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FUNDAMENTAL STUDY ON THE VERTICAL DIFFUSION METHOD*
III Report. Culture Media and Reliability of the Vertical Diffusion Method

Ikan YO, Yo TAJIMA, Masaaki II0, Akio SUGANUMA,
Katsuhiko TANIZAKI, Tomekichi KAWASE
and Harukata BABA

(Received for publication July 1, 1965)

In the present report, studies were made on the various physical states of the media and
their influence on the inhibition zone and further on the reliability of this method itself.

1) We have compared the inhibition zone of INH, using two kinds of test tubes, 695
ordinary slant tubes and 608 crook-necked tubes, each with 3% Ogawa medium. The only
difference of these two groups of medium was that the latter had the same thickeness allover.

After 2 days’ incubation of the media inoculated with BCG, INH was poured on them.
‘'The reading was made after 3 weeks’ incubation thereafter. The inhibition zone was measured
from the bottom of the test tube.

With regard to all of the doses tested, there was no difference between the length of the
inhibition zone of two groups. But among the culture media of one INH dose, it was varied
in wide range, although it was almost the same in average in two groups (Table 1, Fig.1,2).

2) Among the 695 slant tubes above mentioned, there was no difference in the length
and the distribution of the inhibition zone between the 160 tubes whose media were from 8.2
cm to 9.9cm long and the 157 tubes whose media were from 12 cm to 17.2cm (Fig. 3).

3) Into the groups of 10 tubes, each containing 8, 6, 4 and 2ml of 3% Ogawa medium,
©0.27 of INH was poured immediately after the inoculation of 0.05mg of BCG. The length of
the inhibition zone was in average 3.9, 4.0, 4.6 and 5.1 cm.

The growth of bacilli was similar between the tubes containg 8 m! of media and 6 ml of
media, but revealed the decreasing trend in the order of tubes containing 4 and 2ml of the
media (Fig.4).

In the next experiment, M. phlei was inoculated on two groups of 10 tubes of 1% Ogawa
medium, one group containing 8 m/ and the other 2ml. After 4 days, there was 9 times as
many bacilli propagation in 8 ml of medium as that in 2ml of medium when inoculated with
10-5mg, and 4 times more in the former when inoculated with 10-7mg (Table 2). We consider
that there is a difference of about 10 times between 8 ml and 2ml of media concerning the

propagation of bacilli, but the difference of 1cm of the inhibition zone seems to be too large

*7Fro_m— ‘Ir\iragg)ﬂnal Nal;;ano Sanatorium, 14-2, 3-chome Egota, Nakano-ku, Tokyo, Japan.
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even if this difference of the bacilli number is taken into consideration. However, the decrease
of the bacilli number will certainly be one of the causes of the elongation of inhibition zone
in 2m/ media.

4) Into 40 tubes of 3% Ogawa media and 19 Ogawa media, INH was poured in 5 different
doses from 27 to 0.05y immediately after the inoculation of 0.05mg of BCG. There was no-
difference in the length of the inhibition zone between 2 groups after 3 weeks’ incubation
(Fig.5).

But when M. phlei was inoculated and Ethambutol was poured in the doses of 12.57, 2.5
and 0.5y, the length of the inhibition zone was about 0.5 cm longer in 1% Ogawa media than
in 3% media (Fig.6).

zone was different according to the differences of the species of the bacilli and the drugs.

In other words the influence of pH of media on the length of inhibition

5) Immediately after the inoculation of 0.05mg of BCG, 0.57 of INH was poured into
the 3% Ogawa media preserved for 6, 28 and 65 days in room temperature in winter. The
length of the inhibition zone was in average of 12 tubes 5.2, 5.1 and 5.2 cm (Table 3). Thus.
the media are preservable at least for 2 months.

6) Finally examinations were made on the reliability of the vertical diffusion method as-
to the results of 695 slant tubes (Table 1, Fig.1).

times of the standard deviation occupy 95.45% of total area of normal distribution.

Statistically, the dimensions of the two
Fig. 7
shows the standard curve of slant tube media with + two times of standard deviation. As.
seen in the figure, INH dose from 0.28y to 0.8 7 can be estimated by 5cm of the inhibition
zone. Also the inhibition zone of 6 cm will signify from 0.47 7 to 1.45y of INH.

Accordingly, to decide that the difference measured by vertical diffusion method between
two drugs is significant, there must be a difference of more than three times of the amount
with 5% risk. .

Next, the standard curve of Ethambutol has a sharper slope than that of INH. When M.
phlei was inoculated on 90 tubes of 1% Ogawa media, and incubated for 4 days after pouring
of 0.57 of Ethambutol, the inhibition zone was in average 2.21 cm and its standard deviation
was 0.16 cm. In the same way, when BCG was inoculated on 109 tubes of 3% Ogawa media
and incubated for 3 weeks after the instillation of 0.57 of INH, the standard deviation was
0.34 cm.
(Fig. 8).

In the case of Ethambutol, if 0.57 was poured, the inhibition zone showed the distribution

Two times of the each standard deviation showed almost the same distribution.

ranging from 0.3y to 0.8 7. In the same way when 17 was poured the inhibition zone show-
ed the distribution ranging from 0.6y to 1.67. (in this case the inhibition zone was in
average 2.66 cm in 90 tudes and the standard deviation was 0.20 cm).

From these facts we consider that three times of the difference of the amount of drug is
required in order to find a significant difference in the vertical diffusion method. This relation
indicates the limitation of reliability of the method itself, regardless of the kinds of the

inoculated bacilli and the drugs.
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Table 1.
608 Crook Necked Tube Media

INH was poured on 3% Ogawa medium two days after

inoculation with 0.05 mg of BCG.
Reading ; after 3 weeks, M ; mean,
Med ; median, S ; standard deviation

Comparison between 695 Slant Tube Media and
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STHMHEDBRLE D7 F U Thoko

1I.
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EFRT T, HHOE S ORIEHIC BUs 3 8% a3
Sicic, AIELORHERH 695 KD 5 HLIEHOE X 9.9
cm ST 160 &K & 12 cm L) [-op 157
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INH Slant tube media Crook necked tube media
o Nuglfber Inhibition zone (cm) Nug}ber Inhibition zone (cm) 111. i;& fﬂ", 1) ﬁ
media M Med S media M ’ Med ‘ S "

40 | 35| 866] 869] 0.63] 31 | 8.51| 8.44] 0.54 ﬁﬁ%@@%iﬁmmaé?%mo
3.0 3 | 8.39| 860 0.62| 32 | 819| 810 0.56 ;fﬁg%%fzgiiégi%;
2.0 147 | 7.25| 7.13| 0.46 | 124 | 7.13| 6.99| 0.53 ’ ’ ’ o
1.0 38 | 6.42 6.46| 0.44| 32 | 6.59| 6.60| 0.3 MM (FE) @ 0.5mg/ml BCG
0.5 | 147 | 5.52| 5.44| 0.38| 136 | 5.63| 559 | 0.27 K 0.1ml Z&H 10 KFoth
0.4 38 | 4.97| 4.76| 0.56| 32 | 5.27| 5.18| 0.60 -CHEEME, [Ef#kic 0.47/ml INH
0.3 39 | 4.38| 4.28| 0.36| 33 | 4.76| 4.67 | 0.46 0.5ml ZEEICIHEA L, 37°C 3 8
0.2 140 | 874 3.67| 0.36| 125 | 4.16 | 4.13| 0.34 [HEIZICERE L0 X 11441
0.1 88 | 2.09 2.00| 087 83 | 2.55| 2.46| 0.53 SE#5 3.9, 4.0, 4.6, 5.1cm T o
0.05 37 | 140 182] 017 80 | 117 L12| 0.13 7o, $7cdob 8ml Kbk 6ml iy

. ' ‘ CILZEZ BB, 4ml EH, 2ml

Fig. 1. Comg:otio;eii:ie?u::aﬁe;[;:be Media and BN I B [ #1385 < oo Cus 2
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Fig. 2. Comparison between Slant Tube
Media and Crook Necked Tube Media
4.0
3.0F

e—— Slant tube

x—-—— Crook necked tube

2.0

1.0

1 2 3 4 5 6 7 8 9 cm
Length of inhibition zone

@® X Mean value from Table 1.
Results were also the same when median value was

0.05
0

taken.
Fig. 3. Height of the Media in the Slant Tube
and Inhibition Zone (from Table 1)
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160 media whose height is under 9.9cm and 157 media
whose height is over 12cm.
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Fig. 4. Quantity of Media and Inhibition Zone
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Inoculation ; 0. 05mg BCG on 3% Ogawa media.
instillation ; 0.5m/ of 0.4y/m! solution of INH.
Reading ; after 3 weeks.

Table 2. Colony Number on 8 m! Media
and 2 ml/ Media
195 Ogawa media. Inoculation ; M. Phlei.

Reading ; after 4 days

Inoculum quantity | Media
(mg) } 8m/ 2ml
10-5 | 1090 122.9
1077 ‘ 16.3 4.2

Note : Colony number is an average of 10 tubes.

A%, 8ml 5y 2 ml 5 X CIIEIHE T EN S B &
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IV. 3% /M E 1% IO H Bt

B pH DHIEHIC S 2 % 8% 3% /NI &
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Wx 0.1ml P>, EHKic2, 0.5 0.2, 0.1, 0.05
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B O OBICIZFRIE O 22/t A bER R
Tehotc, (K5)
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Fig. 5. Comparison between 3% Ogawa Media
and 1% Ogawa Media in the Case of INH
Y
2F e——e3%0gawa media %
Xeoanes x 1%0gawa media '."'
0.5F
jas]
Z
0.2+
0.1F
0.05 .
0 8 9 cm

Length of inhibition zone
Immediately after inoculation of 0.05mg of BCG, INH
solution was poured.
Reading ; after 3 weeks. @ x average of 8 media.

Fig. 6. Comparison between 3% Ogawa Media
and 1% Ogawa Media in the Case

of Ethambutol
Y
12.5

" e——e370gawa media ¥

o % 1%0gawa media

Ethambutol
oo
o1
1]

0.5 4
3 4 cm

Length of inhibition zone

Immediately after inoculation of 0.05mg of M. Phlei,
Ethambutol solution was poured.
Reading ; after 4 days. @ x average of 16 media.
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WOEIL 3% /NIt 2.8, 2.1, 1.4cm G4, b,
1% /NI 3.2, 2.5, 1.8cm Thotes (K6)
P EDFRERFHE2 B BCG 28 L INH 23 A L7
BE0% 3% DNIESh T 1% /ANIEH T L BRI Ee 3%
&7\ 23, M. Phlei #45fE L7 E.B. OB41IH Hos
17 NI CIRIEHEREL T 0T b, Thebbhis
oo pH i X BRI~ DOMBEITEEEOME, HAK
KO XD TR D —F LTy,
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Table 3. Preservable Days of Media
Inoculation of 0. 05 mg of BCG on 3%0Ogawa media.
Instillation of 0.05 ml of 1 7/ml of INH solution.

Reading ; after 3 weeks

Interval between preparation of Inhibition zone
media and inoculation (days) (cm)
6 5.15
28 5.12
65 5.19

Note : 1. Media was kept in room temperature (winter).
2. Average of 12 media.

D 3% MR % #H L7, BCG By 0.05 mg
(0.1ml) % b4 12 Rk, He 17/ml INH
% 0.5ml ZFEITHEA, 37°C 3 BRIES#E L, BCG
B3 LU0 INH R ERMS AR L b D2 Lic.e
BRIEH D E XI1T4 12 AFEH ¢ 5.15, 5.12, 5.19cm 3
3EEOFEME O HUEIERL(ES) T
7ehb 3% NI 2 ARITER (&) #Ec
BRI 8% 5 2 70\ s

1IV. EXH#GEOEEE

ELIABUE LA F I IEE Th % 2 DS DOEEL
DTV L LIIABHTHEIND L2 AThHD, HE
K1eibhzd L3R T INH B2 EA LTHF O
IEHOGAINI D KE G, £ 1, K1 IR LTS
1 695 A% PIiC & > THEILIKEEE OB IEE % B3 L,
Hiat LEEEEMRZ (0) @ 2 ORISR B FHSMOTERIT
EHMEKD 95.45% 505, Lichi>T i INH
OEFHHFC ThTh + CXEHFE) 2EEX R I L
R7DX5cins, ThbbRTADRS LE) INH
0.287 205 0.87 % CIXPHIET 5om » /¢ 3 A A MAt
%0, BAIEH 6cm X INH 0.477 T 284% 1.457

THLBELHD 5 Do 0.87 1% 0.287 D 31Tk
Fig. 7. Reliability of Vertical Diffusion Method
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D, 1457 1% 0.477 Ok 3 fECY-B, TRbOHE
SIREOE DO HIE B bhi 2 oKD INH B4 EHE
D7 L RILTICIL 5% OfERERT 3 5L EDENBET
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Reliability of Vertical Diffusion Method
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