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THE FUNDAMENTAL STUDIES ON ANTITUBERCULOUS
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Yoshihiro YAMADA and Tadahiko FUJINO

(Received for publication March 24, 1971)

Lividomycin (LVM) is a new antibiotic agent which was produced from Streptomyces
lividus n-sp ATCC 21178 isolated in Nagoya city. LVM was highly active in vitro against
Gram-positive and negative organisms, as well as Mycobacterium. This paper presents the
results of fundamental studies of antituberculous activities of LVM.

1. The minimal inhibitory concentration of LVM against HzRv was 0.6 mcg/ml in Dubos
albumin medium and 40 mcg/m! in Ogawa medium. This MIC was almost as same as that of
Kanamycin. Against eight wild strains isolated from tuberculous patients, MIC of LVM was
1.25~20 mcg/ml in Dubos-albumin medium, and MIC of LVM was higher for KM resistant
strains than for KM sensitive strains.

2. The elevation of the resistance of HyRv in vitro to LVM was examined by the Step-
by-Step method, and the maximal resistance at the ninth generation was 25 mcg/ml. The
elevation of the resistance of HyRv in vitro to Ethambutol was also examined by the same
method, and maximal resistance at the ninth generation of the culture was 50 mcg/ml/. By
adding 0.2~0.3 mcg/m!/ LVM to EB, the resistance of EB remained at 2.5 mcg/ml after ninth
generation.

3. There was no cross resistance between LVM and Viomycin. Strains highly resistant
to LVM were also resistant to KM. Strains resistant to KM were partially resistant to LVM.

4. The binding capacity with horse serum was measured b_y the equilibrium dialysis method
using the cellophane membrane. The results was 1.9~3.8% in case of 100 mcg/m/ LVM and
12.9% in 50 mcg/ml.

5. The blood level of LVM in tuberculous patients after intramuscular injection were
examined by Torii's diffusion method, using Bacillus subtilis (PCI-219 strain). The mean
values of the blood level after one hour and six hour were 42 mcg/m! and 8 mcg/ml, respectively.

6. Therapeutic effects of LVM on the experimental tuberculosis of mice were recongnized,
but were slightly inferior to those of KM and VM.

It was proved by these fundamental studies that LVM had the antituberculous activities,
but the therapeutic effects were slightly inferior to those of KM. But considering the partially

cross resistance between LVM and KM, LVM may be clinically applied in some cases after

* From the Department of Internal Medicine, School of Medicine, Keio University, Shinjuku-
ku, Tokyo 160 Japan.
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making clinical investigations.
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Lividomycin (LAF LVM) & JURERRZ: (EHUABIR
BB\ T, HLSHRMBE hAHREHNHTD Y,
LEBHOL NS ME X e Streptomyces lividus
n-sp ATCC 21178 X b4 X htco fllx DI HBWA
b, LVM (3777 slbtEl, PAERc O UNC kiR L
CBEMZRTEVDBRTWAY, bhbiit LVM ©
PRBEIERIC OV TR R LTI 27D T, X DIX
By CicHisT 5,

H¥: O XREANEN, © RREARHE LA OR
iz 6 Ethambutol = LVM %M L - 2 Vv D
Ethambutol (EB) it FRicRki¥+ LVM o, ®
Kanamycin (KM), Viomycin (VM), Capreomycin
(CPM) 600 LVM b o X fitE, @ BimiEA
& LVM og&®R, © mHhRE, © ~vAXRBE
BIEICR/ 5 LVM OHBEEE 6 It o U TRERH
T LR ERBEA BN, ERT Do

© ABREAHED

BRI HyRv #k (No. 1) 7¢ & UV i JB 3 Bisf o ek
(No.2~9) # F\>, £z Dubos-Albumin 4 jff Bhks
Wi XU 1% NI A FER Lico EoEEEIT/ DI
X b, Dubos-Albumin FfA#Euc 2R LT 1
mg/ml OEEZFHL, TOEEXFR LT 102mg
WM Uiz, H5Eix Dubos-Albumin 3 Bhks 1 C i3
#HI3BAK, 1% Mg TIZHESBBIZTRY, 0
#53 Table 1 R$TEDTHBo

HgRv #hicn 3% 8/ B EMAIERE X, Dubos-Albu-
min YRR T 0.6 meg/ml TH b, 1% s
Tt 40 mecg/ml THDtc, RBFICH T L7 KM ok
/INREFFR 8 EE X Dubos-Albumin i BhKE#TiL 0.6
mcg/ml THH, 1% P TIZ 10 meg/ml T o

1oo KICIE IRy MEEkIC D W T 12, Dubos-Albumin
BB TIE 1.25~20 meg/ml TH Y, 1% PG
H1Ci2 40~400 meg/ml THDtzo FRENDEHKICD
VChiliie KM o B PR ILRIES RHTH LA,
Dubos-Albumin ¥ jf h#% stic C B/ R HER 1L B IE 5~
10 meg/ml %, EEkD LVM o 8/ R BIER
1.25mcg/ml TH b, KM 5mcg/ml Tit 2.5 meg/ml,
KM 100 mcg/ml T3 10 mcg/m!, KM 200 mcg/ml %
At Lot LVM o B Je Tl L @ 1% 2 20 meg/f
ml THoteo DX 5 KM ilERitEL < THE B
WA LTI, LVM ol LTte2. ¥ 1%
NI B2 T 12 40~400 meg/ml £ Dubos-Albumin
HEET I I~ T 7e O MG5 LIcfiliZe i3,

@ HBEEARMELBONK L H vic EB & LVM
XHEMLI-Xv0 EB it LRiCRET LVM o R
1o\ T

Fig. 1. The Pattern of Resistance in Vitro
(Step by step method)
meg/ml
100

Table 1. In Vitro Study
Strains
Drug Medium
No.1 j No.2 | No.3 ‘ No4 | No.5 | No.6 | No.7 | No8 | No9
Dubos-Albumin semiliquid 0.6 20 20 20 10 25| 1.25| 1.25{ 1.25
Lividomycin| 1% Ogawa 40 400 400 400 400 80 40 40 40
Inactivated rate 66. 6 20 20 20 40 32 32 32 32
Dubos-Albumin semiliquid 0.6 200 200 200 100 5.0 10 20 5
Kanamycin | 1% Ogawa 10 400 | ~400 | ~400 | ~400 80 400 400 80
Inactivated rate 16.6 2 2~ 2~ 4~ 16 40 20 16
Drug concentration of the examination
Dubos-Albumin semiliquid medium 1% Ogawa medium
Hj;Rv strain (No.1) 0.6, 1.25, 2.5, 5 10, 20. mcg/mi 2.5, 5, 10, 20, 40. mcg/ml
Strain isolated from patients (No.2~9) 1.25, 2.5, 5, 10, 20, 100. 10, 20, 40, 80, 400.
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Fig. 2. The Influence of LVM and KM against
the Elevation of EB Resistance in Vitro
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Eeki: HgRv #ke AV, BRSSP HE R X F R
L, ¥Hi: Dubos-Albumin gf&iGiA VT, HEAHk
Rz X b LVM oRBREAmE ERORE Y N
(Fig. 1), LVM (2#fR5 A X vtk ERBAK L, &
R7HREICT 25 meg/ml iETHA, 7TREX D IKA
FTCREALOEMELRLRTC & o &, mEEEI 25
meg/ml TH 5, @RIC KM ORBRE N ERGRE
A, KMiagkfR4RBX vt LA L, #K9
f£ BT 100 mcg/ml THDt, ki EB iz LVM %
wimLics\v 0 EB Ot BR I OV TR~ Y,
Bitkir HgRv #%, #2i Dubos-Albumin g fkssit
YAV, MEMRBEIC X oK (Fig. 2), EB HioB4s
RS AR S RE X VT LA L, RO
R HicI 40mcg/ml TH%, £=T EB & LVM 0.2
mcg/ml 5 X 0¥ 0.3 meg/m! Fn LTRE U< T Dt th
Br#E~sL Fig. 2 0@ h ThHs, MR3KA X it
¥ EREE L 5 B Smeg/ml & T BH, &
7HBX D 2mcg/ml L7c%b, LVM 0.2 mcg/ml * #-
% 0.3meg/ml FHRIMLICIVDERED LN, DI,
[fFic EB iz KM » i Li-X\v0 EB i 4 B3k
HBFAXto KM 0.2mcg/ml #7213 0.3 meg/ml Fxpn
Licxwviziy, #R4RBXvAHEER L, #RIRBE
Tit Smcg/ml THDok,

® KM, VM, CPM /e o LVM L o R it thic 2
WT

$8: 13 Dubos-Albumin i BhiEs & B\, #i
BOFEC I DIFH U ZEEKOBEFEERL Y
107 mg ##/ L 3:8 BiC THSE Lico

BEIOFMTHELCEK 8 tkik >\ T, KM &
LVM r o%Xitex A~1- (Fig. 3), KM 100 mcg/ml
WY RTEKZ4EDD, £D 5 L1z LVM 10
mcg/ml fi$tk, 3 #ix LVM 20 meg/m! &fifETH o7,
DB OV TSR THE Y TH Do
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Fig. 3. Cross Resistance between KM and LVM
KM
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Fig. 4. Cross Resistance between VM and LVM
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25F J < °o 8
1.25
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i VM & LVM L oZ Xtk Th 5 (Fig. 4), A
U< 8 Hkkic oW TR A, VM i it w8
Bniied, T VM OHE NI 2.5 meg/ml TH DY,
#0535 B3 kA LVM 20 meg/m! it TH b, fl © £k
12 LVM BT H2fo 753 LVM T 2.0 meg/ml 0
AT Faeor LiclfRiz 3 hd KM ic @& BEmteo
B TH oo

CPM r LVM roZEX [k Fig. 5 icnd &<
THb, CPM Hilbfttkkkp i fFERT, TRToe<,
CPM HEZHAMET LTV 2R L Tk, LVM o
RFHLPEIMB LTV B LAEDL R,

wic HyRv R AV THEMAEIC X 0 R L e
KM, VM 76 0c LVM o % puc i finic it % R
FEHRICOW TR it % 3 < #o (Table 2), VM 50
meg/ml itz ® L LVM % 5 meg/ml fitf, LVM 25
mcg/ml fittic s U VM 10 meg/m! fif £ CThH H, VM
LR MHERED bRt

iz KM 100 meg/ml i@k ®t LTid, LVM 25
mcg/ml THbH, LVM 25 mcg/ml ifif #iC wf LT,
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Fig. 5. Cross Resistance between CPM and LYM
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KM 100 mcg/ml fittk T H, KM 100 meg/ml fijthic
% LTik LVM 25 meg/ml it THoto LIchi2T
KM fitttdibc s LTk, LVM oSS ML,
bbb amETHH, LVM it KM s T »
BiiRINI Yo

® EmEEAr LVM toaX

Visking Tube ¥ AV - FEfc X v, BmEE
Bt LVM SR YIE LYY, ESRME 3 BN
B 10°C, EVTHERT 72 B, AN AR Z U BmE
4ml, #¥z pH7.4 Y VBB 16 ml L L, &7
B3 Visking Tube # i\ 7z, Table 3 iRdZL <,
A% 100 mcg/m! Tit 1.9~3.8% TH b, 50mcg/mi
Tt 12.9% THoleo RKICHT Lic KM Tix 8.7
% THOko

® LVM o misks

thE 50kg BiEOBABFROVCLF 14T 2
A# lg %MW WIES L, 30 7, 1850, 3650, 6 K
Bl MR EE % Bacillus subtilis PCI-219 #k# F\-,
BHEREC L bReic (Table 4), 1 RHIC 2 m

Table 2. In Vitro Study against Drug Resistant
Strains Made in Vitro
rug i
mes/ 100} so‘ 25| 0| 5|1 Control
m ——

VM VM | — ||+ |+ +]|+]| +
resistant | KM | + | + |+ |+ | + +
bacilli LyM = ===+ |+

KM KM|+ |+ |+ |+ |+ | +]| +
resistant
bacilli LVM — | —| x| x|+ |+

LVM —| x|+ |+ |+ |+ | +

LVYM KM |+ |+ |+ |+ |+ |+
resistant
bacilli VM| —|—|— ||+ | T

CPM — | + | + |+ |+ |+

%
100

50

i waou BTH

Fig. 6. Survival Rate
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R L, FOMMiZ 2 I 42meg/ml THY,
K TR L6 NsM#%iciz 8.0meg/ml i h, 2L
LICIEFAB Ot Lo

©® —~vARRMEEIECH TS5 LVM o bR
DT

SRyt 15 o D-D K= 2 (MiMERE) ¥ 1B
10 Pt & L, %%« Dubos-Albumin #{k¥gitic 10 B
M2 Lo BB E 7X10° 2/ml (PG HE 2 RMIRA X
YRR X, ERIERBEAXIHMBL, A
6 ARt 21 HMfTIc o, HHx LVM 1mg, KM 1
mg, VM 2mg ¥\, ThEhETEYS L. £F
RIhkxT 2 (Fig 6) Bfra v v -0 i XN
EHLNCENRCRREY R LI, KM 222 VM §
BPHCHAND LR Lo TH L. RKEFRD~
vAR TRACERHEL V- PHBEY X5 &,
LVM iz 101 T4 b, KM 108 ¥ 7-ix VM 107 %
Pt~ R o s s Lo

EL 7R e 0er

1. Dubos-Albumin ¥ JFENE#H 1%, LVM 0
HyRv #Rick3 % B/ BEMRILRE R 0.6 meg/ml T
»b, KM L 3ZRSOHENEZHT 5.

2. BEIDVEMIOBEIEKCHR T 5 LVM of
NBEEBRIFREEE 1.25~20 meg/ml THH, KM BE

Table 3. Binding Rate with Horse Serum Protein

Binding rate
Drug concentration .——

No.1 | No.2
100 mcg/ml | 3.8% | 1.9%
|
50 mcg/ml! l

12.9 I

Equilibrium dialysis method
Dialysis time 72 hours

Table 4. Blood Concentration
mcg/ml
Time
Patients

30 min. ‘ 1 hour | 3hours | 6 hours

Y.F. 20y. 30 44 26 9.1
T.0. 58y. 34 40 32 7.0
Average ’ 32 42 l 29 8.0
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HEBKIC R LTZ, LVM ofi@hit i+ 5,

3. LVM oRREARE LR INEH#K S T2, 9
fREKC 25 mcg/m! W@ETH 5,

4. EB BRORREARE LA MBMIRE oA
i S0meg/ml THBH, LVM % 0.2 ¥ 7-i2 0.3 mcg/
ml EMTHL, #RIRAT 2.5mcg/ml ORI s
XXBIENTES,

5. LVM ¢ VM o Zadb ki, LVM
& KM roRiciz, LVM ®EEKCR L Tiz, KM
i, KM MHECH LTz LVM 2358 0 BEic
»5o

6. EBmEEAE: LVM L o &4 %Kiz, LVM 100
mcg/ml Tix 1.9~3.8% THH, 50mcg/ml Ti2 12.9
% TH5bo

7. #E S0kg RiEORA O mMh@E, BEMm
BZ 1BRHEICFE 2meg/ml TH Y, 6 B2
8mcg/ml =% 3%,

8 wUAEERSEHTINTELVM oBEs Rz
EHEXRTE, ABECHENIUTBh-RE T 5 2 A5,
KM 2202 VM BERCHAS L o285k iBich
%o

% =

LYM oZBRERAE N KM L2 AS0B -
BEFAY R T ARTARELEROERC X hLV M2
BREMMECT DIV 22 BdL R, 252 LVM
% EB yOtH$2 >, EB BB{#FRECH~T, EB o
LAY RS2 222 22°C%, 2O L2EKGEH
EERF-E25n7%,

LVM 2 KM 0¥ 2 h SEREEK I 2RET
52, KM BEREESECIRETHZ, LisioT
KM 2 ERALTEE - P EEREY R TE55 202
TFTHEZAZBETS, ER0iC LVM 2 FH T2 - 1A
TEBTHH o L LLVM hEERHEECH LTIz
KM BEREYRTOT, KM iz 25T LVM »
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mm?b:tlixéﬂﬂftbt#i‘bhbo
EmﬁﬁmaLVMaDﬁﬁwuvPﬁm&ﬁLto
SO ERADMPICI T, FERC b o i I v
RIEH WL, RTEBRNRIE) B2 &2 M52z,
U ARBRIOREIEC ST 5 B ED SR T2 &
KDOLSKEZOLRY 50 A~ b HMTLH Wb o 4
BN I RBT2EEXLRT 2%, Lol
EHHROMHEBYD T HET D XK, SER0R
SHHBMNERTAL L EXLRTD, SRORRTIZL
— MR LR s~y 2B A hod
FTLL—BTRVZ G, v ARBMEEEC T
DHEBMBHRICOVGTL, EBREKOREYRUT, KM
DELRBREEZLRSNLDIVTHSS,
LLELVM R h - ik e B i+ 520 KMoz
BeEBLDEHBEINL. LoLisss LVM AHE
E@THHI i, Bk EMEEY BT 6B4E
CREFRMCRHFTH L, T7vA¥—H 5\ 2ch
FELFO KM WED 21z KM % 5/ Lx 7o\ 556
K LTEKICADEN T TV 230 LT X 1 3
B BROICATETH D RELRS B LI BIfFAS
T2V oL 5 0BHYETLTHS 5,

ARROBMER, % 17 DAL EMESLF A4S
HESKIVTHRE L,

APFRICH 12 Lividomycin 12 SRR L84 X 04
B FT I, RLTHELYET 2,

X %

1) Lividomycin 0%, BHEEXLH.

2) FHBRZE: EB O Wi BT 3 Lividomycin
Tuberactin O (HEBRE), FE 45.6.

3) HURTEw: L¥OF, 143, # T 91 £, B
45.

4) (UEAZFE®E : Keio J. Med., 19: 1, B3 45.

5) HFAREM«: &8 36: 355 K3 36.





