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ABSTRACT
The baseline levels of hepatic microsomal proteins of cytochrome P-450
monooxygenase enzyme complex of two economically important tilapia species,
Oreochromis! niloticus and Seratherodon. galilaeus. were measured and compared with
the levels of the enzyme in O. niloticus injected with J5-naphthoflavone (fI-NF) a
classical inducer of cytochrome P-4501A isozyme, and O. niloticus exposed to
effluents from Akosombo Textiles Limited (ATL-E). This was done in order to find
out if this enzyme complex could be used as a biomarker to determine the ATL
effluent effects on the fish species in the Volta Lake into which the effluent is

discharged.

The relationship between exposure to the pollutants and the health status of the fishes
was assessedlby measuring two biological indices - condition factor (CF) and liver
somatic index (LSI). Total protein concentration was determined by the Folin-Lowry
method. The activities of NADPH cytochrome P-450 reductase, a component of the
monooxygenase enzyme complex, were measured using reduction of exogenous
cytochrome c¢. Cytochrome P-450 enzyme activity was measured using
ethoxyresorufin-O-deethylase (EROD) assay which indicates specifically the induction

of cytochrome P-4501A isozyme.

The results indicate no relationship between the exposure to the pollutants, ATL-E
and fi-NF, and the CF (one of the biological indices). On the other hand, there was

a relationship between exposure to ATL-E and the health status of the fish expressed



as liver somatic index (LSI). The results further indicate that the total microsomal
protein concentration and the total cytochrome P-450 reductase activity of $. galilaeus
were 2-fold and 1.5-fold higher than the values in Q. niloticus. The total microsomal
protein concentration of the ATL-E controls, that is fishes at Konkontekope, showed
a significant increase relative to the aquarial fi-NF controls. In spite of the higher
protein concentration of the ATL-E control fishes over the aquarial controls, there
was no difference in their total reductase activity. Both types of control fishes as well
as the S- ealilaeus did not show any response to the EROD assay indicating the

absence of cytochrome P-4501A isozyme in the microsomal proteins induced.

There was a significant increase in the total microsomal protein concentration of test
fishes over their controls. Microsomes from fishes exposed to the ATL effluent
showed increases in the total NADPH cytochrome P-450 reductase activity compared
to their controls, unlike the microsomes from fishes injected with fl-NF. However,
microsomes prepared from both 13-NF-injected and ATL-E exposed fishes responded
to the EROD assay indicating the presence of cytochrome P-4501A isozyme induction
by these pollutants. The induction of total NADPH cytochrome P-450 reductase by
the factory effluent suggests that the xenoorganics in the factory effluent could belong
to the PB-type or the third type of inducers. That the cytochrome P-4501A protein
was induced by the factory effluent, as evidenced by the positive response to EROD

assay,indicates that the effluent contains the 3-methylcholanthrene type of inducers.
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This study h”s indicated that the effluent from the Akosombo Textiles Limited

contains a mixture of inducers - the 3-MC type, the PB-type and the third type. The
three types of inducers may act synergistically to promote the induction exhibited.
The molecular weight(s) of the monooxygenase isozymes induced by both BNF and
ATL-E were resolved electrophoretically on 10% SDS-PAG. The BNF and ATL-E
exposed fishes were found to induce protein isozymes with similar electrophoretic

mobilities with an approximate molecular weight of 53,700 daltons.
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CHAPTER ONE

1.0 INTRODUCTION AND LITERATURE REVIEW

11 General Introduction

Increasing pollution of the aquatic environment is becoming a threat to the health of
organisms inhabiting such ecosystem (Murchelano, 1990) as well as to man, a
predator or consumer of such organisms (Dawe, 1990). In heavily polluted areas, fish
as well as crabs and shrimps populations are known to have shown high incidence of
lesions and neoplasms (Murchelano and Wolke, 1985; Malins £t al, 1988) of such

vital organs as livers, kidneys and the respiratory tracts (Dawe, 1990).

Increasing incidence of tumours, chromosomal and mitotic aberrations and other
genetic as well as physiological disorders in fishes were shown by Malins and Collier,
(1981) and Heath and Moore (1985) to reflect heavy pollution with xenobiotics such
as oil and oil products, pesticides and heavy metals by man’s activities. Some of the
incidence have also been shown by Porter and Coon (1991) to result from elevated
levels of toxic pollutants such as polyaromatic hydrocarbons (PAH’s), polychlorinated

biphenyls (PCB’s), organochlorines, dyes, dibenzofurans and dioxins.

It is known that at lower levels of pollution, when gross pathologies are not evident,
biochemical and physiological disturbances may be innately present in fishes and
other aquatic fauna and their users. Measurement of such disturbances can provide

a more sensitive and reliable indications of stress from pollution than the gross
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pathological changes, and have been recommended in monitoring strategies in marine

pollution (Stebbing, 1989).

The pressing need to assess the impact of environmental toxicants on the complex
ecosystem, particularly the aquatic ecosystem, met with problems that called for the
evolution of; various strategies designed to facilitate ecosystem health assessment.
Initially, the detection and quantitation of pollutants were limited to physicochemical

(limnological) parameters only in water, sediments and biota.

The demand for sensitive and specific biological assays in the detection, quantitation
and assessment of pollutant levels led to the application of biochemical tools to
preserve fish populations

(Forlinglal, 1985; Goksoyr gtai, 1986; Stegeman et al, 1986; Goksoyr and Solberg,
1987). The strategies evolved were derived from the concept that the effect of a
toxicant on ,the entire ecosystem originates with a biochemical reaction in an
individual member of the ecosystem (Hodson, 1986) and that the primary effect of

a toxicant occurs at the subcellular levels.

The effects of exposure to environmental pollutants can be classified and studied at
three different levels of the biological organization viz; biochemical effects at the
molecular and cellular level, physiological and pathological effects at the tissue, organ
and organism level and the ecological effects at the population, community and

ecosystem level.
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The direct effect of a xenobiotic occurs at the biochemical level and if the defence
and repair mechanisms of the cell are unable to handle the challenge, the impact will
be transmitted upward to the physiological or pathological and eventually to the
ecological level. The consequences of this upward transmission are often observed as
damage in nature and serve as the basis for risk assessment and regulatory action

(Molven and Goksoyr, 1992).

Pollution effects on the ecosystem can therefore be understood and predicted if the
toxicant impact is identified at the subcellular levels e.g. at the level of mitochondria
or endoplasmic reticulum. Before this, the toxicant impact was evaluated at the
population and community level when lesions and a drop in production and/or growth
were visible. The toxicant impact was also assessed at the individual level as toxicant
accumulation or concentration in muscle and blood (Molven and Goksoyr, 1992).
Sensitive and specific biochemical methods can therefore serve as early warning
indicators for the survival of organisms and corrective or preventive measures can be
taken to obviate any eventual human health hazards and possible extinction of aquatic

organisms.

Response to Ibiochemical methods in toxicant monitoring is primarily related to the
potential of toxicant assessment. Several biochemical assay systems showed great
promise, some of which included assays based on carbohydrate, protein and fatty acid
metabolism and blood chemistry (EIFAC, 1975; ICES, 1978; Stegeman, 1981;
Hamilton and Mehrle, 1986; Hodson, 1986; Olsson, 1987). However, two most

promising and advanced biochemical methods which have been explored are



dependent on elevated levels (induction) of protein biomarkers; one sensitive to metal
ions  metallothioneins (Stegeman, 1981) and the other, the cytochrome P-450
monooxygenase system (EIFAC, 1975; Olafson el al, 1979; Stegeman, 1981; Olsson,
1987). The same monooxygenase system in tissues other than the liver is used to

metabolise endogenous substrates such as arachidonic acid, fatty acids and steroids.

The metallothioneins (MTs) are cytosolic, low molecular weight metal binding
proteins that appear to be present in virtually all vertebrates and invertebrates and are
capable of binding metal ions in groups Ib and lib of the Periodic Table, and Zinc,
Copper, Cadmium and Mercury are usually associated with the protein (Dunn et al,
1987). The MTs can be induced by metals and elevated levels of MTs have been

correlated with inducing metals in tissue (Dumam and Palmiter, 1981).

Cytochrome P-450 monooxygenase enzyme complex, which metabolises organic
pollutants, was the method focused on in this project since early work done on
rainbow trout (Oncorhvuchus mvkiss'). Atlantic cod (Gadus morhua). plaice
fPleuronectes platessal. perch fPerca fluviatilis) [Goksoyr, 1985], scup (Stenotomus
chrvsops) (Klotz el al, 1983) and a Tilapia species - Oreochromis mossambicus (Ueng
Si al; 1992) have shown the presence of this enzyme system as a result of induction
by pollutants. This indicates that fish, like man, used the NADPH-dependent
cytochrome P-450 monooxygenase enzyme system of the liver to get rid of
xenobiotics. The monooxygenase enzyme complex, often found in the endoplasmic

reticulum, is also referred to as the microsomal mixed-function oxygenase, drug



metabolizing enzyme or the carbon monoxide-binding pigment.

The liver microsomal mixed-function oxygenase enzyme system is specifically
induced by xenobiotics and as such, its level reflects the amount of pollutant taken
in by the fish ( Anderson et al, 1989). The system has been used to establish baseline
pollution levels in the aquatic/marine environments such as Hvale Archipelago in
Norway (Goksoyr et al, 1991a), where PAH, PCB, DDT/DDE, dibenzofuran,
dibenzo-p-dioxin levels in the fish liver and water or sediment were estimated both
chemically and biochemically. The use of such methods

to monitor pollution and the response of fishes of economic importance such as
plaice, scup, rainbow trout, perch and cod (Goksoyr, 1985) to pollutants has enabled
Goksoyr £t al (1991a) to devise an immunological assay system e.g. ELISA. The
system has been used to obtain results which have influenced government policies on

aquatic pollution monitoring, ecotoxicology and fish testing.

Krahn et al, (1986a; 1986b; 1992); Bayer and Goksoyr, 1993 and Collier et al,
(1993)) worked on the assessment of crude oil or petroleum hydrocarbon exposure
and the resulting biological effects in subtidal fishes of economic importance in the
Gulf of Alaska. Examples of fishes studied following the Exxon Valdez oil spill
(EVOS) included Dolly Vandenchar (Salvelinus malma). yellowfin sole Limanda
aspera), rock sole (Lepidopsetta belineata) . flathead sole (Hipoglosoides lassodon) and
pollock (Theragra chalcogramma') . All the results, collected under the aegis of the

Natural Resources Damage Assessment (NRDA) were used to influence international
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oil shipment policies as well as the marine pollution management policies of the North

American countries and Alaska (Krahn et al, 1986b).

For a very long time, Africa, and for that matter Ghana, was thought to be free from
pollution. However, in recent times, the rapid population growth accompanied by
intensive urbanization and bad waste management policies have resulted in the
accumulation of heavy and trace metals in both fresh and marine water bodies and
hence in fishes of economic importance (Biney, 1991; Biney and Berko, 1991; Biney,
1992). It is 'now known that industrial activities contribute heavily to the pollution

of both marine and fresh water bodies in Ghana.

Mining, textile dyes and agrochemicals are mostly known to be pollutants of inland
fisheries. Discharge from such mines, manufacturing industries such as plastics,
paint, textiles and cement industries as well as agricultural pesticides have been

shown to induce cytochrome P-450 (WHO/OCP, 1985; Goksoyr et ai, 1991).

Animal protein contains all the nutrients in terms of essential amino acids and
vitamins Blj2, and it is known to be devoid of harmful materials as gossypol which
is characteristic of some vegetable protein. Also, animal proteins are generally
palatable and savory, making it preferable to vegetable proteins (Altschul, 1962).
Altschul further noted that animal foodstuffs contained, by far, higher protein
concentrations than vegetables and increasing the supply of animal foodstuffs is thus

one means of attacking the dietary protein deficiency in Africa. Animal husbandry
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practices in Ghana are primitive and meat demand far exceeds the supply and hence

the high cost; of meat particularly in the southern part of this country.

According to FAO, (1989), fish proteins are comparable to beef and thus serve as the
closest alternative. In Ghana, fish contributes about sixty percent of animal protein

and inland (freshwater) fisheries provide about forty percent of fish protein in Ghana.

Inland fish production figures reported in the FAO (1989) year book of fisheries
statistics for West Africa showed very high percentages. The figures may be
underestimated since freshwater fish harvest by subsistent fish farmers, whose
production form a sizeable fraction of the harvest, is often not included in fisheries

Statistics Bulletins.

It is estimated that Tilapia species accounted for over sixty percent of catches landed
in countries like Ghana. This fish is also known to be widely distributed throughout
Ghana and therefore a fish of economic importance. Its preserved form is popularly
called "koobi". Of the many Tilapia species available in Ghana, Oreochromis
niloticus is the most widely distributed inland and therefore a good species to use for
a nation-wide study.
|

Ghana, like other West African countries, has considerable tilapia resources. Irvine
(1947) recorded the presence of five tilapias that are now considered commercially

important in Ghanaian fisheries and aquaculture. These are Oreochromis niloticus.
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Sarotherodon galilaeus. Sarotherodon melanotheron. Tilapia busumana and Tilapia
zillii. These are distributed in the two main river basins in Ghana i.e. Volta and the

Southern -Western rivers.

Four of the five species listed by Irvine, .1947 are in the Volta basin although £.
melanotheron is rare. J. busumana is excluded from the Volta basin but it is found
together with £. galilaeus. £. multifaciatus. S. melanotheron and 1. zillii in the
Southern and Western river basin. The other commercially important species, Tilapia
discolour and £. galilaeus multifaciatus occur in Ghana’s only natural lake - Lake

Bosomtwi.

The formation of the Volta Lake in 1965 provided a large fresh water body in which
tilapias including 0. niloticus proliferated. Large populations of tilapias developed in
the Afram arm and areas such as Kpando. The completion of the Kpong dam in 1981
on lower Volta below Akosombo created a new reservoir for Q. niloticus

proliferation.

Tilapia, especially O. niloticus has now become abundant in Northern Ghana due to
migration from stocks in Burkina Faso, Cote d’lvoire via The Black, Red and White
Volta and from Togo via the Oti river. O. niloticus was selected for this study due
to the very widely distributed nature and the position it occupies in the food chain,

serving as a mediator between the lower level and man.
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Tilapia serves as a protein source in many Ghanaian homes. It is the main species
involved in both commercial and small scale fish farming and hence provides jobs as
well as game for some Ghanaian. Tilapia in its preserved form, "Koobi", has become
the major trading commodity for some women in Ghana. It is on record that Q.
niloticus waS exported from this country alive to aquaculture centres in Japan in
1962, to Thailand in 1965 and to the Philippines in 1972. It was also exported to
Burkina Faso, Mali and Niger as ‘Koobi’ as such, acting as foreign exchange earner

for Ghana.

Of such commercial importance are tilapias and for that matter O. niloticus that any
research, as this one, that seeks to establish the fish response to common pollutants
at possible hatchery and breeding as well as feral fishing sites will be of assistance

to policy makers regarding health, agriculture and environmental issues.

The overall aim of this proposed research is to establish the presence of a biomarker -
NADPH-dependent cytochrome P-450 monooxygenase complex in two economically
important Tilapia species i.e., Q. niloticus and £. galilaeus: to measure the levels of
this biomarker due to induction by a classical pollutant (BNF) and the effluent issuing
from Akosombo Textiles Limited (ATL-E), and to use this induction as a sensitive
tool in monitoring pollution in our freshwater ecosystems with the view to averting

reduction in fish stocks.
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The study carried out on Q. niloticus was in two phases. Phase one dealt with (3-

naphthoflavone (a classical pollutant) induction in aquarial studies at the Institute of
Aquatic Biology’s aquaculture station at Akosombo while the phase two involved field
studies in the Volta Lake at the point where Akosombo Textiles Limited (ATL)
effluents enter the Lake. These sites were selected close to one another so that the
two phases could be carried out simultaneously. Studies in the Lake were conducted
because actiye fishing takes place here and the species selected is also readily
available. Tk;e work conducted at the factory effluent-entry point was to find out the
inductive effect of the dyes and other xenoorganics issuing from the factory on the
mixed-function oxygenase system. To realize these objectives, the goals set were to:

1 take samples of the selected fish species from different freshwater bodies and

prepare microsomes from their livers after exposure to J3-NF and ATL-E,

2. measure total microsomal protein concentration of each fish in each group,

3. measure the NADPH-cytochrome P-450 (c) reductase activities of each sample
group.

4. determine the response/activity of cytochrome P-450

i
5. determine the P-450 isozyme induced by i3-NF and ATL effluent.
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1.2 LITERATURE REVIEW
121 Cytochrome P-450 Monooxygenase Enzyme System
1211 Overview

The Cytochrome P-450 monooxygenase enzyme system is one of the recent assay
systems being employed in monitoring pollutants such as heavy metals and organic
compounds due to its sensitivity (Heath and Moore, 1985). The cytochrome in this
enzyme is also known as the carbon monoxide-binding pigment, mixed-function
oxygenase or the drug-metabolising enzyme (Mason, 1957a) and it represents a
unique family of hemoprotein that has a role in the metabolism of a variety of
xenobiotics including classical pollutants such as PAH, PCB, the organochlorines
(DDT), thehexachlorobenzens, polychlorinated dibenzofurans (PCDF) and dibenzo-p-
dioxins (PCDD), crude oil and other petroleum products (Kupfer, 1980; Axelrod,
1983; Waterman et al, 1986). In the case of toxic drugs/chemical or pollutants, the
enzyme system chelates or binds to the drug, its substrate, and in the
biotransformation reactions that ensue detoxify the pollutant and save the health of the
organism. This enzyme system is also involved in the metabolism of endogenous

compounds such as fatty acids, prostaglandins as well as steroids (Boobis gt al, 1985).

In order to effect the metabolic biotransformation and detoxification, various reactions

|
are catalyzed by this enzyme system. Some of these reactions include epoxidation,

i
hydroxylation, deamination and deethylation (Gillette, 1966) enabling it to operate on

a wide range of substrates in reactions of the so-called phase | metabolism.
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In all vertebrates, hepatic microsomal monooxygenase system converts lipophilic
xenobiotics, drugs and endogenous compounds to water-soluble products through a
two-phase process. The first phase involves a change in the molecular structure of the
substrate by (the introduction of polar groups into the xenobiotic molecules while the
phase 11 inv:)Ives conjugation of the products of phase | with polar endogenous
compounds (Smith, 1968). The less harmful conjugation products are then voided.
Substrates of phase | reaction are called type-l substrates and are devoid of groups
such as -OH, -COOH, -SH and -NH2which are groups involved in phase-I1 reaction.
Those substrates used in the phase Il reactions are called type-ll substrates. The
purpose of the phase Il reaction is to detoxify and eliminate metabolites, since some
of the phase | process may lead to increased toxicity as manifested in benzo(a)pyrene
(Varanasi gt al, 1987 and Sikka et al, 1990). The insecticides Schradan and Guthan
are also relatively non-toxic until metabolism by liver microsomes transforms them
into active cholinesterase inhibitors. The substrates or endogenous compounds
provided by the body for conjugation are derived from materials involved in
carbohydrate, protein and fatty acids metabolism and include glucuronic acid, glycine,

cysteine, methionine and S042'

1.3.1.2 Distribution and Location

The survival of most organisms is linked, in part, to their capacity to induce
cytochrome P-450 enzyme system in contaminated environments. It has been reported
that cytochrome P-450 enzyme is found in most animal species especially in the
hepatic tissues. It was further reported that mixed-function oxygenase abounds in the

A
endoplasmic reticulum and in some cases, the mitochondria (Pedersen, 1978).
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In higher animals, cytochrome P-450 monooxygenase system occurs in the
endoplasmic reticulum of cells of the gastrointestinal tract lungs, kidneys and the
spleen (Fang and Strobel, 1978). The enzyme is also known to occur in the
mitochondria of the adrenal cortex (Watanuki el al, 1978) as well as in the nuclear
membrane of hepatocytes (Fahl et al, 1978). In addition to mammals, cytochrome P-

450 monooxygenase has been shown to be present in birds, frogs, snakes and fishes.

Lee, (1981) worked on invertebrates and showed them to involve cytochrome P-450
monooxygenase system in the metabolism of xenobiotic and endogenous chemicals.
The P-450 monooxygenase has also been identified in yeast (Kawaguchi el al, 1973),
bacteria where it showed specific catalytic activity and hence, was designated P-
450cam Ambike el al, (1970) demonstrated the presence of P-450 in a fungal strain
while Ferris et al 1976) showed the existence of P-450 enzyme system in various

strains of fungi.

When the smooth endoplasmic reticulum cells are physically disrupted by the process
of homogenijlzation, there is an active "pinching off" of membranes giving closed
vesicles called microsomes. Microsomes are proteinaceous lipoidal spheres that are
then isolated via a series of steps with the ultimate recovery through high speed
centrifugation at 40,000 rpm (Mazel, 1971) or by calcium aggregation (Schenkman

and Cinti, 1972) or by acid precipitation (Mazel, 1971).

The method used in this project to isolate microsomes as source of enzyme was
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differential ultracentrifugation (Goksoyr £t al, 1991). Although the method requires
the use of expensive ultracentrifuges and long hours of centrifugation, it has an added
advantage of sedimenting both smooth endoplasmic reticulum and the rough ones
devoid of haemoglobin and hence good for spectral and enzymatic

studies. It is known that acid precipitation inactivates ATPase as well as recording
lower or the complete absence of some enzyme activity (Goksoyr et al, 1991b; Jensen

et al, 1991).

1.3.1.3 Composition

Strobel et al (1970) successfully solubilized and resolved hepatic microsomes into
three fractions which when reconstituted, catalysed the oxidative biotransformation
of fatty acids and prostaglandins, steroids, drugs and other xenobiotics. Recent works
have established the essential components of the monooxygenase system as involving
cytochrome P-450, NADPH-dependent cytochrome P-450 reductase and a
phospholipid (Yasukochi and Masters, 1976). Further characterising information on
mammalian P-450 monooxygenase by resolution on SDS-PAGE (Gibson and

Schenckman, 1978) showed it to contain the components above.

Cytochrome P-450 is an oligomeric complex containing between two to ten protein
sub-units with molecular weight range of 45-65 kDa. This component also contains
iron protoporphyrin IX in its prosthetic group. The NADPH-dependent cytochrome
P-450 reductase was found to contain FAD and FMN prosthetic groups in a ratio 1:1.
It is a hexamer with individual protein components each having a molecular weight

of approximately 79 kDa. The last component, the phospholipid, was found mainly
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to consist of phosphatidylcholine with traces of phosphatidylinositol and
phosphatidylethanolamine. The phosphatidylcholine alone accounts for 30-40% of the

total phosphplipid.

The name cytochrome P-450 was established by Omura and Sato (1964a) and was
subsequently found to be a membrane-bound hemoprotein with an absorption
maximum at 450nm when reduced by NADPH or dithionite and complexed with
carbon monoxide (Imai and Sato, 1966). Sato et al, (1965) noted that the dithionite-
reduced CO-difference spectrum was very unusual for a cytochrome but provided no

clue as to the nature of the cytochrome.

Imai and Sato (1966) also showed that an absorption maximum of 430nm would
generally belobserved when ethylisocyanide is used as the hemoprotein chelating
agent rather tnan carbon monoxide. The denaturation of this cytochrome to give a
form with a diagnostic absorption maximum at 420nm is also another important

spectral characteristic of cytochrome P-450.

Studies with hepatic microsomes have shown clearly the existence of at least two
electron transport chains localised in the membrane of the endoplasmic reticulum. The
first and most important in drug and other xenobiotics metabolism, is composed of
at least two proteins viz; a cytochrome P-450 and NADPH-dependent cytochrome P-

450 (c) reductase (Hashimoto et al, 1962; Omura and Sato, 1964b).

Estabrook et al, (1976) further showed microsomes to contain a single reductase
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molecule linked to between twenty to thirty molecules of cytochrome P-450. In
addition, "accessory enzymes" such as epoxide hydrase and uridine diphosphate-
glucuronyl transferase (Pullman and Monroy, 1963) are present in the endoplasmic
reticulum with functions closely knit to the cytochrome P-450 monooxygenase system

i.e. they effect the synthetic or conjugative phase Il reactions.

1

i
The second type of microsomal electron transport chain consists of at least three
protein components; cytochrome b5 NADH cytochrome b5reductase (a flavoprotein)
and fatty acyl CoA desaturase. This system uses electrons from NADH in the
desaturation of fatty acids (Oshino and Omura, 1973). It has also been reported that
this second electron transport system is involved in the reduction of azo and aminoazo
dyes (Mueller and Miller, 1949). Here too, evidence by Kozlov and Miker’saar,
(1974) shows a single reductase molecule shuttling electrons for thirty molecules of
cytochrome b5. Information now abounds showing the interaction between the
cytochrome P-450 and cytochrome b5 systems to the effect that the cytochrome bs

system suppllles the second electron for the oxidative cycles of cytochrome P-450 in

metabolizing xenobiotics as illustrated in Fig. la below.
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XH = Xenobiotic X-OH = hydroxylated xenobiotic
Fig. la. Synergistic oxidation of xenobiotics by cytochromes P-450-linked

monooxygenase complex and b5.

Through selective inhibition of cytochrome P-450 reductase and the determination of
this treatment on the enzymatic reduction of cytochrome P-450, Estabrook gt al
(1976) and Matsubara £l al, (1976) found that most of the components of the
microsomal electron transport chain sit together in a semipermanent complex, but

exchange slojwly with free cytochrome and reductase molecules in the membrane.

This accounts for the biphasic (fast and slow) nature of NADPH-dependent reduction

of cytochrome P-450 monooxygenases in microsomes and suggests that the fast phase
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represents the reduction of cytochrome molecules sitting together with a reductase
molecule in a complex; while the slow phase represents the reduction of "free"
cytochrome molecules (Estabrook et al, 1963; Matsubara at al, 1976;) through

exchanges.

This model was validated by Yang and Strickhart, (1975) in protein reconstitution
experiments. Subsequently, work by Stier and Suckman, (1973) to ascertain the
relationship between the microsomal monooxygenase proteins and the phospholipid
in the membrane bilayer using water-soluble and water-insoluble substances suggested
that cytochrome P-450 is enclosed in a phospholipid halo. This halo was found to be
more rigid than the bulk of the microsomal lipid. The above work also showed that
about 20% of the microsomal phospholipid is located in this halo and thus affects the
diffusion of lipid-soluble substrates to, and of lipid-soluble products away from the

cytochrome P-450 molecules.

1.3.1.4 Reactions Catalysed

The first description of metabolism of xenobiotic compounds by hepatic microsomes
was given by Mueller and Miller, (1953) in which they showed liver homogenates
catalysing both the reductive splitting of azo linkages and oxidative N-demethylation
of aminoazo dyes. Brodie et al, (1955) showed that a similar enzyme system localised

in hepatic microsomes was responsible for the metabolic biotransformation and

subsequent disposition of drugs and other xenobiotics. The involvement of NADPH
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and molecular oxygen in these reactions was reported to be characteristic of mixed-

function oxygenase by Mason, (1957a; 1965) and Hayaishi, (1964).

The results of Hayaishi, (1964) with uricase, glucose oxidase, steroid hydroxylases,

aerobic cyclization of squalenes to lanosterol and the work on tyrosinase, xanthine

oxidase and I'eroid-11/3 hydroxylase by Thomas et al, (1976) enabled oxygenases to
I

be classified -into three main groups. In group one, one atom of molecular oxygen

is catalytically reduced to water and the other transferred to the substrate and

Hayaishi, (1964) gave the name monooxygenases to the group. Further evidence

supporting the oxygen utilization as stated above was given by Posner et al, (1967).

Whereas the second group had both oxygen atoms of molecular oxygen transferred
to the substrate enabling it to be described as a dioxygenase or more appropriately as
cyclooxygenase or oxygen transferase, the last group, called electron transferring
oxygenases or lipoxygenases, reduces molecular oxygen to hydrogen peroxide or

water (Masoji, 1957b) and oxidizes substrates by one, two or four equivalents.

Microsomal xenobiotic or drug-metabolizing cytochrome P-450 enzyme system is
thought of as involving the mixed-function oxygenase mechanism and figure Ib below

shows the monooxygenase electron transport chains.
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XH = xenobiotic X-OH = hydroxylated xenobiotic
Fig. Ib: Electron transport system involving xenobiotic-metabolizing

cytochrome P-450 monooxygenase.

Two key proteins are involved. These are NADPH cytochrome P-450 (c) reductase
(a flavoprotein) and cytochrome P-450. This electron transport chain is found in the
endoplasmic reticulum of liver and other organs and functions to catalyze the transfer
of electrons from NADPH to cytochrome P-450, its natural acceptor. Williams and
Kamin, (1962) obtained a molecular weight of 68kDa for the flavoprotein while
Masters et al, (1965) showed it to contain equimolar amounts of FMN and FAD.
Cytochrome P-450 (c) reductase was also shown to catalyze the electron transfer to
a number of] artificial electron acceptors including cytochrome c, ferricyanide and

dichlorophenolindophene.
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A wide variety of oxidative reactions are known to be catalysed by the microsomal
mixed-functipn oxygenase. These reactions include deamination, 0-, N-, and S-
dealkylation, hydroxylation of alkyl and aryl hydrocarbons, epoxidation, N- and S-
oxidations and dehalogenation. Azo and nitro reductase activities are also reported by
Gillette, (1966). Mixed function oxygenase reactions are unfortunately always
considered simply as hydroxylation reactions and this designation more than obscures
the versatility of the enzymes. The various reactions that the components of the
mixed-function oxygenase together catalyze are as follows.
@ Aromatic hydroxylation

[OH]

Ph > Ph-OH

t
(b) Aliphatic hydroxylation

\

R-CHg -----mm- > R-CH20H

c) N-dealkylation

R-NH-CHs3 [OH]> [R-NH-CH2-OH]— >RNH2 + CHD
(d) O-dealkylation

R-0 -CHs ------- > [R-0-CH2-()H]------ > ROH + CHX
(e)  Deamination

[OH]
R-CH(NH2)-CHs. > R-C(OH)(NH2)-CH3  >RCO0-CHs + NHs
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()] S-oxidation
[OH]
R-S-R’ > [R-S(OH)-RT - > R-SO-R1+ H+
(9) N-oxidation
. [OH]
M ejfj > [Me3N-OH]+ — >Me3NO + H+
One of the assays used in this project, i.e. 7-ethoxyresorufin-O-deethylation (EROD),
reflects the O-dealkylation reaction . This reaction is very specific for PAH induction.
Owing to the low specific activity of the NADPH-dependent cytochrome P-450
monooxygenase, assays of high sensitivity e.g. EROD is required to monitor the PAH

induction.

Before the EROD assay was developed, a large number of assay systems were used

to account for the broad substrate specificity and ready reduction of the mixed-
)

function oxyjgenase. Those requiring solvent extraction and subsequent quantitation
I

of metabolites involved a number of manipulations resulting in incomplete metabolite

recovery as well as extended assay procedures and time.

Several spectrophotometric and spectrofluorimetric assays that reliably follow product
analysis continuously have been used of late to obviate the aforementioned problems.
Examples of such assays include ethoxycoumarin-O-deethylase, p-nitrophenetole-O-

deethylase, p-nitroanisole-O-deethylase and EROD (Netter, 1966).
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EROD is one of the few routinely used spectrofluorimetric probes for the catalytic
activity of different cytochrome P-450 isozymes (Burke and Mayer, 1974). Of the
substrates listed above, only ethoxyresorufin-O-deethylase activity is specific for
cytochrome P-450 isozyme commonly induced by 3-methylcholanthrene and fI-NF and

other structural analogues. The reaction proceeds as shown in figure Ic below;

7-ER Resorufin
7-ER = T7-ethoxyresorufin
Fig. lc: Hydroxylation reaction involved in the EROD assay.
The proposed details on the mechanism of action of the xenobiotic metaboliosing
cytochrome J-450 monooxygenase via a hydroxylation reaction is shown in figure Id.
The scheme reflects the native ferric P-450 chelating the xenoorganic with a
subsequent reduction to the ferrous state. This sets the stage for molecular oxygen to
bind resulting in the second reduction where the oxygen-oxygen bond of molecular
oxygen is split, one atom getting lost as water and the other incorporated as activated

oxygen into the substrate to form the alcohol group, the discharge of which

regenerates the ferric state of the enzyme.
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|_|+
Fe3+<—— (XOH)Fe3+— — X (Fe-0H)3+<———— XH (Fe-0) <-/— (XH)FeJ*Ov
T " .
XOH Hv
XH
(XH)Fe3+ v ..... > (XH)Fe2+_--.\.-A >»(XH)Fe2+0 x<- ->(XH)Fe ©;
Fig. Id. Proposed mechanism of action of cytochrome P-450 in the

hydroxylation of substrates in the EROD assay.

1.3.1.5 Isoforms of cytochrome P-450

Evidence is now amply available implicating mixed-function oxygenase in drug and
other xenobiotic metabolism (Hayaishi, 1964; Mason, 1965; Matsubara et al, 1974).
It is becoming increasingly evident that several forms of cytochrome P-450 exist and
account for the different monooxygenase activities in liver microsomes due to
substrate specificities i.e. variations in one monooxygenase is due to variations in the

substrates (Williams and Buhler, 1983; Goksoyr, 1985; Klotz gt al, 1986). Some of
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the forms were recently purified and their physical and catalytic properties
characterised. Two or three forms of monooxygenases, representing two or three
distinct species of carbon monoxide-binding hemoproteins, were speculated each with

a unique substrate specificity (Klotz et al, 1986).

It is a popular view that the specificities are imposed upon the monooxygenase system
by the existence of multiple forms of cytochrome P-450. Using reconstituted
cytochrome P-450 monooxygenase systems, enzymes prepared from controls and
phenobarbital (PB) or 3-MC treated rats were shown to exhibited different substrate
specificities and that such specificities were confirmed to be residing in the
cytochrome component rather than the phospholipid or reductase fractions. Studies
on visible spectrophotometry and electron paramagnetic resonance (epr) on 3-MC
treated rat microsomes showed induction of cytochrome P-448 form different from

cytochrome P-450 of controls (Kumaki et al, 1978).

Treatment of insects with naphthalene or PB induced a hemoprotein spectrally and
catalytically different from control cytochrome P-450 (Capdevila el al, 1974) and was
labelled cytochrome P-450, (later identified as cytochrome P-448). Capdevila et al,
(1974) further showed in PB-induced housefly microsomes the presence of
cytochrome P-450 and cytochrome P-420 (later shown to be denatured cytochrome

P-450) different from the P-450 of controls.



26
Polyacrylamide gel electrophoresis (PAGE), in the presence of the anionic detergent
sodium dodecyl sulfate (SDS), has been a useful tool for the resolution of protein
subunits, the determination of molecular weights and for ascertaining the purity of
proteins and this has also been done for cytochrome P-450 monooxygenase system

(Moore et aL 1974; Welton and Aust, 1974).

The molecular weight of a given protein can be determined by comparing its
electrophorejic mobility in a given gel percentage with known molecular weight
marker proteins in the same gel composition. A linear relationship is obtained if the
logarithm of the molecular weights of standard protein markers are plotted against
their respective mobilities (Rf). The resolution, molecular weight determination and
identification of membrane-bound cytochrome P-450 have been pioneered by Moore
et al, (1974) and Welton and Aust, (1974). This they did by variously modifying the

protocols of Laemmli, (1970).

The SDS-PAGE enabled the above researchers to resolve and partially purify
cytochrome P-450 from mammalian liver. Four main bands were resolved with
molecular weights ranging from 47-52 kDa. PB induction increased the intensities of
the bands with molecular weights 47kDa and 49kDa while 3-MC induction intensified
the bands with molecular weights 47, 49 and 52 kDa. These observations were
interpreted as different forms of cytochrome P-450 but are now seen as an association
of isozymes/ subunits of different proportions. This interpretation looks at cytochrome

P-450 as a protein complex formed by several subunits.
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The conceptgained support due to the increase in molecular weight of cytochrome
P-450 complbx isolated from mouse and rat microsomes (Matsubara et al, 1974) and
the exhibition of oligomerism of one cytochrome P-450 complex isolated from bovine
adrenocortex mitochondria. Of the sixteen protein subunits, each had an average
molecular weight of 53 kDa (Capdevila fit al, 1973). The differential association of
subunits reflects an intrinsic value rather than the differences in spectral and catalytic
properties and the importance of this intrinsic difference is seen in the capacity of

individual subunits to respond to induction by different xenobiotic compound.

The differential induction of cytochrome P-450 subunits has been exploited by various
researchers elmploying different inducing agents on marine and freshwater fishes. This
enabled them to resolve, purify and determine the molecular weights of the subunits
that respond to the administered inducer. As a result, Klotz et al (1986) and Goksoyr
(1985) resolved into five subunits scub microsomal fractions induced with PAH-type
inducers, while Stegeman and Kloepper-Sams (1987); Miranda el al, (1989) using cod

and rainbow trout, resolved and characterized four subunits in both fishes and five

subunits in rainbow trout controls.

Nebert et al, (1987), with a nomenclature based on gene sequence information,
described cytochrome P-450 as a superfamily of isozymes. When thereafter the
nomenclature was expanded by Nebert et al, (1989) to include chromosomal
localization,it was evident that different gene families and subfamilies still respond

to different inducing agents differently. Four main families of xenobiotic-induced
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cytochrome P-450 in vertebrates were identified: P-4501 induced by PAH, PCB,
isosafrole and fl-NF, P-45011 induced by PB, ethanol and acetone while P-450111 and
P-4501V are induced by PCN and clofibrate respectively. These gene families surely

represent different subunits of cytochrome P-450.

14 INDUCTION

14.1 Overview

Fouts et al, (1961) were the first to notice that drug-metabolizing enzyme
activities/levels were lower in regenerating liver than in normal liver. Conney, (1967)
coined the term ‘induction’ for the monooxygenase system to mean an increased rate
of product formation or substrate disappearance. Induction has all along been thought
of to occur via one of three possibilities. This may be by either de novo synthesis of
novel proteins, the activation of pre-existing but dormant proteins or by the decreased
rate of degraldation of protein. Induction can be manifested and/or determined in

quantitative or qualitative terms.

Proof exists with some purified enzymes to which antibodies have been prepared and
immunoprecipitable radioactivity was equated with de novo synthesis of novel protein
for such inducible enzymes as a-aminolevulinate dehydratase, tyrosine
aminotransferase and glutamine synthetase (Alescio and Moscona, 1969). Induction
has now been understood to mean increased or decreased protein levels relative to
normal and this has been studied in a wide range of animals including invertebrates

and microorganisms.
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1.4.2 Induction of cytochrome P-450

The stimulation of liver growth in mammals by exposure to foreign organic
compounds has been demonstrated and subsequently, work by (Haugen and Coon,
1975) showed that the molecular basis of induction of mammalian cytochrome P-450
was correlated in mice treated with different PAH levels and further proven to be a
de novo process rather than a decreased degradation rate or increased activation of

pre-existing protein moieties.

Treatment of rats with PB produced increased levels of drug-metabolizing enzyme
activity and the concentration of the hemoprotein, (Remmer and Merker, 1965;
Emster and Orrenius, 1965). However, Sladek and Mannering, (1966) also showed
that rats treated with 3-MC produced increased hemoprotein but not its drug-

metabolising activities.

The presence of cytochrome P-450 in non-mammalian species has also been proven.
These include houseflies (Lee, 1981) yeast (Gallo gt al, 1973), bacteria (Cardini and
Jurtshuhk, 1968), fungi (Ambike £1 al, 1970; Ferris gt al, 1976) and fish (Lu et al,
1969). These revelations relevantly addressed a number of questions including
inducibility of various forms of cytochrome P-450, the evolutionary relationship
between these enzyme systems and the response of organisms to pollutants in their

environments.
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1.4.3 Inducers

The differential effects of PB and its analogues and 3-MC and its analogues enabled
researchers to categorise inducers into PB-type and PAH-type inducers. Inducers of
hepatic cytochrome P-450 consist of compounds possessing a broad spectrum of
structural types, uses and pharmacological activities (Davies gt al, 1978). The use
and/or pharmacological effects of some of these inducing agents range from
carcinogens, antioxidants, sedatives, hypnotics, heat exchange fluids, insulators,
lubricants and insecticides. The classical inducer used for the aquarial studies in this
project was B-NF, a PAH-type inducer similar to 3-MC. It is a hydrocarbon analogue

with the structure below:

Fig. le. The structure of B-naphthoflavone (B-NF), a classical P- 450

inducing agent. An example belonging to the PAHSs.
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The only common feature shared by all inducers appears to be the high lipid-solubility
permitting ready localization in the endoplasmic reticulum and the ability to serve as
a substrate for, or the capacity to bind to cytochrome P-450 monooxygenase (Parke,
1975). More than two hundred drugs, insecticides, carcinogens and other chemicals
are known to stimulate the activity of drug-metabolising enzymes in liver microsomes
(Mannering, 1968). Central nervous system stimulants, anticonvulsants, anti-
inflammatory drugs, muscle relaxants, analgesics, antihistaminics, alkaloids and
steroid hormones are also known to induce cytochrome P-450 monooxygenase activity
in animals and can alter the duration and intensity of other drug action. Such
chemicals include nicotine and other PAHSs in cigarette smoke (Arcos et al, 1961;
Welch £tal, 1969), DDT, dieldrin, aldrin and andrin (Hart and Fouts, 1965), urea,
herbicides (Kinoshita &t al, 1966), dyes used in textile industry (Radomski, 1961;

Levin and Conney, 1967) and caffeine in food stuffs (Mitoma §1 al, 1968).

As the number of inducers increased, the classification of inducers was reviewed to
three groups focusing on their reaction as inducers. The first is the PB-type which
include many drugs and they increase cytochrome P-450 level and cytochrome P-450
(c) reductase activity. 3-MC type which constitute the second group include other
polycyclic hydrocarbons and these increase cytochrome P-450 level butnot the
NADPH cytochrome P-450 (c) reductase activity. Group three includes the
spironolactone and other steroids which are shown to increase NADPH cytochrome

P-450 (c) reductase activity and may effect an increase in the cytochrome P-450 levels

(Parke, 1975).
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Auvailable literature indicates that no disease or sickness inducing cytochrome P-450
is known. However, Diabetes mellitus has been proven as an exception (Morgan gt
al, 1993). The form of cytochrome P-450 induced by diabetes was classified as
cytochrome P-450DM with an electrophoretically determined molecular weight of
51kDa when the microsomes used were from diabetic rats induced with
streptozotocin. Cytochrome P-450DM was also found to have a CO-reduced
absorption qliaximum at 452nm, active in aniline hydroxylase activity, has an

enhanced O-dealkylation activity towards 7-ethoxycoumarin in the presence of

cytochrome b5and no response to 7-ER.

Morgan ¢f aL (1993) also showed P-4501V family proteins to be among those
increased by diabetes and postulated that diabetes hyperketonemia was responsible for
this P-450 family protein induction and effects. Diabetes was further shown to cause
a 10-fold elevation of hepatic cytochrome P-4501VA1 mRNA prior to increase in the

P-450DM and P-4501V proteins.

1.5. Aquatic Pollution: Induction in Fish

Induction of cytochrome P-450 in aquatic organisms has been investigated by a
number of researchers because the sea and other fresh water bodies serve as recipients
of all kinds of anthropogenic waste and also because many of the species, fish in

particular, are important human food sources.
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B-NF has been used by Stegeman, (1981); Gooch and Matsumura, (1983); Melancon
et al, (1981) and Goksoyr gt al, (1991a) to study induction in fishes and their
response particularly to EROD assay is known to be specific for cytochrome P-4501A
isozyme. Chambers and Yarbrough, (1976) and Bend and James, (1978) established
that fishes possessed the ability to perform a wide variety of biotransformation
reactions while Stegeman and Kloepper-Sams, (1987) showed cytochrome P-450
monooxygenase to be the central enzyme in the biotransformation of drugs and other
chemicals by fish. Induction has been described in detail in a few fishes: perch,
rainbow trout, atlantic cod, plaice (Goksoyr, 1985) and scup (Klotz gt al, 1983). In
fish, evidencfe for qualitative and quantitative induction of mixed-function oxygenase
came IargelyI from*experiments with PAH-type inducers which showed

approximately a 50-fold elevation in enzyme activities (Stegeman and James, in
press). Rainbow trout also showed induction with isosafrol (Vodicnik £t al, 1981)

while a variable result has been obtained with novel inducer pregnolone-16a-

carbonitrile (Forlin, 1980; Vodicnik and Lech, 1983).

In contrast, evidence of PB-type induction in fish is ambiguous. Although some
workers reported induction in fish with prototype substrate, following treatment with
PB-type induicers eg DDT and non-coplanar PCB, the majority of the studies indicated
a general Iaci( of response to PB-induction (Buhler and Rasmusson, 1968). Work done
by Payne and Penrose, (1975) first showed increased hepatic catalytic cytochrome P-
4501A1 activity (aryl hydrocarbon hydroxylase activity) in brown trout (Salmo trutta).
P-4501A1 dependent monooxygenase activities were subsequently shown to be present

in fish from waters polluted with oil hydrocarbons, industrial and municipal effluents
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containing aromatic and/or chlorinated hydrocarbons (Payne el al, 1984; Lindstrom-

Seppa and Oikari, 1990).

Many fish species are however responsive to induction of cytochrome P-450
enhancing aryl hydroxylase and EROD activities by polychlorinated hydrocarbons and
B-NF (Stegeman, 1981) and measurements of the induction of these enzymes have
been suggested as practical biological monitors for aquatic petroleum pollution

(Collier et al, 1993).

Although considerable variation exists between aquatic species with regard to basal
mixed-function oxygenase enzyme activities and cytochrome P-450 content (Bend and
James, 1978), few studies have comprehensively addressed differences in xenobiotic
biotransform;tion patterns among fish species. A review of biotransformation of
benzo(a)pyrene [B(a)P] in fish by Stegeman, (1981), showed that fish species can
differ substantially in the extent of metabolism at various positions on the molecule.
As a generalization, microsomes from fish produce more ring diols (Stegeman and
Woodin, 1980) than those from such species as the little skate which forms more
phenolic metabolites. Thus, the inducibility by PAH-type inducers of fish cytochrome
P-450 monooxygenase system makes it a valuable tool in monitoring environmental

pollution either by catalytic assays (Forlin el al, 1985) or by immunochemical

techniques (Stegeman el al, 1986; Goksoyr and Solberg, 1987).
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CHAPTER TWO

2.0 MATERIALS AND METHODS

2.1 Materials

2.1.1 Fish

Oreochromisilniloticus for both aquarial and field studies for this research was
obtained fronl1 the Institute of Aquatic Biology (IAB) aquaculture centre at Akosombo.

The fishes were hatched, bred and harvested at this aquaculture station where the

aquarial studies were carried out using concrete tanks.

Preliminary studies on the project was carried out with S. galilaeus from a dam site
near the Accra-Tema motorway and with Q. niloticus from Weija dam (water works).
These fishes were caught by gill nets from the wild by fishermen and acclimated for
two months in the Zoology Department aquarium, University of Ghana. S. galilaeus
was not available in the Weija dam and so was Q niloticus from the dam near the

motorway, |

2.1.2. Chemicals and Reagents.

The following chemicals were obtained from Sigma Chemical Company, St Louis
MO, USA: Agarose, 15-naphthoflavone, NADPH, cytochrome c, resorufin, 7-
ethoxyresorufin. The already constituted molecular weight marker proteins used for
SDS-PAGE were also obtained from Sigma i.e bovine serum albumin, ovalbumin,

pepsin, trypsinogen, B-lactoglobulin and lysozyme.
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Chemicals obtained from FLUKA were: glycerol, KC1, CuS04.5H2, NaOH, acetic
acid, isopropylalcohol, n-butanol, methanol, dipotassium hydrogen phosphate,
disodium hydrogen phosphate dodecahydrate, sodium dihydrogen phosphate, sodium
potassium tartrate, TEMED, sodium acetate, bovine serum albumin, ammonium
persulfate, bromophenol blue, sodium dodecylsulfate (SDS), acrylamide, N,N-
methylenebisacrylamide, dithiothreitol (DTT) and coumassie blue. B-mercaptoethanol
was obtained from British Drug House (BDH) Chemicals Limited, Poole, England.
Folin-Ciocalfeau phenol reagent and tris(hydroxymethyl) aminomethane were obtained

from Hopkin and Williams, England.

2.2. METHODS

2.2.1 Preliminary Studies

The main aim of the preliminary studies was to ascertain the constitutive and baseline
levels of microsomal cytochrome P-450 related proteins. These dams were regarded
as clean and hence, enzyme levels and activities of fishes from them could be

compared with those from fishes treated with 15-NF and ATL-effluent.

Initially, feral fishes from the dams near the motorway and Weija were caught using
gill nets. The fishes were then killed with a single blow to the head, their livers
excised and put on ice and transported to the laboratory for further processing to

obtain microsomes (see below, 2.2.4).
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When the enzyme activities and protein levels from these microsomal protein
preparations jshowed negligible values, the CX niloticus and 5L galileaus were brought
in from their respective dams and acclimated at IAB, Accra for two weeks and then
transferred to concrete tanks at the Zoology Department aquarium, University of
Ghana for two months. They were then killed by a single blow to the head and the
livers excised and then processed to obtain microsomes. The average weight of O.

niloticus and SL galileaus used in this experiment were 50g and 45g respectively.

2.2.2 Pretreatment of fish

Two sets of experiments were conducted in this study. In the first set, B-
naphthaflavojne (B-NF) was injected into fish in an aquarium. The second set of
experiment involved a field study at the Akosombo Textile Limited effluent entry

point into the Volta Lake at Konkontekope.

For the B-NF treatment, the (X niloticus used were hatched, bred and kept for five
months before the start of the experiments at the Institute of Aquatic Biology (1AB)
aquaculture station at Akosombo. The fishes were starved a day prior to the injection

and remained starved for the duration of the experiment i.e a maximum of six days.

A standard B-NF emulsion (10 mg/ml) was prepared in soyabean oil (purchased from

the local mar'ket) by sonicating in an ultrasound bath ( Fretch Laborette 74) for two

-
hours. This emulsion was prepared a day prior to its administration.
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The B-NF dosage of 80 mg/kg was administered by a single intraperitoneal injection
(i.p.) close to the anal fin. The volume of B-NF emulsion administered per kilogram

weight of fish was determined from the formula:

fi.l pmulsion = g fish X 80 mg/kg

10 mg/ml

Hence, the weight of each individual fish was taken and the corresponding volume
of B-NF used. In all, twelve fishes were pretreated with B-NF. Twelve fishes serving

as controls were also injected intraperitoneally with a single dose of soyabean oil.

For the field Studies, fish from the same stock as those used for the aquarial studies
were used. Two sets of eight fishes per set were taken from the acclimated stock. One
set served as experimental fish while the other set served as controls. Both sets were

i
put into separate cages.

Stones were used to submerge the cages. The cage with the experimental fish was
placed at the point where the ATL effluent enter into the Volta Lake while the
controls were submerged at a point upstream the factory-effluent entry point and at

an area where the inhabitants of Konkontekope fetch their drinking water.
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2.2.3 Sampling of fish.
For the aquarial studies, samples were taken 2, 3 and 5 days after i.p injections. For
the field studies, sampling was done on two days i.e day-2 and day-5 after

pretreatment.

Four fishes were taken from both the aquarial and field groups on each sampling day.
The fishes taken from each group were then killed with a single blow to the head and
the weights (g) and lengths (cm) of each fish was measured. The fish was then

carefully dissected and the liver excised free of the gall bladder.

The excised liver was put in ice-cold perfusion solution (0.154M KC1) to remove
haemoglobin and then transferred to a cryotube containing ice-cold 30% glycerol
sufficient to cover the liver. The tube was put on ice. When all the samples were
taken, the tubes were transferred into a tank of liquid nitrogen until further
processing. The weights and lengths of the fishes taken were used to calculate the
’Condition factor’ an assessment of the health status of each fish from Fulton’s

formula

Condition factor (CF) = g wet weight of fish x 100

(cm fish length)3

The power 3 is the surface area to volume ratio of the fish. The condition factors

were calculated for all test and control fishes sampled.
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2.2.4 Preparation of Microsomes
The livers stbred in liquid nitrogen were removed, thawed on ice, blotted dry with
tissue paper and weighed. The liver weights together with the wet weight of each fish

were used to calculate the organ health status using a second Fulton’s formula:

Liver somatic index (LSI) = g wet weight of liver x 100.

g wet weight of fish

The liver was then homogenised in a 1:4 volumes of ice-cold homogenization buffer
with a Polytrpn homogenizer. The homogenization buffer (a sodium phosphate buffer)

of pH 7.6 included 0.154M KC1 10% glycerol and ImM EDTA.

The homogenates were spun in a Tomy-20 centrifuge at 10,000 x g for 10 mins at
4°C. The supernatants were removed and centrifuged at 16,800 x g for 10 mins. The
supernatants obtained, often referred to as the S-9 fractions were again centrifuged
at 40,000rpm (105,000 x g) for I hour in Hitachi 80P-7 ultracentrifuge at 4°C. The
pellets were washed in 0.1M NaPO04buffer in 0.154M KC1, .OmM EDTA, pH 7.6
to remove any haemoglobin not removed at the perfusion stage and to clean
microsomes of cytochrome b5 contamination which often interferes with cytochrome
P-450 spectral studies. The washed pellets were then rehomogenised in 2ml g'1liver
weight of st‘orage buffer consisting of 0.1M NaH2 04.H2, 0.154M KC1, ImM
EDTA, ImM DTT and 20% glycerol at pH 7.6 and distributed into six previously

labelled cryotubes and stored in liquid nitrogen or at -71°C.
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Throughout the preparation of microsomes, all operations were performed on ice to
minimize enzyme degradation.

Fig. 2.0 Flow chart of the processes involved in the preparation of microsomes.

Liver homogenate

10,000 x g, 10 mins, 4°C

pellet rtiscanted
Supernatant

16,800 x g, 10 mins, 4°C

Supernatant (S-9 fraction) pellet discarded

105,000 x g, 60 mins, 4°C

Microsomal pellets Supernatant discarded

105,000 x g, 60 mins, 4°C
(washing)

Pellets resuspe ded in Supernatant discarded

storage buffer (pH = 7.6)
(aliquoted for storage)

2.2.5 Protein Determination

The method Lowry £l al, (1951) in which absorbances of coloured complexes
emanating from a reaction between alkaline copper-phenol reagent and tyrosine and/or

tryptophan are measured at 750 nm was used for the determination of total protein

in this work.1
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The microsomal fractions were diluted 1:100 with 0.5M NaOH. An aliquot of 200/zl
or 400/zl of the diluted microsomes was taken in duplicate and made to a final volume
of 1000/l with 0.5M NaOH. To each sample, 5ml of "alkaline copper-phenol”
reagent were added, the mixture mixed thoroughly by vortexing, and allowed to
stand for 10 minutes. 0.5ml of IN Folin reagent was added and mixed immediately
and completely. The mixture was allowed to stand for 30 minutes. The absorbances
were then re”d at 750nm on a double-beam spectrophotometer, Schimadzu UV-190,
after zeroing! with a blank containing all the reagents except the microsomes. The
microsomal protein content was directly interpolated from a standard curve

constructed with bovine serum albumin (BSA).

To prepare the standard curve, 1.Omg of BSA in 10ml of 0.5M NaOH was made as
stock solution (100|Ug/ml). The following volumes: 0, 0.2, 0.4, 0.6, 0.8, and 1.0ml
of the standard stock BSA solution (equivalent to 0, 20, 40, 60, 80 and 100”g/ml
respectively) were taken and made up to a final volume of 1.0ml with 0.5M NaOH.
Alkaline copper-phenol reagent and Folin reagent addition were made as described
above for tr!e microsomal fractions, and the absorbances at 750nm read. The
absorbances !ead from the BSA dilutions were then used to construct the standard
curve of absorbances against BSA concentration (jig). The alkaline Copper reagent
was prepared freshly by mixing 2%w/v Na2ZC03 in 0.1M NaOH, [%w/v CuS04

(hydrated) in water and 2%w/v sodium potassium tartrate in water in a ratio of

100:1:1 by volume respectively.
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2.2.6 Determination of cytochrome P-450 (c) reductase activity

NADPH-dependent cytochrome P-450 (c) reductase enzyme activity was measured
using exogenous cytochrome c (oxidised, ferric form) as an artificial electron acceptor
since its reduction mimics the reduction of cytochrome P-450. The principle involved
here is that the reduced form of cytochrome ¢ has a characteristic band at 550 nm

which is absent in the oxidised form.

The method used is that by Bleecker et al, 1973. In this method, 2501 of a 5 mg/ml
solution of cytochrome ¢ (made by dissolving 50mg of cytochrome ¢ in 10ml of
water) was mixed with 2.15ml of 0.1M tris-HCI buffer pH 7.6 and the mixture put
in a sample (puvette. 100"1 of microsomal solution that has been diluted to a protein
concentration of 4mg/ml with resuspension buffer was added. A reference blank
solution was also prepared which contained all the above reagents including the
microsomal fraction and put in a cuvette. 25*1 of resuspension buffer was added to
the reference cuvette to a total volume of 2.525ml. Both cuvettes were placed in a
Schimadzu UV-190 double beam spectrophotometer and the reaction initiated by the
addition of 25/A of 2%w/v NADPH solution to the sample cuvette. This was
thoroughly and completely mixed and the absorbance was monitored at 550nm for 3

minutes.
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In order to calculate the specific enzyme activity, the actual concentration of

microsomal protein (Cp) in the reaction volume was determined as follows:

Cp —, Volume microsome taken X 4.0 mg/ml

volume of reaction mixture

Cp = 0.158 mg/ml

The specific activity {#) of the reductase was calculated

from the formula:

where e is the extinction coefficient for reduced cytochrome ¢ at 550nm and has a

value 19.6 mM'lcm"land ASis the absorbance change for the linear portion of the
I

curve over three (3) minutes. The above equation was used to determine the specific

cytochrome c reductase activity for the samples. The results were expressed as pmol

cytochome c reduced per minute per mg protein.

The total reductase enzyme activity was then calculated taking into account the
volume of microsomal protein in the analytical cuvette and the total volume of
microsomal protein prepared from the excised liver and expressed as pmol min'lg"l

liver wet weight.
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2.2.7 Ethoxyresorufin-O-Deethylase (EROD) Assay

The 7-ethoxyresorufin-O-deethylase (EROD) assay as a measure of cytochrome P-450
monooxygenase activity was determined spectrofluorometrically essentially as
described by Burke and Mayer, (1974). A 0.41mM stock solution of the substrate
7-ethoxyresorufin and 0.85mM of the product, resorufin were made in
dimethylsulfoxide (DMSO). The buffer for the EROD assay was 0.1M NaH2 04.H20
in 0.1M Na(J)H. The optimum pH of this buffer determined for CL niloticus. that is

6.8, (Gadagbui, 1993) was used.

First, the absorption spectra of both substrate and product were chartered using
Specord-40. For this, 10" of each of the stock solutions was separately stirred into
a cuvette with 0.1M NaHZP 04 buffer to a final volume of 2.0ml. The spectra were
recorded to obtain the wavelength of maximum absorption (lambda max.), the
absorbance of which is required for the determination of the true extinction coefficient
at that wavelength, to be used later in the determination of the actual concentration

of the substrate in the EROD assays.

'l

The e”., that is, the extinction coefficient at the determined lambda max., was
estimated from Beer-Lambert law as follows:
orex = Absorbance

[Substrate conc. (piM mI'D]
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The emissiol spectra of resorufin and 7-ethoxyresorafin were obtained using the
SFM-25 spectrofluorometer with VERS 8603 recorder attached. The total volume of
solution used was 2.0ml made up of 1990/d of EROD buffer pH 6.8 and 10/l of
0.41mM 7-ER or 0.85mM resorufin. The excitation and emission wavelengths were

set at 535nm and 650nm respectively on the lambda-drive.

For the EROD assay, a resorufin working solution was made by diluting one part of
stock solution in two parts of DMSO to give a working solution of concentration 17.9
/imolL'l and the microsomal preparations were diluted with EROD buffer to obtain
a protein concentration of 0.2mg/ml. 1960/xlI of EROD buffer, 10jal of 7-ER solution
and 20/x1 of (;.ng/ml microsomal preparation were mixed in a cuvette. The cuvette

was placed in the fluorometer and the emission fluorescence recorded for 30 seconds

at the excitation and emission wavelengths of 535nm and 585nm respectively.

The deethylation reaction was then initiated by the addition of 101 of IOmM NADPH
to the cuvette followed by thorough mixing. The velocity of the reaction was
measured by recording the change in fluorescence on the time-drive plot over a

period of time, approximately two minutes.

During the time period that the recording of the change in fluorescence was still being
made, 10/nl of resorufin working solution was added as an internal standard to a final
concentration of 17.9 pmolL"1 The reaction solution was mixed again and the sudden

increase in fluorescence (spike) was recorded. The recording of the change in
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fluorescence was continued for another minute. The reactions of EROD assay were

all carried out at room temperature in subdued light.

The EROD activity was calculated using the linear change in fluorescence with time
as a result of NADPH addition until the addition of the internal standard. The specific

enzyme activity (pmol/min/mg protein) was estimated by the following formula:

S X C X D

pmol resorufin formed =
t x R x mg protein

D = dilution factor for the sample = 2000/20

C = conc. of resorufin

S = sample fluorescence (blank), mm recorder response
R = resqrufin fluorescence (spike), mm recorder response

i
t = time over which velocity was measured.

The total EROD activity was calculated taking into account the volume of microsomal
protein used in the cuvette, the total volume of the microsomal preparation and the

weight of liver used in preparing the microsomes. The total EROD activity was

expressed as pmol min'l1g'lliver weight.
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2.2.8 Molecular weight estimation of cytochrome P-450

2.2.8.1 Gel Preparation

Sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was used in
the resolution and characterization of microsomal cytochrome P-450. The separation
gel composition was 10% while the stacking gel was 5%. The slab gels used for the
separation w,as made by mixing 4.2ml of Concbis (a millipored solution of 40g
acrylamide and 1.5g of bisacrylamide), 3.0ml of 10x buffer (0.4M tris-acetate buffer
pH 7.4 containing 0.2M sodium acetate and 20mM EDTA), 0.3ml of 10%w/v SDS
and 18.0ml of doubly distilled water. The mixture was deaerated for two minutes and
1.5%w/v ammonium persulfate solution was added. Lastly, 50"1 of a catalyst,
TEMED was stirred into the mixture which was immediately transferred by a pasteur
pipette into the slab on the Biorad mould. A drop of n-butanol was put on top to

prevent contamination by dust and evaporation from the surface.

The stacking gel was similarly mixed and poured on top of the running gel with the

|
combs fixed jto create the wells for sample loading.

2.2.8.2 Sample Preparation
The sample buffer made up of 50mM Tris-HCI, pH 8.0 was used to dilute the
microsomal preparation to a protein concentration of 4.0mg/ml. The sample to be
loaded onto the gel was then prepared using the protocol below:

20 parts of sample buffer

60 parts of 4.0mg/ml microsomal protein
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10 parts of 10%w/v SDS
5 parts of JJ-mercaptoethanol
5 parts of bromophenol blue as a tracking dye.
50fig of each sample protein prepared as above was then loaded per well onto the gel

alongside marker protein standards already constituted as follows:

Protein Molecular WeightfDa)
bovine serum albumin 66,000
ovalbumin 45,000
pepsin 34,700
Trypjinogen 24,000
B-lactoglobulin 18,400
lysozyme 14,300

The concentration of the molecular weight marker protein was diluted to 3.0 mg/ml

before 407g of it was loaded onto the gel.

2.2.8.3 Electrophoresis Conditions

The electrophoresis buffer was made by mixing 100ml of 10X buffer, 10ml of
10%w/v SDS and 890ml of doubly distilled water. This solution was then used to
pre-electrophorese the gel for 30 minutes at 36 volts in the cold room before the
samples were loaded onto the gel. The pre-electrophoresis exercise was to equilibrate

the gels and remove any excess SDS.
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After loading the gels, they were run first at 36 volts in the cold room to concentrate
the samples onto the running gel. The voltage was then increased to 80 volts and the
gel was run until the tracking dye had just run off. Five additional minutes was
allowed for all the heme to run off to prevent any possible recombination with the

resolved proteins during protein fixation.

2.2.8.4 Protein Fixation and Detection on Gels

In order to facilitate the detection of the resolved proteins on the gel, they must first
be fixed. Protein fixation was achieved electrophoretically at 36 volts for 60 minutes
using the following solvent combination: isopropylalcohol: acetic acid: water
(25:10:65). Alternatively, the gel was soaked in this solution overnight. The fixed gel

was then rinsled twice with distilled water.

In the absence of benzidine dihydrochloride and tetramethylbenzidine which are
specific for cytochrome P-450, the fixed proteins were stained by the general protein

staining technique i.e. coumassie blue for one hour or overnight.

For the detection of the proteins on the gels, two solutions proved quite effective in
clearing the gel background. These were methanol: acetic acid: water (50:75:875) and
isopropylalcohol: acetic acid: water (10:10:80). However, the latter was the better of
the two and changing the destaining solution thrice was sufficient to clear all the gel

background. The destained gels were preserved in 10% glycerol until pictures of the

gels were taken.
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The mobilities of the resolved microsomal protein bands as well as the already
constituted molecular marker proteins were all measured as Rf values relative to the
gel lengths using Rf = distance moved by protein band/gel length. The Rf values
and the corresponding logl0 molecular weights of the constituents of the constituted
marker proteins were used to construct a standard curve from which the microsomal

1
protein bands molecular weights were estimated.

2.2.9 Statistical Analysis

Statistical analyses were performed manually and the differences between groups were
analyzed by ANOVA, multiple range, interval factors for mean and the standard
Student’s t-test with the level of significance set at p < 0.05 in all cases. In the
calculation of the t-values, significance between two (2) means for paired and
unpaired samples were considered. The effects of sampling time were evaluated by

ANOVA.
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CHAPTER THREE

RESULTS

The parameters investigated are grouped into two i.e biological and biochemical.

3.1 Biological Data
The biological data analyzed included the ‘condition factor’ (CF) and the ‘Liver

somatic index’ (LSI) of Bagenal and Tesch, (1978).

3.1.1 Condition Factor (CF)

3.1.1.1 Preliminary Result

Feral 0. niloticus from Weija dam and S. galileaus from the dam near the Motorway,
both of whic? were used in the preliminary investigations, had average CF values as
1.70 and 1.9|7 respectively (Fig. 3a). Since both species were held under the same
laboratory conditions viz: temperature, food supply (nutrition) and photoperiodicity
and since CF reflects nutritional status of the fish, it could be said that S. galileaus
is a better converter of feed than Q. niloticus since both fishes were not starved prior

to sample taking.

3.1.1.2 Aquarial Studies

The CF for a non-fasting Q. niloticus from the stock where the experimental fishes
were taken at the IAB aquaculture station at Akosombo were calculated and shown
to be 1.27 for fishes of average weight and length of 50.0 g and 15.5 cm

respectively.IThis was taken to be the standard value for Q. niloticus.



ion Factor (CF)

Mean Condi

Fig.

2.5

3a:

16 -

53

Condition Tfactor (CF) for preliminary studies
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O. niloticus S. galllaeus
Tilapia Species
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The mean OF values for the fishes used in the aquarial studies at the Akosombo
station are as represented in Fig. 3b. Both the control (soyabean oil-injected) and the
test (fi-NF-injected) fishes have their mean values below the standard. The t-test
values at p < 0.05 confidencelevel and 6-(d.f.) for the aquarial studies are shown in

the table 3.0 below:

Table 3.0; Student’s t-table of CF values for aquarial studies.

BNF and control t-tabulated t-calculated
Day-2 2.45 0.394
Day-3 2.45 0.726
Day-5 2.45 0.656

As the results indicate, there is no relationship between the CF and the BNF
treatment since there is no significant difference between the values for the test and

controls. This was confirmed by ANOVA (appendix I)

3.1.1.3 Field Studies

The fishes here were exposed to ATL-E for as long as the aquarial studies were
carried out ar!|d the fishes used were from the same stock as those used in the aquarial
studies. The mean CF value for day-2 and day-5 ATL-E fishes were higher than the

standard. However, on both day-2 and day-5 of ATL-E exposure, the CF values were

higher than their controls as shown in Fig. 3c.
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The Student’s t-values in the table below show all the ATL-E exposure resulted in
significant differences between the exposed fishes and their controls at Konkontekope,
indicating a relationship between exposure to ATL-E and the CF values.

Table 3.1; Student’s t-table for CF values for field studies.

ATL-E & control d.f t-tabulated t-calculated
2.75
Day-2 6 2.45
Da.ly-5 4 2.87 4.69
|
3.1.2 Liver Somatic Index (LSI)

The other biological parameter considered was the LSI which, at elevated levels, is
indicative of some induction and may either be due to hyperplasia or hypertrophy.
Both processes are known to cause liver cells to become larger than normal when

exposed to some pollutants.

3.1.2.1 Preliminary Result

The mean LSI values for feral O. niloticus from Weija dam and £. galileaus from the
Motorway dam used in the preliminary studies were 1.03 and 1.41 respectively (fig.
3d).

3.1.2.2 Aquarial Studies

LSI data for the aquarial experiments at Akosombo are as presented in fig. 3e. The

day-2 and day-3 B-NF treated fishes had mean LSI values higher than the standard

whereas the day-3 control and day-5 fishes
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show mean LSI values below the standard. While there is a general decrease in the
mean LSI for the BNF-injected fishes, the same cannot be said of the controls. The
aquarial LSI t-values at p < 0.05 and 6-(d.f.) presented in Table 3.2, the ANOVA
table (appendix Ha) and the mean intervals of factor means (Appendix lib) all indicate
no significant difference with regards to all the B-NF pretreated fishes and their
controls.

Table 3.2: Student’s t-table for LSI values for the aquarial studies

B-NF & Control t-tabulated t-calculated
Day-2 2.45 1.43
Day-3 2.45 1.40
Day-5 2.45 0.187

The multiple range analysis of mean LSI by sampling days as shown in appendix lie
indicates no relationship existing between day-2 and day-3 but rather between day-2

and day-5 as well as day-3 and day-5.

3.1.2.3 Field Studies.

Fig. 3f represents the data for the ATL-E fishes and their controls set up at
KonkontekoF;e. On both day-2 and day-5, the ATL-E exposed fishes had higher LSI
values compared to the controls. It further shows that there is a decrease from day-2

to day-5 for both controls and ATL-E fishes.
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Below is the Student’s t-table (table 3.3) for the field studies at p < 0.05, and
together with ANOVA (Appendix lid), they reveal a significant difference between
the ATL-E fishes and their controls.

Table 3.3: Students t-table for LSI values for field studies

ATL-E & control d.f t-tabulated t-calculated
Day-2 6 2.45 3.13
Dayi-5 4 2.87 2.93

3.2 Biochemical Data

The biochemical parameters investigated included total protein concentration,
NADPH-cytochrome (P-450) ¢ reductase (as a component of the monooxygenase
activity as well as the integrity of the endoplasmic reticulum) and EROD as a measure
of cytochrome P-450 dependent monooxygenase activity. The cytochrome P-450

isoform(s) being induced was investigated using SDS-PAGE.

3.2.1 Total Microsomal Protein Concentration
In the determination of the total microsomal protein concentration, a bovine serum
albumin calibration curve plotted as OD70 versus bovine serum albumin

concentration, as shown in Fig. 4a, was used.



Fig . 4b:

T 16-

O

)

° 14-

o

- 12-

g

C
10.

c

S 8.

o

1.

o

' 6 .

-

=

5 4

=

= .
O_

O. nlllticus

64

Tiliapia Species

Mean total aicrnsoaal protein (ag/g liver weight) of fishes in the preliiinary studies

13.69

S. galllaes



65

3.2.1.1 Preliminary Results

The yield of total microsomal protein in mg/g liver weight for the feral fish showed
that S. galileaus. obtained originally from the dam near the Motorway, had
approximately 54% more protein than of Q. niloticus obtained from the Weija dam
(fig. 4b). Thfese mean total protein values for Q. niloticus and S. galileaus were taken
to be their basal values since both species were acclimated in tap water for two

months before being used in the experiments.

3.2.1.2 Aquarial studies

The results of the aquarial studies are as presented in fig. 4c showing evidence that
in all three days of sampling, the B-NF pretreatment increased mean total microsomal
protein to levels higher than those of the soyabean oil injected fishes the controls.
It further showed that the difference, expressed as a percentage increase in the total
microsomal protein concentration appear to be similar for all three (3) days i.e. by

|
a factor ranging between 2.3 and 2.5.

From the ANOVA (Appendix llia) and the Student’s t-table below, it is evident that
there were significant differences in the B-NF treated fishes over the controls for all

the days.
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Table 3.4: Student’s t-table for total microsomal protein

concentration for the aquarial studies at p < 0.05 for 6-(d.f.).

B-NF & control t-tabulated t-calculated
Day-2 2.45 4.63
Day-3 2.45 4.28
Day-5 2.45 5.01

Appendix nib represents the multiple range analysis for total microsomal protein by
sampling days and it indicates that there are differences between the day-2 and day-5,

day-3 and day-5 but not between day-2 and day-3 treatments.

3.2.1.3 Field Studies

Fig. 4d represents the results of the field studies and shows the ATL-E affected fishes
i

as having higher mean total microsomal protein concentration over their controls by

a factor of 1.68. Both test and control fishes for day-5 have higher values than their

day-2 counterparts.

The ANOVA table (Appendix Ilia) and the Student’s t-table below (Table 3.5),
indicate a significant difference between the ATL-E fishes and their controls. Also,
the significant differences in the protein levels between day-2 and day-5 test fishes

were shown in multiple range analysis (Appendix IlIb).
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Fig. 5a. Mean specific NADPH-cytochrome c (P-450) reductase activity
of Ffishes in the preliminary studies.
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Table 3.5; Student’s t-table for the total microsomal protein of

field studies at p < 0.05.

ATL-E &
d.f. t-tabulated t-calculated
control
Day-2 6 2.45 3.61
Day-5 4 2.87 3.97
3.3.1 NADPH-dependent cytochrome P-450 reductase activity
|
3.3.1.1 Preliminary Results

!
The electron transport potential of the monooxygenase system of both O. niloticus and

S. galileaus was evaluated as NADPH-dependent cytochrome P-450 (c) reductase
specific activity. The O. niloticus and S. galileaus used in the preliminary studies
recorded values of 134.65 and 149.45 pmol of cytochrome ¢ reduced per milligram
of protein per minute respectively (fig. 5a). This represents a difference of 11%

activity in the £. galileaus over the Q. niloticus.

3.3%2 Aquarial Studies

The results of the specific reductase activities reflecting the electron transport
potential of (he microsomal monooxygenase enzyme system of Q. niloticus in the
main experiments are as indicated in fig. 5b. The control values are quite comparable
to the values of the preliminary studies (fig 5a). The data further shows clearly a

depressed cytochrome c reduction per milligram protein. This apparent depression in
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the NADPH-dependent cytochrome P-450 (c) reductase activities in the test fishes
compared to the controls could be attributed to the relatively higher protein
concentrations registered by the test fishes over their controls. Table 3.6 shows the
Student’s t-table for specific reductase activity for the aquarial studies at p < 0.05

and six degrees of freedom.

Table 3.6: Student’s t-table for the mean specific cytochrome P-450 (c) reductase

activity for the aquarial studies at 6-(d.f.).

B-NF & Controls t-tabulated t-calculated
Day-2 2.45 15.80
Day-3 2.45 13.09
Day-5 2.45 6.26

The above results show that the soyabean oil-treated fishes (controls) have higher
specific reductase activity than the B-NF treated fishes.
!

The total microsomal NADPH-cytochrome P-450 reductase activity for this group of
fishes represented in fig. 5c¢, shows the total reductase activity in the B-NF-induced
fishes to be the same as their controls for day-2 and day-3. On the contrary, the value
for the controls of day-5 was lower than for the test fishes. This difference for the
day-5 was found to statistically significant (Student’s t-test; t-calculated = 2.97,

t-tabulated = 2.45) and the day-2 and day-3 result not significant, in all cases, at the
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6-(d.f.) for p > 0.05 level. The higher total reductase activity shown in day-5
buttresses an earlier statement that the depression in the specific reductase activity is

due to higher amounts of proteins.

3.3.1.3 Field Studies

Results of the field studies presented in fig. 5d shows a higher specific reductase
activity for the controls over the ATL-E fishes only for day-2. The day-5 control and
test fishes had the same value which was close to the value for the day-2 test fishes.
The Student’s t-table (Table 3.7) below indicates that there exists a significant

|
difference for the value for day-2.

Table 3.7: Student’s t-table for the field studies mean specific cytochrome P-450
(c) reductase activity at p < 0.05.

ATL & Controls d.f t-tabulated t-calculated
Day-2 6 2.45 3.48
Day-5 4 2.87 0.329

The results of the mean total microsomal NADPH-dependent cytochrome P-450 (c)
reductase activity of the field studies are represented in fig. 5e. There was an increase
in total reduptase activity for both day-2 and day-5 over their controls confirming
higher prote i as a key to depressed specific reductase activity. The significant
increase for the day-5 relative to the day-2 test fishes by a factor 1.6 was statistically
confirmed by the Student’s t-test (day-2: t-calculated = 1.01, t-tabulated = 2.45;

day-5: t-calculated = 5.21, the t-tabulated = 2.87).
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3.3.2 Ethoxyresorufin-O-deethylase (EROD) activity

3.3.2.1 Purity of Substrate and Internal Standard

Fig. 6a and fig. 6b are the absorption spectra of both resorufin (which was used as
the internal standard) and 7-ethoxyresorufm (substrate) in EROD buffer respectively,
chartered on Spectrophotometer Model Specord-M40, to facilitate the determination
of the wavelengths of maximum absorbance and the absorbance values for both
substrate and product. The charts indicated maximum absorbance of 8.09 x 10"2
MA~cm'l at 464.7nm instead of 2.25 x 104 M"Im"1lat 482nm reported by Prough et
al, (1978) f(t)r 7-ER and .a maximum absorbance of 9.36 x 102 M~cm'lat 592.4nm
rather than- 4.0 x 104 M"]-cm'l at 572nm also reported for resorufin. For the values
reported by Prough et al , (1978), the substrate and product were both dissolved in

ethanol instead of dimethylsulfoxide (DMSO).

Knowing the concentration of each solute in the reaction cuvette enabled the correct
extinction coefficient (e) at the determined wavelength of maximum absorbance to be
calculated from Beer-Lambert’s law. The corrected e for the substrate, 7-ER at
464.7nm is 46.0 mM'Itm'1lwhile that of resorufin is 69.37 mM'm*‘L The literature
value of e reported for 7-ER at different times and places are 22.32 + 0.31 mM'tm'l
and 22.5 ml|["Itm'1lwhile those reported for resorufin ranged from 20.1 to 73.2 +

2.7 mM'Itm'l (Prough et al, 1978; Burke and Mayer, 1974; Klotz et al, 1984,

ICES-10C, 1991).
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Figs. 7a and 7b show the emission fluorescence spectra of both the substrate and the
product respectively on the lambda drive of the spectrofluorimeter used. This was
done for both within the scan range of 150nm (i.e 500nm and 650nm) to determine
the wavelength of maximum fluorescence and ascertain their purity as described

earlier in 2.2.7.

Both spectra were shown to lie within the visible region of the electromagnetic
spectrum and the resorufin showed 100% purity while attaining a maximum
fluorescence at 582 nm. On the other hand, the substrate showed more than 100%
purity at 534 nm indicating that whatever impurity the substrate might contain also
fluoresces at the same wavelength of maximum fluorescence accounting for the excess
fluorescence above 100%. These wavelengths of maximum fluorescence conform to
literature values as reported by Burke and Mayer, (1974) and standardised at the

ICES-IOC EROD Intercalibration workshop at Aberdeen, (1991).

3.3.2.2 Enzyme Assay

The cytochrome P-450 monooxygenase activity was evaluated as
7-ethoxyresorufln-O-deethylase (EROD) activity.The enzyme activity is known to be
elevated by 'polyaromatic hydrocarbons such as B-NF, 3-MC, B(a)P and other
structural analogues. EROD assay using microsomes prepared from all the control
samples of O. niloticus including the preliminary ones, showed no fluorescence
response to the assay system as indicated in Figs. 8a, 8b, 8c respectively and 8d for

S. galilaeus.
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3.3.2.3 Aquarial Studies

Fishes treated with B-NF responded to the EROD assay as shown in Fig. 9a.
Estimations from such response charts of S, R and D as defined in 2.2.7 enabled the
calculations of all the EROD activity to be done. The means of these activities are
presented in Fig. 9d. It is reported by Goksoyr and Forlin, (1992) that the bile of fish
exhibit some™inhibitory effects on EROD assay. Inhibition studies carried out by the
addition of IOjul of bile to a progressing EROD assay produced a slight depression

in the level of resorufin being produced (shown in fig. 9c).

The results generally indicate an increase in response/activity due to B-NF over the
controls (which showed no enzyme activity). There was a progressive decrease from
day-2 through to day-5 for the B-NF treatment. It is also noted that this decrease is
by a factor of 1.4 between day-2 and day-3 and 1.9 between day-3 and day-5. The
difference in specific EROD activity between day-2 and day-3 B-NF treatment at the
]

5% level, w|re not statistically significant, while a statistically significant difference
existed between the values for day-2 and day-5 as well as day-3 and day-5 as shown
in Table 3.8 below.

Table 3.8: Student’s t-table for specific EROD activity at the 5% level for
unpaired aquarial studies.

B-NF Treatment d.f t-tabulated t-calculated
Day-2 & Day-3 6 2.45 1.20
Day-2 & Day-5 4 2.87 4.19

Day-3 & Day-5 4 2.87 5.88
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The total EROD activities were calculated and are as presented in fig. 9e. A
maximum wjas attained on day-2 with the subsequent decrease possibly due to
self-destruction of the protein after it has performed its functions. The results further
show from the Student’s t-test that there were significant differences between day-2
and day-3 (t-calculated =4.79, t-tabulated =2.45), day-2 and day-5 (t-calculated =
6.03, t-tabulated = 2.87) and then day-3 and day-5 (t-calculated = 4.84, t-tabulated

= 2.87).

After three months of storage at -71°C, the microsomes were re-assayed for the
EROD activity. The results showed a decay in the enzyme activity of the fi-
NF-treated fish microsomes from 461.13 to 380.91 (a 28% decrease), 333.18 to
292.86 (a 12% decrease) and 178.77 to 173.41 (a 3% decrease) {all in pmol per

minute per mg protein} for day-2, day-3 and day-5 respectively .

3.3.2.4. Field Studies

The response to the EROD assay for the ATL-E fishes and their controls are shown
in Figs. 9b and 8a respectively. Whilst the controls exhibited no response at all, the
activities calculated for the ATL-E are shown in fig. 9f. These results reflect very
high activity for day-2 and day-5 with the day-5 registering the highest value and by
a factor of 1.2 over day-2. The results of Student’s t-test performed on the paired and

unpaired samples at 5% level are shown in table 3.9.
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Table 3.9: Student’s t-table for specific EROD activity at the 5% level comparing

both types of treatments on test samples.

Treatment d.f t-tabulated t-calculated

Day-2 ATL-E & B

6 2.45 2.62
NF
Day-5 ATL-E & B-

4 2.87 7.65
NF
Day-2 & 5 ATL-E 4 2.87 2.05

From the results, there is no significant difference between the day-2 and day-5
ATL-E EROD activities while there are significant differences between the Day-2
ATL-E and B-NF-treated as well as the day-5 ATL-E and B-NF treatments. The
difference between the two types of treatments are clearly shown in figs. 9d and 9f
where the EROD activities due to the ATL-E (continuous exposure) far exceeds that
due to B-NF (single injection) for the days specified.
!

The total EROD activities calculated from the specific and the total microsomal
protein and presented in fig. 9g shows that there is a significant difference between
day-2 (minimum) and Day-5 (maximum). This is in consonance with the suggestion

that this increase is due to continous exposure.
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Fig. 9g. Mean total EROD activity for field O niloticus
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3.3.3 SDS-PAGE

Microsomal proteins from all the controls, B-NF-treated and ATL-E exposed O.
niloticus and S. galileaus livers were subjected to both denaturing and reducing
conditions and subsequently resolved on 10% SDS polyacrylamide gel electrophoresis
(SDS-PAGE i to analyze the inductive effects of ATL-E and B-NF on cytochrome
P-450 proteins. One major protein band was detected in the 50,000 - 60,000 dalton
molecular weight region (Plates A and B) where fish cytochrome P-450 hemoproteins

generally migrate (Stegeman and Kloepper-Sams, 1987).

Plate A shows the electrophoretogram of Q. niloticus protein profile for controls and

test for both B-NF and ATL-E samples, applying 40/zg protein per well and run

parallel with marker protein in lane 10. Fig. 10 represents the calibration curve for

electrophoretic mobilities of marker protein bands of Plate A (lane 10) and the
i

average molecular weights of microsomal proteins from the mobilities of the resolved

bands (5 out of the 8 bands) are as shown in Table 4.0 below.

Table 4.0: Molecular weights of resolved microsomal proteins from
aquarial and field Q. niloticus and their control.

Marker Protein ATL-E Exposed B-NF-injected
(Daltons) (Daltons) (Daltons)
108,800 109,300
66,000 68,900 70,700
45,000 53,700 53,700
34,700 44,700 43,500

24,010 33,500 32,100
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Both controls show a similar protein profile pattern, particularly the suspected P-450
band at 53,700 dalton which may be regarded as constitutive cytochrome P-450 band.
However, the cytochrome P-450 band of the ATL-E controls appears more intense
than the B-N controls. Comparing the protein profiles of the controls of both the
aquarial and field studies with those of the B-NF and ATL-E pretreatment against the
sampling days shows an amplification of the 53,700 daltons bands of the B-NF and
ATL-E over their controls. It also shows a more intense 53,700 daltons protein band

in the ATL-E pretreated fishes compared to the B-NF pretreatment.

The day-2 (lane 2 and 3, Plate A) for ATL-E pretreatment registered the most intense
cytochrome P-450 band (53,700 daltons) followed by day-5 [lane 4 -(40"ig) and lane
1 (25pig)]. Lanes 5 and 6 represent the aquarial control (Soyabean oil injection) and
field controli(Konkontekope) respectively. From the electrophoretogram, the bands
for these two control lanes are the least intense and suggests the baseline
(constitutive) cytochrome P-450 in Q. niloticus. Lanes 7, 8 and 9 define the days 5,

3 and 2 profiles respectively of the B-NF samples.

Similarly, Plate B represents the resolved electrophoretic profile of Q. niloticus from
Weija dam and S. galileaus from the dam near the Motorway on 10% SDS-PAGE.
Lane 5, which is the marker protein, shows 4 clear bands out of the expected 6. To
the right of lane 5, are protein profiles of S. galileaus (5 bands) while to the left of

lane 5 are profiles of O. niloticus ( 5 bands).
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Table 4.1: Molecular weights for protein bands for feral

Q. niloticus and §e galilaeus in daltons.

Marker Protein O. niloticus S. galilaeus
109,600 108600

66,000 70,700 71,600
45,000 53,700 54,300
34,700 44,700 42,500
24,000 32,100 32,400

Both species of tilapia show bands within the cytochrome P-450 region. However,
while the O. niloticus cytochrome P-450 band had molecular weight as 53,700
daltons, that of S. galileaus was at 54,300 daltons (a broad band). The broad nature
of the S. galilaeus target band relative to thay of the Q. niloticus could be attributed

to poor resolution of the microsomal proteins.

Lane 5 represents the profile for the marker proteins and shows 4 bands out of the
expected 6. 'I!o the left of the standards, are replicated lanes of the Weija Q. niloticus
microsomal protein profiles. On the right side are the profiles for the £. galilaeus
from the dam near the Tema motorway. It is clear from Plate B that the pattern of

protein bands for both tilapia species appear to be different e.g. 44,700 and 42,500

daltons.
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CHAPTER FOUR

4.0 DISCUSSION AND CONCLUSION

The increasing awareness of fish as useful models for carcinogenesis, toxicity testing and
monitoring studies in the aquatic environment has resulted in expanding interests in studying
the enzymatic basis of xenobiotic metabolism in fishes (Payne et al, 1987; Powers, 1989;
Stegeman and Lech, 1991). Tilapia mossambicus. the most widely distributed species in
Taipei, Taiwan has been used by Ueng et al (1992) to monitor the effects of industrial
effluents discharged into the Damsui river as was also done with perch (Perea fluviatilis~) to
monitor Bleached Kraft Mill effluents in Sweden (Anderson et al, 1988; Sodergren, 1989 and

Forlin et al, 1991).

In Ghana, Oreochromis niloticus is becoming a popular model in aquatic pollution monitoring
for trace metals (Biney, 1991) and heavy metals (Biney and Beeko 1991; Biney, 1992). The
present study, for the first time, has characterized a biochemical mechanism used in the
metabolism of xenoorganics in two economically important tilapias Q. niloticus and
Seratherodon galilaeus and has revealed interesting properties in consonance with results of
other fishes studied elsewhere. The study has shown the Q. niloticus monooxygenase enzyme
system to be significantly responsive to stimulatory effects of pollutants, fi-NF - a classical
one and those present in the effluent from a textile factory. This indicates that the fishes in
both treatments were exposed to xenobiotics (such as PAH and PCB) and mixtures with
proven inducing properties on the cytochrome P-450 monooxygenase system in fishes. The

environmentally inducible properties together with the wide distribution and economic
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importance of Q. niloticus (dwells in freshwater with muddy bottoms) and £. galilaeus
(inhabits in freshwater with stony bottoms) suggests these species as potential models for
xenobiotic metabolism and environmental pollutionmonitoring studies in our freshwater

bodies.

4.1  Preparation,and Storage of Microsomes

Itis reported by Forlin et al (1994) that erroneous results could be obtained if great care was
not taken in the sampling and handling of samples. The activity levels of the cytochrome
P-450 monooxygenase system in O. niloticus and S. galilaeus were noted to be influenced
by the previous handling of the organ processed for their assays - the liver in this case. Low
enzyme activities were recorded in the preliminary studies when the samples were transported
frozen over long distances before microsomal preparation. The CO-difference spectra showed
a maximum peak at 420nm reminiscent of degraded microsomes just as has been reported
for other fishes (Forlin  al, 1994). These results therefore show that the membrane-bound
P-450 of Q. niloticus and that of S- galilaeus are susceptible to inactivation during sampling
time (after death offish), freezing before the preparation of microsomal fractions, enzyme
fractionation (frothing during pellet rehomogenization) and storage of the enzyme fraction

before enzyme analysis.

In subsequent work, degradation of the P-450 system was averted by sacrificing, dissecting
and excising the livers of the fishes as quickly as possible. In this operation, rupturing of the
gall bladder to spill the bile was avoided since Goksoyr and Forlin, (1992) reported the bile

content to contain some P-450 inhibitors. The inhibitory effect of the bile content was
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demonstrated in this report as has been indicated in Fig. 9c.

All the procedures after the excision of the liver involved the use of iced buffers and storage
in liquid nitrogen or at -71°C. Because samples were taken in the field without immediate
access to centrifuges, the livers in cryotubes, were layered with ice-cold 30% glycerol to
give increased protection during storage. In processing the frozen livers into the
postmitochondria supernatant (S-9fraction) and then microsomes, they were thawed on ice
to prevent damage to the endoplasmic reticulum. To further enhance the viability of the
microsomes in terms of activity, the phosphate buffers used to resuspend the microsomes
contained antioxidants such as DTT and EDTA (which is also a chelating agent) in addition

to the glycerol.

4.2 Biological Data

Condition factor is an indication of the nutritional status of fish and is reported to be different
for different fish species, requiring a standard to be determined for each fish species.
Starving fishes are expected to register lower CF values relative to feeding fishes. With
respect to this index, all Q. niloticus used in this study, except those exposed to ATL-E for
5 days, registered CF values lower than the mean of non-starving fish from the same stock.

I
There was no difference between the aquarial test and control fishes because both groups

i
were not fed. However, there was a significant difference between the the test (ATL-E) and
their controls at Konkontekope as evidenced in Fig. 3c. One can conclude that for Q.

niloticus. there exists a relationship between the condition factor and feeding habits for the

fishes at the ATL-E site as opposed to the control fishes at Konkontekope.
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For the acclimated feral fishes in the preliminary studies, the results suggest that £¢ galilaeus

is a better feeder than O. niloticus. This better feeding habit correlates positively with the
1

mean total microsomal protein which were higher in S. galilaeus (Fig. 3a), establishing a
|

possible relationship between the feeding habits, increase in condition factor and total

microsomal protein.

Liver somatic index is another Fulton’s index that measures the health status of fish organs
such as the liver. It differs from one species of fish to another. Hyperplasia, hypertrophy and
the development of cancerous conditions or protein synthesis in the livers of fish are usually
associated with diseases or the presenceof xenobiotics and are reflected in the rise in LSI.
The mean LSI value for unexposed and hence standard O. niloticus was 1.01. The absence
of any significant difference between the LSI values for the B-NF-treated fishes and their
controls (Table 3.2)i|clearly indicates the lack of any relationship between this index and B-
NF injection. However, the significant difference between ATL-E and Konkontekope fishes

establishes a relation between LSI and exposure to the effluents from ATL factory. The

factory effluent could be carcinogenic.

4.3 Biochemical Indices

Studies on microsomal protein concentrations and activities of specific enzymes were carried
out in order to examine the usefulness of biochemical responses as health indicators in fishes
injected with the classical pollutant (B-NF) and fishes exposed to effluents from the ATL
factory. The responses were to be used to elucidate the extent of lethal/toxic effects on the

fish population exposed to ATL-E as was similarly done in Sweden on fish exposed to
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Bleached Kraft Mill Effluent (BKME) by Forlin et al (1985), Andersson al (1988),

Sodergren (1989) and Lindstrom-Seppa & Oikari (1990).

4.3.1  Total Microsomal Protein

The mean total micr?somal protein concentrations of the acclimated fishes in the preliminary
studies showed the S. galilaeus to have higher values than the Q. niloticus (fig. 4b). The over
100% increase in S. galilaeus protein concentration with respect to Q. niloticus probably
reflects species differences. Since acclimation of feral fishes in tap water reverses any
induction in seven (7) days (Lech et a], 1979), the longer period of acclimation in these
experiments (2 months) permits one to conclude that the reported values are for the

basal/constitutive proteins and hence, cannot tell any pollution history about the water bodies

from which these fishes were taken.

The significant differences in mean total microsomal protein concentration recorded for both
the aquarial fishes and those in the field over their controls confirm the occurrence of
induction due to thelixenobiotics. In comparing the induced protein levels of the aquarial and
field fishes, the higher values recorded for the ATL-E exposed fishes can be attributed to the
ATL-E having a higher concentration of xenobiotics. One can, however, also conclude that
this effect was due to the continuous exposure relative to the single i.p. injection of B-NF
(80mg/kg body weight) given per fish in the aquarial studies. But the fact that this result may

also be a reflection of the more potent nature of the xenobiotics in the ATL-E as an inducer

cannot be ruled out.
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The total microsomal protein for both treatments was the highest by the last day of sampling
(day-5). It may be appropraite to extend the experimental period beyond day-5, irrespective
of the fact that about half (50%) of the fish exposed to the ATL-E had died by day-5, in
order to find out the period for maximum induction. The high percentage mortality (50%)
recorded for the ATL-E exposed fishes may be a confirmation of the breakdown of the
cytochrome P-450 system, the first line of defence of the fishes, or the high toxicity of

ATL-E.

It should also be noted that the high mean total proteins shown by fishes at Konkontekope,
the control site for the field studies, compared to the controls of the aquarial studies,
indicates some induction and protein synthesis but the induced protein was devoid of
P-4501A activity that characteristically respond to EROD assay. The high protein
concentration could be attributed to the presence of some inducing agents that induce P-450
isozymes that do not respond to EROD. In the light of the foregoing, the general conclusions
that the absence of any response to EROD are due to the absence of pollutants, could be

misleading.

Of the three hypotheses put forward to account for the elevated levels of microsomal protein,
the presence of xenobiotics (B-NF, agrochemicals, domestic sewage and ATL-E) in the fish
environment plausibly explained the rise in total protein in both the ATL-E and B-NF treated
fishes (Porter and Coon, 1991; Andersson and Forlin, 1992). Since all the control and test
fishes were held at the same temperature, water pH and photoperiodicity, the alternative

hypothesis of environmental temperature implied by Snegaroff and Bach (1990) to influence
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P-450 protein synthesis and activity was discounted. Because of the absence of any evidence
relating to differential sexual maturation in the fishes used in this project, the surge in

vitellogenesis could not also be the factor involved in the elevated protein levels.

4.3.2 Enzyme Assay

Inducers were classified by Gillette (1971) to reflect the type of reaction a class of
chemicals/xenobiotics undergoes. Thus, in addition to elevating the total protein levels,
inducers can also specifically affect the P-450 level and NADPH-dependent reductase
activity. Based on the above, inducers can be classified into three viz; PB-type inducers
which increase both the P-450 level and the NADPH-dependent cytochrome P-450 (c)
reductase activity, 3|-MC-type inducers that increase the P-450 level but not the reductase
activity (this can eijther decrease or remain constant) and finally, the third group which

primarily increases the reductase activity and may or may not affect the P-450 level.

The fact that there was no induction of cytochrome P-450 (c)reductase in B-NF-treated fishes
(test values were not significantly different from control values, fig. 5¢) confirms B-NF as
belonging to 3-MC class of inducers which increase the P-450 levels but not the cytochrome
P-450 (c) reductase activity. The lower specific reductase activity in the test fishes compared
to their controls in the aquarial studies could be a mere reflection of the higher microsomal

protein concentration of the former.
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That there was a statistically significant increase in the mean total cytochrome P-450 (c)

reductase activity for the day-5 test fishes in the field over their controls (fig. 5e) suggests
induction of this protein in response to constant exposure of fish to pollutants in the ATL-E
which are different from the B-NF type. The mean specific NADPH-dependent cytochrome
¢ (P-450) reductase jactivities of the controls were significantly higher than the test fishes in
both types of exposures except for ATL-E day-5, where the specific enzyme activity was the
same for both test and control fishes, inspite of the significantly higher protein concentration
of the test fishes compared to that of the controls. All these taken together indicates that the
ATL-E induced protein has reductase activity and so the xenoorganic(s) in the effluent could

belong to the PB or the third type of inducers.

The significantly lower mean specific reductase activity of the fishes at Konkontekope on
day-5 compared to the value on day-2 seems to indicate that the additional proteins
synthesized by day-? at the control site did not have any reductase activity, suggesting that
the pollutants presejnt at Konkontekope belong to neither the PB nor the third type of
inducers. Another possible reason for this could be the presence of reductase inhibiting
chemicals (such as cyanide and heavy metals) at the site. The fact that the mean specific
cytochrome P-450 (c) reductase activities of the exposed fishes were fairly constant also
indicates the possibility that the induction of the reductase is a process that is not affected by

the time period employed in this assay.
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Ethoxyresorufin-O-deethylase assay/response was used to indicate cytochrome P-450
dependent monooxygenase activity since the protein could not be assayed by CO-difference
spectra. Since fishes acclimated in tap water usually register a decline in the P-450 enzyme
activity, the results obtained implies that the increased level in EROD activity was due to the
B-NF in the case of the aquarial studies and xenoorganic dietarycomponent(s) in the ATL-E
exposure. The xenoorganics present in the ATL-E must belong to, or are structural analogues
of the class of inducers of polyaromatic and polychlorinated hydrocarbons such as lindane
and the dioxins (Bo?n et al, 1992) that induce the cytochrome P-4501A isozyme of which

the P-4501A1 gene product is the only known one in the fishes so far studied.

It is clear from figs. 9f and 9g that the EROD and P-4501A activities due to ATL-E
exposure were higher than that due to 13-NF induction and this can possibly be explained by
the continuous exposure of the fishes to ATL-E in relation to the single i.p dosage of 80mg
Kg'113-NF injected. One other explanation could be that the factory effluent (pollutants) are
more potent and persistent inducers, or there could be a mixture of xenoorganics which act
synergistically in inducing the monooxygenase complex in fishes (Gooch el al, 1989, Skaare

Si al, 1991, van der Weiden £t al, 1992, Boon et al, 1992).

One other result worth noting is the fact that while both specific and total EROD activities
for the ATL-E exposed fishes increased with time, those of the B-NF-injected fishes followed
a time-course decline. This may be attributed to the continuous exposure of field test fishes
to ATL-E as against the single i.p. B-NF injection in the case of the aquarial studies where

enough biomarker was synthesized to overcome the B-NF by day-2 (highest EROD value).
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This enzyme is not a "house keeping enzyme". As such, once induced to perform the
destined duties, it subsequently follows a path of self-destruction. The other plausible reason
may also be thedifferent xenoorganic components in the two pollutant sources used in the

field (ATL-E) and aquarial (J3-NF) work.

Even though the actual organic components of the ATL-E was unknown, and hence no
conclusion can be drawn as to which component(s) are responsible for the induction, the
results obtained indicate that the ATL-E is made up of a mixture of different types of
cytochrome P-450 inducers including PAHs, PCBs and possibly, dioxins and other dyes used
in the textiles industry. No responses to the EROD assay were observed for £. galilaeus
(fig. 8d) and all the controls including those for the field studies which had higher
microsomal protein concentration indicating induction of protein synthesis. This indicates that
cytochrome P-4501A was not present among the microsomal proteins induced by the
pollutants in the Volta Lake at Konkontekope and and the other water bodies used in the
preliminary studies. The increased mean total protein correlates positively with the induced
monooxygenase system responding to EROD assay in O. niloticus exposed to the ATL-E and
indicates induction of cytochromme P-4501A proteins in addition to the reductase as a result

of the exposure.

The increased mean iotal protein concentration in the aquarial studies does not correlate with
the EROD or the reductase assays. This suggests that the induction of other proteins peculiar
to tilapia and could possibly explain why tilapias can tolerate a high degree of pollution

(Ueng si al, 1992).
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Fishes exposed to the ATL-E manifested induction to the xenoorganics present in increased

microsomal protein concentration, increase in total reductase activity, as well as increased

cytochrome P-450 (P-4501A). That P-4501A protein was induced by the factory effluent as

evidenced in the positive response to the EROD assay suggests the factory effluent contains
|

3-MC-type inducers} The induction of reductase in the test fishes in the field studies indicates

the presence of PB-type or the third type (or a mixture of both types) of inducers in the ATL

effluent.

The different types of microsomal protein synthesized reflect different pollution histories.
The pollution at Konkontekope, the control site for the factory effluent, could be due to the
domestic sewage from the Akosombo township and chemical wastes from the hospital which
discharge into the Lake upstream Konkontekope and the field experimental sites. It could
also be attributed to agrochemicals such as dieldrin sprayed to control Segatoga a banana
and plantain virus iii plantations upstream the hydropower generation station or may be as
a result of agrochemicals including DDT and gamelin-20 washed into the Lake from
surrounding cocoa farms. DDT and dieldrin have been proven by Axelrod, (1983) and
Waterman et al, (1986) to elevate fish microsomal protein level, cytochrome P-450 (c)
reductase activity but the P-450 monooxygenase enzyme complex induced does not respond

to EROD assay.

The cytochrome P-450 monooxygenase system is a superfamily of twenty-eight isozymes
(Nebert et al, 1991). The most common isozyme in fish is the P-4501A which when induced

is known to specifically catalyse EROD activity (Goksoyr et al, 1991b; Husoy et al, 1993).
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Lower levels of, or no P-4501A/EROD activity have been reported during spawning in
several fishes (Koivusaari si al, 1981; Larsen et al, 1992). This could not have been
responsible for the lack of response to EROD assay in the S. galilaeus. all the control O.
niloticus as well as the fishes from Weija dam since there was no physiological evidence

regarding maturation of the fishes used.

4.3.3 SDS-PAGE

The SDS-PAGE elejctrophoretograms showed the liver microsomal protein profiles of the
ATL-E exposed and the B-NF-injected Q. niloticus and their controls to be similar, having
a common protein band of molecular weight 53,700 daltons. This band can apparently be
taken as being that of the constitutive cytochrome P-450 protein inthe control fish. That the
intensity of the bands due to the ATL-E (lanes 1, 2, 3 and 4) and B-NF (lanes 7, 8 and 9)
were higher than their controls (lanes 6 and 5) of plate A suggests that the induction due to
both pollutants is not qualitative (since no new bands showed up in the electrophoretogram)
but quantitative. However, for the absence of new bands, the possibility of poor resolution
of the different bands cannot be ruled out. The amplified band intensities (53,700 daltons)
due to ATL-E and B-NF probably represents the cytochrome P-450 monooxygenase protein

responsible for the positive EROD assay.

From plate A and the total EROD activities (Figs. 9e and 9g), it is evident that the induction
and hence EROD activity for both B-NF and ATL-E treatments peaked by day-2.
Subsequently, a process of self destruction of the induced functional proteins commenced.

The band intensities due to ATL-E (lanes 2, 3 and 4 in Plate A) were higher than those for
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B-NF (lanes 7, 8 ancj 9). The higher band intensities registered can be attributed to additional
P-450 isozyme induced by ATL-E with electrophoretic mobility falling within the range
specified for fish microsomal cytochrome P-450 isozymes (Stegeman and Kloepper-Sams,
1987). Since it has also been shown (Goksoyr fit al, 1991b; Husoyr et al, 1993 and Nebert
£t al, 1989) that for fish, only one kind of isozyme is induced by PAHs such as B-NF and
that this protein responds to EROD assay, one can conclude that the intense bands in the

P-450 mobility zone due to B-NF induction could be the P-450A1l gene product.

It is also evident from the protein profile of Plate A that ATL-E induces P-450 isozyme
(P-4501A, moleculair weight of approximately 53700 daltons) of similar mobility as the
isozyme induced byj B-NF, with the induction due to ATL-E being stronger as reflected in
the higher intensity of the P-4501A suspected band. The isozyme induced by the ATL
effluent may or may not be the same as that induced by the B-NF but it is clear that the

isozyme(s) involved in both treatments belong to the same family.

For the protein profiles of the preliminary studies involving acclimated feral Q. niloticus and
S- galilaeus. (Plate B) there were distinct differences between the two tilapia species. While
they induced almost the same constitutive protein in the P-450 mobility zone which cannot
be used as any distinguishing factor, the protein bands outside the P-450 zone show marked
molecular weight differences. Thus, microsomal protein profiles on SDS-PAGE may serve
as an additional biochemical tool for differentiating between species when the orthodox
taxonomic tools (meristic and physiological characteristics), often used, tend to be obscure

or confuse the classification.
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The presence of one type or a mixtures of planar PAHs, PCBs, dioxins, dibenzo-p-furan
pollutants and/or their structural analogues in the ATL-E and their induction of
NADPH-cytochrome P-450 monooxygenase enzyme complex in tilapia species have been
established in this work by the response of the fish to the catalytic activity of two enzymes,
7-ethoxyresorufin-O-deethylase and NADPH-dependent cytochrome P-450 (c) reductase. The
catalytic activity of or response to the EROD assay in the present study has confirmed B-NF
as a classical xenobiotic that can induce the monooxygenase enzyme system in fish (Bend £t
al, 1979; Lech gt al, 1982), and has shown that the ATL effluent contains 3-MC-type
inducers or structural analogues. The study also demonstrated that ATL-E has the capacity
to induce this biomarker system in O. niloticus. It is further noted that the ATL-E has
actually induced NADPH-dependent cytochrome P-450 (c) reductase enzyme suggesting that
the ATL effluent may contain PB-type or the other types of inducers. The ATL-E
components, thus, qave been shown to exhibit properties relating to the three classes of

inducers defined by IGillette, (1971) which may act synergistically.

This work has demonstrated the inducibility of tilapia monooxygenase enzyme system by
xenobiotics such as B-NF and those in the effluent from the Akosombo Textile Factory.
Therefore the ERODassay, which is specific for cytochrome P-450A1 monooxygenase
enzyme complex, can be used as an index for indicating or confirming fish exposure to
xenobiotics. The detection of such a biomarker, as has been done in this work with a model

fish like Q. niloticus, can serve as an early warning signal of environmental pollution and

as a tool for assessing pollution impact on fish stock.
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P .

~ource of Var.

AIN EFFECTS

Sampling days

Level
Level

of treat
of cont.

RESIDUAL

TOTAL (CORR)

Appendix

1la

SUm of squares

0.07 4475
0.0138875
0.0465125
0.0250000
0.0941125

0.1735600

106

d.s.

6

3
1
3

Mean Square F-ratio

0.01 8619

0.0069437
0.0465125
0. 0250000

0.0188225

1. 055

0.369
2.471
1.328

Analysis of Variance for Mean Condition Factor

Slevel
0.4643
0.7087

0.1768
0.3012

Analysis of Variance for mean Liver Somatic

Source of Var.

MAIN EFFECTS
Sampling days

Level
Level

of treat
of Cont.

RESIDUAL

Total

S. level =

(CORR)

Index (LSI)

Sum of squares d.f.

0.0138875
0.0794475
0.0079380
0.0490000
0.0082589
0.1866236

significance

level

RP~NWERL WO

Mean square F-ratio S .Level

0.0069437
0.0198619
0.0079380
0.0490000
0.0020109

0.369
1.055
2.921
1.328

0.679
0.464
0. 148
0.301
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Appendix lib: Intervals for Factor means at 95% confidence for
mean Liver somatic index against sampling days.

(X 0.01)

LSI1

127
117
107
97

87
| |
2 3
Level of Sampling.

Appendix lie: Multiple range analysis for mean LSI by sampling
day for both BNF-treated Fishes. Method: 95%
confidence intervals

Level Count average Homogeneous Groups
3 4 0.9375000 *
2 2 1.0050000 *
5 4 1.1855000 *

Appendix 11lb: Multiple range analysis for total microsomal
protein concentration Of BNF-treated fish by
Sampling day. Method: 95% confidence intervals.

Level Count Average Homogeneous Groups
3 2 10.220000 *
2 4 11.036750 *
5 4 16.057500 *



Appendix 11(d):

1:98

Analysis of Variance for Mean Liver Somatic
Indix (LSI) for field studies.

Source of var. Sum of Square d.f. Mean Square F-Ratio S.Level
MAIN EFFECTS 0.1853340 4 0.463335 17.047 0. 0041
Sampling Day 0.1333333 2 0.0666667 24.529 0.0026
Level of Treat 0.0079380 1 0. 0079380 2.921 0.0482
Level of Cont. 0.0492804 2 0. 0492804 18.132 0.0086
RESIDUAL 0.0135896 5 0.0027179
Total (CORR) 0.1989236 9
Appendix 111(a): Analysis of Variance for Total Microsomal Protein

Concentrations at the 95% Confidence Limit.

Source of Var. Sum of Square d.f. Mean Square F-Ratio S .Level
MAIN EFFECTS 296.94615 6 74.23654 42.504 0.0005
Sampling Day 51.72464 3 25.86232 14.807 0.0079
Level of Treat 43.66919 1 43.66919 25.003 0.0041
Level of Cont. 185.14948 3 185.14948 106.007 0.0001
RESIDUAL 8.7328965 5 1.7465793
Total (CORR) 305.67904 9
Appendix 111(c): Multiple range analysis for total Microsomal
Protein Concentration of Test Fishes at the level
of Treatment (BNF-Injection and ATL-E Exposure)
by Sampling day. Method: 95% Confidence
Intervals.
Level Count Average Hommogeneous Groups
1 6 10.880500 *
2 4 15.883500 *
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