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IN VITRO EXPERIMENT SHOWING THAT CHEMOTHERAPY
OF TUBERCULOSIS BY AMINOGLYCOSIDE
ANTIBIOTICS MAY INFLUENCE SUCCESSIVE
CHEMOTHERAPY WITH RIFAMPICIN

Michio TSUKAMURA *
(Received for publication May 29, 1990)

When Mycobacterium tuberculosis strain H37Rv was cultivated in Ogawa egg medium
containing 5 pg/ml streptomycin and/or 10 #g/ml kanamycin, which were considered as
subinhibitory, it was observed that growing bacterial population contained several times
more rifampicin—resistant mutants than did the parent strain. The ratio of isoniazid—
resistant mutants did not change by the above treatment. The finding suggests that, even
without the use of rifampicin, the bacterial population of patients becomes more resistant
to rifampicin by chemotherapy in the past with streptomycin or kanamycin. Furthermore, it
was shown that the ratio of streptomycin-resistant mutants increased by pre—treatment
with kanamycin and the ratio of kanamycin-resistant mutants by pre—treatment with
streptomycin.

Parent, susceptible bacterial population develops 4R—phenotype mutants which are
resistant to four drugs, high concentrations of kanamycin, lividomycin and paromomycin
and a low concentration of capreomycin, whereas streptomycin—resistant mutant popula-
tion does not develop the 4R mutants but develops only mutants with the KR phenotype
which is almost mono—resistant to kanamyecin.
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Rifampicin (RFP), isoniazid (INHD, strepto-
myecin (SM), kanamycin (KM) Offizid, 22Xtk
DV ERB-TWVWA, Lichi-T, BERMICE, &
DOEEH| A SEIC il > T b 2 LFREIEEN VR
TTh b, BlAIE, AHCSM 7213 KM 2L E
Zicxtd 2 RFP 03hR 1, RiGEEECHT 23R &
L EEbOTV S,

LT A, BEbnbnsT - R ENEROFER
TIE, RXMEABVIRT ORI OB TS, KiTT 51t
gl s iis g LRI B A S 2 5T ENEBEAD
Nize AT, TOHRIOVTHET 2o

W|RAE

BB ¥k 13 Mycobacterium tuberculosis 05001
(HyRv) HTH 5B, 19474, B0 Ll BR AR
MR EEBERE D 55 s h, ERthRE
THRESI NI,

Heihiz, 2FEBRAEBUT [1 %N 26H L7
Bz Tml §0, 165%16.5mm SEBREICHES N,
90°C 60 Al Ic & v Rl & Ui, streptomycin
sulfate (W/A%IEE, 50, kanamycin sulfate (P
JABUHD), enviomycin sulfate CRAERERE, ¥, vio-
mycin sulfate (Z%E—Pfizer, M0, capreomycin
sulfate (%74, APR), lividomycin sulfate (EF],
H 57), paromomycin sulfate (i F1REEE, R0,
isoniazid (8% #%) IEYKICEM L, rifampicin
(Lepetit, Milano) ®% (3 propylene glycol IZif#
L, BRERiO/NIEH 100 Aot L, EHERK 1 A%
MA BT LIk DAMBEORELE Lo,

BRI (FIEE)

FATT ALFREEDEF NV E LT, BEROEICE
TEL, 37°C 21 OfskEE Lo, (1) xS (Al L),
(2)SM 5 g /ml &ERH, (3) KM 10 ug/ml BH M,
BEREE L, NI 14 BgERE (A7 2Kavr
v | 5 ARk E L Tg— kL, 0.1% Tween
80 /K7AME I IR HEE 10 mg/ml DIEEICZHES S, #
i, MEALE 0.02ml % 1 HEHCTEETE3)
<1 BeEFoBRE L o, C DiEMi A 21 HRIREE L &,
HE L EED SEUHETHEEIED, ROMEES
HRAE I W 7RI W72 SM b ug/ml B &
KM 10 ug/ml i3, ‘actual count’ " THIE L 7
B/ NKEHILEED 1/2 OBRETH 5,

R & E RO RE

o HiETlE - - Eik %, 0.1 % Tween 80 /KiAK
<107 TAERL, 107107, 107, 1077 HmIR K &
0.02 ml ¢ 2 iEELE THEA G LK 5 A3 o

O B E 1

an

L, 10° 38 & 08 107" Bk & RIS H R 20~50 A1,
znEh, BEALETEREL . B, Kic I3
mm] ODYINEDA- [F7 VT o] &h Y,
37°C I HEE U, BRI LSO 21 BERICK
Z 17, B2 A 3 oI i & 0 ERIRE I,
INH 10 zg/ml, RFP 100 ug/ml, SM 100 #g/ml,
KM 1,000 pg/ml ¥ £ PM (paromomycin) 1,000
ug/ml TdH - too INH HERE, 28 HRIcd T
eugonic colonies & L THAE LD T, MERELII 28
HigICA oo —F, MOmMMEEE, #RHEOR,
dysgonic TH - 72D T, 42 % (K 35 HE) 1ok
A1

TP B o0 A D IRE

bnbhit, Bilc, HyRv BED 513, single muta-
tion Ik > CERLA 6%, 4%, 3HIMMERE (FH
TR 20 T2 E2RELLY, Cho0EH
it B 1, KM 1,000 pg/ml % 7213 PM 1,000 g/ml
DWEEICHRET AERE LTOME N, Th SO
HOEFAIRD & 5 RE L 7, BEKEEZBHSET
W-T, Woich, NIFEcEEL, IAn»5 1lmg
/ml DEIE%ANE - oo BRI RIE ZHEIC & - 7o
COEAE, EFELETIHSET >RORHICHEREL
to (EFER, 0.003~0.005ml), (F: AL B OEER
BER, & 50 UHIFRLCERIC 10 ASEEHREL
THUBRLT, RiBOEENEL ) A,
EVM, VM, CPM, KM, LVM, PM © 6 #l &=, 0,
100, 200, 500, 1,000 ug/ml D IEECER T 3 i ©
b B, BEFELcHHIE, 37°C21 HIEL, MR
BERASOREERTEEE [IEE] & L Edo
R, RO ORS SY, REEZHRI XL
SHMEE L TRALGDTD %o

B R

SM HEHhE 7213 KM £ i #k R S B O ERE S

AR (Table 1)

SRR I RE LB & e 5 &, SM5ug/ml
o RE LcE ot o RFP 100 pg/ml, KM 1,000
¢g/ml B & ¥ PM 1,000 pg/ml it EEEEHRE,
5~ 8 fEicHEhn LT Wi, SM100ug/ml it HEE 3
290 fEiT 75 » T\Wico —F, INH10 ug/ml IHEES
HRIIMIBE EH T H - (t-test TP>0.08)0 —JF
KM 10 pg/mi HEHUCHESE L 2 Eh OfifEE S ARG,
RFP 100 pg/ml fit e 9 5, SM 100 ug/ml fit B
8 £, PM 1,000 ug/ml it tEE 135 TH » 720 KM
1,000 ug/ml DEERIFI 105 TH -7, LA L, INH
10 pg/ml iHHEEOSHERE T 13, MR EFHFHER
EDSE D o T,

ROE &8 5 n i B 0 R E OBk (Tables
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Table 1. Increased Prevalence Rates of Resistant Mutants in Bacterial
Populations Caused by Cultivation in a Subinhibitory Concentration
of Streptomycin or Kanamycin

Agent used Ratio, mutants per 10° colony—forming units of the
for isolating bacterial population
mutants
Medium used for cultivating M. tuberculosis H37Rv
No drug Streptomycin Kanamycin
(control) 5ug/ml 10 ug/ml
Rifampicin 19.5+13.0 151.6+73.5 174. 04 73.4
100 g/ ml
Isoniazid 153.1%+51.4 121.3%73.0 391.6+181.7
10 g/ ml
Streptomycin 32.0+ 9.0 9, 328. +383. 274.2+120.6
100 ug/ ml
Kanamycin 19.0% 2.7 143.4+45.5 1, 324. =110.
1,000 g/ ml
Paromomyecin 4.8+ 2.8 26.7£18.1 66.0% 53.8
1,000 g/ ml

Determined in Mycobacterium tuberculosis strain H37Rv, using Ogawa
egg medium. The numbers in the table are (mean * standard deviation)

determined in three independently made experiments.

Table 2. Difference of the Phenotypes of Mutants According to the

Drugs Used for isolating the Mutants

Agent used
for isolating

Medium used

for pre—culti—

for their phenotype

Number (%) of mutants determined

mutants . h
vatn.lg the test Phenotype
strain
6 R 4R 3Ra Total no.
Kanamycin No drug 4 93 0 97
1,000 ug/mi  (control) (4%) ( 96%) (0%) (100%)
Streptomycin 0 80 0 80
5upg/ml (0%) (100%) (0%) (100%)
Kanamycin 0 100 0 100
10 #g/ml (0%) (100%) (0%) (100%)
Paromomycin No drug 79 48 9 136
1,000 ug/ml  (control) (58%) ( 35%) (7%) (100%)
Streptomycin 15 71 0 86
5ug/ml 17%) ( 83%) (0%) (100%)
Kanamycin 95 5 0 100
10 g/ ml (95%)  5%) (0%) (100%)

In the table, thé phenotype designated as 6R includes the phenotypes 6Ra, 6Rb and
6Rc, and the phenotype 4R includes both 4R and 4Ra phenotypes (see Table 3).

2BLU3)

SEES N TR ORE I, MROT LN S, B
WE T B EE OIS X - T - T 3% KM Thit
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B RE LR O RBUET|ANTH B L, TD %



16

% #e6E HE 1

an

&

Table 3. Designation of the Phenotypes of Mutants
Phenotype Resistance levels (zg/ml) of the mutant
Enviomycin Viomycin Capreo- Kana- Livido- Paromo-
mycin mycin mycin mycin
6 R >1, 000 >1, 000 >1, 000 >1, 000 >1, 000 >1, 000
6Ra >1, 000 >1, 000 >1, 000 500 >1, 000 =1, 000
6Rb >1, 000 500 >>1, 000 >1, 000 >1, 000 >1, 000
6Rc >1, 000 500 >1, 000 500 =1, 000 >1, 000
4R 10 20 200 >1, 000 >1, 000 >1, 000
4Ra 200 200 200 >1, 000 30 100
3Ra 10 20 20 200 >1, 000 >1, 000
KR 10 20 20 >1, 000 100 200
Parent 10 20 20 20 30 100
Table 4. Comparison of the Phenotypes of Mutants Isolated from the
Parent H37Rv Strain with Those of Its Streptomycin—Resistant
and Isoniazid—Resistant Mutants
Strain® Method of  No. of mutants determined for their phenotype
Isolating
mutants” Phenotype
6 R 6Ra 6Rb 6Rc 4R 4Ra 3Ra KR Total no.
Parent KM 19.0 1 0 3 0 91 2 0 0 97
' ( 4%) 1 - (96%)— (100%)
PM 4.8 71 3 0 b) 48 0 9 0 136
‘ ( 58%) ! (35%) (1%) (100%)
SM-R KM 4.2 15 0 0 0 0 0 0 69 84
(18%) (82%) (100%)
PM 1.0 21 0 0 0 0 0 0 0 21
(100%) (100%)
INH-R KM 8.0 1 0 0 0 34 2 0 0 37
( 3%) —(979)— (100%)
2 gM-R -0 24 2 0 0 83 0 5 0 114
' ' ( 23%) L 3% (49) (100%)

a)SM—R, Streptomycin—resistant mutant isolated by two step—selections, first by 50 zg/ml
and second 1,000 ug/ml streptomycin. INH-R, Isoniazid—resistant mutant isolated by one

step—selection by 10ug/ml isoniazid. b)KM, Kanamycin 1,000 £g/ml : PM, Paromomycin,

1,000 g/ ml. These concentrations were used for isolating resistant mutants shown in the

right columns. The numbers in this column show the frequency of mutants growing on these

media per 10® colony—forming units of each strain or mutant.

~100% 78 4 FIHE (4 R) TH-7co —H, PM
1,000 ug/ml HEHOFIEEE O K RW AT TAH B L,
BT ERE T, 6 AR (6 R) #2958 %,
4RMB5%BTH - 1o

chicx LT, SM5ug/mil ¥EHUCHIREE L ICE»
5 PM1,000 ug/mlMiEE 2B 5 &, 2 D 83%H
4R, 1T%M6RT, REMODHEMNRIL > T, —
#, KM 10 ug/ml $EHICHEEST 5 &, 6 RA 95 %,

ARMEBEN 51, ERO KRB DEHE Table 3
WRLTH 5,

SM MR 518 S htc KM i B & BRERD 515

>htc KM itk o ik (Table4)

SM it B 2 f> BEIC KM 24 L 72542 1E
LT, SM fittE» 58 Sht KM itEEO£HH A%,
REE O HRERERTHE O KM ROz &
WU TH 1z, MR 5 KM 1,000 ng/ml 53 T1F
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Shc KM e, 094 %HB4RTH-12, Th
Xt U<, SM Mt (ko 54 SM 50 ug/ml
MHEEZRO, ThhdE 5 SM1,000 g/ mi B
THRAMERD 2 5187 KM MHER @ 82 %48 KM 1,000
vg/ml Pl EB MO XRHE KR OETH - 7.
4 REIDEETE1h 57, INH 10 ng/ml THERE S
Sf97c KM R 3, BERD» S8/ b0 L &N,
- 1o —4, PM 1,000 ug/ml MR ZE - 7235413,
SM i tEE 2 5 13 6 R72AHN, INH fiHE» 5158
fo PM iHEE T2, 6 ROLRMFED LTV,

1 =

RFP, INH, KM, SM officid, RZXMHEEE W E
ENTWV3B, Lizts-T, SM, INH, KM 7% & TIHE
SN BEE RFP THHERT 2841, ERiici3, %
[ EE L LD RMBELHEbDEEZ NS, bbb
BHh, TNODEETHE, FEROELD LS EAFLE
Hi3d 30, BAKICHLTIE, FAZOMENHZ D
LEUSNTEL, L, RFP HHMIEDEERIK
fid 59 % &, ThS{LEEKFIOEETIR, RFP O
BHRBPPEVEAEN S 5 & DR EZ T 12, BEDIE
BEE, Ric U ChGid 2IRBICEEETH 300, O
MR DO—D D FikE LT, KEREIT- 10

SM HEili & 7213 KM BEHic i X 2013, SM £
KMIZ&2BEDEEAZMELLLDTH S, SM &
HUCHKE L e oho RFP fittkE, KM ks, PM
Mt D L3 5 ~ 8 ML T Wi TORTR,
SM TiEE & W& T3, RFP R, KM ito
HRBHEML TV, RFP it 7213 KM Mtttk ©
PFTVIEAERELTV S, ZOFKIE, SM OEET
BT, RFP MRS L O KM HERORE ICE
Flchrs LERLTVE, —F, SM OFEAIZ, INH
i PEER & R O FB ICRIFISER L, SM BSEEL T
b, INHEREO RS ED ST, eicb L Bbh
%, SM FET T, SM fitthE o ks 300 &g X 72
DRROFEIC L % LEbNE, AEBRTIR, MIC D
1/2 0 SM AFiREBICHH L 7h, TOMEETSM o
HEPEIRVLT TR, BEEORE RE/DEIE
Sha® —%, SM IR X, SM OEBLZELAL
ZYBVOTY, SMIHHEREOEEERNEL Wb
FTh 5,

KM S A& L& s, SM kR, RFP i
HE, PMHEOSHERH, 8 ~13EIcEE -7,
COFERG, KITT 5 KM OIEHEN, %Ed 2 RFP
BIXUSMOBERAMIZTEILERLTWL S,
INH it 0 &f R3S -7, E1, KM
Mt PEEE O LE R AS 70 51278 » 72D 13, SM DA & [ElkE
OEHIcLE2bDEEZI NS,
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SM % 7213 KM OBHIEBEL T cEEA#kR4 22 &
3, KMiHHE (6R, 4R, 3Ra M &EMH3) OFK
BRI I h - 1205, PM RO 2 i i3
HEBNH -1, LrL, PMAERICEHSN S &
HRBDOT, TOBEHRITO>VWTIRHED WL,

Wi, BT SM MithE £ 72 13 INH s 24 U T
Wik TAI KM 2 LT, KM itk A U 1215
&, I oo KM, BEE» S EEE L
KMHHEE LR CEOD, EsTWBEDMH, Thizo
W, INH it S8 5 hie KM fitthE o AB R,
BHRE» SFONICTNERKRESRBP T, LU,
SM it B A 548 U 72 KM it 2, MR S B
AU KM MR & 1d, K0ic#->TWa T &5
> To BMERD SRS e KM MR, DA%
FTHAREKERBTHY, KM, LVM, PM 1,000 ug/
ml YL LT CPM i b 200 ug/ml it TdH %, T
itk LT, SM MR &4 U KM Mtttk o 82 %
BEKRZRETHY, 3EAE KM1,000 £g/mi B
WMHETH 2, IFEAE] EWVWHDIE, fiTtld, LVM
& PM OMEE R DI > TOHEIFTH BT
» % (Table 3)o SM, KM 75 & @ aminoglycoside
BUAEYEB LU VM 2 E D peptide ZOiAEYE Ot
1T, ribosomes DERMBERLTVWE EEZ SN
TW3BPY, SM 2RI & - TH U 72 ribosomes
3, BRPARBICERTERLVAILL > TVWE LB
xNhb,

8, KM1,000 ug/ml HEHic #E 4T 5HICd4 R
M%<, PM 1,000 ug/ml $EHc BT 3EICII6R
BEOEHBHEFROIELSTH S, 4 RO generation
time (GT) (3, EMEbkE IR 13.450.6 BfiTH 3
2 (EMEMRD GT 13 13.2£0. 8 BRI, KM 1,000 ng/
mlPTH 144203 TEELAEEDLSIEV, LHL,
PM1,000 ug/ml T3 3B EBNL S (GT42.0+
2.000 —4, 6 RDGT WEEHFIZ L/NIEHTHDL
EL 16.720.8TH %, PM 1,000 ug/mlthTH 16.4
+0.4T, BEAEARETH B0, KM1,000 zg/ml
hTid, 20.6+1.3 THOLENS (GT ORIEIR/INIEE
#T, Youmans & Youmans® itk -t L GT
B, 3 ~10 ERIEDFHMHE & AZHER%E), LI Eo GT
DEICL->T, KM EHMTIZ4 RBEL &1, PM K
HMTIRERPELENB LD BB EEDN S,

& B

REBRENFERT, SM % 7213 KM OIKEE 1< k5%
MR T 5L, #R population Hd RFP fif i D
HRBHEING 5, LA L, INH fHEORRIARET
b, TOFRI, BKOEE, SM /13 KM %2{f
HLIBEETE, RFP A2 L7 Tbd RFP MMHEE
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OERBEMLTED, RFPMESELPTV I &%
KT 5, SM & RFP %13 KM & RFP & oRficid
RSV E SN TWSED, EHDOETIRD DY,
RFP MR IR & HXT, SM £7213 KM itk »>T
REBIEEHASZT AEEVWHBDEVEDEEZ LN 5,

F1, BMEEDL» S KMiHE%EE5&, 4RE (4
Kifitie) OHERE? &N 355, SM MR > KM it
HE% &5 &, KRB (KM B oSS
SNB T EDBDH T,
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