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It has been a problem of a continual annoyance to treat successfully the patients with
mycobacterial infection due to multi—resistant tubercle bacilli or atypical mycobacteria
which are inherently insensitive to currently avairable antituberculous agents. Moreover, we
are now confronting an additional and serious problem, i. e., an increase in population of
individuals of high risk for mycobacterial infection. To this high risk group are included the
elderly and immunocompromised patients who are tumor—bearing or undergo organ
transplantation.

This symposium aimed at searching for new strategies for dealing with recently
provoked problems and long—standing problems as well in treatment of mycobacteriosis.

First part of the symposium was devoted to the presentation and reviewing of the

* From the Kurume University School of Medicine, Asahi—machi, Kurume, Fukuoka 830

Japan.
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recent results of in vitro and animal experiments on evaluation of newly developed anti-
mycobacterial agents. Drs. H. Tominaga and R. Amitani presented a summary of their
detailed experimental results and reviewed on new agents, rifamycin derivatives, fluoro-
quinolone, new macrolides and a dye, clofazimine. They demonstrated that these
compounds, alone or in combination, possessed satisfactory activities against multi—
resistant tubercle bacilli and atypical mycobacteria, and they suggested a possibility of
clinical application of these compounds in near future.

Dr. Kawakami, with an intention of clarifying the clinical significance of use of
biological response modifiers (BRM), analysed the mechanism of host defence against
mycobacterial infection. Through the observations on cytokine network in a tuberculous
mouse model, he disclosed the in vitro enhancement of anti—tuberculous activity of alveolar
macrophages in the presence of INF—7 alone or in combination with an active form of
vitamine D;. Based on the in vitro results, he suggested a possibility of clinical use of
exogenous INF—7 in treatment of intractable tuberculosis and also mentioned a favorable
clinical result of adoptive immunotherapy by injecting the autologus PBL sensitized in vitro
with killed TB bacilli.

Dr. K. Tomono presented the result of in vitro and in vivo determination of anti—
mycobacterial activity of a new macrolide derivative, clarithromycin, especially against
MAC. Confirming the in vitro and in vivo effectiveness of this new compound against
MAC, he treated 30 patients with chronic pulmonary MAC infection who did not respond to
the treatment with conventional antituberculous agents. By adding clarithromycin to the
previous regimen, in one third of the patient’s sputum culture for MAC converted to be
negative.

Finally, Dr. T. Rikimaru stated the usefulness of SM inhalation therapy in treatment
of bronchial tuberculosis. He found by serial bronchofiberscopic observation that healing of
the tracheobronchial tuberculous lesions progresses from active stage ; ulcer fromation
without regenerating epithelium through healing stage ; ulcer formation with regenerating
epithelium and finally to scarring stage ; no ulcer formation, and he concluded that when
SM was inhaled the period of time needed for healing of the tracheobronchial lesions seemed
to be apparently shorter than it was intramuscularly injected.

Key words : New anti—tuberculous drug, F—0 =X FPUEEAL ZAIMTEREE, A b
Multi—resistant tubercle bacilli, Cytokines, hA v, KUE  JUE Y, Mycobacterium
Tracheobronchial tuberculosis, Mycobac- avium—intracellulare complex (MAC)

terium avium—intracellulare complex (MAC)
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1. STUDIES ON THERAPEUTIC EFFICACY OF A NEW ANTI-TUBERCULOUS DRUG,
BENZOXAZINORIFAMYCIN, AGAINST MURINE EXPERIMENTAL
MYCOBACTERIAL INFECTIONS : ATTEMPT AT VARIOUS
REGIMENS AND PROTOCOLS

Haruaki TOMIOKA © and Hajime SAITO
(Received 5 September 1994)

Because of the recent AIDS endemic, there is a worldwide increase in intractable
mycobacterial infections including extrapulmonary tuberculosis due to multidrug—resistant
M. tuberculosis and disseminated M. avium complex (MAC) infections. Therefore,
development of new anti—tuberculous drugs having an excellent antimycobacterial activity
and protocols for clinical use of presently available antimicrobials are urgently desired. In
this study, we performed in vitro and in vivo experiments to assess the chemotherapeutic
efficacy of a newly synthesized benzoxazinorifamycin derivative, KRM—-1648 (KRM),
against experimental infections due to MAC and M. tuberculosis. In addition, we attempted
to improve the therapeutic efficacy of the KRM against MAC infections by changing its
administration protocols and timing or by combined use with other antimicrobials,
including clarithromycin (CAM), clofazimine (CFZ), sparfloxacin (SPFX), streptomycin
(SM), and ethambutol (EB). Furthermore, we examined therapeutic efficacy of KRM
against rifampicin (RFP)—resistant M. tuberculosis in details.

KRM showing much more potent in vitro activity against the MAC organisms
compared to rifabutin (RBT) and RFP, also exerted markedly greater therapeutic efficacy
against the MAC infections induced in mice or rabbits in terms of reducing the incidence
and the extent of gross pulmonary lesions and the bacterial loads in the lungs and spleens.
However, in the case of mouse experimental infections, regrowth of the organisms was
initiated after week 4 to 6 even in the animals given KRM. Since KRM-resistant organisms

* From the Department of Microbiology and Immunology, Shimane Medical University,
Izumo 693 Japan.
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could not be isolated from infected mice given continuous KRM administrations, some
unknown mechanisms other than the acquisition of drug resistance by infected organisms
may be important for the establishment of the regrowth of MAC organisms. Among
various combinations of KRM with other antimicrobial agents, KRM+CAM, KRM +SM,
and KRM+CFZ exhibited significant combined therapeutic efficacies against M. avium
infections. The combinations of KRM+CAM+ CFZ and KRM +CAM + CFZ+SM displayed
more increased efficacy. In the case of M. intracellulare infection, the combinations of
KRM+CAM, KRM+CAM+EB, and KRM-+CAM+EB+SPFX
combined therapeutic efficacy.

KRM also exhibited excellent in viiro activity against M. tuberculosis on the basis of
its MIC values for clinical isolates of M. tuberculosis determined by the BACTEC 460 TB
system or by the agar dilution method. MICs of KRM were distributed over much lower and
slightly lower ranges than those of RFP and RBT, respectively. KRM displayed a potent
growth inhibitory activity against RFP—sensitive M. tuberculosis phagocytosed in murine

showed appreciable

peritoneal macrophages as in the case of RFP. KRM exerted the same level of antimicrobial
activity against RFP—resistant organisms, while the efficacy of RFP was much reduced. In
addition, KRM exhibited much reduced but still siginificant level of the activity against
highly RFP-resistant organisms, whereas the activity of RFP was almost completely
diminished. KRM also exhibited a potent chemotherapeutic efficacy against mice infected
with RFP-sensitive M. tuberculosis and a lower efficacy was observed for RFP. In the case
of M. tuberculosis infection due to RFP-resistant strain, KRM exerted considerably
reduced but still significant level of therapeutic efficacy, while such activity was not
observed for RFP. Neither KRM nor RFP displayed appreciable efficacy against the
infection due to highly RFP—resistant M. tuberculosis. These results indicate that KRM is
efficacious against infections due to the RFP—sensitive and intermediately resistant M.
tuberculosts.

F—O—X RV FHY YT A VY,
KRM-1648, M. tuberculosis, M. avium com-
plex

Key words : Benzoxazinorifamycin, KRM—

1648, M. tuberculosis, M. avium complex
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wIEl s OB Tk, RFP & INH & 50 idsh
ICSM 7213 EBAMMA % & W -t 2~3 FIpEFREE A
S h TV 350, (LEFEPROERHS 5 VI3
F oIk, AIDS BEiCH 3 2HIMEELYY Db
EWVs ZEED» S, KDENKFENERL, hoRE
MRt D 18 WG AI OB N EE h T b, DT &
3 AIDSEF KT 2 T EBTHMAEE L LTD
Mycobacterium avium JE”® 1c> VW THYEEINT
W3 EZATH %, T4, rifabutin (RBT) * rifa-
pentine 7% EDH rifamycin FE(AHS Farmitalia
Carlo Erba #t (4% U 7) ® Merrel Dow Phar-
maceuticals . CKE) THIFEh, HHETIE ben-

zoxazinorifamycin #FEA KRM—-1648 (KRM) (8%
WAL T %) »EFEEICH 5, KRM i3 RFP ®
RBT &b b@EntcHi~a a0 7 ) 7iEHEALD™,
fEt% P MACIENQEERIGH AR s hhTw b, 4lF
FEE L THRIER SN AFID in vitro 5t MAC B &
O P RKETE 7S & I KB T MAC & 5 W ISR
B~ 9 2T BRSOV THEA LW,

2. KRM O#t MAC i&ig

1) In vitro HLETENE

Table1 ¥ BACTEC #ETHIE L MAC i<xt9 5%
HEPIEAO MIC fiTd 54, KRM 4tk rifa-
mycin REF D A 75 S FBHER T T LK BBV
MIC %R L 7o
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Table 1 MICss of various drugs for M. avium and M. intracellulare®

MICs, (1g/ml)

Species
KRM RFP RBT CAM

INH SM KM EB SPFX CPFX OFLX

M. avium 0.032 4 0. 25 2

M. inira- 0.032 0.5 0.125 0.9
cellulare

4 4 8 1 2 4
1 2 2 2 4 16

a) MICs were determined by the BACTEC 460 TB system for ten strains each of M. avium and

M. intracellulare.

2) EER MAC BTt 5 iaHsh R

Lz E < KRM 2N in vitro T MAC
WwEAEH L, £7/725 v b TO pharmacokinetics 7 5,
KRM (3 %2 O 13 RFP ICHATEWA, o
NOBATHB L UM RFP LEED 5 W idz Ll
FThHBENHEIDOLNTVRYY, 22T, 2D in
vivo it MAC BRI AERL, £~y 20HR%E
H W T KRM Hfhis X OO BRI R %2, MAC
BIRNERE < v 2107 5 €7 2 2 —Tween KiGk &iE
¥HE vy FEACT BAEEBELID 1H1E, E6M
HTHEFEL (SM BB 2RSS T ) 545 &ick-
THRE Lo

a) KRM Bk s

Fig. 1 3EERM M. intracellulare BEH4x< o 21Tkt
% KRM Dia# )R % it o R RS O il A B
BoatetEl LTA b0 TH S, KRM 13 RBT © RFP
ICHARTENIRER U hs, g6 BRI 3 &
B OFEIENSED SNt HICbRELLETATH S
MOW -z o BRI AR LB, EEEROKR
TEISIER DS & &N, SIS o BT 13 PELE
LA~ D ZIIRGIE L, FEHE Oy BRI BRI IR %

Dose Lung lesions (12w)
Drug (mg)

- 1+ 2+ 3+ 4+

None - 0 0 0 0 7
KRM 0.4 0 0 7 0 0
RBT 0.4 0 0 0 3 4
RFP 0.4 0 0 0 0 7

Seven mice were used for each regimen.

5EYNcE 550 b LAEL BAMEMMA SN,
COBA, By 200« Wk D OSYEEEIC &R
PEOHERRA SN -1, Lich->T, T O
DA H=ZLTOVWTIRKREZHE S TS L, B
IR AT T O MAC OFALEL, Bl A ISHIRN IS @
DRIfEA IO E VSR, HBEVEYA A Yo
15 & DI I BLE D S ORET A D TV 5,

i, §TCICMELLLIIT, EBRANY Y F M
avium & Gt i€ < 12, KRM 13 RFP # clarithro-
mycin (CAM) &0 bF LVESEE G5 L, £
oo AREN, mdey e sEoEEL, i
NEBOER, MPOEOMELALNLY, TDXS
Iy FDOFERN M. avium ERETIE< Y X TOEA
ERELY, BAEROFMIEIIASNS &L, WP
DICHRES NIER L TWERTH b, BIRELS Bbh s,

b) KRM #5564 0t

Table?2 i3, KRMO#E54%2H 1, 3 & %0 6[EIc
L7etidy, BEEKE WG S BN RESIRMAE S
BTEERLEGDOTH B, IRICEKIZEIL 75,
KRM #5542 &48H, 28H, 4 HEBXU8EHI
BARG Lo & T A, RGN 4 5% o M AEREIC 1 385

o None

e RBT

Log CFU/lungs

14 6w 12w
Time after infection

Fig. 1 Therapeutic efficacy of KRM against M. intracellulare infection induced in mice.
Mice infected iv with M. intracellulare were given or not given indicated drugs
daily six times per week from day 1 to the end of the experiment.
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Table 2 Dependency of the therapeutic efficacy of KRM upon

its administration frequency in terms of reduction of

bacterial loads in M. intracellulare—infected mice

Dose Administration

Log CFU/organ

Drug (mg) frequency Lungs Spleen
(times/week)

4w 8w 4w 8w
None - - 4.52 6.02 6.88 17.60
Solute® - 1 4.56 6.12  6.91 7.62
KRM 0.4 1 4.03 5.65 6.74 17.46
Solute - 3 4.55 6.04 6.86 7.64
KRM 0.4 3 3.99 5.26 6.63 7.43
Solute - 6 4.55 6.03 6.98 7.59
KRM 0.4 6 3.46 4.14 6.39 7.11

a) Solute control : Mice were given 0.1 m/ of 2.5 % gum arabic— 0.2 %

Tween 80 solution.

FHBEFICH~TEL 2.0, 1.4, 0.88X00.2 log
units DX T2 A S, HEFHIGEHENEL S 31toh
BRNR G C, BY: 8 H & D IBEABE L 841
3 KRMOBEFESNRIZIZEAEEABIE VT ERSH -
19

c¢) KRM ofti#ffFHzhR

KRM @i R oM L2 SR LT, FEERK M
avium EGE = v 2K T AMHIPEHIRRES R E, T &
LTHiNG S CIc MNARROHER EZREE L TR
Lf:léi)o

KITEW L 7ons, KRM %8 Ui 2 BIBHHZI R Z %
7z & T A, KRM+ CAM, KRM +streptomycin

8r _
None

7k L
CAM

6r CFz [
SM
KRM

Log CFU/lungs
(9}

(SM) % &0 KRM +clofazimine (CFZ) OMAE1C
HELUHZIRA A 572k, KRM + ofloxacin (OF
LX) # KRM+ethambutol (EB) TldZ® & #2%h
REAoN o, IT, KRM Efhd 2~4 F|DHH
HGEOHARIC OV T, KRM+CFZ+SM @ 3 #l
brVWIFINnicE 5 CAM 2 MA < KRM+CFZ+
SM+CAM @ 4 FH| D& BN 72 BEFHZIRAED 5
hf:l'i)o

Fig. 2 12 CAM % #f1T U 72 3~4 F| D fF FHEEH| 0 iR
BAEER LIcbDTH B0, MNERKD» S AT CAM
+KRM+CFZ O 3 FIfEH A, 2 hic SM ENA
7o CAM+KRM+CFZ+SM @ 4 FIOFEHTIFE 51T

CAM+KRM +SM
CAM+CFZ+SM
CAM+KRM+CFZ
CAM+KRM+ CFZ+SM

! 1 !

1d 4 8 12

4 8 12

Weeks after infection

Fig. 2 Therapeutic efficacy of KRM alone or in combination with other drugs
against M. avium infection induced in mice in terms of reduction of the
bacterial loads in the lungs. Dosages of test drugs were as follows :
CAM, 0.2mg ; KRM, 0.2mg ; CFZ, 0.1 mg ; SM, 0.5 mg/mouse.
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[ Spleen

None

CAM+KRM
CAM+KRM +SM

CAM+KRM+CFZ
CAM+KRM + CFZ+SM

2
1d 4 8 12

Weeks after infection

Fig. 3

Therapeutic efficacy of multidrug

regimens containing KRM against

M. avium infection induced in mice in terms of reduction of the bacterial

loads in the visceral organs. Dosages of test drugs were as follows :
CAM, 0.2mg ; KRM, 0.2mg ; CFZ, 0.1 mg ; SM, 0.5 mg/mouse.

BNIIEEIRDBE SN, FE UEBRTHMNAERK
AREI LGEaTd, Mgk s LEK, CAM+
KRM+CFZ @ 3 #lpfH & CAM+ KRM +CFZ+SM
O ARIBHH EBBND T L0 - 1,

Fig.3 i3 CAM+KRM % #ifiic L 72 2~4 #IBF A D
BAETH BH, HNB L OMANERKEDO W hEfaEs
L7zBA s, CAM+KRM+CFZ @ 3 #IffHik 0t ic
CAM+ KRM+ CFZ+ SM @ 4 #I§t FH A4 i BN 72 %)
BAERLI,

i, M. intracellulare 4= v 2i12xt4 %5 KRM
e Lk 2~4FOBHBOHRIT>VWTIR, M
avium &G B 5 L[EEE, KRM+CAM iIcEn - 0F
AshEsA S0, Thic EBd % i3k EB+spar-
floxacin (SPFX) & 2MA 72 KRM+CAM+EB &
3503 KRM+ CAM+ EB+ SPFX 123 WV iR HE LR
Bovont?,

S 1 3EERE M. intracellulare EYHE~< ¥ 2
BWVWT, KRM+KM+EB® 3 ##tHTid, KRM
DRHVICRFP £/ RBT #HVWAKBEA X bEN
TIBERBALNS T EARELTEY, EOERA

#lDO MAC iE D Z I HBEENDISHASEfF S N 5,
3. KRM OHERKEEM

1) In vitro HiEEIEH:

Table 3 (FEKRZHH:H £ & BACTEC #:TRIE L 7
KRM O B RA BEHEBE I 5 MIC AR LA D
Th 5h, KRM I3 RFP iclhRTH L Bhi, 1
RBT iCEERT H R RMWHRE I ER T 5 2 & M50 -
2o Fig.4 & KRM & RFP O#tak5%E 30 bkicxts
% MIC (BACTEC #:HllE) DOAHBI% AcbDTH %,
KRM ® MIC i iZ RFP &Mk & ORIk 4
% RFP © MIC i & v &M/ L, mAifdici
REMMEDS S ST, F1BIRIT - 1okEt T, KRM @
MIC i i3 RBT &2k & OMEEKIcX$ 5 RBT
D MIC f & b & REMAIH T 5 EMBHS I
oTWb, &5I, RFPIcxd 3&ZMARICT S
FEE 5 Bikkictd 2 KRM @ MBC & MIC 23k 7z
LA, MBC/MICEH GV & 1~2E/N&K,
KRM & RFP &EBICEEIICE boEBbh s,

2) =787 7,-v (M¢) NEEBHKKEIIHT S

Table 3 MICs of KRM, RBT, and RFP for M. tuberculosis

Agar dilution method

BACTEC method

Drug

MICs MICy MICs, MICyg
KRM 0.0125 25 0.016 2
RBT 0.1 12.5 0.125 8
RFP 0. 39 >100 4 >100
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0.5
0.125¢

0. 0313

KRM (ug/ml)

0. 008} .
0. 002} L

0. 0005 .

% H69&E E1S

b/
f*

i

0.0005 0.002 0.008 0.0313 0125 0.5 2 8

1 1 1 A
32 128>128

RFP (ug/ml)

Fig. 4 Relationship between MICs of KRM and those of RFP for 30 clinical isolates
of M. tuberculosis. MICs were determined by the BACTEC method.

Table 4 Antimicrobial activity of KRM against various strains
of M. tuberculosis with different sensitivity to RFP,
which were phagocytosed by macrophages®

Drug-mediated growth inhibition

MIC (#g/ml)
Strain _—

RFP (ug/ml)

KRM (ug/ml)

RFP KRM

1 10 1 10

0.125
0. 063

0. 004
0. 002
Kurono 0. 063 0. 002
Kurata 8 0.016
Watanabe — >128 4

H37 Rv
Fujii

99
98
97
91
33

96
93

99
97

97
95
92 96 96
53 83 83

5 -1 8

a) Bacterial growth in macrophages was measured during 2—days cultivation
of macrophages after phagocytosis of the organisms in the presence or

absence of indicated drugs.

LTS

Tabled (3 J774 Mo Hifa N EREE T 3
KRM OHiEER 2 A7 bDTH 3, RFP EZHD
HyRv bk, BEHHKES X U0EBHKTIE, KRM & RFP
DVFNIZE > TH 100 BITITWE OMEFEIHEM & 5
tzo M5, RFPEEMMEOEHKICH LTI KRM 12
BHEOIEEEER LY, RFP TlRZo7EHIRE
LIETF L, RFP &EmMMEOEIKICK L Tid KRM
TRIFOEHSETREOHEEEL L S, RFP
WIFIZE A ETEHEIREED SN H - 12,

3) EERW = v ZEERGAE IS B ARSI R

iz, A5 13, KRM AERRI < v 2 EEMIEIC
BOWTHYOE L VEGIRE S/ 5F I EERELT

W3, bbby, RFPHEEARICT 2EE I
T 5ARFD in vivo FLREEHIC> VW THREL, LITFo
XS BWHIREE L,

TR bHDB, Tableb /R &I, flioARKLEDE
EAIEEL L84, RFP BRZMEOBHMTIE KRM
BLURFPOLENbMEGERL, F(EEMED
BHKTIE KRM OB ICHRBESRSED SN, &
JE T 1 D P2 Bk T I R & b BRI TH - 720 Fig. 5
B E—EER T KRM D AR R %2 MR AR O
ZHEEICA LD TH BH, B LMoRRITRE &
CRHE&LT, RFPERZHOBHKTIR KRM LU
RFPOWFN B EHERL, EEMEOAMKTE
KRM DA IHEBSIRESNRBED o1, SO
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Table 5 Therapeutic efficacy of KRM against M. tuberculosis infection in mice in
terms of reducing the incidence and the extent of gross lung lesions®

MIC (ug/ml) Dose No. Gross lung lesions (8w)
Strain ———— Drug (mg) of
RFP KRM mice - 1+ 2+ 3+ 4+
Fujii 0. 063 0. 002 None 5 0 0 0 0
KRM 0.4 5 5 0 0 0 0
RFP 0.4 5 5 0 0 0 0
Kurata 8 0. 016 None 5 0 0 2 3 0
KRM 0.4 5 5 0 0 0
RFP 0.4 5 0 0 2 3 0
Watanabe >128 4 None - 5 0 0 0 0 5
KRM 0.4 4 0 0 0 0
RFP 0.4 5 0 0 0 0 5

a) Drugs were given to mice daily six times per week from day 1 for up to 8 weeks after infection.

Fujii Kurata Watanabe
8{ 8 8{ .RFP
7t None 7 7 None
KRM
w6 6 6}
@
ER IS 5 5}
?) 4 \:{"i:., 4 4t
w3 NreRFP 3
) N\, 2 2
KRM
1t 1} 1}
1d 4w 8w 4 4w 8w id 4w 8w

Time after infection

Fig. 5 Therapeutic efficacies of KRM and RFP against M.tuberculosis infection
induced in mice in terms of reducing bacterial loads in the lungs. Drugs
were given to mice at the dose of 0.4 mg/mouse daily six times per week
from day 1 for up to 8 weeks after infection.

A TROFNOFEHE bR MATH - 7o WA
RIS L b R R S ce DLE,
KRM (3 RFP &5 d 3 W IMEERHERS K E I 3@
to in vivo TIETEMEZ/R L 5 543, EEMER I LT
RS EEbNn B,

S
afl

4. ¥

1) KRM i MAC izt L TN in vitro PLEITE
WEHL, £ERN<Y ZAH 50T F MAC K
Jefit 12t LT RFP ® RBT o~ TE L L B i
hRER LT,

2) MAC Bt = v 2 T3 KRM O fkfia#d, &K
g 6 HLIARIC 1L B LR OISR D SN b, TN

ETHEE O HBRLUADOFRRIC L 2 D TH Y, % OfifH
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4) M. avium &4t 1< 72w L T, KRM+CAM,
KRM+SM, KRM+CFZ 0% 2 FloaEnENT
B0, & 512 KRM+ SM+ CFZ, KRM+ CAM+
CFZ @ 3 #IBtH % &£ KRM+CAM+CFZ+SM @ 4
FIPEIC & D BN DFHZIR D 5 vt

5) M. intracellulare E4Tld, KRM+CAM i
BAEHSESASNR, THhICEBHS0IE EB+
SPFX 2i0Z 5 itk b, ZTOhRNLDED SN
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AR LA, RFP SEMHEEKRIC ZETH - 7,

8) KRM (3 RFP BZMAERERERE <Y Rk L T
i RFP & b b L ENiBER%E, £ EREmE
HEHEBE Y 23D BVHEVRTI2E00LBHEE
ISHRESI R AR LI, @EMEEEKIC BN TH -
120

n Eopk#EL v, KRM i@ RFP Esihd 3 W IR EE
A E I L Tld RFPICHNTEN L in vitro
BLU in vivo MEEHAET 2 EDBHLMITE -
f2o BT, A, BRKEE 7 -7y 74 v IERER
CoB5EOKNEERA B LItk - T, KRM 3493k
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REREMAEY - 02D, HEak®k GERLELESY
BFFEAT)
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2. NEW DRUGS AGAINST TUBERCULOSIS AND NONTUBERCULOUS
MYCOBACTERIAL INFECTIONS : A REVIEW
Ryoichi AMITANI * and Fumiyuki KUZE
(Received 5 September/1994)

The number of cases with tuberculosis is again increasing in many countries, and
recently several nosocomial outbreaks of multidrug—resistant tuberculosis have occurred in
the United States. The number of patients with disseminated Mycobacterium avium
complex (MAC) infections in AIDS population, and patients with MAC pulmonary disease
unassociated with HIV seem to be also increasing. It takes at least 6 to 9 months for an
initial treatment of active tuberculosis due to drug—sensitive strains with the standard
regimen which includes isoniazid (INH) and rifampicin (RFP). Treatment for the diseases
caused by drug—resistant M. tuberculosis and MAC is much more time—consuming and
more toxic than for the diseases caused by drug—sensitive strains, and often unsuccessful.

For the reasons described above, the developments of new agents with potent anti-
mycobacterial activities are highly desired. The new agents should also be useful for
treating patients who have acquired resistence to many of the currently available drugs.

In this review the new antimycobacterial drugs are summarized. Some of them have
already been used clinically, but many are still in experimental evaluations.

1) Rifamycin derivatives : rifabutin (RBT), KRM-1648 (KRM), rifapentin (RPT), FCE-
22250, FCE—22807, CGP-7040, SPA—S—565 and other rifamycin derivatives.
New rifamycin derivatives including RBT, KRM have increased in vitro antimycobacterial
activities. RBT and KRM are much more active in vitro and in vivo than RFP against both
M. tuberculosis and MAC. KRM seems to be more potent than RBT against MAC in
experimental studies. RBT has already been introduced clinically for prophylaxis of M.
tuberculosis and MAC infections in AIDS patients in the United States.

2) Fluoroquinolones : ofloxacin (OFLX), ciprofloxacin (CPFX) and sparfloxacin (SPFX).
OFLX has been considered to be effective against drug—sensitive as well as drug—resistant

* From the Department of Infection and Inflammation, Chest Disease Research Institute,

Kyoto University, Kyoto 606 Japan.
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tuberculosis. CPFX and SPFX have been considered to be effective for M. tuberculosis in
experimental evaluations. The efficacy of the fluoroquinolones is, however, still contro-
versial against MAC infections.

3) Macrolides : clarithromycin (CAM) and azithromycin (AZM).
CAM and AZM have in vitro and in vivo anti—-MAC activities. The macrolides are
commonly used in combination with other agents for disseminated MAC infections in AIDS
patients in the United States, and are being evaluated for MAC pulmonary disease.

4) Riminophenazines : clofazimine.
Clofazimine, iminophenazine red dye, has been a main stay of leprosy therapy. The drug is
also considered to be active in vitro and in vivo against MAC, and has been used in
combination with other effective drugs for disseminated MAC infections in North America.

5) In vitro activity of Thiacetazone have been evaluated also against MAC, and nitroi-

69 & EILE

midazoles against multidrug—resistant M. tuberculosis, respectively.

Key words New drugs, Tuberculosis,

Nontuberculous mycobacterial infection,

Rifamycin derivatives, Fluoroquinolones,

Macrolides

F—0U—X : FURESE, KN EEROIRRERLE, Y
TrRA YV VREK =a2—F/0v, T80 54
.

BAE D D ECHREH A S T hikEKEE R
INH, RFP, SM, EB 7% & 11 ##|TH 3, KRS
nEEO o PikEKEDO T S, PIEIEROGAIC
¥ INH & RFP ZF#hic SM £413 EB 21z 73
HIBEE & 3\ id T hic PZA 2B % M b bk b
AR E LTIESERLTWE, LELENS, o
HRC k> THRBREEEME6 " A5 1 H2ET
518, L0V - % SMABHIEMIEORRIC & iR
W OEREORRE 218K 5 T L BENATIEL 510,

fh—F, PRTEDHOVBETS, FITHHERERC
(Bricgalipfic BV Td) B84 % INH, RFP ou
Fhp—H 5V IFHE IS B R O R Gk
MIEOFEBERIFRE LB > Twaa, &<k
tHkETI: INH, RFP 28T 4A~8 FlicTitE A2 R4 2%
FIMHEREAL BT & 2 B R O & WAELIE O BRI T 254
SVWTHEI MWK ZBHELEFATOEYY, oD
FEAIFRAT T HIV ERE ML HE BT L1302,
HIV ERPEDH 10 %ashTBY, SHBBEATLHY
BTAMEND D, FIEZIHRIERLE TS > THREIEH
D to DI PiAE LI D ket 5 O REESIER] /D718 h 59
1T 5,

PIED &S HIRBLICEA T, KW Z 58I THhD
AIVER /D15 WIS O BT s i 2 B2 OFEIC T -
T3, KRB LHIMETH S Mycobacterium
avium complex (MAC) ZxXfL Tld, I >T
&R AR L S 2 EF OO RREESE

NTELED D OBIRTH 5,

ARETI, ¢ TIERNGFHELEZ D 22528 LW
PUBEIAREE, B X OEBRIIRFAPES -2 b 55#EH
IZ2WT, YPMIEETOINE TOREEE & bicH
HNOMODKEFTD TN E TOPFERAE b L IENET
DO ERHFRDRIA SRZ LD 5, FaLOBEOHE%
AT o

Table 1 ICHE, HAB X UECKIZBL TRITHOH
Pt IEAA PUBREIARE S L CRES N A ED H 2
BMEOHEHANED TFER DERT, ¥ rifamycin
FFEHEAP fluoroquinolones 1 §EHGE & MAC Ol
#HA2%E L L, macrolides ¥ riminophenazines (&
MAC %55 & U TERIN O I BRI D S h
T3, ZOHITIIRER & 0 BIFE EEE PO IAE
Wt U TRk S T X /- thiacetazone @ MAC
X A PIEEN P, INH, RFP %&U 2 AR
BICXf 9 % nitroimidazole DHEEH ORI EFELEF
NTVW5, TNSHEFEROTHOFEENS & DI L THIE
HTORIEEICO VT T icli~ 3,

1. Rifamycin Derivatives

# rifamycin RFHFEADOH T, rifabutin (RBT)
DK E A LI TIERIRBRICHt S h, HIV BgE
T OFEMIE S & U MAC FEIS X 3 TR ROHE S
NTWV2Y, /o9 TICHHE L OREKES LU MAC
X9 3 in vitro® WAIT in vivo®® TOEVHIEE
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Table 1
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New Antimycobacterial Drugs

1) Rifamycin Derivatives
rifabutin (ansamycin)
rifapentin
KRM-1648
FCE-22250, 22807
CGP-7040
SPA—-S-565

2) Fluoroquinolones
ofloxacin
ciprofloxacin
sparfloxacin

3) Macrolides
clarithromycin
azithromycin
roxithromycin

4) Riminophenazines
clofazimine

5) Thiacetazone

6) Nitroimidazoles
CGI-17341

Table 2 In vitro Activities of Rifamycin Derivatives against
Mycobacteria in Kirchner’s Medium

MIC MIC 90 MIC 90
compound MTB MAC MTB MAC
(H37Rv) (31F093T) (20 strains) (20 strains)
RFP 0.6 b) 1.25 40, 80
RBU 0.035 1.25 0. 035, 0.07 b)
KRM1648 0.017 0.07 0. 035 0.07,0.15
KRM1657 0.035 0.07 0.07 0.3
KRM1668 0.017 0. 035 0.07 0.3
KRM1674 0.017 0.07 0.07 0.3
KRM2312 0.017 0.07 0.07 0.07,0.3
MIC : ug/ml RFP : Rifampicin MTB : M. tuberculosis

RBU : Rifabutin

MAC : M. avium complex

(AR fth, #%58%, 65 :808, 1990, F&)

HAEHRE LTS KRM-1648 (KRM) <2 W TiE
AN OMDHFZE 7 v — 7> & &[Gl B D BN T BUERTE A3
LxNo2h2BKTHBY, DM rifapentin
(RPT) %13 U»EEOH rifamycin ZRHEURDOHIE
EHEORFNMENH 5, MAC EFEME IS T 58
rifamycin %FHEAD MIC % RFP Dz h & TR
U7ziifi% Table2 (F3B) 12R9 Y, RFP IcHANT
RBT 75 & D#r rifamycin RFEEAD & O HLETE DS
HoMWTH 5,

RBT x>\ TiRTTIZ CD4 [BikiRAaAS 200/ mm®
LIFo AIDS BEIC81 5 MAC HIMAE O FBUAE %
RBT 300 mg/H # 5 B & placebo # & THE L 72
randomised, double—blind, multicenter trial #3it
KX T 2Eiz bt - TEBSH, WIFhd MACK
[MAE O FHAEE 5 RBT # 58 cHEICEL, RBT D
FHMEI RS NLY KETREE, BHIES LU
MAC fE ® FIE TR0 BT RBT ofSaftbhTn

%,

KRM @ in vitro X in vivo DHIEIGHOKRES
A2V TR TIEHE Lk Hic, RFP &HEKL
THMKE, MAC OWFHICK LT HIE5hIcmOTE
TEMAER LYY, RBT EDlETH, KRM 3554
B ot LT ikfESoBn i fiEiEtE %2, MAC KL T
13 RBT &b bEBNIHEE®E/R LI, Fig.1d<v
2 FEERI MACTEIC B 2 MNEEK OB TH IS
BRHIEEBRICBWT, KRM 2&UZAIPHOREKET L
rfETH 5 (REFERAKR . KRM 3HMS T &
SRR ZR LD, RFP # KRM IcEH L
KRM, KM, EB @ 3#IftH 1 RFP, KM, EB @ 3 #l
PEAICHAR TR A DICENRESIRE R LTV 5,

IR D < v R KB MACIE I 81 5 i6HER
< KM ic»Z T clarithromycin (CAM) %fn0Z 7
KRM, EB, CAM @ 3 %It RFP, EB, CAM @
SHIMH LD b & SICENFIBEIR AR LN R
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2. Fluoroquinolones

1978 £® norfloxacin (NFLX) BIFLIEO WHW
b=a2—%/ 0 Vit T3 TEEHEOF RSB
STV H, EEEBSLUO MACIKET SR, B
HZETORTOFERTIE, ofloxacin (OFLX), cipro-
floxacin (CPFX), sparfloxacin (SPFX) ® 3 3£l

Table 3 Antimycobacterial Activities of Sparfloxacin and Reference

Compounds against Clinical Isolates

Organism Dubos Kirchner
(No. of strains) MICs MICq MICs, MICq
M.tuberculosis sparfloxacin =0.01 =0.01 =0.01 =0.01
(20) ofloxacin 0. 02 0.05~0.10 0.02~0.05 0.10~0. 20
ciprofloxacin 0. 02 0.05~0. 10 0.05~0.10 0. 20
rifampicin =0.01 12.5 0.02 12.5
M. kansasit sparfloxacin =0.01 0.10~0. 20 0.02 0.20
(20) ofloxacin 0.10~0. 20 0.39~0.78 0.10~0.20 1.56~3.13
ciprofloxacin 0.10 0.78 0.20~0. 39 1.56
rifampicin 0.10~0. 20 0.78~1.56 0.20~0. 39 3.13
M. avium complex sparfloxacin 0.10~0. 20 0.78 0.20 1. 56
(20) ofloxacin 0.78 3.13~6.25 3.13 12.5~=25
ciprofloxacin 0. 39 1.56~3.13 0.78~1.56 6. 25
rifampicin 0.20 1.56~3.13 12.56~=25 12.5~=25
M. fortuitum sparfloxacin =0.01 =0.01 =0.01 =0.01
(15 ofloxacin =0.01 =0.01~0.02 =0.01~0.02 0.05~0.10
ciprofloxacin =0.01 =0.01~0.02 <0.01 0.02~0.05
rifampicin 0.78~1.56 1.56~3.13 6.25~12.5 12.5~=25
(ug/ml)

— 52

(ngEt—, AMX3E CHEMOTHERAPY 39 (s—4) : 104, 1991)
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P ICHEEENT VS, Table3 I 5 3HIOERE
FEEEIC T 5 MICs,, MICg, DEAEZERT Y, #EKE,
M. kansasii, M. fortuitum iIZxtL TR IhsEN
HETEE AT LTe MACIZXT L TIE, HTHSPFX
DSEIFIL in vitro PIETEHEA/RL TW5, Grosset 5
2% OFIEEEOMIOFEER, INH 8L U RFP M
P D FEREE 12 L Tl fluoroquinolone Fl72 4 388 5
PEFEEREEZE L TEY, :1Tsd SPFX MBE A
HEMEEZEOBRBICBLWTRENEEARD 1> L L Tho
EZWEHE OB HFFES NS THAH D, N TW
210 wEFGHEDHFEHAE ICKT L T, 3 TIREIRKY:
2 WRIASHID & 12 - TR R FLEMIC & 5 OFLX,
INH, RFP ftH# & EB, INH, RFP fffHEf & ORT
kst 2170, OFLX » EB &I ICEHTH BT
EARELTWAY, ol s X ER R B
OMFOEE, E8E I INH, RFP k%% S CH#
HEEEGAE Bt LT & OFLX o BB %S & -
T %FOPEBREARNBBLATL S, B,

WHO % Hic A ETREKEICY LT, SPFX O
FERIGER ISRl TOENMABEIN TV S EHVTW 5,

3. Macrolides

FAEMR VTR SN, clarithromycin (CAM)
W ET D, WbWwb=a—<rn 74 FIZDWVWTIH,
A MAC I 3 iEEA P ER S h, £ < Ofisk
T in vitro, in vivo DRFMSKENHIITON TV 5,
B Td CAM IOV T AIDS BEICB Y 2281
Ao MACE I 3 RGBS ITDI, £OBY
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HWDHERE N TV B,

Dautzenberg S 3KE AIDS BEEICBT 2 2HHE
ER o MACIEICKd 5 CAM 0o B#HEEIMH O MAC
HEERONE S5 LT double—blind study TH
LAY, #187Tld CAM (1000 mg x2/day) %H
T 6 BRI%S L% placebo & INH (5 mg/kg,
daily), RFP (10 mg/kg, daily), EB (20 mg/kg,
daily), clofazimine (100 mg, daily) @ 4#% 618
RIGEH L 7o BIOEE T R4 6 BRI placebo D& %
5L, 2T CAM, INH, RFP, EB, clofazimine
» 5 Fl% Lt L ERT 6 BN L7

BB T B MPo MAC OEREROHER % 12 B
bt - THE LER, 9% CAMERS LK
BT RMmkh o REBRERICED L, i
placebo %515 L B T3 MAC O MKHAERE
W ERL, 6:8[% placebo 25 CAM ICEH L 74
AR U T, DLEOFERD S, AIDS 2B
332 HEEM O MACTE X LT CAM 288 £H
PRk RIMES RS NI,

JKE® FDA 1319934 12 H, AIDS E#02S#EE
Bzt 22 HIFHEEOTOMHHEDO1>E LT
CAM D% Lo BATS MAC OGRS
TEICR LT, CAM DEFRBHHBLZHER T TITHY 5
NTVWBY, ZOFHEDLDIIZVE LIS S OFFf[H
WETHH D,

4. Riminophenazines

Riminophenazines IZf9 % clofazimine 1ZH#D

Table 4 MICs (ug/ml) of Clofazimine and Other Rimino—compounds, Tested
at Different pHs in 7TH12 broth for 10 M. avium Strains

pH 6.8 pH 6.0 pH 5.0

50% 90% Range 50% 90%  Range 50% 90% Range
Clofazimine 0.097 0.188 0.06 —0.25 0.70 3.0 0.25-4.0 2.7 4.0 1.0-8.0
B746 0.070 0.114 0.06 —0.125 0.50 0.90 0.25—-1.0 1.0 1.8 1.0-2.0
B776 0.113 0.22 0.06 —0.25 0.44 0.95 0.25-1.0 1.43 2.0 1.0-4.0
B749 0.113 0.25 0.06 —0.5 0.80 1.75 1.0 —2.0 1.8 3.5 2.0-4.0
B797 0.093 0.125 0.06 —0.25 0.83 1.66 0.5 —2.0 2.3 3.65 2.0-4.0
B1865 0.082 0.125 0.06 —0.25 0.71 1.0 0.5 -2.0 1.6 3.0 2.0-4.0
B1912 0.096 0.125 0.125-0.25 0.71 1.0 0.5 —-1.0 1.55 2.0 2.0-4.0
B1772 0.25 0.44 0.256 —0.5 0.5 0.9 05-1.0 1.0 1.8 1.0-20
B3767 0.45 0.87 0.25 —-1.0 1.43 2.0 1.0 -40 1.70 3.30 2.0-4.0
B826 0.40 0.83 0.125-1.0 1.50 3.3 0.5 -4.0 2.90 3.80 2.0-4.0
B3785 0.38 0.83 0.125-1.0 1.38 1.88 1.0 —2.0 1.60 2.0 2.0-4.0
B3935 0.40 0.83 0.125—-1.0 1.28 1.85 0.5 —2.0 1.60 2.0 2.0-4.0

(P. J. Lindholm—Levy & L. B. Heifets, Tubercle 69 : 179-186, 1988)
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Table 5 Antimycobacterial Agents Commonly Used to Treat M. avium Complex Infection

Agent Adult Dose Adverse Effects
Amikacin 7.5-15 mg/kg i.v. every day
(equivalent dose twice daily)

Azithromycin 500 mg every day

Clarithromycin 900 mg twice daily

Ciprofloxacin 750 mg twice daily

Clofazimine 100—200 mg every day skin discoloration, ichthyosis
anorexia, nausea, vomiting
abdominal pain,
peripheral neuropathy

Ethambutol 15 mg/kg every day

Rifampin 600 mg every day

Rifabutin 450—600 mg every day neutropenia, platelet | , rash,

nausea, GOT 1, GPT 1, myositis

(H. Masur and Public Health Service Task Force on Prophylaxis and Therapy for M. avium Complex. New Engl

J Med. 329 : 898, 1993)
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Fig. 3 Murine Experimental Chemotherapy
(schematic representation)
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T 5% HD riminophenazines D in vitro T©® MAC
X BHURTEM I M 0 BR TV B AY, Akh 7 =

FYVERTH B OGRS IC L IREOBRILEE
ETHIENESTH B,

5. KEIZH T2 MAC FEAEEDRR

Table 5 B KE T MACHE (Fiz AIDS H#EIC R
MEL 22 5% MACHE) 1oxf L CE¥MHashT
VWBIEHD ) 2+ THBY, CAM, CPFX, RFP, EB
BEDHETOHERERSIN TV IEADELIC
clofazimine, RBT, amikacin 23 s T3 D
DWEGRVETDH 5,

6. MACPEIZXT 3 BBEXIOMEEHE

Fig.3 &, I COEHKZEICB T B UREEHED S
<Y A2 MACTEIZX 3 52 & HEH D BB & T OHEIGH:
ZMNAERBOMBE TR LA D TH 3, HEELTH
NEH D B DIEFE in vivo HEEMENS VI EERL
THD, 5% KRM » CAM % ¥ U - S50
DRI T ORI PHFEN 2 L A5 TH B,

Eil 2

KRM-1648 % 13 U » % £ @ rifamycin F &A% &
RS NMIRFTOBEE S 2 TO 772 W 7 SR L T2 pE,
EMIREHEFOL 2 ICEL LB L B,
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Recently, tuberculosis have been increasing among the immunocompromised patients. In
patients with acquired immunodeficiency syndrome (AIDS), multi—drug resistant mycobac-
teria are often detected, which make the therapy difficult. In these patients, chemotherapy
alone is often insufficient and some treatment to augment their host defense activity has
been desired. Therefore, to know the host defense mechanism against mycobacterial
infection will be helpful to develop an adjuvant therapy for intractable tuberculosis.

In this study, IFN—y mRNA was induced in murine lungs after mycobacterial infection,
and anti-IFN—7 monoclonal antibody (mAb) prevented the activation of pulmonary
intraparenchymal macrophages by M. bovis BCG and the elimination of M. tuberculosis
from lungs. In addition, this mAb inhibited the activation of Macl"CD4°CD8™ T cells
bearing af antigen receptor by BCG, which were found in murine lungs and might be
involved in the host defense mechanism against mycobacterial infection, and administration
of IFN—7 significantly increased this population in lungs. Thus, IFN—y was suggested to be
a candidate cytokine for the treatment of intractable tuberculosis. Next, CD4" T cell-
depleted mice were prepared by injecting anti~CD4 mAb and used as an immunocom-
promised model. When infected with M. tuberculosis, the multiplication of the bacilli
within the lungs of such immunocompromised mice was much more enhanced in comparison
with the control mice with intact CD4" T cells. Administration of IFN—7 significantly
reduced the number of the bacilli in lungs. Further, in an in vitro study with human lung
macrophages, IFN—7 enhanced the killing activity of macrophages against M. tuberculosis
in a dose dependent manner, and suboptimal dose of la, 25—dihydroxyvitamin Dy synergi-
stically augmented the effect of IFN—7.

% From the First Department of Internal Medicine, Faculty of Medicine, University of the
Ryukyus, 207 Uehara, Nishihara, Okinawa 903—01 Japan.
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Recenty, it has been reported that [FN—7 treatment was attempted for some diseases

such as atypical mycobacteriosis, lepromatous leprosy, chronic granulomatous disease,

adult T cell leukemia and atopic dermatitis without any serious side effects. Together, these
results suggest that an adjuvant therapy with IFN—y is hopeful in the treatment of
tuberculosis caused by multi—drug resistant bacilli in immunocompromised patients.
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THERAPEUTIC EFFICACY OF MACROLIDE IN PULMONARY
NONTUBERCULOUS MYCOBACTERIOSIS

Kazunori TOMONO *
(Received September/1994)

Clarithromycin (CAM) is semi—synthetic macrolide antimicrobial agent, differing from
erythromycin by an O-metyl substitution at position 6 of the 14—membered lactatering.
CAM is one of the very few antimicrobial agents that show activity against that Mycobac-
terium avium complex (MAC) in vivo, in vitro, and in AIDS patients with disseminated
infections. The purpose of the present study was to evaluate the therapoitic efficacy of
CAM against MAC in patients with chronic pulmonary MAC infection.

In vitro activity against clinically isolated MAC ; MIC was evaluated by liquid medium
dilution method. CAM was the most effective than other antitubercurous drugs against M.
avium, but less effective than RFP against M. intracellulare.

Activity in animal model of infection ; In vivo activity was evaluated by the murine
models of hematogenous pulmonary MAC infection. A dose—related reduction in lung cell
counts was noted with treatment at 10, 50, 150, and 300 mg/kg of body weight admini-
strated daily. Histopathological examinations were revealed also the reduction of the
numbers of granulomas in the lungs with treatment CAM at 300 mg/kg.

Therapoitic efficacy of CAM in chronic pulmonary MAC infection ; Thirty patients
with chronic pulmonary MAC infection were given CAM with other antitubercurous drugs.
Nineteen of 30 patients had previously received combination antimycobacterial therapy. The
overall efficacy rates were 23.3 %, and ten patients (33.3 %) had negative sputum culture for
MAC. Eradication of MAC from sputum has been almost observed within 3 months of
initiating treatment, and the patients those who had no cavitation were effective. In
conclusion, CAM was considerably effective against chronic pulmonary MAC infection, and
the effect was observed relatively rapid.

% From the Second Department of Internal Medicine, Nagasaki University School of Medicine,
1-7-1, Sakamoto, Nagasaki 852 Japan.
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DR%Z <Y AEFIRE 0 #EL, Mo % &R
T5HETIT- 1

COFEERHVEIEREOF2DTEL, LM
BB 2 HIZ K O ARPES® 5 2 EBSAIHETH -
oo BRI RIS L, CoEEHMT
B2 V75 vRENEH -1,

HI#HE 3B EH O OB TR U T AMICEH IO
HRAEMNH D, w707 7r—ViFE LT BRFEOEES
BHonte (X3),

0.05 0.1 0.2 0.390.78 1.56 3.13 6.2512.5 25 50 100 100< ug/ml
RANFEHEMIERE (MIC) 108

BE1-a M. avium OIEFKZH
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(%)

100 |

80| RFP
=
R

CAM

% 60 OFLX
77
i 40F INH

20F

727

EB

] ] 1 1 i 1 1 L 1 1
0.05 0.1 0.2 0.39 0.78 1.56 3.13 6.25 12.5 25 50 100 100< ug/mi
B/NEELEREE (MIC)

(1086

1—=b M. intracellulare @ 3EH|BSZNE

% g

ET7

ﬁ- ———_—é\u

7 ol 2 i

& PR

O 51 [

= 4

5 4

&

3 2 v v .

0 1 2 3
B

X2 fOEEEON, FFRE, ST 2 EEROHY

B3 fgiaseeE o R ERE% 3 EMH E ook
HE %t (4 %)

DX LTERL < v 2 € F VI 10, 50, 150,
300 mg/kg DENZThOED CAM %, WEHE1EH
D OROMNCES LINERBICRIZTHEE A2, K
4R BB B XU 2 BRIB M, B, ME» S0
SRR R U, R L BH TR & b HRIK
FELRERORDMBHED >0, B2 BEH IR, M
ETREHER TESRIBRALT E -7, LiL
fiTi3d CAM # 5.1 & 2 B OB 38 E T 300 mg/
kg BEICBVTOA I v b o—VEIcH 1 log DI
ILEBDBITHEE - T,

HE YRR D 5, CAM ORI IS 1 EHIK
HHOLNTED, ISIZOVBRRIHBIKERTH BT
EMIRENT,

T N A FRRRSERNITRRET Ut R BRICH, 300 mg/
kg %5 2 BB OB TR, S ICREEIERZE ORI
FEEAS % 5778, 300 me/kg B EBHC BV T HRE
ASHIMERZ B B & TE . (K5),

PIRREGET T O DIREIR 2 N B &, BIERRET
CREZ L ORBESBE SN S, 300 mg/kg %15 2
BEHOBTHZN XD DV S DDRBREZED 12,

D& BIERN S, WEDILND DIRW, FWHEKI
ZALE2ET BHMATIZ CAM OB IFEV T EHRS
N,

3) EBHitox &

VIE®D in vitro BL T in vivo DEBRRPSLITD
LI BERAERICBOTTFHIL 72,

THbHDL, EFIE L TIE M. intracellulare BYLE
BloHm M. avium BEEFLIOENTHA 9, D
ShE I ERECHICE SN, HARKGEETHY,
REDILS Y D/NSTE, BENELOZLVWHDREH
BThsrH, LTI,
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8+ fif T e

(Logy CFU/organ) &% B HF

0 10 50 150 300
mg/kg

0 10 50 150 300
mg/kg

750 204 v viBEE A%

010 50 150 300
mg/kg

81 fii It R

(Logyy CFU/organ) &% B HF

010 50 150300
mg/kg

0 1050 150 300
mg/kg

75 20 wq v yiRE 2 BE%

01050 150 300
mg/kg

B4 7359204y Vi lBEE 2BHOM, I MED» S OEEED
RE R

K5 2735Yzv<4vy300mg/kg/day iBHEEED
ERERE% SRR H ot ofAf%k. HE %ft (4 x)

3. BRIRE9IRET

ERLAME L Ao S, RIBKFH 2 R E 2 O BE O
Fah& LT, 18HoEEMERMEYYE T H 2 IEER
FREIE I CAM D3 R0 & BERIIARRGT % BG U 72

1) Mg &HE

i, AMAEFFEH@#ES S 5 W IEEIHRERIEE
RIS EIE LRI R U O JEE R B AE 2 M A D W g
N Eigt LGER T, #h 5% CAM 280 hkE
T & - TIRFEBIMG T 2 HIENEREE S, ThE TICIREE
EITOVIEITd - AERIC CAM % I Z 53 & ka4
BRRBTRIEEE D 2 D OB TRETAEINA 720 LUTHI
B HREE AR, CAM 2MNA o MRERERA B &3
%,

v b)) = SNIERNL 46 TEBIT, ZD D LiRER
BRFT R ER G 30 IERI T, BN ESRTEREYE, 85

WRRE, FHpEE, HMELEAHEMET 2 16HIT
35 el f:v

BRoABil A o 2 v tc ABES B, BEE 25 PlasiET S N,
ZDHH M. avium H6Fl, M. intracellulare 7518
#l, MAC Eanrzbon56, MAC LSS LHITH -
72

EEEE B L A OHE T BBRIEMEMER, MxiEs &
OBEFRIR, 18R Enas o, BEICHBER &
HHRENZ VAR D o Nt

2) ERIRZHR

FERER OMEFMRTIE M. avium DR
6Bt 4 MDD 671 %THY, M. intracellulare D2
AL 17 REBIT 3 Bl 29 % & @O EEICH 5 T2, B
B2 oM T bEARDEERTH - 72,

FERTEIRNEE T M. avium JERGEFIAS 50 %
M. intracellulare 7517 % TH 0, HBAET23.3% DK
EETH - 1,

IS ERAE L IRAERSDR T, M. avium %350
%, M. intracellulare 7511 %, MAC 5 20 %E%hT
B0, BIKT 2.3 %DEHRIBE LN,

M. avium DIEFIHDI N T2 b I IR T & 12HIWT
TEIWE, in vitro DFERERITY M. avium DK
7 M. intracellulare = Lb~E OREMELMER]® ERAE
RS LT ORI S - 720

BIWER & LTI, ARANRD e 2 ik U e
DO1HEBRERE» SHEEOLDOTH D, EERkED
AWV 3H I ER I 2FISE L,

BIEH O FE 3 RIS TS 46 Bl 31D 6.5 %, [
MRIEFF I3 26H14.3%TH - 12,

IS EEDbEEHEHETIE, 24T28.6%,
MBBEHOS T 2L T %OHEFTEHE VS HEST



1994 #£11 A

XN,
3) WREHALEEOBES
7 CTHBRMAUERICE > TRETEINA 7,
BB DIER 2 % 1 ICERT %, Th o DEERFIE
M XHERE FoBENREEE2EE L, REDLEMD
SILETHWVERINEZ L, ABRLHEAAD I EBEIC
BOWTHREBOE W C DTS - 72,
BN RAERE A £ 2 10RT . HRMELE T,

BEDLEAS Y OIEV b0, BFHEHORV D% (R

B BT,
ZCTHEENED D O DIEEE L TEROEH LS,
TR AR % Bt LB & MR AR AR TR L T
Alo
MRTEAEMNT, HROE % b0 RERERT
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T4 REG] 1 B, FEE2EER RARZERET 16 TEFIth 13 AER
LHEEE b - THEFNHMROZ L WHICEREE T
LEEFIIEEFN TV,
JEEBIFREERR LRI o VT b TR LEE
LHEFIRI BALR TRENEN 1.9 A L 6T HH
THh, HEHEIERICEEH TS - 7

LhL, BEoRMELZD D RBEREROKERE L
FHBAL TR - 7o

B, BERIERSEES LTS hTw b T EAIEH
BOBLTHZENBZVDIER, <2054 FRIVEYE
Db OREEHLUA DR REE S EZ 5N 5 L BD
nir,

CAM % 5aiHEER & BRMR I > LW TR ZINA 72,
B LB HERE R AD I WA A A S N D 08, et

F1-a KERMHUES (AR

No. Age/Sex ‘Eﬁﬁvﬁf’ﬁﬁ éﬁ?ﬁ

B A&

DFHIZE X (ZEiRD

1 60/F 574 -

2 86/F 17H

M. intracellulare

SUEXILIRIE M. intracellulare INH+RFP+EB

INH+RFP

3 80/F 548 DifE%E M. intracellulare INH+RFP
4 51/F 14 H — M. avium INH+RFP+EB ﬁQ (=)
5 73/ F 100 H BB M. avium INH+RFP

F1-b HREHAGER (BE)

No. Age/Sex WEFMI Tae % BEAIE X$8 (D)
1 72/ F 9rH BRI M. avium INH+RFP+CS §§ (=
2 62/ F 104 A — M. avium INH+RFP+EB ﬁg (=)
B | P B %
3 71/ F 8478 FFLK Bt e MAC INH+RFP+EB
4 73/M  28E6H B BRIBMEMESER: M. intracellulare PZA+RFP U?} (=)
5 85/F 54 SUEXIERIE M. intracellulare RFP

o




730 s O OEeBE B1S

K2 MEFHIRALE O —E

No. Age/sex FERIHM Al B % iRaiE S X#pg (i)
1 72/M 54F — M. intracellulare RFP+OFLX+PZA gE (+)
2 67/F 3HE2HAH — M. intracellulare INH ﬁg (+)
3 64/M 54 YK M. intracellulare INH ﬁE (+
4 64/M 17A Kﬁl%&%ﬁ%ﬁ& MAC INH+RFP+EB EQ (+)
5 54/F 24100 H  BRIBHEM#E MAC INH+RFP+EB ﬁ% (+
6  65/F  3ME6WH KELIEIE MAC INH+RFP+EB ﬂ g )
7 47/M 15107 B BRIBMRES MAC INH+RFP+EB EZB (+)
8 67/M 194E TR & M. avium INH+OFLX gg (-
9 48/M 124 — M. intracellulare OFLX ﬁ% (+)
10 48/M 124F — M. intracellulare INH+OFLX ﬁg (=)
11 84/F 1% 2#H  BWHFER M. intracellulare INH é% (+)
12 65/M 1651 # H — M. intracellulare INH+CS ﬂ§ (+)
13 72/F 104E — M. intracellulare INH ﬁ§ (+)
14 67/F 47 R - M. avium OFLX g% (=)
15 63/M 6 4F BRIBMERGRSR. M. intracellulare INH EE (+)
16 47/M 54 — M. intracellulare RFP ﬁ§ (+)
17 79/M 6 4 BERIR M. intracellulare INH+RFP+EB ﬁ§
18 4/ F 1HE11A A K[EXIRIE M. intracellulare INH+RFP ﬁ% (+)
19 62/F 2963 H #ragsr—vyz  MAC LA D AM INH+RFP EZQ (+)
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I EZ A SN - 12,

X 6 i ERMLBE O PR R OB IEEZ R L1 &
LA EDERIN 3 A ALINICHERE SR L T D, &
E0bnTh 12 7 ATHEESE S,

REGl %2 2RT %o EFNIIEHRY CAM 400 mg 5 %5
L, Lot AEDREL 2SO OBEI RS ED SN
2&51h, CAM 2FiE5 L, BRORDRS SN
72123, CAM % & 512 800 mg i1ct#& L THEMHALT
X fER (£ 3). MMXREHETS CAMBERRTE
11 DRHEF DIEFE M L 7o

4) EERMIRET O L
BEERIIRE T O BMERT TS hic kS, HOR
HALIER < ke L E TOPRMSEPhTH D, SHE
THEMHEALABD IIER ZKZBR L, &5 CAM Off
BRI E BRI oEWIEE, EROKVWED, T
BbhbEENELDODEVWERbNS DRI ERARTH -
7o

4. ¥

£R
R

DI EDEERY), EEREIRE D oS IPIREREGYE & L
TORERHBEEICHT AH LV~ 051 FRIAE
YIETH 5 CAM QKRR G, TR, 5Nk
&, i Zee & OBBENZLDZ L WVIEFIcE L, &
Bic, TERRREFHBRELLTERET ST & THIEY
WIRRAHIE T X B LiEmE i,

731

- 10000 AR

F3
F2

g 41000
4
L1+ 100

10

(CFU) o B

4 6 12

mEE (H)
- 10000 BB
3
L2

|

+
B 1000
+

F1+ 100

(CFU) o B

10

RS (R

6 RREHELH PR R ORERIHER

HEEFEE ; RO, WK WHEE KW
K, REFHW, WERL ILAEE

x3 ER; 3B (M. intracellulare 4%
Sig 9 1192 45678 901LWL 254567810
2
AL I, R TOTX A% %
A (91.5/31)~[(RFP_450 x 1 1
5 %P kg /91)-[(FZAS00%3 ] [NH 400 %1 ]
[5W 500in] [KM750] [SM To0im 3/8] [_SM 750im 3/ |
EB 1000 X 1| TFLX]
39.0F
g 38.0F \\\\”//,///’”—\\/\\\//\K
AR 370 P 4
CO 360f ~ ~
oK & + - - + o+ * E £ -t
% 3 + + £ £+ * £ £ £ % +
BB & + - - +  x - - - + £ *
WBC 6200 3900 -12900 4800 5800 5700 7000 5700 4500 3900
CRP 13.18 4.43 11.81 11.3011.26 10.94 12.01 9.7312.45 6.60
waHxw I f2 AR MY Ay A% A%
pneumothrax
BoE R 100 100 6 005 150 900 7 401000 200 100 0 0
(cfw)

M. M. 73 y.0. & (M. intracellulare)



732

1)

2)

3)

X [

Berlin OGW, Young LS, Flord—Reising SA,
et al. : Comparative in vitro activity of the
new macrolide A-56268 against mycobac-
teria. Europ J Clin Microbiol. 1987 ; 6 : 486—
4817.

Naik S, Ruck R
several new macrolide antibiotics against
Mycobacterium Anti-
microbial Agents Chemother. 1989 ; 33 : 1614
—-1616.

Brown BA, Wallace Jr RJ, Onyi GO

Activities of clarithromycin against eight

In vitro activities of

avium  complex.

slowly growing species of nontuberculous
mycobacteria, determined by using a broth

microdilution MIC system. Antimicrobial

4)

5)

6)

oM OEEE BLLE

Agents Chemother. 1992 ; 36 : 1987—1990.

Dautzenberg B, Saint Marc T, Meyohas MC,
Clarithromycin and other anti-
the

disseminated Mycobacterium avium infec-

et al.

microbial agents in treatment of
tions in patients with acquired immunode-
ficiency syndrom. Arch Int Med. 1993 ; 153 ;
368—372.

Dautzenberg B, Truffot C, Legris S, et al. :
Activity of clarithromycin against Mycobac-
terium avium infections in patients with
acquired immunodeficiency syndrom. Am
Rev Resp Dis. 1991 ; 144 : 564—569.

Cash HA, Woods DE, McCullough B, et al. :
A rat model of chronic respiratory infection
with Pseudomonas aeruginosa. Am Rev

Resp Dis. 1979 ; 119 : 456—-459.



Kekkaku Vol. 69, No. 11 733

869 MR vy RYT A
. PUERERIAE IS 9 287 L Wik TR

5. SETEERREICN 4 5 SM I ARETE
IR i

ABARKEHR 1AM
2 FRKE6FEIASH

EVALUATION OF AEROSOL THERAPY OF STREPTOMYCIN
FOR TRACHEOBRONCHIAL TUBERCULOSIS

Toru RIKIMARU *
(Received 5 September/1994)

The clinical features of tracheobronchial tuberculosis are distinct from those of
pulmonary tuberculosis in some aspects. Streptomycin (SM) is claimed by some investi-
gators that it has a tendency to promote the development of bronchial stenosis.

The purpose of the present investigation is to point out that aersol therapy of SM is
useful for patients with tracheobronchial tuberculosis. Prior to clinical application of the
inhalation therapy, we comfirmed that the therapy was not harmful. Serum concentration
of SM, when inhaled, was measured in 9 volunteers. Before and after administration of SM
aerosol, spirograms were examined in 4 volunteers, and no special abnormality was
recognized. It seemed that serum concentration of SM after the administration was too low
to evoke adverse reactions (less than 3.0 7). In 6 patients, blood gases were measured, and
no obvious change was observed.

In 41 patients with bronchial tuberculosis, bronchofiberscopic examinations were
perfomed twice or more. We observed the ulcerous lesions of bronchial tuberculosis at
various stages of healing, and could classify the ulcerous lesions into the following three
stages. Active Stage : stage A ; ulcer formation without regenerating epithelium, Healing
Stage : stage H ; ulcer formation with regenerating epithelium, Scarring Stage : stage S ;
and no ulcer formation. Only the lesions of stage A were observed before treatment. In
many patients during the first and second month of treatment, the lesions were at stage A
or H. It was found that healing of the lesions of tracheobronchial tuberculosis progressed
through the stages A, H, and S, in this order.

We conclude that at least 3 months were generally required for the healing of
tracheobronchial tuberculosis with ulcerous lesion. However, it seems that the period of
time needed for healing of ulcerous lesions is apparently shorter in patients who are treated
by aerosol therapy with SM.

% From the First Department of Internal Medicine, Kurume University School of Medicine, 67

Asahi—machi, Kurume 830 Japan.
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B K BEOE FL1E

F—U—X: [E « [EHEGIE, AR, 2 b
| = G2

FCoIc

SUE SHERGIE R IFEAGIE D & OREFIC N, By ns
A TIRERZ PR S KR, MR XERAT RICZ L WER b2
, IEXRPKEXMBRBELBBINE &L HDH
CIHWERTHBY, BRICLVEEPTE T OWES
KL, BEMERLLES ZDRBIED», B
BEOHRIENHIBE NI, B 3ZARILE »0E & 15
LG LH B, 1, RPLT oAV UBRET DR
EEPET2LE0ER G, TOMHAELEE > T
WIS, FRBEFHICR 7T o4 FAEHHTNELED,
bELZDERND D, RiToRMLES 5,

POE o

WRAD 62 4ELIRE, RBKAHE | AR cRER L 2758
MESE SCHEAZIED 50 B ARG U 7oo SEISAER 1S 43. 9 1%
T, 52361, ik 27 Bl &Rt ic B WIS S -
foo LIRTICHA S R EMOBEOH 2 8BE% 116, %
e RIERED & BEH & 11 HliR% 72 (Tablel), FiFid
AR bE < 36Fic, Kx 2 pl, REE 114, 25
BREE 6 FliciBD 1z, —TF, SHEROER b 4 HIE8Y
7z (Table2), MIMXMEE T, EREZMHES DI
DS, FAFMAEOMBIAS 0 EIZEAEE LD
3—7, ERRS 2H), FMKkosOMERS 2 FIZED
Foo WHEDID D TR 2THMN 1T, HT3 56 &4

Table 1 Patients Characteristics

N=50
Age mean 49.9
range (17-83)
Sex Male 23
Female 27
Past history The (+) 11
Thbe (-) 37
unknown 2
Family The (+) 11
The (-) 31
unknown 8
Smoking Con. 7
Ex. 3
Non. 38
unknown 2

T, MEPRZICZ LWER b EESKRELBbh
oo WRMIBGRDHH3 23 B, FEMIDHH 14 F, FHIH
9B & RDHMICE W EAEIC S - 72 (Table 3),

BRIV =7V F (INH), VY77 vEv > (RFP)
BLUERlickD R LT =4y (SM) x4 v
Th=n (EB) 20 L3FF I 4EZEE2HVTIT
W, SERE 2 FERIRR IR EAR I INH, RFP, EB 00O
BLUSMEXFuA FOWAZGHL I, BAREL
OHRERBIUHRSHEE, 14 20, Xt <4100
mg, TEHAY VY 05mg, F77V Y 0. 1mg%
HERKTHRINL, 15503 TRAL 720

HERET I SMIBRABEZITHRNIC, ¥ vF 4TI
BOLTEYEESL & OIFFRERERE £1T - 720 JET &

Table 2 Symptoms

Cough 36 (72)
Sputum 21 (42)
Fever 11 (22)
General fatigue 6 (12)
Stridor 3(6)
Chest pain 3(6)
Hoarseness 3(6)
Bloody sputum QY]
Weight loss 2(4)
Night sweat 1(2)
No symptom 4(8)

(%)

Table 3 Characteristics of Chest Roentgenogram

distribution localization
Classification
1 2 3 r 1 b
1
I 2 1 1
il 21 14 57 19 12 9*
v 2 1 1
A% 2 2
0
Pl only 2

* : Include one case with pleural effusion
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Table 4
SM Concentrations in Serum after Aerosols Inhalation
with Jet Nebulizer
Case before Oh * 1h 2h 4h 6h
1 0 U.D. 0.89 U.D. U.D. U.D.
2 0 0.69 U.D. U.D. U.D. 0.43
3 0 U.D. 1.57 2.80 1.00 U.D.
4 0 0.72 1.24 0.64 0.77 0.72
5 0 U.D. U.D. 0. 36 0.12 U.D.
U.D. : Under the detectable level [ug/ml]
* Immediately after the end of inhalation
SM Concentrations in Serum after Aerosols Inhalation
with Ultrasonic Nebulizer
Case before Oh* 1h 2h 4h 6h
1 0 U.D. 0.08 U.D. U.D. 0.34
2 0 U.D. U.D. U.D. 0.22 0.05
3 0 U.D. U.D. U.D. U.D. U.D.
4 0 U.D. U.D. 0. 88 U.D. 0.48
5 0 0.28 U.D. 0.80 1.23 1.17
6 0 U.D. U.D. U.D. U.D. U.D.
U.D. : Under the detectable level [ug/ml]
* Immediately after the end of inhalation
P02 P,
T CO:
% %VC % FEV109% (Torr) *—e mean( orr) 2._. mean
+—e mean +—e mean 504
0’__’____.0 1101
1104 1008 o—— 1004 CL\‘-\\*>_______° c*__""‘c“‘-~..o
I — U Y]
100¢ 80t 801 . .
o o1 ;ﬁégEﬁﬁ 301
0T o— 601 601
bef'ore af‘ter be%ore af‘ter before 15 120 before 15 120
Fig. 1 Effect of SM Nebulization on Respira- Fig. 2 Effect of SM Nebulization on Blood

tory Functions

X754 F—FZHOTRAZTY, KR SM Ol
S 2 RE Lo Bl 2.80 ug/ml Z/R LTchS, %
DIFEAEBNERELUTTH > 70 Fhe, HEFHEAT
FA4F -2 L 2 OMmIPEE S BNCKRE L 72,
JETR % 754 4 —[HiHK & B LREEEELRDS
» -1z (Tabled)o 4HIOES v F 4 TIKBOTHRA
Hite TR EERE 21T - 7o THER, —PEROZLE

BETLTABE, SMRARERITS CEICX 38R

Gases

MiznweEEz ohtke (Fig. 1)

P& 0 EERIGHIC B W TR Z SR I &I L
BEORAELEBLE, OREEERICRS I, BRE
F24#] 0 6 Bilic 3\ TRARIE TEIIRILA 2 5347 21T -
kopH@P“hB;UP%t€WAW,WAE&H&
IR A 2 BRITHEERLE(LERD S (Fig.2), H
BB L BRI & REREI 2 - T,

SM Tk Ak D EERIGH I B W TR S BEIER &80
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Cc D

Fig. 3 Endobronchial Stage of Tracheobronchial Tuberculosis during Healing
A. Active stage ; ulcer formation without regenerating epithelium. 5 days before treatment.
B. Healing stage ; ulcer formation with regenerating epithelium. 49 days after treatment.
C. Scaring stage with polyp. 77 days after treatment.
D. Scaring stage without polyp. 105 days after treatment.

Table 5 Relationship between stage and bacteriological results in sputum

St Smear Culture
age positive negative positive negative
A 27 5 - = 27 — 5
(84.4) (15.6) (84.4) (15.6) —!
H 4 27 * 6 24 *
(12.9 (87 1) (20. 0 (80. 0
s | 12 0 13
! (1.7 (92.3) J € 0.0) (100. 0)
s 1 26 0 27 =
2 (3D (96.3) (0.0 (100. 0)
(%) * P<C0.01
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Duration of therapy
(months)

Before

6 or more S2 n=9

Fig. 4 Relationship between Endobronchial

Stage and Duration of Therapy

RWEEBZ SN, ZOIRERE N TOREE
LB T AMEND B EEZZL LN, TITEEX
FE% DIRHLERE 2 NS I ABIL, REIFNCEER
ZHET 5 L IS oo KB SRERKIE 1 BRIT I T8
MRS L OEBE L D A ERICEbN LSS
HEL, T L THRERICBRIEMZEILD S L15- TIEET 5
EEZ D, THBHTRIEMAR Y — 720 30, HEH
FHCHALTLEIALDAEL L TLAEALZ VL
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ZA b, PIEo¥liky, FAERERDTOEET
B (A, BALESHEL CE B AR
(HED, BEMREHEA L 2R (S 1«
AL, SSICHEEEE R Y — &3 B0 (S1 )
L, R = FHEKL B (S22 &y Likst
L7 (Fig.3)o
BNRERIAI B 1 2 R OHEEIRI 2 G L T A
&, A SHEPSH LB 2 Ic >N TEREEN
KRB L UHEBERE SET L, PEEOIRRE S NESHY
SYRRM—E L7 (Tableb ), 7AME#REME & NESIHT RO
HBERLTH B L, BENMTRINTOERNTAR
Tdh -tk IRERBEESICHARTSEITEITL
tzo LD L, TRIEBHIER 5 5 5 6 7 H AL T bl
ZORAHIPICHEE 2ER A Sk (Fig. 4)o
bk b, PR RAEL I AR SHE® S 1
KT BIREED, SEORELZEDE B iEEE
Z o, 22T, 5% TO—RINISIEIEEZ T 1 IER]
O NBREFF RO E, SM IRAFEEZEZ T FIER O %
N & & L~KE L7z, Table 6 DZEMIIF SM I ARE%E
1o BEORMIISNESINETH 5, $o—KH, A
i3 2 MPIRNCIT » TO R OIREE 2 Z T L BED
RIS NIEEENTHTH 5o SM IRARGE AT - 1o B
DONBGEA TR DIRHIE L LN, AEBEEL ST
B A HE® SHIC#IT L, DlEXb SM K
AR A SBREEEZ St 1, HEIFNR
AT > TV VA, BREOHRE & WE £ TORERE
HANBMIEHREZZ T 1,

Table 6 Relationship between Duration of Therapy and Endo-

bronchial Stage in Patients Treated with Aerosolized

SM and in Those with Conventional Therapy

Duration Aerosol Conventional

(months) A H S1 8S2 A H S1 S2

Before 8 10 n =18
0-1 1 2 10 3 n=18
1-2 2 3 1 1 6 2 n=15
2-3 4 2 1 8 3 4 n =22
3-4 3 1 5 1 7 n =17
4-5 5 3 8 n =16
5-6 3 2 6 n=11
6 or more 2 1 6 n= 9

* P<(. 01

A : Active Stage. H : Healing Stage.

S1 : Scarring Stage with Polyp.
S2 : Scarring Stage without Polyp.
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% -3

SUESHEAIE 137AFR L T RE AR &E O RiBIEE
BL, ARWIEEBRELTBEABEL, LDLHE
BREENSBN TV S D, EERITORMME > TWEE
BEEZ B, SM BHEFHICEANKE, [EICHIT
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