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In spite of varyins ovinions as to the effcctiveness of
molluscicides in the control of schistosomiasis, the
secarch for more ceifeciive and highly sclectvive
molluscicides should continue, so that adverse effccts on
non-target organisms caused by commercially available
molluscicides may be reduced and the possibility of

resistance guarded againste.

To this end, the differences in susceptibility to IFrescon
and 4'-chloronicotinanilide between the schistosome-

bearing snail, Bulinus truncatus and a represcntative

tropical food fish, Sarotherodon mossambicus, were

examined and discussed in relation to the rate of uptalke

of these compounds and their distribiution among different

The rate at which water is taken up by B. truncatus and

5. mossambicus has also been calculated and related to the

ratec of uptake of molluscicides. This part of the work
was an attempt to elucidate the mechanism of carriage ol

the chemicals into the animals being studied.

It has been demonstrated that B. truncatus and

S, mossanmbicus concentrate IFrescon and 4'-chloronicotin-

anilide to high levels. Ior B, truncatus, both Frescon

and 4'-chloronicotinanilide we're concentrated in the

pseudobranch, while in S. mossambicus the highest

-

concentration of I'rescon was found in the liver and that
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of 4'—chlorohicotinanilido in the bilce.

The high tolerance of 3. mossambicus to 4'-chloronicotin-
anilide was found to be due Ho the rapid metabolism of

the compound in fish to morec polar forms which arc morc

easlly disposed of via the bile,

Comparison of the relative susceptibilities of two field

collections of B. truncatus showed that snails collected
from the I'rescon-treated area of the Gezira display a
higher tolerance to I'rescon than do csnails collected from
the untrecated area. Frescon uptake ratc was found to be
lower in the less susceptible snails, and this 1s
tentatively suggested as the basis of the obscrved

- difference in tolerance. It is additionally shown that
B. truncatus infected with Schistosoma haematobium 18

more susceptible to I'rescon than uninfected snails.
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GENILRAL, INTRODUCTION

1. Schistosomiasis,
Schistosomiasis is a chronic discasc causced by digenetac

trematodes of the genus, Schistosowma and transnitted by

fresh water pulmonate snails belonging to the family,
Planorbidae and by amphibious operculates belonging to
the sub-family, Hydrobiinae., There are two clinical forms
of the disease, urinary schistosomiasis caused by

Schistosoma haematobium (Weinland) and intestinal

schistosomiasis caused by S. mansoni (Sambon) and

S. Jjaponicum (Katsurada).

The adults of S. haematobium are usually found 1in the
veins of the pelvic plexuses. On the other hand, the
adults of S. mansoni and S, Jjaponicum commonly inhabit
the mesenteric veins. The female has the capacity to lay
large numbers of egzs. For example, a single

S. haematobium female is able to lay up to 250 eggs per

day and its life span is thought to be less than two
‘years, but a proportion of the parasites may live for
longer periods (Nelson, 1975). An infected person may
“harbour a large number of worms (up to 250 pairs) which,
with the great mass of eggs they lay and the host
rcaction to such bodies, can cause considerable

perturbation in associated host tissue (Cheever, 1968).

Conservative estimates place the number of individuals

infected with schistosomiasis at 150 million (World

s

Health Organisation (WHO), 1965). The true figure may

eventually be shown to be considerably larger with the
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more widespread usc of the improved diarsnostic and
opideniolorsical technicues which have become avallable
in recent yecars. The ircrcase in the prcvalence of the
disease in relation to the develonment of water resources
(MeHullen et al., 1962; Sturrock, 1965; Berrie, 1970),
has caused concern among health authoritios‘and has
sfimulated much needed investigations into the prevalence
and transmission of the disease, the development and
evaluation of different control measurcs, and
improvements in the planning of new irrigation schemes
(Webbe, 1959), The public hecalth sipnificance of the
disease may be evidenced by the recent impetus by WHO To
fund research into seleccted priorities, in the ficlds of
epidemiology and control, chemotherapy and immunology

. (WHO Scientific VYorking Group, 1977).
2. Control of schistosomiasis,
tlebbe, 1969, stated that the objective of control of
schistosqmiasis is to limit the spread of infection,
- to reducc morbidity or to control transmission and
thereby reducc the intensity and prevalence of infcctlon.
Schistosomiasis can be controlled by employing one or
more of four general methods: first, mass treatment of
human cases to reduce or abolish rclease of egys;
second, sanitation measures; third prevention of contact
with water; and fourth reduction or elimination of the
snalls which are essential to transmission of

schistosomiaslis to man.



2.1. Mass chemotherapy.
The mass treatment of human cases sounds as promising
a measurce for control as any, but alone would not be
effective under the conditions presently existing in most
of the endemic areas reviewed by WHO in 1961, The lack of
a suitable drug has made mass chemotherapy in most

éndemic areas impracticable (Jordan and Webbe, 1969).

Lucanthone hydrochloride was first used about a quarter
of a century ago both in experimental animals and 1n
hunans (Archer and Dennis, 1969). It was the first
effective drug that could be given orally and it required
a shorter period for treatment than the classical
antimonial drugs (Rosi et al., 1967). Hycanthone, the

hydroxy-methyl derivative of lucanthone (Rosi et al.,

1965), shows considerable promise for the treatment of
S. mansoni infections, producing a considerable reduction
in egg output and a high cure rate. Many physicians
regard niridazole (Ambilhar) as the drug of choicec for
- S. haematobium and providing that S. mansoni and
S. Jjaponicum infections are early and confined to the
~intestinal phase, moderately good results can be expected
in treatment of these infections (Davis, 1966; Wolf, 1967;
Webbe, 1969; Farid et al., 1970). Metrifonate (Bilarcil)
18 the most interesting addition to the range of
schistosomicides seen in recent years. It is of mono-
spcecific activity in being effective only against

infections with S. hacmatobium, There is either minimal

or absent activity against S. mansoni in cxperimental.
models and in infected patients (Davis and Bailcy, 1969

Plestina et al., 1972). On the basis of therapcubic




i

cfficacy, cstimated population coverage, tolerancc, casc
of administration and cost, metrifonate was considered to
be marginally superior to niridazole and more so to
hycanthone in the trcatment of S. haematobium (W10, 1873%).
Jewsbury and Cooke (1977) reportced ficld trial results
which showed that metrifonate has a prophylactic effect,
e highly effective against 5. haematobium, 18 easy to

adninister and safe.

Webbe and James (1977) demonstrated that a new compound
Praziquantel (Embay 8440) exhibits a high degree of
activity against the % major schistosome species 1in the
hamster with no apparent significant differences 1in
efficacy against the different geographical strains of
the parasite. They noted that the efficacy of the
compound ‘against S. haematobium is significantly greater
than that of metrifonate. It is clear that, although
many compounds are known to possess schistosomicidal
activity, the approach of mass treatment has thce

- following limitations; first, multiple examinations are
necessary if all infected persons are to be found; but

‘since this is often impracticable, a large number of
cases are generally missed; second, inadequate treatment
due cither to failure of the patient to complete the
course of treatment or the failure of.the drug to cure

the patient; third, reinfection is common.

2.2. Sanitation measures.
To prevent contamination of snail-infested water by
schistosome eggs, it is important to provide the

community with a good systenm of sewage disposal. But,
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this is expensive to inslall and often requires
considerable modification of human habits. Again,

D. Janonicum can be maintained in non-human hosts
(Pesigan et al.,, 1958 and UH0, 1961) and S. mangoni is

also zoophilic (Ripgpin and Herrios Duran, 125,03 Vianna
Martins, 1958; Nelson, 1960:; Fenwick, 1969) so that
provision of a sewage disposal systcm probably would not
entirely prevent the contamination of snail-infested

water by schistosome eggs.

2.2. Prevention of contact with water.
It is true that schistosomiasis could be prevented if man

did not come into contact with infected water. Unfortun-
ately, most native populations, espccially children, come
into contact with infected water casually or through
agricultural practice, bathing and other household
functions. Provision of safe water for drinking, bathing
and domestic use goes a long way towards reducing human
infections, but this does not help the farmers who face
occupational hazards in that they are regularly exposed
to schistosome cercariae. However, cvidence from Brazil

(Barbosa et al., 1977) and South Africa (Pitchford, 1970)

suggests that provision of safe water will reducc the
prevalence of schistosomiasis. Jordan et al.. (1976) and
Jordan (1977) confirm this suggestion from longitudinal

studies in St. Lucia.

2.4, Snail control.
Various methods for snail control have been tried with
varying degrees of success. These include the exterm-—

ination of snails through biological, physical or
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chemical control.

2 4.1, Biolopgical control.
Although biological control has been sugemested from time
to time during the past 50 years (Bequaret, 1928;
Mozley, 1939), the subject has not attracted serious

consideration despite the extensive literature on the

predsators, parasites and diseases of molluscs which might
furnish leads for experimental investigations. Various
workers have discussed controlling schistosomc-~bearing
molluscs through the use of leceches and rotifers
(Michelson, 1957) dipteran sciomyzid larvae (Berg, 1955,
19643 Echblad, 197%; Beaver, 1974) turtles (Micheclson,
1957 and Hopkins, 1973) ducks (Cawston, 1921; Humphreys,
1932; Malone, 1965; Shiff and Mowbray, 1970) and various
fish (Mozcly, 1951, 1953%; Bowmaker, 1968; Andrade and
Antunes, 1969; Barnish, 1971; Blackburn and Sutton, 1971).

One of the few cases in which biological control seems %o
~have been effective is the successful introduction of

the ampullariid snail, Marisa cornuarietis (L) for the

~control of Biomphalaria glabrata (S8ay). The history of

the utilisation of Marisa for the control of Puerto Rican

B. glabrata has been amply presented and its biology has

become relatively well known (Chernin et al., 1956;

Oliver~Gonzalez et al., 19563 Radke et al., 1961; Bartelt,

1970; Blackburn and Sutton, 1971; Ferguson, 1972).

2.4.2., Physical control.
Physical control is a specific form of sanitation of the

water channels so as to make them unsuitable for snail
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life, This can be achicved by the removal of snail
habitat by destroying woater plants at lake and strecam
edges either manually or with herbicides and by
nodification of agricultural practice and water manage-~
ment techniques such as i1ncrcasing velocity of water,
stream straightening, canal lining and channel design
(Jobin and Ippen, 1964 and McJunkin, 1970). But this 1is
found to be expensive and becomes increasingly difficult

as new irrigation schemes arc set up (McMullen, 1961).

Some notable successes have been recorded, however, 1in

the Philippines and in Japan, where control of

irrigation water, proper drainage and better

agricultural practices have been instituted (Okabe, 1957;

Pesigan et al., 1958; Hairston and Santos, 1961;

Yokogawa, 1972). The Chinese under the guidance of the
Thoughts of Chairman Mao Tse-tung have scored greav
successes in .the prevention of schistosomiasis 1in

different counties throush environmental alterations. The

- methods used include soil burial, snail drowning,

2.“‘. 5.

'anti-snail belts' and burning of waterside vegetation

(Anon, 1968a, bj 1977).

Chemical control.

Chemical control is probably the most+rapid and feasible
procedure for the elimination of snails (VWebbe and
Jordan, 1966) and has the advantage that it controls
intermediate hosts of other discases (e.g. fascioliasis).
Japanese workers (Miyagawa, 1913, 1916) were the first to
usc chemical compounds such as calcium cyanamide for

snail control. Chandler (1920), in the United States of
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America, found that certain aquatic snails were killed
in 48 hours by a solution of copper sulphate as low as
1=2 ppm and sugcested that the chemical mirht be
cflective armainst schistosome-bearing snails. Since tThen
many countrics have adopted copper sulphate as a
molluscicide and it is still in use in somc countrics

(Venezuela, Egypt and Sudan). As a result of screcening

tests made on a series of compounds, McMullcn et al.

(1948) reported that sodium pentachlorophenate (1NaPCP)

was molluscicidal. McMullen et al.(1951) and McMullen
(1952) demonstrated that dinitro-o-cyclohexylphenol

(DN=-1) was highly molluscicidal.

New and more effective molluscicides have been introduced
into the field during the last two decades. According to
WHO (1973), two outstanding compoundé, niclosamide
ethanolamine salt (Bayluscide) and N~-tritylmorpholine
(Frescon) are currently the molluscicides of choice

against aquatic snails,

Niclosamide has the advantage that, although it kills

- snails, snail egis and schistosome cercariae, it is not
toxic to man and has limited biocidal effect (Gonnert

and Schraufstatter, 1959). It is non-corrosive, rcasonably
persistent but not residual, and is degraded by sunlight
into harmless drganic chemicals. Its disadvantapges are

1ts high cost and its lethal effcct on fish and some other
aquatic animals. N-tritylmorpholinec has the advantages

of being effective at an extremely low concentration and

having limitcd blocidal action (Boyce et _al., 1068).
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%« The ideal molluscicide,

Colwill (1957) defined the ideal molluscicide as one

thot remains effective in water at low concentrations for
a proloneed period of timc; it must be non-toxic To man
and warm-blooded animals and innocuous to fish and wild-
lifes; it must not repel snails and it must be cheap,
feadily available, easily transported, chemically stable
and preferably agrccable to handlc. He goes on to point

out that in practice all prospective molluscicides fall

short of this ideal. Furthermore, Duncan (1969) stated
that if the molluscicide is insoluble in water, it should,

if possible, be formulated as an emulsion concentrate or
wettable powder and that it should be non-phytotoxic as

far as crops are concerned, though herbicidal action 1in

irrigation canals could be additionally uscful.

When a compound is a new biocide it is essential To

investigate the possible hazards to man, domestic animals

and wildlife. This is usually done by exposing laboratory
~animals in standardised acute and chronic tests and

examining them for toxicological effects. Biochemical

studies are also usually conducted with the most actlve
compounds to determine the metabolic fate of the

compound,

Vright (1959) and Muller (1965) concluded that a better
understanding of the mode of action of molluscicides
mained through the study of hormone and cenzyme systems of
snails, may uncover some peculiarity in snail metabolism
or function which would lend itself to specific chemical

attack. In this way it should be possible to expand our
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knowledpe of Liochemicul mechanicmg and Lo design new

compounds,

The WO Scientific YWorking Group on Schistosomiasis
(1977) recommendnd that the senrch for nev agnd more
cffective compounds should be continued and listed a
number of selected resecarch subjects for early sttention.
Amongst these was included studies of mode of action,
molluscan physiology and biochemistry and molecular
modification and structure-activity relationships, all of
which presumably being aimed at improving molluscicidal

specificity if not achieving the ideal molluscicide.

4, Detoxication mechanisms,
The majority of foreipgn organic compounds undergo
definite chemical changes in the animal resulting in the
excretion of specific metabolites usually via the kidneys.
There are however, some compounds which are excreted
unchanged, i.e. biochemically inert compounds, although
they may be pharmacologically active (Brodie and Malckel,
1962). Excretion by other channels such as the expired
air, the bilec and the faeces, the saliva and the skin may
also occur. The type of change which occurs depends
primarily upon the structure of the compound but other
factors such as the species, route of administration and
diet may also be involved (Villiams, 1959). These changes
or biotransformations are usually divided into 4 main
types: oxidation, rcduction, hyvdrolysis and synthesis.
The first three arc many and varied, but in general
compounds of similar structurce are oxidised, reduced and

hydrolysed in a qualitativel: similazs manner. The
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synthesis reactions, or conjupation processes apvear to
be relatively few in number and are mainly recactions
1nvolving carbohydrates and amino acids. Whether or not a
given compound will undergo any of the above syntheses
wlll depend upon its possessing a particular chemical
group or "centre for conjugation". If the compound does
not carry such a group it may acquire one, for example by
oxidation or reduction. It has been found that some

synthetlic processes are confined to particular classes

of animals or even species,

To maintain a state of homeostasis the body must be
capable of excreting unwanted material. This may be
achieved through the kidney in the casc of unchanged
materials which are water soluble. Lipophilic compounds
do not leave the body by this route,meither because they
are bound to protcins or lipid in the blood and there-
fore cannot enter the glomerular filtrate, or having
entered the kidney tubules, they are rcabsorbed by the
lipid membranes of the cells lining the ducts. In order
to be excrcted, they must therefore be altered in the

- direction of incrcascd water solubility i.e. the
lipophilic compounds must be modified into derivatives
of greater polarity. It has been usual in the past to
refer to such mechanisms as detoxication mechanisms. This
15 not a complete statement of the case however, as the
metabolites can be more toxic than the original compound.,
For example, Davson (1955) found that in the body the

insecticide, parathion produces the more toxic compound,

paraoxan.
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The conventional view holds that drugs arce detoxificd by
ecnzymes of intermediary mectabolism which cannot
distinguish foreign compounds from their normal sub-
strates. The non-specificity of a series of enzymes for
the oxidation of foreign compounds would raisc an
ancillary question of how normally-occurring substrates
would be protected from attack by these non-selective

enzymatic scavengers. This problem appears to have been
met by the microsomal cnzymes (Brodie and Maickel, 1962).
It is said that the oxidative enzymes, despite their

low specificity have a predilection for forelgn compounds
and do not molest normal substrates even when these have
similar chemical structure.A possible explanation is that
the microsomal enzyme might be segregated by the lipid

- membrane of the microsome which can Dbe penetrated only

wille

by fat-soluble substances.

Again Brodie and Maickel (1962) found that a number ol
varieties of fish, both from fresh and salt water, cannot
oxidise drugs in vivo nor can their liver mlicrosomes
carry out in vitro the oxidative mechanisms of N- oT
O-dcalkylation, hydration, deamination or sulphoxidation.
After a series of experiments, they found that the fish
do not need the help of oxidative enzymes for disposal
of lipid soluble compounds for these compounds are
rapidly disposcd of by passive diffusion through the
lipoidal gill membrane. They stated that generally,
aquatic animals do not possess the same oxidative enzymes
as do terrestrial animals (reptiles, birds and mammals)
which have developed such mechanisms in the course of

evolution to dispose of lipid-soluble, unwanted
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substance inrested in food. I'or terrestrial animals,
without thesec enzymes, the forcipn substances would

gradually accumulate to toxic levels and life would

cCease,

5. Toxicity of molluscicides.

A nuch fuller. understanding of the toxicity of

molluscicides might be achieved if relevant information
on molluscan physiology and biochemistry were available.
An understanding of several basic phenomena assoclated
with the uptake of compounds would be helpful, for

example. This information might include, first, the

possible modes of entry of molluscicides from the aqueous
environment into snails and secondly the relationship
between chemical stfucture aﬁd biological activitye.
Thirdly, the identification of the target cells and (or)
tissues which are most vulnerable to the toxic action of
the molluscicides or their metabolites nmight be
established and whether the death of the mollusc results
from the effect of the chemical on such cells or tissue.
Fourthly, the mode of action of the molluscicilde which
causes lethality could be determined. These are some ol
the basic data that must be looked into belorc a more
rational approach can be taken in developing new
molluscicides which possess the desirable properties

of the ideal molluscicde discussed above.

5:1. .The possible modes of entry of molluscicides into snails.
Onec of the first clues to the character of living
membranes was supplied by Overton (1902). Since then

congsiderable evidence has accumulated in support of
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Overton's thesis that the cell membrane is mainly
lipoid in character (Gorter and Grendel, 1925; Parpart
and Dziemian, 1940; Davson and Danielli, 1952; Mayer
and Maickel, 1960). Recent evidence from elcctron
microscope pictures and X-ray diffraction patterns
(Singer, 1975; Singer and Nicolson 1972; Capaldi, 1074
ﬁas revealed -that all cell membranes (i.e. outer and
inner) are essentially alike, being composed of protein
and fatty acid substances and that lipid accounts for
about half of the mass of the membranes, In inner
membranes, the lipid is entirely phospholipid. Sub-
stances which are lipid-soluble might therecfore be
expected to pass into membranes by dissolving in them.
However, much remains to be learned before there can be
a good understanding of the relation between membrane
structure and membrane permeability.“For cxample, there
is the question of the nature of membrane pores; their
presence in the lipoid layer seems necessary vo explain
the passage of water and the ready diffusion of small,
lipid-insoluble molecules and ions across cell membranes
(Andersen and Ussing, 1957; Berliner, 1959; Paganelli and
Solomon, 1957; Solomon, 1958).

There is also the question of how certain inorganic 1ons
and lipid-insoluble molecules, such asg glucose and amino
acids, rapidly cross the cell boundary. Giese (1959) has
discussed the factors which may influence movements of
solutes through ccll membranes. Amongst these he includes
the effect of molecular size and ionisation. He pointed
out that charged molecules enter much morec readily than

ions. The cell membrane is accordingly envisaged as a
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mosalc of ﬁegativc and positive charges with a net
positive charge. An anion might, therefore, be expected
to enter more rapidly than a cation. The valency of an
ion will also play a part in its entry. The diffcrences
which are rcecorduble between entry rates for various 1ons
of the same valency could be explained by hydration of

the ion which will alter the size of the various

particles. The entry of such molluscicidal ions as COpper
may be catalysed in this way, though as will be seen

later, Azevedo et al., (1958) provide an alternative
explanation based on their finding that radioactive

copper appears to be concentrated and absorbed through

the intestinal tract.

Schanker (1962) concluded that the ways by which solutes
move across membranes may be grouped-into two general
categories, passive transfer proccsses, and specialised
transport processes. In the passive transfer processScs,
the membrane bchaves as an inert solvent 1a¥er or system
of aqueous channels through which the solute passes and
thus many substances can move across the membrane by
cither simple diffusion or filtration. In specialised
'“transport, the membranes display an active character,
transporting the solute in a manner that cannot be
explained by the structure or physical properties of the
membrane; the substances passing through the membrane

by either active transport, facilitated diffusion,

exchange diffusion or pinocytosis.

Duncan (1969) reviewed the methods or routes by which the

molecules might enter the body of the snail as follows:
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5.1.17. Ingestion with food and water followed by transport
across the gut wall. This may be the case with
molluscicides formulated as very fine particles as was

indicated by Hopf et al.(1963) for copper conmpounds of

low solubility.

5¢1.2., The ingestion of particulate matter by the outer surface
cells of mollusc mantle is reported by Nakahara and
Bevelander (1967). The mantle epithelium of the calico
clam, lHacroscollista maculata, was seen to ingest
colloidal gold and carmine particles. Using colloidal
thorium dioxide (thorotrast) and electron microscopy,
these authors have also observed a similar phenomenon in
two related species of bivalves, Pinctada radiata and
Isognomon alatus.

5¢1e5s Alternatively, chemicals could pass through the external

| membrane . of the'snail as molecules rather than particles.

Harris (1960) has outlined the ways in which this might
occur. He states that the passage of molecules or ions
from a solution into a membrane when no chemical forces
operate, 15 a consequence of the collision between the
particles and the membrane which gives rise to a certain
surface concentration followed by diffusion within the
membrane material. Somers (196%) working on uptake of

copper fungicides into fungal spores reported that the

uptake of Of

Cu by the cells is probably an ion-exchange
reaction which is followed by pefmeation throughout the
cell. There was no evidence of an adsorption process and
copper 1s therefore considered to be accumulated

passively by the spores by unspecific reactions with cell
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D),
constituents, Cheng and Sullivan (1974) using 6‘7Cu
revealed that the accumulation of copper intermingled

with mucus on the surface of the foot rerion of

B. plabrata is probably not the primary site of entry of

the metal ion. On the other hand, the accumulation of

cooper of the surface of the rectal ridge appears to be
of significance since copper in the aqueous environment
is brought into contact with tissue by the water current

entering the dorsal mantle chamber, and it is postulated

that this area may be the site of entry.

Structure~activity relationshipse.

Drug action had previously been correlated with partition
coefficient (Overton, 1901) but it is only in the las?
twelve years that serious attempts have been made to
quantify relationships between physidochemical properties
of compounds and the biological responses they eliclt. In
this way, not only the mechanisms of action might be

explained but the activity of unprepared congeners may

also be predicted (Dunlop, 1976). Pree and Wilson (1964)

suggested that biological activity is an additive

property of the substituents on a molecule. Everytime a

substituent appears in a molecule it is assumed that 1%
will play a constant role either contributing to or

detracting from the overall biologicai activity.

Dixion (1948) found that the greater the electron with-

drawl from the halogen atom, X, in compounds of type
O

1

R-C—CHEX s The more active the system will be as a

lachrymator and thus the more reactive it will be towards
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sulphydryl groupings. De Villiers and HMackenzie (1963),
applying the same argunment to the molluscicidal asctivity
of the phenacylhalides, proved that phenacylbromide 1S
more active than phenacylchloride, This is also the case
with two p-iodo-phenacyl conmpouanuds and two
m-nitrophenacyl derivatives. They conclude that

increasing thepositive nature of the halogen atom,

elither by going from chlorine to bromine or by the

corrcct substitution on the phenyl ring, increases the
molluscicidal activity. Similarly, Wain (1963%) made a
systematic investigation, of the cffects on herbicidal
action, of replacing the -NO, groups in
DNC(2:4-dinitro-6~-methylphenol) by -CN. A number of 2-
and'4-hydroxybenzonitriles were subsequently synthesised
and their activity as weed killers was asscessed by
standard methods. In general, only poor performance was
shown by derivatives of salicylnitrile but a number of
compounds derived from 4-hydroxybenzonitrile were shown
to possess outstandins herbicidal activity and moderately
good molluscicidal activity; c.g. 335-diiodo-4~hydroXy-
benzonitrile (ioxynil) and the 3!5-dibromo analogue
(broxynil). Dunlop (1976), examining quantitative
”structure-activity relationships between molluscicidal
activity and the physical and chemical propertles ol
nicotinanilides, revcaled a positive correlation between

molluscicidal activity and partitioning.

5.3. Distribution ol molluscicides among organs.
Little work hos been done on this line of investigation,
which could be an important one in providing clues as to

the mode of action of molluscicides. Application of
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radiotraceor methods can tell whether compounds

accunulate in any particulor tissue or cells and the rate
of accumulation in the various organs might also be

related to molluscicidal efTlect,

Azevedo et al.(1958), using radioactive sodium oxrtho-

phosphate, showed that the radioactivity of the soft

parts of the snail was x4 that of the shell. Using

O

!
solutions containing 52P, 1271 and °cu they succeeded

in showing by mcans of autoradiographs of
Helisoma duryi tissue, that the radiocactive compounds
were absorbed by the intestinal tract and became diffused

through the various organs, with a tendancy to accumulate
in the hepatopancreas. Duhm et al.(1963), using
140-niclosamido, found that storage of activity could
not be established in any organ of the rat, not even
following rcpeated application. Less than C.5% of the
applied activity could be traced in the animal 48 hours
after the final application. Of this 0.5%, the greater
part was found in the gastrointestinal tract. Somers

(1963%) and Martin (1969) uscd radioactive copper to show

that fungal conidia may concentrate copper by a factor

of up to 100-fold over that in the immediate environment.

Beynon (1971), using Rasbora spp., related the build up

.
of 14

C-Frescon (up to x50 the actual concentration in tThe
water in 4 hours) to the filtration of the solid particles
of the chemical from the water by the gills of the fish.
Matthiessen (1977), using Sarotherodon mossambicus, found

that after 55 hours exposure to a sub-lethdi solution of

Frescon, approximately 40% of the Frescon was found 1in
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the bone, 16% in the muscles, 16% in the gut and 10% in
the gill, He suggested that the relatively high

concentration found in the bile, liver and gut indicates

that liver is involved in Frescon excretion.

Action of nolluscicides.

The process leading to the production of energy l1.e. to

the synthesis of adenosine-5'-=-triphosphate (ATP), starts
in the cytoplasm with the biotransformation of glucose to
pyruvate. Energy production and biosynthesis are also
required for growth. Lower molecular weight compounds
such as amino acids and purines are produced in the
cytoplasmy protein synthesis takes place in The ribosomes;
DNA in the nucleus and RNA partly in the nucleus and the
renmainder in the cytoplasm. Kaars Sijpesteijn (1970)
sunnarised the process which leads to the production of
ATP into four main stages; first, alteration of glucose

to pyruvate, second, oxidation of pyruvate to carbon

- dioxide via the tricarboxylic acid cycle (TCA cycle),

third, hydrogen or elecftron transfer via flavin enzynes,
cytochromes and cytochrome oxidase to form water using up
oxysen and fourth, oxidabtive phosphorylation to form}the
energy rich compound, ATP from adenosine-5'-diphosphate
(ADP). These four processes are coupled in such a way
that inhibition of any of them leadg'to inhibition of

respiration as well as inhibition of ATP production.

Brand et al. (1949) surveyed 72 compounds for their

inhibitory effect on the oxygen consumption of
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Australorbis plabratus ( = B. glabrata ). They could

[
i Aol el - el
syl 2 B T B i Rt e il il e

distinguish 4 types of rcaction: no effecty; transitory
inhibition; slow inhibition, rapid and lasting
inhibition. But, due to the sharp initial retraction

of snails into their shells and the implications of this
retraction on oxyren uptake, the mode of action ol the
éompounds could not be ascertained with certainty. There

were some indications however, that enzyme inhibition

is involved in the latter two reaction types listed
above. The most effective inhibitor reported by them was
a-nitrostilbene which, at a concentration of 10 ppm,

reduced oxygen consumption by more than 99%.

Wain (1963), investigating the mode of action of the
3!'5-dihalopgeno-4-hydroxybenzonitriles as herbicides found
that these compounds were strongly active in uncoupling
oxidative phosphorylation. Since this property is shown
also by 2}4-dinitro-6-methyphenol and pentachlorophenol,
both of which are well known molluscicides, he examined
~them for molluscicidal activity and found that ioxynil
had a L050 of about 0.5 ppm and broxynil about 2.0 ppn
‘when tested, as their sodium salts, against B. glabrata.

D+2. Mode of action of some molluscicides in current use.
5.5.1. Sodium pentachlorophenate (NaPCP).
Weinbach (1954)'suggestcd that the molluscicidal activity
of pentachlorophenol (PCP) is due to the interference with
the oxidative phosphorylation process. He indicated that
it is a powerful uncoupler of oxidative phosphorylation
in both snail and rat tissues. Weinbach and Nolan (1956)

found that PCP, unlike 2,4-dinitrophenol (DNI’), inhibits



the AlP-ose activity in a varicty of mitochondrial

preparations including 'soluble systems'. Ishak et al.

(1970) revealed that the activity of NalCP is due to its
uncoupling action when used in low concentrations (3% ppm)
but at higher concentrations (above % ppm) this could

be attributed to the inhibition of the glycolytic

pathway.

Debe.2. Copper compounds.

Hopf et al.(1963) tested various copper compounds of low

solubility and found the activity increased with
decreasing pH. It was concluded that toxic action was duc
to cupric ion (Cu2+). Martin (1969) also sugrested that
some copper compounds probably act via the cupric ion
wvhich means that cuprous oxide must bec oxidised before

‘becoming effective; the mechaaism, erzymatic or otherwisc,

by which this is done is unknown however.

Ishak et al.(1970) found that the oxidation of various

substrates by homogenates of B, glabrata was inhibited

by concentrations of copper sulphate at micromolar levels
but that neither pyruvate nor a-ketoglutaratc wvere
finvolved. Kaars Sijpesteijn (1970), in a review of the
mode of action of agricultural funpgicides, suzgests that
copper ions might be fungitoxic throuzh interference with
pyruvate dehydrogenase. Although copper sulphate has been
shown to i1nhibit oxygen uptake by some funral spores at
concentrations that just prevent germination (McCallen

et al., 1954) there do not appear to he any studies on

whether pyruvate or a<ketoslutarate accumulates in fungi

treated with inorimanic copner. Corbett (1974) concluded
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that the inhibition of dihydrolinoyl dchydrogenase, and
hence the pyruvate (and possibly a=ketorlutarate)
dehydrogoﬁase svsten, provides a nossible cxplonation of
the effecct of cupnric ions on fungi, bul that other

nechanisme may oncrate au well.

I copper does work by inhibiting keto-acid oxidation,
onc would expect coponer salts to be generally biocidal.
However, possibly duc to laeck of uptalie by higher plants
and. insects, inorganic copper salts are not widely used
to control pests other than fungi, though copper sulphate
has bcen used as a selective herbilcide and algicide
(Martin and YWorthing, 1972) besides its use as a

molluscicide.

5.5.5. Organotin compounds. .

Trisubstituted-tin compounds, whose activity and mode of
action has been reviewed by Faars 3ijpesteijn et al. (1909)
are thought to work by inhibiting oxidative
phosphorylation. This is mainly based on the cvidence by
Aldridze and Street (1971) that these or related compounds
are active inhibitors of oxidative phosphorylation 1in

isolated mammalian mitochondria. There is evidence thab
triethyltin inhibits AT? synthesis by binding to a
conponent of the energy conservavion mechanisn, aﬁd by
interfering with the exchanpge of hydroxide ions and anions

across the mitochondrial membrane (Rose and Aldridge,1972).

5.5.4, Niclosamide.
GBnnert and Schraufstdtter (1958) showed that the

concentrations of niclosamide which are lethal To snails
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strongly inhibit oxygeon uptake by the whole snail, while
lower concentrations were found to stinulate respilration
by up to 40%, Ishak ct al.(1970) explained the
molluscicidal activity of the molluscicide on the basis
ol its powerful inhibilory action on the oxidative
processes of the snail. They showed that it stimulates
fQSpiration at very low concentrations (0.0000%3% ppm) and
that at a concentration of 0.% ppm it inhibits succilinate
oxidation by 4%%, glutamate oxidation by 70% and rcduced
tetramethylparaphenylene diamine (TMPD) oxidation by 155
Later Ishak and Mohamed (1975) confirmed the inhibition

of the respiratory rate by niclosamide and they were able

to demonstrate that sub-lethal concentrations markedly

recduced the respiration rate and that the rate of oxygen
consumption decreased at increasing concentrations of

il

the chemical,

De5.5. Frescon.
Beynon (1971) stated that Frescon breaks down readily to
- form triphenylcarbinol (TPC) and morpholine 1n water,
soil and plants and thal these compounds are known to be
_‘Of a low order acute and sub-acute toxicity to mammals. |
Both Frescon and TPC are lipophilic but they will not be
stored in animal fat since mammals convert them to

hydroxylated derivatives which are readily excreted.

Brown and Hubble (1969) associated the toxicity of
Frescon with the N-tritylmorpholine molecule rather than
with the hydrolysis products, TrC and morpholine. Beynon
(1971) found that the metabolism of Frescon itself in

rats and dogs was similar to that of a mixture of TIC and
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morpholine and he sugrested that it ig vrobable that
Frescon 18 hydrolysed in the gut prior to adsorption.

The morrmholine is excreted larcely unchanesed in vrine but
TPC is metabolised mainly by hydroxvlation in the npara-
position followed by conjucation with glucuronic acid,
These conjupates are hydrophilic comnounds unlike I'rcscon
which is lipophilic. Moreover, Griffiths (1288) found
that I'rescon is more toxic to rats when adninigtered
intravenously than orally and this may be due to gastric
acids speeding up the hydrolysis rate. He also showed that
the mammalian liver can hydrolyse Frescon and that traces
of hydroxycarbinols could be dctected as metaboli?es both

free and conjugated.

Z .
1LC—Froscon, Beynon (1971) sugrested that 1ts

Using
metabolism in fish would probably occur with longer
exposure times, as he was able to identify only unchanged
Frescon in fish exposed to treated water for 30 minutes.
Similarly, using thin layer chromatography (TLC) on
ether/ethanol extracts of fish exrosed to 140—Frescon for
50 minutes, Griffiths (1968) showed that the material

in the fish was unchanged, since the radioactive peak
Co-chronmatographed with unlabelled Frescon. He also
reported that the rate of removal of Frescon or 1its
metabolites from the fish body appears to be slower than
1n manmals, possibly due to the inability of the fish to
convert Frescon and TPC to more hydrophilic compounds and
thls may be due to the absence of drug-metabolising

enzynes in fish as has been reported by Maickel (1960)

and Brodie and lMaickel (1962).



It seems that I'rescon docs not dircctly affect
respiration like many other molluscicides c.p.
niclosamide and pentachloronhenol by interfering with
oxidative phosphorylation and it appecars more likely
that it acts on the nervous system of the snail (hell
Chemicals, 1974). It was added that Frescon appears to act
on the synapses, either by increasing the amount of
transmitter-substance released from the presynaptlc
terminals, or by potentiating the action of the trans-
mitter at the post-synaptic cell membrane. It is not yet
known whether the actual concentrations of Frescon

required to producc thesc e¢ffects on the isolated nervous

system can account for the molluscicidal activity in
Frescon. Moreton and Gardner (1976) have suggested the
nervous system as a possible site for Frescon action 1in
freshwater snails. They showed that I'rescon modifies the
action of synaptic networks so as to cause intermittent
massive discharges affecting the entire nervous systen.
These "Frescon bursts" were shown to occur after a ninimum
of 10-20 minutes in nerve cells from the visceral or

right parietal ganglion of the isolated central nervous

system of Lymnaea stagnalis exposed to 10 ppnm of

molluscicide, Banna (1977) working on both Archachatina

-

and Bulinus was able to denmongstrate these "I'rescon

bursts" in some neurons together with the inhibition of

normal activity in others. Accordingly he sugsested Lhat

the chemical may also be affecting the interneuronc pools.

6. Present work.

It is evident from the above survey that o larme amount
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of information exists on the different asmects of the
nechanisms of action of molluscicides. However this
information is diffusc, lacking the coordination in
dircction and continuity which would help in achicving
a better understandin of the sugcepbtinility of molluscso,

aquatic biota or domestic animals to molluscicides.

With the above points in nind, the present study was nade
in order to examine the difference in susceptibility
between the schistosome~bearing snail, Dulinus truncatus
and a representative tronical food fish, Sarothcrodon
mossambicus to two molluscicides; Frescon, which is known
to be toxic to both snails and fish at morec or less the
same concentrations and 4'-chloronicotinanilide, a
candidate molluscicide which is relatively non-toxic to

fish (Matthiessen, unpublished).

The ratio of uptake and loss of the two compounds were
studied in order to find out whether these rates influencc
~nolluscicidal activity and alco whether they are the

cause of the difference in susceptibility betvieen the Two
svecies, It is also essential to study their metabollism
in order to determine the naturc of their metabolites

and whether they are excreted or retained in the body.

The rclative susceptibilities to ifrescon of wvarious

sroups of B. truncatus collected from the Gezira were

also examincd and the implications of these results on

future agpplication of Frescon in the Gegzira are discussed.
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CHAPTLR 2

MATERTATS AND METHODS
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MATERTAL 3 AND MWTHOD3

1. Molluscicides.,

1.1.

1.2.

Te2.

Strictly speaking N-tritylmorpholine or N-triphenyl-
methyimorpholine is the active ingredient of the
commercial emulsifiable concentrate formulation, Irescon.
The namcs are often used interchangeably, however, as

they are in this text.

N-Tritylmorpholine (IFrescon).
N-Tritylmorpholine was kindly supplicd as a 16.5% w/V
emulsifiable concentrate (Frescon F{ 28) by Shell

Rescarch ILtd., Sittingbourne, Kent; sample FC 5750.

Radioactively-labelled N-tritylmorpholine (BHuFroscon).
Radioactively-labelled N—tritylmorpﬁolinc, (N-triphenyl--
methyl[?—ag]morpholine), with universal tritium label in
the morpholino ring was also supﬁliod by Shell Research

Ltd. (Specific Activity = 21.85 uCi/mg on st June, 1974) .

4'-Chloronicotinanilide.

- This compound was preparcd by slowly adding nicotinyl

1.4,

chloride~hydrochloride to 4-nitroaniline in a minimum of
dry pyridine and refluxing for 90 minutes. The precipitate
7(:*’)

gave a satisfactory elemental analysis (C,H,N + 0.%%

(Dunlop, 1976).

4'-Chloronicotin Ea_r_'_-af-{] anilide ( 511-—4 ' .chloronicotinanilide)
This was synthesised by an acid catalysed exchange reaction
between tritiated water and the substitutcd aniline,

followed by acylation with nicotinylchloridc. The chemical
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Qoo

had chemical and radiochemical puritices>99w (Specific

Activity = 47,0 uCi/mg on 21st August, 1974.) (hunlop,1976).

Other radioactive compounds,
A
n- E, E(n)-)fﬂ hhexadecane,
Tritium labelled n-hexadecane (Specific Activity =
2.27 uCi/cm on 1st December, 1973) was obtained from The

Radiochemical Centre, Amersham, Buckinghamshirc.

8 ] 7
Tritiated water ()H20).
This was from stock from The Radiochemical Centre,

(Specific Activity = 11.2 mCi/ml on 15th March, 1977 )

Scintillation materialse.

Insta-gel and Dimilume-30 (universal liquid scintillation
scintillants) and Soluenc-350 (tissuc solubiliser) were

obtained from Packard Instrument Ltd., Caversham, Berks.

Chromatography materials.
Silica gel GF(250 microns) precoated analytical thin
layer chromatography platcs were obtained from Anachern,

Luton, Bedfordshire.
Reagents and solvents.
All reagents and solvents were of analytical grade and

were obtained from British Drug Houses Ltd.,Poole, Domscv..

Animals.

Bulinus truncatus (Audouin).

These were collected from two different locations; from

Hebeika canal in the Frescon-—treabodl arca of the Gezira
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Scheme, Sudan and from Abu Cucli conal in the non-treater

arca of the game schene,

Goe Ziomphalnria slabratn (Hay).

”WW“# MHM
his dg a Brazilior otroin reared wndor stondond comditaions
(Duncan and Broun, unpubliched). his snail replaoced

sulinus Pruncatus in one OXporiment on the distribution of

radiocactive material among organs. This was considered

acceptable since they are of the same family though it is

also recognised that species differences may occur.

Physa acuta (Muller).

The strain originated from the YWonji-Shoa Sugar Plantation,
Ethiopia and has been bred in London at the C.0.P.R.

for & years,

6.4, Sarotherodon.mossambicus (Peters).,

This is a laboratory bred strain (= Tilapia mossambica
(Peters)) originally obtained from the lMalaysian

Agricultural Research and Uevelopnent Institute, lalacca.

6.5. 3chistosoma haematobium (Veinland) miracidia,

These werc hatched from egns collected from the urinc of

infected schoolboys in Kereiba Villaze, Gezira, Sudan.

7+ Rearing methods.
7+1. Bulinus truncatus.
the two collections were bred separately in identical
perspex aguaria containing 9 litres of an aerated,
artificinl hard water (AHY : 0.104 sm CaCl and 0.26 gn
e 04.7H20 per livre of distilled water (Hopl and Muller,
1962)) at 25°C and under fluorescenlt licht oun a
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12 hr/12 hr diurnal cycle. 1o rear the snails for experi-
mental use, about 200 adults were transferred to a new
tank for about 24 hours and then removed apain, leaving
bchind c¢gr masses whose are was therefore known within
1 day. The epgs beman to haleh alter O days and the
hatchlings were fed on small additions of ground Tetrallin
fish food (Tetra ‘erke, \Jest Germany). When the snails
werc 10 days old, 100 snails were moved to a new tank and
from then on were fed on dried lettuce twice a week with
frequent additions of Tetralin fish food. This method
arranged that all snails in any one aquarium werc of the
same age, presumably in the same physiological condition
and morc or less of the same size and weight. The
relationship between the shell height and body weight was
examined. The shell height was measured at the greatest
distance between the basal margin and the uppermost point
of the shell, the apex, taken parallel to the axis
(Mandahl-Barth, 1962). It is evident from Fig. 1 and
Appendix 1 that a curvilinecar relationship represented

0 exists (where a =

by the biparametric equation y = aX
0.16 and b = 3.08) and that a straight line relationship
seems best sabtisfied by vlotting logarithms of the Two

parancters (Fig. 1a).

7+2. Biomvhalaria glabrata.

Wrallifipey, s svlupagerer il gpenpiiiiiapiiaiplaranly

These were cultured at 26°C and under fluorcscent light

on a 12 hr/12 hr diurnal cycle. About 100 snails wereﬁput
into & litres of ANV when they were 3-4 days old, fed on
boiled lettuce and provided with under-gravel and alrlift

filtration through charcoal (Duncan and Brown,

unpublisched).
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7.%. Sarotherodon mossambicus.

These were rcared and bred under standardised laboratory
conditions (Matthiessen, unpublished). A maximum of 10
adults was kept in a 30 litre glass aquariunm throupgh which
pre-hcated (2?—28003, dechlorinated and air saturated
London tapwater (total hardness = 291 mg/l as Ca005,

pH = 7.9-8.0) was pumped at a rate of 6 litres per hour.
The tanks were illuminated by fluorescent light on a

12 hr/12 hr diurnal cycle. The [ish were fed on Main
Stream Trout Diet, 3tandard 2 expanded, pellets

(BP Nutrition Ltd., Witham, Essex). For the first four
weeks, after the fry have been removed from the female,
they are kept 1n 20 litre perspex tanks at a density of
about 5> fish per litre. The fry were fed on ground Trout
Diet twice a dsy. All the fish used were the first

generation descendants of the original stock.,

8. Flow-cell apparatus.
In order to expose snails to radioactive molluscicides
under constant conditions of molluscicide concentration,

oXygen tension and temperaturc, the flow-cell apparatus

described by Duncan et al.(1977) was uscd.

The apparatus (Fig. 2) consisted of a cylindrical glass
cell 5 cm high x 2.5 cm diameter. A glass tube with a
bell-shaped cnd was clamped so as to stand 1 nn avay fron
the bottom and sides of the cell. Another glass tube whose
end had been turned through 90°, was held within the first
tube by a polythene collar. The exposure cell was held
level with the tops of the two brown-glass, Winchester

bottles. A peristaltic punp was used to drive o1 in to
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displace water from one of the bottles and so into the
cell, The alr line passed almost to the bottom of the
Winchester thus helping to keep the water acroted. After
passing downwards under the bell, the water was ovacuuated
through the stainless stecl tubing by neans of a second
peristaltic pumplset to work slightly faster than the

- first. A three-way tap was employed to redircct the air
flow to a second Winchester bottle which contained the
molluscicide soluticn so that the molluscicide was passed
into the ccll. The cxposurc cell was replicated 10 times

and the entire apparatus (Fig. 2a) was contained in a 135

litre water bath which was maintained at constant
temperature by means of 6 thermostatically controlled
heaters distributed evenly on the bottom of the bath, and

2 electric mixers, one on cach side of the bath, to

distribute the heat ecvenly.

Je. Measurement of radioactivity by the Liquid Scintillation

Counting method.

9.1. Introduction.

Llquid scintillation counting is a method of assessing the

14

. o & » * " 7
radioactivity of beta-emitting isotopes (e.g. )H, C,

52?). The samples arce dissolved in a solvent containing

a solute that fluoresces or scintillates when excited by
beta-particle energy. Solubiliser may be necessary in
order to dissolve some samples and the whole mixture is
termed a 'cocktail'. Since the radioactive sample is in

intimate contact with the cocktail constituents, the

cfficiency of the energy transfer is maximised. The beta

particles excite the solvent molecules which in turn

transfer the energy to the scintillator resulting in the
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production cf photons of light which pass throupgh the
wall of the vial containing the sample to be detected and
converted to electrical pulses by photomultipliers. The
pulses produced are proportional to particle energy and
are sorted into channels by gnalyser units incorporating

pulse height discriminator circuits.

With experimental samples, a number of undesirable effeccts
occur, These include interference with the gcample-~
solvent-scintillator encrgy transfer mechanism by

chemical substances (e.g. dissolved oxygen and solubil-
isation chemicals) or the colour of the solution
absorbing cmitted lipght. The result of these cffects 1is to
cause a reduction in the detector photomultiplicr pulse
height voltage, resulting in a shift of the pulsc height
spectrum as observed by the system. analyser circuits.
These effects arc termed chemical and colour quenching

respectively.

9.2. Sample preparation for Liquid Scintillation Counting.
9.2.1. Combustion.
Alter exposure to labelled compounds, whole adult
| B. truncatus and fry S. mossambicus were removed from the

solution, blotted dry, weighed and mcasured, then wrapped
in a small pilece of tissue and folded into a Packard
'Combustocone' ‘and immediately burnt in a Packard model
205 Oxidiser set to wash the condenser with distilled
water (1 ml) and add Instagel scintillant (14 ml) to a

scintillation vial.



-7 -
9.2.2. Solubilisation,

Weighed portions of various tissues of 5. mossambicus

and B, mlabrata were placed in counting vials and
Soluene-350 (1 nl) was introduced into ecach vial which
was kept at 289C for 24 hours., 1o case the solubilisation
the  vials were frequently agitated. Dimilume (14 ml) was
ﬁhen placed in cach vial and the samples were left

to stand over night. Dimilume is a commercial

scintillant which also suppresses chemilumincscence.

9.%. Liquid scintillation spectrometer.
The samples were counted at 125 + 1°C in a Packard

model 2425, liquid scintillation spectrometer using the
automatic external standard ratio method to correct for

quenching,

9.4. Quench calibration.
The model 2425, liquid scintillation spectrometer
incorporatcs an external gamma-ray ecmitting source
(266Radium) in a shielded compartment which is auto-
matically positioned close to the vial for quench
# calibration. the ganma source ilnteracts with the solvent
and scintillator and gives rise to a spectrum of photon
energles very similar to the 5H beta spectrum, The
emission spectrum due to the external source is affected
by quenching agents in a similar vay to that of the
sanple beta source and this fact is employed in
developing an automatic quench correction for experi-
mental samples., Calibration curves of counting

efficiency versus external standard ratio (Z3R) are

generated as described below.,
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9.4.1. Combusted sample preparationg.
Different volumes of distilled water (0.25, 0.%0, 0,75,
1.00, 1.25, 1.50 and 1.75 nl) werc pivetted into scparate

vials and Insta-gel (14 ml) was added to cach vial. An

7,
1nternal standard or 'spike' of 50 pl of “ll-n-hoxadccance

(100% efficiency = 174010 disintegrations per minuto
(dpm)) was then introducéd using a microsyringe.(GKi Sharlow
Meterology Ltd. The samples were then counted in the
Specfrometer. From the counts per minute (cpm) obtained
for each vial the % efficiencies were calculated

cpm x 100
174010

% Efficiency =

The calculated % efficiencies were then plotted against
the external standard ratio obtained for each vial
(Appendix 2). The result s shown in Fig. 3 was a linear-

o el

relationship represented by the equation

y = 0,0644 + 0.0150x

9.4.2. Solubilised B. glabrata.
Eight snaills vere crushed in 8 ml of Soluene-350 and kept
at 28°C for 24 hours. Diffcrent volumes (0.25, 0.50, 0.75,
1.00, 1.25 and 1.50 ml) of the solubilised samplc were

pipetted into separate vials and 14 ml of Dimilume werc

added. A spike of 50 pl 5H-—n-—hexadecano (100 efficiency
= 179445 dpm) was introduced using a microsyrinne. Single
snails were also crushed and solubiligsed in 1 ml of
Soluene-250 and treated in the samc‘mannor. The samplceg
were then counted in the specctrometer. From the cpm
obtained for each vial the % cfficiencies were calculated.
and these were plotted against the L3R obtained for cach

vial (Appendix 2a). The result as shown in Fir. 3a is a
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linear relationship ropresented by the cquation

y == 2#57 4 59-21:{

Solubillised 3. mossambicus,

. mossamblcus was disseclted and between 0.1 and 0.6 gm

of various tissucs werc placed in counting vials. 5ix nl
af Solucne=550 were introduced into cach vial and the
tissues were left to solubilise at 28°C for 24 hours.
Varying amounts (0.25, 0.50, 0,75, 1.00, 1.25 and 1.50
ml) of solubilised tissue were pipetted into separatce
vials. Dimilume (14 ml) was placed in each vial followed
by 50 pl of 5H—n—hoxadecane (¢ efficicncy = 182004 dpm)
using a microsyringe. The samples were left overnight to
reduce chemiluminescence resulting from the interaction
between the solubiliscd tissue and the scintillant (Peter
Matthiessen, personal comnunication) and were then
céunted in the spectrometer. From the cpm obtained for

cach vial the % efficiencies were calculated.

It is evident from Fig. 3b that a linear correlation 15

best obtained when the logarithm of the calculated %

efficiencies were plotted against ESR obtained for cach

vial (Appendix 2b). From the reclationship the %

efficicncy can be calculated by the equation

% efficiency = antilog (0.734) (ESR) + 1.072

Recording of gsnail activity.

Time-lapse cinematography is one of a number of techniques
which can be used to record animal activity. Single snails
were held in 4.5 mm petri dishes partially submerged in a

water bath at 2700, while groups of 6 snails were held
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in rlass vials (gimilar to those used in the flow-cell
apnaratus) through which water was made to flow by mcans
of a peristaltic pump (Watson-larlow Ltd.). In owrder to
differentiate individual snails in each cell, btheir shells
were painted different colours with a non-nnigsonous

enaﬁel (Humbrol, Hﬁll)(Fig. ),

Direct illumination was provided by a 100w bulb placed

1 metre from the water bath when a monochrome (Ilford

Mark V) 16 mm. motion picture safety negative was uscd

and by 2 photoflood lamps (Philips, Photolita No. 1)

placed 2 metres from the cell when Ektachrome (Kodak,

commercial film 7252) film was used. The heat generated by

the lamps was absorbed in a % litre round-bottom flask
filled with tap water and placed midway between the lanps

and the cell. )

Photographs were taken using a H16 Reflex Bolex camera
fitted with an electric motor drive (Paillard-Wild motor
MBF-A). The camera was triggsered at regular intervals

of 30 scconds by an electronic timing device (Paillard-

Wild variometre control unit MDF-B).

The films were developed by Filmatic Laboratories Ltd.,
London. A rcmote controlled motion analysis projector
was used for the analysis of the snail’s activity. Lach
frame was projected onto a piece of paper, at right
angles to the projeccted image, and the position of each
snail was recorded. From the position of each snail on
consecutive frames the distance moved by each snail in

50 seconds could be measurcd.



Figure 4., Colour-coded B,truncatus In The Flow Cell,



10.2. tecording snail trails.
The method of Ullyot (1936), for recording the .dircction

of the movement of the flatworm, Dendrococlum lactcum, was

used with slight modifications. The bottom of the

aquarium was covered by a sheet of clcan glass on which
the snail crawled,rleaving a mucus trail. This mucus track
was normally quite invisible, but if the glass plate was
put into a suspension of fine mud, the fine particles
became entangled in the mucus, so that after gentle
agitation of the plate in the clean wabter the path traced
*by the snail stood out as a brown line. The plate was then
dried and photoprints were made from it to give a

permanent record (Fig. 5).

11. Thin laycr chronatography.

The plates were activated before use fy heating to 15000
for 4 hours. Using a spotting jig, test materials and
markers were spotted onto the plates 1.5 cm from the
bottom by means of a 10 pl micropipette. The plates were
run, in ascending mode, in closed tanks. The atmosphere
was equilibriated with the solvent by using a large area
-of filter paper round the inside of the tank and dipping
into the solvent. The solvent mixtures used routinely
for N-tritylmorpholine and its hydrolysis products werc
10% v/v diethylether in hexane or ethylacetate/diilso-
propyl ether (1:1, v/v) and for 4'-chloronicotinanilide
and 1ts hydrolysis products, 207 v/v cthanol in benzene
or dioxan/acetone (1:1, v/v). Ultra-violet light was used

to locate individual spots after the plates had been run.



Figure 5, Trails 0f B,truncatus,
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Infection of cnnils with 3. hnematobium,

L

Do truncatus was exposed to miracidia hatched fron

S. hoenatobium egss., The sample was rapidly washed, in

urine rflasks, several times with tap water until it was
a clear suspencsion. he suspension was translorred fron
the urine flasks into several petri dishes. The dishes
were left under artificial light for 1 hour at room
tenpcrature (20-2500) to stimulate hatching. The hatched
miragcidia were picked up with the aid of a Pasteur

pipette under a binocular microscope.

Snails (4.0-5.0 mm sheil height) were exposed scparately
to 5-8 miracidia in a 2 cm depth of water for 4 hours

at room temperature. The snails were rcturned to the
rearing tanks and 4 weeks later,they were cexamined for
infection; They were placed separatcly in glass tubes

(5 cm high x 2.5 cm diameter) containing 2 cn depth of
water (AHY) and cxposed to artificial iight for 6
hours at room temperature (McClelland, 1967) to stimulate
shedding of cercariae. The positive gsnails were grouped
together and transferred to new tanks. The rest were
tested every other day for about a month to see if they

were infected,
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Comparative Toxicity and Uvtake of N-Tritylmornholine

(Frescon) and #'~Chloronicotinanilide by B. truncatus

and S. moaasambicus.

Introduction,

Susceptlibility to molluscicides ic lmown to vary from
sfecies to species of snail (Shiff and Ward, 1966). It
15 of interest therefore, to know whether this is due to
different rates of uptake of molluscicides, their
distribution into various tissues, detoxication
mechanisms or simply a function of size or body weight.
N-Tritylmorpholine is a molluscicide which is used to

control schistosome-bearing snails (Boyce et al., 1966).

It is frequently applied to snail-infested water bodics
as a 16.5% w/v emulsifiable concentrate (IFrescon, TX 29)
1t has the advantage of being extremély effective av low
concentrations. The applied dosage however, depends on
the pH of the water since it is highly susceptible to
hydrolysis, to triphenylcarbinol and morpholine at acidic

pH (Beynon et al., 1967). The acute toxicity of Frecscon

to snails and fish (Tables 1 and 2) is variable and

~depends on the species as well as physical factors such

as temperature and pH of the treated water.

4!'-Chloronicotinanilide is one of a number of chemicals
developed by Dow Chemicals, U.S.A., as candidate
molluscicides (Ehrenford, 1969), It has been shown that
thesc compounds have low water solubility and low oral
toxicity to mice; and that they arc non-toxic to fish

(de Souza and Paulini, 1969). The LC.~ of #'~chloro-

50
nicotinanilide against B. glabrata after exposurc for
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Table 1. Toxicity of IFrescon to snails on 24 hra exposurce.

o Water pll Poxicity
Specles Refercnce and temp. (pom)
Riomphalaria oyce et al. PH 7.8, 219C LCq~=0.042
rlabrata (1065) LU5O=O.025
Biomphalaria Boyce et al. pH 8.0, 22°C L.Cqy=0.023
pfeifferi (1966) | LCSO=0.014
Riom. sudanica Webbe and pH 7.5-7.8, L090u0.078
tanganyicensis Sturrock (1964)  22°C-24°C L050=0.044
Bulinus(Physopsis) Vebbe and pH 7.5-7.8, LC5OmO.O9O

nasutus vroductus Sturrock (1964 ) 229%0-24°%

Bulinus(Physopsis Boyce et al. pH 8.0, 22°¢C L090n0.085

plobosus (1966) LC5O=O.O5O
Bulinus truncatus Boyce ct al. pH 7.8, 21°C LCon=0.100
(1966) Lc50=0.053

- 24 houré, was found by de Souza and Paulini (1969) to be
0.14 ppm and by Dunlop (1976) to be 0.37 ppm. Matthicssen
(unpublished) found that %200 the dosage required to give

anLCSO for B. glabrata is necessary to obtain a similar

LC5O for S. mossambicus,

The display of apparent selectivity is of great importance
because no other molluscicide shows such differential
toxicity between snails and fish, and it was therefore

chosen for study in view of this unique property.

2; Results.

2.7+ The susceplibility of B. truncatus and S. mossambicus to
Frescon and 4'—chloronicotinanilide.

Adult B. truncatus and fry of S. mossambicus were tested



Table 2. Toxicity of ¥rescon to fish.

Species

Cnrassius auratus

-G -

Reference

Docchieons -

Waber Toxiclity
DH & ( m)
tempe PP

T f ”(1 . £~
p}h 7.0 | LJ’]()O-().")()

I'loch (19068) (24 hrs)

Carassius auratus Shiff et al. pH 7.8, LCBO =0,07
(1967) 23°¢ (24 hrs)

Lebistes Shiff et al. pH 7.8, LCSO =0.25
reticulatus (1967) 239¢ (24 hrs)

Cyprinus carpio Willomitzer & pH 6.6, LC,nn=1.00
Lucky(1970) 21°¢ (10 hrs)

Rasbora Shiff et al. pH 7.8, ICgj, =0,05
heteronorpha (1967) 2%°¢ (24 hrs)
Sarotherodon Shiff et al. pH 8.1, LCgy =0.11
mossambicus (1967) ‘ 20°¢ (10 day)

(Tilapia mossambica)

under identical conditions against Frescon and 4'-chloro-
nicotinanilide. In all instances, dosage was calculated

as active ingredient.

The snails (6.5 mn shell heipght) and fry (17 days old)
were of the same body weight (40 + 1 mg). They werc
exposed in 200 ml of molluscicide solution preparcd in
acrated, dechlorinated tap water, pH 8.1, at 25°C. Ten
animals werc exposed singly at cach concentration so that
deadbor dying onimals could not affect the responsc of
others, After an cxposure period of 24 hours, the animals

were left to rccover for #3 hours in fresh tap water.

Death was presumed to have occurved in snolls when
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prodding with a secker clicited no response, while in fish
1t was agssessed either by their floating on the surface

or siﬁking to the bottom with commnlete inactivity. Controls
vere established for each test althouph 11 is noteworthy
that in fact no deaths cver occuried in controls fonr fish

or snails.

The dose-mortality data from cach test (Appendix 3) were
analysed using lom-probit plot computer nropgran (Scoppa,
1C72). The results are shown in IFigure 6; the lethal
concentration values and data describing the line fit are
given in Table 3,

Table 5., A comparison of the dogse-mortality data for

Frescon and 4'«chloronicotinanilide to bulinus
Egggggzgg_andLSarotherodon mosasambicus after

24 hour exposurc and 48 hour reccovery period.

frescon 4'-Cl-nicotinanilide

Pulinus Sarotherodon Bulinus Sarotherodon

truncatus mossambicus  truncatus mossambicus

ICeq (ppm)  0.03% 0.019 0. %0 52400
LCqyn (PPm)  0.060 0.021 O Ll 52400
Desrecs of -
- freedon 1,6 T4 145 T42
I' test 88,00 11.88 169,95 2% ¢33

‘-WMMWWM

Lt 1s found that the susceptibility of the two species

to Frescon and 4'-chloronicotinanilide differs
significantly (p = 0.05), the susceptibility of the two
specics to Irescon being of the same order while that of
De Mmossambicus to 4'=chloronicotinanilide is %100 <:that

of B. truncatus.
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2.2, The acclimatisalion pceriod in rclation to the activity
of snallsg.,
Yager and Harry (1964) reported that the uptake of metals
by B. glabrata may be in part a function of the activity

of the snailso. Duncan et al. (1977) shoued that The upvalc

of 4'-chloronicotinanilide by B. glabrata is influenced
by the activity qf‘the snails and that activity decreased
with time after a snail was placed in a ncew environment.
Thus, they allowed for an acclimatisation period of 2
hours prior to measuring the rate of uptake. It was
considered desirable to investigate this in more depth
before proceeding to the present studies on rates of
uptake. To establish the length of the acclimatisation
period required for snails, before exposure to
molluscicides, the activity of B. glabrata and

B. truncatus was studied under different conditions by

recording the snail's nucus trails and by timc-lapse

cinematography.

2elele Snall trails.
| It i1s apparent from the recording of snail's trails
(Fig. 5) using a modification of the method due to
Ullyot (1936) that the snails do not follow trails laid
by other individuals of the same species, This may be
secn by the trails crossing onc another instead of the

original trail being followed.

2e2.2, Time~lapsc cinematography.
he movement of single, and groups of, B. truncatus and
B. glabrata was recorded in 4.5 nmm diameter petri-dishes

containing static water and in cylindrical, glass tubes
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arranged with water inflow and outflow as in the flow
cell apparatus, in which the water was kept flowing at
the rate of 1 ml per minute by means of a peristaltic
punp. In subsequent eiporimcnts, the water flow was
increased to 10 ml per minute for 10 minute invcrva<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>