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OPTIMAL CONDITIONS FOR ESTABLISHMENT OF EXPERIMENTAL
TUBERCULOSIS MODEL USING AN AUTOMATED INHALATION
EXPOSURE APPARATUS AND ITS APPLICATION

*Isamu SUGAWARA, Hiroyuki YAMADA, Koji OTOMO, Toshiaki AOKI,
Satoru MIZUNO, and Tadashi UDAGAWA '

* Department of Molecular Pathology, The Research Institute of Tuberculosis,
Japan Anti-tuberculosis Association

Animal (mouse and guinea pig) pulmonary tuberculosis models were established, using
an automated inhalation exposure apparatus (Glas—Col Corp., USA, Model 099CA-4212).
This apparatus includes four steps—preheating, nebulization, cloud decay and decontami-
nation. The optimal conditions for M. tuberculosis H3TRv strain infection experiments
were as follows : 1057 colony forming unit (cfu) tubercle bacilli ; preheating for 15 min. ;
nebulization for 90 min. ; cloud decay for 15 min. and decontamination for 5 min. When
104 cfu M. tuberculosis H3TRv strain were introduced into the lungs of interferon (IFN) -
gamma knockout mice, using the inhalation exposure apparatus and were followed up for
9 months, the primitive cavitary lesions were observed. This apparatus was also useful
for inhalation exposure experiments of guinea pigs. This apparatus can also be utilized
for animal inhalation experiments of allergens.
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Fig.1 Diagram of an inhalation exposure system (IES) apparatus

_2_



20004 7H

IN—EBRE)) NLEATEH, TR AV M,
EWTETr—I (NAF v bEDEI) Y, vV R125
P, E)EY F10EE, T v P25, 1 HOEERTHE
AT& 2%, —EHMK, F0ar85— kXY MIERE
RT3, 202K, KL, BERYTTHw
T (ca.40!/min), B E-> CTHERICH SIS,
Z0M%, SOV TWARERA UV v 7HRLL
<, BWic—ERE UV BT S, 38— FRX b
Plo TH-BRERIE, ~S74VF—TiRAL, &
KISSEDRAFETHEINLDT, BEHIIEFTER
WV, PLE, COEBIZ 447 VLY, preheating
(F1ve—1), nebulization (#ikfk), cloud decay
(#%), decontamination (FH) &#HT2, ZOR®
ARBRYEE X, P3LNVOERM TR 5 KE
BOMBIC, NERBEE (EH :45Pa) OREEED,
MELEBPBRBTHHRBII S L, BRPEERKRTE,
HETHEVETONY v (RF—HH), B, TRV,
< A7 (Moldex ##), 77—V Ah)N—, TAFELZ
BICHIZDOTT, BEBIZAo7z, T¥/8—F AV FAIC
Hrr—InbI I AL, BICHEEEPEEL
TWATEEELSS2DT, S0EICHRLZEEHN (7
J v, BELE) TEERV, BHELILEITAENA
FNF— FHOFr —JIIBLT, BEgwE (P3 LN
V) NCHB L7z, v AZB1Ey -V 2L, £
NVEY MBESEF -V ERW LI, EHBADT -V
X, ERICA— M L—T Lz, CONFESOLHSD
L X, BigT, kiFroFyy, BH, A7, T
Y HN—, TAFL HEAZIZTL, FHIPUEIHE
LT, A— b2 L—=T%{To7,

2. HEREORE

ERERRIX H37TRv (ATCC 25618) % AV, ADC
I vF AV EEt Middlebrook 7TH9 broth #
H3EHT 3TC, 4 AMBEELER L

3. BRYEBREMOMRET

MR LY A 2009 b, BT 2 OICLEREH
PE2T. Thbb, 304, 604, 905D 3KEEK
EL7, BT pE (EEMAEK) £, 2.5, 5, 10
mi?D3BEBICERELE, £/, AENAEKIIETN
EME IO %% 10025108 au = — R B AL
(cfu) FT, 5B CREEREITo /2, RBIE
RRBAMERELERICIE, 17 —TI12200L0) BALB/
cl= A& CS5TBL/6 M~ A (6:8BH#) %AV,
R, BRI ERY M LES 2 o2k, Mz dh
ORLTHELAEY 2 F— FERNIEBICHEZT, 48
RiEEL, MBLZou=—%28il, BARBRRE
Bk THET, < REMBEL, M, B FirEEELRE
BOREDOEEL R,

465

4. IEEB1-< 7 2B EER ~

Hr< Avy—720rRIE< T R200E (6 BkHE)
% H3TRv 10* cfu CRERE S €72, BABRBIEGEK
BoO®RESEMER, FLe— 154, BRLWNST, BR
154, BHESHTHol, BER, BEERZEDONA
FNF— FHFr —JICANTHEEL, 1 ERHRE, BE
L7z, BB, MR, M, B, B, BHEEAREE
BL, ARMFIY Y - ZF TG, Fo - N
B getn kAT L7z,
5. AF 2-EIVEY MEMREER

Hartley MEVE > b (538#) 258% H3TRv 106
cfu THRARBRPEEREITo/7z, 4 THRR2L I IZ,
EEBRITol, BEHE 1 HDS 60 H F TRE, BIFEL,
W A CRE L, SRS ARLER L 22, AR
OEMEBE, BERER%, 50, 18, 28, 348, 4
A, 538, 638, 128, 2LBECHEREZEIE L&, M
2T 0oRLT, 2O—FEE/NIEHT4ERREREL
Taa=— (cfu) XKD,

5 g

1. BARERGEE % A\ ERERORE

BT 2 OICLEREER% 30, 60, 05 ICEREL
TERBRETo2L 5, WTNORETHMITREHR
WONTz, 7 LlEE SmlcLize 1T, 3045 T
#3ml, 6043 Tid# 0.2ml Ny F 2 ERNIEF L,
WNFTIRELIBRILEN, XU F 2 EBERNICEEIZ
BREL2»o7,

BT W EE 2.5, 5, 10ml D 3ERFICRRE L7
LI s, ZEZERILTADIL, FhENSSS, T047,
4B EE L, 2.5ml TIX, Y7 ADEKEDE D A
b3, 5mil, 10m! TEEREBY IROLNL, BA
BEEGERZ THET, BELAMRELHELZEZ
%, 2.5ml TIIHRERDIZLDEFRLN-DIZHL,
5mi, 10ml CIHFEH 107 <=7 ABICIES D &R
SNhorz,

xR, 5ml DOWEIZH3TRv 2 10* 5 108 cfu finz
T, BYEBRE% (day 0) ® cfu % 4:8H, /NI
TR, WELT, Fig. 2 TRLALHIC, 10* cfu
TIIFEH 1 cfu, 108 TiZFH80 cfu, 108 TIEFH 1,000
cfu BB S N, BRI, MEBATORELZRED
BEBRELZEZA, 10 TRFESR LT, 10°T
FEH 6 7, 108 TIXZFEHI0BD S, 107 PLETIZ,
KA D, %L DRFBEBHERELI RO DN,

DEOEBRHER L BRERBERICETIRMEZEL
T, FEEBLHKS, Sle— 154, BRILIOS,
WA 155, BRESTE L, 20T, BEUEEREE

CBRIE, TO&MBTT, HITENh,

—3—



466

10*
10? —

10?

10
0 —t—
10* 10° 108 107

cfu used in inhalation exposure experiments

cfu in lungs just after inhalation exposure (day 0)

108

Fig.2 Pulmonary cfu at day 0 in BALB/c
mice infected with 104-108 cfu H37Rv strain
using an inhalation exposure system (IES)
apparatus
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Fig.3 Histopathology of the lung of in-
terferon-gamma knockout mice infected
with 10* cfu H37Rv strain using an IES
apparatus

(a) The right lung 8 months post—infection.
X40. H&E stain. The necrotic tissue is
surrounded by epithelioid macrophages
and fibroblasts.

(b) The same lesion stained with Ziehl-
Neelsen stain. X40. The numerous tu-
bercle bacilli are present in the necrotic
lesion.

(¢) The same lesion surrounded by thick
collagen fibers. X40. Azan stain.

BRONZz, BICIERFAER, Rohedrol,

£ -

bhbhiz, BERARBEREEZHCC E1EH



20004 7H

467

Organ cfu after infection in guinea pig
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Fig.4 Pulmonary and splenic cfu at an indicated time point post—infection
with 10® cfu H37Rv strain using the IES apparatus
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Fig.5 Lung pathology of the infected guinea

pig using the IES apparatus

(a) Macroscopical finding of the right lung
12 days post—infection. Whitish nodules
(=) are recognized.

(b) Histopathology of the right lung 21 days
post—infection. X40. H&E stain. Mature
and immature granulomas are recog-
nized.
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