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Patients with chronic cavitary pulmonary tuberculosis who were treated previously with
antituberculous agents for more than two years were treated with a regimen composed of an
agent previously unused and two agents to which tubercle bacilli were already resistant, and
the time of resistance development was observed. The time that required for resistance develop-
ment to a single agent was as follows: rifampicin resistance (25 pg/m/l) (0.45g per day, daily,
per os) 2.27 months; rifampicin resistance (25 pg/ml) (0.45 g per day, twice weekly, per os)
2.50 months; kanamycin low level resistance (100 pg/ml) (1g per day, three times weekly,
intramuscularly) 3.07 months; ethionamide resistance (30 gg/mi) (0.5g per day, daily, per os)
3.33 months; kanamycin high level resistance (500 pg/ml) (1g per day, three times weekly,
intramuscularly) 5.07 months; lividomycin resistance (200 pg/ml) (1g per day, three times
weekly, intramuscularly) 4.68 months; enviomycin resistance (100 #g/ml) (1g per day, daily,
intramuscularly) 4.80 months.

From the results obtained, the generation time of tubercle bacilli growing in cavities was
estimated theoretically as 54 hours. This value is much longer than the generation time of 12
hours estimated in iz vitro experiments (Ogawa egg medium).

From theoretical considerations based on the above results, the ranking of in wvivo effec-
tiveness of antituberculous drugs was summarized as follows: rifampicin (daily or intermittent) >

kanamycin=lividomycin>> enviomycin.
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Table 1. Comparison of the Time of in vivo Appearance of Resistant
Populations of Tubercle Bacilli in Patients by Administrations

of Rifampicin (RFP),

Kanamycin(KM), Ethionamide(TH),

Lividomycin (LVM), and Enviomycin (Tuberactinomycin-N,

TUM-N)

. . Time in months required until

Chemotherapy Resistant population resistant populations appeared*
RFP (Daily) RFP-resistant 2.27+0.80 (n =15)
RFP (Intermittent) RFP-resistant 2.50+0.83 (n =20)
KM (Intermittent) KM-lowly-resistant 3.07+0.48 (n=14)
KM (Intermittent) KM-highly-resistant 5.07+0.78 (n= 6)
TH (Daily) TH-resistant 3.33+1.62 (n=18)
LVM (Intermittent) LVM-resistant 4.68+0.58 (n=3)
TUM-N (Daily) TUM-N-resistant 4.80+0.45 (n= 5)

All patients had moderately-or far-advanced, chronic, cavitary lesions and were treated with
an agent shown in table plus two agents to which tubercle bacilli already showed resistances.
* (Average time in months)=(Standard deviation). n=Number of patients.



1978410 A

& TH mtEFeIRs, RFP ok Ci# <, KM &,
LVM T, TUM-N ff#EFEEL L D AEE TEV, (3)
KM @niifte, LVM it TUM-N itk o B8R b
B,

PAEOBEEEN D, BENROIEEAA 3THTS
WD EMNTED,

1) [PEFEEE e « RFP itk (2.3~2.57 ),

2) THERILEEAERE KM {Kifts 200 TH i
M (38.1~3.3% ),

3) MHEFREEAEY KM &iittE, LVM s O
TUM-N FfittE (4.7~5.17 B),

Z 3

TR HEL & 5 BlgE, R O FHIRIEHIC 12T
B S DY, JAFREID HDFFAE LT o AR ZE SR P T
DFEE L ST\ Fod,  F10 D REER SR T
ERNE &z Hh b P8 (population change) I fil7g
Bie\u,

B IGD T ¢ FEEEONER & BRER LK
K ORIZ L2 TEHEZBRD,

p=nx2¢/Nx2b

T ZIE, XA AR Lo g AR R R o #
CEHHD) , NUBEE OB (EEE), a=t/g, b=t/G,
g VR D 3EHIEALE T i) % 15 generation time,
G T DIEKIFLAT TDFEY generation time T
BB, tEHEBCREEORE nx2e &b, REH
DL NX2b Linh,

Dl EosRix, MHEOFRBIEE (generation time D
WD) DR EHI B RE DT HICDITEDTRTH DT,
BTN A WA DIENBETH B, FlziE, (L
FoRTIE, FEXDEEEICH U CREER R R wv &
REL T\ %, Lo, thihd 5 X e, 28Rk
WM in vitro THBIAH LD A TOERENENET
T, FHEEAS i vitro X DILENCIINEHEZ T
v, PSR S & T, SR I THAE
THELHIUE, —FHTIIEBLL A TPLHELD S
LBbhb, UL, ZOBEBIEETLBEEETD
RUTTHDIDC pR—EDHRCH S EELDIRD,
Lo L, FEHIND D &R OEBRIMER S TR
FOBMNEL 58, DX RlEH L Ll cim
EEh T,

ERORUTKD L S EnEnzbhs,

t x{(1/g) — (1/G)} xlog 2
=log p—log(n/N)
FI2l,
¢t ={log p—log(n/N)}/{(1/g) — (1/G)}log 2

4, RFP oa0fE%y, —oORIC AR TH%, RFP

R L CRRAROMEEI NG LA LSRR & e D

497

Ex (p=100 £72h LX) i, R1OMEND 2.5
BEBEbhs, RFP AAMEEOHEARIL 108 THD
DT, (n/N)=10"8, RFP ¢ IO TUEMEHOREE 1 &
¥FolETBHE, G=wo, Tibhh 1/6)=0, hb
OFEAY FRICANRD &, g=54 Bl ¥/ 2.25 H &
feh, ZOFEELY, RFP fi#:E O generation time 73
RFP f1-C 54 Bl CH 5 = & & R7, RFP ML in
vivo WHETET 5 X 5 efiE D RFP i XL > CIREE
BN B\ b, 2D generation time 54 ByfEIL,
RFP %f#iff Ui\ & & O BRANIC KT 5 HBEEOKEE
FHEE L FE X T X, fEK, BRI ORSEEE O R HEEC
DONTIREL BRI D, LRI S RS ENT
B HH, Fhich OEHENHDH LR, RRF O/
EOFREMEENS host 1C XD TRSE D DT\ &
WOLEILH E DI E B A, Zhid, BLICART
X5, in vivo MMEFEBLRE O FEHEREN LB/ S
W EMNBLEZ D D,

R OZSRREERE O generation time 54 Wi &\
5 ¥0fiiY, in vitro @ generation time DIE(E 12
i (Youmans & Youmans!® D Jkic 12T, 1% /M
B CHITE) 112 L 5 R & A & B & RV,
T, ERGOREEEORE RE, in vitro TR
COHWEEL D L AL EBG, Sz &I, PisEHIO
in vivo DHREEZ DD 2 TRSEETDILEND S,
Vs HI OB B B actively growing cells 121235 B
T dormant cells IZIZFEW TIL/\NP~20 0 LichD
T, in vitro THbHLI 5 X 5 B EIERX, in vivo T
1HE DB CTE LD TIRVL s E Bbh b,

Rz FRORT, gllBE—EEELD I D DT,
(n/N) 22T Lo DKM MERB OF M %
i, FO(LHREOMIAHEETE S, Tivbb, ik
B 5 FEE R R PR SR T 08E < RSB AR
BT TH 5B,

4, RFP(HH F72i3Mx) & KM(1H 1g:#3H)
B L THR D, (n/N)IXF#EE 59 1070 OEIHE
IhTwa9w2 21T, RFP ifEoRBix2.57 A4,
KM &t 0FHE 5.1 h A TH B0 6, MittEFREBLO®E
\» RFP 0 HaMEEe st 4 B BLIEE AR & HEE
s,

¥72 KM & TUM-N oMb 4 e TH %5, KM &
it 3% (n/N) 1349 108, TUM-N K st
F% (n/N) 1% 10°5~10"7 TKREIXRW2, —F, KM
EfHEDOFIIL 3.1 B, TUM-N €t 0BT 4.8
HBTH DB, invive ikl H KM ofEBix TUM-
N Lo EHEESh 5,

KM & LVM (@& 410 1g#3 High) T,
(n/N)x & bz 1078 (KM &tk 7ok LVM itk
B O T o BB, itERBLL KM Sk



498

5.1» 3, LVM Tfitth 23 4.7 » FTKEMN LV, Lo
ST, KM & LVM o in vivo OFSEKEIERITIE
FELWEHEIN D,

Pk o#E2T 44557 speculative TeEER A S A TITW
BH, BRROHEEOREE HE 2T, Fiin
vivo HUFEHHEIER (RRARNEEECH %) @2 w»wT
3, ZhEFTELPEDTHEN DD THHMNb,
CLRATIOIHEL TN ) ORBFEND D LB D,
In vivo HifERHEFROHEERRIL, ROZEL D,
CHITIHELRbRERROFER L —FH L T\ 5%,

In vivo FifEHEEIER O X DA

RFP(5H ¥ 7118 2E) >KMGHE 3g)
=LVM@G8 3g)>TUM-N(EH),

#. TH o, THARMERE] OFENTFHRZ
NBDOTHERL T &\, THAMERE] IERERE
Tkl L, BERD SEET HMMEE TH 2929,

it A BB oD 4t TR L 7c 85 & it i
FHOWENIK D Z & THD%, RFP (1R 0.45¢g,
4G H, per os) 2.27»H, RFP (1R 0.45¢, ;@2 H,
per 0s) 2.50» F, KM(1H 1g, ;83 H, il 3.07
»J (KM (&), TH (1 H 0.5g, /R, per os)
3.33%8, KM (1H lg, #3H, ) 50748
(KM &iift), LVM (15 1g, ;B3 H, k) 4.68
» A, TUM-N (10 lg, fGH, k) 4.80» A,

DI EDBSE B, Z2RMN OFEZEE O FE B OE RN
HEE 2 T e o745, generation time 54 %[5 DR fEA
B, = Offry, in vitro(1 %/NIEEHL) o generation
time 12 FHNCHER 2 EE L KRV,

¥, BRoERECESWTC, in vive HUEKEEER
DHFRIOHEE & AT e D7 A5 R, ZZAPEEKEC 3 240

B OE53% F 105

BEIEROM 1T, 3D DO BEN S DAKRDIEFTH
5 EHEE IR,
RFP(4g H ¥ 7213Rx) > KM=LVM>TUM-N

X [

1) HOREME - AL A, 49 - 87, 1958.

2) Tsukamura, M.: Jap.J.Tuberc, 12 : 46, 1964.

3) AR - #5K%, 47 - 118, 1972.

4) RASERE - RERFE - BHEOSER © K51%,34 ¢ 625, 1959.

5) Tsukamura, M., Kasai, E. and Tsukamura,
S.: Jap.J.Tuberc., 12: 27, 1963.

6) IRAPEME - ZIREE ¢ FER%, 36 1 361, 1961

7) FARERE - KEFAF] - FTHEYE - REDRTF B
50 : 123, 1975.

8) Tsukamura, M. and Yamamoto, M.: J. Anti-
biotics, A, 11: 156, 1958.

9) Tsukamura, M.: Tubercle, 53 : 111, 1972.

10) Youmans, G.P. and Youmans, A.S.: J.Bacte-
riol., 58 : 247, 1949.

11) RAVEHE - BHA : B L AW, 451150, 1957.

12) Tsukamura, M., Noda, Y. and Guidi, V.: J.
Antibiotics, A, 11 : 268, 1958.

13) HKSERE - R LA, 220 41, 1952,

14) Mitchison, D.A : Brit.Med.J., 1: 1333, 1965.

15) HRSEME - F54%, 26 : 263, 1951

16) Schaefer, W.B.: Amer. Rev. Tuberc., 69 : 125,
1954.

17) SRSR=AB - HASERE - f58%, 30 : 567, 1955.

18) Van Orden, L.S. and Kirchheimer, W.F.:
Amer. Rev.Tuberc., 71 :743, 1955.

19) Mitchison, D.A. and Selkon, J.B.: Amer.Rev.
Tuberc., 74 : 109, 1956.

20) Tsukamura, M., Noda, Y. and Torii,
Antibiotics, A, 13:406, 1960.

21) Tsukamura, M.: Jap.J.Tuberc., 9 : 43, 1961.

22) Tsukamura, M. and Mizuno, S.: J.Gen. Micro-
biol., 88 :269, 1975.

23) TRASEME - K58, 37 : 103, 1962.

F.: J.



