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Introduction

Following a primary infection with Trich

uris muris, the majority of albino mice ac

quire a resistance which eliminates almost

all parasites before maturity and prevents

the establishment of subsequent challenge

infection (Wakelin, 1967; Tanabe et al.,

1974). Campbell et al. (1968) found that the

administration of a steroidal anti-inflamatory

agent, cortisone, potently suppressed the ac

quired resistance of mice, whereas no sup-

pressive effect was observed in mice treated

with a non-steroidal anti-inflamatory agent,

indomethacin. This finding suggests that

the host immune response may be involved

in the mechanism of the spontaneous expul

sion of worms. Wakelin and his coworker

(1975 1976), also studying on the acquired

resistance of mice to T. muris infection, sug

gested that multiphasic immune processes

involving antibody and lymphoid cell com

ponents participate in the immune expulsion
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of worms. However, the details on the host

immune mechanism have not been informed.

Present communication deals with the

effectiveness of immunosuppressive means,

such as neonatal thymectomy, administration

of antithymocyte serum, antilymphocyte

serum or cortisone, on the acquired resist

ance to infection with T. muris in mice.

Materials and Methods

Parasite: The strain of Trichuris muris,

which was kindly supplyed by Dr. E. H.

Pike, has been maintained in our laboratory

for about 10 years using gpc strain mice

treated with cortisone (Nippon Merck Banyu,

Ltd, Tokyo, Japan). Egg cultivation and

infection were performed as follows. The

eggs in feces were collected by floating

method with zinc sulfate solution. Embryo-

nated eggs were obtained by egg cultivation

in 0.5 % formalin at 28 C for 9 weeks. Over

90% of eggs were embryonated. The eggs

were washed several times with tap water

and suspended in 1 % tragacanth gum (Wako

Junyaku, Ltd, Tokyo, Japan) solution. One

half ml of the egg suspension were inoculated

into mice orally using a gastric catheter at

tached to a syringe.

Animals: White rabbits weighing about

3 kg were used for the preparation of anti-

sera. Male and female gpc strain mice were
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used throughout the experiments. For thy-

mectomy experiment, new born mice were

obtained from bleeding pairs in our labora

tory. All mice were fed ordinary mouse

pellets and water ad libitum. Mice were

initially exposed to infection with 300-400

embryonated eggs of T. muris at 5 weeks

of age. Challenge infection was performed

on day 35 of initial infection.

The mice were dissected on day 35 of

initial infection, and the intestines were re

moved, slit and washed in cold physiological

saline. Number of worms were counted

under a dissecting microscope. In the case

of challenge infection, mice were killed on

day 8 of challenge infection. The intestines

were treated in the same manner as above,

and number of larvae were counted under a

light microscope.

Neonatal and post-neonatal thy?nectomy :

New born mice were thymectomized within

16 hours after birth according to the method

described by Okamoto (1968). Approximate

ly two thirds of the newborns in each litter

were neonatally thymectomized, and remain

ders served as sham-operated control. Post-

neonatal thymectomy was performed on 7

days after birth. Thymectomized and sham-

operated mice were marked and returned to

their mother until weaned. Thereafter all

were fed ordinary mouse pellets and water

ad libitum.

Total post-operative mortality of neonatally

thymectomized mice due to surgery and ma

ternal neglect or cannibalisation approached

about 50%. Approximately 25% of the

surviving animals were lost as a result of

runt disease thereafter. Two animals sur

viving during the experimental periods were

found on examination to have some residual

thymus. Data obtained from these two mice

were omitted.

Preparation of antisera : Two kinds of

antisera were prepared to compare their

suppressive effect. One was rabbit anti-

serum against thymocytes and another was

rabbit antiserum against lymphocytes from

the mesenteric lymph node of gpc strain

Antithymocyte serum (ATS) was prepared

as follows. Whole thymus glands of 2-week-

old mice were washed in cold Eagle's MEM

medium, cut into small pieces, and gently

triturated with glass homogenizer. Viable

cell suspension was obtained by filtration of

homogenate through a sieve and washed

three times in cold MEM medium. White

rabbits received two intravenous injections

of 3X108 viable thymocytes at two-week in

terval, and were bled 1 week after the last

immunization. The blood was allowed to

clot at 37 C for 3 hours, and then sera were

isolated by centrifugation. The sera were

inactivated at 56 C for 30 min, absorbed with

packed mouse erythrocytes and stored at

-20 C until used.

Antilymphocyte serum (ALS) was prepared

in the same manner as above using 2X108

cells from mesenteric lymph node of gpc

strain mice. Normal rabbit serum (NRS)

also inactivated and absorbed with mouse

erythrocytes.

In order to examine the antibody activities

in ATS and ALS against mouse serum pro

teins, immunoelectrophoretic analysis was

performed according to the method described

by Okamoto (1972). Fine precipitation lines

were observed between rabbit antiserum

against mouse serum (Hoechst Japan, Ltd,

Tokyo, Japan) and normal or T. muris in

fected mouse sera, whereas no precipitation

band was detected between mouse sera and

ATS or ALS. This finding, therefore, in

dicated that ATS and ALS used in this

study had no influence on mouse serum,

proteins.

Before starting the experiments, the leuko-

agglutination titre of antisera was determined

according to the method described by Grey

et al. (1966) using thymocytes or mesenteric

lymph node cells from gpc strain mice as a

target cell. As shown in Table 1, thymocyte

agglutination titers of ATS and ALS were

equally 1 : 256. Lymphocyte agglutination

titres of ATS and ALS were 1 :256 and

1 : 128 respectively. NRS did not reveal its

agglutination activity.
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Table 1 The leukoagglutination titer of

NRS, ALS andA TS against thymocytes

or mesenteric lymph node cells

Target cell

Antiserum

Thymotyte
Mesenteric lymph

node cell

NRS

ALS

ATS

Nil

1 :256

1 :256

Nil

1 : 128

1 :256

The leukoagglutination titer was expressed as

the reciprocal values of serum dilution.

Results

Experiment I: This experiment was de

signed to determine whether neonatal and

post-neonatal thymectomy reveal their sup-

pressive effect on the acquired resistance of

gpc strain mice to initial infection with

Trichuris muris. As shown in Table 2, there

was significant difference between mean

number of worms recovered from neonatally

thymectomized mice and that from sham-

operated controls, but no significant differ

ence was observed between post-neonatally

thymectomized and sham-operated mice.

Furthermore, almost all neonatally thymec

tomized mice harboured a large number of

adult worms, whereas the majority of sham-

operated and post-neonatally thymectomized

mice were free from parasites. Only one

female mice thymectomized at 7 days old

was positive for parasites. In this case, only

5 parasites were recovered. These evidences

indicate that neonatal thymectomy closely

associates with impairments of the ability

to induce the resistance to initial infection

with T. muris.

Experiment II: This experiment was de

signed to determine whether ATS, ALS or

cortisone administration during early phase

of initial infection reveals their suppressive

effect on the acquired resistance to initial

infection with T. muris. The results were

summarized in Table 3. All mice of Group

I (non-treated control) showed a striking re

sistance ; they were all free from parasite.

Repeated injections of NRS (Group II) failed

to suppress the worm expulsion, whereas

ATS or cortisone administration significantly

suppressed the development of the acquired

resistance of mice. A large number of worms

were recovered from almost all mice of these

groups. In contrast, ALS administration

revealed weak suppressive effect on the ac

quired resistance ; a half of mice were free

from parasite and mean number of worms

recovered was markedly lower than those

from ATS- or cortisone-treated groups.

Experiment III: This experiment was ar-

Table 2 Effect of neonatal and post-neonatal thymectomy on the acquired

resistance of mice to initial infection with 300

embryonated eggs of Trichuris muris

Group Sex

Thymectomy at birth

Partial thymectomy £

at birth o

Thymectomy at 7 days £

old o

No. of

mice

examined

13

12

15

10

7

5

Infection*

rate

12/13

12/12

1/15

1/10

0/7

1/5

0

1

0

14

9

7

4

No. of

following

1-60

3

4

1

1

0

1

mice with

worm counts

61-120

4

4

0

0

0

0

12K

5

4

0

0

0

0

Mean No. of

worms

recovered

130

127

1

1

0

1

* Number of mice infected / number of mice examined

Male and female mice were exposed to infection at 5 weeks of age and dissected on day 35 of infec

tion.
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ranged to determine whether ATS, ALS or

cortisone administration during early phase

of initial infection reveals their suppressive

effect on the acquired resistance of mice to

challenge infection with T. muris. As shown

in Table 4, almost all mice of Group I (re

sistant control) showed a striking acquired

resistance and completely eliminated the

larvae from challenge infection. In Group II

(nonresistant control), however, all the ex

perimental animals harboured a large num

ber of parasites. Administration of NRS

(Group III) failed to suppress trie acquired

resistance to challenge infection ; almost all

mice were negative for parasites. The

interesting finding was obtained from the

Table 3 Effect of ATS, ALS or cortisone administration during early

phase of initial infection on the acquired resistance of mice

to initial infection with Trichuris muris

Group

I

n

in

IV

V

Administration

—

NRS

ALS

ATS

cortisone

No. of

mice

examined

5

9

19

11

9

Infection*

0/5

2/9

10/19

11/11

7/9

No. of

following

0 1-200

5 0

7 2

9 8

0 2

2 3

mice with

worm counts

201-400

0

0

2

8

4

400<

0

0

0

1

0

Mean No. of

worms

recovered

0

11

40

300

169

Number of mice infected / number of mice examined

Male mice were only used in this experiment. All mice were exposed to 400 embryonated eggs at 5

weeks of age and dissected on day 35 of infection. Five mice in Group I were nontreated control.

Thirty-nine mice were divided into 3 groups and were injected intraperitoneally with 0.2 ml of NRS

(Group n), ALS (Group IE) and ATS (Group IV) on days-2, 0, 2, 4, 6, 8, 10, 12 and 14 of infection.

Nine mice in Group V were injected intramuscularly with 2.5 mg cortisone per head on days 0, 1,

9 and 10 of infection.

Table 4 Effect of ATS, ALS or cortisone administration during early

phase of initial infection on the acquired resistance of mice

to challenge infection with Trichuris muris

Group

I

n

m

IV

V

VI

Administration

—

—

NRS

ALS

ATS

cortisone

No. of

mice

examined

9

9

9

9

8

9

Infection*

rate

1/9

9/9

1/9

2/9

8/8

9/9

No. of

following

0

8

0

8

7

0

0

1-60

1

0

1

2

1

2

mice with

worm counts

61-120

0

7

0

0

7

6

121<

0

2

0

0

0

1

Mean No. of

worms

recovered

3

86

1

1

68

77

* Number of mice infected / number of mice examined

Male mice were only used in this experiment. All mice except for Group II were initially exposed

to 400 embryonated eggs at 5 weeks of age and reexposed to 250 eggs on day 35 of initial infection.

Nine mice of Group II (nonresistant control) were only exposed to challenge infection. Details of

the administration of NRS (Group m), ALS (Group IV), ATS (Group V) and cortisone (Group VI)

were given in the legend to Table 3. Nine mice in Group I were resistant control. All mice were

dissected on day 8 of challenge infection.
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Table 5 Effect of ATS, ALS or cortisone administration during challenge

infection on the acquired resistance of mice to challenge

infection with Trichuris muris

Group

I

n

in

IV

V

VI

Administration

—

—

NRS

ALS

ATS

cortisone

No. of
mice

examined

9

9

10

11

10

7

Infection*

rate

2/9

9/9

1/10

6/11

9/10

7/7

No. of

following

0

7

0

9

5

1

0

1-60

2

4

1

6

6

7

mice with

worm counts

61-120

0

3

0

0

3

0

12K

0

2

0

0

0

0

Mean No. of

worms

recovered

3

86

1

2

34

31

* Number of mice infected / number of mice examined

Male mice were only used in this experiment. All mice except for Group II were initially exposed

to 400 embryonated eggs at 5 weeks of age and reexposed to 250 eggs on day 35 of initial infection.

Nine mice of Group II (nonresistant control) were only exposed to challenge infection. Thirty-one

mice were divided into 3 groups and were injected intraperitoneally with 0.2 ml NRS (Group m),

ALS (Group IV) and ATS (GroupV) on days-2, 0, 2, 4, and 6 of challenge infection. Seven mice

in Group VI were injected intramuscularly with 2.5 mg cortisone per head on days -2, 0, 3 and 4

of challenge infection. Nine mice in Group I were resistant control. All mice were dissected on day

8 of challenge infection.

results of Group IV, V and VI. The vast

majority of mice treated with ALS (Group

IV) failed to suppress the acquired resistance,

whereas all mice treated with ATS (Group

V) or cortisone (Group VI) harboured a large

number of larvae from challenge infection.

Besides, mean number of worms recovered

from Group V and VI were nearly equal to

that of non-resistant control.

Experiment IV: This experiment was ar

ranged to determine whether ATS, ALS or

cortisone administration during challenge in

fection reveals their suppressive effect on the

acquired resistance of mice to challenge in

fection with T. muris. The results were

summarized in Table 5. All mice of Group

I (resistant control) showed a striking resis

tance and completely eliminated the larvae

from challenge infection. In Group II (non-

resistant control), however, almost all mice

were positive for larvae. Administration of

NRS (Group III) failed to suppress the worm

expulsion, whereas ATS or cortisone treat

ment markedly suppressed the acquired re

sistance developed during initial immunizing

infection. The vast majority of mice in

Group V and VI harboured many larvae from

challenge infection. However, it appeared

that number of worms recovered from these

groups were lower than that from nonresis

tant mice (Group II). ALS treatment (Group

IV) failed to suppress the worm expulsion

from mice ; mean number of worms recovered

was very low and was nearly equal to those

from resistant mice (Group I) or NRS-treated

mice (Group III).

Discussion

As shown in results, the acquired resis

tance of gpc strain mice to infection with

Trichuris muris was potently depressed by

the administration of antithymocyte serum

or cortisone, and by neonatal thymectomy.

The suppressive effect of these immunosup-

pressants on the acquired resistance has been

observed in Hymenolepis jiana (Okamoto,

1969, 1970, 1972) and in Nippostrongylus

brasiliensis (Kelly, 1972). It is, in general,

considered that neonatal thymectomy and

the administration of ATS, ALS or cortisone

are associated with a specific diminution in
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the population of recirculating long-lived

small lymphocytes playing a role in cell-

mediated immunity or in as a helper T cell

to antibody production (Dougherty et al.,

1964; Levey and Medawar, 1966; Miller

and Osoba, 1967). It is, therefore, assumed

that the acquired resistance of mice to T.

muris infection is probably mediated by host

immune response, particularly by T lympho

cyte-dependent immune reaction.

The extensive studies on the self-cure re

action to N. brasiliensis showed that multi-

phasic immune processes involving antibody

and lymphoid cell components participate in

the immune expulsion of worms (Dineen et

al., 1973; Jones and Ogilvie, 1971; Keller

and Keist, 1972). In this system, a local

anaphylactic reaction produced by IgE-aller-

gen interaction induced a severe histopatho-

logical change and a macromolecular leakage

in the parasitized situs (Murray et al., 1971).

Some authors, therefore, suggested that such

structural and physiological changes in the

intestine play a major role in the immune

expulsion of N. brasiliensis (Murray et al.,

1971 ; Hogarth-Scott and Bingley, 1971). The

histopathological observation demonstrated a

mild morphological change in the submucosa

of the caecum just before and after the

spontaneous expulsion of T. muris occurred ;

only a moderate edematous change and the

infiltration of lymphocytes, eosinophils and

plasma cells were observed (Tanabe, unpub

lished data). Ito and coworker (1977, 1979)

detected PCA reactive antibody in sera of

the resistant mice previously exposed to in

fection with T. muris, using a adult worm

antigen, and observed that the worm expul

sion from the mice was accelerated by the

intraperitoneal immunization with the mix

ture of A1(OH)3 gel and the antigen. It is,

therefore, likely that a local anaphylactic

reaction in the parasitized situs probably

plays some role in immune expulsion of T.

muris from the mice.

Selby and Wakelin (1973) investigated on

the immune expulsion of T. muris from mice,

and found that the acquired resistance could

be conferred to normal recipient mice by sera

or lymph node cells from the presensitized

mice against T. ?nuris. Immune serum,

however, had no effect when the recipient

mice had been immunosuppressed by sub-

lethal or lethal irradiation (Wakelin, 1975 ;

Wakelin and Selby, 1975). In contrast, immune

lymph node cells could restore the worm ex

pulsion of T. muris from the irradiated mice.

They, therefore, suggested that as far as pri

mary infection the sequential activities of anti

body mediated and lymphoid cell-mediated co

mponents participate in the immune expulsion

of this parasite from mice (Wakelin and

Selby, 1976). Thus, the present study sug

gests that the depression of the acquired

resistance of mice by the administration of

immunosuppressants may result from their

suppressive effects on both or either T cell-

dependent antibody production and/or cell-

mediated immunity.

Summary

Neonatal thymectomy markedly suppressed

the development of the acquired resistance

in gpc strain mice to initial infection with

Trichuris muris. Thymectomy at 7 days old,

however, failed to suppress the worm ex

pulsion from mice.

Antithymocyte serum or cortisone adminis

tration during early phase of initial infection

potently suppressed the development of the

acquired resistance to both initial and chal

lenge infections. Furthermore, administra

tion of these immunosuppressants during chal

lenge infection also suppressed the acquired

resistance to challenge infection in the resis

tant mice previously exposed to initial im

munizing infection. On the other hand, the

leukoagglutination titre of ALS was nearly

equal to that of ATS, but ALS had less

suppressive effect on the acquired resistance

than ATS.

These evidences indicate that host immune

response, particularly T cell-dependent im

mune response, probably plays a major role

in the immune expulsion of T. muris from

gpc strain mice.
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