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Introduction

A few chemotherapeutic agents have been

known to be effective on the filariasis in man

and animals. Among these drugs, diethyl-

carbamazine has been the drug of the first

choice for clinical use in filariasis including

that caused by Dirofilaria immitis in dogs

(Rollo, 1975). However, avermectins, a

series of macrocyclic lactone derivatives,

were reported to be effective against vari

ous nematodes and ectoparasites in animal

experiments (Egerton et al., 1979; James

et al, 1980; Sano et al, 1981a). For

filarial worms, it has been demonstrated that

avermectins are effective against the migrat

ing larvae of Dirofilaria immitis in ferrets

(Blair and Campbell, 1978), the migrating

larvae and circulating microfilariae but not

adult of D. immitis in dogs (Campbell and

Blair, 1978; Blair and Campbell, 1979), and

also microfilariae of Litomosoides carinii in

jirds (McCall and Campbell, 1979).

Ivermectin (22,23-dihydroavermectin Bi),
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a synthetic derivative of avermectins, has

also been reported to be effective against

larvae and adults of many filarial worms,

such as; migrating larvae of D. immitis be

fore reaching the heart of ferrets and dogs

(Egerton et al., 1980; Blair and Campbell,

1980a, b), microfilariae of Onchocerca cervi-

calis in horses (Egerton et al., 1981), and skin

microfilariae of O. cerviealls and adult Seta-

ria equina in ponies (Klei et al., 1980).

It was also reported that avermectin Bia

elicits paralysing effect through its action on

y-aminobutyric acid (GABA) mechanism in

various animals (Kass et al., 1980; Sano et

al, 1981b). Besides the effect on GABA

mechanism, it has been suggested that iver

mectin has a direct effect on the reproductive

system (Sano et al., 1982).

The present study aimed to clarify the

effects of ivermectin on D. immitis in dogs,

and to determine the mechanism of its action.

Materials and Methods

The experiment was carried out on four

dogs naturally infected with D. immitis.

Microfilarial counts were carried out on

blood films made from 0.02 ml of blood ob

tained from the saphenous vein at 3—5 P.M.

Samples were prepared by the Giemsa's stain-
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ing method, and an average count was ob

tained from three samples for each collection.

Blood sampling of dogs was carried out in

three consecutive days before treatment. Iver-

mectin (L-640, 471-00W), which was kindly

offered from Merck Sharp & Dohme Re

search Laboratories, was mixed with the 100

times of glucose (w/w), filled in a gelatin

capsule, and then administered orally in a sin

gle dose of 0.2 mg/kg B.W. to three dogs. The

dose was sufficiently effective for D. immitis

in literatures (Blair and Campbell, 1980a, b;

Egerton et al., 1980). One dog was given

only vehicle as an untreated control. The

microfilarial counts were carried out at 6 hr

and 1, 2, 4, 6, and 9 days after treatment,

and then every week and later every two

weeks. At the 26th week after treatment, the

second dose of ivermectin was administered

orally in the same dose. The microfilarial

counts were carried out on the 1, 2, 4, 7, and

10 days after treatment and every week, later

every two weeks. Two dogs No. 3 and 2

were sacrificed 4 and 14 weeks after the

second treatment, respectively. The worms

in the right ventricle and the pulmonary

artery were transfered into Tyrode's solution

and then examined as follows.

For the histological observation, the worms

were cut into five equal pieces; the first to

fifth parts from the anterior to posterior ends.

In females, the 1st part corresponded to the

location of the Y-shaped vagina and two

uteri. The 5th part was further divided into

two; the anterior and posterior corresponded

to the seminal receptacle and the ovaries,

respectively. For light microscopy, fixed spe

cimen with 70% alcohol were embedded in

paraffin, sectioned, and stained with haema-

toxylin and eosin. For electron microscopy,

the whole worms were fixed with 2% glu-

taraldehyde for 4 hr and cut into five pieces

as mentioned above. The specimens again

fixed overnight were washed with 0.12 M

phosphate buffer (pH 7.4), further fixed

with 2c/c osmium tetroxide for 2 hr, and

dehydrated in the ethanol series. The de

hydrated specimens were transferred to pro-

pylene oxide and embedded in epoxy resin.

The ultrathin sections were double-stained

with uranyl acetate and lead citrate.

For fresh observation, the removed uteri

in Tyrode's solution were placed on a glass

slide and cut into small pieces. Eggs and

embryos that flowed from the cut end of the

uteri were examined under a differential in

terference microscope.

To examine the in vitro effect of the drug,

female worms were obtained from the heart

of naturally infected dogs, washed with

Tyrode's solution, and transferred into the

fresh medium with ivermectin (2.6mg/l)

containing 100 units/ml penicillin G potas

sium salt and 100 ftg/ml streptomycin. After

exposure for 24 hr to ivermectin at 37 C,

the worms were washed and incubated in

the medium without ivermectin. The em

bryos in the uteri and free microfilariae were

examined 1, 3, 5, and 7 days after exposure.

Results

The microfilarial count decreased remark

ably from the peripheral circulation of all

three dogs one day after treatment, as shown

in Fig. 1. The low circulating microfilarial

density was stable from the 1st week to the

8th week after treatment. In one dog (No.

3), microfilariae could not be detected in the

circulation from the 6th day, and reappeared

in the 13th week, but the microfilarial count

was still low until the 19th week after treat

ment. The microfilarial density gradually in

creased from the 8th week after treatment

in two dogs (No. 1 and 2) and from the 19th

week in dog No. 3.

The second dose, given at the time when

the microfilarial levels had recovered to as

high as that of control dog, resulted in a simi

lar pattern to the first treatment. The number

of circulating microfilariae decreased also one

day after the treatment. The duration of the

low density was prolonged. In dog No. 3,

microfilariae in the peripheral circulation
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could not be detected from the 10th day up

to the sacrifice 4 weeks after the second

treatment. In dog No. 2, the number of

microfilariae was stable at a low level up to

the sacrifice 14 weeks after the second treat

ment. In dog No. 1, the microfilariae were

not demonstrable in the circulation on the

4th week, then reappeared on the 9th week,

but were stable at a low level at least until

the 48th week.

The number of living worms recovered

from dog No. 3 was 104, 52 males and 52

females. Dog No. 2 had 13 living worms,

7 males and 6 females, and additionally one

dead worm was found in the lungs.

The adult female worms, recovered both

4 and 14 weeks after the treatment, showed

normal motility, but grossly abnormal appear

ance due to the uteri being alternately empty

(Fig. 2).

The H&E stained sections of males showed

no morphological change in testis and sperm

compared with normal worms. In the female

worms, as shown in Fig. 3, also no morpho

logical change was observed in ovaries and

embryos in the uteri posterior to the mid

body, whereas the sections of the mid body

and anterior to mid body showed marked

differences. In the two uteri of the normal

females, there were the developing micro

filariae in Ggg shells in the second part, and

free microfilariae in the anterior part (Fig.

3a). The sections of the treated worms

showed multi-cell eggs in posterior part, but

few eggs, which caused the empty uteri, in

some parts of the anterior end (Fig. 3b).

The embryos of the treated worms ob

served with a light microscope were indis

tinguishable from normal in the regions of

seminal receptacle and posterior uteri. Cell

division and development had occurred;

that is, two-cell eggs and multi-cell eggs were

found in the seminal receptacle and adjacent

region. The developmental process might
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Fig. 1 Effect of ivermectin (0.2 mg/kg) on circulating microfilariae of Dirofilaria immitis

dogs. Arrows indicate the administration (up) and the sacrifice (down), respectively.
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progress to gastrulation. The deformed eggs

were observed in the uteri posterior to the

mid body, prior to the tadpole stage (Fig. 4).

Electron microscopy of the parts of female

worms corresponding to those in H&E

stained sections showed clear details. In the

seminal receptacle, there were matured

oocytes, sperm and fertilized eggs with fer

tilization membrane in the normal worms

(Fig. 5a) and with engulfed sperm in the

egg in the treated worms (Fig. 5b). In both

cases, cleavage was also observed in the

seminal receptacle (Fig. 6a, b), and advanced

multi-cell eggs fully occupied the uteri in the

4th part of the body. In the normal worms,

the anterior half of the body was occupied

with various stages of microfilariae (Fig. 7a).

In the 3rd part (mid body) of the treated

worms, most of the embryos showed de

generation. In the 2nd part, all of the em

bryos showed complete degeneration; the

cells were shrunken, the cytoplasm was

granular and contained many vacuoles, and

the nuclei were largely disintegrated (Fig.

7b). However, the morphological structure

of the uterine wall of the treated worms was

indistinguishable from that of the normal

worms.

The compound was also tested in vitro

in order to supplement the in vivo observa

tions. The in vitro experiments demonstrated

that ivermectin has no direct effect on free

microfilariae and early embryos in the uteri.

Discussion

Although diethylcarbamazine has been

shown to be highly effective in reducing

microfilariae of filarial worms, long term ad

ministration is required for effective results.

Avermectin Bia (0.1 mg/kg) suppressed mi

crofilariae of D. immitis for 9 weeks, and B2a

(0.05 mg/kg) suppressed for 10 weeks

(Campbell and Blair, 1978). In the case of
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ivermectin in this study, the suppressive ef

fect lasted for 18-19 weeks in the first treat

ment. Though the suppressive effect was

prolonged in the second treatment, the mode

of action of ivermectin seems to be similar to

that of other avermectins. The suppressive

effect consisted of two processes; the reduc

tion in circulating microfilariae and the in

hibition of the embryonic development in

female worms.

In the ivermectin treated dogs, the circu

lating microfilariae were probably destroyed

by the host's defence mechanism in the liver

and/or in the reticulo-endothelial system.

The mechanism may be activated by the

drug associated with relating immunity in

the host tissue, as the reported action of di

ethylcarbamazine (Baqui and Ansari, 1978;

Hawking, 1979; Kobayashi et al, 1969).

This is supported by the absence of direct

microfilaricidal effect in vitro. The survival

of a few microfilariae in the peripheral cir

culation probably resulted either from escap

ing from host's defence mechanism or from

small percentage of successfully developed

embryos in the female worms.

The female worms from treated dogs

showed a partially empty body appearance.

This was due to fewer or no eggs or

microfilariae in the uteri from mid to an

terior body. With light microscopy, though

the embryonic development progressed to

multi-cell stage at about mid body, no fur

ther embryonic stage was found in the an

terior half of the body. With electron micro

scopy, the embryos in the anterior half of the

body showed a regressive degeneration. These

evidences mean that the long lasting low

level of microfilariae was caused by the in

hibition of the embryonic development which

led to no production of new microfilariae in

the female worms.

The occurrence of the fertilization was

demonstrated. Spermatozoon engulfed in

Fig. 2 Gross appearance of female Dirofilaria immitis at mid body. A). Normal worm.

B). Treated worm from dog sacrificed 4 weeks after treatment, showing partially transparent

empty uteri (arrow).

( 43 )



522

oocyte was observed at the seminal re

ceptacle close to the oviduct of the treated

worm, and the fertilization membrane was

observed at the anterior seminal receptacle

of the normal worm. Harada et al. (1970)

stated that the fertilization mechanism of D.

immitis in the seminal receptacle was ac

companied with the fertilization membrane

which was formed by sperm and ovum. On

the other hand, Foor (1970) reported that

the spermatozoon entered into the oocyte by

a phagocytosis-like mechanism. It is prob

able that fertilization occurs immediately

after oocyte has passed the oviduct to the

seminal receptacle by an engulfing mecha

nism, thereafter the sperm membrane dis

solves, and the fertilization membrane is

formed when the fertilization is completed.

There may be many factors which inhibit

the development of the embryos and these

factors may work together or function inde

pendently. These factors inhibited the fur

ther development of embryos at the stage of

early gastrulation, which was observed in the

worms from both dogs sacrificed 4 and 14

weeks after the second treatment, respective

ly. However, the second treatment seems to

cause a stronger effect on the worms than

that of the first treatment, for the low level

of circulating microfilariae lasted longer after

the second treatment.

Taylor and Terry (1960) reported the ef

fect of several drugs on the developing em

bryos of Litomosoides carinii both in vivo

and fn vitro. They showed that different

drugs affected the embryos at different stages,

such as, arsenic and antimony compounds de

stroyed all the developmental stages, and the

bis-isoquinolinium compounds acted mainly

on the early embryo. Ashburn et al. (1945)

observed the worms of D. immitis recovered

from dogs treated with various antimonial

and mercurous compounds, and stated that

the unicellular eggs and the ovaries were af

fected, and resulted in the absence of micro

filariae in the genital tubes of adult worms.

In the case of ivermectin, the drug affected

the development of multi-cell eggs to further

satges, which resulted in the absence of mi

crofilariae. Harada et al. (1970) stated that

the embryonic eggs depend upon the external

nutritional sources. Although the morpho

logical change in the uterine wall of the

treated worms was not observed, its function

may be abnormal or incomplete, which may

cause the depletion of metabolic substances

or energy sources that are necessary for the

normal embryonic development. Lee (1975)

indicated that the first germ cells were

derived from a terminal cap cell of the ovary,

which was morphologically indistinguishable

from other oogonia. Ivermectin possibly acts

on this stem cell; if so, chromosomes or genes

become abnormal in their function which

is followed by disorganization of embryos

during the developmental process. Abnormal

meiosis of male and/or female reproductive

cells, which may result the haploid or triploid

chromosomes, may also influence the normal

embryonic development. Another possible

factor which may be considered is polyspermy

which was sometimes seen even in the normal

process of fertilization of D. immitis (Taylor,

1960). In this study, although it was not

observed in either treated and normal worms,

ivermectin may induce this phenomenon

which inhibits further embryonic develop

ment.

In conclusion, the present study showed

that ivermectin is an effective antifilarial

agent for D. immitis, since it reduces the

number of microfilariae and inhibits the pro

duction of the microfilariae for a long time.

Summary

Ivermectin 0.2 mg/kg body weight is a

good microfilaricide for Dirofilaria immitis

in dogs. The suppressive effect on the circu

lating microfilariae lasts from the 1st week

of the treatment up to the 48th week or more

after the second treatment. No lethal effect

on the adult worms was observed in either

of the dogs sacrificed 4 and 14 weeks
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after the second treatment, but the normal

embryonic development of eggs in the uteri

of female worms was inhibited. Light micro

scopy of adult females from treated dogs

showed developing eggs of early stage in the

uteri of the posterior half of the body. The

later stages of eggs in the uteri of the anterior

half of the body were affected by this com

pound. With electron microscopy, the de

generation of the embryonated eggs in the

uteri was observed from the mid body up to

the anterior end of the worms, therefore no

microfilariae were released to the peripheral

circulation.

Acknowledgement

We would like to express our sincere gratitude

to Professor Suvajra Vajrasthira and Miss Jitra

Waikakul, Department of Helminthology, Mahidol

University, for reviewing the manuscript. Special

thanks are due to the academic staffs of Central

Laboratory for Electron Microscope, Hamamatsu

University School of Medicine, for their help and

guidance in preparation of the specimens. Thanks

are also expressed to Dr. Norihiko Uto, Depart

ment of Biology, for his advice in embryology.

References

1) Ashburn, L. L., Perrin, T. L., Brady, F. J.,

and Lawton, A. H. (1945): Histologic

changes in ovary and uterus of live Dirofilaria

immitis recovered from dogs treated with tri-

valent antimony compounds. Arch. Path., 40,

334-339.

2) Baqui, A. and Ansari, J. A. (1978): Mode

of action of diethylcarbamazine on micro

filariae of Setaria cervi implanted into white

rats. Jap. J. Parasit., 27, 41-45.

3) Blair, L. S. and Campbell, W. C. (1978):

Trial of avermectin Bia, mebendazole and

malarsoprol against pre-cardiac Dirofilaria

immitis in the ferret (Mustela putorius furo).

J. Parasit., 64, 1032-1034.

4) Blair, L. S. and Campbell, W. C. (1979):

Efficacy of avermectin Bia against microfilaria

of Dirofilaria immitis. Am. J. Vet. Res., 40,

1031-1032.

5) Blair, L. S. and Campbell, W. C. (1980a):

Suppression of maturation of Dirofilaria im-

mitis in Mustela putorius furo by single dose

of ivermectin. J. Parasit., 66, 691-692.

6) Blair, L. S. and Campbell, W. C. (1980b):

Efficicacy of ivermectin against Dirofilaria im

mitis larvae in dogs 31, 60 and 90 days after

infection. Am. J. Vet. Res., 41, 2108.

7) Campbell, W. C. and Blair, L. S. (1978):

Efficacy of avermectins against Dirofilaria im

mitis in dogs. J. HelminthoL, 52, 308-310.

8) Egerton, J. R., Ostlind, D. A., Blair, L. S.,

Eary, C. H., Suhayda, D., Cifelli, S., Riek,

R. F., and Campbell, W. C. (1979): Aver

mectins, new family of potent anthelmintic

agents: Efficacy of the Bia component. Anti-

microb. Agents and Chemother., 15, 372-378.

9) Egerton, J. R., Birnbaum, J., Blair, L. S.,

Chabala, J. C, Conroy, J., Fisher, M. H.,

Mrozik, H., Ostlind, D. A., Wilkins, C. A.,

and Campbell, W. C. (1980): 22,23-di-

hydroavermectin Bi, a new broad-spectrum

antiparasitic agent. Br. Vet. J., 136, 88-97.

10) Egerton, J. R., Brokken, E. S., Suhayda, D.,

Eary, C. H., Wooden, J. W., and Kilgore, R.

L. (1981): The antiparasitic activity of

ivermectin in horses. Vet. Parasit., 8, 83-

88.

11) Foor, W. E. (1970): Spermatozoan mor

phology and zygote formation in nematodes.

Biology of Reproduction Supplement, 2, 177-

202.

12) Hawking, F. (1979): Diethylcarbamazine

and new compounds for the treatment of fila-

riasis. Adv. Pharm. Chem., 16, 129-194.

13) Harada, R., Maeda, T., Nakashima, A., Sada-

kata, Y., Ando, M., Yonamine, K., Otsuji,

Y., and Sato, H. (1970): Electronmicro-

scopical studies on the mechanism of ooge-

nesis and fertilization in Dirofilaria immitis.

Recent Advances in Researches on Filariasis

and Schistosomiasis in Japan, ed. by Sasa, M.,

pp. 99-121. University of Tokyo Press, Tokyo.

14) James, P. S., Picton, J. and Riek, R. F.

(1980): Insecticidal activity of the aver

mectins. Vet. Rec, 106, 59.

15) Kass, I. S., Wang, C. C, Walrond, J. P., and

Stretton, A. O. (1980): Avermectin Bia, a

paralyzing anthelmintic that affects inter-

neurons and inhibitory motoneurons in As-

caris. Proc. Natl. Acad. Sci., 77, 6211-6215.

16) Klei, T. R., Torbert, B. J., and Ochoa, R.

(1980): Efficacy of ivermectin (22,23-di-

hydroavermectin Bi) against adult Setaria

equina and microfilariae of Onchocerca cervi-

calis in ponies. J. Parasit., 66, 859-861.

( 45 )



524

17) Kobayashi, J., Matsuda, H., Fujita, K., Sakai,

T., and Shinoda, K. (1969) : Some observa

tions on the mode of action of diethylcarba-

mazine on the cotton rat filaria. Jap. J. Para-

sit., 18, 563-574.

18) Lee, G. C. (1975): Dirofilaria immitis:

ultrastructural aspects of oocyte development

and zygote formation. Exp. Parasit., 37, 449-

468.

19) McCall, J. W. and Campbell, W. C. (1979) :

Avermectin Bia against microfilariae of Lito

mosoides carinii in jirds. ASB Bull., 26, 43.

20) Rollo, I. M. (1975): Drugs used in the

chemotherapy of helminthiasis. In The Phar

macological Basis of Therapeutics, ed. by

Goodman, L. S. and Gilman, A., pp. 1018-

1044, MacMillan Publishing, New York.

21) Sano, M., Terada, M., Ishii, A. I., and Kino,

H. (1981a): Effects of avermectin Bia on

the motility of various parasitic helminths.

Experientia, 37, 844^846.

22) Sano, M., Terada, M., Ishii, A. I., Kino,

H., and Hayashi, M. (1981b): Studies

on chemotherapy of neuropharmacological

mechanism of paralyzing action of avermectin

in Angiostrongylus cantonensis. 8th Int.

Gongr. Pharmac, Tokyo, Abstracts, 443.

23) Sano, M., Terada, M., Ishii, A. I., Kino, H.,

and Hayashi, M. (1982) : Studies on chemo

therapy of parasitic helminths (16) Effects of

ivermectin on Angiostrongylus cantonensis in

rats. Jap. J. Parasit., 31, SuppL, 48.

24) Taylor, A. E. R. (1960): The spermato-

genesis and embryology of Litomosoides carinii

and Dirofilaria immitis. J. Helminthol., 34,

3-12.

25) Taylor, A. E. R. and Terry, R. J. (1960):

The effect of antifilarial drugs on the em

bryonic development of Litomosoides carinii,

of the cotton-rat. Trans. Roy. Soc. Trop.

Med. Hyg., 54, 33-36.

<xiid

Ivermectin

Ivermectin

, Ivermectin

hfc Zhft. Sot, Ivermectin

t tz*oft.

{ 46 )



525

( 47 )



526

( 48 )



527

Mi^^l

( 49 )



528

t

Mm

^^^^> ^^m^f^'^m



529

Explanation of Figures

Fig. 3 H&E stained sections of female Dirofilaria immitis. 1—6: Normal worm. 7—12:

Treated worm from dog sacrified 4 weeks after treatment. Upper and lower ones of

each figure are at low and high magnifications, respectively.

1. Anterior portion showing microfilariae in the uteri.

2. 2nd part showing microfilariae in egg shells in the uteri.

3. Mid body showing developing microfilariae in egg shells.

4. 4th part showing developing embryos in egg shells.

5. Seminal receptacle showing oocytes and sperm.

6. Posterior portion showing ovaries.

7. Anterior portion showing empty uteri.

8. 2nd part showing unfully occupied eggs in the uteri.

9. Mid body showing few eggs in both uteri.

10. 4th part showing eggs in the uteri.

11. Seminal receptacle showing oocytes and sperm.

12. Posterior portion showing ovaries.

Fig. 4 Embryonic development of Dirofilaria immitis in the uteri of female worms. 1—5:

Normal worm. 6—10: Treated worm.

1. Oocytes, sperm, and two-cell eggs in seminal receptacle.

2. Early multi-cell eggs.

3. Advanced multi-cell eggs.

4. Early gastrulation eggs.

5. Young microfilariae in egg shells in the mid body.

6. Oocytes, sperm, and two- to four-cell eggs in seminal receptacle.

7. Early multi-cell eggs.

8. Advanced multi-cell eggs.

9. Degenerated eggs.

10. Fully degenerated eggs in the mid body.

Fig. 5 Electron micrograph of fertilized eggs in seminal receptacle. A). Fertilization mem

brane of egg of normal worm. B). Engulfed sperm in the cytoplasm of egg of treated

worm.

Fig. 6 Electron micrograph of eggs at cleavage. A). Normal worm. B). Treated worm.

Fig. 7 A). Electron micrograph of microfilariae in the 2nd part of female worm.

B). Electron micrograph of degenerated egg. Note that the cells are shrunken, the

cytoplasm is granular and contained many vacuoles, and nuclei are largely dis

integrated.
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