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EFFECTS OF HALF-SIZED SECRETORY LEUKOCYTE PROTEASE INHIBITOR
AND CHINESE TRADITIONAL MEDICINES, YOKUININ AND MAO-BUSHI-SAISHIN-TO,
ON THERAPEUTIC EFFICACIES OF BENZOXAZINORIFAMYCIN KRM-1648 AGAINST
MYCOBACTERIUM AVIUM COMPLEX INFECTION INDUCED IN MICE

Katsumasa SATO, Toshiaki SHIMIZU, Haruaki TOMIOKA*
and Shin KAWAHARA

We examined the effects of such drugs having anti-inflammatory activity as half-sized
secretory leukocyte protease inhibitor (1/2 SLPI) and Chinese traditional medicines,
Yokuinin (YOK) and Mao - Bushi - Saishin - To (MBST), on therapeutic efficacies of
benzoxazinorifamycin KRM-1648 against Mycobacterium avium complex (MAC) infection
induced in mice, since it is possible that these agents inhibit the increase in tissue levels of
immunosuppressive cytokines due to MAC infection. First, Zymosan A-induced murine
peritoneal macrophages treated with either 1/2 SLPI, YOK or MBST at 37TC for 2 days
were infected with M. avium N-444 and further cultivated in the medium with or without
addition of 1/2 SLPI, YOK or MBST at 37C for up to 7 days. Treatment of macro-
phages with these drugs caused some decrease in the intracellular growth of the organ-
isms. Secondly, we evaluated effects of 1/2 SLPI, YOK and MBST on the therapeutic
efficacy of benzoxazinorifamycin KRM-1648 against M. aviwm infection induced in mice.
When MAC-infected mice were given KRM-1648 (20mg/kg) alone, or in combination with
1/2 SLPT (100mg/kg), YOK (50mg/kg), or MBST (50mg/kg), by gavage, except for 1/2
SLPI which was given via ip route, once a week, from day 1 for up to 8 weeks after in-
fection, these drugs did not affect the expression of therapeutic activity of KRM-1648.
When MAC-infected mice were given KRM-1648 alone (once a week), or in combination
with YOK (five times per week) or MBST (five times per week), MBST increased the
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expression of therapeutic activity of KRM-1648. These findings indicate that suppression
of inflammatory reactions using MBST is capable to improve the therapeutic efficacy of
KRM-1648 in MAC infection. Moreover, these results also mean that combined use of
these drugs in MAC patients receiving KRM-1648 therapy may not cause any disadvantages

to the therapeutic efficacy of KRM-1648.
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Table 1 Effects of half-sized secretory leukocyte
protease inhibitor (1/2 SLPI) on anti-
Mycobacterium avium activities of
murine peritoneal macrophages®

Agent Concen- Log CFU/well®
gen tration 0-time T-day
None — 4.28+0.01 5.44+0.08
1/2 SLPI 100 ng/m{ 4.30%+0.02 5.33%+0.03

a) Monolayer cultures of peritoneal macrophages on 96-
well prepared by seeding 3X105 of Zymosan A-induced
peritoneal exudate cells were incubated with 100 ng/ml
of 1/2 SLPI at 37C for 2 days. Then, macrophage
monolayers were incubated with culture medium con-
taining 1.5X105 CFU of M. avium N-444 at 37C for
2h, and washed to remove the extra cellular bacteria.
The macrophages were further cultivated in culture me-
dium with or without SLPI at 37C for up to 7 days.

b) Mean + SEM (n=3).

Table 2 Effects of Yokuinin (YOK) and Mao-
Bushi-Saishin-To (MBST) on anti-My-
cobacterium avium activities of murine
peritoneal macrophages®

Agent Concen- Log CFU/well?
tration 0-time T-day
None - 4.06+0.02 5.50+0.18
YOK 100 #g/mi 4.08+0.02 5.36+0.36
MBST 100 #g/m! 4.07£0.01 5.25+0.37

a) Monolayer cultures of peritoneal macrophages on 96-
well prepared by seeding 3X105 of Zymosan A-induced
peritoneal exudate cells were incubated with 100 z#g/mi
of YOK or MBST at 37C for 2 days. Then, macro-
phage monolayers were incubated in culture medium
containing 1.5X10° CFU of M. avium N-444 at 37C
for 2h, and washed to remove the extra cellular bacte-
ria. The macrophages were further cultivated in culture
medium with or without YOK or MBST at 37T for
up to 7 days.

b) Mean & SEM (n=4).

WARTETF O MAC EHEEOTHEIED b N2ds, H
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Fig.1 Effects of half-sized secretory leukocyte protease inhibitor (1/2 SLPI), Yokuinin (YOK)
and Mao-Bushi-Saishin-To (MBST) on therapeutic efficacies of KRM-1648 against Myco-
bacterium avium infection induced in mice : Changes in the bacterial loads in the lungs
(A) and spleen (B) at 8 weeks after infection.

Mice infected intravenously with 1X107 of organisms were given each drug alone, or in
combination of KRM-1648 with 1/2 SLPI, YOK or MBST by gavage, except for SLPI which
was given via ip route, once a week, from day 1 until the end of the experiment. The doses
of test drugs (mg/kg) were as follows : KRM-1648, 20;1/2 SLPI, 100; YOK, 50 ; MBST, 50.
The Log CFU values of the organs on day 1 after the infection were as follows : lungs, 4.08
+0.07 ; spleen, 5.26%+0.12. Each bars were Mean®*SEM (n=5).
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Fig.2 Effects of Yokuinin (YOK) and Mao-Bushi-Saishin-TO (MBST) on therapeutic efficacies
of KRM-1648 against Mycobacterium avium infection induced in mice : Changes in the bac-
terial loads in the lungs (A) and spleen (B) at 8 weeks after infection.

Mice infected intravenously with 1X107 of organisms were given each drug alone, or in
combination of KRM-1648 with YOK or MBST by gavage, five times per week, except for
KRM-1648 which was given at once a week, from day 1 until the end of the experiment.
The doses of test drugs (mg/kg) were as follows : KRM-1648, 20 ; YOK, 50 ; MBST, 50. The
Log CFU values of the organs on day 1 after the infection were as follows : lungs, 4.12%+
0.07 ; spleen, 5.00+0.14. Each bars were Mean+SEM (n=5).

* : Significantly different from KRM-treated mice (P <0.05, Student’s t test).

BEDFED Bz, B, HIBITo72EEBRICBVT, # WM< 707 7 — TV DE N THRETEWICER
HWFHFEGLE~ 7 07 7 — Y 08 MAC &Ik RILER RO FHE Dok (RER),

— 4 —



19984 8H

(3) MACRH:~ v 2ixtd % KRM DHEFEHRICK
2% 1/2 SLPI, 324 = BLUHRERTHELEOE
=

bbbz ZhF T2 KRM ® MAC E&#~ ™ 2|2
o B EFRICOVTHE L TETWEY, SENE
BTy, Fig. 1 BX U Fig. 2 2R LA L1, MAC
By AT 2 KRMBESEBEEBBANTO
MAC O¥EEZFRIIET S L L HID LN,
ZO¥A, 1/2 SLPI, 374 =rdH 5 WIIHKERTM
FHOHE 1 FOBRR 512 KRM OREHEOREBIC
FTLALHEL5 2T, $2, ThOEHOBEMRS
TToEBEHRbIELBOON o7 (Fig. 1), L
2L, Fig. 2ITRLA&H1Z, 3724 =rdHbVIERK
P THIES OS5 EEE B 5 \ICHPe L2EEICd,
FRERTFHESOHH T KRM OEBEDEIFEEICE
BONTz, COFHEDI T A =V H B VIIFRERTFHIE
% OB 5 IR FSRE RS hd o7z,

% 5=

bivbiiz, MAC ¥~ A0 KRM I & 21t
RGBT, BSRREE I — BRSNS b0,
B 0~ 4 BBRIIIWINCE LS 2L, ZLTIOFH
RIS A R A A > D TGF-F % IL-10, ¥ICHE
DOEEIAL VO LEALBBUhEGLTWAZ L, F
IR A4 b4 vidwra Ty —T O MAC
BRERBICH L CHRIICB R ERRWELTY
5 @4 Bermudez 5 8 12X ) MAC &% 2 8
B LA O phase TIIMMIIL O IL-10E 48 F L < Tt
ETHILPFREESNR TS,

29 L7z, #EIEY 4 A4 v H MAC &
XY BB B ORESIC, TR E O &g R
MEADEH L HHIAT S Dh b THboTWwAEZ L
ERBETHELODLHICBbNS, MY A v H A~
H R — FOEBALIE, —2I12i MAC B2k %
SEFUSMCBE L 72~ 2707 7 — U OFHALIER L2 b
DTHBEDTYD, FREHOTEIZEIVZDLD 2B
KPR HSNBWEREIEZ NS,

ZZT, MAC Bt~ 2D KRM 2 & 2 b8k
WCHIREERZETA1/2 SLPL, 324=v» 50
REMFHEGEOAZES 2T Li2& ), KRM®
in vivo MAEHET R bLHEHRERBRIC LD L ) 2 ¥
EBHERSNDEDIZOWTHRET L7,

4EIX, MAC &g~ A~ KRM O 5138 1
HTbZDEBMEFRDOLNS LW LETobhbh
DFEHED CEATERARTORBELRA T, O,
BEASEAIE KRM & RAEICHE 1 F#E, H»2WitHES5
F#53 5 &) 2 DD FETEERREORE &7 072,

506

B 1 EkE5HEORA, 1/2 SLPI, 324 =B LUK
B TFHIES X MAC B3~ v 21204 5 KRM D
FNRICALIREBELRIZE hdol, LOLENS,
KRM %38 1 |, MhoPH%EH %85 ks L -Hae
i3, KRM OEFEIRIRER FHEEORREG Lo
TEBIIBTIAZ LT oTz,

SROERE, REAMFHFESIE MAC BHE< Y X
W64 %5 KRM OREBSR 2 WHE ¥ 5 FicH x5
5755, 1/2 SLPI LI 274 =23 FD L) fEMid %
WZ EERLTWS, )5, JIOBELLTHE, Th
5 DOPKIEREHIID % L &£ b KRM DEFESR K
TEEZIDTIELEVENI T EERLTVEEE LS,

Table 1 BL U2 XRLA LI, SEMEALZS
BoEHII~ra 7 7 —TIHN MAC DRl % & T #Hl
THEMZRT Z LA bh ok, ZOERIZI NS EH
B0 77— JICEEER L CEOREEEZ 8 S
BZLEBRTALD%00, brwnidvrury—
DOMEIES A MM VEEFIEILZ EIC X B
HARBBILDLDROPBAHATH S, Le LIS,
SLPI #fZF® over expression i2& ) w2707 7 —
0O TNF-o BEEARSAOND LI BRE D 2, B
ZIEDBEFFEITIE biological response modifiers &
LTOERIFRBOLNLLDOHED $hHY, Zhbo
FHIAS~= 707 7 — Ve LT Z oML S 2
DRz bTHIE L TV A RERIIEETE 2w EBbh
5,

FHH 2 W5 THC 72 ERLE TERRSHE, ANKERE
TIRERASH S L UFABRKSHICRRE L £,

X [y

1) ERGH © JIBRH BRYYESBEG T TH 2 BH RS,
HAKIE 2235, 1995 ; 50 : 687—1701.

2) BEFGH : PIBREAE & 0. ERR & fradt. 1997,
24 : 45—52.

3) FAEM, EEBE, HARE, M <y 2ERY
Mycobacterium avium BEEIEIIKTHX Y I F
BTV 774 KRM-1648, 25y 2u~
AT BIIVRTIOXHT D in vivo BFENE
FEATOA FHRER D 707 257 Na %508
B.OR. 1997 ; 72 : 491—497.

4) Sieling PA, Abrams JS, Yamamura M, et
al. : Immunosuppressive roles for IL-10 and
IL-4 in human infection. In vitro modula-

tion of T cell responses in leprosy. J Immunol.
1993 ; 150 : 5501 —5510.

_5_



506

5) Tossi Z, Young T-G, Averill LE, et al. : In-
duction of transforming growth factor -1
by purified protein derivative of Mycobacte-
rium tuberculosis. Infect Immun. 1995 ;63:
224—228.

6 ) Dahl K, Shiratsuchi H, Hamilton BD, et al. :
Selective induction of transforming growth
factor 8 in human monocytes by lipoara-
binomannan of Mycobacterium tuberculosis.
Infect Immun. 1996 ; 64 : 399—405.

7) KRHEH: : Secretory leukoprotease inhibitor
—BRISHAANOWEEM:Z © <o T, k. 1994 ;13 :
363—370.

8) 4R E, HAKEZ: M) v s ADEE. fiLl.
1992 ; 39 : 193—201.

9) $ikiE=, 48 E MXEIBIETuTT—E
trvF7usr7—+¥. THE LUNG. 1993;1:
13—17.

10) 274 = =% AR - RREREE T 2
rayz4=rvxxAf] OEKERE— placebo % Xf
RE LS —EEREIC & 5 EEER— .
1987 ; 29 : 762—1T73.

11) s 4 FERFEECEDLER LTI =V
I ASEOWARFRE. FrEE & FRIR. 1992 ; 41 : 894—
897.

12) LFHsEE, HRREE, BHEE: 3714k
PEDEZLGRORETI VO - A0l K
MEROERK. 1993 ; 35 : 1020—1021.

13) WiH#EE, 4WTH, HREE, BtHEH : FE
URFEEB L UCSEMERE I T53 /20D
HHRMEOWE. TaHAEER. 1993 ;55 : 106—111.

14) HJlliE— I 74 = Y NIRDER 278 L 7S Mk
BEo—F. HELER, 1995 ; 44 : 2067—2071.

15) W%  Coix lacryma (/N b AF) HHOHL
FEERIZDWT. Ehrlich BKMRIC X 5 TR A0BF
78, TIEEZELSMEE. 1958 ;34 : 324—325.

16) K B P AF (FEHL) ORKE - BUERE
M., BEY ¥ —F)b. 1989 ;25 : 545—548.

17) ¥/ ey BE O/ L B8, BURHRE:
1988 ;9:51—54.

18) #OEEME, K EEHS, AR, M kA FHib
B ® in vitro \2 BV B HAREAL & mitogen FIF
CX o THBEND Y VSERGECRISICRIZTT
B OMBEERESERE. 1986;3:170—176.

19) FIPWE, EHEE, SNEEX 3714200

WO BT3B B8F

EEERAETF OB, KMAHCE. 1986 ;81 : 321—
331.

20) Hidaka Y, Kaneda T, Amino N, et al. : Chi-
nese medicine, Coix seeds increase periph-
eral cytotoxic T and NK cells. Biotherapy.
1992 ; 5: 201—208.

21) JLHMEE, BrHESRT, X  £EORT7 LV¥F—
FERIZDWTOKER, HIEBEE. 1970; 66 : 366 —
378.

22) VLHER3E, VEIK 4, kIHEX, il MERORT
LVF—EH—IRBLONET LV F— R
T AVEH—. HIFEHEEL. 1982;80:131—141.

23) AMRESE, HERE, REFK, i HFORLE
fER. BAEZESEIFESHHRESSL. 1980 : 244.

24) HHBIEER, AIARME=ER, MAEH—H, b HEE 0K
BB L UOREZRIHT 2 RERFHFES LY AD
TENORHE. BRR &, 1992 ; 69 : 3278 —3284.

25) MIERR, ANIEZE, MAMEZER, A FREHFH
FEHTE AN TRV OPEEERIIN T BRR—
retrospective A IC & B MET—. BERIK & AF%E.
1995 ; 72 : 2855—2859.

26) BAKEEE, RiHET, L3P H, b wEEHT A0

A YT VIF T ANV ARG RIAT T RRE I FH

BORFE. FEEREFEE. 1995 ; 12 : 420—421.

Tomioka H, Sato K, Shimizu T, et al.:Ef-

fects of benzoxazinorifamycin KRM-1648 on

27

~

cytokine production at sites of Mycobacte-
rium avium complex infection induced in
mice. Antimicrob Agents Chemother. 1997 ;
41 : 357—362.

28) Bermudez LE, and Champsi J:Infection
with Mycobacterium avium induces produc-
tion of interleukin-10 (IL-10), and admini-
stration of anti-IL-10 antibody is associated
with enhanced resistance to infection in mice.
Infect Immun. 1993 ; 61 : 3093—3097.

29) EMIGH, KBS, W B, Ml Mycobacte-
rium intracellulare BH:= 7 AIX$ BV
FHY )T 7vA Y REHK KRM-1648 DF) R
— 5 R OME. 1%, 1993 ; 68 : 683—686.

30) Jin F-Y, Nathan C, Radzioch D, et al.:
Secretory leukocyte protease inhibitor: A
macrophage product induced by and an-
tagonistic ~ bacterial  lipopolysaccharide.

Cell. 1997 ; 88 : 417—426.



