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Introduction

Emetine hydrochloride was used for the first
place for chemotherapy of human paragonimiasis
by Ikeda (1915). Yokogawa et al. (1934-1941)
found that Emetine hydrochloride combined with
Prontosil was much more effective against human
paragonimiasis than the use of Emetine hydro-
«chloride alone.

This combined method is now widely used
for chemotherapy of paragonimiasis in Japan.
Recently Chung ez al. (1954) reported that
‘Chloroquine (Resochin) was quite effective for
‘this disease. Kitamoto et al. (1957) and several
-other investigators in Japan tried this drug for
paragonimiasis and concluded that Chloroquine
was not so effective as Emetine hydrochloride
with sulfonamids during such short period as
two or three weeks of treatment and it produced
:some side-effects.

' Since the screening method of the effective
«drugs for paragonimiasis by means of the main-
taining technique of excysted metacercariae of
Paragonimus westermani in vitro has been
established by M. Yokogawa et al. (1955-1956),
several drugs which showed strong killing effects
on the larvae in vitro were found in our labora-
tory. The direct effects of several drugs against
:the larvae in vitro were as shown in Table 1.

Bithionol seemed to be the most effective drug
for paragonimiasis among those drugs which

were chosen by the screening method.

The present study was conducted to use
Bithionol for the chemotherapy of the experi-
mentally infected animals with Paragonimus
westermani or P. ohirai.

Dogs or cats infected with P. westermani are
usually used as the experimental animals for the
chemotherapy of paragonimiasis.  However, it
is quite difficult to use a large number of these
animals at the same time. The authors here
attempted to apply many rats infected with P.
ohirai in place of the infected dogs or cats with
P. westermani.

It was found that Bithionol could be successful-
ly used for the chemotherapy of paragonimiasis
of the animals experimentally infected with P.
ohirai as well as P. westermani.

Table 1. Comparison of killing effects of
drugs against excysted metacercariae of
Paragonimus westermani in vitro

LDs, (Dilution)

Drugs
24 hours 48 hours

Stibnal 11,500 17,000
Emetine 230,000 250,000
Atabrine 323,000 420,000
Chloroquine

Raohen 389,000 470,000
Bithionol 1,390,000 ;
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The authors (1960) also used this drug clini-
cally on 13 cases of human paragonimiasis and
obtained the excellent results.

The present paper dealt with only the results
of the animal experiment.

Materials and Methods

Drug used.

The drug used for this trial, Bithionol is a
compound with such a structure as shown in
Fig. 1; it is a tasteless, odorless and white
crystalline powder and its MP is 128°C; SG is
1.73 (25°C) : it is poorly soluble in water, i. €.,
0.0004% at 25°C, but soluble in carboxymethylce-
llulose (CMC), an organic solvent at 72% (25°C).
Since this drug has a sterilizing effect on the
skin, it has been used under the commercial name,
Actamer (Monsanto Co.), in the United States
as an ingredient of soap or cosmetics (Shumard
et al., 1953). In this country this agent was
found, for the first time, to have an excellent
anti-helminthic effect on the chicken tape worm,
Raillietina kashiwarensis (Sawada, 1957) and
the liver fluke of cattles, Fasciola hepatica,
(Ueno et al., 1959) and this drug is now put
out by the Tanabe Seiyaku Co., Ltd. as Bitin,
an anti-helminthic drug for animal use. How-
ever, it has never been used for the lung fluke,
Paragonimus sp. In this experiment the plate-
like tablets or powder of Bitin were administered
per;os to the experimental animals.

OH OH
c1 S o cl
(o5 1

2.2'-thiobis (4.6-dichlorophenol)

Fig. 1. The structural formula for Bithionol

(Actamer, Bitin)

Experimental animals.

Four dogs of 8-10kg of body weight were
infected with 20-123 metacercariae of P. wester-

(163 )

303

mani.  Bitin was administrated during the
various periods from 79 days to 318 days after
infection. Four dogs were all sacrificed after
the treatments and examined pathologically
and parasitologically.

Adult rats of about 150 gr of body weight
were infected with 6-10 metacercariae of P.
ohirai. Since some of the adult worms of P.
ohirai in the worm-cysts of the lungs of the
rats begin to die naturally within 2-3 months
after infection in general, the same number of
the infected rats without treatment as that of
the treated animals were also sacrificed at the
same time as the control.

Toxicity-test of Bitin on animals.

Bitin has been applied in a single dose for the
animals in Japan as shown in Table 2. However,

Table 2. Anthelminthic dose of
Bitin on animals
Animals Doses Authors
hens 100 mg/kg. (Sawada, 1958)

" 100-200 mg/kg. (Kondo, 1958)
sheep 50-300 mg/kg. (Ueno, 1959)
cattle 30-100 mg/kg. (Ueno, 1959)
horse 5- 50 mg/kg. (Sasa, 1959)

" 15mglkg. X5 (Sasa, 1959)
goat 100 mg/kg. (Matsuzaki, 1959)
puppy 1- 3gr/kg. (Tanabe, Co., 1959)

Appendix :

Median Lethal Doses (LDso) of Bitin on the
animals. (Tanabe Institute)
Tat: 5.77 gr/kg.
mouse : 1.428 gr/kg.
rabbit : 2.1-4.7 gr/kg.

it has been known that the chemotherapy for
paragonimiasis with Emetine hydrochloride, chlo-
roquine or others is needed to continue at least for
two or three weeks. Bitin was not seemed to be
an exception. Preliminary toxicity-test of Bitin
on mice and rats were carried out as follows.

70 mg/kg — 300 mg/kg of Bitin were given
orally to mice and rats daily, every other day
or every two days respectively for 5-30 times,
and toxicity was examined histopathologically on
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liver, kidney, spleen, ovary, testis, brain, lung,
and intestine of these animals.

The results obtained in mice and rats are as
shown in Table 3 and 4.

Any remarkable changes were not proved in
mice and rats which were given daily 70 mg/kg
of Bitin for 5-8 times as well as the control.

As the pathological changes ascites and mode-
rate degenerations of liver, hyperplasia of the
follicles in spleen and catarrhal phenomena in
intestines were found in mice which were
given daily 150 mg/kg of Bitin for 5 times.
These pathological changes were not so remark-
able even in the rats given 300mg/kg of
Bitin daily for 30 times. Any pathological
changes were not found in lungs, brain and
reproductive organs in all cases.

Any remarkable reduction of body weight
was not noticed.

From the above-mentioned results, the toxicity

of Bitin was not so serious even in the continu-
ous use. The conclusion was reached that it
will be safe to give 70 mg/kg - 100 mg/kg of
Bitin every other day.

Evaluation of the Efficacy of Bitin

The method of evaluation of the efficacy of
the drug for paragonimiasis has not been establi-
shed. In the present study the special attentions
for the criterion of the effect of the drug were
paid on the next three matters as described
under.

1. Variation of the number of eggs in feces
(E. P. D.) during the course of treatment.

E. P. D. of the experimental dogs and rats
were examined by Stoll’s eggs-counting technique

(modified method, 1926) and A. M. S. III

centrifugation . method.

Trble 3. Toxicity-test of Bitin given orally on animals
Mice :
Body weight 4
Sw of Natbod & s (gtaiiet Pathologcial changes
animals administration 5 o S aE : =
Before After . ¢ inte- : ovary
S i admin. admin. liver kidney stine splefen lung brain or testis

5 70 mg/kg 28 27 e - - — — —
? daily 122,55 23 23 — e EE S == 5
Q 7 26 24 +H + - -+ — —
3 " 27 27 = = + - - —
g every other day :; X8 %g gg __‘_ i ; i i i
? ” 20 22 4 = o i 23 N
5 " 24 20 = - + — — - 2
Q T e T D R PR
5 every two days i 2% % = i I = 5 o =
Q " 30 32 -+ o 2 E — - —
3 150 mg/kg 28 27 H* 4+ ST H z i =
Q daily Il X, e OF 25 + ok +H + ek L —
Q " 23 21 4 + + — + g =
3 " 24 24 + = + -+ + s o
? every other day Fl 23 23 = + + +H o s i
Q % 2 Sloo oo e o n LG

2 cis = L4 s
g every two days Z ”" ég 3’87 i _t + i 3 = =
5 ; 26 27 T L N
Q control 29 23 = — + — — - 2=
? 19 19 - - ne . = 5

+ : slight changes
* . ascites

+ : moderate changes

*k

congestion
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Table 4. Toxicity-test of Bitin given orally on animals

Rats :
d ight :
Sex of Method of s (}ér:]:llsg) Pathological changes 3
animals administration D o ; . Appendix
Before After I kid inte- 4 1 hidis  ovaly
e e R R Mo L e L e ) S admin. admin. LYer ney stine 8P eer{ WGl or testis
8 300 mg/kg X 18 127 125 S o + + — — —  diarrhea.
8 ; #o RSO L e
? daily e, S SR LT 110 +H + H 4 - — —  diarrhea.
e pe S R R L e R e e D L s
? iy 120 118 4+ +H - -+ — - =
3 200 mg/kg X 22 115 92 raai e g o iR S it
3 o XSUaASN MG ke Lo e g g
3 ooy 129 107 + + - +H - — —
5 daily A | 112 118 + — - it Rl b v
Q S, 120 131 o + — +H — - —
Q P ) 118 121 + — - — — - 2
? BT 153 160 +H - + + — — =
: 20wl X010k - W4 et v e
o] 1k 115 126 + 4 - — - it o
Q every other day i) 120 90 o +H + = — — diarrhea.
Q w9 100 118 -+ g = S - - -
? non 1065122 - + = T e e 5
5 150mglles X6 G I g . Pag e iure e Rl e
Q daily bt 139 137 e i 4 + = o —  diarrhea.
Q ek Tigeatel] o Stk & i = By =
5 WoRG O Asy g e . g -
3 every other day il 122 126 - — - L L 5 gt
Q W ABSEC oL S i e s
g every two days x ),(,5 %il’,g }ég i i = o =
5 ke H 1 9 iy g g
? daily T 118 119 -+ - — 4 -~ -
Q Mo 135 135 T + o = e 53
3 Hmalh X B e i b
5 daily 2otk 123 123 = i A s S =
Q VI By 105 108 — - —
5 WEeXD 08 126 -+ - =
Q every other day W 100 99 3 as 22, 45 = A5,
? pi M 156 159 - St —
5 every two days Z },(,5 igg %gz i ; g 5
) 106 112 + + +
0 control 124 127 D % % + 5 5
+ : slight changes + : moderate changes

E. P. D. was examined daily or every other
day before, during and after treatment.

2. Pathological and parasitological findings at
autopsy.

Number and locations of the worm-cysts and
worms in the lungs were examined by autopsy.
The worm-cysts were examined histopathologi-
cally. All the worms removed from the worm-

cysts were maintained in Tyrode’s solution at
37°C for 30-60 minutes to examine their
vitalities. The worms were then fixed with 10%
formalin solution and stained by haematoxylin.
The presence of the eggs in uterus or other
degenerated changes of the reproductive organs
of the worms were observed.

3. The survival rate of the worms.

(165 )
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The rates of the number of survived worms
recovered in the treated animals at autopsy to
the number of metacercariae given were also
compared with that of control animals.

The infection rates (detection rate) of the
worms to the number metacercariae given to
animals are shown in Table 5.

Results

A. Effect of Bitin on the infected dogs with
P. westermani.

The dog No. I infected with 20 metacercariae
of P. westermani was given 100 mg/kg of Bitin
every other day for 5 times beginning 78 days
after infection. E. P. D. showing 50,600 before
treatment decreased quickly to 30,000 after the
3rd administration, to 3,030 after the 4th ad-
ministration and to 0 after the 5 th administration
of Bitin as shown in Figure 2. No eggs were
found in feces during the period of 10 days after
the last administration of Bitin, but E. P. D.
increased again gradually up to 52,140 on the

Dog No. I: 22nd day after the last administration. The second
Table 5. Infection rate of Paragonimus westermani in animals (Yokogawa et al.).
. No. of No. of Days from : Total no. Total no. -
A:;g(lials metacercariae animals infection No. fantméals worms metacercariae Infefctlon rate*
given used to autopsy Cathll detected given e
10~ 20 17 61-440 17(100%) 199 292 68.1% (73.8-60.6%) **
dog 21= 50 1 80-494 11(100%) 275 368 74.7% (79.9-67.9%)
51-100 13 61-244 13(100%) 672 986 68.1% (71.2-64.7%)
cat 1065 13 67-365 13(100%) 275 351 78.3% (85.8-73.3%)
* . No. worms detected/Total no. metacercariae given.
** . 95% confidence limit.
Table 6. Number of worms and worm-cysts recovered in the treated dogs by autopsy.
Days to au-
D: t Number of worms Number of
No. of iy Number of a:t}:)sps; topsy from recovered worm-cysts
Dose of Bitin metacercariae beginning
dogs iven from of the
B g infection T survived dead total r-lung l-lung total
1.0g (100mg/kg) X 5
Mo 1 LB e 20 266 187 12(60.0%)* 0 12 5(1)** 2(0)** 7(1)**
’ total doses 7.0 grams i
(every other day use)
1.5g (150mg/kg) X 7
No. II total doses 10.5 grams 100 224 8 11(11.0%) 46 57 12(2) 20(1) 32(3)
(daily use)
1.5g (150mg/kg) X 10
No. IIT total doses 15.0 grams 30 333 16, -R626:6%) - 1 1 9:-3(0) . 7(5) 1045)
(daily use)
1.5g (150mg/kg) X 6
1.5¢( » X5
1op ) ) X 20 and
No. IV- 1.5g( ”" ) X4 123 584 235 2621 19) = 2 =98 9(2) B(1l)y 17(3)

total doses 52.5 grams
(evers other day or
every two days use)

(%=
()**:

¢

survival rate (number of worms survived/number of metacercariae given)
number of worm-cysts with necrotic masses of dead worms.
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treatment was attempted on the 43rd day after
the first course of treatment. Only 2 doses .of
Bitin were given, because the dog severely hated
taking medicine. E. P. D. decreased again sli-
ghtly by the administration of Bitin but increased
again soon after the second administration of
Bitin.

The dog was sacrificed on the 266 th day after
infection. Pathological and parasitological find-
ings were as shown in Table 6. 5 and 2 worm-
cysts were found in the right and left lungs
respectively, and 2 worms were living together
in each of them except one worm-cyst which
contained the necrotic masses of the worms.
12 worms removed from the worm-cysts showed

active movement in Tyrode’s solution at 37°C

and many eggs were found in the uterus cavities
of these worms. The survival rate of the worms
was 60.0%, which was not significant to that
of the control as shown in Table 5. However,
all of worm-cysts were localized and perifocal

ro. 1 I i
pog {70 11 It

wo.xxz LI

vo. v I LIl it

-1,000,000

100,000

E.2.b.

g

10,000

a:

o

______________
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inflamation were very mild and few Paragonimus
eggs were found in the surface of pleuras and
mediastinum.

Dog No. II:

Daily dose of 150 mg/kg of Bitin was given
daily for 7 times to the dog No. II from 216
days after infection with 100 metacercariae of
P. westermani. The dog was died by an ac-
cident soon after the 7 th administration of Bitin
and so autopsied.

E. P. D. showing 63,200-938,600 before treat-
ment began to decrease soon after the 3rd
administration and dropped down to 21,000 after
the 6 th administration of Bitin as shown in
Figure 2. Pathological and parasitological find-
ings at autopsy were shown in Table 6. 32
worm-cysts, 12 in the right and 20 in the left
lungs, were found. 3 out of them were filled
with only necrotic masses of dead worms, 57
worms, 56 worms in the 29 worm-cysts and one

(ng-caum;s Technique --- Stoll's method \
Ve Showing days of administration of niun)

Ll teslse b bV ELLELLEREL L L L

T T T T T T T T

% T
$xire 20 40 60 80

treatment '

T T T T T T T T T T T
120 140 160 180 200 220

Days after beginning of administration of Bitin

Fig. 2. E.P.D. of Dogs No. I—IV during and after treatment.

(367 )
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worm in pleural cavity, were obtained. 46 out
of 57 worms were found to be dead because of
severe cloudiness and degenerated atrophy of the
bodies. The survival rate of the worms was
11.0% which was significantly lower than that
of the control as shown in Table 5. The figures
of uterus of these dead worms were all undist-
inguished and no eggs were found in uterus of
them. Only 4 worms out of 11 living worms
had a few eggs or the glancing granules of
various size, probably vitelline-granules, in uterus.

The inner organs of the worms showing
claudiness or degeneration were microscopically
examined. The figures and contours of their
uterus were undistinguishable and no eggs were
found or many brown granules in irregular size
were found in uterus cavities as shown in Plate
1. and 2. (1~5).

Noticeable atrophy of the subcuticular muscle
cells and droplets or vascular degenerations in
vitelline-glands, especially the resolution or necro-
sis in the parenchyma cells of ovaries and testes
and the disapperance of the endothels of uterus
were observed.

The worm-cysts were localized by the fibrous
granulation tissues and moderate cellular infiltra-
tions were found around the worm-cysts. Ex-
sudative or catarrhal inflamations in bronchiens
were moderately mild.  Bronchiens containing
the desquamative epithels, neutrophils, histiocytes
and round cells were occasionally found in the
foci, but the large foci of pneumonias were not
found differing from those of infected dogs
without treatment.

There were mild or moderate passive conges-
tions, the dilatation of lymph canals, and cloudy
swellings or vascular degenerations in the liver
cells. However, focal necrosis or wide foci of
haemorrhages with the severe infilirations were
not observed.

The passive congestions in kidnies were repre-
sented, and the cloudy swellings of the epithels
of renal tubules were found slightly, but fatty
degenerations and thickenning or proliferation of
glomeruli and Bowman'’s capsules were not found.

Dog No. III :
The dog No. III was infected with 30 metacer-
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cariae of P. westermani. 150 mg/kg of Bitin
were administrated daily for 10 times beginning
317 days after infection. E. P. D. showing
126,000-1,033,500 before treatment decreased
gradually with the beginning of treatment, and
dropped down to 17,000 after the 7th admini-
stration and to 1,440 after the 10th administra-
tion of Bitin as shown in Figure 2. The dog
was sacrificed on the 7th day after the last
administration of Bitin. 10 worm-cysts, 3 in the
right and 7 in the left lungs, were found. 5
worm-cysts out of 10 worms-cysts were contained
1-2 worms but the rest of them, 5 worm-cysts,
were filled with only the necrotic masses with
many eggs of P. westermani instead of the
living worms. 9 worms, 7 in the worm-cysts
and 2 in the pleural cavity, were obtained. 8
worms out of 9 worms were found to be alive
and 3 worms out of 8 living worms had a few
ova cells or many brown granules in uterus, but
the rest of them had empty uterus. The servival
rate of the worms was 26.6% which was signi-
ficantly lower than that of the control.  The
contours of uterus of all the worms were
undistinguishable. =~ Haemogram of the dog at
the 7 th administration of Bitin was as follows :
non segmented neutrophils 0; 2 segmented
neutro. 6% ; 3 segmented neutro. 22% ; 4
segmented neutro. 24% ; 5 segmented neutro.
8% ; eosinophils 8% ; lymphocytes 24% ; mono-
cytes 8% and basophils 0.

Any remarkable difference was not found in
the haemogram.

Dog No. IV :

The dog No. IV was infected with 80 and
43 metacercariae of P. westermani in an interval
of 60 days repeatedly. = Four courses of treat-
ment, 6, 5 20 and 4 doses of 150 mg/kg of
Bitin were given repeatedly every other day or
every two days beginning 348 days after ‘the
first infection.

The tendency of decrease of E. P. D. during
the period of treatment was almost the same as
those of Dogs No. I, IT and IIL

E. P. D. increased again within 10-20 days
after each treatment as well as the above-men-
tioned cases. However, E. P. D. decreased



gradually by repeated administration, as shown
i Eg 2

The dog was sacrificed on the 235th day
after the beginning of the first treatment (at
the 584 th day after the first infection). 9 and
8 worm-cysts were found in the right and left
lungs respectively, as shown in Table 6. 2 out
of 9 worm-cysts in the right lung and 1 out of
8 worm-cysts in the left lung were filled with
the necrotic masses of the dead worms. 28
worms were obtained from the 14 worm-cysts.
26 worms out of 28 worms were alive and they
had many eggs in their uterus cavities. = The
survival rate of the worms was 21.1%. It was
interesting that several localized foci found in
the lungs were seemed to be the scars of the
absorbed worm-cysts judging from the tissue
reactions of the fibrous granulations and the
existence of many Paragonimus eggs.

Side effects.

The special attentions were paid to the side-
effects during the course of treatments in all
cases. Loose stool, diarrhea and anorexia were
always found at the first or second administra-
tion of Bitin but these symptoms disappeared
without any therapy. The loss of body
weight was not found during the course of
treatment.

B. Effects of Bitin on the infected rats with
P. ohirai.

1. Effects on the adult stage:

The experimental rats and control rats were

No.21. No.29. No.31. No.32.

No. 8. No. 4. No. 5.
B (1) (0)
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all infected with 6 metacercariae of P. ohirai
at the same time. 5 and 14 rats were given
every other day with 4-6 doses of 50 mg/kg
and 100 mg/kg of Bitin respectively and were
sacrificed during the period from 44 days to 68
days after infection.

The control rats without treatment were also
sacrificed at almost the same period. The num-
ber of the survival worms recovered from the
treated rats and that of the control rats were
compared as shown in Table, 7.

The rate of the survival worms described
here means the rate of the number of living
worms found in the rats belonging to the certain
group to the total number of metacercariae given
to the rats. The rates of the survival worms
of the groups treated with 50 mg/kg and 100
mg/kg were 20.0% and 10.7% respectively.
However, that rate of the control group was
66.6%. These rates were significantly lower
than that of the control group. The pathological
changes of the lungs were compared individually
and some of the interesting cases were sum-
marized in Fig. 3. The authors found in other
study that the formation of a worm-cyst in the
lungs has never been occurred by single worm
infection and more than two worms were always
found in a worm cyst. Therefore, the worm-
cyst containing necrotic masses shown in Fig. 3
contained once more than two worms. E. P.
D. of the treated rats decreased rapidly after the
3rd of 4th administration of Bitin, as shown
in Figure 4.

(0) (0) (0)

Fig. 3. Pathological changes of lungs of rats treated with Bitin.

® Worm-cyst containing the necrotic masses.

My fibrous pleurisy.

0 survival worm.

® dead worm.

() showing number of worms survived.
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Table 7. Effects of Bitin on adult and immature worms of P. ohirai in rats.
Time of the
Gr Dose and method beginning of Da¥s tf.r ELENG, of 1\10' of T(f)tal tno. Totalf SN
oup 4 P treatment (days TICCHOB (b ot metacerca- of meta- mno. o urviva
examine riat Bifche on s to used Tiae given cercariae survival rate
infection) autopsy % per rat given worms
Adult
worms :
(I) 50mg/kg X 46 53-68 & 20.0%(35.5
every other day after infection o879 D g 3 3 = 9.0%)**
(IT) 100 mg/kg X4-6 44-68 10.7% (18.0
5 P 63-76 14 6 84 9 b
Control o & 66.6% (80.0
o e 40-67 6 6 36 24 52.0%)
Immature
worms :
(A) 50 mg/kg X 13 11 after ; 17.3%(23.5
every other day infection 32-38 15 - 150 i -13.0%)
(B)  S0mglkg X 2 4 o 58.0% (70.0
" . s 26-29 B 10 150 29 5
o A infection -45.5%)
X4
1"
(after infect.)
(B2) 50 mglkg X 2
"
(before infect.)
X133 /
” ” 26-29 8 10 80 20 25;(1’;/05%0
(after infect.) LT
Control o 52.5% (60.5
—_ —_— 29-32 19 10 120 63 Z44.5%)

* — no. worms survived/total no. metacercariae given.
** 059, confidence limit.

Pathological changes in the foci of the lungs
were very similar as those of the treated dogs
Microphotogaphs of those changes
were shown in Plate 2. (6~8).

with Bitin.

2. Effects on the immature stage.

Each rat belonging to A-group was admini-
strated with 50 mg/kg of Bitin every other day
for 13 times beginning 11 days after infection
with 10 metacercariae of P. ohirai.

Each rat belonging to B; -group was admini-
strated every other day with 50 mg/kg of Bitin
for 2 times before infection and for 4 times
immediately after infection with 10 metacercariae
of P. ohirai.

Each rat belonging to B, -group was admini-
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strated every other day with 50 mg/kg of Bitin
for 2 times before infection and for 13 times
immediately after infection with 10 metacercariae.

The survival rates of the worms found at the
autopsy of the rats of these groups, A, B; and
B,, were 17.3%, 58.0% and 25.0% respectively
compared with 52.5% of the control group as
shown in Table 7. The survival rates of A and
B, -groups were significantly lower than those of
B, -group and the control group. It was found
that Bitin could be used successfully against the
immature worms, when more than 10 doses of
Bitin were administrated.

The time of the autopsy after treatment was
between 26 and 38 days after infection.  The
time of autopsy corresponded to the time reach-
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daily dose.

L \\'\\\ \ \ ~————— Control.
ok ek
D: 100 \ ". .\" \\\ !
S X By
i\ \\" |
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|- ::ogi:fnfh. :dminincratio!‘:‘ \\‘ \\\ \\
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7

Detdre

treatment

1 2 3 4 5 6 8 9 10 LTI 13

days from the beginning of administration of Bitin.

Fig. 4. E.P.D. of the rats treated with Bitin
ing muturity of P. ohirai in rat and natural
death of the worms usually was not found in
this period. Therefore, it may be considered
that the survival rates of the worms would be
more reliable than those of the adults worms
passed for 2 or 3 months after infection. At
the autopsy of the treated groups most of the
worms found in pleural cavities or liver were
still immature. However, most of the worms
found in the control group reached maturity and
their uterus were filled with many eggs.

Ulcerations ond scars caused by penetration
of the worms to the lungs or livers of the treated
rats were mild in comparison with those of the
control group.

Discussion

S. Yokogawa et al. (1937-1941) obtained the
excellent results by the use of combined treatment
of Emetine and Prontosil. In their experiments
they paid special attention to the pathological
changes in the lung foci as the criterion of the
effect at the experimental chemotherapy of the
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dogs infected with P. westermani and they also
reported that it was a question whether E. P. D.
during the period of treatment could justify the
effect of the drug or not. Afterwards many
studies on the treatment for animal or human
paragonimiasis were reported by Iwata (1942),
Mori (1948), Komiya at al. (1952), Tanaka
(1958), Suguro (1959) and others.

Recently Suguro (1959) reported that the
effects of the drugs on the infected dogs with
P. westermani would be able to be compared
by E. P. D., when the examinations of E. P. D.
carried out continuously for a long period. He
tried various drugs, such as Emetine hydrochloride
with sulfonamide, Chloroquine and Atabrine,
for the chemotherapy of the infected dogs with
P. westermani and found that none of them
could not diminish the eggs in feces unless the
treatment was continued at least for more than
a month. Komiya ez al. (1952) reported that
the treatment with the combined method of
Emetine hydrochloride and sulfonamide for 10
days was not enough for human paragonimiasis.

In the present study Bitin seemed to be quite
effective on 3 cases except 1 case, No. 1 dog.
It has never been experienced by any other drugs
ever used that E. P. D. decreased so quickly after
2 or 3 administrations as Bitin. It was very
interesting that the several localized foci suggestive
of scars of the absorbed worm-cysts were found
in the case of No. IV dog. This fact may
indicate the strong effect of Bitin.  The rats
infected with P. ohirai have never been used
for the experimental chemotherapy of paragoni-
It was proved that the infected rats with
P. ohirai could be ideally used for the experi-
mental chemotherapy by the present study.

miasis.

This fact would be quite advantageous for the
preliminary test of experimental chemotherapy
or the screening of the effective drugs on
paragonimiasis because paragonimiasis of rats can
be easily raised at the laboratory.

Bitin was also quite effective against the
immature stage of P. ohirai as well as the adult
stage in this experiment. The effectiveness of
Emetine hydrochloride against the immature stage
of P. westermani has never been investigated
n vivo.
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The further investigation is needed to compare
the resistances of the various stages of the worms
of P. westermani and P. ohirai against the
drugs.

As the method of evaluation of the effect of
drugs, the comparison of the survival rates of
the worms were seemed to be quite useful
especially for immature worms.

In the present study the mechanisms of the
effect of Bitin against the worms in witro or in
vivo were not still clear.

However, it was proved that the administra-
tion of 50 mg/kg or 100 mg/kg of Bitin every
other day for 10-15 times was seemed to be
more effective and less toxic for the infected
mice and rats than Emetine hydrochloride.

The side-effects as described above were found
at the first period of treatment with Bitin, but
disappeared naturally without treatment. The
decrease of the body weight of the treated
animals was not found and the haemogram of
the treated dogs with Bitin were almost the same
as those of normal untreated dogs.

The most of the survival worms removed from
the treated dogs or rats had not eggs in uterus,
and degenerated changes in uterus, ovaries, testes
and vitelline glands were quite remarkable, but
the some of those worms seemed to be regenerate
again their vitalities within 10-20 days after
treatment when the doses of Bitin were insuf-
ficient. The possibility of the regeneration of
the survival worms will be really understood not
only from the above-descrived results but from
the facts that the most of the relapses of human
paragonimiasis has been seen within one month
after the therapy, as reported by Komiya et al.
(1952).

It was interesting that the temporal increasing
of E. P. D. after the several doses of Emetine
hydrochloride or Chloroquine were not observed
by the administration of Bitin.

Summary

From the results of the examination of the
direct effect of Bitin on excysted metacercariae
of P. westermani in wvitro, it was found that
Bitin had eminent ‘effect for the lung flukes.

729

The experimental chemotherapy with Bitin for
the infected dogs and rats with P. westermani
or P. ohirai respectively, were carried out.

It was proved that administration of daily dose
of 50 mg/kg or 100 mg/kg of Bitin every other
day for 10-15 times were emimently efficacious
for the infected dogs or rats with the lung flukes,
and toxic manifestations were not found when
the above-mentioned doses of Bitin were admini-
strated every other day.

The possibility of the use of Bitin for human
paragonimiasis could be proved by the present
study.
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Plate 1.

Section of the worm removed from the lung of Dog, No. IL
Arrows indicate the advanced degeneration of ovary of the worm.

Same as the above.

No eggs are found in the uterus cavity and the endothelium are irregular or disappeared.
Section of the worm removed from the lung of Dog. No. IIL

Ovary showing the advanced degeneration and disappearance of the parenchyma cells.

Same as the above.
Testis showing pycnosis or karyolysis of the parenchyma cells.
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5. Same as the above.
Vitelline-glands showing hyaline droplet degeneration.

6. Section of the worm-cyst removed from the lungs of rat No. 6.
2 worms showing necrobiosis in the worm-cyst.

7. Section of the worm-cyst removed from the lung of rat No. 21.
Arrow indicates accumulation of yellow pigment-granules.

8. Section of the worm removed from the lung of rat No. 13.

No eggs are found in the cavity of uterus of the worm.

(176, )
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ik BREDCEZEEICET 58 %
(I) Bithionol (Bitin) I & % B)#iHi%k BAE D /A HERK

WO M s o RN s R
R B I 2 # R BB #
(FHERFE S E B EHE)

K MH 3£ %0 3T
(R 3.2 SR A W e BB

1956 ZELL3f, AT Y = A7 A~ o/ fiV R PRBEY) B O MR E R X ) SRR OREL I
KT B EEEAHE 2 MK LR 25, 4E Bithionol (Bitin) 28ch % Tl bh 7z Emetine, Atabrine,
Chlorcquine (Resochin) b= CHfEOMivERAH O D 2 Hx Rl L. % o TFRANIC X 2 H)
R O O AR ER T AN L o FHREY RET 5 IC Bitin O~ ARG 7 v KT B H
HAB T T O S 100 mg~150 meglkg %FE HICREHATICHBEL 5 2 b2 ICI e, £TTC
W o R T~ v ik 4 TR AR T RTERE 2 2 v V)T & 6~10 K5 Lk ST
v M C OGN TR T DT, LSRR © HI5 1 & AR, VAR R R oA IR R S 3 0 2 SEME DY
HESI% (E. P.P.) OlExRCOWTREEH, 7 v Clh%o—fiicov CRMEE L HRBET 2
L e s IR OB RHE TR EIMRIC X o TR, MAREFE @52 X enrd )V 7O T 5 &
B DS ) S I A A E A D & LT Bk OB ART R e BB O 2 h b & B L
7. fh OFRicis < d Bitin 100 mg~150 mglkg FEH, 3~4M#Eicx v E P.D. @3B
B Ut SRR B RS CH 5 L 2@ ALIEBEE XY EP.D. @EeEmL, BCiEReERET 5
C LR kO TREBICIERD L. FRFFRCREIEO —BIHEA R ELEAH L, £HFHEO S RE
HEREICH Y, T, JIH, BASOLHLEENHED LA, KFPMBREERCHLTLY =
25 < R OB A LW 4 [AAEC, £0 melkg RUr 100 melkg @B 4~6 [l B Gl kAL
20.0 % &t 10.7 % % LXHEEED 66.6 %ic k=T 5 Lok, BAFENEYOL XL
< b AR e fHE, Bitin # —EHIHME T 2 e ko T oS IFI L L O LRI
7. ¢ Sk Bitin 28 = 2 7 v~ v il s R ORE i B L CHRic BRI CH 2 HBB L I 3
T, BN s O AR BRI 1 R R T v b R v B Hot kR T A T 5 H [
FRICHE B A IC & huve. INZ CASH] D A BBV BUE © BRIV Z © ATREMEZ B b i L 7e.
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