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Studies on the in vitro cultivation of Angio

strongylus cantonensis have been limited.

The first presentation concerning the in vitro

cultivation of A. cantonensis was done by

Weinstein et al. (1962). They cultured the

adults in medium NCTC 109 supplemented

with horse, rat or calf serum for 64 to 80 days,

and 1 to 6 % of eggs deposited in vitro were

hatched during further cultivation.

Moreau and Lagraulet (1972) and Blockel-

man et al. (1979) have also cultivated the third

or the first stage larvae of A. cantonensis in

vitro but the development and/or nutritional

requirement for the cultivation have not been

described in detail.

We have reported on the in vitro cultiva

tion of A. cantonensis eggs collected from the

uterus of adult worms (Uga and Matsumura,

1982), and discussed culture conditions such as

optimal serum species and its concentration.

In NCTC 109 with 50 % normal rat serum,

about 60 % of the eggs embryonated after 5

days of cultivation and the hatching began

after 8 days of cultivation. However, there are

no studies on the maintenance of adult A.

cantonensis worms and their egg deposition

in vitro except the study by Weinstein et al.

(1962, 1963) as above.

Experiments have been conducted to inve

stigate the egg depositing activity of adult

worms and the further development of these

eggs deposited in vitro.
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Materials and Methods

Recovery of Adult Worms

A. cantonensis was maintained in our labo

ratory by using aquatic snails, Biomphalaria

glabrata and albino rats. Rats were infected

with 20 to 25 third stage larvae orally and

the adult worms were recovered from the rats

which had been discharging the first stage

larvae in their feces 50 to 70 days postinfec-

tion. The rats were killed with ether. Im

mediately after death, the heart and pulmo

nary artery and its branches were carefully

dissected and examined for worms. The

worms thus collected were washed twice in

the medium prewarmed at 37° C and used for

cultivation.

Medium and Culture Vessels

The medium and culture vessels were the

same as described in the previous paper(Uga

and Matsumura, 1982) excepting horse serum

substituted for rat serum because the horse

serum was available in quantity and in the

same lot,and preliminary experiments confirm

ed that the same effects were expectable for

both sera. Briefly, NCTC 109 (Difco) was

used as a basic medium and supplemented

with horse serum at a concentration of 0, 25,

50, 75 or 100% (unless otherwise indicated,

the concentration was 50 %). Antibiotics,

penicillin (300 units/ml) and streptomycin

(100/ig/ml), were added. In almost all in

stances, 1 ml of culture medium was used per

worm, and each glass tube (16 mm in diamet

er, 16 mm in height) contained one male or

female worm. Cultures were maintained in a

CO2 incubator with 5 % in the atmosphere



258

at 37° C for 30 days. The culture medium

was replaced every three days. All of the

culture procedures were carried out under

aseptic conditions.

Cultivation and Observation of Adult Worms

and Eggs

The condition of the worms was followed

daily under a stereomicroscope. The motility

of the worms was graded into four classes ;

intense, moderate, faint and stopped. The

eggs deposited during the culture period of an

adult worm were cultivated for further 5 days

according to Uga and Matsumura (1982) and

examined for the appearance rate of embryo-

nated eggs. The whole number of eggs was

calculated by counting 0.01 ml out of 1 ml of

egg suspension in the culture medium. This

was repeated three times and the average was

used.

Results

Cultivation of Adult Worms

A male or female worm was cultured in

the medium NCTC 109 with 0, 25, 50, 75 or

100 % of horse serum to examine the opti

mum serum concentration for the survival of

worms. Consequently, no effect of the serum

concentration on the survival of worm was ob

served. The females survived for longer than

2 weeks and the males for a month in all con

ditions tested. The females kept the intense

motile by day 2nd and, however, their mo

vement became gradually slower, and showed

moderate or faint by days 5 to 11 and after

11 th day of cultivation all showed faint move

ment. On the contrary, the male moved in

tensely for up to 21 days and was still mode

rate on day 30 when the cultures were termi

nated. The addition of pyruvate, glucose or

rat red blood cells had no beneficial effect

on the survival of adult worms (data not

shown).

Soon after the cultivation started, the fe

male deposited eggs and it continued up to

about day 5. After that, however, the egg

production deteriorated and no other remarka

ble changes were observed. Although the

female survived for more than 2 weeks, it has

been thought that the worm did not show nor

mal activity after day 5 judging from the mor

phology of the uterus and the intestine of the

worm.

Characterization of Eggs Produced in vitro

The number of eggs produced by female

worms were followed every 24 hr (Table 1).

No egg deposition was observed in No. 1

worm throughout the culture period. In Nos.

2 to 8 worms the mean number of total eggs

was 18, 548 ±6,043, although there was a ten

dency to be erratic. About 60 % of them

were produced within 24 hr of cultivation.

The number of eggs produced then decreased

gradually and only a small number of eggs

were produced after 5 days of cultivation.

These eggs deposited at every 24 hr were fur

ther cultivated for 5 days in another fresh

Table 1 Number of eggs deposited from adult worms of A. cantonensis in vitro

"NT

JNo.

1*

2

3

4

5

6

7

8

10

1

0

13,208

7,073

13,330

8,424

15,064

13,011

6,857

,995±3,418

2

0

3,972

1,388

3,932

1,419

3,769

3,475

3,393

3,050±l,

Days of cultivation

3

0

3,398

431

562

1,954

990

6,921

1,129

145 2,198±2,317 1

4

0

1,843

1,036

140

2,480

1,353

2,496

1,168

,502±843

5

0

513

246

1,716

207

648

1,344

946

803 ±566

Total no. of

eggs

0

22,934

10,174

19,680

14,484

21,824

27,247

13,493

18,548±6,043

* The data of No. 1 worm were omitted from the statistical analysis.
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No.

Table 2 Embryonation rate of eggs deposited from adult worms every

day after start of cultivation

Days of cultivation

1

2

3

4

5

79/123*(64.2)

384/640 (60.0)

147/273 (53.8)

135/306 (44.1)

75/125 (60.0)

4/96 (4.2)

1/105(1.0)

3/66 (4.5)

2/241(0.8)

1/78 (1.3)

0/15 (0)

0/94 (0)

0/352(0)

0/621(0)

0/89 (0)

Mean 820/1,467(55.9) 11/586(1.9) 0/1,171(0)

* Number of eggs embryonated/Number of eggs examined.

Figures in parentheses are embryonation rate in per cent.

Fig. 1 The oblong-shaped eggs deposited during the first 24 hr. The eggs,

having a thin egg-shell, seemed to be mature. Bar indicates 50 ^m.

medium, and examined for the appearance

rates of embryonated eggs. Embryonation

rates of eggs deposited for the first 24 hr were

55.9 %, and 1.9 % for the next 24 hr. After

2 days of cultivation, no eggs were em

bryonated at all (Table 2). Of the eggs produ

ced within 24 hr of cultivation, 97.6% were

of oblong shape (Fig. 1), while only 22.4 % of

the eggs after 48 hr were oblong and the re

mains were sphere shape (Fig. 2). Through

out the culture period, the sphere-shaped

eggs did not show any development. Hence,

the oblong-shaped eggs deposited within 24 hr

after cultivation were examined more in de

tail and the results are shown in Table 3. Of

the eggs deposited within 30 min of cultiva

tion of adult worms, 93.3 % developed to the

embryonated egg stage on the 5 th day of culti

vation. On the contrary, 18.0 % of the eggs

deposited between 4 and 6.5 hr developed to

the embryonated egg stage, although no mor

phological differences from the eggs within

30 min were observed microscopically. Only

4.7 % of oblong-shaped eggs deposited be

tween 6.5 and 24 hr developed.

The eggs developed in vitro to the 8- to 16-

cell stage by day 1st after cultivation, to the

16- to 32-cell stage by day 2, and to the 32 or

more-cell stage by day 3. The embryonated

stage was attained by day 5, and the hatching

( 3 )
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Fig. 2 The eggs deposited after 48 hr, sphere-shaped, had no distinct structure

correspond to egg-shall, and seemed to be immature. Bar indicates

Table 3 Embryonation rate of eggs deposited from adult worms 0.5, 4,

6.5 and 24 hours after start of cultivation

No.

1

2

3

4

5

6

Mean

0-0.5

58/62 (93.6)

105/109(96.3)

201/221(91.0)

219/231(94.8)

48/54 (88.9)

55/58 (94.8)

686/735(93.3)

Hours

0.5-4

ND*

ND

■17/18 (94.4)

93/100(93.0)

85/176(48.3)

125/153(81.7)

320/447(71.6)

of cultivation

4-6.5

ND

ND

18/47 (38.3)

6/26 (23.1)

17/122(13.9)

12/99 (12.1)

53/294(18.0)

6.5-24

0/106( 0.0)

ND

42/295(14.2)

1/351( 0.3)

1/160( 0.6)

5/122( 4.1)

49/1,034(4.7)

* Not done which were omitted from the statistical analysis.

began after 8 days of cultivation (Uga and

Matsumura, 1982). Oblong-shaped eggs depo

sited between 0 and 0.5 hr, 0.5 and 4 hr, 4 and

6.5hr and 6.5 and 24 hr of cultivation of adult

worms were examined for developing rates at

each stage. The results are shown in Fig. 3.

All of the eggs deposited during 0.5 hr of

cultivation developed to 8 to 16 cells on the

first day, and most of the 8- to 16-cell-stage

eggs developed to embryonated eggs on the

5 th day. Of eggs deposited between 0.5 and

4 hr, 97.4 % developed to 8 to 16 cells and

the survival rate of these eggs decreased with

the increasing culture period, and finally,

81.8 % of the eggs were embryonated on the

5 th day of cultivation. Of eggs deposited

between 4 and 6.5 hr, 92.9 % developed to 8

to 16 cells. The number of the eggs which

stopped their development between 8-cell and

embryonated egg stages were increased, and

only 72.7 % developed to embryonated stage.

On the contrary, 44.1 % of eggs which depo

sited between 6.5 and 24 hr did not show any

development and only 32.6 % developed to

embryonated egg stage.

From these results, it is suggested that the

oblong-shaped eggs deposited in vitro consi

sted of the following three groups : (1) The
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Fig. 3 Development of eggs deposited at each period of cultivation of adult females. The

0, 1, 2, 3, 4 and 5 days of cultivation are equivalent to 1 cell, 8-16 cell, 16-32 cell, 32 or

more cell, pre-embryonated and embryonated egg stages, respectively.

eggs almost all of which developed to embryo-

nated-egg stage ; they are deposited within

30 min after the cultivation and the time course

of the development is shown in Fig. 3 as a

horizontal line. (2) The eggs which stopped

their development between the stages of 8

cells and embryonated egg ; this percentage

is induced by subtracting the percentage of

the embryonated eggs from that of 8- to 16-

cell stage eggs. The occurrence rates of
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these eggs are 15.6 % at 0.5 to 4 hr, 20.2 % at

4 to 6.5 hr and 23.3 % at 6.5 to 24 hr. They

are shown in Fig. 3 as a declining line bet

ween 8 to 16 cells and the embryonated egg.

(3) The eggs which did not show any develop

ment ; the number of this kind of egg was

increased with the increasing culture period of

adult worm. The ratios of this egg were

2.6% at 0.5 to 4hr, 7.1 % at 4 to 6.5 hr and

44.1 % at 6.5 to 24 hr. Afterwards a remark

able increase in the ratio was observed;

92.2% at 24 to 48 hr and 95.0% at 48 to

72 hr. It is shown in Fig. 3 as a line between

1-cell and 8- to 16-cell stages.

Discussion

A number of papers have been reported on

the in vitro cultivation of parasitic helmin

ths (Taylor and Baker, 1968, 1978 ; Trager,

1978), but reports concerning the in vitro cul

tivation of adult A. cantonensis were only

made by Weinstein et al. (1962, 1963). They

stated that in chemically defined medium

alone (NCTC 109) females survived for app

roximately a month and males for 19 days.

Survival was considerably enhanced by the

addition of rat or horse serum. The maxi

mum survival obtained was 80 days for fe

males and 64 days for males. In our experi

ments, however, no definite effects of serum

addition were observed on survival rate of

both male and female adult worms. Further,

males survived longer than females in our ex

periments, the reason for this difference has

been yet unknown. The males still main

tained the motility even after 1 month when

the cultures were terminated. Even the fe

male adult worms with the uterus physically

injured when recovered from the rat lung

and with eggs filled in the body cavity sur

vived for 7 to 10 days. Although these fema

les did not deposite at all, the eggs filled in

the body cavity or uterus were developed

despite a little delay compared with eggs

deposited normally.

Weinstein et al. (1963) noted a phenomenon

of egg deposition when they cultured female

adults of A. cantonensis in vitro. The depo

sition counts per day were 43 to 15,000, the

same as the results by the authors.

The females cultured in vitro produced

morphologically different two types of eggs,

the oblong-shaped and sphere-shaped eggs.

The former was deposited chiefly within 24

hr after cultivation of the females, whereas

the latter after 48 hr. The sphere-shaped

eggs did not grow in vitro at all.

The oblong-shaped eggs deposited within

30 min after cultivation of adult worms reach

ed the embryonated egg stage at 93.3 % in

the following five-day culture (Table 3).

This result suggests the two facts as follows :

(1) Our culture system and culture medium

are an enough statisfactory method; if the

eggs are maturated and fertilized, most of

them can be grown up to the embryonated

stage on day 5. (2) Most of the eggs deposit

ed within 30 min of cultivation are maturated

and fertilized, and they will be able to reach

the embryonated stage in vitro. In view of

the above point, Fig. 3 suggests that the ob

long-shaped eggs further include two kinds of

eggs ; the eggs which cannot grow up to the

embryonated stage but can grow halfway and

the other eggs which do not grow at all.

The rates of these two kinds of eggs in the to

tal deposition count increased with increasing

culture period of adult worms. These eggs

that can grow halfway may be either those

lacking something required for growth up

to the embryonated stage despite fertilizing

or those causing parthenogenesis bacause of

physical stimulation when collected. The

eggs showing no growth, though morpholo

gically maturated, may be infertile or phy

siologically immature enough to start the

growth. In any case, these eggs leave a

number of unknown points, which are at pre

sent under study.

Uga and Matsumura (1982) noted that there

are extremely undifferentiated triangular eggs

in the upper part of the uterus, sphere-shaped

immature eggs in the midpart and oblong-

shaped mature eggs in the posterior part of

adult female of A. cantonensis. Besides this,

triangular eggs were observed by Yamamoto

et al. (1983) and sphere-shaped eggs by Wein

stein et al. (1963). In the present experiment,
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no triangular eggs were deposited at all.

The above results together with the results

that the authors had previously reported dis

closed the presence of morphologically diffe

rent three kinds of eggs of A. cantonensis and

also the presence of three kinds of oblong-

shaped eggs showing different growth in

vitro.

Summary

Male and female worms of Angiostrongylus

cantonensis recovered from the lung of the

rat were cultured in a medium NCTC 109

containing 50 % horse serum. The female

began to deposit eggs immediately after culti

vation and it continued for five days. The

overall deposition count per female was

18,548 + 6,043 on the average, approximately

60 % of which were deposited within 24 hr

after cultivation. The forms of the eggs

deposited were of oblong shape and sphere

shape. The eggs in the latter shape did not

grow in vitro. Although, after all, the fe

males survived for over 2 weeks and the males

for over one month, assessment of movement

of the worm and intestinal contents suggested

no maintenance of normal activity in the latter

half of the culture. The oblong-shaped eggs

deposited within 24 hr after cultivation of the

adult worms were taken as the subjects.

Observations of their growth conditions dis

closed the presence of eggs having three differ

ent forms: (1) Most of the eggs deposited

within 30 min after cultivation of the adult

worms, grow up to the embryonated egg stage

by the next 5 days. (2) The eggs deposited

between 4 and 6.5 hr, could not grow up to

the embryonated egg stage, but could grow

halfway. (3) The eggs deposited between 6.5

and 24 hr showed no growth.

The above results together with the results

that the authors had previously reported

disclosed the presence of morphologically

different three forms of eggs of A. cantonen

sis and also the presence of three forms of

oblong-shaped eggs showing different growth

in vitro.
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