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introduction

Toxic oxygen intermediates play an important role in
antimicrobial activity of cells’”. Muramyl dipeptide
(MDP)- and lipopolysaccharide-treated mouse peri-

toneal macrophages were shown to enhance the genera-

tion of oxygen intermediates®*, but not to inhibit the
Toxoplasma multiplication®. The enhanced generation of
oxygen intermediates was not correlated with the toxo-
plasmacidal phenomenon in obioactin- or lonomycin A-
treated kidney cells, obioactin-treated alveolar macro-

phages and lonomycin A-treated peritoneal macro-
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phages®. Normal macrophages could also kill the Toxo-
plasma if they were coated with antibodies®.

On the other hand, cells of the monocyte-macro-
phages series were known to play an important role in
the effector phase of several phenomena of cell-medi-
ated immunity’. Upon appropriate activation, macro-
phages can develop high cytolytic capacity, and they
are associated with an enhanced ability to secrete en-
zymes, suppress tumor, phagocytize microorganisms®.
Lysozyme which is found in polymorphonuclear leu-
kkocytes and macrophages during cultivation in vitro is
known as the bacteriolytic activity of enzyme’. There-
fore, choices were made of reactive oxygen intermedi-
ates and lysozyme as factors of toxoplasmacidal activi-
ries in this study.

However, the mechanisms of the enhanced microbi-
cidal activity, especially toxoplasmacidal actvity, of ac-
rivated macrophages are poorly defined. In current
study, the toxoplasmacidal activity was investigated
through the participation of the reactive oxygen inter-
mediates and the lysozyme in mouse peritoneal macro-

phages with obioactin, lonomycin A and MDP.

Materials and Methods

Animals : Seven to eight weeks old BALB/c fe-
male mice were used for this study. They were accessi-
ble to pellet diet and tap water ad libitum.

Preparation of agents : The obioactin was prepar-
ed by the same method as described previously'. The
obioactin was dissolved in medium Tc-199(Flow La-
boratories, Inc, Virginia, USA) containing 10% heat-
inactivated calf serum, 100U/ml penicillin G-potassi-
um and 100pg/ml streptomycin-sulfate and filtered in
0.45pm of millipore, referred to hereafter as Tc-199-
CS. One mg of pure lonomycin A(Taisho Phar Co,
Tokyo, Japan) was dissolved in 0.1 ml of 95% ethyl al-
cohol and adjusted to 100 ng/ml with Tc-199-CS.
One mg of MDP(Choay Chimie Reactifs, Paris,
France) in sterile saline solution was prepared as stock
solution. The stock solution was adjusted to 50 pg/
ml with Tc-199-CS.

Mouse peritoneal macrophage monolayers : Mice
were administered intraperitoneal(ip) with sterile 0.2%

glycogen(Nakarai Chemicals, LTD, Tokyo, Japan)-sa-
line solution 5 days prior to harvest of peritoneal ex-
udate cells. Cells were obtained by peritoneal lavage
with Hanks' balanced salt solution(HBSS; 137 mM
NaCl, 5.4 mM KCl, 0.3 mM Na,HPO,, 0.4 mM KH
,LO,, 04 mM MgSO,, 0.5 mM MgCl,, 1.3 mM
CaCl,, 10 pg/ml phenol red, 5 U/ml heparin-sodium,
100 U/ml penicillin G-potassium, 100 pg/ml strepto-
mycin-sulfate). The lavage fluid was centrifuged at 250
g for 5 minutes at 4. The sediments were washed
with sterile 0.2% NaCl solution to lyse erythrocytes,
immediately added 1.6% NaCl solution of the same
amount. After the cells were resuspended in three
times in HBSS, counted and then adjusted to the den-
sity of 1x10° nucleated cells per ml with Tc-199-CS.
One ml of aliquot of the suspension was placed in in-
dividual well of a multidish tray(FB-15-24, Limbro
Chem Co USA) containing a round coverslip. To as-
say the lysozyme activity of macrophages, 10 ml of ali-
quots of the suspension were placed in vials of 25
mm. diameter. The cells were incubated at 37C in air
with 5% CO,-humidified atmosphere. The
noradherent cells were removed after 6 hours and
then supplied in fresh Tc-199-CS. The adherent cells
were returned to culture for 18 hours in the same
condition and thereafter used as macrophage monolay-
ers.

Assessment of toxoplasmacidal activity : The in-
fection of Toxoplasma within macrophages was deter-
mined in the same method as described previously''.
Tachyzoites of the RH strain of Toxoplasma gondii('Tp)
harvested from peritoneal cavity of mice 2 days after
infection were suspended in Tc¢-199-CS. The macro-
phages monolayers were inoculated with 1x10° tachy-
zoites per well, incubated for 1 hour, and rinsed with
HBSS to remove the extracellular tachyzoites. The in-
fected monolayers were reincubated for 48 hours with
fresh Tc-199-CS alone, obioactin, lonomycin A or
MDP. Tachyzoites multiplied within macrophages
were examined by light microscopy under May-Grii
nwald-Giemsa stain. The infection rate was calculated
by counting the number of tachyzoites in phagocytic
vacuoles of 500 independent cells on one coverslip,
namely, a group of cells without tachyzoites, a group

of cells with 1 to 5 tachyzoite(s) and a group of cells
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with more than 6 tachyzoites. Toxoplasma growth inhi-
bitory factor{Toxo-GIF) as a rate of inhibition of Tox-
oplasma multiplication was calculated by the following

expression.

mean % of macrophages with Tp in treatments

Toxo-GiE(%) - 100 x 1- mean % of macrophages with Tp in control

Assay of superoxide anion(Q,) and hydrogen
peroxide(H,0,)

Superoxide anion : The superoxide anion was as-
sayed by a modification of the method of Johnston et
al’’. The monolayers were placed in wells of dish, pre-
viously containing 1.6 ml of 100 upM cytochrome C
(type VI, Sigma Chemical Co, St Louis, USA) in
Krebs-Ringer phosphate buffer(pH 7.4) containing 5.5
mM glucose, 154 mM NaCl, 5.6 mM KCI, 1 mM
MgCl, and 2.5 mM CaClL(KRPG). As the samples of
zero time, 60 pl of aliquot from wells was added to 2.
4 ml of ice-cold double distilled water(DDW). To use
as the reaction samples of 60 minutes, 10 pl of phor-
bol myristate acetate solution(PMA; 10 ug/ml in di-
methylsulfoxide, Sigma Chemical Co, St Louis, USA)
were added to be a final concentration of 100 ng/ml.
The dish containing PMA was incubated for 60
minutes with shaking at intervals of 15 minutes, and
thereafter 600 pl of aliquot was added 10 2.4 ml of
ice-cold DDW. All the samples were run triplicate,
and recorded the absorbance(AA) at £, 540 nm and
4, 550 nm of wavelength and 2 mm of light path in
double wavelength double beam spectrophotometer
(Type 557, Hitachi Co, Tokyo, Japan). The blank
samples were measured as suspension of DDW(2.47
ml) plus 600 pl of 100 uM cytochrome C in KRPG.
To obtain the reactions of oxidation(RO) and
reduction(RR) of cytochrome C, 100 uM of hydro-
gen peroxide(Sankyo Co, Tokyo, Japan) and sodium
hydrosulfite(Wako Pure Chemical industries, LTD,
Tokyo, Japan), respectively, were added to the blank
samples. The amount of O, generation was calculated
according to the following formula.

The amount of O, generation(n moles,/1x10° cells/

60 minutes)=

AA after 60 minutes of incubation - AA at zero time
AAat RR-AAat RO

100 x (

A coeflicient, 100, indicates the concentration of cy-
tochrome C(n moles/ml) consumed.

Hydrogen peroxide : The assay method of hydro
gen peroxide(H,0),) employed in this experiment was
determined in the same manner as described by Naka
no et al’®. The macrophage monolayers were placed
in wells of multidish tray, previously holding 1.4 ml
of KRPG. Then 5 pl of 25% ethyl alcohol, 100 pl of
catalase solution(10 mg/ml, Sigma Chemical Co, St
Louis, USA) and 15 pl of alcohol dehydrogenase solu
tion(10 mg/ml, Boehringer Co, Mannheim, Ger-
many) were added sequentially into each well. They
were_mixed and 150 pl of aliquot as blank samples
from wells was added to 1.35 ml of ice-cold ethyl al-
cohol To prepare the samples of zero time, 50 pl of £
nicotinamide adenine dinucleotide reduced form
solution(NADH, 3 mM in 1% NaHCOQO., Sigma
Chemical Co, St Louis, USA) was added to the samc
wells and immediately 150 pl of aiquot was added to
1.35 ml of ice-cold ethyl alcohol in well. To stimulate
the cells as H,0, generator, 10 pl of PMA, at a final
concentration of 100 ng/ml, was added to the wells.
To use as the reaction samples of 60 minutes, the
monolayers were incubated with shaking at intervals
of 15 minutes. After 1 hour of incubation, 150 pl of
aliquot from incubated mixtures was added to 1.35
ml of ice-cold ethyl alcohol in well. All the samples
were prepared for triplicate. The fluorescence intensity
(FI) of NADH was measured at 335 nm of excitation
wavelength and 447 nm of emission wavelength, and
5mm and 10 mm of light path, respectively, in fluores-
cence spectrophotometer(Type 650-60, Hitachi Co,
Tokyo, Japan). The amount of H,0, generaton was
calculated according to the following formula.

The amount of H,0, generation(n moles/1x10°
cells/60 minutes) =

FI at zero time — FI after 60 minutes of incubation

102.46 x (
FI at zero ime
A coeflicient, 102.46, indicates the amount of
NADH(n moles) consumed for 60 minutes.
Lysozyme assay : The lysozyme activity was assay-
ed by a modification of turbidometric method". After

cultivation period, the cultured media was removed
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and mixed, and then 5 ml of aliquot was stored at -
807T. Macrophages were disrupted completely under 5
ml of saline solution by sonicator(Heat Systems-Ultra-
sonics Inc, NY USA), and then frozen at -80T. The
cultured media and the cell lysates were lyophilized
(Labconco corporation, Missouri, USA) and thereaft-
er stored at -20T until the assay. The substrate con-
sisted of 6 mg of lyophilized cells of Micrococcus
lysodeikticus(Sigma Chemical Co, St Louis, USA) and
30 ml of 0.067 M potassium phosphate buffer con-
taining 14.04 g KH,PO,, 5.2 g Na,HPO,, 18 g
NaCl, and 1.04 g NaN; in 1,000 ml of DDW, pH 6.
3. Lyophilized crystalline chicken egg white lysozyme
(Sigma Chemical Co, St Louis, USA) was used to es-
tablish a standard curve. The lyophilized cell lysates
and cultured media were adjusted to 0.5 ml with sa-
line solution. The reference was measured against air,
and adjusted to 4, 0 nm and £, 546 nm of
wavelength and 10 mm of light path. The assay was
performed by adding 75 pl of standard solution or

Table 1. Toxoplasmacidal activity in glycogen-induced
trations of obioactin, lonomycin A, and MDP

test samples to 2.25 ml of substrate at 25T in double
wavelength double beam spectrophotometer. The
change in absorbance after exactly 30 seconds, 120
seconds, and 210 seconds was calculated from the
standard curve by computing the mean of AA/At(90
seconds') and took the average of triplicate. These
values were converted into pg/1x107 cells.

Statistics : All the values in this study were express-
ed as mean+SEM. The differences between values
were determined by Student's t-test.

Resuits

Effects of obioactin, lonomycin A, and MDP on in-
hibition of Toxoplasma multiplication : The inhibito-
ry effects of Toxoplasma multiplication were examined
in peritoneal macrophages treated with different con-
centrations of obioactn, lonomycin A, and MDP for

48 hours, respectively(Table 1).

mouse peritoneal macrophages treated with various concen-

Mean percentages of macrophages

with Toxopilasma(Tp)

Treatments Toxo-GIF(%)"
0 Tp 1-5Tp 6)Tp

Obioactin (mg,/ml), 0 552+1.7° 23311 215+14 0
0.04 749+3.8 14.3+1.2 108127 44.0+8.3
0.2 764+2.5 132409 104+1.8 473155
1.0 774+2.7 11.54:1.1 11.1+1.7 49.6+5.9
5.0 88.7+1.6 7.0+09 4.3+038 748135

Lonomycin A (ng/ml), 0 52717 259414 214+1.8 0
0.2 522420 21.8%1.6 26.0+2.7 -1.1+4.3
1.0 701138 16.74:1.2 132+1.1 36.8+3.7
5.0 85.6+1.3 11.1+1.4 33104 69.61+2.8
25 99.6+0.1 04+:0.1 0 99.2+0.1

MDP (pg/ml) 0 495+2.0 242+1.1 26.3x£1.5 0
0.04 47.5+55 229417 29.6+4.8 -4.0+8.0
02 50.7+1.6 225+1.2 26.8+2.7 24132
1.0 53.0+138 219+:3.1 25.1+4.0 69+3.6
5.0 49.7+£2.2 28.8+1.5 04+44

21.54:1.2

' Toxo-GIF(%) =

100 x (1

_ Mean percentage of macrophages with Toxoplasma in treated group

" Values represents mean+SEM of 6 experiments

Mean percentage of macrophages with Toxoplasma in control group
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The inhibitory effect of obioactin in Toxoplasma
multiplication was increased in proportion to its con-
centration of 0.04, 0.2, 1.0, and 5.0 mg/ml and its
Toxo-GIF was 44.0+8.3%, 47.3+5.5%, 49.61+5.9%,
and 74.8+ 3.5%, respectively. The percentages of cells
without Toxoplasma in obioactin-treated macrophages
were significantly higher than that of untreated
control(p{0.001). The treatment of lowest concentra-
tion of lonomycin A, 0.2 ng/ml, was not effective in
the inhibition of Toxoplasma multiplication. From the
concentration of 1 ng/ml of lonomycin A, macro-
phages exhibited a good effect of dose-response, show-
ing that the percentages of cells without Toxoplasma
were significantly higher than that of untreated
control(p{0.001). Toxo-GIF was also distinctly aug-
mented in parallel with the increase of the concentra-
tion of lonomycin A. Especially, 25 ng/ml of lonomy-
cin A showed nearly 100% inhibitory effect against
Toxoplasma proliferaion. However, the Toxoplasma
multiplication in macrophages treated with MDD was

not inhibited in the range of its concentration as com-
pared with cells without Toxoplasma of untreated con-
trol, and percentages of Toxo-GIF was very low.
Generations of O, and H,O, : As shown in Table
2, the generation of O, in macrophages which were
incubated with various concentrations of obioactin for
48 hours was increased from approximately twofold
on 0.04 mg,/ml(p<0.001) to threefold on 5 mg/ml(p
€0.001) when compared with that of untreated con-
trol. Similarly, the H,O, rised from 15.8+1.0 on 0.04
mg/ml to 21.441.0 n moles per million cells for 60
minutes on 5 mg/ml. These values showed significant
differences(p<0.02 to p<{0.001) as compared with un-
treated control, which were 12.0+0.9 n moles per
million cells for 60 minutes. The increase of genera-
tion of reactive oxygen intermediates in macrophages
treated with obioactin corresponded well with the de-
gree of intracellular Toxoplasma killing. Whereas
the treatment of lonomycin A, the O, production

was increased insignificantly untl 5 ng/ml and

Table 2. Generation of O, and H,0, in glycogen-induced mouse peritoneal macrophages treated with various con-

centrations of obioactin, lonomycin A, and MDP

Generation of reactive oxygen intermediates’

(n moles/1x10° cells/60 minutes)

Treatments S
H,0,

Untreated control® 1.04+0.13 12.0+09

Obioactin (mg/ml), 0.04 2.18+0.08 15.8+1.0
0.2 3.10+£0.23 16.5+1.8
1.0 2.51+0.39 19.0+2.6
5.0 3.52+0.25 214+1.0

Lonomycin A (ng/ml), 0.2 1.55+0.42 126+1.8
1.0 1.671+0.43 10.3+1.6
5.0 1.83+0.43 12.3+09
25 1.06+0.11 13.2+0.8

MDP (pg/ml), 0.04 1.49+0.08 16.3+0.8
0.2 1.88+0.25 15.1+0.5
1.0 1.73+0.08 14.7+0.8
5.0 1.80+0.21

145+04

* Values represent mean+SEM of 3 experiments

® Values in untreated control represent mean+SEM of 6 experiments
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thereafter fell to the value of untreated control. In the
range of 0.2 to 25 ng/ml of lonomycin A, there was
no change in the H,0, production. The dose-related
treatment of MDP was shown by the increase of O,
production until 0.2 pg/ml(p{0.01) and thereafter
maintained significantly greater value than that of un-
treated control(p{0.001). The H,0O, production in
cells treated with MDP was also increased and reach-
ed to a high value of 16.3+£0.8 n moles per million
cells for 60 minutes on 0.04 pg/ml(p0.005).
Thereafter, the H,0, production of MDP tended to
decline slightly, showing significant differences from p
{0.01 on 0.2 pg/ml to p{0.05 on 1 pg/ml and 5 pg/
ml.

Effects of obioactin, lonomycin A, and MDP on
lysozyme levels : Macrophages were treated with
obioactin, lonomycin A, and MDP in the range of 0.

04 to 5.0 mg/ml, 0.2 to 25 ng/ml, and 0.04 to 5.0
pg/ml, respectively, for 48 hours. At all treatments of
obioactin, lonomycin A, and MDP, there were remark-
able decreases(p{0.05 to p{0.001) in the released lyso-
zyme levels when compared with value of untreated
control(Table 3). Both the released lysozyme levels
and the total lysozyme levels were decreased in dose-
dependent fashion by in vitro treatment with obioac-
tin, lonomycin A, and MDP. However, the intracellu-
lar lysozyme levels scemed to be considerably less hy-
poresponsive for the suppressive effect as compared
with those of released lysozyme or a constant value re-
gardless of increasing the concentrations. The de-
crease of total lysozyme levels equaled to the reduc-
tion of released lysozyme levels in each concentration
of all trecatments. The net suppression was caused by

released lysozyme levels than by total lysozyme levels.

Table 3. Lysozyme levels in glycogen-induced mouse peritoneal macrophages treated wiht various concentrations

of obioactin, lonomycin A, and MDP

Treatments

Lysozyme levels(ug/1x107 cells)*

Inside levels

Released levels Total levels®

Untreated control® 2.07+0.15 7.68:+0.44 9.7540.40
Obioactin (mg,/ml), 0.04 2.1240.17 6.03+0.42 8.15+0.29
0.2 192+0.28 5.23+0.52 7.15+0.38
1.0 1.64+0.35 5.26+0.50 6.90+0.20
5.0 1.7940.05 4.6440.19 6.44+0.16
Lonomycin A (ng/ml), 0.2 2.55+0.37 7.40+0.72 9.95+0.70
1.0 2174013 6.45+0.34 8.62+0.21
5.0 1.89+0.06 5.80+0.31 7.69+0.27
25 1.74+0.16 5.32+0.12 7.06+0.09
MDP (pg/ml), 0.04 1.87+0.13 6.42+0.17 8.29+0.06
0.2 1.79+0.18 6.00+0.14 7.79+0.20
1.0 1.46+0.03 4214026 5.67+0.28
5.0 1.57+0.06 3.38+0.30 4.95+0.28

* Values represent mean+SEM of 3 experiments

" Values in untreated control represent mean+SEM of 6 experiments

¢ Inside levels plus released levels
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Discussion

Obioactin is obtained from Toxoplasma immune bo-
vine serum by hydrolyzation'’, and it is one of the im-
munopotentiators as a natural immunoregulator pro-
tein in the biological response modjﬁcm(BRM). This
substance, approximately 3,000-5,000 in molecular
weight, possesses the antimicrobial activity of bacteria
and viruses in homologous and heterologous cells'. A
recent study revealed that Toxoplasma lysate antigen,
derived from Toxoplasma tachyzoites, augmented the
cytotoxicity of homologous spleen cells against lym-
phoma cells'.

The results of this study showed a good example
that macrophages treated with obioactin could not
only inhibit the intracellular Toxoplasma proliferation
but also generate clearly O, and H,0,. It was report-
ed that the ability to inhibit the intracellular parasite
might be derived from a Toxo-GIF-like active sub-
stances which were obtained from antigen-exposed
lymphocytes of immune mice'”. The importance of ox-
ygen-dependent mechanisms to macrophage microbici-
dal activity has been emphasized by finding that the
killing capacity of Toxoplasma by activated macro-
phages can be inhibited by superoxide dismutase, ca-
talase and agents that remove hydroxyl! radical( - OH)
or singlet oxygen('0,)"®. According to Suzuki et al',
mouse kidney cells activated by obioactin inhibited
the intracellular Toxoplasma, but there was no change
in O, and H,0, generation observed up to 72 hours
of incubation. The enhancement of reactive oxygen in-

termediates was not associated with the intracellular

toxoplasma killing in obioactin-treated alveolar macro-

phages of mouse®. Therefore, it was implyed that Toxo-
plasma multiplication within mouse peritoneal macro-
phages treated with obioactin was inhibited by the ox-
ygen-dependent toxoplasmacidal mechanism and that
it may be different from the toxoplasmacidal activities
of mouse kidney cells and alveolar macrophages.
Lonomycin A, an antibiotic characterized as a ca-
tion ionophore”, showed significantly an inhibitory ef-
fect against the intracellular Toxoplasma, whereas it
did not generate the reactive oxygen intermediates in
peritoneal macrophages. This result suggested that the

roxoplasmacidal activity by treatment of lonomycin A

may be different from oxygen-dependent mechanism
in obioactin-treated peritoneal macrophages and that
oxygen-indepedent toxoplasmacidal mechanism may
be, therefore, existent in macrophages activated by
lonomycin A.

It was of interest that the macrophages treated with
25 ng/ml of lonomycin A revealed nearly complete in-
hibition of Toxoplasma multiplication, without cytotox-
icity in the cytoplasm. In the observation of cytotoxici-
ty, the macrophages treated with lonomycin A of be-
low 100 ng/ml were not accompanied by any symp-
tom of side effects in cytoplasm™.

MDP treatment in peritoneal macrophages never in-
creased the toxoplasmacidal activity. On the contrary,
0O, and H,;0, generation was greatr than that of un-
treated control. Like the report of Murray and Cohn™
who observed the correlation between the amount of
PMA-stimulated H,O, generation and the toxoplasma-
cidal activity of mouse macrophages, the failure of
MDP to enhance the activity of human macrophages
against Toxoplasma correlated with the failure of MDD
to enhance the macrophage O, generaton in
response to phagocytic stimuli”**. However, injection
of MDP per se effectively and rapidly acitvated the ma-
crophages in the recipient animals®™. This means that
either the production of reactive oxygen intermediates
in MDP-induced mouse peritoneal macrophages or
MDD per se acted on macrophages may serve, perhaps
ultimately, as potentially a means of enhancing host
defence against infection and cancer®.

Lysozyme is a cell-specific marker for mononuclear
phagocytes and polymorphonuclear leukocytes which
contained preformed enzymes, since it is absent in
lymphocytes, plasma cells, basophils, mast cells or mar-
row reticuloendothelial cells. Before this study, it
was postulated that lysozyme may be an enzyme of
macrophages responsible for a factor of oxygen-inde-
perdent toxoplasmacidal mechanism. Because that the
monocytes and macrophages which contained their
lysozymes may play a significant role in host defence
against various bacterial infection and tumor cells was

27-29 .
. No evidences are,

reported by several observations
at present, suggested that lysozyme acts as an enzyme
on antiparasite agents, especially killing of intracellular

Toxoplasma. The effect of dose-response on lysozyme
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levels showed that in vitro treatments of obioactin,
lonomycin A and MDP reduced the levels of total as
well as released lysozymes. Whereas the intracellular
lysozyme levels were relatively constant or consider-
ably less hyporesponsive for dose-response. Warfel and
Franklin® reported that lipopolysaccharide and inter-
feron, as a kind of BMR, which were shown to
¢nhance the macrophage functions, suppressed the
released and intracellular lysozyme levels in untreated-
resident peritoneal macrophages. They expressed this
fact the phenomenon of down-regulation. Such
agents which were capable of enhancing some macro-
phage activities might concomitantly down-regulate
other functions by some mediators. In these results,
lysozyme was, anyway, shown by the negative
response against toxoplasmacidal activities of obioactin
and lonomycin A. In judgment from these observa-
tions, it is unlikely that lysozyme within cells or releas-
ed from cells has a direct effect on toxoplasmacidal ac-
tivities in macrophages treated with obioactin and
lonomycin A.

A study implies that resident alveolar macrophages
may possess a powerful, oxygen-independent toxo-
plasmacidal mechanism that is not present in resident
raurine, alveolar and peritoneal macrophages®. Furth-
er studies are needed to determine the exact oxygen-
independent mechanism responsible for the killing
Toxoplasma by lonomycin A.

Summary

The present study was undertaken to examine the
effects of obioactin, lonomycin A, and MDP on toxo-
plasmacidal activities in glycogen-induced mouse peri-
toneal macrophages. The killing effect of obioactin on
Toxoplasma multiplication was increased significantly
in proportion to its concentrations. O, generation in
obioactin-treated macrophages was also increased
from twofold to threefold when compared wtih that
of untreated control. Similarly, H,O, continued to
rise in parallel with increase of the concentraton of
obioactin. Lonomycin A-treated macrophages also ex-
hibited a good effect of dose-response on toxoplasma-
cidal activities. However, O, and H,O, were not gen-

erated significantly in lonomycin A-treated macro-
phages. Macrophages treated with muramyl dipeptde
(MDP) were not found to inhibit the proliferation of
Toxoplasma but showed the enhancement of O, and
H,0, generation. The released lysozyme levels from
macrophages into cultured media were decreased in
dose-dependent fashion by in wvitro treatment of
obioactin, lonomycin A, and MDP. The intracellular
lysozyme levels appeared to be a constant value re-
gardless of increasing the concentrations of obioactin,
lonomycin A, and MDP.

Therefore, these results suggest that Toxoplasma
multiplication within macrophages treated with obioac-
tin was inhibited by the generation of O, and H,0,
and that lysozyme per se within or released from ma-

crophages had no effect on toxoplasmacidal activity.
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