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2. Combined Antituberculous Chemotherapy against Conventional Mice

Infected Intravenously with Mycobacterium intracellulare
Fumiyuki KUZE,* Youngchol LEE, Nobuo MAEKAWA and Yasuhiro SUZUKI

(Received for publication May 2, 1979)

The therapeutic effects of three combined antituberculous regimens were evaluated iz vivo for
conventional mice (dd white strain) infected intravenously with Mycobacterium intracellulare, TMC 1469
strain. The three regimens evaluated were SM-.PAS.INH, KM::EB.-INH and KM.RFP.-TH-
CS.EB, which were all administered to the animals in dosages roughly comparable with clinical use
except INH. Successive viable units of bacilli in the right lungs as well as in the spleens of mice were
counted on 1% Ogawa media using 10-fold dilution technique of the homogenized organs at one,
three, six, nine and fifteen weeks after challenge of the bacilli, while the administration of the drugs
was continued for eight weeks, in six days a week, starting one week after challenge. The histopath-
ological findings were observed in gross pathology and in histologic sections of lung, liver, spleen and
kidney as well.

The control untreated mice retained ca. 4~5x104 viable units of bacilli in 10mg of spleen
during entire experimental period, while the viable units of bacilli in lung spontaneously regressed to
roughly one fifth of the count at the end of the experiment, which was ca. 1.6 X103 at the start of
the treatment. In spleen, the treatments of all three regimens resulted in considerable decrease of
viable unit of bacilli as the treatments went and the viable units of bacilli in 10 mg of the organ
were roughly one fifteenth in the regimen SM.PAS.INH, one tenth in KM-.EB.INH and one
hundredth in KM-.RFP.TH.CS-EB, respectively of the count at the time immediately before
treatment. In lung, the difference in the decreases of the viable units of bacilli was less among the
three regimens in the range of one twentieth to one fortieth, though the counts went down more

rapidly compared with the successive counts of the control untreated group of mice.

* The First Department of Medicine, Chest Disease Research Institute, Kyoto University, Sakyo-ku, Kyoto 606
Japan.
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Minimal or moderate therapeutic efficacy was obtained at least in the regimen of KM.RFP.TH.
CS.EB, however ca. 8 102 viable units and ca. 7 x 103 viable units of bacilli still remained in lung
and spleen, respectively, at the time of discontinuation of the treatments. Moreover, the gradual
increase of the bacilli after the discontinuation of the treatment observed in the final period of the
experiment suggested that even the five-drug regimen of KM-RFP.TH.CS-EB was not potent
enough to manage M. intracellulare infection.

The main histopathologic findings of the organs of mice infected with TMGC 1469 strain were
thickening of alveolar septa, peribronchial cell infiltration, microglanuloma in lungs and both
mononuclear cell aggregates and multiple minute granulomas in liver and spleen. No significant
differences were noticed among the untreated and three treated groups.

Mpycobacterium intracellulare, TMC 1469 strain, used in this study was one of the strains which
were kindly provided by the U.S.-Japan Cooperative Medical Science Program-NIAID in 1975.
The brochure which was simultaneously provided by NIH described the colony morphology of the
strain as smooth, pyramidal, thick center, transparent entire edge. The colony morphology which

was again observed by us at the time immediately after the challenge to mice confirmed thin

M OEMNE BIF

transparent colony in 15.8%, and the remaining colonies showed thick opaque dome-shaped type.

F ]

RIPIC B HIEETHIREE (T AME) OXE5
% 58 %5 Mycobacterium intracellulare 5 D PNEHITR L,
PR O L FIBFAA R LR LT 50, ZORAEH
TH D M. intracellulare OYFERIRIZRIT 5 in vitro T
DREZ WA FERBE OB H LRI DX DB E xR
BLC, BRRELZLORBIRTH D, FAEBITIE
TERGEAE (LT AM) oHiisESRic42% in vitro T
DRV BEHBIR b SO EENT 7> TP~ LT
X708, M. intracellulare 7 %f UHiASEE3E 2 B /R &
Bic & XOMLIEINT, FEEEIRE LICEE LT
5 EBESL, 3 HXFAMICIEA I eSS, i
Lo TCHER IR EEIF TE LS5 TH D &\
5 IS 218721 lEF - T 5, M. intracellulare 7%} LT
BRNIHEFIOBAFRE S BIAED B TH 2 DILIEHTH D05,
PRSI DPERZ R OB DRA XA e T35 2 &
LRI BT EEIGETH L L HEL D, =V A
FR R & LTSRS EED IRIR Lo R0 g
FHEARE R L CE s LAMo L Thh, A
E L, EEBIREGE VT AM 0~y AR
T B RO BRI — G L, & ORUETIL
R & e 5 & AM OFREBE B HMCEEL, B
R ED@EEMROBECH 2 5 2 EBRAVIEE TP B E
DIFRICIESHE  DEERIRL Tn 5 2 LB BT
75o72h%, Burjanova B L RNTWAH T E L, HEL
TG 7 anNe <, BURTIZ AM 2R R A
AT =y AR AT, BEIC X DIEERPIRTE AR
BB ET2HEREFTFRERLDOTHA S, SEILED

RHIRBER D L FIBEA AR & LT, REIRIE R~ Y
ADIEIRPNEREA O BRI L,
I. ERMELRSUVICHE

1) SEREY

¥#—% dd M white conventional =7 A-C4EH 58
THE 278 FIRO L DEAWe, SARNXHIRO BT
B T,

2) {EABk

Trudeau Institute X D fit5. X172 Trudeau Myco-
bacterial Collection (TMC) & Fh 5 TMC 1469 £
Iz, 1975 7 Bic i 51T b 1 %/ NIEEH
T3 Rk ER, —20C TREFSICE K TH 5,
M. intracellulare Y B FZWEERD B DB T, 4BEL1960
4, HEEORHIZ X 5 & OAA Bt LS/
“Smooth, pyramidal, thick center, transparent entire
edge” L H 5,

3) FEErJGk

FER~ 7 A200L3 D 4 EERREATERR L, M. intracellulare
(TMC 1469 #k) DPEEEW 0.2ml (EREHREAH ca. 3
X109 A F_TD~ 7 ADRHINCERE Uic, HEEK
131 %524 & D Dubos Tween Albumin 4z
B LIORMHEEER Lch 025 B #ERE LR L
Teb DEFHA U, BEEARRBMOREICIRHER LR
JEEE % W AU CLORS AR A JE L 1 % /N1 [55 e
—EREAEEL, BEEETI VTN,
BR8]~ v A% MULE CHRIE Lictk, &5ER
PR LTk oEB xR LI,

BITE MREOSIREE
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H2# SM 400pg/mouse (1) - PAS 4pg/mouse -
INH 20pg/mouse

KM 800pg/mouse (3¥:) « EB 400ug/mouse -
INH 20pg/mouse

KM 800ug/mouse () + RFP 2004g/mouse -
CS 200pg/mouse « EB 400ug/mouse «

TH 200ug/mouse

BRI GThLE6 ARGET, EHETHLSM &
KM (3 1 BES R 0.2ml 12/e b & & B LT
BETe#sL, ofEfiivThb&oisc, #5E
MEKELT02mlcie 5 & SICRABREIRLER
(RFP % &1 RBIRIERIC I RO T 7 €7 2 £ %{HH)
L&n v 7 TEMCES L,

TRRDHIATERT & e DAt 2 08, 538, 8 LKAy
PR BEOHB A BET S L L b, AL 3T
DOy ARERHL, BEHEOWRIBIEXTR,
Fi A, Mo 1/2 o EEEY ER LIz, EREEE
2 % NaOH Tl % 10651 ERA R (H ARG = = 1 —
Yo FETLSFAF~ER) L, HFEFE2% NaOH
& AV CIORERFRINAER U 1 Z8/MIE# o
ERE LR X0 ISP AR B BALE & (T D7,
R e, 20 ot (1/2), I, BRIk
DT DI Lz,

BWER TR D 8Nk L5 2 TRk L, Bic4
A E T 6 HMKE L, FREEROWER LTI
FEE A 15H TR T LT,

sk LR D EBC LD, SEOHAEKR TMC 1469
&L TMC 5 Rz CHIREIERE L~ L RIERHET

IR

4R
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SM, PAS, INH, KM, EB, TH, CS, RFP o in vitro
%I E, SM-PAS.INH, KM.EB.INH, KM.RFP.
TH.CS-EB o 3 §tEATROFEE in vitro COHEH%
Wi Lic, CoBAEMAL (EE) IREERES5E
EUTWD, =V ANOHEFIEGED INH 2RERT
EERESRECHELT T0 b, ~ v AEBRIKIEC s\
T INH #5842 HERESECE TS, REEIE
s b HRZEFI O HE R T 5 a1 H ok
OEEE LIIDTH D,

I. B RE

1) TMC 1469 ##4¢r TMC 5 #1253 5 AR‘s
SEIFERIER

F 1L ORBER LI, BRRADEDOR ST
L WE L OB FEEIED R bR RBRER (S5
W20 E TR ZRL TR, #IEHlRLOZOH
FAROMIE I E i Licb D TH D, HIHFIOFERE
B EMOBIMMNCR LIS, WThoBkd, SM, KM,
RFP, EBIC ILBWRZ M2 D 0, 3 FEOPHAMHEER
TlL, 1HR#%ERE SM-PAS-INH HF iR 23 s 728
5 KM.INH-EB I b fiffc, KM.-RFP.TH-CS-EB 5
EOH (LUF 5 &DHA) »% SM-PAS-INH PR R ic
T ZER T B TMC 1469 250 T2 H
b bhtc, TMC 1469 17 ks \WCHEBHL-OXR B
RKRERERL, Dk SM 84, INH 14, KM 64,
EB 6 %4, RFP 104, SM.PAS.INH 104, KM.INH.
EB 9%, KM.RFP.TH.CS.-EB 124 CHD7z,

2) TRESE

Table 1. In Vitro Effects of Multiple Drug Combinations to M. intracellulare-aviurm
complex (TMC strains)
Dubos Tween Albumin Medium, Inoculum: 0.01 mg
Strains T™MC 716 TMC 721 TMC 1411 | TMC 1469 | TMC 1473
SM (100xp) [T NN ] e |
PAS (10004g) h h h
INH  (504g) i = a =
KM (10049 | e ETE D ]
EB  (100ug) - - _ _ -
TH (5010 X r "
cs (500 M E I B B
RFP  (50u¢) | e T
SM-PAS*INH -— _ _ _ _
KM-EB-INH _ _ h _ -
KM-RFP-TH-CS-EB _ — m _

*: The concentration of the drug in the first test tube.

t: The length of each bar represents numbers of the test tubes which showed no growth of mycobacteria.
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Fig. 1. Body weight.
Table 2. Macroscopic Fmdmgs at Autopsy
Regimens | 1. Control 2. SM.PAS.INH | 3. KM.EB.INH | & KMAREP-CS.
Organ | Lu* | Lix | s* K*}Lu ‘Ll ‘ s ’ K |Lu|Li |8 ‘ K | Lu | Li j s | K
Before treatment (2)” — (Jg; — 1 {
o
T e e N - (== EON N SR N S R A ¢ D N
2 weeks @ © @ O ® | M ol
M |
+ |
D M . N oD
Dl W+ I A R R I S R N C DI
5 weeks it + | m ) o
1) 2 it GO
) |
N M b
+N L+ HN T
8 weeks ) M ) it ) 0 |
2 @ !
+ + 1
6 weeks H o H D @ | F + | _
after discont. ©)) (1) 1) (‘Hg (‘HS (1) 2)
2 1 |

N: Several small nodules.
*: Lu=Lung, Li=Liver, S=Spleen, K=Kidney
1; =, +, +H, #: Grades of macroscopic pathological findings

=

t1: The number of mice which showed the respective pathology.

(1) HELEE

M1 e hEOKBLE R L, &F8%E U T5 &
RS BIF BB ERLTWS, LnL, REERTT
WCABDIEIERE 7o D O ALET & () ENRD B D
OTHOERLEA LTV EBbh s, EBLERTE
BREE N, BB AERINAIH S h T B,
ok, FEREFBPIET LI~y AL or,

(i) BBRORIRMEZS

R2WWHRIE L TR LT, IWEDREREIL £ DO B

o CER L, ERISEEC 31 % 2 &l
B S TekSEIERE R R LIch DIdisl, &Ef~v A
3 T/ MEEIN B DB OREAR BN I=DHKT, %Lk
L FG3ED D ARl DR LR EEDO Y F A LD
JfdekenimZs (Fom, W) THok, &L,
SEAUERIIBRE & B UBI S T2 T 7o ns o, BURER
DELDIBTH S, hdBHEICEIZED >
foo BOZBLTPCRER CBEBE L L 2R L
ORI Ik E DT,
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Table 3. Average Viable Counts of Mycobacteria from 10 mg of Organs of Mice
Infected with M. intracellulare (TMC 1469)

4. KM-RFP-CS-

_ 1. Control 2. SM-PAS.INH | 8. KM-EB-INH | *ppdog
Regimens ‘
Lung ‘ Spleen Lung l Spleen " Lung 1 Spleen ‘ Lung Spleen

Rafove: hiéatsent 16X 10% 4.0X10' | 1.6X10° | 4.0x10* | 1.6x10° | 4.0x10* | 1.6x10°  4.0x 104

2 weeks 3.2x10? | 3.3x10% | 3.3x10* | 3.7x10*| 2.4Xx10? | 5.3x10¢ 2,.2%10% | 3.1 %104

5 weeks 7.6x102 | 1.9x10* | 5.6x10% | 3.5x10¢ | 75 1.5x10* | 45 3.3 %10

8 weeks 5.4x10° | 4.6x10° 83 | 2.6x10°| 51 | 4.7x10° 41 | 3.6x10?
° her | 3.0x10%| 5.0x10¢| 19 | L4x10°| 27 | 1L3x10°| 12 | 6.6x107

after discont.

* Each number represents the average value for 3 mice.
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Fig. 2. Average viable counts of mycobacteria
from organs of mice infected with AL, intracellulare
(TMC 1469). Each point represents the average
value for 3 mice.

(iil) JEERPEREIOHER

RICEED 10mg rha BRI I 7o B EL
OREFAHEBAYFERL, K2 hxRKRLic, &0
EXIRRE T s TRIEBIIAT 5 B Bin—Bikz iz
EOEBHBEMOMD 75 55, LHHFR 4~5% 104 12
EOABEBMED RT3, —Fli LA %
2 BB RERREED 1/5 RE T AR O 23%
bh, TOEN ) OEERZ BN S O DERK T
CIXFORERGEER O 1/5 12 LTk, BEC
BRI { AEBEARO BAFEEN S hatbh b, 2hb

Tig. 3. Small granulomas in liver. H.E. %200

WIREREE LT B &, TRIERE CIL SERBALAMAT He il
RV THREE TERNL/20:5 1/401C, BTk 1/10
73 B 1/100FE DI S & btz

K 2 THBREHOBGE L ML+ 5 &, wih
DB TH BEMGE L & LICIRREI LR T, B

SM.PAS.INH f{ffif & KM.INH-EB §f HRELzIER
fED, *7- KM-.-RFP.-CS-TH-EB 5 Z{fHH i

QHBIEH X DR ENC AR O B R R L T
%, AlEaEt Urc 3 TR & LBEOWRERIR N A b
TeeE2 500 RLETHH S, Lavl, KM-RFP-TH.
CS-EB 5 )% 8 M =i Lrc i LIEEaiE (i
02g, #0.2g) &L THR T2 &NMTiTF8x 102, Rz
1397 X 10} DABEBNEE L T D 2 EMRHEETE S
CENBRBRIRITRESG TH B, BB\ THE
T 5 B VARCTTOAEEEA O EREFMAGL BRI,

(v) RERRO R ARSIPT R,

F 4 X EFEREE~ v 2 OFRBEATKEENIT R A R
BIELCLDTH B, MiTIRERELELLDERE O BEER
D iZiH (Peribronchial Cell infl.) L [ififaRED O F AMEIE
J& (Septal thickening) 237 R TT < FIITAZFE
(Granuloma) DOEEZRDBAIIZ T E I\, Fiok
WTIE 3 12817 5 Z & /&> epithelioid granuloma
OB I D SHAFEL T B 00D bivie, i
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Table 5.
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Histopathologic Findings in the Liver

Control

2. SM-PAS-.INH

4. KM.RFP-.CS.

3. KM-EB.INH EBTH

Course of treatment

W)

Regimens l 1.
\
| 2 5 8 [(®* 2 5
\

8 | (6] 2 5 8 | (6] 2 5 8 | ®

A. Granuloma

B Granuloma
* with cell cuffing

\
Cell infilt. gy
* of Glisson’s capsule‘

i

D Cell aggregates
" in parenchyma

A+B

13.9f 1.8 1.6 1.3/ 15.8 2.6
0.4 0.3 0.5 3.7 1.8

2.0 0 0.8 1.8 0.7

1.7, 0.7 0.20 0.8 1.7
15.00 2.2 1.9 1.8 19.5 4.4

2.7 3.7 312 1.7 1.4 83 7.2 13.2 12.3 10.8
0.6 0.8 89 0.1 0.2 2.3 1.0 1.2 1.7 2.3

]

1.0 1.7 0.7 1.4 0.8 1.1 1.3 0.2 1.4 0.8

| 1
3.3 4.540.1 1.8

1.1

0.6 1.7" .3 1.2 1.1 1.2 1.4 1.0 1.7

Lo
1.6‘ IO.Gi 8.21 14.4, 14.0 13.1

*: 6 weeks after discontinuation of treatment.

t: Number of granuloma in three (10X10) visual fields (average of three mice)

BV TIEBRERRE OIS R D2EIZFD b hichol:
2, ER U7cFDuiod 5 granuloma (33 U AVRRERE
CHEWEHFAAR bR, FFD granuloma OEHx 4% <
v A SHRET O IR O TERR LIS DAES T
BB

Im. % %z

FRIIEERTIREEDOFRICBI L Tk, Fimc bk
N ZELKBRTIIE « ORIEAN D 2, THHTS
KRB OMETH B2, BETTIRELrEy b, =¥
A, UHF, NAAZX~, =V Y, vARERL, &
& I BRE T T DFFEE R LB ias < 5 %
Linl, RO HLRRELEIIEHR ERS
TV AR TSI T B, AT EHD
in vivo YT 35U ZIGKNARHIEIC KB AM JER A ie
HEDIO Tl =y AR LE Ui OREFRMNIT S,
REDL L OHREL ik, 3~y 22w gt
AL IR TH B, IR b O EkORE
HEDREY D B, FRDOHERE LB L L 2 H T,
M. kansasii & M. marinum Z{EF LI AL, ~v A
BHIR~0ERE CEADRIHIECH 2 5 % ERI AM
TEN—IGER SN HEN B OIS 25, M. kansasii 1.
D —CHEETH D EINTWB M. intracellulare 1=>
WTERER L D75, ERTFEECRBFEEHED
FRECOWTRBEMAD B EEL bR D, MZT,
F—®fE L L < 1% Runyon o [M—BERHC 4 % h 5 Bk
HHEDOFHEDRFIO LTI S L TWw %
mm““&”ik%%AMﬁ%%Etmm®¢f
AM PE5ERME 72 D AN 2 DIRZE D FARTE SRR
ExBRLEDEMRELIERL, Pl &L BBRPIEREYS
Iz X BHERDETHH D LRBEL TS,

M. intracellulare DEEVEFREC 7TH 10 & 7> corn meal-
glycerol-agar % fj\ 7354, smooth thin (transparent)
type & smooth thick (dome shaped opaque) type 73

ONCHEEEE D 7R\ A% rough type 23Z BB & &Ikt
TR ST D, RELL e R LHRES L
7225, 3T Dunbar b3 RRROERETUEE <~ v Al
T AREEORICHBIDH 5 = & &8, smooth thin
type DILR DL WEHIZ SRR L& L, Fic
BESHRITZ LA L thin-colony type #7173,
in vitro TORIT X > T EZ domed-colony type 73
BT 2L EBRFEMEBET T2 2 E2RL T2,
Hiir o Kajioka S iR TlL, opaque form |1,
transparent type OZRIZ L %4 DT, FREOFAENE
ZXF3 % B M oS R Tl opaque form 2% trans-
parent type T L TX DIRZMNE &5 BRPD 5
FERELE LT D, Shd oI A—EER o <
AT BRREME DXL B 5\ NEHT 25 L ol h
e FAE D TR Z 0 U BE 5 REI e 28 Ta 23,
AER A L TMC 1469 ki corn meal-glycerol
agar [T 15.8% BRI OME Lic IV EI® 2R,
PR DIEIC X % thin transparent-colony type KX
T2LDEEZ BRI, LiciioT, M. intracellulare k-
LB OB Ch o & LIl T
5, '

B 5 —DDMEN & LT, M. intracellulare 2o\~ CA
ok &R EMR & ORI RS2V D203 B FTREED B
ETHD, BEDIEE LCHBEEEEDT 3/ 7
V3 vy FRIVEWEEZRSE LR ©, Mo
RIE D /e b DREEZ DR RD TS, FAE DI hs
MEFIEIEOC X 5 SETETURB D28 Tiliou s EHERI L 7228,
HERIL L Qe D TR R C©H 5

D EDFERZEZBR LU TILE L DLEIOMA#45T 5
&, HEEAURIRMED TS AT X D IR RERIC R LT
R VEDENTIEEM D 3 5 M. intracellulare Z {5 F L=
EEZ DD, BRI & ORI OFZET
1% SM-.PAS.INH, KM.EB.INH, KM.R¥FP-TH.CS-
EB offfiTR crh ThBER R L H o L2 b,
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SR ENDETIEH B KM-RFP.-TH-CS-EB 5 %4t
FARRLRIEND B &S HIREZIT o, LrLiahib,
EERTEORED IR s hbofiie iz ow ThHE
RIS TH Y, EERPIERE ORI R
THOC, HROMBKTORELEMT S LEZL bR,

T3 7Y avy FREFZECTE & Ll in vitro
ORZ OB LR i, iB L2 & < &
R ERNATRC AR TREZEN X DB T &0
BRI, WHT BT SM DRI e ) D E M
BHHDLFED—2>T H DT, Tiobh, KT T
SM 12 KM iz ) /s h OIFREAH DO R LT, K
EETIE SM, KM % & b i AEE O HE 13380
BRTWBEZ ETHBH, 4EHR L TMC 1469 T

L AT, ZoBA SM 13 KM X b HIEInss
RT\ o, in vive T SM.PAS.INH 3 %4 fif 2 28

KM-EB-INH 3 Z0FTR & IRFHE TR TC 4 T BT
HThEVDNREOENED LN ORERD—DTH
55,

LIk, BIfEFmCRlREr e i A V7o M. intracellulare
Bifee v AD in vivo 1231 5 MFEREEO PERAZIFIR
P HNARANS D 2 LGRS bR, XD
BAZE D MENH D TRk S iz,

FLPEA R & Uiy, M. intracellulare DHEEDIEF:
CRIE LT, RN EFEREZ OB LR X Y P
W5k, TR ERER S DFERBEZEOET
DOWTEDFEFYEEL, ZhbofERIIESHTAM
YR T A OIERNZIN fis 2 EANELEFE 2 Bl
%o

. #&

M. intracellulare TMC 1469 #: CREH) »BEHR X
DEG Lle= v AR AT, X LTEORBNERE
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