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THERAPEUTIC EFFICACY OF KANAMYCIN AND CLOFAZIMINE COMBINED
WITH MURAMYL DIPEPTIDE AGAINST MYCOBACTERIUM
INTRACELLULARE INFECTION INDUCED IN MICE

Haruaki TOMIOKA, Katsumasa SATO and Hajime SAITO *
(Received for publication June 10, 1991)

Therapeutic efficacy of kanamycin (KM) and clofazimine (CFZ) combined with
NZ—[(N—acetyl—muramoy1)—L-alanyl—D—isoglutaminyl]—Ne—stearoyI—L—lysine, MDP-Lys
(L18), against Mycobacterium intracellulare infection induced in mice was studied, based on
suppression of incidence of gross lung lesions and bacterial growth at the sites of infection
(lungs and spleen), and the following results were obtained.

Firstly, KM (0.5mg) was given sc to mice, daily six times per week in combination (or
not) with sc injections of MDP-Lys(18) (0.1mg) either 1, 3 or 5 times weekly. In this case,
KM alone markedly suppressed the incidence of pulmonary gross lesions and the growth of
organisms in the lungs and spleen (2~2.5 log—decrease in CFU per organ at week 8) in
infected mice. MDP—Lys(18) alone also exhibited similar effect but the efficacy was much
lower than that of KM. No synergism was observed for combined use of KM with
MDP—Lys(18) in any protocols tested.

Secondly, CFZ (0.5mg) was given to mice by gavage, daily six times per week in
combination with or without injections of MDP-Lys(18) (0.1mg), either 1, 3 or 5 times
weekly. In this case, CFZ alone decreased the incidence of gross pulmonary lesions in
infected mice and the weaker suppressive effect was noted for MDP—Lys(18) alone.
Moreover, CFZ alone suppressed bacterial growth in the lungs and spleen (1.5~2.0
log—decrease in CFU per organ at week 8), while MDP alone failed to cause such a marked
reduction in bacterial CFU in the visceral organs. In this case, significant effect was not
observed in combined use of CFZ with MDP—Lys(18) in all the test protocols, on the basis
of change in CFU in the lungs.

The present study indicates that there was no appreciable combined effect against M.
intracellulare infection, between either KM or CFZ and MDP-Lys(18), although KM and
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CFZ alone exhibited considerable therapeutic efficacy.
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JEFERLMEPURREESE D 5 B Mycobacterium avium—
intracellulare complex (MAC) fE(3, &OEEMX
NTVWBbDTHYD, FHHE AIDS <81 5 Hfatk
FEETICE - TB 2 EEL AMARLRED—> & L
THEHINTWVWBEIATHEY, LhLEAS, MAC
E— R HHEAIR 2 O fth D FEFEHUE AN L Tl T,
ASEDIGHIC RIREE AL S T EnE L, Rk
KlOBHRD ZVWIZZORENEENTVE, bhibhd
MAC BB d 2 AER O R EH TV B LT
ATHABN, THLETDEITH, LEBW M. intracel-
ulare < ZIEYUEICK L, Kanamycin (KM)??,
Clofazimine(CFZ)?, BXUVY 7 » w4 v v REH D

KRM—1648 ic HlgfIEN 72 G BSIRE RV IE LTV B,
/7, in vivo IEMHOHEBAERK L TIT-o72) RV — 4
ICEA L 72 Th S EHIDIRREIRIC S W TORE T,
WHIHMBHIc BT B3 EA XL BN CFU R
WD Lichs, ThnETh ) Ky — s AR OBREIC
& BN & OWOTABHRIIA SNG, VEK
METNEEH BRSO TVRVYY,
zrTcHEbLhbNIF, HEH KM,CFZ) LEF
R A TS B T DM SN TV S Muramyl
dipeptide (MDP)® © ## kD —>TdH 5 N —[(N-
acetyl-muramoyl)—-L—-alanyl-D—isoglutaminyl]
_N°®_gtearoyl-L-lysine [MDP-Lys(L18)]1® & ®
BB RIC oW TS & & Lo MDP-
Lys(L18) 13 1 E5 T 7 = 7 & — MK ETA%A

Table 1. Regimens for M. intracellulare-Infected Mice

Exp. Group Regimen Dose Administ-
(mg) ration/week

1 1 Control - -
2 KM 0.5 6
3 MDP 0.1 1
4 KM+MDP 0.5+0.1 6+1
5 MDP 0.1 3
6 KM+MDP 0.5+0.1 6+3
7 MDP 0.1 5
8 KM+MDP 0.5+0.1 6+5

2 1 Control - -
2 KM 0.5 3
3 MDP 0.2 3
4 KM+MDP 0.5+0.2 3+3
5 KM 0.5 6
6 MDP 0.2 6
7 KM+MDP 0.5+0.2 6+6

3 1 Control - —
2 CFZ 0.5
3 MDP 0.1 1
4 CFZ+MDP 0.5+0.1 6+1
5 MDP 0.1 3
6 CFZ+MDP 0.5+0.1 6+3
7 MDP 0.1 5
8 CFZ+MDP 0.5+0.1 6+5
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1 B 9

HA SLC (##hE) X AL 72 4 B0 ddY Fif
v U 2 AR FEBE YR T LERSEE L b0 X Hu
7o

(2) 3 i

KM BUHA8EL 0, CFZ GEAF KA £— X0,
%7, MDP-Lys(1L18) RHE—HIIK X v /354215 72
bDEHWI,

3 #t A ®

MAC iEEZ L v 8is 1, DNA7o—7ick ->C[H
JE S Nviz M. intracellulare N—260 % (SmT variant)
RO, AEIcxtd 3 KM dfivhic CFZ @ TH10 X
FRiEIC & 5 MIC 2 hEN B ug ml B 1.56
ug/ml TH -tz

(4)  BRYYIBEFEER

M. intracellulare N—260 #® TH9 broth t 37°C,
OD 540nm = 0.15 & T O B 8 & % M R ALEE L, 1,000
rpm, 54fELOL, 2O LEE0D=0.1 cFHEL L
DD 0.2ml (5~7x10° CFU) % = v X DREIRHI~
HELK, TL T, 2O0FH X 0AERKICERL -
KM (0.5 mg-0.1ml) DR T, ZEEKICEBERL
BB L2 CFZ0.5mg/0.1ml) oFO#%S, &3
W3 PBS ICisfR L 12 MDP—-Lys(L18)(100 ug/0.2ml
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7213 200ug/0.4mb DR TEE%2IT->1, TOEA,
PUE#HIB & 0 MDP—Lys(L18) 8Jl, &2 \wizchd
FH| & MDP-Lys(L18) £ DB E D 27 ¥ 2 — L
id Tablel W/RTL>TH3, LT, BgE1H, 4
BLUSHEBICER - HRL, M, ¥, M BoARY
REOHEL ZOREIL &ML D D CFU % E5E
5 LTk - TIRESI R 2 HE L 1,

ES

(1) KM + MDP-Lys(L18) #5#f

1) MDP-Lys(L18) ® 100ug ## 1, 3& 5\t
S5E, KM %Z#H6[E, WFhbRTFTHEL, 2hsh
DB X OB SIC & BIEEIRERET L 72,

9, MiOWIRKIBHZE (Table 2) & KM Bl 5.
Lo CTHBEBEABBID &E LI BRsL, £
MDP—-Lys(L18) Bk 5.8 < i3 z o #5015k 0 5173
&ML SIBHERDS A SNhs, T oo Pk
Btk > T KM BB SOz L0 b & S It S
NBEVD T EREHI T, RIS, i L OMACFU
(Table 3) 13, KM B 51z & » THESRD KA
ShicA, Thic MDP-Lys(L18) 2t H#E L <Td
ZOREEHKOFNE L, BR4BLUSEBELS O
HEICWDT 22 L3 uh-1b0m, itiRrEebe s
WD DIER DS D pasb i,

2) MDP-Lys(118) ® 200ug & KM %38 3[6d 2
Wid 6 B D 7z o TEBMAL I PERRE L B 0
BENR 2R L 726

9, Jifi O WERKIRZ (Table 4) 13, KM Biph s
IC& D X DEH ORI HEMBEIC BT B LD bF
LB s h, £/ MDP-Lys(L18) Bk 5 c b %

i

Table 2. Incidence of Lung Lesions in M. intracellulare-
Infected Mice Treated with KM or MDP- Lys
(L18) Alone and Their Combination

Number Number of mice with lung lesions®

)

Regimen of
mice - 1+ 2+ 3+
None 5 0 0 5 0
KM (6)” 5 4 1 0 0
MDP (1) 5 0 2 3 0
KM(6)+MDP(1) 5 4 1 0 0
MDP (3) 5 0 1 4 0
KM(6)+MDP(3) 5 4 1 0 0
MDP (5) 5 0 2 3 0
KM(6)+MDP(5) 5 4 1 0 0
a) Symbols: —, no macroscopic lesion; 1+, less than 20 small

nodules; 2+, more than 20 small nodules ;

3+, many small

nodules with a few confluent nodules.

b) The number of administrations per week.
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Table 3. Number of Organisms in the Lungs and Spleen of
M. intracellulare-Infected Mice Treated with KM or
MDP-Lys (L.18) Alone and Their Combination

Log CFU/Lungs Log CFU, Spleen

Regimen

4 Weeks 8 Weeks 4 Weeks 8 Weeks
None 45%0.1 6.0£0.3 5.2%0.1 5.3%£0.1
KM (6) 3.2+0.1* 3.5%0.2° 4,7+0.1 4.3%0.1*
MDP (1) 4.1+0.1 5.8%0.1 5.2%0.1 5.2%0.1
KM(6)+MDP(1) 2.8%0.2% 3.14+0.2° 4.8+0.1 4.3+0.2%
MDP (3) 4.5%0.1 5.8+0.2 5.2+0.1 5.1%+0.1
KM(6)+MDP(3) 2.7£0.1* 3.0%£0.1° 4.9%01  4.3%0.3
MDP (5) 4.1%20.1 5.7+0.2 5.1+0.1 5.2%0.1

KM(6)+MDP(5) 2.8%0.2*° 2.9+0.3 4.7%0.2 4.3+0.1°

Significantly different from controls (nontreated mice) at P<0.05 (a) and
at P<0.01 (b) but not significantly different between KM and KM+MDP
at P<0.05.

Table 4. Incidence of Lung Lesions in M. intracellulare-
Infected Mice Treated with KM or MDP-Lys
(1.18) Alone and Their Combination

Number Number of mice with lung lesions®

Regimen of
mice - 1+ 2+ 3+

None 5 0 0 4 1
KM (3)” 5 3 2 0 0
MDP (3) 5 0 1 3 1
KM(3)+MDP(3) 5 4 1 0 0
KM (6) 5 4 1 0 0
MDP (6) 5 0 1 3 1
KM(6)+MDP(6) 5 5 0 0 0

a) and b) See Table 2.

Table 5. Number of Organisms in the Lungs and Spleen of
M. intracellulare-Infected Mice Treated with KM or
MDP-Lys (L18) Alone and Their Combination

Log CFU/Lungs Log CFU,/Spleen

Regimen

4 Weeks 8 Weeks 4 Weeks 8 Weeks
None 3.8+0.1  4.1+0.2  5.2%0.1  4.6%0.1
KM (3) 2.9+0.1° 3.1+0.2* 50+0.1  4.4%0.3
MDP (3) 3.840.1  4.8%£0.1 53%0.1  4.8+%t04
KM(3)+MDP(3) 2.8+0.2° 2.8+0.1° 4.8+0.1* 4.3%£03
KM (6) 2.7+0.1°  2.8+0.1° 4.9%0.1 4.2+0.2
MDP (6) 4.0+0.1 5.1+0.1°  5.6%0.2 4.8+0.3

KM(6)+MDP(6) 2.6+0.1° 2.8+0.1" 4.8+0.1* 3.9£0.1°

See footnote of Table 3.

OEFOE <, FHFRBERSA SN, Th oM I CFU 3 Table 51089 &5 THD, KM Bk
FAOH LT b KM B S5 A R 2 IHHE 3 5 (3EBLVT6MED) 12k - TP CFU BIEHRE I
BN - 1o RIT, LBOFEERRICB G BT BX D QHERRONA SN, BTRTORERE
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Table 6. Incidence of Lung Lesions in M. intracellulare-
Infected Mice Treated with CFZ or MDP- Lys
(LL18) Alone and Their Combination

Number - Number of mice with lung lesions®

Regimen of
mice - 1+ 2+ 3+

None 5 0 0 4 1
CFZ (6)Y 5 4 1 0 0
MDP(1) 5 1 2 2 0
CFzZ(6)+MDP(1) 5 5 0 0 0
MDP (3) 5 0 2 3 0
CFZ(6)+MDP(3) 5 5 0 0 0
MDP (5) 5 1 1 3 0
CFzZ(6)+MDP(5) 5 5 0 0 0

a) and b) See Table 2.

Table 7. Number of Organisms in the Lungs and Spleen of
M. intracellulare-Infected Mice Treated with CFZ or
MDP-Lys (L18) Alone and Their Combination

Log CFU. Lungs

Log CFU/Spleen

Regimen

4 Weeks 8 Weeks 4Weeks 8 Weeks
None 4.3%£0.3 6.0£0.3 5.0£0.1 5.2%+0.4
CFZ (6) 3.2+0.1* 4.1£0.3* 45+0.2 3.8%+0.4°
MDP (1) 42%0.1 6.0£0.2 4.9%0.1 5.3%0.2
CFZ (6)+MDP (1) 3.2%#0.1* 3.3£0.3* 4.9+0.2 3.7£0.5°
MDP (3) 4.4*0.1 6.2%£0.1 5.0=0.1 4.9%0.2
CFZ (6)+MDP (3) 3.1+£0.1* 3.7+0.3® 4.8%+0.1 4.0%0.2°
MDP (5) 4.2%0.2 58*0.3 5.1%0.1 5.0%£0.2
CFZ (6)+MDP (5) 2.9+0.1* 3.2+0.3* 4.6+0.2 4.0£0.3*

See footnote of Table 3.

<, F MR IT B L TAHNIC MDP-Lys(L18) @ 3
Bl 2\ id 6 FOGEHEEIc L > TH, BEgL4iivic 8
BRICBIZ2Z0EELABDIRIAL SN, - 12,

(2) CFZ + MDP-Lys(L18) #5.8

CFZ ifi v*ic MDP-Lys(L18) i& Table 1 ic 779 &
SRV a—THE L, BN BRI R
WOWTHRE L 720

fiti DYIRIIFEZE (Table 6) 13 CFZ Bl 58 <13k
BRERB I LN TE L CBBE N, %7 MDP-Lys
(L18) B EHTd Z 0IEE Nz b D b A S i,
AFlic MDP—Lys(L18) 28t L T & CFZ Bl 5%
ESBFERRBONE - 72,

i, EoEBRRICE T 3B L OMACFU %
Table TIC/RL7zo TSN BE LI, ThLHE
fBZ3MNIC 81 %5 CFU 13 CFZ B 5B ¢ ld iR 4 75
ST 8 BERDOVWTHITBL T HIEEEBRIC BT 3
LD SHEBEBRDAS SN s, MDP-Lys(L18) ¥
MSETER, ToEEEH (1, 3BLU5E) O

BBADERIZEL Ao, &7 h SlHIOHEH#E
Bick->Td, MDP-Lys(L18) O S[ER DRI <,
CFZ B 5 R B1 32 L bEORIDLEERICHE
INBEVIRIERE SN - T0

] -3

VL4, MAC JRYYE O IBHRIC T3 2 B 3K o B hs
BEED SN TEVBH, REHHTHEL S 5 %H1E
FRShTORVWERICH 2, 4E, bhbhidHEH
ITE ESRERIERITd 5 MDP®® 20tH L <R E0%
R Z EY 5 T & &k 5 EBRK MAC Bicxid 3
TERERER A 1o

MAC JEIC 81 2 BEFHOFER T 7 = 7 ¥ — kI
v/077—VTHBEMEENTVWEY, MDP ik
B SERLBHIE ISP PUAEA C BT 57 V2N v MEH
REDIODOF/NBMLTHY, =787 57— VDIEML
ZNLCTHMEBELEELSE2EEI5hTE
D PO AKEERICH W72 MDP-Lys(L18) & T g
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BifaksRe 2 5 L s & 3 2 & Eh TV 3B Y,
MDP-Lys(L18) WEE O BREHEREIIBNT, £
TAAL IR ASBE S 3 B BMIE 156t L T IR BAHIRh SR % 1ok
XE 5N, wru7r— UHHES ZEYYEICHL TR
WA TH B EEbNTWL S, iy, MDP—Lys(L18)
Herzo7,—viextlTid, Z0ZEAMBREIER
HERT-B & CRAIsME « BERERIEMIN T 72 & DFEERE
TS E BT ENBEShTVEY,

INHDTEEELADT EE, BEORGPLEIC
wWTEE LTz a7y —YMEAET S MAC ﬁé@%r
1B W Tl MDP—Lys(L18) DEMME RS OIFRFT
xhuwkHicBbhi,

AE O RS Ti, Table2, 4 /R L& DI,
MDP-Lys(L18) B 5ic & » T, AEHEBVAN
Wb O ORIRKIIHZE R SRES W A M, &5
12, $5ic Table 6 10k KBTI, MDP Hil5~
v 2 T O o RRKIKZE OREE IR TO TN
HRTPPELVEREAALATVL S, TN
MDP-Lys(L18) Iz & % fi £ S e B ik o0 TUHE/E A ISl
RLtboEELZONS, £/, TO Table IZ/RLT
BT 12, MDP—Lys(L18) BUph# 5 < v 212 i filife
EDOHLNEWLHIND -1, T AL TOR D
BEGEASHIGI & N, B ERGEEE UG S I DO R
%3 kS BHRERESERI LAY, 0L TIRRIRII
FIBETRES K X S OREDOIRICES B oo T LIS K
b0 EEbN3H, TOHIDVTESRORECH
B,

2, MAC BT id—igic, o AIRKBZE DR
LIRYRAI T D bacterial load & ORIiCiE, —EDH
MaaLNn28Y TP, 2oMBEREICHETHS W0
SR, BlAE, SEIOKETS Table 6, T &
OER» S bHSNE S, CFZESHTRMON
IREPFREDRREDOE L VIR &S L T, BEMALTO
bacterial load ® 2 & — ¥ —DEFHALSNTHD,
OIS RO WIRKIRZE DFEEE & bacterial load &
ORI I LRI E VB ST 5 OO LD TH -
72 h%, MDP—Lys(L18) Hilik5 < v 2 T, fifi > Y
IREIREZE D A D58 TR S TR S0,

WFERIC LT HAEOBIETIE, HORIRIIRE B &
VIR T D bacterial load OFEE DN EfERE
Ligach, REOREMS KM $ CFZ & MDP—
Lys(L18) & o ff 51 & 0 S IEAHURER G i< Ho~
THECRRS NS L5 BERRS 1T, TR
#| D in vivo Pt MAC 7EH#: A MDP—Lys(L18) & D
Hick - TR N AR REV OO K S icEbh
%o

sz, bhbhid M. intracellulare BRE:= v X1
% 4 % minocycline & f§ X R BEREH T H 5

O Hmee B W12 E

LC 90181 & 3\ 13 OK—432'Y & o pf IR R %
BatLizE A, ThomAls b7 77—
DIEHALRI T H B OV bbb, BERLIEES
BOTHERS NN - T, TN DRI MAC &
PREDIBBOH L S A MERWESL bDTHY, Dl
L, ERREOIEEEED MAC BGHx L TR
rEH & RIS A O ST RS  D IR L 7
RIBAHONEDP 2 EVWDIEEEZTTVTH S Do

¥ & 00

FERY) M. intracellulare EH< v 21T d 5 KM
%%\ 12 CFZ & MDP—Lys(L18) & 0ffFliash i+
Z OMEEG OB £ OMA CFU 28 S L TR
L7458, KM & CFZ B S X 2 ERAR G
MDP-Lys(L18) AHARESELTbZ0ERA SN
AW R AN

HHIA RS5O 7o O IR R R A, HAF Y
74 F -k et b L OB R kRS v o L
E3
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