtained with streptomycin differed widely, not only between the
M. gallisepticum group and the other mycoplasmata, but also amongst the strains
of M. gallisepticum themselves. The majority of the heterogeneous group were
comparatively insensitive to the drug and grew in concentrations of from 40 to
1000/<g./ml. Two strains of M. gallisepticum, however, both from North America,
were also able to grow in 1000 fig./ml. and three strains (from Britain and the
U.S.A.) were capable of growth in 40 ftg./ml. I t is perhaps worth noting that the
British strains were in general more sensitive to the drug than those from the
U.S.A. and Canada, where streptomycin may have been more widely used in the
past for treatment of avian respiratory mycoplasmosis.

The sensitivities reported here were comparable with those of previous workers
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who also found great variability depending on the origin of the strains concerned,
and on whether the minimal inhibitory or minimal lethal concentrations of the
drug were recorded. As with our findings, the pathogenic avian strains were in
general more sensitive to streptomycin than the human, mammalian and tissue
culture strains tested.

With streptomycin the problem of very rapid 'one-step' resistance must be
considered (Blyth, 1958; Domermuth, 1960). According to the work of Blvth,
using human genito-urinary strains, this resistance was permanent and remained
after twenty-seven passages in drug-free medium.

Spiramycin at low concentrations was effective in inhibiting many strains of
Mycoplasma in these experiments and, in particular, twenty strains of M. galli-
septicum which were inhibited at concentrations between 0-02 and 8 fig./ml. This
is comparable with the findings of Inglis (pers. comm.), who, using a test period of
7 days in broth, reported the M.I.C. of strain A 514 as 0-125-4 fig.jrnl., depending
on the number of organisms in the inoculum. He reported a similar relative range
of activity (0-008-0-125 fig./ml.) for tylosin against strain A 514. Of the nineteen
drugs tested in our experiments, tylosin appeared to be the most active under our
test conditions. The drug prevented growth of fifteen out of sixteen strains of M.
gallisepticum at concentrations between 0-02 and 0-1 fig./ml., findings similar to
those of Inglis.

Few workers have tested tylosin against mycoplasmata isolated from disease in
mammals. Pak (pers. comm.), in Turkey, however, found a minimal inhibitory
concentration of 0-5-1-0/*g./ml. when testing two goat pleuropneumonia strains,
and Hudson (pers. comm.) in Australia found that the bacteriostatic dose of
tylosin against two strains from bovine pleuropneumonia was 0-07jug./ml.
Promising results with in vivo work have been reported by a few workers on avian
and mammalian mycoplasmal diseases, but further investigation is necessary to
determine the true efficacy of this drug in vivo after encouraging in vitro results.

Kanamycin has been widely used against mycoplasma contamination of tissue
cultures. Successful eradication has been reported by most workers (see Table 1),
but concentrations of the drug and application time have varied considerably.
Emergence of resistant strains has apparently not yet become a problem, although
Gourevitch et al. (19586) were able to produce resistant strains of bacteria without
difficulty.

Although not very active in comparison with the other commoner antibiotics,
in our experiments kanamycin had a range of activity of 2-200 fig./ml. against all
thirty-four strains tested. Only two strains ('goat' and Iowa 695) were capable of
growth in 200 and 1000 /tg./ml. respectively. L 1 was also completely inhibited at
40 fig./ml.

Kanamycin has advantages over the earlier antibiotics (penicillin, streptomycin,
tetracycline, erythromycin, etc.) in that it is active against organisms which have
become resistant to the other antibiotics, although a slight incomplete cross-
resistance was found with neomycin and streptomycin by Gourevitch, Hunt &
Lein (1958a). Gourevitch et al. (19586) stated that at sufficiently high concentra-
tions this antibiotic was bactericidal; this concentration being twice the bacterio-
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static concentration against Staphylococcus aureus. Its main advantage when used
against Mycoplasma, however, is in tissue culture work, where kanamycin can be
used at very high concentrations (up to 400 /tg./ml.) without detrimental effect on
the tissue culture cell-systems themselves (Pollock, Kenny & Syverton 1960;
Smith, Lummis & Grady, 1959).

In vitro results obtained in our experiments and in those of previous workers
showed that both Furazolidone and Nitrofurazone had a somewhat greater
activity against M. gallisepticum than against the other species of Mycoplasma
tested. The maximum concentrations of Nitrofurazone and Furazolidone permitting
growth of M. gallisepticum varied between 0-5 and 8/ig./ml., concentrations
similar to those reported by Gross (1961). Domermuth & Johnson (1955) and
Domermuth (1958) found considerable differences between the minimal inhibitory
and minimal lethal concentrations of Furazolidone against two pathogenic avian
strains (A 5967 and Winchester), the M.I.C. varying between 0-1 and 10 /ig./ml., and
the M.L.C. being lO/ig./ml. for both strains.

In contrast to these findings, most of the strains other than M. gallisepticum
were still capable of growth in concentrations of 0-5 to more than 200 fig./ml. of
Furazolidone and 2 to more than 200 /^g./ml. of Nitrofurazone.

Ethidium bromide, prothidium bromide and antrycide have for some years been
used in the treatment of bovine trypanosomiasis in African countries, but they
have not been commonly used against mycoplasmal diseases. The only previous
work on the action of any of these drugs in vitro on organisms of the mycoplasma
group has been reported by Nasri (1963). Using Dafaalla's medium (Dafaalla,
1961) he tested four strains of M. mycoides var. mycoides against ethidium bromide
and found that the drug had a bactericidal effect only at 1000 fig./ml. after
6-24 hr. exposure. This is in contrast to our findings, where the two strains of
M. mycoides var. mycoides and G 1/61 were inhibited at between 2 and 8/tg./ml.
M. mycoides var. capri and M. agalactiae were both inhibited at between 8 and
40/tg./ml., and 2098/61 was inhibited by 0-5—2 fig./ml. The results obtained with
mammalian mycoplasmata were very similar to those found with the non-pathogenic
avian mycoplasmata, although twelve strains of M. gallisepticum were considerably
more sensitive, all being inhibited at between 0-1 and 2 fig./uxl.

Results obtained with prothidium bromide and antrycide also showed that
strains of M. gallisepticum were generally more sensitive than the other strains of
Mycoplasma. Antrycide appeared to have very little inhibitory effect on the
mammalian or non-pathogenic avian strains, most strains being capable of growth
in 40-200 fig./ml. Nine out of eleven strains of M. gallisepticum, however, were
inhibited between 8 and 40 fig.jml. Figures obtained with prothidium bromide
lay, in general, between those obtained with ethidium bromide and antrycide,
M. gallisepticum again being rather more sensitive than the other strains of
Mycoplasma.

Neoarsphenamine and other polyvalent organic arsenicals have been tested
against mycoplasmata in vitro, in ovo and in vivo, sometimes with considerable effect.
In our experiments neoarsphenamine was distinctly more active against the sixteen
strains of M. gallisepticum than against the group of heterogeneous mycoplasmata.

2 Hyg. 63, 1
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The maximum concentrations of drug permitting growth of the former group variec
from 0-5 to 8/£g./ml., whereas for the latter group figures of 8-200 /tg./ml. were
obtained. Turner (1960) found that the V 5 strain of M. mycoides var. mycoidei
was inhibited by 125/tg./ml. neoarsphenamine or 62-5/<g./ml. oxyarsphenamine
figures comparable with those we obtained against two similar bovine strains,
where growth was completely inhibited between 40 and 200 /jg./ml. Turner
regarded the lack of sensitivity to organic arsenicals as unexpected for they are
known to be superior to inorganic arsenicals as bacteriostatic agents.

The 'Zone Phenomenon' found when testing sodium aurothiomalate against
M. gallisepticum in our experiments was also observed by Robinson et al. (1952),
although they were testing human and rodent strains. They reported minimal
lethal concentrations of the drug as 16-128 /ig./ml., and commented that, unlike
the tetracyclines, the inhibitory and lethal concentrations of this drug did not lie
far apart. In our experiments with strains other than M. gallisepticum, very
varied results were obtained, some being comparable with those of the above
authors.

Explanations for the 'Zone Phenomenon' are not readily forthcoming. It is
possible that a complex is formed by sodium aurothiomalate with constituents of
the culture medium, which, at certain concentrations, is inhibitory for some myco-
plasmata (Nineham, pers. comm.). The varying results obtained with the same
strains on different occasions might then be due to different batches of medium
and, in particular, to horse serum from different horses.

Polymixin allowed the growth of L 1 and 29 strains of Mycoplasma tested in a
concentration as high as 1000 units/ml, (approximately 167 /jg./ml.). No difference
in sensitivity was observed between the M. gallisepticum group and the hetero-
geneous group. These findings were similar to those of Hatch (1949), who found
that polymixin at 50 /<g./ml. was ineffective against eight strains of human and
rodent Mycoplasma. Carski & Shepard (1961) also found that their seven tissue
culture strains were insensitive to the drug, and Wong & James (1953) reported
the lack of inhibition by polymixin of a few strains of M. gallisepticum in chick
embryos.

The suggested mode of action of polymixin has been reviewed by Newton (1956).
He, and other workers, used Gram-positive and Gram-negative bacteria as test
organisms. It is thought that this drug acts primarily on the protoplast mem-
brane and/or cell wall by combining with the phospholipid components and this
results in the disorganization of the osmotic barrier (Gale, 1963). As mycoplasmata
do not possess the normal type of cell wall, it is perhaps not surprising to find that
this drug exerts no inhibitory action on the strains tested.

When tested against the fungicide, nystatin, all thirty-one mycoplasma strains
and L 1 grew actively in concentrations up to 200 units/ml. This is equivalent to
approximately 66-7 /^g./ml. Razin (19636). using strains M. laidlawii, M. mycoides
var. mycoides, M. mycoides var. capri and M. gallisepticum, also found no inhibition
up to 125 /ig./ml. over a test period of 48 hr. This test period was superior to ours
in that nystatin is known to lose approximately 40-50 % of its antifungal activity
in 5 days when in organic solvent-water preparations, even at room temperature.
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Similar lack of activity was reported by Lampen, Gill, Arnow & Magana-Plaza
(1963). Using strain A 5969 of M. gallisepticum they found that growth was not
inhibited over 5 days up to a concentration of 100 /tg./ml.

Both sets of workers none the less found that the mycoplasmata absorbed a con-
siderable quantity of nystatin. These results were unexpected in the light of pre-
vious findings that nystatin-sensitive fungal cells and protoplasts bound con-
siderable amounts of the drug while nystatin-resistant bacterial protoplasts and
eubacteria failed to do so significantly (Lampen, Morgan, Slocum & Arnow, 1959;
Lampen, Arnow, Borowska & Laskin, 1962; Kinsky, 1962). Eubacteria contain
only traces of sterols, or none at all (Fiertel & Klein, 1959) whereas mycoplasmata,
like the nystatin-sensitive fungi, algae, protozoa and animal cells (Lampen et al.
1962) contain, especially in the cell membrane, considerable quantities of chol-
esterol (Smith & Rothblat, 1962; Razin, 1963a). Thus Razin (19636) suggested
that the differences in capacity of various organisms to bind such polyene anti-
biotics does not account satisfactorily for the selective toxicity of the drug.

SUMMARY

A study was made in liquid medium over 7 days at 37° C. of the inhibitory
action of nineteen antibacterial, antifungal and antiprotozoal drugs on twenty
strains of M. gallisepticum, eight other avian mycoplasmata, six mammalian
mycoplasmata, two saprophytic mycoplasmata and the L-form of Streptobacillus
moniliformis (L-l).

The twenty strains of M. gallisepticum from Britain and other countries showed
a similar range of drug sensitivity except where resistant strains were included.
Tylosin and demethylchlortetracycline appeared to have the highest inhibitory
action, followed by erythromycin, spiramycin, tetracycline, chlortetracycline,
oxytetracycline and ethidium bromide. A ' Zone Phenomenon' frequently occurred
with sodium aurothiomalate, inhibition often being observed between 0-1 and
2-0 /^g./ml. Polymixin and nystatin had no inhibitory effect on the growth of any
mycoplasmata tested. With the exception of erythromycin and streptomycin in
some cases, the pattern of sensitivity observed with the mycoplasmata of diverse
origin was similar to that of M. gallisepticum, most strains, however, being some-
what more resistant than M. gallisepticum to many of the drugs.

We are grateful to Mr Frank Smith for technical help and to the following
commercial firms who kindly gave us the drugs used in these experiments:
Abbott Laboratories Ltd., Bayer Products Ltd., Boots Pure Drug Company Ltd.,
Burroughs Wellcome and Company Ltd., Cyanamid of Great Britain Ltd., Elanco
Products Ltd., Glaxo Laboratories Ltd., Imperial Chemical Industries Ltd., May
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