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EXPERIMENTAL STUDIES ON THE DEVELOPEMENT OF DRUG
RESISTANCE IN VIVO*

Part I. Studies on the Developement of Hydrazid (INH) and Streptomycin

(SM) Resistance on Experimental Tuberculosis in Mice

Hitoshi KIMURA

(Received for publication October 2, 1964)

Although many authors have tried to induce drug resistance in experimental tuberculosis,
they have not always succeeded in obtaining resistant tubercle bacilli.

Different from any previous experiments, the author inoculated in the present study low
resistant tubercle bacilli obtained in vitro to mice and observed the subsequent developement of
drug resistance.

H, strain of tubercle bacilli was inoculated to Dubos medium containing 0.057y/ml of INH
or 1y/ml of SM, and after 2 weeks’ incubation in the former and 10 days’ incubation in the
latter, the resultant bacilli which became partially resistant to 0.57/ml of INH or completely
resistant to 17y/ml of SM were inoculated intravenously to white mice in 0.1 mg dose. Two
weeks after the infection, these animals received the treatment with relatively small dose of
INH (0.2 mg daily) or SM (0.4 mg daily) for two months at the longest.

The INH-and SM-resistances of the bacilli isolated from the lungs of mice were measured
by 1% Ogawa medium.

The results obtained were as follows :

1) The strains isolated from the mice infected with sensitive Hy-strain and treated with
INH or SM, showed no resistance to these drugs.

2) The strains isolated from the mice infected with INH-low resistant H,-strain and treated
with INH alone, INH combined with cycloserine (CS), or INH combined with sulfisoxazole (SI),
showed partial resistance to 5r of INH.

Combined use of CS and SI presented no inhibitory effect to the resistance developement
to INH.

3) The strains isolated from the animals received combined treatments with SM and INH,
SM, INH and SI, and SM, INH and disoxyl (DAT), revealed incomplete resistance to 10 of SM
despite of the remarkable decrease of viable counts from the lungs, but there were not observed
any bacilli resistant to 50 of SM such as seen in the case treated with SM alone, showing the

inhibitory effect of the above combinations against the developement of resistance to SM.

* From Department of internal medicine, The Institute for Infectious Diseases, University of
Tokyo, Minato-Ku Shiba Shirogane Dai-cho, Tokyo, Japan.
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From the above results it is suggested that the survived bacilli after chemotherapy might

become drug resistant inspite of the decrease of viability, and that the initial chemotherapy

should be powerful enough to effect negative conversion of tubercle bacilli.

Also a sufficient

cares should be paid to the appearance of low resistant bacilli, even in the case without cavity.
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R DAY LEIT in vitro 1T 38 W CURELERAY
BB OERNCED b, TR LT, IV A
RENEy bRV ERAFEEC B\ TIEHIm M
ARBEETH L3, fRLD, HLOWEIRESR
TWVBRDE), e X THEETHD L S, &%
DFREL EHEBTHD, ZhE TOERBEHILT
2Bk, BMEEEER, LFEEZINL T BT oRR
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1) INH (R (U F Hye-INH-Low R #) &
U CAZERE Hy #koKE% 0.057/ml INH i Du-
bos B L 2 BHEIMAERSEREL IO H
W TOBEREN O INH RZHRER1IOZLLT
0.1~0.5 y/ml RELMEERL T2,

2) SM {KEZME (DT Hp-SM-Low R #) & L
T H, #kokE% ly/ml SM jn Dubos e H:#E L
10 HREERERL 720 DAV, T SM
REZMITFELIDOZ L T lr/ml BEMELRL T3,

3) AR E LT H, #:o Dubos Bz H%kiaR L 7o
LY 9 ARV N

HREM

dd R~ ALK 48, MM #E 15g WL 17g
D DHE AT,

RIS

INH, SM 0@EnicfiH#lE LTALT 4 Y F9 V'~
A (BT SI), 44 27wxy v (BAF CS), Disoxyl ()

Table 1. Drug Sensitivities and Viable Counts

of the Strains Used

INH (y/ml) | Viable count
Strain of infecting
o jorfos| 1|25 dose
0|0 0 1
H, h 0 0 | 8.0x108
#1000 0|0 :

H,-INH- | # /110 0
LowR 'y 10 0 o
¢ over 500 to 1,000 colonies

H,-INH-Low R : Hy-strain cultured 2 weeks successively
in Dubos medium containing 0.05y/ml/ of INH.

0 3.8x108
0 i

o SM (y/ml) ‘ Viable count
Strain T | of infecting
o [1]10]5 [100  dose
- | ‘ e
‘10,0 0 i
H | | 3.3x10°
: #1100 0 0
B |
H,-SM- | H 000
3.3x 105
LowR 1y 4100 0

7_—H- : over 200 to 500 colonies

H,-SM-Low R : H, strain cultured 10 days in Dubos me-
dium containing 1y/m! of SM.

1% Ogawa medium was employed for the mesurement
of INH-and SM-resistance.
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F DAT) #fi\, SM, INH, CS @iEmKiciEnl,
SI 35 X 0% DAT [38vEM: o 7o e 1% w Carboxyl-
methyl-cellulose %fn % CTHH L L, SM o&LfEs
L, Iy vFrAuEr#sl .

AR ERIAMBERD prokg X b~ v AEHEK
1L ¢, INH 0.2mg, SM 0.4mg, SI 0.8mg, CS
0.2mg, DAT 2mg fH & L7z,

2 B 5 &

L. INH fiftE EFicBe3 % K5k

Hy Bkt X o8 Hy-INH-Low R #: Dubos B2 # #5%:
BELb 0 0.1mg i i~ v 2 REIK IR
U, YL 2 8% X 0 BaBlie Lis,

~ U ADKRL, Hy e 0 ¥ FHERE, 35 X0 INH
TRERRED 2 1 % % &, Hp-INH-Low R #fCix 1)
ERe, 2) INH jase, 8) INH-SI pEflvasien:, 4) INH.
CS BERWRIERED ATE L Lo

TBREBAAEE 26 H, 50 H, 71 HREEL, I,
H, BoBEBREAEL, Hcowvw T Sl 5ml
DAEBRAEKE 21Tk € 0 F 4 F—THH L L,
1% NaOH < 10 {5 L +® 0.1ml % 0, 0.1,
0.5, 1, 2, 5¢/ml INH jip 1% /N JI| BeHinc ed | Tk
L6 BRTHEEBYEE L,

Il SM it B Fw B3 % B

Hy #¥s SO Hy-SM-Low R #ka-fivs, Hy #fEREC
& SM {#EafT 7\, He-SM-Low R gEfERECix, 1)
SM ER¢, 2) SM.INH gt/ 3) SM.INH-SI
DRFYAEERE, 4) SM.INH.DAT §f fl faffieo 4 TR iR
B Uteo REGe2 815 X b Wit w Bl L, 20 H, 38 H,
52 H, 65 HERCERHKRL, W, IF, BoERENEs
T35 e die, L OB IETT 2w 0, 1,
10, 50, 100 y/m! SM i 1% /NI cHo = & i
PR X 0 k2 B07E Lo

£ B K #&

I INH jiftk b Fepdd5 eiamsg (8 2)

REME Hy #RaifE L INH O L e REciiB e 71
AR L d 0 Th & ERHO B2 e b,

{ERZ M Ho-INH-Low R #rafifE LTy, INH
Hiph, INH-SI gpf, INH-CS gtHOWFh ok
T% 50 HRET S5r/ml ofEEAHEL, 71 A%
DEFNCIT < Sr/ml REL7a\v LSStk o HEin
Kbt

B o Ot R oM INH it o BBl L
THEDENRD b o,

it AT ARG TN E R DRI R B B Fl23 % 2
DFehy, —ER SN E B DA 2303 d Bl R F
HZHNIE DB B
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I SM ik b FeBS3 % REREE (E 3)

B Hy BrafE L SM TR LR Tl 656 HiRE
BIC lyml DrzAhrclisL 2 x0EEY RO
IEED, LA ETHEERZRDIRNDI,

EREEZ M Hy-SM-Low R #haifE L SM B CIaiR
L7-BFTlX 38 HiBEHI ¢ Tie 10 7oL 50 y/ml 7R
SELTHEE O B AR, Lo LR 66 HERETY
100 y/ml L) OB EREE LA b gD,

SM-INH, SM.INH-SI, SM-INH-DAT o #% {5k
TIRIBEIR & LTINS iRy LTwn e s
M b 10 r/ml D k& ARCEEDO BN D DT
Z b, UL LEHRRECI 50 v/ml i 1 & b h
3, MR RR RS bt

REBRLVICEER

XY ALENLEy b OERIEEIEC I\ CHEAIME
EREAEERC L ERCES 2 1L, el
72X, kb THEEL IhTW5,

ik Lo K FEORARLFL L OPIFLEC 1T BB
B, TOIX, KD 3KREMLE BRI
e bWk Th s L Bbhs, Tiobb,

1) Bflofd: : MEELEH, EEERYRECT
2, bDWIXMEEE DRRECCEETS My

2) HEMUOLNE  BRCEROE VB & 6 B F
Do ENEIBEEANVEVEFERALELD, ALZFA%2
SOTHRD B

3) WECH - BHHED AT v R R
RO B R CIRIFBAMG, OB S Er i &
T %, MR REC TS  5Th B,

PLEDF#EEMED 5 B, SEOFOEBRTIE, BHHlok
L U, in vitro AR FKIREIEH L B X eTE
TRZEELET IO CERLEA L L, ¥, K
CHEHDOANT AT HER L LT, RYEFRE
DR EFE > THIREBIIAL, 20, ADB AT
PRERES X5 BB ORI 2B 545 25 3
DORICE R FR N8 LSBT B,

LT, INH X0t SM gk E7%, v 288
HRSBIEIC 2%, D) BREHEDD C ENTX e, b
T, ROFBFES X OB, L0, R
MERLE LR LI BREBELNL D 10T 5,

~ U ARSI @ 8 3 Bk ER o v Tz
Youmans 513 Strong A #k~w 212 HyRv 0.1mg

L SM 3mg JFH T 35 HEERELE, il b o
BERNC D ARG L W B o B Z & S g aso7-
25, Ny Bk~ 2912 No. 24 #: 0.1mg % EEL SM
9mg fgH, 165 HRMWEEHE, I X b O
DB A Hk, Williston® 513 4% ~ v 21 HyRv #k
0.1mg %#EAEL SM 1.65mg 4gH, 6% AMIBETH
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itk A & &, Wollinsky 5193 Albinos #k ~ v
A1 HyRv 0.1mg 4% SM 1.5mg 45 H, 42 H
M, Wi X O X D oS EECEEZ R 0
D=, Cyp Black ¥k~ v Aic HyRv #, Campbell £
F72i% Erdman $Ra#ME L B OV UL IEEO
HEBZRBHT W5, Karlson® 513 CHi~ v A HyRv
B 2.0mg ML INH % 0.02% T RHICFET
55 HREE LicS Ttk o 8L & R in 2otz HE™D

Table 2. Appearance of INH-Resistant Bacilli in the Lungs of Mice

fhi H4A0E BZE

TR~ 7 ACEF R ok FILR L SM 3mg
45H, 49 HEOWBE, % 713 INH 0.15 72\ ~1L 0.75
mg fFH, 27U 4 » Aok s b SM ik &
ot INH it o BB A b3l bEELTW5, b
A5 HyRv #k 0.1mg % ¥R~ v ACHME UES
2W#% Ly SM 1% 0.76 7\~ L 1.5mg #H, 27w
L4 » ARG X i, IF, X oskE 81 Hi
18 SM 0.75 1 g4tz iR, INH 11 0.15 73

Days of Weight (mg) INH—fesistance (y/ml)
Strain Treatment| Treat-
ment Lung ‘ Liver Spleen 0 l 0.1 0.5 ‘ 1 \ 2 5
25 240 | 1,400 | 230 1 0 0 0 0 0
25 210 | 1,260 | 400 H 0 0 0 0 0
o 50 450 | 1,200 | 660 H 0 0 0 0 0
teratment| 50 440 | 1,760 | 390 H 0 0 0 0 0
71 300 | 1,560 | 250 H 0 0 0 0 0
H, 71 540 | 1,900 | 240 H 0 0 0 0 0
25 180 | 1,540 | 160 24 0 0 0 0 0
25 210 | 1,560 | 320 29 0 0 0 0 0
INH 50 280 | 1,980 | 250 15 0 0 0 0 0
50 360 | 1,660 | 200 2 0 0o | o0 0 0
71 360 | 2,050 | 240 25| 0 0 ; 0 0 0
25 220 | 1,230 250 | 183.5 2.5 0 0 0 0
25 260 | 1,800 470 105 0.5 0 0 0 0
no 50 410 | 2,230 | 450 i 0.5, 0 0 0 0
treatment| 50 360 | 2,580 390 H+ 1 | 15 0 0 0
71 500 | 1,470 | 500 | 187.5 0 0 0 0 0
71 300 | 2,020 410 | 187 0 0 0 0 0
25 250 | 1,390 280 | 26.5| 0 0 0 o | 0
25 220 | 1,560 | 330 12.5 0.5 0 0 o | 0
50 560 | 1,670 | 240 12 0 10 | 25 0 1
INH 50 230 | 2,850 500 0.5 0 0o 0 0 1
71 390 | 1,600 450 4.5 0 7.5 0.5 4.5 1
71 420 | 2,740 | 900 11 1 0o 1 0
H,-INH- 71 300 1,480 | 320 153 1.5 10 42 | 0 10.5
Low R - _ ; l
25 250 | 1,870 220 | 105 o | 0 0 0 0
25 310 = 1,400 250 26 0 } 0 0 0 0
Egst| © 420 | 2,250 | 250 ATHE BT i H 178.5 | 112.5
50 380 | 2,100 190 H i 114.5 25 65 0
71 890 | 2,450 | 430 i 4 12.5 7 10 17
71 270 | 2,400 | 390 i H 12.5 9 3 10
25 300 | 1,430 180 45 0 0 0 0 0
25 190 | 1,110 | 170 12 0 0 0 0 0
wipcs| % 250 | 2,120 290 10.5 | 18 4 0 1.5 0
50 200 | 2,150 | 170 9 0 7 1 0.5 0
71 480 | 1,560 410 | 117 132 127 28 60.5
71 390 | 2,450 | 450 i 1 H 187.5 | 4 H 99

1 : over 200 to 500 coloniés

1%IOgawa medium was employed for the measurement of INH-resistance.
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WL O0.75mg HH, 27\ L 43 A0y, INH
0.17 54, 107 NELMEDOHE L 27 #krp 2 #hiciR
Dize .

FH OO HR~ v ACEEF 0.1 mg 2k LY
2# %KLY SM 0.1mg 4H, 14 7x\L 256 HEGEI
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L0, BF, Bk JOWES X b O R SM HEE
DOHBLA D, TR~ ACF#E 1.0mg %3
L, BHRTHI D SM 0.5mg fgH F7ix INHO0.02
mg 45 H 2 Bkila T o oBE L SM ik bt
& INH [itE 2 BRI B, FEI1L CFW = A

Table 3." Appearance of SM-Resistant Bacilli in the Lungs of Mice

Days of Weight (mg) SM-resistance (y/ml)
Strain Treatment treat-
ment Lung } Liver ‘ Spleen 0 1 1 | 10 ‘ 50 100
20 260 1,400 210 18.5 0 0 0 0
20 200 980 150 70 0 0 0 0
38 410 990 250 17.5 0 0 0 0
38 380 1, 060 310 23 0 0 0 0
H, SM
52 260 1, 240 150 18.5 0 0 0 0
52 260 1,020 160 25 0 0 0 0
65 250 1, 400 330 18 1 0 0 0
65 330 1,150 160 40.5 2 0 0 0
20 190 1,730 190 17.5 8 0.5 0 0
20 200 1, 650 260 10 12 0 0 0
38 440 1, 350 550 14 12.5 4.5 0 0
SM 38 540 1,310 250 7.5 10 2.5 0.5 0
52 210 1,110 150 73 63 74 3 0
52 210 1,450 160 84 97 65 1 0
65 310 1, 400 180 84 56 74 0.5 0
65 440 1, 630 220 36 28 28.5 1 0
20 250 3,600 | 1,300 8.5 7 0 0 0
” 20 320 1,760 340 6 8.5 0 0 0
38 320 1, 300 280 4 8 0.5 0 0
SM-LINH 38 520 1,690 200 11 14 7 0 0
52 750 1,450 90 0 1 0.5 0 0
52 140 1,190 120 0 0.5 0.5 0 0
65 400 1,480 140 0 0 0 0 0
65 330 990 100 0.5 0 0 0 0
H,-SM-Low R
20 240 1, 800 200 14 16.5 0 0 0
20 200 800 100 7 0.5 0 0 0
38 760 1,010 130 11 14 7 0 0
SMLINH-SI 38 400 1,190 200 9.5 7 13 0 0
52 250 1,470 110 1 0 1 0 0
52 250 1,110 110 2 0 0.5 0 0
65 310 1,120 210 1.5 1 0 0 0
65 310 1, 250 240 0 0 0 0 0
20 250 1, 050 170 7 9 0 0 0
20 260 1, 360 240 4.5 3 0 0 0
38 410 1,160 150 1.5 1 1 0 0
SM++INH+ 38 350 1,720 200 2 2 0.5 0 0
DAT 52 240 | 1,470 | 100 0 1 0 0 0
52 220 900 90 1 1 0.5 0 0
65 300 1,160 100 0 0 0 0 0
65 310 1, 060 210 0 0 0 0 0

1% Ogawa medium was employed for the measurement of SM-resistance.
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CHE 0.0lmg #7-1% 0.1mg HEUKREEBA LD
SM 1 7\ ~L 3mg 4H, 271 4% AROBHFC X
D EROMEEEE YRS, AT®E ddN R~y AR
BE 0.1mg 2@ URGESTH X v INHO.25mg 4
H#% 21 Bris\~L 35 BREHES LA X b o4 RiEc INH
MiEEERDTE D, O 5b CF #h~v A BEHK
#EfEL INH 0.5mg 45 H, 62 A7\~ L 110 HAEC
X 10y 7oL 20y INH [ERE2 RERCED A G
A~y CFé 1 %~ v A bR TCH0 #ra Ml UK
YEH Ly INH 2EHFGC 0.08% ¥, REr#k
51, Xbic SM #7413 KM »#0ff L, INH B
X v INH 107 Se&ftEEE B L, FRRET
i 1y Mk o8 X b, in vive o INH [tk
HEE, KM sXot SM o 6t flic X 5 INH fipa k-
COWTHE LT D, AMIS9:20% X O Hyy
Rv ¥, Z#fitkis X0V BEFRO 3 BRI OV TR LT
F L BE BRI oA INH miEoHEE A, /A
BRI X ATk B0 2 RAa TR Lico

= v ALSNE, T Ty FEDOWTIE Feldmann 5%,
Steenken 5%, Karlson 5% o#fifisi% D, Feldmann
7 HONT Steenken (Zi>Ac SM B O HBLA &,
Aot e L v b OEERCABRBIER Y A, ERT
ZelE A 8 LT SM itk B F a3 e b ize
BARWITREONMAR 10% ¥ 5 5 v IR A TS L2
%o v INH BiEefTinw 10y e o HE L,
LED X 5 580 EIILT L —FKe T, *
T FDEREHEL FHEDLTHBY, BIELTHRETS
LB, & e~vyAD R 2Tk, Strong
A %, Cg black %, CFW %, CF1 %, C %, ddN
27t SORHER G ST b EERAC ISR
T HREZHOE IRV LE—RICE 24 T3 <
Z2 bRANBTLL LS LTIV X 5 Th
bo FMIHBMIAR LT S BHOR S/ dd Fv v A
VR, CF 1 LB it o 55\ Rt a v
FBEL Y 5 B ThA D2, SHEEICidTAMET
BB EBL Do

<~y ADRH L D B REGC AV B BRI E
X5 Th h B Hote No. 24 #3s X ot TC 50 #
TR T, BEFFR TR SO =Satkidm
PEad Tt WD 2 Thbo HyRv HRIZ & S %
RN, &Moot nwigEL s, &
L~ AR T B EIPBA TH DB ELOME L&
2 bbb, BOMH L ABHERE Hy #Ric 0w T
INH #7-13 SM itk BRI+ 5 &R RS b
I 5 ThaMN <y ALKT S HEINIEE HyRv Hck
WMTBLDLELOND, Bk Hy BREHARE L IfITiZ
INH 76500 SM & itk E O HBUIA bhvighsofe
A, in vitro © Hy ¥ S8R B SHREESEH] & #Efil ST

mE HAE E2F

BBk TIE, BN L CERmE R AR
Do

YR OWTIE, 0.0lmg 7o\ L 1.0mg KA
TWABD, EDVRERE LTnA Z e < HED K
B iR TeT v Bbhb,

FLOEERC IR WTUIRER 22 b D FF B IL BT in
vivo DEERLFAULHET 0.1mg 21, & I DA
ZOWTDBE b DOk,

% OWMETIIBRB I BICEH X BEEZBBL
TEY, LA SORAEOTRY 2 B X YRRy
BIA LT\ %, FAOFERTIIRY 2 Bk X v AL
Lied, B —E iM% s < 2 LT X b IR TR
INTHHLEBERHBLE S NI VWO TR HEE
ZBo
WA E oWy, INH 2 0.04mg 71 0.75
mg FHERY, %1% 0.2mg §iEThh, SMicD
Wi 0.1mg 7oL 9mg fEH T2 72\ L 3 mg 5
DIENL S ZbND, FIAMBERL Y vV AKE
CH B L7 INH 2 0.2mg 4gH, SM (2 0.4mg fgH
L, COWER LD, v OB WIAEE
NEBND, ROFERTIE, ZOBRERTREWT, %
DR T L HEC/ER SRR bITT
bdo MEHOWMEYHLAHBELHL, LrbEins
FEREORFL 2BREE L, SEXERE LEES
VEIRER R S TE BN E UIe LB D
k %_/'%_ 50

BT Il BRI @ 2% BiwounTid, [
L~ 7 AT THHED 2L &3 L DILiT
BB LN, FEORMEEO BB ok b &
<, B, ORE, E, WEEOIETHD, FEDLM, M
I, BOIETHD & LTwh, FMIIhbEBEL LY
OUE B2\ Tl B F 2 HES Ui,

MO M ORI LT, —C B & 2248
BRI LK N, BEILI SERERIHNG L5
HISRINTT T BN D S D TH DM, FADFEREHITIX
R EMMEE O 2B in vive TRRZ hie L, &
i B — M O bR L B RO b D &
5 SR e DT, HEF X SM @ oWnT 1y (EMEE
& 100 v EMNPEEC V), SRR TR CRARER T
b, EEEO—IIIRRERIT LY, ho—HiX
EMMEE L ) OFUBERC LB L, e SMAFO
ST O BN R FEHAE T L 2 LN TV 275,
BTN BORIRGE i K FR LT 5, INH itk
CoNT Y, ok 2 FEEEE 0.1y & 10~20 7 WHEE
D2 EEHEE LT WBHA, Demerc® p3uR~ T 5Tk
WL BT 5 Potency 0 e 5 F 2L ED
HEOHPCEILOEE X Do

Tt LA L N ER ORI oW T a5 &, INH i
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¥ LR BT B ERERAT T, T R AR B P BB
DEMABRD LI, ElPFAGITL CS Lo ST 2
5HEI ORI & F o fofod, BEE - Ofic
EENL BIIs Dt SM kA DTk, SM
FUMRHR TR B R HE 7 WP BT o 8 hn D ot
2, PERfICIL SM+INH, SM+INH+SI, SM-+
INH+DAT v d INH % &b My it
LOFAZRIE X BHiNEROBA R R BN BH, LD X
W10y BETILABME AR A BNRS, L LEE
FABIT 507 MittEix7e <, < oEEFOmMYE EFREIES
RDBo LED LEOETDRESEMEOE T o\ LK
HOBEET 5 30, SRR X 2 REE L LTk
HEDEA L CHEFEE TR E D L7 T2 T aEkEss
5 %o BREICITOHHOILFHIE CHR IR BD HRE
Thbderbic, Z2RADRNESTLEMEEEY SO
BB SER URTER b2 E 2 %,

Pk, FAX, 4SEOREBREE TR H fRoidmi:
HOHBaZDdho%kh, 0.1 7oL 0.57 INH 7
EEMEER X O 17 SM SELMEE L EE LicBac
O EFI R ROBE L L TERThH B T
LEWHLPL, OLEETFTTHOREZEDET v LE
THEEAFTET 5 S WILMFIBHC X 2 BIRRIEA % 5
N5 3VWEH B OMED EARAR LN & L &RT
LI, INHOPR L EROBERCOWTHERY
Mz 7es

= E

ANFEEREE Hy #% in vitro ¢ INH #7/-1% SM &
R BSIEEE T HA X C 7 0.5 INH 524Kt
P H,-INH-Low R #hds & O8 17 SM 54tk Hy-
SM-Low R #ia~v AL, 28%»5, HEw
DEOYFEE TR 2 » AR RSk # i 17 L
T, in vive o INH {7 500 SM itk bk F oM
A LT ofia 5o

1) &M H, #hadfE L, INH #7203 SM Ciak
[BYeF 2 S G b Rl (WY (o' o Yl 2 o VA N/ e Rl

2) INH 7Rs5g4(EifE Hy #k (H,-INH-Low R #)
M Lo BECX INH s, INH.SI B¢/ 3 X ot INH-
CS gtV Fhodged INH b7 It R.siitt: 54
BdTco LinL S F72ik CS BEA X Bt EF O
AR BRI b0,

3) SM SE&{&itE Hy # (H,-SM-Low R #k) #§:
FEURETIX SM Hlliaiic X b SM 50 ¢ itk % 32
Do

¥7-, SM.INH, SM-.INH.SI, SM-INH.DAT #%{}
FRERE T MNEROZF R b 53 SM 10 1 it
W xR D ony, 507 MR 7 < W EFE 3
KRR L2,

55

Tiehb, HEoEREET, AZH#kT3 in vivo
ThHch @R INH s o0 SM fif ¥ E B a5 e
E, BIOARELEMEREOBRELEER L 2, 4
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