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THERAPEUTIC EFFICACY OF BENZOXAZINORIFAMYCIN KRM-1648
AGAINST EXPERIMENTAL MURINE TUBERCULOSIS :

(1) A Study on the Efficacy of Short Course Treatment with
the Intratracheal and Intravenous Infection Models

Norio DOI*

Objectives : This study aims to compare in vivo activity of benzoxazinorifamycin KRM-
1648 (KRM) with those of rifampicin (RFP) and rifabutin (RBT) against experimental
murine tuberculosis.

Study design : Mice were infected with Mycobacterium tuberculosis or M. bovis by the
intratracheal (IT) or intravenous (IV) routes, and treated for 10 days with various doses
of each drug starting from the 8th or 11th day after the TB-infection.

Results : (A) A rapid test for in vivo evaluation of three rifamycins was conducted by
examining the survival days of treated mice infected with 10° cfu of M. bovis Ravenel.
Mice treated with KRM exhibited 2.1~3.7 times longer survival times, in comparison with
those treated with RFP or RBT. (B) In the IT-model of M. bovis Ravenel infection, three
rifamycin derivatives gave “distinctive dose-response curves” in the correlation of dose sizes
with the mean survival times or “logiCFU/lungs reductions”. (C) In M. tuberculosis Kurono
infection models, the ranking of the anti-TB activity of the three rifamycins in each organ
was as follows: IT- and IV-lungs : KRM>RFP=RBT, IV-spleen: KRM=RBT>RFP, IV-liver:
KRM=RBT>RFP. (D) Based on the results of “logisCFU reductions” in different organs in
M. tuberculosis Kurono infection models, “characteristic in vivo activity patterns of each
rifamycin” were obtained. (E) The therapeutic efficacy of KRM in lungs was greater than in
spleen and liver with any dose. In contrast, RBT exhibited more remarkable in vivo activity
in the spleen and liver than in lungs.

Conclusion : The prominent in vivo activity of KRM may allow small dose for effective
therapy ; 1/3 dose or less in comparison with those of RFP or RBT, or intermittent therapy

of tuberculosis.

BRI GRS * From the Department of Basic Research, Research In-
T+H & stitute of Tuberculosis, Japan Anti-Tuberculosis As-
KERLT B AR SR T 2R RE R 880 sociation, 3-1-24, Matsuyama, Kiyose, Tokyo 204-0022
T204-0022 H GBI HE AR L 3-1-24 Japan.

(Received 26 Sep. 1997,/ Accepted 26 Nov. 1997)



54

Key words :
bacterium tuberculosis, Mouse, KRM—-1648,

Intratracheal infection, Myco-

Rifampicin, Rifabutin

W OB BT3B 25

F-T7-X : BERERY, HBEHE, <7 X, KRM-
1648, W77 ¥y, VI TF v

#

Rifampicin @ HIRIZ & o T ERILILFRED
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EREOHBEPBEINDIWIATH S,

HERFEOSE T, BUERDAZRENTCEDE=2—
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VIYROFETH D, FEOHEDOHLTH L KRM-
16481LAH (KRM) 1, BREERIILZETRICE - TH%
SN T 734 VFEEERDOV L DT, 3-hydroxy-
5’ (4-1isobutylpiperazinyl) - benzoxazinorifamy-
cin O#EEAETH VY, ZOKRM IZDWTIE,
WA DIRFEEEDO KB L Y, BEE B X U0 MAC
WZxt U CBEfF O L & W rifampicin (RFP),
rifabutin (RBT) #& CHBENMEHEE L, EBR
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o THODERBEROBE S, [1] 3HEDY 7 7
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BF—FEH D in vivo IERBRICBVWTOHELER
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RAVYDTNV—=TIET DI b5, BEHIHE
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BYH : M. bovis Ravenel # (NTHJ 1607) (ZE7
TR AT R S CREDN RS R AT) &
WEMEL (4R) LY B35 37z, M. tuberculosis
Kurono W FERT CHAS IR RIE O Bk % 8
L7z,

W OME : Youmans DFEIZHEN2), Proskau-
er & Beck DAREH TRENIREE T % # v FiR % $REL
L7z B LWL, —F~ Y X 28@8%, THIOR
H# (Difco) THYXL, XIZ Dubos ¥:# (Difco) T
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V=) R,

IV 2657 —2 1/2 4 VF OESEE Iml BE
DY) T EBWT, BERD S EH0.2m FFEA L,

IT B&g : WREE414 1%, (2) ketamine (Park-Davis
#t) & xylazine (Bayer #t) % 80 : 16 mg D %4 TiRk
LD, 10EHRE, 200pl/~y A ZEERES,
7213 (b) pentobarbital (Abott Lab.) %50 xg/10 11/
YU AKE g DFEETHEENES, OWThpck Y7o
720 BIA~OBBIEAL, BE25mmDEY TFLrFa—
7 (SP37, EHBUERT) % %% L7z 25% 7 — ¥ 5/8 4 >~
FOEFHE T ARENITHFEAL, K TTFORK
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= ERMIHPIIEA L7z,

#H&l . KRM, RFP, RBT @ 3 ##)i3# N2 sk
LI, % —HEE, BWPharmacia & Upjohn &
D5 % 51T 72,

OB - FTEROFEHIFK & AR 2.5% (w/
V) KhBRDTIET TAEK (HIKMIETHE) & %02
% Tween—80 KBFWx MO OHWHFLskH CTLET O
RARE S CHE, R LBt S 2 F 2 —
TIWHEL —20C TR, BHHFLVEREF 2 — 7 %%
fig# LCfER L7z,

B ORRY. : % 1 EEBRTIE M. bovis Ravenel #1.0
X108 cfu % IT F/2I3 IV &G &, %42 EB T M.
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Comparative evaluation of KRM and RFP in the survival

days of the IV-model mice that received oral treatment for 10 days.
BALB/c mice were infected with 1.0X108 cfu of M. bovis Ravenel.
Treatment was started from the 8th day post-infection.

TRt - 85 1 BT, IV RSBHE KRM, RFP T,
IT B4eBd KRM, RFP, RBT CH# 21T - 72,
KRM ¥ RBT & 1, 3, 10mg/kg/day, RFP i3, 10,
30mg/kg/day D& FE% K4 8 H 5 EE10H Mz
517w, 8 2%£BTIE, KRM, RFP, RBT ® 3 3#
%, KRM & RBT i, 3, 10mg/kg/day, RFP 310,
30mg/kg/day DEHET, KIHE11H D5 EHI0HH
W5 L7z, HERZ EROSETHEL /2% EK0.2ml/
< A% ROV Y7 ($0.9XL70mm ; & H8ER) %
FWCHEERORS L, BB IIERN 2 &S
W7 ST TA - Tween-80 Bl # RIS L7,

IESAEBOEE  F1ERTE, 1T REEWICO
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MiNE R E L7z, B2 ERTIE, IT, IV EEEY
IZOWT, MERBIERY 1 HE, BEBBERICHZS
VHBBLOIV ERECTIIHERTHIHBBICH
Y03 H H, 1T BB BT 0 F - 72 B319
HEC, &GSBaseTH%3HH, 20HH, 400H
12 SULA T L, Fi, BF, BoOBSNEREHEL,
R L 72 BRiEm i 9 AKREY 4 ¥~ (CEMAET)
TEER L, YHBEERK CLORAIRY 2 ER L 72,
ZFRRT % 2RO 1 %/NIFEHIZZNZEN0.1ml T
BAEL, 3~ 4BMSTCAKPALE CHEML, & 24KDK
OB T 0 = — OFIE % RN cfu ¥ HEL
YA

B logCFU” « 3B A TE A0t BB O AR
BHOMBIEDOTE DS, BEFEHOERK THIAE D
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Fig.2 Dose-response curves of KRM and
RFP based on the correlation between dose
sizes and mean survival days of the IV-model
mice (mean+SD ;n=10) of M. bovis Ravenel
infection.
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Fig.3 Comparative evaluation of KRM, RFP and RBT in the survival days of
the IT-model mice that received oral treatment for 10 days. BALB/c mice were
infected with 1.0X108 cfu of M. bovis Ravenel. Treatment was started from the 8th
day post-infection.

Table Correlation between the mean survival days and
CFU counts in the lungs of the IT-model mice

Drug Dose Mean survival days Logcfu/lungs
(mg/kg-mouse/day) (mean+SD;n=10) (n=2)®
KRM 10 129.5+14.2 3.45
KRM 3 76.8+8.9 4.31
RFP 30 58.8+4.2 5.06
RFP 10 50.0+4.9 6.00
RBT 10 44.5%2.1 5.67
RBT 3 36.3+2.0 6.00
KRM 1 31.8+2.2 6.37
RBT 1 27.1£1.5 6.717
RFP 3 20.6+1.7 7.48
Early control® —_— 5.90
Late control? 16.4+0.9 7.04

) Two mice of each treatment group were sacrificed three days after the termination of chemo-

therapy.

b) Untreated control mice at the Tth day post-infection.
c) Mortality in the late control mice during chemotherapy were 90%.

1) IV &

EHe R DR FEN RS X OB IEERE~ 7 A DAL
ME Fig. LITR L7z,

BEO~T ZEYEFA (mean®SD ; n=10) i,
KRM 1, 3, 10mg/kg/day BETZ N 2H28.7+1.3,
46.9+3.8, 81.8+7.0H ; RFP 3, 10, 30mg/kg/day #
TENEFN21.2+0.9, 33.1+4.6, 60.4+5.4H ; HEH
MR CT18.8+0.6HTH o 72,

 MESEICIZIZHEY T 5 10mg/kg BREO LK T
i, KRM & RFP ®2.474%, 3mg/kg {EHE Tk

RFP D221 0AFHE AR L7z, 3 A HOBSLNE
fifiz, KRM>RFP=RBT Th o7, [#HEHELF
BAEFHBEOMB ]| % Fig. 213R L7z KRM &1~ 3
mg/kg DEAETHBWIERHREZRL, RFP &3
~30mg/kg % U Cil BEARAF I CIEAMRAY 2 AHB 2R L
72

(2) IT %
BRSO ZIERBET T ADEEROER % Fig. 312
RLTce $70, EHIBEINFHEFHEE logoefu/
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Fig.4 Dose-response curves of KRM, RFP
and RBT besed on the correlation between
dose sizes and mean survival days of the IT-
model mice (mean+SD:n=10) of M. bovis
Ravenel infection.

fii& % Table IZ7R L7z 10mg/kg G CHIET 5 &,
KRM it RFP ®2.59%%, RBT »2.914% ; 3mg/kg 1A
EEECIE KRM 12 RFP @3.734%, RBT ?2.12f50 4
FEHEER L, 3EFBOBELMEAIZ, KRM>RFP
=RBT Th o7, 72, KRM 10mg/kg 132.45log 1
clu W% WA & 7:2%, RBT 10mg/kg0.23 &
RFP 10mg/kg —0.101% 1/10LLH O cfu WA T E 2
o7,

< APHEAH L IR T %3 HHOMARE
DEB (Table) Tk, RFP 10mg/kg & RBT 10mg
/kg WRBEEHNE LT, ATFHBORSOIREA
cfu DA WIEE I~ L7z,

7o, [HEHEE PHEFAROMRE] BLU T
HHERE WL log,CFU” OME] #EhTh Fig. 4
& Fig. 512K L7z, Fig. 5 Tldi b HRDROED -
72 RFP 3mg/kg WHE D “#d log CFU” OfLE %
IR FH#e R E L EROMBE & KD 72,

SHHDY 774 ¥ VFBEIIOWTO 2 FEOM
% R9 Fig. 4 & Fig. 5 (JHBOBEL LY, &FHEHA
R e TRE-BUSHRR] 2SBSLS 5 2 EBHL D
W2 o72,

KRM R IT & IV (Fig. 2) & b ICABOM#EERL,
BRI DE NI D 5 F 1 ~ 3mg/kg DEHED» S
BVRRIEEE %R L7z, RFP X IV TOEME 2
Y (Fig.2) £8%Y, IT Tk [SFE (sigmoid
curve)] OHIE %R L7, RBT & 1~ 3mg/kg DK
& TIZ RFP # LAl o 245, 3 ~10mg/kg A& T
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Fig.b Dose-response curves of KRM, RFP
and RBT based on the correlation between
dose sizes and “log;CFU reductions” in the
lungs (n=2) of the IT-model mice of M. bovis
Ravenel infection. The whole results were
plotted according to the tentative standard
level of the result at 3mg/kg dose of RFP.
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Fig.6 Bacterial loads of M. tuberculosis

Kurono in the lungs of the IT-model mice
treated with KRM, RFP or RBT. The stan-
dard deviations (SD;n=3) were less than
0.13 in every experiments. Arrow indicates
the size of infection.

MoEVE 2Rk L, RBT 10mg/kg & RFP 10mg/kg
IR FESOEFREIRE R L7,
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Fig.7 Bacterial loads of M. tuberculosis

Kurono in the lungs of the IV-model mice
treated with KRM, RFP or RBT. The stan-
dard deviations (SD;n=3) were less than
0.14 in every experiments. Arrow indicates
the size of infection.

55 2 B . M. tuberculosis Kurono #% IT 7213
IV G L, K¥E$E11H B2 5 KRM, RFP 724
RBT 2 HI10HM&EO&RS L, HHFEET3HHE, 2080
H, 40H B, IF, MOBERN cfu % HRMAKBITO&
2R cfu & L 72,

(1) WSRO 3 FHIOWEFA RO Lok

DT oO#KRTHEIMAICR L HEE WA logw
CFU” (W) THb,

@ ITHi (Fig.6)

BEG10H H D logpcfu/liti 6.57+0.612xF L, = A A%
T LIg®7219H H OXHREED log 1o cfu/Mfi1£7.28 =
0.13&HML Tz (—0.71), HHEMETH3H H D log
cfu X, KRM 3mg/kg, 10mg/kg HETZhZ14.85
+0.05 (1.72), 4.43+0.12 (2.14) ; RFP 10mg/kg,
30mg/kg B TZNZN5.92+0.12 (0.65), 5.03%+0.12
(1.54) ; RBT 3mg/kg, 10mg/kg #TENZN6.48+
0.12 (0.09), 6.04+0.02 (0.53) TH o7z

EEBEBOBESIEMIE, KRM10>KRM 3>RFP
30>RFP10=RBTI0>RBT 3=#IRixf BHETH - 72,

10mg/kg HHBEO LB TIX, KRM 132.14 log  cfu
DWW B SE7225, RBT Tix0.53, RFP Ti30.65
DWW E o7z,

O BT3B B2

Liver (IV)
7L
T Untreated Control
5 6
2
<
e
O RFP 10
s 5 RBT 3
¥ RBT 10
- KRM 3
RFP 30
4 KRM10
Treatment
||
3 1 1 i L A J
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Days afte: I'V-Infection —
Fig.8 Bacterial loads of M. tuberculosis

Kurono in the liver of the IV-model mice
treated with KRM, RFP or RBT. The stan-
dard deviations (SD;n=3) were less than
0.13 in every experiments. Arrow indicates
the size of infection.

RBT 3mg/kg TRIHFEFIRER O cfu fH & 2537 <
BRI R LPBD LN o720 L, KRM
3mg/kg 1 RFP30mg/kg % 42 LAl % B\ cfu &
LERRLIZ, 72, REERDRLHETZ2EHT, &
R TH20HE E40HEIZT T A (n=3) DOE2RN cfu
ZRE L7225, EOEFEET O MNEBIIE VW IREY
L, BHEMIRSh 2 o7,

@ IV i (Fig.7)

FEEFRAIRERTD log 1 cfu/Mlii£6.07+£0.0412%F L, #
T 1% 3 HEHD log i cfu/Hiild, HHEHETT7.58+0.14
(—1.51) ; KRM 3mg/kg, 10mg/kg 8 T*hZFh
4.74+0.09 (1.33), 4.40+0.11 (1.67) ; RFP10mg/kg,
30mg/kg B#ETZENZN5.81+0.06 (0.26), 5.01+0.06
(1.06) ; RBT 3mg/kg, 10mg/kg BETZNZFN5.99+
0.12 (0.08), 5.86+0.03 (0.21) TH o7,

HREMOBELIEMIE, KRMI0>KRM 3>RFP
30>RFP10=RBT10=RBT 3=#3Erix BB,

10mg/kg EHRBEO LB TIX, KRM 1£1.67 log 10 cfu
DWW 87225, RBT Ti0.21, RFP Ti30.26
OHEBRPIE F -7,

RBT 3mg/kg TIIIEFIAERTO cfu fll & Z A% <
HRWLRHE LIRS D o720128 L, KRM 3mg/
kg & RFP30me/kg % LI 2 BB EE R L7z,
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ZIRHR L D IIERR TR, WIIB UM E RO £
BT £ CHMIEAAE TR L 72,

®@ IV T (Fig. 8)

P BMRERTO log 1 cfu/FE6.32£0.07I12%F L, #&
EET1% 3 HED log o cfu/Fid, xTHRHT6.456+£0.09
(—0.13) ; KRM 3mg/kg, 10mg/kg #TEh T h
5.37+0.04 (0.95), 5.01+0.13 (1.31) ; RFP10mg/kg,
30mg/kg BETZNEN5.82+£0.06 (0.50), 4.92+0.04
(1.40) ; RBT 3mg/kg, 10mg/kg BETENENE5.65+
0.06 (0.67), 5.12+0.06 (1.20) TH o7,

HIRBEROBELIEM I, RFP30=KRM10=RBT10
>KRM 3>RBT 3>RFPI0> R RETH o 72,

KRM 3mg/kg & RBT 3mg/kg & RFP10mg/kg
% b - 725%, KRM10mg/kg & RBT10mg/kg,
RFP30mg/kg (L FFEDEFM R LR L7z,

FIRIERE L b IR T D T U WRAR IR & Rt L 7
#%, RFP10, KRM 3, RFP30TII{HHFH T #%20H &40
HTIIEEWIREE o7z,

@ IV B (Fig.9)

WIEFHAERTO log 1o cfu/B36.06+0.0202xF L, #
FERTH I HBBED log o cfu/BiE, xHREET6.23+0.15
(—0.18) ; KRM 3mg/kg, 10mg/kg B#ETEh TN
4.9940.15 (1.06), 4.62+0.15 (1.43) ; RFP10mg/kg,
30mg/kg BETEFNZN5.64+£0.04 (0.41), 4.77+0.07
(1.28) ; RBT 3mg/kg, 10mg/kg BTZNZN5.37+
0.09 (0.68), 4.66+0.07 (1.39) TdH o 7z, HEEER D
BEH AL, RFP30=KRM10= RBT10>KRM3>

59

Spleen (1V)
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g —
2
T RFP 10
=) RBT 3
5 RFP 30
S KRM 3
® 5r RBT 10
— KRM10
4 -
Treatment
3 \ ) . ) R
0 20 40 60
Days after IV-Infection—-
Fig.9 Bacterial loads of M. tuberculosis

Kurono in the spleen of the IV-model mice
treated with KRM, RFP or RBT. The stan-
dard deviations (SD;n=3) were less than
0.15 in every experiments. Arrow indicates
the size of infection.

RBT 3>RFP10>##Hix B TH o 720
KRM 3mg/kg 1& RBT 8mg/kg & RFP10mg/kg
% F Al o 725, KRMI10mg/kg & RBT10mg/kg ,

l 1] 3mg/kg [] 10mg/kg B 30mg/kg I

Log1yCFU/organ Reduction —

Fig. 10 Characteristic in vivo activity patterns of each rifamycin, observed irrespective of the
doses. Each bar represents “logiyCFU reduction” in organs (n=3) after three days of completion
of chemotherapy. LT :lungs of the intratracheal infection model; LV :lungs, Sp:spleen and Li:

liver of the intravenous infection model.
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RFP30mg/kg (X1 IZFRFEDEBRERE R L7,

R TR, WIZHUEMRw LEEVWIREE 2D,
HHAETA0H BIZIE EOEHEETD logcfu$5.0~5.5
FEICIE L, FEFEORTIIL A EENTADLNR
oz,

(2) FEABIOEFSEOLE (Fig. 10)

ZEK O, I, BToO “WA log,w CFU” O#HE
WEDE, FEHFNO in vivo HEEE Fig. 10 1R L7,
£ T 7L T v FEAR RN 7 AR B TR R
AR BT,

@ KRM & 3mg/kg,
MEIRDE L
Hotz,

® RBT & 3mg/kg, 10mg/kg B & LI, XKW T
FFComBEMEIRLEL, IVERZIV IF>IT Mi>1V
WiDNERETdH > 720

® RFP 3 IV ZOWERTIIFF> B >Hi oMM T, Hifi
WiE B R D R b KA > 7248, IT M 10mg/kg,
30mg/kg BEEL HIZIV IFZ EEY, 1T B>V FF>1V
i >1V B ONERL Td - 72,

% %=

(1) V774 Y vFEKIZONT

KRM i, oy 77 <42 v RDOHHE rifabutin
(RBT) 2~ %), FCE-22807% %4 RFP & ) 4N T
WAHEERADDOER L NN E & SIZKIBICEFE->THY,
BARDALRIN TV LHBEREEEDVDLOTH S,

INETOHEIZLBE, KRM &, BB ICHLT
12 RFP 4 7% < £ 10 L LD in vitro PLE HiE M
ZRLVOWIND A guium-intracellulare com-
mwuﬂquﬁﬁﬁuﬁ?6ibéﬁw%ﬁmmﬁ
BWHEETHI L VOB SZERAE 5 VB IR
5 in vivo WHERTY, BB YD 5L M.
avium~intracellulare complex D9 1)13)18)19) |- ﬂ
L RFP & ) bENIERBEERT I EBHL DI
hTwb, $72, Hirata %X, KRM i& RFP c‘i%b"(
iP5 5725, RFP REMEOMEZREIIHN L Tid£ 0
RERZMHIELBLZLEHELTVS D,

RANBYEEIZ R LT, KRM i ToRBEIE <,
EHIFRRR OGRS R LR A E ShTWw 575,
KRM DOi~OBITEE L RFP L EBELTLT LS
EZRTHITITEEVD~Y . ZRICHEH ST,
KRM 251 e NI I &2 S 2 8B E LT, M
D b KRM @ MIC fHOE S 81T 5h 2 991915

¥ 72, <y AEOHRS%, RFP Qo 6 503,
KRM 3D 2 5 EBATT 5 Z L A53 TICH

10mg/kg B & b ITHiNGE#
, IT B>V i >TV B >TV FFONEAL T

OB BT3B %25

SNTWVBDY, Fig 1012k L7z ) KRM E8 5 2
% [REME | OnEMEE R L, RFP 3 IT 2Tk
FiNERSIROEVEATH 5, ThbL, BEHTO
RN ERE OB & YRR IC BT 2EFD in vivo 1B#E
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