AvREem WILROMAIAGY, Sept. 1969, . IPHMIA AiviA . YIIAOOW AT TTOTE

Copyright © 1969 American Society for Microbiology

st 1o zieylsib 1o 9181 odT (I .giF) 1tiovisest rtoid

mbneﬁf;d 0 o a%gn bsonsh‘ E iﬂuatio

i Oviv ol 25351 noidqioeds s bsism

Vol. 18, KO3
Printed in U.S.A.

g o3a8eT
\ehos o1n1odnl ot 1 byrolaing
Antlmycobacterla]

ZHOTIRTIHSINGD 11911 han 2gun onl

s103lu0 bwple-HV blo-vg m m snonel -
zew Dasesr gnisd swinlls ﬂatlms In VltrO o
-liso doss 1o slqmse A .g8d zigisib dprs ggni batsqiq ;o -
ot 1838 O[-HY no bsrs[q<1 &IM@ I CM—d—IMan) 50115201570
-ded odT .noitslugoq [si1910ed [sisiai sdy snitisisb 0l .2 nivsmotdre1d
5 10t bassduoni 919WK29DIISTOTYMEIEK, Goﬁ’CWOGDLEY aND-G. P. KUBICA

sbimsaoidrd

SN it A B, St conmmac i o 555
-f103- gmb olai Iotemistls bsoslg cisw swinlh Q(gza ..... willios 2O
ninmelis]

01 gidiecoq egir i fsord €-HY saﬂ Vi
.ae i egu1b o noirs1oze has nunqxoégg 9?361.&3% f)ilcatlbn 6 June 1969

yrwol sdi moiursduoni 1o evsh Of ardi Yo rloes nO (1 15 MSBIZEIVN(r( ¢B Doeesiqrs 918 -sulsYy @
o1 it bonikBisHampt - was;mghte;studmmﬁtaﬂvef the antlmlcroi)xai effect of combina- 191l

2u1b To sgiensiof dommerdiallyavailable antitubérculesis deigs andiantibieticsion thegaowth insnT
sl sd bfimiikiipte droglarisisea st aing ofi 3y cobanteniunt-intr acelubirerindes simwlited [ jonisos
-102d5 04 viveBohdRienS @iﬁﬁlﬁﬁﬁﬁo&ﬁ‘dﬁéﬁﬁhmmybmwmmmdmﬁexhendmmwwmﬁ e snim

fgz‘g‘b’]ﬁ‘;‘%ﬁ‘ﬁﬂgﬁﬁ ﬁfétﬂa %ﬂl ’&gm&uuw Whék' drugbohtbitaHoAYA cotderiss: O 1-H

ortadE 1 I L 1 lenise
su1b 1o aﬁ % 81 :w/ cJ 0, W ‘i{?pt 1(1:1 M@%E&‘gﬂ s{‘;‘ Wi@hﬁ) r H/xl xg
z2i51h to o - @ 11 1 o ] ﬂggh ST ik enoln [m
snircro1ab BEGE %ﬂs maog %gﬂﬂg J))l ; g’ ;rrmn rlyiw
aib ross@liers xsmatsfm ﬂ‘écﬁ%sﬁ‘rﬁugeam%nfn _Q ﬁmé% rmsaohz,
otao baxlisthe selastionof anzeffpatiyerdrug sgiuen anddhe mamtqnam L £omabined 36HON 5511 gu1h

1o iy odofall aliulgy dn thieoserum fostappboxiibatelyd0thrdaily:;An memsm@ddmm

a5 o1

-eoeoni o sebedwhith énablesthie’ tacteriblogist to desigmaneffective cosnbinatioh of drrgsso1: sdT
-t 91lt . 4P o Helhwiedtgeivicticy uadériarRilated inmvidydacbaditionsi noqor s 01 80ib10ue henirn

-l ¢d bsigluolso 919w ermeiasyio gar/iviue 1o zisd
sm d zsislq OI-HY no esim 4
HRIGIS rﬁséﬂ&é ,

.l It [CY5%8)

MLy 18
£410. 10 15011} HI ')lﬂ‘l{?
g‘;};ﬁﬁg&rfg‘y t% i? ﬂﬁ?ﬁ“’ g
PYoikEsS

Whb 8 oof r.lrug- mﬁ%
ubewreulasys sincthisiconntryy thherm}mmb@tmb
-routing! drugnsusceptibitify gests anesaf dittler wlue
S the treutibend of/patiénts Rifestediabith muleipte
drug-resistant mycobactenﬁlmmmﬁﬁ'&dbé@éfe

bacﬂh ellulare
(Battey Baa%?;; EFtl in v1tro an gcwvo in
thev'prestiite Molo ittt} deamrstilgousibiy nti-

bETOBRIS ‘&ﬁigsf”‘ﬁﬂé“fkaiﬁ)eaﬂiﬁ palgstits #i-
fected with such organisms often is emplncal
i i laboratone§ in-

\,
was undertaken (i) ’to evaluaﬁe
the ; bactericidal effect of certain
drug ucombmatlons on M. mtracellulat(e under
atedin vivo conditions, and (ii) ty deter-
the synergistic effect of combmatlbns of

“drugs which might enable a s1gmﬁcimt quantita-

, ms»resl %9{% w\ﬁg{% ﬁ ke, th 5%5’% 'ied"sms
) i
R \n"hf@ ‘ “XJ(\“\(,\) u 1., o aS\ LG “

I WY\ 3g9gnibauci

0I 1o enoitss [sidcrsitairns sdT . 1) e1sA16#-02 brig
O eNOURNIAMG, guil-s51rll brs 043 ns1sTib

as llser s MATERIALS AND NETTHODS s1:orl15011

¢ o1 I 1o enoitsnidenos mnsstith wot 1o 109Hs sd;

Is estigasions: were: eriormad pny30irains of M.
sAnaceHularg. isokated o pasisatsicin the  Wnited
Digtess: «fsh%rmlmres~mnldm¢nmwbm
susaeptibikity paiterns were determiineshin this laborar
atepy«cAHusmarss were sonsidered. clinically. rasistant
1@%& only;employed; senceitrations of semi-

m 1 &NHRD peremtomyein,d a-amigiesaligylics : acid,
s&bmnammmmony@m sysloserine nKapamysin,s eth-
isanebpyragingmide {35%--02< 5 oini beoub
orugsused anstithe Teagons footheir pnchasion
bantmemdy g A% follaws Qyglosering; INH, and
sthienamite e chesendesmis oftheisigecasional
-alitisicrobld] lactivisy sagainsti M intreoedbdare 5din
mitﬁlem:eﬁnhhw tdestirpeﬂﬁ}ﬁhed an /thisrilabora-
m&emnre&»as? Selleled Bethsesof RE umque

g “%é ’“hé‘t‘éléd@e’&f%a
ﬁﬁ’én‘?’ﬂ Hidlge eéﬁlé ét ﬂ‘l
ﬁggﬁ%éj‘iﬂ m?seﬁ o ow-
a,swmstwi& oxacillin, was wmgsafé;‘inhs

oéhse t:pamdxﬂmcrwsmeﬁmtmﬁ INH;penicillin
<canbindtiedsbon (A1 ubereulasian(®) - Enythironycin
Inadalerstudiedobased upon itsoreported:syrergistic
éﬁt BﬂtﬂwcmﬁI (3)} THe-cBficeations iteach

e i ’(tffé?r

i prpdis
539709 wil gio%
_}?%6(21 ﬁ')wl JIL nﬁ!ﬁ/‘é@r 3 ele i tl Fd
48 oirNnsurod 501 sxilsy s o1 1l o Lsu u[.ﬂ ais

¢ o) brg gnidul ciesdeil s noowed nuih



400

TABLE 1. The drugs and their concentrations
employed in the laboratory model
man studies

Concn

Drug investi-

gated®
Cycloserine. .. ............c.coouuiiienn.. 20
Erythromycin.......................... 5, 10
Ethionamide........................... 5
Isoniazid.............................. 1,10
Methenamine.......................... 400
Oxacillin...................... ... ... 1.2, 10
Rifampin.............................. 1,5

e Values are expressed as microgram per mil-
liter.

Twenty strains of M. intracellulare were tested
against 15 different combinations of INH, methen-
amine, erythromycin, and oxacillin incorporated in
7H-10 agar. Sixteen strains were tested in 7H-10 agar
against (i) four quantitatively different combinations
of INH and rifampin; (ii) 1 and 5 ug of rifampin per
ml alone; (iii) twelve different combinations of INH
with rifampin and either ethionamide, ethambutol, or
cycloserine. The various drug-containing media and
drug-free controls were dispensed in 5-ml amounts
into the quadrants of sectioned, plastic, petri dishes.
The percentages of drug-resistant colonies were deter-
mined according to the proportion method of Canetti
and co-workers (1). The antimicrobial actions of 10
different two- and three-drug combinations of INH,
methenamine, erythromycin, and oxacillin, as well as
the effect of four different combinations of 1 to 5 ug/
ml of both rifampin and INH were studied in a model
apparatus (‘“Laboratory Model Man”) similar to that
of Gangadharam and co-workers (2). The lower fifth
of a plastic screw-capped test tube was cut off and a
cellophane dialysis bag (pore size, 48 A units) was
fastened to the open end of the screw-top portion of
the tube. The plastic tube and attached dialysis tubing
were sterilized in ethylene oxide gas and then intro-
duced into a 250-ml Erlenmeyer flask containing 195
ml of 7H-9 broth, with or without the drug combina-
tions. The rate of dialysis of the drugs was determined
by biological and chemical assay methods prior to
the experiments with living cultures of M. intracellu-
lare. The levels of INH and ethionamide in the Erlen-
meyer flask and in the dialysis bag were quantitatively
determined every other hour for a period of 24 hr by
the Vertical Diffusion method using H37Rv as the
test strain (8). The levels of cycloserine, erythromycin,
oxacillin, and rifampin were determined by the cylin-
der method of the Food and Drug Administration; a
drug-susceptible strain of Staphylococcus aureus was
used as test strain on regular nutrient agar (6). The
levels of methenamine were determined by the quan-
titative chemical test according to the method of
Knight and co-workers (4). The simulated daily
absorption and excretion of four drugs in the Labora-
tory Model Man is shown in Fig. 1. Isoniazid entered
into the dialysis tubing within 4 hr, while erythromy-
cin required 6 hr to equalize the concentration of the
drug between the dialysis tubing and the surrounding
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broth reservoir (Fig. 1). The rate of dialysis of the
other drugs ranged between 4 to 6 hr, depending on
molecular size. The time required for dialysis approxi-
mated the absorption rates in vivo (6).

A 5 ml-amount of 2-to 5-day-old 7H-9liquid culture
of the strain of M. intracellulare being tested was
pipetted into each dialysis bag. A sample of each cul-
ture suspension also was plated on 7H-10 agar to
determine the initial bacterial population. The Lab-
oratory Model Man cultures were incubated for a
maximum of 10 days at 37 C without carbon dioxide.
When the dialysis bags containing suspensions of M.
intracellulare were placed alternately into drug-con-
taining and drug-free 7H-9 broth, it was possible to
simulate the absorption and excretion of drugs in man.
On each of the 10 days of incubation, the growing
organisms were exposed for a predetermined time to
freshly prepared drug solutions. The passage of drugs
from the Erlenmeyer flask “reservoir” inte the culture-
containing dialysis sac simulated the in vivo absorp-
tion of drugs. Peak levels of drugs were maintained
for 2 to 10 hr (depending upon the experiment) and
then dialysis sacs were transferred to flasks of drug-
free 7H-9 broth, thereby simulating excretion of drugs
from patients’ tissue and serum. In order to determine
quantitatively the antimicrobial effect of each drug
combination, samples of the cultures were plated onto
7H-10 medium every other day following the time of
complete drug “excretion.” After 2 weeks of incuba-
tion at 37 C in an atmosphere of 109, CO, , the num-
bers of surviving organisms were calculated by multi-
plying the number of colonies on 7H-10 plates by the
dilution factor. Samples from an untreated control
Model Man were also taken to determine the loga-
rithmic increase in the number of organisms.

Bacilli which survived the 10-day treatment with
any two- or three-drug combinations were tested
again on 7H-10 agar medium against the same drug
concentrations. This was to determine the rate of
drug resistance resulting from treatment of M. intra-
cellulare under simulated in vivo conditions in the
Model-Man experiment.

RESULTS AND DISCUSSION

Studies on the susceptibility of M. intracellulare
to single drugs or multiple combinations of
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FiG. 1. Simulated daily absorption and excretion of

drugs in the Laboratory Model Man. Symbols: @,

INH; W, methenamine; O, erythromycin; @, oxacillin.
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FIG. 2. Susceptibility of M. intracellulare to com-
binations of methenamine, erythromycin, isoniazid, and
oxacillin incorporated in 7H-10 agar. Symbols: (I)
400 pg of methenamine per ml; (2) 5 ug of erythromy-
cin per ml; (3) 1 ug of isoniazid per ml; (4) 1.2 pg
of oxacillin per ml.
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FiG. 3. Susceptibilities of 16 strains of M. intra-
cellulare to different combinations of rifampin and
isoniazid. Symbols: Ri 1 and Ri 5, 1 and 5 ug of rifampin
per ml, respectively; INH 1 and INH 5, 1 and 5 pg of
INH per ml, respectively.

INH, methenamine, erythromycin, and oxacillin
in 7H-10 agar medium revealed methenamine to
be the most effective single compound (Fig. 2).
A methenamine concentration of 400 ug/ml in
7H-10 agar inhibited the growth of 35% (7 out
of 20 strains) of the M. intracellulare strains
studied. Addition of 1.0 ug of INH per ml to the
methenamine concentration increased the per-
centage of strains inhibited to 609, (12 out of 20
strains). A three-drug combination of methen-
amine, INH, and erythromycin inhibited the
growth of 959, (19 of 20) of the M. intracellulare
strains tested. This study revealed a synergistic
effect of six drug combinations out of a total of
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15 tested in 7H-10 agar medium (Fig. 2). A
combination of four drugs was not superior to
three-drug combinations. Sixteen strains of M.
intracellulare were tested in a similar manner
against 1 and 5 ug/ml of rifampin and four
different combinations of 1 or 5 ug of rifampin
and INH per ml, respectively. (Fig. 3). No strains
of M. intracellulare were inhibited by 1 ug of
rifampin per ml, whereas five were totally in-
hibited by 5 mcg of rifampin per ml. The addition
of 1 ug of INH per ml to either 1 or 5 ug of rifam-
pin per ml decreased the number of resistant
strains to 10 and 8, respectively. No differences
were detectable when concentrations of either 1
or 5 ug of rifampin per ml were combined with
S ug of INH per ml; only 2 strains of M. intra-
cellulare grew in the presence of either combina-
tion. The addition of 5 ug/ml of either ethion-
amide or erythromycin or 20 ug of cycloserine
per ml to the rifampin and INH regimen did not
prevent these two strains from growing on 7H-10
agar medium.

Control

Units/ml (x 107)
(=3 - o

Iogm of Viable

Days

FIG. 4. Antimicrobial effect of combinations of two
drugs on.the growth of M. intracellulare in the Labora-
tory Model Man. Symbols: I, INH; E, erythromycin;
0, oxacillin; M, methenamine.
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FIG. 5. Antimicrobial effect of combinations of three
drugs on the growth of M. intracellulare in the Labora-
tory Model Man. Symbols: I, INH; E, erythromycin;
0, oxacillin; M, methenamine.
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