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FUNDAMENTAL STUDY ON THE VERTICAL DIFFUSION METHOD*
I-Report. Method of the Measurement and the Reading

Ikan YO, Yo TAJIMA, Masaaki 110, Akio SUGANUMA, Katsuhiko TANIZAKI,
Tomekichi KAWASE and Harukata BABA

(Received for publication March 17, 1965)

Vertical diffusion method is now generally used for the biological measurement of the drug
.concentration or the drug resistance. But there still remain some questions for further study,
such as, kind of the test tube to be used, amount of inoculum, kind and amount of the culture
medium, and the interval period between the inoculation of bacilli and the instillation of the
drug. In this paper, results regarding such problems will be presented.

1) Immediately after instilling 5ml of INH solution into 1020 ordinary test tubes and 448
.crook-neckes tubes, both of which had been inoculated with BCG beforehand and kept in an
incubator at 37°C in horizontal state for 48 hours, the fluid level was measured from the bottom
of the test tube.

The fluctuation of the fluid level was from 1.0cm to 2.1 cm in the case of ordinary slant,
and from 0.7cm to 1.2cm in the case of crook-neckes tube (Table 1). And even though the
constant height and declination of the medium was kept, the fluid level changed considerably
(Table 2, 3, 4).

2) The fluid level after keeping the media in an incubator at 37°C in vertical state for 3
weeks, decreased more than 0.2cm in 18.2% and increased more than 0.2 cm in 18% as compared
with the state of the medium directly after prepared, in the case of the ordinary slant. Simi-
larly, in the case of crook-neckes tube, the decrease was found in 7% and the increase in 17.8
%. ‘Thus no definite tendency was found in the change of fluid level by the incubation (Table 5).

3) One microgram of INH was solved in 5 different quantities of water and each was
poured carefully into the base of 3% Ogawa medium just inoculated with 0.05 mg of BCG.
The inhibition zone of each after 3 weeks from the date of the inoculation was almost the same
when measured from the bottom of the tube (Table 6 A). When the drug weight was 0.2 micro-
gram, the same result was obtained (Table 6 B).

This experiment demonstrated clearly that the inhibition zone was directly connected with
the weight of the drug but not with the solution quantity.

4) From the above experiments, we can conclude that the length of the inhibition zone can
be more accurately indicated when measured from the bottom of the test tube than from the

fluid level which is not necessarily constant.

* From National. Nakano Sanatorium, 14-2, 3-chome Egota, Nakano-ku, Tokyo, Japan.



% HBA0E K6 E

5) 3% Ogawa media were inoculated with 0.05 mg BCG, some of them immediately after

and the others after preserving them for 2, 4, 6, 8, 10 days in an incubator at 37°C, and 0.5 m!

of one microgram INH solution was poured into the base of the culture medium and the incu-

bation was continued again. The length of the inhibition zone was each 5.9, 5.4, 4.7, 4.2, 3.7,

2.8 cm after 3 weeks of incubation by counting from the date of inoculation and it was almost

the same by counting from the date of drug instillation (Table 7).

This means that the length of inhibition zone becomes shorter accompanying with the elon--

gation of the period from the inoculation to the instillation of the drug.

The length of the inhibition zone became also shorter with the elongation of the incubation

period. It was 5.9cm after 3 weeks’ incubation, and 5.7 cm after about 4 weeks in the group:

which received the drug solution immediately after inoculation (Table 7).

Accordingly the period from the inoculation to instillation, and the period of incubation

should be always constant. It will be better to instil the drug immediately after inoculation:

because of the simplicity and the longer inhibition zone.

6) The inhibition zone of 86 test tubes (4.5%) was un even asshown in Fig. 1 among 1900

tubes, in the case of INH measurement employing the slant inoculated with BCG.

In these cases, the distance between the highest and the lowest points was from 0.2cm to

2.5 cm, but most of them were within the limits of 0.5 cm.

The measurement error between 2 persons was over 0.2cm because of the unevenness in 2

tubes among 60 tubes (3.3%) for the measurement of ethambutol using M. phlei.
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Table 1.

Fluid Level Directly after

Instillation of 0.5 m/ INH

Table 2.
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Relationship between Culture Media

Declination and the Fluid Level Directly

Fluid level from |Culture media by | Culture media by after Instillation of 0.5 ml/ INH
the bottom of ordinary slant | crook-necked ‘
test tube tube \ tube | Culture media declination
0.7 cm 3(0.7%) Fluid level ‘ c P P P 5 100 Total
9

o BV a1 :

1' 0 5( 0.59 142(31- 7f) 1 2 1

1' 1 18( (1) Sf) 53(11' Bf) 1.2 14 38 53 20 3 128

1'2 136<1 '40/") 9( 2' Of) 1.3 15 58 83 71 3 230

1' 3 247(23 10/0) (2.0%) 1.4 7 46 76 56 8 193

1' 4 221(21' 7f) 1.5 2 40 82 57 16 2 199

s 233(23'2;6) 1.6 6 25 22 6 1| 60

1' 6 69< 6‘ Sf) 1.7 4 19 17 12 52

1'7 59< 5’ Sf) 1.8 4 5 2 11

1. 8 22( 2. 2o/a> L9 0
’ (2.2%) 2.0 1 1

1.9 3( 0.3%)

2.0 1(0.1%) Total 41 199 350 250 50 3 893

2.1 1( 0. 1%) Correlation coefficient »=0.298

- ~ Standard deviation  S,=0.031
Total ' 1,020 448 L.
,. Table 3. Relationship between the Culture

S | SN (Sl

Media Declination and the Height

of the Culture Media

. " — Height of Culture media declination
S,= \/ =f(dy)? <§_f ﬂ‘%L) culture P
n n

1—p2 8.2~8.9cm 5 13 2 20

Sp=—
Jn—1 9.0~9.9 5 8 30 1 | 121
#2102 r=0.298, S,=0.031C, r>3S, ChHoHNb 10.0~10.9 1 102 141 5 249
COMBIREIL B E T h BA, 12=0.00 Th5C LT 11.0~11.9 50 194 16 2 262
WE OB ST 5 EMAEOBEL 9% naTpoc  12.0~1291 19 130 48 3 200
RIS D ECHEBERE Bbh D, Lisioce &0~z ] 2 18 1 4
—EDERAEDORID 22 BATHATS & LThE Total 41 199 350 250 50 3 | 893

2TADLRD Z & IO BE X127 D D TRHAN b

7=-0.830, S,=0.010

D, Tk ZITERNY 8 DR TITK

Table 4.

M L.lem 258 1.8cm ¥ DO b

Relationship between the Height of Culture Media and
the Fluid Level Directly after Instillation of 0.5mil INH

ENb%B, - -

T - E Fluid Height of media Total
RERMEBOBS LEARBEOL  evel |\ o 0 1 n 13w B 61

FRIZFE 3 D Z & < HBIHRE —0.830+

L . 1.0cm 2 2 1 5

0.010 CII X7 W AR o B R 1.1 5 2 41 14
O < —i::,/\: R EvA _'f': N '
%Mf5°m&kﬂm%ﬂ@“§kﬂ 1.2 1 8 2 49 32 11 1 128
@@mé@%%%%4@:a<ﬁ%% 1.3 3 30 68 56 63 10 230
%1 —0.256+0.033 THOTHEMOE 1.4 2 21 53 €0 46 9 2 1¢3
S OWENCHT 5 8L 6.5% ORT 1.5 5 33 53 62 44 2 199
Bl TlobbEbOE Y, B 1.6 3 11 23 17 1 60
Pk —B s & 5 WCEATHEALT 1.7 5 14 16 12 4 52
SHEOBS O ME e b Efics 18 14 42 1
DT, WADOEHSE—TELT5Z Lk ;3 ) 2
EhdTHRETHS, :

RIC LR O RS % X OV Total 20 121 249 262 200 33 6 1 0 1 893

7 37°C 1 3 WIE SIS (12

r=—0.256, S,=0.033
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Table 5. Change of Fluid Level of 0.5 m/ INH
in the Culture Media with Cork Stopper
after 3 weeks’ Cultivation

Increase or i i
s Cult dia b Cult dia b
dgﬁ{gal;i;f ltl)rc‘lli?ag\fesll:nt v cr%oltﬁlfge(r:il{eeé atuge
—1.4cm 1
—1.0 1
—0.9 2
—0.8 2
—0.7 5 1 195 31
0.6 g | (19.2%) (7.0%)
—0.5 20 2
—0.4 34 2
—0.3 55 8
—0.2 67 19
—0.1 77 27
642 337
0 41| 6289 186 | (75.29)
+0.1 94 124
+0.2 95 51
+0.3 42 25
+0.4 22 183 4 80
105 12 | (18.0%) (17.8%)
+0.6 9
+0.7 3
Total 1,020 | 448

B BOWHDR S DEB L HIcDHRFES Thbo
AT TR IEAREOWKE L » 0.2cm PR S HWED
Lz oi% 1,020 Arf 195 & (19.2%) Th b, 0.2cm
P RETE2E a2 DL 183 & (18.0%) THh iz,
SEEEHE DL T S A 0.2cm BLEEA Lich Dl
448 Frb 31 A& (7.0%) T 80 & (17.8%) Th
% (0.1cm OWHEHOMWFIIMERELZER L THRIFL
7)o Tiodob 3B ORI X 2T, MEHEFL BIC
18% DWHEDRIIMN A bl Liidind & b Thb
OEICIE 37°C 48 BREIA D T S 8 T h TR i
MEEHL Y D LA LTUW A TEH S, SHUENLIRHK
EoHEEL LT (KRR SEHAEBNRE COEmI%
Méj%@—ODEﬁﬁwémkwr@%%WLk&f
70l EALREEOWHE L D ¥EINL THIEERD LT 5
FEThHE EHR LT b, L FRIEAEROW
WCX 2 b MR, PHEH L It ) ORmDE
MDD BN T\ 5,

LD EE D Db U T RED TS Tl % ¥ L.IH]?
PEES L LTRETH IV AFERTHLE
HUEOH S LT HZINBELTLL EE 2D,

1] BARMOEERLSRE (B8
R O BHE K AT C DB, 0.5 mglec BCG ik

m AE BT

Table 6. Relationship between Weight and
Solution Quantity of INH Instilled
in Culture Media.

[A]
INH 1y l Inhibition zone (cm)
Concen- |
tr a/tu;vx ! Qv,gnr?t)zty ‘ Each ease \ Aversge
(y/mal)

7.0 6.9 6.6 6.8
1 1.0 6. €6
6.6 6.3 6.7 6.4

6.5 6.7 6.3 6.7
0.5 6. 40
6.4 6.5 6.0 6.1

Do

| 6.7 6.7 6.5 6.2

4 0.25 | 6. 66
| 6.7 65 7.0 7.0
6.7 6.8 6.4 7.1

6 0.17 6.71

| 7.4 6.6 6.0 6.7

7.4 7.0 6.8 6.7
6.8 6.5 6.9 7.0

[B]
INH 0.2y | Inhibition zone (cm)
C - o |
ti%:i% Qu(ax‘;’;‘)lty Each ease 7;_@_:‘}‘Tzage
3.8 3.7 3.6 3.7
0.2 0.1 3.59
, 3.5 3.5 3.3 3.6
3.5 3.5 3.9 3.6
0.4 0.5 3 3.61

|
0.6 0.33 %' ' ‘ 3.60

0.8 0.25 }' ‘ ' 3.65

1.0 0.20 | _ ' ' 3.71

0.1cc -Fopsfl, % 30 #ic 1r/cc INH ¥ 1.0cc,
27jcc INH j% 0.5cc, 4rfcc INH ¥ 0.25cc, 6 7/cc
INH % 0.17 cc, 87/cc INH ¥7 0.13 cc %D BD I
8 APOBEICIEA, £ 0¥ FEICT 38 37°C
Bk, HEENIE 2 TOBSEAREFIEL » E L
FTihebbaiih & I EA ~ﬂ@+w10wﬁv>
0.13cc #C 5B RO TV AENTDEENRS INH
OFEFTTRS 17 1075 X 5 IR LT, ;26[ i
I HRD L3 D IRIEHOEES 1T 8 0 3% Oy 6.7,

6.4, 6.7, 6.7, 6.9cm x KERE—DEI LR LI,
e A INH 8% 0.27 winh X5 eiljigLc, ©
7/cc INH % 1.0cc, 0.47/cc INH %§ 0.5¢cc, 0.67/cc
INH 37 0.33 cc, 0.87/cc INH % 0.25cc, 1. O?’/ch\H
W 0.20 cc A [REAE 8 AP OICEA LICHEORIE
#EoEEd 3.6, 3.6, 3.6, 3.7, 3.7cm XA—DFI

[3V]
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E, EARKROREIZE O THIHIEFIIF ORI %
77 (RBREEELSHIE L O T b biliEFoR
THRPETHERTIIEA LEFIORERTHERIND
P, FEALCHEORERE LILERKRTH 2,

LB [11, [I] ©FER» LW ERAY—IFoMELR
LTI D AEEREELTARETHL EELD (M
B FEREEIL L S CERENT VR D IRTEFRI DO
BEETET)o

[1II] HE#EEHASEFZIAT TOHML O VICHESE
HARA

RO SR A EAT S colMAMIE
CRIFTEHEY R AANT, Bl 4ARE LT6/D
3% ANIEEH (RlEEEH) 51 24 AwFERac 0.5 mgjce
BCG i 0.1cc 08, WEEMET Wi 4
Az o\ 17/cc INH ¥ 0.5cc & FEICEA, #
FIEEIC DT 37°C 128538 Lic, floodsi 2 H, 4

Table 7.

Fluctuation of Inhibition Zone According to the
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H, 6 H, 8H, 10 AM 37°C i KB,
ARTE LeRiE o INH o RIBRCIE AR Uico B
M358, 3W+2H, 3B+4H, 3H+6H, 3
B+8 H, 310 HHIcaRHT D W CRIEHTOE
TRPE LBEENET Thao

Wi S 3 HE O IEHORE LA AOTE TR
#p 5.9, 5.4, 4.7, 4.2, 3.7, 2.8cm THBEEND
HHNEA E TORMMAE VG LRRIEFTEN { 7eo T
Bo CHIZ3BF2H, 3BE+4HSEThOHEHIT
DSNWTHTHRAETEH D, FRFEREANDLIEE DA
F#EpEIX o \WTd 5.9, 5.4, 4.7, 4.1, 8.6, 2.5
cm ¢ ¥ofcL B UEAZY R LT

VW BERE Y B 3EHIEA Lclic DWW T 3 HHE & 3
HE8HE (W48) oEEAEETA L 5.9cm &
5.7cm TZOIc 0.2cm DML BRI, Thd
Z40 L WIHEBRNEWE SIS EFoMEAmE R L
TR, TiobbERIMIRVE EHIERIRE 22
TWizo

DL o B SEHERED DIEFIEA F TOMIZH B
MEPLIEE OB ERED— R T T &
D, FCEEEL SHEE COMED

Period from Bacill Inoculation to Drug Instillation

(0.1ml of 0.5mg/m! BCG, 0.5ml of 17/ml INH,

3% Ogawa media)

Bk, AR, SREIC XoTS
P OETH TR EE 52

From BCG |

T\Wbo LIk D THERED HIFIE

inoculation to From inoculation to the Reading

i Ranyey 3 Weeks | % JTeeis % Waoks | A i'anve | S0 Gave | 10 cave  AE COMR BOICHE S TORE
0 5.90cm 5 90cm| 5.85cm| 5.75cm 5.73cm| 5.68cm  MRMIREIC—EICTRETH Lo
2 | 5.40 5. 38 5.35 5.23 5. 20 5.15 (V] M somEEs
4 4.73 4.73 4.70 4.68 4.65 4.50
6 4.18 4.18 4.13 4.08 4.08 3.98 BCG Eykabefg, INH ¥ A%l
8 3.68 3.68 3.68 3.65 3.60 3.58 SE UyckEin 1,900 b 86 A& (4.5%)
1o 2.83 2.80 | 2.75 2.63 2.55 2.53 LR &5 B AR E

1) The length of the inhibition zone is the average of 4 cases.

2) BCG emulsion, INH solution and culture media were prepared at the
same time.

3) INH solution was stored in the refrigerator each time used.

MEREIeholc, TOHEbbh
THAEEL DD L bERICITVER
B EEESE Lice Th b
LA oE&E e REOmI0ZE (K10
RHIZR) Zbhbhd 86 Ao
CiE 0.2cm 255 2.5cm ¥ TCTEHLD
FoN, KT 0.5em BB T H o
o
PRI R —F5 % P LcB& DA
P DTG Lo 1% /PIEs R
M. Phlei % 4%, 17/cc Ethambutol
A B7°C 4 HREEEE U R 60
Ko T, 1AL ORES 2R
E LRl 1 B O E—R 0%
TE L, RO BT & O s Rk
D LB THDIC
0.2cm &< HE

1A (1.5%)

Arrow shows the highest and the lowest peint.
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0.lcm B @E 19 & (32%)

— %% 34 & (57%)
0.1lcm K HIE 5 A& (8%)
0.2cm {E<HIE 1 A& (1.5%)

0.1cm 3T 40% HFAETHA, 0.2em Ll b o 2 1%
60 Ak 2 & (8.3%) DHR Tl T02ARDIER
2201 IR EORD T DERT L B EDTHDT T
7245 BCG 1w X% INH oflEcsd, M. Phlei it X3
E.B. OWET S HESORDHC X > THIEHX 0.5
cm OBEHRALLENL Y, LOHBEE 5% UT
Thbo

wEE R

Schmiedel? 5, /1[99 93 TR 1% T
sEdk L LCHE LT DERE IR E TR 5 L BUE
LTWws2, bR OBIEC B 2 fh, HiK
EAESOWTDE S ZEE HRE LTHEC L 9 2
oD DENRE D Z LRI, Lind Grosset HIA
515 c—E0ES, ~EOEmIOFHMEHEALTS, &
Ze/ N DT H T b YKTE D S DL R D IKFLT
5D, FOL 37°C 3 MR (o rRBRMEA) T
D#y 30% WS 0.2cm LLEOHEAII M E R L
o T BWEIIETRC Lo THT LI —EDEAE
SRR, RRCHEHIET S 2 L uBDie, & HICEAZRHA
DEENFA—CTHIE, EARENRL > THIRILRI
BEED BRI TR —D & X1 s 5 R BAT %,
REDE G T % W & ELA L T5 &) bREHLR
IR NETH B L O

F PR AT L VB T { EATEFI D EED
PR E S ED—RHTFThH D & bik, FEHIpEET
VIS 4 A7 REHET A L LURFAEDITT TH D,
ST, TRE MR A TS
2, TREOLS 5 A 2% 5 BB AT % & IR
458 7e b BRI RNV I\ L B R A IO KA, &
5, EEFSTIE L A XTLIEFIC BN RN E DT
WD R tULE RS DEFIEA E TOMES LT
RSN E  Fo U BRIEEITIE e s (RT) Te%
Cs D, HHEIEAMM S X ORI ED
BLEMNED LB o HEREALIE oW TN
24 R 37°C I BE A s LT DI A TEA L HE L
D BIHRIE & A ERENTRWA, HERSEEMET
% 7 SIS B L B R E AR R TEA L7 5 28
MR D, LadBEN—ETTeREifETh
5O Thivbhis B EEREEEREAT 5 ke ik
JALTWwWh,

EIESEO EEECE LT, 2 D0 REREN 3
RELUROREETITEENZ L LTHET 2 & LT N

% A0k BE6F

T LT TCIRPE LW, WEFREDS 2 b b
INH, E.B. cs\\iE, A—ATS FfATHEL
< B PER O P I Lo 0.5 cm o REFREITE
Ch3BEEL LR, TORIY S AR S% LT
ThHbo

(1) REzikBoEHE BT 2 HEOBE 217722
2o

(2) BCG ##:fE Li-AifEsEH 1,020 A¥s X O
by 448 Aico\ T INH 5 0.5 cc JEABEBRDEED
ST ¥ COE X IANEE T 1.0~2. 1om, FHEHE
©0.7~1.2ecm DA D, HHOES, ERARY
—SBI LT S HE DI AT D IRH Th D7,

(3) 37°C 3 AR X 5 EHE O 2 B AT EE
¢ 37.29, VST 24.8% % 0.2cm DL E o
A Lo

(4) PAEFERS—ETHIL, EABERNR
STHEEREL ) OPLIEHOEHSEFA—Th Do

(5) LIk (2), (8), (4) opugin bHEILIAEE
PREE L LTIE, AEOBATHBWHEL h SEERY

(6) HilEfis LEFIEA T TOHIES X OHRE
u%m~%m%&%%%ﬁ&b,ﬁ%a%wﬁﬁﬁ§<
Fe TP < o B AN Bo LI D THRALR
HERISE I I B R A S A A LTeiE 5 2SRRI R
ST D EESHECH 2o

(7) BCG ¥ INH w1k A 3si3 5 FRLIEH O PIEH
fropd e k> 0.5cm FHORERZIESD 5
%, FOMBEL 5% LT Ch b, M Phlel #4E E. B.
WEC RN THRAEETH %o

K OB R 38 Mk AR (Wi 88-8.
374) THIE L1
pd ik
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