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FUNDAMENTAL STUDY ON THE VERTICAL DIFFUSION METHOD*

II-Report. About the Bacilli Species and the Drugs
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(Received for Publication May 12, 1965)

In the previous study, we reported about the measurement methods in the vertical diffusion

method. In this report, the relationship between the bacilli species and the length of inhibition

zones of the instilled drugs was studied.

1) Five different quantities of B. C. G. were inoculated on 3% Ogawa media. After 2 days’

incubation in horizontal state, the 5 different doses of INH were poured into the bottom of the

media and kept in vertical state for 4 weeks. It was found that the length of inhibition zone

was the longer when the quantity of inoculum was smaller (Tab.1 and Fig.1).
2) Directly after the inoculation of 0.05mg of 5 different species of mycobacteria (B.C.G.,
M. Fortuitum. H;, M. Smegmatis and M. Phlei) on 1% Ogawa media, Ethambutol and INH were

poured each into the bottom of them in different doses. The incubating period was 3 weeks

for B.C. G., 2 weeks for M. Fortuitum, and 4 days for the others. To measure the Ethambutol,

M. Phlei was most suitable as seen in Fig.2. Because by using this bacillus, not only the

measurement was possible at a very low concentration of the drugs, but also the inclination

of the inhibition zone by different doses was the slowest.

For INH, B.C.G. was most suitable in the above meaning (Fig.3). Thus, each drug has

its most suitable bacillus for the vertical diffusion method.

Next, we compared B. C. G. and HgRv, but there was no difference between them (Fig.4).
3) The preservable period of B.C.G. was much influenced by the presence of NaOH.
B.C.G. diluted by water was preservable at least for 10 days in the refrigerator or even at

room temperature (winter), although the growth of bacilli became worse by 2 hours’ contact

with 1% NaOH at room temperature (winter) and the length of inhibition zone became longer

accordingly. When they were preserved for more than 2 days with NaOH at room temperature,
growth of bacilli became so scanty that the inhibition zone could not be formed (Tab. 2).
4) The preservable period of INH solution showed the same tendency as in the case of

the bacilli, that is, INH solution dituted by water was preservable at least for 60 days in

condition of under 10°C (Tab.3). But if INH was diluted with 19 NaOH, it was certainly

destroyed. Table 4 and Figure 5 showed this clearly. INH solution diluted by 1% NaOH was

boiled for 5 minutes and preserved for 30 minutes at room temperature (summer).. With this

* From National Nakano Sanatorium, 14-2, 3-chome Egota, Nakano-ku, Tokyo, Japan.
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INH solution, the inhibition zone was almost lost. By INH solution with NaOH, preserved at
31°C for an hour, the length of inhibition zone became shorter, and when it was preserved for
4 hours, the inhibition zone was almost lost. When it was preserved in the refrigerator, the
preservable time became only a little longer.

So if NaOH was added to INH to avoid the growth of saprophytes, it was recommended to
use it as soon as possible at the room temperature.

5) 0.05mg of B.C.G. was inoculated on 3% Ogawa media.

horizontal state, 0.57 of INH was poured into the bottom of it and kept in horizontal state at

After 2 days’ incubation in

37°C. INH solution was drawn out after various times as shown in Fig.6 and then the media
were kept again in the incubator for 8 weeks.

The length of inhibition zone was the same when the INH solution was drawn out after
12 hours’ contact with the media. It was proved that 12 hours’ contact of INH solution with
the media was enough for the determination of the inhibition zone. From this result and
that of the previous report that the length of inhibition zone became shoter, if the drug

instillation was retarded, we concluded that the inhibition zone was decided by two factors, that

M HAE BTRE

is, the diffusion’s speed of the drug and the growth’s speed of the bacilli.

b IULE 13D T, BEIIABEORNE B 2w
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Table 1. Fluctuation of Inhibition Zone
of INH According to the Quantities
of Inoculated Bacilli
INH instillation into the 3% Ogawa media
which were inoculated with BCG and
incubated for 2 days at 37°C.
Reading was made after 4 weeks’ incubation

Quantities Instilled INH dosage
of BCG
(mg) sy | 1y 0.5y 0.3y 0.1y

cm| cm| cm cm cm
0.5 7.28 5.71 4.69 3.96 2.35

0.05 8.14 6.36 4.98 4.14 2.39
10-2 8.79 6.63 5.68 4.69 3.18
10-3 9.37 7.28 6.05 4.76 2.68
10—+ 9.38 7.88 6.07 5.00 3.06

Length of inhibition zone is an average of 8 media
of each group.

FRIZDONTD 2,3 DRERRGE A HET 50

(1] # &8 & 2
PEEE RO I RIE T HEL BT 5 B TR D
KR 1T 7>t BCG E¥K 5, 0.5, 0.1, 10-2, 10-3mg/cc
D5 MEIEY, £D 0.1cc Fo% 3% /NIikH (R
i) w1 40 AHCHEE L (ThbbEESni:
BEL 0.5, 0.05, 1072, 1073, 104mg Tk 5 ). HiEfE
B E T o Bt eI & bic beic Db 37°C,2H
MK P &, INH ks 8, 1, 0.5, 0.3, 0.17/0.5cc

Fig. 1. Fluctuation of Inhibition Zone
of INH According to the Quantities
of Inoculated Bacilli
INH instillation into the 3% Ogawa media
which were inoculated with BCG before
2 days and kept in 37°C, Reading ;
after 4 weeks of incubation
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D5 BfEEy 1 B o X 8 Ab TR ER TR D 4 BfEE 0.5cc 350, FERE L HITEH 6 XTI

0.5¢cc FOIEA, HEILCEHEST 37°C 4 BREIESE Lo FEA Lo EAHERNC L5 MEOREY Th ThEE |
L EoFERC L >TE BRI OmSRE 1, K1 Ui 1% ANIES R Lico MIRT_TCROER LR 4

KRTEB DT, fok 21E INH 17 CIBmEaEos . —FE T LIEHR K3 Thso Thbb BCG
7 SIECPL -80S Xt 5.7, 6.4, 6.6, 7.3, 7.9cm %X Hy i3 INH 0.17 ¥ CHIEARETholend, M.
T&b, Ffc INH 0.37 Tix 4.0, 4.1, 4.7, 4.8, 5.0 Fig.3. Variations of Inhibition Zone of
cm gD TnwAH T e, 0.37 DLECRITCHEEE INH According to the Differences
BTN BRI R e B AR R Lo of Bacilli Species
M $¥@EOES (1% Ogawa media)
BCG, M. Fortuitum, M. Smegmatis, M. Phlei, H; . M. fortuitum
e 5 WA S . UCHMB ORI L LI % & ORI . L -
% Ethambutol (3 F E.B. rB&3) 7c bowwe INH i@
DU THE Lo
LEEDOAER L 0.05mg(0.1cc) % 1% /NIEEH (Rt © q
i) 1o 30 Ak, TR, EIC E.BOKEW 5. 2.5, g '
1, 0.5, 0.257/0.5¢cc @ 5 Egfis% 0.5cc FOZMHMEL D < 05
o 1 BT o X Kl 6 KICERERIEA, 8T°C ICHIT Z
ICHEHE Lo BCG 1% 38, M. Fortuitum 3 2 38R,
fitk 4 BICTHSE Lico BLIESOR SIIR 2 IR T & 3 02
D ThbHo Tind M. Phlei 233, 0% & HifE OMEHF
Fig. 2. Variations of Inhibition Zone 0.1 h 1 . é 4I IJ (; ,'/ écm

of Ethambutol According to the R
Differences of Bacilli Species Length of inhibition zone

Fortuitum 13 27 2\HIEMHERA TS », M. Phlei 3

M.smegmatis

7 BCG /M.fortuitum L8 M. Smegmatis {X[HFHA2 TR Lish2fce T
sk N INH 156035 = h SO L& o ik BCG b or %
@B\ ‘f‘ﬁfﬁ‘['%‘ﬁ:\. L7
DEN 2, M3 bhd &5 IcEMpofEc X >
5 95k TEDRRENSL LR OEFNLY s ic Rig B 2%, &
0
3 M.phlei Fig. 4. Inhibition Zone of INH by BCG or HyRv
3 H; — Inoculum quantity ; 0.05 mg 3% Ogawa media..
_é Reading ; after 3 weeks’ incubation.
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R Lishs2ico
wiz. E.B.obhic INH 2, 0.5, 0.2, 0.17/0.5¢cc 0.05 —atwe L1 1 111 0 1 |

(K 2 R T RED Lichd, #HEKER L0 M. Fortuitum o
HEBZE D THORDTARAXDO L LHTETS] Length of inhibition zone-
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THEAEANC X 2> Th ThZhBR I R oAb
AT T E.B. ki35 M. Phlei, INH zxi+
% BCG 0z r { AMEFHAIC L oL L HEL L B
HWRENEEL, HEOEREWC L OCIFEIE o7 B
Tt E X B R Lo

wie BCG & HyRv %Ml Lico 3% /MilEHic
BCG, HyRv &4z 0.05mg (0.1cc) # kD kD 40
kFoEfE, 37°C 2 HRgER, INH 4, 3, 2, 1, 0.5,
0.4, 0.3, 0.2, 0.1, 0.057/0.5¢cc @ 10 FEEHZ DT
DR DEEM 4 A% T 0.5cc FOHEAL, HEILIT 37°C
3R Lico M4DZ < BCG & HyRv & Tik
FHIET OE S EHRRBD DT,

[1II] BERRGEATAHM

B FRIEK TPESL L 7c 5mg/cc BCG Hika X BIR,
BB X0 1% NaOH K TrhZh 0.5mg/cc &
JRCAEBL, FREBORDOER (ZH) % X OWBHE
WG TR Ulco AR 17/cc INH 3 GREEZRIRK
TR Zf L, BEECEE L. RRLOEKS X
O INH @ 6 L CRDER BT D7c. 75BKHR
B, 1% NaOH FHfREL L & ICEWRESE 2 BrRd (S5RF
HFOR), 2, 4, 6, 8, 10, 40 HEE (7=72 L 40 HIZKH
ROGRIR I D%) 1@ 87 /DS (FiE) 4 4%k
3 CHW 0. lcch 3, 3 <w INH 3% 0.5cc %A,
37°C 3 EMIESIICHEE Lico WK, INH ¥, s
NTRABER IS D&M A Lo

Pl EoEBe X HIEFOEmIREIOI &L, KE
KRR CIXERARFC R T 2R~ 5 10 BET
DFELIEH1Y 5.8, 5.6, 5.4, 5.1, 5.5, 5.1cm T b,
ERERED 2 Hos b 40 B ¥ TOIEIR 5.8, 5.2,

Table 2. Preservable Period of BCG
(Inoculum quantity of BCG; 0.05mg, Instillation

of INH ; 0.5y, 3% Ogawa media, Reading ;
after 3 weeks’ incubation)

i 2 Pl ey PO% RROH
BCG suspension | Room Refri- Room Refri-
to inoculation ‘ temp. | gerator temp. | gerator
2 hours 5.2§m - 6.70% | _—
2 days 5.60 5. 28 * % 6.40%
4 days 5.43 5.20 * 6.80%
6 days 5.10 5.10 % % 7.67%
8 days 5.48 5.40 S 6.90%
10 days 5. 08 4.68 * ok 6.23*
40 days / 6.28 - -

Note: 1) * Growth of bacilli was very bad, especially

after 2 days of presevation, showing less than
30 colonies.
** There were only one or 2 colonies, being
impossible to mesure by vertical diffusion
method.

2) Length of inhibition zone is an average of 4
media.

3) Room temperature in winter.

HmE BB BTE

5.1, 5.4, 4.7, 6.3cm Thb, TbbERTLARK |
F R LR T h AfF 10 BRI DUWBHIEHe s
BOEE L, LieadoT 10 HELEFEAREThH DOk,
L2 L 1% NaOH TR LI-EREHE LR, &
R 2 B HE L d T CIREH O EFER BT E S /e
D, BHIEHS 6.7cm L EL 78D TWwB, 2 HUESER
B Lcd Dif 1~2 2w = — D% %5 DR TH (-
HEBRET, WRECRE Lcd DT O ZBMILE:
HIZ G RSHMETAHBRET, 1TLAEN 30 2w =—
UTThHoleo Tinb bR DIl HEIC 1%
NaOH # iz 2 FeH A ERE 35 L BRILHREE B in g
w5 B BiE R R Lo
[1v] INH #%O{R%EFEEHIM

it BCG B 17 BRI O Brhie A L7 INH
WX FRBRSRECHRT L, LECEUCHEACH LR
A, UAREE DA TR INH s X O DRIFIC X
BEELER LRSI b\ (IO AT RES
FENERIRD T3E)

¥4 INH 30 RAFATREIIEIC D\ T oo BB & &k
it 3o BCG B§¥R 0.05mg (0.1cc) % 3% /NIlssH
(R wifmpE sk, (FREES X OVRETED R %
17/cc INH ¥#& FhZhis 8 &K% C 0.5cc FoiEA
Lico R L7 INH %12 60 Hijs ko 15 B/
B HWHEBBRKTHRR LS D) L, S| (%
Lo g, A (0~5°C), k5 (—10°C) ILxD %
DRF LI D&, HAER (O R cfFELed
DEThbo 3 ME 37°C ks Ui-fHIEHITE3 D &
BOThdo A LRMHFIERD INH ¥ CIxfHikHix

Table 3. Preservable Period of INH Solution

BCG inoculum ; 0.05mg, 3% Ogawa media.

Instillation of 0.5ml/ of 17/ml INH.

Reading was made after
3 weeks’ incubation.

From the time of | Preservation method

preparatior} of
aesiation | About 10C | 0~5C | -loc
1 hour 5.15cm i
15 days 5.06cm |
60 days | 5.56cm | 5.31cm { 5. 16 cm

Length of the inhibition zone is an average of 8 media.

5.2cm Th Y, 15 HEWEERE LTk 5.1cm,
60 HHMRAELcd DTSR 5.6, W@ 5.3, XK=
5.2cm Thotoo ThbbRFELITE A EFEFRRL,
NH B EA%ET 60 HRIXEMCR 2 5 5 & L %
DIo

UL LB & FIRRAEBIE ARG ILD &R < NaOH ¥ %
ANTCHEIRD & & & FRpE w8720 17/cc INH 7%
P DA 1% NaOH KCHR LD D &, ]
HRBKDOZTHE Lic INH e, ThZhigEE
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Table 4.
BCG inoculum ; 0.05mg.

Effect upon the inhibition zone of INH diluted with 1% NaOH
After 2 days’ incubation 0.5ml of 17/ml
INH solution was instilled into the bottom of 3% Ogawa

293

DIGRERRD, 4 KL
TRHETET < E TET Lo

media. Reading was made after 3 weeks’ incubation ﬁ{ﬁb:/—%ﬁﬁé{%ﬁﬁﬁ:%:’)
- & PRI DR TR EEHE
Frol.?p;?:t;:g:eogf Water solution of INH 1% NaOH solution of INH ., . Sy
II;\IH solution to 4C Room temp.| Boiled for 4C [Room temp.| Boiled for WAL, TRhTh 4 B#Faﬁfﬁ
instillation (hour) = (31‘C)Cm 5 minutz:n — (31°C)Cm 5 minutsz'1 fﬁi\fgfﬁ) 12 %Fﬂufﬁbi%
1 5.85 5. 5.38 5.58 .13 .10
> 2371 NCZ 4 D
4 5.70 | 545 | 533 | 470 | 170 | 1.38 ELEFRS T DOIER
6 5.55 5.80 5.18 4.08 1.35 1.38 RER A DREARK T
12 5.43 5.25 4.80 1.43 1.35 1.1s  AE L INH guiisic
24 5.25 5.10 4.80 1.05 1.10 1.10 RETHBH, 1% NaOH
S g - Y
Length of inhibition zone is an average of 4 media (for 24 hours’ group, it is KT LA INH &0iﬁ%
an average of 2 media). ﬁjj{f?ﬁi’?%{%ﬁﬁﬁkc
L OTCEREZRRR D, Liz){NaOH 1z X ->CINH

Fig. 5. Effect Upon the Inhibition Zone
of INH Diluted with 1% NaOH
Inoculum ; BCG 3% Ogawa media,
Reading after 3 weeks

—— 19 NaOH solution of INH
Water solution of INH

@ Preserved at 4°C
A  Room temperature (31°C)
X Boiled for 5 minutes
cm
6} o
PR, o TR
-~ G
| Rt SN
‘X'-——-X
D
=
R
= 4 B
.2
o
Z 3r
- i
)
8
~ 1
0 | | | | | 1

% 1 4 6 12 2

From the time of preparation of INH
to instillation (hour)

(4°C), =R (B1°C) XUt 100°C DKIFHT 5 4
BERICRE L 3B X DI a - THERICHE L,

BCG Eiyg 0.05mg (0.1cc) M@ 37°C 1 2 HEASE
WCHHE L7e 3% Mk, Lo 6 o INH s
F DI DIYE T4 30 43, 1, 4, 6, 12, 24 B Hic 0.5
cc 30, TRERIM 4 Ao A (24 B B D&l 2 AT
), 37°C 3 BHIREEE Lico FHIEHATSE 4, W5 105
X5 W EARB KDL T L INH i ot
FETORERILESTHS A, 1% NaOH K CHHE L
7o INH Jieoun Tk, BB CIiadealazs 30 i
HEA LIS DOTHTCRLIETHIXIE L A LRECHET S
ETRIETL, R (EH) RERCX 1R k4

RPEIND Z LWL TH Do LA > CHBEE I
Dicdic NaOH % AT BHA134070< & 1 FRib
FERICHETS o LT A RETEH S,
[Vl INH % &3
EZHREE CHEA LIc 38K & B0 8ok 35 B & B
1L & DRI OT, BCG 0.05mg #5546 2 HE 37°C
THE L7 3% /NIEghic 1r/cc INH 3% 0.5cc JEA,
37°C IWENLITEE % LTco INH Wit A 2 45, 30 43, 1,
4,12, 22, 72 WO KM B 4 AT oy b T
EDRWH TE B RITEECHR N Lo X BT 72 1
HEHRC RO\ Th 5 —EHHE L TR\ TFED % ¥
3 MBS Lico BRI OB S 4HMIFZ 0.9, 2.8,
3.6, 4.7, 5.5,5.5, 5.2cm & 7co7 (K 6)s Thabb
INH ORI 35135 PRI BT 2T, 12 B
Fig. 6. Connection between the Length
of Inhibition Zone and the Contact
Time of INH with Media
BCG inoculum ; 0.05mg. After 2 days’
incubation, 0.5ml/ of 17/m! INH solution

was iustilled into the bottom of 3%
Ogawa media. Reading ; after

3 weeks’ incubation
cm
6} ¢ .
® °
5f I
2 b
R4 .
S5 ®
2 3F | S
B0-0
FZ ol
= °
g
0 ! ! L ) L ! ]
W k1 4 12 22 72
Contact time of INH solution with media(hour)
MBI R 2R TTH, b5 IRz sa bh

3 12 LI IR S e BRI DB F B I I 125 1R
HOEMITREL T Do
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B HE £ =R

HhITEEY D7  BEThE 7z IR
FEL B EARREDEN, O AT, TS
LRBFAFEOEIRDZ L WE LTV Do LD THE
FIIERE L L TAJIP® 1k HyRv 10-2mg (0.1cc),
Schmiedel® 3 HgRv 0.05mg/cc % 2~3 = — &,
Grosset 5% 1% HgRa 0.005mg (0.2cc) LEEZRHRD
TWHR, FEEENEIERFCEETIRTChLs R
WaREBbhB,

W ZEE O L > TR R D & LI EE

12 % BHIRZ O ED bATHEHEBEIND B,

BCG ¥k HyRv & TiXE—D IEH &R Lico FHIEE
WEC—fEc HyRv AL TWA L5 THBD, b
bR G 52T BCG Offifiia 330
2B 5, LasL Grosset 5% (3 BCG » HyRa %
HHL, HAREEAD ST HyRa 2HEEE T T
bo (bt HyRa O AR o\ od 2 D rild
T HIBE L TRz EEDOTWS)

BCG BRI BERIRTI T B © TSI W B ZRIEK
DHEFEATIEER (FH) <d 10 BRRSEFETHE
ThbHI LEADI, Ll 1% NaOH THRAH L
TR B 2 R T TR AR EE T Do T D
Z 213 INH T h R TH D THBKD L TRE Lz
Ok 2 7 AHOERES (FH) CLHEMAWTETSHS
7%, 1% NaOH 0B A U7z INH ¥z 1 Beffl i ifr (2
1, 31°C) T TCPIEHEELY DI, LD T
MBS 1L D7 i NaOH %R AT 33T, Bk INH
B TRICOWT LIBT3 B BER L TTE
BRETRLFATHIRE TS,

INH @ % 5P i At 12 R DL a3 Uik oz
BT AL OE S BN e hy D 7o Grosset 59
3 7 BRI & AR IR IR —E DR I e D &
LHADTEY, By cEIemRH (12 BRHLIPY)
kS M BRI D PR E CRRIEF OB ST RES LT
Bo T DL ETRY THE U DEFTEAE
TOMBINETIUIBRIER XL I b HiE R e E 2 &
T, MLIE#OE XTEARHFI O ILBOEE L EEED

B OBAOE BTHF

BT (IEH) LD 2 SORTFOHEERIT X OTHRE
ENBLDEEL BNSo

& &

(1) BEIIREIEC BT 5 HEE S X OEAZEFIC B
THBREIT IR0,

(2) HEEEIHEHCEETIRTO—D2THY.,
BEADIWLE ERRIEFI R B2 EARS %o

(3) E.B. r INH ki35 5 BEHOHMEORT
FRIEFHE TR ENEL D, WEEHC LI OTEDED D
DL LMY HENFET S, Tbb BB i M.
Phlei, INH i BCG 2340 & & (KIERE ¥ CTHRIERE
Th O IEHOERND B D%, L L BCG &
HyRv o INH x5 IF# 12— Lico

(4) WEEFKBKTHE L BCG HRIILMSER
fFc 10 A, INH ®ik 2 2 AERETRTLS 2, 1
95 NaOH CHLHE L7z % DIk BCG B ¥ T ik 2 Brfdi=siE.
(&8 FfFEc, INH g 1 =R (&) fFCd
TIAFHARETEH D,

(5) INH g@aRthiciE A 12 R EfGETh
EEAEF S CCL IR EELZ T\ Tib
BRE I O VXA SR D IKEORE & SR O %I
Lo TEABEIICHREZ NS,

AL OB EO—ELE 38 EiEBIREaRs (AT
38. 4) [fk% 38 : 8.9, 374) TH#i% Lo
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