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ANTITUBERCULOUS ACTION OF A NEW ANTIBIOTIC, LIVIDOMYCIN*

——Effect on Experimental Tuberculosis of Mice and Cross

Resistance with Other Antituberculous Agents—

Michio TSUKAMURA, Shoji MIZUNO and Masahiko YAMAMOTO

(Received for publication June 27, 1970)

In vitro and in vivo experimental studies were carried out on the antituberculous action of
a new antibiotic, Lividomycin, discovered by the Kowa Company, Nagoya. Mycobacterium
tuberculosis Hg;R, and Aoyama-B and tubercle bacilli recently isolated from sputa of patients
were used in the study. The antibiotic is produced by Streptomyces lividus n. sp. and has a
molecular formula CyHsNzO,5 belonging to the aminocyclitol group.

Estimation of susceptibility (or drug resistance level) was carried out by the “actual count
method”V~®, using the Ogawa egg medium. The composition of the medium was as follows :
Basic solution (195 KH,PO, and 1%, sodium glutamate), 100 m/; Whole eggs, 200m! ; Glycerol,
6 ml; 29, malachite green solution, 6 m/. The medium was poured in 8 m/ quantities into tubes
and made as slopes by sterilization at 90°C for 60 minutes. Antituberculous agents were added
to the medium before sterilization and the concentration of the agents was expressed as the
concentration added itself. (Remark. The activity of kanamycin in the Ogawa egg medium was
reduced to 259, when compared with that in the Lowenstein-Jensen medium.) The resistance
degree by the actual count method was read as the highest concentration of drug on which a
small inoculum, consisting of 20 to 100 viable units, was able to grow after incubation at 37°C
for 4 weeks (or, in some cases, for 3 weeks). In other words, the degree of resistance was
read in a series of tubes inoculated with small inocula ranging from 20 to 100 viable units ;
other series were discarded. The term “resistance” to a concentration of drug, as used here,

corresponds to 0.5%, or more growth in a particular concentration of drug in the proportion

method®.

The results obtained are as follows.

1. In vitro and in vivo tuberculostatic action of lividomycin on M. tuberculosis

Lividomycin inhibited the growth of M. tuberculosis in in vitro and in vivo experiments. It
was effective against experimental tuberculosis in mice (Figures 1, 2 and 3 and Table 1).

2. Cross resistance in tubercle bacilli isolated from patients

* From the National Sanatorium, Chubu Chest Hospital, Obu, Chita-gun, Aichi-ken 474

Japan.
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Tubercle bacilli isolated from patients, which were resistant to 500 ug/m! or more kanamycin,
were resistant to lividomycin, whereas the tubercle bacilli, which were resistant to 200 ug/ml
or less kanamycin, were susceptible to lividomycin (Table 2). The level of kanamycin re-
sistance in tubercle bacilli from patients was closely related to the development of lividomycin
resistance. Tubercle bacilli resistant to capreomycin were resistant to lividomycin, as well
(Table 2). Tubercle bacilli resistant to all other drugs, streptomycin, isoniazid, p-aminosali-
cylate, ethambutol, ethionamide and cycloserine, were susceptible to lividomycin.

3. Cross resistance in M. tuberculosis HyRv and Aoyama-B

Kanamycin-resistant strains and capreomycin-resistant strains were resistant to livido-
mycin. Strains resistant to the other drugs remained susceptible to lividomycin (Table 1).
Lividomycin-resistant strains were resistant to kanamycin, capreomycin and, to a less extent,
to Streptomycin (Tables 5 and 6). Lividomycin-resistant strain isolated from the HyRv strain
was susceptible to viomycin, but that from the Aoyama-B strain was resistant to it. In con-
clusion, there is a “two way”-cross resistance relationship between lividomycin and kanamycin

as well as between lividomycin and capreomycin. There is a “one way”-cross resistance

relationship between lividomycin and streptomycin (Tables 1, 5 and 6).

4. Development of lividomycin resistance in M. tuberculosis

Spontaneously lividomycin-resistant mutants were found in the Hg;Rv and Aoyama-B strains

at rates of 1075 to 10-.

the colonies of the mutants appeared as late as after incubation for 8 weeks.

The mutants grew very slowly on the primary isolation medium and

However, if

transferred to fresh medium, these mutants could grow at a normal growth rate (Table 4).

5. Bacteriostatic action on the mycobacteria other than M. tuberculosis

The mycobacteria other than M. tuberculosis were usually not so susceptible to lividomycin

as M. tuberculosis (Table 3).
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Lividomycin (LM) 3 RBA%HALHERRIC I OTR
REN7- 5 i 4 ¥ & ©, Streptomyces lividus n. sp.
(ATCC 21178) it x> T#EAE X h, CyHNiO;s (5F
B 761.77) o4 FA% B, aminocyclitol iz B T
%o bhbtiisE, LM 0% v7 1 FfkRE&H S
LA ah, TOMEEEFAICE T2 LRRRLY T
DDT, ZZRBHET B

I N 3

B# Mycobacterium tuberculosis HyR, #kis L U'H
W BERE LTI H 6 770 L H B AIR kB
Wio Thbid, WihbEEEECHkRL, 9~13 F
FIZER e LOIPEHICHEFEINT, LBWEE I EHS
RN R EPDXIERDRE LK TH D, 2D
A 1969 FEIHI I BEN O fc FHESIHEE
HIERTH LI,

TEEORE MEEDORHEIXITRTERAY YDV
“Actual count &” ¥\, ThbbEBEEFIC X
HIEBEDOEB RN 5 7w, HEHAL 20~100 £

MLk 2ic 37°C 4 BHIERBEH T2 BEEARE TR
HEYE Lo DB Bz (X, Canetti 7
£® Dyv5 “Proportion method” (R UTHh 5 2%, E
ABENVBEMLIh TV 5, KRAEXBREC A <A
i, ETEBEY 1% ISR 37°C 3~4 855 %
L, B¥BEE&EBFTLOT, ¥5RE2ARVICARTH
10 SHRET 5. ChichEBENAEAY ML T, BHE
& 2~Smg/ml OBKEEFD, Thi 10 fEFRLT
1078 B ¥ CTIE%, HEREITIX 10°~105 K ¥ T, 6 BOE
BEA, 0.02m! FOBERSETEGL, LiEbic
TAR%H LT 37C (2 4 AREE3% T 5, control i
(EHc L) 12 20~100 £ %% RTHT, RE 0 ZHH
hAERRETHEEYRB T2, O X5/ EEE
froEEREYAVGAFIAR, HWELBRTHERE S
ZERHBo

£ PSRN EERT O 1% MBS HEML, &
IEEYETDOEERT LI, BHITER 10 A4+ 18
L, 5b 1AL control T2, [ Uk 648 (60
K) HREEOUEICA VS, LicdioT, 2 & 248
HyRy #k0 10 BOEFOWHEE O RIEIX, 14 60
&, &t 600 ADEEHE e,
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Table 1. Susceptibility to Lividomycin of Various Drug-resistant Strains of
M. tuberculosis Hy;R, and Aoyama-B
Strai i Concentration of lividomycin (ug/mi)
train |
\ 400 200 100 50 25 12.5 6.3 0
HyR, parent - — - - + + + +
HgyR, streptomycin-resistant *1 — - - — + + + +
HyR, PAS-resistant *2 - - — - + + + +
HgyR, isoniazid-resistant *3 — —_ — — + + + +
HyR, kanamycin-resistant *4 + + + + + + + +
HyR, viomycin-resistant *5 - - — (+) + + + +
HyR, capreomycin-resistant *6 + + + + + + + +
HgR, ethionamide-resistant *7 - — - - + + + +
HyR, ethambutol-resistant *8 - - - - + + + +
Aoyama-B parent — — - - + + + +
Aoyama-B streptomycin-resistant *9 - — - - + + + +
Aoyama-B PAS-resistant *10 — - - — + - + +
Aoyama-B isoniazid-resistant *11 - — - - + + + +
Aoyama-B kanamycin-resistant ¥12 + + + + + + + +
Aoyama-B capreomycin-resistant ¥13 + + + + + + + +
Aoyama-B ethionamide-resistant *14 - - - - + + + -+

Estimated by the “actual count method”.
*1 Resistant to 1,000 zg/ml.
1,000 pg/ml. *5 Resistant to 100 pg/ml.
Resistant to 10 pg/ml. *9 Resistant to 1,000 ug/mi.
pg,/ml. *12 Resistant to 1,000 zg/ml.

( ) : Minute colonies.

HHER HHERITIL, FE 20+2g 0 CF, %k~
v A AW HERE), HHRROBERKTIL, M.
tuberculosis HuR, Bk f\, 2O HEY BV, F1
OFEL, Ftky Tween 7z Lo TB-broth (Difco)
Z7THEEEL, ThiEBCI->TEHE 10mg/ml
DEEBCREEL, +0 0.2ml Fo%, < v AOEKIK
IOBE LI, H20HBEL, 1% NMIEBIc ZH L
7 HuRy % 5 RAEAD 2 ARV CIRB L, B
HE 10mg/m! OFEKEL L, £ 0.2ml ForBEEA
CEH LI, RECEEEOTANLGEHEL, A
BAERLZ YV RAOEWETESH Lico BEDHRITN
BIUBROABEBME TR LI, THbLEBERNND
3EOSY AL EDTHRL, TOMBIVRELOTE
BL. 3G EbLTHEYr 74 ¥ —TH—{L L 7=
CHIZ 10 28D 1% NaOH % #% tn x. T organ homo-
genate #fEh, “hX4EA/KT 107Y, 1072 1073, 1074
ZHFRL, F&E & bt 5 @o/HREHH 0.02ml 3
D% 1% NS EE L, 1% /NI 1 FREK
IZDOWT 2Kz, 37°C 4 B RBICERE T H X,
HEEBLARES JUBBOEREND, Y7 R1EYDH
DO F RIS Th 2 EHBM X H Lice USEA
DEBEGENAZRY, KABED control =& R i
LT, ik XUBRADEREMENBITIEELLR

*2 Resistant to 1,000 ug/ml.
*6 Resistant to 100 pg/ml.
*10 Resistant to 1,000 pg/ml.
*13 Resistant to 100 zg, ml.

*3 Resistant to 100 ug/ml. *4 Resistant to
*7 Resistant to 100 ug/mli. 8
*11 Resistant to 1,000
*14 Resistant to 100 ug/ml.

60

/A L7 LM X, Lot No.5, 0.670 mg activity value/
mg DGHTHb,

ERA LB LU ORBIXRDOEY ThH 5,
dihydrostreptomycin sulfate (SM), sodium p-amino-
salicylate (PAS), isonicotinic acid hydrazid (INH),
kanamycin sulfate(KM), capreomycin sulfate (CPM),
viomycin sulfate (VM), ethionamide (TH), etham-
butol (EB), cycloserine (CS), Lividomycin (LM)
»%. LM EiliEHE mg BTRLL,

E A

L #EXARERED Lividomycin RZHE

M. tuberculosis Hy;R, ¥ X UFILUBEI b £%E
THgELEA«OFAREE © LM i3 % BXiE
% “actual count " (1% /MNIBEHEER) TRAEL .
TOREREYER1ITRT. Kiktko LM BEKS, HuR.
BrXUHEWL B B & b iz 25meg/ml Tholko SM.
PAS, INH, TH, EB, VM it & & o= (LM @k
B dEkEAUTHDON L L KM @EEHE L
CPM @2 LM 400meg/ml o dREB L, o
iz LM ®tETHo

II. BEo%#ko Lividomycin &%
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Table 2. Susceptibility to Lividomycin of Various Strains Isolated from Tuberculous
Patients Resistant to Kanamycin, Capreomycin or Both Drugs
N : B Resistance level® o -
Strain B Ogawa cég medlumrc‘ontalnlnz: ‘
—;(7, drug Iﬁnoélamyg‘l){l)\ (pg/sr&)l; Ch&;;mylcolon (“2/0"(;[) zsLividomycln"%zg/mlgoo
1. S. Toda + + + + + + + + + + +
2. S. Hayano + + + + + + + + + + +
3. M. Satta + + + + + + + + + + +
4. G. Hoshino + + + + + + + + + + +
5. K. Uchida + + + + + + - + + + +
6. K. Konishi + + + + + + — + + + +
7. S. Munehara + + + + + + - + + + +
8. S. Kanamaru + + + + + + — + + + +
9. K. Kimura + + + + + - - + + + +
10. T. Kawai + + + + + — - + + + +
11. K. Ri + + + + + — — + + + +
12. G. Yamazaki (3) + + + + + — — + + + +
13. Y. Suzuki + + + + — — - + + + +
14. H. Okubo + + + + — — - + + + +
15. G. Yamazaki (2) + + + — — — — + — _ _
16. F. Banno + + + — — — — + - - -
17. S. Mashita + + — - — + — - -
18. Y. Hasegawa + + — — — — — + + — —_
19. G. Yamazaki (1) + + — - — — — + + _ _
20. S. Nakai + - - — + + - + + + +
21. H. Yoshida + - - — + + + + + _ _
22. M. Suzuoki + - — — + + + + + + +
23. C. Itsushima + — — — + — — + + + _
24. T. Watanabe + — — — + + + + + + +
25. C. Kawanishi + — — — — — _ + _ _ _
26. Y. Imai + — — — — _ - + _ _ _
27. S. Watanabe + — — — — — — + _ _ _

* Determined by the “actual count method”.

Strains Nos. 25, 26 and 27 are resistant to streptomycin, isoniazid, PAS, ethambutol and ethionamide.

ERo#kBER T, KM @itE s CPM it LM
WETHB = LGOI DT, BELOHICTBEL
#- KM figtetk, CPM fitdtk 3 Xt KM-CPM 2 #|i
HRkic oW TE U< “actual count 3" T LM R K
BRE Lo R KM K /12 CPM L
LM fitE & DBAFR AR Bedic, KM M E & Lo
CPM [t EEd & T “actual count ” TCHIE Lo
T DORREEXE 2R T,

KM-CPM 2 HIfitE#kiz B Hasic LM i 4 T 5 5o
LM Ttk B 200meg/ml ¥ THRE~RH, Bikkko LM
i 25meg/ml THBOT, 8 fELU EOMEE L
ATH%0

KM HEttesE (KM 500meg/ml Ll L) (XBEH
DZLr{ CPM M THB DT, KM &t D LD

FEIBRBLIMNI\Vo 20D No.13 15Xt No.14 0 2
B, BIsa9ic KM B TH50ic CPM RETH
Dfch, ZORVBELMIC LM iETHB, L 120
T KM BitEEd LM R/ oTW B ez B,

ki KM EitEE (KM 100 7o\v L 200mceg/ml &
HE) X, SEP 22BN LM BEgEnee LA LTV AR
(215 ER), O3 KIIREIC L L EFDOT VB, Lt
5T KM {EfEEZSH I E LM BREIC L 2 % 55,
BULEVCER LM EED ERAYRE T ¥ v
LRBbhb,

CPM DARMEDEERIX, 5 B% B3 - LR TEE,
CPM MtEdix 58k & & LM REEMN 2 o\ L 8 f2ic |
HLTW5, Tichb CPM DB LM i it %
FHTHEVX B,
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SM, PAS, INH, EB, TH 5 E 4 @i 3 & (No. 25,
No.26 3 X0 No.27) RETHC L0 TR oA, Th
5 3%o LM RHEE X 25meg/ml €, LM fbfd: 18z 4
(A2 €/

BEDZ &L, in vitro FREREKTEHICERIE, £
DY FBETEREKRTLRDOH, KM S BHER
Yot CPM itEEz, LM ogEMT 5470 5 LM &g
o TW3B ERR I,

III. ®4ERIcisi? 5 Lividomycin o 55 R

BHERX CF, R~v R (hH 20g+2g) # A\
T, BECXOHBLEBREHIC I 2R L 2MOR
By fTlheot, BEYHRIL, v RAOMEIUMOLEE
BURPIREL LTREL,

(A) BHERR

M. tuberculosis HyR, OBEE 2mg (EFE WML : 2
x10") # CF, R~v R (MEHRE) ORHIKICHEL
Db, 5 HILHT THERXTEok,.

(1) WEBF (&K 0.2ml # 1:83@EEH LI,
EsHTA, K, @IfTicol, LT HRK.)

(2) LM 0.7mg % 183 GIKTES

(3) LM 1.4mg % 183 @ETESH

(4) KM 1mg % 183 EEFEH

(5) SM 1mg *1:83EKTHESH

BEABABERS IV 6BBICEHRLLIEFODT YR

Fig. 1.
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DT, TDOMids UMDY KA H & M, 1PEy
DOMELIZRCE TR D EW(I AT LA Bk
125 F, o b, LMO0.7mg 35Xt LM1.4
mg Dfife L RizHBHH, KM 1Img $4:42 SM 1
mg L ORRCEBEH QLRI B,

(B) MiFsHBg

BOLD LIRIZ 30T 2 #TiadD, MBI L,
Fy HOREINLICIOTLT LG IEHICHN VI
Hzh?, H5BREOHMBD- 5 Y FIB/IHIE
WOBENRS D, AL, ZDX5k35 Y FIIMRA
BEHIZOVWTHIRI DS BT THD, LLOBRET
2, WERENE BIRREEO LI T b h T v s
Vo BIEDbhbh ORRBIZHITDHMEDOEEER
T, WEREME IAHERICHD & LE 6 eV gt
Boht. CRRERS)o LicrioT, AERTIZBE
& 2mg (6.6X10° £ HifT) OMBREELZT L.
MR M. tuberculosis HuR, ¥k ¢, =v Rz CF,
KO~ A (FE 20+2g) AT BEEIXKD
2l Th3,

(1) =@\l EAK 0.2m! ¥ EHKTESH)

(2) LM l.4mg »FHETESH

(3) SM 1mg *#EHKTESH

(4) KM 2mg *EAKTHES

(5) CPM 2mg %A K THES

Comparison of Therapeutic Effect of Lividomycin, Kanamycin and Streptomycin

[+ I

sl

L

ol
n|
|

LS LS LS LS
Control LM M KM SM
0.7mg 1.4mg 1mg 1mg
6 weeks

The therapeutic effect was expressed as the number of viable challenge organisms in a whole organ of

mouse. The column in the figure shows an average in three mice (CF, strain of mice, 20+2g).

The mice

were inoculated intravenously with 2 mg of moist weight of .. tuberculosis H;;R, (2x107 viable units)
and treated with the following regimens : (1) Control (Injected subcutaneously three times weekly with
0.2m! of saline) ; (2) LM 0.7 mg (Injected subcutaneously three times weekly with 0.7 mgof lividomycin);
(3) LM 1.4 mg (Injected subcutaneously three times weekly with 1.4 mg of lividomycin); (4) KM 1 mg
(Injected subcutaneously three times weekly with 1 mg of kanamycin); (5) SM 1 mg (Injected subcuta-

neously three times weekly with 1 mg of dihydrostreptomycin).

The number of tubercle bacilli in the

organ was calculated after 4 weeks and after 6 weeks of treatment. L : The number of viable organisms
in the lungs of a mouse. S: The number of viable organisms in the spleen of a mouse.
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Fig. 2. Comparison of Therapeutic Effect of
Lividomycin, Streptomycin, Kanamycin
and Capreomycin

10
- X
w
_5 100
" C
u .
a -
L] -
]
a -
H L
(]
]
_! -
=
]
S
S el
2 [
|
g L
z L
. 1 | 1 ]
1% 1 2 3 4

Time in weeks

The figure indicates the number of viable challenge
organisms in the lungs of a mouse, which is expressed
as an average in three mice.

The mice of CF, strain (female, 20+2g) were inocu-
lated intraperitoneally with 2 mg of moist weight (6.6 x
10¢ viable units) of M. tuberculosis H;;R,. The mice
were treated with the following regimens: (1) Control
O—Q (Injected subcutaneously with 0.2m! of saline
daily) ; (2) LM x—x (Injected subcutaneously with 1.4
mg of lividomycin daily);(3) SMV~—V(Injected subcuta-
neously with 1 mg of dihydrostreptomycin daily); (4)
KM @—@ (Injected subcutaneously with 2 mg of kana-
mycin daily) ; (5) CPM A—A (Injected subcutancously
with 2 mg of capreomycin daily).

B REMs LOBRADEBBM B CRTERN2 &
IUOE3DZLEL THDo

O EBAEDOHEBND AR B L, 4 DDERERE T W
ThiEHThHss, SM1img, KM 2mg, LM 1.4mg
NEEAERULT, CPM 2mg 2455 % %5 (K
2)0

KRB EEBEMEOHBH DAL B L, SM 1mg ¥
X0t KM 2mg D35 2%, LM 1.4mg % k¢ CPM 2
mg L HRRBHRRERZTS (H3),

L EDiEREMD, LM1.4mg HHEX CPM 2mg g
HEECIIETEE L, SM 1mg ¥ KM 2mg 5H®
CEFEHMCBbhb, £ LT LM 28MER T b
BERHTHHZ LRIV ERBbh 5,

i M5k B8R

Fig. 3. Comparison of Therapeutic Effect of
Lividomycin, Streptomycin, Kanamycin
and Capreomycin

10% (-

104

Number of viable organisms per spleen

10° L L
0 1 2 3 4

Time in weeks

The figure indicates the number of viable challenge
organisms in the spleen of 2 mouse, which is expressed
as an average in thrce mice. See the legend of Fig. 2.

(1) Control O—Q; (2 LM x—x , (3) SM V—7: 4)
KM @—-@: (5 CPM A—A

1V. JEERHMED Lividomycin B

FERUMMED LM BIEREIEROTEIZ IH
3 1% PMIELT LM oFRFILZED, chic#®
EX1ASETORKEEL, 3TC3AEEHKC, NE
LRERAEEORF YR TRAREVEKTHHEICX
Dt HADFERFIMED LM KFHRELRELE 3
TR to MADHMEOHT, fd LMizH LTEH VK
SRR LT-DIL, M. tuberculosis T % b, REEIE
ERFIREEVCRZEE R LI, Licai > TLM %3
ENAMERREDOHEROHERA L 5 2 WiEtkixd ik
Bbhz,

V. M. tuberculosis ¢ Lividomycin jitt48

M. tuberculosis HuRy #k¥s XUFILB ¥R LM it
ZBEOREINE Y BRI THDO,

1% /Mg LM oFRFILED, 4 0 BED
BRYEGELIBE, BB X% 20~50 £% %4 Lo/
EEEEYAV5 L, LM 25meg/ml w553+ 5 45, 50
meg/ml WIXEE Licwhy, L ZTBINEZ B K T
Do LU 10" AHWBMNOI L S REBEE Y A\ 5
&, 50mcg/ml 7g\s L 100meg/ml i@ ER o L ER
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Table 3. Susceptibility to Lividomycin of Various Mycobacteria
Number of Concentration ofr llvidomyecin a;/ml)
Species strains - —_—
tested 400 200 100 50 25 12.5 6.3 0
M. tuberculosis 5 0 0 0 (2) 5 5 5 5
M. kansasii 10 2 8 10 10 10 10 10 10
M. marinum 5 1 3 5 5 5 5 5 5
M. avium 10 6 7 9 9 10 10 10 10
M. intracellulare 10 3 5 10 10 10 10 10 10
M. scrofulaceum 10 7 10 10 10 10 10 10 10
M. fortuitum 10 10 10 10 10 10 10 10 10
M. abscessus 10 10 10 10 10 10 10 10 10
M. borstelense 5 5 5 5 5 5 5 5 5
M. phlei 5 0 0 0 5 5 5 5 5
M. smegmatis 5 0 0 5 5 5
M. aurum 5 0 2 2 5 5 5 5 5
M. nonchromogenicum 10 4 9 10 10 10 10 10 10
M. gastri 5 0 0 0 3 5 5 5 5

The number in the table indicates the number of strains showing positive growth similar to that on the control

medium containing no agent.
and incubated at 37C for 3 weeks.

FERTo = 100meg/ml CRE LIEELY—AE
Fe LD 1% Mg MR LT, £o LM kB %5
NRTHh 5B E, “actual count ¥&” CiR X 5L (3 B
H%kLALTH Do T b 100meg/ml i FHPRIC R
FLDIZ, BXREETHOT, LWhOHMEETIX
RWZ EDFD D COBRL, b D Al
(Pseudoresistance)® DB R THOT, T T SM, KM
ey Tambh’ X 5, “actual count i£” o fH ILRE
OO LI HAEEH T, HORBENELLEILLT
WAEDTIR T, BELTWABIZTER L, LicHio
TREEEEYRAVS L, CORFEEXRZILTW3S
BHEORENEIOTHERC A2 5bDLEL LI
5o

kic 200meg/ml T, 107 A REVEEOEEEE
FHVWSE, 4 BEIC10 e\ LET 2D/ XWEHEDE
Bbbhd, ZDEEKEERLOTHEL, LM HEEH <
TH% &, “actual count #” C 50meg/ml & FE FH T
Bo Tihbdb, TOHOMUEBINT2EDO EAXES
LTWwB ez bo CORFILEATRERRT, XL
3 200meg/ml OEEMICNEHZEHHTHHE O T & E
X, —R8fEDERCA LA THhEDL, EX2FERED
THEE LR TERZ LRGN 5B, ZDOMEBEOmMKE
ILBRENCARRET, LM 2EEiw 1% Mg 2
KR LT “actual count &” JEEXBFRFT LD THRD
&, BEEKLA UMEECR>TLED T3, LIED
o, —Bt 2 EEEORE EAYE: LiciEE
% [RLE I itk e8 ] (unstable resistant organisms)
LREZLETR, B THISIC, T [REERLH

In this experiment, the medium was inoculated with one loopful of the test strain

Table 4. Development of Resistance to Lividomycin
in M. tuberculosis Hg;R, and Aoyama-B

Strain l Mutation frequency*
HgR, 2x10-6
Aoyama-B 7x107°¢

* Ratio of resistant mutants per total viable population

of the parent strain not exposed previously to livido-
mycin.
Resistant; mutants are highly dysgonic in primary
isolation medium and appear as colonies on the Ogawa
egg medium containing 200 to 400 ug/m! lividomycin first
after incubation at 37C for 8 weeks. Minute and/or
small colonies, which appear after incubation at 37C
for 4 weeks on the Ogawa egg medium containing 100
to 200 ug/ml lividomycin, are not real resistant mutants.
At resistance tests made by the “actual count method”
immediately after isolation, these “unstable” resistant
organisms show a 2-fold increase in resistance, but
they show no more such resistance if transferred twice
on Ogawa egg medium containing no agent. These are,
therefore, not “real” resistant mutants but “unstable”
resistant organisms, probably due to “phenotypic re-
sistance”®.

HE OftERRIC T 5 RZHIL, REKRERLT
bbho DL, KM & X0¢ CPM LN iE%RRTED
LM fHEE (#h) Lixe RigoT W %0 [TEEK
it bR OERIIFT S THREBmE D Tk
hEBBIN S,

Ll D@D, 12 UDILEBENCE E L e EE
(resistant mutants) # 8% = L ZH#ETH A ADR
o0 KD X S LTHEDMEED #1852 &N TEL,

BN X, MEEEVLEIFERACI>TEL L
LREEEYEMINDC L RBE L, itk xiX SM
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Table 5. Susceptibility to Various Antituberculous Drugs of Lividomycin-susceptible and
Lividomycin-resistant Strains of M. tuberculosis UymR, )
— Drug concentration (pg/mi) o
D Strai : . ] -
T Strain 500 250 125 i 32 16 8 4 20
LM LM-S ‘ - - - - + 1 + + + +
LM-R  — + + + + t + i + +
KM LM-S - - - - - + + § + +
: LM-R |+ + + + + + + ot r
LM-S | - - - - - + + + + +
CPM ) + +
LM-R - - + + + + + 4 +
LM- - - - - i + + + +
VM S
LM-R - - - - - + + + + +
———— e e o _ . e - — —
sy | LM-s - - - - - - - + + +
| LM-R | - - - - - - + + + F
EB LM-S - - - - - - - - + +
LM-R - - - - - - - - + +
LM-S - - - - - - + + - +
TH +
LM-R | - - - - - - ~ + -
LM-S - - - - - — + + - -+
cs | ‘
LM-R | — - - - - - + + + +
o o " Drug concentration (ug/ml) -
Drug Strain —
‘ 5 2.5 1.25 0.63 0.32 0.16 0.08 0.04 0.02 0
INH LM-S - - - - - - - bl + +
LM-R - - - - - - - - + -
PAS LM-S ! - - - - - — - + + +
LM-R | - - - - - - - + + +
Abbreviation. ) -
LM-S : Lividomycin-susceptible strain; LM-R: Lividomycin-resistant strain ; LM: Lividomycin ; KM : Kana-
mycin , CPM: Capreomycin; VM: Viomycin; SM: Dihydrostreptomycin; EB:Ethambutol: TH : Ethiona-
mide ; CS:Cycloserine ; INH: Isoniazid; PAS:Sodium p-aminosalicylate.

Drug resistance level was determined by the “actual count method” after incubation at 37C for 3 weeks.
“Unstable” resistant strain (refer to Table 4) showed the same resistance levels to all antituberculous drugs,

except for lividomycin, as did the parent lividomycin-susceptible strain.

The “unstable” lividomycin-resistant

strain showed a two-fold increase in resistance to lividomycin.

MR SM B TREELER L L CRETS
DERAUCEBETCRETADOTIRL, SM#EEEL V2
rh SM I X O TRENVEBETHZ LEBE L, &
PERE & T & D242, all or nothing D X 5 c£TiL
<, SM 2 XA REEEDCEHILBNCRLSICTE
vz ExRH Lo DX HMERIIMA M A, LM
THEBEDOREMN LM (Lo ThichBETHDTIL /it
WhHLBEELT, HEARYSACERLTHELTA
oo TDFER, LM 200meg/ml 75\~ L 400meg/ml £%
I AREDONIL D REVEENREE LT 50046
foo TOEHEL, K 4BRTEEIN/NEEL LILF
T, 4 BEONEENTOBRBEEARYHLTH K &<
b WDIRR LT, 8 BEDOKEE L HRATHEEDY
1 XX LTL BETRLDT WD, & D KEHT,

=

HgR, (CREE (FEE 10° %4b 2 20H4T, &
IUBHETRME (£E) 10° %40 7 20HASTREX
hico COXKEFREXHK T 5 REE ORI EREIZIT
LM $TE2HD TREC LARE LA, kicEH
72 L 1% PIEHc @R+ 5 L REEEIREE & b
53, LM TR X DI A hIEL BT T5.L
A b it “actual count ¥£” CHIFE LT 200mcg/
ml 7g\s L 400meg/ml THBH1b, BREED 8 fEir\
L 16 fEOmtEE X~

Ll kR EHTHUE, M. tuberculosis HyR, # 3 LUt
FIUBED LM fitgke¥ (resistant mutants) 3, K&
iz 2X1078 F7id 7X107° DEIS TREIN B,
TR DD Vi, LM o REHE
5B\ (FE#7r dysgonic growth #;R3) DT, @iz

1>
L P
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Table 6. Susceptibility to Various Antituberculous Drugs of Lividomycin-susceptible and
Lividomycin-resistant Strains of M. tuberculosis Aoyama-B
Drug concemratiogngr/ml')’ h

Drug Strain R .
500 250 125 63 32 16 8 4 2 0
. LM-S - - - - + + + + + +
LM-R | (+) + + + + + + + + +
KM LM-S - - - - - + + + + +
LM-R - - + + + + + + + +
M LM-S - - - - - + + + + +
cP | LM-R - - + + + + + + + +
| LM-S - - - - - + + + + +
M LM-R - - o+ 4+ 4+ 4+ 4+ o+ 4
LM-s | - - - - - - + + + +
SM LM-R | - - - - + + + + + +
| LM-S | - - - - - - - - + +
EB l LM-R | - - - - - - - - + +
" LM-s | - - - - - + + + + +
TH LM-R  — - - - - + + + + +
i LM-S — — — — - - + + + +
€S ' Lmr I - - - - - + + + +

I Durg concentration (ug/ml)

Drug | Straia 5 2.5 1.25 063 032 016 008 004  0.02 0
INH a-s - - - - - - - - T =t
LM-R - - - - - - - - + +
s LM-S | -— - - - - - - + + +
PA LM-R | -— — — - — - - + + +

|

As to abbreviation, refer to Table 5.
(+) : Growth variable.

X8 BEEYVNEL TS, —lATESIRI - LMEtEE
ORBEEILET, REEELRERLEY ItV

VI. Lividomycin EEO hHSEFAIRTSE

M. tuberculosis HuR, 3 X OF L B kD& (R
), TRZEEk) Ritkks XCEOMEKROE « DHiS
BRlicaT 5 RESHNERLELERS BIUR6KKTT,
TCREALE (Eo) LM Ekizv-3th bR
¥ 8@ TEEL, b5 “one step-selection” i X
STELDTHD, HEEOREI “actual count F”
Lot ERLEZEL, —RATEINIREED
2R BRI BT 5 REXED, BERLRLD
KVWoT, REEMEOHER, 37°C 3B T 52
7o

REBIES B IVEREIRTILL T, BEE L LK
LTH8 g0 LM miEE LAY ~T LM REEZ, A
Bric KM 530 CPM i mtEE#E L TWw %, 3
SM e s REELBE (2~4 f8) KEALTV 5,

DA N T AMEREIIELOT W\ ie b o7
VM iz x5 BEE, BERERENSH D, HyR, &
D LM @EETIE VM BEERITETH5BA, FIUB
%o LM miEE T VM EER EA LTV 3,

(LB hcitiEtk) OREXRERLRAETH D, =
DkoRE ERAOFRRIIEOMEkOTh L iz Bix
B ENENE XN (RBRER.

£ %®

P EOERBELBEThEIRDOZEL W25, (1)
LM (3 in vitro T in vivo T$ M. tuberculosis iz
WLUTREHEERY R To (2) LM 2 KM %703
CPM » ORI R W%~ To KM R ¥ 7212 CPM
EE LM @iEThh, M LM mEE b KM &
Xt CPM i TH %o SM MEEIL LM BRETH S
A, LM @I RED SM it EAERT, 2o F
ILIBE® LM iEEir VM i LAY = L 7o
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(3) BENLLIMEL I KM miittk® (KM 500 meg/ml
LA L) & Lot CPM [itdd: 82 LM i % © % 5,
(4) LM WHESEO#® 4 Rye, #Ek LM e
THET D IVIIIRBEHIEL, KERRIC 8 MR Y L
HeTs, Lo LReUERTHIERORYERET
RET 5

LAEDKERNC#E LB L, LM »—RIfFA DML
N LT— AR TLIIMKEERALRMLS 5 L
ZERENTHA N, STRAKCH 2 SH-EEH L
DIBMESHENS RIRD L, Mich MBS D,
RAROHAIBEFOTREZA KM s X1t CPM & X jint
HERHB LV ML D,

i OREAL, LM ORERRAOKRIETSH 2, Ll
D [2xid] Lot LA OB XA AERTH 1iFllk
HEEED 5D THLI D bLAAMRLELIX, 28
WDHse + OEZECRKEFC LM 2ERLTAH K& \»
EahBisunh, bhbhilko X 5 B35, RE
B RKEN LM B, LM M LA- L0 s
M. tuberculosis ¢ population i3s3 L% 10°5~107°
DRTEFEINTW3H, ZDiHEE (spontaneous mu-
tants) X, LM ##E5EXh A BEOLRAARTII L H it
BREREETAHETHLAID, BELLHBMINBE
REEENEL oY, hofiEFIERADOEVWELRALX
51, LM EEOKHNHER LT 5 THH5 LBb
hd, LichioTzZ o LMiEEoHRE 2T, &1
CHEFIe S LB T AP W E2 B,

R

HHi#| Lividomycin (LM) i2o\T, M. tuber-
culosis HyR, R JOFIUBKALO O IC BE MY
BUWTHRRERNERS IUBYRRETROCKER K
oﬁéﬁi’ﬁf:o

(1) LM ZHREAS ICBHERTEEEORTE
#IET B,

(2) M. tuberculosis Hy;R, ¥k 3 X 0% IU B ¥k
kanamycin (KM) fittd#k s X 0° capreomycin (CPM)
W LM e ThH oo fy O HUREEAIR R LM
BETH B, M HyRy B JUFIUBBRD LM ik
X, KM 3 X0 CPM it THh 5o ¥ 7- streptomycin
(SM) R LTHBEOMYE LA XRT,

LichioT LM & KM %7243 LM & CPM o iz

W% 45k HBH
%, TENET] XX RHENFET 5. LM & SM 0
Micix, LM fite—SM it o a7 O3
RN LT Do 2L, ZOXAMEDBEIEE
Thbo LM & viomycin (VM) oMTIx, ¥ U B
ZOWTDHR, LM figt—VM @D M a1T] ox
Rt R Shtc, oG H L DMk, ZXRE
XA Lhishot,

(3) HEBENLHIICTRS hic KM mitiik
35 X 78 CPM ik d LM (it THD70 KM it
& LM fitth: L OMO X BETIE, MEESRE £ H
FThHoT, KM 500mcg/ml L) LRt diZ LM RtEC
%Hotent, KM 200meg/ml L) F#bed it LM &£ ¢
Hote

(4) M. tuberculosis HgR, #k3s X O# 1L B %o LM
THEE, LM cehfcs LoV D i 107
~107® DHETCRILEh 5, C ORI E O PR REE
IR 2RBIBETHLHDT, BHEEEELXROY
Z0ICIX8BOKERMMYET 5, oL 2RBLI%D
MR TRBETEEIRERLEDLL L,

(5) M. tuberculosis ANDHMED LM B2
ﬂ:&&gﬁ‘f‘o

AR LT ZHEE L 22 v e B EEERE
RALFELHBBCRBOEYERT S,
X [
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