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This paper is concerned with the antituberculous activity of ethambutol combined with:
isoniazid against the original susceptible strain and isoniazid resistant strains by the in vitro
and in vivo experiments.

1) The H37Rv strain of human type tubercle bacilli was inoculated in Kirchner’s semi-solid
agar media containing ethambutol and isoniazid in graded concentrations and inhibition of the
growth was determined after incubation of three weeks. No enhancement of antituberculous
activity of the former drug was observed on addition of the latter.

The isoniazid-resistant variant of H37Rv strain and three strains freshly isolated from
sputa of tuberculosis patients were tested in Dubos’ liquid media for the influence of isoniazid
on the in vitro growth inhibiting effect of ethambutol. The results were the same as in the
experiment above mentioned.

2) Albino dd/y male mice weighing approximately 20 mg were used in the in vivo expe-
riments. The animals were infected intravenously with H37Rv strain, and divided into four
groups. Three groups were subcutaneously injected 2 mg of ethambutol, 0.02 mg of isoniazid
and 1 mg of ethambutol plus 0.01 mg of isoniazid respectively, and the last group, the control,
was untreated. The treatment were started from the next day of the iefection and continued
for twenty-one days. All animals were sacrificed two day after the last treatment, and the
therapeutic effects were evaluated by comparison of the viable units of tubercle bacilli cultivated
from the lungs and spleens of the animals.

The enhancement of antituberculous activity was demonstrated in the combined use of the
drugs, where tubercle bacilli were cultivated to the least extent from the animals of the group:
of this treatment. The experiment with a single or combined use of 1 mg of ethambutol and
0.01 mg of isoniazid was carried out, showing the superiority of the combined treatment as
in the former experiment.

Subsequently, the groups of mice were infected with the isoniazid-resistant variant of H37Rv
and treated with ethambutol and isoniazid as in the experiment with the sensitive strain. No-
effect of isoniazid therapy was found in those animals, but the addition of isoniazid to ethambutol

did suppress more significantly the culturable units of tubercle bacilli in organs of the animals.

* From 1st Department of Internal Medicine, School of Medicine, Kumamoto University, Honjo—
machi, Kumamoto-city, Japan.
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than in those treated with ethambutol alone.

B EB9%E HET

The experiment was further conducted with the

mice infected with two other isoniazid-resistant strains freshly isolated from tuberculosis

patients yielding the same results.
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B ¥ ¢ Dextro-2, 2'-(ethylenediimino)-di-1-
butanol (Ethambutol, LJF EB X 1Z) BNHEHRFED A
TE Bk S X OV A% /R3S X 0 4B L7 BEFR D 2T
2 OMMEELHE T b OXEUEEC L, 28Xk
RS, TOREEEBTOHEINI/NIERT 1~
Smegiml O RNFERIEREZRL, ~ 7 ARBRIIG
BB R LT3 EB 1mg/mouse/day % isoniazid (LIF
INH & 1%) 0.02mg/mounselday WZVCi3 5 R4
AL, FREERNAS IOHERRIZIOTLESTH
PEEREE 2 S BEHSRC C WEREEZIRE Lo 2D XD
Iz EB 3Bk HifEREE L ULTo itk Te v
B2, Lo L Zhk B & OF R LI &t
ERRIER AT SRS S 2 F %, EB k{iff
VOB O A RREHE L, TO—HThD PAS,
Ethionamide, Streptomycin, Kanamycin & DERE
POt ERIIATCRE L <, BWABRIERY
BT, FREEHERL RS Ienols,

A#g ik EB & INH off izt INH @R s Lo
INHRHEE I LT, RBRENER R X0~ v 255
FEEOBRFERT, MEEORBLCRL T by

RBRMHELUEE

RBENER © BRI, Bk o
SAETRTHR & MRS AT 70t D TR A, I A 9
BB ORI RE R Lo

B« AE 20 g RIAOKEM: dd R~v AxH
U, BERER & UC INH MR HyRv ¥k, INHHER &
LT HgRvR-INH #;, M#EECHEELCEBEROK
¥ (INH 100, PAS 1, KM 100 mcg/ml 524t &
BESH (INH10meg/ml S2&ME) ZHvic, chbz
19 /N CEEEL, 200 E S ADRERIFAEEY
BEWD, FIFARAY A2 ARV TRRERC LD ZAHE
KIFWHEERIZIE 1~5mglml Z{gb, 10 EHRLEZD
0.1ml &~ v ARBIRNICHEE L, Kt~y A% EB
« INH pFHERRE, EB BUMGRARRE, INH BIlEERTES
X ORISR O A B0y, BB H L OIIE0R
FliEa 0.1ml OFREKCENL, ~ v AKBEIEETFE
B X o THRBFERIA Lo MR THRE~ARERL
filis X OO LR 2 A CERL 1% NaOH ¥4 in

2. C 100 mg[ml DAFIZIED, 75K T 10 fEHEERR
XD 1% NI BERE U Tzo 37°C T 4 BRI
FE LB RD Bl 10mg AR HEL TH
RN HL % LRt Uizo

TR, RIS RS L ORELEI A ERIC Lo
TEEDDT, ThThDEREEOHICFEIR L 7,

= A

I. INH BMEECHT2HAMR
Fix 1. HyRv BhoRBREARBT RIS THAZR
1097 Kunigpn Kirchner JyighseResiia Ay, EB
BLOINH % fEx 0 BEC 56T 2 5 Sml 55
Hg;Rv #ko 107'mg o KEWHEREL, 37°Cic 3 HMH
MBS BHE Lico BUEIIR 1 RTZ 8L, EEE
e oWNC EW R I IER % R fgasofed, EB S
megiml & INH 0.05meg/ml §ffH 3 X OVEB 2.5mcg/ml
& INHO. Imceg/ml B XN E R OBETIIHBERL
TDRTHANTHELZMIET 5 2 23538 b,
Table 1. Growth Inhibitory Effect of
EB Combined with INH against

Hg;Rv Strain in Kirchner's
Semi-Solid Agar Media

EB cone. INH concentration wmcg/ml
meg/ml 0 0.01 0.05 0.1 0.5

0 #  # H# 20 -
0.625 # 1 4 15 —
1.25 H# H + 12 —
2.5 4 H + - -

5 i i 17 - -
Notes : Degree of growth was experssed as following

symbols :

1t : Moderately confluent growth.

4+ : Innumerable distinct colonies.

+ : Over 100 colonies.
Number : The average number of counted colonies.
Reading of growth was made at the end of 3 weeks.

Fk 2. HyRv BEG~ v A EBRRSEIIECHT %
CIRASRET TS

1) RRRPERIL 66X108v.u., 1 [H 1 [ElDIEHHE
B3 EB Bk yaiRe© 2mg, INH B AR < 0. 02mg,
BERVaEERECl1T EB1mg - INHO.0lmg & LC, 21H
HIRE Lo BRI LIRT L, AABRHL L E
TaREBBE O IR A CPafE I - 128, 333v. u.,
e 4,250v.u.) XhAiel, & COFRBEROME
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Fig. 1. Fffect of EB and INH Used Singly
or in Combination on Experimental
Tuberculosis in Mice Infected
Intravenously with Hy, Rv Strain
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J L OV INH B FRRE (FI5fE B : 4,180v.w., i :
1,300v.u.) kD FRER 12 OEEHEERT )b b
FTH BRI & & E DT,

2) 1) DEBRBMWRT DD RED EHhE HIEL
Too REAEHENY 8X10%v. u., JRIRHIRIZ 160, JRHIBY
GSEIIARMS X OGHABERREL b, 1 H 1[E5 BB
1% Img, INHZ 0.01 mg » Ui, RiHIIK 2R
720 EB BAARERE O MR N4 (5B Jifi ¢ 1,455
vou, B:i768v.u.) 3 kot INH BfiAERDO Z R
(PI5ENT - 18,360 v.ou., JE : 2,100 v.u.) X &R EE
CPYMENG - 282,777 v.u., [ :16,705v.w.) XD EI5
T Te L, GHRGER (P Bh: 783 v.u., J:
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Fig. 2. Effect of EB and INH Used Singly
or in Combination on Experimental
Tuberculosis in Mice Infected
Intravenously with Hg, Rv Strain
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Tieb, v AFERIEIECK LT, EB & INH
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II. INHfE&E(C s 2 6AHE
S 1. INH WS ORBENRE RIS TO RS

7

Dubos #5353 U7 368 BiF e HyRv R-
INH #, Y#ECHMEL 7 BE kol (INH 50,
SM 10, PAS 10meg/ml 524MHE), =44 (INH 25,
PAS 10, SM 10, KM 100, TH 10meg/ml 524:7it)
BIOKEH @FE) oFf INH ftEtkocmE (B
HEIZIE Smglml O 0.1ml) %43EHK]|445 Dubos ¥
BEICHEREL, 87°CT1 H 1 EHER LT 2 Bk %

Table 2. Growth Inhibitory Effect of EB Combined with INH against
INH-Resistant Strains in Dubos’ Liquid Media
Strains HyRv R-INH | Sakaki | Yosimoto | Ota

— INH conc.

EB \~\‘iug/ml 0 12.5 25 50 100 0 12,5 25 50 100 0 12.5 25 50 100 0 125 25 50 100
cone. meg/ml T

0 #oHE W+ W — W — |

0.1 #o o H A+ W W W = W = W

0.2 U T N o | N S S S 114 H#

0.4 #H o# # o+ =+ =

0.8 s+ - - - = = = = = - = — | H H S+ -

Note : Degree of growth was expressed as following symbols :

it : Dense turbid

it : Moderately turbid

Reading was made after 2 weeks by naked eye.

+ : Slightly turbid
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BEC L) FBERIEZABRHE Ui, BEITHE21RL
7o, INH itk LT EB & INH I L 5 %E
BHIE T DMEERIT A BiviehsDie, LaL HgyRv R-INH
B L KBTI EB0.8meg/ml-INH 100 meg/ml
MEEFEMCHRE OMIEARTED bhvic, F 2 CEEH
EDRMEA S BT HyRv R-INH PRz o\wT, kR
DB UEREZT, BEC I ) HIRHAELCD D,
ZDEWE 0. Iml % 1% /NIEEHIC 2/ L recovery test
ZIT7e 0%, BIEEE 31C/RTZ & <, Dubos ¥ f ks
DI X DHECIL EB 0.5 meg/ml CIE 2T
LWy, 1% /NI~ D recovery test "G,
EB 1meg/ml &4 E#Azd INH BB VTR
LRI BEENEEN TS Z L RS, fRAK X
HEBEERD 5 pavbhishot, Thbh, Wiho
e X oTh INH & EB & OGRS RBENT
FEAE L 2 7007,

Table 3. Growth of HyRv R-INH Strain
which was Incubated in Dubos’
Liquid Media Containing EB
and INH for 2 Weeks

EB conc. INH conc. mcg/ml
meg/ml 0 6.25 12.5 25 50
#ooH
0
H + + + +
#oH H H o+
0.25
+ 4+ +  + 9%
0.5
98 86 75 80 36
1
5 6 4 7 3

Note : Upper columns express the grade of growth in
Dubos’ liquid media. Lower columns express
the grade of growth on Ogawa’s egg media.

Fhx 2. INH fHEERY~ v A KREIEEC R
M XSRS

1) R HgRv R-INH #ha v, ZoBEfEEE
1% 2x10%v. w. G, 17 AMEE L, EEls® (18
10ED) EPFHBRERE 3 L O FEMBETE L b EB ik
1mg, INH % 0.01mg & Uiz BAHIN 3R LT
B HABYEL INH ik ©h 5 0T, INH Bijhh
HEREONE#E AW H (F5fE Bl - 6,330v.u., JF:
5,465v. w. ) IZEIGEABR O (CFI9E i - 23, 106
Jii:4,88lv.u) XAHBEOELRDT, EB ¥
PHRECIRRAR AR CPSfE Bl 285 v.u., J#:
865v.u.) 2347, EB-INH Of F¥ERE OIS A

v.u.,

M B3E FE6S

Fig. 3. Effect of EB and INH Used Singly
or in Combination on Experimental
in Mice Infected
Intravenously with HjRv
R-INH{ Strain
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WO B LD, Thak< LFHME 163 v.u. X
72T, TNTEB Bk b AR Ch o,

2) 1) ORELRHRT A IERES S Y 55
U7c INH MoK EH & Btkr AT ER L,
A EIIRE R 950 vou., BBk 480 v u. o YR
Mz E b2l B, FHIBG-E1L 1) FEEE EB 1mg,
INHO.01lmg & L7c, BNIIN4, 5 R LI, A
PR DSV R BRI QR AR VAE TR RE D
fifi 9,680 v.u., {824 v. u., PFFAEREDON 3. 8v. u., Ji
13.4v.u., EB Bl A REON 31.6v. u., i 32.6v.u.,
INH Byl 8,777 vou., & 1,650v.u., ©
D, BYHRRGRE CILEIREO AR DN 4, 025 v. u., it
547 v.u., BEAREON 1.5v.u., i 5.3v.u., EBMJh
PEONE 16 v.u., i 16.1v.u., INH BB 2,170
vou., f450v.u.Thh, &I l) ot s g INH
BEPVRHRRE O B AR B MR IE RO IRR O Th &[4
TholeDi, EBHFHEHO LI 7L, &b EB.
INH f AR I EB BB O Th X D Bl b
PETEH D,

Fiebh, INHMEEEY~ v 2% EB ClREL %
&, TCRmETHS INH offfic L oT EB DR
R 5 R B TED D 2720
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Fig. 4. Effect of EB and INH Used Singly
or in Combination on Experimental
Tuberculosis in Mice Infected
Intravenously with Ota Strain
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SHICHERR %2R L, EB100mg Biyarac mmik L
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INH Gtz EY, BESH X D BEUESRN I DL
5 DB HIT X o TRE U ckE 5, INH R iR g
CR LT, BEMIAER L D3 i s i e o
foo Eic INH fEE L iz, EB & INH o ftfn
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Fig. 5. Effect of EB and INH Used Slngly
or in Combination on Experimental
Tuberculosis in Mice Infected
Intravenously with Baba Strain
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HEEL TV HEY 450, F7 INH R L
T Penicillin & INH #0f 3% B RIERAIZED b,
Z it Penicillin 23 cell wall o4&RAIEETS &
L X OTHIRREEONEES LA Ec L, INH 2R EEKClE
AL T oD TR bLA L BELTOWBHED L
50, EB OfEFEFE IR oWT X bR 4 in s %3
FRERET 5, ERE L EH LT OHBERT 0N, 15
TeB= U ADHEERETFRKE /e BEw R LT
ZOTEREPAI e bEZ DY, ETHCEBo
BT A EABIEOMI F el b wig s 5,
T DI OWTIESHR R BIA W ER OB
BLIUODBPAHERC OV TERIRAE bRV D&
E2 B
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