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X—7 =X PUEGE, BHA) =7, EHEN, W, Mycobacterium avium complex

3 U &I

RO FFRFEIC BT, SHITHEIC L 5 8
PERFERE DGR AL FRE D 5 WIZE NI ) BR
OBl %% 2 5 ET, F7/2AIDS % & TOEERERENE
TISER T A% Mycobacterium avium complex (MAC)
JRAYE OB EIGILITTRT 5720128, BEFEOL D
L0 BRI POREMED % VT LWHEE ORI R
BThb, AMNL, FITHEKITT 2{LFFERFAED
BREZOREICOWTHHT 5, £F, fi~v A ans
FUTHHEELLTOYV 774y, F/0r, %7
0 J A FIZBE L 721999 4 LAREDH 41 B % Holh 2k~
B, FNLFIOHMRICOVTIIEZOMNOBH V%
BRENTV, KT, EICFOMOFHRIERED
FZOBIRICOWTHL {filth, 561229 LFHEH
FEE O ICEE L TOREDOT Y M A DO —i %
L72vy,

1. V777422, /00840
Y7074 FICBEBEL X BFHR

(1) V774>

)7 r<AT & LTIE, rifabutin (RBT), rifapen-
tine (RPT), rifalazil (RLZ: |H%& KRM-1648), 7% 5 Ui
FCE22250 7z £ D& 4 DEFKI VR S N 5V IdZ D&
LizH b, BIERBT IZDWTI, AIDS 7 A )V A IZxt
35 HAART #E L O L U X V)% AIDS BE TOME
¥R MACEICERITH B Z 0, $/ZRLZIZDOWT
X, x7u 77— M¢) WRTERE I L TERLRK
BhELTBY, BEEIFL IS or i,
MAC (Z&} L T clarithromycin (CAM) & @ B IZBE %D

ROPBOOND Z LW REINTWD, RLZIZDWT
1%, BRAEKET ActivBiotics #H12 & 1) 55 I M EE PR SR ER AT
EOLNLH)ELTWE, 2B, BZEICKT S RLZ
DEREEHNE IOV TOREDHETIE, RLZ DH 1
E#5+INH O 1 H 1 \#5:- 1 9 % »i, RFP, INH &
1H1E#S- LY 2 VIR T, OWEZEB~OBERHIH]
BRIV L TR BE T L, QREFHRIIFA LV TH S
2k, 51, QRMEAIIBRETH LI L EXFHL 2
CENTWBEYT,

(2)F /v

AR, ZL D7 NVAuF a0 rPEEENRTETVS
A, BICHBEBREE~NOBEHE L WIBEEA»S I,
levofloxacin (LVFX), ciprofloxacin (CPEX), sparfloxacin
(SPEX) % EDBIFo b, ThoF/uvix, KE?%
USRI AR 2 & OERMEREZ (O 2 bR
ICEH SN TW5S, ®&IFETIX, moxifloxacin (MXFX),
gatifloxacin (GFLX), sitafloxacin (STFX), DQ-113, &
512 MXFX & A&k 8 L1 methoxy 2% & A L gyrase
AZBRIZEDZF /70 THEFICHT2HENEEHD -
PD161148 %2 EDRFEIED LN TV D, LT 525, O
77 LRSS A HE I ICEN S WQ-3034 %° HSR-
903 DPLFEH 3T APHE L LVEX L D %o THY,
7 AR IS PR & BRI T AR
HICEBTLLEVIRTIE AN EY?, OFRL* /0
YHITIREMMEDSD ), ERMHEROLHASETDH
% Z &'9, (Dpost antibiotic effect I&, RFP ® 1/10LLFT
HHIED, OMONBERBBEICH LTI, V77~
4 R INH L OBICHRABMESROOLND DD,
MACIZX$5F /0 yOfBEHIE, V77342 0R
CAM L OFEHTRIGT B EM D 5 Z &V7% ESHiE
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EAESE : BRGEH, BRERREMEY - REFHE, T693-
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ENTETEY, 29 LPEEE - FIMACE L LT
DF 0y OBBEEAFRLRPRICEHPLEZATH b,

e BEBRW~ Y AEEAEICH LTI, INH+RPT 12
MXFX 21z 7V Y X X, INH+RPT+SM O L ¥ X
VEDENEEREAELTBY, WERTHROBEREERD
& ¢, MXFX X SM Db ) O first line drug I27% 1 15
LUTREMEDSH B Z &P, F 72|\, SPFX+KM+TH D
LY A VD, MEELERROREICER L 72 MDR-TB
WKETHD I EIPHREIN TS, )5, MDR-
TB & L ) OS5 EERED 51 %1d CPFX % OFLX IZi 4T
HY, INHDOF )0 FHIFRHEELD 2nd line drug
LLTCHEATRZVOTRRZVWRLEZ LML DV
29, WFHIZL TS, bPEZEFOTF ) 1 O
BE~OLAMER, MEEEL LTOREDIRE,
BHOES, X510, —RICEHERIBETHL LIEE
3H00, EfEES I TRET AHROHBELE
MR COMBEb KA, HETFELV ZRRCHL
EHBEOL,

(3) ~7uas4F

CAM %X UsH & LT, azithromycin (AZM), roxithro-
mycin (RXM) 7 £75, MAC 23T 2 HLENGEHEICENR T
B, AIDS BF TORIMIE % ¥ & H BN MAC FED
B - FRICED TH Do T2 T4 L <, telithro-
mycin % ABT-773 7 £ ® new ketolide (2%, <7 A MAC
BYHE 1T LT CAM & %D 2\ i Z Bl EDBHER)
BHREHEIN TV S,

12, CAM 122w Tid, QINH+RFP+EB O AE
b2 CAM & 14-hydroxy CAM & 2 fEH 35 Z &I &
D, SRR I L COPURE I AR 12158 S
n5Z Lo @MeHRBFE MACIZx L Tid, CAM &
)7 7<A4 Y Y (RFP, RLZ) L DHAEHLETOEN
R ERED HNE 2 LY, QAIDS BEND CAM
F 7713 AZM B, H B WL AIDS 7 A NV AT B
HAART i & AZM & OB 513, #EME MAC fE
DRIEFHICENTH LI PR EPHRESN TV,

2. ZOMOFRARELEORFEIRR

(1) KRETOPHREAZEE screening project

K [E ® Tuberculosis Drug Screening Program 7" )V — 7
HER L TV D KA B2 FBPURIEE screening project
MEHICET Y, co7uY s FTIE, ZOH1E
BeC in vitro RTDAZ ) — =V 7% 4To T 57D, it
46,633 DALEW X Y T L, BEHH T O OBMEEET
1 (PI{H : % inhibition), R\ CTMICE, & 512 selectivity
index (ICso/MIC: ICst& Vero Mg 120§ A Ml #ED /¥
FA—F =) ZIEL LT, BEEIOST AHREDICHE
n, oMK EEOD v 453 B OERNITHY Ak,

WM BT 5585 200248 H

ROAT v TIZHEA TS, FE2EMETIX, M¢ infection
assay RCDAZ ) —= V7T, WEHEGE M = R
#H 2t T AR EL, MoANARKRRE O CFU
Z2A—F—RASEL L) RERBREZNEL, KD
ATy TNEOCEHNEZYAATVS, SHITHE 3 R
Tlt, HEHZBRERES T AZHANTD in
vivo A7) — = v 7T, B3R L) ER RS L,
10387 T O CFU O H, 0.74 — ¥ =L EOgaE
% “active” LHIELTW5D, 29 LIHETHRMEBIC
PREEEE L CRE R S3BEOEREA ) —=v T
SNTETND,

COEIBRAWBEAZ ) —= TN, ThE
TEHL ODFEEIC L Y A OFHRIFFEEEDORA Y ) —=
v - BRSED SN TETEY, Medline TR
X)Th, ¥EL MAC ICHEN2A T 530 HHL E
DALEMDHRE SN TV 5,

(2) BIZTOFRIEZEDS X UH MAC %

Table 1~3 (213, FRIERZEH OFH| O h THHEKED
BVIIHIMACHE L LTHEZ) 2 bDE VA NT v 7L
77 Table 1 I2Z81F 72 DO HITIE, oxazolidinone, nitro-
imidazole, PZA Z5E 4k (4|2 pyrazinoic acid ester) 7% £%°
WL LRERTH D, WINDREEKEICAER (MIC=
0.08~1 p#g/ml) TdH 575, T oxazolidinone (22T,
Q#EHEH <3t 5 MIC fE T3 eperezolid ? 0.25 pg/ml
7 5 PNU-100480 (Fig. A) @ 1 ug/ml & IERHLE I
BN ZL, OKMEBRE~ Y A LEHEE,
PNU-100480 (100 mg/kg) ¥ b BNIGEMEZRL,
ZMUZ INH (25 mgkg) ICIEES 5 2 &, & 512, GPNU-
100480 & INH, RFP & DRIZIIBEARIRAFRO 15
TETHEINTWABEY, B, nitroimidazole (CGI
17341) (Fig. B) EZHIMHERAEZH IS AN TH Y iEH
BT %,

K12, Table2 IZZIF 72 b @ @ A T i amoxicillin
(AMPC) % ceftriaxone 72 £ -7 7 ¥ LAH| & clavulanic
acid (CVA) * sulbactam 7% & @ @ -lactamase BHEH] & D
FRHLY A VPLAMEREECENTD 5
(AMPC++EB [sub MIC] +CVA $tF 'T®D AMPC @ MICy,
12 <05 #g/ml)*®, S 512, 2-pyridone, pyrrole &4
(BM212) ®° B 7 % B o |2 A %) 7 miconazole, niclo-
samide 7%, WEEEHICH L THBRVWIRENZALTHEY
H¥ETHDH (MIC=0.016~6.2 rg/ml) ., F#!Z 2-pyridone
(ABT-255) (Fig. C) I22\WTid, RFP fif PR HE 13T
LT % MIC 750.016~0.032 pg/ml & %72 V) HUl JI H¥58
¢, F7- RFP WHEEZEIC X 2~ ABIEICH LT
SENEEDRLRLTBY, 5%OFMINER S
N5o

Table 3 (21572 b DD T3, #T riminophenazine 7%,
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Table 1 Promising new antimicrobial agents with activity against M. fuberculosis (MTB) and MAC (1)
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Agents

Remarks

References

Oxazolidinone analogues

DuP-105, DuP-721
U-101603

PNU-100480, linesolid
(oral oxazolidinone)

Phenothiazines
(chlorpromazine, thiozidazine)

2-Pyridinecarboxamidrazone
derivatives

5-Nitroimidazole (CGI 17341)

Metronidazole

Poloxamer (CRL8131)

Pyrazinamide analogues

Active against MTB

Active against MTB
MIC=0.5-1 pg/ml)

Active against MTB infection in mice
(therapeutic efficacy: PNU-100480>linesolid)

Active against M. fortuitum and M. chelonae (linesolid)
(MIC50:4_8 #g/ml)

Combined effects with antituberculous drugs

Active against MTB
MICyy=32 pg/ml)

Active against MDR-MTB*
(MIC=0.08-0.3 pg/ml)

Ineffective against MAC

Active against dormant MTB
(combined effects with RFP)

Active against MTB

Synergistic effects with INH, RFP,
SM, PZA, TH, CS and AMK

Stronger anti-MTB activity than PZA

Ashtekar, 1991
Barbachyn, 1996

Cynamon, 1999

Wallace, 2001
Crowle, 1992

Amaral, 1996

Mamolo, 1992
Banfi, 2001

Ashtekar, 1993

Wayne, 1994

Jagannath, 1995

Yamamoto, 1995

Pyrazinoic acid esters
Pyrazine thiocarboxamide

Resorcinomycin A

Active against MAC (MIC=6 #g/m/)

Bergmann, 1996

Gomez-Flores, 1996

* MDR-MTB : multidrug-resistant MTB

MICg7%0.12~0.25 pg/ml & FERZH X 2 PH 1218
N, ¥ 72 clofazimine (CFZ) \ZA b5 EE~NDOBEDL
BHEWVWIRMEH OB I N T 522, $72, nitroimida-
zopyran (PA-824) (Fig. D) WA ZEHEINTWn5E, ZDHk
%1%, A U nitroimidazole 5 #| T & 5 metronidazole
(Table 1) & [AARIC, BERMESMGT CHE/EH %5
DYEND B 720, KRIRROEEE A L CRVETREE
AxzRTEE92?, 29 LoWE 1k, INH %[ U nitroi-
midazole RHEHITH 5 CGI 17341 IZIFFED LNV, F
7o PA-8241%, ENEY MR T ADRBEIIH LT
INH & I IZRBEDCHEMREZRL, SHMMEHEEE
IZx L TH, MICHEAT0.03~0.25 pg/ml & EN7-HLHE T
2HLTWEY, BIE, & OEH|IZOWTld, The Global
Alliance for TB Drug Development %3744 L % L C D%
PHEDHLNDOOH ) S HOBMINEE SN b,

RICEB EN B DIE, EB FHERD new ketolide TH
% 25 (Table3), 7% % C b ABT-773 (Fig. E) & telithro-
mycin (Fig. F) BE% Td» 5, ABT-773 1%, JLWHiE A

RZMILERAL, v 7UIA FIHEREICENTH 5,
% 72 telithromycin (ZZHITH % (FFIC~ 27 05 4 Fiit)
Wi ERE % &t 77 LBE1EW, Legionella, Toxoplasma 7
EIRIZEMTH ), AEMBANOBITHICERLTY
%o M5 D new ketolide D in vitro L MAC FLEITH I,
ABT-773 Tl& MIC5,=8 tg/ml & CAM (MIC 5, =2 2g/ml)
£ HRREF?, telithromycin Tl X 5 |2 MICs5, =128
pgmleé %> T35, LrLaAS, <7 X MAC &
FRE ISR LTl ) B2 1G58 2 /R L, high dose
TREFEEAZDONED, 128 0EMICK
SHEMFEG BT, MHEEOBFEE K, &
DETRMBO~Y 78T 4 FREFCHSTERL TS &
) THb, i}, ABT-773 b <7 A MAC FESE KT L
T, CAM L ) bR BENRBENEZRLTVEY,
Z N5 D new ketolide IZDWTIE, 4D X 0 FEM7%3E
B L R AP LZENL L2 HTH S,

3. #T L\ strategy TOHBEZZDOBIFIRRT
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Fig. Chemical structures of promising new antituberculous and anti-MAC drugs

Table 2 Promising new antimicrobial agents with activity against MTB and MAC (2)

Agents

Remarks

References

Cyclic depsipeptides
(Massetolides A~H)

Polyynes
Germacranolides

Amoxicillin+EB+
clavulanic acid

Ceftriaxone +
clavulanic acid

2-Pyridone (ABT-255)

Pyrrole derivative (BM212)

Pyrimidine derivatives
(SoRI 8890)

Deazapteridines

Melatonin

Miconazole
Clotrimazole
Niclosamide

Mefloquine

Active against MTB and MAC

Active against MTB and MAC
Active against MTB and MAC

Active against MDR-MTB

Active against MDR-MTB
(MIC=2-16 ug/ml)

Active against MTB
(MIC=0.016-0.032 ¢g/ml)

Active against MTB infection in mice

Active against MTB and MAC
(MIC [MTB]=0.7-6.2 #g/ml)
(MIC [MAC]=0.4-3.1 #g/ml)

Active against MAC
(MIC=0.125-2 p#g/ml)

Active against MTB and MAC
(MIC=1.28-12.8 #g/ml)

Combined effects with INH

MIC (MTB)=2 pg/m/
MIC (MTB)=2-5 g/ml
MIC (MTB)=0.5-1 zg/m/

MIC (MAC)=16 zg/ml

Gerard, 1997

Kobaisy, 1997
Fischer, 1998
Abate, 1998

Segura, 1998

Oleksijew, 1998

Deidda, 1998

Shoen, 1998

Suling, 1998
Suling, 2001

Wiid, 1999
Sun, 1999

Bermudez, 1999
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Table 3 Promising new antimicrobial agents with activity against MTB and MAC (3)

Agénts

Remarks

References

Cerulenin

New riminophenazines
(B746, B4157)

Nitrofuran derivatives
(nitrofurantoin, nitrofurazone)

Nitroimidazopyran (PA—824)

EM-derived new ketolide
ABT-773

Active aginst MDR-MTB and MAC

(MIC=1.5-12.5 pg/ml)

Active against MTB
(MIC5p=0.12-0.25 pg/ml)

Stronger anti-MTB activity and less skin pigmentation than CFZ

Active against dormant BCG

Active against MDR-MTB
(MIC=0.03-0.25 #2g/ml)

Active against dormant MTB

Active against MAC
(MICso=8 pg/ml)

Parrish, 1999

Reddy, 1999

Murugasu-Oei, 2000

Stover, 2000

Cynamon, 2000

Active against MAC infection in mice

(ABT-773%=CAM)

Telithromycin Active against MAC infection in mice

Bermudez, 2001

(HMR3647) Low frequency of emergence of resistance

Weak in vitro activity against MAC

Parrish, 2001

N-octanesulfonylacetamide

Pro-Arg-rich peptide (PR-39)

Tetramethylpiperidyl-phenazine
(B4128)

New isonicotinoylhydrazones

Active against MDR-MTB
(MIC=6.25-25 #g/ml)

Active against MDR-MTB
Active against MTB and MAC

Active against MTB

Linde, 2001
Matlola, 2001

de Logu, 2002

Synergistic effects with EB, RFP and PAS

B OEY ) AOPE Lk, Tabled, 5I1TRT &
) T3 L\ strategy COPUAEIZIE ORI BEA I
NDo2dH%,

(1) BEHEATFF

BEMWNRTF FOPFLHEEINT WS, HFIC defensin
(HNP-1) %, #&BHE I LT MIC fEAS2.5 pg/ml & 2
B OIEICEN, T ARRIEIC D ERTH B L E
SNTBYPEHICMET %,

(2) FLwg A TOREREALIME < FEHF

BEEOLEY ) MEROEFIH LT, #EEOMOH
LW A FOREMICEH L COFPREBERTE Z &
D& ETHRAIERHIET 50

#—\Z, dTDP-rhamnose &% % target 12 L CDOYiiE
BIEEDAZ ) == FHfibTHEY, FLweikAsL L
CTEfi T & %, dTDP-rhamnose & #& %% W @ arabino-
galactan DEBE LIRS TH 5755, ZDDDDOEHIC
72754 % a -D-glucose-1-phosphate thymidylyltransferase X°
dTDP-glucose dehydratase % & D 4 D O B (RmlA~
RmID) %I 2 HUfiE I RLZICHAE STV R

Vo iilt, 8000HDILEWNOAL ) —=r TS
72 dTDP-rhamnose & B P16 P % 7R 3 3 H O #EAZ A 12
XY BPEN R EEIRE SN TV B2, {LEW
No. 53727 MIC fE T 16 pg/ml & & 5 BEOHHE I %R~
LTwa®, RERTIRERTIEDZDY, 2O strat-
egy TOAZ Y —= U 7ICX Y, RWIIEIPZVEE
HHREEESREEINS Z IS,

# |2, antisense oligo DNA (antisense DNA) D7 H
HELTH 5, Harth 5 O TIX, HEEEOD gluta-
mine synthetase # 2L LT, ZO&EHE I — N 55#
{ZFIZHE$ 5 antisense DNA % FEEEH (/B S & 7256,
FEFIG T & AR ISV R SO BB L LNV ORRES R
HENTWE, ZEELH D, Mo DU T 5 BRFIK
FUBREA D = A LDEDOWDTAy — T IZEE L% HE
BRI EEND oxyR BIZT L ahpC BETFIIHT 5
antisense DNA T MAC B # L4 25 Z LI2L > T, M¢
DHRELT =7 ¥ —D 1 DTH 5 H,0,-halogenation sys-
tem DFREERH AT 2 EDOBZMEDH 5V ITHEET S
DTEZVHLEER, HTORHZT-o T2, M
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Table 4 Screening for antituberculous drugs by new strategy (1)

Agents Remarks References
1. Bactericidal peptides
1) Defensin (HNP-1) Active against MTB Sharma, 2000
(chemically synthesized) (MIC=2.5 pg/ml) Sharma, 2001

Active against MTB infection in mice

2) Dermaseptin S4
(chemically synthesized)

Active against S. aureus
E. coli and P. aeruginosa 2002

Navon-Venezia,

(MICso=1-4 pg/ml)

Active against P. aeruginosa infection in mice
Antimycobacterial activity?

3) Human B defensin-2 mRNA
(transfection to M¢)

2. Screening for drugs acting against new targets
1) Inhibitors for dTDP rhamnose
synthesis (inhibition of cell wall
structure formation)

2) Antisense oligo DNA
(target: glutamine synthetase)

3) Promising targets in the future studies

(1) icl gene
(isocitrate lyase)

(2) pcad gene
(methyl transferase)

(3) mmaA4 gene
(SAM-dependent
methyl transferase)

(4) MmpL family proteins

Potentiation of M¢ anti-MTB activity

Active against MTB

Active against MTB

Screening for glyoxylate shunt inhibitors

Screening for inhibitors of micolic acid synthesis

Screening for inhibitors of oxygenated mycolic
acid synthesis

Screening for PDIM* transport inhibitors

Kisich, 2001

Ma, 2001

Harth, 2000

McKinney, 2000

Glickman, 2000

Dubnau, 2000

Cox, 1999

* PDIM : phthiocerol dimycocerosate

L72& 9 REEEIIEON TR REERET—7%),
EEHEOLORE LAY, #ZE L MAC B % antisense
DNA CTHRLEE L 736, BB FTa— FENbEH
BORBFIHIE T2 L AVIIELTESS, 0w
F ROV S HOBRHERNRIEON TV RWE S T
bh, ZOFRKE LTI, HEER MAC H OBRAE 2l
JldBE 2% antisense DNA 123530 7 — & LT\ 721
REMEDSE 2 5D, Harth 5212 X Ui, EB < poly-
myxin B {2 & A LE CHIfZEE % “softening” EHBH I &
%>, antisense DNA % amikacin moiety |C conjugate & &
5 Z &I2X o T, antisense DNA ODWHAENNOBITHE %
BOL) L TERAIYERI L ho/c )T ETH
50T, OFEEZHABL T DLENHS ), FAEHK
Z T, antisense DNA OB RN ANOE# % T 720
|2, antisense DNA |2 RFP % RLZ % £ lipophilic 7 $i
FEHEHE % conjugate & & C transporter & L CTOff) & %40
b b HER, BEE 77— YV %FH L T antisense
DNA # %)= X C HANICHD A D L vo 72k
EERETHRTH 55, WARND up-take O[] RE A

T&MNIL, antisense DNA 3PUEBIE L LT D HFE
BOTEZWPEEZ LN,

BEUT, ABAEE R target & LTI, HEED glyoxy-
late shunt, I I — VERG R, & 5 \»Id phthiocerol
dimycocerosate @ transport 72 EIZH Y, HOMP T
O persistency R KRB R COWBEEL ERT 5 icl,
pcad, mmad4 EEF° mmpL 7 7 I ) —EH % L%
Fon", B, —BE IS 2 Bk SE o B 5T
ek, r/LBHRED LIV AT A v - Ty T
YT 4 ¥ 7R antisense RNA, $ 5\ IZDNA 7 L A
EHWTOEXNEMEFHOER, 77—V T4 ATVLA
B X BHEMEMEEDRE &\ o 728 LI 2 BRE
LTRIMICED N TS, 4%, PEZEORZE
2ed 29 L7z strategy D FICHED N TWL 2 LTk
A2b0LBbhb,

(3) Drug delivery % &% % 3H|

KIZHE 7 strategy & LT, Table 5 \Z/RT & 9 % drug
delivery # H 0 2 AN OHEVH B, D 121, KM
HOMMLEEFE B D 72 % O shuttle vector & L T mycobactin
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Table 5 Screening for antituberculous drugs by new strategy (2)

Agents

Remarks

References

3. Attempt for effective sustained and targeted drug delivery

1) Utilization of siderophore
(mycobactin, ferricrocin, etc.)

2) Microsphere technology
poly (DL-lactide-co-glycolide)

3) Drug delivery using aerosolized agents
(tobramycin, cytokines)

4. Immune response modifier

Shuttle vectors for potential drug delivery to Mgs

Potential drug delivery to M¢s
(RFP-encapsulated microsphere)

Sustained release of drugs in sites of infection
(visceral organs)

Active against MTB infection in mice
(RFP, INH-encapsulated microsphere)

Effective delivery of drugs with less toxicity

(potentiation of host immunity against mycobacteria)

1) GM-CSF
IL-2

2) ATP and its analogues

Active against disseminated MAC infection
Potentiation of M@ antimicrobial activity

Adjuvant therapy of tuberculosis in combination
with anti-MTB multidrug regimens

Potentiation of M@ activity against mycobacteria
via P2X; or P2Y receptors

Schumann, 2001

Barrow, 1998

Dutt, 2001

Quenelle, 2001

Condos, 1997
Schraufnagel, 1999

Appelberg, 1993
Bermudez, 1994

Johnson, 1995

Lammas, 1997
Sikora, 1999

3) Picolinic acid

Potentiation of M¢ activity against MAC: growth

Kusner, 2000
Stober, 2001
Fairbairn, 2001

Pais, 2000

inhibition of intramacrophage MAC

4) Imidazoquinoline S28463

Increase in host resistance to BCG infection in
Nrampl™ mice

Moisan, 2001

REDTTUT T EFHT B LV REDDH B, &
72, MOWNOBITHEOBEE, M - IR EERRE D
BLANVTOMEREEHME LT, I78A7 7 OF
HAEVIRADEETH L, PIzIE, I70RA727
(poly [DL-lactide-co-glycolide]) (LLF PLG) 12 A L7z R
FP, INH Tl&, H&GH%DBHNL NV EHHEICHz -
TEHLNIRAND 912k 505, 2k, PLG
WIZE A L7z INH % RFP 1, free Db DI TY Y
AFEAEIZH LT X D BRNIBEAIRE R T & 9 127k 5%,
& 512, PLG W A RFP IZ, free RFP [ZIRT, M¢
WRERZE I L L D SN 2B 2 MITT 2 &
DIE SN TV B,

(4) Immune response modifier

IFN-y, IL-2, GM-CSF, IL-12% D% A b A U %
FH\> T ® adjuvant clinical therapy Dff1iZ, Table 5 |27~ 7T
£ RAEFRERERIEROMBLHE LTOH LS A
7"® immune response modifier * BT 5 L T X V05F
EThbo BHTH, ATP 5% OVEH ORGSO A
THEHIET 5, ATP BLUZ0FEFIIP2L TS5 —
A LTk A HRIBICER L T %25, Bl 218 ATP &

MAEPREMILIZER L NOS3 B2 #m L, 0wk
nitric oxide FEADITTHE L A L CHETERH 2R S €5
ZEiCk Y, BIMEEREICBT A MEEEOSEICES
TAHIEFHONTVWS, LZAT, ZOATP LZD
FERIIE, P2LET Y —ENT D Mo DFERE K
T HRERE D MIEA PG SN TV B, ATP ML
HaZiF7z Mo T, HIBRMNICREET S BCG B HR
PIBREEIN TV, ZOBBRIZATPIZ L > THE X
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PROSPECTS FOR DEVELOPMENT OF NEW ANTITUBERCULOUS DRUGS

Haruaki TOMIOKA

Abstract Tuberculosis (TB) is a growing international
health concern, since it is the leading infectious cause of death
in the world today. Moreover, the resurgence of TB in indus-
trialized countries and the worldwide increase in the preva-
lence of Mycobacterium avium complex (MAC) infections in
immunocompromised hosts have prompted the quest for new
antimycobacterial drugs. In particular, the appearance of
multidrug-resistant (MDR) strains of M. tuberculosis, which
exhibit in vitro resistance to at least two major antituberculous
drug (usually INH and RFP) and cause intractable TB, has
greatly contributed to the increased incidence of TB. Because
of the global health problems of TB, the increasing rate of
MDR-TB and the high rate of a co-infection with HIV, the
development of potent new antituberculous drugs without
cross-resistance with known antimycobacterial agents is
urgently needed.

In this article, I reviewed the following areas. First, I
briefly reviewed some new findings (mainly reported after
2000) on the pharmacological status of rifamycin derivatives
(rifabutin, rifapentine, and rifalazil), fluoroquinolones (cipro-
floxacin, ofloxacin, sparfloxacin, levofloxacin, gatifloxacin,
sitafloxacin, moxifloxacin, and others), and new macrolides
(clarithromycin, azithromycin, and roxithromycin).

Second, I decribed other types of agents which are being
developed as antimycobacterial drugs. Some of the agents
discussed are already under preliminary clinical investigation,
and others appear to be promising candidates for future devel-
opment. In this review, the status of the development of new
antimycobacterial, especially antituberculous agents including
oxazolidinone (PNU-100480), 5"-nitroimidazole (CGI 17341),
2-pyridone (ABT-255), new riminophenazines, nitroimi-
dazopyran (PA-824), new ketolides (ABT-773, telithromycin)
and defensins (human neutrophil peptide-1), was examined.

Third, the development of new antitubercular drugs was
discussed according to the potential pharmacological target.
New critical information on the whole genome of M. tubercu-
losis recently elucidated and increasing knowledge on various
mycobacterial virulence genes will promote the progression in
the identification of genes that code for new drug targets.
Using such findings on mycobacterial genomes, drug devel-
opment using quantitative structure-activity relationship may
be possible in the near future. In this review, I described the
screening of drugs that have an inhibitory activity against
dTDP-rhamnose synthesis of M. tuberculosis, as a new drug
target of the organism. In addition, I discussed the usefulness
of antisense oligo DNAs specific to mycobacterial genes
encoding certain metabolic enzymes or virulence factors that
play roles in the bacterial escape from antimicrobial

mechanisms of host macrophages.

Fourth, I reviewed the drug vehicles which enable effica-
cious drug delivery to their target in vivo. The usefulness of
poly (DL-lactide-co-glycolide) microsphere technology, which
enables the encapsulated drugs to deliver the requested doses
of them for prolonged time periods by a single shot without
causing any toxicity and, moreover, enables the highly
targeted delivery of the drugs to host macrophages, was
discussed.

Fifth, I described adjunctive immunotherapy for the
management of patients with mycobacterial infections by
giving certain immunomodulators in combination with
antimycobacterial drugs. Adjuvant clinical trials using IL-2 or
GM-CSF have been found to be efficacious to some extent in
improving patients with tuberculosis or disseminated MAC
infections. However, it seems that these immunopotentiating
cytokines as well as IFN-y and IL-12 are not so promising
for the therapeutic agents of mycobacterial infections because
of the possible induction of immunosuppressive cytokines
during adjuvant therapy and, in some cases, severe side-
effect. Thus, the development of new classes of immuno-
modulators other than cytokines, particularly those with no
severe side-effect, is needed. This review dealt with ATP and
its analogues which potentiate macrophage antimycobacterial
activity via a purinergic P2 X receptor.

Finally, I described the roles of type II alveolar epithelial
cells in the establishment of mycobacterial infections in the
host lungs and the profiles of drug susceptibilities of M.
tuberculosis and MAC organisms replicating within the type
I pneumocytes. These findings are useful to precisely assess
or predict the in vivo therapeutic activity of a given
antimycobacterial drug from its in vitro activity.

In this article, I have thoroughly reviewed the status of the
development of new antimycobacterial drugs. There are a
number of difficulties in the drug-design for the development
of new drug formulations with increased potential for
antimycobacterial effects, excellent pharmacokinetics, and
tolerability. It should be emphasized that the most urgent goal
of chemotherapy of tuberculosis and MAC infections, espe-
cially that associated with HIV infection, is to develop highly
active, low-cost drugs which can be used not only in industri-
alized countries but also in developing countries, since the
incidences of AIDS-associated intractable tuberculosis is

rapidly increasing in the latter.

Key words: Antituberculous drugs, Drug screening, Drug
targets, Mycobacterium tuberculosis, Mycobacterium avium
complex
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