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Introduction

From the gross observations and histo-
chemical studies of in vitro grown Hymeno-
lepis microstoma, from day 4 to day 11, it
was observed that when these were grown
in media containing different horse or calf
sera, accumulation of fat globules in the
parenchyma of young adults varied con-
siderably. Later, it was realized that worms
grown in media with calf serum normally
contained less fatty acids than when grown
in media prepared with horse serum
(Chowdhury and De Rycke, 1979). These
observations tempted to design simple ex-
periments to study the growth and develop-
ment of H. microstoma in the media con-
taining calf and horse sera in relation to
their total lipids and cholesterol contents.

Materials and Methods

The axenic cultivation technique used
in the present study was as described by
Evans (1970) and, Chowdhury and De Rycke

State University of Gent, Laboratory of Zoophy-
siology Ledeganckstraat 35, B-9000 Gent, Belgium.
Senior author’s present address: Department of
Parasitic Diseases, Kumamoto University Medical
School, 2-2-1 Honjo, Kumamoto City, Kumamoto
860, Japan.

(65)

(1979) with few modifications.

The basic medium consisted of main
three parts: (a) Eagle’s medium (= Basal
Medium) (609,) purchased from Flow La-
boratories; (b) liver extract (109,) prepared
from the fresh lamb liver according to the
method described by Sinha and Hopkins
(1967); (c) serum (309%,).

In this study two media have been pre-
pared with two different specific sera: one
of these being a horse serum (HS 5; HS 02;
Lot No. Z0239) obtained from Wellcome
Laboratories and the other was a calf
serum (CS-1; Lot No. XVIII) received in
bulk locally from the University of Lou-
vain. It may be mentioned here that all
the procedures adopted in the preparation
of the media, changing of the media, dis-
tribution of the media in the roller tubes
and the ‘gas phase’ were accomplished in
the U.V. chamber in the sterile room. The
Basal Medium used in the preparation of
the two final culture media (FCM), were
the same and, as usual in all our studies,
had been sterilized by filtration after addi-
tion of glucose, NaHCO; and antibiotics.
Stock serum and liver extract prepared in
bulk were added to the basal medium prior
to use for the preparation of FCM (Chowd-
hury and De Rycke, 1979). The FCM thus
prepared was distributed in culture tubes
and gassed with 5% CO, in 959, N, for
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Table 1 Concentration of total lipids and
cholesterol in some of the sera used
in the media for the in vitro
cultivation of H. microstoma

Code number Tot al _Cho-
Source of serum* !1p1ds lesterol
in % mg 9%
Obtained CS-1F 0.303 170
locally Lot No. XVIII
” CS-2 0.489 160
Lot No. XIX
Flow
. CS-3 0. 500 137
Laboratories 1. 'No. 1.40240
” CS-4 0.800 155
Lot No. 140304
" CS-5 0. 860 ND
Lot No. L40275
" CS-6 1. 330 ND
Lot No. 140447
1 HS-1 0.890 130
Lot No. 140272
Wellcome
3 HS-2 1.144 110
Laboratories Lot No. K4062
1 HS-3 1.199 85
Lot No. K4212
% HS-4 1. 090 95
Lot No. K4308
" HS-5 1.200 ND
Lot No. K2911
” HS-6 1.240 ND
Lot No. K4068
” HS-7 1.203 100
Lot No. K5428
” HS-8 0. 680 ND
Lot No. 20279
(HS-02, No. 5)
" HS-9% 0.750 90
Lot No. 70239
(HS-02, No. 5)
Vi HS-10 0.810 ND

Lot No. Z0218
(HS-02, No. 5)

* CS=calf serum HS=horse serum

ND=estimation not done
T Sera used in the present experiments

1 minute. The experiments were repeated
three times and the initial pH, which was
always 6.9 and osmotic pressure (4=0.54 C)
were recorded after gassing.

The 4-day-old young adults of H. micro-
stoma were cultured in the above media
until these became 11-day-old. The culture
medium was changed on days 7, 9 and 10.
In these series of experiments half of the

worms grown in the medium containing
horse serum were transferred to the other
medium containing calf serum on day 7
and, the half of the worms grown in the
medium with calf serum were transferred
to the medium prepared with horse serum
on day 9 (Tables 2, 3). The ‘transfer’
of worms, eventually, was determined from
several preliminary experiments. Before
transferring into the different media, the
worms were washed with Hanks’ solution
(prepared also in bulk) at least 4 times.

For the evaluation of results obtained
from cultivation experiments in each of
the media, 25 largest worms from three
periments (from a total of 45 wor
cultured per medium) were used (Tab
2, %). Of the selected 25 worms,
length measurements were taken from tl
20 worms (Table 2). The distribution |
neutral lipids and phospholipids we
studied histochemically using Sudan Bla¢
B, Sudan IV and, copper phthalocyani
methods for staining. For details of hist
chemical methods employed for studies ¢
calcareous corpuscles and lipids, reader
referred to our previous papers (Chowdhui
and De Rycke, 1974a; 1976).

To understand better the growth an
organogenesis in worms in relation to the
lipids and cholesterol content of the sera,\,
total of 10 and 15 samples of different sera
(including the two specific sera used in
the present experiment) were respectively
analyzed (Table 1). The cholesterol con-
tent was estimated spectrophotometrically,
while the total lipids extracted with metha-
nol was determined gravimetrically.

Results

The comparative growth and develop-
ment of H. microstoma: (a) from 4 to 11
days of age in the media containing specific
horse serum and calf serum, and (b) by
replacing worms from horse-serum medium
to calf-serum  medium calf-

and from




Table 2 Effects of media with two different sera on the growth and organogenesis of 11-day-old
Hymenolepis microstoma, grown in vitro from 4-day-old
young adults (cf. Table 1; Plate I, Figs. a-d)

(Summary of three experiments)

Code number of serum used in the medium and duration of culture

HS-5; Lot No. 20239 CS-1; Lot No. XVIII HS-5; Lot No. 20239 CS-1; Lot No. XVIII

Serial
nfilrrlrlber (day 4-11) (day 4-11) (day 4-7) (day 4-9)
‘c’lf]evcvl‘(’;(‘;‘s CS-1; Lot No. XVIII HS-5; Lot No. Z0239
(day 7-11) (day 9-11)
Number of proglottids with
Sperm Ova in IT* Sperm Ova in IT Sperm Ova in IT* Sperm Ova in IT
in CP* LS* in CP LS in CP* LS* in CP LS
1 72 30 149 —_ — — 36 18 56 — — 30
2 56 28 92 — — — — — 73 — — 43
3 34 21 85 — — — — — 84 — — 39
4 48 11 105 — — — — — 83 7 4 36
5 27 27 49 — — — 32 6 84 — — 17
6 100 27 153 — — — 15 2 91 — - 47
7 72 13 93 — — — 8 4 63 — - 54
8 113 23 141 — — — — — 71 — — 37
9 80 25 112 — — — 16 10 77 — — —
10 52 32 70 — — — 20 12 98 — — —
Mean 65.4 23.7 104.9 — — — 12.7 5.2 78.0 0.7 0.4 30.0
Average 7 - 7
length(n=20) 33.90+1.714 8.740.490 12.80+0. 780 10. 5040. 340
in mm (+SE)

* CP=Cirrus Pouch
LS=Lateral Sacs
IT=Proglottids with immature testes

serum medium to horse-serum medium, are
summarized in the Table 2. From the same
Table and Fig. b in the Plate I, it could
be inferred that when worms were trans-
ferred on day 7 from the medium contain-
ing the horse serum to the one with the
calf serum, both the general growth and
development of gonads were severely af-
fected. By transferring the worms grown
in the calf-serum medium to the horse-
serum medium on day 9, marked improve-
ment is noted in all respects (Table 2, Fig.
d in Plate 1). The relative growth and de-
velopment in all of in vitro grown worms
can also be compared with the in vivo
grown worms of the same age (cf. Plate I).

There appears to be a parallelism in the

distribution of calcareous corpuscles in
these worms and their growth and develop-
ment in the media (compare results of
Table 3 with Table 2).

The distinct histological (also histo-
chemical) difference in the concentration
of neutral lipids in the worms grown in
the media containing specific horse or calf
serum has been depicted in the Figs. 1 and
3. When worms from the horse-serum
medium were transferred to the calf-serum
medium on day 7, there was a marked
reduction in fats in the worms (Fig. 2).
Similarly, by transferring the worms from
the calf-serum medium to the horse-serum
medium on day 9, neutral lipids begin to
appear in the parenchyma of the worms
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Table 3 Effects of media with two different sera on the quantitative distribution of
calcareous corpuscles* of 11-day-old H. microstoma, grown
in vitro from 4-day-old young adults (cf. Table 2)

Code number of serum

Serial

number of HS-5 CS-1 HS-5 CS-1
proglottidst (day 4-11) (day 4-11) (day 4-7) (day 4-9)
CS-1 HS-5
(day 7-11) (day 9-11)
1 48.1 1.8 33.7 5.1
2 69.8 3.4 33.8 7.0
3 65.5 1.7 32.5 9.2
4 782 2.5 36.7 10.3
5 78.1 2.7 39.5 11.0
6 75.8 3.4 36.7 11.4
7 81.2 2.7 45.7 10.0
8 72.2 3.2 40.4 12.4
9 79.4 3.4 45.5 12.0
10 83.0 5.1 45.0 10.1
Totals 731.3 29.9 389.5 98.5
* Calcareous corpuscles in the last ten proglottids (excluding the end-proglottid). Only

those concretions measuring 15-20 ym in size (Chowdhury and DeRycke, 1974a) have

been counted.

t The second proglottid, next to the end-proglottid, represents the first proglottid.
Each figure is the average of determinations on 7 different worms.

on the following day (Fig. 4) and on day
11 accumulation of lipids (Fig. 5) become
parallel to 7 or 8-day-old in vivo grown
worms. All cultured worms contained
phospholipids in calcareous corpuscles as
in in vivo grown worms. As expected, in
the distribution of phospholipids in the
parenchyma and reproductive organs, when
comparing similar stages in in vivo develop-
ment (Cowdhury and De Rycke, 1976), no
difference can be observed.

In these experiments, the
change in pH was observed on day 7 (4-
11 days) of culture which were respectively
59 (horse-serum medium) and 6.1 (calf-
serum medium). And, after changing the
worms, the maximum fall was noticed on
day 10 which were respectively 6 in horse-
serum medium (9-11 days) and 6.2 in calf-
serum medium (7-11 days). This indicat-
ing better metabolism of worms in the
medium containing horse serum. Apparent-

maximum
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ly no difterence could be observed in the
osmotic pressure of different media.

Discussion

From the results presented in the Table
1, it could be inferred that there is a
marked difference in the concentrations of
total lipids and cholesterol in different sera.
Many of the horse sera analyzed appear to
contain a higher percentage of total lipids
than the calf sera while the concentration
of cholesterol is much higher in the calf
sera than in the horse sera.

The significance of neutral lipids and
cholesterol in the in vitro development of
H. microstoma is rather difficult to explain
at the moment, since lipid and cholesterol
metabolism in cestodes is poorly understood
(discussed in detail by von Brand, 1973).
In our in wivo studies with this cestode
(Chowdhury and De Rycke, 1976), we have,



however, indicated that some amounts of
lipids would be required for the matura-
tion of gonads and transformation of the
fertilized ova to the oncosphere. From the
Table 1, it is now known that the horse
serum- HS 5 (HS 02; Lot No. Z0239) used
in the present experiment in the prepara-
tion of the horse-serum medium contains
almost double the concentration of total
lipids as compared to the calf-serum
medium containing the calf serum- CS I
(Lot No. XVIII). With regard to the cho-
lesterol, there is nearly a reverse situation
in these two specific sera—the calf serum
containing much higher concentration of it.

Serum is a complex substance containing
various “growth stimulating factors” beside
lipids and is essential for the axenic culture
medium component, which has been ex-
plained earlier by us (Chowdhury and
De Rycke, 1979). That these factors either
individually or collectively could have in-
fluenced the development of the cestode
can not be ruled out. It is, however, ob-
vious from the text that we have made the
two specific culture media apparently con-
stant by preparing different ingredients in
bulk excepting the sera. The results of
the repeated experiments were always con-
sistent. Further, the specific sera were also
used in other occasions by us and other
workers (see Khan and De Rycke, 1975) in
the laboratory and the results of these ex-
periments corroborate the present findings.
Hence, it could be presumed that lipids
and cholesterol content of these sera might
have played some role in the organogenesis
of the tapeworm. The present experiments
have given a clear indication to that direc-
tion. Certainly, further experiments are
necessary to confirm these promise.

The factor(s) which may influence the
variability in the quantitative distribution
of calcareous corpuscles in worms could be:
(a) concentration of important ions in
the medium, (b) stimulatory effects of the
medium due to the presence of bile salts
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in the serum (Haslewood, 1967; Chowdhury
et al., 1974).

It is tempting to point out here that
Shield (1969) has ably demonstrated choli-
nesterase in the corpuscles of Dipylidium
caninum which possibly did not receive
their attention. In cestodes (H. diminuta)
its presence in the embryo has been sug-
gested to be linked with embryonic muscle
formation (Rybicka, 1967). While in trema-
todes, Edwards et al. (1971), Bueding and
Bennett (1972) and Nizami et al. (1977)
maintained that this enzyme is involved
either in ‘“biochemical adaptation”, im-
mune response oOr in neurotransmission.
Since “corpuscles” is a complex and funda-
mental system, localization of cholinesterase
in numerous concretions in H. microstoma
(Chowdhury and De Rycke, 1974b) and
possibly in many other cestodes, has not
received due attention. At this stage we
possibly can not discount altogether if this
specific enzyme has got any significance in
cestode’s fat metabolism and/or transloca-
tion.

Summary

Hymenolepis microstoma has been cul-
tured in vitro from 4 days to 11 days of
age using Eagle’'s medium supplemented
with lamb liver extract and a serum—horse
or calf. The experiments have shown that
worms grow better in the medium contain-
ing horse serum (“good medium”) rich in
lipids and poor in cholesterol than in the
medium prepared with calf serum (“bad
medium”) with low lipid and high cho-
lesterol content. When the worms are
transferred from ‘“‘good medium” to ‘“bad
medium”, organogenesis in them is severely
affected but growth and development im-
proves when young cestodes are removed
from the culture medium with the calf
serum to one with horse serum. These
situations are always found consistent with
the accumulation of parenchymal lipids in
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worms. These results together with analysis
of various sera used in different experiments
have apparently indicated that growth and
development of young adults are related to
the concentration of lipids and cholesterol
in the sera used. However, the role of other
factor(s) in the growth and organogenesis
of worms in the complex media can not be
ruled out, which has been discussed.

Acknowledgements

The senior author is grateful to the Director
Professors Dr. R. Wieme, Gent University Medical
College and, G. Van Gremergen of the Laboratory
of Zoophysiology, respectively for the analysis of
various samples of sera, and the laboratory space
and facilities. This work was done during the
tenure of a fellowship from the Belgian Ministry
of Education and the manuscript was completed
while the author was availing a JSPS fellowship.
Thanks are due to Professor Isao Tada, Kumamoto
University Medical School and the referees for im-
provement of the manuscript.

References
1) Brand, von T. (1973): Biochemistry of para-
sites. Academic Press, London.
Bueding, E. and Bennett, J. (1972): Neuro-
transmittors in trematodes. In comparative bio-
chemistry of parasites, H. Van den Bossche ed.,
Academic Press, New York.
Chowdhury, N. and De Rycke, P. H. (1974a):
A new approach for studies on calcareous cor-
puscles in Hymenolepis microstoma. Z. Para-
sitenk., 43, 99-103.
Chowdhury, N. and De Rycke, P. H. (1974b):
Quantitative distribution of calcareous cor-
puscles in Hymenolepis microstoma and their
significance in the biology of the cestode. Biol.
Jb. Dodonaea, 42, 51-60.

3)

9

(70)

5) Chowdhury, N. and De Rycke, P. H. (1976):
Qualitative distribution of neutral lipids and
phospholipids in Hymenolepis microstoma from
the cysticercoid to the egg producing adult. Z.
Parasitenk., 53, 151-160.

Chowdhury, N. and De Rycke, P. H. (1979):
Comparative studies on the development of
Hymenolepis microstoma in different types of
sera. Jap. J. Parasit., 28, 273-284.
Chowdhury, N., De Rycke, P. H. and Van
Grembergen, G. (1974): Effects of ox bile on
Hymenolepis microstoma in vitro: a histologi-
cal and histochemical study. Proc. Third Int.
Congr. (Miinchen), 1, 460-461.

Edwards, A. J., Burt, J. S. and Ogilvie, B. M.
(1971):  The effect of immunity upon some
enzymes of the parasitic nematode, Nippo-
strongylus braziliensis. Parasitology, 62, 339-
347.

Evans, W. S. (1970): The in vitro cultivation
of Hymenolepis microstoma from the cysticer-
coid to the egg producing adult. Canad. J.
Zool., 48, 1135-1137.

Haslewood, J. D. A. (1967): Bile salts. Methuen
& Co., London.

Khan, Z. 1. and De Rycke, P. H. (1975): The
in vitro cultivation of Hymenolepis microstoma
with particular reference to the role of serum
for strobilization and gametogenesis. Biol. Jb.
Dodonaea, 43, 151-172.

Nizami, W. A., Siddiqi, A. H. and Islam, M. W.
(1977):  Quantitative studies on acetylcholine-
sterase in seven species of digenetic trematodes.
Z. Parasitenk., 52, 275-280.

13) Rybicka, K. (1967): Embryogenesis in Hymeno-
lepis diminuta. V. Acetylcholinesterase in em-
bryos. Exp. Parasit., 20, 263-266.

Shield, J. M. (1969): Dipylidium caninum,
Echinococcus granulosus and Hydatigera taeni-
aeformis: Histochemical identification of cho-
linesterases. Exp. Parasit., 25, 217-231.

Sinha, D. P. and Hopkins, C. A. (1967): In
vitro cultivation of the tapeworm Hymenolepis
nana from the larva to adult. Nature (Lond.),
215, 1275-1276.

6)

8)

9

10)

11)

12)

14)

15)



231

Hymenolepis microstoma O in vitro &4 3 FDHROFHE :
mEFDEES LIV IALATO—LEBNDE5 X DR

Nirmalrendu Chowdhury and Paul H. De Rycke
(R x—, ¥ v NILKY, BYEEYEE)

4~8 Him o H. microstoma %/NEFFRIEK L B FEShi. 20X BBKIRERENTOIRED
N340 i & #iRMLic 4 — 7 VERE N TREL ERLIL—BL Tk, ZhoofLfEr0oy
. ZOFER, BRE - -H3 VA7 o—-L041MmF FOMEOSIFERL 2 EEZ D L, PERROK
(FREER CHKELTERA-EaLv 27— & RERAGZMEHORE - a VA7 o— L EE
DB (RIFEER) TR TREOREVENRT WCBEL TWa Z epmmahiz., L LEROREE
Wie, RIFERED DRRBRBA~LREZBT LB RHREVRCRIETORTFOFELBFETERVM
ERETRCEELZT . LrLYER24mES COWTHEEE X 7.
FEREY bBEMEEHBRRICB T LRE, EHZ

(71)




232

Explanation of Figures

Plate I (Figs. a-d)

Illustrations of organogenesis in 11-day-old Hymenolepis microstoma, grown in vitro from
4-11 days (cf. Table II). The figure on the right side is from an 11-day-old in vivo grown worm
for comparison (all figures are drawn approximately from the same region of the worms).

Fig. a Proglottids of a worm grown in vitro (day 4-11) in a medium containing horse serum
No. HS-5 (Lot No. Z0239)

Fig. b Proglottids of a worm grown in vitro (day 4-11) first cultured in a medium containing
horse serum No. HS-5 (Lot No. Z0239) and then (day 7-11) in a medium containing calf
serum No. CS-1 (Lot No. XVIII)

Fig. ¢ Proglottids of worm grown in vitro (day 4-11) in a medium containing calf serum No.
CS-1 (Lot No. XVIII)

Fig. d Proglottids of a worm grown in vitro (day 4-11) first grown (day 4-9) in a medium con-
taining calf serum No. CS-1 (Lot No. XVIII) and then (day 9-11) in a medium containing
horse serum No. HS-5 (Lot No. Z0239)

Fig. 1 Posterior third of an 11-day-old in vitro grown Hymenolepis microstoma; the medium
contained horse serum No. HS-5 (Lot No. 20239). Note the accumulation of fats in the
parenchyma. X140

Fig. 2 An in vitro grown 11-day-old worm (posterior third); first cultured (day 4-7) in a medium
containing horse serum No. HS-5 (Lot No. Z0239) and then (day 7-11) in a medium con-
taining calf serum No. CS-1 (Lot No. XVIII). Note the fertilized ova in the lateral sacs
(LS), calcareous corpuscles (CC) and excretory canals (EC) are clearly discernible in the
region. Compare this with the Fig. 1. X140

Fig. 3 Posterior third of an 11-day-old in vitro grown H. microstoma; the medium contained
calf serum No. CS-1 (Lot No. XVIII). Note the parenchyma devoid of fat globuels. Also
observe testes (T), corpuscles (CC) and excretory canals (EC) in the parenchyma. Com-
pare this Fig. with Figs. 1 and 2. X140

Fig. 4 10-day-old worm (posterior third); first cultured (day 4-9) in a meduim containing calf
serum No. CS-1 (Lot No. XVIII) and then (day 9-11) in a medium containing horse
serum No. HS-5 (Lot No. Z0239). Note the begining of accumulation of lipids in the
parenchyma. Excretory canals and corpuscles are still visible. X140

Fig. 5 Posterior third of an 11-day-old worm as cultured above. Note the lipid globules again
masking all structures in the parenchyma as in Fig. 1. X140
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