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INTRODUCTION

Macrophages are activated for most cytotoxic effector
activities by a two-stage reaction process known as pri-
ming and triggering.'¥’ Activated macrophages release
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many kinds of enzymes, cytokines, and reactive oxygen

or nitrogen intermediate.’® % 22

Nitric oxide(NO) is a chemical messenger and ap-
pears to play an important function as an effector mole-

cule of host resistance to a variety of pathogens.’> '*



In vitro Induction Pattern of Nitrite, TNF- and IFN-y from Mouse Macrophage Activated with Trematodes Antigens

The expression and activity of NO are highly regulated
by exocrine and autocrine signals.” **’ Inducible NO sy-
nthesis in macrophages is up-regulated primarily by the
activation effects of Interferon gamma(IFN-y).> ¥ Tu-
mor necrosis factor(TNF) has also been reported to ge-
nerate nitric oxide synergistically with IFN-y in vitro and
m vigo> & % 1220

Recombinant TNF has reduced parasitemia of Plasmo-
dium yoeli when injected with i vivo, but has not
shown the same effect in vitro.” In case of Schistosoma
mansoni, arginine-dependent, macrophage-mediated kil-
ling of schistosomula was observed.”

3 kinds of trematodes, Fasciola species, Paragonimus
species and Schistosoma japonicum are very common th-
roughout the world and severe endemic diseases accor-
ding to geographical distribution. In this study, we ques-
tioned the relationship between NO production and IFN-
y and TNF-a in the 3 species of trematodes.

MATERIALS AND METHODS

Mice
Female balb/c mice 6-8 weeks old were purchased
from the Chemical Research Institute of Korea(Tajeon,

Korea).

Parasite antigens

Freeze-dried adult worms of Fasciola species, Parago-
nimus species and Schistosoma japonicum were homoge-
nized in 0.01M phosphate buffer, pH 7.2 with a glass
homogenizer at 4C. The homogenates were centrifuged
at 10,000g at 4T for 30min and the supernatant then
stored at -70C until use. Protein estimation was done
by the method of Lowry ef al(1951).""

Mice injection and Macrophages harvest

Balb/c mice was injected with 3 kinds of Trematodes
(Fasciola sp., Paragonimus sp. and Schistosoma japoni-
cum) antigen(100ug/ml) into the peritoneal cavity. Af-

ter 24, 72 hours and 9 days, mice were killed by cervi-
cal dislocation and residential macrophages were washed
from the peritoneal cavity with RPMI 1640. After cent-
rifugation at 170g for 10min at 4T, the cell pellet was
resuspended in complete media(RPMI 1640 containing
10% FCS). When erythrocytes were visible, the cell pel-
let was treated with 0.2% NaCl for 30s. Adherent ma-
crophage monolayers were obtained by plating the cells
in 6 well plastic trays(Corning, U.S.A.) at 1X10° ce-
lis/ml for 2 hours at 37C in 5% CO,/95% air. Nona-
dherent cells were removed by suction and freshly pre-
pared complete media were added. Culture supernatant
was assayed for the production of IFN-y, TNF-a and ni-
trite after 48 hours cultivation.

Measurement of nitrite production

Nitrite concemration in macrophage culture superna-
tant was assayed by a standard Griess reaction.”” The
Griess reagent consists of 1 part 0.1% naphthylenedia-
mine dihydrochloride in distilled water plus 1 part 1%
sulfanilamide in 5% concentrated HsPO,, the 2 parts
being mixed together within 12 hours of use and kept
chilled. A volume of 600uf of reagent was mixed with
100 of supernatant and incubated 30 min in the dark.
Absorbance of the chromophore formed was measured at
540nm. NaNO, was used as a standard.

Cytokines assay

Production level of IFN-y and TNF-o. was quantitated
by means of sandwich ELISA(enzyme linked immunoso-
rbent assay), using recombinant mouse TNF-g and IFN-
v(Genzyme), and a polyclonal rat anti-mouse TNF-u
(Genzyme) and monoclonal anti-murine IFN-y(Genzyme)
as the conjugate.

RESULTS AND DISCUSSION

Groups of mice were injected with Fasciola, Paragoni-

mus species and Schistosoma japonicum antigen 1ml
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(100ug/m) and sacrificed at 24, 72hours and 9 days
time interval. Macrophages pooled from injected animals
and non-injected controls were cultured for 48 hours
and nitrite, IFN-y and TNF-a production in the culture
supernatants were quantitated by ELISA.

Table 1 shows that Fasciola antigen can induce nitrite
effectively from the activated murine macrophages. Pro-
duction level of nitrite decreased according to the time
course. Macrophages harvested 1 day after antigen inje-
ction revealed the maximum value(140.0 yM/ml). As
time goes by, however, the production level sharply de-
creased. Vincendeau and Daulouede(1991)** reported
that macrophages from the 10th day of infection exer-
ted antiproliferative effect on Trypanosoma musculi and
this activity was maximum around 14th day of infec-
tion. At that time nitrite production paralleled develop-
ment of macrophage trypanostatic activity. In our expe-
riments nitrite production pattern in Fasciola antigen in-
jection was different at all(Fig 1.). Many authors repor-
ted that JFN-y and TNF-a secreted by macrophage and
T cell are activating signals to macrophage cytotoxicity.
%" But the involved cytokine types were different from
species to species, and these differences were also obse-
rved in vitro and in vive.”’ In our results macrophage ac-

tivated with Fasciola antigen secreted large amount of
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Fig. 1. Production pattern of Nitrite in Fasciola antigen
injected mouse macrophages **{uM,/ml)

NO at first time, but the amount markedly decresed at
9 days after injection. Parasite will have developed
many methods for counteracting such host defense me-
chanisms. Parasite also may stimulate production of
another kinds of cytokines that inhibit NO production!®’
Decrease of NO production in Fasciola antigen injection
is speculated one of the escape mechanisms of parasite.
17)

When Paragonimus antigen was injected, nitrite secre-

tion pattern had a tendency in accordance with that

Table 1. Nitrite and IFN-y concentrations at three time intervals in Fasciola antigen injected mouse macrophages

Fasciola
(100ug/ml)
Time intervals(day)
1 3

Nitrite 140.0+110.5 25.5+3.4 7.1+1.5
(uM/ml)

control 18.1+7.2 12.0+5.3 3.0+1.1

IFN-y 89.8+25.5 55.1+17.8 68.2+21.6
(ng/ml)

control 105.2+63.2 78.2+20.5 69.8+25.4

Results are expressed as mean+S.D. of triplicate samples.
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of IEN-y. As the amounts of IFN-y increased, nitrite sec-
retion was also augmented risen(Table 2 and Fig. 2).
These results suggest the role of IFN-y in nitrite produc-
tion.

It was considered that TNF-u secretion level was rela-
ted to the NO production, but IFN-y was not detected.
When Schistosma antigen was injected, NO production
pattern was closely related the TNF-a. It was presumed
that IFN-y couldnot exert influence upon NO production

pattern because IFN-y level was below than control.

In case of Schistosoma species antigen, secretion pat-
tern of nitrite and TNF-a coincided well(Table 3 and
Fig. 3). one day after injection showed the highest value
NO production. The amounts of secretion, however,
sharply decreaed three days after injection, but nine day
after injection, value increased again. These results are
consistent with that of Schistosoma mansoni of James et
al.”" Accoding to Ohshima ef al.,(1994)'” animals sac-
rificed from 11 weeks to 13 weeks after infection exc-

reted higher concentrations of nitrite. These results sug-

Table 2. Nitrite and IFN-y concentrations at three time intervals in Paragonimus antigen injected mouse macrophages

Paragontmus
(100pg ' ml)
Time intervals(day)
1 3 9
Nitrite 23.4+2.7 26.0+3.3 60.2+20.0
{(uM/ml)
control 18.1+7.2 12.0+5.3 3.0+1.1
IFN-y 95.5+34.7 425.6+52.7 475.84108.1
(ng/ml)
control 105.2+63.2 78.2+20.5 69.8+25.4

Results are expressed as mean+S.D. of triplicate samples.

Table 3. Nitrite and IFN-y concentrations at three time intervals in Schistosoma antigen injected mouse macrophages

Schistosoma
(100pg ' ml)
Time intervals(day)
1 3 9
Nitrite 34.1+9.5 159472 22.3+3.0
(uM/ml)
control 18.1+7.2 12.0+5.3 3.0+1.1
TNF-a 81.3+14.7 31.1+6.9 63.5+10.7
(ng/ml)
control 5.3+1.2 4.5+0.9 5.8+1.8
IFN-y 92.1+45.3 60.9+26.2 54.2+14.5
(ng/ml)
control 105.2+463.2 78.2+20.5 69.8+25.4

Results are expressed as mean+S.D. of triplicate samples.
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gest that NO production persist long time in case of
Opisthorchis viverrini and Schistosoma infection.
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Fig. 2. Relationship of Nitrite an IFN-y in Paragonimus
antigen injected mouse macrophages
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Fig. 3. Relationship of Nitrite and TNF-a in Schistosoma
antigen injected mouse macrophages

CONCLUSION

Macropahge activated with parasite infection can be-
the effector cells of immune defense mechanism. To es-
timate the production levels of nitric oxide, TNF-a and
IFN-y and to study the relationship between nitric oxide
and these two kinds of cytokines, 3 species of tremato-
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des, Fasciola sp., Paragonimus sp., Schistosoma japonicum
antigen(100pg/ml) were injected into the peritoneal ca-
vity of the balb/c mice. Macrophage(1X10° cells/ml)
was harvested from the injected mice after 24, 72hours,
9 days and cultured in RPMI 1640 media(10% FCS)
for 48hours. The culture supernatants were quantified
the concentration of nitrite, TNF-o. and IFN-y by ELISA.

The production level of nitrite revealed the highest
(140uM/ml) value in the supematant from the macro-
phage activated with Fasciola antigen for 24 hours and
in 9 days supematant(60uM/ml) of Paragomimus anti-
gen group. Nitrite secretion arrived at the highest level
(34mM/ml) within 24 hours and decreased in course of
time in case of Schistosoma. IFN-y induction level was
higher than that of control only in Paragonimus group,
and showed the highest production after 9 days sensiti-
zation. TNF-o production accorded with NO secretion
pattern in Schistosoma case only.

These data suggest that a type of cytokine exerted in-
fluence upon the production level of NO from macro-
phage depends on the species of trematode antigens.
And Paragonimus antigen was considered to facilitate
the secretion of IFN-y. It seemed that NO synthesis in
Schistosoma case was related to TNF-o release.
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