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Introduction

This paper is the first of a series analys

ing the rat and Hymenolepis nana system

from immunobiological point of view, and

reports preliminary observation that adult

formation never occurred in any Fischer

(F344) rats given eggs of H. nana, except

when they were treated with a total of

75 mg cortisone acetate exclusively from

day 4 of egg inoculation, the day of cysticer

coid maturation in the intestinal tissue.

Materials and Methods

Host Animals

Fischer (F344/DuCrj) inbred strain of

rats were purchased from Charles River

Japan Inc., Tokyo, as specific pathogen-free

rats and bred under conventional but

worm-free condition in the present labora

tory. Five- to seven-week-old rats of both

sexes were used throughout the experi

ments. Worm-free mice of both BALB/c

inbred strain and dd random-bred strain
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(closed colony, Ito, 1982) were also used for

a part of the experiments.

As donor mice of Hymenolepis nana,

both dd mice described above and ddY mice

(a colony different from dd mice, purchased

from Shizuoka Agricultural Cooperative

Association for Laboratory Animals, Japan)

were used.

Parasites

Eggs of Hymenolepis nana were collected

from the donor mice described above (Ito,

1982). H. nana, initially provided by Prof.

K. Okamoto, Showa University, Tokyo, has

been cycled exclusively through mice more

than 10 years by the author himself. Shell-

free eggs (Berntzen and Voge, 1965) of H.

nana in about 0.5 ml 0.85%NaCl solution

(5X104 eggs) or 0.2 ml (2xlO3 or 5xlO3

eggs) were administered into the rat

stomach via stomach tube attached to tuber

culin syringe under light ether anesthesia.

Preparation or inoculation of rat-derived

cysticercoids recovered from rats 4 days

(96 hr) after inoculation with lXlO5 shell-

free eggs was carried out by the simple

method (Ito, 1977).

Experimental Schedule

Experiment 1: Both Fischer rats and

BALB/c mice were used. Previously un-

infected five- to seven-week-old rats were
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divided into two groups at random: One

was experimental group (R-Exp in Table

1) injected subcutaneously with cortisone

acetate (Cortone, Merk-Banyu Co., Japan,

25 ing/ml) before or after each egg inocula

tion. The other was control group not

treated but given an identical egg inocula

tion (R-Cont in Table 1). All animals were

inoculated with 2xlO3 (Experiment I), 5x

103 (Experiments II and III) and 5xlO4

shell-free eggs (Experiments IV and V), re

spectively, and killed either 4 days or 14

days after egg inoculation (AEI). Day 0

means the day of egg inoculation. In Ex

periments I, II and IV, both the experi

mental and control groups given an identi

cal egg inoculation were each divided into

two subgroups at random; one subgroup

was killed 4 days AEI and the other sub

group was killed 14 days AEI. As experi

mental controls (M-Exp and M-Cont in

Table 1), BALB/c mice were simultaneous

ly given the same infection.

Experiment 2: Three litters of Fischer

rats (24 rats) and one litter of dd mice

(eight mice) were used. Twenty rats were

divided into five groups of four rats each.

All the rats were given an identical infec

tion with 5xlO4 shell-free eggs and killed

on days 4, 5, 6, 9 and 14 of infection, re

spectively. Rat-derived cysticercoids were

collected on day 4 (96 hr) but not on day

5 from the other four rats given lxlO5

shell-free eggs each. Recipient mice were

each given about 100 rat-derived cysticer-

coids/0.2ml of 0.85%NaCl solution and

killed 10 days later.

Experiment 3: Fischer rats only were

used, and given a total of 75 mg cortisone

(25 mg/ml, 3 injections on alternate days).

Every litter was divided into two groups (A

and B) at random. Treatment with corti

sone was started at different timing to the

same infection between the two groups.

The details of the cortisone treatment are

described in Table 2. All rats were inocu

lated with 5xlO4 shell-free eggs and killed

on day 14 of egg inoculation, except those

of Exps. 7 and 8, which were killed on

day 18.

Assay of infection

When the animals were killed 4 days

AEI, following the method of Hunninen

(1935a), the number of cysticercoids in the

intestinal wall was determined under x40

or X 100 magnifications. In addition, cysti

cercoid lesion at the liver surface, or adult

tapeworms in the intestinal lumen were

also looked for with the naked eye and

microscope at autopsy. All worms, 2 or

more mm long, were removed after exami

nation with the naked eye and maturity of

them was also determined under X100

magnification (Ito and Yamamoto, 1977).

Results

Experiment 1. Effect of Cortisone Acetate

on Cysticercoid or Adult Recovery from

Fischer (F344) Rat

In preliminary work, it had been found

that Fischer rats of 2 to 7 weeks old given

a number of shell-free eggs (^> 2x 104 eggs)

of Hymenolepis nana harbored a very small

number of cysticercoids in the intestinal

villi 4 days AEI, but did not harbor any

adult worms 14 days later at all.

This experiment was designed to deter

mine whether or not cortisone acetate in

creases the cysticercoid recovery rates or

induces adult recovery from Fischer rat

host. The details of the experimental de

sign and the results are summarized in

Table 1. In Experiments I, II and III,

BALB/c mice either treated with cortisone

or not were also given the same egg inocu

lation and used as experimental controls.

Cortisone did not influence the cysticercoid

recovery rates either from the rats or from

the mice. All rats whether treated with

cortisone or not harbored a very small num

bers of cysticercoids (about 1% of eggs ad

ministered) exclusively in the small intes-

( 8 )
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Table 1 Effect of cortisone acetate on the cysticercoid or adult worm recovery from

Fischer rat given eggs of Hymenolepis nana

Experiment

No. groups

R: rat

M: mouse

I R-Exp

R-Cont

M-Cont

II R-Exp

R-Cont

M-Exp

M-Cont

III R-Exp

R-Cont

M-Cont

IV R-Exp

R-Cont

V R-Exp

R-Cont

Cortisone treatment

5mgx3

(days-2, —1 and 0)

no treatment (NT)

NT

5mgX3

(days-2, —1 and 0)

NT

5mgx3

(days-2, —1 and 0)

NT

25mgx3

(days-2, —1 and 0)

NT

NT

25mgx3

(days-2, —1 and 0)

NT

25mgx3

(days 4, 6 and 8)

NT

2000

2000

2000

5000

5000

5000

5000

5000

5000

5000

50000

50000

50000

50000

Cysticercoid recovery

(day 4)

No. of No. of

animals cysticercoids

infected Mean ± S. D.

Adult worm recovery

(day 14)

No. of No. of

animals adult worms

infected Mean±S.D.

5/5 (F)* 19.4± 7.0

5/5 (F) 12. 8± 12.7

5/5 345. 6± 19.1

4/4 (M)f 52. 8± 19. 1

4/4 (M) 59.5 ± 26.7

6/6 1600.3+ 93.4

6/6 1606.2± 128. 4

2/5 (F)

4/4

4/4

4/4

4/4

4/4

56 ± 21.8

46.8± 7.9

1083.5+ 88.2

601 ± 93.7

770. 8 ±304. 8

3J/5

0/6

5/5

0/5

1.4 + 12.7

0/6 (F) 0

5/5 312. 4± 42.5

0/4 (M) 0

0/4 (M) 0

74. 7± 23.6

0

597 +296.8

0

Animals of both sexes were used except (F)* and (M)f.

(F)*: only female rats, (M)f: only male rats, {: all of three females found infected.

tinal wall. There was no cysticercoid lesion

at the liver surface even in any rats given

cortisone. The percentage of the cysticer

coids recovered from the rats was only 3 to

6% of cysticercoids recovered from the

mice, even when egg doses were increased

up to 5xlO4 and cortisone doses up to a

total of 75 mg (Experiments III and IV).

As previously found from preliminary work,

no adult worms were recovered by day 14

from any control rats. In contrast, adult

recovery occurred in some of female rats

treated with cortisone (Experiments I and

IV), but the number of adults recovered

was much fewer than that of the cysticer

coids established 10 days before (Experi

ment IV): In Experiment I, two of five

females harbored a few adults; in Experi

ment IV, all three females harbored a few

adults (only about 10% of cysticercoids es

tablished), whereas none of male rats har

bored any adults. Adult recovery from both

sexes of rats was induced successfully when

the rats were treated with cortisone from

day 4 of egg inoculation, just after matura

tion of cysticercoids in the intestinal tissue

(Experiment V).

Experiment 2. Viability of Cysticercoids

Recovered from the Rats

This experiment was done to determine

whether the cysticercoids recovered from

the rats were normal or abnormal in their

viability. At first, the mode of a primary

egg infection of the same batch was fol

lowed up from day 4 to day 14. The rats

( 9 )
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Table 2 The fate of cysticercoids established in Fischer rat given eggs of Hymenolepis nana

Experiment

No. (group)

Exp. 1 (1A)

Exp. 2 (IB)

Exp. 3 (2A)

Exp. 4 (3A)

Exp. 5 (2B)

Exp. 6 (3B)

Exp.7 (4A)

Exp.8 (4B)

Days of

treatment

- 2, -

4,

5,

6,

7,

8,

9,

10,

cortisone

(25 mg/day)

- 1,

6,

7,

8,

9,

10,

11,

12,

0

8

9

10

11

12

13

14

No of rats infected

1/4 (lF*/lF + 3Mt)

4/4 (2F+ 2M/2F+ 2M)

3/3 (1F + 2M/1F+ 2M)

3/3 (1F+ 2M/1F + 2M)

4(]J)/4 (3F+1M(1M)/3F+1M)

4 (3J)/4 (3F+1M (2F+1M)/3F+1M)

3/4 (2F+1M/2F+ 2M)

1/4 (1F/3F+1M)

No. of worms

Mean ± S. D.

114

663.3±111.9

588 ±179.0

520.3+163.4

55. 5± 38. 1

31. 8± 23.7

5 ± 3.5

3

Maturity

No.

2/20

28/80

24/60

1/60

0/80

0/67

3/15

0/3

%

10

35

40

0

0

20

0

All rats were inoculated with 5X104 shell-free eggs/0.5 ml 0.85% NaCl solution on day 0, injected with

a total of 75 mg cortisone acetate (25 mg/ml, thrice) and killed on day 14, except those of Exps. 7

and 8 killed on day 18. The same group number means the same littermates. When worm density

was more than 20/rat, 20 worms were examined to determine their maturity and when it was less

than 20, all worms recovered were examined.

F*: female, M*f: male.

J: No. of rats found infected exclusively with worms with no strobila, about 2 mm long.

of day 4 group harbored 498±231.2 (Mean

±S.D.) cysticercoids and those of day 5

group did 56±69.6 cysticercoids only,

whereas neither cysticercoids nor worms (2

or more mm long, visible with the naked

eye in situ) were found from any rats of

day 6, day 9 or day 14 groups.

Rat-derived cysticercoids collected 96 hr

AEI were administered into previously un-

infected dd mice. Almost all rat-derived

cysticercoids became excysted through the

procedure of cysticercoid preparation. Rat-

derived cysticercoids matured in all eight

mice: The number of adults recovered, the

fresh biomass and the egg output were

32.8±27.4 worms, 133.1±36.8mg and 5.3x

103±1.7x 103 eggs (Mean ± S.D.), respec

tively.

Experiment 3. The Fate of the Cysticer

coids Established in Fischer Rat

This experiment was intended to visu

alize the fate of the cysticercoids established

in the rat villi with varying the timing of

cortisone treatment, since there was no

evidence as to whether worms were lost

from the intestine between days 4 and 6

(Experiment 2) or whether they were not

detected by their very small size or lost

through the washing process of the intes

tine. The details of the experimental de

sign and the results are summarized in

Table 2. When the rats of both sexes given

eggs were treated with cortisone (25 mg/

day X3) from day 4 or from day 5, almost

all the cysticercoids which had been estab

lished by day 4 developed into mature

worms by day 14 (Exps. 2 and 3) at the

posterior fifth of the small intestine. When

the rats were treated with cortisone from

day 6 (Exp. 4), all worms except one (1/60)

found from the lumen remained immature.

On the contrary, when the rats given

eggs were treated with cortisone from day

7 (Exp. 5) or day 8 (Exp. 6), only less than

10% of the established cysticercoids de

veloped into adults. In addition, worms

or three of four rats (It; Exp. 6) were

recovered from one of four rats (3t; Exp. 5)

found remained those with no strobila,

about 2 mm long, by day 14. These non-

strobilated worms found by day 14, how

ever, enabled to strobilate and mature

when their development time after the on

set of cortisone treatment in the rats were

increased up to 9 days (Exp. 7). When the

rats were treated from day 9 or day 10, no

or few adults were recovered (Exps. 7 and

( 10 )
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8). There was a tendency that female rats

were more sensitive to cortisone than male

rats.

Discussion

The present results clearly demonstrate

that Hymenolepis nana, cycled exclusively

through mice, did not infect Fischer (F344)

rats to mature: In Fischer rat, eggs of H.

nana developed into cysticercoids normally

(Experiment 2), although the cysticercoids

recovered were almost always only less than

1% of eggs administered and markedly

fewer than those from mice (only 3 to 6%

of cysticercoids established in mice), but

thereafter they did not develop into adult

worms at all. Cortisone treatment experi

ments revealed that excysted worms could

survive in the rat lumen with no differen

tiation for only a few days, but the majority,

invisible with the naked eye in situ (Ex

periment 2), was rapidly lost by day 7, and

almost none remained by day 9 (Experi

ments 2 and 3).

Wardle and McLeod (1952) have de

scribed that there may be several strains of

H. nana based upon Shorb's (1933) obser

vation that mouse and rat strains of H.

nana were physiologically as different from

one another as they were from the human

strain. Shorb (1933) found that eggs of

mouse strain of H. nana inoculated into

blackhooded rats, 6 to 7 weeks old, de

veloped into cysticercoids in similar rate in

mice, but most of them failed to mature.

Similar results were also recorded by Hun-

ninen (1935b) and Schiller (1959). Heyne-

man (1962) recorded somewhat lower rate

in cysticercoid recovery from Sprague-Daw-

ley rats, but found no adults from them.

The present results differ from these ear

lier reports, since cysticercoid recovery from

Fischer rat was extremely less than that

from mice and no adult formation occur

red. However, it appears impossible, at

present, to discuss such variation of worm

maturity in various strains of rats used,

since we have had little information except

Shorb (1933) on variation of host suscep

tibility or variation of this parasite.

The mechanism by which cortisone,

which does not influence the tissue phase,

affects the early lumenal phase of H. nana

in Fischer rat remains to be solved. Fur

ther works on this problem from the im-

munological point of view are now in

progress.

Summary

Whether eggs of Hymenolepis nana col

lected from mice do or do not infect the

Fischer (F344) rat was examined. In Fischer

rats, 5 to 7 weeks old, only 0.6 to 1.5% of

shell-free eggs administered developed nor

mally into cysticercoids in the small intes

tine wall by day 4 of egg inoculation, but

thereafter never developed into adult

worms in the lumen, whereas in BALB/c

mice 17 to 32% of the eggs developed into

cysticercoids and almost all the established

cysticercoids grew to mature worms by day

14. The low susceptibility to H. nana egg

infection in Fischer rats, assessed by cysti

cercoid recovery, differed from the earlier

observations by Shorb (1933) and Hun-

ninen (1935b), and was not influenced by

cortisone acetate injection (25 mg/day X3;

days —2,-1 and 0) at all. However, when

rats harboring fully developed cysticercoids

or excysted worms with no strobila were

treated with the same doses of cortisone

(during day 4 to day 6), these worms began

to differentiate into adults, but otherwise

the worms with no strobila were rapidly

lost. Therefore it may be probable that

Fischer rat is not the natural host of H.

nana, cycled through mice and used for the

present study, and that the failure of adult

development is due to a failure of cysticer

coids to strobilate in the lumen, at least of

this strain of rat. The mechanism by which

cortisone, which does not influence the tis-

( 11)
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sue phase, affects the early lumenal phase

of H. nana to differentiate into mature

worms in Fischer rats remains to be solved.
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