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ABSTRACT

The study was conducted to determai the effect of aqueous extract dBorreria
verticillata aerial part(BVE) on Clarias gariepinusjuveniles exposed tdenium
obesumstem barl{AOE).The study consisted of ten (10) groups eacfifteien (15) fish

per group.Groupone,GL(CONTROL),had no extradteatment, G2 (25mb/ BVE), G3
(50mgL, BVE), G4 (100mg/L, BVE), G5 (200mg/L, BVE), G6 (0.838 mgADE), G7
(25mg/L BVE + 0.838mg/L AOE ), G§50mg/L BVE+0.838mg/IAOE), G9 (100m4-
BVE+0.838mg/l) and G10 (200m¢/ BVE + 0.838mg/l). The haematological
parameters, oxidative stress markers and tissue changes were determined for the ten
groups.The phytochemical screening of both agueous extracBoofkria verticillata
(BVE) andAdenum doesum(AOE) revealed the presence of glycoside, saponin, steroids,
triterpenes, tannins, flavonoid and alkaloids in varying quantitibde cardiac glycoside
wasfoundin Adenium besumonly. The LGo of aqueous extradddenium besumstem

bark was established as 8.38mg/l in this stulhye red blood cell(RBC) counts and
erythrocytic indices as well aseéhserum total protein in & decreased significantly
(P<0.05) compared to groupsl The total white blood cell count differential white
blood cell count, serum amino transaminases, serum malondialdehyde, ssdtuned
glutathione and serum super oxide dismutase increased signifida@ly0b) in G6 with
increase irdays of exposure to 0.838mg/L of AOE. Thestuesdecreasedignificantly
(P<0.05)in groups 710 duringthe period compared to groupir® a concentration and
time dependent manner. Hikigy of gill, liver, intestine ad kidney showed no changes

in Groups 17 5. In Goup 6, there were complete fasi of secondary lamella, club
shaped primary lamella, congested branchial blood vessels complete dfisiecondary
lamella, clubshaped primary lamella, congested brachial blood vessels and vacuolated

primarylamella. The liver showedongested cemnulti-focal vacuolation,mononuclear
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cell infiltration, and presenceof melanomacrophage centre$he intestines had
hyperplasia of goblet cellsAggregates of mononuclear celltubular degeneration,
hypertrophied glomerulus, congestion and perivascular fibrosis were seen in kidneys.
Alterations noticed irgroups7-10 on days 14 and 28 incluadmesided fusion of the
secondary lamella in the gills, somevahich were atrophied ohypertrophied. The liver
showed congested blood vessels aaduolation while the intestine had hyperplasia of
goblet cells, hypertrophy of lamina propria and the muscularis mucosa. There were
dilated tubules and hypertrophied glomerulus. There waseao cut distinction between

the intestinal lesions seen in G®mpared to G40 on days 14£8. Based on the
haematebiochemical and histopathological findings in this stutiyvas concluded that

the aqueous extract &orreria verticillata has an ameliative effect on the pathology
induced by the aqueous extract Aflenium obesunstem bark extract irClarias

gariepinus (Burchell, 1822).
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CHAPTER ONE

1.0INTRODUCTION

1.1Background of Study

Aquaculture is the fastest growing food sector in the world, accounting for an estimated
43 per cenbof all fish consumed by humans globally (Allsogtpal.,2008). Growth in the
global supply of fish for human consumption has outpaced population grotté past

five decades, increasing at an average annual rate op&2ent in the period 1961

2013 twice that of human population growth.hIs has resulted in an increasagerage

per capita availability and avld per capita apparent fish consumptiooreased from an
average of 9.9 kg in the 1960s to 14.4 kg in the 1990s and 19.7 kg in 2013, with
preliminary estimates fa2014 and 2015, pointing towards further growth beyond 20 kg
(FAO, 2016)

The recenglobal surge inntensive aquaculture practices hsmptedhigh interest in
understanding the various fish diseases, for prevention and treatment putpbses
beenwidely proventhat the occurrence of diseases in fish farm is duatmusfactors

such as, the reaing methods, environmental conditions anfectious causes
Consequentlyfarmedfish can becomeredispodecdhot only to pathogenic but also to
opportunistic bacterimfection(Woo and Bruno,1998)

The use of antibiotics and chemotherapeuticetensive aquaculturior treatment and
prophylaxis has beetargely criticized for its negativeoutcome and resear@s on
interactions between growth, immunity and development offeeadly alternatives to
antibioticsto keep fish healthy such asgbiotics and plant based immunostimulants has
increasedwith indigenousdeveloped technologicaknowledge for treatindish diseases

and fish health managemeneisjoying attentiorfSahu,2007)



The global demand for safe food has prompted the séarctatural alternative growth
promotersfor usage in the aquaculture industifhere has been heightened research in
developing new dietary supplementation strategiewhich various health and growth
promoting compoundsuchas probiotics, prebioticsysbiotics, phytobiotics and other
functional dietary supplements have been asse$seg@ossble development for use in

the aquaculture indust(fpenev,2008)

Adenium obesurmxtract has been reported to illicit various histopathological responses in
exposedClarias gariepinugAbalakaet al.,2015) and as a piscicide globally (Badwen

Davis,2010).

Studies have established that extracts from Borreria and Spermacoce spacésaas
their isolated compounds possessed diversed biological activities,includiggscanht-
inflammmatory,antitumagantimicrobial,larvicidakntioxidant,gastrointestinal,ankcer,an
d hepatoprotective in man and rat,with alkaloids and irslodd tle major active
principles (Baldeet al,1991; Shajiselvinet al,2010; Conserva and Ferreir2012;

AbdullahiGeroet al,2014Murtalaet al.,2015.

1.2 Statement of Research Problem

Aquaculture production igienerally vulnerableto disease outbreakassociated with
culture intensification, resulting in partial or total loss of production (BoiRizahtase@t

al., 2005). Factors such as overcrowding, periodic handling, high or sudden changes in
temperatee, poor water quality anautritional status cdnibute to physiological changes

in fish ,leading tostress or immunosuppression and thus, heighten susceptibility to
infection. Moreover, high concentration in a handling tank as is in aquaculture facilitate
the spread of pathogerberebyproducing highmortality levels (Cabello, 2006; Naylor

et al.,2000; Quesadat al.,2013),leading to economic losses.
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In order to avoid economic losseeveral veterinary drugs are commonly used in
aquacultureto prevent or treat disease outbreaks. Antimicrobials athdr veterinary
drugs are administered ga@larly as additives in fish feeor sometimes in baths and
injections and are used as prophylactics or growth promoters éRelo 2013)The use

of veterinary drugs for these purposes presenterous sideffects for the environment

and health safety. For example, massive use of antibiotics have resulted in the
development of resistant &taria strains Nlirand and Zemelman, 2002; Seyfried al.,
2010).Thereforehe observatiorof residual atibiotics in the muscle of flshas potential
consequences on human health (Cabello, 2006; Romero Ormata@hal012) Indeed,
resistance genes have been found located on transferable plasmids and integrons in
pathogenic bacteria such Asromonaspp.,Edwardsiellaspp. andvibrio spp. (Defoirdt

et al., 2011). It has been reported that drlige trichlorfon or praziquantel in bath
treatments for ectoparasitesfish alsohavenumerous disadvantages like deyst@nt of
resistance Ymedaet al, 2006), hazardous for animal healténd detrimental to the
environmental(Forwood et al, 2013; Kiemer and Black, 1997Yaccination has also
been regarded as a potential treatment agairssgasie outbreaks in aquaculture but
commercial vaccines are too expendsiwewide spread use by fish producers apart

from that a single vaccine is effective against only one type of pathogens (Harikreghnan

al., 2011aPasniket al, 2005; Sakai, 1999).

1.3 Justification of the Research

Aquaculture had becomevableindustry, with fewer, but much larger farmsfectious
diseases are always a hazard and may cause significant stock losses and problems with
animal welfare. Intensive aquaculture (shrimp and fish farming) has led to growing

problems with bacterial diseas the treatment of which now requires the intensive use of



antimicrobials(Defoirdt et al, 2007;2017). Although various authors have emphasized
the putative negative effects of using antimicrobial agents in fish farms (Alderman and
Hastings, 1998; Cable, 2006), few studies on antimicrobial resistance in the aquaculture
industy have been performed situ (FernandezAlarcén, 2010; Miranda andZemelman

2002).

Considering the potential harm of veterinary drug treatments on the environment and
human helth and in some cases their limited efficacy, dssemanagement should focus

on harmless, preventive and lasting methods. Moreover, disease outbreaks are frequently
associated with fish fitness and health, most pathogens being opportunistic and taking
advantage of immunocompromised or stressed fish, thus alternate solutions should
maximize fish immunity and fitness to avoid aretlucepathogen infectionsRuaneet

al., 1999; Daviset al, 2002; Iguchiet al, 2003;Ashley, 2007). Some of the proposed
solutions are the use of natural products (plant extracts) or probiotics (kanefici
microbial strains) in the d¢wre of fish and shrimpMakkar et al, 2007; Panigrahi and
Azad, 2007;Lee et al, 2009; Citarasu, 2010Mohapatraet al, 2013. Interestingly,
channelcatfish (ctalurus punctatusfed with the natural oregano essentdalextracted

from Origanum heracleoticumhad the lowest mortality following ameromonas
hydrophila infection compared with fish fed a combination of carvacrol and thymol,
which are the principal active components of oregassgential oi(Zhenget al, 2009).

The utilization of nonconventional feedstuffs of plant origin had been limited as a result
of the presence of alkaloids, glycosides, oxalic acids, phytates, protease inhibitors,
haematoglutinin, saponegin, momosine, cyanoglycosides, linamarin taomentfew

despite their nutrient values alwmv cost implications (Sogbesa2006).



In view of theabove given reasons, it is imperative to condegstigationgo find new
and possible plant extracts to addrasbiotic resistance and synthetic drilngt will be
useful in the aquaculture industry. Theeppears to be paucity diterature on the

toxicopathology oBorreria verticillata on fish species.

1.4Research Hypothesis

Null Hypothesis (Ho): Aqueous extractof Borreria verticillata aerial parthas no
ameliorative effect on the pathology induced by aqueous extfaaienium desumon

juvenileClarias gariepinus

1.5 Aim and Objectives of the Study

1.5.1Aim of the study

To evaluatethe effect ofBorreria verticillata aqueous extract ohistopdhological,
haematologicabnd serumbiochemicalchanges induced bjdenium besumaqueous

extract in juvenileClarias gariepinus

1.5.20Dbjectives of the study

The objectives of the study were

I.  To determine the effect dBorreria verticillata aqueous extract on alterations in
some haematological and serum biochemical parameters of juvenil€larias
gariepinusexposed tAdeniumobesumaqueous extract

ii.  To determine the effect &orreria verticillataaqueous extract on oxidative stress
markers m juvenile Clarias gariepinusexposed toAdenium besumaqueous

extract.



iii.  To determine the effect @orreria verticillata aqueous extract on tissue changes
induced byAdenium besumaqueous extract in the gill, liver, intestine and kidney

of juvenileClarias gariepinus.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Aquaculture

The farming or culturing of aquatic animals and plants in a controlled environment is
referred to asquaculture. Asia, particularly tha was believed to be tlmgigin of fish

farming as far back as 1100 B®@hen common carp were raised in freshwater pond for
food (BondadReantaseet al.,2005).Aquaculture is internationally acknowledbas the

fastest growing sect of the food producingndustry (BondadReantascet al., 2005).
Currently, aquacul ture accounts for near |
consumption, compared thi 33.8% in 2000 (FAO, 2011). Estimates show that this
growth will continue as demand increases with the growth in theah population
(SOFIA, 2006). World fiskfood supply has grown significantly at an average growth rate

of 3.2% per year in the period 198009, outpacing the increase of 1.7% per year in the
worl dés population. Wor |l d ingreased rcanpan dveragé o o d
of 9.9 kg in the 1960s to814 kg in 2009 (FAO, 2011). Global production of fish from
aquaculture has grown sthntially in the past decade and hit a landmark in 2009,
supplying half of the total fish and shellfish demand for anrconsumption (Brinker and

Reiter, 2011). In 2010, aquaculture production reached 63.6 million tonnes, compared

with 32.4 million tonnes 2000 (FAO, 2012).

2.1.1Aquaculture as source of protein and nutrition

A unigue combination of highuality proteinand vital nutrients make fish an invaluable
food. Fish is not only a source of animal proteib50 g of fish provides about 50 to 60%

of an adul t és daililbutalporob tatey iacids, viamgins iamdeothern t s



essential elements such as iodamel selenium, which do not occur in such quantity and
diversity in cereals, other crops or meat (Beveridgal, 2013; Kawarazuka and Béné
2011; WRI, 2013). In a global comparison, Africa and Latin America consume relatively
little fish (around 10 kgoer person per year), whereas per capitaswoption in Asia,

North AmericaEurope is above the global average K&) at around 22 kg per year.
Dietary tradition relates to the fact that countries with a strong fishing tradition due to a
long coastline, mny fishrich rivers or islands tend to still consume more f{EAO,

2016). For 3.1 billion people, fish accounts for 20% of their animal protein; for 4.3 billion
people, thisshare is 15% (FAQ2016). Some small island states such as Kiribati,
Micronesiaand the Maldives depend almost exclusively on fish as a protein source (FAO
2016). The average daily dietary contribution of fish in terms of calories is about 34
calories per capita. In countries where there is a lack of alternative protein food aad whe
there is a traditional preference for fish (e.g. Senegal), as well as in several small island
states such as the ones named above, the daily fish calorie intake reaches 130 calories per
capita or more (FAQ2016). Poly-unsaturated fatty acids (PUFAS) fish lower blood
pressurereduce the risk of heart disegd®anget al, 2006), and possibly benefitfant

growth and cognitive developmer{Koletzko et al, 2007) The daily requirement of
protein for women is 386 g, depending on body weight and dgaring pregnancy and
lactation, an additional 6 g/day and 17.5 g/day of protein are required respectively, and
chil drends r eqti5tinesitegher by bagly weigho than thdt of &dults, as

protein is essential for growth (WHO, 2007).

2.1.2 Aquaculture as source oflivelihood

Poverty is a complex phenomenon, which cannot be understood in purely sectoral terms.

A series of consultations on smattale rural aquaculture concluded that aquaculture



should not be viewed as an isolated technologybleuconsidered as one aspect of rural
development and form part of a hdltsapproach to developmenfARFIC, 2000). A

recent FAO/World Bank Farming Systems study noted the importance of five major
household strategies for escaping poverty for 70 farming systems across the world:
intensification, diversification, increased asset base, increased off farm income, and exit
from agriculture. Diversification, which includes aquaculture, was judged to be the single
most promising source of farm poverty reduction in the coming years (Dakal,
2001).In coastal areas, the farmio§ mudcrabs, oysters, mussatsckles, shrims, fish

and seaweeds provides employment for the rural poor, mainly for @ibetr inputs, as

well as ged and feed collectiom&con 2001).Aquaculture can also benefit the landless
from utilization of common resources, such as finfish cage cultutteyre of molluscs

and seaweeds, and fisheries enhancement in communal water bodiegt(ARR001,

Tacon 2001).

2.1.3Aquaculture and farm efficiency andsustainability in agricultural systems

An important, though often overlooked, benefit which particularly relevant for
integrated agriculturaquaculture syems, is their contribution to increased farm
efficiency and sustainability (FAQO011). Agricultural by-products, such as manure from
livestock and crop residues, can seagefertilizer andieed inputs for smafcale and
commercial aquaculture. Fish farming in rice fields not only contributes to integrated pest
management, but also management of vectors of human medical importance (Halwart
2001). Furthermore, ponds become important aton water reservoirs for irrigation

and livestock in areas where there amsseal water shortages (Lovshz000).



2.2 FishSpeciean Modern Aquaculture

2.2.1Tilapia (Oreochromis niloticus)

Tilapia refers to several freshwater species that belontpeofamily Cichlidae, and
comprises of about 80 species of fish. Tilapia originates from Africa, and because of its
easy adaptability to various environmental conditions, has been introduced to many
countries. The low cost of production combined with thet fthat tilapia is widely
accepted by consumers as a food fish, promtdesuiture worldwide Radet al, 2006;
ShalloofandSalama, 2008; EKashiefet al, 2013). World tilapia production for the year

2012 exceeded 4.51 million metric tonnes (FAO,201

2.2.2Common carp (Cyprinus carpiolL)

The common carp is a member of the fan@lyprinidae Carp are extensively farmed in
Europe, Asia, and the Middle East, and are a very popular angling fish in Europe, but in
North America, Canada and Austratizey are considered a pest (Fisheries Section of
NSW Department of Primary Industries, 2006). Most common Carp have broad deep
bodies and, compared with the more frequefitliyed cultivated varieties of carp, true
wild carp are more barbdike in shapewith the long and leabody of a hard fighting,

fast moving fish. They lack the distinctive hump behind the head of the cultivated carp
and rarely reach 35 kg in weight (Fisheries Section of NSW Department of Primary

Industries, 2006).
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2.23 Clariids

Clariids are of great economic importance as food fish, aquaculture candidate and are
cultured mostly in Europe, Asia and Africa especially Nigeria (Nwafili and Gao, 2007).
In Nigeria,Clarias andHeterobranchuspecies are commonly cultured due tadrtigeod

taste, good flavor, acceptability among fish farmers and consumers (Ayinla, 2007;

Olagunjuet al.,2007).

2.2.31 Clarias gariepinus

Clarias gariepinus which belongs to the family Cidiae, has the synonym€larias
lazera Valenciennes 1840; Clarias mossambicusPeters 1864; Clarias longiceps
Boulengey 1899 andClarias nuelleri Pietsmann, 1939 (FAO, 2011&)larias gariepinus
is named after its locality, the Gariep River, which is a Hottentos name for Orange River

in South Africa (Teugels, B®).

Clarias gariepnus is internationally calledi Af r-ShargTno ot h  c aNdérth s h o o
African-SharpTooth catfisdh or A Shar pt oot hed c-ahatfnord ho i n
africaind in French; Apez gato afrdandanoo

AYuzhnoaf ri kanRussag @AQ2Qlbap Hdwaver iniNigeria, the fish is

| ocally called ATarwadao in Hausa; fAArirao
and AEmMonoo in | jaw | anguage (Yanail d®67;

amongst the Igalathnic group of Kogi State indth Central Nigeria.

2.23.2 Geographical distribution

Clarias gariepinus has a paffrican distribution but are naturally absent from the
magreb, upper and lower guinea aapeprovinces FAO, 2011). However,the fish do
occur in the Asia Minor of Israel, Syria, Southern Turkey and India (Yildirim and Turan,
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2010).In Africa, the fish is widely distribted where it inhabits tropical swamps, lakes,
rivers and flood plains that are usuaBybjected to seasonal dryingAO, 201).
Although C. gariepinusgs indigenous to Africait is one of the most cultured fisipecies

globally (Lal et al.,2003;AchionyeNzeh and Jimoh, 2010; Yildirim and Turan, 2010).

2.2.33 Biological description

Catfish are generally eel or anguilliform shaped, having an elongated cylindrical body
with a dorsal and anal fins, which nearly reaches the caudal fins (Ra&tmaki992 De

Graaf and Jassen, 1996). The head is large, depressed and highly ossifiedaWidyes

(De Graaf andlassen1996).The body is darkly pigmented on the dorsal and lateral sides
ard through body color is uniformly marbled, it may become megacpattern of dark

and light spots or change from greyish to live to blackish undesstresccording to the
substrate in ddition to the fish turning lighter upon exposure to light (Rahmaal.,
1992;De Graaf and Janssen, 1996). Clarias gariepinus has light terminéh mith four

barbells (FAO, 201a), which are used to detect prepe Graaf and Jassen, 1996).

There are a@ssory breathing organs (ABOs) within pshaped air chambers on both
sides of the head that are supported by the second and fourth gill arches with vascular
supply from the first and fourth afferent branchial @etg which are used to extract
oxygen directly from the atmosphere (Moussa, 1956). The fish therefore, tolerate low
oxygen concentration by utilizing both atmospheric and dissolved oxygen contents of the
fish culture water (Okechi2004) with help of these accessory respiratory structures,
especially in fish above 11214 days old with functionally developed ABOs (Pestral,

1992). The paired pectoral fins have strongly developed spines that are for both
locomotive and protectivpurposes as the fish can move over long distance as |0ng as

180 m between water bodies (Prinsloo and schoonbee, 1987; Ratnadn 1992).
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Clarias gariepinushas a typically pointed cleithrum that is narrow with longitudinal
ridges that are sharp, whids used to distinguish it from its closest relativ@,
anguillaris (Benechet al., 1993). However, the males ofC. gariepinushave a distinct

sexual papilla that is absent in their female counterparts (FAO, 2011a).

2.23.4 Natural food and feeding habt

Clarias gariepinuss a slow moving omnivorous predatory fish, which feeds on a variety

of food items ranging from oplanktons to fish that is half of its length or 10% of its own
body weight (Bruton1979c;De Graaf andJanssen1996). The food itemsf the fish
includes insects, crabs, planktons, crustaceans, snails and small fish, fruits, rotten flesh
and plantsgAO, 201). However, the feed composition Gfgariepinuschange with size
(Munro, 1967), becoming zooplankton based in large i3h Graaf and Jassen, 1996)
because of their comgtive[y increased gape and increased number of gill rakers (Jubb,
1961; Groenewald, 1964Llarias gariepinushave some adaptations for feeding under

low visibility and these include the wide mouth; broad bahgw and pharyngeaéeth;
abundant network of sensory on the body, head, lips aneélbatbng gill rakers and a

short with dilatable oesophagus and wide rounded caudal fins that is typical of fish which
ambush their prey amongst others (Bruton, 1996tarias gariepinusis able to switch

bet ween feeding on one type of prey to ano
ability to catch its prey as it feeds mainly on invertebrate during the daylight, which are
abundant and relatively easy totata but switches to the more vulnerable fish prey at
night (Bruton, 1979b). This is because the fish is physiologically equipped to efficiently
utilize infrequent and irregular meals due to the rapid secretory response of the enzymes
activity and the akerce of a rhythmic cycle of digestive activity (Uys and Hecht, 1987,

Uys et al.,1987). Approximately 70% of feeding activity I6;gariepinustakes place at
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night (FAO, 201). Clarias gariepinusare known to either feed by grasping from the
surface or forag®r shovel feed while feeding in circles as individuals or as a group
(Bruton, 1976). However, the fish is known to cannibalize its own under certain condition
but this aberration tend to practically stop after the fish reaches a size of between 50

100gin properly fed fish pond (Rahmat al, 1992).

2.23.5 Economic importanceof Clarias gariepinus

Clarias gariepinusi s us ed fass hibp aloi -beeeding in mikedsex vilapra
Culturein earthen pondsFAO, 2011 thereby enhancing pond productivity for greater
aguaculture economic return€larias gariepinus have high consumer preference
(Huisman and Ritcher, 1987; Fafioge al., 2004; Ayotundeet al.,2010) and therefore

high market price due to its high qugliand oily tasty flesh (Sogbhesandaugwumba,

2008; KortSiakpereand Ubogu, 2008; Ayotundet al., 2010).This is in addition to the

fact that the fish has high growth rate, it is very resistance to stress and highly appreciated
in a number of African counes (de Graaét al.,1995). These may be wlit. gariepinus

has remained the most cultured fish species worldwide (FAO, 1977) with its attendant
economic benefits in terms of employment generation and economic empowerment,

espeially in developing counies.

2.3Biomarkers in Fish Health

According to meyeet al., (1992) the term biomarker refer to the use of physiological,

biochemical and histological changes as indicators of exposure and/or effects of

xenobiotics at organismal. The National Reseatch u n c i | defined biom
xenobioticallyinduced variation in cellular or biochemical components or
process, structures or functions that i's m
(NRC,1989).
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2.3.1Haematological alteration

It has been illuséted that the blood variables are indicators of stress and give information
on the physiological response of fish to a changing external environment (Htullec

2001). Oreochromis niloticugxposed to cadmium showed significant reduction in RBC,

Hb ard PCV (Kaoudet al, 2011).Blood parameters are considered pathygsiological
indicators of the whole body (Adhikari and Sarkar, 2004) and therefore are important in
diagnosing the structural and functional status of fish exposed to toxicants. Bloed is th
most important and abundant body fluid. Its composition often reflects the total
physiological condition (Venkatesast al., 2012). Blood of living organisms are very
sensitive to changes and are widely used in Ichthyology research, aquaculture @search
well as toxicology and biological monitoring (Svobcetaal, 2001; Adedejet al.,2007;
Adeyemo, 2008). Because blood is the medium of intercellular and intracellular transport,
that is, in direct contact with various organ and tissues of the baghifsiological state

of an animal at a particular time is reflected in its blood. Thus, blood provides an ideal
medium for toxicity studies. The blood parameters have been considered as diagnostic
indices of pathological condition, findings are importotthe assessment of systemic
functions and overall health of animals. Furthermore, the findings also helps in
diagnosing the structural and functional status of animals exposed to the toxicant
(Atamanalp and Yanik, 2003; Talas and Gulhan, 2009; Suwetha., 2010). It is
important in toxicological research because a haematological alteration is a good method
for rapid evaluation of the chronic toxicities of a compound. A thin epithelial membrane
separates fish blood from the water and any unfavourdialeges in the water body is
reflected in the blood (Shahi and Singh, 2011; Iakpere and Ubogu, 2008).
Haematology has been used as an index of fish health status in a number of fish species to

detect physiological changes, as a result of exposunéféoedt stressful conditions such
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as handling, pollutants, metals, hypoxia, anaestehtics and acclimation (Jhosi and Bose,

2003; Horiet al.,2008; Alwanet al.,2009).

2.3.2Biochemicalalteration

Biochemical and enzyme activities tend to be more sensitive, less variable, highly
conserved between species and often easier to measure as stress indices gigrighari
2007)Diagnosis of metabolic disturbances and disease processes can be detmatgd thr

the bioassay of serum constituents (Campbell, 2012).

2.3.21 Serum total potein

The quantification ofserum total proteirdoes not directly indicate the presence of a
disease condition but it is indicative of a disease process and it assist imaborfyr

diagnosis (Walencik and Witeska,200The total protein concentrations are especially
valuable in determining a fishods state of
globulin and albumirglobulin ratios are measured.A decrease in proteiteadis known

as hypoproteinemia and it has been reported in cases of starvation, toxications affecting
the kidneys (Asztalos, 1990); the liver (Wagner and Congleton, 2004) and in parasitic
disease (Roberts, 2012). An increase in total serum protein térypedoroteinemia has

been reported in chemical toxicosis affecting the circulatory system (Adeyemo,

2003;Roberts, 2012).

2.3.22 Serum malondialdehyde

When fish are subjectdd oxidative stress calitions, fatty acid peroxidation can occur.
Indeed, increased ROS production and subsequent oxidative damage has been associated
with pollutantmediated mechanisms of toxicity in fish liver (Livingstosteal, 1993).
Malondialdehyde (MDA) production is awell-known oxidation product of
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polyunsaturated fatty acids, influencing cell membrane fluidity as well as the integrity of
biomembranes (Ercat al.,2001; Almrothet al.,2005), and can be used as an intdica

of lipid peroxidation.

Lipid peroxidationsecondary product such as thiobarbituric acid (TBARS) formed by
reaction of singlet oxygen with unsaturated fatty acids and is considered as useful and
reliable indicator of oxidative damage in cells and tissues due to susceptibility of
membranes to attkcby reactive oxygen species (Draparal., 1993; Hodgeset al.,
1999).Aquatic organisms detoxify organic xenobiotics by phase | metabolism, however,
during the detoxification process, highly reactive oxygen species (ROS) such as
superoxide anion (&), hydrogen peroxide (#D2) and hydroxyl radical (OH are
produced as bproductsExcessive ROS production in response to xenobiotic
detoxification can overwhelm natural defense mechanisms leading to cumulative damage
to biomolecules namely nucleic acid, @ios and lipids (Kellyet al, 1998. A radical

attack on lipids leads to the formation of lipid peroxides, which can decompose to yield
alkanes, ketones and aldehydes. The aldehydes most extensively studibgdimg2-
nonenal, 4hydroxy-2-hexenal ad malondialdehyde (MDA) (Zielinski and Portner
2000). The quantification of the diverse products of peroxidation especially level of MDA
is now being exploited as biomarker of oxidative stress. This quantification has enabled
early detection of stress Exposed organisms before lethal or pathological effects are

observedOtitoju and Olagke, 2011)

2.3.23 Aminotransaminases

The activity of AST and ALT enzymes in blood may be used as a stress indicator. The
significant changes in the activities of these enzymes in blood plasma indicate tissue

impairment caused by stress (James al, 1991; Svoboda, 2001)Alanine
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aminotransammase (ALT) and aspartate aminotraamsinase(AST) are blood serum
enzymes which function as a link between carbohydrate and protein metabolism by
catalysing the inter conver si Oketogufaratstbr at e g

pyruvic acid and al@ine to glutamic acid (Tiwari and Singh, 2004).

Aspartate transaminagAST) andalanine transaminase (ALBre enzymes frequently

used in the diagnosis of damage caused by pollutants in various tissues such as the liver,
muscleand gills (de la Torret d., 2009. Of thesetwo enzymes, ALT is specific for

liver damage because it predominates in organs with intensive glycogenesis (Ulrich,
1994; Torreet al, 2000). AST is present in myocardium, skeletal muscle, kidney and
brain and increased plasmativity may be indicative of degenerative changes in these
organs. Increased plasma ALT and AST activities are a measurable biochemical symptom
of cytolysis as aminotraaminase®lay vital roles in carbohydragerotein metabolism in

fish (Eze, 1983). Theoccupy a central position in amino acid metabolism in that they
help in retaining amino groups during degradation of amino acid and are involved in the
biochemical regulation of intracellular amino acid group. They also provide necessary
intermediates fogluconeogenesis as such elevated levels in plasma may have an adverse
effect on amino acid metabolistM(rray et al, 1996). An increased activity of these
amindransaminases is an indication of amplified transamination prdkessSiakpere

et al, 2005). Also alterations in the metabolism of proteins and carbohydrates are used
for a similar purpose. The treatment@rias batrachuswith carbarylled to a marked
increase in the activities of livearansaminases (Sharma, 1998glls contain enzymes

that are necessary to their function. When the integrity of a cell is disrupted, enzymes
escape into plasma/serum, where their activity can be measured as a useful index of cell
integrity (Coppoeet al, 2002). Changes in the biochemical blood profile inégahanges

in metabolism and biochemical processes of the organism, resulting from the effect of
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various pollutants and they make it possible to study the mechanisms of the effects of

various pollutants (Luskowet al., 2002).

2.3.24 Alkaline phosphatase

Chronic hepatic disorders and excessive steroids resultscrease plasma alkaline
phosphatse (ALP) in most animal. During normal bone growth in young animals, a large
amount of ALP is found in plasma; also ostheopathies result in incrégtasma ALP
(Coppoet al, 2002). According to Seviglet al. (2004), alkaline phosphatase an enzyme
involved in bone growth and liver function, may be a#elcby low level fluoride intake
and fuoride switches off the enzyme cytochrome c oxidase, aygemcarrying

respiratory enzyme by oxidation

2.3.3Antioxidants

The oxidative stress defenses are provided by the markers which includes enzymes and
scavengers. Enzymatic defenses include glutathione peroxidase (GPx), catalase (CAT),
superoxide dismutas(SOD), and glutathione reductase (GR) (Jakoby and Habig, 1980;
George, 1994; Yangt al., 2000; Sancheet al.,2008; Haluzoveet al.,2011). Reduced
glutathione (GSH) and ascorbic acid are the most important antioxidant found in the
extracellular fluid (Sies and Stahl, 1995). They are water solublsaenger number

of different reactive oxygen specieRQS including thiol radicalsgenerated during
xenobiotic reduction (Palozza and Krinsky, 1992; Keliyal.,1998; Palacet al.,1999).

The scavenging and enzymatic arittants are linked in many waysften if one is

deficient;others increase to compensate (Puanglatead,2005)

Fish are particularly sensitive to water contamination and pollutants may impair many

physiological and biochemical processes when assimilated by fish tissue (Deiraigz
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2006). When abnormal or xenobietimduced ROS production exceeds the endogenous
protection, damagyto cellular components carften be observed, this process is known

as oxidative stress (Oakes and Van der Kraak, 2003). The antioxidant defense system
includes enzymes such as superoxide dismutase (SOD), glutathione peroxidase (GPx),
catalase (CAT), glutathione -tfansferase (GST) and other low molecular weight
scavengers such as reduced glutathione (GSH) (Storey, D88@e, 2002 Monteiro et

al., 2009). Oxidative damage is counteracted by antioxidant defense systems and repair
mechamsms. The antioxidant defense systems comprise of a number shenzyhich

act as scavengers of the highly reactive intermediates produced in cells during
hydrocarbon metabolism to maintain cell homeostasis (Olusttod, 2014). Notable
antioxidant engmes include (g superoxide dismutase (SOD), hiwh converts
superoxides (&) generated in peroxisomes and mitochondria to hydrogen peroxide; (b)
catalase (CAT) which removes the hydrogen peroxide by converting it to water and
oxygen; (c) glutathioneStransferase (GST); (d) glutathione peroxidase and (e)
glutathione reductase all of which are involved in the removal of hydrogen peroxide from

the system in conjunction with reduced glutathione (GSH) (Olughtalh 2014).

Antioxidant enzymes of fisheshat play a crucial role in maintaining cell homeostasis,
have received much attention in ecotoxicology since oxidative damage was considered a
mechanism of toxicity in aquatic organisms exposed to environmental contaminants in
general (Santost al, 20Q1). Aerobic organisms generate reactive oxygen species (ROS),
such as superoxide anion radicaf§Ohydrogen peroxide (@), and hydroxyl radical

(OH), because of oxidative metabolism. The hydroxyl radicals can initiate lipid
peroxidation (LPO) in tigges. To attenuate the negative effects of ROS, fish possess an
antioxidant defense system like other vertebrates that utilizes enzymatic and non

enzymatic mechanisms. The most important antioxidant enzymes are superoxide
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dismutase (SOD), catalase (CAT),utgthione peroxidase (GPx), and glutathi&he
transferase (GST). The namzymatic defense system includes Vitamins E, C, and A,

glutathione, carotenes and ubiquiiaho, 1996).

Antioxidants protect an organism against oxyradical damage, such as [AXA bteaks,
protein oxidation and the induction of lipid peroxidation (Wineeral, 2000). The
increase in the activated form of molecular oxygen species due to overproduction and/or
to the inability to destroy them may lead to damage in the DNA structure and thus may
cause mutations, chromosomal aberrations, and carcinogenesis. Atostaftmore
oxidative state or any imbalance between production and degradation of reactive oxygen
species (ROS) in animal tissues may cause lipid peroxidation, plasma membrane
alterations, and inactivation of enzymes (Ananel, 2000). The use of the libemical
approach has been advocated to provide an early warning of potentially damaging
changes in stressed fish. The use of oxidative stress biomarkers for stress evaluation have
rapidly increased in the field of ecotoxicology, therefore, it has beayesteyl that they

could be used in environmental monitoring systems (Pagidaly 2003).

2.33.1 Super oxide dismutase

Super oxide dismutas&QD) is an antioxidant enzyme important in inhibiting oxyradical
formation and is used as a biomarker to inédicatidative stress. SOD catalyzes the
transformation of superoxide radicals teQ4 and Q, and is the first enzyme to deal with

oxy-radicals (Zhangt al.,2007).

2.33.2 Reduced dutathione

Reduced ftathione (GSH) is a powerful antioxidant as it binds to many different

toxicants, inactivating them (Kellyet al, 1998). GSH protect the membrane
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polyunsaturated fatty acid hydrogen of sulfuhydryl group instead of methylene hydrogen
.of unsaturated lipid (Arima @hShiba, 1992). Moreover, GSH serves as a cofactor for
glutathione transferase, which facilitates the removal of certain chemicals and other
reactive molecules from the cells. It can also interact directly with certain ROS (e.qg.,
hydroxyl radical) for theidetoxification as well as perform other critical activities in the

cell (Staraet al, 2012).

2.34 Histopathological observation

Microscopic observations, either through light microscopy or electron microscopy, is an
inevitable tool in the interpretation of the parameters used to measure toxicity, and
contributes to the establishment of measures that aim to prevent the environmental
contamination, a risk not only to ecosystems, but also to human health. In this context,
cellular biomarkers including histopathological and ultrastructural effects represent an
intermediate level of biological organization between lelggel biochemicakffects and
higherlevel population effects (Adamet al., 1989, 2001) which ultimately provide a
better evaluation of organism health than a single biochemical response (Triedisdarn
1997; Hueckt al.,2012). Abalakaet al. (2015) reported, lamelt necrosis, mononuclear
infiltration, fusion of secondary lamellar, lamellar edema, lamellar hemorrhage and
epithelial detachment in the gill dflarias gariepinusexposed to ethanol extract of
Parkia biglobosa.Skin histopathology such as proliferatedd amypertrophied mucous
cells; eroded epithelia surface, elaborated mucous cells, and eroded epithelial surface was
also reported by Abalalet al.(2015) inClarias gariepinusexposed tdParkia biglobosa.
Tasneenet al (2014) reported dilation of secongidamellar, atrophy, mononuclear cell

infiltration in the primary lamellar, vacuolation of the secondary lamellar in the gill, and
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vacuolation in the villi, inflammatory cell infiltration in the epithelium of the intestine of

Oreochromis mossambicegpo®d toCarica papayaandNerium oleander

2.4 SelectedTarget Organs

Pathology, as a standard part of environmental monitoring programmes on effects of
pollution, was approved by Moore (1980); Balouet and Poder (1981) and Couch (1985).
Histopathology is tb study of lesions or abnormalities on a cellular level in fishes.
Histopathological examination is widely recognized as a reliable method for disease
diagnosis and for assessing acute and chronic effects of exposure to toxicants at the
cellular level in loth marire and fresh water species (G&gtrander, 1996)\s an
indicator of exposure to contaminants, histology constituents a useful tool for assessing
the degree of pollution, particularly for subHat and chronic effects (Bernet al.,

1999). Histopathological biomarkers are closely related to other biomarkers of stress
since many pollutants have to undergo metabolic activation in order to be able to provoke
cellular change in the affected organism. Histopathological lesions are radatbd
biochemical changes that occur in the organism. As well as from chemical insult,
histopathological lesions may arise from infectious diseases and parasites, provoking
necrotic and degenerative alterations to which the organismresponds with an
inflammatoy, defensive reaction (Velkovdordanoska, 2002; Roganodafirovaet al.,

2003). Gills Poleksic and Mitrovi€Tutundzic, 1994 Kidney (Bucher and Hofer, 1993),

and liver (ICES, 1997) are suitable organs for histological examination in order to
determine the effect of pollutiorHistopathological changes have been widely used as
biomarkers in the evaluation of the health of fish exposed to contaminants, both in the
laboratory (Thophoret al, 2003) and field studies (Schwaiget al, 1997; Theet d.,

1997).Histopathological biomarkers in environmental monitoring is that this category of
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biomarkers allows examining specific target organs, including gitlsiey and liver that

are responsible for vital functions in the fish (Gernhafeal, 2001) Furthermore, the
alterations found in these organs are normally easier to identify than functional ones
(Fantaet al, 2003) and serve as warning signs of damage to animal {etton and
Lauren 1990).Histopathological changes were observed inntluscle of fish exposed to
different toxicants (Das and Mukherje2000; Elnemaki and AbuzinadaR003; Abbas

and Ali, 2007).

2.4.1 Gills

The qill arches and filaments are supported by a branching system of cartilaginous rods.
Two sets of striated musclesbductor and adductor) are present in the gill arch.
Embedded in the superficial tissue of the gill arches are numerous taste buds,
supplementing those scattered abundantly throughout the bucdyl Céasutake and
wales, 1983)The filament (also knownsathe primary lamellae) consist of blood vessels,
cartilaginous gill rays, melanocytes, lymphocytes, macrophage, coarse eosinophillic
whites, undifferentiated cells in the central part of the primary lamellar epithelium are
thought to be the stem cells all the other types of cell@®ang, 2000). The lamellae
(secondary lamedke) consist of mucus cells, tetcells, chloride cells, pavement cells,
pillar cells with lacunae and blood vesselfie importance of the gills in respiration
mechanism and ionic regulation of fish had encouraged many investigations of the effects
caused to this organ by changes in environmental factors (De La Torre, 2005¢tiNigro
2006). The gills, participates imany important functions in fish, such as respiration,
osmoregulation and excretion, remain in close contact with the external environment, and

particularly sensitive to changes in the quality of the water and are considered the primary
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target of the comtminants (Poleksic and Mitrovitutundzic, 1994; Mazoet al, 2002;

Fernandes and Mazon, 2003).

2.4.1.1 Gill as biomarkeof exposureo toxicant

The function of the gills necessitates the exposure of a system of capillaries with
sufficient surface areto the water to facilitate the required gas exchange. Gills of fish
constitute up to 90% of the total body surface area and are in intimate contact with
ambient waterYasutake and Wales, 1988ayer-Gostanet al.,1987;Perry and Laurent,
1993. Fish gills are the primary uptake site of toxicologically effective concentrations
water metals (Pelgrorat al., 1995; Sprague,1987) and are considered the crucial organ
when it comes to the induction of compensatory responses, whether adaptive or

patholaical to the organism (Pelgraet al.,1995;Taoet al.,2001; Taylor et al.,2002.

2.4.1.2 Histopathology of the gill

Gill histopathological changes are, in general, responsive but nonspecific to pollutant
exposure. Epithelial hyperplasia with lamellausibn, epithelial hypertrophy,
telangiectasia, edema with epithelial lifing and epithelial desquamation are typical
histopathological lesions of gills in response to a wide range contaminants, including
organochlorins, petroleum compoundsganophosphates, carbamatésrbicides and
heavy metalsRaker, 1969; Gardner and Yevich, 1970; Van der Putte and, P&882

Hemalatha and Banerjee, 1997; Global Tox, 1997).

2.4.2 Liver

Fish liver is a dense organ located ventrally in the craniabmegf the body cavityThe
size, shapeand volume of the liver are adapted to the space available between other
visceral organsBrusle and Gonzale2,996;Vincetini et al.,2005).Fish liver is generally
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reddishbrown because of its rich supply of blodthe liver is nourished by a dual blood
supplyvia two afferent blood vessels (hepatic artery and portal vein) and a single efferent

vessel (hepatic vein) located at the helium (Munshi and D19&6).

2.4.2.1Liver as biomarkepf exposure to toxicant

Constant exposure to xenobiotic substaneesmple toxicantsmay overwhelm the

|l iverdés detoxification capability and caus
liver parenchymaThe liver may thus be expected to be the primary target of toxic
subgancesproviding an excellent biomarker of aquatic polluti@raunbeck and Volki,

1993. The liver is the major site for the enzymatic detoxification of xenobiotics, nutrient
derived from gut absorption are stored in the hepatocytes and released fier furt
catabolism by other tissuelsile synthesized within hepatic cells aids in the carrying of
conjugated metabolites of pollutants to the intestine for excreéind; vitellogenin,a

major yolk protein is exclusiye synthesized within the livglLauren 1990.

2.4.2.2Histopathology of the liver

Mathur (1965) reportednarked degeneration of liver i©phiocephalus punctatus
Barbus stigmaTrichogaster fascituandHeteropneustes fossildue to dieldrin toxicity.
Welling and McCain (1976) and Malin€l980) reported high frequency of hepatic
hypertrophy, hepatic tumours and other liver diseases of bottom dwelling fishes due to
polynuclear hydrocarbon contamination in sediments of aquatic systemirdkutty and

Rege (1977) reportechpid degenerationna vacuolation in liver tissues of fish due to
chronic exposure of Thiodon.€ and Agallol 3. According to Dubale and Shah (1979),
necrosis and cytoplasmic disintegration occurred in hepatopancr€asimha punctatys

due toMalathion exposure. Accordingo Mandal and Kulashrestha (1980) toxicity of

DDT could produce empty blood vessels, necrosis, vacuolation, break down of cell
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boundaries and formation of multinucleated giant cells in the liv&€lafias batrachus
AltemirancReynoso (1984) observed lawe induced hydropic degeneration and
epithelial necrosis in the liver dfilapia hornorum Ray and Bhattacharya (1984) in their
histopathological study on liver ofAnabas testudineusound that precipitation of
cytoplasm, vacuolation of cells, nuclear degration, hepatic chord disarrastc.,
occurred due to chronic exposure of cythion. Urdaneta (1989) also observed hepatic
necrosis in some species of cultivable fishes due to exposure of 12 different pesticides.
Johnet al. (1993) explained the impact ehdosulfun on liver oCyprinus carpioand
observed some important histopathological alterations characterized by indistinct cell
boundaries, loss of polygonal shape of hepatocytes. Risbourg and Bastide (1995),
reported that vacuolization of hepatocytex;al necrosis, hydropic degeneration, cloudy
swelling occurred in fish liver exposed to atrizine herbicide. Nesketial. (1996)
recorded early sign of fibrosis, congestion of sinusoids in liveCybrinus carpio

exposed t@lyphosate for suacutetoxicity test.

2.4.3Intestine

Histological structure of this part of the digestive system is: mucosa, whindists of the

lamina epitelialis (simple columnar and glandular epithelium) &mdina propria
(connective tissue); submucosae, consisting of tyers (stratumcompactum and
stratum granul osum) ; mu s et al.]2@06). Thishiswlogical nd s e
structure is not altered even in experiments in whichviiste fed food containing heavy

metals (Andreozzet al.,1994; Kruatrachuetal., 2003).The histology of the intestine in

many teleosts has also been studied (Ezeasor and Stokoe, 1981; Park and Kim, 2001,
Cinar and Senol, 2006; Diazt al., 2008). The structure and function of the stratum

compactum seen in the sub mucosa have beported in teleost intestine. The cells of
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the gut associated lymphoid tissues which include eosinophilic granular cells,
intraepithelial lymphocytes and wandering leukocytes have been documented as part of
intestinal local defense mechanism (Ezeasdr&iokoe, 1981; Doriet al.,1993; Powell

et al.,1993; Delashouet al.,2010). The nature and form of teleost mucosal folds have
also been reported (Reifel and Travill, 1979), even their role in nutrient absorption

(Ezeasor and Stokoe, 1981).

2.4.3.1Intestine as biomarker of exposure to toxicant

Different authors like Llyod (1960), McCartgt al, (1978), Datta and Sinha (1989),
Ghosh and Chakrabarty (1990) in different occasions studied the effects of different
xenobiotics on fish alimentary canal. Braunbetlal.,(1992) found that the fish gut was

less sensitive to the impact of environmentadlygants

2.4.3.1 Histopathology of the intestine

In fish intestine enteritis represents a set of changes visible at the light microscopy level,
described and named by Baev einféciioosrsadbacaten d Kr
enteriti s o: intestma willi,eloss ofgsuprarfuclear vacuolization of the
enterocytes, widening of lamina propria of villi, and infiltration of inflammatory cells in

the lamina propria.

Kumari and Kumar (1997) reported several alterations in intesti@hafnna punctats
like, desquamation, degeneration and proliferation in Viljperactivity of goblet cells,
focal necrosis, dialated blood vessels and accumulaiomucous in lumen due to
aquatic pollution. Braunbeck and Appelbaum (19@scribed distension of the
intercellular space, proliferation of lysosontampartment and stimulation of lysosomes

within the cells in the intestine ofCyprinus carpio exposed to endosulfun.
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Histopathological effects of insecticides imtestine of fish have been studied by several
authors (Tilaket al, 2003, 2005;Prashanth, 2003; Tilak and Yacobu, 2002; Thorat,
2001). Triebskorret al. (2004) observed enlargement and distortion in mucous cells,
heavily dialated epithelial celis the intercellular spaces between epithelial callshe
intestine of rainbow trou{Onchorhynchus mykisexposed to aninflammatory drug
diclofenac at a dose oftto 5 0 0 eegdl. (2007) Bwealdd epithelial degeneration,
inflammatory cellsinfiltration in the submucosa as well as submucasglema in the
intestine of tilapiafish exposed to carbofuran. Rami@amarte et al. (2008) described
there was nanorphological alteration occurred in the intestine of fish cachama blanca
(Piaractus brachypomup due to Roundup exposure. They also obsertrexl mild
hyperplasia oimucous cells in stomach &faractus brachypomuafter the exposure of
Roundup a?.5 to 120 mg/Hose. Mohamed (2009) observaecrosis, oedema in mucosa
and submucosa layer; dilation of blood vessels of serosa and atrophy inlarissand
submucosa in intestine ®flapia zillii andSolea vulgarigiue to environmentadollutants

in aquatic body. Ravanaiah and Narasimhamurthy (2010) obseraedolization,
pycnotic nuclei, distorted villi and serosa layer, necrosis in muepitkelium, enlarged

goblet cells in intestine dfilapia mossambicdue toirritants.

2.4.4 Kidney

2.4.4.1 Kidney as biomarker ekposure to toxicant

The teleostean kidney is one of the organs to be affected by contaminants in the water
(Thophonet al.,2003).The kidney is a highly dynamic organ in most of egtebrates;
it receives about 20% of the cardiac output, chemicals substances in the systemic

circulation are delivered in relatively high amounts to the kidiég kidney of the fish

29



receiveslargest proportion of postbranchial bloahd therefore renal lesions might be

expected to be good indicators of environmental pollution (@tta.,2003.

2.4.4.2Histopathology of the kidney

Most common alterations found in the kidney of fishes exgds water contamination

are tubulardegeneration (cloudy swelling and hyaline droplets) and changes in the
corpuscl e, such as dilation of <capillaries
space (Takashima and Hibiya, 1995). Exposure to metalsefndgj.causes alterations in

the tubules and glomerulus, such as described by Thophah (2003) for the perch

(Lates calcarzfer) exped to cadmium,Handy and Penrice (1993) found swollen
Bowman's capsule cells and melanomacrophages in the kidneyiofSatmo truttd and

tilapia (Oreochromis mossambiduexposed to mercuric chloride. Similar alterations
were found in fishes exposed to organic contaminants (Veigd, 2002) and mixed
environmental; contaminants (Schwaiggral., 1997; Pacheco andaBtos, 2002)These

reports suggest that the histopathological changes in the kidney, like in gills, could not be
consicered specific to the stressorg.aBules may be formed inside the cells or by the re
absorption of plasma proteins lost in the urine, indicating damage in the corpuscle
(Hinton and Lauren, 1990). In more severe cases, the degenerative process can lead to

tissue necrosis (Takashima and Hibiya, 1995).

2.5 Potential of Plant Extracts in Aquaculture

Plant extracts have been reported to favor various activities like antistress, growth
promotion, appetite stimulation, enhancement of tonicity and immunostimulation,
maturation of culture species, aphrodisiac andettiogen properties in fish dshrimp
agquaculture due to active principles such as alkaloids, terpenoids , tannins, saponins,

glycosides, flavonoids, phenolics, steroids or essential oils (Chakraborty and Hancz,
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2011; Citarasu, 2010). Besides, their use could reduce costs of treaimdebhe more
environmentally friendly as they tend to be more biodegradable than synthetic molecules
and they are less likely to produce drug resistance in parasites due to the high diversity of
plant extract molecules (Blumenthetl al., 2000; Logambakt al., 2000; Olusoleet al.,

2013).

2.51 Plant extracts as appetite stimulators and growth promoters

Several plant extracts are reported to stimulate appetite and promote weight gain when
they are administered to cultured fish (Pavaegjal., 2011; Takaokaet al, 201Z%
Harikrishnanet al., 20123. Shalabyet al. (2006) showed that food intake, specific
growth rate and final weight of Nile tilapi®¢eochromis niloticusincreased when garlic

was incorporated in the diet. In another studyugey Ephinephelus tauvina fed with a

diet supplemented with a mixtuof methanolic herb extracts Bérmuda grassGynodon
dactylon, Long pepperRiper longun, stonebreakerRhyllanthus nirur), coat buttons
(Tridax procumbensand ginger Zingiber offcinalis) displayed 41% higher weight than

fish fed with the control (Punithet al.,2008). Jiet al.(2007a)showed that olive flounder
(Paralichthys olivaceysfed with a herbal mixture of medicated leavéfag¢samedicata
fermentatd, hawthorne Crataegifructug, virgate wormwoodArtemisia capillari$ and
Cnidium officiale (2:2:1:1) had higher weight gain than the control fish and showed
higher total carcass unsaturated fatty acid content and lower carcass saturated fatty acid
content, indicating that &ling with the herbal mixture improves fatty acid utilization.

The authors suggested that this could be caused by a lower plasma triglyceride and high
plasma HDLCHO (highdensity lipoprotein cholesterol) levels in the herbal mixture
diets. Besides, plamixtracts have been shown to improve digestibility and availability of

nutrients resulting in an increase in feed conversion and leading to a higher protein
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synthesis (Nya and Austin, 2000itarasu, 20107 alpurandlkhwanuddin,2013)Putraet
al. (2013)showed that supplemented diet with 1% of ethanolic katuk ext&eiropus
androgynouy stimulated appetite, growth and improved food utilization (lower feed

conversion ratio) in groupé&phinephelus coioides.

2.5.2 Plant extracts as immunostimulants

The immune system is classified into innate {speacific) and adaptive (specific)
immune systems. The innate immune system is the first line of defense against invading
pathogens and their major components are macrophages, monocytes, granulocytes, and
humoral elements, including lysozymes or complement systems (Harikriséinah,

2009b). An immunostimulant is a substance that enhances the defense mechanisms or
immune response (both specific and nonspecific), thus rendering the animal more
resistant to dieases and external aggressigxsdérson, 1992 An increasing interest in

the use of plant extracts as fish immunostimulants has arisen in the last dealaxukeef

al., 2009; Vaseeharan and Thaya, 2013everal studies have monitored the
immunological parameters after intraperitoneal injection or orally administered plant
extracts on distinct fish species and they found that treated fish showed increased
lysozyme activity, phagocytic activity, complement activity, increased respiratory burst
activity and increased plasma protein (globulin and albuninigenciet al.,2003; Wuet

al., 2010; Yuaret al.,2007).

Other studies analyzed ti@ematologicaparameters which provides a clue of the fish
health status and they found that erythrocytes, lymphscgtienocytes, hemoglobin and
hemocrit levels significantly increased in fish treated with plant extracts compared to

control fish Shalabyet al.,2006;Innocentet al.,2011;Harikrishnaret al.,20123.
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Lysozyme activity and burst respiratory activity of olive flounder increased more when

treated with plant extract (Harikrishnahal.,2011H.

2.5.3 Plant extracts as fish antipathogenic

Bioactivities displayed by natural products from plants, fungus and algae, have revealed
to be of great interest in the prevention or treatment of pathogens (Tagboto and Townson,

2001; Zahiret al.,2009 Zhenget al.,2007).

2.5.4The Phytochemicda constituents of Plant extracs of importance inaquaculture

Essential oils (EOs) are volatile liquid fractions that contain the substances responsible
for the aromas of plants; they are obtained from different organs, such as flowers, buds,
seeds, leaves, twigs, bark, herbs, wood, fruits and roots (Batkallj 2008). There are
several methods for extracting essential oils, including expression, fermentation,
enfleurage, extraction, and the use of liquid carbon dioxide or microwaves, but the steam
distillation method is most commonly used for the commercial mtomiu of EOs (Burt,

2004). The chemical composition of Eos depends on the extraction method and can also
vary according to conditions such as climate, soil composition, origin, season, plant
organ, age and vegetative cycle stage (Angeiral., 2006; Abu-Darwish et al., 2011;

Ben Marzouget al., 2011; Chunget al., 2011; Ennajaret al., 2011; Karakaya, 2011
Masottiet al.,2003)The composition of EOs is very complex and can include more than
sixty components; however, a few major components constitute up to 85% of the EOs and
generally determine their biological properties (Bakketlial., 2008), whereas other
components are prest only as tracesR@li et al., 2007; Bader et al, 2010. The
components include two groups of distinct biosynthetic origin that are synthesized in

secondry metabolism (Picherskgt al., 2006; Nagegowda, 2010The main goup is
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composed of terpene®rpenoids and the other of aromatic and aliphatic constituents, all

characterized bipow molecular weights (Bakka#t al.,2008).

The primary roles of essential oils in plants are believed to be as pollinator attractors and

defenses against pathogens padts due to their antibrial, antiviral and antifungal.

2.5.5 The potency and mode of action of plant extracts

The effect of plant products on fish is daependent and there is a potential for
overdosing, so determining the suitable extract cuingéon is of great importance
(Kajita et al.,199Q Harikrishnanet al.,20118. The molecular basis of the antibacterial
action ofessential oils poorly understood. It has been suggested that they can disrupt the
permeability of the bacterial cell membrangulina et al., 2006; Pascu&t al., 2007;
Bouhdidet al.,2009), leading to the disruption of the proton motive force, electron flow
and adwe transport lelanderet al., 1998; Cox et al.,2000; Lambert 2001 Ultee et al,

2002 Fisheret al., 2009. Other proposed mechanisms are related to the coagulation of
cell contents (Lambert2001, Becerrilet al., 2007), and recently, evidence has been
provided for the inhibition of quorum sensing (Bracknearml.,2008; Kahret al.,2009),

the induction of heat shock proteins and the prevention of flagella developwett (
2004). Interestingly, cinnamaldehyde svaecently found to interfere with autoindu&er
(Al-2), whichis involved in quorum sensing iibrio spp., by decreasinthe DNA-
binding ability of LuxR, resulting in several marked phenotypic chengecluding
reduced virulenc8ecause inhibitors ofl-2-based quorum sensing are rare, and given
the role of Al-2 in several processes, these compounds may provide useful leads for

antipathogenic drugs (Brackmanal.,2008).

There is need for quantifying and characterizing chemical plant extracts in torde

identify active molecules responsible for the observed activity and thus facilitate the
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establishment of a standardized protocol including different methods of extraction
depending on the bioactive molecules observed, adequate extract concentrdtion an

regulrized administration procedufiReverteret al.,2014).

2.6 The Planti Borreria verticillata

Borreria verticillata is a perennial shrub belonging to the famBRybiaceae It is
commonly called shrubby false button weed or shrubby false button W&adill,

2000). It is distributed in tropical and subtropical Americdiiod, Asia, and Europe
(Desseinet al., 2006). It is originated from South and Central America (Burger and
Taylor, 1993; Chiquieret al.,2004). Borreria verticillata species is used medicinally in
various manners and are reputed in traditional medicine of Latin America, Asia, Africa,
and West Indies. In Brazil, the infusion of the flowers is used as antipyretic and analgesic
(Vieira et al.,1999; Moreiraet al.,2010).The roots extract is emetic, the leaves extracts
as antidiarrheal, and the remedy against erysipelas and hemorrhoids (Lorenzi and Matos,
2002). It is also commonly used effectively to cure eczérreé versicolor) ring worm

(Tinea capitis),scabies andther skin lesions (e.g. infectious dermatitis), toothache,
headache, and dyspepsia (Chogiral., 1956). The juice obtained from the aerial part is
applied topically for the treatment of skin diseases. A lotion is prepared to relieve skin
itches (Liogier 1990). In West India, the decoction of tpiant is used for diabetes and
dysmenorrhea, and when prepared withscutaand Zebrina schnizleinis used for
amenorrhea (Ayensu, 1978).While in Senegal it is used to treat bacterial skin infections

and leprog (Maynartet al.,1980).

In Nigeria, it is common to allegetationparticularly in Sudan savanna, notipdound
in wastelands, in neoultivatedfields or within the vicinity of ponds, mainly in the rainy

season. It is known d&%asa kababy the Hausagople of northern Nigeridrawo-ile by
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the Yoruba people anélbia-ikana by the Ibibio people of southern Nigeria. The leaves

are used in some parts of Nigeria, as in many West African countries for curative
purposes as one of the mainstream traditionadicnees. Studies have confirmed that
extracts fromBorreria and Spermacocespecies as well as their isolated compounds
possessed diverse biological activities, including analgesieirdiatmnmatory, antitumor,
antimicrobial, larvicidal, antioxidant, gasintestinal, antulcer, and hepatoprotective,

with alkaloids and iridoids as the major active principles (Shajisediral., 2010;
Conserva and Ferreira, 2012; Abdullahial.,2014). The roots are used to treat malaria,

the leaves as ophthalmimflammation of eye and gums, blindness, fever, spleen
complaints, sore, hemorrhage, dysentery and diarrhea, and also for the treatment of liver

ailment, kidney disorder and abortifacient (Sofowora, 2008).

2.6.1 Phytochemical constituentof Borreria verticillata

Studies ofB. verticillata by research groups showed the presence of terpenoid indole
alkaloids Ferreriaet al., 1978; Balde et al., 1991, and the structure of a new iridoid
namedborreriagenin isolated from a Methammttract of the flowerf B. verticillata
(Vieira et al., 1999). The phytochemical investigation @. verticillata, reported the
structural characterizatiorof two new simple indole alkaloids, -riethoxy4-(3-
methylbut2-en-1-yl)-1H-indole, named verticillatine Al) (1), ant(1H-indol-6-yl)-3-
methylbutarl-o n e , named verticillati n-&-(28lgceryl)( 2) ,
scandoside mthyl esterl) (3), from the metharettract ofB. verticillata roots, isolated
besides two known iridoids, asperuloside (4) and scaddanethyl ester (5), a mixture

of aliphatic acids, a mixture of tacylglycerols, sucrose, and a mixture of glucose and
sucrose were identified after preparation of theesponding acetyl derivatives ( Moreria

et al,2010).
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2.7 The Plant Adenium doesum

Adenium obesunForssk) Roenmand Schult with synonymsAdenium somalend®alf.f

(1888); Adenium socotranunmVierh, (1904); Adenium arabicumBalf.f, Adenium
coetaneunstapt Adenium hongheA.DC, Nerium obesunforssk,belongs to the Family
ApocynaceagMcLaughlin and Garofalo2002; Arbonnier,2004; Anon,2008; Oyen,

2008; Kanchanpooreat al.,2010).

The plant was first discovered and described in Kenya in 1752 by a German Scientist, P.
Forsskal (Anon,2008). Adenium was derived from the Arabic nametlod plant,
Oddaejn which means Aden, the former name of Yemen (McLaughlin and Garofalo,

2002) while obesum was derived from the swelling of the basal part of the plant stem

(Plaizeier,1980).
However,A. obesumsk nown | ocal |l y as Halsaeathniy@gaup oi mongs
northern Nigeria (Dalziel1956;Adamuetal.,2005) just as it 1is als

amongst the Igbo ethngroup of soutkeastern Nigeria.

2.7.1 Phytochemical constituents oAdenium desum

Several cardiac glycosidesvgabeen reported iA. doesum(Mettam, 1941).The main
cardiac glycoside i n-gteme i plbd rotsDyilhevetditiee ar) d rbi
(Yamauchi and Abel1990; Ahmad and Bash&007). In addition, OleandrigerinD-

gl uc os y-b-D- diditadlose) wasalso isolated from the chloroform fraction of the

plant (Kiyoharaet al, 2012). Hoffman and Cole (1977) equally reported the presence

other active cardenolideS¢malin, hongheloside A6-acetylstrospeside and honghelin)

and an active flavonol (3;8is[o-methyl] quercetin) from the ethanol texct of A.

ObesumHowever, an inactive triterpene (dihydroifflaionic acid) and an inactive flavonol
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(3-0-methylkaempferol) were also reported from the ethanol extracf.obbesum
(Hoffman and Cole, 1977)The nethanol extract ofA. obesumstem bark has been
reported to contain some alkaloids, flavonoids, saponins, tanins, glycosides,
anthroquinones and steroids (Tijagi al., 2011a). Howeverpnly saponinstannins,
steroids and glycosides were reported fridm petroleum spirit extract oAdenium
obesumstem bark (Tijjaniet al., 2011b).Similarly, a triterpenoid named botulin (Lup
20(29)ene3,28diol) was reportedly isolated from the stem bark of the plant (Tigani

al., 2012).

2.7.2 The Clinical manifestations of Adeniumobesuntoxicity

Fish showed various signs of toxicity ranging from uncoordinated movements, repeated
attempts to jump out of reconstituted extracts and excessive mucous secretions to
increased opercula movements, exposed snoutstiad®f different postures and sudden

darts(Abalakaet al.,2015).

2.7.3 The pathologic presentation ofAdenium desumtoxicity in fish

Acute exposure o€larias gariepinugo ethanolic extract ofdenium desumstem bark
showed vacuolation of hepatocystty degenerationpngestion of central
vein,mononuclear cellular infiltratiohepatocyte necrosis,and degenerated hepatocytes in
the liver, mononuclear cellular infiltration,fusion of the secondary lamellaglam
oedema,lamellar fusion,lamellar haemorrhage and epithelial detachment in the qill;
proliferated mucous cells,hypertrophied mucous cells,eroded epithelial surface,and

thickened epidermal layer in the skibalakaet al, 2015).
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2.7.4 The mechanisms of the cardidoxicity in Adenium Obesumtoxicity

The pharmacological relevance of cardiac glycosides is via their effect on the myocardial
contractility (Boor, 1999). Cardiac glycosides exert their pharmacological or ionotropic
effect by irhibiting the membranbound Na , K* - ATPase pump thereby increasing
intracellular Na and extracellular Kresulting in the activation of the sodiuralcium

pump (Na- Ca* pump) that increases intracellular Cieading to increased myocardial
contraction force (Novotny2005). However, excessive inhibition of the Na K" -
ATPase pump causes a variety of severe arrhythmias resulting in blocked aatidiig
decreased cardiac output and death (Knight and Waléx,),which might be observed

in A. obesumpoisoning.
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CHAPTER THREE

3.0MATERIALS AND METHODS

3.1Plant Collection, Authentication and Processing

The aerial parof Borreria verticillata was collected from Bassawa area within Zaria
metropolis Kaduna Statein Nigeria between Novemberi December, 2016, and
authentiated at the Herbarium section of theedartment of Biological Sciences,
AhmaduBello University, Zaria,where a specimen was deposited and a voucher number
0670 wasassignedThe leavesverepicked and dried ured shade until constant weight
wasobtained. The dried leaves were crushed fime powder using a pestle and mortar

and stored for the extraction process.

The stem bark oAdenium besumwas collected fronSamaru, Zaria, Kaduna State
Nigeria and it was also authecdted at the Brbarium section Department ofdBgical
Sciences, AmaduBello University, Zariaand a Voucher Specen Number 01386vas

given at the tdrbarium for future reference.

3.2 Extraction Process

The stem barlof Adenium besumwas dried under shade untbnsant weight was
obtained,andwere crushed into coarse powder using a pestle and mortar and stored for
the extraction procesShe fresh leaves oBorreria verticillata was shadelried and
ground into a fie powder. The fine powder was added into distilled water and shaken
gently for ten minutes using a shaker to make a homogenous mixture. The mixture was
left for 24 hours and then filterg@aravanaret al. (2010)The filtrate was used for the

study. The same extraction process was applied tAdemium besumbark stem as
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describecearlier The extractive yield (%w/w) of the process was calculated as described

by Zhanget al.(2007).

3.3 Determination of the Phytochemical Constituentsof the Aqueous Extracts

Phytochemical screenings wearried out on the aqueous extracBairerria verticillata
aerial and aqueous extragadenium desumstem bark in order to confirm the presence of
phytochemical constituents followingehmethods described by Sofowo(2008) and

Evans (2009).

3.3.1Qualitative Phytochemical Screening

The aqueousextracts of both adenium obesum stem bark Bowderia veticillata aerial

part was screeneguantitaively for the presence of metabolites.

3311Ant hraquinones: Borntragerds test

Five milliliters of the aqueous solution of the extract was shaken with 10 mL of benzene
and filtered. Then 5 mL of 10% ammorsalution was added to the filtrate and stirred.

The aparance of a pink red or violet colour was noted (Trease and Evans,1983).

3312Gl ycosi des: Fehlingds solution test

To 5 ml of the aqueous solution of the extract, 5 ml of diluted sulphuric acddded
and boiled in water bath for 15 minutes before allowing it to cool. This was then
neutralized with 20% potassium hydroxi de

were addede.Thimrmation of brick red precipitate wasted (Trease and Evans,1983
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3.31.3Cardiac glycosideKella-killam test

Five milliliters of the aqueous solution of the extract was evaporated to dryness on o
water bath upon which,it was dissolve in glacial acetic acid containing trace of ferric
chloride solutionina dry testu b e . This was then underpl aye
sul phuric acid by allowing it to rangle down
without agitation or shaking.The appearance of a popleown A r i ngo at th
was noted. A vitet ring may also appear below the brown ring while in the acetic acid

layer, a greenish ring, which gradually spread throughout the layer may form above the

brown ring (Evans,2005).

3.3.1.4Saponins: Frothing test

Five milliliters of the agqueous solutiasf the extract was made,shaken vigorously for 30
seconds and allowed to stand for 30 minutes. The persistence ofdwmnbyfroth was

noted (Trans and Evans, 1983).

3.3.15 Steriods and tripertenes: Liberm#u c har d6s Test

This test was performed accordito Trans and Evan$983.

Two mililitres of ethanol was added to 3 ml of the extract solution and ddaroform
before being dehydrated with anhydrous sodium sulphate. The formation of reddish
brown colour at the interface when 2 ml of acetic anhydride was added prior to the
addition of ffew drops of concentrated sulphuric acid down the side of theilbestvias

noted(Trease and Evans,1983).
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3.3.2 Quantitative Phytochemical Screening

The aqueousextract of bothAdenium obesurstem andBorreria verticillata aerial part
was screened quantitatively fphenols,saponins, flavonoidsalkaloids,and tanninsas

follows.

3.3.2.1Phenols

The Folin-Ciocalteau method as des@&th by Singleton and Rosgl965) was used to
determinethe total phenolic contents in both plantsUp t 0100 €L of prop
sample in an organic wateriscible solvent with at least 6 mL of water + 0.5 mL of
Folin-Ciocalteau reagent (Sigma); wait between8Lmin, add 1.5 mL of Na2CO3; mix

and bring to 10 mL total volume with water; then measabsorbance 0552 hr later at

760 nm against a reagent blank and standards. The volume can be scaled down to

conserve reagents.

3.3.2.2Alkaloids

The gravimetric method of Harborne (1980) was used for thiF¢teStg of the sample in
a 250 ml beaker,@D ml of 10% acetic acd in ethanl was addmxnjered and allowed to
sand for 4 hours .This was filtered and concentrated on a water bath tpuarter of the
original volume and concentrated ammonium hydroxide was then added in a dvape
manner. Thenixture was allowed to settle prior to filtering the precipate in axmighed
filter paper and washed with 1 % ammonium hydroxide solution. The precipate in the
filter paper was then dried in the oven at®Ofor 30 minutes and +&eighed.The
alkaloid ontent was calculated from the weight differences and expressed as a percentage
as follows:
% alkaloid = W21 W1 x 100

W
Where:
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W : weight of sample

W1: weight of filter paper and precipitate
W2 : weight of filter paper angrecipitate
3.3.2.3Saponins

The method of obadoni ardchuko(2001) was used where an aqueous solution of the
ethanol extract was made and then reduced to 40 ml over water bath at 90 °C. The
concentrate was then transferred into a 250 ml separatiorel and 20 ml of diethyl

ether wasadded and shaken vigorously.The aqueous layer was recovered while the ether
layer was discarded. The purification process was repeated and 60 fbutEnol was

added and the mixture was washed twice with 10 ml of 5% aqueous sodium chloride.The
remainingsolution was heated in a water bath to evaporation after which,the sample was
dried in an oven to a constant weight.The saponin content was then calculated and

expressed as a percentage.

3.3.1.4Flavonoids

The method of Boham aritbciparAbyazan (1994yvas usedvhere an aqueous solution
of the ethanol extract was made and tfikered through whatman paper No.42 (125mm)
repeatedly. The filterate was then transferred into a crucible and evaporated to dryness
over a water bath and then weighed to a consteight. The weight was the flavonoids.

3.3.1.5Tannins

Folin-Dennis spectrophotometric method as describe®dprson1976) was used.One
gramme of the sample was dissolved in 100 ml distilled watgtated and allowed to
stand for 30 minutes at room@mperature prior to centrifugation to obtain the supernatant.
Then 25 ml of the supernatant waspéissed into another 50 ml volumetric flasks

followed by 2.5 ml of standard tannic acid was also dispensed into another 50 ml
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volumetric flasks followed by.8 ml of saturated sodium carbonate solution and made up
to the mark in the flasks prior to incubation for 90 minutes at room temperature. The
absorbance of each was measured at 250 nm with the reagent blank at zero. The tannin

content was calculated angpeess as a percentage as follows:

% tannin=— - — —

Where: An is absorbance of test sample

As: Absorbance of standard solution

C: Concentration of standard solution

W = Weight of sample used

Vf: Total volume of extract

Va: Volume ofextract analysed

3.4 Study Design

3.4.1Experimental Animal

Ethical clearance approval was given twe AhmaduBello University Committee on
Animal Use and Care (ABUCAUC) with approval number ABUCAUC/2017/014 for this
study. The live juvenile AfricarShap-Tooth catfish ,C. gariepinus(N = 450, average
weight of (21.48+3.32) g and length (11.37+£1.23) cm respectively were purchased from a
commercial catfish farm of reputable standing and authenticated at the Fishery Section,

Department of Biological Sciences, A. B.U., Zaria, Nigeria.
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3.4.2 Toxicity Bioassay

Fish acclimatization lasted for 21 days under natural day and night-paoamls (12/12

h) with complete changing of pond water omeeevery three days. The fish wee to

their satisfactiongd libitum) twice daily with 2mmCoppes® fish feed for aquaculture
(Coppens® International by Helmond, Holland).rangefinding test to determine the
extract concendéttions for the definitive test as described by Fafioyé2001) was
performedfor the extracts oBorreria verticillata and Adenium obesunMortality was

used as an end point of toxicity and this was determined as described in the OECD

Guideline No. 423 (2001 presented imppendiced/I1, VI, and IX.

3.4.3Experimental design

The experimental design whased on ten grouping§able 3.1)as follows

Group One G1), represens the control groupf.5 litre of tank water wagaken and
replaced with (® litre unchlorinated wateon daily basis, thevhole water wasefreshed

every threaelays.

Group Two (G2),represents the groupvhere 25mg/l sultethal dose ofBorreria
verticillata extract (BVE) was introduced every 24 hounto the tankin order to
maintain a constant concentration of the extract in the tank and the whter in the

tank was refreshecbmpletely every 3 dayto refresh the system

Group three G3),represents the group where 50mg/l sub lethal dosBMUE was
introduced every 24 hour into the tamkorder to maintain a constant concentration of
the extract in the tank and the vilavater in the tank wasfreshedcompletely every 3

days to refresh the system
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Group four (G4), this represats the group where 100mg/l sldthal dose oBVE is
introduced every 24 hour into the tank in order to maintain a constant concentration of
the extract in the tanknd the whdée water in the tank was refresheompletely every 3

days to refresh the system

Group Five G5),this represents the group where 200mg/l sub lethal doB&Bfwas
introduced every 24 hour into the tainkorder to maintain a constacdncentration of
the extract in the tank and the vidavater in the tank was refresheompletely every 3

days to refresh the system

Group Six (6),this group cordins 10% ofLCso AOE which representshe sub lethal
concentration ofAOE was 0.838mg/l, this isntroduced every day into thank after
effectively dissolving theAOE in 10mls of water taken from the G6 tathks is
introduced every 24our into the tank in order to maintain a constant concentration of the
extract in the tank ahthe whaoe water in the tank was refresheaimpletely every 3 days

to refresh the system

Group Seven (G7}his represents the group combining the treatment of G2 and G6 (10%
LCso AOE + 20mg/lI BVB),this is introduced every 24 hour into the tankorder to
maintain a constant concentration of the extract in the tank and tHe whter in the

tank was refreshecbmpletely every 3 days to refresh the system

Group eight (G8), this represents the group combining the treatment of G36a (D%
LCso AOE + 50mg/l BVE), thiswasintroduced every 24 hour into the tank in order to
maintain a constant concentration of the extract in the tank and the whter in the

tank was refreshecbmpletely every 3 days to refresh the system
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Group nine (G9),thisepresents the group combining the treatment of G4 and G6 (10%
LCso AOE 100mg/l BVE), this wasintroduced every 24 hour into the tank after
effectively dissolving the dried BVE in 10mls of water taken from the group tank in order
to maintain a constant concentration of the extract in the tank and the wdier in the

tank was refreshecbmpletdy every 3 days to refresh the system

Group ten(G10), this represents thgroup combining thetreatment 6G5 and G6 (10%
LCso AOE 200mg/l + BVH, this is introduced every 2&our into the tank after
effectively dissolving the dried BVE in 10mls of water taken from the group tank in order
to maintain a constant concentration of the extract in the tank anchtile water in the

tank was refreshecbmpletely every 3 days to regh the system.

In the groups ¥10where the extracts were administered togetheAthenium obesum
wasadministered firstollowed by theBorreria verticillata extract aftean interval of 30
minutes.Fish were fed twice dailf9am and 4pm)extracts were administered into the
fish tank after morning feeding daily for 28 days, and waterewefreshed every three

days. Samples were collectedams 0, 7,1421 and28.
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Table 3.1: The experimental desigr28 days sub lethal treatment
TREATMENTS Gl G2 G3 G4 G5 G6 G7 G8 G9 G110

0.5L water + - - - - - - - - i

25mg/IBE - + - - - - + - - -

50mg/IBE - - + - - - - + - -

100mg/IBE - - - + - - - - + -

200mg/l BE - - - - + - - - - +

0.838 mg/IAOE - - - - - + + + + +

BVE = Aqueous ExtracBorreria verticillata Aerial Part, AOE = Aqueous Extract

Adenium besumstem bark G1 = Control; G2=25mg/l BVE; G3=50mg/l BVE;
G4=100mg/IBVE; G5=200mg/l BVEG6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6;
G9=G4+G6; G10=G5+G6.
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3.5Physicochemical Analyses

The temperature, pH, electrical conductivity and the total dissolved solittee dish

culture waterwerenoni t ored with Hanna ACombod porta
Hanna Infuments, Mauritius)while thedissolved oxygen contemtas monitored using

the modified method of WinkleAzide ( Lind, 1979; APHA, 1985)This is the standard

testfor dissolved oxygen .It uses a burret #h@25N sodium thiosulfate,the solution is

acidified and the manganese (IV)s reduced by iodide to produce free iodine in

proportion to the oxygen concentration.

3.6 HaematologicalStudies

Two (2) ml of blood wascollected from each sampled fish via caudal vpuancture,

from thelateral approach, a 25G needle wasoduced through the lateral line laterally to

the body of the fish, until contastasmade with the spine, needldasgently withdrawn

with aspiration at the same time, as the blood flow into the neleelgentle backward
withdrawal wasstopped and merbloodwasdrawn to the required volume needed and
divided into two portions, Iml of the collected blood was put into a bottle containing
ethylene diamine tetra acetic acid (EDTA) anticoagulant for heamatological evaluations.
The remaining 1ml of bloodwas collected without anticoagulant for biochemical

analyses.

3.6.1PackedCell Volume Determination

The packed cell volume (PCV) was determined using standard technique as described by
Rehmanet al (2003). Norheparinized capillary tube was filled up aébout ¥ of its
length from one end and the second end wasdezdéd using Bunsen burner. The blood

in the sealed capillary tube was then centrifuged for 5 minutes at 4,883sixg the
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Saitexiangyi TG12MX®Micro-haematocrit centrifuge machine. érhtheproportion of
cells in the total volume of blood was measured and recorded as a percentage using the

Hawksley’ Micro-haematocrit Reader.

3.6.2Red Blood Cells and Btal White Blood Cell count

Red blood cells (RBC) and totalhite count were determined with the N&terrick
solution (1:200 dilution) and the Improved Neubauer haemocytometer (Campbell and
Ellis, 2007) as both counts can be prepared directly from the same sample placed in the

haemocytometer.

The heparinised blood salep were slightly agitated and the RBC diluting pipette was
used to pipette the blood to the 0.5 marking. The tip of the pipette was cleaned properly
using a tissue paper without touching the distal opening of the pipette tip with tissue, as
this will cau® capillary shift of blood into the tissue. The diluting solution (MWegtrick)

was also pipette to the 101 marking (1:200) without entirely immersing the pipette tip into
the diluting fluid. The mixture was well shaken for 1 minute to obtain equalldistn

then emptied into a clean sample bottle. The Neubauer haemocytometer and cover slip
were cleaned using a dry, lint free cloth. The cover slip was properly placed on the
haemocytometer. The mixture was then agitated a little and a capillary tuhesedso
withdraw a small aliquot. Both sides of the haemocytometer were filled up (charged) by
gently touching the intersection between the cover slip and haemocytometer with the
loaded capillary tube avoiding air bubbles and usiillerg or over-filling, then left for 5

minutes for cells to settle down.

The light microscope (Olympu¥SZ-107BN), at low power magnification (X40) was

used to view the cells and counting was done using the tally counter.
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For white blood cell count, the white in the four outer large squares of the

haemocytometer were counted and calculated using the formula below:

N/20 =whitex 1@ /I

Where N = Number ofvhite counted in the four outer large squares (or in 64 small
squares)

For RBC count, the cells contathén the four corner and central squares in the- mid
section of the haemocyt omld errulwee:r ec eclolusn ttehde
centre triple lines of the ruling on the left and the bottom sides were counted but cells that
touch the centrériple lines of the ruling on the right and the top sides were not counted.

The RBC count was calculated using the formula below:

N/100 = RBC x 1&/I

Where N = Number of RBC counted in the 5 squares in the mid section of the
haemocytometer (or in 16@sares)Note that both charged sides of the haemocytometer

were counted for both the RBC awtlite and the average calculated.

3.6.3Heamoglobin concentration

Blood haemoglobirconcentratiowasassayedaolorimettricallyusingcyanmethaemoglo

bin method described by Feldmaanal,(2000) . Five millilitre of haemoglobincyanide
(HICN) (Drabkin) solution were measured using a 5ml syringe into plastic test tubes.
Twenty microlitres (2Qul) of blood was measured using a micropipette and added to the
drabkin solution in the test tube and properly mixed by gently shaking the test tube.It was
centrifuged at 1,509 x g for 15 minutes to separate the empty RBC froneiimegrivith

the reading.The supernatant eas separated into a sample bottle.The mixture was absorbed
into the haemoglobin meter (XE,China).After the weighing pump stops working,the

value displayed on the screen was recorded in g/dl as haemoglobin cdrarentra
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3.6.4Differential white blood cellcount

The differentialwhite blood cellcounts were determined using the method as described
by Kemal (2014). A small drop (about 2 pl) of blood was immediately used for the
preparation of blood smears each gsthe standard slidi-slide technique. The air

dried smears were properly labelled using a pencil on the frosted end of the slide. The
dried blood smears were placed in a coplin jar containing absolute methyl alcohol for 3
minute to fix the smear. Thexgd slides were removed and allowed teday. The slides

were transferred to a second coplin jar containing fYéslght-Giemsa stain and an equal
amount of SBr ens eamdalowdducstajerr20 t¢ O HinwdsThede 8 )

were neatly packed into a slide box usttmination

Examination of the blood smears was done using a light microscope (Oh{&aHs
107BN) under higipower magnification with oil immersion (X1)00). One hundred
white blood cells (WBC)were countd and classified based on their morphologic features
(Hawkey and Dennet, 1989). The counting was done using the MaBtbed Cell
Calculator. The differentialvhite count was then expressed as a percentage ofthe

blood cell series.

3.6.5Haematologicalindices

Heamatological indices of mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MGiHZ3

determined as described by Stockham and Scott (2002).

3.7 Serum Biochemical $udies

Blood samples collected without anticoagulant were allowed to clot and then centrifuged

at 1006g for 10 minutes to obtain the serum.
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3.7.1Serum Aminotransferases and Alkaline Piosphatase
3.7.1.1Serum Aspartate Aminotransferase (AST) Determination

AST activity was determined with the aid of manual kits following the principle

described by Reitman and Frankel (1957).

Procedure

0.1mL of serum was mixed with Reagent 1(phosphate buffer, 2100mmol/l, pH 7.4; L
aspartate, 1-ketdglutarmate, /2mollamad tbe mikture was incubated for
exactly 30 minutes at 8C. 0.5ml of reagent 2 (2dinitrophenylhydrazine (2mmol/l)

was added to the reaction mixture and allowed to stand for exactly 20minuté¥Cat 25
Then 5.0ml of Sodium hydroxide (0.4mol/l) was aeddand the absorbance read against

the reagent blank after 5 minutes at 546nm. Reagent blank was prepared as described

above replacing serum with 0.1ml of distilled water.
3.7.1.2SerumAlanine Aminotransferase (ALTDetermination

ALT activity was determined following the principle described by Reitman and Frankel

(1957).
Procedure

0.1ml of diluted serum mixed with phosphate buffer (100mmol/L, pH 7.4lahine
(100 mmo | Fokoplytaraterf2enmallL) and the mixture incubatede®actly 30min

at 370C. 0.5ml of 2, dinitrphenylhydrazine (2mmol/L) was added to the reaction
mixture and allowed to stand for exactly 20min at 250C. Then 5.0ml of NaOH (0.4mol/L)

was added and the absorbance read against the reagent blank aftet S46imrma
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3.7.13 Serum Akaline Phosphatase (ALP) Determination

ALP activity was determined with the aid of manual kits following the principle

described by Rec. (197.2)

0.02ml of serum sample and 1.0ml of reagent was mixed together in the cAvtette.
mixing sample and Rlthe initial absorbance was read 435nm and a timer started
simultaneouslyAbsorbance was read again after 1, 2 and 3 minutes. ALP activity was

calculated using the formula:

U/L=2760x A A 405 nm/min

3.7.2 Antioxdants

3.7.2.1 Estimation of serum reduced glutathione (GSH) level

The method of Beutleet al (1963) was followed in estimating ehlevel of reduced

glutathione.

3.7.22 Determination of serum superoxide dismutase activity

The level of SOD activity wadetermined by the methad Misra and Fridovich (1972).

0.2 ml of serum was diluted in 0.8 ml of distilled water to make a 1 in 5 dilution. An

aliquot of 0.2 ml of the diluted sample was added to 2.5 ml of 0.05 M carbonate buffer
(pH 10.2) to equilibratéen the spectrophotometer and the reaction started by the addition
of 0.3 ml of freshly prepared 0.3 mM adrenaline to the mixture which was quickly mixed
by inversion. The reference cuvette contained 2.5 ml buffer, 0.3 ml of substrate
(adrenaline) and 0.2 Inof water. The increase in absorbance at 480 nm was monitored

every 30 seconds for 150 seconds.
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Increase in absorbance per minute 31 Ao
2.5

Where Ao = absorbance after 30 seconds

Asz=absorbance after 150 seconds

% inhibition =100 X Increase in absorbance for substrate
Increase in absorbance for blank

1 unit of SOD activity was given as the amount of SOD necessary to cause 50%

inhibition of the oxidation of adrenaline.
3.7.3 Determination Serum Total Protein

Total proteins were determined by the direct Biuret method (Hrdie@],
2001), for the irvitro determination of total proteins in serum or plasma using
the total proteins test kit. The serum sample (0.02 mL) was mixed and reacted
with Cu?* contained in 1 mL of Biuret reagent inckean test tube, to form a
stable coloured complex. The mixture was allowed to stand fonidGtes at

room temperature. A standard was prepared by adding 1mL of the Biuret
reagent and 0.02 mL of the standard into a clean test tube. This was mixed
properly and allowed tstand for 10 minutes. After this, the absorbances of
both the sample and stdard were read at 540 nm against the working reagent

blank using a spectrophotometer (SpectrumLab 750, Sweden).

The total proteins concentration was obtained with the formula:

A A~ ~

I AOT OA MHAA A1 AROT OA MOMA AAOM T AT OQKI
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3.7.4 Determination of Serum M alondialdehyde (MDA)

Lipid peroxidation was determined by measuring the levels of Malondialdehyde produced
during lipid peroxidation according to the method described by Varshney and Kale

(1990).

Procedure

An aliquot of 400l ofthe sample was mixed with 1.6ml of K<l buffer to which 500

pl of 30% TCA was added. Then 500 pl of 0.75% TBA was added and placed in a water
bath for 45 minutes at 80. This was then cooled in ice and centrifuged at 3000 g for 5
minutes. The clear pernatant was collected and absorbance measured against a
reference blank of distlled water at 532 nm. Lipid peroxidation expressed as MDA
formed/mg protein or gram tissue was computed with a molar extinction coefficient of

1.56 x 16M*Cmt

LPO (MDA formed/mg protein) Absorbance x volume of mixture

Esz2nmX Volume of sample x mg protein
MDA FORMED =mmol/mg protein

3.8 Histopathological Studies

After the collection of blood fordematological evaluation the fisko harvestedvas
observedfor grossleisons, thereafter thesh was euthanized withd% ethyl alcoholas
described by Fafioye (2005). The gill, liventestine and kidney, from each fish were
harvesedfixed in 10% neutral buffered formalprocessegaraffin embedded, sectioned
at 5um and stained with haematoxylin and eosin as described by Roberts @rfiv8)

Bancroft and Cook (1994) ffo histopathological examinatiohn Olympus light
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microscope was used to view the tissue slides and a Samsung digited @gasaised to

capturethe photomicrographs.

3.8.1Tissue processing

The formalin fixed tissues samples were then subjected to the following protocols for the

production of wax block for histopathological studies.

Tissues were dehydrated in ascending grades of alcohol (50.036 foinutes; 80.0 %
for 45 minutes; 90.0 % for 45 minutes). Then passed through two changes in absolute
alcohol (100.0 % alcohol) for one hour each; these tissues were then placed in a bath of
xylene for a process termed clearing, until they appearedluamnt, then they were

transferred to molten paraffin wax for one hour to completely remove the xylene.

Tissues were then embedded in paraffin wax of melting poit€ 80 62C. Paraffin
blocks were then cut in a rotary microtome. Cut sections (of 4 puétm thickness)
were collected on clean gelatinized microscope slides to prepare tissue sections for

staining.

3.8.2 Haematoxylin and Eosin staining technique

Slides bearing the tissue samples were rinsed twice (for 5 minutes in xylene); then
transferre for 1 minute into a mixture of xylene: absolute ethanol (1:1 v:v). Slides were
then passed for 1 minutes each, through absolute alcohol (100%), 80% alcohol and 50%
alcohol; washed for 5 minutes in running tap water. Then stained for 2 minutes in
haematoxlin, washed for 5 minutes in running tap water; dipped once in acid : absolute
alcohol mixture (0.5 : 100); washed for 5 minutes in running tap water. And then stained
for 1 minute in Eosin. The stained slides were sequentially dehydrated through 50%, 80%
and absolute (100%) alcohol for 1 minute each; then dipped once in running tap water,

blotted dry with filter paper and rinsed till clear in xylene and finally mounted in D.P.X.

3.8.3 Microscopic evaluations

Mounted slides were viewed in a higbvger research grade Olympus (Ehland

images captured with a samsung digital camera.
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3.9Data Analyses

Data was epressed as mean £ SEM and then subject@avteway Analysisof Variance
(ANOVA) for statistical significance at <. 0 5 . Tukeyds multiple <c
meanswasused to compare differences between the various means using SPSS version

20.
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CHAPTER FOUR

4.0RESULTS

4.1 The Extractive Yield of Aqueous Extractsof AdeniumobesumStemBark and

Borreria verticillata Aerial Part

The aqueous extraction process Adenium bdesumstem Bark fine powdewith dry
weight of 3kgyielded 207.53gand an extractive yieldf 6.91% w/w. Similarly, the
aqueous extraction carried out Borreria verticillata with dry weight of 3kgyielded

304.11g and had an extractive yield of 10.13w/w.

4.2 Phytochemicalconstituentsof aqueous extracs of Adenium desumstem bark

and Borreria verticillata aerial part

The physicochemical analyses revealed similar constituentaqueous extracts of
Adenium besum and Borreria verticillata (Table 4.1)The quantitiesof various
constituents appeared to be higher Adenium obesumthan in Borreria verticillata
extract (Table 4.2except for phenols which amounted to 1% infdrener and 9% in the

latter.
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Table 4.1:Phytochemical constituents of agueous extract &denium desumstem
bark and aqueous extract ofBorreria verticillata aerial part

Constituents Inferences

AOE BVE

Carbohydrates + +

Anthraquinones - -

Cardiac glycosides + -
Saponins + +
Steroids and

+ +
Triterpenes
Tanins + +
Flavonoids + +
Alkaloids - +

Keys: + = present,;- = absent, AOE= Agueous extractAdenium desumstem bark,
BVE = Aqueous extractBorreria verticillata aerial part
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Table 4.2 Percentageof aqueous extract ofAdeniumobesumstem bark and aqueous
extract of Borreria verticillata aerial part
Percentage (%)

Constituents AOE BVE
Phenols 1 9

Saponins 13.3 3.1
Tanins 11.6 1.9
Flavonoids 4.9 2.1
Alkaloids 2.6 0.2

Keys: AOE = aqueous extractAdenium desumstem bark, BVE = aqueous extract
Borreria verticillata aerial part
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4.3 Clinical signs in Clarias gariepinusexposed to aqueous extract dkdenium

obesumstem bark

Clarias gariepinusexposed to arying concentrations of aqueoestract of A. doesum
stem bark over the 9%r period exhibited signs that were divided into initial contact
phase (ehr to 48hr) and a later exertive phase {{#2to 96hr) of the toxicitybioassay
Some of the clinical signs displayed by the fish during théarS&cute bioassay exposure
were, repeated attempt to jump out of watmratic movements,aggression, excessive
mucus secretion,frequent opercula movemeaitsgulping, exposed snoutnotioness,
different postureqvertical,angular,flat)sudden dart,swirling/sluggish movements, and

loss of balancéAppendices VII and VIII).

4.4 Median lethal concentration of aqueous extractof Adenium desumstem bark

and Borreria verticillatain Clarias gariepinuguveniles

4.4.1 The median lethal concentration of aqueous extragdenium doesumstem

bark

The mediariethal concentration (L§g) of agueous extract gfdenium besunmstem bark
extract was determideto be 8.8 mg/l using theprobit analyzing tool in SPSS version
20(Appendix VII)this wasafter a performance of a range finding test to determine the

five extract concemation as described by Fafiogeal. (2004).

4.4.2 The nmedian lethal concentration of aqueou®xtract Borreria verticillata aerial

part

A rangelimit test conducted using five (5) fish per concentration showed nalitydt

varying concenationsfrom 0-1200mg/I(Table 4.3.
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Table 4.3 Behavioral Display ofClarias gariepinusjuveniles Borreria verticillata in
RangeFinding Test

RANGE FINDING TEST 1+ RANGE FINDING TEST 2™
TRIAL TRIAL
Exposure time 24 24 24 24 24 24 24 24
(HR)
Concentration(mg)| 0 1 5 10 15 20 25 50
Loss of balance - - - - - - - -
Molting - - - - - - - -
Discoloration - - - - - - - -
Air gulping - - - - - - - -
Erratic swimming - - - - - - - -
Hemorrhage - - - - - -
Mortality 0 0 0 0 0 0 0 0
RANGE FINDING TEST 3¢ RANGE FINDING TEST 4™
TRIAL TRIAL
Exposure time 24 24 24 24 24 24 24 24
(HR)

Concentration (mg/l) 50 100 150 200 400 600 800 1200
Loss of balance - - - - - - - -
Molting - - - - - - - -
Discoloration - - - - - - - -
Air gulping
Erratic swimming
Hemorrhage
Mortality

o
o
o
o
o
o
o
o
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4.5.1 Mean Red Blood Cell Count Sib-L ethal Treatment

The mearred blood cell (RBE count difference between thgroups on day ®vas not
significant £>0.05).The meaned blood cell count didot vary significantly P>0.05) in
groups2-5 when compared to the values obtained for group 1 througho@Stlkays
period.On day 7 to 28, the mean RBCcountsdeclined significantly #<0.05) from
2.56+0.01 x1€/L to 2.00+0.00 x1#/L in group 6(Table 4.3. However,the mean
values of RBCcounts showed singnificanP€0.05) increase in grosy-10 on days 14

and 28 compared to group 6.

4.5.2Mean HemoglobinConcentration Sub-Lethal Treatment

The mean hemoglobin concentration difference betwbhengtoups on day 0 was not
significant £>0.05). The mean &emoglobin concentration decreassnificantly
(P<0.05) from 11.23+0.18/dl on day 0 to 10.72+0.91dl on day 28 in group 6 unlike in
groups 15 where the values varied insignificantR>0.05).Groups 7 10, treated with
increasing concentration oBorreria verticillata aqueous extract had significant
improvement in the mean haemoglobin concentration on day4 @nd 28during the

study (Table 4.5.

4.5.3 Mean Packed Cell Volume (PVC)Sub-lethal treatment

On day 0, prior to exposuréhe differences inmeanpackedcell olume (PCV) between
the groups(Table 4.6)were not significanly (P>0.05) different from one another
Following exposurethere was a significanP€0.05) and progressivelecrease in mean
PCV values, from 30.97+0.00% (day 7) to 29.37+0.27% (dayr2gyoup 6 The mean
values of PCV obtained for groupsszappeared twaried insignificantly P<0.05) during

the 28 daysperiod compared to group 1(CONTROBHowever,t was obseved that the
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mean PCV values in groups 710 varied signifiantly (P<0.06) on day 14 andnproved

on days 21 and 28 of the study.

4.5.4 MeanErythrocytic Corpuscular ValuesSub-Lethal Treatment

The difference in the mean corpuscular Volume (MQ¥gan corpuscular hemoglobin
(MCH) and mean corpuscular hemoglobin concentration (MCHC) values between t

groups on day 0 and day 7 wera significant P>0.05).

The mean corpuscular volum&aple 4.F,mean cgouscular haemoglobin (Tkb4.8
and mean corpuscular haemoglobin concentrgfiable 4.9 of the fishall had a similar
pattern of progressive significar<0.05) decline from days 7 to 28 in group 6. Mean

values of the indices increased significan®%@.05) in groups 7 10, from days 7 28.
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Table 4.4 Mean Red Blood Cell @unt (RBC) of Clarias gariepinusjuveniles exposed to aqueous extragtdenium desumstem bark
and treated with Borreria verticillata aqueous extractaerial part

RED BLOOD CELCOUNT L(x10*9/L)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
Gl 2.69+0.00 2.71+0.01 2.73:0.00 2.73:0.00" 2.730.02
G2 2.680.01 2.70+0.02 2.70+0.03 2.71+0.03 2.730.03
G3 2.67+0.01 2.69+0.00 2.71+0.01 2.74%0.03 2.75:0.04
G4 2.71+0.02 2.72+0.01 2.70+0.00 2.710.00 2.70+0.00
G5 2.73+0.03 2.70+0.02 2.71+0.02 2.70+0.01 2.70+0.00
G6 2.77+0.03 2.56+0.0%cd 2.30+0.00" 2.15+0.009" 2.00+0.009"
G7 2.72+0.01 2.57+0.01 2.37+0.01" 2.22+0.01 2.13+0.04"
G8 2.70:0.00 2.59+0.00 2.46+0.019 2.38+0.00 2.29+0.0(p"
G9 2.70+0.01 2.60+0.00 2.51+0.019 2.52+0.01 2.49+0.0(p"

G10 2.69+0.01 2.650.00 2.69+0.009" 2.63+0.02 2.68+0.0%0"

Superscripts, 2b.cdefahliindicate statistical difference (P<0.05) when compared to groupg, 2, 3, 4, 5, 6,7, 8,9 and 10; G1 = Control;

G2 = 25mg/l BVE; G3 = 50mg/l BVE; G4 = 100mg/I BVE; G5 = 200mg/I BVE; G6 = 10% LC50 AOE; G7= G2+G6; G8= G3+G6;
G9=G4+G6; G10=G5+G6.KeysAOE=Aqueous extractAdenium doesumstem bark; BVE= Aqueous extractBorreria verticillata aerial
part.
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Table 4.5: Mean Hemoglobin Goncentration (Hb) of Clarias gariepinuguveniles exposed to aqueous extragtdenium desumstem bark
and treated with Borreria verticillata aqueous extractaerial part

HEMOGLOBIN CONCENTRATION(g/dl)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 11.36:0.03 11.38-:0.03 11.39:0.03 11.40:0.03 11.41+0.04
G2 11.3+0.03 11.3%0.03 11.38:0.03 11.40+0.04 11.41+0.03
G3 11.34+0.04 11.35+0.04 11.36+0.04 11.3%0.04 11.38+0.04
G4 11.38:0.03 11.39+0.02 11.40+0.02 11.41+0.02 11.42+0.02
G5 11.36:0.03 11.37+0.04 11.37+0.04 11.38+0.04 11.39+0.04
G6 11.23+0.12 11.00+0.00%0® 10.85+0.00" 10.72+0.01 10.65+0.00"
G7 11.34:0.03 11.05:0.00 11.00+0.000 11.07+0.00 11.17+0.00
G8 11.35+0.05 11.10+0.03 11.1G:0.00f 11.08+0.00 11.23+0.01
G9 11.29+0.00 11.14:0.00 11.20+0.00 11.09+0.00 11.30+0.06
G10 11.31+0.01 11.20+0.00" 11.30+0.00¢" 11.12+0.00 11.38+0.049"

Superscripts, #Pcdefanlijndicate statistical difference (P<0.05) when compared to groupsi2, 3, 4, 5, 6, 7, 8, 9, and 10; G1=Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/BVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;

G10=G5+G6.Keys:AOE=Aqueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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Table 4.6: Mean PackedCell Volume (PCV)of Clarias gariepinusjuveniles exposed to aqueous extraétdenium desumstem bark and

treated with Borreria verticillata agueous extractaerial part

PACKED CELL VOLUME (%)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 32.35+0.66 32.36+0.66 32.71+0.33 32.72:0.33 32.730.33
G2 32.35+0.66 32.37+0.66 32.72:0.33 33.08+0.01 33.09:0.00
G3 32.34:0.67 32.3%+0.67 32.71+0.34 33.05:0.00 33.06+0.01
G4 32.40:0.67 32.41+0.66 32.42+0.66 32.76+0.33 32.77+0.33
G5 32.420.67 32.42:0.67 32.43+0.67 32.44+0.67 32.47+0.67
G6 32.36:0.67 30.97+0.00° 29.93+0.33" 29.60+0.26" 29.37+0. 279"
G7 32.3%0.67 31.04+0.00 30.0420.00 30.20+0.06 30.94+0.00
G8 32.34+0.66 31.14+0.00 31.47+0.0% 30.72+0.01 31.27+0.1%
G9 32.38:0.67 31.19+0.00 31.73+0.08 30.94+0.00 31.83+0.08
G10 33.00+0.00 31.31+0.00 32.00+0.06 32.00+0.00 32.20+0.08"

Superscripts, 2bcdetanliindicate statistical difference (P<0.05) when compared to group4, 2, 3, 4,5, 6, 7, 8, 9 and 10; G1 = Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/BVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;
G10=G5+G6.Keys:AOE=Aqueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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TABLE 4.7: Mean Corpuscular Volume (MCV) of Clarias gariepinuguveniles exposed aqueous extraétdenium doesum stenbark
treated with Borreria verticillata aerial part

MEAN CORUSCULARVOLUME (%)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 134.9%0.12 135.31+0.47 135.64+0.79 135.08:0.12 135.10+0.25
G2 135.62+0.61 134.98+0.14 134.9620.15 134.9%0.13 135.02+0.15
G3 135.010.16 134.96+0.13 134.96+0.16 134.980.13 135.09+0.21
G4 13500+0.15 134.98+0.14 134.96+0.09 134.96+0.13 134.98+0.14
G5 134.960.12 134.98+0.15 134.9620.15 134.9620.13 134.94+0.15
G6 134.99+0.16 133.31+0.00 130.23+0.069 130.02+01.39" 128.79+0.039
G7 135.03:0.19 133.35+0.00 131.35+0.08" 132.35+0.00 130.35+0.0'
G8 135.08:0.16 133.380.00 132.48+0.00" 132.48+0.00 131.48+0.0%
G9 135.03+0.19 133.39+0.00 133.54+0.08" 132.58+0.00 131.68+0.0'®
G10 134.99+0.16 133.41+0.00 133.66+0.08" 133.60+0.00 131.77+0.0®

Superscripts, 2b.cdefahliindicate statistical difference (P<0.05) when compared to groupg, 2, 3, 4, 5, 6,7, 8,9 and 10; G1 = Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/BVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;

G10=G5+G6.Keys:AOE=Aqueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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Table 4.8: MeanCorpuscular Hemoglobin (MCH) of Clarias gariepinusjuveniles exposed to aqueous extragtdenium doesum steniark
and treated with aqueous extractBorreria verticillata aerial part

MEAN CORPUSCULAR HEMOGLOBIN (pg)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 40.29+0.48 40.30:0.48 40.310.48 40.310.48 40.33:0.48
G2 40.320.48 40.32+0.50 40.32+0.50 40.33+0.50 40.34:0.48
G3 40.320.49 40.31+0.49 40.320.48 40.31+0.50 40.310.48
G4 40.28:0.49 40.29+0.49 40.30+0.49 40.31+0.49 40.32:0.48
G5 40.30£0.47 40.30£0.48 40.310.48 40.32:0.48 40.33:0.48
G6 40.30+0.46 37.47+0.139" 36.530+0.05" 35.57+0.12" 34.67+0.14%"
G7 40.32+0.47 37.37+0.28 37.01+0.07 37.04+0.00 37.37+0.25
G8 40.28+0.50 38.64+0.30 38.01+0.01 38.64+0.30 38.02+0.01
G9 40.28+0.49 39.00+0.00 39.04+0.00 39.00+0.00 39.00+0.00
G10 40.29+0.48 40.52+0.06 39.95+0.08" 39.95+0.0% 39.95+0.08"

Superscripts, @2bcdefahliindicate statistical difference (P<.05) when compared to groups 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10; G1 = Control;
G2=25mg/l BVE; G3=50mg/l BVE; G4=100mg/IBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;

G10=G5+G6.Keys: AOE=Aqueous extracAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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Table 4.9 MeanCorpuscular Hemoglobin Concentration (MCHC) of Clarias gariepinugjuveniles exposed to aqueous extraétdenium
obesum stenbark and treated with aqueous extractBorreria verticillata aerial part
MEAN CORPUSCULAR HEMOGLOBIN CONCENTRATION®b)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
Gl 32.63+0.33 33.28:0.57 33.29%0.57 33.3@:0.57 33.310.57
G2 32.27+0.58 33.2%0.57 33.25+0.56 33.25:0.58 33.24:0.56
G3 31.93+0.89 33.28+0.57 33.010.58 33.24:0.58 33.27%0.57
G4 33.26:0.57 33.2%0.57 33.04+0.57 33.25:0.57 33.28+0.57
G5 33.2%0.57 33.25+0.59 33.03+0.03 33.20:0.59 33.27%0.57
G6 33.290.57 27.47+0.38" 26.47+0.08" 25.57+0.28%" 24.26+0.06%"
G7 33.28:0.57 28.24+0.00 29.00+0.00 29.00+0.00 29.07+0.08
G8 33.29%0.57 29.29:0.00 29.29+0.00 29.20+0.00 29.24+0.00
G9 3217+0.58 29.34+0.00 29.34+0.00 29.74+0.00 30.57+0.00
G10 32.26+0.57 30.26:0.13 30.89+0.09 31.12+0.1% 31.39+0.00"

Superscripts2bedetahliindicates statistical difference(P<0.05) when compared to groupd, 2, 3, 4, 5, 6, 7, 8, 9 and 10 respectively
G1=Control; G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/IBVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6;
G9=G4+G6; G10=G5+G6.Keys:AOE=Aqueous extractAdenium doesumstem bark; BVE= Aqueous extractBorreria verticillata aerial

part
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4. 55 Mean Total White Blood Cell Count Sub-lethal Treatment

The totalwhite blood cellcountof the juvenile C. gariepinusfish in group 6 increased
significantly (P<0.05) from 1798+0.0410° cells/L on day 7 to 180+0.06x 10° cells/L
on day 28.These values were higher than those of greGpad 7-10. However, there
was a dose and time dependent dase in theotal white blood cellcountsin group 7i

10 (Table 4.1p Similarly, there were significantP<0.05)increase in differential counts
of heterophils (Tale 4.1), eosinophils (Table 42), monocytes (Table 4.13) and
lymphocytes (Table 4.)4in group 6. For all the white blood cell types herein
evauatedthe increase was first observed on day 7,exceptnfonocyte coursithe
increaseof which was delayed untilay 14.The mean values of diféatial white blood
cell counts also dweased significantlyR<0.05) with increase in the dose oWVE and

time.

4.5.6 Mean Serum Total Protein Subethal Treatment

The serum total protein (TP) of the fish in group 6 decreased signific&sty(d5)from
4.73+£0.12g/dbn day 7 to 3.03+0.@fJdl on day 28.These valuegere lower tha those of
groups 15 and 7-10.There was a dose and time dependent increase imehaserum

total prdeinvalues in group 7 10 (Table 4.1k
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Table 4.10 Mean Total White Blood Cell Count of Clarias gariepinusjuveniles exposedo aqueous extractAdenium desum stenbark
and treated with aqueous extracBorreria verticillata aerial part
TOTAL WHITE BLOOD CELL COUNT (x10°L)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 17.96+0.03 17.99+0.0%N 18.0Q:0.029Mi 17.99:0.039N 18.00+0.040"i
G2 17.96+0.04 17.98+0.02 17.99+0.03 18.0G:0.03 18.01+0.03
G3 17.93+0.07 17.96+0.04 17.970.06 17.98:0.03 17.98+0.06
G4 17.90+0.11 18.00+0.02 18.0:0.03 18.02+0.03 18.02+0.04
G5 17.87+0.14 18.00+0.02 17.98+0.06 17.92+0.04 17.92+0.13
G6 17.98+0.04 18.14+0.08" 18.22+0.00" 18.50+0.06" 18.80+0.06"
G7 17.98+0.05 18.10+0.06 18.16+0.@™M 18.27+0.01 18.37+0.01
G8 17.98+0.06 18.07+0.00 18.12+0.00¢ 18.22+0.01 18.32+0.00
G9 17.98+0.06 18.08+0.01 18.10+0.00 18.19+0.@ 18.26+0.019
G10 17.98+0.07 18.04+0.00¢" 18.08+0.00" 18.13+0.079 18.09+0.049"

Superscripts, 2bcdetanliindicate statistical difference (P<0.05) when compared to group4, 2, 3, 4,5, 6, 7, 8, 9 and 10; G1 = Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/BVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;

G10=G5+G6.Keys:AOE=Aqueous extractAdenium desumstem bark; BVE = Aqueous extractBorreria verticillata aerial part
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Table 4.11 Mean Heterophil Count of Clarias gariepinuguveniles exposed to aqueous extragtdenium desum stenbark and treated
with aqueous extractBorreria verticillata aerial part
HETERCPHIL COUNT (10%L)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 0.93:0.03 0.93:0.03 0.93:0.03 0.93:0.03 0.94+0.03
G2 0.93:0.03 0.93:0.02 0.93:0.02 0.93:0.02 0.94:0.02
G3 0.93:0.04 0.93:0.04 0.93:0.03 0.93:0.04 0.94:0.04
G4 0.93:0.04 0.93:0.03 0.93:0.02 0.93:0.03 0.93:0.02
G5 0.92:0.03 0.93:0.03 0.93:0.03 0.93:0.00 0.94:0.03
G6 0.93:0.02 1.02:0.00" 1.05+0.00M 1.09+0.019" 1.12+0.00°M
G7 0.93:0.03 1.00+0.0P° 1.010.00 1.02+0.01f 1.070.010
G8 0.93+0.02 0.98:0.00 0.96:0.00 0.98:0.03 1.04£0.03
G9 0.93:0.01 0.96+0.00 0.94+0.00 0.96:0.00 1.00+0.039
G10 0.93:0.01 0.94+0.00 0.92+0.009 0.91x0.01 0.92+0.071/9n

Superscripts, 2P-cdefahliindicate statistical difference (P<0.05) when compared to groupg, 2, 3, 4,5, 6, 7, 8,9 and 10; G1 = Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/BVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;
G10=G5+G6.Keys: AOE = Aqueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part



Table 4.12: Mean Eosinophil Count of Clarias gariepinusjuveniles exposed to aqueous extra¢gtdenium doesum stentark and treated
with aqueous extractBorreria verticillata aerial part
EOSINOPHIL COUNT K10°/L)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 0.37%0.03 0.38+0.049" 0.38:0.049" 0.38:0.049" 0.370.019"
G2 0.370.03 0.370.03 0.370.03 0.370.03 0.370.03
G3 0.370.02 0.37%0.02 0.370.03 0.38:0.03 0.38:0.02
G4 0.36+0.03 0.370.03 0.370.03 0.370.03 0.370.03
G5 0.37%0.02 0.37%0.02 0.38:0.02 0.38:0.(2 0.38:0.01
G6 0.37%:0.02 0.48:0.00" 0.5Q+0.02"i 0.52+0.029"i 0.56+0.00"
G7 0.37+0.03 0.43:0.03 0.44+0.03" 0.45+0.03" 0.46t0.03"
G8 0.37+0.02 0.41+0.03 0.42+0.03 0.43:0.03 0.44+0.03
G9 0.3%0.01 0.39+0.03¢ 0.40+0.03¢ 0.41+0.03¢ 0.42+0.03
G10 0.38:0.01 0.37:0.03%" 0.38:0.039" 0.39:0.039" 0.39:0.039"

Superscripts, 2bcdetanliindicate statistical difference (P<0.05) when compared to groups 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10; G1 = Control;
G2=25mg/l BVE; G3=50mg/l BVE; G4=100mg/IBVE; G5=200mg/I BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;
G10=G5+G6.Keys: AOE=Aqueous extracAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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Table 4.13: Mean Monocyte Count of Clarias gariepinugjuveniles exposed to agueous extragtdenium doesum stenark and treated
with agueous extractBorreria verticillata aerial part
MONOCYTE COUNT (x16/L)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 2.54+0.03 2.55+0.02 2.55:0.03 2.55:0.01f 2.55:0.01
G2 2.53+0.00 2.54+0.01 2.54+0.01 2.54+0.01 2.54+0.02
G3 2.52:0.01 2.53:0.02 2.53:0.02 2.54+0.02 2.54+0.02
G4 2.53:0.00 2.54+0.01 2.55:0.01 2.55:0.01 2.55:0.01
G5 2.53-0.03 2.54+0.00 2.54+0.00 2.53:0.01 2.54+0.00
G6 2.54+0.03 2.58:0.00 2.65+0.029M 2.7%0.34 2.94+0.33Ni
G7 2.55+0.06 2.570.01 2.60:0.00 2.68:0.00 2.70:0.00
G8 2.55+0.05 2.56+0.00 2.58:0.00 2.65+0.00 2.67:0.00
G9 2.55+0.07 2.55+0.00 2.58:0.00 2.63+0.00 2.64+0.00
G10 2.55+0.06 2.55+0.00 2.56+0.01 2.60:0.00 2.60+0.00

Superscripts, 2b.cdetanliindicates statistical difference(P<0.05) whencompared to groupsl, 2, 3, 4,5, 6,7, 8,9 and 10; G1 = Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/BVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;

G10=G5+G6.Keys:AOE=Aqueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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Table 4.14: Mean Lymphocyte Count of Clarias gariepinugjuveniles exposed to agueous extraétdenium Obesum sterbark and treated

with aqueous extractBorreria verticillata aerial part

TREATMENT GROUPS

LYMPHOCYTE COUNT &10%L)

DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 13.24:2.18 13.44+1.66 13.45+1.66 13.44+1.66 13.45+1.66
G2 13.42+1.66 13.43:1.66 13.45:1.66 13.45:1.66 13.46:1.66
G3 13.34:1.33 13.36:1.32 13.3%1.34 13.381.34 13.381.34
G4 13.381.65 13.45:1.65 13.46:1.65 13.46:1.65 13.46:1.66
G5 13.30:1.32 13.3%1.34 13.3%1.33 13.331.33 13.331.33
G6 13.44¢1.65 14.26:0.019" 14.510.00" 15.18-:0.00" 15.410.020N
G7 13.43:1.68 14.170.00" 14.23:0.00 14.5%0.00 14.78:0.01M
G8 13.38:1.84 13.95:0.009! 14.00+0.0d 13.9G:0.0d 14.54+0.00¢
G9 13.38:1.88 13.46:1.339" 13.60:0.00 13.68:0.00 14.29:0.009

G10 13.38:1.83 13.18:0.009" 13.39:0.00 13.38:0.009 13.9%0.009

K-eys: Superscripts, a2b.cdelanli indicate statistical difference(P<0.05) when compared to groupg, 2, 3, 4, 5, 6, 7, 8, 9 and 10;
G1=Control; G2=25mg/l BVE; G3 = 50mg/l| BVE; G4=100mg/BVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8=
G3+G6; G9=G4+G6; G10=G5+G6;A0E=Aqueous extract Adenium desumstem bark; BVE= Aqueous extractBorreria verticillata

aerial part.
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Table 4.15 Mean Serum Total Protein (TP) level of Clarias gariepinuguveniles exposed to sub lethal treatment of aqueous extract
Adenium desum stenbark and treated with agueous extractBorreria verticillata aerial part

SERUM TOTAL PROTEIN (g/dl)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 4.70+0.06 4.71+0.06 4.72:0.06 4.73:0.06 4.74+0.06
G2 4.70+0.05 4.72+0.05 4.74+0.05 4.76+0.05 4.78+0.05
G3 4.71+0.05 4.72+0.06 4.73+0.06 4.74+0.05 4.75+0.06
G4 4.73+0.06 4.74+0.06 4.750.06 4.76+0.06 4.770.06
G5 4.73+0.04 4.74+0.05 4.74+0.06 4.75+0.07 4.75+0.07
G6 4.730.12 4.46+0.03 3.27+0.03" 3.10+0.08Mi 3.03+0.0@"
G7 4.64+0.11 4.46+0.01 4.06+0.01 4.10+0.00 4.15+0.00
G8 4.65+0.10 4.48+0.00 4.10+0.00" 4.15+0.0(y 4.21+0.01
G9 4.69:0.06 4.50+0.00 4.23+0.01 4.23+0.01 4.27+0.01
G10 4.72+0.06 4.54+0.00 4.45+0.00%" 4.32+0.0% 4.31+0.01

Superscripts, 2Pbcdefahliindicate statistical difference(P<0.05) when compared to groups 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10; G1 = Control;
G2=25mg/l BVE; G3=50mg/l BVE; G4=100mg/l BVE; G5=200mg/I BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;

G10=G5+G6.Kg/s: AOE=Agueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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4.6 Mean Srum Levels of Aminotransferases and Alkaline phosphataseof Clarias

gariepinus JuvenilesSub-Lethal Treatment

4.6.1 MeanSerum Aspartate Aminotransferase levelsSub-L ethal Treatment

The mean serum levels of aspartate amino transferase (AST) in groupdid not vary
significantly (P<0.05) when compared to group 1 during the period (Bab&). There
was asignificant increase in the level of AST in groufrém day 7 to 28Mean values of
the enzyme in groupsi78, were significantly P<0.05) higher than those of group$ 1
5,but were gjnificantly (P<0.05) lower than those obtained in group 6 from day®e 14

28.

4.6.2 MeanSerum Alanine AminotransferaselL evels SubL ethal Treatment

There was a progressive increase in mean serum levels of alanine amino transferase
(ALT) of the fish in group @bservedrom days 7 to 28 (Table 4.17).The values in this
group were significantly P<0.05) higher than those recorded for grougs 8. On the

other handthe mean ALTvalues of groupd ¥ 10 wee significantly (P<0.05) lowedhan

those of group 6from days 14 to 28.
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4.6.3Mean Serum Alkaline Phosphatasd.evels SubL ethal Treatment

The mean serum levels of alkaline phosphatase (ALP) of the fish in group 6 increased
significantly (°<0.05) from day 14 and remained higher than the values in grougs 1
(Table 4.18). The juvenile fisim groups 71 10 exposedo AOE and treated with \BE,
hadmean serunALP values that were significant(y?<0.05) lower than those of groups

6, but were higher (P<0.0%hanthose observed in groups b.
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Table 4.16 Mean Serum Aspartate Aminotransferase (AST)L evelof Clarias gariepinugjuveniles exposed to &b-L ethal Treatment of

agueous extractAdenium desum stenbark and treated with aqueousextract Borreria verticillata aerial part

ASPARTATE AMINOTRANSFERASE ( IU/L)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 56.76+0.48 56.73+0.50 56.76+0.48 60.76+2.96 56.76+0.48
G2 56.77%0.48 56.77%0.48 56.78:0.48 56.79+0.49 56.760.48
G3 56.77+0.49 56.75:0.48 56.75:0.48 56.74+0.49 56.76+0.48
G4 56.77+0.49 56.76+0.48 56.75+0.49 56.74+0.49 56.76+0.48
G5 56.770.48 56.76+0.49 56.74:0.48 56.73:0.48 56.76+0.48
G6 56.77+0.49 58.62+0.33 59.96+0.0% 60.33+0.389" 60.98+0.0 49"
G7 56.73:0.49 58.81+0.01 58.85+0.00 58.84+0.00 58.79+0.00
G8 56.74:0.49 58.70+0.00 58.74+0.00 58.81+0.00 58.74+0.00
G9 56.75:0.48 58.61+0.01 58.64+0.00 58.71+0.01 58.71+0.00
G10 56.78:0.49 58.53+0.02 58.34+0.01 58.43+0.01 58.64+0.01

Superscripts, @P.cdetanliindicate statistical difference (P<0.05) when compared to groupg, 2, 3, 4,5, 6, 7, 8, 9, and 10; G1=Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/BVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;

G10=G5+G6.Keys:AOE=Aqueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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Table 4.17 Mean Serum Alanine Aminotransferase (ALT) level of Clarias gariepinusjuveniles exposed to &b-L ethal treatment of
agueous extractAdenium desum stenbark and treated with aqueous extractBorreria verticillata aerial part

SERUM ALANINE AMINO TRANSFERASE (U/L)

TREATMENT GROUPS DAY 0O DAY 7 DAY 14 DAY 21 DAY 28
Gl 33.3%0.67 33.36:0.67 33.3%0.67 33.38:0.67 33.39+0.68
G2 33.35:0.67 33.350.67 33.36+0.66 33.3#0.67 33.38+0.66
G3 33.4(:0.66 33.36:0.67 33.36:0.67 33.3#0.67 33.3#0.67
G4 33.45:0.65 33.35:0.67 33.3%0.67 33.3#0.67 33.39+0.68
G5 33.48:0.67 33.3%0.67 33.33+0.68 33.39+0.68 33.3%0.67
G6 33.410.66 34.19+0.67 36.24+0.33 36.8+0.33" 38.04+0.34"
G7 33.42:0.67 34.70+0.00 34.74+0.01 34.26+0.01 35.67+0.01
G8 33.44+0.67 34.60+0.00 34.64+0.01 34.22+0.01 35.51+0.01
G9 33.46:0.67 34.50+0.00 34.52+0.01 34.20+0.00 34.47+0.01
G10 33.3%0.67 34.40+0.00 34.41+0.01 33.45+0.38 33.69+0.34

Superscripts, 2bcdefanliindicates statistical difference(P<0.05) whesompared to groupsi, 2, 3, 4,5, 6,7, 8, 9 and 10; G1 = Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/BVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;
G10=G5+G6.Keys:AOE=Aqueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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Table 4.18: Mean Serum Alanine Phosphatase (ALP)L evelsof Clarias gariepinugjuveniles exposed t&ub-L ethal treatment of aqueous
extract Adenium desum stenbark and treated with aqueous extractBorreria verticillata aerial part

SERUM ALKALINE PHOSPHATASE (IU/L)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 68.67+0.42 69.670.42 69.67+0.48 69.68+0.42 69.68+0.48'
G2 69.66:0.41 69.670.42 69.67+0.42 69.68+0.42 69.68+0.43
G3 69.670.42 69.670.42 69.67+0.43 69.68+0.43 69.68+0.43
G4 69.66+0.41 69.66:0.42 69.670.42 69.68+0.42 69.68+0.42
G5 69.670.42 69.670.42 69.68+0.42 69.68+0.43 69.69:0.42
G6 69.65+0.42 70.65+0.66 73.22+0.33 72.95+0.00 73.86x0.34"
G7 69.68:0.42 70.30+0.33 71.80+0.00 71.82+0.01 71.48+0.00
G8 69.66+0.41 70.26+0.34 71.70+0.00 71.72+0.00 71.34+0.01
G9 69.67+0.41 70.24+0.33 71.60+0.38 71.61+0.33 71.23:0.01
G10 69.67+0.42 70.13:0.33 71.46+0.01 71.42+0.01 71.02:0.01

Superscripts, 2#P¢defanliindicates statistical difference(P<0.05) when compared to grouds 2, 3, 4, 5, 6, 7, 8, 9 and 10; G1=Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/BVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;

G10=G5+G6.Keys:AOE=Aqueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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4.7 Effect of aqueous gtract Borreria verticillata aerial part on serum oxidative

stress markersin Clarias GariepinusJuveniles

4.7.1 Mean Serum levels of Malondialdehyde

There wereno significant P>0.05) alterations in the mean serDA levels ofthe fish
between all the groupsn day O(Table 4.19) On day 7,the mean serum MDA level in
group 6increased from 0.15+0.0hmol/mg protein to 0.48+0.0Immol/mg proteinon
day 28,these mean values were significantly highes(.05) than those in corresponding
days of sampling in groups-&. A significant P<0.05) dse dependent increase in seru
levels of MDA were observed on each day of sampling from groupK0/comparedo
group 1. However,the statistical analysis showed a significat@.05) decline in the

MDA level of these groups in comparison to group 6.

4.7.2 Mean Serum levels of reduced glutathione

There was a significanPg0.05) rise in mean serum level of reduced glutathione in fish
exposed tcAdeniumobesum(group 6),from 10.40+0.08g/ml on day 7 t010.56+0.01
pg/ml on day 28 (Table 4.20).These meatues of GSH declined significantli?<€0.05)

in groups 7 10,with increase in the dose of BVE, on the respective days of sampling. It
should be noted that mean levels of GSH in groupsl6 were significantly #<0.05)

higher than those of group dn the same days of sampling.

4.7.3 Mean Serum levels dbuperoxide Dismutase

The mean serum levels of superoxide dismutase (SOD) in group 6 (1.861:@8#0.00
pmol/min) weresignificantly (P<0.05) higher than the 1.75 £ 0.01 pmol/min recorded for
growp 1 during the period (Table 4.21). Groups 7 to 10 also had significad§.05)
higher valuescompared to groups 1 5. However, these values declined significantly
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(P<0.05) with increase in the dose of BVE administered to the fishhserwed on each

day d samplingcompared to group,But significantly (P<0.05)higher than G1
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Table 4.19 Mean Serum Malondialdehyde (MDA) level of Clarias gariepinusjuveniles exposed t&ub-L ethal treatment of aqueous
extract Adenium desum stenbark and treated with aqueous extractBorreria verticillata aerial part

SERUM MALONDIALD EHYDE (mmol/mg proteii

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 0.09+0.01 0.09+0.00 0.09+0.01 0.08:0.07 0.09+0.01
G2 0.08%0.00 0.08:0.01 0.09+0.01 0.0620.00 0.05:0.01
G3 0.08:0.01 0.07+0.00 0.09+0.01 0.05+0.00 0.06:0.01
G4 0.08+0.02 0.08:0.01 0.09+0.01 0.08:0.01 0.09:0.01
G5 0.08:0.01 0.080.00 0.09+0.01 0.0620.00 0.070.00
G6 0.08:0.01 0.15+0.01" 0.39+0.0@" 0.41+0.0%"i 0.48+0.0%"i
G7 0.08:0.01 0.13+0.00 0.17+0.00 0.23+0.00" 0.29+0.06
G8 0.08+0.00 0.11+0.0d 0.16+0.00 0.20+0.0¢p" 0.28+0.0%
G9 0.09+0.® 0.11+0.06 0.15+0.00 0.18+0.0(y 0.26+0.01

G10 0.08:0.01 0.10+0.00 0.14+0.06" 0.17+0.06" 0.23+0.06"

Superscripts, 2#P¢defanlijndicate statistical difference(P<0.05) when compared to groupk, 2, 3, 4, 5, 6, 7, 8, 9 and10; G1 = Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/BVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;

G10=G5+G6.Keys:AOE=Aqueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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Table 4.20 Mean Serum Reduced Gutathione (GSH) level of Clarias gariepinusjuveniles exposed t&ub-L ethal treatment of aqueous
extract Adenium doesum stenbark and treated with aqueous extractBorreria verticillata aerial part

TREATMENT GROUPS

SERUMREDUCEDGLUTATHIONE (pg/ml)

DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 10.13+0.01 10.13+0.00 10.11+0.01 10.10+0.00 10.10+0.00
G2 10.12:0.01 10.10+0.00 10.11+0.00 10.13+0.01 10.12+0.01
G3 10.12:0.01 10.13+0.01 10.12+0.00 10.13+0.00 10.13+0.01
G4 10.13+0.00 10.12+0.00 10.13+0.00 10.14+0.00 10.10+0.01
G5 10.12+0.00 10.13+0.00 10.12+0.01 10.14+0.00 10.12+0.01
G6 10.12:0.01 10.40+0.03" 10.43+0.04" 10.50+0.02" 10.56+0.02"
G7 10.11+0.00 10.15+0.0d" 10.30+0.0d" 10.31+0.0d! 10.47+0.0d"
G8 10.12:0.01 10.14+0.00 10.28+0.07 10.26+0.00 10.36+0.00
G9 10.12:0.01 10.13+0.009 10.26+0.000" 10.21+0.009 10.31+0.009

G10 10.11+0.02 10.12+0.009" 10.15+0.000" 10.16+0.019" 10.20+0.009"

Superscripts, 2#bcdefahlijndicate statistical differenceP<0.05) when compared to groupd, 2, 3, 4, 5, 6, 7, 8, 9 and 10; G1=Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/IBVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;
G10=G5+G6.Keys:AOE=Aqueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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Table 4.21 Mean Serum Superoxide Dismutase (SOD)evelof Clarias gariepinusuveniles exposed t&ub-L ethal treatment of aqueous
extract Adenium desum stenbark and treated with aqueous extractBorreria verticillata aerial part

SUPEROXIDE DISMUTASHpmMolSOD/min)

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28
G1 1.750.01 1.74+0.01 1.73:0.01 1.72:0.01 1.73:0.01
G2 1.74£0.00 1.74+0.00 1.72+0.02 1.71+0.01 1.71+0.02
G3 1.74+0.01 1.72+0.01 1.72+0.00 1.73:0.01 1.73+0.00
G4 1.73+0.00 1.69:0.01 1.69+0.04 1.69:0.01 1.70+0.03
G5 1.73+0.00 1.68:0.01 1.68+0.05 1.68:0.01 1.67+0.06
G6 1.73:0.01 1.96+0.01 1.970.0% 1.98:0.01" 1.98+0.01"
G7 1.72+0.00 1.93:0.00 1.93+0.00 1.93+0.00 1.90:0.00
G8 1.72:0.01 1.92+0.00 1.92+0.00 1.91+0.00 1.80+0.00
G9 1.72+0.02 1.92+0.00 1.91+0.00 1.91+0.04 1.83+0.01
G10 1.71£0.01 1.90:0.07 1.90+0.0(y 1.90£0.00¢ 1.78:0.019"

Superscripts, 2bcdefahliindicate statistical difference(P<0.05) when compared to groups, 2, 3, 4,5, 6, 7, 8, 9, and 10; G1 = Control;
G2=25mg/IBVE; G3=50mg/IBVE; G4=100mg/IBVE; G5=200mg/IBVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6;

G10=G5+G6.Keys:AOE=Aqueous extractAdenium desumstem bark; BVE= Aqueous extractBorreria verticillata aerial part
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4.8 Histopathlogical Studies

4 8.1 Histopathological changes in fishgill s during Sub-Lethal Treatment

Sections of gills from juvenileClarias gariepinusin group 1 (control) showed no
alterations in the primary and secondary lame{Rlate [)on days 0 to 28Similarly,

there were no microscopic chasgon the gills of Group during the period (Plate 19n

day 14,but denuded and atrophied secondary lamellae was observed on day 28 (Plate V).
On the other handfusion of secondary faellae, atrophied primary lamellae and
congested blood vessels were observed in gills from Group 6 on day 14 (Plakedll).
sections of gills obtainefiilom group 6 on day 28 hddsion of secondary lame#aclub-

shaped primary lamella, complete fusidntiee secondary lamella and congested blood
vessel(Plate VI)The gills in group 10 had orgdedfusion, curled secondary lamellae

and telangiectasia in primalamellae as at day 14 (Plate I&id cellular infiltration on

day 28 (Plat&/I1) of the study.

4.8.2 Histopathological changes in fishLiver during Sub-Lethal Treatment

Histopathology revealed normal liver in Group 1 (Platel)Véind Group5 (Plate 1X)
during the periodThe liver sections in Group 6 hatepatocellular vacuolation and
aggregationof mononuclear cell{Plate X). The vacuolatia was more severand
widespreadn day28 (Plate Xll).These changes were also seen in liver samples obtained

ondays 14 Plate X) and 28 Plate XIV) in Groupl0, butless severe

4.8.3 Histopathological changes in fishintestine during Sub-lethal treatment

Sections of posterior segments of the intestines showed ndnistalogy in Groups 1

(Plate XV) and 5 (Plate XI and Plate XIX during the studyThe intestinal sections in
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Group 6were characterized blyypeplasia of goblet cells (Plate XVand Plate XX,
similar to those in GroupdO (Plate XVIand Plate XXI) on day 14 and day 28

respectively.

4.8.4 Histopathologicalchanges in fishkidney with Sub-L ethal Treatment

There were normal kidney structuiesGroups 1 (Plate XK) and group 5 (Plate XX|II
and VI) throughout the four weeks of this studyubular degenerationcongestion of
blood vessels anklypercellularityof glomeruli wereobserved in Groups 6 (Plat¥XIV
and XXVII) from days 21 to 28Vost of the kidneys in group0 similarly showed near

normal architecture anypercellularityglomeruli (Plate XXV andXXVIII ).
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Plate 1: Photomicrograph of the gill in G1 (CONTROL) on D14, showing a normal
primary lamella(Black arrow) and a normal secondary lamel{alue arrowjH
& E, X200).
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Plate It Photamicrograph of the gill irG5 on day 14showing secondarkamellae (black
arrow), atrophied secondary lamellae (blue arr@i¥)& E, X200).
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Plate IlI: Photomicrgraph of the gill in G6 on day l4showng vacuolated
primarylamella (yellowarrow), hypertrophyseconday lamella (ed arrow).(H&
E, X400)
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Plate IV: Photomicrograptof the gill in G10on day 14,showing a orsmded fision of
thesecondary lamellagd arow),misshapenedsecondary lamella [ack arrow),
Telangiectas within the primary lamella @llow arrow) (H&E, X100).
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PlateV: Photomicrograph of the gill G5 oday 28, showingdenuded ,fused,and
atrophiedsecondary lamel&(blue arrow). (H&E, X400).
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Plate VI: Photomicrogaph of the gill in G6 on day 2&howing fusion of secondary
lamella(Yellow arrow),clubbeeshaped primary lamella with complete fusiaf
the secondary lamella (Black arrow) and congested blood véRsdl arrow)
(H&E, X200).
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Plate MI: Photonicrograh of the gill in G1(n day 28;showirg atrophied secondary
lamela€ blackarrow).(H & E, X100).
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Plate VII: photomicrograph ofhe liver G1; showing a normaparenchymaof the liver
tissue, bile duct (Black arrowkentral vein (yellow arrow),melanomacrophage
centre (blue arrowYH & E, X200).
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PlatelX: Phobmicrograph of the liver in Gbn day 14 hepatopancreaggellow arrow),
melanomacrophagéblue arrow), diffuse areas of vacuolar degeneration of
hepatocytegblack arrow).(H&E,X400).
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PlateX: Photomicrograph of the liver in G6 on day 14, showsegerevacuolation (blue
arrow) (H & E, X2400).
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Plate M: Photomicrograph of the liver in G10 on day 14owing;cetrilobular
mononuclear cell aggregations(black arrow), hepatocyte vacuolgteiow
arrow)(H & E, X1360).
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Plate XI: Phobmicrograph of the liver inG5 on day 28; showingnormal liver
parenchyma(H & E, X40).
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Plate XI11: Photomicrograph of the liver in G6 on day 2Bpwing congested central vein
(black arrow),severe widespread hepatocellular vacuolafigellow arrow.
(H & E, X2400).
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Plate XIV: Photomicrograph of the liveG10 on day 28atrophied hepatopancrease
(yellow arrow),blood vessel (blue arraid) & E, X200).
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Plate X\ Photomicrograph othe posterior intestine @dormal) showing,ntestinal
lumen (D), intestinal villi (red arow), lamina propria (blue arrow),
muscularis mucos@oublearrow),serosa (yellow arrowH & E, X1440).
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Plate XM: Photomicrograplof the postrior intestineG5 on day 14showirg intestinal
lumen (b),atrophy of villi (green arrow)muscularis mucosédouble arrow),
erosayellow arrow). (H & E, X1440).
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Plate XVI: Photomicrogaph of the proximalintestine in G6 of day 14; showing
hyperplasia ofjoblet cellgyblack arrow)Jumen(L). (H & E, X400).
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Plate XVII I:Photomicrograph of the posterior intestine G10 on dg 14;
howing,intestinal lumen (L),Goblet cell hyperplasia(yellow
arrow), muscularis mucusa (double arrow). (H & E,X1280).
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Plate XIX: Photomicrograph of the sagittal section othe posterior intestine G5day
28, showing, normal secondaryvillus (black arrow), submucosa(blue arrow),
muscularis mucosa(double black arrow), (H & E, X1280).
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Plate XX Photomicrograph of the sagittal section of the posterior intestine in G6 on day
28; showng, intestinal lumen (). hyperplasia of the goblet cells (yellow
arrow), lamira propia (blue arrow),muscularis mucosa (doubteow) (H &

E, X1280).
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Plate XX: Photomicrograph of the sagittal sectiontleé posterior intestine i610 on
day 28; showingjntestinal lumen (L)yilli ( greenarrow), goblet cell (yellow
arrow), sub mucosa (blue arrow), muscularis rmcosa(double
arrow)serosa (black arropH & E, X1280).
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Plate XXI: Photomicrograph of the transversection of the kidney I&Normal),
showing distal convoluted tubule (yellow arrow), proximal
convoluted tubule (blue arrow) hematopoietic tissue (H ,
glomerulus (black arrowfH & E, X1280).
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Plate XXII: Photomicrograph of the transeer section of the kidney 65 day 14;
showng, heamatopoietic tissue (H)proximal convuluted tubule (red
arrow)(H & E, X1680).
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Plate XX1V: Photomicrograph of the transverse of the kidney in G6 on day 14;
showing,depletedhematopoietic tissue (H, tubular degeneration
(black arrow), distal convoluted tubules (blue arrav). (H & E, X1680).
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Plate XXV: Photomicrograph of the transgersection of the kidney in1® on day 14,
showingproximal convuluted tubule (yellow arrow), hematopoietic tissue
(H), distal convoluted tubul@lack arrow). (H & EX1120).
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Plate XX\: Photomicrograph of the trangge section of the kidney iG5 on day 28;
showing, hematopoietic tissugH),glomerulus (yellow arrow), proximal
convulutedtissue (blackarrow), distal convuluted tubule (bluarrow) (H &

E,X1680).
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Plate XXVII: Photomicrograph of the transverse section of the kidney in G6 on day28;
showing, generalized ubular degeneratiorand necrosis(H) (H & E,
X1680).
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Plate XXVIII: Photomicrograph of the transverse section okitieey inG10 on day 28;
showing, dilated proximal convuluted tubule (blue arrodigtal
convuluted tubule (yellow arrow), Hmatopoietic tissu€H),
hypercellularity of the glomerulus (black arrow). 8HE, X1120).
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CHAPTER FIVE

5.0DISCUSSION

The SubLethal study revealed that fish exposed to aqueous eldactium obesurfG6)

alone during the twenty eight days showed a decreaseeth Bkood Cell Count
(RBC),Haemoglobin ConcentratiorHb), Packed Cell VolumeRCV), and serum total
protein levelsyhile there was anincrease in aspartate aminotransaminase,alanine
aminotranaminase, alaninghosphatase, reduced glutathione, superoxide dismutase, and
malondialdehyde levels, compared to those exposed to aqueous Ageaitim obesum
stem bark with different sub lethal doses of aqueous extrabroéria verticillata (G7,

G8,G9, G10)where it was noticed that the values were improved.

The phytochemical findings in thistudy agreed with the worksf Mgbojikwe, (2000)

and Abalakaet al (2015 who reported that the ethanol extract and aqueous extract of
Adenium besumstem bark respectively contained carbohydrat glycosides, tannins,
cardiac glycosides, saponins and flavonoids, steroids and triterpenes in addition to resin
reported by Mgbojikwe (2000)This study also agreed with the works of Tijjaret al.

(2011a, 201f, 2012) who reported the presence of alkaloids, saponins, tannins,
glycosides, anthraquinones and steroids in addition to triterpenoid, betulin from the
methanol, petroleum spirit and the petroleum ether extracds afesumstem barklThe
difference obswed in the phytochemical constitugnespecially as it relates to the
presence/absence of resins, botulin and anthraquinones reported in these studies and
others may be due to the extraction methods used. This might also be due to the age and

parts of tle plants used, genetic variability between species, climatic conditions and the
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nature of the soil profile uponhich the plant was cultivated (Nortoi975; Sellapanret

al., 2002).

The preliminary phytochemical screening of the aqueous extrddbroéria verticillata
revealed the presence ftdvonoids, alkaloids, saponins, sterols, tannins and glycqsides
while anthraquinone and cardiac glycoside were absent. This finding is in agreement with
a previous reports of Abdullakt al(2014 and Murtalaetal.(2015 in which ethanol and
agueous extract dBorreria verticillata, respectively were used.These compounds are
known to have analgesic and ainilammatory activities as well as hepatocurative effect
(Perez, 2001tucia and Jeswk012). A number ofldvonoids as well as tannins isolated
from plants have been discovered to have significant analgesic and/oflantmatory
effects (Duke, 1992; Ahmadi ast al, 1998, 2000). The inhibitory effect of flavonoids

on eicosanoids synthesis has been doctede(Damaset al., 1985; Rajet al., 2001;
Danjumaet al.,2011).Flavonoids inhibit a wide array of enzymes such as protein kinase
C, protein tyrosine kinases, phospholipasg phosphodiesterases among others have
been reported (Middleton, 1998). Alkadsi and saponins possess analgesic and
antispasmodic effects, while the healing of wounds and inflamed mucus membranes are
hastened by tannins (Okwu, 2005). Flavonoids are potent water soluble antioxidants
which prevent oxidative cell damage (Okwu, 2005;inkkoladun et al, 2007a;
Akinmoladunet al, 2007b). Thus, the presence of these constituents may be contributory
to the analgesic and anitiflammatory effects of the plant (Abdullaéi al.,2014; Silvaet

al., 2017).

During the acute bioassay of theaqueous extract oAdenium obesunstem barkhe
temperature (28 32°C ),pH (7.307.44) and dissolved oxygdn.691 4.87 mg/l) of the

fish culture were within the normal ranges with tolerable changes for growirtg of
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.gariepinusand survival of fish in gneral (Alabaster and Lloyd, 1988wann]1992;

Byod and Tuckef,998; Chapman, 2000he changes in behavior,tissues and haemato
biochemical parameters herein being recorded are therefore not likely to be the responses
of the fish to the physicochemical grerties of the water.lt has been established that
changes in dissolved oxygen content of the culture water does not adversely affect the
survival of C. gariepinussince it has fully developed accessory breathing org@BOSs)

which can utilize atmospherioxygen (Solomon and Taruwa(Q11; Petri et al, 1992;
Okechi,2004).Solomon and Taruwa (2011) had stated that decrease in dissolved oxygen
content of fish culture water overtime may be occasioned by increasing organic wastes
load in the presencef bacteila decompositionHowever,the regular change of water
during this expriment herein being reported hereould not have allowed significant
alterations in the physicochemical properts®bservedy earlier investigators (Viveen

et al., 1985; Janseen1987;1992; Hogendoom,1992; Petri et al, 1992 Swann,1990;
Chapman2000; Lawson,2011).Thus,t is most probable that the changasd clinical

signs of the fish in this study were due to the toxicibhobbesunmextract administered.

The appearancend intensity of clinical signs in the contact phase of the fish toxicity
study of juvenile Clarias gariepinusexposed to aqueousdenium obesuraxtractwas
concentratiordependent as these increased with increasing extract concentrations. The
initial agitations and restlessness characterized by erratic movements and repeated
attempts of the fish to jump out of the culture water in the contact phase d&flth
toxicity study were natural avoidance response to escape frontogie aquatic
environment. Thisvaspossiblyto prevent the continuous absorption of the toxicatie
waterenvironment. Similar hyperactivity and uncoordinated movements wergedpo

ticks exposed to the aqueous extrachobbesunstem bark (Mgbojikwe, 2D). This is a
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normal adaptation response, which allows fish to survive iteratd environment

(Svecevieus, 2001

There was progressive respiratory distress, characterizgd increased opeula
movements, air gulping and exposed snouts above water surfadesspiratory
impairment may arise from increasing gill cellular damage and/or increasing
accumulation of elaborated mucous on giltffaces (Konar, 197@&ambasiva Rao, 99;

Fafioyeet al, 2004;Abalaka and Auta, 20}0

Inhibition of pyridinelinked substrates oxidation suggestive of interference with
oxidative phosphorylatiohave beenreported in ticks exposed to the aqueous extract of
A. obesunstem bark (Mgbojikwe2000). The respiratory distress might have also been
caused by theeconstituted extractsontainingsaponinknown to induce surface tension
(Geidamet al., 2007 Arnstrong,2008. The observed surfacing phenomertas been
reported(Sambasiva Rao, 199@sattempt to cope with the increasing oxygen demand
Frequent air gulping arattempts to utilize atmospheric oxygen in an effort to limit

continuous gill contact witthe toxic aquatic environment.

Motionlessness, sudden quick darts and adoptionifbérent postures with swirling,
sluggish movements and loss of balance or equilibrium might be due to nervous disorders
caused by the toxicity of the plant extract. Similar uncoordinated movements and
paralysis were reported in ticks exposed to the aquedtesceof A. obesunstembark
(Mgbojikwe, 2000). The appearance of neurotoxicity characterized by change in the form,
frequency and/or posture of swimming movements before the occurrence or mortality in
some of the exposed fish agreed with the reportsitdé land Finger (199) and Little

and Brewer (2001 )espectively. These nervous disorders could be due to the inhibition

of braincytochrome C oxidase leadinghgpoxia, with resultant changes in the electrical
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activity of the brain associated with tmeaintenance of equilibrium (Sam@iva and
Chandrashekar, 1987The Adenium obesurextract contained cyanogenic glycosides,
which are known to inaatate cytochrome oxidase with subsequent inhibition of cellular
respiration resulting iranoxia in thecardiovascular, respiratory and central nervous
system (Brimer, 2010). The nervous signs might have also been due to
acetylcholinesterase inhibition leading to acetylcholine accumulation at synaptic junctions
with subsequent hyperstimtilan (Halappa and &vid, 2009). Mgbojikwe (2000)

reported the inhibition of acetylcholinesterase activithiobesumexposed ticks.

The clinical responses aticed in the acute bioassay Atlenium obesurextractstudy
agreed withthe findings of previous investigators dflarias gariepinus juveniles
exposed to different plant extracts (Yeeken and Favwail@], Adeboyejoet al, 2013

Orji et al, 2014;Abalakaet al, 2015) Similarly, Ubaheet al (2012)observedrrational
behaviour inClarias gariepinuseexposed tdHypoestes forskal@xtract, and these include
vigorous movement, fast back stroke movement, restlessness, increased opercular
movement and jumping. The erratic behaviour prior to death in the present and past
studiesmay beassociated with the impact abxicants on fish. The excessive mucus
secretions observed in the exposed iisthis study has also been reportddtlivel and

Paul 2008 Abalaka and Autg201Q Orji et al, 2014) Excessive mucus secretions is part

of natural defense mechanisms by exposed fish to coat their body surfaces in order to
prevent and/or reduce the absorption of the offending toxicagauaret al., 2004.
However, such excessive mucus secretions are reported to reduce respiratoryimctivity
fishes (Konar,1975). Several physiological and biochemical alterations have been
reported in fish exposed to various botanical extracts (Devat@ds2013; Auduet al,

2015).
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The established low L4 of Adenium obesunaqueous extracdlue showedhat the
extract was very toxic to the exposed fish. There was strong correlator0.049)
between increase in concentrations of AOE and mortality of the exposed fish. This was
similar to what was recorded by Mgbojikwe (2000) in ticks exposed to theoagu
extract of the stem bark. This present observation might be due-tabsformation of

the active toxic constituents of the plant's extract over time (&ekl., 1989; Fafioye,

2005), especially as the extract concentrations were not maintaiiedhdaughout the
exposure period. Factors such as parts of the plant, age, genetic variations within plant
species and differences in the climatic conditions, including the soil profile of where the
respective plants are found at each point in time &ffée types and concentrations of

their active toxic constituents (Norton, 1975; Sellapgtal.,2002).

On the other hand the aqueous extra®aferia verticillata aerial parts was found to be

non toxic to the juvenileClarias gariepinus,which shoved no mortality or signs of
distress at and beyond 1000mg/l,according to GESAMP (2002) classification for acute
exposure in aquatic environment. This agrees with Abdudiahl. (2014), thatBorreria
verticillata was nortoxic to rats and mice when givenally or intraperitoneally (LB >
5000mg/l). ThudBorreria verticillata could be classified as nontoxic when given through
this route, according to the toxicity classification proposed by Loomis and Hayes (1996)
which states that substances with ansd&alues between 500 and 5000 mg/kg and 5000
mg t015,000 mg/kg body weight are regarded as slightly toxic and practicatyxion

respectively in rats.

The Red Blood Cell CountRBC), Haemoglobbin ConcentratiorH), Packed Cell
Volume (PCV),Total White Blood Cell Count(TWBC), Aspartate Aminotransferase

(AST),Alanine  Aaminotransferase (ALT), Alanine Phosphatase AIP),
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Malondialdehhyde MIDA), Total protein TP), Reduced Glutathion(GSH) and
Superoxide DismutaséSOD) values in G2, G3, G4 and G5 showed significant
difference in their valueduring the course of theu8-Lethal expsure, which showed
that the sulethal doses of aqueous extratBorreria verticillata treatments alone cause
no detectable patholggn the blood chemistry of the fish these groupsompared to the

control(G1).

The aqueous extract &orreria verticillata aerial parts have been shown to contained
flavonoids which are antioxidants and free radical scavengers which prevent cell
damage, and protect the celhgainst carcinogenesis (Salat al, 1995; Okwuy
2004).Thismay be responsible for thabsence of significant altiabhs on the blood
indices mentionedbdullahiet al (2014) reported the antioxidant, amtflammatoryand
analgesic effectghile Murtala et al, (2015) observedthe hepatoprotective effect of

agueous extra®orreria verticillatain rats.

There was a signdant decrease in the valuesRBC, PCV, Hb,TWBC, in fish exposed
to the aqueous extract didenium obesurstem bark acutbéioassay,n contrat to the
report of Abalakaet al (2019, in which an insignificant decreaswas observedh fish
exposed to ethanol extract Alenium besumstem bark. On the contraAgwu et al.,
(2016), observed significant decrease RBC, PCV and Hbof Clarias gariepinus
fingerlings exposed to the roots dfelfairia occidentalis extract White tilapia,
oreochromis niloticushad alscsshowed alecrease in the levels of RBEBb, and PCV on
exposure tolenond (Terminalia catappa)pawpaw (Carica papaya)Neem Azadirachta
indica), Tobacco WNicotiana tobacum)and Cassava Manihot esculenfa extracts

(Fafioye,2012).Tobacco leaf exact have been shown to indusignificant decrease in
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all blood indices except MCH@Musa and Omoregie, 199@moregieet al, 1994;

Omoniyiet al, 2002)

Many other investigators have demonstrated significant reducti&B6f Hb, PCV and
erythrocyticindicesdue to extracts with toxic constituerfidounouet al, 1997; Ezzatt

al., 1998; Das and Mukherje€000; Devi and Benerje€007; Singhet al., 2010;
Obiezueet al.,2011;Olusegun and Adebay@014; Okwoguet al.,2015; Nwani et al.,
2016;Jegedeet al.,2017), as being reported in this studye significant decrease in PCV

is suggestive of anemia #@ss the variable that is normally used to assess the basic status
of the erythron (Kerr, 2005). The observed relative decrease in the PCV, Hb and RBC
counts of the exposed fish may either thue to loss or destruction BBCs (Payne,

2005).

Reductions n hemoglobin, packed cell volume and red blood counts were eepwort
Clarias batrachs exposed to toxicant@VMlasheswaramet al, 2008) This implies that the
extract of the aqueous extractAdeniumobesuntould causeanemiapossibly througha
deaeased rate of production of red blood cells or an increased lossrefithéood cells.
Gill and Epple (199Bhave attributed anemia tmpaired erythropoiesis due to a direct
effect of a toxicant on hematopowtcenters (kidney/spleendcceleratecerythroclasia
due to altered membrane permeability and/ or increasedhanical fragility, and

defective irormetabolism oimpaired intestinal uptake of iraue to mucosal lesions.

However, theBorreria verticillata extract had irsignificant effect orthe total red blood
cell count,packed cell volumeheamoglobin concentration and erythrocytic indices of

j u v e mlariasgyariépinusn this study.

In this present investigatiotherewas significant increase total and differatial white

blood cell counts possibly in response to tissue damage causeatjusous extract
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Adenium obesurstem barkThis similar observation has been reported in 8gposed to
plant extracts@lusegun and Adeday@014 Agwu et al.,2016)White blood cellplay a
maja role in the defense mechanism of the fish and consist of granulocytes, monocytes,
lymphocytes and thrombocytes. Granulocytes and monocytes function as phagocytes to
salvage debris from injured tissue and lymphocytes produce antibodies (Wedemeyer and

Mcleay, 1981).

There vere also significant @eeasein the values of MCV, MCHand MCHC, in the
acuteexposure of aqueousteact Adenium obesurstem barkin agreenentwith Fafioye
(2012) and Baket al (2015),who reported a significant decrease in all éingthrocyic
indices in acute exposure white tilapia Oreochromis niloticusto dmond (Terminalia
catappa), pawpaw Carica papaya),Neem (Azadirachta indicajpbacco Kicotiana
tobacum)and @ssavalNlanihot esculenfgextractThe reduction in levels of these indices
may indicatea microcytic hypochromic anemia, the a@sponsive nature dfie anemia

may be due to compromisbdematopoietidissues in the fish such as kidney and spleen.

Such may also arise from osmoregulatory imbalances and inhibition in pathways as in the
biosynthesis of Hb ainhibiting the utilization of deltaamino levulinic acid (Hauet al.,
1985;Nusseyet al.,1995). Thevalues of erythrocytic indices among thehfitreated with

AOE were found to decrease with reasing toxicant concentrati@imilar reduction has

been observed b@komodaet al (2010).

The values of erythrocytic indices improved with concurrent treatment uMBgIBG7,
G8 G9 and @O0.This canbe attributed to a possibl@meliorative effect oBorreira
verticillata in preventing damage to the cell walls of RBCs through itsiafi@mmatory

action,in a dosalependent manner (Abdulladt al.,2014).
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The levels ofaspartate aminotransferase (AS@lanine aminotransferas@&l(T) and
alkaline phosphatas@l(P) increased significantly ithe C. gariepinuguveniles in group
6 exposed to AOEIn this study.This agrees with earlier reports of toxicity rainbow
trouts exposed tparemethrirand adultClarias gariepinusexposed to ethanol extract of

Adenium obesurfMozhdeganloeet al.,2015)

The significantincrease of ASTmay be indicative of ckllar damages irthe heart

skeletal muscles, livehrains, kidney, pancreas, lungshites and RBCs where it is
primarily found (Pratt and Kaplan, 2000). SimilarlevatedALT activity could be

suggestive of hepatic and renal injunesere it is mostly foun@Wroblewski, 1958; Jung
et al., 1981; Adolph and Lorenz, 1982; Sherman, 19%9has been well known that
AST, ALT and ALP are norserum enzymeshusan increase in thegerum activities
signifiescellular damageéWells et al., 1986; Sallieet al., 1991). However, the ALT is

more hepatepecific compared to AST activity (Herfindalca@ourley, 2000).

The liver damage might not be unconnected with its function as a detoxification centre,
for the metabolism of xenobiotics where morphological alterations do always occur in the
process (Rocha and Monteiro, 19%¥&amawakiet al.,1986.Hepatic damage might have
also been due to the tannimsthe ageuous extract @& obesunstem bark. Tannins are
hepatotoxic agents (Nellis, 1997; Evans, 2008h ability to precipitate exogenous and
endogenous proteins, including digestive enzymes (Tieknst al., 1989; Bagepalliet

al., 1992; Abara, 2003; Belet al.,2010).

Several physiological and biochemical alterations have been reported in fish exposed to
various botanical extracts (Ercai al., 2001; Dabaset al.,2012; Devados<t al., 2013;
Audu et al, 2015). The level of malondialdehyde significantly increased in the exposed

fish during the course of the acute toxicity studythe aqueous extraddenium dbesum
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study compared to the controéflecting oxidatve stress andipoperoxidation. The
elevated values of LPO obtained are in agreement with previous reports in fish exposed to
different ichthyotoxic botanicals (Piner and Uner, 2013; Thadani and Keal(#014).

Lipid peroxidationthe metabolic process in which reaetioxygen specie (ROS) result in

the oxidative deteriorain of lipidsjs a wellestablished mechanism of cellular injury in

both plants and animals, and is used as an indicator of oxidative stress in cellsus®d tis
(Gutteridge, 1995). Lipid groxidation and antioxidants have beeremployed as
biomarkers oftissue damage (Gutteridge, 1995; Marnett, 1998yies, 2000Marnett,

2000; West and Marnett, 2006)

The Borreria verticillata extract had isignificant effect on the malondialdehyde level of
juveniles Clarias gariepinusexposed tathe etract alonein this study thus Borreria
verticillata extract didnot induceoxidative stress in juvenileSlarias gariepinuswhile

administered alone in thgudy.

The decreased protein content as observe@.imgariepinusexposed to the ageuous
extractof Adeniumobesumstem barkalonemay be due tompairmentof liver synthesis
of protein by alkaloid bioactive molecule emetine (Mollet al, 2007). Similar results
were obtained inEuphorbia royleanaand Jatropha gossypifolidattices (Singh and
Singh, 2002) and i€yprinus carpicexposed tdMoringa oleiferaseed extract (Kavithet

al., 2012).

The extract might haveossiblycaused protein twsing enteropathy ithe exposed fisht
mayalso be due to the fact that under stress condition fish directly utilized protein to meet
their increasing energy demand for sustainafdgabolicactivity (Martinezet al.,2004).

It is established thaAST and ALT do catalyze the transfer of amino groups from

aspartate and alanine to ketoglutaric acid so as to generate oxaloacetic acid and pyruvic
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acid that are involved in mitochondrial energy production in the presence of oxygen
(Limdi and Hyde, 2003BurgerMendonca, 2008)The levelsof AST andALT were
shown to have increaseignificantly in the exposed fisln addition, the level of ALP
known to be involved in protein synthesis was found to have decr@itedt al.,1972)

The ALP has a strongffinity for inorganic pyrophosphate (RRt a more physiologic pH

and low Md* concentratior(Mosset al.,1967). The hyoblysis of the ALP increases the
available concentrations of amino atigINA for protein synthesis while providing
inorganic phosphatfor resynthesis of ATP and bone mineralization via the abolition of
the known inhibitory effect of RPon bone mineralization (Fleishest al., 1977).
Significantdecrease in total protein concentrations, that were significant, was reported in
ticks expsed to the aqueous extract of the stem bark of the plant (Mgbojikwe, 2000) and

Nwaniet al (2016).

The antioxidant levels o6GSH significantly decreased in th@ gariepinusjuveniles
exposedo AOE acutely in agreement with the observationSajeedet al. (2003) and
Senturket al (2009) after exposure toyrethroids These antioxidants are likelyse up
while scawenging for free radicalduring the oxidative process the AOE-exposed fish.
It is known thatGSH is an important intracellular antioxidahtt protects cells against
endogenous and exogenous oxida(Parke and Piotrowski, 1996)nctioning as a
catalyst for disulfide exchange reactions, and contributes@ #etoxification.It plays a
major role in antagonizing the oxidative action bé therbicidesinsecticidesor other
toxicants (Parke and Piotrowski, 1996)n a study,Nwani et al. (2016) reported an
increase in SOD, buwith a decrease imeduced glutathionéevel and explained that
depletion of GSH by oxidants may alter the redatus of the cell and present a stressful

and toxic situation.
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The pan leukocytosis induced in G&ge highwhite blood cell couns recorded in this
study could be due to an attempt by the fishes to fight ag@ixist constituentswith
possible production adntibodiego improve the health status of thigh. Similar findings

were reported by Atest al (2008) had speculatedhat the increase iwhite blood cell
countsduring acute and sdethal treatment may be due to stimulated lymphomyeloid
tissue as a defense mechanism of the fish to tolerate the toxicity. The increase in
lymphocytes count indicates the stimulatory effects of the toxicant on the immune
system. Enhacement in the totakhite blood cellcount following exposure in G6 could

be possible due to leucocytosis whichais outcome of proliferation diaemopoietic
cells, leadingo progressive increase in tivaite blood cell countsn the peripheral blood
(Tarig, 2007; Sharmat.al, 2007) .Changes infTWBC and differentiatount have been
reported to play important roles in the assessment oftdte of health of fishesyhile
leucopenia and leukocytosis @larias gariepinusoccur during exposure to patlgens,
heary metals and chemotherapeut{¥&n Vurenetal., 19%; Ezeri, 2001 0Omoregie and

Oyebaniji, 2002).

Various fish species exposed to mercury have shown significargase in total and
differential leucocytes counigRibeiro et al, 2006; Maheswaramt al, 2008; Ibrahim,

2011) similar to the present observatiolt can be explained that the stimulation of the
immune system causes an elevation in lymphocytes by damages to lymphoid tissues
(Shah and Altindg, 2005 Ibrahim,2011). Kumar et al (2004) hadfound that exposure

to mercuic chloride induced changes the differentialwhite blood cell couns and
caused lymphocytosisieterophilia, monocytosis, eosinophilia and thrombocytopenia in

Anabas testudineus
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Treatment of fishwith extract ofBorreria verticillatain Groups 74 10, led to decrease
MDA levels. This might possibljhave been mediated by antioxidawctivity of BEwhich
investigators have reported (Abdullati al., 2014) which hips to avoid tissue damage
(Avci et al., 2005; Atli et al.,2006). However,the detailed mechanism of this seeming
tissue healing or protection by BEeen as decrease in MDA levels may need further

sstudies.

The exposure to AOE for 28 days in G6 led to elevation of GSH compared to the control
(G1) unlike in the acute studyThe GSH level may increasags an adaptivedefence
mechanismby the fishin response to the inducexdressby aqueous extrachdenium
obesunsten bark.Elevation of GSH &s been reported by Saliu and Bafah (2012)

in Clarias gariepinus exposedZaCl.

The surge inGSH levels inC. gariepinusexposed to heavy metals (Saliu and Bawa
Allah, 2012) and polycyclic aromatic hydrocarbons (Olagd@®)8), as environmental
pollutants.This elevation was regarded adaptive and protective resporse the

biomolecule against oxidative stress.

The groups with the combination of aqueous extra¢nium Obesurstem bark and
different sub lethal doses dorreria verticillata (G7, G8, G9 and GJ)0showed
decreased levels of GSH in a concentratependent manner over the 28 days period
compared toG6. This shows that th@aqueous extradBorreria verticillata aeral part
might have prevened damages that may illicit inflammatory reactioeapable of
increasing th activity of GSHn anadaptive response mannérseems that thBorreria
verticillata extract contains constituentsvith ability to scavenge free radicals in a

concentration depeentmanner as have been reporteddpglullahiet al (2014).
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There was an increase in the levels of SOD inegfosed taqueous extrachdenium
Obesunstem bark) observed during the 28 days in a time dependent manner compared to
the control (G1L)but thecondition improved in groups-X0. This learns credence to the
observation of Uneet al. (2001)who reported ginificant increase ir8OD activities in

liver and kidney ofOreochromis niloticusaind Cyprinus carpioexposed to cypermetinri

when compared tthe controlsThe liver,kidney and gills of cyprinus carpio exposed to
malathion had similarly shown significant increase in SOD activity Yehal (2015.

The increase in serum SOD may be an adaptive response by the fish to protect the fish

against tke free radica generated by #htoxicity induced byAOE.

Histopathological changes have been widely used as biomarkers in evaluating the health
of fish exposed to caaminants, both in the laboratory (Thophetnal., 2003) and field
studies (Hintorand Filho, 1990. The gill, liver, intestine and kidney tissue efposed

Clarias gariepinuguvenilesshowed various pathological chasin this study.

Hyperplasia and hypertrophy of the epithelial cells, besides partial fusion of some
secondary lamella@bserved in AOE exposed fish in this stuayight have been a
defense mechanisms, since, in general, these result in the increase of the distance between
the external environment and the blood and thus serve as a barrier to the entrance of
contaminantsin this study (Mallat, 1985; Hinton and Laurén, 1990Poleksic and
Mitrovic-Tutundzic, 1994; Fernandes and Mazon, 2003). Coutinho and Gokhale (2000)
found epithelial lifting in the gills otarps Cyprinus carpi¢ and tilapias Qreochromis
mossambicysexposed to the effluents wfaste water treatment plant. Engelhastial

(1981) observedsuch epithelial lifting along with lamellar fusion in rainbow trouts
(Oncorhynchus mykiss) exposed to petroleum residues. Similar alterations gills

have been observedin the fishes exposed to metals (Oliveira Ribeatoal., 2000;

Cerqueira and Fernandes, 2002; Martiaeal, 2004) and organic contaminants (Rosety
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Rodriguezet al., 2002; Fantaet al.,2003). According to Mallat (1985) such alterations

are ronspecific and may be induced by different types of contamsnafis a
consequence of the increased distance between water and blood due to epithelial lifting,
the oxygen uptake is impaired. However, fishes have the capacity to increase their
ventilationrate, to compensate low oxygen uptake (Fernandes and Mazon, 2003). Most
part of the gill lesions caused by sub lethal exposures sffattellar epithieum (Hinton

and Laurén, 1990).

However, some alterations in blood vessels alag occur, when fishesféer from more
severe type of stress.Damagedcells can result in an increased blood flow inside the
lamellae, causing dilation of the marginal chelnand blood congestiafTakashima and
Hibiya, 1995; RosetyRodriguezet al, 2002 Heath, 1987Martinez et al.,2004 Poleksic

andMitrovic-Tutundzic, 1994).

The observed changesn gill sections, suctas clubshapedand atrophy ofprimary
lamellae, vacuolationand fusionof secondary lamellaas well ascongestion of blod
vessels in the gill arches Gfroup 6 appeared to Imeilder in Groyps 7-10 and absent in
Groups 15. Similar alterations have been reported in fish exposed to permethrin and
other toxicantgKumaraguruet al.,1982 Mallat, 1985;Poleksic and Mitrovi€Tutundzic,

1994; Van Heerdent al., 2004; Abalaka and Auta, 20)0n an earlier studyyperemia,
epithelial proliferation, epithelial detachment, lamellar edema, mucous cells hypertrophy,
partial lamellar fusion, epithelial cellular infiltration, hemorrhage, complete lamellar
fusion, epithelial degeneration and epithelial necregese recordeth Clarias gariepinus
exposed to ethanol extract Aflenium besum(Abalakaet al., 2015) Aqueousextract
Vernoniaamygdalina(Audu et al., 2017. The lamellarfusion was a defensive response

to reduce brachial superficiatea in contact with the toxica(ilallat, 1985; Figueirodo
Fernandest al, 2007) The erosion and adhesion fusion of the secondary lamellae
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herein reported ig accordance with the findings of earliavestigatos (Erkmenet al,

2000; Daouset al.,1984).

These gillpathologymight havencreasedhe diffusional distance between gill capillaries
and epithelial cells thereby increasing diffusional resistance within it, which is a limiting
factor for exchanges axsssuch gills (Tuurula, 1983juring exposure to many extracts

(Onusiriuka and Ufodikel994;Fafioyeet al, 2004)

The preseneof pathology in gills from Groups 7 10 in this study may be due tbe
continuos exposure of these groups to theitexi{AOE) without a recovery period to
allow for complete healingdowever the fact that the changes appeared to be milder than
the group treated with AOE alone may suggest that the extr&:tvefticillata contains

constituents which have some restorative otqutive effects on the gills.

The liver pathology observed in this studsas indicative of the effect ofA. obesum
extract. Hepatocytes dflarias gariepinusexposed tcKhaya senegalensisave shown
such changes (Matouke and Ab@@15).The liver is the orgamost associatedith the
detoxification and biotransformation processd due to its function, position and blood
supply (Van der Ooset al., 2003) it is also one of the organs most affected by
contaninants in the water (Rodriguesd Fanta, 1998). Anomalies such as irregylar
shaped hepatocytes witlytoplasmic vacuolation and nuclearangesvere described in
fish exposed t@rganophosphate pesticides (Fagttal.,2003). Vacuolesbservedn the
cytoplasm ofhepatocytesn expcsed groups in this studynay be lipids orglycogen,
which are related tahe normalmetabolic function of the liverespeciallywhen the
animals arestressedqHinton and Laurén, 1990; Wilhelm Filtet al., 200Q. The glycogen
acts as a reserve of glucose to supplydhergydemand occurring in such situations

(Panepuccet al, 2001). Pachecand Santos (202) described increased vacuma of
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the hepatocytes as a signal of exposure to contaminated Whiderateto maked
vacuolation in the liver o€larias gariepinusfed with Vernomia amagdylings saidto be

suggestive of increased storage of glyco@fgala et al.,2015)

The present study showégperplasia of goblet cells in Groups 6 and 0 on day 14.
Between days 21 and 28 ,there was also hypertrophy ahéhenuscular layer of the
intestine, in these group¥he sections of intestine froreochromis mossambicus
exposed to biopesticidal planSdrica papayaandNerium oleandérextracts have been
shown to have vacuolar degeneration of villi cellsith massive infiltration of
inflammatory cells in the sub mucusdesquamation and thicker tunica muscularis
(Tasneemet al, 2014). The intestinal pthology here being reportednts support to

earlierobservationsWaghet al.,2009 Suchismita and Abhik Gupta013.

The microscopic changes in fish kidneys from Group 6 were tulnldgeneration,
swollen glomerulicongestion of blood vessels. Groups 7i 10, therewere dilation of
both distal angroximal convoluted tubules and glomerular hypercullaiitys apparent
that the kidneys were adversely affected by toxic constsusfifAOE,since Groups 1 5

showed no pathology.

It has been established thheteleostearkidney is one of the majdarget organs to be
affected by contaminants in water (Thophenal., 2003) and it also appears to be
particularly sensitive to a variety of toxins due to the high volume of renal blood inflow,
its ahblity to concentrate substances and biotransform spanent compounds ttheir
toxic metabolite. Large quantity of diluted urine may be produced amahy of the
enzymatic reactions occurring in the liver have been knovaistwoccur in the kidney
(Mohssen, 2001). The kidngeyeceivebulk of the postbranchial blood flow andare

importantin the detoxification and elimination of aquatic contaminants in fish (Dughaz
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al., 2006). These explain why amage to kidney has been observed follgwviish

exposure to toxicantdifaungkarskulet al,, 2003).

In this study, th&idneypathology observed were consistent with what other researchers
had reported earlieTakashima and Hibiya, 199%he changes may arise from parasitic
infections(Ventura and Paperna,198#)crobial agents invading the tiss¢@hang and
Plumb1996) or exposure to sewage being discharged into the water ecosystem (Kakuta
and Murachi, 1997. Agricultural and industrial pollutants (Schmidt al, 1999;
Mohammed 2003 Mahjooor and Loh2008),have also induced renal lesions simiia

the present observations.

Widespread tubular degeneration with mononuclear intestinal infiltratiaemorrhage
and subcapsular congestion have been variously observed in fish exposed to toxicants

(Capkinet al.,2006 Adeogunet al.,2012; Neelimaetal., 2015).
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

Based on the results obtained in the study, the following conclusions were drawn:

Vi.

The aqueous extract dBorreria verticillata aerial part was nontoxic to
Clarias gariepinusjuveniles in acute exposure

The aqueous extract @orreria verticillata aerial part (BVE) significantly
(P<0.05) ameliorat¢he induced toxic effect didenium Obesurstem bark on
the RBC in G6 from (2.00+0.00x10*%/L) to (2.68+0.01x10*%/L) in G10on
day 28of study.

The aqueous extract @orreria verticillata aerial part (BVE) significantly
(P<0.05) ameliorate thenduced toxic effect oAdenium besumstem bark on
the Hb in G6 from (10.650.00Qy/dl) to (11.380.00g/d) in G10 comparedn
day 28of study.

The aqueous extract @orreria verticillata aerial part (BVE) significantly
(P<0.05) ameliorate thenduced toxic effect oAdenium besumstem bark on
the PCVin G6 from @9.3A0.27%) to (32.2Gt0.05%) in G10 on day28 of
study.

The aqueous extract d@orreria verticillata aerial part (BVE) significantly
(P<0.05) ameliorate the induced toxic effectAafenium obesurstem bark on
the TWBC in G6 from 18.80+0.0&10%L) to (18.09+0.0%x1C%L) in G10 on
day 28 of study.

The aqueous epdct of Borreria verticillata aerial part (BVE) significantly

(P<0.05) ameliorate the induced toxic effectAafenium obesursitem bark on
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Vil.

viii.

Xi.

Xii.

the serum aspartate amino transferase (A8T36 from ©60.98+0.01U/L) to
(58.64+0.01U/L) in G100n day 28f study

The aqueous extract Bborreria verticillataaerial part (BVE) significantly
(P<0.05) ameliorate the induced toxic effectdafenium obesustem bark on
the serum alanine amino transferase (ALT) in G6 fraghq4+0.341U/1) to
(33.69£0.34U/L) in G10 on dg 28 of study.

The aqueous extract Bborreria verticillataaerial part (BVE) significantly
(P<0.05) ameliorate the induced toxic effect®afenium obesuistem bark on
the serum alanine pbphatase (ALP) in G6 from (7386.34IU/L) to
(71.02:0.011U/L) in G10 on day8 of study.

The aqueous extract Borreria verticillataaerial part (BVE) significantly
(P<0.05) ameliorate the induced toxic effect®afenium obesuistem bark on
the MDA in G6 from 0.48+0.01mmol/mg proteifto (0.23£0.00 mmol/mg
protein) in G10 day28 of study.

The aqueous extract Borreria verticillataaerial part (BVE) significantly
(P<0.05) ameliorate the induced toxic effeciéafenium obsum stem bark on
the Serum reduced glutathiome G6 from (056+0.01 pg/ml) to (1020+0.00
pg/ml) in G10 on day8 of study.

The aqueous extract Borreria verticillataaerial part (BVE) significantly
(P<0.05) ameliorate the induced toxic effeciéafenium obsum stem bark on
the Serum superoxide dismutase in G6 fra8&0.01lumolSOD/mir) to
(1.78t0.01 pmolSOD/min in G100n day 28f study.

The pathology iduced by exposure to AGER the gills was ameliorated by

the administratioof BVE in Clarias gariepinusjuvenilesin terms of severity.
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Xiil.

Xiv.

XV.

The pathology induced by exposure to AOE in the liver was ameliorated by
the administratiomf BVE in Clarias gariepinuguvenilesin terms of severity

of lesions.

Thehistopathology lesions in the intestio&fish exposure to AORvere
ameliorated by thadministratiorof BVE in Clarias gariepinuguvenilesin

terms of severity

The pathology induced by exposure to AOE in the kidney was ameliorated by
the administratiomf BVE in Clarias gariepinuguvenilesin terms of severity

6.2 Recommendations

Based on these conclusions, it is recommended that:

Borreria verticillata can serve as a potential feed additive in fish production to
ameliorate the production of oxidative stress due to handling, transportation
and intensive aquaculture practices

Borreria verticillata can serve as an immunostimuldort fish that are atisk

of infection or are on treatment

Further studies that willinvestigate the genpathology due tothe
administrationof Borreria verticillatain fish and other animal models ahid

be conducted.
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PlateXXXI I: Concrete Tank for Acclimatization of Fish
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