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In our serial study in experimental tricho-
moniasis attempts have been
made to elucidate the nature of protective
antigen which is thought to be directly
related to the induction of specific resistance
to protozoan infections.

Mice infected with smaller number of
Trichomonas foetus than lethal dose were able
to survive fatal reinfections (Oka and Osaki,
1963) and an analogous phenomenon was
observed in immunizations with microsomes
obtained from 7. foetus cell homogenate
(Oka et al., 1967a). Further study (Oka et al.,
1967b) suggested that the antigenic informa-
tions were localized in ribosomes isolated

in mice,

from microsomes.

From these and another study on serum
antibody (Furuya et al., 1972), the protective
responses exhibited by the hosts are seem-
ingly of cellular immunity in nature.

This present report is on microscopical
observations of immunological protective role
of lymphoid cells and phagocytes.

Materials and Methods

Protozoa: 7T. foetus (Inui strain) were
kindly offered by the Department of Proto-
zoology, Research Institute for Microbial
Diseases, Osaka University and were made
to proliferation in F-bouillon with 10%
heat-inactivated bovine serum for 35~40
hours (Oka and Osaki, 1963). Mice inocu-
lated with 3X 107 organisms intraperitoneally
were completely fatal. In in vitro experi-
ments, the collected parasites were first
washed once with Earle’s solution containing

(1)

0.1% yeast extract and 0.5% lactalbumin
hydrolysate and were suspended in the same
solution with 20% heat-inactivated calf
serum (YLE-C) at the ratio of 10° organisms
per ml.
Immunization : Male CF#1 mice of 20~25
g of body weight were immunized with 10°
living parasites intraperitoneally and lymph-
oid cells were derived from axillary,
submaxillary and inguinal lymph nodes of the
animals 21 days after immunization. After
washing with YLE-C solution, the cells were
suspended in the same medium being
adjusted to 5X10° cells per ml and the
suspension was incubated at 37°C for one
hour with an equal quantity of the suspension
containing 10° living parasites. Both lymph-
oid cells and parasites were then collected
by centrifugation for light and electron
microscopic observations. At the same time,
the ascites of immunized mice was withdrawn
three hours after intraperitoneal challenges
with 3X 10" parasites.

Microscopic observation : Collected lymph-
oid examined
with light microscope first unstained and
then Giemsa stained. For electron micro-
scopic studies, specimens were fixed in 0.05
M phosphate buffer, pH 7.2 containing 0.5 %
glutaraldehyde and after refixed with 2%
osmium tetroxide, they were dehydrated in a
graded series of aceton prior to the embed-
ding in Epon. Sections were cut on a Porter-
Blum microtome and stained with uranyl
acetate and lead citrate. Observations were
performed at magnifications of 5,000~ 20,000

cells and parasites were
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by Hitachi HU-11S electron microscope
(Hitachi, Ltd.).

Results

In vitro: Lymphoid cells and the para-
sites which were collected right after the
incubation term were examined with light
microscope. Up to 50% of the parasites
were seen captured by immune lymphocytes
swelling and becoming immobile gradually,
eventually being led to death on cessation
of the protoplasmic movements. This adhe-
sive phenomenon was also observed in ap-
proximately 30% of the parasites by contact
with nonimmunized lymphocytes but the
interaction was only transient and the
parasites were freed from the lymphocytes
in the meantime. As shown in Figure la, a
single immune lymphocyte retained contacts
with several parasites in general, whereas
being almost one lymphocyte to one parasite
in controls (Fig. 1b). Electron micrographs
of the adhesion revealed punch-hole destruc-
tions of 0.05~0.1x in diameter at the
adhesion site of the parasites, and vacuoles
were observable in the protoplasm around

the destructions (Figs. 3a, 3b and 3d).
Furthermore, pleated changes were noticed
in the cell membrane of the parasites conta-
cted with immune lymphocytes, but not in
controls (Fig. 3c). Larger vacuoles were seen
in the parasites in controls and they at large
were surrounded by limiting membranes.

In vivo: Peritoneal exudates of immune
mice challenged with 107 living parasites
were examined three hours after challenge
with light microscope. The parasites were
mostly captured by phagocytes in the
exudate, and also lymphocytes, although
their number in the exudate was limited,
were seen in contact with parasites (Figs.
2a, 2b and 2c¢). The mode of contact
between lymphocytes and parasites was the
same as that in in vitro experiments (Fig.
2d). Under electron microscope, the para-
sites were seen surrounded by indented
plasma membrane of phagocytes (Fig. 5a),
then phagocytized (Fig. 5b), and digested
in phagosomes of the cells in the exudate
(Figs. 5¢, 5d and 5e). In Figure 5a, a single
cell envelopes a parasite, while a parasite is
surrounded by several cells in Figures 5d

x 1,500

Fig. 1 Oil-immersion photomicrographs showing lymphocytes of an immune mouse
in contact with Trichomonas foetus (a) and a control (b) being incubated for

three hours.

Fig. 2 Oil-immersion photomicrographs of the adhesion between cells in the peri-
toneal fluid of an immune mouse and 7. foetus three hours after intraperi-
toneal inoculation of the parasites into the mouse. Note the macrophages in
adhesion (a, unstained ; b, Giemsa stained) and in phagocytosis (c, Giemsa sta-
ined) and the lymphocytes in contact with the parasites (d, Giemsa stained).



and 5e, and the sweeping manner of
mobilized cells in the peritoneal fluid is
seemingly rather complicated. The fact that
the cell membrane of the parasites in the
phagosome of phagocyte vanished suggests
that the digestive reaction of phagocytes
may initiate at a very early stage of
the phagocytotic operation. An immune
cell with a large vacuole in the exudate in
Figure 5f seems to have completed the
digestion. The emergence of eosinophil
granules in the vacuole (Fig. 5d) or around
the phagocyte (Fig. 5e) suggests that these
granules play an eliminating role of foreign
substances. Phagocytes in Figures 5c¢, 5d
and 5e are polymorphonuclear neutrophils.
The incidence of contacting interactions be-
tween lymphocytes and parasites were lower
in experiments iz vivo than in vitro, and no
abnormalities in the cell membrane of the
parasites at their contact sites were detect-
ed in vivo.

Discussions

Kelly and Schnitzer (1952) and Schnitzer
and Kelly (1953) reported that intramuscular
Trichomonas vaginalis induced an abscess in
mice and that a subsequent inoculation of
the parasites at a different region did not
cause any abscess and the paraites given
disappeared from the site shortly after in-
These findings provided an in-
sight into the nature of protective immunity
but the fate of the parasites disappeared is
remained to be made clear, and features of
intramuscular infection are not seemingly
satisfactory in ruling out the mode of protec-
tion in this sort of survey. In our earlier
experiment (Oka and Osaki, 1963), it was
confirmed that a large number (3X107) of
intraperitoneal 7. foetus resulted in death
in mice and that mice given a small num-
ber (approximately 10°) of parasites acquired
a specific resistance and conquered subse-
quent fatal reinfections. On the contrary,
immunization with heat-killed parasites
(100°C, 30 minutes) did not induce resistance
to fatal infections. A feeling aro se from

oculation.

(3)
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these findings that the mechanism of protec-
tion against protozoan infections was ap-
parently based on cellular immunity, and
further studies on experimental trichomo-
niasis in mice have been conducted from this
standpoint of view. Among cell fractions
of the parasites, microsomes were found to
be the major protective antigen and the
most efficient activity was localized in ribo-
somes especially in ribosomal protein (Oka
et al., 1967 a, b; Yamakawa, 1968 ; Oka et
al., 1970). Oka et al. (1967 c) reported that
intraperitoneally inoculated parasites disap-
peared from the peritoneal exudate of mice
immunized with microsomes or ribosomes of
the parasites, and suggested this evidence
was to be attributable at least in part to
the protective response of the host. From
these findings and the fact that sera separat-
ed from immunized mice failed to kill the
parasites (Furuya et al., 1972), it must be
conceded that the protective immune re-

sponses in experimental trichomoniasis in
mice are of cell-mediated immunity in
nature.

This present report is on interactions be-
tween the parasites and host cells hoth in
vivo and in vitro in the absence of humoral
antibodies using light and electron micro-
scopes.

In in vitro experiments, immune cells ob-
tained from the lymph nodes of immunized
mice captured and killed the parasites af-
fecting them in a direct way. This direct
seizing activity of lymphoid cells in the
absence of humoral factors is to be in-
terpreted as protective and cellular. Al-
though destructions of the cell membrane
of the parasites observed under electron
microscope could be mediated by cell-binding
antibody, it was quite clear that the destruc-
tion was by no means originated in humoral
factors.

The swelling and death of the captured
parasites by immune lymphoid cells might
be due to the unbalance of osmotic pressure
inside the cytoplasm of the parasites caused
by punch-hole openings on the membrane.

The primary purpose of in wivo experi-
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ments with respect to phagocytes was to
know how those phagocytes in the peri-
toneal fluid could have managed tricho-
monads which are more than ten times
as large as bacteria in size, and the ap-
pearance of eosinophil granules in vacuoles
of the phagocytes, polymorphonuclear neu-
trophils, stimulated a new interest suggest-
ing a closely related contribution of the
granules to ‘‘infection .

The application of Freund’s complete ad-
juvant induced ‘migrations of macrophages
into peritoneal fluid in experimental toxo-
plasmosis in mice and resulted in enance-
ment of specific resistance to reinfection
(Oka et al., 1969). Mice intensely immuniz-
ed with microsomes or ribosomes were able
to conquer the challege of fatal infection
with the trichomonads and the challenged
parasites disappeared from the peritoneal
cavity shortly after challenge (Oka et dal.,
1967 c).

The above-mentioned phenomena were
taken place in the peritoneal cavity of mice
and, as was shown in in vitro study in this
report, similar protection activites were to
be developed in certain other tissues and
organs. Thus, activated lymphocytes and
macrophages are to be counted in important
members of protection immunity against
protozoan infections.

Summary

Lymph node cells derived from immuniz-
ed mice with living Trichomonas foetus were
capable of capturing and killing the para-
sites in i vitro experiments, and destruc-
tions were observed in the parasites at the
site of contact with the immune lymphocyte
under electron microscope. The contact
phenomenon was also demonstrable but only
transient between lymphocytes derived from
nonimmune mice and the parasites, and
neither impediment in mobility nor destruc-
tions in the contacting region of the para-
sites were observed.

Three hours after intraperitoneal inocula-
tion of T. foetus into immune mice, the

(4)

mouse ascites was examined with electron
microscope and a number of phagocytes were
seen migrating into the peritoneal fluid and
then capturing, phagocytizing and digesting
the parasites. Eosinophil granules were
present in the phagosomes of phagocytes
suggesting a possibility of playing a prevent-
ing role against invading micropathogens.
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3 and 4 Electron photomicrographs showing the adhesion between immune mouse
lymphocytes (L) and 7. foetus (T).

A certain number of punch-hole destructions
on the limiting membrane of the parasites (3a, b and d) and pleated changes in

the membrane (3c¢) are demonstrated except for controls (4a and b).



scale: 1 p
Electron photomicrographs of phagocytes in the peritoneal fluid of an immune
mouse three hours after inoculation of T'. foetus.

It is to be noted that a parasite
is seen first captured by a phagocyte at the site of its indented membrane (a) and

then being proceedingly phagocytized (b~e). A large phagosome of the phagocyte
is depicted (f) and eosinophil granules are indicated by arrows (d and e).
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