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Using newly synthesized Ppeptides of the activity units which were isolated from lymphokines as an
immbnoregulator. Obiopeptide, the effect of immunosuppression caused by cyclophosphamide to animals cronically
infected with Toxoplasma gondii was examined. Mice chroﬂical!y infected with Toxoplasme, were treated with
cyclophosphamide or anti-CD4 monocional antibody to identify the effect of these irnrrjunoéwuppress)ive reagents on
the cysts in the brain of infacted mice. The effect of ablopeptide as an immunomodulator treatment of the '
immunosuppressed mice was also analyzed. In the brain of non-treated and cyclophosphumide-,tnaated. chronically
Toxoplasma infected mice mainly typicallarge tissue cysts, and sometimes divided cysts, were detected after

. staining with anti-Toxoplasma ABC technique. In contrast, the brain from anti-CD4 treated, chronically infected mice,
contained multiple deeneaied 'foxc»plasma tissue cysts of different size in some partialregions in the brain. Mice -
chronicaly infected with Toxoplasma and treated with a combination of cyclophosphamide and obiopeptide showed a
significantly higher survival rate than those treated with cyclophosphamide alone. The ‘pereﬂntage of neutrophils and
lymphocytes in mice treated with a combination of Obiopeptide and anti-CD4, or obiopeptide and cyclophosphamide,
was higher than that of mice treated withanti-CD4 or cyclophosphamide alone. These resulis indicate that reactivaion
or rupture of tissue cysts in mice treated with cyclophosphamide, chronically infected with Toxoplasma, might be
mainly mediated by CD4 positive cells rather than other immunocomponent cells. The increase of neutrophilic
leukocytes might contribute tothe induction of the resistance to Toxoplasma gondil in mice, after treatment with
obiopeptide and cyclophosphamide in combination. :

On the other hand, an immunopotentiator such as TLA (Toxoplasma Lysate Antigens) was tested in our
experimetal studies. Growth of the tumor autoinduced by 20—methylcholanthrenq (MC) in rats was inhibited after
administration of TLA. The antitumor activity of TLA was most obvious in the early stage of tumoral growth. When
TLA was administered to'rats before the appearance of tunior, tumor formation was delayed slightly. According to the
immunohistological examination of tumor tissue with anti-Thy-a antiquy.the rats treated with TLA showed large Thy-1
positive.or Lymphokine-Activated Killer (LAK) cells, whereas the untreated rats indicated only a few small Thy-a
positive or NK cells. These observation indicate that TLA is a qsdul modifier of blological responses to MC-induced
tumors. In a series of these studies, TLA induces NK cells, cytotoxic T-lymphocytes and LAK cells in animals after
injection, however, the induction of these killer cells needs to combine with monocyte-macrophages in in vivo.
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Feline apicomplexan parasitic protozoans, Toxoplasma

gondii (T. gondii) and Isospora felis (I. felis), are
prevalent all over the world. The biological and
epidemiological significance of the latter species is well-
documented, since I. felis infection has been shown to
trigger oocyst re-shedding in cats chronically infected with
T. gondii (2, 3].

‘We reported in a previous study that cats naturally
infected with [. felis produced lower anti-I. felis antibody
and, following T. gondii inoculation, showed an increase
in anti-I. felis antibody titer [10]. This finding suggests
either immunoproliferating phenomenon due to T. gondii
infection or the presence of similar antlgen(s) between
these two species.

In order to understand more the immune reactions in’

cats inoculated with [. felis in this paper, we examined
anti-/. felis and anti-T. gondii antibody reactivities in cats
experimentally inoculated with 1. felis.

~ Cysts of S-273 T. gondii strain were prepared from
brains of mice from the Sth to 7th week post-exposure
(p-e.) and density was adjusted to 102 cysts in one .m/ of
phosphate buffered saline (PBS). Trophozoites of RH and
S-273 strains of T. gondii were obtained from infected
mouse embryonal cells (MEC) as described previously [9].
1. felis oocysts were collected from feces of infected cats by
the flotation method with ZnSO, solution, followed by
sucrose- density gradient centrifugation [1] and stored at
4°C in PBS supplemented with 100 ug/m/ of Kanamycin.
Oocysts were examined within two months after collec-
tion. Excystation was done by incubating the oocysts in

PBS contammxg 0.5% taurocholic acid and 0.1% trypsin at

37°C for 30 min. Sporozoites of I. felis and T. gondii were
" purified by the percoll-sucrose density gradient centrifuga-
tion [1].

Two female six-week-old cats born to a mother that
shed no [. felis oocyst were used as I. felis-free animals,
and were kept in individual cages strictly isolated in the
animal care facilities at Shionogi-Aburahi Laboratories,
Shiga. The cats were orally inoculated with 5x10* oocysts
of I. felis. Cat No. 1 was orally inoculated with 5x10*
oocysts of T. gondii orally on day 28 p.e. and cat No. 2 was
also inoculated at the same dose as of T. gondii on day 56
p:e.

- Feces of each cat were dally collected with the floating

4

method as described previously [4] and were examined
microscopically for the presence of coccidian oocysts.

Sera obtained weekly from cats at the jugular vein were
used to measure anti-T. gondii and anti-I. felis antibody
IgG titer, and to determine the common antigen(s) to the
two species. Anti-T. gondii and anti-/. felis antibody IgG
was titrated by the indirect immunofluorescence assay
(IFA) described in a previous report [9].

To define the antigenicity between T. gondii and 1. felzs,
the extracts of both parasites were examined by the
immunoblotting assay. Oocysts of I. felis or $-273 or RH
strain of T. gondii were suspended in a fixed amount of
solubilizing buffer [2% 2-mercaptoethanol, 12.5 mM
Tris-HCl buffer pH 6.8, 4.6% sodium dodecyl sulfate
(SDS), 2 mM phenyl methyl sulfonyl fluoride] for SDS-
polyacrylamide gel electrophoresis (SDS-PAGE), and the
suspension was boiled for 5 min, ultrasonicated for 10 sec
and centrifuged at 12,000 g for 5 min. The supernatants
were applied -on-a 10% gel of SDS-PAGE. After
electrophoresis, the separated proteins were elec-
trophoretically transferred into nitrocellulose membrane
(GVHP, Nihon Millipore, Yonezawa, Japan) as described
by Towbin et al. [12]. The membrane sheets were
immersed in PBS containing 5% skim milk (Milk-PBS) for
blocking at room temperature for 1 hr and then washed in
PBS containing 0.05% Tween 20. Cat sera tested were
incubated with either MEC fixed with 1% paraformal-
dehyde in PBS or parasites of T. gondii S-273 strain at 4°C
overnight to remove non-specific or cross-reactive anti-
bodies, and then were diluted 50-fold in Milk-PBS.
Membrane sheets were incubated with the sample sera at
4°C overnight, followed by reaction with peroxidase-
conjugated anti-cat IgG (American Qualex, La Mirada,
CA) diluted with Milk-PBS. The antigens were visualized
by reaction with 0.02% diaminobenzidine-4HCl and 0.1%
H,0, in 0.1 M Tris:HCI buffer at pH 7.4.

As shown in Fig. 1a, cat No. 1 showed two peaks of I. -
felis oocyst shedding between days 7 and 10 and between
days 14 and 16 p.e. The number of oocysts in the first peak
was approximately 1.3x 107, which was significantly grea-
ter than that in the second peak. Cat No. 2 showed also
transient oocyst shedding on days 8 to 21 p.e. (Fig. 1b).
The number of oocysts in the first peak on day 10 p.e. was
1.4x107 and that in the second peak on day 18 p.e. was
0.4x10’. After challenged with T, gondii oocysts, cat No.
1 showed transient shedding of 7. gondii oocysts on days

‘ /",2
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Fig. 1. Oocyst excretion and antibody production in cat No.
1, a. and No. 2, b, exposed perorally to /. felis oocysts. Both
cats never infected with /. felis were inoculated with 5x10°% 1.
felis oocysts and subsequently with 5x10* T, gondii oocysts.
1. felis oocystsiday (o o « ). T. gondii oocysts/day (----),
anti-1. felis 1gG antibody (@), anti-T. gondii IgG antibody

A). .

24 and 25 p.e. to T. gondii. The total number of oocysts
was 5.5 105, Cat No. 2 also showed transient shedding of
T. gondii oocysts from days 30 to 33 p.e. to T. gondii. The
number of oocysts per day was below 10* and most of the
oocysts were not completely sporulated.

By indirect immunofluorescence assay, both I. felis
sporozoites and T. gondii parasites incubated with non-

infected cat serum showed fAuorescence at the on terminal

part of parasites, which was recognized as non-specific

reaction and observed up to a serum “dilution of 42.;

Specific fluorescence on the whole body of parasites was
found in cat No. 1 up to a titer of 4* on days7and 21 p.e.,
. and then decreased to atiter of 42 on day 28 p.e. Likewise,
anti-T. gondii IgG increased to a titer of 4° on day 21 p.e.
Anti-/. felis 1gG antibody in cat No. 2-also appeared on
day 7 p.e., and it increased transiently to a titer of 4* on
day 21 p.e. and subsequently, decreased to 4! on day 42
p:e. Anti-T. gondii IgG appeared on day 10 p.e. and on
day 21 p.e., it increased to 4% in titer, and then decreased
to 4' on day 42 p.e. After cat No. 1 was challenged with T.
gondii, anti-1. felis' 1gG increased to 4* in titér on day 21
p-¢. and decreased to 4° on day 28 p.e. to T. gondii.
Anti-T. gondii IgG also increased to 4* on day 21 p.e. to
T. gondii and was maintained at 4° from day 28 p.e. to the
end of experiment. Anti-/. Jelis 1gG in cat No. 2 also

Y. OMATA, ET AL.
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Fig. 2. Comparison of antigenicity between of T. gondii
and /. felis by immunoblotting analysis with serum of cats
exposed to /. felis. The membrane transblotted with each
parasite extract (RH and S-273 stfains of T. gondii and /.
felis oocysts) was incubated with one of the following sera:
cat No. 1 (No. 1), cat No. 2 (No. 2) and cat No. 2 absorbed
with T. gondii (No. 2 abs). Molecular markers are given in
kilodaltons (kDa). -

increased to 4% on day 28 and further to 4* on day 35p.e.
to 7. gondii. Anti-T. gondii IgG also increased to 4* on
day 14 p.e. and was maintained at 4% up to the end of
experiment. '

To examine the reactivity of cat sera to T. gondii and /.
felis by immunoblotting method, the extracts were pre-
pared by boiling parasites with solubilizing buffer. Whole
parasites of T. gondii and I. felis oocysts  containing
sporozites were dissolved with. solubilizing buffer, and
oocyst walls were removed by centrifugation. Transblot-
ted membrane made to react with cat No. 2 serum
collected on day 28 p.e.. showed a broad band with am.w.
of 22 kDa in the /. felis extract lane. In the lanes of T.
gondii strains (RH and $-273) extracts, specific bands with
a m.w. of 22, 45, 58 and 62 kDa appeared. Membranes
made to react with cat No. | serum.showed similar band in

/3
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the lane of /. felis extract, while a faint band with a m.w,

of 45 kDa was detected in the lane of RH strain-T. gondii. .

The same serum sample (cat No. 2) preincubated with T.
gondii parasites showed only one band of a m.w. of 22
kDa in the lane of I. felis extract, but not in that' of T,
- gondii. The membrane made to react with the serum

obtained from the cats pre-inoculated with /. felis showed

no specific bands (the data not shown).

Results of the present study demonstrate that /. felis can
survive considerably for a long time in the host, but it does
not reproduce in enormous numbers just like T. gondii;
consequently, the antigenic stimulation by the parasite is
likely to be quantitatively weaker than that by other
pathogenic microorganisms. In recent years, stage-specific
antigenicity T. gondii has been documented [6-8]. It is
plausible that I. felis also is antigenically transformed from
sporozoites to trophozoites or hypnozoites. This antigenic
transformation, if it really occurs, may be-associated with
the variation of anti-1. felis antibody titer in cats infected
with- 1. felis, as noted in this study. In a previous report,
cats naturally infected with /1. felis showed low antibody
- production [10]. One reason for the difference in: anti-/.
felis antibody titers between experimentally and naturally
infected cats noted by us, ‘may be explained by the
difference in the inoculum dose of .parasites to which the
cats were exposed. We surmise that the relatively lower
anti-1. felis antibody titer in naturally infected cats may be
due to the past exposure to lower inoculum dose.

Furthermore, cats inoculated orally with /. felis oocysts
showed a transient appearance and increase in anti-T.
gondii antibody titer on day 7 p.e. The prepatent period
and the pattern of anti-T. gondii antibody titer in cats in
the present study are somewhat different from those of
naturally infected cats [9. 10]. Contamination of the
materials used in this experiment with 7. gondii is

- probably negligible, because it has been shown that cats -

infected with T. gondii can sustain a high anti-T. gondii
antibody production for a long period of time. Ourfinding
suggests that cats infected with I. felis would very likely
show the positive range of anti-T. gondii antibody titer
useful to serodiagnosis within the first 21 days after
exposure. The titer, however, is relatively lower than that
of T. gondii infected cats [9, 10). It seems reasonable to do
serodiagnostic test at least twice at more than three week
interval in order to determine whether cats showing
relatively lower titer of anti-T. gondii antibody IgG is
infected with T. gondii or not. ‘

/4L
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By immunoblotting assay with /. felis-infected cat sera,
we have noted the presence of cross reactive antigens with
m.w. of 45, 58 and 62 kDa between T. gondii and /. felis.
Absorption test indicated that the band of a m.w. of 22
kDa is specific to I. felis. The increase in anti-T. gondii
IgG antibody titer observed in cats infected with 1. felis
may have resulted from an accelerated production. of
antibody to the cross-reactive antigen. Recently, cross
reactive antigen located in the apical region of sporozoan
parasites has been documented [11]. Cat serum is recog-

* nized as "positive” by the fluorescence pattern against the -

whole parasite. This suggests that some of the cross- :
reactive antigens observed by immunoblotting analysis in
this study may be associated with apically-located antigens
[11] or antigens with similar antigenicity. The reason why
common antigen(s) distributed on the whole body was not
detectable by immunoblotting analysis may be explained
that the sensitivity of immunoblotting analysis for detec-

tion of antigen is lower than that of immunofluorescence

method. Further studies are necessary to examine whether
antibody production to these cross reactive antigens has
protective roles and some biological significance.
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ABSTRACT. To understand the pathogenesis of equine exercise-induced myopathies and hemolysis, changes o
phospholipid peroxidation products in the equine middle gluteal muscle. and erythrocytes following the high-spees
treadmill exercise were studied. In the skeletal muscle. the peroxidized phosphatidylethanolamine (PE) were increased a
24 hours after the exercise. The malondialdehydes (MDAs) were also increased as the protein-bound MDA followin;
exercise.” In the erythrocytes, the peroxidized PE were significantly decreased at 24 hours after the exercise. The
protein-bound MDAs were significantly increased at 5 min after the exercise and returned to the base values at 24 hour:
after the exercise. These findings indicate that the PE is more susceptible to in vivo oxidative effects than the othe:

phospholipid classes, and the accumulation of the protein-bound MDAEs is considered to play some cytotoxic roles in the

equine skeletal muscle and erythrocytes following exercise.—KEY wWoRDS: exercise, horse, malondialdehyde, phospholipic -

peroxidation.

Strenuous exercise is widely accepted to cause the
acute myopathies and/or the hemolysis in horses [9],
however, the pathogenesis of these exercise-induced
disorders is still unclear. The exercise-induced acute
myopathies have been suggested to be resulted from
the enhanced free radical generation and subse-
quent phospholipid peroxidation in the skeletal
muscle [7, 15]. In addition, such muscular oxidative
changes have been suspected to induce the phospho-
lipid peroxidation in the erythrocytes [4].

On the other hand, some products derived from
the phospholipid peroxidation are known to play
cytotoxic roles. Phospholipid hydroperoxides, the
primary products of peroxidation, have been consi-
dered. to perturb the cellular homeostasis via the
activation of phospholipase As [1, 10, 18] and the
subsequent accumulation of lysophospholipids in
membranes [14]. The end products of the peroxida-
tion, mainly malondialdehydes (MDA:s), were de-
monstrated to be associated with the polymerization
and aggregation of membrane compounds [6, 8],
and the reduction of the cellular function [2].
Therefore, the selective quantitation of the each
peroxidation products as well as the detection of the

free radical generation are required to understand

the pathogenesis of exercise-induced disorders in
horses. :
The present study deals with the phospholipid

4
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peroxidation products, the peroxidized phosphlipids
and MDAs, in the equine skeletal muscle and
erythrocytes following exercise. '

MATERIALS AND METHODS

Animals: Four clinically healthy adult thorough-
bred horses (aged 5 to 7 years; 1 male, 2 neutered
male and 1 female; 483 to 500 kg body weight) were
used in this Study. These horses were kept in
Institute for Japan Racing Association under com-
mon feeding, and none of them had been in training
for at least 2 weeks prior to the investigation. The 2
of 4 horses were studied again at 3 weeks after the
first trials.

Exercise: The horses received the exercise on a o

high-speed treadmill (Deltalong, Australia) at a
slope of 10%. The exercise-program was set at 4 m/s -
for the first 5 min and then 2 m/s for the next 5 min
for the warming-up. After 10 min, the speed was
increased to 10 m/s and held constant for 5 min.
Finally, the speed was set at 4 m/s for 3 min and 2
m/s for 17 min for the cooling down.

Sample collection: Tissue specimens. were
obtained from the middle gluteal muscle by the
technique of Snow and Guy [20] with a percu-
taneous needle immediately prior to, and at 10 min
and 24 hours after the exercise. The tissue speci-

/&
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mens were collected with the constant depth (5 cm)*

from the skin, since Kai [11] reported that the
* distribution of fiber types in the equine middle
gluteal muscle are nonhomogenous with their depth
from the skin. Blood samples were collected from
the jugular vein immediately prior to, and at 5 min
and. 24 hours after the exercise. The packed cell
volume (PCV: micro hematocrit method), blood
lactate concentration (electrode -method) and plas-
ma creatine phosphokinase (CPK) activities (kinetic
method). were measured. i

Sample preparation for the peroxidized phospholi-
pids and MDAs: A piece (100 to 150 mg) of the
tissue specimen was homogenized with 2.5 m/ of
ice-cold 0.1 M phosphate buffer (pH 7.4, containing
10 mM ethylendiamine-t:etraace:tic acid) in a glass
homogenizer on ice for 1 min. The 1.2 m/ of the
homogenate was used for the extraction of whole
lipids and free MDAs. The 1.0 m/ of the rest

homogenate was subjected for the extraction of .
protein-bound MDAs. The erythrocytes were pre- -

pared from the whole blood as described in our
previous report (16]. The 300 w!/ of the packed
erythrocytes suspended in 900 w/ of the 0.1 M
ice-cold phosphate buffer (as described above) were
used for the extraction of whole lipids and free
MDAs. The 300 ! of the rest packed erythrocytes
were suspended in 700 ‘ul/ of the same phosphate
buffer and subjected for the extraction of protein-
bound MDA:s. )

‘The whole lipids and free MDAs were extracted
with the Bligh-Dyer lipid extraction method (3]
according to the report of Schmedes and Hglmer
[17]. In brief, the 1.2 m/ of the tissue homogenate or
“erythrocyte suspensions was placed in a screw-
-capped glass test tube. The 4.5 m/ of ice-cold
chloroform-methanol mixture (1:2, v/v) containing

0.02% t'ert-buthylhydroxytoluene (Sigma, St. Louis,

MO, U.S.A.) was added and mixed vigorously for 1
min. Then 1.5 m!/ of ice-cold chloroform and 1.5 m/
of ice-cold 1.15% KClI were added. The mixture was
vigorously mixed again for 1 min. Finally, the
mixture was centrifuged at 2,300 G for 10 min. The
aqueous phase (upper layer) including free MDAs
was collected and immediately used for assay. The
chloroform phase (lower layer) including whole
lipids was collected, filtrated with a membrane filter
(Dismic 13Jp, Advantec, Tokyo, Japan) and stored
at —20°C until the HPLC analysis of peroxidized
phospholipids.

For the preparation of protein-bound MDA, an

alkaline pretreatment of the sample [12] was per-
formed prior to the Bligh-Dyer extraction. In brief,
1.0 m/ of the tissue homogenate or erythrocyte
suspension was-placed in'a screw-capped glass test
tube. The 0.1 m/ of 0.5 N NaOH was added, and the

tightly capped test tube was incubated at 60°C for 30 ;

min for the release of protein-bound MDAs. After
cooling in tap water, the mixture was neutralized to

pH 7.8 with 0.1 m/ of 0.5 N HCI. Then, the 1.2 m/ of

the mixture was subjected to the Bligh-Dyer extrac-
tion as described above. The aqueous phase (upper
layer) including protein-bound MDAs with  free
MDAs was collected and immediately used for
assay,

HPLC analysis for peroxidized phospholipids:
The HPLC method for the analysis of peroxidized
phospholipids was described in our previous report

- [13]. Phosphatidylethanolamine (PE) and phospha-

tidylcholine (PC) were detected in the equine

skeletal muscle and PE, PC, phosphatidylinositol

(PI) and phosphatidylserine (PS) were detected in
the equine erythrocytes by this HPLC method.
MDA quantitation: The concentration -of free
MDAs and protein-bound MDAs was determined
with a thiobarbituric acid (TBA) method as de-
scribed by Schmedes and Hglmer [17). The TBA

- reagent was prepared by dissolving 1% (w/v) TBA -

(Merck, Darmstadt, B. R. D.) in 5% trichloroacetic
acid (Wako Pure Chemical, Osaka, Japan) solution.
The 1.0 m/ of the extracts (the Bligh-Dyer aqueous
phase) was mixed with 1.0 m/ of the TBA reagent in

- a screw capped test tube. The tightly capped test

tube was heated in a water bath at 95°C for 30 min,
cooled in tap water and centrifuged at 1,500 G to
assure a clear solution. The fluorescent intensity was
measured by a Model 650-10S fluorescence spec-

trophotometer (Hitachi, Tokyo, Japan) at Ex 515

nm and Em 553 nm. The MDA value was obtained
with the standard curve prepared in the each assay.
The concentration of protein-bound MDAs was
calculated from the MDA concentration in a sample
subjected to the alkaline hydrolysis, and the corres-
ponding free MDA concentration. :

Statistical analysis: The statistical differences were
analyzed by paired t-test.

RESULTS
After the exercise, neither the clinical acute

myopathy nor hemolysis was observed in any case.
The PCV was increased at 5 min after the exercise

s
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Table 1. Changes of the packed cell volume, blood lactate ¢

phosphokinase (CPK) activit

1003

e
e

oncentration and plasma creatinc

ties following the treadmill exercise

Horse No. )
No. 1 No.2 No.2” No.3 No.4 No.4”  Mean+SD
Measurement
. Packed cell Pre 45 44 43 40 49 51 45+ 4
volume (%) 5 min 58 57 57 53 54 55 56+ 2** .
. 24 hr 46 43 41 41 49 52 45% 5
Blood . lactate Pre 2 3 6 3 4 - S 4+ 1
(mg/dl) (JBC®) (120) - (1200 (179) (79) (73)  (106) (112+36***)
. 5 min 90 92 148 20 18 70 73+49*
Plasma CPK - Pre 113 62 70 45 64 74 71423
(um S min 209 130 158 132 82 122 138+£42**
24 hr 233 172 212 168 157 173 185+£30***
a) The second trials. - * p<0.05. ‘
b) Just before cooling down. ** p<0.01.
***p<0.001.

Table 2. Changes of the
treadmill exercise

peroxidized phospholipids in the equine skeletal muscle following the

Class (1072 A/A®)

No. 1 No. 2 No.

Horse No. }
2" No. 3 No. 4 No. 4" Mean+SD

Phosphatidyl- Pre 8.19 676 6.23  6.49 10.0 5.37 7.17+1.52
ethanolamine 10 min 864 7.03 839 803 - 744 7.11 7.77+0.62

| 24br 136 971 7.40 779  7.69 9.01 9.20£2.13
Phosphatidyi- Pre 276 322 2.04 300 2.89 1.64 2.59+0.56
¢ choline 10 min 539 263 . 0.86 291 262 1.43 2.64+1.43
24 hr 351 343 213 352 233 1.85 2.80+0.71

a) The ratio of peak areas simultaneous!
b) The second trials.

x1072

15

10...

A

NGV

peak ratio (A233nm/A206nm)

q

N:

pre 10min 24 h pre 10min-24 h

PE PC

Fig. 1. Changes of the peroxidized phospholipids in' the
equine skeletal muscle following the: treadmill exercise in 6
cases. PE; phosphatidylethanolamine, PC; phosphatidyicho-
line. ) :

; .

y detected at 233 nm and 206 nm (A233 nm/A206 nm).

and decreased to the base values at 24 hours after
_the exercise (Table 1). The blood lactate concentra-
tion was increased just before cooling down (Table
1), and reduced to the base values at several hours
after the exercise (data not shown). The plasma
CPK activities were also increased after exercise
(Table 1).

The changes of peroxidized PE and PC in the
middle gluteal muscle are shown in Table 2 and Fig.
1. The peroxidation levels in PE were higher than
those in PC before exercise. The peroxidized PE
showed an increasing tendency at 24 hours after
exercise, whereas the peroxidized PC concentration
seemed not to be changed. The changes of the MDA
concentration in the skeletal muscle are shown in
Table 3 and Fig. 2. The total MDAs (protein-bound
and free MDAs) were increased in all of 4 horses at
10 min or 24 hours. after exercise. While the MDA
concentration was increased in different manners in
each horse, the increase in the protein-bound
MDAs appeared to mainly contribute to the in-
crease in the total MDA concentration.

7y
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Table 3. Changes of the total. free and protein-bound malondialdehydes
in the equine skeletal muscle following the treadmill exercise

Horse No.
No. I No. 2 No. 3 No. 4 Mean+SD
Malondialdehydes
(nmol/g wet tissue)
Total Pre 326 212 2.63 2.12 2.53+0.54
10 min 3.39 445 6.15 6.78 S5.19+1.55*
24 hr - 6.30 2.67 232 3.81 3.78+1.80
Free : Pre . 398 142 1.16 0.85 1.85+1.43
10 min 2.61 3.05 0.74 1.23 1.90+1.10
24 hr -380 1.15 047 223 191145
Protein- Pre 0.70  1.47 1.27 . 0.86+0.66.
bound® 10 min 0.78 140 541 5.55 3.29+2.54*
24 hr 250 1.52 1.85 1.58 1.86+0.45
a) Calculated from (Total MDA)-(Free MDA).
* P<0.05
8 i ) protein-bound MDA
' (] tree mpa
6 =
)
3
1]
o
g ’ ‘
B
E ‘
=
2 -

pre 10min 24 h

pre 10min 24 h

pre 10min:24 h pre 10min 24 h

No.1 No.2

No.3 No.4

Fig. 2. Changes of the free malondialdehydes (MDA) and_protein-bouﬁd MDA in the
equine skeletal muscle following the treadmill exercise in 4 horses.

The changes of the peroxidized phospholipids in

" erythrocytes are shown in Table 4 and Fig. 3. The
peroxidized PE were continuously and significantly

decreased at 24 hours after exercise, whereas the

~ peroxidation levels in the other 3 phospholipid
classes were not changed. However, the peroxida-
“tion levels in PI showed the extremely low values.
The changes of the MDA concentration in the
~ erythrocytes are shown in Table 5 and Fig. 4. No
change was observed in the free MDA concentra-
_tion following exercise. The protein-bound MDA
concentration was significantly increased at 5 min

after the exercise and returned to the base values at:

24 hours after the exercise.

DISCUSSION

The increase of the PCV, blood lactate concentra-
tion and plasma CPK activities following exercise
warranted the enough load of treadmill exercise,
while neither the clinical acute myopathy nor
hemolysis was observed. The blood lactate, derived
from the anaerobic metabolism in the skeletal
muscle, were increased after the exercise.. Davies et
al. [7] reported that the exercise-induced anaerobic
condition in the rat skeletal muscle caused the
enhancement of free radical generation via the
reduced mitochondrial respiratory control. _

Since the peroxidation levels of PE were speci-
fically elevated following exercise, it was considered

- that the muscular PE was particularly susceptible to

the in vivo oxidative stress caused by the exercise.

/&
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Table 4. Changes of the
treadmill exercise

EXERCISE-INDUCED PHOSPHOLIPID DEG RADATION

peroxidized phospholipids in the equine erythrocytes following the

1005

. Horse No.

No. 1 No.2 No.2”No.3 No.4 No. 4 Mean+SD

Class (x10™' A/A™) '
Phosphatidyl- Pre 0.98 0.62 0.97  0.31 0.25 1.10 0.71:£0.37
inositol 5 min  0.73 0.47 0.67 ND 038 - 090 0.63+0.21
24 hr - 0.66 0.56 0.45 ND ND 0.66 0.58+0.10
Phosphatidyl- Pre 10.0 7.54 8.76 10.4 8.00 12.4 9.52+0.73
serine 5min 772 - 8.49 832 745 110 12.5 9.24+0.83
24 hr 797 102 8.25  8.02. 10.0 9.67 9.02:+0.43
Phosphatidyl- Pre 7.63 7.53 885 . 7.55 7.22 12.0 8.46:0.74
ethanolamine 5 min  7.17 7.68 7.35 739 . 6.74 8.72 7.51+0.27
) 24 hr =~ 5.10 7.12 648 6.75 3.73. 8.42 6.27+0.67*
-Phosphatidyl- Pre 6.72 7.08 824 423 6.47 10.4 7.194:0.84
choline 5 min 537 6.38 7.20  6.85 4.74 3.14 6.4510.51
' 24 hr  7.29 6.22 6.20  6.39 .. 6.56 8.63 6.880.39

a) The ratio of the peak areas simultaneously detected at 233 nm and 206 nm (A233 nm/A206 nm).

b) The second trials. ,’
ND not detected at 233 nm.
* P<0.01. o

x10~"

18 (_

L 4

10 -

W P 9

" peak ratio (A233nm/A206nm)

=08

AU

pre Smin 24 h pre 5min 24 h pre 5min 24 h pre 5min 24 h

PI PS

PE % - PC

Fig. 3. Changes of the peroxidized phospholipids in the equine erych'rorcytes
following “the treadmill exercise in 6 cases. PI; phosphatidylinositol, PS;
phosphatidylserine, PE; phosphatidylethanolamine, PC: phosphatidylcholine.

*p<0.01 (pre vs 24 hr).

The peroxidized phospholipids were shown to acti-
vate phospholipase as in rats and were considered to
perturb the membrane via the enzyme-mediated

phospholipid catalysis [1, 10, 18]. Thus, the accu-

mulation of the peroxidized PE in the equine
skeletal muscle following exercise would be able to
cause the myopathies via the degradation of muscu-
lar membranes. ;

The rate of the PE peroxidation might be higher

than that of the degradation of the peroxidized PE
into MDAs or other end products. The MDA
produced in the skeletal muscle seemed to cause

. mainly the increase in the protein-bound MDAs.

This finding supported previous reports that the
MDA was highly reactive to proteins (5, 6]. The
transient increase in protein-bound MDAs, which
could mean the ‘polymerization and aggregation of
cellular compounds [6, 8], would also induce the

/9
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TaBlwe 5.0 Changes of total, free and protein-bound malondialdehydes in the

equine erythrocytes following the treadmill exercise

. Horse No. ’
o No. 1 No. 2 No. 2” No. 3 No. 4 No. 4” . Mean+SD
Malondialdehydes . s
(nmol/m! packed erythrocytes) L
Total Pre 236 216  2.12° 2.00 2.14 217 2.16%0.05
5min 315 284 272 290 264 . 2.72  2.83+0.75**
24hr 277 259 233 178 1.68 2.10 2.21+0.18
Free Pre 094 0.89 1.06 1.21 120 1.18 1.08+0.14
: Smin 090 120 096 - 1.36.1.14 122 1.13+0.17
24 hr 089 122 097  1.16 -1.15 1.18 1.10+0.13
Protein-  Pre 142 1.27 1.06 0.79 096 0.99  1.08+0.23
bound” 5 min 2.25 1.64 1.76 1.54 1.50 1.50  1.69+0.29*
24hr  1.88 137 136 062 053 092 1.11+0.51
a) Calculated from (Total M[)A)-(Free MDA).

. b) The second trials. .
* p<0.01.
** p<0.001.

@ protein-bound MDA
Ll free MDA

*

TUMITIRIN

el

VAN

A IIIHTIHITIHTTITHHY
AMMIITITIMTITTTN

nmol/ml packed erythrocytes

pre 5 min 24 h

Fig. 4. Changes of the free malondialdehydes (MDA) and
protein-bound MDA in the equine erythrocytes following
the treadmill exercise in 6 cases. :
*p<0.01 (pre vs 5 min).

4

reduced cellular homeostasis followed by tissue
damages: In this experiment, the protein-bound
MDAs were returned to the base values in 2 of 4
horses at 24 hours after exercise. However, the in
vivo catabolic pathway of the protein-bound MDA

is unclear, while the free MDA was demonstrated to

be broken down rapidly by the mitochondrial
enzymes in_vitro (2, 19).

On ‘the other hand, the peroxidized PE in the
erythrocytes was significantly decreased at 24 hours
after the exercise, whereas the peroxidation levels in
the other phospholipid classes were unchanged. The
protein-bound MDAs were specifically increased at
5 min after the exercise like as in the course of the
skeletal muscle, and diminished to the base values at
24 hours. These findings would indicate the en-
hancement of specific nonenzymic degradation of
the peroxidized PE into MDA, or the clearance of
the peroxidized PE by the activated phospholipases
(1, 18] followed by the nonenzymic degradation of
fatty acid hydroperoxides into MDA. The catabolic
pathway of MDAEs in the erythrocytes has not been
elucidated. However, it could be considered that the
erythrocytes with accumulated protein-bound
MDAs were susceptible to the entrapment in the
spleen, because of the changes in the rheological
properties of erythrocytes via the polymerization of
band 1 and 2 proteins, and/or the accumulation of
fluorescent pigments [8)]. :

These results suggested that the exercise-induced
myopathies and hemolysis in horses were due to, at
least in part, the accumulation of the protein-bound
MDAs related with the membrane PE degradation.

20
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Toxoplasma gondii (T. gondii), an obligate intracellular
protozoan parasite, is prevalent in man and -animals
throughout the world. Several workers have reported that
cats shed transiently a number of oocysts during the acute
phase of infection, while chronically infected cats seldom
pass out oocysts, even with reinfection [S]. One of the
feline coccidia, Isospora felis (1. felis) commc»nly found in
wild and domestic cats is recognized as non-pathogenic.

Both parasitic species can penetrate extra-intestinal tis-

_sues, and survive for long periods. The relationship
between T. gondii and I felis is biologically and
epidemiologically significant, since superinfection with I.
felis has been shown to induce reshedding of T. gondii
oocysts in cats chronically infected with T. gondii [2. 6].
However, it is still unclear whether such mixed coccidial
infections have some influence on the immune response of
cats to either I. felis or T. gondii infection.

In the present study, we attempted to examine anti-I.
felis antibody in sera of cats infected with 1. felis using
indirect inmunofluorescence assay (IFA). The effect of T.
-gondii infection on the humoral immune response against
1. felis of the cats was likewise studied. /

Cysts of S-273 strain of T. gondii were obtained from
brains of mice on the Sth to 7th week post-infection and
suspended to adjust cyst density to 102 cysts in one m/ of
saline. Trophozoites of RH strain of T. gondii were
prepared from infected mouse embryonal cell culture as
described previously [11]. Oocysts of I. felis and T. gondii
were isolated from the feces of infected cats by floating in
ZnSO, solusion and suspended to a concentration of 10°
oocysts in-one m/ of saline. -Sporulated oocysts of /. felis
were isolated by sucrose density gradient centrifugation
[1] and excystation was done by incubating the oocysts in

- phosphate buffered saline (PBS), containing - 0.5%
taurocholic acid and 0.1% trypsin at 37°C for 30 min.
Sporozoites were then isolated by percoll-sucrose density

- gradient centrifugation [1]. Some of the isolated parasites
were fixed in 1.0% paraformaldehyde in PBS at 4°C for 15
min and washed in PBS three times.

Male and female six-week-old cats were kept  in
individual cages under strict isolation in the Animal Care
Facilities at Shionogi-Aburahi Laboratories, Shiga. Three
groups of cats used are as follows; Group 1) one cat that
shed no oocysts of either T. gondii or I. felis was
inoculated orally with 10° oocysts of 7. gondii and on the

46th day post inoculation (p. i.), the cat challenged with.

J. Vet. Med. Sci. 53(1): 163-165, 1991

10° oocysts of /. felis (negative control); Group 2) two cats
that shed intermittently 1. felis oocysts as natural infection
were inoculated- with 10° of oocysts of T. gondii; and
Group 3) consisted of three cats that shed /. felis oocysts
as natural infection, two of which were inoculated
intramuscularly with 100 mg of freeze-thawed killed T. -
gondii together with Freund’s complete adjuvant three
times at three-weeks interval, and one cat was injected
with the same volume of saline instead of killed parasites.
On the Ist week post-final injection, they were inoculated

‘with 10% cysts of §-273 strain of T. gondii orally.

For the detection. of excretion of oocysts, cats’ feces
were collected daily, and examined microscopically [4].

For measuring anti-/. felis and anti-T. gondii antibodies,
sera were obtained weekly from each cat from the jugular
vein, and stored at —20°C until use. For testing, serum
samples were diluted four-fold serially in PBS. Anti-T.
gondii 1gG antibodies were examined by IFA [11] and
their titers are expressed in the text and figures as
reciprocal of serum dilution. p
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Fig. 1. Aspects of oocyst excretion and antibody production
in a cat inoculated with oocysts of T, gondii followed .by
inoculation with oocysts of /. Sfelis. - o
A cat which had never been infected with both of T gondii
and L felis was inoculated with 10° oocysts of T. gondii

- (8-273 strain), subsequently with 10° oocysts of /. felis on the

. 46th day p. e, with' T, gondii. .

Anti-T. gondii IgG antibody (solid line); anti-/. felis 1gG
antibody. (broken line); T. gondii oocysls per-cat per day
(dotted line); post-exposure (p.e.) .
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Fig. 2.  Profile of anti-I. felis or anti-T. gondii antlbody

production in cats naturally infected with I. felis but
experimentally with T. gondii.

An asterisk refers to the identification of cat used. Anti T.
gondii 1gG antibody (solid line); anti-I. felis 1gG antibody
(broken lines); I. felis oocysts (thick solid lines) and T. gondii.
oocysts (dotted lines) per cat per day.

Anti-1. felis 1gG antibody titre was determined by IFA
following the same procedure: used for anti-7. gondii IgG
determination, using sporozoites instead of T. gondii RH
strain trophozoites.

Cat of Group 1 shed T. gondii oocysts between 20 and
26 days post-exposure (p. e.) with.T: gondii (Fig. 1). Peak
of shedding was on the 21st day p. e. and the total number
of oocysts was approximately 18.6 x 107. Shedding of /.
felis ooycsts was not observed until the end of the
experiment, despite inoculation withI. felis oocysts on the
46th day p. e. with T. gondii.

As shown in Fig. 2, one of the two cats (cat No. 26) in
group 2, shed I. felis oocysts irregularly from the 9th to the
18th and from the 30th to the 32nd day p. e., and oocyst
counts per day ranged from 10° to 107. The other cat (cat
No. 18) also shed /. felis oocysts transiently from the 4th to
the 8th day p. e. prior to inoculation with T. gondii
oocysts. After challenge with oocysts of T. gondii, cats
shed T. gondii oocysts from the 23rd to 27th day p. e. (cat
No. 18), or on the 30th day until the 33rd day p. e. (cat
No. 26) respectively. Peak of shedding was on the 24th
day (cat No. 18) and on the 31st day (cat No. 26)p e. The
total number of oocysts varied from 0.8 x 107 (cat No. 18)
to 2 X 107 (cat No. 26).

As shown in Fig. 3a, a cat exposed to cysts showed
transient shedding of /. felis oocysts on the 21st to the
42nd day before inoculation with T. gondii cysts. Thereaf-
ter, the cat began to shed T. gondii oocysts on the Sth to
the 8th day p. e. The total number of oocysts was about

1.2 x 10°. Reshedding of /. felis oocysts was not observed.

In Group-3b, both cats shed /. felis oocysts transiently
from the 27th to the 41st day before T. gondii infection.
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Figs. 3a and 3b. Effect of inoculation of T. gondii parasites:
oocysts excreted and antibody production of /. felis-infected
cats immunized with either saline (3a) or killed T. gondii
(3b), and post-challenged wnth live cysts of S-273 strain of T.
gondii.

Anti-T. gondii 1gG antibody (solid lines); anti-1. felis 1gG
antibody.(broken lines); oocysts of I. felis (thick solid lines)
and oocysts of T. gondii (dotted lines) per cat per day; post
injection of killed T. gondii (p. inj.). ’

Shedding of oocysts of T. gondii was observed on the 3rd
(Cat No. 21) or the 4th (Cat No. 22) day p. e., and
continuously shed for four days. Shedding of I. felis .
oocysts was also detected on the 2nd day before shedding
of T. gondii oocysts, and continued for four days (Fig. 3b).
Anti-T. gondii IgG antibody in Group 1 (Fig. 1)
appeared on the 14th day p. e., then increased its IFA titre
to 4%, and remained at the same level until the end of the
experiment. Anti-/. felis IgG antibody was detected on the
28th day to the 35th day p.e., even prior to inoculation of
the cat with /. felis oocysts. On the 46th day p.e. to T.
gondii, the cat was inoculated with /. felis oocysts. An
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increase of anti-/. felis IgG antlbody titre was observed as
4’ on the 9th day p-

In Group 2 (Fig. 2), cats exposed to T. gondu oocysts
also showed similar pattern of anti-T. gondii IgG antibody

‘production to that of Group 1. Anti-I. felis [gG antibody
also appeared on the 14th day p. e. (cat No. 26) or on the
21th day p.e. (cat No. 18).

Likewise, a cat inoculated with T. gondii cysts showed
an increase of anti-T. gondii IgG antibody on the 14th day .
p. €. and the titre reached to 4° on the 28th day p. e. (Fig.
3a). Anti-I. felis [gG antibody peaked to 4 on the 21st day
- p. e., and thereafter gradually decreased to 4! on the 77th
day p.-e.

Cats immunized with killed parasites of T. gondii
registered a high level of anti-T. gondii IgG titre from the
second injection of killed parasites (Fig. 3b). Anti-/. felis
IgG antibody also appeared-transiently after the second
and third injection of killed T. gondii. After the cats were
inoculated with T. gondii cysts, they showed a transient
increase of anti-1. felis IgG titre, while anti-T. gondii IgG
antibody sustained the high titre level until the end of the
experiment.

Our findings demonstrate that in cats infected wnth I
felis, anti-I. felis IgG antibody titre is seemingly low or
non detectable during the period of oocyst shedding as
well as during chronic phasé of infection. Several authors
have reported that antigenic differences were found
between T. gondii sporozoites and trophozoites and the

rapid loss of sporozoite Sp(‘ClﬁC antigens was observed
after sporozoite invasion into the host tissues [8, 9, 10].
-Also, I. felis has been shown to possess the ability to
survive in host cells as hypnozoites and induce'no host
immiune reactions [3]. In view of this, our data suggest that
antibody-production response to the antigenic stimulation
of 1. felis sporozoite in cats is apparently low to detect the
presence of antibody by IFA. We have ho data, however,
to show the antigenic differences between I. felis sporozo-
ites and hypnozoites, as well as between I. felis and T.
gondii. Thus, further studies are necessary to clarify these
questions. Moreover, other assay systems should be
developed to detect host immune reactions against /. felis.
~Anti-I. felis antibody production was enhanced by
exposing the I. felis-infected cats to T. gondii. Interesting-
ly, cats immunized with killed T. gondii also showed the
increase of anti-/. felis antibody titre even before inocu-
lated with live T. gondii. This phéenomenon may have
resulted from the immunopotentiating activity of T. gondii
antigens. Our findings: seem to agree with. studies that
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documented enhanced anti-tumour ‘and anti-parasite
effect(s) of 7. gondii and its extracts in animals [7, 12, 13].
Furthermore, cross-immune reaction between T. gondii
and I. felis may be another plausible explanation for such
a phenomenon. However, studies on the comparative
analysis of antigenicity between T. gondii and I. felis are
needed.

It is also interesting to note that cats immunized with
killed T. gondii did not appreciably suppressed shedding
of T. gondii and [. felis oocysts, despite the cats’
production of high anti-T. gondii antibody titre. This
finding suggests the apparent absence of the effect of
humoral antibodies in suppressing oocyst excretion after
inoculation with T. gondiicysts. A better understanding of

" this . phenomenon warrants further studies related to

mechanism of local immune reaction(s) and cell-mediated
immunity involving intestinal parasitism.
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ABSTRACT: protective im mune responses and the functional role of spleen cells in mice
infected with  Babesia  rodhaini were examined with an in vitro proliferation assay
systems and by in vivo passive transfer of spleen cells to uninfected mice. Mice that resolved
primary babesial infection after chemotherapy (Babesia immune mice) had transient and
low parasitemia afier challenge infection and high rates (75%) of survival.  Babesia
hyperimmune mice, by contrast, had no detectable parasitemia afier challenge and 1009
survival.  Proliferative response of spleen  cells to Babesia lysate antigen (BLA) were
determined for mice. from both groups. This proliferative response was inhibited by
treatment * of spleen cells with anti-T cell serum and monoclonal antibody (MAb) to Lyt1
antigen. Spleen cells of hyperimmune mice produce d larger amount of IL-2 production’
than those of immune mice. Transfer of spleen cells from immune mice 1o nonimmune
mice provided protection against babesial infection and recipient mice had high titers of
anti-babesial antibody. When these spleen cells were treated with anti-T cell serum or
anti-mouse Ig serum, protection against challenge was abolished. By contrast, transfer of
hyperimmune spleen cells was capable .of protecting recipient mice. Treatment of
“hyperimmune spleen cells with antissrum (o mouse Ig or MAb against Lyt 1 and Lyt 2
antigens did not _interfere with their ability to protect recipient mioce against infection,
even though recipient mice had low levels: of antibody production. These results indicate
that humoral immune response is important in establishing protection afier primary
infections while the participation of Lyt 1" cells and Lyt 2" cells and other  aspecis of the
cell-mediated immune response is important in controlling secondary infections.

lN'I‘]RODU’CTlON :

Babesia rodhaini and B. microti have been widel y used as experimental models for
investigating babesiosis in domestic animals. These two rodent parasites differ Wi:dely in
pathbge:nicily. Infections with B. microi are non-lethal- and self-limiting while B, rodhaini
are virulent and usual ly fatal. Mechanisms medi‘aling the clearance of the se parasites are not
fully understood, but involve both humoral and cell-mediated aspects of immune system,

Adoptive transfer of spleen cells from mice with chronic infections of B.microti was
effective in reducing parasitemia in recipient mice(Meeusen ef. al,1984; Ruebush and
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Hanson,1980). In this experiment. B cells were necessary o establish - protection during
primary infections while ’Il"v'g_cllbs Pplayed an important role in secondary infections. The role
of NK cells in establishing protective iminunity to babesial infections is controversial (Eugui
and Allison,1980; Wood aiid Clark, 1982). Mice are not able to com pletely clear primary
infections with' B. rodhaini: However, se nsitization of mice with Toxoplasma lysate antigen
increases survival 10 as 40%. Numbers of T cells, B-cells, and NK cells increase in surviving
micc  while ‘numbers of l:[i‘ymiyc Thy-1 cells decrease (Igarashi et al., 1990). - Alter drug
treatment, mice could C(;lill'()l primary infections (Cox and Young,1969) and mice were
resistant to subsequent challenge infections. Spleen cells isolated from these animals were
capable of trans ferring pmib;‘él ion (Roberts, 1968; Zivkovic etal,1983). The mice that
resolved reinfection with B. rodhaini were strongly protected against cha llenge infections.
Spleen cells from these mice, bowever, could not  transfer protection  to recipient mice
(Honda, 1989). T ~zc rcs,u'lfl's suggest that  subpopulations  of spleen cells  function w
different  times du]'ingi:,; dmfclopmcull of infections  and play important  roles in
development of protective imimuni ty to Babesia. Protective  immune responses and
~functional role of s pleen cells were examined in the present study  through use of in
vitro proliferation stz_;ys and in vivo passive  transfer of spleen cells 10 uninfecied
mice. '

MATERIALS AND METHODS _

Animals and Parasites: _A}Fe\ma’lé'BALB/c mice were bred'in our facilities from breeding
pairs obtained from: CLEA: Laboratory (Tokyo) and were 4-5 wk  old at the  start of
experiment.- - Babesia riu‘ll_lminr'“ of Australian strain, kindly provided by Kyushu Branch,
National Institute of Animal Health, Ministry of Agriculture, Forestry and Fishery, was
maintained by blood pzlssugé; i BALB/c mice. Parasitemias and the course of infections
were monitored by examination:of Giemsa-stained thin smears of tail blood.

Iimmunization ‘;mocedlme;' Mice were inoculated intraperitoneall y (i.p) with 1x10°
parasilized ery{tlu‘qules‘(PE}) :foli(i»\'C(l by repeated intramuscular (i.m.) injection of 0.125ml
of diminazene diacc_l—urz((g i[(_iun‘dscg. 5 mg/mlindistilled water) over . the course of | week.
Four weeks after inoculation (a.i.), mice did not have detectable PE in the peripheral blood
and were considered to be:imijune.  Immune mice were inoculated again with 1x10" PE.
Individuals  that survived mort than 4 wk were C‘liIStiiﬁCdvi,lS hyperimmune (Fig. 1).
“Uninfected mice of ‘the: s'; h”i}c age were used as controls. '

e
: S immune mice hyperimmune mice
1x10°PE chen'lolher‘eipy 1X10'PE
! R A o
0 4 10 28 - 56

- Days after ‘inoculation

Fig.1. Immunization schedule usegj in the preparation of Babesia immune and
hyperimmune " mice." } '
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Preparation of Babesia lysate antigen(BLA): Blood with parasi temias exceeding 80% was
collected by cardiac puncture in heparinized syringes and was washed three times with
saline by centrifugation (400g. & min, 4°C ). Pelleted PE were subjected to 3 repeated
freeze-thaws with liquid nitrogen. The thawed material was centrifuged at 144,000g for 30
min at 4 ‘C. The ‘supernatant was. used as BLA. , - e

Preparation of spleen cells: Spleen cells of immune, the hyperimmune and control mice
were removed aseptically, minced with scissors. and squeezed between two frosted slides.
The cell suspension was filtered through a sterile stinless mesh 10 remove tissue
fragments. Erythrocytes were lysed with warm 0.83% NH:CI. Afier two washes in Hanks
balanced salt solution, the cells were suspended in RPMI 1640 (Flow Laboratories, Inc.,
Irvine, Scotland) supplemented with 12 mM HEPES. 150 il of  2-mercaptoethanol,
penicill'i‘.n G (100 units/ml), and streptomycin sulfate (100 pg/ml).

Antibodies: Antibodies used for in vitro cell depletion included rabbit anti-T cell and
rabbit anti-mouse immunoglobulins(lg) serum and anti-Lyt1.2 and anti-Lyt 2.2 monoclonal
antibodies (MAb). All antibodies as well as low-toxic-M rabbit complement were
purchased from Cedarlane Laboratories Limited, Horby, Ontario, Canada. For the depletion
in vitro, splenn cells were incubated with antibodies for 60 min at 4C, washed
once, and then incubated for 60 min a 37°C - with low-toxic-M rabbit complement.

Proliferative response of spleen cells: Spleen cells were prepared as described above and
cell density “was  adjusted 1o 1x10° cellsml. with RPMI 1640 supplemented with 5%
heat-inactivated fetal calf ‘serum (FCS). Aliquots of 0.1 ml of cell suspension were incubated
in 96-well Mat-bottom tissue culture plate (Falcon 3079, Becton Dickinson, US.A) in a
5% CO, incubator a 37°C for 5 days. Wells containing 0.1' ml of medium alone or
medium containing BLA at 1:150 dilution were run in wiplicate. During last 6-7 h
incubation, 0.2 1 Ciof [’H]-thymidine in 50 pl of complete medium was added 10 each
well. Cells were harvested on filter paper with an automatic cell harvester. Incorporated
radioactivity was measured in a liquid scintillation™ spectrometer. :
- Interleukin 2 activity. Interleukin 2 (IL-2) activity of the immune, the hyperimmune, and
control mice was examined by incubati ng spleen cells in RPMI 1640 containing 10% FCS
ata cell density of 2x10°cellsyml. Afier 24 h incubation, spleen cells were cultured with
or without BLA (1:300 dilution) for another 48 h, and supernatant was collected for
measurement of IL-2 activity. : i 7 - »

IL-2 activity was measured according to the method of Theander et al. (1986). 1L-2
dependent CTLL were kindly provided by Prof. Hideo Nariuchi, Institute for Medical
~Science, University of Tokyo, and cultured in a Celgrosser-H medium (Sumitomo

Pharmaceutical Co., Osaka) supplemented with 10% FCS and 5% rat 1L-2. Rat IL-2 was
prepared by incubating rat spleen cells (5x10° celly/ml) with Concanavalin A (2 ug /ml) for
24 h. After incubation, the supernatant was collected and mixed with  methyl
al pha-D-mannopyranoside (Sigma Chemical Co., St. Louis, U.S.A.) at a concentration of
10-20 mg/ml. This mixture was used for culture of CTLL. CTLL were collected 3 days
after subculture . and washed 3 times in RPMI 1640. One hundred 1l of aliquots of
Celgrosser-H medium containing a suspension of CTLL cells at a density of 1x10° cell/ml
were incubated for 24 h in 96-well culture plate with 100 pl serial dilution of standard
mouse IL-2 (Inter-cell Technologies Inc., Somerville, New Jersey) or  with culture
Supernatants described earlier. Blastoge nic response was measured by the incorporation of
["Hl]-lhymlidine as described above. IL-2 activity was expressed  with Probit analysis by
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Gilliset al .(1981).

Adoptive Cell transfer: Spleen cells prepared from the immune mice, the hyperimmune,
and the control mice were adjusted to a density of 2.5x 10" celts/ml. Two hundred 1 of each
cell suspension was transferred intravenously (o untreated mice. Following transfer, 1x10*
PE were inoculated i.p. The parasitemia, delayed type hypersensitivity and humoral
antibody titers were measured. '

To determine whether parasites were present in spleen cell suspension, spleen cells
~ from the immune or hyperimmune mice were injected into untreated mice. Blood smears
were prepared and examined regularly for more than 20 days to monitor parasitemia, but
no evidence of transmission was detected.

Indirect immunofluorescence test: Antibody levels were detected by an indirect fluorescent
antibody  method (Waki et al.,1974).  PE werc washed three times in 0.85% saline,
applied to 12 spots in 2 rows on individual glass slides, air dried, and stored at-70 °C until
use. Drops  of sera at dilutions ranging from 1:4 10 1:4096 were placed over antigen
spotsand incubated for 30 min at 37°C-in a moist chamber . The slide were washed 3
_limes in phosphate buffered saline (PBS) and drops of fluorescein isothioc yanate -labeled
anti-mouse IgM or IgG were incubated  on the spots for additional 30 min at 37°C. The
slides were then washed as above and coverslipped with glycerin-PBS before examination
with a fluorescence microscope. .

Measurement of delayed-type hypersensitivity:  Delayed-type hypersensitivity (DTH)
response  was measured as described by Katsura (1975). Six days after cell transfer and
challenge infection, all mice were injected subcutaneously with 50 u1 of BLA in the right
footpad and 50 p1 of 0.85% saline in the left footpad. Twenty four hours after
administration of chal lenge inoculation, thickness of both footpads was measured. Swelling
was quantified with the following formula: Rate of food swelling = 100 x [thickness of
footpad 24 h after inoculation (mm) -thickness of footpad before inoculation (mm)] /
[thickness of footpad before inoculation (mm)]. ‘ '

RESULTS , : :

Course of challenge infection: Immune and control mice were divided into groups of
four and inoculated i.p. with 1x10' PE. Percent parasitemia was monitored in all animals
cvery 2 days(Fig. 2). The control and immune groups had avé:rage parasittmia less than
1% by days 8 a.i. By 12 days a.i.. mice in the control group had parasitemias that
averaged 90.6 * 5.6%  while those in the immune group had = signi ficantly lower
parasittmias of only 10£7.1% (P<<0.001). Allanimals in the control group were -dead by
14 days a.i. One of 4 immune mice was dead by ‘14 days a.i., but 3 remaining mice survived
without subsequent mortality or detectable parasitemias to the end of the experiment.
There were no fatalities in the group of hyperimmune mice. Two of these mice had
iransient parasittmias on the 8th (0.011+0%) and 10th day (0.015+0%) a.i. Differences
~in parasitemia between immune and hyperimmune mice were significant (P<0.001).

Proliferative response to BLA of the spleen cells: Data of proliferative response of spleen
cells to the specific antigen BLA are shown in Table I. Proliferative responses of spleen
-cells from immune and hyperimmune mice were significantly higher than those of control
mice (P<0.001). After treatment with anti-T cell . serum and anti-Lyt 1.2 MAWb,
~proliferative response of spleen cells from the immune mice was significantly reduced.
MADb 1o Lyt2.2 antigen, however, had no effect on proliferative response. Incubation of
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Fig. 2. Progression of parasitemia of B.rodhaini infection in
control(0)), immune (A),and hyperimmune ([JJ) mice
(Mean; ——1 SD, n=4 ),

~

Table 1. The effect of antibody treatment on proliferative response of
spleen cells to Babesia lysate anti gen

Spleencells Antibody ‘ 3H-Thymidine incbrporation
: treatment (Mean cpm * SD, n=3)
medium BLA
Normal mice ‘ 4324+615 - 3477£545
Immune mice medium 6798 + 1044 44570+ 5425
anti-mouse Ig 14691474 214774511
anti-T cell 1461 £ 65 ' 254115
anti-Lyt 1.2 1044501 - 306%55
anti-'Lyt 2.2 . 11203 %525 5301512647
Hyperimmune  medium 198+228 331565937
mice . anti-mouse Ig 238+44.3 3437113126
anti-T cell 202+18.5 339+ 14.3
anti-Lyt 1.2 185140 267120
anti-Lyt 2.2 524+419 37707 £283
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Table 2. Interleukin ‘2 activities in the supernatant of Babe:

sia lysate antigen
activated spleen cells obtained from normal, immune and hyperimune
mice. »

normal immune ~ hyperimmune
medium 0.085" 011 005

BLA 0.098 : 0.22 - 055

a) Units of IL-2 per ml of cell supermnatant

Table 3. Transfer of immunity against B.rodhaini infection in recipient mice by

injection of subpopulations of spleen cells from immune and
hyperimmune mice.

Antibody Survival  Peak * ~ Antibody ** . DTH
treatment - ‘rate ~ parasitemia ' titer response (%)
: : IgM  IgG '
Normal mice 0/3 “N%= 1:256 14 14.1£4.0
Immune mice
medium 2/3 2% 1:256  1:4096 39.6+79
anti-mouse Ig 0/3 9% = 1:4 1:64 33.6+3.3
“anti-T cell 0/3 90% = 116 1:64 - 102+0.7
Hyperimmune mice L
medium 0/3°  90%= 116 1:64 154+0.4
anti-mouse Ig 2/3 10% 114 1:64 28.0+3.0
anti-Tcell 1/3 24% 1:256  1:4096  16.0+4.2
anti-Lyt 1.2 2/3 0% 14 1:16 29.8+8.5
anti-Lyt 2.2 2/2 13% 1:16 1:256 43.0*14

*  Examined on 10 days after inoculation (a.i.).

*%

Examined by indirect immunofluorescence test at 12 days a.i.

*** Examined on 7 days a.i..
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babesial infections is still not clear. Since IL-2 is produced by Lyt 1*cells in mice (Miller
and Stutman, 1982), its increased production in immune and hyperimmune mice indicates
~activation of this cell type in infected mice. These in vitro results suggest that T cells,
especially Lyt 1" cells, are activated by babesial antigen in immune or hyperimmune mice
and may play an important role in development of immunity to babesial infections.

To examine this hypothesis, adoptive  spleen cell transfer was done. Studies of B.
microti have shown that transfer of cellular fractions rich in B cellk was effective in
producing strong resistance to primary infections, while transfer of fractions rich .in T
cells was effective in producing resistance to reinfection (Meeusen et al, 1984). In the
present study, spleen cells from the immune mice could transfer the protective immuni ty
to recipient mice. The recipient mice produced high titers of IgG antibody. Treatment of
spleen cells with antibody to T cell or mouse Ig abolished protection, and ‘mice that
received these cells had low antibody titers. These data indicate that antibodies play
a major role in the development of protective immunity after primary infection and that
cooperation of T cells is essential for the production of antibody by B cells.

Transfer of spleen . cells from hyperimmune mice failed to protect uninfected mice
from infection even though the cells were more effective than those from immune mice in
providing resistance to challenge infections. Hyperimmune spleen cells treated with
antibody against Tcells or mouse Ig, however, were still able to confer protection to
recipient mice after challenge. Mice that received spleen cells treated with antiserum to
Tcells had higher antibody titers, but lower rates of survival than those that received
cells treated with antissrum to mouse Ig. This suggests -that T cells are more.
important than B cells development of defensive mechanisms afier secondary
infection. : ” -

We were unable to identify the subpopulation of T cells from hyperimmune mice that
plays the most important role in development of cell-mediated immunity. Spleen cells
treated with anti-Lyt 1.2 or anti-Lyt 2.2 MAb could still transfer protection to recipient
mice, although there was some difference in degree of protection. Transfer of Lyt 1,2
(mosdy CD4',CD8) or Lyt 1,2 (mostty CD4,CD8") splenic T cells from immune to .
nonimmune animals provides protection in malarial infection 1-2 wk after spontaneous
cure (Mogiletal., 1987). Jayawardena et al. (1982) found that Lyt1%,2" but not Lyt 1 ,2*
T cells could transfer protection 8-10 wk after resolution of infection. Although kinetics
of CD4"or CD8" cells was not examined in the present study, similar changes in splenic
T cell populations may occur at different times in mice that are hyperimmune to

* babesial infections. R ; \

DTH response is a well-characterized cell-mediated phenomenon that involves complex
interactions between T lymphocytes and macrophages. It is often used as a measure for
expression of cell-mediated immunity. Ruebush etal. (1986) found that anti-parasite DTH
reactions are correlated with resistance to infection with B. microti, Its importance as a
protective mechanism in infections with B. rodhaini is not clear, however, because the
correlation between DTH response and protection was only found when spleen cells
from hyperimmune mice wereused for transfer. Cher et al. (1987) found. recently that
the DTH response was mediated by.Tnl clones, indicating that DTH responses in
babesial infections should be correlated with functional ability of Thl cells in future
studies. Nonspecific protective effects of tumor necrotic factor (TNF), one of lymphotoxins,
have been reported (Clark et al.,1987). In malarial infections, lymphokines such as
gamma-interferon (Shofield et al.,1987), TNF (Taverne et al.,1987), and IL-2 (Theander et
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immune spleen cells with antiserum to mouse Ig reduced to mitogenic response by 45%.
Proliferative  response  of spleen cells * from hyperimmune mice were also reduced
significantly when they were treated with antissrumto T cell or MAb to Lyt 1.2 antigen
(P<0.001). Treatment with antiserum (o mouse Ig orMADb to Lyt 2 .2 antigen had no
effecton proliferative 'respcmse of hyperimmune mice. ;

Production of IL-2: Incubation of spleen cells  from the immune mice and
hyperimmune  mice with specific antigen’ BLA resulted in production of IL-2. The
hyperimmune mice produced larger amounts of IL-2 than immune mice (Table 2).

Active transfer of spleen cells from immune mice - Twenty four hours after intravenous
transfer of spleen cells from control and immune mice to recipient normal mice, 1x10* PE
were inoculated i.p. into the recipients. All recipient mice that received normal mouse
spleen cells died by 14 days a.i. (Table 3). By contrast, 2 of 3 recipient mice that received
transfers of -immune spleen cells survived the chal lenge infection. These mice had higher
titers of IgG antibody and a ‘larger DTH response than  control mice. Treatment of
immune spleen cells with antiserum to T cells or mouse Ig eliminated their protective
ability. A DTH response was present in mice that received spleen cells treated with
antiserum to mouse Ig, but did not occur in mice that received T cell depleted spleen
cells. : -

Active transfer of spleen cells from hyperimmune  mice: Recipient mice that transferred
with hyperimmun spleen cells were unable to survive challenge infections with Babesia

- (Table 3). When hyperimmune spleen cells were treated ‘with antissrum to T cell or
mouse Ig, however, one of 3 and 2of 3 recipient mice survived, respectively. Antibody
liters in mice that received spleen cells depleted with anti-mouse Ig had lower titers
(1:4 for IgM and 1:64 for IgG) than mice that -received T cell-depleted spleen cells (1:256 for
IgM and 1:4096 for IgG). Furthermore, spleen cells treated with anti-Lyt 1.2 MAb  or
anti-Lyt 2.2 MAb could transfer protection to recipient mice (Table 3). However, no
increase of antibody titers was observed in these mice. Mice that received spleen cells
treated with anti-mouse Ig serum , anti-Lyt 1.2 or anti-Lyt 2.2 MAb had significantly
higher DTH responses than that received T cell -depleted ‘spleen cells. -

DISCUSSION

The present study was undertaken to examine the differences between the protective
mechanisms of immune (able to control primary infections) and hype rim mune (able to
survive reinfection) mice. Both immune and hyperimmune mice were resistant to challenge
infection, although hyperimmunc mice were more strongly protected than immune mice.
Two different in vitro assays were used (0o measure the functional ability of spleen cells
from immune and hyperimmune mice. In malaria infections, the hi gh proliferative
responses of immune mice are believed to result from activation of cell-mediated
immunity (Weinbaum et al.,1976). In the present study, proliferative responses . of spleen
cells to BLA were observed in both the immune and  hyperimmune mice. The
blastogenic response was reduced significantly by the treatment of spleen cells with
antibody to T cell or Lyt 1 aniigen » but not with antibody to mouse Ig or Lyt2 antigen.
These results indicate that proliferative response to babesial antigen is aT cell dependent
reaction. : . o

High IL-2 levels was also detected in immune and hyperimmune mice. It has been
shown thatIL-2 is important in malarial infections (Theander et al, 1986), but its role in
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al.,1986) have also been reported to be important in development of protective
immunity. All of these factors are produced by Thl cells(Cherwinski et al.,1987).

The present study suggests that different protective mechanisms occur in immune and
hyperimmune mice. T cells provide protective immunity to babesial infections in both
types of mice, but have different' functions at various stages of infection. The role of
specific subsets of T cells ‘should be examined in future studies of protective mechanisms.
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- ABSTRACT. Therapeutic effects of Toxoplasma lysate antigen (TLA) were studied in mice bearing the tumor in the
second passage of 20-methylcholanthrene (MC)-induced, tumor cells. Intramuscular administration of TLA 7 days after
. the tumor-cell inoculation caused apparent inhibition of the tumor growth on day 14. The second treatment facilitated the
therapeutic effects. Intravenous transfer of spleen cells prepared from TLA-sensitized mice into tumor-bearing mice also
represented the growth inhibitory effects. Prominent effects were seen when the transferred cells were prepared S days

after sensitization of donor animals. The inhibitory effects were absent in the groups transferred only the adherent cells or .

the non-adherent cells prepared from sensitized mice. The strongest inhibitory effect was observed in the group to which
both adherent and non-adherent spleen cells were transferred simultaneously from sensitized mice. In in vitro
experiments, spleen cells obtained from sensitized mice showed cytolytic-effect on P-815 or YAC-1 cells after the
secondary stimulation in vitro with TLA. Large non-adherent cells containing densely packed granules were induced
when cultured with the adherént cells obtained from sensitized mice. These results revealed that TLLA can inhibit the
growth of the chemically-induced transplantable tumors by activation of adherent and non-adherent spleen cells.—KEY
worps: methylcholanthrene-induced tumor, mouse, spleen cell, therapeutic effect, Toxoplasma lysate antigen.

J. Vet. Med. Sci. 54(1): 7-12, 1992

It has recer'my’ been repbrted that anutiéen ex-
tracted from Toxoplasma Gondii (Tp) is able to
activate human natural killer (NK) cells in vitro [12].

Mice treated with Toxoplasma lysate antigen (TLA) -

and infected with Plasmodium berghei or Babesia
rodhaini are capable of surviving infections that
would otherwise be fatal [4-6, 11, 13]. Interferon-
gamma (IFN-gamma) and other lymphokines (LKs)
are present in the serum of TLA-sensitized animals
[3, 7, 14]. Incubation of TLA-sensitized mouse
spleen cells with TLA in vitro causes induction of
nonspecific cytotoxic cells that are capable of lysing
“target cells [2, 9]. The growth of allograftable
Sarcoma-180 (S-180) tumors and isograftable Meth
A tumors in BALB/c mice is also strongly inhibited
by the administration of TLA [8]. These observa-
tions indicate that TLA causes a nonspecific stimula-
tion of immunoprophylactic responses in mice. In
this study, the therapeutic effect of TLA on mice
with 20-methylcholanthrene (MC)-induced tumors
was studied as a model for examining of the effects
of TLA on spontaneous tumors. ‘

MATERIALS AND METHODS

Experimental animals: Inbred male BALB/c mice

Y

o

were reared and maintained in this laboratory, and
4-6-week-old mice (10-20 g) were used in this
experiment. ' : o

Preparation of Toxoplasma lysate antigen (TLA):
TLA was prepared as described by Sakurai et al. [10]
and Saito et al. [8]. For in vivo experiments, TLA

was dissolved in 0.85% sodium chloride solution to

make a final concentrations of 300, 1,000, or 2,000
pg/ml protein. The solutions were filter-sterilized
with disposable syringe filter units (0.45 um, Dis-
mic-25, Toyo Roshi Co., Ltd., Japan) and stored at

—20°C until use. For in vitro incubations, TLA was

dissolved in RPMI-1640 (Flow Laboratories, U.K.)

containing 12 mM HEPES, 100 units/m/ potassium

penicillin G, 100 ug/m! streptomycin sulfate, 0.1 uM
sodium pyruvate, and 50 uM 2-mercaptoethanol to
make a final concentration of 1,000 ug/m/ protein.

‘The solution was filter-sterilized as described above

and stored at —20°C until use.

Preparation  of  methylcholanthrene-induced
tumors: A paraffin pellet containing 0.2 mg of MC
(Wako Pure Chemi. Ind., Tokyo, Japan) was
inserted subcutaneously into the back of mouse.
Tumors induced at the site of the implants approx-
imately 3 months later were removed and divided
into pieces of 10 mm? each. These were grafted
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subcutaneously on the backs of additional mice 8-12
weeks of age. Tumors from these animals were
excised, chopped with scissors on ice, triturated
between-a pair of glass slides, and suspended in
Dispase (Dispase grade 1I, Boehringer Mannheim
. Yamanouchi Co., Ltd., Tokyo, Japan). After stir-
ring for 30 min at 37°C to digest connective tissue.
the cell suspension was filtered twice through #40
stainless steel mesh and passed through a glass fiber
columnto eliminate large pieces. The cells were
washed 3 times with HBSS (250%g, 6 min, 4°C) and
suspended in RPMI-1640 to prepare a final concen-
tration of 4 X 10%0r 5 X 10° viable cells/m/. The cell
viability was determined by the dye exclusion test
using trypan blue. Additional mice were inoculated
with 0.025 m/ (1 x 10° cells/mouse) or 0.1 m/ (5 x
10° cells/mouse) of these cell suspension.

Measurement of tumor growth: Nodular tumors
formed by subcutaneous inoculation of MC tumor
cells were measured with a pair of calipers. The area
~ of each tumor was calculated as-the product of the
major and minor axes. Mean values from each
group were compared with a Student’s t-test.

Preparation of spleen cells: Spleens were excised
from mice immediately after sacrifice, chopped with
scissors, triturated between two glass slides, and
suspended in HBSS. The spleen cells were passed
through a #40 stainless steel mesh to eliminate large
pieces of tissue. Red blood cells were hemolyzed
with 0.83% ammonium chloride solution at 37°C.
The cell suspension was filtered through a glass fiber
column to obtain the lymphocyte fraction according
to the method of Conray-Ficoll [15]. Lymphoid cells
were " washed twice with HBSS' and once with
RPMI-1640 and suspended in RPMI-1640 before
transfer to other animals.

For separation of spleen cell fraction, cell suspen-
sions prepared as described above were resuspended
- in RPMI-1640 containing 10% heat inactivated fetal
~ calf serum (FCS; Flow Laboratories, Australia)
(10% FCS-RPMI) to make a final cell density of
3.0% 10° cells/ml. The suspension was incubated in a
culture flask for 12 hr. The culture flask was washed
- gently with HBSS to collect non-adherent (NA)
cells. Adherent (A) cells were removed from the
flask with a rubber policeman. Both fractions were
washed once with HBSS before transfer to mice.

Preparation of effector cells: Spleen cells prepared
from TLA-sensitized or non- -sensitized mice were
suspended to make a density of 3x10% cells/m!/ in
10% FCS-RPMI containing with or without 30
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wng/m/ TLA and incubated for 6 days. The cells were
then washed twice with RPMI-1640, resuspended to
the same density, and used as effector cells.

Cytotoxicity test: The mouse mast cell sarcoma
P-815 and the mouse T cell lymphoma YAC-1 were
kindly supplied by Dr. Tsuneo Kamiyama, Depart-
ment of Animal Epidemiology, National Institute of
Health, Japan, and used as target cell which is
resistant or sensitive to natural killer cells.

. Cell suspensions prepared at densities of 1 x10’
viable cells/m/ were incubated with 5.55 MBq of
*!Cr (Na,CrOq, specific activity of 1.5 GBg/m,
Japan Atomic Energy Research Institute, Tokyo,
Japan) with occasional agitation for 60 min. The
3!Cr-labeled cells were washed with phosphate
buffered physiological saline (PBS) and then with
RPMI-1640 [1]. The pellet was resuspended in 10%
FCS-RPMI to make a- final density of 1x10°
cells/ml.

Culture tubes were filled w1th 150 wl of the
3!'Cr-labeled target cell suspension (1.5 x- 10* cells)
and 150 u! of the effector cell suspension (3.0 x 10*
cells) to adjust the ratio of effector: target cells (E:T
ratio) to 50:1. One m!/ of 10% FCS-RPMI was added
to each tube and incubated for 20 hr. Each tube was .
centrifuged (1,000xg,, 5 min, room temperature)
after incubation-and 1.2 m/ of the supernatant and
0.1 m/ of the pellet were sampled for counting in a
gamma-scintillation counter (Packard auto-gamma

, 5650; United Technologies Packard, U.S.A.). The

release of 3'Cr from each sample was measured in
triplicate. Non-specific release of 3'Cr was measured
in samples to which 150 u/ of 10% FCS- RPMI was
added in place of the effector cells.

Cytotoxicity of effector cells was calculated
according to the following formula:

Cytotoxicity (%) = 100 x {Release of sample’'Cr
(cpm) — release of nonspecific 3!Cr (cpm)} /
{Release of total 5'Cr (cpm) — Release of non-
specific *'Cr (cpm)} ~

Analysis of mouse spleen cells by automatic-cell
sorting: Cultured mouse spleen cells were washed
once with PBS and suspended in 1 m/ of 10 mM
HEPES buffer containing 0.1% BSA. The suspen-
sion was filtered through a 40 um nylon filter and
analyzed with an automatic cell sorter CS-20, Argon
ion laser (400 mw, 488 nm, Showa Denko Co.,
Tokyo, Japan). Approximately 2,000 cells were

processed in each group.
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RESULTS

Therapeutic effects of TLA: As shown in Fig. 1,
each group of 5 mice was administered intramuscu-
larly with either 0.1 m/ of physiological saline
(control) or 0.1 m/ of physiological saline containing
30 (T30), 100 (T100), and 200 (T200) wg TLA
weekly starting on day 7.

Mean tumor size 14 days after the inoculation was

48 mm? in control group and 25 mm?, 22 mm2 and 28 -
mm? in T30, T100, and T200, respectively. Groups -

receiving TLA had significantly smaller tumors than
control group. On day 21, the differences among the
control and TLA treated groups were highly signi-
ficant (p<0.01). Mean tumor size of T100 was
smallest whereas no - statistical differences were
observed among the TLA treated groups.

Lffect of TLA-sensitized spleen cells on tumor
growth: As shown in Fig. 2, 21 mice were divided
into 5 groups on day 7 after-inoculation of 5 x 10°
tumor cells per mouse. Each animal received 2 x
10% spleen cells (containing both adherent and
non-adherent cells) from TLA-sensitized or non-
sensitized mice via the caudal vein. Cells prepared
from the mice on day 1, 3, 5 and 7 after intramuscu-
lar administration of TLA were transferred into the
tumor-bearing mice of 4 groups, 1DT, 3DT, SDT,
and 7DT, respectively. Transfer of spleen cells was
carried out on day 7 and day 14 after tumor
transplantation. Changes in tumor size were mea-
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Fig. 1. Growth inhibitory effects of TLA on the Methylcho-
lanthrene-induced tumors (2nd passage) (0), Control; (@).
TLA 30 ug/mouse; (A). TLA 100 ug/mouse; (W), TLA 200

mg/mouse. Each point and vertical bar represent the mean
+SE. Arrows indicate the day of TLA administration.
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Fig. 2. Tumor growth inhibition by transfernng the spleen
cells prepared from TLA-sensitized mice. Spleen cells were
prepared on day 1 (A), day 3 (V). day 5 (@), or day 7 (M)
after intramuscular administration of TLA, and the control
group (O) received unsensitized cells. Arrows indicate the
day when.the spleen cells were transferred.

sured every 2 days starting onl day 8. Mean tumor
size on day 21, was 514 mm? in COI]tl['Ol group, 396
mm? in IDT 373 mm?in 3DT, 302 mm?in 5DT, and
405 mm? in 7DT. Tumor growth was inhibited
significantly in 1DT and 3DT (p<0.05) and i in-5DT
~ (p<0.01), but not in 7DT. ‘

In order to clarify the population of spleen cells
that might play a role in tumor inhibition, tumor-
bearing mice received the adherent (A) cells and/or
non-adherent (NA) cells prepared from the mice 14
days after TLA-sensitization or from the non-
sensitized mice (Fig. 3). Proportions of Thy-1, Ig, or
asialo GMI1 positive cells in NA cells prepared from
non-sensitized mice (NAC) and from TLA-
sensitized mice (NAT) were 50.4, 23.3 or 4.5%, and
50.2, 25.4 or 4.7%, respectively. Proportions ‘of
macrophage in adherent cells from the former (AC)
and the latter (AT) animals were 68. 0 and 66.0%,
respectively. The animals of each group received 2
X 10° NA cells and/or 2 X 10° A cells at weekly
intervals for five consecutive weeks.

Mean tumor size 33 days after tumor inoculation
was 180.6 mm? in control group, 156.6 mm? in
Group NAC, 133.4 mm? in Group AC, 189.6 mm?
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Fig. 3. Tumor growth in mice receiving adherent (A) and/or
non-adherent (NA) spleen cells from either TLA-sensitized
mice (T), or non-sensitized mice (C), respectively. The data
shown are the mean tumor size +SE of five mice 33 days after

- inoculation: ‘
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Fig. 4. Effect of cytotoxicity in terms of TLA-sensitizing
procedure. Spleen cells prepared from the mice sensitized

- with TLA 1, 3, 5, 7, and 14 days before sacrifice were
restimulated in vitro with TLA. Cytotoxic activities against
P-815 (O) and YAC-1 (M) were measured 6 days after
secondary stimulation. ‘ '

NAC + AC

in Group NAT, 148.5 mm? in Group AT, 169.0 mm?

in Group NAC + AC, and 108.3 mm? in Group
NAT + AT. Inhibition of tumor growth in Group
NAT + AT was the most prominent among other
Groups. ' S
Relationship between cytotoxicity and sensitizing
period: Spleen cells were prepared from TLA-
sensitized mice on 1, 3, 5,7, and 14 day and
restimulated with TLA in vitro. The cytotoxicity test
was' carried out 6 days after the incubation with
target cells. Spleen cells prepared within 3 days after
sensitization showed little cytotoxicity to P-815 or
YAC-1 target cells (Fig. 4). However, secondary
stimulation with TLA in vitro induced marked
cytotoxicity 5 days after sensitization in vivo, espe-
cially in the groups of 7 and 14 days-sensitizing

~ periods. These values were significantly different
from those in the same groups without secondary

stimulation (p<0.001).
Morphological analysis of nucleated cells: The cell
size and the quantity of intracellular granules of NA

_cells were measured in the four cases.where NA and

A" cells prepared from TLA-sensitized or non-
sensitized mice were cultured concurrently, i.e.
NAC + AC, NAC + AT, NAT + AC, and NAT +
AT (Fig. 5). After a 6-day incubation, NA cells in
each group were collected and analysed with a cell
sorter. The proportion of cells larger than the 40th
channel on the abscissa (ca. 21.6 ) was calculated
for each group. Proportions were 61.0% for Group
NAC + AC, 68.4% for Group NAC + AT, 65.2%
for Group NAT + AC, and 77.8% for Group NAT
+ AT. Large mononuclear cells containing densely-
packed intracellular granules were present in Group
NAT + AT.

NAT + AT

Channel number of

NAC + AT NAT + AC

. 100f : : —
g ¢ I A '
E 50 o "L . r « 1" ._'. . 3 N : - - . 1 ©
] 3 ‘;:-'f‘ﬁ".’ v - N 'z."'a,-_: IR 9 .d-";{ L e - Le '..'1:.;.‘7:: 22.. ~—
s R | R | L
-a 0 : & el e ". i ' . ‘.."'. ) W\' .

0 50 100 0 50 100 0 50 100 :

Channel pumber of forward scatter

Fig. S. Cell-sorter profiles of non-adherent spleen cells cultured with adhefent cells in various combinations indicated in the -
figures (Abbreviations mean the same groups as'in Fig. 3). The axis of abscissas and ordinate show the cell size and the quantity

of intracellular granules, respectively.
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DISCUSSION

The therapeutic effects of TLA on MC-induced

tumor cells were studied as a model for evaluating -

the clinical availability of this compound for spon-
taneous tumors. Weekly intramuscular doses of
"TLA to mice with MC-induced tumors inhibited
tumor growth in the cases treated 7 days or later
after tumor transplantation. Previous studies have

reported that TLA inhibits the in vivo growth of
established allograftable Sarcoma 180 tumor cells

‘and established isograftable Meth A tumor cells [8].

Results in this study using second passaged tumor-

suggest that TLA can be applied in veterinary
medicine for the control of spontaneous tumors.
- Significant inhibition of tumor growth occurred in
our study when TLA was administered at doses of
30, 100, and 200 wg/mouse. While inhibition of
- tumor growth was most prominent at doses of 100
mg/mouse, there were no significant differences
among any of the three regimens. Since cytotoxicity
of lymphoid cells collected from the spleens of
TLA-sensitized mice was larger in mice that re-

ceived 100 ug than 30 ug of TLA at biweekly
intervals [9], we consider a single 100 ng dose of
TLA to' be sufficient for stimulating biological*

-effects. .
The growth of tumors was inhibited within 7 days
by administration of a single dose of TLA at 100

ng/mouse and by transfer of spleen lymphoid cells

from mice that had been sensitized with 100 pg of
'TLA 5 days earlier. Spleen cells from unsensitized
_mice and mice that had been sensitized with 2 doses
of TLA at biweekly intervals were collected and
separated into A and NA cell populations in order
to determine the underlying mechanisms of TLA
activity. Adherent and NA cells were transferred to
mice with MC-induced tumors in a number of
different combinations. Tumor growth was inhibited
evidently in mice that received a mixture of A and
- NA cells from TLA-sensitized mice. Co-incubation
of these two cell populations and subsequent analy-
sis by cell sorter revealed the induction of large NA
cells that contained large numbers of intracellular
granules. An increase in thé cytotoxic activity of
spleen cells harvested between S and 14 days after
sensitization with TLA and restimulation with TLA
in vitro indicated that cytotoxic cells, such as NK
sensitive and/or resistant killer cells, also participate
in the anti-tumor activity of TLA. Anti-tumor
immunity is said to involve the response of immuno-

A

logically competent cells after induction by antigen-
presenting cells. These results, in consequence,
revealed that TLA. can inhibit the growth of the
chemically induced transplantable tumor on the
basis of activation of A and NA cells, especially in
the spleen.
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ABSTRACT. - Growth of the tumor autoinduced by 20-methylcholanthrene (MC) in rats was inhibited after administration
of Toxoplasma lysate antigen (TLA). The antitumor activity of TLA was® most obvious in the early stage of tumoral’
growth. When TLA was administered to rats before the appgarance of tumor. tumor-formation was delayed slightly.

Histopathological studies revealed dense growths of spindle tumor cells in Lmtreated ‘control rat, while enlarged central
necrosis with the infiltration of lymphocytes and ueutroph:ﬁg was apparent ‘in. TLA-treated rats. According to the
immunohistological examination of tumor tissue with anti-Thy-f amlbody the rats'treated with TLA showed large Thy-1
positive granular cells, whereas, the untreated' rats indicated ly a few small Thy-1 positive cells. These observations
indicate that TLA is a useful modifier of biological responses to MC-induced tumors.=~KEY WORDS: antitumor activity,

methylcholanthrene -autoinduced tumor, rat, Thy-1 posmve granular cell, Toxoplasma lysate antigen.

J. Vet. Med. Sci. 54(2): 221-228, 1992

Mice treated with Toxoplasma -lysate antigen

- (TLA) was protected preferentially from the infec-

tion with Plasmodium berghei or Babesia rodhaini,
and survived the challenge fatal to ‘non-treated
animals (7, 8, 14, 16]. Interferon-gamma (IFN-
gamrma) and other lymphokines (LKs) were present
in the serum of these animals (5, 7, 9, 17].
Furthermore, cytotoxic cells were induced when
spleen cells harvested from TLA-sensitized mice
were incubated with TLA in vitro [4,.6, 12]. Sharma
et al. [15] have also reported that TLA activated
human natural killer (NK) cells in vitro. In the light
of these observations, it can be presumed that TLA

‘might cause nonspecific activation of immunop-

rophylactic mechanisms.

Further studies on the antitumor activity of TLA
revealed that the intramuscular administration .of
TLA strongly inhibited the growth of allogenic or
isogenic tumors, i.e. Sarcoma-180 (S-180) or Meth
A [11]. Moreover, an apparent antitumor effect of
TLA was observed even in the mice bearing

* 20-methylcholanthrene (MC)-induced tumor [6].

In this report, rats with the MC-autoinduced
tumors were examined as a therapeutic model for
the TLA treatment.

MATERIALS AND METHODS

Rats: A total of 39 male rats of the Wis_tar-

4

- the back of Fal

- Wroblewski-Radu method)

Imamichi str‘ii'ir of 6 to 8§ weeks of age were used for
the exper:ments except for the hematological study,
in which 3 mature female rats of the Rowett strain
were used. All animals were raised and maintained
in our laboratory

Preparation of To'xoplasma lysate antigen (TLA):
TLA was prepared. according to the method de-
scribed prevnously [3, 13].

In brief, af ter the centrifugation of crude antigen
solutions -at 144 000 x- g for 120 min, the super-
natant was used as T LA preparation throughout the
experiment. . .- -

Induction of tumors. with 20- m'ethylcholanthrene
(MC): A solution of MC (Wako Pure Chemi. Ind.,
Tokyo) in parafﬁn at a final concentration of 5
mg/m/ was divided inte:0.1 m/ aliquots, and allowed
to cool. A p‘e{let was implanted subcutaneously on
;-which: was kept under observation
until the tumoral growth (for about 4 or 5 months).

Hematology . Blood sample was collected by heart
puncture from_the rat with or without TLA treat-
ment. Red blood cell- counts, white ‘blood cell
counts, hematocnt (Ht capillary method), total
serum protem (STP;_ refractometry), glutamic-
oxaloacetic Umnsammase activity (SGOT; karmen'’s
method), glutamic-pyruvic transaminase (SGPT;
Karmen’s™ m1=thod) lactate dehydrogenase (LDH;
alkalinephosphatase
(AIP; p- mtrophenol test) total bilirubin (Malloy-
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Evelyn test), creatinine (alkaline picric acid test),
and uric acid (urate oxidase test), were measured
routinely. , -

Measurement of tumor growth: The major and
minor axes of each nodule were measured using a
pair of calipers and the tumor area calculated as the
product of both axes. Mean values in each group
were compared with a Student’s r-test. ,

Calculation of mononuclear cell - distribution:
Spleen or liver was ground and the mononuclear
cells were collected by the method of Conray
400-Ficoll [18]. After the number of nucleated cells
in each organ was counted, the smears were
prepared for the determination of lymphocyte sub-
calsses. : , ‘

Calculation of lymphocyte subclasses: Rabbit anti-
rat Thy-1 serum (ATS) was prepared according to
the- method of Golub [2]. Confirmation of the
specificity of this serum for T cells was carried out
with the cytotoxicity tests according to the method
described by Barker et al. [1]. Smears of mononuc-
lear- cells prepared from spleen or liver were
incubated with ATS or fluorescein-isothiocyanate
conjugated goat anti-rabbit IgG (Cappel Inc.,
U.S.A.). The ratio of ATS positive cells to the total
mononuclear cell count was calculated. The ratio of
IgG positive lymphocytes was determined in a

similar manner by incubating the preparations with

fluorescein-isothiocyanate conjugated anti-mouse

IgG (Nippon Kotai Kenkyusho, Japan).
Histopathology and immunohistochemistry: Sub-

cutaneous tumors were excised from rats and

divided in half with a sharp scalpel. One piece of

tissue was routinely processed for HE-staining and
the other half was processed for immunohistoche-
mical studies as described by Saint-Marie [10].
Fluorescein-isothiocyanate (FITC)  conjugated
mouse IgG antibodies -(Sera-Lab Ltd., U. K.)
against rat Thy-1, rat T helper cells and rat T cells
J(non-helper subset) were ‘used.

RESULTS

Effects of TLA on the growth of MC-induced
tumor: Twenty rats with MC-induced tumors were
divided into four groups of the same number
according to the criteria listed in Fig. 1. Treatment
- with TLA was started when the tumor size reached
to the diameter specified for the each group, i.e.
about 3 mm, 10 mm or 18 mm. TLA dissolved in
physiological saline was injected at a dose of 500

k4

mg/rat into the femoral muscle once a week for §
weeks. '

Effects of TLA depended on the tumor size at the
beginning of treatment (Fig. 1). In the group "b"
with tumors less than 10 mm in diameter, prominent
inhibiton of growth was observed in 2 of 5 animals,
and growth delay occurred in the remaining 3 cases.
In the group “c” with tumors about 10 mm in
diameter, tumor growth was inhibited in 1 animal
and only partially suppressed in 2 others. TLA had
no effect on tumor growth in the group “d" with .
tumors larger than 10 mm in diameter. '

In the second experiment, § rats bearing tumors
about 10 mm in diameter were treated with TLA at
a dose of 100 wg/rat once a week for 8 weeks. Other
4 rats bearing the tumor of the same size were given
intramuscularly physiological saline as a control
group. . ' '

As shown in Fig. 2, the mean tumor area in the
control group was 110 mm? at the beginning of the
experiment and increased markedly to 421 mm?>
after 6 weeks and to 948 mm? after 9 weeks. Tumor
growth was inhibited significantly (p<0.05) in the
TLA-treated group, i.e. the initial tumor size (115
mm?) was followed by slight increase to 191 mm?
after 6 weeks and to 311 mm? after 9 weeks.

Effect of TLA on the tumor induction by MC: Ten
male Wistar rats subcutaneously implanted of MC-
containing paraffin pellets were divided into two

- equal groups. Animals in one group were not

treated while those in the other group were adminis-
tered 500 ug of TLA once a month immediately
after the implantation of the pellet. Tumor nodule

- was observed first in the untreated control group 124

days after the implantation (Fig. 3). Within the
following 21 days, tumors were induced in all other
untreated rats. TLA treatment slightly delayed the
tumoral growth and one animal remained tumor-
free throughout the experimental period.

In vivo reactions to administration of TLA: For
the hematological, biochemical, immunological, and
histopathological studies, MC-containing pellets
were implanted into the femoral muscles of three
Rowett rats. One animal was used as an untreated
control (No. I), and other two rats (No. II, IlI) were
treated with TLA according to the schedule indi-
cated in Fig. 4. Hematological characteristics are
listed in Table 1 where differences of the value in
WBC, SGOT, LDH and uric acid were distinctive
among the three rats. SGOT of the control rat was
about three times as high as those of TLA treated
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Effects of TLA on the growth of MC-induced tumors at the various stages of growth. Group “a" was untreated control and

groups “b",* c“. or *d" were treated with TLA when the tumor diameter reached about 3. 10. or 18 mm, respectively. Edch thick

line in “b™, “¢” and “d”
treatment was startedvm the group “b",

"¢, or
rats, No. Il and No. III. LDH of the rat treated with
TLA after tumor induction (No. II) was about one
third that of control one, whereas LDH of the rat
treated immediately after MC-pellet implantation
(No. III) was about two times as high as that of
control .one. -

Total lymphocytes counts of the spleen and liver
were highest in No.-II and lowest in No. III (Fig. 5).
There were no marked differences among these rats
~concerning in the proportion of Ig positive cells,
ATS positive cells and others.

Histopathological section of tumor tissue from

No. I represented the characteristics of fibrosarcoma

in which small necrotic foci were observed (Fig. 6).
Tumor tissue of No. II, by contrast, showed
honeycomb appearance with large necrotic foci. and
intensive infiltration of lymphocytes and neutrophils
was observed in the boundary of necrotic area (Fig.

represents the average growth of control. Each dotted line in “a” represents tumor size when the
“d". Arrows indicate the day of TLA (500 ug/rat) administration.

7). Tumor of No. III was smaller and the central
necrosis. was more prominent than that of No. II

~ (Fig. 8). Severe cell infiltration was also observed

around the residual tumor tissue in the margin of the
mass. Degenerative signs of tumor cells such as
pyknosis and vacuolization were apparent in No. II
and No. III.

- Immunohistochemical examination. revealed the
existence-of a few small Thy-1 positive cells in tumor

tissue of No. I (Fig. 9a). In case of No. II, large

granular Thy-1 positive cells were detected sporadi-
cally (Fig. 9b). Although no reactor was observed to
the antibody against rat T helper cells, occasional
labeling was eviderit with the antibody for non-
helper subset. Immunohistochemical findings in
tumor tissue from No. III were similar to those of
No. II, where large granular Thy-1 positive cells
were present in sporadic numbers (Fig. 9c).
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Fig. 3. Effects of TLA on the induction of tumor by MC.
Two groups of 5 rats were implanted. with a MC-treated
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wis given TLA i. m. at a dose of 500 ug/rat at monthly
intervals for 4 months (—).

0*: 124 days after insertion of paraffin pellets.

Histological section of No. I liver showed focal
necrosis where severe degenerative changes such as
cloudy swelling and pyknosis were prominent (Fig.
10). The livers of TLA-treated rats (No. II and No.
I1I) seemed more vivid than those of control animals
while moderate degenerative changes of liver cells
were still observed (Figs. 11 and 12). Intensive
interstitial infiltrations composed of many neut-
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Fig. 4. Tumor growth of the rat implanted with MC-pellet for

the further oncological studies.

(@®—@): Untreated rat (No. I).

(A—A): The rat treated with TLA (500 ug/rat) at 2-week
intervals for 6 weeks. Treatment began after the tumoral
growth was observed (No. II). '

(8—M): The rat treated with TLA (500 ug/rat) weekly for 5
weeks. Treatment began immediately after the MC-
containing paraffin pellet was implanted (No. III). ’
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Fig. 6. Histological appearance of MC-induced tumor of control animal (No.-I). Tumor cells of spindle type are.arranged in
bundles or a knot-like pattern (6a. x 80). Nuclei are rich chromatin and contain one or twe prominent nucleoli (6b. x 200).
Fig. 7. MC-induced tumor of the rat treated- with TLA (No. [I) fallen into focal necrosis (7a. x80). Infiltration of

lymphocytes and neutrophils were observed at the inner side of residual tumor cells. (7b. x 200). -
Fig. 8. Central necrosis was enlarged in case of No. 111 whereas viable tumor cells were still resident (Sa. x 80). Prominent
cell infiltration and degencrative change of tumor cells were also observed {8b, x 200).

ably high level of LDH. . ,

Histopathological studics revealed dense growths
of spindie tumor cells in untreated control rats,
while cenlarged central necrosis with the infiltration
of lymphocytes and ncutrophils was apparent in

1

TLA-treated rats. Of particular interest was the
presence of large granular Thy-1 positive cells in
TLA-treated rats that were not observed in the
untreated control group. Immunohistochemical ex-
amination demonstrated that these cells were occa-
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Fig. Y. Immunofluorescent staining of MC-induced tumor with FITC-labelled anti-rat Thy-l mouse serum. A few small Thy-1
positive cells are present in the tumor tissue of the control animal. No. I (9a. x 350). In the tumor tissues of TLA-treated
animals. No. 11 (9b).or No. 1 (Y¢), large granular labelled cells were detected sporadically.

Fig. 10.  Histological appearance of the liver of control animal. No. T (X 300). Note the focal necrosis with cloudy swelling and
pyknosis of liver. cells. :

Fig: 11, Interstitial infiltration of nculﬁ)phils. Ivmphocytes and large mononuclear cells were prominent in case of No. 1T (X
500). ’ - ’ :

‘ A..:-,; 12, Dédénerative changes of Tiver cells were moderate and cell infilirations were observed in case of No. 1T as well as No.

B S0m) - Swelling o arteriolar endothelial cells was also observed. ’
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sionally positive for markers for non-helper T-cells.
Authors have reported that incubation of spleen
cells from TLA-sensitized mice with TLA caused an
increase in the numbers of large Thy-1.2 positive
cells and asialo GM, positive cells. These cells are
highly cytotoxic to P-815 target cells (nonsensitive to
NK cells) and YAC-1 target cells (sensitive to NK
cells) [4, 12]. Results of this study suggest that large
granular Thy-1 positive cells- observed in tumor
tissue might be identical to the ‘cells reported earlier
[6] and might partmpate in the inhibition of tumor
growth. : :

Histological section of the liver of untreated
tumor-bearing rat showed focal necrosis where

severe degenerative changes such as cloudy swelling

and pyknosis were prominent. The livers of TLA-
treated rats seemed more vivid than control animals
while moderate degenerative changes of liver cells
were still observed. Intensive interstitial infiltrations
composed of many neutrophils, a few lymphocytes
and large mononuclear cells were observed in cases
of TLA-treated rats. Previous studles have indicated

that counts of slg(-), Thy-l 2(+), Lyt-1.2(+), and

asialo GM,; (+) cells in the liver ‘and peripheral

blood of TLA-sensitized mice are likely to be higher

than those of non-sensitized animals [4]. The cellu-
lar infiltrates observed in this study may correspond
to the increases in specific cell populations that were
observed in TLA-sensitized mice above mentioned.
The in vivo effects of TLA on.MC-induced tumors

indicate that this substance may be a useful modifier

of biological responses to tumor growth.
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Obioactin derived from Toxoplasma superinfected cat-
tle serum hydrolyzed with both pronase and alkali shows a
higher ‘inhibitory effect on the multiplication of microor-

.ganisms inside homologous and "heterologous mac-
rophages and somatic cells than that of non-treated with
obioactin [1, 4, 6, 7]. Recently, some active components
from obioactin called objopeptides were analyzed and
chemically synthesized [10, 11]. In this paper, we report
some findings on the effect of obioactin and one of its
active components, obiopeptide-1 to inhibit Toxoplasma
multiplication in mouse macrophages, and on the amount
of oxygen intermediates released, glucose consumption
-and ruffle formation in mouse macrophages during the
activation period. A six-month old holstein calf was
inoculated with 1x10° tachyzoites of the Tox oplasma RH
strain-in the cervical muscles, and 4 weeks later, the calf

was infected with 2x10° tachyzoites of the S-273 strain.

Two weeks after infection, 10 ug of Toxoplasma lysate
- antigen (TLA)/kg was injected intravenously, and serum

" was obtained from blood collected 24 hr later. Serum from

normal calf was also obtained. Antibody titer to Toxoplas-

Table 1.

J Vet. Med. Sci.-54(2): 351-353, 1992

ma was measured using the latex agglutination test and
indirect fluorescence method [2, 3, 6]. Obioactin was
prepared by hydrolysis of the serum as previously re-
ported by Suzuki et al. [8]. Obiopeptide-1 was synthesized'
using the Biosearch automatic peptide  synthesizer
[10-12]. Glucose concentrations were measured using
glucose test Wako Kit (Wako Pure Chemical Co., Tokyo).
Samples for electron microscopy were prefixed in 2.5%
glutaraldehyde, treated with 1.0% OsO,, and dehydrated
with a series of upgraded ethyl-alcohol. The solvent was .
replaced with penthyl acetate for further dehydration, and
then dried using the eritical point dryer (Hitachi HPC-2).
The dried samples were fixed, coated with Au-Pd metal
using an IB-3 ion coater (Eiko Engineering, Tokyo), and
then were observed by the Hitachi S-430 scanning
electronmicroscope. Preparation of macrophage mono-
layers and the measurement of toxoplasmacidal activity -
and active oxygen intermediates of cells were carried out
following the methods as previously reported [4, 6, 7).
Significantly differences were examined by the Student’s-
t-test.

Table 1 shows glucose consumptlon of macrophages in
the presence of either obiopeptide-1 or obioactin. When

Glucose consumption of mouse macrophages incubated with either
obiopeptide-1 or obioactin for 48 hr

Groups Glucose concentration (mg/dl) Glucose
- - consumption
Pre-incubation = 48 hr post-incubation (mg/dl)
Control® . 100 75.2+3.9 24.8%+1.6
Obioactin® 100 62.8%3.6 37.2+1.5*
Obiopeptide-1° 100 62.0+8.2 38.0+£3.4*

Note: Mean=*SE results of 6 independent experiments. Significant. differences
" between a) and b), and a) and c) were p<0.001 and p<0.01, respectively..
a) Cell medium. (Tc—199+10% calf serum) alone.

b) Cell medium+5.0 mg/m/ Obioactin.

¢) Cell medium+0.5 mg/m!/ Obiopeptide-1.

Table 2
obiopeptide-1 or obioactin for 48 hr

Superoxide releases from mouse peritoneal macrophages incubated with either

nmol/1x 10* cells/60 min

" nmol/100 pg protein/60 min

Groups" Dose .
Control — 1.34+0.12% 3.72+0.34%
Obioactin - 5.0 mg/mi 1.58+0.12 6.27£0.19 -
Obiopeptide-} (813. A 2.010.18 5.96io.89 .
O il 1.58+0.12 4.3620.52

Note: a) Mean+SD of 5 independent experiments.
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Table 3. Toxoplasmacidal activity of Toxoplasma-exposed normal mouse m

with_obiopeptide-1 or obivactin ~

Groups ) Dose Mean 7 mouse. macrophages

with Toxoplasma (Tp) 48 hr

post-incubation

0Tp - 1-5 Tp

= 0 Tp/eell
Control — S44E12.70 19.8+2.6  25.8+11.3
Normal hydrolyzed ‘
cattle serum 5.0 mgml 68.2+ 7.1 12.6%6.9 9.2+3.4 30.3
Obioactin 5.0 mgiml 86,4+ 7.3M 58434 - 7.8%4.2 65.8
Obiopeptide-1 0.5 mgm{ 804+ 8.99 [4.8+5.4 5.0%3.5 57.5
: 0.05 mg/ml 78.0% 6.6 “ 14.6+5.8  7.4+3.7 518

Notes: a) Mean*SD of 5 indepcndent experiments.
Significant differences between a) and-b), and a) ‘and c) were p<0.001,

Fig. I.

&0

Scanning electron. micrographs of macrophages incubated with obioactin (1), obiopeptide-1
(2. 4) and hydrolyzed normal cattle serum (3) for 48 hr. Fig. 1-1,2 & 3(x 500); Fig. 1-4 (x 5.000).

acrophages incubated

Toxoplasma-growth
inhibitory effect
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compared with the glucose consumption of the control
group at 24.8 mg/48 hr of- cultivation, cell' cultures
containing either obiopeptide or obioactin registered
greater glucose consumption of 38.0 mg and 37.2 mg/48 hr
of cultivation (p<0.01 and p<0.001), respectively. Like-
wise, superoxide anion (O7) releases from macrophages
incubated with either obiopeptide-1 (0.5 mg/mi) or
obioactin (5.0 mg/m/) for 48 hr were 2.01£0.18 nmoles
and 1.58%0.12 nmoles. respectively, while that of the
control was 1.34+0.12 nmoles (Table 2).

Toxoplasma growth inhibitory effect of obioactin and
obiopeptide-1 incubated with normal mouse macrophages
is presented in Table 3. Cell cultures incubated with
obioactin and obiopeptide-1 (0.5 mg/m/) showed a signi-
ficantly higher number of normal uninfected macrophages
compared to that of the control group (p<0.001). Clearly,
the Toxoplasma growth inhibitory factor (Toxo-GIF) was
more than-50% in cells incubated with either obioactin or
obiopeptide-1.

Numerous round mononuclear cells were noted in
1-1) or
obiopeptide-1 (Fig. 1-2). and those tells incubated with-
hydrolyzed normal cattle serum appeared streched out

cultures incubated with either- obioactin (Fig.

(Fig. 1-3). Macrophages mcubated with either obiope;

tide-1 or obioactin showed numerous ruffles and promin-.

ent pseudc»podla (Fig. 1-4). No marked changes were

‘noted on the surface of cells incubated with hydrolyzed
ignificant accumulation .of large,

normal cattle serum
rounded macrophages or monocytes in the spleen of mice

intramuscularly injected. with- obiopeptice-1 has -been

reported [12]. Likewise, glucose consumiption and mfﬂer

formation of macrophage have been used as efficient.
ivation [5]. The present. -

indicators .of macrophage ac
finding further strengthens t
chemically synthesized oblope
was similar to the action of the native 1mnnunoregulator

tivation capability of the

1 on macrophages.ff 12 Sakurai, H., F

obioactin.
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There have been many recent developments in studies
of biological response modifiers (BRM) which activate the
defense systems of immunodeficient individuals or reg-
ulate immunological responses (1, 2, 8, 9]. Especially in
scientific and medical fields, they have been found to be
effective immunomodulators against infection with para-
sites and bacteria, and tumorgenesis.

Suzuki et al. [8] purified the polypeptide from serum
hydrolysates of Toxoplasma-immune cattle arid named it
obioactin. Obioactin nonspecifically activates somatic cells
without any toxicity or antigenecity. Recently, some low
molecular weight peptides, obiopeptides, were newly
synthesized on the bases of the active sites which were
included in obioactin [10]. The functions of obiopeptides
have not been clarified. In this study, we examined the
influence of obiopeptide-1 (Obi-1) on the-activation of
mouse macrophages by measuring the lysosomal enzyme
activities and chemotactic response. :

Mice used for all experiments were ddY, male, eight to
ten weeks of age. Immunosuppressed mouse was made by
injection of 250 mg/kg of cyclophosphamide (Cyp). They
did not survive more than ten days after being infected
with two species of bacteria (K. pneumoniae 1x10° CFU
per mouse, P. aeruginosa 1X10° CFU per mouse). When
the mice were treated with 100 ng of Obi-1 per mouse
together with Cyp there was significant decrease in their
mortalities (Fig. 1). Fujii et al. reported that the numbers
of neutrophils, lymphocytes, and monocyte-macrophages

in peritoneal fluid of the mice treated with Obi-1 were

increased [1]. This resistance in mice treated with Obi-1
against bacterial infection was thought to be partly due to
the activation of phagocytic cells such as neutrophils or
macrophages. ‘

In this study we examined the lysosomal enzyme
activities in peritoneal and splenic macrophages after the
administration of Obi-1 and Cyp. The peritoneal and

splenic macrophages were obtained by the methods of

Suzuki et al. [9], and Matsuyama et al. [5], respectively. To
prepare these two macrophages for an enzyme assay were
~ obtained by adhesion for 6 hours and ultrasonicated. In
order to elucidate the mechanism of the resistance of
Obi-1 treated mice against bacterial infection, the activi-

ties of three lysosomal enzymes, acid phosphatase [15],

pB-N-acetyl-glucosaminidase [14]; and B-glucuronidase [3]
were measured. These enzyme activities increased in
peritoneal but not in splenic macrophages of mice treated

J. Vet. Med. Sci. 54(4); 793795, 1992

with Obi-1 (Fig. 2). In mice treated with Cyp,:the numbers
of mononuclear cells and macrophages inthe spleen
decreased to about one half '(Talbfga" 1), therefore the
splenic ‘macrophage enzyme activities per mouse de-
creased. Although the decrease of the number of macro-
phages in the peritoneal fluid of mice treated with Cyp was
severe than that in the splenic fluid, the enzyme activities
of mice treated with Obi-1 were elevated to the same
levels as those of intact mice. These results suggest that
the mechanism of the activation with Obi-1 is different
between peritoneal and splenic macrophages. Previously,
Suzuki et al. [6] reported that the numbers of monocyte-
macrophages .in .the spleen of tumor bearing mice in-
creased when Obi-1 was injected. It is possible that the

‘lysosomal enzyme activities of the  peritoneal macro-

phages were higher than those of the splenic macrophages
because the former were more mature than the latter
which contained many blast cells.

Chemotactic responses of peritoneal and splenic macro-
phages were measured by the modified methods of
Tokoro et al. [13], using chemotactic chamber in which the
upper (0.5 m/) and bottom (0.7 m/) wells were separated
by a polycarbonate membrane (pore size 5.0 wm, Nucleo-
pore, U.S.A.) [4]. Maximum chemotactic responses of
these two macrophages were obtained at 107 M concen-

~tration of Obi-1 (Fig. 3). It should be noted that splenic

(A) (B)
100 p 1
80
g
> 897
g
-
g w0
204
o L
0 2 4 6§ 8 10 0 2 4 8 8 10

Days after infaction Days after infection

Fig. 1. Protective effect of Obi-1 in Cyp pretreated mice
against bacterial infection. (A): P. aeruginosa (1x10® CFU/
mouse, -intraperitoneal) infection, (B): K. pneumoniae
(1x10° CFU/mouse, intraperitoneal) infection, @: Mice
were treated with Cyp alone 4 days before, O: Mice were
treated with Cyp 4 days, and Obi-1 7 and 1 days before. Cyp
(250 mg/kg) was injected intraperitoneally and Obi-1 (100
mg/mouse) was injected intramuscularly.
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Fig. 2. Lysosomal enzyme activities of spleen and peritoneal
monocyte-macrophages in mice treated with Obi-1 and Cyp.
Cyp. (250 ‘mg/kg) was injected. intraperitoneally and Obi-1
(100 pg/mouse) was injected intramuscularly. M: Acid
phosphatase, [ll: B-N-Acetylglucosaminidase, 0O: -
Glucuronidase. G-1, G-2, G-3, see notes of Table 1.

Table 1.
Obi-1 and Cyp
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Spleen
07 -

30 |

20
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Fig. 3. Migration of mouse monocyte-macrophages in re-
sponse to various concentration of Obi-1. Spleen mono-
cyte-macrophages (7.0%10%0.5 m/) and peritoneal mono-
cyte-macrophages (7.5% 10%/0:5 m/) were added to the upper
wells, and incubated 2 h at 37°C under 5% CO,. M: Negative
gradient, O: Positive gradient, @: No gradient. ‘

Spleen and peritoneal monocuclear cells and macrophages in mice treated with

Group . Administration Body Spleen Mononuclear cells Macrophages
weight  weight (x 10%) (x 10°)
Obi-1 Cyp (g) ‘(g)  Spleen Peritoneal Spleen Peritoneal
G-1 - - 36.3 0.116 1890 46 49 11.0
G-2 - + 33.6  0.066 413 20 2.1 2.6
G-3 + + 33.0 0.064 313 16. 2.5 4.7

G-1: Mice were not treated with Obi-1 and Cyp, G- 2: Mice were treated with Cyp alone 4
_days, G-3: Mice were treated with Cyp 4 days, and Obi-17 and 1 days before preparation of
mononuclear cells and macrophages, respectively.

macrophages migrate at lower concentrations of Obi-1
than peritoneal macrophages. Formyl-methionyl-leucyl-
phenylalanine (fMLP) used as a control is one of the
formyl peptide that has been identified as the major
'-chemotactlc peptide originating from bacteria. The recep-

“for, IMLP » recognized on the neutrophils and
. species {7, 11, 12]. It has been
eceptor  affinities. for Obi-1 are
g ) -and. splenic  macrophages.

- ’:rophage receptors for Obi-1 by using tritiated Obi-1.

4

peritoneal and:splenic mac-
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ABSTRACT. Changes of splenic lymphocyte subpopulation after Babesia microti and Babesia rodhaini inoculation in mice
were examined by flow cytometric analysis. The .B. microti inoculated mice showed a longer period of time from
inoculation to the onset of increase¢ or decrease parasitaemia (%), packed cell volume, total spleen cell numbers and
~ surface immunoglobulin positive splenic cell numbers than respective periods'in B. rodhaini inoculated mice. The Thy-1
positive cell numbers in B. microti inoculated mice and B. rodhaini inoculated mice pre-immunized with homologous
parasites were significantly higher than that of B. rodhaini inoculated mice. The ratio of L3T4 positive cell/Lyt-2 positive
cell after inoculation with B. microti was quite similar to that in B. rodhaini mice pre-immunized. However, the ratio in
B. rodhaini inoculated mice revealed a lack of an increasing phase. These results suggested that the T-cell dependent
early immune response, especially suppressor activity, was closely related to the difference in the course of infection
between the non-lethal B. microti and the lethal B. rodhaini infection in mice.—KEY WORDS: Babesia microti, Babesia

rodhaini, mouse, splenic lymphocyte, subpopulation.
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It has been widely accepted that the enlargement
of the spleen is always observed in mice infected
with the intraerythrocytic protozoan parasite, Babe-
sia spp. [1, 4-7]. Since splenectomized mice were
found to be more susceptible to Babesia infection
than mice with intact spleens [8], the spleen cells
were considered to play important roles on the
protective mechanism. The transfer of spleen cells
obtained from immunized mice showed a protective
activity [S, 9-13], and induced significantly lower
parasitemia compared with the transfer of immu-
nized lymph node cells [12]. '

There are 2 major species of Babesia in rodents
-and it is well documented that these 2 species show a
different course of infection [1, 7]. Briefly, the B.
microti infection is non-lethal and chronic, whereas
B. rodhaini is lethal in mice. These differences in
infection were considered to be mainly dependent
on the immune response of host against infectious
organisms [13, 14]. However, there are few reports
of the dominant cell population in splenic cells
providing protection from B. microti or B. rodhaini
infection. ‘

This paper consequently deals with the changes of
splenic lymphocyte subpopulation after B. microti
and B. rodhaini inoculations in mice by flow
cytometric analysis. k :

MATERIALS AND METHODS

Inoculation and. immunization: Male BALB/c
mice aged § weeks were supplied from Nippon SLC
Inc. (Shizuoka, Japan). Babesia microti (Munich
strain: BM) and B. rodhaini (Australia strain: BR)
were maintained in our laboratory by serial passages
of parasitized blood to the BALB/c mice. Inocula-
tions were performed by a peritoneal injection with
1x10* parasitized erythrocytes (PRBC) in 0.2 m/ of
physiological saline. The experimental mice were
divided into 3 groups: mice inoculated with B.
microti (BM mice), mice inoculated with B. rodhaini
(BR mice), and mice inoculated with B. rodhaini
and preimmunized with homologous parasite (BR
immunized mice) as another non-lethal control. The
immunization was carried out by the method de-

_scribed previously [5]; that is, approximately 1x10°

B. rodhaini PRBC were injected intraperitoneally to
normal mice. If the percentage of parasitaemia was
more than 1% in peripheral blood, 4-4"diazoamino-
dibezamidine diaceturate (Ganasec, E, R, Squibb &
Sons Inc., Manila, Philippines) was administered
intramuscularly at a dose of 0.75 mg/head for 5 days.
The mice were examined randomly for para-
sitaemia. Mice with no parasitaemia at 6 weeks after
inoculation qualified as immunized mice.
Analysis: Parasitaemia (%, calculated by Giem-
sa's staining blood smear), packed cell volume
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(PCV), total spleen cell numbers, and splenic
lymphocyte subpopulation were examined in 3 mice
from each group at an. interval-'of 3 days after
inoculation (ai). The antibody titer -against homolo-
gous parasites inoculated was also measured by the
indirect fluorescent antibody techmqu(= [14]. The

spleen cell preparation for total spleen cell counts

and flow cytometric analysis was «cral_’ned out accord-
ing to the method described by Inchley [6]. Briefly,
the spleen was removed from each mouse, cut into
small piecies, and forced through a"200 stainless
screen mesh with phosphate bufféted: saline (PBS,
0.01 M, pH 7.2). The cell suspension was mixed with
0.83% NH,4CI solution for lysing erythrocytes and
centrifuged at 800 G for 7 min. Spleen ‘cells were
collected and washed 3 times W1th PBS and counted
with-a hemocytometer.-- :

A suspension. of splcnyv cells was pr‘epared at a
concentration of 2’x106'1*ells/m! ‘and- stamég with
various optimally diluted fluorescem-lsothlocy@nate-
or phycoerythrm -conjugated antibodies, s§ch as
anti-Thy-1.2 ‘monoclonal antibody (mAb) anti-
L3T4 mAbD, anti-Lyt-2 :mAb (Becton Dickinson
Immunocytometry System, - California, U.S.A),
anti-IgM Ab, and anti-IgG Ab (Cappel Westches-
ter, Penna., U.S.A.)."After incubation-for 30 min in
ice, splemc cells stained were: washed 3 times with
cold PBS. Then, each samlple was resuspended with
1 ml of PBS and the surface _phenotype was
examined with the use of a Flo Cytometer (Nlhon-
Bunko Inc., Tokyo, Japan)..

RESULTS

Parasitaemia, PCV and antibody responée: The
parasitaemia in BM’mice"increaSed from day 12,
then decreased. Fhe p;rrasﬂnta,emla in BR mice
increased from days 9 to 12, inducing the death of

-~ hosts (Fig. 1). The appearance of parasitaemia in
BR mice was earlier than that/in. BM mice. In BR
immunized mice, no parasnaemla was. observed
after the challenge with flomolq‘gous parasite. The
PCV in BM mice decreased, showing a minimum
value of 30% at day 18 and then increased. In BR
mice, the PCV decreased from ﬁays 9 to 12 ai (Fig.
2). Decrease in PCV was seén'earlier in BR mice
than that in BM mice. Alntxbody responses against
homologous parasites of 3 groups are shown in
Table 1. The antibody titer in ‘BM mice increased
from days 6 to 12 ai, while in’BR mice increased
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Fig. 1. Changes of paras:taemxa in’ mice inoculated with
Babesia rodhaini and Babesia microti.
---0---: inoculated with B. rodhaini;
—@—: inoculated with B. microti;
—MB—: inoculated with B. rodhaini and pre- lmmumzed
Each point represents the mean value of 3 mice in each
group.
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Fig. 2. Changes of packed cell volume in mice inoculated
" with Babesia rodhaini and Babesia microti.
---0---: inoculated with B. rodhaini;
—@—: inoculated with B. microti;
—M—: inoculated with B. rodhaini and pre-immunized.
Each point represents the mean value of 3 mice in each
group. ' '

from days 3 to 12 ai.

Total spleen cell numbers: Total spleen cell
numbers in both BM mice and BR mice increased
gradually in a peak value of approximately 2.3x 108
cells at days 12 and 15 ai, respectively (Fig. 3). The
BR immunized mice showed no changes of total
spleen cell numbers during the challenge inocula-
tion.

Splenic lymphocyte subpopulation : Numbers of
the IgM positive cells in both BM mice and BR mice
increased to the maximum value of approximately
1.1x10°® at days 10 and 12 ai, respectively. Numbers
of the IgG positive cells also increased to the
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Table 1. "Antibody response against homologous parasites

Days after inoculation’

Group Subclass: 3 6 9 12

maximum value of approximately 1.4x10% cells at

. B. microti inoculated mice IgM 1:16 1:64 - 1:256 1:256

) IgG 1:4 1:16 1:256  1:256

B. rodhaini inoculated mice IgM 1:64 - 1:256  1:1024 1:256

: IgG 1:16 1:256  1:1024 1:1024
B. rodhaini immunized mice IgM 1:16 1:16 1:16 1:16
) IgG 1:4096 1:4096  1:4096 - 1:4096
30 1
';O , days 12 and 15, respectively (Fig. 4). The peak
\ -number of IgM and IgG positive cells in both
z inoculated mice were similar to each other, the only
0 exception of the difference of the day of onset for
B sa{Jss B. rodhaini  increasing cell numbers (at days 6 and 9 ai,
== B. microti : . S ] ¥ e

£ B. rodhain! re§pect1vely). The ce]! gqnnbers in BR 1mmu'nlz§:d
] lmrnunlzed mice were same at the initial onset of the experiment
o as they did throughout the rest of the experiment.
= The Thy-1 positive cell numbers in BM mice
;_6: increased from days 9 to 12 ai, and continued at a
value of 6.5x107 cells (Fig. 5). The Thy-1 positive
: cell numbers in BR mice increased from days 6 to 9,
0 " ' i T 1 keeping at a value of 5.5x107 cells. The peak
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Fig. 3. Changes of total splenic cell numbers in mice inocu-
lated with Babesia rodhaini and Babesia microti.
---[3---: inoculated with B. rodhaini;
—@—: inoculated with B. microti;
—M—: inoculated with B. rodhaini and pre-immunized.
Each point represents the mean value of 3 mice in each

group.
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number of Thy-1. positive cells in BM mice was
significantly higher than that in BR mice. No change
of Thy-1 positive cell numbers was observed in BR
immunized mice during the experiment, showing a
value of 6.5%107 cells. Note that this is the similar
cell numbers to that found in BM mice. The ratio of
L3T4 positive cells to Lyt-2 positive cells in BM mice
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Fig. 4. (,hanges of splenic surface IgM posinve (A) and surface IgG positive (B) cell
;- - numbers. in mice inoculated with. Babesia rodhaini and Babesia microfi.
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Fig. 6. Changes of L3T4 positive cell/Lyt-2 positive cell ratio
in mice inoculated with Babesia rodhaini and Babesia
microti.

---0---: inoculated with B. rodhaini;
—@—: inoculated with B. microti:

—®—: inoculated ‘with B. rodhaini and pre-immunized.
Each point represents the mean value of 3 mice in each
group.
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initially increased at day 3, decreased from days 6 to
[5, and then increased gradually until day 21 ai (Fig.
6). The ratio in BR mice decreased from days 3t0 6,
showing a minimum value, and then increased from
days 9 to 12 ai. The patterns in both BM mice and
BR mice were similar to each other, with exceptions

- of their initial increasing phase observed in BM mice

and the day at which they showed a minimum value.
The ratio in BR immunized mice increased to day 6
and then decreased gradually until day 12 ai. The
pattern in BR immunized mice was quite similar to
that in BM mice. '

DISCUSSION

The. data presented in this paper showed the
differences of splenic lymphocyte subpopulation
between lethal and non-lethal Babesia infection.
The increasing or decreasing patterns of para-
sitaemia, packed cell volume, and antibody re-
sponse observed in this study were similar to the
results previously reported [1, 7|. It was also shown
that the onset day of increasing or decreasing cell
volume in BM mice was later than that in BR mice
[7]. Many ‘investigators have suggested that the
spleen cells play important roles in the protective
mechanisms against Babesia infection [1,4.8, 9, 11].
It has also been suggested that the spleen cells have
an effect on the course of Babesia infection, being
non-lethal in the case of BM mice and lethal in BR'
mice. Inchley er al. [7] reported that the enlarge-
ment of the spleen observed in BM mice was later
than that in BR mice. The spleen enlargement after
BM inoculation resulted from B-cell proliferation
[6]. However, Igarashi et al. [S] reported that no
differences in both total spleen cell numbers and
B-cell numbers was observed between BR mice and
BR immunized mice. In this experiment, no differ-

- ence was observed in the peak numbers of total -

spleen cells and of IgM and IgG positive cells among
BM and BR mice, and also BR immunized mice
with the only exception being the initial day of the
onset for increase in cell numbers. The onset day in
BR mice was earlier than those in others, like as
shown in the antibody response. These results
suggested that the B-cell proliferation might be a
minor reason for the different course of the resist-
ance and/or parasitaemia observed in these 2 spe-
cies.

Ruebush and Hanson [12] reported that the
splenic T-cells had a major effect on the protective

- R
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mechanisms against Babesia infection. They showed
that the protective effects of the tranferred spleen
cells was abrogated by pretreatment with anti-T-cell
serum. [t was also noted that athymic'nude mice
were more susceptible to Babesia infection [5, 12].
These observations led to the conclusion that the
splenic T-cells might be reason for the difference in
the course of infection between BM and BR infected
mice. In this study, the Thy-1 positive cell numbers
in both BM mice and BR immunized mice were
significantly  higher than that in BR mice. In
addition, L3T4 positive cell ratios to Lyt-2 positive

cells increased at the initial phase in BM mice ,and’

BR immunized mice, while in BR mice they
decreased. These results indicate that the immuno
suppressive response did not occur in the early
- phase of inoculation in BM mice and BR immunized
mice. Inchley [6] suggested that early death
observed in BR infected mice was closely related to
the lack of early phase reduction in T-cell prolifera-

tion. Zivkovic et al. [13] also reported that 8 mice
out of 14 pretreated with cyclophosphamide as a-

complete suppressive dose for immunoglobulin pro-
duction survived against BR infection and suggested
that the protective effect of cyclophosphamide was
caused by elimination of suppressor T cells. There-
fore, the difference in the course of infection
between BM mice non-lethal and BR mice lethal
was considered to be mainly dependent upon the
onset of suppressor T- cell proliferation after infec-
tions.

On the other hand. Habicht er al. [3] reported that
the incidence of Babesia spp. infection was remark-
~ ably enhanced in an immunocompromised host. The

variation of immunbs_uppressive activities between
BM mice and BR mice might be related to the
difference in the respective course of infection. since
Gray and Phillips [2] reported that the BM infection
developed immunosuppressive effects on host im-
mune system. Further studies are necessary for the
“understanding of Babesia spp. infection on the
immunosuppressive phenomena, as well as on the
initiation and memory of immunity, especially mac-
rophage responses suggested by Inchley [7].
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Abstract. Obioactin, Lonomycin A, muramyl dipeptide,
and scavengers of hydrogen radicals and of singlet oxy-
gen were used to study the participation of -OH and
'O, in the killing of Toxoplasma in cultures of glycogen-
induced peritoneal macrophages. Both the scavengers
of OH (diazabicyclooctane and histidine) and those of
10, (mannitol and sodium benzoate) failed to inhibit
the multiplication of Toxoplasma in macrophages that
were incubated with either Obioactin, Lonomycin A, or
MDP. The results of these experiments demonstrate the
apparent lack of an inhibitory effect of -OH and 'O,
on the multiplication of -Toxaplasma, whereas the scav-
engers alone inhibited the growth of the parasites.

Reactive oxygen . interrnediates have been reported to
produce strong cytotoxic effects and to play important
roles in the antimicrobial and antitumor activity of mu-
rine macrophages (Schaffner et al. 1982). Previous stu-
dies have shown that Obioactin acts as an immunoregu-
lator, inhibiting the growth of Toxoplasma in mouse
peritoneal macrophages and accelerating the production
of superoxide (O;) and hydrogen peroxide (H,0;; Su-
zuki- et al. 1984a). Although the production of O, and
H,O0, increases in monolayers of macrophages incubat-
ed with muramyl dipeptide (MDP), the growth of Toxo-
plasma is not inhibited (Saito et al. 1987). By contrast,
the ionophore antibiotic Lonomycin A markedly inhibits
the growth of Toxoplasma in macrophages without in-
creasing the production of reactive oxygen intermedi-
ates. In view of these findings, Saito etal. (1987) re-
ported that the multiplication of Toxoplasma in macro-
phages may be inhibited by two distinct mechanisms
that are either related or unrelated to the production
of reactive oxygen intermediates. In the present study,
we attempted to use scavengers of reactive oxygen to
examine the intracellular killing of Toxoplasma in mac-
rophages that were incubated with either Obioactin.
Lonomycin A, or MDP.

Offprint requests to: A. Saito
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Materials and methods

Test animals and Toxoplasma

Female BALB/c mice aged 7-9 weeks were raised at the Deﬁart-
ment of Veterinary Physiology. Toxoplasma tachyzoites (RH strain)

_ were obtained by periodic subculture from the peritoneal cavities

of mice.

05ioactin, Lonomycin A, and MDP

Obioactin was dissolved in TC-199 culture medium containing 10%
calf serum (TC-CS) to yield a final concentration of 0.5%. Lono-
mycin A (Taisho Pharmaceutical Co., Tokyo) was added to TC-CS

‘to obtain a final concentration of 1 ng/ml. MDP (N-acetyl-mura-
* myl-L-alanyl-D-isoglutamine; Choay Chimiem Rectifs, France) was

dissolved in TC-CS to yield a final concentration of 1 pg/ml. All

solutions were sterilized by filtration before use, '

w
Scavengers

The hydroxyl radical (-OH) scavengers benzoic acid (sodium ben-
zoate) and D-mannitol (mannitol) were obtained from Sigma
Chemical Co. (St. Louis, Mo.). The singlet oxygen ('0,) scavengers
L-histidine hydrochloride (histidine) and diazabicyclooctane (DAB-
CO) were obtained from Sigma Chermnical Co. and Eastman Kodak
Co. (Rochester, N.Y.), respectively. All compounds were dissolved
in TC-CS at the following concentrations: sodium benzoate,"
10 mM; mannitol, 50 mM; histidine, 10 mm; and DABCO, 1 mm
(Murray and Cohn 1979, 1980; Murray et al. 1979). The solutions
were sterilized by filtration before use. ' :

Monolayer cultures of peritoneal macrophages

Monolayer cultures of glycogen-induced mouse peritoneal macro-
phages were prepared as previously described. by Suzuki et al. -
(19844, b).

Measurement of H,0, and O3

H,0, was measured according to the method of Nakano et al.
(1968). The cytochrome C method of McCord and Fridovich (1969) -
was used to measure O;. Volumes produced were expressed in
nanomoles per 1 x 10° macrophages per 60 min.



Estimation of growth

Monolayers of macrophages were incubated with Toxoplasma ta--

chyzoites (1 x 10*/well) for 1 h at 37° C in an incubator containing
5% CO, in air. Extracellular tachyzoites were removed by washing,
and cultures were subsequently incubated for 24 and 48 h with
TC-CS containing different test substances. Cultures were then
fixed and stained. A total of 500 macrophages were examined in
each culture using light microscopy as described by Suzuki et al.
(1984a, b). The percentages of uninfected macrophages. macro-
phages exhibiting 1-5 tachyzoites each, and those displaying >6
tachyzoites each were calculated.

Phagocytic activity of macrophages

Latex particles (Polybead-dyed polystyrene microspheres measur-

ing 3 pm in diameter; Polysciences Inc., Warrington. Pa.) were

added to monolayers of macrophage that had been cultured for

. various periods in media containing scavengers. ‘Cultures exhlbltmg o

1x10% Jparllcles/well were incubated for 1 h in an incubator con-
taining 5% COy in air and were then washed, fixed. and stained.
The percentage of macrophages displaying intracellular particles
was determined using light microscopy.

Vidbililly of tachyzoites

Tachyzoites were incubated for various periods in TC-CS lﬁedium

-containing the scavenger of interest. The wviability of tachyzoites -

was determined by the trypan blue dye test and was expressed
as the percentage of viabl¢ tachyzoites per 300-500 organisms.

: Statistical analysis

Measurements of muluphcatlon phagocytosis, and viability were
evaluated by chi-square test. Data from experiments on reactive
oxygen intermediates were evaluated using Studeni’s t-test. The
95% level of significance was used in all analyses.

Results

Effect on parasite growth and production
of reactive oxygen intermediates

Monolayers of Totoplasma-mfected macrophages were
* incubated for 24 and 48 h in media containing either
histidine, sodium benzoate, or mannitol to s1tudy the ef-

Percents of macrophages with
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Fig. 1. Growth of Toxoplasina tachyzoites in macrophage cultures
incubated with different combinations of various oxygen scaven-

_gers and Obioactin, Lonomycin A, or MDP in culture medium.

Data represent the mean values +SEM for 9 experimental trials

fect of scavergers on parasite growth and survival. At
24 h postinoculation, ‘both treated and control cultures
exhibited similar percentages of infected and uninfected
macrophages (Table 1). However, after 48 h-the percent-
ages of macrophages displaying intracellular tachyzoites
decreased significantly in cultures that were incubated
with scavengers (P <0.001). Fewer than 10% of the mac-
rophages exhibited six or more parasites.

Cultures treated with Obioactin showed higher per-
centages of uninfected macrophages. However, the use
of scavengers in combination with this immunoregulator
had little effect on the rates of infection (Fig. 1). Incuba-
tion of scavengers with Lonomycin A also failed to influ-
ence the inhibitory effect of the latter on parasite growth.
Cultures exposed to combinations of MDP or Lonomy-
cin A and different scavengers exhibited higher percent-
ages of uninfected macrophages than did those exposed
to MDP or Lonomycin A alone (Fig. 1). In particular,
significantly higher percentages of uninfected macro-
phages were found in cultures that were exposed to com-
binations of Lonomycin A (P<0.005) or MDP (P<-
0.001) and sodium benzoate.

Production of H,0, decréased significantly in macro-
phage cultures containing either mannitol and Obioactin
(P<0.05), sodium benzoate and Obioactin (P <0.001),
DABCO and MDP (P <0.005), or mannitol and MDP

.Table 1. Comparison of the percentage of infected mucrophages found in monolayer cultures incubated with different scavengers

Treatment

Mean percentage of infected macrophages

24 h i‘ncubation‘

48 h incubation®

0Tp 1-5 Tp >6Tp C0Tp 1-5Tp >6Tp
TC-CS (control) 96.8+0.8 0.8+0.2 2410.7 39.8+6.3 272437 - 33 34
‘Histidine (10 mw) 99 +02 0.8+0.5 02+02 7921 4.1 156131 52115
Sodium benzoate (10 mm) 99.840.2 0.240.2 0 98.8+1.6 1.2%0.6 0
Mannitol (S0 s _ 97211 0.8+0.4 2 +09 76.6+5 1641 3.6 7 +17

Data representmean values- j;SEM for 5 experimental trials
* Number of Tovoplavma (Tp) per nndcroph.lge
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. [Fig. 4. Viability of Toxoplasma tachyzoites in culture medium con-
taining various oxygen scavengers. Data represent the mean values
for 3 experimental trials

(P <0.001) as compared with control cultures incubated
with either Obioactin or MDP alone. However, cultiva-
tion of macrophages either with Lonomycin A and scav-
engers or with scavengers alone had no effect on the
production of H,0,. Cultivation of macrophages with
scavengers and either Obioactin, Lonomycin A, or MDP
did not significantly influence the production of Oj
(Fig. 2).

Effect of scavengers on phagocytic activity

The phagocytic activity of macrophages incubated with
either DABCO, histidine, sodium benzoate, or mannitol

A

for 1, 3, 6, and 24 h was related to incubation time.
As the incubation period was increased, the number of
cells exhibiting internal latex particles increased as well.
However, there was no significant difference between
the control and the treated cultures when comparisons -
were made at the end of each incubation period (Fig. 3).

Effect of scavengers on parasite viability

The viability of tachyzoites was studied after 0.5, 1, 2,
6, 12, 24, and 48 h incubation in the presence of either
DABCO, histidine, sodium benzoate, or mannitol. Con-
trol cultures that were not exposed to scavengers showed
a decrease in parasite viability over time that dropped
to about 65% after 43 h. Similar decreases in viability
(52%-68%) occurred in cultures that were incubated

- with scavengers.for 48 h (Fig. 4). Comparisons of con-

trol and treated cultures at the end of each incubation
period revealed no appreciable difference (P>>0.05).

Discussion

The intracellular growth of Toxoplasma was inhibited
by Obioactin and Lonomycin A ; however, the latter did

not increase the production of reactive oxygen interme-

diates by macrophages. Saito et al. (1987) reported that
MDP increased the production of reactive oxygen inter-

- mediates to a level similar to that obtained using Obioac-

tin but failed to inhibit the growth of Toxeplasma. These
findings suggest that the increased production of reactive
oxygen intermediates is not always correlated with the
intracellular killing of Toxoplasma. Thus, it is possible
that other oxygen-independent mechanisms exist that
may be capable of inhibiting the growth of this parasite.

The killing of Toxoplasma in the presence of both

- xanthine and xanthine oxidase was inhibited by scaven-

gers of -OH and 'O,, indicating that these scavengers
are capable of quenching “OH and 'O, generated in
a cell-free system (Murray and Cohn 1979). Likewise,
the growth of Toxoplasma in lymphokine-activated mac-
rophages is also inhibited by scavengers (Murray and
Cohn 1980). However, in the present study, the growth
of tachyzoites was not inhibited in cultures treated with
either Obioactin, Lonomycin A, or MDP, even when
cultures were also exposed to scavengers. Differences
between our findings and those of both Murray et al.

- (1979) and Murray and Cohn (1980) may. be related

to differences in the preculture period, in the substances
that were used to elicit peritoneal macrophages, and/or
in the activating substances that were used in vitro.

In the present study, initial data showed that the mul-
tiplication of tachyzoites was suppressed by scavengers.
This finding suggests that scavengers themselves may
directly affect either the viability of parasites or the pha-
gocytic activity of macrophages, thus reducing the ability -
of tachyzoites to invade and establish themselves in new
macrophages. However, our data revealed that scaven-
gers had no effect on the viability of Toxoplasma (Fig. 4)
or the phagocytic activity of macrophages (Fig. 3). These



observations are consistent with those of Murray et al.
(1979).

The present results also show that in macrophages,
antimicrobial mechanisms exist that are independent of
reactive oxygen. Further eclucidation of these mecha-
nisms is essential to an understanding of the functions
of macrophages. The mechanism by which scavengers
alone inhibit the growth of Toxoplasma remains unclear ;
however, it is possible that they influence the cellular
metabolism associated with oxygen-independent micro-
bicidal mechanisms.
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- ABSTRACT ; .

Large numbers of cyclophosphamide- or carrageenan-pretreated
immunosuppressed adult ddY ‘mice died within 10 days after inoculation with several
species of opportunistic bacteria, including P. aeruginosa, K. pneumoniae, E. coli,
S.aureus and methicillin-resistant S. aureus. When immunosuppressed mice were
administered bacteria in combination with two 100 pg/mouse intramuscular doses of -
a newly synthesized peptide, Obiopeptide-1 (OP-1), survival rates increased
significantly. At 24 and 48 hours after intraperitoneal inoculation- with P. aeruginosa,
counts of viable organisms from the livers, spleens, lungs, hearts, and kidneys of mice
that were administered cyclophosphamide in combination with OP-1 were
significantly lower than counts from mice. that were administered cyclophosphamide
alone. Bacteriocidal activity of peritoneal cells, neutrophils and monocyte-
macrophages was higher in OP-1 pretreated mice than in non-OP-1 treated mice.
This newly synthesized peptide, OP-1, is a potential immunomodulator which
increases host resistance against bacterial infection. The peptide may also function
as a nonspecific blood stimulating factor. R

INTRODUCTION v ,

During organ transplants and tumor surgery, experimental animals and clinical
patients are commonly given immunosuppressive agents such as cyclophosphamide
(Cyp) and carrageenan(Carra) to suppress the normal immune function. This
treatment often provokes Mycobacterium bovis (Takahashi, & Collins, 1987), Listeria
monocytogenes (Hugin et al, 1986), Pseudomonas aeruginosa (Saegusa et al., 1 990;
Urano, 1978; Yokota, 1984), Methicillin resistant Staphylococcus aureus (MRSA,
Kouda et al., 1987), Trypanosoma cruzi (McCabe et al., 1985) and other
microorganisms. , , , ; , :

Obioactin is a native immunoregulatory substance found in lymphokines produced
by the lymphocytes of Toxoplasmaimmune cattle which has been shown to inhibit the
multiplication of Toxoplasma gondii in macrophages and somatic cells in a variety of:
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EFFECTS OF OP-1 IN IMMUNOSUPPRESSED MICE

animal species (Suzuki et al., 1984; Fuijii et al., 1992). This immunomodulator has a
molecular weight of less than 5,000 daltons. : ;

Newly synthesized Obipeptides 1,2,3, and 4 have shown significantly higher
biological activity than native Obioactin on a per weight or per mole basis (Fuijii et al.,
1992; Sakurai et al,1991; Suzuki et al.,1984, 1990a,b.). Some of our synthesized
Obiopeptides are similar to-partial peptides of prothymosin alpha, a polypeptide with
110 amino acide residues (Fangaou et al., 1988; Watts et al., 1989). Recently,
prothymosin alpha has been shown to protect mice against an opportunistic infection
- caused by Candida albicans that is particularly threatening to AIDS patients

(Eschenfeld et al.,1988; Gomez et al., 1989). For these reasons, experiments in the
present study were conducted to study the immunoregulatory effects of this peptide on
cyclophosphamide- or carrageenan-treated immunosuppressed mice with
opportunistic bacterial infections. ‘

MATERIALS AND METHODS ,
Animals used: Male mice of the ddY strain that were 8-10 weeks of age were used for
~ all experiments (Carely Co., Tokyo). Animals were maintained under standard
conditions at room temperature (22+1°C  with 60:£5% humidity), fed ad lib with
pellets (Clea Japan Co., Tokyo) and water. Separate groups of mice were used for

the mortality test and for the tests to measure persistence of viable bacteria within -
internal organs. :

Obiopeptide-1 (OP-1): Obiopeptide-1, Gly-Glu-Glu-Glu-Glu-Glu, was synthesized
chemically with a synthesizer (Biosearch 9600 type, Biosearch Co., USA) (Suzuki et
al., 1990a; b). ’ ‘ '
Cyclophosphamide(Cyp): Cyclophosphamide monohydrate (Janssen Chemica,
2340, Beerse, Belgium) was dissolved in a physiological saline solution at a
concentration of 25 mg/ml and sterilized by filtration before use. e ,
Carrageenan (Carra): Carrageenan (Wako Pure Chemical Co., Tokyo) was mixed
with a physiological saline solution in a glass mortar. A final concentration of 6 mg/ml
- was prepared and kept at 4°C until used. ‘ L
Preparation of bacterial suspensions: Standard agar cultures of Pseudomonas
aeruginosa (IFO 12689), Klebsiella pneumoniae (PCI 602,ATCC 10031).Escherichia
coli (K-12), Staphylococcus aureus (209P, IFO 12732, ATCC 6538P), and Methicillin
resistant Staphylococcus aureus (MRSA, strain Nos. 910308-508, 910309-502,
910309-504, 910311-520, 910312-521, 910313-591) were cultivated more than 3
times (BBL, Becton Dickinson Microbiology Systems, USA). The 6 strains of MRSA
were kindly shared by Dr. M.Kouda, Department of Central Clinical Lab., Tokyo
Metropolitan Police Hospital, Tokyo. Bacteria were cultured on a standard agar plate
- 2 days prior to preparation of a suspension. A loop of bacteria was collected with a
Stickmate 10 (Ono Pharmaceutical Co., Tokyo), and suspended in 10 ml of a
physiological saline solution. The suspension was standardized with a Hitachi double
beam spectrophotometer at 600 nm to give a constant turbidity and used as a
bacterial stock suspension. The concentration of bacteria was determined precisely
by preparing setial 10-fold dilutions of the suspension according to the plate dilution
~ method. ' . ' v , '
Tests of infectivity: Mice were inoculated intraperitoneally (ip) with 0.1 mg of Cyp
_solution per 10 g body weight 4 days prior to receiving injections of bacteria. Final
“dosage of Cyp was 250 mg/kg. Other experimental mice were inoculated ip with 0.1
‘ml of Carra solution per 10 g of body weight 2 days prior to receiving infection of
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MRSA. Final dosage of Carra was 60 mg/kg. Mice were inoculated ip with 1 ml of
bacterial suspension. This experimental scheme followed the same method as Yokota
(1984). , o , . :
Treatment of Inoculated mice: Obiopeptide-1 was injected intramuscularly (im) in the
femoral area of mice that has been treated with Cyp or Carra. Dosage of 100
- Mg/mouse were administered 7 days and 1 day prior to intraperitoneal inoculation
with bacteria. R ' . ]
Counts of viable bacteria: Mice were killed at specified times after inoculation(ai)
with bacteria and injected-ip with 3 ml of Hanks balanced salt solution (HBSS). The
abdomens were massaged and 1.5 ml of peritoneal exudate was collected with a
heparinized syringe from each mouse. Animals were then laparotomized and blood
was collected from the inferior vena cava. Livers, spleens, kidneys, stomachs, lungs
and hearts were excised, weighed and cut in-half. One half of each organ was fixed
in 10 % phosphate buffered formalin (PH7.0) for histological examination. Remaining
halves were weighed and used to estimate numbers of viable bacteria. Serial 10-fold
dilutions were prepared of peritoneal exudates and blood with sterile physiological
saline. Other organs were homogenized in 10 ml of sterilized saline with a glass
homogenizer. Serial 10-fold dilutions were prepared from homogenates with sterile
physiological saline. One ml aliquots of the dilutions were placed in Petri dishes and
mixed with warm 40°C agar. After the agar solidified, the dishes were incubated at
37°C for 2 days. The number of bacterial colonies were counted in each dish and
used to estimate numbers of viable bacteria in each organ. ,
Preparation of spleen lymphoide cells: Spleens were removed under sterile
conditions from mice that had been killed by cervical dislocation. The organs -were
chopped into fine pieces at ice-cold temperatures, ground between glass slides, and
suspended in HBSS. The tissue suspension was filtered through a # 40 stainless
steel mesh to remove large pieces of tissue and centrifuged at 800X g for 10 min at
~ 4C. Red blood cells were hemolyzed with 0.83% ammonium chloride at 37 °C . Non-
hemolyzed cells were filtered through a glass fiber column to eliminate filamenteous
tissue and adherent cells and centrifuged. The pellet was resuspended in HBSS and
applied to a Conray-ficoll density gradient for collection of the lymphocyte rich fraction
(Suzuki et al., 1984). The lymphocyte fraction was washed twice by centrifugation at
800X g for 7 min at 4°C, once with HBSS and once with RPMI 1640. These cell

suspensions were analyzed by flow cytometry (Cell Sorter FACS, Showadenko Co.,
Tokyo). ’

- RESULTS
Protective effects of OP-1 on Cyp-treated immunosuppressed mice that were
administered - bacteria: ‘ ERSE R

When untreated control mice (P-G-1) were inoculated ip with 8 106 P.
aeruginosa, all individuals survived 10 days ai and had an overall increase in body
- weight of 12.3% (Table 1). None of the 10 Cyp-treated mice (P-G-2) survived to 10
days ai. By 8 days ai, their body weights had an overall decrease of 23.3%. Seven of
the 10 mice that were treated with Cyp and OP-1 survived 10 days ai, but had overall
decline in body weight of 12.8%.Similar results were obtained.when mice were
inoculated ip with 6 X 106 K.pneumoniae. All untreated control mice survived 10 days
ai with an overall weight gain of 12.3%. Only one of the 10 Cyp-treated mice survived
to 10 days ai. Mice in this group- had an overall weight loss of 20.8%. An overall
decrease in body weight of 22.3% occurred in mice that were injected with both Cyp
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Table 1. Changes in Body Weights and Survival Rates of Mice Inoculated with Bayctcria after
Administration of Cyclophosphamide Alone or in Combination with Obiopetide-1

- Number of - Administration Days after inoculation Percent
Bacxicria (Days) of OP-1 . survival
‘ and Cyp : '
4 7 4 4 0 1 2 3 4 6 10 %)
P.acruginosa(8x10° ) :
P-G-1 OP-1 - -
Cyp | Do e
- BW. (@ © 342 37.0 384
(change %) o (+8.2) (+12.3)
Survival of mice 10 10 10 10 10 10 10 100
P-G-2 OP-1 : o= = . ' :
Cyp -+ - . '
B.W. (@ 348 334 26.7
(change %) (V] ) (40) (-23.3)°
Survival of mice : 106 5 1 1 1 1 0.
P-G-3 OP-1 ’ + - & - ' ‘
Cyp. -+ - - :
BW.® 345 ‘ 33.7 28.0
(change %) (V) (-4.0) (-12.8) -
Survival of mice 10 7 717 171 171 7 70
K.pneumoniae(6x10° )
K-G-1 OP-1 - - - -
. Cyp L - - )
B.W. (g 342 370 384
(change %) 0) o (+8.2) (+12.3)
-Survival of mice 10 10 10 10 10 10 10 100
- KG20pP1 - - - - : ‘ 4
Cyp <+ - ' )
BW. @ 346 ) 326 27.1
(change %) o (-5.8) (-20.8)
: Survival of mice ’ 100 8 6 1 1 1 1 10
K-G-3 OP-1 + -
Cyp -+ - : . ‘
BW. @ 34.5 330 - 26.8
(change %) . (0) (44) (-22.3)
Survival of mice .10 108 7 6 6 6 60

Notes: Approximately 6-8x10° P.aeruginosa .or K.pneunoniae were inoculated intraperitoneally (ip) into a mouse :
Cyclophosphamide(Cyp, 250mg/kg) was injected ip, and Obiopeptide-1(OP-1,100 M g/mouse) was injected intra-
muscularly. G-1, 10 mice were not treated with OP-1 and Cyp; G-2, 10 mice were treated with Cyp alone 4 days
before inoculation of bacteria; and G-3, 10 mic:e were treated with Cyp 4 days before inoculation of bacteria and with

-OP-1 7.and l,(hy:::bcfdrerjnoéu‘latiorlrof bacleria.

and OP-1. Only 6 of the 10 mice in this last group survived until 10 days ai..

Estimates were made of viable P.aeruginosa.in organs of mice that were
administered Cyp alone (G-Cyp) or Cyp in combination with OP-1 (G-Cyp+OP-1)
(Table 2). Large numbers of bacteria were initially present in peritoneal exudates and
peripheral blood of mice in group G-Cyp between 3 and 24 hrs ai and then tended to
decrease. Bacteria showed a clear tendency to shift from.the liver to the kidney
~between 3 and 48 hrs ai. Numbers of bacteria in group G-Cyp+OP-1 were
ly lower at 3 and 24 hrs ai than those in group-G-Cyp. By 48 hrs ai, the
10table differences between the 2 groups in numbers of viable bacteria were in
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Table 2.Average Number of Viable'P.aemgl’msa in the Organs of Mice that were Administered
Cyclophosphamide Alone or in Combination with Obiopeptide-1

Hours after : Average numbers of viable organisms after inoculation
inoculation ‘ -
Peritoneal Peripheral Liver  Spleen . Lungs Hean  Kidney .= Stomach
fluids . blood .
3hrs : ,
G-Cyp* 464x10' 8200 - 850 200 550 85 25 - 0
G-Cyp+OP-1**  173x10° 4550 725 220 650 25 0 - 0
24 hrs . p
G-Cyp 680x10° 1365 0 305 105 945 1350 2
. G-Cyp+OP-1  143x10° 1210 0 10 25 800 1080 3
48 hrs ‘ :
G-Cyp 146x10° 290 10 15 160x10° 2875 107x10° 3
~ G-Cyp+OP-1 00 2 0 1 0 1 0
216 hrs k
G-Cyp S0 0 65 40 0 0 20 215
G-Cyp+OP-1 0 0 35 8 0 0 7 0

Notes: All averages were calculated from 3 mice independently in each group.

*.G- Cyp mice were treated with Cyclophosphamtdt (Cyp) alone 4 days before um‘apentoneal moculauon with
2x10° P geruginosa.

**:G-Cyp+OP-1, mice were treated with Cyp 4 days before moculauon of bacteria and with Obiopeptide-1(OP-1)
Tand 1 days before moculauon with P, aerugmo:a

peritoneal exudates, lungs, hearts and kldneys with OP-1 treclted ammal* havmg
significantly fewer bacteria.

When Cyp-treated and Cyp+OP-1 treated mice were inoculated ip with 5.5 106
E.coli'or 5.4X 109 S.aureus, survival rates were 50% and 60%, or 60% and 70%,
respectively (Table 3). Mice receiving Cyp+OP-1 combinations had slightly hlgher
- rates of survival. However, rates of survival of groups treated with Cyp and Cyp+OP-1
were similar after treatment with different strains of MRSA. Survival was 20% and
20%, respectively, after administration of strains 2 and 3, 20% and 40% after

administration of strains 4 and 5, and 20% and 0% after administration of strains 6
and 7.

Protective effects of OP-1 on carrageenan prelrealed mice against M!RSA
infection:

" When untreated mice (G-1-1-1) were moculated |p with 1.6 X 109 of the No. 2

strain, 4 of 5 mice survived until 5 days ai (Table 4). Three of the 5 Carra-treated

mice (G-1-1-2) survived until 5 days ai. All of the 5 mice that were trealted with

Carra+OP-1 (G-1-1-3) survived until 5 days ai.

After inoculation with 1.2X 109 of the No.3 strain, one olf 5 mice in G-2-2-2
survived, and 4 of 5 Carra+OP-1 treated mice (G-2-2-3) survived, respectively. When
5 Carra-treated mice were inoculated with 8x108 of the No. 3 strain (G-2-3-2), 3 of 5
mice survived, and all of 5 Carra+OP-1 treated mice (G-2-3-3) survived until 5 days ai.

After inoculation of 1.1X 1010 organisms of MRSA, one of 5 Carra-treated mice
(G-3-2-2) survived, and 3 of 5 Carra+OP-1 treated mice (G-3-2-3) survived. When 5
Carra-treated mice were inoculated with 2.2 X 109 of the No. 4 strain (G-3-3-2), 3 of 5.

48
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Table 3. Survival Rates of Mice Inoculated with E.coli, S.aureus and MRSA after
Administration of Cyclophosphamide Alone or in Combination with Obiopep_tide-l

Number of Number of Survival of mice aficr Percent
Bacteria : Mice examined bacterial inoculation (Days) Survival
-0 1 2 3 4 5 %)
E.coli(5.5x10°CFU/mouse) :
Cyp* 10 10 8 5 5 5 5 50
- Cyp+OP-1** , 100 . 10 10 7 6 6 6 60
S.aurcus(5.4x10°CFU/mouse)

Cyp 10 0 -8 6 6 6 6 60

Cyp+OP-1 - 10 10 9 7 7 7 7 70
MRSA®** ’ :
No.2(521)(3.2x10"CFU/mouse)

Cyp 5 5.1 1 1 1 1 20
_.Cyp+OP-1 , 5 5 1 1 1 1 1 20
No.3(502)%7.5x10"CFU/mousc) . : ,

Cyp 5 5 3 1 1 1 1 20

Cyp+OP-1 5 5 3 1 1 1 1 20
No.4(520)(5.1x10'CFU/mousc)

" Cyp , 5 5 1 1 1 1 1 20

Cyp+OP-1 " 5 5 2 2 40
No.5(508)(3.2x10°CFU/mousc) ’

Cyp 5 5 3 1 1 1 1 20

Cyp+OP-1 ) 5 5 4 2 2 2 2 40
No.6(504)(8.8x10'CFU/mouse) -

Cyp - ) 5 5- 1 1 I | 1 20
. Cyp+OP-1 5 0 0 0 0 0 0 0
No.7(591)(6.5x10'CFU/mouse) ) :

Cyp 5 . 1 1 B I | 1 1 20

Cyp+OP-1 E 5 0 0 0 0 0 0 0

" * : Treated with Cyclophosphamide(Cyp) 4 days before bacterial inoculation.
- **: Treated with Cyp in Combination with Obiopeptide-1(OP-1) 7 and 1 days before bacterial inoculation.
***: Methicillin Resistant Staphylococcus aureus. '

mice survived, and all of the 5 Carra+OP-1 treated mice survived “

When Carra-treated mice were inoculated with either 8 X 108 of the No.5 strain(G-
4-2-2) or 1.4 X 10° of the No.6 strain (G-5-2-2), 3 of the 5 mice in the former group and
none of the 5 mice in the latter group survived to 5 days ai. Among Carra+OP-1
treated mice in G-4-2-3 and G-5-2-3, all mice in the former and 4 of the 5 mice in the
latter group survived. A | ) , : .

When mice treated with either Carra alone (G-6-2-2 or G-6-3-2) or Carra+OP-1(G-
6-2-3 or G-6-3-3) and inoculated with either 1.3 X 109 or 2.8 X 108 of the No.7 strain,
one of the 5 in G-6-2-2 and G-6-3-2 survived until 5 days ai, while 2 of the 5 in G-6-2-

3 and 3 of the 5 in G-6-3-3 survived until 5 days ai, respectively.
Bacteriocidal activities of peritoneal cells: e ; e
~Numbers of P.aeruginosa from peritoneal exudates of groups 1,2,3, and 4 were
compared at-0.5, 1 and 3 hrs after bactetial inoculation (Table 5). The numbers of
organisms in non-treated control mice from group 1 and OP-1 treated mice from group
2 were 269X 104 and 148X 10%at 0.5 hr, 121X 104and 18X 104 at 1 hr ai. Numbers
of mouse peritoneal cells at 5 hrs after ip injection of 0.5% glycogen solution were
20.3X102in group 1 and '34.0X 102in group 2. A higher percentage of neutrophils
was found in group 2. SR S ;

)
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Table 4. Changes in Survival Rates of Mice Inoculated with Staph yloé‘occus aureus (MRSA
strains) after Administration of Carrageenan Alone or in Combination with Obiopeptide-1

No.of Inoculated Administration of Survival of mice after No. of / Percent
strains  number of OP-1 and Carrageenan bacteria inoculation survival survival
the strain = - " /no.examined
: -7 -2 -1(days) O 1 2 3 4 5§ (%)
No.2(521)
G-1-1-1  1.6x10° _
oP-1 - - - 5 4 4 4 4 4 DR VA 80
- Carra - - - ‘ ,
G-1-1-2  1.6x10° ) :
OP-1 . - - - . 5- 3 3 3 3 -3 3/5 60
Carra - + -
G-1-1-3  1.6x10° -
OP-1 + - + 5 8 5 5 5 5 5/5 - 100
- + - : ) .

Carra
No.3 (502)
- G222 .1.2x10°

OP-1 - - - $ 5 3 3 3 1/5 20
. Carra .- + - .
G-2-2-3 1.2x10°
OP-1 + - + 5 5. 4 4 4 4 4/5 80
~ Carra - + - . :
G-2-3-2 8.0x10'- i
OP-1 - - - S 4 4 3 3 3 3/5 60
. Carra - + - .
G-2-3-3 8.0x10% . ' -
oP-1 . o+ - + .55 5 5 5 5 5/5. 100
- Carra - + -
No.4(520) !
G-3-2-2 - 1.1x10" ) S
- OP-1 - - - 5 4 1 1 1 1 1S 20
. Carra - + - .
G-3-2-3 1.1x10" T .
8F’-l . + - + 5 3 3 3 3 .3 3/5 60
arra = - :
G-3-3-2 2.2x10° )
gF’-l - i - S 3 3 3 3 3 3/5 60
: arra - + - . '
G-3-3-3  2.2x10° ’
8!1'-1 + - + 5 5 5 .5 5 5 5/5 100
arra - + - )
No.5(508)
G-4-2-2 8.0x10* . :
OP-1 - == ) 5 5 5 5 4 3 3/5 60 -
Carra V- + - : . ’ E
G-4-2-3 B.0x10°
8!’-1 + - + 5 58 5 5 5 '5/5 100
arra - + - : :
No.6(504) )
G-5-2-2° 1.4x10° ) ‘ '
8P-l - - - 5 4 3 1 0o o0 0/5 0
arra - + - . ) .
G-5-2-3  1.4x10° ) ) .
: 8P-l + - o+ b 5 4 4 4 4 4 4/5 80
arra - + - -
No.7(591)
G-6-2-2 1.4x10°
(C:)P-l - - - 5 1 1 1. 1 | B 1/5 20
arra - + - .
G-6-2-3 1.4x10° h
2P-l + - + 5 2 2 2 2 2 2/5 - - 40
arra - + -
G-6-3-2 2.8x10 : E
8P~l - - - s 2 2 1 1 1 1/5 ’ 20
T arra - + - ¢ . .
G-6-3-3 2.8x10° ; ’
oP-1 - . + - + 5 5 4 4 3 3 3/5 - - 60
Carrag - + - ) :

Six strains (No.2-No.7) of Staphylococcus aureus were isolated clinically as the MRSA from the human patients at the
Police hospital, Tokyo. Approximately 2.8x10%1x10" MRSA were inoculated  ip-into_each mouse. Carrageenan
(Carra.,60mg/kg as 6 mg/ml of saline solution) was injected ip 2 days, and Obiopeptide-1(OP-1,100j1g/mouse) was
injecled im 7 days and 1 day before bacterial inoculation, respectively.

80 ' 70
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EFFECTS OF OP-1 IN IMMUNOSUPPRESSED MICE

Table 5. Bacteriocidal Activities of Peritoneal Cells Collected froin Mice Injected with 0.5% Glycogen
Solution 5 hours before Bacterial Inoculation. ’

Group . Administration Average number(1x10*) of Number of - Differentiation o(beﬁlméal éxudan: cells

(Days) of OP-1  viable organisms in peritoneal ritoncal just before inoculation
ad Cyp - . exudates afier inoculation 5:"5 !
T 4 1 0.5 1 3 (hrs) ! (x10) Eos. Neut. Baso. Lymph.  Mono.(%)
Group 1 ' ' )
8P‘-l - - - 2691100 121+40 20.3+9.7 L7£1.2 247:%15.1 0 7201140 - 2.3+0.9
yp -t
Group 2 ‘ o
8P-l + - s 143148 18+3 340+50 1.7+1.7 543235 0 43.3+24.4 ©0.7+09
“Cyp - - - . B . B
Group 3 ‘ Lo .
<8P-l - - - . 46.6+12 8.0%+20 0 2.5:£0.5 0 975405 0
P A
~ Group 4 / -
OP-1  + - & 17.3%5 71.6%2.0 0 T 114175 0 88.5+7.5 0
Cyp -+ - ' ' '

Significant difference
between Group | and 2 P<0.001 P<0.001

Group 3 and 4 P<0.05

Note:' Meant SD valueg were cg]culzl}cd from 10 mice in Group 1 and 2. Each mouse was injected intraperitoneally with 2.0 ml of 0.5% glycogen
solution S hours before inoculation with P .aeruginosa. Collection of peritpncal -exudates was done by injection of 5 ml of Hank’s balanced salt solution.

Table 6. Bacvtériocidal Activities of Peritoneal Cells Collected from Mice Injected with 0.2% Glycogen Solution 5 days
before Bacterial Inoculation. .

"Group Administration Average number(1x10%) of Number of Differentiation of peritoneal exudate

(Days) of OP-1 viable organisms in peritoneal peritoneal cells just before inoculation
ad Cyp - exudates after inoculation cells o ) e
a4 4 U 4 24mm) (x10%) Eos. New ~  Baso. Lymph. Mono.(%)
Group 1 . . i
OP-1- = = = 1072:115 468+176 200+£11.0 . 0.3+0.5 0 0 95.0%+29 4.71£2.6
Cyp R
Group 2 J - :
OP-1 + -+ 538+£213 - 323+153 37.0+23.7 1.0+14 153+17.4 0 80.0%19.1 37112
Cyp - - - : ,
Group 3 . i i
OP-1 - - e \ 68 £56 9.5+5.0 0.3+08 1.8+43 0 95.8+2.4 2.5%1.1
Cyp -+ - . ) .
“Group 4 : . . )
OP-1 + .-+ 14%12° 105+39 05105 4.0%1.4- 0 .93.5£29 22+23
Cyp - o+ - ) .
Significant difference '
between Group 1 and 2 P<0.002 P<0.5
Group 3 and 4 P<0.5

Note:Mean+ SD values were calculated from 10 mice in Group 1 and 2. Each. mouse was injected intraperitoneally with 2.0 mlof 0.2% glycogen
solution 5 days before inoculation with P aeruginosa. Collection of peritoneal exudates was done by injection of 5 ml of Hank's balanced salt solution.

Numbers of P.aeruginosa from peritoneal exudates of Cyp-treated mice from
group 3, and Cyp+OP-1 treated mice from group 4 were compared at 3 hrs ai.
Numbers-of organisms were 46.4 X 104 in group 3 and 17.3X 104in group 4 at 3 hrs
ai. Numbers of neutrophils from the exudate cells in group 4 were larger than those in’
group 3. Numbers of viable bacteria in peritoneal exudates from OP-1 treated mice in

groups 2 and 4 were significantly lower than those in groups 1 and 3 at 0.5, 1 and 3
hrs ai. ‘

‘Numbers of bacteria in peritoneal exudates in mice injected with 0.2 % glycogen
81
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solution 5 days before inoculation is presented in Table 6. Numbers of organisms in
non-treated mice (group 1) and OP-1 treated mice (group 2) were 1072X 104 and
538X 104 at 1 hr, and 468X 104.and 323X 104 at 4 hrs ai, respectively. Numbers of
organisms in Cyp-treated mice (group 3) and Cyp+OP-1 treated mice (group 4) were
68x104 and 14X 104 at 24 hrs ai. Numbers of peritoneal exudate cells and
neutrophils in OP-1 treated mice in groups 2 and 4 were larger than those from non-
OP-1 treated groups 1 and 3. _ |

DISCUSSION S - :

Yokota (1984) and Ogata (1983) reported a correlation between increased
susceptibility to opportunistic pathogens and reduced leukocytes counts in mice that .
were administered Cyp or Carra. In these experiments, marked reduction of body
weight and total numbers of spleen mononuclear cells were not noted until 4 to 6
days after administration of a single 250 mg/kg dose of Cyp. These values recovered
in time to normal values or values that were higher than normal. Most mice that were -
administered Cyp died within 5 days after they were inoculated with bacteria.
Accordingly, the authors suggested that reduced resistance to infection may be
related mainly to a reduction of leukocytes and macrophages. -

‘Obiopeptide (Suzuki et al., 1990) has an activity as an immunomodulator and is
capable of increasing resistance to the growth of tumor cells (Sakurai et al., 1991). In
the present study, doses of 100 pg /mouse were capable of increasing resistance to
bacterial infection, especially against ‘P.aeruginosa and K.pneumoniae, and
reducing mortality. This was demonstrated by the almost complete elimination of live
bacteria from organs of mice that were administered Cyp and OP-1 within 2 days ai. It

_is still not known whether the antibacterial mechanism of OP-1 stems from increases
in the activity of macrophages and neutrophils. Nevertheless, increases in the
numbers and the functional activation of the cells in OP-1 treated mice is important
evidence suggesting that the hosts showed a strong resistance against bacterial
infection. - ‘ ~ ' ' '

In recent years, immunosuppressive agents such as Cyp have been used
routinely worldwide after organ transplantation or for leukemia therapy and treatment
-of some tumors. Agents that can prevent opportunistic infections in
immunosuppressed individuals are urgently needed. Results of our study
demonstrate that OP-1 is capable of moderating opportunistic bacterial infections in
immunosuppressed animals and has potential as a nontoxic immunomodulator.
Further studies on the mode of action. of Obiopeptide and application of this
immunomodulator in conjunction with antibiotics and other chemotherapeutic agents

- may make it possible to develop treatments for infectious diseases that are currently

~ intractable. ' I -
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ABSTRACT : : S
Anti-Babesia rodhaini monoclonal antibodies(mAb), namely: 1-E7, 2-H2
and 3-B8, significantly suppressed the development of high parasitemia in
BALB/c mice infected with B.rodhaini and all mAb-treated mice survived the
infection. While, only monoclonal antibody 3-B8 showed some inhibitory
effect against Babesia microti, with mice showing high parasitemia of 18.04 +
2.69 %, at 9 days post-exposure. Westernblot analysis of B. rodhaini and B .
microti parasite extract reacted with anti-B. rodhaini monoclonal antibodies
showed cross-reactive bands of molecular weights 62 and 55 kilodaltons.
Comparison of the antigenic components of B. rodhaini and B. microti using -
polyspecific sera revealed several shared or common parasite antigens of
molecular weights 62, 55, 45-47, 41, 30-31 and 26-28 kilodaltons. '

INTRODUCTION

Several studies have documented protection against Babesia spp. either by
passive transfer of immune serum (Kurtzuhals et al., 1988; Ishimine et al.,
1979; Bautista and Kreier, 1979; Abdahlla et al., 1978; Rogers 1974; Philips
1969; Mahoney 1967), or by adaptive transfer of splenocytes and lymph node
cells from immunized mice. (Meeusen et al., 1984a, 1984b; Reubush and
- Hanson 1980), or by passive transfer of immune spleen cells and injection of
non-viable antigenic materials to recipient mice (Meeusen et al., 1985; Smith
and Ristic 1981). Although, some workers are convinced of the role of non-
specific factors particularly in cases related to cross-protection induced by
heterologous agents (Zivkovic et al., 1983/1984; Clark et al., 1976, 1977; Cox
and Turner 1970), voluminous data from previous studies have provided
strong evidence to suggest the principal involvement of antibodies (Ab) in host
protection against babesiosis. ' :

Until recently, in most vaccine-related research such as that of Tetzlaff et
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al. (1990) on Babesia microti using polyspecific sera, and those of Figueroa et
al. (1989), Wright et al. (1985, 1983), Smith et al. (1979) on bovine
babesiosis, greater emphasis has been directed towards the immunochemical
analysis of Babesia antigens (Ag) and their capacity to induce protective
immunity. In this paper, we report our findings using monoclonal antibodies
against two protective B. rodhaini Ag and their cross-reactivity with the
human isolate of B. microti.

MATERIALS AND METHODS ‘

Experimental animals and parasites: Six to eight wks old BALB/c mice

were used in all experiments and were reared and kept in our animal facility.

Babesia rodhaini and Babesia microti were maintained in BALB/c mice and
both parasite species were syringe-passaged through intraperitoneal (ip)

inoculation of infected blood in heparin and phosphate-buffered saline (PBS).

B. microti was generously supplied by Dr. Heydorn of the Institute for

Parasitology and Tropical Veterinary Medicine, The Free University of
Berlin. This B.microti was originally isolated from a human case of

-~ babesiosis and was subsequently adapted to mice. , ' .
Hybridoma and monoclonal antibody screening: BALB/c mice were

primed by ip inoculation of 1x104 B.rodhaini parasitized red blood cells

(PRBC). One wk after exposure, infected mice were given three intramuscular

(IM) injections of 100 ul Ganaseg (5mg/ml, Squibb & Sons Inc., Argentina)

per injection, spaced out in one wk. Mice that survived the treatment regimen

were inoculated with a booster dose of 1x10* PRBC. Cell hybridization

protocol follows essentially that described by Oi and Herzenberg (1979).
Three days after the boost, immune spleen cells were fused with P3Nsl1-1,a

BALB/c myeloma cell line, using 50 % polyethylene glycol 1500 in 75 mM

Hepes (Boehringer Mannheim GmbH, Germany). Cell fusion suspension in 2

% hypoxanthine aminopterin thymidine (HAT) + 10 % fetal calf serum (FCS)

+ Cellgrosser culture medium (Meguro Laboratories, Osaka, Japan) was

plated into five 96-wells plates, and was kept in a CO,-supplied incubator at -
37 'C. Wells that showed healthy growth of cell colonies were checked for

“antibody (Ab) production using indirect fluorescence antibody test (IFAT).

Positive colonies were subcultured and were screened for clones that produced

Ab specific against the parasite and/or against PRBC membrane. Hybridomas

that produced relevant, Ab were expanded in 24-wells trays, and were

maintained in Freund's incomplete adjuvant (FIA) and/or pristane primed

BALB/c mice. Ascitic fluid obtained from mice showing ascitic tumors was

examined for mAb with IFAT. Of the 13 relevant clones inoculated into mice,
only three clones got established, namely; mAb 1-E7, 2-H2 and 3-BS.

Monoclonal Ab were precipitated from ascitic fluid diluted with PBS (viv

50:50) using 50 % ammonium sulfate, and were dialized in three changes of

PBS at4 °C. Protein concentration was determined with the double wavelength

beam spectrophotometer (Hitachi, Tokyo, Japan). Precipitated mAb were-
stored at -70 'C until use. Isotyping of mAb was done using the mouse mAb

isotyping kit (Amersham, International pLc, UK).
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Indirect fluorescence antibody test (IFAT): ,

A. Fixed parasites and PRBC: Infected blood diluted in PBS was applied
on wells and fixed in methanol, and then was incubated with titrated (41-412)
hybridoma culture-supernatant, ascitic fluid, precipitated mAb or polyspecific
Ab (normal and Babesia immune mouse serum) at 37 'C for 30 min. After
three washings of PBS and once with distilled water, the wells were air-dried
~and then incubated with fluorescein isothiocyanate(FITC) conjugated anti-
mouse IgG (Tago Inc., Berlingame, CA) for 30 min. The slides were washed'
three times with PBS and mounted in 90 % glycerol-PBS. ’ .
B.Live parasites and PRBC:Infected blood obtained through cardiac
- puncture using heparinized syringe was transferred into microcentrifuge
tubes, washed once with citrate buffer (pH 7.0), and three times with PBS by
centrifugation at 5,000 rpm, 10 min/wash. To the tubes, mAb (1:10) or
polyspecific Ab (1:100) in PBS were added and incubated for 30 min in a 37
C waterbath with constant gentle shaking. After three washings with PBS, the
cell pellets were incubated with FITC conjugated anti-mouse IgG, as described
above. To remove excess FITC conjugated anti-mouse IgG, the cells were
washed three times with PBS, resuspended in 90 % glycerol-PBS, and then
mounted on glass slides. Both fixed and unfixed preparations were examined
‘with a Nikon fluorescence microscope. , -
Sodium dodecyl sulfate (SDS)- polyacrylamide gel electrophoresis
(PAGE): Parasite Ag mixed with an equal amount of sample buffer (2.5 M
Tris-HCI, pH 6.8, 4.6 % SDS, 10 % glycerol, 10 % 2 mercaptoethanol, 0.05
% bromophenol-blue) was heated over boiling water for 5 min and kept in a
37 C -water bath with shaking for another 5 min. The sample was
ultrasonicated at 70 W, 3 x 10 s.each time and centrifuged for 5 min at 15,000
rpm. Per well, 10-15 pl of the soluble parasite extract obtained was loaded on
a standard 10 % acrylamide gel. Fractionated proteins were immunoblotted
and/or stained with Coomassie blue. Low molecular weight markers used were
purchased from BIO-RAD Laboratories, Richmond; CA. ’ '
Immunoblotting: Electrophoretic transblotting of fractionated .proteins or .
Ag into nitrocellulose paper (0.22 pm pore size, GVHP, Nippon Millipore
Kogyo, Yonezawa, Japan) followed essentially that of Towbin et al. (1979).
Transblotted nitrocellulose sheets were stained with.5 % amidoblack black,
destained with 10 % acetate and washed three times with PBS-0.05 % Tween
20 (PBS-T20), 10 min/wash. To remove nonspecific reactants, the membrane
sheets were washed with 10 % methanol for 10 min, followed by three
washings in PBS-T20, and reacted with the different test Ab (normal and
immune mouse serum) and mAb. Polyspecific Ab and mAb were diluted
1:100 in 5 % skim milk (Difco Co., Michigan, USA), respectively, Reaction
time with-mAb lasted 2 - 6 h, about half the time at room temperature (RT)
with constant gentle shaking, and the remaining time at 4 'C. The membranes
were washed three times with PBS-T20, and incubated with 1.5 % peroxidase-
conjugated anti-mouse IgG (BIO-RAD Laboratories, Richmond, CA), in 5 %
skim milk, for 1 h at RT, with constant gentle shaking. After 3 washings in
PBS-T20, the membranes were reacted with freshly prepared substrate
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consisting of 0.02 % 3,3-diaminobenzidine-4HCl and 15 pl H,0, in 0.1 M Tris-
HCI (pH 7.4). , : S
Babesia rodhaini and Babesia microti parasite extract preparation:
Blood was drawn out from infected mice through cardiac puncture using °
heparinized syringe with PBS and Alsever solution. Parasite Ag were
processed following the procedure described by Sugimoto et al. (1991) with
- some modifications, Blood was overlaid on Ficoll-Conray solution (1:1 ratio)
and centrifuged at 1,440 rpm for 20 min. The cell pellets were washed three
times in 10 mM Tris-HCl (pH 7.5) - 150 mM NaCl buffer at 2,200 rpm, 10
min/wash. Cells were hemolyzed using 27 units-hemolysin (Asao et al., 1984;
Kozaki et al., 1987) per ml of Tris- NaCl buffer, generously provided by Dr.
Sugimoto of the National Institute of Animal Health, Tsukuba, Japan.
Hemolysin-treated PRBC were incubated for 2 h in a 37 'C waterbath with
occasional shaking. The level of hemolysis was checked after 1 h of incubation
using a hemocytometer. To obtain maximum hemolysis, incubation was
allowed to continue longer depending on the level of parasitemia obtained
from blood, with the addition of 13 - 17 hemolysin units/ml. The lysate was
~ kept in ice-cold water for about 30 min, and ethylenediamine tetraacetic acid
(EDTA) solution (pH 7.5) was added to make 5 mM final lysate concentration. -
Five ml of lysate/tube was overlaid on a 10 ml 60 % and 40 % Percoll -
discontinuous density gradient (Pharmacia LKB Biotechnology, Uppsala,
Sweden) prepared with Tris-(HCI)-NaCIl-EDTA buffer (pH 7.4), and
centrifuged at 20,000 rpm for 20 min. Parasites obtained from the visible
interphase band between 60 % and 40 % Percoll solution were washed with -
Tris-NaCI-EDTA buffer 3 times at 10,000 rpm, first wash for 10 min and the
last two washings for 5 min/wash. To the parasite suspension, an equal amount
of lysis buffer consisting of 50 mM Tris-HCI (pH 8.0), 0.5 % Triton X-100
Noninet P-40 and 1 mM PMSF was added and kept at -70 °C until use.
Purification of mAb: Monoclonal Ab were purified from ascitic fluid by
ion-exchange chromatography using DEAE Toyo Pearl 650M (Toso, Tokyo,
Japan) in 50 mM Tris-HCI buffer (pH.7.5) with gradient concentration of 0 -
400 mM NaCl. The eluted mAb in the fractions were detected with IFAT and
the protein concentration was determined using a double wavelength beam
spectrophotometer. ' : _ ‘
Immunoaffinity purification of Ag :Immunoabsorbent column was.
prepared using 30 mg of purified mAb covalently bound to 300 mg TSK gel
Tresyl-5PW (Toso, Tokyo, Japan) in 1 M phosphate buffer (PB), pH 7.5, at 4
C for 16 h with gentle shaking. The remaining binding sites were blocked by
incubation with 0.02 M Tris-HCI buffer (pH 8.0) for 1 h at RT, and then
washed with 0.1 M PB (pH 7.4). Ultrasonicated parasite extract that was
passed through the affinity column was extensively washed with 0.1 M PB (pH

7.4), and the bound Ag were eluted with 0.1 M citrate-HCI buffer (pH 1.6).
Eluted fractions were neutralized immediately with 1 M Tris solution and
were concentrated by ultrafiltration, and then stored at -70 C. ;

Passive transfer of immunity :Tubes containing 300 pl each of the
precipitated mAb 1-E7 (1.0 mg ),2-H2 (2.7 mg) or 3-B8 (3.84 mg) were
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incubated with 3x10*- B. rodhaini PRBC suspended in 1.2 ml of PBS and 10.8
ml of 20 % FCS-Eagle's minimum essential medium (MEM) for 1 h in a
CO,-supplied incubator at 37°C. The cell suspensions were centrifuged for 20
min at 2,000 rpm, and the supernatant was aspirated leaving 1 ml of the
content to which 2 ml of PBS was added. In the experimental groups (3 mice
per group), each mouse was ip-inoculated with 1 ml of mAb-treated PRBC.
Control groups, likewise, consisted of 3 mice per group, each mouse was ip-
injected with incubated PRBC without mADb (control group A). For control B,
~each mouse was injected with the same dose of PRBC which were neither
incubated nor treated with mAb. Each mouse in the experimental groups was
ip-injected 0.2 ml mAb suspension containing mAb titers of 0.67 mg, 1.8 mg
and 2.56 mg for 1-E7,2-H2 and 3-B8, respectively. Preparation of B. microti
inoculum was prepared similar to that described for B. rodhaini. Each mouse
was inoculated with 18x106 PRBC. Experimental groups mAb 1-E7, 2-H2 and
3-B8 were injected daily mAb titers of 1.26 mg, 2.48 mg and 3.32 mg,
respectively. Thin blood smears were prepared at 2 - 3 day interval. Percent -
parasitemia was calculated by counting the number of PRBC out of 500 -
1,000 (depending on the level of parasitemia) total red blood cells-covering
various microscopic fields. : -

RESULTS AND DISCUSSION i .

Monoclonal antibodies 1-E7, 2-H2 and 3-B8 were of the isotype
IgG2b.With fixed parasite material, we observed strong fluorescence on
PRBC membrane and against both extracellulay- and intracellulary-located
+ parasites. With live material fluorescence was likewise, noted on PRBC

membrane, and against extracellular parasites only. :

‘Mice exposed to B.rodhaini parasite incubated with precipitated mAb
preparation and administered daily injections of mAb exhibited significantly
lower percent parasitemia (p< 0.05) starting the 5th day post-exposure (PE),
compared to the control groups (Fig. 1A). At 19 day PE, percent parasitemia
of mAb-treated groups were 15.0 + 0.86% (1-E7), 12.95 + 4.99% (2-H2) and
13.32 + 7.15% (3-B8) respectively. After the last injection, however,
parasitemia increased in all mAb-treated groups, and at 38 day PE, registered

peak percent parasitemia of 65.0 + 17.2% (1-E7), 69.6 + 16.5% (2-H2) and
46.0 + 8.1% (3-B8). Afterwards parasitemia decreased in all experimental
groups and ranged from 6-21 % at 43 - 48 day PE, and all mAb-treated
mice survived the infection. While all control mice died between 27 and 30
day PE with peak percent parasitemia ranging from 87.2 - 93.7 %, v

Fig. 1B shows the effect of anti-B. rodhaini mAb on B.microti infection.
The first 5 day after exposure showed no significant difference between mAb-
treated and control groups. At 7 day PE, however, percent parasitemia for
mAb 1-E7- and 3-B8§-treated mice were 3.92 + 3.23 % and 3.69 + 2.0%,
respectively. Those of mAb 2-H2-treated mice and the control groups A and B
were slightly higher at 13.7 + 3.45%, 19.34 + 10.65% and 12.96 + 9.47%,
respectively. Days following the 7th day PE, parasitemia in all groups
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Figure 1. Passive transfer of immunity using anti-Babesia rodhaini mAb against B. rodhaini
parasite (1A) and-against Babesia microti parasite (1B). Per experimental group consisted of
three mice, each mouse was exposed to mAb-incubated parasitized red blood cells (PRBC) and
was injected daily with mAb 1-E7 (@), mAb 2-H2 (= ), or mAb 3-B8 ( a). Inoculation dose: -
B.rodhaini PRBC 1 x 104 ; B. microti PRBC 18 x 108. Control group A (0 ) exposed to the
same inoculum dose of incubated, non-mAb-treated PRBC. Control group B ( o1) exposed to

~ the same inoculum dose of non-incubated, non-mAb-treated PRBC. Last day of mAb injection
( 4); no mAb administration ( §). Each points represents the mean value per three mice." -

increased significantly, except for mAb 3-B8-treated mice which showed peak
parasitemia of 18.01 + 2.69 % at 9 day PE, and was kept at levels less than
0.5 % from the 13th to the 23rd day PE. In contrast, peak parasitemia of mAb
'1-E7- and 2-H2-treated groups were 66.47 + 15.42%, 48.78 + 8.95%, and
those of controls A and B were 48.97 + 27.5% and 61.69 + 28.24%,
respectively. All control and experimental mice survived the infection.

- Results of westernblot analysis showed cross reactive Ag between B .
rodhaini and B. microti. As shown in Fig. 2 (lanes B), parasites extracts of B.
microti and B. rodhaini reacted with B. rodhaini hyperimmune serum
revealed common bands of M.W 66, 62, 55, 45 - 47 and 30 - 31 kilodaltons
(kDa). Reaction with B. microti polyspecific Ab showed similar bands as
indicated above, in addition to two other bands of M.W 26 - 28 kDa. Another
parasite Ag of M.W 72 kDa was apparent in the B, rodhaini lanes which was
detected with both B. rodhaini and B. microti immune sera. .

Likewise, westernblot analysis (Fig. 2) showed mAb 1-E7 and 2-H2
reactive with the 62 and 55 kDa B. microti parasite components. With mAb 3-
BE&, we noted a weak band of M.W 62 kDa. With B. microti parasite extract,
similar bands were detected by all three mAb. A fine'band M.W 72 kDa was
noted. This band seemed to be a non-specific reactant detected by certain Ab
presumably present in crude mAb preparation obtained from ascitic fluid,
since no such band was detected when immunoaffinity purified Ag was reacted
with purified mAb. S ' '

- Repeated westernblot analysis' consistently yielded weak 62 ah_d 55 kDa
bands. We tried to verify our findings by reacting purified mAb with parasite
~Ag bt’ ined through immunoaffinity. chromatography. As shown in Fig. 3,

ollected during the first run and second run of immunopurified
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Figure 2. Westernblot analysis of B. rodhaini (0 ) and B.microti (® )parasite extract reacted
with normal serum (A), B. rodhaini hyperimmune serum (B), B: microti immune serum (C),

mAb 1-E7 (D), mAb 2-H2 (E), mAb 3-B§ (E), Kilodaltons (kDa) : Molecular Weiigh; (M.W).
Arrows indicate the 62 and 55 kDa parasite antigens reactive with mAb. '

KDA I 11 |
97.4— . , | é_‘.: |
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Figure 3. Westernblot analysis 'using iimmunoaffinity-puriﬁe‘d B. rodhaini antigens. Crude
parasite extract (lane A). Purified antigens of the first cycle ( Group I, lane B) and second cycle

(Group II, lane C) reacted with mAb 1-E7 and mAb 2-H2, re:spcctivcly;

B. rodhaini extract using a mixture of mAb 1-E7 and 2-H2, both yielded two
distinct bands of M.W 62 and 55 kDa. when reacted with mAb 1-E7 and 2-H2.

Although, the establishment of B. rodhaini infection in mice injected with
mADb was not totally suppressed, the significantly lower percent parasitemia
Suggests some protective or inhibitory effect of mAb against the parasite. The
daily injection of mAb seemed to have augmented and helped sustained the
level of these specific protective Ab against the parasite, in addition to all
other protective Ab in circulation. This may effect a slowing down in the
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penetration rate of the parasite inside red-blood cells as gleaned from an
increased parasitemia, a few days after the last injection, and on certain day of
mAbD (Fig. 1a). Abdalla et al. (1978), noted that B. rodhaini immune serum
delayed the onset of parasitemia, but it neither prevented the development of
injection nor protected the mice from death, even with further
supplementation of immune serum during infection. We observed a similar
pattern of the progress of infection, however, all mAb-treated mice outlived
the infection (Fig. 1a). While, we administered a daily injection of mAb to
mice, Abdalla et al. (1978) supplemented immune serum two to three times
only after exposure, throughout the duration of the experiment. The survival -
of mAb-treated mice infected with the usually fetal B. rodhaini noted by us is

interesting. Thoongsuwan and Cox (1973) had recovered three antigenic

strains of B. rodhaini from the virulent parent strain by means of in vitro

treatment with immune globulin. They alluded the loss of virulence of the

recovered strains to loss of antigenicity (i.e. either loss or decreased.
immunogenicity), rather than to selection of a variant with antigen(s) that

differed from that of the parent strain. Timms et al. (1990), likewise,

attributed the appearance and loss of Babesia bovis virulence to the mixture of :
subpopulations of varied virulence consisting a parent strain. They, too,

maintained that the mechanisms of differential gene expression and phenotypic
selection of subpopulations have to operate for virulence in B. bovis to be

altered. In the present study, whether the loss of virulence in mAb-treated

mice resulted from the loss or diminished immunogenicity as a consequence of

mAb-treatment (Thoongsuwan and Cox 1973) or from the combined-
mechanisms of differential gene expression and phenotypic selection (Timms

et al., 1990), and/or from continuous passage of the parasite in mice for a long

time (Howard et al., 1980) is an interesting question that warrants further

investigation. : ‘ ’ , :

Against B. microti, only mAb-3-B8 showed some protective activity to
mice, although , less significantly compared to its effect against B. rodhaini.
The absence of inhibitory effect of anti-B. rodhaini mAb-1-E7 and 2-H2
against B. microti, seemingly suggests a difference in the antigenic
determinants or epitopes of both the 62 and 55 kDa between these species.
Thus, these mAb may be alluded to, as non-protective against B. microti.
Likewise, our data suggest common epitope for the M.\W 62 kDa Ag
recognized by mAb-3-B8 in both species. S
 Westernblot analysis of both B.rodhaini and B.microti parasite extracts
_revealed shared Ag. The 66, 62, 55 and 45 - 47 kDa Ag may share similarities
with the immunochemically determined surface Ag of Babesia bigemina
(Figueroa et al. 1989), and to the 60 kDa protein obtained from B. rodhaini- -
infected blood (Howard et al., 1980).Tetzlaff et al. ( 1990) had isolated and
characterized a gene of M.W 55 kDa which he hypothesized to be likely
associated with a virulent strain of B.microti. Interestingly, we noted, a 55
kDa parasite component in B. rodhaini and B. microti, which reacted with
both mAb 1-E7 and 2-H2, and with immune sera. ’

At present, we have started purifying the 62 and 55 kDa B.rodhaini Ag.

et
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Antigens will be used for further experimentations related ‘to the findings
reported in this paper. : ' ‘
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ABSTRACT ,

“The bmdmg> capacity of Clq onto Towplawza gomiu (T.gondii) parasites at each infectious
stage was examined by using the unmunofluoxesccn(,e assay (IFA) with purified human Clgq,
rabbit anti-human Clq antibodies and fluorescein -isothiocynate conjugated goat anti-rabbit IgG
antibodies in parallel with the IgM-binding to the parasite.

Any possibly contaminated natural antibodies to the parasite were completely removed from- the
anti-human Clq-preparations by repeated absorption with the parasite in advance. Parasites
incubated with Clq before adding anti-Clq antibodies have shown the specific fluorescence on
their outer surface membrane, whereas those without any addition of Clq have no specific .
fluorescence. The intensity of fluorescence differed in stages, and cystozoites and trophozoites
seemed. to have -significantly higher - Clg-binding activities than sporozoites. Furthermore,
Clq-binding sites have been differently located from IgM-binding sites, or anterior poles, on the
‘parasite. \

These observations indicate that T.gondii parasite has the antlbody- 1ndependent binding
capacity to human CIL on its outer surface membrane.

INTRODUCTION }

Intracellular parasitic organisms have evolved a wide variety of mechanisms that allow them to
grow and multiply within cells and escape defense mechanisms of their hosts. Toxoplasma gondii
(T. gondii) an obligate intracellular protozoa is well adapted to an intracellular growth and
development during the extraintestinal phase of its life cycle. This apicomplexan parasite can
penetrate phdgocyu(. and non-phagocytic mammalian cells, and survive within parasitophorous
vacuoles. Several organelles ure believed to participate in its active penetration of the parasite into
host cells. Recent studies have shown that substances released from rhc»ptnes enhance the
penetration into host cells during invasion process (Nichols et al. 1983; Schwartzman 1986; Kimata
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and Tanabe 1987; Sadak et al 1988). Moreover, the existence of Ec receptor (Budzko et al. 1989)
and C3 receptor (Fuhrman and Joiner 989‘1) on T. gondii has been documented. Biological
functions of these receptors may play an important role in internalization and infectivity of the

- parasite (Fuhman and Joiner 1989b). To date, however, the interaction between the parasme and
host defense system after cell i mvasl()n is still undear

Clq, a subcomponent of the tust component of wmplcmem(Cl) is an unusual plasma protein
with the N-terminal half of the molecule composed of a ,trnple. helix with collagen-like amino acid
sequence. The C-terminal end of the molecule lacks the collagen-like sequence, and is believed to
contain the site that interacts with Fc regions of uggrégutedlgG and/or immune complexes. The
collagen-like regions of Clq appear to be involved in the interaction with and activation of Clr and
Cls prbenz:ymcs of CI (Reid and Porter 1981). Substances such as polyinosinic acid, bacterial
lipid A and antivenom po»lysd(.duu ide (Loss 1982) and some constituents of the extracellular matrix

“such as fibronectin (Ishkel et al. 1981) and laminin (Bohnsdck et al 1985) have been shown to
interact directly with Clq. Moreover, some of these substances activate subsequent components in
the classical complement pathway. Thus, it has become apparent that C1q plays an important role-in
the triggering and activation of the classical complement pathway by immune complexes or other
antibody- mdependent activators. Also Clg may carry out the essential function by clearmg immune
complexes and other .mub()dy independent activators via phagocytic mechanism. ,

To have a better understanding of the mechanism of intracellular parasitism, in this study, we

examined the binding of Clq to each m!cuxous stage of T. gondii.
g ] g b

MATERIALS AND METHODS
Adult BALB/c mice bred in the Depwtment of Veterinary Physiology, Obihiro Umvetsxty,
Hokkaido, Japan, were used. Mouse embryonal cells (MEC) were obtained from embryos on the
12th-14th day of ‘gestation, and cultured in Eagle's mlmmum essential medium (MEM)
supplemented with 10%.fetal calf serum (FCS) and antibiotics.
To examine the Clq binding capacity of high virulent and low virulent strains of T. gondii, RH
-and §-273 strains were used. Trophozoites of RH and S-273 strain were obtained from infected
MEC cultures. S-273 strain cystozoites were collected from physically ruptured cysts from infected
mouse brain. Tl'(ipllozoitc:s were isolated by Percoll (th\hnz}cia, Tokyo, Japan) sucrose density
- gradient centrifugation (Cornelissen et al. 1981). To remove host immunoglobulins from cysts |
surface, isolated cysts were incubated for 30 min in 50 mM acetate buffered saline (pH 2.9) at4C
and washed three times with phosphate buffered saline (PBS). ,

To examine the quantitative difference of Clq binding capacity at each infectious stage of
T.gondii, only S-273 strain sporozoites were used, inasmuch as cats-inoculated with RH strain did
not shed any oocysts. Oocysts of the $-273 strain were isolated from cats' feces using sucrose
density gradient centrifugation and excysted at 37°C through incubation in PBS containing 0.5%
tauroc hohc acid and 0.1% - trypsin for 30 min. Sporozoites were isolated from oocyst suspension
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using Percoll-sucrose density gradient centrifugation and washed extensively with cold PBS
(Arrowood and Sterling 1987). Isolated parasites were fixed in PBS with 1% paraformaldehyde " at
4°C for 15 min. ' S

Purification of Clq from healthy human serum was done following the method of Yonemasu
and Stroud (1971), then stored at -105°C , ‘until use. Absénce of imlm‘unog]lobyulin:s in the material
was confirmed by immunoblotting analysis using  peroxidase-conjugated  anti-human
Immljntoglobunlins. '

Rabbit ami-humun‘Clq antiserum was prepared as described by Yonemasu and Stroud (1971)
and stored at-105°C , until use. All antiserum preparations were adsorbed repeatedly with fixed -
parasites to remove any possibly contaminating natural antibodies to T. -gondii. F(ab')2 fragments
were prepare'd and purified from the IgG fraction of antiserum by pepsin digestion and
subsequently by Sephadex G-150 chromatography (Nisonoff 1964).

The binding of Clq to fixed smears of the RH and the $-273 strains and a hvc suspe nsion of
" the RH strain were examined by indirect IFA (1IFA). Fixed or live parasites were incubated with
different concentrations of Clq or without Clq at 37 'C for 30 min in PBS containing 5% skim
milk. The parasites were subsequently incubated zit 37°C for 30 min with an appropriate dilution of
F(ab’)2 fragments prepared from anti-human Clq antiserum. The parasites were extensively
washed to remove nonspecifically bound F(ab')2 and incubated at 37C for 30 min with an
appropriate dilution of FITC-conjugated goat anti-rabbit IgG. ‘

The capacity of T. gondii to bind IgM was examined with a direct IFA (DIFA] technique with
‘various dilutions of normal human serum and with goat FITC-conjugated anti-human IgM
antibodies All dilutions were prepared in PBS The healthy adult human serum was inactivated at
56°C for 30 min to destroy all Clg antlgemuty (Yonemasu and Stroud 1971). C)bservatlon was
carried out using a fluorescence microscope.

_ Trophozoites of the RH strain and human erythxocytes obtained from h(:dlthy individuals were
mcubawted at 37°C for 30 min in PBS containing C1q(50 ug/ml). Control preparations were
incubated without Clq. After extensive wushing, the parasites were solubilized at 100°C for 3 min
with 125 mM Tris buffer, pH 6.8, containing 10% 2-mercaptoethanol and 4.6% sodium dodecyl
sulfate(SDS). The preparations were centrifuged to remove insoluble ‘aggregates and. the
supernatant was applied to a 10% polyacrylamide ggl'contuining SDS(SDS-PAGE) (Fairbanks et
al. 1971). The peptide chains of Clq (A: 27,500; B: 25,200; C: 23,80()) were used as protein
standards for estimation of molecular weights. Proteins were transferred from SDS-PAGE gels to
nitrocellulose filters with a Trans-Blot apparatus (Bio-Rad, Richmond, Calf., U.S.A.) as described
by Towbin et al. (1979). The membrane was blocked with 1% bovine serum albumin (BSA) in
PBS and incubated for 60 min at room temperature with appropriate dilutions -of rabbit anti-human
. Clq and/or rabbit anti-human IgG (H and L chains) antiserum. After washing with PBS containing
0.05% Tween-20, the membrane was incubated for another 60 min with horseradish |
peroxidase-conjugated F(ab')2 fragments prepared from the IgG fraction of goat anti-rabbit IgG
antibodies. After extensive washing, the nitrocellulose  membrane was stained with
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4-chloro-1-naphthol containing H,0O,.

RESULTS AND DISUCUSSION , ‘

Incubation with Clq revealed a rim-like specific {1 lel':sccnce on the membrane of both RH and
S-273 strains of T. gondii (Figure 1). Also, membrane associated fluorescence was observed with
live parasites of RH and/or $-273 strains ikncub;ued with Clq; while the parasites incubated without

Clq did not show any specific fluorescence. Trophozoites of RH (Figure 1a) and $-273 (Figure.

1b) strains had diffuse and slightly patchy fluorescence. Sporozoites from fractured oocysts
‘(Figure 1¢) also exhibited fluorescence on their membrane, but were stained less intensely than

trophozoites. -

Fig.la-d. Inmunofluorcscence localization of human Clq binding sites on fixed parasites. Parasitcs were
incubated for 30 min at 37°C with purificd human Clq.and then incubated with rabbit anti-human Clg
F(ab")2 fragments, and reacted with FITC-conjugated anti rabbit 1gG.

Extracellular rophozoites of RH strain (1a). trophozoites were harvesied from culiured MEC cells.
Magnilﬁcalioﬁ:x 1,000. Trophozoites of S-273 -strain (1b). Parasites were collected from infected mice
brains. Magnification: X 1,000. Sporozoites of $-273 strain (1¢): Magnilication: X400.

Human IgM binding sites on fixed trophozoites of RH strain, Parasites were incubated with heat-inactivated
human scrum from healthy adults and reacted with FITC-conjugated anti-human IgM (1d). kMagniﬁcalion:
X 1,000.. ) ’

£8
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C1Q BINDING TO TOXOPLASMA GONDII

Table 1.

Localization of human Cly on Toxoplasma gondii by Ammunofluorescence assay

parasite or host cell Localization and intensity of staining host cell /
living fixed ' concentration of Clq*
MEC ' NT - ’ '
Trophoozoite” (RH) rim + ‘ rim + 60 ng/ml
. (§-273) rim + im + 60 ng/ml’
Sporozoite  (S-273) NT nm 240 ng/ml

Intensity of fluorescent staining: negative, - ; slightly positive, £ ; positive, +; NT, not
tested. . ' e

*Values are expressed as minimum concentrations of Clq giving a distinct positive

staining. - : G S Co ‘

Specific and distinct immuno-staining was detected on the membrane of trophozoites incubated
with Clq at concentrations higher than 60 ng/ml. Weak, but significant ‘immuno-staining was
detected on the membrane of sporozoites incubated with Clq at c:oncent‘mtjgnvs ‘higher than 240
ng/ml (Table 1). Treatment of sporozoites with trypsin and taurocholic acid-during excystation had
no effect on the binding of Clq to'the purasites (data not shown)..

Trophozoites incubated with heat-inactivated human serum and- stained by the DIFA procedure
exhibited dot-like specific fluoresence on their amér,iorepd (Figure 1d). ~ =~ )

Immunoblotting analysis of bound Clq is shown in Figure 2. Bands corresponding to the A-,
B-, and C-chains of purified Clq (shown with arrows) were only detected in lane of trophozoites
of RH strain incubated with Clq (lane 2); while, no other bands associated with A-, B-, C-chains
of Clq were detected in the other lanes of trophozoites without Clq (lane 4). Human erythrocytes

Figure 2. Immunoblotting of
uophoxojics. of RH strain or human
“erythrocytes incubated cither with or
without Clq. Parasites incubated
with Clq (lanc2) or without Clq
(lanc4),human erythrocytes incubated
with Clq (lanc 3)-or without Clq
(tanc 1), and purificd Clq were
clecirophoresed in 10% SDS-PAGE
gel. Transbloued membrane  sheet
was reacted  with rabbit  anti-Clq
antiscrum, followed with
peroxidasc-conjugated F(ab)2
anti-rabbit IgG. ‘
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incubated with (lane 3) or without Clq (lane 1) also showed no bands similar with those of Clq
components.

Results of the immunofluorescence and immunoblotting analysis demonstrate thal the binding
sites of human Clq on the parasite we unmpholoymlly and |mmun|o<,hem1cally chfferent from those
~ of the IgM molecules. The use of puritied Clq and anti-human Clq F(ab)2 fmgmcnts adsorbed
with parasites, effected the elimination of immunoglobulins that exhibited non- specxﬁc binding with
T. gondii. Budzko et al. (1989) described the presence of receptors for the Fc portion of human
immunoglobulins on the surface of T. gondii by IIFA technique. These receptors, however,
exhibited a polar pattern of immunofluorescence which is different from the Clq binding sites
noted in the present study. Our findings suggesl the binding of Clq to T. gondii seems not to be
mediated by Fc receptors. ‘ -

It is of ‘interest that the intracellular proliferative forms of the purusitesﬂ such as trophozoites of
both low virulence (S-273) and high virulence (RH) strains showed hi;gher Clg-binding activity
than spord:zoites(Figurc 1 and Table 1). This observation seems to suggest that constituents or
receptor(s) on the membrane of T. gondii responsible for C‘lq-bindi‘ng hasfu\nction(s) associated
with intracellular survival, rather than with pathogenicity or virulence. Our finding is consistent
with a related study on Clq receptors on tibroblastoid cells by Bordin et al. (1983). For now, we
may hypothesize that binding of native Clq to the membrane of trophozoites must be important in
bringing parasites in contact with host cells during the initial pvhusé of their penetration. Moreover,
the binding of Clq may also assist the parasite in terms of its adaptation to an intracellular survival
- by way of physico-chemical and metabolic modification on its cell membrane. To clarify these |
speculations, topographical and quantitative studies concerned with Clq-binding site on the parasite
are inevitably necessary. ; » v fo 4 :

The present study was not able to determine whether Clq-binding substances are derived from
the parasites themselves, from host cell products, or from extracellular matrix components, such as
fibronectin or laminin. Furtado et al (1992) demonstrated that tachyzoites of T.gndii recognized
multiple laminin receptors in attaching to different target cells. Further experiments to darify these
pomts and the determination of the biological significance of Clq binding are in progress.
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ABSTRACT. * The placental and plasma cystine aminopeptidase (CAP) in pregnant animals was examined on stability after the treatment
with L-methionine. ethylene diamine tetra-acetic acid (EDTA) and heat. [nhibitory effects of these treatments on enzyme activities were
different among CAPs from the animal species, however, significant correlation in-those effects between placerital and plasma CAPs was
observed. These results suggested that plasma CAP might reflect placental CAP and seemed to be available Ior estimating maternal
gestational conditions.-—KEY WORDS: cystine aminopeptidase. placenta, plasma.

Cy tine amunopeptldase (C AP) [EC 3.4.11.3] synthe-
sized in placental syncytiotrophoblast has been widely
accepted to play an important role on the maintenance of
gestation by inactivation of oxytocin in pregnant women
[1, 4]. Since the enzymatic characteristic of plasma CAP is
the same as those of placental CAP, plasma CAP levels
are considered to be closely related with placental weight
and functions, especially amino acids uptake, and also
with fetal growth [11]. Plasma CAP activities in pregnant
women increased remarkably at the late gestational period
and these values were also found to be available for
estimating maternal gestational conditions [4].

However, there “are few informations on CAP in

pregnant animals in spite of few markers for evaluation of

gestational conditions [3, 12]. This note deals with
enzymatic characteristics of placental and plasma,CAP in
pregnant animals with regard to their placental structures.

Samples: The full term placentas were obtained from
the pregnant animals at. delivery. Maternal blood were
collected into heparinized tubes from clinically healthy
pregnant women, cynomolgus monkeys, marmosets.
dogs, pigs, goats, cows and horses just before the full
gestational period. The plasma was separated by centri-
fugation at 600 g for 10 min and stored at —80°C until
assay.

Sample preparation: The placental CAP was extracted
by Oya’s method [11]. All procedures were carried out at
4°C. Briefly, the placentas were washed with cold ‘phy-
siological saline, followed by removal of the fetal mem-
brane and umbilical cord. Then. they were minced in
small piecies and added with 5 volumes of Tris-HCI buffer
_ (5 mM, pH 7.4) containing 0.25 M sucrose. The homogen-

_ates prepared with Potter-Elvehjem homogenizer were
filtrated through gauze and centrifuged at 600 g for 10
min. The supernatants were stored at —80°C until use.

Enzyme activities: The CAP activities were measured by
CAP color test Sankyo (Sankyo Co., Ltd.) using S-benzyl-

L-cystein-p-dimethylaminoanilide as a substrate. The pro- -

tein concentration was determined by Lowry’s method [8].

Inhibition_test: Inhibitory effects of ethylene diamine
tetra-acetic acid (EDTA, 0.1 and/or 10 mM) and L-
methionine (10 and/or 20 mM) on placental and plasma
CAP activities, and their heat stability (6()"C 30 min)
were examined.

#

J..Veét. Med. Sci. 55(3): 479480, 1993

As shown in Fig. 1-a, EDTA revealed a significant
inhibitory effect on both placental and plasma CAP in
women, cynomolgus monkeys, marmosets, whereas it
showed no inhibitory effect in the other animals. Many.
investigators reported that placental and plasma CAP
from pregnant women was completely inhibited by EDTA
[6. 7]. Furthermore. Hayashi and Oshima [2] reported a
significant inhibitory effect of EDTA on placental CAP
from monkeys (Macaca fuscata fuscata). Since such an
inhibitory effect on CAP activity was considered to be
associated with metal ions on its biologically active site [6],
our results suggested- that characteristics of CAP as, a
metalloenzyme were different among animal species. On
the other hand, the L-methionine was reported to have no -
competitive inhibitory effect on neither placental nor
plasma CAP in women, whereas it showed a complete
inhibitory effect on leucine aminopeptidase [2, 5-7, 9-11].
In our study, L-methionine also exerted a remarkable
inhibitory effect on both placental and plasma CAP from .
all of the pregnant animals except for only human (Fig.
1-b). These results also suggested that there was a
difference in the competitive status of the biologically
active site of CAP among animal species. The remaining
activities of placental CAP were very low in human,
cynomolgus monkeys, marmosets, pigs, and horses after
incubation at 60°C for 30 min, whereas those of plasma
CAP varied among animal species (Fig. 1-c). Placental
and plasma CAP in pregnant women had been shown to
lose completely their activities by preincubation at 60°C
for 30 min [5, 9-10]. In this study, an inhibitory effect of
heat treatment on placental and plasma CAP was
observed in human, cynomolgus monkeys, marmosets,
and pigs.

. The . correlation of inhibitory effects by EDTA, L-
methlonme and heat treatment on placental and plasma
CAP in pregnant animals is shown in Fig. 2. The
significant correlation (p<0.001, n=24, r=0.843) was
observed between them. Oya et al. [9-11] suggested
plasma CAP in pregnant women may be originated from
the placental lysosomal CAP according to the fact that
they were not inhibited by L-methionine, but by heat
treatment, and.that they had the same electrophoretical
mobility. Kleiner e al. 5] also reported that plasma CAP -
reflected placental CAP which might be ‘released from
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In conclusion, plasma CAP activities in pregnant
animals might reflect placental CAP activities and seemed
to be available for’ estlmatmg maternal gestational condi-
tions. :
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Sarcoc, ystis spp. being obligate heteroxenous coccidiahs require definitive hosts in the course of
their transmission. Prevalence of Sarcocystis infection.in domestic animals have been reported in
many countries (Barrows et al. 1981; Bottner et al. 1986; Munday 1975; Pereia and Bermejo 1988;
Prestwood et al. 1980; Saleque and Bhatia 1991). Saito et al. (1986) documented the isolation of
Sarcocystis miescheriana in 17 culled older pigs (17 / 200 = 8.5%) and none among fattened pigs
in Saitama Prefecture, Honsyu, Japan. In the northen part of Japan, specifically in Hokkaido, to
- date, there are no published reports of Sarcocystis infection. Thus, the present study was sought to
survey Sarcocy:.tzs infection among slaughtered pigs in East Hokkaido, Japan.

Samples of diaphragm muscle tissues were obtained from 104 sows, and 40 fatu’ned pigs at a
slaughter house in Obihiro, between October and November 1992.

Figure 1. Cyst of San:ocyst:s suicanis reco»vered from dlaphragm of sow. N ote perpendxcullar
protrusions on the outer surface of cyst wall. x 400.

29 98

o



SARCOCYSTIS INFECTION IN EAST HOKKAIDO

Nine to fifteen pieces of muscle tissues, weighing approximately 0.5 g each, were excised from
each host muscles and teased in phosphate buffered saline and examined microscopically.
Identification of Sarcocystis spp. was based on moxphologi‘cal features, specifically on the
structural dissimilarity of the cyst wall. ; |

Cysts of Sarcocystis suicanis were detected in 17 out of 104 sows. Cysts were fusxform in shape
and the cyst wall has radial, stnatted and perpendicular protrusions on the outer surface (Figure 1) '
containing numerous banana-shaped cystozoites. Among 40 fattened pigs, cysts of the more
pathogenic and zoonotic Sarcocystis suihominis which have cyst walls characterized as having
hair-like villar and slanted protrusions on their outer surface were not found.

Results of the present study show a prevalence rate of 16.5 % of S.suicanis among sows and
0.0% occurence of the pathogenic and zoonotic S.suihominis in East Hokkaido. Non-utilization of
human stool as manure for the past 10 years in Japén could be attributed as one major factor
influencing the absence of contamination of soil with the zoonotic S. suihominis. Furthermore,
while this study does not provide information related to infection route of S.suicanis in sows in
Hokkaido, the absence of wild pigs in the Hokkaido area, may lend support to the hypothesis that
Honsyu areas would most likely be a source of S. suicanis in Hokkaido. :

REFERENCES .
Barrows, P. L., Smith, H. M. Prestwood, A. K, & Brown J. 1981. Prcvallence and distribution
of Sarcocystis sp among wild swine of southeastern United States. JAVMA., 179:1117-1118.
Bottner, A., Charleston; W. A. G., Pomroy, W. E. & Rommel, M. 1987. The prevalence and
| identity of Sarcocystis in beef cattle in New Zealand. Vet. Parasitol. 24: 157-168.
Munday, B. L. 197‘) The prevalence of sarcospor1d10s1s in Australian meat ammals Austral. Vet.
J. 51: 478-480.
Pereira, A. & Bermejo M. 1988. Prevalence of Sarcocystis cysts in plgs and sheep in Sp‘am Vet.
Parasitol. 27: 353-355.
Prestwood, A. K., Cahoon, R. W. & McDaniel, T. H. 1980. Sarcocystis infections in Georgia
swine. Am. J. Vet. Res. 41: 1879- 1831. '
‘ Salto, M., Nakajima, T., ‘Watanabe, A. & Itagaki, H. 1986 Sarcocystis mlcschenana mﬂ.cnon amd
its frequency in pigs in Japan. Jpn. J. Vet. Sci. 43: 1083-1090. |
Saleque A. & Bhatia B. 1991. Prevalence of Sarcocystis in domestic pigs in India. Vet. Parasitol.
40: 151-153. ‘ ‘ ‘ ‘

20 S 75

1



J. Protozool. Res.. 3, 99-109 (1993) ’
Copyright ©1993, Research Center for Protozoan Molecular Immunology

Studies Related to Immunosuppression in Mice with
' Chronic Toxoplamosis

MASANARI ITO, IKUO IGARASHI', YUKITOKI FUJITA
YOSHITAKA OMATA* ATSUSHI SAITQ?, MICHIO NAKAGAWA®,
FLORENCIA G. CLAVERIA™ AND NAOYOSHI SUZUKI'

'The Research Center for Protozoan Molecular Immunology, *Department of Veterinary
Physiology, *Department of Veterinary Pathology, Obihiro University of Agriculture and
Veterinary Medicine, Obihiro, Hokkaido, Japan and ‘Depariment of Biology,
- De La Salle University, Manila, Philippines .

* Received 23 May 1993/ Accepted 25 July 1993

Key words: Toxoplasma, cysts, mice, immunosuppression, immunoregulator, -
obiopeptide-1 '

ABSTRACT .

Mice chronically infected with Toxoplasma gondii were treated with
cyclophosphamide, obiopeptide-1 (Obi-1) and/or anti-CD4 monoclonal antibody to
determinea the effect of these immunosuppressive agents on the cysts in the brain. In
the brain of non-treated, and infected cyclophosphamide-Obi-1 treated mice, with
hematoxylin-eosin, and anti-Toxoplasma avidin-biotin-conjugate labelling techniques,
large typically rounded tissue cysts were mostly detected, and sometimes with dividing
mic:rocySts; In contrast, brain tissue from cyclophosphamide only or anti-CD4 treated
infected mice had multiple degenerate cysts of varied size in some brain regions, as
well as clusters of microcysts, howeve'r,/ such change was more st-ﬁkinng in the
anti-CD4 treated group. Infected mice treated with a combination of cyclophosphamide
~and Obi-1 showed a significantly higher survival of 80% campared to 20% survival in

- mice treated with cyclophosphamide only. Percent neutrophilic leucocytes, monocytes

and lymplhocytes in mice treated with a combination of Obi-1 and anti-CD4, or Obi-1
and cyclophosphamide were higher compared to those groups treated with anti-CD4
antibody, or cyclophosphauﬁide only. The increase in neutrophilic leucocyte and
lymphocyte counts after a combined cyclophosphamide and Obi-1 treatment may,
likewise, contribute to the: induction of resistance in mice against T. gondii.
Furthermore, these results seem to suggest that the reactivation or rupture of tissue
cysts in mice ch{rohically infected with T. gondii is not principally correlated with the
death of cyclophosphamide treated mice.
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IMMUNOSUPPRESSION IN MICE WITH CHRONIC TOXOPLASMOSIS

INTRODUCTION

Within three wk post-infection Toxo‘plasma tachyzoites invade other organs like the
brain and muscles of animals forming cysts, with the infection course exhibiting no
apparent clinical manifestations. Generally, hosts that ake less resistant as a result of
acquired immljnodefici'ency syndrome (AIDS) in humans, distemper in dogs,
leukaemia virus infection or administration of immunosuppressive dmgs in cancer
patients and others may activate T. gcmdn proliferation within cysts showing chmcal
- signs which can kill the hosts. As to what mechanism(s) activates T. gondii to multiply
rapidly and form cystozoites, is still not well elucidated. Vollmer et al. (1987 ) had
reported the appearance of T. gondu <~ysts of varied size in the mouse brain, and -
tachyzoite migration following experimental administration of anti-CD4 antibodies
(Ab's). The importance of both CD4 arid CD8 positive cells in chronic toxoplasmosis
has been likewise, reported by‘Fticafdcu et al. (1991), Araujo (1991), and Suzuki et ‘fal.
(1988).

The present study sought to carry out two objectlves. First, was to determme' the
effect of cyclo‘phospahamlcle a widely used immunosuppressant (Makim et al. 1991;
Stockman et al. 1973), a drug for cancer treatment with OK-432 (Ogawara et al.
1992), and admg for the treatment of opportunistic infections in_mouse model (Fuijii et
al. 1992b) on cyst movement in the brain when administered together with anti-CD4
antibody. ' Second, was to determine the life prolongation effect of synthetic
obiopeptide-1 (Obi-1), as an immunoregulator on immunosuppressed mice with
chronic toxoplasmosis. |

MATERIALS AND METHODS . :

Experimental host and parasite: Five wk old male BALB/c mice and cysts of T
gondii (Beverley strain) maintained at the Department of Vetemnary Physnology were
used.

Preparation of T. gondii - chronic carriers: An emulsion of infected mouse brain was
inoculated into the mouse peritoneal cavity. Mice were intramuscularly injected 1
mg/mi/day-of prednisolone for 5 days. Seven days later, the peritoneal cavity was
washed with 0.9% physiological saline solution (PSS) to obtain tachyzoites. Mice were
intraperitoneally (IP) inoculated 1 x 10 tachyzoites, and on the 5th, 7th and 9th day
post-inoculation ' (Pl), they were orally administered 0.5 mg/ml of Daimeton
(sulfamonomethoxine). Mice that survived the initial infection 28 days Pl were
challenged with 1 x 10* tachyzoites. Those that survived for 56 days were used as T.
gondii chronic carriers. Tachyzoites that were used for the challenge dose were-
obtained from subcultures in ICR-JCL mice which were treated with predniscione. .

Administration of cyclophosphamide and anti-CD4 antibodies: Cyclophosphamide
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IMMUNOSUPPRESSION IN MICE WITH CHRONIC TOXOPLASMOSIS

(Janssen Chimica, Beerse, Belgium) dissolved in 0.9% PSS was IP- inoculated to
chronic carrier mice (250 mg/kg) five times at 7 days interval or four times at 10 days
interval.” In both experiments, the control groups consisted of non-infected mice but |
 treated similarly as the experimental animals. Experimental and control mice were
administered 300 pg/head of anti-CD4 monoclonal AB's (mAb’s) four times at 10 days
interval. Anti-CD4 mAb's were obtained by inoculating GKL.5 cell hybridoma to nude
mice, and Ab’s were punfled from ascitic fluid using ammonium sulfate precipitation..

Administration of Obi-1: Synthetic Obi-1 (Suzuki et al. 1990) was dissolved in 100
mM NaHCO, (10 mg/ml) pH 6.4, diluted in PSS (1 mg/ml) and sterilized using a
micropore filter. Each mouse was injected 100 pg (0.1 ml) of Obi-1 into the femoral
muscle on -the 3rd and 7th day post-admmlstratlon of cyclosphosphamide and
anti-CD4 Ab's. ‘ ‘

Preparation of mouse spleen cells: Spleen cells from infected and non-infected
mice were prepared following the method of Igarashi et al. (1990). Mice were bled to
death and immediately the spleen were excised, finely cut and suspended in Hanks
balanced salt solution (HBSS) containing 5 units/mi heparin, 100 units/mi penicillin G,
and 100 ng/ml streptomycin sulfate, and filtered using a steel mesh. To the sediment
obtained by centrifugation at 800xg for 7 min at 4°C, warmed (37 'C) 0.83% ammonium
chloride solution was added to lyse the erythrocytes. The cells were washed twice with
HBSS and once with RPMI-1640 (containing 5 units/mi heparin, 100 units/mi penicillin
G, 100 ug/ml streptomycin sulfate, 12 mM Hepes, 0.1 uM 2- men.aptoeithanol) by
. centrifugation at 800xg for 7 minat 4 C.

Calculation of spleen cell su'bpopulauons Twenty mice were IP-moculated about -
100 tachyzoites/head. At 14, 28, and 162 days PI, five mice per group were used as T.
gondii - infeéted grcvup Unexposed normal mice comprised the control group. Cell
density ratio (I/N) was obtained by dividing the cell number in infected by the cell
number in the non-infected mice. To the spleen cell suspension Ab's diluted in RPMI
1640 containing 0.3% bovine serum albumin (BSA) was added to approximate
1 x 10° cells/ml, then allowed to stand for 60 min at 4°C with stir ring at 15 min interval.
Monoclonal Ab’s used were anti-Thy-1,2 (x500), anti-CD8 (x60), and anti-CD4 (x50)
(Cedarlen Laboratories Limited, Ontario, Canada) , and Asialo .GM1 (x60) (Wako Pure
Chemical Industries, Tokyc») The cell suspension was centrifuged and washed once,
and rabbit complement (x15 diluted in RPMI 1640 & 0.3% BSA) was added with stirring
to approximate a cell density of 1 x 10° cells/ml, then allowed to stand for 60 min at 37
'C with stirring at 15 min interval. For the control 1 x 10° cells/ml were used. To tha
cells, rtrypa,n,blue was added to approximate a 10% concentration, then placed on ice
for 2-3 min, and the ratio of positive cells was obtained following the formula: % dead
cells upon addition of Ab’s - % dead cells in control divided by 100% - % dead cells in
the control. \ ' |
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Calculation of leucocyte count. Heparinized blood obtained from the mouse caudal
‘vein was diluted in TUrk’s solution using a melangeur. Leucocyte count per mm® was
noted using a hemocytometer. With Giemsa-stained blood smear, the ratio of

neutrophils, eosinophils, ba«sophll.,, monocytes and lymphocytes to the total Ieucoc:yté '

count was obtained.

Calculation of cyst density in the brain: Using a sharp knife, the intact mouse brain

was divided into the right lobe for histological examination, and the left lobe for the
calculation of cyst density. To the left lobe, PSS was added and then homogehized
using glass slides. Cyst density was calculated by placing 1/20 of the brain tissue
emulsion on a plankton counter. A mean value was obtained from three counts and
multiplied by 40 to get the cyst number per mouse. The right lobe was fixed in 15%
formalin solution, processed and embedded in paraffin. Tissue sections were stained
with hemcxtoxylm & eosin (H&E). Parasites in tissues were, likewise, pathohistologically
examined = with light microscopy. Tissue sections wére stained  with

~ avidin-biotin-peroxidase, and thereafter, were soaked in 0.3% methanol Jhydrdgen |

- peroxide for 30 min, washed with buffer solution and reacted with goat normal serum
for 30 min. Sections were reacted with T, gondii - immunized rabbit serum for 30 min,
washed and reacted with diluted biotinylated second antibody for 30 min, and with
- avidin-biotin conjugate (ABC) for another 30 min (Funakoshi Co., Tokyo). After another
wash, the sections were reacted with peroxidase substrate solution (0.01% H,0,and

0.05% DAB) (Wako Pure Chemical Industries, Tokyo) and then counterstained with-

H&E.

RESULTS

Table 1 shows the cell phenotype population ratios (l/N) in both. experimental and
comkrol (pre-inoculation time) groups. Fourteen days P, the N ratio of = 2.0 was noted
in total monocytes, Lyt-1,2, Lyt-2,2 and aGM1-positive cells in the spleen. A similar
ratlc' was also recorded with Lyt-1,2, Lyt-2,2 and aGM1-positive cells in the peripheral
blood and in aGiM1- pcsmve cells in the liver. At 28 days PI, a ratio of 2.2 for Lyt-2,2 in
the spleen and > 2.0 for aGM1-positive cells in the spleen and liver were, IlkeW|se
noted. At 162 days PI, the number of Ly1 -1,2 and Lyt-2, 2, and aGM1-positive cells in
the liver more than doubled compared to the non-infected group.

The effect of Obi-1 in prolonging the survival of chronically-irfected mice after the
administration of cyclophosphamide is shown in Figure 1. In experiment | (Fig. 1A),
all mice in the non-infected control, non-infécted-cyclophosphamide treated, and
infected control groups survived until the last day of experimentation. With the infected
cyclophosphamide-Obi-1 treated mice, one out of 5 died on the 28th day
post-treatment (PT), while four out of five died between the 27th and 32nd day PT

among the infected cyclophosphamide treated mice. In eekperinnent 2 (Fig. 1B) two

102

/00



IMMUNOSUPPRESSION IN MICE WITH CHRONIC TOXOPLASMOSIS

103

. A
Table 1. Colt phenolype pooulation ratios (/N)in T. gonail (Bevertey strain) inoculated rve 100 ! Pt S et Pt ~ e
Days.pont inoculation . 90 =~ 9 - Group 1-1 {control)
pre-tnoculstion 14 28 182 80 o ———- Group 1-2 (Cyp)
ce count N N "™ £ 1 ‘Group 1-3 (Tp)
- ] J
Total cene { % 10% g :: I ==4= Group 1-4 (Tp, Cyp, Obi-1)
spieen 129 21 12 17 é o I =~ Group 1-5 (Tp, Cyp) -
Uiver 12.0 15 1.2 17 d 3 l ’ ) .
- Blood 2s 18 12 1.1 20 L .
Thymus 273 03 0.3 0.7 10
‘0 L R 1 —t—
Thy-1.2(s)ceks (x 100 . 0 0 0 10 20 30 40 so°
Spleen 39 22 13 1.9 Oays sfter treatmant
Uver 5.0 18 13 7
Blood 1.3 19 1.2 11 8
Thymus 242 03 03 0.7
100 "
wlq(clcﬂh(mm‘) 20
Spleen 4.0 1.8 1.0 1.9 s0 s1F- gmuo :; :(c;ml;ol)
L . 1. 1. 7 - roup 2-2 (Cyp|
Liver : : . : . : : : g Group 2-3 (anli-CD4)
Blood - : ! : 1" * Group 2-4 (Tp) ‘
. 3 50 Group 2-5 (Tp, Cyp. Obi-1)
Ln1.2(4) coe (% 109 § 40 Group 2-7 (Tp, anti-CD4, Obk- n
Spieen 28 < 28 185 18 3 30 Group 2-8 (Tp, anti-CD4)
Uiver 50 18 15 20 0 —@— Group 2-6 (Tp, Cyp)
Blood 0.2 20 3 1.0 o ‘
o B e I R
Li-2.2(+) cos | x 109 10 o 109 20 3 40 sp
Solesn e 20 22 19 Days after treatment
Uiver 1.8 19 .12 28
Blood X 1. 1
o1 0 0 o Figure 1.  Survival of trested T gondiichromcally infacted mice. Mice axposed to
1x10" parasiteshasd and at 26 days post-exposure. wors challengad with a similar
AGMI(s) colts | x 10 dose. Cyclophosphamide (Cyp) Ireated at 7 ys (Fig.1A) and al 10 days (Fig. 18)
. interval. Obi-1 lreatrnent (100ug/head) every 3, 7 days.post-Cyp treatment.
Soteen 1.0 3.0 23 1.7 : .
Uver . 0.4 28 22 20
Blood 0.1 2 1.0 1.0 Experimont Esperimont 8
L 1] - - - ———— —-
5 ar | a A
N as
« __Number of catts in mlected mice 8“ ~
Number of cefis m non. nfectsd mece i P 3 ,
T8
[\ \
[ I ALl ] . :
ey -
wl® [}
fu
. A B i . -
o ' - - TUTTTTTT U epenteaa: [ §
3 E] - Group 1-1 (Conwot) § . l 4 [ -
J0.0 N ‘ [ 1]
% i}~ Grovp 12 cypy [ - I.‘ E ﬂ'. Uinec l
> 00 . ‘ ) Rl S ’ P
o 100 [ 2 owouw 14(Tp.cym. omn § ae i
e | dl il AL ORI_URLD 1) oewmrsmmem  f i
0.400 g 7T o p C1 Legende 28: g o . . -
3o fioniibom | 1171+ 1= PO [P |
- i ¥ e B LY ~
H 0.200 - | i ) i1 Grevp 2-2(Cyp) [ U] ————————— SEE—— mfn-.n
i 200 . H Grouwiu(p) - |? o : O Greum 11 (Corren)
& o108 | ” ”l | J l I A Group 2.3 (Tp. Cyp, o»lig .. I 1 drews 42 Cvey
- - : S o X @ Grows 13 (T
0.000 . Ik D M- R X mw-‘ 14 (tp, Cyp) ! : , : ) af i P e 14 (7, Cym 001y
o0%0 3 - e g a HI ” It H : ‘a l l F3 Gre 1408 Ev
= 0.040 ! I 0 ! I L1 | I n g
L T - Loyt €2pe 0t
§ 00% ) G [ - € e 1 (e
- " !
Nl £ ey
.00 [ - ’ -
ﬁ o J i l I 'i - 03 Greus 20 (T, Cym OWE1)
0.000 nal al P
. . i B Greip 14T oYM
o n u 0 20 .40 ] ] ﬂ
Oays after trentrnent Days siter tremtment . Wm - 2 (i) el I
L] 1 L d L] » L
Figure 2.  Changes in body (1), splsen (2) and lhvnx' ((g) w,cng'l o:' nc-lep cf:ono'-;l:v , Oeve afier trestment o o-nu-h-: isnio oo
inlacied with T goncW anv trested wih cydiophosphsmi ¥P). or with Cyp an -1 Figure 3 Number of soisen com in I g chromically infected Iophoephemice(Cyp),
Trenied wih Cyp (250mqikg) st 7 days inerval, or with Qbi- 1 (100ug/head) every 3, 7 days of wh ‘”?v and ou-‘:'mm with Cyp (230mo/kg) ot 10 deye intervar and with Obk-| (100uUg) every 3, 7
aNter rantmant with Cyp. g TS S ronemert with Cyp.



IMMUNOSUPPRESSION IN MICE WITH CHRONIC TOXOPLASMOSIS

0.5

0.4
0.3

0.2

CD4’cells (x10°)

0.1

0.0

Days after Treatment

1 Group 2-1 (Cotrol) tH  Group 2-3 (anti-CD4) )
= Group 2-4 (Tp) X' Group 2-7 (Tp, anti-CD4, Obi-1)’
I:] Group 2-8 (Tp, anti-CD4) . -

Figure 4. Number of CD4'calis in the splaen of mice chronically infected with T
gondii and treated with anti-CD4, or with anti-CD4 and Qbi-1:

Treated with anti-CO4 (300ug/head) at 10 " days ' interval and with QObi-1
(100ug/head) every 3, 7 days alter traatment with anti-CD4.

500 Experimentl 500 ‘1 grmeriment i
o 400 - 2 400 J:
8 2. :
o 300 '® 300 -
o o
8 o 3 B
o 200 2 200
; £
Z 100 Z 100 F
ol ; 0-
. ) 28
Days after Treatment Days after Treatment
= Group 1-3(Tp) ' ‘ H aroup24(Tp)
YA Group 1:4 (Tp, Cyp. Obi-1) * P2 Group 2-5 (Tp, Cyp, Obi-1)
tJ -Group 1-5 (Tp, Cyp) B aroup 2-6(Tp, Cyr)
: B3 Group 2-7 (Tp, anti-CD4, Obi-1)
. ’ , . [ aroup 2-8(Tp. anti-CD4)

quure 5. Number of cysts in mouse brain chronically infected with T. gong and d with cyciophosphamide{Cyp), with
Cyp and Obi-1, with anti-CD4 or with anti-CD4 and Obi-1.

Experiment 1: Treated wﬂh Cyp(25C(mg/kg) at 7 days interval, nnd with. Obi-1(100ug/head) every 3, 7 days alter treatment
with Cyp.

Experiment 2: Traated with anti-CD4(300ug/head), or Cyp(250mg/kg) at 10 days mtevval Treated wilh Obi- 1(100ugmead)
every 3,7 dqyxl after treatment with anti-CD4 or Cyp. .

P “',, " - : A - 7 > ";'v .
| N 3, i b * Yo
. . j “’-., [
& . RS )
] AN AR
v IERAGE T
4o a7 FN LML e
A .. K
=] 5_“’." ."' s...r- "";
. L 2 :
& . S
. - .
- A
; . LN
R - ;.CF
Plate 1 Ptamz " Plae3 ek
(Cyp treated) (Cyp+Obi-1 trealed) (anti-C04 Ab's treated)

. ) Parasites in brain tissues of mice stained with avidin-biotin-peroxidase.

Y

104
/O0X

4

L



IMMUNOSUPFRESSION IN MICE WITH CHRONIC TOX(DPLASMOSIS

out of five infected mice treated with cyclophosphamide only, succumbed to death on
the 39th and 40th day PT ;while Groups 2-1, 2-5, 2-7 and 2-8 had a 100% survival.

Changes in the weight of body and immune organs of mice with chronic
toxoplasmosis administered treatments are summarized in Figures 2A and 2B. Infected
cyclophosphamide treated, and infected cyclophosphamide-Obi-1 treated mice
exhibited weight loss (Figs. A1 & B1). Spleen weight of non-infected
cyclophosphamide treated mice increased significantly on the 28th PT; while those of
infected cyclophosphamide treated, and infected cyclophosphamide and Cbi-1 treated ‘
exhibited spleen weight reduction (Fig. A2). In another expériment,however. we
noted an increase in spleen weight in Groups 1-4 and 1-5 at 40 days PT. Mice that
received cyclophosphamide treatment exhibited reduction in thymus weight compared
to the non-treated groups (Fig. A3). A similar pattern is evident in Figure B3.

Figure 3 shows the changes in lymbhocyte ‘subpopulation counts in the spleenof T.
gondii-chronically infected mice given  cyclophosphamide and Obi-1 treatment.
Results of experiment 1 (Fig. 3) gave consiste‘ntly higher counts of Thy-1,2, CDS5,
CD8 and CD4- positive cells in Group 1-3, compared to all other groups at 14 days PT
(Figs. A-D). At 28 days PT, Groups 1-4 and 1-5 showed a reduction in Thy-1,2, CDS5,
CD4, CD8 and aGM1-positive cells, demonstrating a state of immunosuppression. A
similar pattern of cell. subpopulation reduction was noted in experiment 2, at 20 days
'PT. At40 days PT, however, cell counts increased in all groups except in Group 1-2.

- The number of CD4- positive cells in mice administered anti-CD4 Ab’s is shown in
Figure 4. At 20 days PT, infected non-CD4 Ab treated mice showed a significant
increase in CD4- positive cells; while those of the non-infected, and infected and Ab
treatment exhibited a decrease in CD4- positive cells. A similar pattern was noted at 40
days PT. . , ,

“Intracerebral cyst density is shown in Figure 5. In experiment 1 at 14 days PT,
infected mice treated with cyclophosphamide manifested a marked increase in cysts
count compared with the infected (control), and infected cyclophosphamide and Obi-1
treated mice. At 28 days PT, however, infected mice treated with cyclophosphamide
and Obi-1 showed an increase in cyst density. In experiment 2, while no significant
difference in cyst number was noted between groups at 20 days PT, a significant
change in cyts density ‘was observed 20 and 40 days among. infected mice
administered anti-CD4 Ab’s,‘a’nd among infected mice treated with anti-CD4 Ab's and
Obi-1. In cyclophosphamide treated mouse, «émstefs of s:mall"t";ys,ts were observed in
some brain regions and tachyzoites could hardly be found (jPl‘ate 1). However, in
cyclophosphamide and Obi-1 treated mice, pathohistological detection of cysts
revealed them to mainly possess clear cysts Awélls. and sometimes with dividing
microcysts (Plate 2). Mice administered anti-CD4. Ab’s were morphologically similar
to those observed in mice treated with cyclophosphamide only. However, some
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microcyst exhibited faint cyst wall with H&E. Degenerate cysts of varied size and >mall
\ Cysts in colonies , and some tachyzolte -like orgamsms were, likewise, observed with
ABC starrnmg (Plate J) ,

Total leucocyte counts and the ratio of neutrophils demonstrate no marked
diference between groups at 20 days PT. At 40 days PT, the non-infected
cyclophosphamide treated mice had the lowest white blood cell (WBC) count and
percent neutrophil, while those of infected mice treated with cyclophospharmde only ,
or cyclophosphamide and Obi-1, exhibited higher WBC count, and percent
“neutrophil, lymphocyte and monocyte ratios. :

DISCUSSION

The suppression of all |mmunoldg|cally competent cells mcludmg T and B
lymphocytes at the stage of DNA synthesis has been reported (Igarashi et al. 1990;
Miyauchi et al. 1990; Schwartz et al. 1978; Turk et al. 1872). <Ogawara et al. (1992)'
contend that the administration ‘of cyclophosphamide at a dose of 250 mg/kg can
cause rapid reduction of granulecytlc and splenic cells and their disappearance in 3-5
days, returning to the normal level within 7 to 14 days, therafter. In the present st|udy.
the administration of cyctophosphamrde to mice with chronic toxoplasmosis effected a
state of depression, loss of body weight and reductron in Thy-1,2, CD5, CD8, CD4 and
aGM1 pcrsmve cells, as well as atrophy of the thymus and spleen as ‘a result of
- immunosuppression. In' contrast, cyclophosphamide treated non- rnfected “mice
exhibited splenoma and a marked increase in Thy-1,2, CD5, CD4 pcnsmve cells and
intrasplenic nucleated cells.

Intracerebral cysts from non- -infected untreated and non-infected treate»d groups
exhibited numerous intracerebral Ccysts of similar large size, and with H&E and ABC,
staining, the cysts showed clear cyst walls. In the treated group, at 28 day PT, cyst
density declined. Volimer et al. (1987) and Mark et al. (1991) had clocumented the
- appearance of cysts of varied sizes and sometimes dividing cysts mainly in the brain,
as well as the migration of tachyzoites in chronic mice treated with antr-CD‘trAb’st In
our study, microscopic examination of brain tissue sections of chronic mice treated with.

anti-CD4 Ab's revealed faint cyst walls containing degenerate rrregular cysts“ |

undergoing fission and clusters of small cysts. In infected cyclophosphamide treated
mouse brain most of the cysts were of large size, nonetheless, in some regions there
were degenerate irregular small cysts in clusters. However, tachyzoite mlgrcitron was
hardly observed. Furthermore, the non-infected control, and infected
cyclophosphamide and Obi-1 treated groups showed typical intracerebral cysts with
clear or sharp cyst walls, and sometimes mutiple dividing cysts of various sizes.
Menitoring the movement of intrasplenic T- lymphocyte subpepul'ations; with the
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use of their specific Ab’s revealed a reduction in Thy-1,2, CD5, CD8, CD4 and yaaGM1-
positive cells in non-infected mice as immunosuppression progressed  with
cyclophosphamide administration. In contrast, among chronically treated infected
mice, there was no marked change in the values of lymphocyte subpopulations,
however, the number of CD4 cells was significantly low, about half the density noted
among clyclophosphamide untreated mice. Mice with chronic toxoplasmosis and
administered cyclophosphamide exhibited loss of weight and depression. The
authors tend to suppose that the rupture of intracerebral cysts in likely caused by a
reduction in CD4 positive cells more than the effect of a reduction of all
immunocompetent cells, including T and B- lymphocytes. o :

~Obi-1 has been shown to inhibit T. gondii growth in cultured cells of bovine
peripheral blood monocytes, mouse intraperitoneal macrophages and renal cells,
human myocardial and cerebral cells, and exhibits a non-specific immunoregulating
effect on tumours (Sakurai et al. 1982; Suzuki et al. 1990). In the present study, we
noted a marked difference in survival rate between cyclophosphamide and Obi-1
treated, and Obi-1 untreated mice. The regular administration of cyclophosphamide to
mice with chronic toxoplasmosis may not strbngly activate the cysts to'proliferate, and
percent neutrophilic leucocytes, monocytes and lymphocytes in mice treated with Obi-1
were of higher v:aluesl compared to those obtained . from mice treated with
cyclophosphamide only. These observations demonstrate the possible role of Obi-1 in
the presence of cyclophosphamide, in prolonging the lifespan of chronically infected
mice. From these results, we tend to think that the ditference in host resistance and/or a
difference in host life threshold limit against the fatal effect of acute toxoplasmosis
could have been influenced by a leucocyte count below the normal lower threshold
value, which is othe:wiée/ needed for survival. Fujii et al. (1992b) reported enhanced
susceptibility of mice administered cyclophosphamide to bacteria and such
Susceptibility correlated clearly with a reduction in leucocytes. In the present study, the
ratio of neutmphi}s!fand monocytes to total WBC count was highest"among' mice
treated with cyclophosphamide and Obi-1. Fujii et al. (1992b) and Kono et al. (1992)
have shown that the addition of Obi-1 does not only reverse the effect of leucocyte
reduction due to éyclophdsphamide, but Obi-1, also, accelerates - phagocytic
bactericidal activity by functioning as a hematopoeitic cell stimulating-like factor in a
host under a state of immungseupprression. it can be speculated, moreover, that there
" could be a factor influencing the differenc in effect between cyclophosphamide and
Obi-1, thus influencing the increase in number and activation of neutrophils,
lymphocytes and monocytes. . ‘

The eldminis;ti"ation of anti-CD4 Ab’s to mice with chronic toxoplasmosis resulted to

“a reduction in C:Dv4 positive cells in the spleen, irregular sized cysts undergoing fission,
and small cysts in colonies scattered in the brain. -Furthermore, the administration of

107



IMMUNOSUPPRESSION IN MICE WITH CHRONIC TOXOPLASMOSIS

cyclophosphamide alone to chronic mice also caused a decrease in CD4- positive
cells, howeyer‘,' immediately after fission, irregular Sizeci Cysts showed less obvious
changes compared with those noted among antifCD4 treated mice. As to how
anti-CD4 Ab's cause the disruption and multiplication of intracerebral cysts, and as to
what"me'chanism(s) is involved in reducing CD4’ positive calls in the presence of
cyclophosphamide or of any other immu‘hosuphressiye, agents are questions that
warrant further investigations. ’ ‘ ‘
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Protective Immune Response of Isospora felis-Infected Mice against Babesia microti Infection
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ABSTRACT. - Protective response against Babesia microti was studied in Isospora felis-infected mice. Isospora felis-infected mice which
were exposed to B. microti on the 28th day post-infection showed absolute resistance against Babesia.microti. Interestingly, these mice
showed no anti-B. microti antibodies. Mice that received spleen cells from /. felis-infected donors that were subsequently exposed to B.
microti showed lower peak parasitemia (10.3% + 2.6) compared to those mice that received normal spleen cells (60.9% + 15.0), and no
- spleen cells at all (47.3% * 8.5). Treatment of I. felis-infected mice with monoclonal antibodies against L3T4* celis resulted to a
depression of their resistance to B. microti, as clearly manifested by high levels of parasitemia. Findings of the present study demonstrate
the role of cell mediated immunity, specifically by L3T4* T-cells induced: by I. felis infection, in providing mice protection against B.

microti.—KEY WORDS: Babesia microti, immune response, Isospora felis, mouse. natural resistance.

“Isospora felis, a feline coccidian parasite, is commonly
found in feces of domestic and stray cats. In mammals,
this parasite can penetrate and survive in extra-intestinal
organs [5]. One of the possible modes of transmission of /.
felis in cats is the ingestion of infected rodents, as
intermediate hosts. Experimental studies of 7. felis infec-
tion in rodents are wanting, probably because of the
absence of pathogenicity in the intermediate hosts. and
due to the work’s low economic valpe. Nevertheless, the
investigation of immune responses to /. felis infection in
intermediate hosts is nécessary to gain additional know-
ledge of ‘its transmission mechanism, and to attract
epidemiologic ‘interest.

Coxiella burnetii, Nematospiroides- dubius (N. dubius)
and other species have been shown to induce non-specific
immunity to Babesia microti infection in mice [2, 6].
Although, the precise defence mechanisms are still un-
known, natural killer cells and/or macrophages are be-
lieved to injerfere with the parasite development within
host erythrocytes [6-7]. :

In the present study, we examined the immune response
of B. microti infection in mice experimentally inoculated
with 1. felis oocysts. Specifically, we sought to determine
‘whether [. felis infection in mice can stimulate the host
immune system to induce protective immune reactions
against B. microti. :

MATERIALS- AND METHODS
Oocysts of I. felis were obtained from cats’ feces using

ZnSO, flotation method,  followed by sucrose density
gradient centrifugation (1], and stored at 4°C in phosphate

* CORRESPONDENCE TO: OMATA, Y., Department of Veterinary
Physiology. Obihiro University of Agriculture and Veterinary
Medicine, Obihiro, Japan.

J. Vet. Med.: Sci. 55(4): 587-590, 1993

buffered saline (PBS). Absence of other coccidian y(‘)ocysts
was microscopically-confirmed. Some oocysts were hatch-
ed by incubation in PBS supplemented with 0.5%.

“taulochoilic acid ‘and 0.25% trypsin at 37°C for 30 min.

Babesia microti parasitized red blood cells (B. microti
PRBC) obtained from Dr. O. A. Heydon, Berlin Free
University, were prepared from infected mice (0.6-0.8 m/
blood with a hematocrit of 20-35% and a parasitemia of
50-70%) on the 7th~10th day post infection (p.i.) by.heart
puncture in heparinized PBS at 4°C,-then were washed
with PBS three times by centrifugation at 1,200 g for 10

‘min at 4°C.

Male and female BALB/c and ICR mice, 5-7 weeks of
age were used in all experiments. Each group consisted of
four mice which were infected perorally with 5 x 10°
oocysts of /. felis. On the 7th and 28th day p.i., they were
challenged intraperitoneally with 1 x 10° B. microti
PRBC. Thereafter, survival of exposed mice was moni-
tored. Percent parasitemia per mouse was examined at
one day interval beginning on the 3rd and ending on‘the
21st day p.i. Level of parasitemia was determined’ by
counting the number of PRBC per 400 c¢lls in tail-blood
thin smears stained with Giemsa. ‘ ,

Anti-/. felis and anti-B. microti 1gG titers in sera were
measured by indirect immunofluorescence antibody test
(IFAT). Test sera were obtained weekly from each mouse
and stored at —20°C .until use. Serum samples were
diluted four-fold in PBS and mounted on glass slides
coated with B. microti PRBC, and incubated.at 37°C for
30 min, washed in-PBS for 10 min, then reacted with
FITC-conjugated anti-mouse IgG diluted in PBS, at 37°C
for 30 min. Anti-/. felis IgG antibody titers in the same
sera samples were performed following similar procedure.

Spleen cells from either I. felis non-inoculated or
inoculated BALB/c mice were suspended in RPMI 1640
medium at a.concentration of 5 X 10%m/. Four BALB/c
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‘mice were intravenously injected-10° spleen cells of /. felis
infected mice, and another four recipient mice received a
similar inoculum of spleen cell suspension from 1. felis
non-infected donors. For the control group, four mice
were not injected spleen cells. These three groups of mice
were inoculated with 10° B. microti PRBC on the same

M. TAKAHASHL, ET AL.

Lyt2.2%) cells in mouse spleen was monitored by fluorocy-
tometric analysis using FITC-conjugated mAbs.

RESULTS

As shown in Fig. la, B. microti-infected .mice which

day of spleen cell- transfer. Thereafter. the level of ~ were inoculated with /. felis on the 7th day p.i. showed a

parasitemia in each mouse was checked. To establish the
absence of /. felis in the spleen cell suspension, two
CS7BL/6 mice were also inoculated with the same
inoculum dose of spleen cells. Negative anti-l. felis
antibody titers were noted in these mice on the 30th day
post-spleen. cells transfer. '

Anti-mouse L3T4 monoclonal antibody (mAb) (rat

hybridoma GK-1, 5) and anti-mouse Lyt 2, 2 mAb (rat’

hybridoma 53-6,72) were purified using 33% ammonium
sulfate precipitation method. Each of the . felis-infected
mice on the 28th day p.i. were depleted of T-cell subset
" through  inoculation with 0.5 mg/0.25 m/ of anti-L3T4
mAb or anti-Lyt2.2. mAb intraperitoneally for three
successive days prior to challenge with 10° B. microti
PRBC. Treatment with mAb was continued for the next
27 days post-challenge with B. microti at two days
interval. Depletion of L3T4 or Lyt2,2 positive (L3T4",
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peak parasiternia of 29.8% =+ 6.48 on the I1th day B.
microti p.i. The control group, likewise. registered a peak
parasitemia of 42.5% =* 0.7 on the same day. BALB/c
mice inoculated with /. felis and then exposed to B.
microti on the 7th day p.i. also showed lower parasitemia

* compared to that of the control (Fig. 1b). Interestingly, 1.

felis-inoculated mice which were exposed to. B. microti
PRBC on the 28th day I. ‘felis p.i. registered absolute
resistance to the establishment of B. microti infection
(Fig. 1c). With ICR mice, we noted less than 1.0% and
60.0% parasitemia in the experimental and control
groups, respectively (Fig. 1d). Also, ICR mice showed
anti-I. felis antibody IgG titer of 4°. Anti-B. microti
antibody IgG was detected on the 7th day post-inoculation
with B. microti.

Figure 2-shows mice that received spleen cells from 1.

felis-infected mice had lower peak parasitemia (10.3% +
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Mean parasitemia * SD of B. microti infected mice. B: B. microti exposed only. Bar: standard deviation per group

samples. la. O: BALB/c mice infected with B. microti and inoculated with 1. felis 7 days post-infection. 1b. O: BALB/c mice
inoculated with /. felis and then exposed to B. microti 7 days post-inoculation. lc. O: BALB/c mice inoculated with /. felis and
exposed with B. microti 28 days post-inoculation. 1d.-0; ICR mice inoculated with /. felis and cxposed with B. microti at 28 days
post inoculation. IFA titer of anti-B. microti 1gG (O) and anti-1. felis 1gG (A) in L. felis-infected mice; anti-B. microti 1gG (@)

and anti-I. felis 1gG (A) in control.
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2.6) on the 11th day B. microti p.i., compared to those
that received normial spleen cells (60.9% =+ 15.0) and to
those mice that received no spleen cells at all (47.3% -+
8.5).

The effects of in vivo treatment with anti-L3T4 mAb or
anti-Lyt 2,2 mAb on the resistance pattern of /. felis-
infected mice against B. microti are shown in Figure 3.
The treatment of I. felis-infected mice with anti-L3T4
mAb (Fig. 3a) resulted in a depressed resistance against
B. microti, as evidenced by severe parasitemia. Two of the
four mice in this group had about 85% parasitemia on the
I3th day post challenged and was sustained at 50%
parasitemia until the end of the experiment. One mouse

also showed high parasitemia at about 70%, on the 23rd
.day post-challenged. In comparison, /. félis-infected mice

inoculated with anti-Lyt 2,2 mAb (Fig. 3b), with normal
rat IgG (Fig. 3c), or without-inoculation (Fig. 3d) either
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-Fig."2. Effect of adoptive transfer of spleen cclls from 1.
felis-inoculated BALB/c mice against B. microti challenge.
O: non-inoculated. M: inoculated with spleen cells of normal
mice. O: inoculated with spleen cells from-/. felis-infected
BALB/c mice. ‘
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Fig. 3. Course of B. microti infection in /. felis inoculated
mice treated with either anti-L3T4mAb (Fig. 3a).anti-Lyt2,2
mAb (Fig. 3b). normal rat 1gG (Fig. 3¢) or non-treated (Fig.
3d). Nos. 1. 2, 3 and 4 arc mice designations.

o

had significantly low parasitemia or no parasitemia until
the end of the observation period. Using fluorocytometric
analysis, the treatment of mice with either anti-L3T4 mAb
or anti-Lyt 2,2 mAb resulted in more than 90% of the

_restricted depletion of the corresponding population (data

not shown),
DISCUSSION

Despite the numerous findings of the existence of
natural resistance of hosts to babesiosis microti, the
precise deferice mechanism underlying such phenomenon
remains controversial, to date. Mzembe et al. [6] reported
the role of macrophages in suppressing the growth of B.
microti in N. dubius-infected mice by releasing soluble
factors which show parasiticidal effect when tested in
vitro. On  the contrary, macrophages obtained from

- Schistosoma mansoni-infected mice failed to suppress the

in vitro growth of B. microti [4]. Studies by Ruebush and
Burgess [7] on the determination of interferon-r (INF-
nlevels and parasitemia in experimental B. microti infec-
tion in beige mice provided valuable information that led
them to suggest the probable contribution of NK cells in
the expression of host natural resistance.

In the present study, infection of mice with /. felis
induced- significant host protection against. B. microti
infection. Interestingly, we found no cross reactive anti-
bodies with - B. ‘microti, thus indicating no apparent
participation of humoral antibodies. Likewise, results of
spleen cells transfer and the control of T-cell subsets with
mADb'’s revealed the importance of spleen cells, specifically
the L3T4" cells in providing protection against B. microti.
Our findings strongly demonstrate that non-pathogenic
parasites such as /. felis has the capability to stimulate
host's immune response. k

While L3T4" cells are generally associated with produc-
tion of INF-r, tumor necrotic factor (TNF), IL-2 and of
other lymphokines in the presence of antigens and
induction of activation of macrophages, NK cells or
L3T4" own cells through lymphokines, we have no data to
explain the role of L3T4* cells in the present study. Thus,
studies related to the interaction between L3T4" cells and
effector cells are necessary to understand the mechan-
ism(s) underlying natural resistance of mice against B.
microti. : ‘
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Abstract

Sera and diaphragm muscle tissues were obtained from 109 commercial pigs beiween September
1991 and May 1992 from the slaughterhouse at La Plata.’ Provincia Buenos Aires, Argentina. Anti-
Toxoplasma gondii 1gG antibody reactivity to T, gondii antigens -were assayed using sera by indirect
 immunofluorescence assay and immunoblotting technique. Anti-T. gondii IgG titers at serum dilu-

tionsof 1:1024 and higher were noted in 11.0% of the tested sera, and at dilutions of 1: 16 and lower
~in 36.7% of the serum samples. Using mouse inoculation test, T. gondii was isolated from 14 pig

diaphragm samples. OFf five samples derived from pigs with antibodies at dilutions of 1:1024 and
higher, four contained trophozoites which, when inoculated into mice intraperitoneally. killed all re-
cipient hosts within I'S days post inoculation, Parasites detected in seven out of eight samples from
pigs with antibodies at serum dilutions of 1 :64 and lower formed cystsin the brain, and mice survived
longer than 13 days post inoculation. Immunoblotting demonstrated antibody reactivity in pig sera -
samples with relatively high titers for parasite antigens. Results of the present study siiggest that an-
tibody production in infected pigs is apparently dependent on the pathogenicity of the parasite strain.

lntroducfion :

The intracellular protozoan parasite Toxoplasma gondii causes not only
congenital infection, but also intensive encephalitis in immunocompromised
individuals, especially in AIDS patients. [n Argentina, approximately 30-40%
of adult women are serologically Toxoplasma positive (Lazarte et al., 1988;
Sortino et al., 1988). The survey of T. gondii infection in domestic animals is
of epidemiologic importance considering that one source of T, gondii infec-

*Corresponding author.
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tion is eating raw or uncooked infected meat. Epidemiological investigations
using serological tests in domestic animals in Mendoza, Santa Fe and Cor-
dova, Argentina, have been reported (Wynne de Martini and Martin, 1977;
Benvissuto et al., 1988; Pizziet al., 1988).41 In the present study, we exam-
ined pigs from a slaughterhouse in Provincia Buenos Aires, for serological
and parasntologlcal evidence of 7. goudii infection. We determined the [gG -
antibody titers and the pat hogemcnt;}‘x\the isolated parasites to mice.

Miaterials and methods

Male and female ICR mice, 5- 7 weeks of age, were used in all expenments

Toxoplasma gondii parasites of RH strain were obtained from mouse em-
bryonal cell culture, and were isolated using Percoll-sucrose density gradient
centrifugation at 22 000 X g for 20 min. Parasites which floated at the 1.112
gravity interface were collected, centrifuged at 2000 g for 10 min andl washed
~ three times in phosphate buffered saline (PBS).

From September 1991 to May 1992, sera and dlaphragm muscle tissues,
chosen randomly at the La Plata slaughterhouse where pigs were kept from
unlimited livestock producing centers in Argentina, were obtained from 109
adult pigs (body weights ranged from 90 to 110 kg). Serum samples were
stored at — 20°C until use. Diaphragm muscle tissue samples were stored at
4°C and examined within 48 h post sampling. Titers of anti-T. gondii anti-
bodies were determined by indirect immunofluorescence assay test ([FAT) ,
as described elsewhere (Omata et al., 1990). Briefly, the test serum was seri- ‘
ally diluted in PBS, placed on tac hyzoues-coated glass slides and incubated at
37°C for 30 min. The coated glass slides were washed with PBS, and then
reacted with goat anti-pig IgG (Kirkegaard & Perrylaboratories, MD, USA),
-and incubated with FITC-conjugated rabbit anti-goat IgG antlbody (Sigma,

- St. Louis, MO, USA). The recognition of a fluorescence pattem on the para-
site surface was scored as a specific reaction.

[mmunopredommant parasite antigens detected by anti-T. _gondii IgG an-
tibody of pigs were examined by immunoblotting following the method of
Towbinetal. (1979). Ten million parasites of RH strain was extracted in 500
gl sample buffer (4.6% sodium dodecyl sulfate 12.5 mM Tris-HCI (pH 6.8),
10% 2-mercaptoethanol) by incubation at 100°C for 5 min, followed by ul-
trasonication and centrifugation at 12 000X g for 5 min. The supernatant was
electrophoresed in 12.5% gel SDS-PAGE and the separated proteins were
_electrophoretically transblotted on membrane sheets (GVHP, Nihon Milli-
pore, Yonezawa. Japan). Thereafter, the membrane sheets were blocked in
PBS containing 5% non-fat skim milk (skim milk-PBS) at room temperature
for I h, then washed in PBS containing 0.05% Tween-20. Each test serum was
diluted in 50-fold volume of skim milk-PBS. Membranes were incubated with
pig sera at room temperature for 2 h and then followed by incubation in 200-

N
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fold diluted peroxidase-conjugated goat anti-pig IgG antibody (Sigma, St.
Louis, MO, USA ) at room temperature for | h. Peroxidase reaction was vis-
ualized using 0.02% diaminobenzidine-4HCland 0.01% H,0,in 0.1 M Tris-
HCI buffer, pH 7.4. Molecular weight estimates were based on SDS-PAGE
- molecular weight standard low range (Bio-Rad Laboratories, Richmond, VA,
USA). : - : S :
Parasites in the meat samples were detected by the mouse inoculation
method. Thirty grams of each meat sample were minced and homogenized in
a stainless steel blender (Nihon Seiki, Tokyo, Japan) and suspended in pep-
sin-HCl solution as described by Dubey (1981). After incubation at 37°C
for 1 h, the homogenates were washed three times with PBS containing 10*
units of potassium-G penicillin and 100 mg of streptomycin in 100 ml) to
remove pepsin-HCI by centrifugation at 2000x g for 10 min. The homoge-
“nate was resuspended in PBS and 1.0 ml of the suspension was inoculated
intraperitoneally into two mice (0.5 ml per mouse). Exposed mice were mon- ;
itored for 28 days post-inoculation (p.i.). Mice that died during the monitor-
ing period were examined microscopically for the presence of T gondii in the
peritoneal exudates and in the brain. Those mice that survived were exam-
ined for anti-T; gondii antibody levels by [FAT using FITC-conjugated rabbit
anti-mouse [gG antibody (Organon Teknika Corp.-Cappel Products, West-
chester, PA, USA ) and for the presence of T. gondii in the brain as previously
described. - '

Results

Anti-T. gondii IgG antibody titers and incidence of persistent 7. gondii in-
fection in 109 serum samples were assayed. Twelve of the 109 serum samples
tested had significantly high anti-T. gondii antibody titers at dilutions of
1:1024 to 1:16 386. and 57 of the serum samples were positive for [gG anti-
bodies against T. gondii at dilutions of 1:64 to | : 256, Antibodies at dilutions
of 1:16 and lower were found in 36.7% of all tested sera. Toxoplasma gondii
parasites were isolated in only 14 out of 109 pig diaphragm tissue samples
(12.8%). Parasites were detected in five out of 12 pigs that showed anti-T.
gondii antibodies at dilutions of 1:1024 and higher in seven out of 57 pigs
positive for antibodies at dilutions of 1:64 to 1:256, and in two out of 10 pigs
at dilutions of 1:16 and lower. .

As shown in Table | mice inoculated with pig tissue sample Nos. 35. 31.
36. 39 and 67 derived from pigs with high antibody titers except No. 67, died
on ‘Days 9-14 p.i. due to unrestricted multiplication of trophozoites in the
peritoneal cavity. Likewise mice inoculated with sample Nos. 65, 66, 60, 84
and 5 derived from pigs with low antibody titers (1:16 to 1:64, except for
No. 65) died between Days 13 and 20 p.i. showing numerous cysts in the
brain. Mice inoculated with sample Nos. 38, 40, 85 and 63 derived from pigs

//4‘

4



4 o ) . /Omala et al. / Veterinary Parasitology 00 (1993) 000-000

Table t
Pathogenicity of T. gondii isolated from pigs through mouse inoculation method
Pig " Pig -Mouse Mouse
sample no. antibody survival period T. gondii stage detected
liter (days p.i.)? (antibody IgG titer)®
35 16000 9 "~ Troph
65 , 16000 15 Cyst
31 . 4096 10 ' Troph
36 1024 9 Troph
39 1024 : 14 Troph
38 256 - 28 : - Cyst (4096)
61 64 12 T Troph
66 64 14 . Cyst
60 64 15 Cyst
40 64 .28 C Cyst (4096)
85 64 28 . Cyst (16000)
63 16 / 28 ) - (4096)
84 16 ) 13 Cyst
5 , 16 : 20 Cyst

*Post-inoculation.
*Antibody titer in inoculated mice was examined on the 28th day p.i. Cyst, detected in the brains of
the moculatcd mlcc Troph. detected in the peritoneal cavity of the inoculated mice; -, non-detected.

38 31 38 30 38 67 60 85 5 83

Fig. . Immunoblotting: T. gondii antigens reacted with pig serum samples. Numbers on top of
lanes indicate pig serum sample number. Numbers on the left side represent molecul.lr masses
in kilodaltons ¢tkDa).

ivith low antibody titers (1:16 to 1:64, except for No. 38) suryi*ved the ent?t'e
monitoring period without any clinical manifestations of infection. These mice
“had significantly high anti-T. gondii antibody titers and numerous cysts in the
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brain except for No. 63. : , ‘ : o

The immunoblotting reactivity of anti-T, gondii [gG antibodies with the
- parasite antigens is shown in Fig. |. Serum samples Nos. 35, 31, 36 and 39
exhibited strong reactivity to several antigens of molecular masses ranging
from approximately 120 to 29 kDa. Likewise serum 'samples Nos. 38, 67, 60
and 85 showed reactivity to some antigens of molecular masses of approxi-
mately 120 to 14 kDa. No specific bands were noted in serum samples Nos. 5 -
and 63, or in sera obtained from pigs that showed no development of infec-
tion in mice (data nut shown). '

Discussion

Wynne de Martini and Martin (1977) reported 22% of porcines in Buenos
Aires as Toxoplasma positive.#1 Benvissuto et al. (1988) and Pizzi et al.
(1988) also noted 36-38% of the pigs in Provincia Santa Fe and Cordoba as
positive for toxoplasmosis. Our data likewise reveal approximately 40% of -
pigs infected with T gondii during upkeep, and about 15.7% of the examined
pigs had latent and/or persistent infection as evidenced by the results.of the
mouse inoculation test. The present study, likewise, indicates the risk of T.
gondii transmission during the period of rearing and upkeep of pigs in Argen-
tina. Most of the farms are open ranges, with. negligible improvements for the
control and prévention of infectious diseases during the past 20 years. Under
the present conditions, contamination of farms with oocysts from infected

cats and/or the presence of infected rodents or other animals in swine houses
- must be considered as a possible major sources of infection. In order to pro-
tect animals from contacting toxoplasmosis, preventive measures similar to
~ those employed in Japan, such as keeping the animals in barns equipped with
barriers, are thus necessary. :

[t is of interest to note that some of the pigs from which T. gondii was iso-
lated had lower titers of anti-7. gondii antibodies and showed no clinical
symptoms. Toxoplasma gondii is generally isolated from serologically posi-
tive rather than from sero-negative pigs; nonetheless, findings are consistent
with those reported by Beverley et al. ( 1978). In our study, the possibility of
‘acute infection in animals with low antibody titers cannot be excluded. Dia-
phragm samples were treated with pepsin-HCI solution, and according to
Dubey (1981), trophozoites-which multiply in the acute phase loose their
viability when treated with this method. Verhofstede et al. (1988) have re-
ported reactivity of anti-T gondii [gG to the parasite antigens as being related
to the infection. stage. Immunoblotting patterns of samples Nos. 5 and 63
showed. however, less reactivity to 7. gondii antigens. [n our study, the iso-
lated parasites from séro-negative pigs showed a tendency to have relatively
lower pathogenicity in mice compared with isolated from serologically posi-
tive pigs. [t must be realized, however, that the pig’s antibody response is very
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weék, and thus, animals with low or even negative T. gondii antibody titers
may be infected with parasites (Oliver et al., 1983; Prickett et al.; 1985; Tak-
ahashi and Konishi, 1986).

Acknowledgments

We would like to acknowledge Dr. Hans G. Heidrich and Dr. Otti A. Hey-
don for their helpful suggestions, and Dr. Florencia Claveria for editing this
manuscript.

References

Benvissuto, G., Pizzi, H. and Carbailada, H., 1988. Es(udlo serologico de toxoplasmosis en
porcinos provincia de Santa Fe. ano 4, 275, 20 pp. 'Y

Beverley, J.K., Henry, L. and Hunter, D., l978 Expenmental toxoplasmosm in young piglets.
Res. Vet. Sci ., 24: 136-146.

Dubey, J.P., 1981. Pepsin digestion of meat for detection of Toxoplasma gondu cysts. Am. J.
Vet. Res.. 42: 128-130.

Lazarte, E.. Lazarte, J. and Benvisutto, G., l988. Investigacion serologica para toxoplasmosas
en dadores de sangre hospital nuestra senora del valle de la misericordia Cordoba-
Argentina. 43

Oliver, D.G.. Dreesen, D.W-, Prickett, M.D.. Waltman. W.D., Poy, D.S. and Blue, J.L., 1983.
Comparative study of enzyme linked immunoassay with standard serological tests for the
diagnosis of toxoplasmos:s in swine. Proc. lntern Symp wid. Assoc Vet. Lab. Dualgnosu-
cians, pp. 163-170.44

Omata, Y.. Oikawa, H.. Kanda. M M:kazrukl, K.. Nakabayashi, T. and Suzuki, N., 1990. Ex-
penmenml feline toxoplasmosis: Humoral responses of cats inoculated orally with Toxo-
plasina gondii cysts and oocysts. Jpn. J. Vet. Sci., 52: 865-867.

Pizzi, H., Bianchini, N.. Barrionuévo, L.. Ongini, R. and Robledo, S., 1988. Esludlo serologico
de toxoplasmosis en porcinos de 1a provincia de Cordoba. Revista de la Funndacnon Argen-
tina para el estudio de la toxoplasmosis. ano 4, 2/5, 8 pp.#5

Prickett, M.D.. Dresen, D.W., Waltman, W.D., Blue, J.L. and Brown, J., 1985. Correlation of
tissue infection and serologic ﬁndmgs in pigs fed Toxaplasma gondu oocysts. Am. J. Vet.
Res., 46: 1130-1132. .

Sortino, H.. Buchacra, O.. Elias, P. and Durigutti, M., l988. Estudlo serologico de toxoplas-
mosis en embarazadas de la ciudad de San Martin, Provincia de Mendoza Argentina.#3

Takahashi. J. and Konishi, E.. 1986. Quantitation of antibodies to Toxoplasma gondii in swme
sera by enzyme-linked immunosorbent assay. J. Immunoassay., 7: 257-272.

Towbin, H.. Staehelin, T. and Gordon, J., 1979. Electrophoretic transferofprou-ins from acry- -
lamide gels to nitrocellulose sheet: procedure and some applications. Proc Natl. Acad. Sci.

USA, 76: 4350-4354. .

Verhofstede, V.. Gelder. V.P. and Rabaey, M., 1988. The infection-stage-related 'IgG responses
to Toxoplasina gondii studied by immunoblotting. Parasitol. Res., 74: 516-520.

Wynne de Martini, G.J. and Martin, A.M., 1977. Prueba de hemoaglutinacion para loxoplas-,
mosis en distintos sueros animales. Rev. Med. Vet., 58: 437-439.

//7‘

#



~

....1..0....1.‘..‘.‘.. .)..ID
- 14th lnternatlonal Con -nnr
| | of the

World Assovmatlon for the Advamcement

- of
Veterinary Parasitology

1963-1993
-Understanding and ccontrol of
parasitic diseases of animals
8th - 13th August 1993

St John's College and Magdalene College
, Cambridge, UK

QCCO1'..’..0._ll.'...O.....D.‘D....O

s



00000000 neonee | ®00000n0c000ce0:

THE EFFECT OF IMMUNOSUPPRESSION CAUSED BY
~ CYCLOPHOSPHAMIDE TO MICE CHRONICALLY
INFECTED WITH TOXOPLASMA GONDII

I. IGARASHI, Y. FUJITA, Y, OMATA, A. SAITO AND N. SUZUKI

Research Center for Protozoan Molecular Immunology, Obihiro University, Obihiro, Hokkaido, Japan
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ice chronically infected with Toxoplasma gondii, were treated
Pﬂwitth cyclophosphamide or anti-CD4 monoclonal antibody to

identify the effect of these immunosuppressive reagents on the
cysts in the brain of infected mice. The effect of Obiopeptide-1 as an
immunomodulator treatment of- the immunosuppressed mice was also
examined. ' - ‘ '
_ In the brain of non-treated and cyclophosphamide-treated, chronically
infected mice mainly typical large tissue cysts, and sometimes divided
cysts, were detected after staining with_hematoxylin-eosin and anti-
Toxoplasma ABC technique. In contrast, the brain from anti-CD4 -
treated, chronically infected mice, contained multiple degenerated
Toxoplasma tissue cysts of ifferent size in_some partial regions in the
brain. Mice chronically infected with ‘Toxoplasma and treated with a
combination of cyclophosphamide and Obiopeptide-1 showed a higher
survival rate than those treated with cyclophosphamide alone. The
percentage of neutrophilic leukocytes in mice treated with a
combination of Obi-1 and anti-CD4, or- Obi-1 and cyclophosphamide,
was higher than that of mice treated with anti-CD4 ' or
cyclophosphamide alone. ‘ ‘ IR

These results indicate that reactivation or rupture of tissue cysts in

mice treated with cyclophosphamide, chronically infected with
Toxoplasma, might be mainly mediated by CD4 positive cells rather
than other immunocomponent cells. The increase of neutrophilic
leukocytes might contribute to the induction of the resistance to
Toxoplasma gondii in mice, after treatment with Obi-1 and
cyclophosphamide in combination.
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