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Introduction

The cultivation of helminths in general

is a very complex challenge and presents

many difficult problems. These hindrances

often arise from the lack of a suitable serum

which should support reasonable growth of

the parasite in vitro.

During the cultivation of H. microstoma

from the cxcysted stages, at the outset, it

was noted that young adults survived in the

medium containing a specific horse or calf

serum for a maximum period of 4-5 days

before being disintegrated completely in it.

Though it is well recognised that serum

constitutes a vital part of the culture media

for most helminths, many of its effects on

the development of the parasite are un

known. The observations of our preliminary

experiments led to a detailed study of the

effects of different calf or horse sera on

general growth, development and organo-

genesis of H. microstoma, from day 4 to day

11 on a histological and histochemical basis.

In recent years considerable progress has

been made in culturing larval stges of ces-

todes in vitro. However, the criteria used

by us in evaluating axenically grown H.
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microstoma appear to be new and interest

ing especially in a hymenolepidid cestode

commonly employed for laboratory experi

mentations.

Materials and Methods

The source and way of maintaing the

host and parasitic material and related ex

perimental procedures adopted were the

same as described earlier by us (Chowdhury

and DeRycke, 1976 a, b).

The axenic in vitro cultivation method

used was as described by Evans and De

Rycke (1969) and Evans (1970).

The culture medium consisted of main

three parts: (a) Eagle's medium (BME)

(60%) purchased ready made from Flow

Laboratories; (b) liver extracct (10%) pre

pared from the fresh lamb liver according

to the method described by Sinha and

Hopkins (1967) ; (c) calf or horse serum

(30%). The Eagle's medium contained

0.1 ml of a streptopenecillin and 0.1 ml of

fungizone (Squibb) preparations/100 ml (cf.

Chowdhury and De Rycke, 1977).

A total of seven sera were selected as

components for the different media. Of

these, two were calf sera obtained locally

(L) and five were horse sera of which one

was from Flow Laboratories (F) and the

other four from Burroughs Wellcome (W).

All the sera, if otherwise not done by the

concerned firms, were heated in the labora-
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tory to 56 C for half an hour before being

used in the experiments. Due to variability

in the effects of different sera the source

and batch number of each serum has been

referred at appropriate places.

The 4 day young adults used in the ex

periments were recovered in a crystalline

dish over plastic sieve. Before transferring

them in groups of 5 to roller tubes the

young adults were carefully washed in

Hanks' solution (containing antibiotics, at

least 4 times so as to remove the diges

tive enzymes or attached debris. Each

roller tube contained 5 ml of culture me

dium which has been gassed for 30 seconds

with a mixture of 95% N2+5% CO2, and

had been incubating at 3.75 C for about

2-3 h. After receiving the worms, the

tubes were re-gassed for another 30 seconds

and then placed in a roller drum in the

incubator at 37.5 C. The medium was

changed on days 7,9 and 10. The pH and

osmotic pressure of fresh and used up me

dium in each tube were recorded before and

after each experiment. Each determina

tion of osmotic pressure is the average of

3 readings (same tube) and each figure (Fig.

7b) is the average of 5 determinations (dif

ferent tubes).

Gross observations were made from cover-

slip preparations in Ringer's. The illustra

tions were photomicrographed from fresh

specimen or drawn in situ from permanent

whole mounts (borax carmine stained) with

the aid of a camera lucida. The detailed

procedures of the evaluation of the criteria

of the cultured worms in each medium,

histological and histochemical methods em

ployed have been described in the relevant

papers by us (see Chowdhury and De

Rycke, 1974 a, b, 1976 a, b, 1977).

Results

Gross observations during the in vitro

development of H. microstoma from day 4

to day 11 in media with different types of

sera have been summarised in Tables 1, 2

and 3. From the results it will be evident

that there is a marked difference in the

activity, growth and development of worms

in the media containing different sera. Also

the formation of precipitate on the tegu

ment, quantitative distribution of calcareous

corpuscles and accumulation of neutral fats

in the parenchyma of worms vary from

serum to serum.

The sequence of organogenesis in 11 day

old worms in different sera have been

detaiiled in Table 3 and illustrated further

in Plate 1 (a to g). From the illustrations

it can be inferred that the in vitro develo

pment of the worms is lagging behind as

compared to in vivo (compare Plate. 1 a to

g with bigure in the bottom). Further gam-

etogenesis is slower in worms grown in the

calf sera than in the horse sera (compare

Plate. 1 a and b with d to g). In some

horse sera spermatogenesis and oogenesis

appear to vary considerably (compare Plate

1 c with g).

There is a marked variation in the distri

bution of calcareous corpuscles in each

group of worms but there appears to be a

parallelism between the numbers of proglot-

tidal calcareous corpuscles observed and

general growth and organognesis of the

parasite in vitro (cf. Tables 2, 3 and 4).

In fact, both histologically and histochemi-

cally, it has been observed that worms

grown in most of the media with horse sera

contain appreciable amounts of neutral lipids

(Fig. 6) comparable to 7-9 day old in vivo

grown worms. On the contrary, the worms

grown in the media with calf sera either

contain very less or do not contain neutral

fats in their parenchyma (see Figs. 4, 5,

Table 1). Although neutral lipids vary,

no difference was observed in the qualitative

distribution of phospholipids in young adults

grown in media containing either horse or

calf serum as compared to worms developed

in the definitive host.

In these experiments the maximum change

in pH was a decrease of 1.1 after 7 days of

culture (day 4 to day 11) ; the maximum,

change in A was a decrease of 0.03 also

after 7 days of culture (Figs. 7 a, b).
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Table 1 Gross observations on

of age in media with

the development of H. microstoma in vitro from

different sera* (Summary of three experiments)

days 4-11

Days

post

inocu

lation

5 days

6 days

7 days

8 days

9 days

10 days

11 days

CS-l(L)

Lot No.

XVIII

A =-4-

P =-

LP = ±

GG=-

A =-H-

-p —

LP = -

GG=±

A =-Hf

T> —

LP—

GG= +

A =-Hf

P = -

GG = +

A =-Hf

P =-

LP = -

GG = +

A =-H-

P =-

LP = -

GG= +

A = 4f

P = —

CS-2(L)
Lot No.

XIX

A = tf

P =-

LP = +

GG = +

A =#

P =±

GG = +

A =-Hf

P =±

LP = -

GG = +

A =-Hf

P = +

GG= +

A HI
r\ — TIT

P = +

LP = -

GG- +

A = -Hf

P = +

LP = -

GG= +

A = -t+F

P = +

ggI +

(3ode number of sera

HS-l(F)

Lot No.

L 40272

A

P

L

G<

A

P

G<

A

P

L

= -ttr

= -

P = +

G = 4f

= -Hf

= +

= tH-

= +f

P = +

GG =H

A

P

= -Hf

= -H-

GG = -H-

A

P

L

G'

A

P

L

G

A

P

G<

= -Hf

= 4f

P = +

G = -H-

= Vr

P = +

G = 4f

=#

f* _M_

or — TV

HS-2(W)

Lot No.

K 4062

A

P

L

G

A

P

L

G

A

P

L

G

A

P

L

G

A

P

L

G

A

P

L

G

A

P

G

P=4f

G = -Hf

= -Hf

= -H-
■p — _i_i_
r — TT

G = -Hf

= #

P=-tf
r* JM
vj — Tit

= tH-

P=-Hf
r* in
vj — TTi

= Tff

= -H-

P=-Hf

G = -Hf

=#

P-+H-

G = -Hf

= +

III

used

HS-3(W)
Lot No.

Z 0270

A =+f

P =±

LP=TT"

GG- +

A =M-

P =±

GG = +f

A =TT"

p =±

LP=-H-

GG = -}+

A =4tr

P =±

GG = 4+

a =m

p = +

LP=tH-

GG = -Hf

A =-Hf

P = +

LP=-Hf

GG = -h4-

A =-HI

P = +

LP=-Hf

HS-4(W)

Lot No.

Z 0218

A =-4-

p —

LP=+f

GG = +

A =-ttf

P =±

LP=-H-

GG = tH-

A =-Hf

P =±

LP=4f

Kj Lr — TTT

a =m

p =±

LP=-H-

GG = tH-

a =m

p =±

LP=-H-

GG = -fff

A MM
-r\- — TnT

P =±

LP=4f

GG^Imt

a =m

p =±

LP=-Hf

HS-5(W)
Lot No.

Z 0239

A =4H-

P — +

LP=-H-

GG = +

A =+H-

P = +

LP=-H-

GG = tH

A =-Hf

P = +

LP=TT-

GG--Hf

A 11 1

n. — "nT

P =±

GG = -Hf

a =m

P =-

LP=tH-

r* r* — iLLL
vjr vj — TnT

a =m

p =-

LP^tH-

GG = Imt

A =tH-

P =-

LP-+H-

* See also Table 2, 3 and 4

A = Activitiy of worms in the medium

P = Precipitate on the tegument

Lp=Normal accumulation of lipids in

the proglottids

GG =Growth and development of gonads

— = retarded (GG) /absent or none (A; P; LP)

±=very less (P ; LP ; GG)

+ = little (P; LP; GG)

-H- = moderate (A ; P ; LP)/good (GG)

-Hr = moderate to much (A ; P; LP)/good to

very good (GG)

#= vigorous (A)/very good (GG)
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Table 2 Effect of media with different

sera on the length of 11-day-old H.

microstoma, grown in vitro from

4-day-old young adults (cf.

Table 3)

Code number of
sera used

CS-1 (L)

Lot No. XVIII

CS-2 (L)

Lot No. XIX

HS-1 (F)

Lot No. L 40272

HS-2 (W)

Lot No. K 4062

HS-3 (W)
Lot No. Z 0279

HS-4 (W)

Lot No. Z 0218

HS-5

Lot No. Z 0239

Average <

length in mm

(n= 20)

10.40

9.50

11.00

17.25

20.04

26.95

35.64

Standard

error

0.563

0.498

0.579

1.144

0.514

1.308

1.706

Discussion

Pioneering works of Healy et al. (1955)

and subsequently of Tozer and Pirt (1964),

Healy and Parker (1966), Schaer and

Schindler (1976), Shodell and Rubin (1970)

have shown that either whole and fraction-

ed animal blood serum is essential in tissue

culture techniques. Wallis et al. (1969) sug

gested that serum probably stimulates RNA

and DNA synthesis (and consequently mi

tosis) since its absence cell growth ceases.

Using either rabbit or sheep serum Heath

and Smyth (1970) described the in vitro

growth of Echinococcus granulosus, Taenia

pisiformis, T. serialis, T. hydatigera and

T. avis. Heath and Elsdon-Dew (1972) aga

in reported the in vitro development of T.

saginata and T. taeniaeformis larvae in

calf, sheep, rat and rabbit sera. Heath

and Smyth (1970) and Heath and Elsdon-

Dew (1972) have pointed out that the dif

ferent sera they used in their studies did

not support growth of larvae equally and

that a specific serum was a must for suc

cessful in vitro development of each para

site. However, they also felt that no

generalisation could be made with regard

to the suitability of a serum.

As has been mentioned earlier all horse

sera, although better than calf sera, did not

support growth of H. microstoma equally.

While dealing with large numbers of calf

or horse sera throughout all our studies, it

was found that in one occasion a recalcified

and oxalated horse serum (HS-22, Lot No.

K 4358) from Wellcome Laboratories) stimu

lated growth from the excysted stages of

this cestode to the egg bearing adults in 18

days. From the results presented in the

Tables 1, 2 and 3 it could be observed

that there is a marked inhibition of growth

and organogenesis in the calf sera. The

same is the case with most of the calf sera

used throughout our experimental period.

Diamond (1970) observed a similar varia

bility in growth of Entamoeba histolytica in

bovines rabbit, lamb and human sera he

used. In the cultivation of Trichinella

spiralis larvae several workers have report

ed effects of different sera to varying deg

rees (Weller, 1943 ; Kim, 1961; Meerovitch,

1962 ; Tarkanov, 1964).

The effects of different sera on parasites

have been variously explained. Thus Heath

and Elsdon-Dew (1972) found that some sera

taken from old rats had a stimulating-

effect on growth of T. taeniaeformis larvae

while serum from older calves inhibited

growth of T. saginata larvae. From these

results they concluded that substances which

inhibited growth of the T. saginata larvae

may be formed during the foetal stage or

that factors which could stimulate growth

are absent in this type of serum. By detect

ing large amounts of globulins in the foetal

calf sera these workers later suggested that

the globulins may be associated either with

stimulation or inhibition of growth.

Terry (1957) while working with Trypano-

soma vivax reported the presence of a

trypanosomacidal factor in the ^-globulin

range of the cotton rat serum ; on the cont

rary, Greenblatt et al. (1969) found a stimu

latory factor for Trypanosoma lewisi in the

same range. Wallis et al. (1969) found the

presence of an antiprotease ( = antienzyme)
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Table 4 Effect of media with different sera on the quantitative distribution

of calcareous corpuscles* of 11-day-old H. microstoma, grown

in vitro from 4-day-old young adults

Serial

number

of

proglo-
ttid**

1

2

3

4

5

6

7

8

9

10

Totals

CS-1 (L)

Lot

No. XVIII

1.8

3.4

1.7

2.7

2.5

3.4

2.7

3.2

3.4

5.1

29.9

CS-2 (L)

Lot

No. XIX

1.2

1.5

2.2

3.4

4.2

4.4

3.8

4.0

5.0

4.1

33.8

Code

HS-1 (F)
Cat.

No. 4-010D
L 40272

10.1

11.1

12.7

16.0

14.0

17.2

15.7

17.4

16.2

17.2

109.0

number of sera used

HS-2 (W)

HS 52

Lot

No. K4062

18.4

28.4

26.0

33.5

31.2

30.8

32.8

30.8

28.7

27.7

288.3

HS-3 (W)
HS 02

Lot

No. Z0279

13.5

21.1

25.8

29.8

30.7

33.1

28.0

32.7

34.5

32.0

281.2

HS-4 (W)

HS 02

Lot

No. Z 0218

47.5

45.5

51.2

56.0

54.4

59.2

60.0

50.8

57.0

57.5

539.1

HS-5 (W)
HS 02

Lot

No. Z0239

48.1

69.8

65.5

78.1

78.2

75.8

81.2

72.2

79.4

83.0

731.3

* Calcareous corpuscles present in the last ten proglottids excluding the end-proglottid. Only those

concretions measuring 15-20 p.m. in size(cf. Chowdhury and De Rycke, 1974 a) have been counted.

** The second proglottid (next to the end-proglottid) represents the first proglottid.

Each figure is the average of determinations on seven different worms.

factor in large numbers of animal and

human sera. This anti-enzyme only pro

duced by a-and /3-globulins, has an effect

on adverse (harmful) enzymes secreted by

developing cell monolayers and is apparently

needed for successful tissue culture. These

workers further suggested that those sera

which do not support growth of tissue cul

tures lack this anti-enzyme factor.

The inhibitory effects produced by certain

Plate 1 a-g : Illustrations of organogenesis in 11-day-old Hymenolepis microstoma, grown in vitro

from 4-11 days (cf. Table 3). The figure in the bottom is from an 11-day-old in

vivo grown worm forcomparison (all figures are drawn nearly from the same region

of the worm) :

a Proglottids of a worm grown in the medium containing calf serum CS-1 (Lot No. XVIII).

b Proglottids of a worm grown in the medium containing calf serum CS-2 (Lot No. XIX).

Note the poorly developed testes; also observe the underdevloped female reproductive

glands.

c Proglottids of a worm grown in the medium containing horse serum HS-1 (Lot No. L

40272).

d Proglottids of a worm grown in the medium containing horse serum HS-2 (Lot No. K

4062).

e Proglottids of a worm grown in the medium containing horse serum HS-3 (Lot No. Z

0279).

f Proglottids of a worm grown in the medium containing horse serum HS-4 (Lot No. Z

0218).

S Proglottids of a worm grown in the medium conraining horse serum HS-5 (Lot No. Z

0239).
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Explanation of Figures

Fig. 1

Fig. 2

Eig. 3

Two in vitro grown worms shown for comparison (in poor medium; 96 h post in

oculation). Note the complete disappearance of corpuscles from one in the bottom

while still few present in the worm on the top. Both worms were active when photo

graphed (X 140). The inset figure is a trypsin excysted larva showing large numbes

of corpuscles in the scolex, body and the reflected layer (X 140).

An in vitro grown young adult (96 h old). Note the thick precipitate on the tegu

ment and complete disappearance of corpuscles (X 220).

An in vitro grown worm (in optimal medium; 96 h post inoculation). Note almost

no reduction in number of corpuscles in the proglottidal part (X 220).

Fig. 4 A portion of the posterior third of a 9-day-old in vitro grown worm in the medium

containing calf serum (Lot No. L 40239). Note the gradual disappearance of fat glo

bules from the parenchyma and poor growth of the worm (X 140).

Fig. 5 Posterior third of an 11-day-old in vitro grown worm in the medium containing calf

serum (Lot No. XVIII). Note the excretory canals and testes are clearly visible by

the absence of parenchymal lipid globules. Precipitate on the tegument is almost abs

ent (X 140).

An in vitro grown 11-day-old worm ; the medium contained horse serum (Lot No. Z

0239). Compare the concentration of lipids in the parenchyma with the Figs. 3 and 5

(X 140).

Fig. 6

( 8 )
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Initial Reading

Reading on day 7

Reading on day

Reading on day 10

Reading on day 11
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£ 0.52X3-

c 0.51°C-

^ 0.50*C-
2 0.49°C-

| 0.48°C-

2 0.47°C-

0.46°C-

CS 1 CS 2 HS 1 HS 2 HS 3 HS 4
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HS 5

L Z0239

a. MEDIA CONTAINING DIFFERENT TYPES OF SERA
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b. MEDIA CONTAINING DIFFERENT TYPES OF SERA

Fig. 7 Bar diagrams showing changes in osmotic pressure (a) and pH (b), respectively of different

media during in vitro cultivation of H. microstoma from 4 day to 11 day (cf. Table 3).

sera could also be due to the presence of

some cross reacting substances already form

ed in response to other previous parasitic

or bacterial infections (Soulsby, 1962 ; Boy-

den, 1966). There is e.g. a possibility that

grazing animals are more susceptible to ac

quire such substances than stall-fed ones.

Tucker (1961; cited by Soulsby, 1962) has

shown that a seasonal variation in the anti-

-R isoantibodies occurs in sheep on pasture

but not in those animals which were hous

ed. Soulsby (1962) also roported that fun

ctional antigens are shared by helminths at

the oogenesis level. When sheep were im

munized against Cooperia spp. and subse

quently challenged with Trichostrongylus

spp. the latter worms showed marked re

tardation in oogenesis which he believed to

be due to cross reacting substances. From

Table 3 it could be inferred that even

among horse sera there appears to be a mark

ed influence on oogenesis in experiments

where the results regarding the two other

criteria ("sperm in cirrus pouch" and

"no of immature proglottids") were

similar (compre results of HS-4 and HS-5).

In the preliminary experiments it has

been observed that when worms were cul

tured from excysted stages, in some sera

a thick precipitate is formed all over the

tegument of the young adults (Fig. 2). In

some other sera, however, the precipitate

is much less (Fig. 3) or almost absent (Fig.

1). The precipitate is often pinkish or deep

brown or brick red in colour. From Table

1, it will be further evident that such pre

cipitate is formed during the early develop

ment phase (when 4-day-old young adults

were cultured until day 11), that it either

remains throughout the period of cultivation

or gradually decreases with age, and that,

except in some rare cases it does not altoge

ther disappear (see Fig. 6). Damian (1964)

and Capron et at. (1968), among others,

believe that parasites in general would

synthesise at their surface proteins which

are antigenically similar to the host. They

suggested that by doing so a parasite es

capes recognition by the host. Smithes et at.

(1969) similarly reported that hosts' glyco-

proteins are adsorbed to the surface of

the parasites which thus mimic the host

antigenically and avoid rejection. Of late,

Bafus (1977) demonstrated that both H.

diminuta and H. microstoma are capable of

binding immunoglobulins of mouse to the

tegument. As all the sera used in our

experiments were pre-heated, the formation

of precipitate on the tegument of H. micro

stoma might be the result of an interaction

between the surface secretions by the para

site and substances present in the medium.

As previously supposed (Smyth, 1947;

von Brand, 1952) lipids in cestodes are no
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longer believed as absolutely an accumula

tion of waste products of metabolism. There

appears to be a close relation between the

development of H. microstoma and the lip id

content of the media used. In fact, our in

vivo studies also have indicated that all

neutral fats are not waste products at least

in this cestode (see Chowdhury and De Rycke,

1976 b).

In our prelminary experiments with dif

ferent calf or horse sera, an interesting fact

has been observed when worms were cultur

ed from the excysted stages in a medium

containing "bad serum". Normally the

tapeworms in such a medium fail to grow,

the corpuscles from these stages gradually

disappear before the unstrobilated worms

disintegrate in the medium showing abnor

malities (compare inset in Fig. 1 with Figs.

1 and 2). This situation has been repeatedly

noted irrespective of accumulation of pre

cipitate on the tegument of the young

adults. On the contrary, there is a rapid

numerical insrease of corpuscles when the

excysted stages were grown in a "good

serum " (compare Fig. 2 with Fig. 3). This

evidence supports our earlier postulation that

worms utilise ingredients of corpuscles when

they require these components (Chowdhury

and De Rycke, 1974 b). The variability in

the distribution of corpuscles of 11-day-old

worms (cf. Table 4) is not only due to

growth and development of the parasite

but may also be related to the ion concen

tration and stimlatory effects of different

sera. Stimulatory effects may also come from

bile salts present in different sera (Hasle-

wood, 1967; Chowdhury et al. 1974).

During the course of different experi

ments, it has been observed that H. micros

toma is not only capable of withstanding

an acid pH as low as 5.4 but also an osmotic

pressure down to J= 0.45 C. The worms

under these circumstances continue to grow

if the medium is containing a good serum.

On the other hand, with a bad serum,

worms fail to grow even at pH 7.2 (see

also Smyth, 1974).

The effect of serum on growth, develop

ment and organogenesis of a metazoan para

site is definitely complex. As Shodell and

Rubin (1970) remarked " serum is a com

plex mixture of lipids, hormones, enzymes

and at least another sixty distinct proteins

and peptides and cellular proliferation is a

complex process, involving many different

cellular activities". Clearly, concerted ef

forts are necessary to unveil the many pro

blems.

Summary

H. microstoma has been cultured in vitro

from 4 days to 11 days of age using Eagle's

medium supplemented with lamb liver ext

ract and one of seven different sera calf or

horse. The experiments have shown that

both growth and organogenesis are inhibit

ed in the calf sera used. Although most

of the horse sera supported growth, each

serum stimulated development of worms to

a varying degree. The worms grown in

horse sera normally contain much neutral

lipids while those grown in calf sera either

contain very much less or none. The dis

tribution of calcareous corpuscles in worms

obtained from different culture appears to

vary, which may be due to the ion con

centration in the sera or their stimulatory

effects.

It is felt that a suitable serum is neces

sary for optimal growth and organogenesis

of the parasite in vitro. Besides poor neut

ral fat content, the inhibitory effects of

certain sera possibly due to either lack of

essential growth stimulating factors (discuss

ed above) or presence of certain cross react

ing substances most likely of parasitic and

or microbial origin.
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