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CHANGES IN ANTIBACTERIAL ACTIVITY OF MURINE PERITONEAL
MACROPHAGES AGAINST MYCOBACTERIUM TUBERCULOSIS
AFTER PROLONGED IN VITRO PRECULTIVATION
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We examined profiles of intramacrophagial growth of M. tuberculosis (MTB) when
mouse peritoneal macrophages (M@s) were infected with the organisms at day 0 or day 7
after in vitro precultivation, and obtained the following results. First, the growth rate
of the virulent MTB H37Rv strain as well as attenuated H37Ra strain was slower in M¢s
which had been precultured for 7 days (M@s [day 7]) than in freshly prepared M¢s
without precultivation (M¢s [day 0]). The doubling time of MTB H37Rv was 2.2 and
2.9 days in M¢s [day 0] and Mes [day 7], respectively, and that of MTB H37Ra was
2.9 and 3.6 days in M¢s [day 0] and M¢s [day 7], respectively. Second, MTB-mediated
cytotoxicity in terms of the LDH release from infected M¢s was less marked in M¢s
[day 7] than in M¢s [day 0], when they were infected with MTB of either the H37Rv
or H37Ra strain. MTB H37Ra strain exhibited much weaker cytotoxic effects on host
Méos than did H37Rv strain. Third, when Més [day 7] were infected with MTB of
either the H37Rv or H37Ra strain, they showed markedly lowered levels of reactive oxy-
gen intermediate (ROI) production than did M¢s [day 0]. In contrast, the reactive
nitrogen intermediate (RNI) producing ability of Més in response to MTB infection
was not so markedly reduced in M¢s [day 7] from that of M¢s [day 0]. As mentioned
above, the M¢s [day 7] did not permit accelerated growth of infected MTB, compared
to the MTB growth in the M¢s [day 0]. It thus appears that ROI played a trivial role
in the antimicrobial activity against MTB of murine peritoneal M¢és which had been
precultured for long periods. Although it is regarded that RNI played more critical roles
in M¢ anti—-MTB activity than did ROI, the present results also suggest that other kinds
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of antimicrobial effectors are required in M¢ antimicrobial activity against MTB organ-
isms, particularly in the case of Mes after prolonged in vitro cultivation.
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Fig.1 Profiles of intracellular growth of MTB H37Rv (A) and H37TRa (B)
strains in murine peritoneal M@s, which were infected with the organisms at
day 0 without precultivation (0) (Mé¢s [day 0]) or given bacterial challenge
after 7-day precultivation in vitro (@) (M¢s [day 7]). Each plot indicates the
mean = SEM (n=3). The SEM bar was omitted when it fell within a range
of 0.01 to 0.2. The O—time values of log CFU/well were as follows : Més [day
0], 4.25 (H37Rv) and 4.13 (H37Ra) ; M¢s [day 71, 4.53 (H37Rv) and 4.46
(H37Ra). *, Significantly smaller than the values of M¢s [day 0] (P<0.05;

Student’s t—test).
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Fig.2 Prolonged precultivation of murine peritoneal Més before MTB infec-
tion decreased their susceptibility to MTB-mediated cytotoxicity. Test Més
were infected with either MTB H37Rv (A) or H37Ra (B) strain before (O) or
after (@) 7-day precultivation. The MTB-infected M@s were then cultivated
for up to 10 days, and the degree of MTB-induced cytotoxicity was measured
in terms of LDH release from the M¢s. The SEM bar was omitted when it
fell within a range of 0.01 to 1.5. %, Significantly larger than the value of MTB
H37Ra strain. The other details are the same as in Fig. 1.
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Fig.3 Changes in the ability of murine peritoneal M¢s to produce RNI (A)
and ROI (B) in response to MTB-infection during the course of prolonged in
vitro cultivation. Test M¢s were measured for their RNI and O,~ production
in response to infection with MTB H37Rv (hatched bar) or H37Ra (open bar)
strain at day 0 and day 7 after in vitro precultivation. Each bar indicates the
mean +SEM (n=3). , Significantly smaller than the values of Mé¢s which
were given bacterial challenge at day 0 (P<0.01; Student’s t—test).

H37Rv # > Kurono % = H3TRa HRDIETH 5 Z &,
HoT, BOENL Y AN Mo N OERE %
Kurono BICBWT b §8# D H3TRa # & RIBEEDOM
BERERTITERVIERFRVWELTWE O, &
DT Lix, Mo ATORBE OB & > TIERE D
MR EEALT LA ARICE S RTIR AW E2RL
TWwWa,

RIZ, REEEECHT S MpROLARYREL
TOBRBL T2 ¥ —DEEABBEIIOVTIX, M¢
[day 7] T3 RNI, ROI E£ O WThdH* M¢
[day 0] TOHBAKERTETTLIEEGh o
(Fig.3)o SXTHIETREIX, ZOBRIIKICROI
BEARRICBWCEETHY, M¢ [day 7] TiZ ROLE
ERAZLALHERLTLE) 2L TH2 (Fig.3B)o
LI AhdS, M¢ [day 7] TIIEAXE oM AR X
+ 2 EIEEDS Mo [day 0] DZNICHRTRRHHE S
NTWBHRTHY (Fig. 1), T Lt LBRDORET
Ty ¥ —REBRBICOVWTOREK L 2HEE215E,
Mo N TORBEHBIH B L UBRE A =X A~D
ROI ORI 2 M5 1 BEENTH 5,

%12, Chan & D % Warwick—Davies b 2 %
FIREIC Mo OFEHEESERBICBIT 5 ROI VMG %
BETHIRBMEBE LTV, T72bhbhoRiok
HTh, v RBEEMe % TNF- o DATHEMILLA
BAICIE ROIEAROE LWIHBARD LN DD,

ZOPAREKEEE R MAC ST E B2 MHMIT A
ERTVWAEWVY , &512, Adams ¥ $ NADPH
oxidase B{EF % knockout L72 X-CGD ¥~ A% H
WEBRRAT, ROIEARR (—), RNIELRE (+)
X-CGD ¥7 A M¢ # IFN-y THEMELLZHETD,
IO L CIEE LAV OREIFIRSREINES
TEEHRELTEBY, LT TRA Mo TOHHM
HEEERBICE RNIOP2b ) FEETH ), ROI
DR TRENIVBRVBDEEZZ) ThH D,

KIZ, Fig. 3BH6WL2%2 L)1, M¢ [day 7]
Tt RNI EAEEES M¢ [day 0] ICHRTETTS D
DD, FOREIHIVEZFLEITA RV, ZOZELIF
BTy AE Mo OREALHE (O3 2 MAEMEIRRIC B
WTbh, AL LTRNIDRLTHRENKRENI L%
RLTWS, LALEDMWS, M¢ [day 7] Tik RNI
BEARSRPPETTAIC020b 6T, #iZ Me M
T ORI EAERE X Mo [day 0] ICHRTHETL
TBY, TDEH) % Mo A TOMSHBEEEREBRICIE
RNI DS OBBE T =27 5 —, BIZIZFFAY RREX
BHYW R rOR:TRADERLERVIEEWEST
Wh, #oT, BEMe OHBEICK T HRE - Bl
AH =L MOWT, BEEO RNI, FFA, REZEBK
FEDYAFADRE ST, Naul®d bAMREHE L2
osteopontin ZESF TEZ LN TV bDEIZRER
HHEIC L B Mo NIRSH O RFEIMH & v o 22l TH A



482

LORHOLETH D L) ICBbRD,

1)

2

~

w
~

4

~

[S]
~

6

~

7)

X 3

EFEW, FE B FSRUERBREEOREERN
2B B ZERERIRTZE. HARHET EMERR. 1991 ;46
827—837.

BERGY : UEREREEHIGE CTh 2 BHREHS.
HASHIBE 248, 1995 ; 50 : 687—T01.

EMGH  BUEREE & iR, BRR L A, 1997
24 : 45—52.

Akaki T, Sato K, Tomioka H, et al.: Effector
molecules in expression of the antimicrobial
activity of macrophages against Mycobacte-
rium avium complex: roles of reactive
nitrogen intermediates, reactive oxygen in-
termediates, and free fatty acids. J Leuko-
cyte Biol. 1997 ; 62 : 795—804.

Tomioka H, Sato K, Sano C, et al. : Effector
molecules of the host defence mechanisms
against Mycobacterium avium complex : the
evidence showing that reactive oxygen inter-
mediates, reactive nitrogen intermediates,
and free fatty acids each alone are not deci-
sive in expression of macrophage antimicro-
bial activity against the parasites. Clin Exp
Immunol. 1997 ; 109 : 248—254.

Akaki T, Tomioka H, Shimizu T, et al.:
Comparative roles of free fatty acids with
reactive nitrogen intermediates and reactive
oxygen intermediates in expression of macro-
phage antimicrobial activity against Myco-
bacterium tuberculosis. Clin Exp Immunol.
2000 ; ENRIH.

Paul S, Laochumroonvorapong P, Kaplan G :
Comparable growth of virulent and avirulent
Mycobacterium tuberculosis in human ma-
crophages in vitro. J Infect Dis. 1996 ;174 :
105—112.

OB ETE ETH

8) Douvas GS, Berger EM, Repine JE, et al.:

9

10

11

12

13

14

15

)

)

)

~

)

)

~

Natural mycobacteriostatic activity in human
monocyte—derived adherent cells. Am Rev
Respir Dis. 1986 ; 134 : 44—48.

Sato K, Akaki T, Tomioka H : Differential
potentiation of anti-mycobacterial activity
and reactive nitrogen intermediate-produc-
ing ability of murine peritoneal macro-
phages activated by interferon-gamma (IFN
-7 ) and tumour necrosis factor-alpha
(TNF-«). Clin Exp Immunol. 1998 ; 112 : 63—
68.

ERGH, EEBE, BRI, M- keRiiisE
FEDBUR & 3R, BRI BT 5 AEKRBHBE. .
1998 ; 73 : T1—176.

Chan J, Xing Y, Magliozzo, et al.:Killing
of virulent Mycobacterium tuberculosis by
reactive nitrogen intermediates produced by
activated murine macrophages. J Exp Med.
1992 ; 175 : 1111—-1122.

Warwick - Davies J, Lowrie DB, Cole PJ:
Selective deactivation of human monocyte
functions by TGF- £ . J Immunol. 1995 ; 155 :
3186—3193.

Adams LB, Dinauer MC, Morgenstern DE,
et al.: Comparison of the roles of reactive
oxygen and nitrogen intermediates in the
host response to Mycobacterium tuberculo-
sis using transgenic mice. Tuberc Lung Dis.
1997 ; 78 : 237—246.

Hiemstra PS, Eisenhauer PB, Harwig SS, et
al. : Antimicrobial proteins of murine macro-
phages. Infect Immun. 1993 ; 61 : 3038 —3046.
Nau GJ, Liaw L, Chupp GL, et al. : Attenu-
ated host resistance against Mycobacterium
bovis BCG infection in mice lacking osteo-
pontin. Infect Immun. 1999 ; 67 : 4223—4230.



