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It has been shown recently that minocycline exhibits growth-inhibitory effect on M ycobacterium
tuberculosisi®. In the present study, we studied the pattern of resistance development to this agent.
A series of studies on this subject were done in this laboratory for various antituberculous
agents’~®, Ogawa egg medium was used. The level of resistance was estimated by the “actual
count method”12~14, It was expressed as the highest concentration of agent, on which 10 to 100
viable bacteria inoculated per medium can grow as countable colonies after incubation at 37C
for 4 weeks.

The number of phenotypes of resistant mutants (number of the kinds of survival curves shown
by strains each derived from single colony) was two in minocycline resistance. The upper limit of
resistance (the highest concentration of agent on which test organisms that were obtained by
repeated selections of resistant mutants can grow) was 50 pg/ml, i.e., 50 fold of the level of

resistance of the parent strain, Resistant mutants that show the highest level of resistance could be

obtained by obligatory two-step pattern.
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M ycobacterium tuberculosis Hy;Rv #h&{EH U7z, Bh
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R OM MR Z37CIC 3BETRL, A& UAET
Wik aED, T4 minocycline &4 &Trhs # 1 3%
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Fig. 1. Survival curves of Mycobacterium tuberculosis
strain HyRv for minocycline.

P is the survival curve of the parent strain, and R, and
R. are survival curves of resistant mutant strains.

Arrows show that, at each concentration indicated, three
single colonies were picked up, and the strains derived
from these colonies were tested for their survival curve.

Strains each derived from a single colony that grew on
the concentration of 10 #g/m! in the survival curve P
showed the survival curve R,, and strains each derived
from a single colony that grew on the concentration of 20
rg/ml of the survival curve R, showed the survival curve
R.. Survivor colonies that grew on the concentrations of
more than 50 #g/m! of the survival curve R: showed the
same survival curves as shown by the curve R..
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F U & 7o, 10 pg/ml 24 T 1%, 1072 7oL
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ml, 70 pg/mi, B LT 80 pg/ml FEMiDHEHE R L DT
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iz, ZOBE, 50 pg/ml ¥ TIHEE SR DR 2 23, 70
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Bl Ao B\ 7oy, HEERE O LIRIT 50 pg/ml TH
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1) HyRv o4t P T, VWhdpd “Actual
count {EMPIO I AMMAERL 1 pg/ml THD, Bk
AIZIE, kO Ry ilifg 2 < ERERE S 525, Ry
A R TTHE B LEE L\, SR Ry THEE O
HERT, AWMLY DFI3X107 TH D,

2) Ry MHEROAEMAET Ry T, fitikE (“actual
count {£” 1T L BMHERE, ¥ 7ch bHEEER 10~100 4
BAMAT A B8 L7cks, 37C 4 BBICEBEMR LRI RS
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T b, 50pg/mi 3, HyRv BRPEETEEL S 5t
EEETH S,
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1%, “obligatory two-step pattern” Tk D, [fifih:FEIA
DEIL22TH B,

. EETEE 2 /R T A8, two-step selection T
BB 5 b DAY two-step pattern “TH AV, MEEOHE
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DEHE Ry & R D2HTH %,

£ =
Minocycline 3 M. tuberculosis, M. intracellulare 7¢ 2
DIREHETTRRE DFEE IS 5 & & 1%, Hof Tsuka-
mural® pd Ule, R|CUL,  BUREEAI R R BY

Table 1. Comparison of Pattern of Resistance Development of M., tuberculosis
strain Hy;Rv for Various Antituberculous Agents

Level of resistance Pattern of resistance Upper limit of
of parent bacteria development = PP .
Druga estimated by the | (Number of steps necessary resistance to which

“actual count for reaching the upper resistant mu}:gnts

method” (ug/ml) limit of resistance) can reac
SM® 6 Facultative single-step More than 300
KM® 20 Facultative single-step More than 100
VM 20 Facultative single-step More than 100
CPM? 20 Facultative single-step More than 100
EVM® 20 Facultative single-step More than 100
RFP® 10 Obligatory single-step 20
EB® 2 Obligatory single-step 5
Ccs» 10 Obligatory single-step 2
INHD 0.02 Obligatory two-step 5,000
PASD 0.05 Obligatory two-step 20, 000
Thbl 0.2 Obligatory two-step 400
TH? 8 Obligatory two-step 16
MC 1 Obligatory two-step 50

a Abbreviations and references.

CPM : Capreomycin,
serine, INH : Isoniazid,

MC : Minocycline.
b Expressed as a multiple of the level of resistance of parent bacteria estimated by the
“actual count” method'® ~'*,

PAS : p-Aminosalicylate,

SM : Streptomycin, KM : Kanamycin,
EVM : Enviomycin, RFP : Rifampicin, EB : Ethambutol, CS : Cyclo-
Tbl : Amithiozone, TH : Ethionamide,

VM : Viomycin,
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35 —HOPFP-? o—FrL L T minocycline i
KEHD BT,

—B P RIL, INH 2 F5F& LT M. tuberculosis
DREEEFLESECLEALD Y, T OMFTEFRET
HHIL CTHER3 519, =0, minocycline DOHFERIE
TER L REBERNTH D L Bbh b, Thul, BEOHE
TN & S, BEEEESRETIIREVIZERE
BRKREVZETHI A%, Tiobb 2pg/ml 5t
2, FIOEBEBMAEME L & X101y, RERMETH
RTHzi0nS, ki 105~10° ZEMETuE, BEs
BOHEACIOTEREB R 52 ETL0 5, #
BEROEET, A0 Y, EENELCHIEIRT
WENCARZ DD, BIBEOFKEENRIDOTVDS, €
DICHDREHE T, BERAEFIFIEETOTIRLEER
23 0EBbh s,

% 7= minocycline fifPEEY, streptomycin [P
EERTKL, RGEEDOBICIIFET 1 EL 6 BT &
REVERTI DI, —ASHMLTLES & 438
THHEAFMICRE CER LR T2, $iobb “de
layed phenotypic expression”1” %733, ZHCH LT
INH e, wRGEETd INH B 4 8T
K& \WEXEBTEHT 517, “delayed phenotypic expres-
sion” DAY, RALE(DNA 5FofER ) o
Z, BHMEET O LRMEETL D EELLR
TWwb, & ORI, MittkE 5 FRBTA1E D OITBE
TR IREE DFHER D7 L fif & L %17, minocyciine
MAEEORFMAETC L, 20X 5 AR MLER DT
HrH E-RbRD,

KIRDORAEY, minocycline i A% two-step pat-
tern THHZ ExRALLE, ORI, INH fHED,
PAS £, ethionamide (TH) fftE2Ic b b, h
XL C, EB MifiE® 3 X O° RFP [if 490 ¢i%, single-
step pattern Tfif #:FKHEINL 1 D Lavisyw, SM, KM,
VM, CPM, EVM 7g o aminoglycoside 2 5\ %
peptide 3 4t £ B AN 5 M 3% 13 facultative
single-step pattern TH 5V7, Z DR TIL, Ktk
BIA DM MR & i R BB O #EE & one-step selec-
tion TELN A, —J5, INH, PAS, TH 3 X ¥ mino-
cyclinele B L ik, it ERBI OMFH:E L, one-step
selection TIxf8% = &4 TEIRL, BT, —r AMER
EEEZ DL oo Th» R8s 2 L8 TE
7o\,

Minocycline fif i DO P4 ERRIE, BREZHERE O EEE 1
pg/ml (“actual count ¥E” JIE) DY 50 (2 ThH5 (50
pg/ml), L7732 T minocycline fiffiL, fittk EHA
BRI PRI ET 5 (. biH ot it
PRI DWW TILSTER18ER) .

f o OH56 % %105

& E

M. tuberculosis HyyRv #:> minocycline [itEERIT
two-step pattern T H, MHHERHIOEL2ETH 2,
it 5% 50 pg/ml T, FRZPEE OMHEE 1 pg/ml D
#5015 TH % o
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