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Chronorogical changes in the activities of various enzymes of the mononuclear phagocytes
(MN) in tuberculous lesions were studied histochemically to estimate the functions of MN at
the stages of development and healing of the lesions in vivo. Dermal BCG lesions were pro-
duced in rabbit by the intradermal injection of BCG and the lesions were biopsied at various
times after infection. The enzymes assayed were B-galactosidase, acid proteinase (cathepsin D
like), hyaluronidase, Naphthol AS-D acetate esterase, acid phosphatase, succinic dehydroge-
nase and cytochrome oxidase. The MN stained 4 to ##f by each enzyme were designated as
positive cells.

The activities of f-galactosidase, acid proteinase, hyaluronidase and esterase in MN varied
by the stages of the lesions, i. e., the activities of the former three which were mostly found
in the MN localized near to necrotic areas increased at the stage of development two to four
week after infection and there after gradually diminished. The latter one, 7.e., the activities
of Naphthol AS-D acetate esterase were increased prominently in the MN of the healing lesions
five to six weeks after infection.

The cells with increased activities of the esterase gathered in multiple masses which are
not concerned with necrotic areas or in all the areas of the granulation. The activities of acid
phosphatase, succinic dehydrogenase or cytochrome oxidase were found evenly in the MN of
“any stage and were neither correlated with development nor healing of the lesions.

Based on the studies of BCG lesions in rabbits at the stages of development and healing,
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human tuberculous lesions including a 7 days BCG lesion induced in a normal individual, a

tuberculin reaction tested for patient with pulmonary tuberculosis and lymphnodes biopsied

from patients with tuberculous lymphoadenitis were also studied by using the same histochemi-

cal methods.

Only the cells with the activities of Naphthol AS-D acetate esterase showed

similar behavior to the MN in experimental BCG lesions.

In this paper, the significance of the Naphthol AS-D acetate esterase increase in MN at

the stages of healing are discussed from the viewpoints of the healing mechanisms of tubercu-

lous lesions.
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FERR B 4£ ¥ 5 mononuclear phagocytes (LL#%
Mg L5i9) ik BE < DEEAFEED Y 25380 bk b,
T DEEFIG AR BR B OB L RAE My B O T8
XD EFL T b bhbiiisg F Tk lysosomal en-
zyme T3 5 P-galactosidase % Mg ¢ maker enzyme
& L, 532 in vivo T label &7z tritiated thymidime
grains ® M¢ HTOHEB A M CH B R £ %
5 M¢ DhE & B Bat LIREYS L TRic, LinL
B-galactosidase 7% lysosomal enzyme T# %Bi6% L,
ZOBEFREMRT D LI & 0 B O KR T
O M¢ DEHE L BIEZ VT % O ik fEF] T H DR
7%, IR RIC B 5 Mé O Bk B o I 1R
i & T AMNBH DO, 4l #)k 45 3 % naphthol AS-D
acetate esterase (% I O G EREBARI O M¢ 124 ;A_
WML T B2 s, ZOMIMEEAEHLVIEA
@kmﬁﬂf&%:&%ﬁb&%i%&%&ﬁ%%ﬁ%
O Mg DORRE L HEACBIRL T 5 Z EAMERI S h,
FERLI AR DIRRE D AT L OBER &5 2 b
DTG, TOBKRT DL ALBI Lic,

REBHE

ekl =a—2 3 v FRAY ¥ 5LOEHER

HA& BCG #lig#ia o BCG % 0.4 mg/lesion ®
%Héb:&%ﬁ, 1PEY4 D) 8 = DFEAE D R 3, 7,
14, 21, 28, 35, 422 HACZ DHEELXWE, FHHEKC 1
RHA TR LY, £ O—HILBSRAF RO —1210%
A=) VTREEAT 7 4 VICTaE L, 1A
48 S & hic tuberculin 335 SUGRAT &
R LSRR LT 7 4 VAT m oy 2%
g7z,

F7C 34 IR FUENGASBLEE ORI ENIC 825 Lo tu-
berculin 125135 48 s B OSGRAT &, 38 ftfREE 5
PO B ERE L BCG EH(7HRE), BL0'2
ZOTEE Y v ~HFELBRE D ) v o5 L YRR RS
L,

Yot DAEBRERAR Lol 2 DffkA 2 VA% »
FT 8p DEHETIAC L, FIoMM b Tt 0B E
IATA V7 5 A LTz ER, f-galactosidase (8-
Gal), acid phosphatase(Acid-P), alkaline phospha-
tase (Al-P), naphthol AS-D acetate esterase (AS-D
ES), succinic dehydrogenase (SD), ¥ J 0¥ cytochro-
me oxidase (CO) % ¥t Uiz, %7 substrate film @4
fER LBz 35 ¥) i % substrate film | CEEEEIC
LR TR S DB,
(Acid-Pro) % Cunningham O, hyaluronidase
(H-ase) 1% Szemplinka 7E® DZEVECH~I,

ST T A VEBYTEANT P Y ) v 2 s TR
(s U)ERESEIN B L e L,

acid proteinase(cathepsin D)
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D Mg Db OBFEMAIRC LR Bic/eotc L D%
WG Mg & Bie UH~MHC T H%E Lz, %7 sub-
strate film EEREOIBEIBEMROK EHLSh
7o flm DR L D —~H % CEHT CHE L,
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1 BRSO : BRI HREN Mé OBERIG
&g X5 &, B-Gal, Acid-Pro, H-ase, AS-D ES 7¢
EDEEFEREL BCG RE ORI & B BIR TEEH L T
%o & LT B-Gal, Acid-Pro, H-ase (¥ Table 1,
Table 2 127k 2 & BCG HEHOWM 3, 7HHE) ©
55 B (14, 21, 285K H) RS Mé 2355
BLLCE TR (35, 42WA) CHOMA LT <M
A2 BD bR, £ LToh b OB Mg DRFHA
SAia X% & Photo 1 [T/R3 L 5 ICEBIERICE: LT
AL BESE Mg 238 bh, FhEID@E I 5
O TR IR R R TR GA L T 5 2 & adbod
D7z, L L substrate film g Uic B ik /1L
FELEH LSS X0, film OFELFIE X 0 HES 2
BAR L EEE B A b H 2T,
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Wiz AS-D ES OZ#jn -5 & Table 1, Fig.1
R L 5 I IRE & A SR Mg 12 BL L T
o3, BB T L 16,512, 551 Mé & iR
BT ERL, ZRICK LRIEIICA S & S it
M¢ BNHBLTEC, 35/%H T49.0+£4.3%, 42/WBE T

o

ke La? bk
Photo 1. B-Galactosidase activity in epithelioid
cells of 14 days tuberculous granulation. 150X

Photo 2. Naphthol AS-D acetate esterase acti-
vity in epithelioid cells of 35 days tuberculous
granulation. 150 x
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38.947.2% L KO Mé »EEMC L LT 5 2
Lasbohotn, o T AS-D ES it M¢ DORTER
IR D &R OFE TSR Lo RHE
S ST L T 1oy, TR 72 5 & Photo 2
R LS IR AR EREEOBLE R LAFLEN,
B BILEDOPRIEIRE, HEE Mé ThHD bR T
&7,

Zhizk L Table 2 12779 X 51c Acid-P, Al-P SD,
CO 7¢TLIXAHHEE LR DR DO thiz s
DOEEFIEM DXL RS o tc, Lo L Acid-P 11o%
il %2 OIS CEREFREMCENRD b icn f-Gal 38
DETFHD b7z,

MN that were esterase
(Naphthol AS-D acetate)
positive 4 to -k

40

307

MN that were g-galactosidase
positive 4 to -

207

Parcentage of MN stained histochemically with

R-galactosidase and esterase

(mm?3)

Size of BCG lesion

L.

100 %
037 1% 21 28 3 42

Days after injection of BCG

Fig.1. Chronological changes in enzyme activi-
ty of MN in BCG lesions.

Table 1. Chronological Changes in Enzyme Activities of Mononuclear Phagocytes at Dermal BCG

Lesions (I)
Naphthol AS-D-acetate esterase B-galactosidase
Days after Number of
injection rabbits Percentages of mononuclear Percentages of mononuclear
of BCG used phagocytes showing phagocytes showing
—~+ H~Hit —~+ H~H
3 4 100 *0 0 *0 93.8+4.8 6.2+4.8
7 4 99.24+0.2 0.8+0.2 84.3+4.8 15.7+4.8
14 4 88.3+2.5 11.7£2.5 79.7+7.6 20.3+7.6
21 4 91.0+1.6 9 *1.6 77.2+7.3 22.2+7.3
28 4 74.1+3.7 25.9+3.7 74.6+4.5 25.4+4.5
35 4 51.0+4.3 49.0+4.3 84.2+1.3 15.8+1.3
42 4 61.1+7.2 38.9+7.2 89.5x1.2 10.5£1.2
Tuberculin "
reaction 4 100 =*0 0 %0 95.0%+2.5 5.0+2.5
sites (48 hr)
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Table 2. Chronological Changes in Enzyme Activities of Mononuclear Phagocytes at Dermal

BCG Lesions(II)

‘Days qfter By substrate film method By histochemical method
ABCG | Hyaluwonidase Acidprosinase | Ao e S genas

3 + - + -« + +

+ + + - % + +
14 + H + - + + +
21 At # 4 - = + +
28 +H + + — + + +
35 # n + - % + +
42 + - + - % + +

Table 3. Esterase and B-galactosidase Activities of Epithelioid Cells in Tuberculous Granulation

Tuberculin reaction | Dermal BCG lesion Lymphadenitis tuberculosa
(Skin) (7 days) Case I Case 11
B-galactosidase - + — + - + - +
Naphthol-AS-D
acetate esterase * . _H- H
Acid phosphatase + + +H + H +H

. i : R
Photo 3. Epithelioid cells interdigitated tightly
were seen in 14 days tuberculous granulation.
HE 300x

2. JERBANZE(L: HE Btaffik© BCG FEHLAMNI
DOFLRENZAL A T D EFINCIT & 7SR D37
DAL b2 Mg NERD ) v Bk 15k &
BAEL CTHEEL T epsimg&iiic /s 5 & Photo 3 o2
LTS LBEVICHET S Mo 3 <#A L C
Wiz, Fleoh B0 Me 3o LY LM
BRI L0 BT L BRI O RER R LT %, &
K%ﬁﬁm&b&ImmO4K%¢;5KﬁL&M@m
ACHIBVEICE A 76—, baloon cell & 7¢ b fMfaflis
ELREE LB RIS ITET B X 51T/, £ LT

Photo 4. Many of epithelioid cells become bal-
loon like cells with maldistributed nucleus and
dissociation of intracellular space in 42 days tu-
berculous granulation. HE 300 x

IR ZEE LtﬂﬁéwmahéiﬁrkOto

3. AMSBRBOFEFIGH:: v+ BCG fETD
JERTAERE & L CADRERIEN & tuberculin )R
+ L0 BCG JiHio Mg iz~ B-Gal, AS-D ES,
Acid-P {EMA 7% D73 Table 3 TH 24, p-Gal
WY F & Bie b IR RIEEN T I L A
EVAED S D MBED 2 235 B i, iz AS-D
ES Gtttk tuberculin SR 7 B H® BCG b
HTag <, MM Y v < Hi IR BRI TR B
2o ZOZ LRV FOERLEEZ AN AS-D
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ES G EETH H Z EAm L T, IZ Acid-P
DEYRER TJ~7opd tuberculin [ZIERIT, BCG fFH, &5
Kotk v v &4 T LRI D B NS R O G EEA
KBOEDD Mg TBbbhtc, ZDZELVH+FDE
B LR UAERA R LT,

Z ES

BYEDAIFEORE LB OBELHNL Lk oh
DI O & T DTRITHE 2 18 4 ORfHEL ORI EA
fRRT HDIEETH 5, £ THENIHBIES 5
R DB B2 IR TRt & 2 RN IEH O THIEIC
FI22 T GBI FROREPA M DR A LI 53
NTChiz, EERECEE D Mo OBERITRFIL T2
DOFERFEND Do 1 DXEERIEMEME « Ol TIEFIC
Fie DR L MLE 2 OHIfRC B ¥ h FIREN oL
TH b, £ LT B-Gal TfFExh 2% D lysosomal
enzymes [ZRIHZICB LTV %5, ZhiesL SD = CO
ZAE I 5JE lysosomal enzymes =2 Acid-P & X 5
1Zlysosome IR L T s WEBERRENBEICE LT
HIFFEC S 5.

BifE, lysosomal enzymes DYEMALIL, SRERFT O
S DOEIE YD phagocytosish® D
CHGEL, BEEREDTEREY VBRI DID
lymphokines®ic XD CTIEMEALAFEHE S hic b, %7k,
EEE ) v ERAS Mg 1 d 5 & Lic X0 TIEHAR® &
NDHEINTHDEN, ZOMIC b5 DIEHILDORFEA
HHrbDEEZ BRTND,

BiER O 2 & lysosomal enzymes |3 @HE L CIEM:
E2355 <, BIERLBHESUE OB 5 R g A
DI L & B« OIfAORE RIS HEIN L, necro-
sis g Lick 2 AIBRWIGIEE R 3 Mé 2B L T
WBZ ERH, £ L TRERIIC 5 L BOHIRDHA
DAL, BREELBD L L A2 — i@ bh
5HDTHb, &L TEDORENEEFHEN B-Gal TH B,
&z Ap AS-D ES OBEIITIIRE T & A L
M 1zRD bR T, REMTLHTHRDLR DD
T, R E D THDTHHED Mé 2 @i sils
P Mg N LD T, D RUL f-Gal LDl
lysosomal enzymes & JEHICRIBHE AT, FRbD
BER X IEMAL DN E Ol S Ble ol iR L E X D
ha,

FMBIMEER D nonspecific esterases & 7R & U= #%8
R, SRMMBEERICIE, T ORME & IS EEOH
79 % naphthol AS acetate esterase(AS ES) &, &
i L I LT %5 naphthol AS-D chloroacet-
ate esterase (AS-D-Chl ES) 3\X A& Tk b, Fkb
Fubh 913 BCG jRHA R L, WENCEE S Mé ©
nonspecific esterases (AS ES, AS-D Chl ES, AS-D
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ES, naphtyl acetate esterase(a-Naph ES)) 1E#:D¥ff:
BRI iIe Y, SEHA+ % AS-D ES Disto
3 fE D nonspecific esterases 1112iZ B-Gal & [AHERHE
RN BEEEMA SR L T 52— VEIRL T,
WIZ B o 4 D nonspecific esterases {2\ Tl 2 D

inhibitors OFREAFH~TobbN P DERTIX, AS-
D ES X flio> 3fD nonspecific esterases & Fich

trypsin inhibitors!® -Ci@ < I X Tz, 72 NaF
Ti% a-Naph ES %< 3EERNEEICEILD 253
HX Nt LLEDIEH, pentoxifylline!® §ffifH L7zt
ATEDOEER & BHHNLRD bhvien 2z, U EDHER X

» AS-D ES |1 trypsin-like esterase & # % Hivic,

WL EOBERFNET > FIT Mo DREE 7~ C
%% &, AS-D ES w5 ERE BCG REMIT
SH D HIIZRERICIE baloon cell BiffiflasZbL T
Wh, ULz officizfiapc lysosome OHEINELFR
DHERT, FHHL M OFEALIFLEA LW &
wExHE, =0 baloon cells ILIGFERIBYE T, &&
i@ b RS kB L TR LKL 0,
Tl b—EO M DBREY R T D EE L b,
L LEREIR BT histiocytes 1% U4 < Dififfa
DEFEN RS 5 0T, 4%hb Mg Dstoifii
OWTHRFAEESTHEDEEL T2,

/4~H nonspecific esterases {3 412 Df) X 5 7 W
INTE BT, Mé D nonspecific esterases (22T
L [AEETCH B, JT serine esterasel®16 %> phosphodi-
esterase 7t X1t Mo DEAE & BHBARTENT W 5
ZENFEHEROOH Y, bhubithTh bFEEHE Y &
T\ T AS-D ES 23t Licii 4 Tz Mé BEABED
trypsin-like esterase TH 5 Z LN LM E D, £
=Tz ® AS-D ES 2o BCG fRFHEIZ kT 5 Mé
DHE LT B DBARY S % L D &% 2 BIIEBRFTH
%o

W LN D EBRIERRE D 7 — 2 B HIT A DFERIR BT
DT B-Gal, AS-D ES, Acid-P » 3EEFHICo\\T
Bt Lic, B-Gal iX ABRE TIRIEF T Mé DiEtk
EAME S HIE T E Ieh D, AS-D ES Cik v JIFES
BCG JRHTH L, Y v HiEHE O EL R T8 L
Ml ¥ERDIc, Z D LIXERIEE L D HER L <R
BEFRARI LR BIRIC D B & L AFE LT %, RiC
Acid-P TH 273 N & B cREL SR Cx
— VOB BRLEL LR,

= ]

1) BCG JFHAD Mg 122\ TFDEEREE Y N
BERME & LB, xR REEIIETIC
ERRTLOL, el & hELRI I 25
DEERIRD 5,
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2) B-Gal icfE X h % lysosomal enzymes |11 4
D M¢ TERERIGHIZEN D DR\ IEMMEL 2R3 Ml faix
BRI LI S S B bh b, FRimuiGHEE
wantiifao MBWIRERIICRE & 78 %,

3) AS-D ES 11 B-Gal E#E{E ~ DflifaCEE %
PRIZZE SRS B 5 HER IR A R T IR O LR
BB ECTRE LD, COZLITAREHIC T %
Mg DIRELBIRRH D LD EH 2 b,
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