AN / c

"..  COMPARATIVE HISTOCHEMICAL AND
PHYSIOLOGICAL STUDIES ON SOME
GASTROPODS

b THESIS

Submitted for the Award of the Degree of \
- DOCTOR OF PHILOSCPHY
W
b
in
<
By
ASD ELHALIM SAAD
L5 ( B. Se, M. Sc. )
k ) i

Faculty of Science
g Ain Shams University

PR

ééntral Library - Ain Shams University



Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



R
CONTENTS

Dage
ACEKNOWLEDGEMENTS
INTRODUCTION .......0.. P Crevseessrasesseeansans i
HISTORICAL REVIEW ......cicuiieenncneconsacanannnncans 6
MATERIALS AND METHODS .©evvvvrnnnnnnn. e R 20
RESULTS AND OBSERVATIONS. . | )
PART T: PULMONATE SNAILS .
THE DIGESTIVE GLAND
A. Histological observations e e 45
B. Histochemical and Biochemical results ............‘ 47
a. Histochemical results:
-~ Carbohydrates:
General Carbohydrates .......eeevueeen Gt e raeeaee e 48
Glycogen ..................................;......... 49
Acid and neutral muéopolyséccharides ....;...;....... 50
Carboxyléted énd sulphéted écid mucopolysacchérides;; . o2
- Proteins:
General proteins ........ St esstenesnaunaaaannas ceeens 25
HESTOTIES 4 v vusseneeasnesenessnseaneeacesssnnsrneenns 56
AMIno 8Cids ...uerrronoirrrarasorastnscstoseroncnncane o8
- Lipids:
General lipids ;.......:ﬁ.;...;....;..;.....;;.;...;. 65
Phosﬁholipids et e eaases st aaa e ettt e At 66

Central Library - Ain Shams University



- ii -

Page
b. Biochemical results:
— Carbohydrates:
Total gElYCOEEN ....ccsvessvas Cessrrr e steceeseresasans 69
- Proteins :
The digestive gland proteins ......vocveeereeronricnan 71
The haemolymph proteins ................Q.........,.. .71
Analysis of the free aminoacids G eesenecean e 71
Electrophoresis ....ieeveccarrrrsarnaccesasassnccecns 72
- Lipids:
Total 1ipidsS ....icisvnnesnnoaasvoesnonssvssossssoesan. 85

Total phospholipids ....veveercerrsnrnersncocnsonnsns 85

THE ALBUMEN GLAND .

A. Histological observations ...visevereecccsvsareans 88

B. Histochemical and Biochemical results ............ 89

a. Histochemical results:

- Carbohydrates:

General carbohydrates .......ccceesnverenunccrraacnns 90
Glycogen +..esecees tesserasessnssanne esees s tnerresaas 90
GalactOZen ....icresvvssentssnsssnsssnsncnacssasssnnsa a0
Acid and neutral mucopolysaccharides .....ecovecesen 91
- Proteins:

General proteins .......... “eesas ceemserssnts s 94
Histones .....civvivenrerrincrcissnsacncrrenees feseans as

Amino acidsS ....ceersestssussassnscsennanssrsanetars
95

Central Library - Ain Shams University



- iii -

2

Page
~Lipids-

General lipids .......... e r et e s et ess st a e s earena 101
Phospholipids ..ttt irtnenenenecsennnnsoennns. 101
b. Biochemical results :

— Carbohydrates.

Total galactogen .....vvuun.. Sttt tes s s sy 104
-Proteins:

Total proteins., ........ s s terreeseaieesesaes 106
Analysis of the free amino aCidS ......e..oeevsove., 106

- Lipids:
Total 1ipids ... veiiniiinnenrenneoneenavanoanannane, 112
Total phosphelipids ........... Gttt s st et esnasennana - i12
THE HERMAPHRODITE GLAND

A. Histological Observations .........veeeememeennn. 115
B. Histochemical and Biochemical results . ......... 118
a. Histochemical results:

- Carbohydrates:

General CcarbohyArates .....vveenrverecennrersanoans 119
Glycogen ............ reseeresan cecsoraerseprecancns 120
Acid and neutral mucopolysaccharides ......ee0u.... 122

- Proteins:

General Proteins t.uiuieuieereneenneeneennnconannnnes 125
Histones ......... S e ettt et s e et aeseaeaa reea e 127
AmMIino acids ...vittiverenrennnrnnsnnenns tescerasnnasn 128

Central Library - Ain Shams University



Page

-Lipids:

General 1lipids .....evcvevanonees st eresscsunssnnanee 137
PhoSpPhOlipids ..viveereenctnnrosesansnsoncssesssssas 138
b. Biochemical results:

- Carbochydrates *

Total glyCOEeN ..viveeveevnceons Srerbssssssesesenana 141
Proteins’ |

Total Protelins ..civvieeevoersrorrsesssassasasnconssnss ' 143
Analysis of the free amino acids .............vvvens 143
- Lipids .

Total lipids .......... e sasesrers et anrasnan e 149
Total phosphelipids ...vevcrrccerecnovecesnncsnens - 149
PART 1I: PROSOBRANCHIATE SNAILS:

THE DIGESTIVE GLAND

A. Histological observationS ....cevevesrvnerseesasse 153
B. Histochemical and Biochemical results............ 155
a. Histochemical results: .

~ Proteins:

General proteins .....ccvsvvicesncenans ...1.......;. 156
Histones ....ievvvvreerevrsosoanetesasssncanecns cee-e 157
Amino acids ...ttt vetcescroscansraccncssnscsssasas 158
b. Biochemical results

- Proteins:

The digestive gland proteins ........ 0 vveuveeness 166

Central Library - Ain Shams University



-y -

Page

The haemolymph Proieins ..,..ccceceervecsccane 166
Analysis of the free amino acids .............. 167

Electrophoresis ....cccavasenen ceenrsesemcannras i68

DISCUSSION eoseveroanans chieeneas e ananas 180
SUMMARY eeesvevvsnsnnsnens ................;.... 218
BIBLIOCRADHY ssccercessrenens e raenecetetarnen 227
PLATES secvvoenvronannvsas reseateensenererraneas '256

ARABIC SUMMARY

Central Library - Ain Shams University



J/‘I N

ACKNOWLEDGEMENTS

I wish to express my deep gratitude to late Professor
Dr, Tohamy 4. Moussa,Professor of cell biclogy, Zoology
Department, Faculty of Science, Ain Shams University, for

suggesting and planning this research project.

The author is greatly indebted to Professer Dr;'
¥Mahmoud A.El-Banhawy, Professor of cytology and histochemistry
and Head of Zoology Department, Faculty of Science, Ain
Shams university and to Professor Dr,Gamal Abu-Sinna, Professor
of Animal Physiology, Zoclogy Department, Faculty of Science,
Ain Shams University, for supervising the work, continuous
help, encouragement and for the critical reading of the

manuscripit.

Central Library - Ain Shams University



INTRODUCTION

Central Library - Ain Shams University



INTRODUCTION

The fresh-water gastropod snails constitute a major
unique group of’moiluécs having certain specific ﬁorpholo-
gical, physiological and embryological characteristics.
These snails have attraéted the attention of many investi-
gators, particularly in Egypt, owing to their high economic

and medical importance . .

It is well knbwn that many of‘these gaétropods act as
intermediate hosts for some digenetic trematodes which are
known to induce dangerous parasitic diseases in human being.
Among -these diseases, schistosomiasis and.fascioliasis are
the most common in Egypt. The first one is widely distri-
buted, particularly among the farmers, whereas the second
one affects cattle and sheep. Therefore, it is genmerally
agreed amongst parasitologists that controlling of the
intermediate hosts (snails) is one of the most effective
agents for the irfadication of such diseasgs. The failure
to solve this probiem through the use of molluscicides,
besides the hazardous effects of these chemicals, have
shifted the attention to the biological control of these
snails involving the application of other snail competetors.
This has aroused the needs for detailed studies on the
biological characteristics and activities of the different

groups of such snails,

ANEAN
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It is observed that most of the studies which have
been carried out on the taxonomy and systematics of fresh-water
snails were mainly based on their morphological and anatomical
characteristics, but unfortunately this system has been shown
to be rather inadequate, as it has also led to considerable
confusion regarding the systematics of these species. Fof'
example, several taxonomic problems are still persiéting
concerning genus Bulinus as a result of the high variability
in its morphological features. Therefore, a needﬁhas sprung
to make use of the biochemical characteristics of the snails;

2 method which has shown some promising success in modern

taxonomy.

In this respect, Brown gt g;.(lgszj were of the

opinion that Bulinus coulboisi, living in the small water

localities at Kigomo on the eastern shore of lake Tanganyika

showed clear resemblance to Bulinus truncatus found in the same

localities as regards their biochemical spetifications

besides their tetraploid chromosomal constitution,

However, recent eclectrophoretic techniques appear
to be of great value in the taxonomic studies to improve
the specific identification of snails even of similar popu-
lation species. This has also led to the possibility of

applying the histochemical surveys in such taxonomic studies.
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Consequently, the present work was planned in an
attempt to provide possible means for the systematic and taxon-
omic identificatien~ ©of snails based on histochemical findings
as correlated with the biochemical and electrophoretical

ones.

Thus, the first part of the study is concerned with
the application of some popularly used histochemical techni-

ques to differntiate between two closely related pulmonate

snails: Limnaea caillaudi (Bourguignat , 1883) and Bulinus

truncatus (Audouin, 1826). Limnaea caillaudi (Family:

Limnaeidaej and Bulipus trupcatus (Family: Planqrbidae)
belong to Order: Basommatophora, Sub-class: Pulmonata,
Class: Gastrophoda, Phylum: Mollusca. These two snails
were selected in view of their great similarity; both

are non-operculate and hermaphrodite snails. They are
usually distributed throughout the irrigation canals and
along the banks of the River Nile. Besides, there is a
great similarity between these two snails regarding the
anatomical and histological characteristics of their

body organs (Demian, 1960; Demian and Ibrahim, 1965 & 1967

Lutfy et al., 1973 2 & b and Moussa et al., 1982 & 1983).

The comparative histochemical studies designed were
mainly concerned with carbohydrate, protein and 1lipid inclu-

sions of the digestive, albumen and hermaphrodite glands
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in the two snails. The carbohydrate contents included glyco;
gen, galactogen, acid and neutral mucopolysaccharides, and
both carboxylated and sulphated acid mucopolysaccharides.

The proteins investigated comprised the total profeins,

basic proteins and the aminoc acids: cystine,cysteine,
tyrosine and histidine-containing proteins. Examination

of lipids was concerned with both the general lipids as

well as the phospholipids.

The histochemical results obtained from the study of
the two selected snails were paralleiised by the data resul-
ting from the biochemical analysis carried out on the same
tissue components as achieved through the separation of
haemolymph proteins using the polyacrylamide gel disc electro?
phoresis. However, disc electrophoresis has distinct advan-
tages over other techniques such as starch gel and paper
electrophoresis. The standard 7.5% polyacrylamide gel allows
greater fractionation and resoiution of components. The
gel can be charged with a sample as small as 300-800 micro-
grams and stained gels are easily stored fq; future reference

(Davis and Lindsay, 1967).

Furthermore, for much verification s, these studies

were extended to other species namely, Lanistes carinatus

(Olivier, 1804ajand Bellamya unicolor (Olivier, 1804Eﬁg

Lanistes carinatus (Family: Pilidaeaj and Bellamya unicolor

(Family: Viviparidaej belong-to Order: Mesogastropoda,
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Sub-class: Prosobranchiata, Class: Gastropoda,Phylum: Mollusca-

They are operculate snails and their sexes are separate.

Lanistes carinatus acts as an intermediate host for the

rat lung nematode; Ahgiostrongylus cantonensis (Yousif

and Ibrahim, 1978) and Bellamya unicolor harbours various
larval trematodes (Yousif and Ibrahim , 1979) as well as

different protozoan ciliates (Kosa, 1981).

In the present investigation, only male snails were

used, These of Lanistes carinatus are distinguished by

their specific organ yellow testes (Demian, 1954 and Beddiny

1968) and males of Bellamya unicolor are generally characteri-

zed by having a short , curved right tentacle as compared
with the left one. This is one of the most characteristic

features of the family viviparidae (Malek, 1962).

" As has been Previously mentioned, it is hoped from
this study to be able to offer some keys for differemtiation
and taxonomic identification of snail species based on” their histo-
chemical as well as physiological or biochemiczl characteristics.
Nevertheless, beside this goal, the present investigation
will also hopefully fill some of the gaps which are obviously
prevailing in the histochemistry and biochemistry of snails

in general and the selected species in particular.
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