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The relationship between the growth rate of tubercle bacilli and the concentration of antituber-
culous agents was studied. The growth rate was observed by two methods: First, the ratio of the time
of appearance of visible colonies on a medium, to which 20 to 50 viable organisms were inoculated,
taking the time on control medium as 1 (Tsukamura & Noda: Med. & Biol., 45: 150, 1957) (The ap-
pearance of colonies occurred after 13.8+1.0 days, when inoculated 33.6+6.3 viable organisms) ;
second, the generation time measured by the method of Youmans and Youmans (J. Bacteriol., 58:
247, 1949) (Ogawa egg medium was used).

The test organism was Mycobacterium tuberculosis HzRv and the Ogawa egg medium was used
throughout. ~After homogenizing by shaking with glass beads, the bacteria were suspended in saline and
2 bacterial suspension, 10 mg wet weight /ml, was prepared. This suspension and its dilutions, 10-1
to 10-5, were used as the source of inoculation. The inoculation was done using a spiral loop, which
delivers a 0.02 m/ amount (Tsukamura & Noda: Kekkaku, 32: 639, 1957). The tubes inoculated
were stoppered by a gum cap with a pin hole and incubated at 37°C, and the growth of colonies was
observed every day. Antituberculous agents were added to the medium before sterilization. The
medium was poured at 7 m/ quantities into tubes, 165 by 16.5 mm, and was made as slopes by sterili-
zation at 90°C for 60 minutes.

The results are shown in Fig. 1 and 2. The degradation of antituberculous agents in medium
during the incubation at 37°C was tested as shown in Table 1. It was shown that, out of the ten agents
tested, only rifampicin and ethionamide are degraded during the incubation. The degradation of
rifampicin was more marked than that of ethionamide. The results showed necessity of modification
of curves in cases of these two agents. It was suggested that, after such modification, the curve of
rifampicin be similar to a straight line.

From the results obtained, the antituberculous agents could be classified into three groups.

Group I. The agents which belong to this group showed a straight line-relationship between
the growth rate of tubercle bacilli and the concentration of an agent. Increase of the concentration
of the agents in suggested to produce increased activity in lesions, showing a straight line-relationship.
The following agents belong to this group: Streptomycin, kanamycin, p-aminosalicylate, ethambutol,
rifampicin, cycloserine, and amithiozone.

Group II. Capreomycin and ethionamide belong to this group. Increase of the concentration
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is accompanied by marked increase of activity. The increase of the activity is suggested to be higher

than expected from the straight line-relationship.

tion may cause a marked decrease of the activity.

tration of these agents in lesions.
Group IIIL

It is also possible that decrease of the concentra-

It is desired to make efforts to elevate the concen-

Only isoniazid belongs to this group. This agent does show no activity if the con-

centration is lower than its critical concentration, but it shows almost complete inhibition of the growth

when the concentration reaches the critical concentration.

the critical one will not give mich effectiveness.

The use of higher concentrations than

Use of a large dose of this agent will have only mean-

ing to maintain effective concentration for a longer period.

#

PUEHHI DR+ 2 (EL, REIER L HEE
BT TEL bR D, PREFIO R T, BEER (n
vitro) PR X LT\ HDIL, streptomycin (SM)P~9,
isoniazid (INH)#-6 kanamycin (KM)?~10,
mycin (CPM)12 rifamycin SV /gL
(RFP)1319 45T, p-aminosalicylate (PAS),
serine (CS), ethionamide (TH), ethambutol (EB),
amithiozone (Th;) IIIREFER IRV EFEL DR T
%o BEERIL, WREENERCHIEL TV 2R TR
i, RBEAEBRTREDORLDTHOT, RLT
MEPCRBEERSR DT 500 E 5 hIe2W TEGE
AT\, —75, BEEAN L& ShTh% PAS ©
sulfisoxazole % {KYLEEC & T EEHIC FERLEID R LIchs
&, BV ARE LTLRARHEFERIERS LW
5EELH DY, LicnoT, FEFAND 2 HUREHA
DI TH D LB E LB 2 LIXTE R, B
o, BEFRAOHS CPM X b b, RE(FAOKR EB
DI, BRI AR TS B Lik, BRIRFE M« R
FT5EATH D, WTRICLTh, EAENOTRLHA
DOWET, HEECREC L EEH I LILHENTHS
b, XD EEROW, ERECTREAOIER LTS
THHEBbND,

FAFIOL1 19594812, SM, PAS, INH, Tb; o {EyREE
B BREEEC I T BIER (in vito) RBIZELIC,
FOMFI LB &, SM, PAS, Thy Tix, B
BB 52 IV BE L DD LRV IRE TREEED
Mo pz ERNREH SR, Lnd, COREEEL, &
EE QIR L CEMROBIR AR L Tl 7ot — T,
INH % 0.02 pg/mi & TIEFEHEWC R L CTREE W
7%, 0.03~0.04 pg/ml i s L BCHBENEILT 2 Z
LaEE SR, Tibh SM, PAS, Thy Ti¥, WEE
ORI LA U CREBIEFANE ¥ 525, INH Tk
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BekbTkkiy. Mycobacterium tuberculosis HygRv B ffH L
Foo EEHNE 1 % NIESHA (H Lic, 1 25/ NIEEHITR
OB A 1o, Bk (1% KHPO, 3 X0 127 sodium.
glutamate 475K %) 100 m/, £ 200m!l, glycerol
6 ml, 2% malachite green JKIFJK 6ml, = D K i %
165%x16.5ml OREEEIZ Tm! $O5HELT, 90C 60
SWETH - i X M LT RS, AL
FoERFNE, A L CHEEERT ORI YR N L e A3,
RFP, TH, Tb; i3/KCE T DT, \DICA Propy-
lene glycol IR L7ck, ATH AR L THBUCRML
foo HEHUCYRINS h % propylene glycol fi%, 1 %%
2k S Lz, 1 BETFTE, HEEOFRHICHL

THENRN & &R BELRY, HHZEENL, strepto-
mycih sulfate BJ{R%4%5E, isoniazid JEH¥7 3%,
aminosalicylate ¥5Ef3%, amithiozone JE¥F 3%,
mide $EHF5%, cycloserine $#EB73%, ethambutol Rk
22 rifampicin ff—#$U3K (Lepetit, Milano), kanamycin
sulfate BAY4HLEL, capreomycin sulfate #F#F25 (El Lilly,.
Basingstoke, England) TH» %,

REEEOIREEL LT, (1) 20~504FHAL /B
DEMR T ol L &, AR CHREELRRTS %
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STHEIE Ul ARF:fE] (generation time) o 2 DD J5ik
T,

Bl N BEHIC B L C, 37°C 485 ER, *F
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D 6 FOWW AT« DIFNRE (AR 1 & JTY
2BR) wat/NIEe, WEALE T 0.02ml (1
F&HR) ToBE L, BoASLRRECADE
I AR ST TIICIEEEL, BRERREOFEY

sodium p-
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Effect of Pre-Incubation of Medium at 37°C for 0 to 3 Weeks on
Activity of Antituberculous Agents

Table 1.

Resistance level (The highest concentration of antituberculous
agent on which the test organism could grow) (ug/ml)

Antituberculous agent ; - .
| Pre-incubation time of medium (weeks)

| 0 1 2 3
Streptomycin sulfate ‘ 5 5 5 5
Isoniazid ‘ 0.02 0.03 0.03 0.03
Sodium p-aminosalicylate J 0.05 0.05 0.05 0.05
Kanamycin sulfate 20 20 20 20
Capreomycin sulfate | 20 20 20 20
Ethambutol 1 1 1 1
Ethionamide ! 10 10 20 40
Rifampicin ‘ 1.25 2.5 5 10
Cycloserine 5 5 5 5
Amithiozone ! 0.25 0.25 0.25 0.25

The concentration of antxtuberculous agents used for testing the resistance level were as follows Streptomycm
0, 1.25, 2.5, 5, 10, 20, and 40 gg/m!, Isoniazid 0, 0.02, 0.03, 0.04, 0.05, 0.1, and 0.2 zg/ml, p-Aminosalicylate
9, 0.05, 0.1, 0.2, 0.4, 0.8, and 1.6 #gg/m!/, Kanamycin 0, 5, 10, 20, 30, 40, 50, and 100 #g/m/, Capreomycin 0, 5,
10, 20, 30, 40, 50, and 100 gg/m!, Ethambutol 0, 0.5, 1, 2, 3, 4, 5, 10, and 20 pgg/m/, Ethionamide 0, 5, 10,
20, 30, 40, and 50 pg/ml, Rifampicin 0, 0.63, 1.25, 2.5, 5, 10, 20, and 40 g#g/m!, Cycloserine 0, 2.5, 5, 10, 20,
30, 40, and 50 pg/ml, Amithiozone 0, 0.125, 0.25, 0.5, 1, 2, 4, and 8 pg/ml.

Four series of media, each consisting of three replicates of the above media, were pre-incubated at 37°C for 0,
1, 2, and 3 weeks, respectively. After incubation, three replicates were inoculated with a 0.02 m/ sample of
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three bacterial suspensions, respectively (107, 107°, and 10™* dilutions of a bacterial suspension, 1 mg (wet

weight)/md).

The growth of the test organism was observed after incubation ot 37°C for 3 weeks. The

resistance level was read in one set of media, in which the control medium showed 20 to 100 colonies. The
number of viable organisms inoculated to the set of reading was as follows : Pre-incubation time 0, 39.2%5.4;

one week, 83.9+20.3; two weeks, 30.0%£9.8;

deviation).
EREEL %wm%ﬁﬁzﬁab,zxo%ﬁaﬁﬁé
ST, DR Eoft, L LERITIX, o0
X 5 7l i&’ﬁ&)fia‘l'@éomo

BlED X 5z, #IERFE B FR Fisk Lc, 28 H BRI EE
Fia & RS OEE R A B e, LTORE, 107
ERAEE LA, HEibaic b B 33.6£6.3
(20K D P ME & EEUERE) 2 BeDT, B 1DHFED
MFEERE T TORIUL, 107 R EAED series T
F Lo, BEIXE RNREIC BT 2 FIREEFEIHA
#z, x=13.8+1.00 (10JIEDFHME & & O RER
%) THoDT, FFERELHEIC ST 5 MREEER
HEKY Bakd, (v/z) THREEREYE LI, R
100~1075 BG4 HEfE L 7o 4 series {20\ CHIFEHIESE
BAKE 75 72 A L, &0, Ml EERER O
%Ez D (RAN100), BB E EoT, FRE
BT A MFREERI  CORREELAT B, HiRsE
?%% TS T, RRHKEREY a, BEKRE
2 b LT, HREEIGIRKRATEL bR EY, Itk
t FREEHRB AR OE, ZORTIL, GILEHTE
BDT, IhnEBEHTER L TKTERY R LIS
=(Ioga—logb)/t, G=log2/K,
Flz ¥ 107! HREETI0R, 107 BREE TISHC

three weeks,

43.0%+11.3 (mean of ten samples and standard

VIREENFETIUE, a=10"1, b=10"¢, t=15—10=
5H, K={(—1)—(—4)} +5=(3/5)=0.6, G=log 2/K
=0.3/0.6=0.5(H) =12¥H,

STCILEER LIEE 0, Bk 25K OME D
DHEBIIRDOTFETHE LT, ExRAEE (12
) &t/ EERL, 2h#%37CiZ, 0, 1,
2, SHEIZEFELLE, ROBEKLIBREALT CHEEL

Bl NIEHIC 3EREEL, ik ¥ 7 AE
2V CH—~L L e, BB LY 1mg/m! (BH
B) OWMEERIESI, ZOWKE EREK THERLT,
1072, 1073 B X% 107 HEEIED, T OWEEEIRER
SET 0.02ml FoRBEHTHEMEL, 37C 3BE®EL
eth, MR GEFIRL) 12 20~100 £% AT HH
W DRI T, EEREXDDIRERELYIE LI,

T DWW, Wi B “actual count” T X Bt EE
CHIM 5, STCIL A ROz &ic X b, HHINSE
LTvhiE, IV EEORECRENEI S ELELbhN,
BHIOFBEN LT IE, FEE ORI 5B 0 R RRAF
DHHELRALITTHS, ZDHEC LY, ERGHED
B R LI,
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Fig. 1.

Relationship between the concentration of antituberculous agents and the
growth rate of M. tuberculosis (strain HyRv).

The growth rate was expressed as the generation time estimated by the method

of Youmans and Youmans (J. Bacteriol.,
of first appearance of visible colonies.
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Fig. 2. Relationship between the concentration of
antituberculous agents and the growth rate of M.
tuberculosis (strain HgRv).

The growth rate was expressed as the genera-
tion time estimated according to the method of
Youmans and Youmans (J. Bacteriol., 58: 247,
1949) and/or the ratio of the time of first appear-
ance of visible colonies.

3w RFP (10 TH Wi, chaigz ok
ZOFERIL, SEOH 4 DERERLE L—
ZLTWd, o, B/ X i, RFP ofFEHE
Tz 18T 1/4®, TH 0Fz 138 T1/2 &752TW
HxDUEMEL D bAREL TS,
OIS IEREPOERET 2 EBIETS L, RFP kB
o8 Ii@ﬂﬁu ERRIZIX, o0& b koI
CENETHDHEBbND, FHEOFELY RFP 0
220z, M1 ORI ERCE S EBbh s,
2) %EEEM%&@%E
FHRTE, BREEEOREL LT, kD 20% &D7,
2 LZBEEAR I XTSIV E» O REECHRE T
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