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~ INTRODUCTION

Paragonimiasis has been known as a medically
important endemic disease linked with eating
habit of fresh water crustaceans, particularly in
Far East Asian countries for a long time.

Bithionol is the drug of choice in parago-
nimiasis and has been used extensively in the
past 15 years. However, its multiple doses and
its side reactions are hampered in mass treat-
ment with bithionol in the field. Therefore, it is
desirable to find out new nontoxic drug which
is used against paragonimiasis with a single
dose.

Recently, Rim (1975) proved that niclofolan
was highly effective for human paragonimiasis
with a single dose of 2.0 mg/kg of body weight,
and it was also effective experimentally infected
dogs and cats with P. westermani. And he also
proved that niclofolan was highly effective for
Clonorchis infection in both experimentally inf-
ected animals and clinical cases (Rim, 1975;
Rim et al., 1975).

The first study on the anthelmintic effects
of niclofolan was done by Kuttler et al.(1963)
who reported the effectiveness with a single dose
of niclofolan in sheep. After that, niclofolan
has also been reported to be highly effective

against F. hepatica infection in sheep with a
dose of 3 to 8 mg/kg of body weight (Lee et
al., 1966; Boray et al., 1967: Hildebrandt,
1968; Giiralp, 1969) and similarly, in cattle:
when a single dose of 2 to 6 mg/kg was given
orally or 3 to 4 mg/kg injected intraluminally
(Griinder and Redlich, 1967).

The present studies were undertaken to eva-
luate the therapeutic results of niclofolan in
rats experimentally infected with P. iloktsuen--
ensis and to compare the therapeutic effects of
P. westermani with that of P. iloktsuenensis in

the experimentally infected animals.

MATERIALS AND METHODS

Drug used:
wn by the investigational name BAY 9015 and

The tested compound is kno-

the generic names niclofolan and menichlopho-
lan. The chemical formula is 5,5~ dichloro-
2,2’- dihydroxy-3, 3/~ dinitrobiphenyl. It is an
almost tasteless and odorless, yellowish crystal-
line substance, practically insoluble in water
but soluble in organic solvents. The structurak

formula of the compound is the following:

Cl\—_ L /Cl
7 N_/ N\
=

O.N OH OH NO,



Drug used was prepared with a suspension
of niclofolan in Tween 80. The drug was inst-
illed directly into the stomach by tube.

Infection of animals: Dogs, cats and rats
were served as experimental hosts. Four dogs
weighing from 5 to 8 kg were infected with 63
to 69 metacercariae of P. westermani. Five cats
to about 1 kg of body weight were infected
each with 30 metacercariae of P. westermani.
On the other hand, five rats weighing about
150 gm were given each with 10 metacercariae of
P. iloktsuenensis.

In dogs experimentally infected with P. we-
stermani, niclofolan was administered on the 74
th day after infection in 2 dogs with the doses
3x1.0 mg/kg and 2x2.0 mg/kg body weight
respectively, and the other 2 dogs were not
medicated as control. Among five experimentally
infected cats, 4 cats received niclofolan on the
59th day after infection at the dose of 2.0 mg/
kg body weight one or two times, and one
being as control was not medicated. In the
rats experimentally infected with P. iloktsuene-
nsis, 4 rats received the niclofolan at the dose
rates of 1.0 mg/kg or 2.0 mg/kg body weight
on the 50th day after infection, and one was
served as control. All the animals were sacrificed
after treatment and examined pathologically
and parasitologically.

The efficacy was evaluated by the number of
worms detected and their vital condition at

necropsy 7 to 61 days after the last medication.
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RESULTS

Effect on the infected dogs with P. west--
ermani: The dog infected with 64 metacer-
cariae of P. westermani was given 1.0 mg/kg
of niclofolan on each of 3 successive days from
the 74th day after infection. The dog was sacri-
ficed on the 7th day after the last medication.
Only one worm was found alive (Table 1).
And 5 worm-cysts which contained the necrotic
masses of the worm were found in the lungs.
Daily dose of 2.0 mg/kg of niclofolan was given
for 2 successive days to the dog from 74 days.
after infection with 63 metacercariae of P.
westermani. The dog died of the pneumonitis.
on the 61st days after the last medication of
niclofolan. At necropsy, neither living or dead
worm was found in the lungs, however several
localized foci found in the lungs seemed to be
the fibrous granulations and with many Para-
gonimus eggs. Two of the control dogs which:
one with 63, the other with 69 metacercariae
were infected respectively were also sacrificed’
on the 59th and the 128th day after infection.
47 and 57 living worms were found in their
lungs respectively.

The worm-cysts were filled with the necrotic
masses with many eggs of P. westermani and
localized by the fibrous granulation tissues. Aro-
und the worm-cyst, granuloma were found with:
the giant cells of Langhans and foreign body
types. Some of these engulfed the ova. The

Table 1. Results of treatment with niclofolan on 4 dogs experimentally infected with Paragonimus westermani

No. of metacer.

Days to treatment

Days from treatment No. of worms

Doses h . s recovered at
infested after infection to autopsy autopsy
Control 63 59 — 47
Control 69 128 — 57
1.0 mg/kg x3 daily 64 74 7 1
2.0 mg/kg x2 daily 63 74 61 0
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Table 2. Results of treatment with niclofolan on 5 cats experimentally infected with Paragonimus westermani

Doses

No. of metacer.

No. of worms

Days from treat- recovered at

Days to treatment

infested after infection ment to autopsy autopsy
Control 30 66 — 14
2.0 mg/kg X2 every other day 30 59 7 0
2.0 mg/kgx1 30 59 7 4
2.0 mg/kgx2 every other day 30 59 7 2
59 7 0

N

.0 mg/kgx1 30
Paragonimus ova were also seen scattered in the
lung tissue accompanying plasma cells, lympho-
.cytes and occasionally brown hemosiderine pig-
ments. The surrounding lung tissue showed
hemorrhagic pneumonitis.

Effect on the infected cats with P. wester-
.mani: Out of 5 cats infected with 30 meta-
cercariae of P. westermani, 2 were given niclo-
folan at the dosage of 2.0 mg/kg of body weight
for 2 times on alternate days and the other 2
were given niclofolan with a single dose of 2.0

All  cats

.control were sacrificed on the 7th day after the

mg/kg of body weight. including

last medication. The findings at necropsy are
shown Table 2, As the result, 14 living adult
worms were found in the control cat which
was not drug administered. Four living adult
worms were found in the cat received a single
dose of niclofolan 2.0 mg/kg and 2 degenerated
«dead worms were found from the cat received
2 doses of niclofolan on alternative days. On
the other hand, neither living nor dead worm

was found at necropsy in the cats received a
.single dose or 2 doses on alternative days. But
there were several worm-cysts filled with the
necrotic masses of the degenerated worms.

The cut surfaces of the worm-cysts were usu-
.ally oval or rectangular in shape., Within these
cystic spaces there are dark brownish necrotic
masses with many eggs of P. westermani. The
lung tissue surrounding the cyst was generally
.dark and hemorrhagic. The dead worms showed

.severe cloudiness and degenerated atrophy of

the bodies. The uteruses of these dead worms
were all undistinguished and no eggs were found
them. Noticeable atrophy of the integuments
and lysis or necrosis in the parenchymal cells
of ovaries and testes were observed.

of the

lungs were very similar as those of the treated

The pathological change in the foci

dogs with niclofolan.

Effect on the infected rats with P. iloktsu-
enensis: Five experimental rats were infected
with 10 metacercariae of P. iloktsuenensis equal-
1.0 mg/kg body
weight with 2 or 3 doses and 2.0 mg/kg body

weight with a single or 2 doses of niclofolan

Iy. Each 2 rats were given

respectively and they were sacrificed 2 weeks
The

treatment were also scarificed at almost the same

after medication. control rats without
time. The number of the survival worms disco-
and that of the
control rat was compared as shown in Table 3.

In the dose of 1.0 mg/kg body weight, 2 dead

worms were found from the rat which received

vered from the treated rats

niclofolan daily for 3 days, but no worm was
which
alternative days. On the other hand, 3 living

found in the rat received 2 doses of
worms were found in the rat which was given
a single dose of niclofolan 2.0 mg/kg body
weight. However, 2 worm-cysts in which necro-
tic masses of the were
found in the rat received 2 doses of 2.0 mg/kg

degenerated worms

body weight by alternative days. In the control
rat, 6 living adult worms were found in the

lungs.
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‘Table 3. Results of treatment with niclofolan on rats experimentally infected with Paragonimus iloktsuenensis

No. of metacer.

No. of worms

Days to treatment
recovered at

Days from treat-

infested after infection ment to autopsy autopsy
Control 10 67 — 6
1.0 mg/kg X2 every other day 10 50 15 0
1.0 mg/kgx3 daily 10 50 14 2
2.0 mg/kgx1 10 50 17 3
2.0 mg/kgx2 every other day 10 50 15 0

In examination of the rat materials, grossly the
lungs showed slightly elevated and dark reddish
brown, moderately firm masses on the surface
with

in the

of the lungs. Many P. iloktsuenensis ova
or without volk content were visible
cystic lumen, along with ceratinized materials,

dark

hemosiderine pigments. The ova were also seen

coarsely granular debries and brown
scattered in the lung tissues accompanying plas-
eosinophils. The
lined by

stratified squamous epithelium instead of ciliated

ma cells, lymphocytes and

inner surface of the cystic space was

columnar epithelium. The granuloma were found
with giant
types.
the pathological

in the vicinity of the cysts, along
cells of Langhans and foreign body
However, it is evident that
changes were seen in much the same way as
those in dogs and cats.

The special attentions were paid to the side
effects during the course of treatments in all
animals. All the vanimals treated with niclofolan
in the present study were not affected in their

and body

of treatment.

appetite weight during the course

DISCUSSION

Emetine hydrochloride had been reported as
:an effective drug by Ikeda(1915) and had been
believed to be slightly effective and the drug
of choice until 1960. However treatment was
followed by a higher recurrence rate and had

«considerable toxicity. Ro and Yokogawa (1941)

reported the superior efficacy of emetine when
it was used in combination with prontosil. Chlo-
roquine was reported by Chung et al. (1954),
who stated that the chloroquine attained a high
concentration in the lungs and had an effect
according
to a following study by Sadun and Buck(1960),
only 12.5 per cent of 116 treated patients beca-

on emetine resistant cases. However

me egg negative 6 months after the treatment.

In 1961, Yokogawa and his colleagues have
shown the efficacy of treating human parago-
nimiasis with bithionol (2, 2’-thio-bis-4, 6-dichlo-
rophenol), administered orally in the daily dose
of 2.0 to 2.5 gm (for adults), 1.5-2.5 gm on
alternate days (for children) for 5, 10 and 15
times. All cases treated were cleared of evidence
of the infection and no relapses had occurred a
year following chemotherapy(Yokogawa et al.,
1961 a & b, 1962). The side effects

gastrointestinal disturbances and skin eruptions

of some

resulting from administration of the drug were
only temporary. Complement-fixation tests and
chest X-ray films became negative, indicating
eradication of the disease. Subsequently, extreme
investigations of bithionol in human cases(Yo-
kogawa et al., 1963 a,b; Katamine, 1961; Miya-
zaki, 1961; Kang, 1962 and Chyu et al., 1964)
have strongly indicated that the drug is promi-
sing the therapeutic agent, showing a high
efficacy &nd lower toxicity compared with the
other drugs previously used. Therefore, bithio-
nol is the drug of choice in the paragonimiasis

and has been used extensively in the past 15
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years. However, its multiple doses and its toxi-
cities are hampered in mass treatment with
bithionol in the field.

Recently, Rim (1975) proved that niclofolan
was highly effective for human paragonimiasis
at a single dose 2.0 mg/kg body weight, and
also he proved that niclofolan was highly effe-
ctive for Clonorchis infection in both experi-
mentally infected animals and clinical cases.

Extensive experimental research on niclofolan
has done with F. hepatica. Sta%aitis and Kub-
lickiene(1974) reported that at 48 hours after
treatment of 5 week old immature stages of F.
hepatica, only traces of RNA in the sub-integu-
ment was detected and the amount of DNA
in the intestinal cell nuclei was reduced.
According to Andrews(1975) biochemical enzy-
matic studies have revealed that niclofolan
induced adenosine triphosphate activity in the
mitochondria of the livers of rats to the same
extent as disophenol(van Miert and Gremeveld,
1969). In histochemical investigations Panitz
and Knapp(1970) found that niclofolan inhibits
tricholinesterase activity and that there is also
evidence of an inhibiting effect of succinic
dehydrogenase.

Niclofolan has remarkable therapeutic effect
on Paragonimus infection in animals by killing
the flukes in the lungs. This destructive activity
of niclofolan and pathological changes in the
lungs are similar to that of bithionol(Yokogawa
et al, 1961).

Therefore, it can be concluded from the pre-
sent study that the administration of niclofolan
in daily 3 doses of 1.0 mg/kg body weight or
in two doses of 2.0 mg/kg body weight were
the most effective against P. westermani in dogs
and cats, and against P. iloktsuenensis in the

rats. .

SUMMARY

The new drug niclofolan (Bayer 9015. Bil-
evon), 5, 5’-dichloro-2,2’-dihydroxy-3, 3’ -dinitro-
biphenyl, has been used in the treatment of
Paragonimus westermani in dogs and cats and
P. iloktsuenensis in rats.

It was proved that administration of daily
dose of 1.0 mg/kg body weight for 3 days or in
2 doses of 2.0 mg/kg body weight by alternate
days were evidently effective for the infected
dogs, cats and rats with the lung flukes, and

toxic manifestations were not found.
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