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ANTITUBERCULOSIS ACTIVITY OF DEXTRO-2,2'-(ETHYLENE-
DIIMINO)-DI-1-BUTANOL (ETHAMBUTOL) (I)

Eigoroc MORIYAMA*

(Received for publication February 3, 1964)

1) The bacteriostatic effect of ethambutol against tubercle bacilli was studied with HgRy
:and its resistant variants to streptomycin, isoniazid, PAS or kanamycin, and with H, and
freshly isolated strains from tuberculosis patients which had different sensitivity to other
.antituberculous drugs. The minimal inhibiting concentrations of ethambutol were 2.5 to 10
mcg/ml with Ogawa’s egg media and incubation time of 4 weeks, 2.5 to 5.0 mcg/ml with Dubos’
liquid media and 2 weeks, and 10.0 mcg/ml with Kirchner’s semi-solid agar media and 3 weeks.

2) The addition of PAS, ethionamide, streptomycin or kanamycin to ethambutol did not
show any substantial enhancement of the antimycobacterial activity of the latter drug against
Hg;Rv and H, strains in semi-solid media.

3) Albino dd/y male mice weighing approximately 20 gm. were infected intravenously
with HgRy strain.  They were divided into four groups of nine each, the three groups which
were respectively treated with daily subcutaneous injection of 1 mg. and 2mg. of ethambutol,
and of 0.02mg. of isoniazid and the last group of which was set to the control. The treat-
ments were started on the next day of infection and continued for twenty days. Three animals in
each group were sacrificed three, seven and fourteen days after the last injection. The thera-
peutic effects were evaluated by the comparison of the viable units which were obtained by the
-cultivation of tubercle bacilli from the lungs and spleens of the animals.

Three days after termination of the treatments, tubercle bacilli were not cultivated from
.all animals except for the untreated control. On the seventh and fourteenth days viable bacilli
were detected even from the organs of treated animals. The suppressive effect against tuber-
cle bacilli in organs was observed in mice daily treated with 1 mg. of ethambutol to the same
extent as in those treated with 0.02 mg. of isoniazid.

4) The development of resistance to ethambutol was observed in vitro by the step-by-
step method transferring the bacilli on Ogawa’s egg media every four weeks. After seven
transfers a resistant population of HgRy to 10 mcg/ml of ethambutol was obtained in 10 9%,
but any resistant to a higher concentration of the drug was not detected.

A strain resistant to 100 mcg/ml. of isoniazid was transferred every two weeks to Dubos’
liquid media containing 1 mcg/ml of ethambutol. After four trasfers, the resistant popu-

lation to 100 mcg/ml of isoniazid disappeared.

* From 1st Department of Internal Medicine, School of Medicine, Kumamoto University, Honjo-machi, Kuma-
moto-city, Japan.
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American Cyanamid Company ¢> Lederle Laborato-
ries Division o FFZefHIY, BFgeDER 2, 2'-(ethyle-
nediimino)-di-1-butanol, Z ¢z %#d Dk (Ethambu-
tol, LIF EB 18) 2%, BEAR IO~y 2% H v
BB Lo TRNPRERIER 2 E T 5 2 L a#
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PPLE D), BisEss, S DRSS W TER
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I) HEBEAXR

{3 F B RV R SRR RS DT R L oo

{8 R BE I & BERR 44 ¢

1) EB oREIES 1 %/ BsH— 4 BEERETR
¥|78, Dubos Wifkigih— 2 EEFEHFIE, Kirchner 22
TBIFER G — 3 BB HE, Bk 37°C ¢, /NIl
Btk X0V 109 B hn Kirchner JeyRBhseRss il
|5EF CTHE L, Dubos WiARHIIE H 1 EHRE L%,

2) fEERA 1%/ % ¢, EB R
EESRRHNCFE Licl 2 kL, Tk aiR
S35 4 BRI &, Dubos ¥RiABEH 7 HEEHE
B% EB lmcg/ml &7 Dubos YRR EAEL 1o b
OEPREL, 2BEERTHRRT 2EEMNRECID,
BECOWTRER D L /NI Bt ma L
oo

3) fbFIDEHRIR Kirchner :ifi BjFEREE %
W<, EB & PAS, TH, SM, KM 0 ZzhZh%i6tf
LA OREM I E G Lice INH Loptflico
WK E T Do

II) ®hipsesR

fhE 20 g Fitho 36 LD dd bk~ v 22 AT
¥ HyRy # 0 BEE 108mg (65v.u.) & Bk
PEREL, Thux 1FImED4FF I nrb, 3R
EB 1mg/mouse/day, EB 2mg|mouselday % X U% INH
0.02 mg/mouse/day 1= X->CHEEL, 1 FEE BT
L LToo BRIEEEA XY 20 HRIKTESC X 0 17
feoteo AR THSH, 7TH, MY HCERELY 3T
FEEHL, B IOBOLMELASTERL T1%

mE BB ES5B

NaOH y#hnx T 100 mgiml OF K & L, FEEAKT10
EREEFRIR L T 1 /NI B ML, 37°C 12 4 JE
B U B R RN 2 T W 2 10 mg rh DA EEL
wHEE LI,

E I

1) EB o{BEHNREIILT

HERT ARG ENR -, HyRy, HyRy £ INH-
PAS - SM - KM 03Dk 100 meg/ml 58 LR,
LU E L O o8 LRIk (INH 5, SM 10
meg/ml 524, BiEHE (INH 100, SM 100, PAS
5meg/ml SELfME) D% Dubos WfkEH7 H B5 % 1
W% (BEHECLDE X #F 1~5mg/ml) @ 0.1ml %
BEHCEM L7 RAMIETRELCRTIEL, 1
9NN 3EHTIE 2.5~10 meg/ml, Dubos ¥ 4k ¥ 1 ©
Kirchner M:{fE)5ER 52 ¢ 10
meg[ml O NFEERIEEE MIC) ZRL1, &5
WIS RZ R XD A EE L 7o BEE O FHNC R 2 D%
BT 55 Haat 28 Wtka, I AEAD 2Ly
ZFWFIRECHME L 7e 1~5 mg/ml B D 0.1ml %
1 %/ANEHC R L 720 BT 2 1R E VT
NOEHDL EB 1~5meg/ml THRBE X IEE h, 2.5
meg[ml o MIC % JRT Eithk S b ok b % hote T
b bIEFOPEERHF (INH. PAS. TH. SM - KM)
CitEOBE#HR o LCh, B35 L RE0RE
FLIEA/RL Th b &R ERD Iy Tz

2) = v ALERREREE R B R R

BARIER 1 R Lo RIS T4 3 B B ClREREFR
BRECTHYOEFERERD N, REFEHETIRE I
LA EEEENEETE RO, L LB THTH
HCRERENOLEREEOMMA S Y, BFRE TH1
A B CIIEa R R LE BB 2R T, T b
% INH 0.02 mg[mouse/day & EB 1mg[mouselday o
RN RANTITIEI L, A% 20 AR CIXBER T H I
R BERIIIIN U 7o

3) Tk ESR

WERGE T HyRy #RiconT 7R ETRETL,
M20Z L ERETH O, 7RHETEB10meg/ml 1=
MEDH % 10 ZwiBoten’, 3REETHRL A Lt
EEA AR ZRD T, 4B XD 5Smeg/ml ijtEo
WAL, 61RE % T Smeg/ml TR K ETHEM
LT, TRETIZUDT 10meg/ml wRET5HHE ) H
B L7

BEREHA T HyRy #he HyRy R-INH #rizouT
Bat Lo HygRy #Ric o W T OBBIZESRT &
&<, EB lmeg/ml {EFA 4 8% CIIEFZERMOKR
LEEDEMN DT, LAl HyRy R-INH fhizous
TRHEACTTRED Z & L, EB lmeg/ml {fFA4K

2.5~5meg|ml,
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Table 1. Growth Inhibitory Effect of EB agianst Various
Strains of Tubercle Bacilli in Vitro
\ Media 1% Ogawa’s egg media Dubos’ liquid media Kirchanearr’snig(rirg—solid
\_EB conc. g
. mcg/ml
Strains R 0 1.25 | 2.5 5 10 0 1.25 | 2.5 5 10 0 1.25 | 2.5 5 10
\
H, 1 H H# H - +H + + — - Ht H H Ht H
HyR, i H#t H + - H H - - - H H H#t + -+
HyR, R-SM I B B (ol S N S N O (TI pTARS VAR BRI B
HyR, R-INH L T e S T A A 1 N T (S
H,:R, R-PAS A H - - - + + + - - HH - H h -
H;:R, R-KM H HH H - - + + + - - H H H +H -
Sawada H + + — - H + - - - H H Ht H -
Masuda H + + - - H# + - - - H H H H -
Note : Degree of growth was expressed as following symbols.
#1: 12 Ogawa’s egg media (Reading was made after 4 weeks.)
#t: Complete confluent growth
H#: Moderately confluent growth
+: Innumerable distinct colonies
+: Over 100 colonies
Number: Average number of counted colonies.
%#2: Dubos’ liquid media (Reading was made after 2 weeks by naked eye.)
#+: Dense turbid
+: Moderately turbid
+: Slightly turbid
#3: Kirchner’s semi-solid agar media (Reading was made after 3 weeks.)
Symbols are the same as those in #1.
Tabe 2. Growth Inhibitory Action of EB against Freshly
Isolated Strains of Tubercle Bacilli
EB T EB
Strain \ conc. Strain ™. conc.
Resistance to . mcg/ml 012|418 Resistance to\ Meg/ml | o 1.25(2.5| 5 | 10
number other drugs number other drugs
meg/ml mcg/ml
1 % | #1050 — | — 14 # WlH| ===
2 % Wi - == 15 # 2l -] |-
L N e I " -[-|-|-
4 SM 1C it 0.5 — | — | — 17 ¥ s e B
INH 10C SM 10P
5 # L Bl Bl el e 18 PAS 1C KMm1o0C |t |+ |66} —|—
6 INHO.1P |- = INIéI 10C IS{M 5C
INH 1C KM 1C 19 PAS 10P M100C | +# | + [2.5] — | —
7 SM 10C #l==-]- TH 10C
—_— INHO0.1C
EB conc. 20 SM 100 C Ll e Bl Bl e
Resistance to ™€ML | o 11 2515 5| 5 | 10 21 SM 1€ w6 | —
other drugs
mcg/ml 22 SM 1C Hl+ -] =] =
IN P 10 INH 10C SM 10C _
8 Pag WE SMWOP ) 23 TH 10P KM100€ | |1 ==
24 49 | — | — | —
’ BAS 105 M0 los] - - 25 PASﬁlP : +J,+
10 INH 10C SM 1P| . || _ | _| _ T
PAS 5P KM100C % " wlelolol
INH 10C SM 1P -
11 PAS 10P KM1ooc | | il 27 ¥ == ]-1]-
12 # HI60| — | —| = 28 % Hl—-—=|-
13 ¥ H|+ ===
Note: #: sensitive. C: completely resistant. P: partially resistant.

Symbols in the table are the same as those

in Table 1.
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Fig. 1.

M OR39E BSE

Tuberculosis in Mice Infected Intravenously with HgRy Strain

Effect of EB on Survival of Tubercle Bacilli in Lungs and Spleens of Experimental
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Fig. 2. Increasing Pattern of Resistance of HyRy
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Table 3. EB Resistant Population in HgRy Transferred Fortnightly in
Dubos’ Liquid Media Containing 1mcg/ml of EB

\ Dubos’ liquid media
1% —_— Without EB With 1 mcg/ml of EB
Ogawa’s egg media\
Transfer Before 1st 3rd 4th 1st 3rd 4th
0 12x 108 26 %108 64 %x10°% 91 x10°% 5x10° 75 % 10° 40 % 10°
1 3x10° 22x10% 40 62x10°% 40% 108 30 36x10°
EB conc. 2 7%x10° 15 % 10* C C 35%x10?% 30 +x10%
meg/ml 4 5 H#x10 5 +x10 20 20 H#x10
8 0 0 0 70 0 0 + %10
16 0 0 0 80 0 50

Figures indicate the average number of viable units in 1ml of Dubos’ media tested.
0 indicates no growth after inoculation of 0.1ml of Dubos’ media tested.

C

indicates contamination.



196445 f

Table 4.

159

EB Resistant Population in Hg;Ry R-INH Strain Transferred Fortnightly in

Dubos’ Liquid Media Containing 1 mcg/ml of EB

\Dubos’ liquid media
— Without EB With 1 mecg/ml of EB
1% Ogawa’s egg media \
Transfer Before 1st ! 2nd 3rd 4th 1st 2nd 3rd 4th

0 32x10° 60x105 | 171x10° 80x 10° Hx 103 79% 103 27 % 10° 8x10° 4x10%
1 14x10° 6x10° 80x 108 H# x 10t C 47x10° 82x 108 C 2x10%
3 3
EB conc. mcg/ml 2 6x10° 72%x 108 2% 108 38x 103 6x103 +H x 10! 4% 10 C 4x10
4 0 0 —+ x 10t + x 10t 0 90 x 10! 0 C 2x108
8 0 0 0 0 0 0 0 C 4.5% 10!
16 0 0 0 0 0 0 0 C 0
12.5 37 x10% 28x10% | 150 x 10° C Hx 103 77x 108 21x10° 27 x10° 1x10°
3 5 5
INH conc. meg/ml 25 26 X 10° 32x10° 10x10° C +x 108 22x10 20 % 10 C 3x 10
50 21x10° 20%x10° 20%10° C C 41x10° 9x 103 24 x 103 40x 108
100 39 % 10° 2x10° 3x 108 + %108 + x 108 +x 10! 10x 103 | 4.5%x10% 0

Figures indicate the average number of viable units in 1 ml of Dubos’ media tested.
0 indicates no growth after inoculation of 0.1 ml of Dubos’ media tested.

€ indicates contamination.

Table 5. Growth Inhibitory Effect of EB Combined with Other Antituberculous
Agents against H, Strain in Kirchner’ Semi-Solid Agar Media

Drug and e i v =
T

EB conc. meg/ml | 0 [0.625/1.25| 25| 5 | 0 t 0.25 ‘ 0.5 ’ 1 ‘ 2 | o \ 0.5 \ 1] 2| 4
0 ol ||+ o | | | = = | | - | -
0.625 L O L O O I N I TEN (S (R g
1.25 W = W | = = =] == -] -
2.5 HH |+ ]|+ - H |+ =] = =] == -]-
5 - = = ==+ = = =] =]+ ’ - - =1 -

Symbols in the table are the same as those in Table 1.

Table 6. Growth Inhibitory Effect of EB Combined with Other Antituberculous
Agents against HgRy Strain in Kirchner’s Semi-Solid Agar Media

Drug and ist
rug and ist PAS TH sM KM

EB conc. megml | 0 0.1250.250.5) 1 | 0 [o.62s1.252.5] 5 | 0 p.agfos| 1 [ 2| 0 [os[ 1|24
0 I R CE S IR T Il S [RUT  [THY [T N Y e
0.625 SR I T T P 7 T[N U (V)[R I (RTAY (R i v Y i
1.25 H| B H 20 [ |t R | 7 = || (50| —
2.5 W A | 50 = e [ | = | = [ 10] -
5 ST e et It e I I IR I I A R S 1 R oy

Symbols in the table are the same as those in Table 1.

“C EB itk EROBEENDH D 8meg/ml RKE T 5
DIMEHL 7oo R INH b3 2R R O HaR 258
Bd 5L, A% INH 100 meg/ml fighhqEk 23 5 4>
T AR

WFhOTEC LT, BROMNRTIL EB EikEm
PEEE ST 5 LR TE fahot,

4) fhFIGFAEBIE

AZUEERE Hy #h3s L O° HyRy #ZH\s, Kirchner

PR EhFE RS 5ml 1T 10 mg DO L E L
Too BUEIIERS, 61RLic &<, Hy HhTix SM %
Lot KM tofiiz, HyRy #iTiz PAS.-TH.SM-
KM L DRz 4O iEE2 S hatb i Lias,
FThLWHTREIDI Tindbb EB ik b 03X
EPFRLCAZ LB E AR LD 5 LIR» 278
ADTzo
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REBROV(CEE

REAFACo EB OFEINT, BEEENS O
BHv NI EEHGs X O Dubos Wfkssh< 2.5~5 meg/ml
o MIC %701, DL fk% WSS o g s [
FREECh ot NifEAE L ol Lo « OBk s
LTkl % NIRRT 2.5 meg/ml » MIC %iRL7z
Bk % hv ot sy, Karlson® o> Proskauer-Beck Jii
BT 1~5meglml LIZE—HTHHETH D, ¥
T2 1 %/ NNEH BT LA LS O L RETH
0o Ll 10 %EIMEM Kirchner H:jigjgeREsC
i1 10< meg/ml o2 MIC o ERERAZ bR, 10%
77 1w (3pF) hn Kirchner ARSI CHERT %
& HgRy #Ri3 107t mg KREBEMT 2meg/ml T,
1078 mg /NEBHEFET 0.5 meg/ml ETHRBFERLICIC
FEehot, BEL I Lo THENDELD D
bDEEZ Do

- AEBRIEREICE W, RYSEHE X hRFEL,
IR C oL © BRI XoT, EB o HikiiEH
BiEt Lo pigs, INH 0.02 mg/mouse/day & EB 1
mg|mouse/day HNTIFVCHT BRI TH oo EMEIR
I 0 HE Lo~ 7 ARG 2 TR FRAN S,
LA 59 1% EB 20 mcglg »% INH 1meglg WisIs UL
FTHEREAR LI EHRE LT 5A, FHELY OBHEET
3 EB L INH r k7t 50 : 1 CROBHEE & —F L T
%o LavL INH o 100 i B G- L iR Td, 20 H
D VI TR OISR AW R OB InZ iR e 2 L1,
EB OB O EEBERT 230 LEX Do

EB fiff: ESizouCiE, Thomas 5% HyRv #Ric
o\T Sauton BgHA A~ 8 Uik L T LRI A D
Bichotc LG LT A, FHESDIL Dubos ¥ifA%s
1T HyRy #hx 2582 & HEMARL T 6AH T 6.25
megiml FTORERRDICTE LV, AR
13 Kirchner AT HyRy ¥ 2 BBREIRCHE R
BT, TR 2ARB XD Smeg/ml i EFHL, 41K
B R 10 megiml Ot ZEzRL 7o av6 ke b 20
meg/ml Ot EETERD b hish ot AL T %o
AREBRTHEERMN 4 KB T CEB i B AR T,
RAEHR 7 AT LD T 10meg/ml CHRET W %
it ¥ ighvotse LichoT EB SR EIH M D
SERIRG T o LB bo

fBFIPEABI R oWT I, FEESD HY Dubos HJiE)
FEFEH T LT 528, EWRRIERZRED T
53, Kirchner s RE % F\Fo AR F2ER O BUE
E—FH L T bo

L EopggE » EB IR oPEA L 3B T

W OB HSE

W, BEEOVERH LR RS T, kPR
TLELTEHLEEZ %0

¥ ]

EB st At LIR O E 1570

1) EB p#Eago AR E HaRy #Es L0 He
Bricsl U1 97511523, Dubos Wifkkgih, Kirchner
VB e R ES b 0 4 55 3 T 2.5~10 meg/ml o MIC
%R, i INH.PAS.SM - KM o #h E it s
45 HyRy BRioLTd, J&MEH RS sT 2l
LR R S e hotee F fclilikiigiis X v ol
U 7 BEIF D SEFNC R« DREZ MR H T 5 30 Bk 5 B B
X LTh, 1% NIEH T 1~5meg[ml © MIC %~
RL, KMHOHEKOFEE R 2.5meg/ml THIEL 70

2) = v AERMSEECKT 2 RFE R, EBL
mg[mouse/day 75 INH 0.02 mg/mouse|/day IR TER
T AR TH oMo LOLEFKETERT B, MEHKIX
FHOMRE A R ORI AR o

3) EB jitt: LA 2 WRRE R 4 B £ TR
BHRT, 4 RS & k7 REB T 10 meg/ml W F
BT HEE 10 il e Elns ol

4) HABREHCTORMER HeRy #his X0 Hy Hrckh
4% EB } PAS, TH, SM kX0t KM L offf Tl
FHEA LEW B IER SRRy

T a et B, WA 25 ST 2 5
b0, RN TR T BT B B 0 D G
DEEFRLET.

F IR OB SR Z Tt A Lederle fhic 378 % 2%
L i‘jho

KL O—IOEEE, 14 B AAEKHESILN
AR WTHEE LT,

X ik
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