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Evaluation of Selected Drugs for the Treatment
of Canine Echinococcosis *

BENJAMIN D. BLOOD,1 VICTOR MOYA2 & JAN L. LELIJVELD 3

Results are-reportedfrom 26 trials of various drugs for the treatment of canine echino-
coccosis. In all, 613 dogs were employed. Arecoline hydrobromide and Anthelin, in single
trials of each, failed to remove even half the E. granulosus worms in 50 % of the dogs
treated with these compounds. A total of24 trials were carried out with a series of8 naphtha-
lene derivatives and compounds of this series were effective in eliminating E. granulosus;
at least one of them, bunamidine hydrochloride, seems to show sufficient promise as an
improved method of treatment for field application and evaluation trials to be made.

The investigations reported here were made to
evaluate the efficacy of selected pharmaceutical pre-
parations already in use, or showing promise for use,
in the anthelmintic treatment of dogs for the elimina-
tion of the tapeworm Echinococcus granulosus. In
addition to trials with arecoline hydrobromide and
Anthelin (Enzie et al., 1957; Whitten, 1956), several
members of a new group of anti-tapeworm com-
pounds, the naphthamidines (Baltzly et al., 1965;
Hatton, 1965), were tested rather extensively. The
naphthamidines have proved to be effective against a
number of species of tapeworms and are taeniacidal
rather than taeniafugal.

MATERIALS AND METHODS

In the absence of in vitro techniques for evaluating
the action of drugs against E. granulosus, the only
presently reliable method for carrying out such
evaluations is by using a natural host animal-the
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dog. The work reported here was carried out with 613
dogs; most of them (362) were exposed experi-
mentally to E. granulosus, although dogs that had
been exposed to natural infection were employed in
some of the tests.

Procedure using experimentally exposed dogs

Test animals and their preparation. The dogs used
for experimental infection were obtained as gifts
or by purchase. Young animals aged 4-12 months
(preferably 4-6 months) were selected. Each was
vaccinated against canine distemper and then treated
for intestinal parasites.

Infective material. Ovine livers and lungs con-
taining hydatid cysts were obtained from packing
plants near Buenos Aires, and were taken under
refrigeration to the Pan-American Zoonoses Center
so as to arrive within 24 hours of the host animals'
being slaughtered. Cyst contents were withdrawn by
means of sterile syringes and needles, and were then
placed in sterile containers. Any scolices present
were allowed to settle; afterwards excess fluid was
removed by decantation. Each lot of scolices was
examined microscopically to determine viability, the
criteria being lack of colour (absence of opacity),
mobility, movement offlame cells (Schwabe, personal
communication) and failure to take gentian violet
stain (P6rez Fontana, 1955). Only those lots of
scolices which gave evidence of 80% or greater
viability were employed. The selected lots of scolices
were then pooled.
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In order to estimate the concentration of scolices,
the pooled mixture was shaken thoroughly, a small
measured sample removed immediately, and the
scolices in the sample counted microscopically in a
Stoll chamber. An average of 3 such counts was
taken as the representative concentration for the
pool for use in preparing the standard infective dose.
The pooled material was kept at 4°C until it was

administered to dogs, and it was always used within
48 hours of the ovine hosts' being slaughtered.

Exposure of dogs. The pool was thoroughly
shaken prior to the withdrawal of the desired number
of scolices for each dog. All the dogs of any given
trial group received identical doses from the same
pool of scolices; the usual dosage was 100 000 sco-
lices per animal. The infective dose was placed in a
No. 12 (1/4 oz (approx. 7 ml)) gelatin capsule, and
given to the dog along with 2 or 3 small pieces of
liver. At the time of dosing the dogs, a period of
about 16 hours had elapsed since their previous meal;
their next feed followed about 8 hours after they had
been given the scolices.

Procedure using naturally exposed dogs

Examination of adult dogs from certain suburban
and rural areas near Azul had shown a 20 %-25%
rate of infection with E. granulosus. A total of
251 dogs from those zones were used in the screening
trials of promising drugs.

Drugs and treatment schedules

A group of 26 experimentally infected dogs were
dosed with 4 mg/kg of body-weight of, arecoline
hydrobromide (methyl N-methyl-tetrahydronicotin-
ate hydrobromide) orally in a 1: 250 aqueous solu-
tion. Another group of 27 dogs received doses of
Anthelin X (N-methyltetrahydromethylnicotinate-p-
carboxyphenylstibonic acid) given in gelatin cap-
sules at the rate of 10 mg/kg of body-weight.

Eight naphthamidines 1 were used and their
structures are as follows:

R
HN=C -N

R

HCI

These drugs were supplied by Burroughs Wellcome and
Co., Tuckahoe, N.Y., USA and London, England.

No. of compound R radicle X radicle

61-291 C4H9 OC5H11
62415 C4HA OC6H13
62-54 C6H03OC4H9
62-423 CQH13 OC5H1I
62-125 C6H0sOC6H13
61-299 C7H15 OC4Hv
61435 C7H15 OC5H11
53-139 C8H17 OCHs

Each of these drugs was given in powder form in
gelatin capsules at dosage levels ranging from
50 mg/kg to 500 mg/kg of body-weight.

Experimentally exposed dogs were treated over a
period of 70 to 90 days following exposure. Except for
the trials with arecoline hydrobromide and Anthelin
(Table 2, trials 1 and 2), within each trial group
a quantity of untreated controls were sacrificed and
examined. The number of such controls was in-
tended to be at least equal to the number of animals
used for any specific dosage of the drug being
evaluated.

In the trials using naturally exposed dogs, the
animals were treated within a few days of their
arriving at the laboratory. For every animal
receiving a given treatment, the next few (1 or 2)
animals in the series were processed as untreated
controls.

Evaluation

After having been treated, each dog was placed
in an individual compartment and was observed
closely during the next 4 hours for effects of the
drug. Symptoms, their duration and severity, etc.,
were noted.

All faeces passed by each dog during the 24-hour
period following treatment were collected. The
animal was then killed by injection of air into the
bloodstream, and the entire intestinal tract was
removed. Faeces and intestinal contents were placed
in shallow trays with black background and examined
carefully for entire tapeworms, strobila or segments.
The mucosa of the small intestine was examined for
attached worms, using a dissection microscope. All
worms, whether attached or free in the intestinal
contents, were collected and examined microscopic-
ally; all scolices were counted in order to determine
the severity of the infection. Untreated control dogs
were killed and examined in the same way as the
treated dogs.
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RESULTS

Tapeworms eliminated by the action of arecoline
and Anthelin are passed by the dog in an identifiable
condition, so that it is possible to obtain a count of
the total number of the worms removed by those
drugs. Thus, the results of the trials with arecoline
and Anthelin could be evaluated by use of the for-
mula employed by Batham (1946), i.e.,

No. of worms removed
No. of worms removed+No. left x 100

The results in terms of percentage efficiency for
those drugs, calculated by this method are given
in Table 1.

Results of the trials with the naphthamidines could
not be expressed in comparable terms of percentage
efficiency because the tapeworms eliminated by
those compounds disintegrate to the point where they
are unrecognizable when passed by the dog.- It was
for this reason that untreated control dogs were
included for each of the naphthamidine trials.
Table 2 presents results of 26 trials, including the

various studies conducted with different naphthami-
dines, and also including the comparable data for the
single trials with arecoline and with Anthelin. The
numerical order of the trials, as listed in Table 2, does
not necessarily reflect the order in which the trials
were conducted.

Initial trials of 2 of the naphthamidine compounds
-53-139 and 62-415-showed unusually good
activity against E. granulosus, and those 2 drugs were
tested more extensively than the others.

Six trials were made with 53-139 using experiment-
ally exposed dogs. The combined results reveal that
36 of 51 treated dogs (71 %) were free of the tape-
worm, compared with 9 of 49 (18 %) control
animals. Best results were obtained with the higher
doses. There were no indications of toxicity except
at dosages of 300 mg/kg, or more, repeated on 3 con-
secutive days. In trial No. 8, at that dosage, 3 of the

dogs started to vomit about an hour after the third
dose. The symptoms subsided within a few minutes
and there were no other apparent side-effects. Similar
effects were seen to follow the third dose in 1 of 2
dogs given 500 mg/kg for 3 consecutive days.

In the 8 trials conducted with compound 62-415
at 4 different dose levels (50, 100, 200 and 250 mg/kg)
21 (30%) of the 71 control dogs were negative. On
the basis of size of dose given, 67% of dogs were
negative at 50 mg/kg, 77% at 100 mg/kg, 98% at
200 mg/kg, and 100% at 250 mg/kg. After treatment
with 100 mg/kg on 2 consecutive days, 80% of the
dogs were free of E. granulosus.

In the right column of Table 2, the counts made on
worms found at necropsy from many of the dogs
used in the naphthamidine experiments are sum-
marized. In addition to a higher percentage of dogs
being free from worms, the dogs still harbouring
worms had lower averages or ranges than did the
controls. The differences were more pronounced in
those dogs given compound 62-415 than in those
receiving 53-139.

There was no evidence of toxic reaction, nor were
there any undesirable side-effects attributable to
compound 62-415 with doses of 200 mg/kg or less.
In the group of 16 dogs which received 250 mg/kg,
3 dogs died within 48 hours of the treatment. Un-
fortunately, complete necropsies were not performed,
and the causes of death were not determined. How-
ever, the intestines showed no signs of chemical
reaction.

DISCUSSION

The problem of establishing uniform experimental
echinococcal infections in dogs is one that plagues
those working in this field. With the same batch of
scolices and the same amount administered to each
dog, some dogs will have heavy infections, others
will have light infections, and some will have no
worms.

TABLE I

EFFICIENCY OF ARECOLINE HYDROBROMIDE AND ANTHELIN IN THE ELIMINATION OF E. GRANULOSUS
FROM DOGS
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TABLE 2
RESULTS OF 26 TRIALS OF VARIOUS DRUGS AGAINST NATURAL AND EXPERIMENTAL CANINE ECHINOCOCCOSIS

Time Dogs with
Trial Dosage Type between E. granulosus
No. Drug (mg/kg) of exposure treatment Comments

necropsy Treated Controls

4

10
200

100
200

200 b

200
repeated 3 con-
secutive days

300
repeated 3 con-
secutive days

500
repeated 3 con-
secutive days

100

100
200

100

200
200

300
repeated 2

consecutive days
200
200

50

100

200

200

100

100
repeated 2 con-
secutive days

200

250

Experimental

Experimental
Natural

Experimental
Experimental

Experimental

Experimental

24 hours

24 hours
24 hours

24 hours
1 month

1 month

I month

Experimental 1i month

Experimental 1i month

Natural

Experimental
Natural

Natural

Natural
Natural

Natural

Natural
Experimental

Experimental

Experimental

24 hours

24 hours
3 days

2 weeks

2 weeks
3 days

3 days

3 days
1 month

3 weeks

3 weeks

Experimental 14 weeks

Experimental

Experimental

3 weeks

4 weeks c

Experimental 14 weeks

Experimental 13 weeks

Experimental 3 weeks d

20/26

17/27
0/18

3/9
3/10

4/10

4/10

1/10

0

0
15/48 a

4/9
8/10

10/10

9/10

9/10
0/2

0/7

3/5
1/15

1/16

0/16
1/12

0/15

0/15
6/11

4/12

3/12

1/13

0/14

3/10

2/10

0/19

0/16

15/48 a

3/5
1/15

3/15

2/16
4/12

5/15

5/16
8/11

10/13

12/14

8/12

12/19

8/13

See also Table 1

See also Table I
Taenia eggs found prior to treatment in 2 of
the dogs

Positive treated dogs had from 2 to 8 E. granu-
losus; positive controls had 7 to 4 846

Positive treated dogs had from 2 to 440 E. gra-
nulosus; controls, 23 to 24 999

Positive treated dogs had 1 to 720E.granulosus;
controls 8 to 26 241

Positive treated dog had
25 E. granulosus Number of E. gra-

nulosus in controls
ranged from 13 to
1 707

All 7 treated dogs had tapeworm eggs in stools
prior to treatment

Positive treated dog: 19 E. granulosus;
positive control: 1 146 E. granulosus
Positive treated dog had 1 E. granulosus;
controls had 178, 807, and 3548
Controls had 63 and 1 101 E. granulosus
Treated dog had 243 E. granulosus;
controls had from 6 to 878 E. granulosus
Controls had from 25 to 19 432 E. granulosus

Controls had from 8 to 878 E. granulosus
Treated dogs had from 47 to 15 892 E. granulo-
sus; controls had from 5 to 31 060 E. granulosus
Treated dogs had 63, 29,
2 and 1 worms
Of the 3 treatment dogs, 10 infected con-I had 26 and another 8 trols had on aver-worms attached; third age of 939 worms;
had 1 worm in contents heaviest infection
of gut was 4 867
Treated animal had 12
worms attached to in-
testine
Average infection in 12 controls was 705
worms; heaviest was '6 071
Positive treated dogs Average number
had 4, 7 and 12 E. granu- of E. granulosus,
losus in 8 positive con-
The 2 positive treated trols was 1 267,
dogs had 21 and 22 E. ranging from 1 to
granulosus 7372

Average number of E. granulosus, in 12 positive
controls was 2 054, ranging from I to 16 642
Average number of E. granulosus in 8 positive
controls was 581, ranging from I to 2013

2
3

4
5

6

7

8

9

10

11
12

13

14
15

16

17
18

19

20

21

22

23

24

Arecoline
hydrobromide
Anthelin

53-139

53-139
53-139

53-1 39

53-139

53-139

53-139

62-125

62-125
61 -435

61 -291

61 -299
62-423

62-423

62-54
62-54

62-415

62-415

62-415

62-415

62-415

62-415

25 62-415

26 62-415

a Controls were the same for trials 3 and 10. c Except for 1 dog which died the day following treatment.
b With the addition of atropine sulfate at 0.02 mg/kg. d Except that 2 of the treated animals died the day after treatment, and

another died on the second day.
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Factors, such as source and method of handling
scolices, means for determining viability of scolices,
the optimum dose of scolices per dog, technique for
giving scolices to dogs, selection of dogs for age,
breed and other characteristics, the pre- and post-
exposure care of the dogs (diet, exercise, pre-treat-
ment for other helminths, etc.) may all have some
influence on the success of any attempt to experi-
mentally infect a group of dogs. In addition to these
factors, which are subject to a certain amount of
manipulation and adjustment by the investigator,
there is the host element involving natural or
acquired resistance of individual dogs. The effect of
these variables may be seen in the number and in-
tensity of infections in the untreated control animals
in those trials conducted with experimentally
exposed dogs (Table 2). Of the total of 136 dogs
exposed, 101 developed infections. There were 9
groups of dogs involved, and the infection rate in the
different groups ranged from below 50% to 100%.
Using a standard exposure dosage of 100 000 sco-
lices, the resultant infections ranged from 5 to 31 060
E. granulosus per dog. In fact, these extreme varia-
tions in the intensity of infection were in the same
group of 11 dogs, i.e., the dogs were dosed with the
same pool of scolices.
The fact that not all dogs experimentally exposed

to E. granulosus develop an infection underlines the
need not only to examine all the treated animals, but
also to include and examine adequate numbers of
untreated control animals in any group of dogs
exposed to a given batch of scolices. Only in this
way is it possible to judge the effects of a new drug
being applied to the remaining dogs of the group.

It is important also that the examination should
consist of a careful search of the intestinal walls as
well as of the intestinal contents. The pre-treatment
faecal examination is of limited value in determining
the existence of echinococcosis in the dog. Natural
elimination of the eggs (or whole segments) is inter-
mittent, and infections may thus be overlooked.
Even more important, it is impossible to distinguish
by microscopic examination between the ova of
E. granulosus and those of other taeniid tapeworms
of the dog. The value of pre-treatment faecal
examinations is thus limited to positive findings only,
and if these findings are based upon the presence of
eggs (rather than upon segments or whole worms),
the most that can be said is that undetermined species
of Taenia were present.

Admittedly, the experimental methods employed
in these studies are time-consuming and are some-
what costly because of the number of dogs required.
However, the results obtained with such methods can
be subjected to critical analysis and provide the kind
of evidence needed to indicate whether a given drug
is worthy of field trials.

Arecoline hydrobromide and Anthelin were only
partially effective against E. granulosus. This result
was expected on the basis of field experience in
Argentina and elsewhere (Batham, 1946; Enzie et
al., 1957; Gelormini, 1941; Gemmell, 1958; Whitten,
1956; and Schwabe, personal communication).
Since both these drugs gave discouraging results,
their testing was discontinued.

Initial trials with 2 naphthamidines (compound
53-139 at 200 mg/kg and compound 62-125 at
100 mg/kg) against E. granulosus in " naturally
exposed" dogs resulted in all treated dogs being
found free from this tapeworm. With this demon-
stration of promise, a series of experiments was
planned using 8 naphthamidines at varying dosage
levels and both naturally and experimentally ex-
posed dogs.
A total of 6 of the 8 drugs did not have exceptional

activity against E. granulosus, but the other 2
(compounds 53-139 and 62-415) proved to be
effective at most of the dosage levels used. The
better of the two was compound 62-415 which has the
generic name of bunamidine hydrochloride and it
has been found to be effective against other species
of tapeworms also (Baltzly et al., 1965; Hatton,
1965). Bunamidine hydrochloride appears to offer
promise for the mass-treatment of dogs in hydatid
areas and, if effective, such treatment would break the
life-cycle of the tapeworm at its most vulnerable
point.
The results of these studies indicate that while

bunamidine hydrochloride cannot be relied upon to
clear dogs completely of E. granulosus, even at the
200 mg/kg dosage, it eliminates at least 90% of the
worms in doses of 50 mg/kg. Since the opportunity
for reinfection makes it necessary to base field-con-
trol programmes on a schedule of redosing dogs at
intervals, it would appear that 50 mg/kg of bunami-
dine hydrochloride might be a satisfactory dose-level
for field trials of the drug. However, the advantages
of more complete removal of worms at the higher
level of dosage make this also worth a field-evalua-
tion trial.
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RESUME

Un certain nombre de composes tenicides du nouveau
groupe des naphthamidines qui detruisent plusieurs
especes de cestodes ont ete utilises au cours d'essais
sur le chien en Argentine. I1 s'agissait de comparer
leur efficacite contre Echinococcus granulosus a celle de
deux autres medicaments: le bromhydrate d'arecoline
et l'Anthdline.
On a procedde l'infection experimentale de 362 chiens

de la maniere suivante: apres avoir verifie le nombre
et la viabilite des scolex contenus dans le liquide de
plusieurs kystes hydatiques, on etablissait un melange
des lots dont la viabilite etait superieure a 80%; 100 000
scolex environ etaient mis dans une capsule de gelatine
que l'on faisait absorber aux chiens avec quelques
morceaux de foie. Les animaux jeunaient pendant
16 heures avant et 8 heures apres l'absorption des scolex.
Les essais ont porte egalement sur 251 chiens naturel-
lement infectes provenant de zones suburbaines et
rurales proches d'Azul oul les taux d'infection par
E. granulosus se situaient aux environs de 20-25 %.
Un groupe de 26 chiens experimentalement infectes

a requ du bromhydrate d'arecoline a la dose de 4 mg/kg
en solution aqueuse a 1/250 et un autre groupe de
27 chiens a requ de l'Antheline en capsules de gelatine
a la dose de 10 mg/kg. Les 309 animaux restants ainsi
que tous les chiens infectes de maniere naturelle ont
ete traites par l'une des huit naphthamidines qu'on leur
a administrees en capsules de gelatine, a des doses variant
de 50 'a 500 mg/kg. Les chiens naturellement infectes
ont recu le traitement quelques jours apres leur arriv6e
au laboratoire, tandis que ceux qui avaient et6 infectes
experimentalement n'etaient traites que 70-90 jours apres
l'infection.

L'action des medicaments sur les chiens a ete observ6e
avec soin pendant 4 heures apres leur absorption. On a
recherche les vers ou les segments de vers dans toutes
les feces emises au cours des premieres 24 heures; puis
on a pratique l'autopsie et preleve la totalite de l'intestin
dont la muqueuse et le contenu ont ete soigneusement
examines. On a procedd de meme pour les animaux
temoins non traites.

Les tenias evacu6s par les chiens traites par le brom-
hydrate d'arecoline et l'Antheline etaient generalement
entiers et faciles a compter, alors que ceux qui avaient
ete tues par les naphthamidines etaient desagreges de
sorte qu'on ne pouvait calculer le pourcentage des vers
elimines que par comparaison avec les animaux temoins.
Le quart des chiens traites par l'arecoline 6taient d6bar-
rasses de leurs tenias dans la proportion de 75 % ou plus
et 29% de ceux qui avaient requ de l'Antheline l'etaient
totalement.

Les deux naphthamidines qui ont donne les meilleurs
resultats, les composes 53-139 et 62-415, ont fait l'objet
d'etudes plus pouss6es. Au cours de six essais de traite-
ment au 53-139, pratiques sur 51 chiens experimentale-
ment infectes auxquels on a administre des doses de
medicament allant de 100 a 500 mg/kg, soit en une seule
fois soit reparties sur 3 jours, 71 % des animaux traites
ont ete d6barrasses de leurs vers, contre 18% seulement
des animaux temoins. Au cours de 8 essais du compos6
62-415, pratiques sur 106 chiens infectes exp6rimentale-
ment auxquels on a administre des doses uniques de 50,
100, 200 ou 250 mg/kg du medicament, le pourcentage
des animaux gueris allait de 67% pour la dose de
50 mg/kg a 98% pour 200 mg et 100% pour 250 mg/kg.
Meme ceux qui n'etaient pas gueris presentaient une
charge parasitaire moyenne inferieure a celle des animaux
temoins. A la dose de 200 mg/kg ou moins, le compose
62-415 n'a caus6 ni reaction toxique ni effets secondaires.

Les difficultes que l'on eprouve ai reconnaitre l'infec-
tion naturelle et a induire l'infection experimentale
chez les chiens, les variables auxquelles est soumise
l'intensite de l'infection et le soin avec lequel les examens
consecutifs au traitement et ceux du materiel autopsique
doivent etre effectues sont examines par les auteurs
sous l'angle des essais pratiques.
Le plus actif des composes, le 62-415, est connu sous

le nom de chlorhydrate de bunamidine et il agit egale-
ment sur d'autres tenias des animaux domestiques.
II offre des possibilites interessantes pour le traitement de
masse des chiens dans les zones oui sevit l'echinococcose.
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