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ABSTRACT 

The study was conducted to determine the effect of aqueous extract of Borreria 

verticillata aerial part (BVE) on Clarias gariepinus juveniles exposed to Adenium 

obesum stem bark (AOE).The study consisted of ten (10) groups each of fifteen (15) fish 

per group. Group one,G1(CONTROL),had no extract treatment, G2 (25mg/L, BVE), G3 

(50mg/L, BVE), G4 (100mg/L, BVE), G5 (200mg/L, BVE), G6 (0.838 mg/L AOE), G7 

(25mg/L BVE + 0.838mg/L AOE ), G8 (50mg/L BVE+0.838mg/L AOE), G9 (100mg/L 

BVE+0.838mg/L) and G10 (200mg/L BVE + 0.838mg/L). The haematological 

parameters, oxidative stress markers and tissue changes were determined for the ten 

groups. The phytochemical screening of both aqueous extracts of Borreria verticillata 

(BVE) and Adenium obesum (AOE) revealed the presence of glycoside, saponin, steroids, 

triterpenes, tannins, flavonoid and alkaloids in varying quantities, while cardiac glycoside 

was found in Adenium obesum only. The LC50 of aqueous extract Adenium obesum stem 

bark was established as 8.38mg/l in this study. The red blood cell (RBC) counts and 

erythrocytic indices as well as the serum total protein in G6 decreased significantly 

(P<0.05) compared to groups1-5. The total white blood cell count, differential white 

blood cell count, serum amino transaminases, serum malondialdehyde, serum reduced 

glutathione and serum super oxide dismutase increased significantly (P<0.05) in G6 with 

increase in days of exposure to 0.838mg/L of AOE. These values decreased significantly 

(P<0.05) in groups 7-10 during the period compared to group 6 in a concentration and 

time dependent manner. Histology of gill, liver, intestine and kidney showed no changes 

in Groups 1 ï 5. In Group 6, there were complete fusion of secondary lamella, club-

shaped primary lamella, congested branchial blood vessels complete fusion of secondary 

lamella, club-shaped primary lamella, congested brachial blood vessels and vacuolated 

primary lamella. The liver showed, congested centrmulti-focal vacuolation, mononuclear 
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cell infiltration, and presence of melanomacrophage centres. The intestines had 

hyperplasia of goblet cells. Aggregates of mononuclear cells, tubular degeneration, 

hypertrophied glomerulus, congestion and perivascular fibrosis were seen in kidneys. 

Alterations noticed in groups 7-10 on days 14 and 28 include one-sided fusion of the 

secondary lamella in the gills, some of which were atrophied or hypertrophied. The liver 

showed congested blood vessels and vacuolation, while the intestine had hyperplasia of 

goblet cells, hypertrophy of lamina propria and the muscularis mucosa. There were 

dilated tubules and hypertrophied glomerulus. There was no clear cut distinction between 

the intestinal lesions seen in G6 compared to G7-10 on days 14-28. Based on the 

haemato-biochemical and histopathological findings in this study, it was concluded that 

the aqueous extract of Borreria verticillata has an ameliorative effect on the pathology 

induced by the aqueous extract of Adenium obesum stem bark extract in Clarias 

gariepinus, (Burchell, 1822). 
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CHAPTER ONE 

1.0 INTRODUCTION  

1.1 Background of Study 

Aquaculture is the fastest growing food sector in the world, accounting for an estimated 

43 per cent of all fish consumed by humans globally (Allsopp et al., 2008). Growth in the 

global supply of fish for human consumption has outpaced population growth in the past 

five decades, increasing at an average annual rate of 3.2  per cent in the period 1961ï

2013, twice that of human population growth. This has resulted in an increased average 

per capita availability and world per capita apparent fish consumption increased 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 for 2014 and 2015, pointing towards further growth beyond 20 kg 

(FAO, 2016). 

The recent global surge in intensive aquaculture practices has prompted high interest in 

understanding the various fish diseases, for prevention and treatment purposes. It has 

been widely proven that the occurrence of diseases in fish farm is due to various factors 

such as, the rearing methods, environmental conditions and infectious causes. 

Consequently, farmed fish can become predispoded not only to pathogenic but also to 

opportunistic bacteria infection (Woo and Bruno,1998).  

The use of antibiotics and chemotherapeutics in intensive aquaculture for treatment and 

prophylaxis has been largely criticized for its negative outcome, and researches on 

interactions between growth, immunity and development of eco-friendly alternatives to 

antibiotics to  keep fish healthy such as probiotics and plant based immunostimulants has 

increased, with indigenous developed technological  knowledge for treating fish diseases 

and fish health management is enjoying attention (Sahu,2007).  
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 The global demand for safe food has prompted the search for natural alternative growth 

promoters for usage in the aquaculture industry. There has been heightened research in 

developing new dietary supplementation strategies in which various health and growth 

promoting compounds such as probiotics, prebiotics, synbiotics, phytobiotics and other 

functional dietary supplements have been assessed  for possible development for use in 

the aquaculture industry (Denev,2008). 

Adenium obesum extract has been reported to illicit various histopathological responses in 

exposed Clarias gariepinus (Abalaka et al., 2015), and as a piscicide globally (Badwen-

Davis,2010). 

Studies have established that extracts from Borreria and Spermacoce species as well as 

their isolated compounds possessed diversed biological activities,including analgesic,anti-

inflammmatory,antitumor,antimicrobial,larvicidal,antioxidant,gastrointestinal,antiulcer,an

d hepatoprotective in man and rat,with alkaloids and iridoids as the major active 

principles (Balde et al.,1991; Shajiselvin et al.,2010 ; Conserva and Ferreira, 2012; 

Abdullahi-Gero et al.,2014,Murtala et al.,2015). 

1.2 Statement of Research Problem 

Aquaculture production is generally vulnerable to disease outbreaks associated with 

culture intensification, resulting in partial or total loss of production (Bondad-Reantaso et 

al., 2005). Factors such as overcrowding, periodic handling, high or sudden changes in 

temperature, poor water quality and nutritional status contribute to physiological changes 

in fish ,leading to stress or immunosuppression and thus, heighten susceptibility to 

infection. Moreover, high concentration in a handling tank as is in aquaculture facilitate 

the spread of pathogens, thereby producing high mortality levels (Cabello, 2006; Naylor 

et al., 2000; Quesada et al., 2013), leading to economic losses. 
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In order to avoid economic losses several veterinary drugs are commonly used in 

aquaculture to prevent or treat disease outbreaks. Antimicrobials and other veterinary 

drugs are administered regularly as additives in fish feed or sometimes in baths and 

injections and are used as prophylactics or growth promoters (Rico et al., 2013).The use 

of veterinary drugs for these purposes present numerous side-effects for the environment 

and health safety. For example, massive use of antibiotics have resulted in the 

development of resistant bacteria strains (Mirand and Zemelman, 2002; Seyfried et al., 

2010).Therefore the observation of residual antibiotics in the muscle of fish has potential 

consequences on human health (Cabello, 2006; Romero Ormazábal et al., 2012) Indeed, 

resistance genes have been found located on transferable plasmids and integrons in 

pathogenic bacteria such as Aeromonas spp., Edwardsiella spp. and Vibrio spp. (Defoirdt 

et al., 2011). It has been reported that drug like trichlorfon or praziquantel in bath 

treatments for ectoparasites in fish also have numerous disadvantages like development of 

resistance (Umeda et al., 2006), hazardous for animal health and detrimental to the 

environmental (Forwood et al., 2013; Kiemer and Black, 1997). Vaccination has also 

been regarded as a potential treatment against disease outbreaks in aquaculture but 

commercial vaccines are too expensive for wide spread use by fish producers and apart 

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

al., 2011a; Pasnik  et al., 2005; Sakai, 1999).  

1.3 Justification of the Research 

Aquaculture had become a viable industry, with fewer, but much larger farms, infectious 

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 diseases, the treatment of which now requires the intensive use of 
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antimicrobials (Defoirdt et al., 2007; 2011). Although various authors have emphasized 

the putative negative effects of using antimicrobial agents in fish farms (Alderman and 

Hastings, 1998; Cabello, 2006), few studies on antimicrobial resistance in the aquaculture 

industry have been performed in situ (Fernández-Alarcón, 2010; Miranda and Zemelman, 

2002). 

Considering the potential harm of veterinary drug treatments on the environment and 

human health and in some cases their limited efficacy, disease management 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 and reduce pathogen infections (Ruane et 

al., 1999; Davis et al., 2002; Iguchi et al., 2003; Ashley, 2007). Some of the proposed 

solutions are the use of natural products (plant extracts) or probiotics (beneficial 

microbial strains) in the culture of fish and shrimp (Makkar et al., 2007; Panigrahi and 

Azad, 2007; Lee et al., 2009; Citarasu, 2010; Mohapatra et al., 2013). Interestingly, 

channel catfish (Ictalurus punctatus) fed with the natural oregano essential oil extracted 

from Origanum heracleoticum had the lowest mortality following an Aeromonas 

hydrophila infection compared with fish fed a combination of carvacrol and thymol, 

which are the principal active components of oregano essential oil (Zheng et 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 to mention a few 

despite their nutrient values and low cost implications (Sogbesan, 2006). 
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In view of the above given reasons, it is imperative to conduct investigations to find new 

and possible plant extracts to address antibiotic resistance and synthetic drug that will be 

useful in the aquaculture industry. There appears to be paucity of literature on the 

toxicopathology of Borreria verticillata on fish species. 

1.4 Research Hypothesis 

Null Hypothesis (Ho): Aqueous extract of Borreria verticillata aerial part has no 

ameliorative effect on the pathology induced by aqueous extract of Adenium obesum on 

juvenile Clarias gariepinus.  

1.5 Aim and Objectives of the Study  

1.5.1 Aim of the study 

To evaluate the effect of Borreria verticillata aqueous extract on histopathological, 

haematological and serum biochemical changes induced by Adenium obesum aqueous 

extract in juvenile Clarias gariepinus. 

1.5.2 Objectives of the study 

The objectives of the study were: 

i. To determine the effect of Borreria verticillata aqueous extract on alterations in 

some haematological and serum biochemical parameters of juvenile Clarias 

gariepinus exposed to Adenium obesum aqueous extract. 

ii.  To determine the effect of Borreria verticillata aqueous extract on oxidative stress 

markers in juvenile Clarias gariepinus exposed to Adenium obesum aqueous 

extract. 
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iii.  To determine the effect of Borreria verticillata aqueous extract on tissue changes 

induced by Adenium obesum aqueous extract in the gill, liver, intestine and kidney 

of juvenile Clarias gariepinus. 
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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 as aquaculture. Asia, particularly China was believed to be the origin of fish 

farming as far back as 1100 BC, when common carp were raised in freshwater pond for 

food (Bondad-Reantaso et al., 2005). Aquaculture is internationally acknowledged as the 

fastest growing sector of the food producing industry (Bondad-Reantaso et al., 2005). 

Currently, aquaculture accounts for nearly half (45.6%) of the worldós food fish 

consumption, compared with 33.8% in 2000 (FAO, 2011). Estimates show that this 

growth will continue as demand increases with the growth in the human population 

(SOFIA, 2006). World fish-food supply has grown significantly at an average growth rate 

of 3.2% per year in the period 1961-2009, outpacing the increase of 1.7% per year in the 

worldós population. World per capita food fish supply has also increased from an average 

of 9.9 kg in the 1960s to 18.4 kg in 2009 (FAO, 2011). Global production of fish from 

aquaculture has grown substantially in the past decade and hit a landmark in 2009, 

supplying half of the total fish and shellfish demand for human consumption (Brinker and 

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

with 32.4 million tonnes in 2000 (FAO, 2012). 

2.1.1 Aquaculture as source of protein and nutrition  

A unique combination of high-quality protein and vital nutrients make fish an invaluable 

food. Fish is not only a source of animal protein ï 150 g of fish provides about 50 to 60% 

of an adultôs daily protein requirements ï but also of fatty acids, vitamins and other 
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essential elements such as iodine and selenium, which do not occur in such quantity and 

diversity in cereals, other crops or meat (Beveridge et al., 2013; Kawarazuka and Béné 

2011; WRI, 2013). In a global comparison, Africa and Latin America consume relatively 

little fish (around 10 kg per person per year), whereas per capita consumption in Asia, 

North America Europe is above the global average (20 kg) at around 22 kg per year. 

Dietary tradition relates to the fact that countries with a strong fishing tradition due to a 

long coastline, many fish-rich rivers or islands tend to still consume more fish (FAO, 

2016). For 3.1 billion people, fish accounts for 20% of their animal protein; for 4.3 billion 

people, this share is 15% (FAO, 2016). Some small island states such as Kiribati, 

Micronesia and 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 and where 

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 (FAO, 2016). Poly-unsaturated fatty acids (PUFAs) in fish lower blood 

pressure, reduce the risk of heart disease (Wang et al., 2006), and possibly benefit infant 

growth and cognitive development (Koletzko et al., 2007). The daily requirement of 

protein for women is 30-56 g, depending on body weight and age. During pregnancy and 

lactation, an additional 6 g/day and 17.5 g/day of protein are required respectively, and 

childrenôs requirement is about 1.5-2.5 times higher by body weight than that of adults, as 

protein is essential for growth (WHO, 2007). 

2.1.2 Aquaculture as source of livelihood 

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

A series of consultations on small-scale rural aquaculture concluded that aquaculture 
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should not be viewed as an isolated technology but be considered as one aspect of rural 

development and form part of a holistic approach to development (APFIC, 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 (Dixon et al., 

2001). In coastal areas, the farming of mudcrabs, oysters, mussels, cockles, shrimps, fish 

and seaweeds provides employment for the rural poor, mainly for direct labour inputs, as 

well as seed and feed collection (Tacon, 2001). Aquaculture can also benefit the landless 

from utilization of common resources, such as finfish cage culture, culture of molluscs 

and seaweeds, and fisheries enhancement in communal water bodies (IIRR et al. 2001, 

Tacon 2001). 

2.1.3 Aquaculture and farm efficiency and sustainability in agricultural systems 

An important, though often overlooked, benefit which is particularly relevant for 

integrated agriculture-aquaculture systems, is their contribution to increased farm 

efficiency and sustainability (FAO, 2011). Agricultural by-products, such as manure from 

livestock and crop residues, can serve as fertilizer and feed inputs for small-scale 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 as on-farm water reservoirs for irrigation 

and livestock in areas where there are seasonal water shortages (Lovshin, 2000). 
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2.2 Fish Species in Modern Aquaculture 

2.2.1 Tilapia  (Oreochromis niloticus) 

Tilapia refers to several freshwater species that belong to the family 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 the fact that tilapia is widely 

accepted by consumers as a food fish, promotes its culture worldwide (Rad et al., 2006; 

Shalloof and Salama, 2008; El-Kashief et al., 2013). World tilapia production for the year 

2012 exceeded 4.51 million metric tonnes (FAO, 2012).  

2.2.2 Common carp (Cyprinus carpio L) 

The common carp is a member of the family Cyprinidae. 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 Australia they 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 frequently-fished cultivated varieties of carp, true 

wild carp are more barbell-like in shape, with the long and lean-body 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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2.2.3 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 and Heterobranchus species are commonly cultured due to their good 

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

Olagunju et al., 2007).  

2.2.3.1 Clarias gariepinus 

Clarias gariepinus, which belongs to the family Claridae, has the synonyms: Clarias 

lazera Valenciennes, 1840; Clarias mossambicus Peters, 1864; Clarias longiceps 

Boulenger, 1899 and Clarias muelleri Pietsmann, 1939 (FAO, 2011a). Clarias gariepinus 

is named after its locality, the Gariep River, which is a Hottentos name for Orange River 

in South Africa (Teugels, 1986). 

Clarias gariepinus is internationally called ñAfrican-Sharp-Tooth catfishò or ñNorth 

African-Sharp-Tooth catfishò or ñSharptoothed catfishò in English; ñPoisson-chat nord-

africainò in French; ñpez gato africanoò in Spanish;ò Afrikaanse meervalô Dutch and 

ñYuzhnoafrikanskaya zubatkaò in Russian (FAO, 2011a). However in Nigeria, the fish is 

locally called ñTarwadaò in Hausa; ñAriraò in Igbo; òAroò  in Yoruba, ñEjengiò in Nupe 

and  ñEmonoò in Ijaw language (Yaro, 1967; FAO, 2011a). It is also known as ñailoò 

amongst the Igala ethnic group of Kogi State in North Central Nigeria.  

2.2.3.2 Geographical distribution 

Clarias gariepinus has a pan-African distribution, but are naturally absent from the 

magreb, upper and lower guinea and Cape provinces (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 distributed where it inhabits tropical swamps, lakes, 

rivers and flood plains that are usually subjected to seasonal drying (FAO, 2011). 

Although C. gariepinus is indigenous to Africa, it is one of the most cultured fish species 

globally (Lal et al., 2003;Achionye-Nzeh and Jimoh, 2010; Yildirim and Turan, 2010). 

2.2.3.3 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 (Rahman et al., 1992; De 

Graaf and Jassen, 1996). The head is large, depressed and highly ossified with small eyes 

(De Graaf and Jassen, 1996).The body is darkly pigmented on the dorsal and lateral sides 

and through body color is uniformly marbled, it may become mosaic-like pattern of dark 

and light spots or change from greyish to live to blackish under stress or according to the 

substrate in addition to the fish turning lighter upon exposure to light (Rahman et al., 

1992; De Graaf and Janssen, 1996). Clarias gariepinus has light terminal mouth with four 

barbells (FAO, 2011a), which are used to detect preys (De Graaf and Jassen, 1996). 

There are accessory breathing organs (ABOs) within pear-shaped 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 arteries, 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 (Okechi, 2004) with help of these accessory respiratory structures, 

especially in fish above 12 ï 14 days old with functionally developed ABOs (Peteri et al., 

1992). The paired pectoral fins have strongly developed spines that are for both 

locomotive and protective purposes as the fish can move over long distance as l0ng as 

180 m between water bodies (Prinsloo and schoonbee, 1987; Rahman et al., 1992). 
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Clarias gariepinus has a typically pointed cleithrum that is narrow with longitudinal 

ridges that are sharp, which is used to distinguish it from its closest relative, C. 

anguillaris (Benech et al., 1993). However, the males of   C. gariepinus have a distinct 

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

2.2.3.4 Natural food and feeding habit   

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

of food items ranging from zooplanktons to fish that is half of its length or 10% of its own 

body weight (Bruton, 1979c; De Graaf and Janssen, 1996). The food items of the fish 

includes insects, crabs, planktons, crustaceans, snails and small fish, fruits, rotten flesh 

and plants (FAO, 2011). However, the feed composition of C.gariepinus change with size 

(Munro, 1967), becoming zooplankton based in large fish (De Graaf and Jassen, 1996) 

because of their comparative[y increased gape and increased number of gill rakers (Jubb, 

1961; Groenewald, 1964). Clarias gariepinus have some adaptations for feeding under 

low visibility and these include the wide mouth; broad band of jaw and pharyngeal teeth; 

abundant network of sensory on the body, head, lips and barbels; long 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, 1996c). Clarias gariepinus is able to switch 

between feeding on one type of prey to another depending upon availability and the fishôs 

ability to catch its prey as it feeds mainly on invertebrate during the daylight, which are 

abundant and relatively easy to catch 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 absence of a rhythmic cycle of digestive activity (Uys and Hecht, 1987; 

Uys et al., 1987). Approximately 70% of feeding activity by C.gariepinus takes place at 
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night (FAO, 2011). Clarias gariepinus are known to either feed by grasping from the 

surface or forage or 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 ï 

100g in properly fed fish pond (Rahman et al., 1992). 

2.2.3.5 Economic importance of Clarias gariepinus 

Clarias gariepinus is used as ñpolice fishò to control over-breeding in mixed-sex tilapia 

Culture in earthen ponds (FAO, 2011) thereby enhancing pond productivity for greater 

aquaculture economic returns. Clarias gariepinus have high consumer preference 

(Huisman and Ritcher, 1987; Fafioye et al., 2004; Ayotunde et al., 2010) and therefore 

high market price due to its high quality and oily tasty flesh (Sogbesan and ugwumba, 

2008; Kori-Siakpere and Ubogu, 2008; Ayotunde et 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 countries (de Graaf et al., 1995). These may be why C. gariepinus 

has remained the most cultured fish species worldwide (FAO, 1977) with its attendant 

economic benefits in terms of employment generation and economic empowerment, 

especially in developing countries. 

2.3 Biomarkers in Fish Health 

According to meyer et 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 Research Council defined biomamker as ña 

xenobiotically-induced   variation in cellular or biochemical components or 

process,structures or functions that is measurable in a biological system or sampleò 

(NRC,1989). 
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2.3.1 Haematological alteration 

It has been illustrated that the blood variables are indicators of stress and give information 

on the physiological response of fish to a changing external environment (Hrubec et al., 

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

Hb and PCV (Kaoud et al., 2011).Blood parameters are considered pathoïphysiological 

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. Blood is the 

most important and abundant body fluid. Its composition often reflects the total 

physiological condition (Venkatesan et al., 2012). Blood of living organisms are very 

sensitive to changes and are widely used in Ichthyology research, aquaculture research as 

well as toxicology and biological monitoring (Svoboda et al., 2001; Adedeji et 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 body, the physiological 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 important for the 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; Suvetha et al., 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 unfavourable changes in the water body is 

reflected in the blood (Shahi and Singh, 2011; Kori-Siakpere 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 exposure to different stressful conditions such 
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as handling, pollutants, metals, hypoxia, anaestehtics and acclimation (Jhosi and Bose, 

2003; Hori et al., 2008; Alwan et al., 2009).  

2.3.2 Biochemical alteration 

Biochemical and enzyme activities tend to be more sensitive, less variable, highly 

conserved between species and often easier to measure as stress indices (Agrahari et al., 

2007).Diagnosis of metabolic disturbances and disease processes can be detected through 

the bioassay of serum constituents (Campbell, 2012). 

2.3.2.1 Serum total protein 

The quantification of serum total protein does not directly indicate the presence of a 

disease condition but it is indicative of a disease process and it assist in confirmatory 

diagnosis (Walencik and Witeska,2007). The total protein concentrations are especially 

valuable in determining a fishôs state of hydration. In serum, total protein, albumin, 

globulin and albumin-globulin ratios are measured.A decrease in protein content is 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 termed hyperproteinemia has 

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

2003;Roberts, 2012). 

2.3.2.2   Serum malondialdehyde 

When fish are subjected to oxidative stress conditions, fatty acid peroxidation can occur. 

Indeed, increased ROS production and subsequent oxidative damage has been associated 

with pollutant-mediated mechanisms of toxicity in fish liver (Livingstone et al., 1993). 

Malondialdehyde (MDA) production is a well-known oxidation product of 
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polyunsaturated fatty acids, influencing cell membrane fluidity as well as the integrity of 

biomembranes (Ercal et al., 2001; Almroth et al., 2005), and can be used as an indicator 

of lipid peroxidation.  

Lipid peroxidation secondary 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 attack by reactive oxygen species (Draper et al., 1993; Hodges et al., 

1999). Aquatic organisms detoxify organic xenobiotics by phase I metabolism, however, 

during the detoxification process, highly reactive oxygen species (ROS) such as 

superoxide anion (O-2), hydrogen peroxide (H2O2) and hydroxyl radical (OHī) are 

produced as by-products.Excessive ROS production in response to xenobiotic 

detoxification can overwhelm natural defense mechanisms leading to cumulative damage 

to biomolecules namely nucleic acid, proteins and lipids (Kelly et 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 studied are 4-hydroxy-2-

nonenal, 4-hydroxy-2-hexenal and 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 in exposed organisms before lethal or pathological effects are 

observed (Otitoju and Olagoke, 2011). 

2.3.2.3   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 et al., 1991; Svoboda, 2001). Alanine 
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aminotransaminase (ALT) and aspartate aminotransaminase (AST) are blood serum 

enzymes which function as a link between carbohydrate and protein metabolism by 

catalysing the inter conversion of strategic organic compounds such as Ŭïketoglutarate to 

pyruvic acid and alanine to glutamic acid (Tiwari and Singh, 2004). 

Aspartate transaminase (AST) and alanine transaminase (ALT) are enzymes frequently 

used in the diagnosis of damage caused by pollutants in various tissues such as the liver, 

muscle and gills (de la Torre et al., 2005). Of these two enzymes, ALT is specific for 

liver damage because it predominates in organs with intensive glycogenesis (Ulrich, 

1994; Torre et al., 2000). AST is present in myocardium, skeletal muscle, kidney and 

brain and increased plasma activity may be indicative of degenerative changes in these 

organs. Increased plasma ALT and AST activities are a measurable biochemical symptom 

of cytolysis as aminotransaminases play vital roles in carbohydrate-protein metabolism in 

fish (Eze, 1983). They occupy 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 for gluconeogenesis as such elevated levels in plasma may have an adverse 

effect on amino acid metabolism (Murray et al., 1996). An increased activity of these 

aminotransaminases is an indication of amplified transamination process (Kori-Siakpere 

et al., 2005). Also alterations in the metabolism of proteins and carbohydrates are used 

for a similar purpose. The treatment of Clarias batrachus with carbaryl led to a marked 

increase in the activities of liver transaminases (Sharma, 1999). Cells 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 (Coppo et al., 2002). Changes in the biochemical blood profile indicates changes 

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 (Luskova et al., 2002). 

2.3.2.4   Alkaline phosphatase 

Chronic hepatic disorders and excessive steroids results in increase plasma alkaline 

phosphatase (ALP) in most animal. During normal bone growth in young animals, a large 

amount of ALP is found in plasma; also ostheopathies result in increase of plasma ALP 

(Coppo et al., 2002). According to Sevigler et al. (2004), alkaline phosphatase an enzyme 

involved in bone growth and liver function, may be affected by low level fluoride intake 

and fluoride switches off the enzyme cytochrome c oxidase, an oxygen-carrying 

respiratory enzyme by oxidation.  

2.3.3 Antioxidants 

The oxidative stress defenses are provided by the markers which includes enzymes and 

scavengers. Enzymatic defenses include glutathione peroxidase (GPx), catalase (CAT), 

superoxide dismutase (SOD), and glutathione reductase (GR) (Jakoby and Habig, 1980; 

George, 1994; Yang et al., 2000; Sanchez et al., 2008; Haluzova et 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 soluble and scavenge a number 

of different reactive oxygen species (ROS) including thiol radicals generated during 

xenobiotic reduction (Palozza and Krinsky, 1992; Kelly et al., 1998; Palace et al., 1999). 

The scavenging and enzymatic antioxidants are linked in many ways, often if one is 

deficient; others increase to compensate (Puangkaew et al., 2005). 

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

physiological and biochemical processes when assimilated by fish tissue (Durmaz et al., 
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2006). When abnormal or xenobiotic-induced ROS production exceeds the endogenous 

protection, damage to cellular components can often 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 S-transferase (GST) and other low molecular weight 

scavengers such as reduced glutathione (GSH) (Storey, 1996; Droge, 2002; Monteiro et 

al., 2009). Oxidative damage is counteracted by antioxidant defense systems and repair 

mechanisms. The antioxidant defense systems comprise of a number of enzymes which 

act as scavengers of the highly reactive intermediates produced in cells during 

hydrocarbon metabolism to maintain cell homeostasis (Olushola et al., 2014). Notable 

antioxidant enzymes include (a) superoxide dismutase (SOD), which converts 

superoxides (O2-) generated in peroxisomes and mitochondria to hydrogen peroxide; (b) 

catalase (CAT) which removes the hydrogen peroxide by converting it to water and 

oxygen; (c) glutathione S-transferase (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) (Olushola et al., 2014). 

Antioxidant enzymes of fishes, that 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 (Santos et al., 2004). Aerobic organisms generate reactive oxygen species (ROS), 

such as superoxide anion radical (O2-), hydrogen peroxide (H2O2), and hydroxyl radical 

(OH-), because of oxidative metabolism. The hydroxyl radicals can initiate lipid 

peroxidation (LPO) in tissues. 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), glutathione peroxidase (GPx), and glutathione-S-

transferase (GST). The non-enzymatic defense system includes Vitamins E, C, and A, 

glutathione, carotenes and ubiquino (Filho, 1996).  

Antioxidants protect an organism against oxyradical damage, such as DNA strand breaks, 

protein oxidation and the induction of lipid peroxidation (Winzer et al., 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. A shift to a more 

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 (Anand et al., 2000). The use of the biochemical 

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 been suggested that they 

could be used in environmental monitoring systems (Pandey et al., 2003).  

2.3.3.1 Super oxide dismutase 

Super oxide dismutase (SOD) is an antioxidant enzyme important in inhibiting oxyradical 

formation and is used as a biomarker to indicate oxidative stress. SOD catalyzes the 

transformation of superoxide radicals to H2O2 and O2, and is the first enzyme to deal with 

oxy-radicals (Zhang et al., 2007).  

2.3.3.2 Reduced glutathione  

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

toxicants, inactivating them (Kelly et 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 and Shiba, 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.g., 

hydroxyl radical) for their detoxification as well as perform other critical activities in the 

cell (Stara et al., 2012). 

2.3.4 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 lower-level biochemical effects and 

higher-level population effects (Adams et al., 1989, 2001) which ultimately provide a 

better evaluation of organism health than a single biochemical response (Triebskorn et al., 

1997; Hued et al., 2012).  Abalaka et al. (2015) reported, lamellar necrosis, mononuclear 

infiltration, fusion of secondary lamellar, lamellar edema, lamellar hemorrhage and 

epithelial detachment in the gill of Clarias gariepinus exposed to ethanol extract of 

Parkia biglobosa. Skin histopathology such as proliferated and hypertrophied mucous 

cells; eroded epithelia surface, elaborated mucous cells, and eroded epithelial surface was 

also reported by Abalaka et al. (2015) in Clarias gariepinus exposed to Parkia biglobosa. 

Tasneem et al. (2014) reported dilation of secondary lamellar, 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 mossambicus exposed to Carica papaya and Nerium oleander.  

2.4 Selected Target 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 the 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 both marine and fresh water species (Gary-Ostrander, 1996).As an 

indicator of exposure to contaminants, histology constituents a useful tool for assessing 

the degree of pollution, particularly for sub lethal and chronic effects (Bernet et 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 related to the 

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 

inflammatory, defensive reaction (Velkova-Jordanoska, 2002; Roganovic-Zafirova et al., 

2003). Gills (Poleksic and Mitrovic-Tutundzic, 1994), Kidney (Bucher and Hofer, 1993), 

and liver (ICES, 1997) are suitable organs for histological examination in order to 

determine the effect of pollution. Histopathological changes have been widely used as 

biomarkers in the evaluation of the health of fish exposed to contaminants, both in the 

laboratory (Thophon et al., 2003) and field studies (Schwaiger et al., 1997; The et al., 

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

are responsible for vital functions in the fish (Gernhofer et al., 2001). Furthermore, the 

alterations found in these organs are normally easier to identify than functional ones 

(Fanta et al., 2003) and serve as warning signs of damage to animal health (Hinton and 

Lauren, 1990). Histopathological changes were observed in the muscle of fish exposed to 

different toxicants (Das and Mukherjee, 2000; Elnemaki and Abuzinadah, 2003; Abbas 

and Ali, 2007). 

2.4.1 Gills 

The gill arches and filaments are supported by a branching system of cartilaginous rods. 

Two sets of striated muscles (abductor 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 buccal cavity (Yasutake and 

wales, 1983). The filament (also known as the 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 of all the other types of cells (Dang, 2000). The lamellae 

(secondary lamellae) consist of mucus cells, rodlet cells, chloride cells, pavement cells, 

pillar cells with lacunae and blood vessels. The 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; Nigro et al., 

2006). The gills, participates in many 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 contaminants (Poleksic and Mitrovic-Tutundzic,  1994; Mazon et al., 2002; 

Fernandes and Mazon, 2003). 

2.4.1.1 Gill as biomarker of exposure to toxicant 

The function of the gills necessitates the exposure of a system of capillaries with 

sufficient surface area to 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 water (Yasutake and Wales, 1983;Mayer-Gostan et al., 1987; Perry and Laurent, 

1993). Fish gills are the primary uptake site of toxicologically effective concentrations 

water metals (Pelgrom et al., 1995; Sprague, 1987) and are considered the crucial organ 

when it comes to the induction of compensatory responses, whether adaptive or 

pathological to the organism (Pelgram et al., 1995; Tao et 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 lamellar fusion, epithelial hypertrophy, 

telangiectasia, edema with epithelial lifiing and epithelial desquamation are typical 

histopathological lesions of gills in response to a wide range contaminants, including 

organochlorins, petroleum compounds, organophosphates, carbamates, herbicides and 

heavy metals (Baker, I969; Gardner and Yevich, 1970; Van der Putte and Paert, 1982; 

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

2.4.2 Liver  

Fish liver is a dense organ located ventrally in the cranial region of the body cavity. The 

size, shape and volume of the liver are adapted to the space available between other 

visceral organs (Brusle and Gonzalez, 1996; Vincetini et al., 2005). Fish liver is generally 
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reddish-brown because of its rich supply of blood. The liver is nourished by a dual blood 

supply via two afferent blood vessels (hepatic artery and portal vein) and a single efferent 

vessel (hepatic vein) located at the helium (Munshi and Dutta, 1996). 

2.4.2.1 Liver as biomarker of exposure to toxicant 

Constant exposure to xenobiotic substances, example toxicants, may overwhelm the 

liverôs detoxification capability and cause some degree of structural damage within the 

liver parenchyma. The liver may thus be expected to be the primary target of toxic 

substances, providing an excellent biomarker of aquatic pollution (Braunbeck 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 for further 

catabolism by other tissues; bile synthesized within hepatic cells aids in the carrying of 

conjugated metabolites of pollutants to the intestine for excretion; and vitellogenin, a 

major yolk protein is exclusively synthesized within the liver (Lauren, 1990).  

2.4.2.2 Histopathology of the liver 

Mathur (1965) reported marked degeneration of liver in Ophiocephalus punctatus, 

Barbus stigma, Trichogaster fascitus and Heteropneustes fossilis due to dieldrin toxicity. 

Welling and McCain (1976) and Maline (1980) 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 system. Amminikutty and 

Rege (1977) reported rapid degeneration and vacuolation in liver tissues of fish due to 

chronic exposure of Thiodon E.C and Agallol 3. According to Dubale and Shah (1979), 

necrosis and cytoplasmic disintegration occurred in hepatopancreas of Channa punctatus, 

due to Malathion exposure. According to 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 liver of Clarias batrachus. 

Altemirano-Reynoso (1984) observed lindane induced hydropic degeneration and 

epithelial necrosis in the liver of Tilapia hornorum. Ray and Bhattacharya (1984) in their 

histopathological study on liver of Anabas testudineus found that precipitation of 

cytoplasm, vacuolation of cells, nuclear degeneration, hepatic chord disarray etc., 

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. 

John et al. (1993) explained the impact of endosulfun on liver of Cyprinus carpio and 

observed some important histopathological alterations characterized by indistinct cell 

boundaries, loss of polygonal shape of hepatocytes. Risbourg and Bastide (1995), 

reported that vacuolization of hepatocytes, focal necrosis, hydropic degeneration, cloudy 

swelling occurred in fish liver exposed to atrizine herbicide. Neskovic et al. (1996) 

recorded early sign of fibrosis, congestion of sinusoids in liver of Cyprinus carpio 

exposed to glyphosate for sub-acute toxicity test. 

2.4.3 Intestine 

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

lamina epitelialis (simple columnar and glandular epithelium) and lamina propria 

(connective tissue); submucosae, consisting of two layers (stratum compactum and 

stratum granulosum); muscular layer and serosa (Poleksiĺ et al., 2006). This histological 

structure is not altered even in experiments in which fish were fed food containing heavy 

metals (Andreozzi et al., 1994; Kruatrachue et al., 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; Diaz et al., 2008). The structure and function of the stratum 

compactum seen in the sub mucosa have been reported 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 (Ezeasor and Stokoe, 1981; Dorin et al., 1993; Powell 

et al., 1993; Delashoud et 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). 

2.4.3.1 Intestine as biomarker of exposure to toxicant 

Different authors like Llyod (1960), McCarty et al., (1978), Datta and Sinha (1989), 

Ghosh and Chakrabarty (1990) in different occasions studied the effects of different 

xenobiotics on fish alimentary canal. Braunbeck et al., (1992) found that the fish gut was 

less sensitive to the impact of environmental pollutants 

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 Baeverfjord and Krogdahl (1996) as ñnon-infectious subacute 

enteritisò: shortening of intestinal villi, loss of supranuclear 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 intestine of Channa punctatus 

like, desquamation, degeneration and proliferation in villi, hyperactivity of goblet cells, 

focal necrosis, dialated blood vessels and accumulation of mucous in lumen due to 

aquatic pollution. Braunbeck and Appelbaum (1999) described distension of the 

intercellular space, proliferation of lysosomal compartment and stimulation of lysosomes 

within the cells in the intestine of Cyprinus carpio, exposed to endosulfun. 
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Histopathological effects of insecticides on intestine of fish have been studied by several 

authors (Tilak et al., 2003, 2005; Prashanth, 2003; Tilak and Yacobu, 2002; Thorat, 

2001). Triebskorn et al. (2004) observed enlargement and distortion in mucous cells, 

heavily dialated epithelial cells in the intercellular spaces between epithelial cells, in the 

intestine of rainbow trout (Onchorhynchus mykiss) exposed to anti-inflammatory drug 

diclofenac at a dose of 1 to 500 ɛg/l. Soufy et al. (2007) revealed epithelial degeneration, 

inflammatory cells infiltration in the submucosa as well as submucosal oedema in the 

intestine of tilapia fish exposed to carbofuran. Ramírez-Duarte et al. (2008) described 

there was no morphological alteration occurred in the intestine of fish cachama blanca 

(Piaractus brachypomus) due to Roundup exposure. They also observed the mild 

hyperplasia of mucous cells in stomach of Piaractus brachypomus after the exposure of 

Roundup at 7.5 to 120 mg/l dose. Mohamed (2009) observed necrosis, oedema in mucosa 

and submucosa layer; dilation of blood vessels of serosa and atrophy in muscularis and 

submucosa in intestine of Tilapia zillii and Solea vulgaris due to environmental pollutants 

in aquatic body. Ravanaiah and Narasimhamurthy (2010) observed vacuolization, 

pycnotic nuclei, distorted villi and serosa layer, necrosis in mucous epithelium, enlarged 

goblet cells in intestine of Tilapia mossambica due to irritants. 

 2.4.4 Kidney 

2.4.4.1 Kidney as biomarker of exposure to toxicant 

The teleostean kidney is one of the organs to be affected by contaminants in the water 

(Thophon et al., 2003). The kidney is a highly dynamic organ in most of the vertebrates; 

it receives about 20% of the cardiac output, chemicals substances in the systemic 

circulation are delivered in relatively high amounts to the kidney. The kidney of the fish 
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receives largest proportion of postbranchial blood, and therefore renal lesions might be 

expected to be good indicators of environmental pollution (Ortiz et al., 2003). 

2.4.4.2 Histopathology of the kidney 

Most common alterations found in the kidney of fishes exposed to water contamination 

are tubular degeneration (cloudy swelling and hyaline droplets) and changes in the 

corpuscle, such as dilation of capillaries in the glomerulus and reduction of Bowmanôs 

space (Takashima and Hibiya, 1995). Exposure to metals frequently causes alterations in 

the tubules and glomerulus, such as described by Thophon et al. (2003) for the perch 

(Lates calcarzfer) exposed to cadmium, Handy and Penrice (1993) found swollen 

Bowman's capsule cells and melanomacrophages in the kidney of trout (Salmo trutta) and 

tilapia (Oreochromis mossambicus) exposed to mercuric chloride. Similar alterations 

were found in fishes exposed to organic contaminants (Veiga et al., 2002) and mixed 

environmental; contaminants (Schwaiger et al., 1997; Pacheco and Santos, 2002). These 

reports suggest that the histopathological changes in the kidney, like in gills, could not be 

considered specific to the stressors. Granules 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 and anti-pathogen properties in fish and shrimp 

aquaculture 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 treatment and be 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 (Blumenthal et al., 2000; Logambal et al., 2000; Olusola et al., 

2013). 

2.5.1 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 (Pavaraj et al., 2011; Takaoka et al., 2011; 

Harikrishnan et al., 2012a). Shalaby et al. (2006) showed that food intake, specific 

growth rate and final weight of Nile tilapia (Oreochromis niloticus) increased when garlic 

was incorporated in the diet. In another study, grouper Ephinephelus tauvina fed with a 

diet supplemented with a mixture of methanolic herb extracts of Bermuda grass (Cynodon 

dactylon), Long pepper (Piper longum), stonebreaker (Phyllanthus niruri), coat buttons 

(Tridax procumbens) and ginger (Zingiber officinalis) displayed 41% higher weight than 

fish fed with the control (Punitha et al., 2008). Ji et al. (2007a) showed that olive flounder 

(Paralichthys olivaceus) fed with a herbal mixture of medicated leaven (Massamedicata 

fermentata), hawthorne (Crataegi fructus), virgate wormwood (Artemisia capillaris) 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 feeding with the herbal mixture improves fatty acid utilization. 

The authors suggested that this could be caused by a lower plasma triglyceride and high 

plasma HDL-CHO (high-density lipoprotein cholesterol) levels in the herbal mixture 

diets. Besides, plant extracts 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, 2009; Citarasu, 2010; Talpur and Ikhwanuddin, 2013).Putra et 

al. (2013) showed that supplemented diet with 1% of ethanolic katuk extract (Sauropus 

androgynous) stimulated appetite, growth and improved food utilization (lower feed 

conversion ratio) in grouper Ephinephelus coioides. 

2.5.2 Plant extracts as immunostimulants 

The immune system is classified into innate (non-specific) 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 (Harikrishnan et al., 

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 diseases and external aggressions (Anderson, 1992). An increasing interest in 

the use of plant extracts as fish immunostimulants has arisen in the last decade (Galina et 

al., 2009; Vaseeharan and Thaya, 2013). Several 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 albumin) (Dugenci et al., 2003; Wu et 

al., 2010; Yuan et al., 2007). 

Other studies analyzed the haematological parameters which provides a clue of the fish 

health status and they found that erythrocytes, lymphocytes, monocytes, hemoglobin and 

hemocrit levels significantly increased in fish treated with plant extracts compared to 

control fish (Shalaby et al., 2006; Innocent et al., 2011; Harikrishnan et al., 2012a). 
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Lysozyme activity and burst respiratory activity of olive flounder increased more when 

treated with plant extract (Harikrishnan et al., 2011b).  

2.5.3 Plant extracts as fish anti-pathogenic  

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; Zahir et al., 2009; Zheng et al., 2007). 

2.5.4 The Phytochemical constituents of Plant extracts of importance in aquaculture 

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 (Bakkali et al., 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 production 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 (Angioni et al., 2006; Abu-Darwish et al., 2011; 

Ben Marzoug et al., 2011; Chung et al., 2011; Ennajar et al., 2011; Karakaya, 2011 

Masotti et 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 (Bakkali et al., 2008), whereas other 

components are present only as traces (Rali et al., 2007; Bader et al., 2010). The 

components include two groups of distinct biosynthetic origin that are synthesized in 

secondary metabolism (Pichersky et al., 2006; Nagegowda, 2010). The main group is 
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composed of terpenes, terpenoids and the other of aromatic and aliphatic constituents, all 

characterized by low molecular weights (Bakkali et al., 2008). 

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

defenses against pathogens and pests due to their antibacterial, antiviral and antifungal. 

2.5.5 The potency and mode of action of plant extracts 

The effect of plant products on fish is dose-dependent and there is a potential for 

overdosing, so determining the suitable extract concentration is of great importance 

(Kajita et al., 1990; Harikrishnan et al., 2011a). The molecular basis of the antibacterial 

action of essential oil is poorly understood. It has been suggested that they can disrupt the 

permeability of the bacterial cell membrane (Turina et al., 2006; Pascua et al., 2007; 

Bouhdid et al., 2009), leading to the disruption of the proton motive force, electron flow 

and active transport (Helander et al., 1998; Cox et al., 2000; Lambert, 2001;Ultee et al., 

2002; Fisher et al., 2009). Other proposed mechanisms are related to the coagulation of 

cell contents (Lambert, 2001, Becerril et al., 2007), and recently, evidence has been 

provided for the inhibition of quorum sensing (Brackman et al., 2008; Kahn et al., 2009), 

the induction of heat shock proteins and the prevention of flagella development (Burt, 

2004). Interestingly, cinnamaldehyde was recently found to interfere with autoinducer-2 

(AI-2), which is involved in quorum sensing in Vibrio spp., by decreasing the DNA-

binding ability of LuxR, resulting in several marked phenotypic changes, including 

reduced virulence.Because inhibitors of AI-2-based quorum sensing are rare, and given 

the role of AI-2 in several processes, these compounds may provide useful leads for 

antipathogenic drugs (Brackman et al., 2008). 

There is need for quantifying and characterizing chemical plant extracts in order to 

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 concentration and 

regularized administration procedure (Reverter et al., 2014). 

2.6 The Plant ï Borreria verticillata  

Borreria verticillata is a perennial shrub belonging to the family Rubiaceae. It is 

commonly called shrubby false button weed or shrubby false button wood (Burkill, 

2000). It is distributed in tropical and subtropical America, Africa, Asia, and Europe 

(Dessein et al., 2006). It is originated from South and Central America (Burger and 

Taylor, 1993; Chiquieri et 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; Moreira et 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 eczema (Tinea versicolor), ring worm 

(Tinea capitis), scabies and other skin lesions (e.g. infectious dermatitis), toothache, 

headache, and dyspepsia (Chopra et al., 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 this plant is used for diabetes and 

dysmenorrhea, and when prepared with Cuscuta and Zebrina schnizlein is used for 

amenorrhea (Ayensu, 1978).While in Senegal it is used to treat bacterial skin infections 

and leprosy (Maynart et al., 1980). 

In Nigeria, it is common to all vegetation particularly in Sudan savanna, normally found 

in wastelands, in non-cultivated fields or within the vicinity of ponds, mainly in the rainy 

season. It is known as Fasa- kaba by the Hausa people of northern Nigeria, Irawo-ile by 



36 
 

the Yoruba people and Abia-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 traditional medicines. Studies have confirmed that 

extracts from Borreria and Spermacoce species as well as their isolated compounds 

possessed diverse biological activities, including analgesic, anti-inflammatory, antitumor, 

antimicrobial, larvicidal, antioxidant, gastrointestinal, anti-ulcer, and hepatoprotective, 

with alkaloids and iridoids as the major active principles (Shajiselvin et al., 2010; 

Conserva and Ferreira, 2012; Abdullahi et al., 2014). The roots are used to treat malaria, 

the leaves as ophthalmic, inflammation 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 constituents of  Borreria verticillata 

Studies of B. verticillata by research groups showed the presence of terpenoid indole 

alkaloids (Ferreria et al., 1978; Balde et al., 1991), and the structure of a new iridoid 

named borreriagenin isolated from a Methanol extract of the flowers of B. verticillata 

(Vieira et al., 1999). The phytochemical investigation of  B. verticillata, reported  the 

structural characterization of two new simple indole alkaloids, 6-methoxy-4-(3-

methylbut-2-en-1-yl)-1H-indole, named verticillatine A1) (1), and 1-(1H-indol-6-yl)-3-

methylbutan-1-one, named verticillatine B1) (2), and of a new iridoid, 6ô-O-(2-glyceryl) 

scandoside methyl ester1) (3), from the methanol extract of B. verticillata roots, isolated 

besides two known iridoids, asperuloside (4) and scandoside methyl ester (5), a mixture 

of aliphatic acids, a mixture of tri-Oacylglycerols, sucrose, and a mixture of glucose and 

sucrose were identified after preparation of the corresponding acetyl derivatives ( Moreria 

et al.,2010). 
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2.7 The Plant:  Adenium obesum 

Adenium obesum (Forssk) Roem and Schult with synonyms: Adenium somalense Balf.f 

(1888); Adenium socotranum Vierh, (1904); Adenium arabicum Balf.f; Adenium 

coetaneum Stapf; Adenium honghel A.DC, Nerium obesum Forssk, belongs to the Family 

Apocynaceae (McLaughlin and Garofalo, 2002; Arbonnier, 2004; Anon, 2008; Oyen, 

2008; Kanchanpoom et 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 name of the 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. obesum is known locally as ñKariyaò amongst the Hausa ethnic group of 

northern Nigeria (Dalziel, 1956; Adamu et al., 2005) just as it is also called ñAkpalataaò 

amongst the Igbo ethnic group of south-eastern Nigeria. 

2.7.1 Phytochemical constituents of Adenium obesum 

Several cardiac glycosides have been reported in A. obesum (Mettam, 1941).The main 

cardiac glycoside in the plant is Oleandrigenin ɓ- gentiobiosyl (1Ÿ 4) ɓ-D- thevetoside 

(Yamauchi and Abe, 1990; Ahmad and Basha, 2007). In addition, Oleandrigenin-ɓ-D-

glucosyl (1Ÿ4)-ɓ-D- digitalose was also isolated from the chloroform fraction of the 

plant (Kiyohara et al., 2012). Hoffman and Cole (1977) equally reported the presence of 

other active cardenolides (Somalin, hongheloside A, 16-acetylstrospeside and honghelin) 

and an active flavonol (3,3-bis[o-methyl] quercetin) from the ethanol extract of A. 

Obesum. However, an inactive triterpene (dihydroifflaionic acid) and an inactive flavonol 
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(3-0-methylkaempferol) were also reported from the ethanol extract of A. obesum 

(Hoffman and Cole, 1977). The methanol extract of A. obesum stem bark has been 

reported to contain some alkaloids, flavonoids, saponins, tanins, glycosides, 

anthroquinones and steroids (Tijjani et al., 2011a). However, only saponins, tannins, 

steroids and glycosides were reported from the petroleum spirit extract of Adenium 

obesum stem bark (Tijjani et al., 2011b). Similarly, a triterpenoid named botulin (Lup-

20(29)-ene-3,28-diol) was reportedly isolated from the stem bark of the plant (Tijjani et 

al., 2012). 

2.7.2 The Clinical manifestations of Adenium obesum toxicity 

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 snouts, adoption of different postures and sudden 

darts (Abalaka et al., 2015). 

2.7.3 The pathologic presentation of Adenium obesum toxicity  in fish 

Acute exposure of Clarias gariepinus to ethanolic extract of Adenium obesum stem bark 

showed vacuolation of hepatocyte,fatty degeneration,congestion of central 

vein,mononuclear cellular infiltration,hepatocyte necrosis,and degenerated hepatocytes in 

the liver; mononuclear cellular infiltration,fusion of the secondary lamellar,lamellar 

oedema,lamellar fusion,lamellar haemorrhage and epithelial detachment in the gill; 

proliferated mucous cells,hypertrophied mucous cells,eroded epithelial surface,and 

thickened epidermal layer in the skin (Abalaka et al., 2015). 
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2.7.4 The mechanisms of the cardio-toxicity in Adenium Obesum toxicity  

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 inhibiting the membrane-bound Na+ , K+  - ATPase pump thereby increasing 

intracellular Na+ and extracellular K+ resulting in the activation of the sodium-calcium 

pump (Na+- Ca + pump) that increases intracellular Ca + leading to increased myocardial 

contraction force (Novotny, 2005). However, excessive inhibition of the Na+ , K+ -

ATPase pump causes a variety of severe arrhythmias resulting in blocked cardiac activity, 

decreased cardiac output and death (Knight and Walter, 2001),which might be observed 

in A. obesum  poisoning. 
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CHAPTER THREE  

3.0 MATERIALS AND METHODS  

3.1 Plant Collection, Authentication and Processing 

The aerial part of Borreria verticillata was collected from Bassawa area within Zaria 

metropolis, Kaduna State in Nigeria between November ï December, 2016, and 

authenticated at the Herbarium section of the Department of Biological Sciences, 

Ahmadu Bello University, Zaria, where a specimen was deposited and a voucher number 

0670 was assigned. The leaves were picked and dried under shade until constant weight 

was obtained. The dried leaves were crushed into fine powder using a pestle and mortar 

and stored for the extraction process. 

The stem bark of Adenium obesum was collected from Samaru, Zaria, Kaduna State, 

Nigeria and it was also authenticated at the Herbarium section Department of Biological 

Sciences, Ahmadu Bello University, Zaria and a Voucher Specimen Number 01386 was 

given at the Herbarium for future reference.  

3.2 Extraction Process 

The stem bark of Adenium obesum was dried under shade until constant weight was 

obtained, and were crushed into coarse powder using a pestle and mortar and stored for 

the extraction process. The fresh leaves of Borreria verticillata was shade-dried and 

ground into a fine 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 filtered (Saravanan et al. (2010).The filtrate was used for the 

study. The same extraction process was applied to the Adenium obesum bark stem as 
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described earlier. The extractive yield (%w/w) of the process was calculated as described 

by Zhang et al. (2007). 

3.3 Determination of the Phytochemical Constituents of the Aqueous Extracts 

 

Phytochemical screenings was carried out on the aqueous extract of Borerria verticillata 

aerial and aqueous extract Adenium obesum stem bark in order to confirm the presence of 

phytochemical constituents following the methods described by Sofowora, (2008) and 

Evans (2009). 

3.3.1 Qualitative Phytochemical Screening 

The aqueous extracts of both adenium obesum stem bark and Borreria verticillata aerial 

part was screened quantitatively for the presence of metabolites. 

3.3.1.1 Anthraquinones: Borntragerôs test 

Five milliliters of the aqueous solution of the extract was shaken with 10 mL of benzene 

and filtered. Then 5 mL of 10% ammonia solution was added to the filtrate and stirred. 

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

3.3.1.2 Glycosides: Fehlingôs solution test 

To 5 ml of the aqueous solution of the extract, 5 ml of diluted sulphuric acid was added 

and boiled in water bath for 15 minutes before allowing it to cool. This was then 

neutralized with 20% potassium hydroxide before 5 ml of Fehlingôs solution A and B 

were addede.The formation of brick red precipitate was noted (Trease and Evans,1983). 
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3.3.1.3 Cardiac glycoside: Kella-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 solution in a dry test tube. This was then underplayed with 1 mL of concentrated 

sulphuric acid by allowing it to run down the inside wall of the test tube held at 45↔  angle 

without agitation or shaking.The appearance of a purple-brown ñ ringò at the interphase 

was noted. A violet 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). 

3.3.1.4 Saponins: Frothing test 

Five milliliters of the aqueous solution of the extract was made,shaken vigorously for 30 

seconds and allowed to stand for 30 minutes. The persistence of honey-comb froth was 

noted (Trans and Evans, 1983). 

 3.3.1.5 Steriods and tripertenes: Liberman-Buchardôs Test 

This test was performed according to Trans and Evans, 1983. 

Two mililitres of ethanol was added to 3 ml of the extract solution and then, chloroform 

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 the test tube was 

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

The aqueous extract of both Adenium obesum stem and Borreria verticillata aerial part 

was screened quantitatively for phenols, saponins, flavonoids alkaloids, and tannins as 

follows. 

3.3.2.1 Phenols 

The Folin-Ciocalteau method as described by Singleton and Rossi (1965) was used to 

determine the total phenolic contents in both plants.    Up to100 ɛL of properly diluted 

sample in an organic water-miscible solvent with at least 6 mL of water + 0.5 mL of 

Folin-Ciocalteau reagent (Sigma); wait between 1 - 8 min, add 1.5 mL of Na2CO3; mix 

and bring to 10 mL total volume with water; then measure absorbance 0.5 ï 2 hr later at 

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

conserve reagents. 

3.3.2.2 Alkaloids 

The gravimetric method of Harborne (1980) was used for this test.To 5g of the sample in 

a 250 ml beaker, 200 ml of 10% acetic acd in ethanl was added, covered and allowed to 

sand for 4 hours .This was filtered and concentrated on a water bath to one- quarter of the 

original volume and concentrated am   monium hydroxide was then added in a drop-wise 

manner. The mixture was allowed to settle prior to filtering the precipate in a pre-weighed 

filter paper and washed with 1 % ammonium hydroxide solution. The precipate in the 

filter paper was then dried in the oven at 60°C for 30 minutes and re-weighed.The 

alkaloid content was calculated from the weight differences and expressed as a percentage 

as follows: 

% alkaloid =   W2 ï 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 and precipitate 

3.3.2.3 Saponins 

The method of obadoni and Ochuko (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 separation funnel and 20 ml of diethyl 

ether was added and shaken vigorously.The aqueous layer was recovered while the ether 

layer was discarded. The purification process was repeated and 60 ml of n-butanol was 

added and the mixture was washed twice with 10 ml of 5% aqueous sodium chloride.The 

remaining solution 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.  

 3.3.1.4 Flavonoids 

The method of Boham and Kocipai-Abyazan (1994) was used where an aqueous solution 

of the ethanol extract was made and then filtered 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 constant weight.The weight was the flavonoids. 

3.3.1.5 Tannins 

Folin-Dennis spectrophotometric method as described by Pearson (1976) was used.One 

gramme of the sample was dissolved in 100 ml distilled water, agitated and allowed to 

stand for 30 minutes at room temperature prior to centrifugation to obtain the supernatant. 

Then 25 ml of the supernatant was dispensed 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 2.5 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 and express 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 of extract analysed 

 

3.4 Study Design 

3.4.1 Experimental Animal 

Ethical clearance approval was given by the Ahmadu Bello University Committee on 

Animal Use and Care (ABUCAUC) with approval number ABUCAUC/2017/014 for this 

study. The live juvenile African-Sharp-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 photo-periods (12/12-

h) with complete changing of pond water once in every three days. The fish were fed to 

their satisfaction (ad libitum) twice daily with 2mm Coppens® fish feed for aquaculture 

(Coppens® International by Helmond, Holland). A range finding test to determine the 

extract concentrations for the definitive test, as described by Fafioye (2001) was 

performed for the extracts of Borreria verticillata and Adenium obesum. Mortality was 

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

Guideline No. 423 (2001), presented in appendices VII,VIII,  and IX. 

3.4.3 Experimental design 

The experimental design was based on ten groupings (Table 3.1) as follows: 

 Group One (G1), represents the control group, 0.5 litre of tank water was taken and 

replaced with 0.5 litre unchlorinated water on daily basis, the whole water was refreshed 

every three days. 

Group Two (G2),represents the group where 25mg/l sub-lethal dose of Borreria 

verticillata extract (BVE)  was introduced every  24  hour into the tank, in order to 

maintain a constant concentration of the extract in the tank and the whole water in the 

tank was refreshed completely every 3 days to refresh the system. 

 Group three (G3),represents the group where 50mg/l sub lethal dose of BVE was 

introduced every  24  hour into the tank in order to maintain a constant concentration of 

the extract in the tank and the whole water in the tank was refreshed completely every 3 

days to refresh the system. 
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 Group four (G4), this represents the group where 100mg/l sub-lethal dose of BVE is 

introduced every  24  hour into the tank in order to maintain a constant concentration of 

the extract in the tank and the whole water in the tank was refreshed completely every 3 

days to refresh the system. 

 Group Five (G5),this represents the group where 200mg/l sub lethal dose of BVE was 

introduced every  24  hour into the tank in order to maintain a constant concentration of 

the extract in the tank and the whole water in the tank was refreshed completely every 3 

days to refresh the system. 

Group Six (G6),this group contains 10% of LC50 AOE which represents the sub lethal 

concentration of AOE was 0.838mg/l, this  is introduced every day into the tank after 

effectively dissolving the AOE in 10mls of water taken from the G6 tank,this is 

introduced every 24 hour into the tank in order to maintain a constant concentration of the 

extract in the tank and the whole water in the tank was refreshed completely every 3 days 

to refresh the system. 

Group Seven (G7), this represents the group combining the treatment of G2 and G6 (10% 

LC50 AOE + 20mg/l BVE),this is introduced every  24  hour into the tank  in order to 

maintain a constant concentration of the extract in the tank and the whole water in the 

tank was refreshed completely every 3 days to refresh the system. 

Group eight (G8),  this represents the group combining the treatment of G3 and  G6 (10% 

LC50 AOE + 50mg/l BVE), this was introduced every  24  hour into the tank in order to 

maintain a constant concentration of the extract in the tank and the whole water in the 

tank was refreshed completely every 3 days to refresh the system. 
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Group nine (G9),this represents the group combining the treatment of G4 and G6 (10% 

LC50 AOE 100mg/l BVE), this was introduced 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 whole water in the 

tank was refreshed completely every 3 days to refresh the system. 

Group ten (G10), this represents the group combining the treatment of G5 and G6 (10% 

LC50 AOE 200mg/l + BVE), this is introduced 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 whole water in the 

tank was refreshed completely every 3 days to refresh the system. 

 In the groups 7- 10,where the extracts were administered together,the Adenium obesum 

was administered first followed by the Borreria verticillata extract after an interval of 30 

minutes. Fish were fed twice daily (9am and 4pm), extracts were administered into the 

fish tank after morning feeding daily for 28 days, and water were refreshed every three 

days. Samples were collected on days 0, 7,14,21 and 28. 
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Table 3.1: The experimental design 28 days sub lethal treatment 

TREATMENTS G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 

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

25mg/l BE - + - - - - + - - - 

50mg/l BE - - + - - - - + - - 

100mg/l BE - - - + - - - - + - 

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

0.838 mg/l AOE - - - - - + + + + + 

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

Adenium obesum stem bark. G1 = Control; G2=25mg/l BVE; G3=50mg/l BVE; 

G4=100mg/lBVE; G5=200mg/l BVE; G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; 

G9=G4+G6; G10=G5+G6. 
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3.5 Physicochemical Analyses 

The temperature, pH, electrical conductivity and the total dissolved solids of the fish 

culture water were monitored with Hanna ñComboò portable hand instrument (Hi 98129, 

Hanna Instruments, Mauritius), while the dissolved oxygen content was monitored using 

the modified method of Winkler-Azide ( Lind, 1979; APHA, 1985). This is the standard 

test for dissolved oxygen .It uses a burret and 0.025N sodium thiosulfate,the solution is 

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

proportion to the oxygen concentration. 

3.6 Haematological Studies 

Two (2) ml of blood was collected from each sampled fish via caudal veno-puncture, 

from the lateral approach, a 25G needle was introduced through the lateral line laterally to 

the body of the fish, until contact was made with the spine, needle was gently withdrawn 

with aspiration at the same time, as the blood flow into the needle the gentle backward 

withdrawal was stopped and more blood was drawn to the required volume needed and 

divided into two portions, 1 ml of the collected blood was put into a bottle  containing 

ethylene diamine tetra acetic acid (EDTA) anticoagulant for heamatological evaluations. 

The remaining 1ml of blood was collected without anticoagulant for biochemical 

analyses. 

3.6.1 Packed Cell Volume Determination 

The packed cell volume (PCV) was determined using standard technique as described by 

Rehman et al. (2003). Non-heparinized capillary tube was filled up to about ¾ of its 

length from one end and the second end was heat-sealed using Bunsen burner. The blood 

in the sealed capillary tube was then centrifuged for 5 minutes at 4,383 x g using the 
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Saitexiangyi TG12MX® Micro-haematocrit centrifuge machine. Then the proportion of 

cells in the total volume of blood was measured and recorded as a percentage using the 

Hawksley® Micro-haematocrit Reader. 

3.6.2 Red Blood Cells and Total White Blood Cell count 

Red blood cells (RBC) and total white count were determined with the Natt-Herrick 

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 samples 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 cause capillary shift of blood into the tissue. The diluting solution (Natt-Herrick) 

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 equal distribution 

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 tube was used to 

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 under-filling or over-filling,  then left for 5 

minutes for cells to settle down. 

The light microscope (Olympus-XSZ-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 = white x 109 /l 

Where N = Number of white counted in the four outer large squares (or in 64 small 

squares) 

For RBC count, the cells contained in the four corner and central squares in the mid-

section of the haemocytometer were counted. Following the ñLò rule: cells that touch the 

centre triple lines of the ruling on the left and the bottom sides were counted but cells that 

touch the centre triple 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 1012 /l 

Where N = Number of RBC counted in the 5 squares in the mid section of the 

haemocytometer (or in 160 squares). Note that both charged sides of the haemocytometer 

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

3.6.3 Heamoglobin concentration 

Blood haemoglobin concentration was assayed colorimettrically using cyanmethaemoglo

bin method described by Feldmann et al.,(2000) . Five millilitre of haemoglobincyanide 

(HICN) (Drabkin) solution were measured using a 5ml syringe into plastic test tubes. 

Twenty microlitres (20 µl)  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 from interfering with 

the reading.The supernatant eas separated into a sample bottle.The mixture was absorbed 

into the haemoglobin meter (XF-C,China).After the weighing pump stops working,the 

value displayed on the screen was recorded in g/dl as haemoglobin concentration.   
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3.6.4 Differential white blood cell count  

The differential white blood cell counts were determined using the method as described 

by Kemal (2014). A small drop (about 2 µl) of blood was immediately used for the 

preparation of blood smears each using the standard slide-to-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. The fixed slides were removed and allowed to air-dry. The slides 

were transferred to a second coplin jar containing fresh Wright-Giemsa stain and an equal 

amount of Sßrensenôs buffer (pH of 6.8) and allowed to stay for 20 to 30 minutes. These 

were neatly packed into a slide box until examination. 

Examination of the blood smears was done using a light microscope (Olympus-XSZ-

107BN) under high-power magnification with oil immersion (X1, 000). One hundred 

white blood cells (WBC) were counted and classified based on their morphologic features 

(Hawkey and Dennet, 1989). The counting was done using the Marble® Blood Cell 

Calculator. The differential white count was then expressed as a percentage of the white 

blood cell series. 

3.6.5 Haematological indices 

Heamatological indices of mean corpuscular volume (MCV), mean corpuscular 

hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) were 

determined as described by Stockham and Scott (2002). 

3.7 Serum Biochemical Studies 

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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3.7.1 Serum Aminotransferases and Alkaline Phosphatase 

3.7.1.1 Serum 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, 100mmol/l, pH 7.4; L-

aspartate, 100mmol/l; and Ŭ-ketoglutarate, 2mmol/l) and the mixture was incubated for 

exactly 30 minutes at 37oC. 0.5ml of reagent 2 (2,4-dinitrophenylhydrazine (2mmol/l) 

was added to the reaction mixture and allowed to stand for exactly 20minutes at 25oC. 

Then 5.0ml of Sodium hydroxide (0.4mol/l) was added and 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. 

3.7.1.2 Serum Alanine Aminotransferase (ALT) Determination 

 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 7.4), L-alanine 

(100mmol/L), and Ŭ-oxoglutarate (2mmol/L) and the mixture incubated for exactly 30min 

at 37oC. 0.5ml of 2, 4-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 after 5 min at 546nm.  
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3.7.1.3     Serum Alkaline Phosphatase (ALP) Determination 

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

described by Rec. (1972). 

0.02ml of serum sample and 1.0ml of reagent was mixed together in the cuvette. After 

mixing sample and R1, the initial absorbance was read at 405nm and a timer started 

simultaneously. Absorbance was read again after 1, 2 and 3 minutes. ALP activity was 

calculated using the formula: 

U/L = 2760 x       A 405 nm/min 

3.7.2       Antioxidants 

3.7.2.1    Estimation of serum reduced glutathione (GSH) level 

The method of Beutler et al. (1963) was followed in estimating the level of reduced 

glutathione. 

3.7.2.2 Determination of serum superoxide dismutase activity 

The level of SOD activity was determined by the method of 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 equilibrate in 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 ml of 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 =   A3 ï A0 

          2.5      

Where A0 = absorbance after 30 seconds  

 A3=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 (Hrubec, et. al, 

2001), for the in-vitro 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 Cu2+ contained in 1 mL of Biuret reagent in a clean test tube, to form a 

stable coloured complex. The mixture was allowed to stand for 10 minutes 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 to stand for 10 minutes. After this, the absorbances of 

both the sample and standard 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: 

!ÂÓÏÒÂÁÎÃÅ ÏÆ ÓÁÍÐÌÅȾ!ÂÓÏÒÂÁÎÃÅ ÏÆ ÓÔÁÎÄÁÒÄ υ  4ÏÔÁÌ ÐÒÏÔÅÉÎ ÇÄÌϳ  
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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 400µl of the sample was mixed with 1.6ml of tris-KCl buffer to which 500 

µl of 30% TCA was added. Then 500 µl of 0.75% TBA was added and placed in a water 

bath for 45 minutes at 800C. This was then cooled in ice and centrifuged at 3000 g for 5 

minutes. The clear supernatant 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 105 M-1 Cm-1 

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

            E532nm x volume of sample x mg protein  

  MDA FORMED = mmol/mg protein 

3.8 Histopathological Studies 

After the collection of blood for haematological evaluation the fish so harvested was 

observed for gross leisons, thereafter the fish was euthanized with 4% ethyl alcohol as 

described by Fafioye (2005). The gill, liver, intestine, and kidney, from each fish were 

harvested-fixed in 10% neutral buffered formalin,processed,paraffin embedded, sectioned 

at 5µm and stained with haematoxylin and eosin as described by Roberts (1978), and 

Bancroft and Cook (1994) for histopathological examination.An Olympus light 
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microscope was used to view the tissue slides and a Samsung digital camera was used to 

capture the photomicrographs. 

3.8.1 Tissue 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 (50.0 % for 30 minutes; 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 appeared translucent, 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 point 600C to 620C. Paraffin 

blocks were then cut in a rotary microtome. Cut sections (of 4 µm to 6 µm 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 

transferred 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 

haematoxylin, 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 high power research grade Olympus (BH-2) and 

images captured with a samsung digital camera. 
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3.9 Data Analyses 

Data was expressed as mean ± SEM and then subjected to Two-way Analysis of Variance 

(ANOVA) for statistical significance at p<0.05. Tukeyôs multiple comparison tests for 

means was used to compare differences between the various means using SPSS version 

20. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 The Extractive Yield of Aqueous Extracts of Adenium obesum Stem Bark and 

Borreria verticillata Aerial Part  

The aqueous extraction process on Adenium obesum stem Bark fine powder with dry 

weight of 3kg yielded 207.53g and an extractive yield of 6.91% w/w. Similarly, the 

aqueous extraction carried out on Borreria verticillata with dry weight of 3kg yielded 

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

4.2 Phytochemical constituents of aqueous extracts of Adenium obesum stem bark 

and Borreria verticillata aerial part 

The physicochemical analyses revealed similar constituents in aqueous extracts of 

Adenium obesum and Borreria verticillata (Table 4.1).The quantities of various 

constituents appeared to be higher in Adenium obesum than in Borreria verticillata 

extract (Table 4.2), except for phenols which amounted to 1% in the former and 9% in the 

latter. 
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Table 4.1: Phytochemical constituents of aqueous extract of Adenium obesum stem 

bark and aqueous extract of Borreria verticillata aerial part 

Constituents  Inferences 

  AOE BVE 

Carbohydrates  + + 

Anthraquinones  - - 

    

Cardiac glycosides  + - 

Saponins  + + 

Steroids and 
 + + 

Triterpenes 

Tanins  + + 

Flavonoids  + + 

Alkaloids  - + 

Keys: + = present, - = absent, AOE = Aqueous extract Adenium obesum stem bark, 

BVE = Aqueous extract Borreria verticillata aerial part 
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Table 4.2: Percentage of aqueous extract of Adenium obesum stem 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 extract Adenium obesum stem bark, BVE = aqueous extract 

Borreria verticillata aerial part  
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4.3 Clinical signs in Clarias gariepinus exposed to aqueous extract of Adenium 

obesum stem bark 

Clarias gariepinus exposed to varying concentrations of aqueous extract of  A. obesum 

stem bark over the 96-hr period exhibited signs that were divided into initial contact 

phase (0-hr to 48-hr) and a later exertive phase (72-hr to 96-hr) of the toxicity bioassay. 

Some of the clinical signs displayed by the fish during the 96-hr acute bioassay exposure 

were, repeated attempt to jump out of water, erratic movements,aggression, excessive 

mucus secretion,frequent opercula movements, air gulping, exposed snout, motionless, 

different postures (vertical,angular,flat), sudden dart,swirling/sluggish movements, and 

loss of balance (Appendices VII and   VIII ). 

4.4   Median lethal concentration of aqueous extracts of Adenium obesum stem bark 

and Borreria verticillata in Clarias gariepinus juveniles 

4.4.1 The median lethal concentration of aqueous extract Adenium obesum stem   

          bark  

The median lethal concentration (LC50) of aqueous extract of Adenium obesum stem bark 

extract was determined to be 8.38 mg/l using the probit analyzing tool in SPSS version 

20(Appendix VII),this was after a performance of a range finding test to determine the 

five extract concentration as described by Fafioye et al. (2004). 

4.4.2 The median lethal concentration of aqueous extract Borreria  verticillata aerial 

          part  

A range limit test conducted using five (5) fish per concentration showed no mortality at 

varying concentrations from 0-1200mg/l (Table 4.3). 
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Table 4.3: Behavioral Display of Clarias gariepinus juveniles Borreria verticillata in 

Range Finding Test 

  RANGE FINDING TEST  1 st 

TRIAL  

RANGE FINDING TEST 2 nd 

TRIAL  

Exposure time 

(HR) 

24 24 24 24  24  24  24  24  

Concentration(mg/l) 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  3rd 

TRIAL  

RANGE FINDING TEST 4 th 

TRIAL  

Exposure time 

(HR) 

24 24  24  24  24  24 24 24  

Concentration (mg/l) 50 100 150 200 400 600 800 1200 

Loss of balance - - - - - - - - 

Molting - - - - - - - - 

Discoloration - - - - - - - - 

Air gulping - - - - - - - - 

Erratic swimming - - - - - - - - 

Hemorrhage - - - - - - - - 

Mortality 0 0 0 0 0 0 0 0 
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4.5.1  Mean Red Blood Cell Count Sub-Lethal Treatment 

The mean red blood cell (RBC) counts difference between the groups on day 0 was not 

significant (P>0.05).The mean red blood cell count did not vary significantly (P>0.05) in 

groups 2-5 when compared to the values obtained for group 1 throughout the 28 days 

period.On days 7 to 28, the mean RBC counts declined significantly (P<0.05) from 

2.56±0.01 x1012/L to 2.00±0.00 x1012/L in group 6 (Table 4.4). However, the mean 

values of RBC counts showed singnificant (P<0.05) increase in groups 7-10 on days 14 

and 28 compared to group 6. 

4.5.2 Mean Hemoglobin Concentration Sub-Lethal Treatment 

The mean hemoglobin concentration difference between the groups on day 0 was not 

significant (P>0.05). The mean haemoglobin concentration decreased significantly 

(P<0.05) from 11.23±0.12 g/dl on day 0 to 10.72±0.01g/dl on day 28 in group 6 unlike in 

groups 1-5 where the values varied insignificantly (P>0.05).Groups 7 ï 10, treated with 

increasing concentration of Borreria verticillata aqueous extract had significant 

improvement in the mean haemoglobin concentration on days 7, 14 and 28, during the 

study (Table 4.5).  

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

On day 0, prior to exposure, the differences in mean packed cell olume (PCV) between 

the groups (Table 4.6) were not significantly (P>0.05) different from one another. 

Following exposure, there was a significant (P<0.05) and progressive decrease in mean 

PCV values, from 30.97±0.00% (day 7) to 29.37±0.27% (day 28) in group 6. The mean 

values of PCV obtained for groups 2-5 appeared to varied insignificantly (P<0.05) during 

the 28 days period compared to group 1(CONTROL).However,it was observed that the 
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mean PCV values in groups 7 ï 10 varied significantly (P<0.05) on day 14 and improved 

on days 21 and 28 of the study. 

4.5.4 Mean Erythrocytic Corpuscular Values Sub-Lethal Treatment 

The difference in the mean  corpuscular Volume (MCV), mean corpuscular hemoglobin 

(MCH) and mean corpuscular hemoglobin concentration (MCHC) values between the 

groups on day 0 and day 7 were not significant (P>0.05). 

The mean  corpuscular volume (Table 4.7),mean corpuscular haemoglobin (Table 4.8) 

and mean corpuscular haemoglobin concentration (Table 4.9) of the fish all had a similar  

pattern of progressive significant (P<0.05) decline from days 7 to 28 in group 6. Mean 

values of the indices increased significantly (P<0.05) in groups 7 ï 10, from days 7 ï 28.
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Table 4.4: Mean Red Blood Cell Count (RBC) of Clarias gariepinus juveniles exposed to aqueous extract Adenium obesum stem bark 

and treated with Borreria verticillata aqueous extract aerial part 

  RED BLOOD CEL COUNT L(x1012/L)   

TREATMENT  GROUPS  DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 2.69±0.00 2.71±0.01f  2.73±0.00  2.73±0.001 2.73±0.02  

G2 2.68±0.01 2.70±0.02 2.70±0.03 2.71±0.03 2.73±0.03 

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 2.71±0.00 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±0.01bcde 2.30±0.00ahij 2.15±0.00aghij 2.00±0.00aghij 

G7 2.72±0.01 2.57±0.01 2.37±0.01hij 2.22±0.01 2.13±0.01fhij 

G8 2.70±0.00 2.59±0.00 2.46±0.01 fgj 2.38±0.00 2.29±0.00fgij 

G9 2.70±0.01 2.60±0.00h 2.51±0.01 fgj 2.52±0.01 2.49±0.00fghj 

G10 2.69±0.01 2.65±0.00 2.69±0.00 fghi 2.63±0.02 2.68±0.01fghi 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/l BVE; G6 = 10% LC50 AOE; G7= G2+G6; G8= G3+G6; 

G9=G4+G6; G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial 

part. 
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Table 4.5:  Mean Hemoglobin Concentration (Hb) of Clarias gariepinus juveniles exposed to aqueous extract Adenium obesum stem bark 

and treated with Borreria verticillata aqueous extract aerial 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 11.35±0.03 11.37±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 11.37±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±0.00bcde 10.85±0.00 ghij 10.72±0.01 10.65±0.00ghij 

G7 11.34±0.03 11.05±0.00 11.00±0.00 fij  11.07±0.00 11.17±0.00fij  

G8 11.35±0.05 11.10±0.03f 11.10±0.00 fj 11.08±0.00 11.23±0.01fj 

G9 11.29±0.00 11.14±0.00 11.20±0.00 fg 11.09±0.00 11.30±0.00fg 

G10 11.31±0.01 11.20±0.00fghi 11.30±0.00 fgh 11.12±0.00 11.38±0.00fgh 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate statistical difference (P<0.05) when compared to groups1, 2, 3, 4, 5, 6, 7, 8, 9, and 10; G1=Control; 

G2=25mg/l BVE; G3=50mg/l BVE; G4=100mg/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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Table 4.6: Mean Packed Cell Volume (PCV) of Clarias gariepinus juveniles exposed to aqueous extract Adenium obesum stem bark and 

treated with Borreria verticillata aqueous extract aerial 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±0.33f 32.73±0.33 

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 32.36±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 32.42±0.67 32.42±0.67 32.43±0.67 32.44±0.67 32.47±0.67 

G6 32.36±0.67 30.97±0.00abc 29.93±0.33ahij 29.60±0.20ghij 29.37±0.27aghij 

G7 32.37±0.67 31.04±0.00 30.04±0.00hij 30.20±0.06 30.94±0.00fij  

G8 32.34±0.66 31.14±0.00 31.47±0.03fg 30.72±0.01 31.27±0.12fij  

G9 32.38±0.67 31.19±0.00 31.73±0.03fg 30.94±0.00 31.83±0.03fj 

G10 33.00±0.00 31.31±0.00 32.00±0.00fg 32.00±0.00 32.20±0.05fgh 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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TABLE 4.7: Mean Corpuscular Volume (MCV) of Clarias gariepinus juveniles exposed aqueous extract Adenium obesum stem bark  

treated with Borreria verticillata aerial part 

 MEAN CORUSCULAR VOLUME (%) 

TREATMENT GROUPS  DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 134.97±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±0.14 134.96±0.15 134.97±0.13 135.02±0.15 

G3 135.01±0.16 134.96±0.13 134.96±0.16 134.98±0.13 135.09±0.21 

G4 135.00±0.15 134.98±0.14 134.96±0.09 134.96±0.13 134.98±0.14 

G5 134.96±0.12 134.98±0.15 134.96±0.15 134.96±0.13 134.94±0.15 

G6 134.99±0.16 133.31±0.00a 130.23±0.00agjij 130.02±0.13ghij 128.79±0.01aghij 

G7 135.03±0.19 133.35±0.00 131.35±0.00fhij 132.35±0.00 130.35±0.01fhij 

G8 135.00±0.16 133.38±0.00 132.48±0.00fgij 132.48±0.00 131.48±0.01fg 

G9 135.03±0.19 133.39±0.00 133.54±0.02fgh 132.58±0.00 131.68±0.01fg 

G10 134.99±0.16 133.41±0.00 133.66±0.01fgh 133.60±0.00 131.77±0.01fg 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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Table 4.8: Mean Corpuscular Hemoglobin (MCH) of Clarias gariepinus juveniles exposed to aqueous extract Adenium obesum stem bark 

and treated with aqueous extract Borreria 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 40.31±0.48 40.31±0.48 40.33±0.48 

G2 40.32±0.48 40.32±0.50 40.32±0.50 40.33±0.50 40.34±0.48 

G3 40.32±0.49 40.31±0.49 40.32±0.48 40.31±0.50 40.31±0.48 

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 40.31±0.48 40.32±0.48 40.33±0.48 

G6 40.30±0.46 37.47±0.11aghij  36.50±0.05aij 35.57±0.12ahij 34.67±0.14aghij 

G7 40.32±0.47 37.37±0.25a 37.01±0.01 ij 37.04±0.00ij  37.37±0.25fj  

G8 40.28±0.50 38.64±0.30 38.01±0.01 j   38.64±0.30 f 38.02±0.01fj  

G9 40.28±0.49 39.00±0.00 39.04±0.00g  39.00±0.00f 39.00±0.00f 

G10 40.29±0.48 40.52±0.06 39.95±0.02fgh  39.95±0.02fg 39.95±0.02fgh 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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Table 4.9: Mean Corpuscular Hemoglobin Concentration (MCHC) of Clarias gariepinus juveniles exposed to aqueous extract Adenium     

obesum stem bark and treated with aqueous extract Borreria verticillata aerial part  

 MEAN CORPUSCULAR HEMOGLOBIN CONCENTRATION (%)  

TREATMENT GROUPS  DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 32.63±0.33 33.28±0.57 33.29±0.57 33.30±0.57 33.31±0.57 

G2 32.27±0.58 33.27±0.57 33.25±0.56 33.25±0.58 33.24±0.56 

G3 31.93±0.89 33.28±0.57 33.01±0.58 33.24±0.58 33.27±0.57 

G4 33.26±0.57 33.27±0.57 33.04±0.57 33.25±0.57 33.28±0.57 

G5 33.27±0.57 33.25±0.59 33.03±0.03 33.20±0.59 33.27±0.57 

G6 33.29±0.57 27.47±0.33ghij 26.47±0.03ghij  25.57±0.28aghij 24.26±0.00aghij 

G7 33.28±0.57 28.24±0.00 29.00±0.00fj 29.00±0.00fj 29.07±0.06fj 

G8 33.29±0.57 29.29±0.00 29.29±0.00f 29.20±0.00f 29.24±0.00fj 

G9 32.17±0.58 29.34±0.00 29.34±0.00f 29.74±0.00f 30.57±0.00f 

G10 32.26±0.57 30.26±0.13 30.89±0.09f 31.12±0.13fg 31.39±0.00fgh 

Superscripts,a,b,c,d,e,f,g,h,I,j, indicates statistical difference (P<0.05) when compared to groups 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 respectively; 

G1=Control; G2=25mg/l BVE; G3=50mg/l BVE; G4=100mg/l BVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; 

G9=G4+G6; G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial 

part  
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4.5.5 Mean Total White Blood Cell Count Sub-lethal Treatment 

The total white blood cell count of the juvenile C. gariepinus fish in group 6 increased 

significantly (P<0.05) from 17.98±0.04x109 cells/L on day 7 to 18.80±0.06 x 109 cells/L 

on day 28.These values were higher than those of groups 1-5 and 7 -10. However, there 

was a dose and time dependent decrease in the total white blood cell counts in group 7 ï 

10 (Table 4.10). Similarly, there were significant (P<0.05) increase in differential counts 

of heterophils (Table 4.11), eosinophils (Table 4.12), monocytes (Table 4.13) and 

lymphocytes (Table 4.14) in group 6. For all the white blood cell types herein 

evaluated,the increase was first observed on day 7,except for monocyte counts,the 

increase of which was delayed until day 14.The mean values of differential white blood 

cell counts also decreased significantly (P<0.05) with increase in the dose of BVE and 

time.  

4.5.6 Mean Serum Total Protein Sub-lethal Treatment 

The serum total protein (TP) of the fish in group 6 decreased significantly (P<0.05) from 

4.73±0.12g/dl on day 7 to 3.03±0.00g/dl on day 28.These values were lower than those of 

groups 1-5 and 7 -10.There was a dose and time dependent increase in the mean serum 

total protein values in group 7 ï 10 (Table 4.15).  
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Table 4.10: Mean Total White Blood Cell Count of Clarias gariepinus juveniles exposed to aqueous extract Adenium obesum stem bark 

and treated with aqueous extract Borreria verticillata aerial part  

 TOTAL  WHITE BLOOD CELL COUNT  (x109/L)    

TREATMENT GROUPS  DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 17.96±0.03 17.99±0.01fghij 18.00±0.02fghij 17.99±0.03fghij 18.00±0.04fghij 

G2 17.96±0.04 17.98±0.02 17.99±0.03 18.00±0.03 18.01±0.03 

G3 17.93±0.07 17.96±0.04 17.97±0.06 17.98±0.03 17.98±0.06 

G4 17.90±0.11 18.00±0.02 18.01±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±0.01ghij 18.22±0.00ghij 18.50±0.06ghij 18.80±0.06ghij 

G7 17.98±0.05 18.10±0.00f 18.16±0.00fhij 18.27±0.01fj 18.37±0.01fij  

G8 17.98±0.06 18.07±0.00f 18.12±0.00fgj 18.22±0.01f 18.32±0.00fj 

G9 17.98±0.06 18.08±0.01fj 18.10±0.00fgj 18.19±0.00f 18.26±0.01fgj 

G10 17.98±0.07 18.04±0.00fgh 18.08±0.00fgh 18.13±0.01fg 18.09±0.01fghi 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE = Aqueous extract Borreria verticillata aerial part 
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Table 4.11: Mean Heterophil Count of Clarias gariepinus juveniles exposed to aqueous extract Adenium obesum stem bark and treated 

with aqueous extract Borreria verticillata aerial part  

 HETEROPHIL COUNT (x109/L)  

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 0.93±0.03 0.93±0.03f 0.93±0.03f 0.93±0.03f 0.94±0.03f 

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±0.04f 0.93±0.03 0.93±0.04 0.94±0.04 

G4 0.93±0.04 0.93±0.03f 0.93±0.02 0.93±0.03 0.93±0.02 

G5 0.92±0.03 0.93±0.03f 0.93±0.03 0.93±0.00 0.94±0.03 

G6 0.93±0.02 1.02±0.00ghij 1.05±0.00ghij 1.09±0.01ghij 1.12±0.00ghij 

G7 0.93±0.03 1.00±0.01b 1.01±0.00fj 1.02±0.01f 1.07±0.01fij  

G8 0.93±0.02 0.98±0.00 0.96±0.00f 0.98±0.03f 1.04±0.03ij 

G9 0.93±0.01 0.96±0.00 0.94±0.00f 0.96±0.00f 1.00±0.03fgj 

G10 0.93±0.01 0.94±0.00 0.92±0.00fg 0.91±0.01f 0.92±0.01fghi 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6. Keys: AOE = Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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Table 4.12: Mean Eosinophil Count of Clarias gariepinus juveniles exposed to aqueous extract Adenium obesum stem bark and treated 

with aqueous extract Borreria verticillata aerial part    

 EOSINOPHIL COUNT (x109/L) 

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 0.37±0.03 0.38±0.04fgh 0.38±0.04fgh 0.38±0.04fgh 0.37±0.01fgh 

G2 0.37±0.03 0.37±0.03 0.37±0.03 0.37±0.03 0.37±0.03 

G3 0.37±0.02 0.37±0.02 0.37±0.03 0.38±0.03 0.38±0.02 

G4 0.36±0.03 0.37±0.03 0.37±0.03 0.37±0.03 0.37±0.03 

G5 0.37±0.02 0.37±0.02 0.38±0.02 0.38±0.02 0.38±0.01 

G6 0.37±0.02 0.48±0.00ghij      0.50±0.02ghij 0.52±0.02fghij 0.56±0.00ghij 

G7 0.37±0.03 0.43±0.03ij 0.44±0.03fij  0.45±0.03fij  0.46±0.03 fij  

G8 0.37±0.02 0.41±0.03fj 0.42±0.03fj 0.43±0.03fj 0.44±0.03fj 

G9 0.37±0.01 0.39±0.03fg 0.40±0.03fg 0.41±0.03fg 0.42±0.03 fg  

G10 0.38±0.01 0.37±0.03fgh 0.38±0.03fgh 0.39±0.03fgh 0.39±0.03fgh 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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 Table 4.13: Mean Monocyte Count of Clarias gariepinus juveniles exposed to aqueous extract Adenium obesum stem bark and treated 

with aqueous extract Borreria verticillata aerial part  

 MONOCYTE COUNT (x109/L) 

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 2.54±0.03 2.55±0.02 2.55±0.03f 2.55±0.01f 2.55±0.01f 

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±0.01ghij 2.79±0.34ij 2.94±0.33ghij 

G7         2.55±0.06 2.57±0.01 2.60±0.00f        2.68±0.00f 2.70±0.00f 

G8 2.55±0.05 2.56±0.00 2.58±0.00f        2.65±0.00 2.67±0.00f 

G9 2.55±0.07 2.55±0.00 2.58±0.00f       2.63±0.00 2.64±0.00f 

G10 2.55±0.06 2.55±0.00 2.56±0.01f        2.60±0.00f 2.60 ±0.00f 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicates 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/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 

 



78 
 

Table 4.14: Mean Lymphocyte Count of Clarias gariepinus juveniles exposed to aqueous extract Adenium Obesum stem bark and treated 

with aqueous extract Borreria verticillata aerial part   

 LYMPHOCYTE COUNT (x109/L)  

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 13.24±2.18 13.44±1.66f 13.45±1.66f 13.44±1.66f 13.45±1.66f 

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 13.37±1.34 13.38±1.34 13.38±1.34 

G4 13.38±1.65 13.45±1.65 13.46±1.65 13.46±1.65 13.46±1.66 

G5 13.30±1.32 13.39±1.34 13.37±1.33 13.33±1.33 13.33±1.33 

G6 13.44±1.65 14.26±0.01ghij 14.51±0.00ghij 15.18±0.00ghij 15.41±0.02ghij 

G7 13.43±1.68 14.17±0.00fhij 14.23±0.00f 14.51±0.00fj 14.78±0.01hij 

G8 13.38±1.84 13.95±0.00fgij 14.00±0.00f 13.90±0.00f 14.54±0.00fg 

G9 13.38±1.88 13.46±1.33fghi 13.60±0.00f 13.68±0.00f 14.29±0.00fg 

G10 13.38±1.83       13.18±0.00fghi   13.39±0.00f 13.38±0.00fg 13.97±0.00fg 

K-eys: Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= 

G3+G6; G9=G4+G6; G10=G5+G6; AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata 

aerial part. 
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Table 4.15: Mean Serum Total Protein (TP) level of Clarias gariepinus juveniles exposed to sub lethal treatment of aqueous extract 

Adenium obesum stem bark and treated with aqueous extract Borreria 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±0.06f 4.72±0.06f 4.73±0.06f 4.74±0.06f 

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 4.75±0.06 4.76±0.06 4.77±0.06 

G5 4.73±0.04 4.74±0.05 4.74±0.06 4.75±0.07 4.75±0.07 

G6 4.73±0.12 4.46±0.03 3.27±0.03ghij 3.10±0.02ghij 3.03±0.00ghij 

G7 4.64±0.11 4.46±0.01 4.06±0.01fj 4.10±0.00fj 4.15±0.00f 

G8 4.65±0.10 4.48±0.00 4.10±0.00fghi 4.15±0.00fg 4.21±0.01f 

G9 4.69±0.06 4.50±0.00 4.23±0.01fj 4.23±0.01f 4.27±0.01f 

G10 4.72±0.06 4.54±0.00 4.45±0.00 fgh 4.32±0.02fg 4.31±0.01f 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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4.6    Mean Serum Levels of Aminotransferases and Alkaline phosphatase  of Clarias 

gariepinus Juveniles Sub-Lethal Treatment 

 

4.6.1 Mean Serum Aspartate Aminotransferase levels Sub-Lethal Treatment 

The mean serum levels of aspartate amino transferase (AST) in groups 2 ï 5 did not vary 

significantly (P<0.05) when compared to group 1 during the period (Table 4.16). There 

was a significant increase in the level of AST in group 6 from day 7 to 28. Mean values of 

the enzyme in groups 7 ï 8, were significantly (P<0.05) higher than those of groups 1 ï 

5,but were significantly (P<0.05) lower than those obtained in group 6 from days 14 to 

28.  

4.6.2 Mean Serum Alanine Aminotransferase Levels Sub-Lethal Treatment 

 

There was a progressive increase in mean serum levels of alanine amino transferase 

(ALT) of the fish in group 6,observed from days 7 to 28 (Table 4.17).The values in this 

group were significantly (P<0.05) higher than those recorded for groups 1 ï 5. On the 

other hand, the mean ALT values of groupd 7 ï 10 were significantly (P<0.05) lower than 

those of group 6, from days 14 to 28. 

 

 

 

 

 

 

 



81 
 

4.6.3 Mean Serum Alkaline Phosphatase Levels Sub-Lethal Treatment 

The mean serum levels of alkaline phosphatase (ALP) of the fish in group 6 increased 

significantly (P<0.05) from day 14 and remained higher than the values in groups 1 ï 5 

(Table 4.18). The juvenile fish in groups 7 ï 10 exposed to AOE and treated with BVE, 

had mean serum ALP values that were significantly (P<0.05) lower than those of groups 

6, but were higher (P<0.05) than those observed in groups 1 ï 5. 
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Table 4.16: Mean Serum Aspartate Aminotransferase (AST) Level of Clarias gariepinus juveniles exposed to Sub-Lethal Treatment of 

aqueous extract Adenium obesum stem bark and treated with aqueous extract 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±0.50f 56.76±0.48f 60.76±2.90f 56.76±0.48 

G2 56.77±0.48 56.77±0.48 56.78±0.48 56.79±0.49 56.76±0.48 

G3 56.77±0.49 56.75±0.48a 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 56.77±0.48 56.76±0.49 56.74±0.48 56.73±0.48 56.76±0.48 

G6 56.77±0.49 58.62±0.33a 59.96±0.01a 60.33±0.33aghij 60.98±0.01aghij 

G7 56.73±0.49 58.81±0.01 58.85±0.00 58.84±0.00f 58.79±0.00f 

G8 56.74±0.49 58.70±0.00 58.74±0.00 58.81±0.00f 58.74±0.00f 

G9 56.75±0.48 58.61±0.01 58.64±0.00 58.71±0.01f 58.71±0.00f 

G10 56.78±0.49 58.53±0.02 58.34±0.01 58.43±0.01f 58.64±0.01f 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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Table 4.17: Mean Serum Alanine Aminotransferase (ALT) level of Clarias gariepinus juveniles exposed to Sub-Lethal treatment of 

     aqueous extract Adenium obesum stem bark and treated with aqueous extract Borreria verticillata aerial part  

 SERUM ALANINE AMINO TRANSFERASE (IU/L)  

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 33.39±0.67 33.36±0.67 33.37±0.67f 33.38±0.67f 33.39±0.68f 

G2 33.35±0.67 33.35±0.67 33.36±0.66 33.37±0.67 33.38±0.66 

G3 33.40±0.66 33.36±0.67 33.36±0.67 33.37±0.67 33.37±0.67 

G4 33.45±0.65 33.35±0.67 33.39±0.67a 33.37±0.67 33.39±0.68 

G5 33.48±0.67 33.39±0.67 33.33±0.68 33.39±0.68 33.39±0.67 

G6 33.41±0.66 34.19±0.67 36.24±0.33 36.8±0.33ghij 38.04±0.34hij 

G7 33.42±0.67 34.70±0.00 34.74±0.01 34.26±0.01f 35.67±0.01 

G8 33.44±0.67 34.60±0.00 34.64±0.01 34.22±0.01f 35.51±0.01f 

G9 33.46±0.67 34.50±0.00 34.52±0.01 34.20±0.00f 34.47±0.01f 

G10 33.39±0.67 34.40±0.00 34.41±0.01 33.45±0.33f 33.69±0.34f 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicates 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/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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Table 4.18: Mean Serum Alanine Phosphatase (ALP) Levels of Clarias gariepinus juveniles exposed to Sub-Lethal treatment of aqueous 

extract Adenium obesum stem bark and treated with aqueous extract Borreria 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         69.67±0.42 69.67±0.43f 69.68±0.42f 69.68±0.43f 

G2 69.66±0.41 69.67±0.42 69.67±0.42 69.68±0.42 69.68±0.43 

G3 69.67±0.42 69.67±0.42 69.67±0.43 69.68±0.43 69.68±0.43 

G4 69.66±0.41 69.66±0.42 69.67±0.42 69.68±0.42 69.68±0.42 

G5 69.67±0.42 69.67±0.42 69.68±0.42 69.68±0.43 69.69±0.42 

G6 69.65±0.42 70.65±0.66 73.22±0.33ij 72.95±0.00j 73.86±0.34ghij 

G7 69.68±0.42 70.30±0.33 71.80±0.00 71.82±0.01 71.48±0.00f 

G8 69.66±0.41 70.26±0.34 71.70±0.00 71.72±0.00 71.34±0.01f 

G9 69.67±0.41 70.24±0.33 71.60±0.33f 71.61±0.33 71.23±0.01f 

G10 69.67±0.42 70.13±0.33 71.46±0.01f 71.42±0.01f 71.02±0.01f 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicates 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/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part  
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4.7      Effect of aqueous extract Borreria verticillata aerial part on serum oxidative 

stress markers in Clarias Gariepinus Juveniles 

4.7.1 Mean Serum levels of Malondialdehyde 

There were no significant (P>0.05) alterations in the mean serum MDA levels of the fish 

between all the groups on day 0 (Table 4.19). On day 7, the mean serum MDA level in 

group 6 increased from 0.15±0.01 mmol/mg protein   to 0.48±0.01 mmol/mg protein  on 

day 28, these mean values were significantly higher (P<0.05) than those in corresponding 

days of sampling in groups 1 -5. A significant (P<0.05) dose dependent increase in serum 

levels of MDA were observed on each day of sampling from groups 7 - 10, compared to 

group 1. However, the statistical analysis showed a significant (P<0.05) 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 significant (P<0.05) rise in mean serum level of reduced glutathione in fish 

exposed to Adenium obesum (group 6), from 10.40±0.03µg/ml on day 7 to 10.56±0.01 

µg/ml on day 28 (Table 4.20).These mean values of GSH declined significantly (P<0.05) 

in groups 7 ï 10,with increase in the dose of BVE, on the respective days of sampling. It 

should be noted that mean levels of GSH in groups 6 ï 10 were significantly (P<0.05) 

higher than those of group 1, on the same days of sampling. 

4.7.3 Mean Serum levels of Superoxide Dismutase 

The mean serum levels of superoxide dismutase (SOD) in group 6 (1.86±0.01- 1.98±0.00 

µmol/min) were significantly (P<0.05) higher than the 1.75 ± 0.01 µmol/min recorded for 

group 1 during the period (Table 4.21). Groups 7 to 10 also had significantly (P<0.05) 

higher values compared to groups 1 ï 5. However, these values declined significantly 
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(P<0.05) with increase in the dose of BVE administered to the fish, as observed on each 

day of sampling,compared to group 6,but significantly (P<0.05) higher than G1. 
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Table 4.19: Mean Serum Malondialdehyde (MDA) level of Clarias gariepinus juveniles exposed to Sub-Lethal treatment of aqueous 

extract Adenium obesum stem bark and treated with aqueous extract Borreria verticillata aerial part  

 SERUM MALONDIALDEHYDE (mmol/mg protein)  

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 0.09±0.01 0.09±0.00f 0.09±0.01f 0.08±0.01f 0.09±0.01f 

G2 0.08±0.00 0.08±0.01 0.09±0.01 0.06±0.00 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 0.08±0.00 0.09±0.01 0.06±0.00 0.07±0.00 

G6 0.08±0.01 0.15±0.01hij 0.39±0.00ghij 0.41±0.01ghij 0.48±0.01ghij 

G7 0.08±0.01 0.13±0.00f 0.17±0.00f 0.23±0.00fhij 0.29±0.00fj 

G8 0.08±0.00 0.11±0.00f 0.16±0.00f 0.20±0.00fghj 0.28±0.01fj 

G9 0.09±0.00 0.11±0.00f 0.15±0.00f 0.18±0.00fg 0.26±0.01 

G10 0.08±0.01 0.10±0.00f 0.14±0.00fgh 0.17±0.00fgh 0.23±0.00fgh 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate statistical difference(P<0.05) when compared to groups 1, 2, 3, 4, 5, 6, 7, 8, 9 and10; G1 = Control; 

G2=25mg/l BVE; G3=50mg/l BVE; G4=100mg/lBVE; G5=200mg/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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Table 4.20: Mean Serum Reduced Glutathione (GSH) level of Clarias gariepinus juveniles exposed to Sub-Lethal treatment of aqueous 

extract Adenium obesum stem bark and treated with aqueous extract Borreria verticillata aerial part 

 SERUM REDUCED GLUTATHIONE (µg/ml) 

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 10.13±0.01 10.13±0.00f 10.11±0.01f 10.10±0.00f 10.10±0.00f 

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±0.03ghij 10.43±0.04ghij 10.50±0.02ghij 10.56±0.01ghij 

G7 10.11±0.00 10.15±0.00fij  10.30±0.00fij  10.31±0.00fij  10.47±0.00fij  

G8 10.12±0.01 10.14±0.00fj 10.28±0.01fj 10.26±0.00fj 10.36±0.00fj 

G9 10.12±0.01 10.13±0.00fg 10.26±0.00fghj 10.21±0.00fgj 10.31±0.00fgj 

G10 10.11±0.02 10.12±0.00fgh 10.15±0.00fghi 10.16±0.01fghi 10.20±0.00fgh 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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Table 4.21: Mean Serum Superoxide Dismutase (SOD) level of Clarias gariepinus juveniles exposed to Sub-Lethal treatment of aqueous 

extract Adenium obesum stem bark and treated with aqueous extract Borreria verticillata aerial part  

 SUPEROXIDE DISMUTASE (µmolSOD/min)  

TREATMENT GROUPS DAY 0 DAY 7 DAY 14 DAY 21 DAY 28 

G1 1.75±0.01 1.74±0.01f 1.73±0.01f 1.72±0.01f 1.73±0.01f 

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±0.01ij 1.97±0.01j 1.98±0.01hij 1.98±0.01hij 

G7 1.72±0.00 1.93±0.00 1.93±0.00j 1.93±0.00ij 1.90±0.00ij 

G8 1.72±0.01 1.92±0.00 1.92±0.00 1.91±0.00f 1.80±0.00fj 

G9 1.72±0.02 1.92±0.00f 1.91±0.00 1.91±0.01fg 1.83±0.01fg 

G10 1.71±0.01 1.90±0.01f 1.90±0.00fg 1.90±0.00fg 1.78±0.01fgh 

Superscripts, a,b,c,d,e,f,g,h,I,j, indicate 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/l BVE;G6= 10% LC50 AOE; G7= G2+G6; G8= G3+G6; G9=G4+G6; 

G10=G5+G6.Keys: AOE=Aqueous extract Adenium obesum stem bark; BVE= Aqueous extract Borreria verticillata aerial part 
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4.8     Histopathlogical Studies 

4.8.1 Histopathological changes in fish gill s during Sub-Lethal Treatment 

Sections of gills from juvenile Clarias gariepinus in group 1 (control) showed no 

alterations in the primary and secondary lamellae (Plate I) on days 0 to 28. Similarly, 

there were no microscopic changes on the gills of Group 5 during the period (Plate II) on 

day 14,but denuded and atrophied secondary lamellae was observed on day 28 (Plate V). 

On the other hand, fusion of secondary lamellae, atrophied primary lamellae and 

congested blood vessels were observed in gills from Group 6 on day 14 (Plate III). The 

sections of gills obtained from group 6 on day 28 had fusion of secondary lamellae, club-

shaped primary lamella, complete fusion of the secondary lamella and congested blood 

vessel (Plate VI).The gills in group 10 had one-sided fusion, curled secondary lamellae 

and telangiectasia in primary lamellae as at day 14 (Plate IV) and cellular infiltration on 

day 28 (Plate VI I) of the study. 

4.8.2 Histopathological changes in fish Liver  during Sub-Lethal Treatment 

Histopathology revealed normal liver in Group 1 (Plate VIII) and Group 5 (Plate IX) 

during the period. The liver sections in Group 6 had hepatocellular vacuolation and 

aggregation of mononuclear cells (Plate X). The vacuolation was more severe and 

widespread on day 28 (Plate XIII ).These changes were also seen in liver samples obtained 

on days 14 (Plate XI) and 28 (Plate XIV) in Group 10, but less severe. 

4.8.3  Histopathological changes in fish Intestine during Sub-lethal treatment 

Sections of posterior segments of the intestines showed normal histology in Groups 1 

(Plate XV) and 5 (Plate XVI and Plate XIX) during the study. The intestinal sections in 
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Group 6 were characterized by hyperplasia of goblet cells (Plate XVII and Plate XX), 

similar to those in Group 10 (Plate XVI and Plate XXI) on day 14 and day 28 

respectively. 

4.8.4  Histopathological changes in fish kidney with  Sub-Lethal Treatment 

There were normal kidney structures in Groups 1 (Plate XXII) and group 5 (Plates XXIII  

and  VI) throughout the four weeks of this study. Tubular degeneration, congestion of 

blood vessels and hypercellularity of glomeruli were observed in Groups 6 (Plates XXIV 

and XXVII) from days 21 to 28. Most of the kidneys in group 10 similarly showed a near 

normal architecture and hypercellularity glomeruli (Plates XXV and XXVIII ). 
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Plate I : Photomicrograph of the gill in G1 (CONTROL) on D14, showing a normal     

 primary lamella (Black arrow) and a normal secondary lamellae (blue arrow)(H 

  & E, X200). 
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Plate II: Photomicrograph of the gill in G5 on day 14, showing secondary lamellae (black 

arrow), atrophied secondary lamellae (blue arrow) (H & E, X200). 
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Plate III: Photomicrograph of the gill in G6 on day 14, showing vacuolated        

primary lamella (yellow arrow), hypertrophy secondary lamella (red arrow).(H & 

E, X400) 
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Plate IV: Photomicrograph of the gill in G10 on day 14,showing a one-sided fusion of 

the secondary lamella(red arrow),mis-shapened secondary lamella (black arrow), 

              Telangiectasia within the primary lamella (yellow arrow) (H&E, X100).  
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PlateV: Photomicrograph of the gill G5 on day 28, showing,denuded ,fused,and 

atrophied secondary lamellae (blue arrow). (H&E, X400). 
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Plate VI: Photomicrograph of the gill in G6 on day 28, showing fusion of secondary 

 lamella (Yellow arrow),clubbed-shaped primary lamella with complete fusion   of 

the secondary lamella (Black arrow) and congested blood vessel (Red   arrow) 

(H&E, X200).  
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Plate VII: Photomicrograh of the gill in G10 on day 28; showing atrophied secondary 

lamelae( black arrow). (H & E, X100). 
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Plate VIII: photomicrograph of the liver G1; showing a normal parenchyma of the liver   

tissue, bile duct (Black arrow),central vein (yellow arrow),melanomacrophage 

 centre (blue arrow). (H & E, X200). 
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Plate IX: Photomicrograph of the liver in G5 on day 14, hepatopancrease (yellow arrow), 

melanomacrophage (blue arrow), diffuse areas of vacuolar degeneration of 

hepatocytes (black arrow). (H&E,X400). 
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Plate X: Photomicrograph of the liver in G6 on day 14, showing severe vacuolation  (blue 

arrow) (H & E, X2400). 
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Plate XI: Photomicrograph of the liver in G10 on day 14, showing;centrilobular 

    mononuclear cell aggregations(black arrow), hepatocyte vacuolation (yellow 

    arrow).(H & E, X1360). 
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Plate XII: Photomicrograph of the liver in G5 on day 28; showing normal liver 

      parenchyma. (H & E, X40). 
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Plate XIII: Photomicrograph of the liver in G6 on day 28; showing congested central vein 

     (black arrow),severe widespread hepatocellular vacuolation (yellow arrow). 

     (H & E, X2400). 
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Plate XIV: Photomicrograph of the liver G10 on day 28; atrophied hepatopancrease       

(yellow arrow),blood vessel (blue arrow)(H & E, X200). 
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Plate XV: Photomicrograph of the posterior intestine G1(Normal); showing,intestinal 

      lumen (L), intestinal villi (red arrow), lamina propria (blue arrow), 

      muscularis mucosa (double arrow), serosa (yellow arrow) (H & E, X1440). 
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Plate XVI: Photomicrograph of the posterior intestine G5 on day 14; showing intestinal 

      lumen (L),atrophy of villi (green arrow), muscularis mucosa (double arrow), 

      erosa (yellow arrow). (H & E, X1440). 
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Plate XVII: Photomicrograph of the proximal intestine in G6 of day 14; showing 

        hyperplasia of goblet cells (black arrow), lumen (L). (H & E, X400). 
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Plate XVII I :Photomicrograph of the posterior intestine G10 on day 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 of the posterior intestine G5 day 

        28, showing, normal secondary villus (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; showing, intestinal lumen (L), hyperplasia of the goblet cells (yellow 

      arrow), lamina propria (blue arrow),muscularis mucosa (double arrow) (H & 

      E, X1280).    
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Plate XXI:  Photomicrograph of the sagittal section of the posterior intestine in G10 on 

        day 28; showing, intestinal lumen (L), villi ( green arrow), goblet cell (yellow 

        arrow), sub mucosa (blue arrow), muscularis mucosa(double 

        arrow),serosa (black arrow),(H & E, X1280). 
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Plate XXII: Photomicrograph of the transverse section of the kidney G1(Normal), 

          showing; distal convoluted tubule (yellow arrow), proximal 

          convoluted tubule (blue arrow),  hematopoietic tissue (H) , 

           glomerulus (black arrow), (H & E, X1280). 
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Plate XXIII: Photomicrograph of the transverse section of the kidney  in G5 day 14; 

          showing, heamatopoietic tissue (H), proximal convuluted tubule (red 

          arrow).(H & E, X1680). 
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Plate XXIV: Photomicrograph of the transverse of the kidney in G6 on day 14;        

showing, depleted hematopoietic tissue (H), tubular degeneration     

(black arrow), distal convoluted tubules (blue arrow). (H &  E, X1680). 
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Plate XXV: Photomicrograph  of the transverse section of the kidney in G10 on day 14, 

       showing,proximal convuluted tubule (yellow arrow), hematopoietic tissue 

       (H), distal convoluted tubule (black arrow). (H & E, X1120). 
 

 

 

 

 

 

 

 

 

H 



117 
 

 

Plate XXVI: Photomicrograph of the transverse section of the kidney in G5 on day 28; 

        showing, hematopoietic tissue (H),glomerulus (yellow arrow), proximal 

        convuluted tissue (black arrow), distal convuluted tubule (blue arrow) (H & 

        E,X1680).  
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Plate XXVII: Photomicrograph of the transverse section of the kidney in G6 on day28; 

          showing, generalized tubular degeneration and necrosis (H) (H & E, 

          X1680). 
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Plate XXVIII: Photomicrograph of the transverse section  of the kidney in G10 on day 28; 

          showing, dilated proximal convuluted tubule (blue arrow),distal 

           convuluted tubule (yellow arrow), hematopoietic tissue (H), 

           hypercellularity of the glomerulus (black arrow). (H & E, X1120). 
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CHAPTER FIVE  

5.0 DISCUSSION 

 

The Sub-Lethal study revealed that fish exposed to aqueous extract Adenium obesum (G6) 

alone  during the twenty eight days showed a decrease in Red Blood Cell Count 

(RBC),Haemoglobin Concentration (Hb), Packed Cell Volume (PCV), and serum total 

protein levels,while there was an increase in aspartate aminotransaminase,alanine 

aminotransaminase, alanine phosphatase, reduced glutathione, superoxide dismutase, and 

malondialdehyde levels, compared to those exposed to aqueous extract Adenium obesum 

stem bark with different sub lethal doses of aqueous extract of Borreria verticillata (G7, 

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

The phytochemical findings in this study agreed with the works of Mgbojikwe, (2000) 

and Abalaka et al. (2015) who reported that the ethanol extract and aqueous extract of 

Adenium obesum stem bark, respectively contained carbohydrates, 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 Tijjani et al. 

(2011a, 2011b, 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 extracts of A. obesum stem bark.The 

difference observed in the phytochemical constituents, especially 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 the plants used, genetic variability between species, climatic conditions and the 
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nature of the soil profile upon which the plant was cultivated (Norton, 1975; Sellapan et 

al., 2002). 

The preliminary phytochemical screening of the aqueous extract of Borreria verticillata 

revealed the presence of flavonoids, alkaloids, saponins, sterols, tannins and glycosides, 

while anthraquinone and cardiac glycoside were absent. This finding is in agreement with 

a previous reports of Abdullahi et al.(2014) and Murtala et al.(2015) in which ethanol and 

aqueous extract of Borreria verticillata, respectively were used.These compounds are 

known to have analgesic and anti-inflammatory activities as well as hepatocurative effect 

(Perez, 2001; Lucia and Jesu, 2012). A number of flavonoids as well as tannins isolated 

from plants have been discovered to have significant analgesic and/or anti-inflammatory 

effects (Duke, 1992; Ahmadi ani et al., 1998, 2000). The inhibitory effect of flavonoids 

on eicosanoids synthesis has been documented (Damas et al., 1985; Raj et al., 2001; 

Danjuma et al., 2011). Flavonoids inhibit a wide array of enzymes such as protein kinase 

C, protein tyrosine kinases, phospholipase A2, phosphodiesterases among others have 

been reported (Middleton, 1998). Alkaloids 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; Akinmoladun et al., 2007a; 

Akinmoladun et al., 2007b). Thus, the presence of these constituents may be contributory 

to the analgesic and anti-inflammatory effects of the plant (Abdullahi et al., 2014; Silva et 

al., 2017).  

During the acute bioassay of the aqueous extract of Adenium obesum stem bark,the 

temperature (23 ï 32°C ), pH (7.30-7.44) and dissolved oxygen (4.69 ï 4.87 mg/l) of the 

fish culture were within the normal ranges with tolerable changes for growing of C 
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.gariepinus and survival of fish in general (Alabaster and Lloyd, 1980; Swann,1992; 

Byod and Tucker,1998; Chapman, 2000).The 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 properties of the water.It has been established that 

changes in dissolved oxygen content of the culture water does not adversely affect the 

survival of C. gariepinus since it has fully developed accessory breathing organs (ABOs) 

which can utilize atmospheric oxygen (Solomon and Taruwa, 2011; 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 presence of bacteria decomposition. However, the regular change of water 

during this experiment herein being reported here could not have allowed significant 

alterations in the physicochemical properties as observed by earlier investigators (Viveen 

et al., 1985; Janseen, 1987; 1992; Hogendoom, 1992; Petri et al., 1992; Swann, 1990; 

Chapman, 2000; Lawson, 2011).Thus, it is most probable that the changes and clinical 

signs of the fish in this study were due to the toxicity of A. obesum extract administered.  

The appearance and intensity of clinical signs in the contact phase of the fish toxicity 

study of juvenile Clarias gariepinus exposed to aqueous Adenium obesum extract was 

concentration-dependent 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 of the fish 

toxicity study were natural avoidance response to escape from the toxic aquatic 

environment. This was possibly to prevent the continuous absorption of the toxicant in the 

water environment. Similar hyperactivity and uncoordinated movements were reported in 

ticks exposed to the aqueous extract of A. obesum stem bark (Mgbojikwe, 2000). This is a 
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normal adaptation response, which allows fish to survive in altered environment 

(Svecevieus, 2001).  

There was progressive respiratory distress, characterized by increased opercula 

movements, air gulping and exposed snouts above water surfaces. Respiratory 

impairment may arise from increasing gill cellular damage and/or increasing 

accumulation of elaborated mucous on gill surfaces (Konar, 1970; Sambasiva Rao, 1999; 

Fafioye et al., 2004; Abalaka and Auta, 2010).  

Inhibition of pyridine-linked substrates oxidation suggestive of interference with 

oxidative phosphorylation have been  reported in ticks exposed to the aqueous extract of 

A. obesum stem bark (Mgbojikwe, 2000). The respiratory distress might have also been 

caused by the reconstituted extracts containing saponin known to induce surface tension 

(Geidam et al., 2007; Arnstrong, 2008). The observed surfacing phenomenon has been 

reported (Sambasiva Rao, 1999) as attempt to cope with the increasing oxygen demand. 

Frequent air gulping are attempts to utilize atmospheric oxygen in an effort to limit 

continuous gill contact with the toxic aquatic environment. 

Motionlessness, sudden quick darts and adoption of diff erent 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 aqueous extract of A. obesum stem bark 

(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 reports of Little and Finger (1990) and Little 

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

of brain cytochrome C oxidase leading to hypoxia, with resultant changes in the electrical 
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activity of the brain associated with the maintenance of equilibrium (Sambasiva and 

Chandrashekar, 1987). The Adenium obesum extract contained cyanogenic glycosides, 

which are known to inactivate cytochrome oxidase with subsequent inhibition of cellular 

respiration resulting in anoxia in the cardiovascular, 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 hyperstimulation (Halappa and David, 2009). Mgbojikwe (2000) 

reported the inhibition of acetylcholinesterase activity in A. obesum exposed ticks.  

The clinical responses noticed in the acute bioassay of Adenium obesum extract study 

agreed with the findings of previous investigators on Clarias gariepinus juveniles 

exposed to different plant extracts (Yeeken and Fawole, 2011; Adeboyejo et al., 2013; 

Orji et al., 2014; Abalaka et al., 2015). Similarly, Ubahe et al. (2012) observed irrational 

behaviour in Clarias gariepinus exposed to Hypoestes forskalei extract, 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 

studies may be associated with the impact of toxicants on fish. The excessive mucus 

secretions observed in the exposed fish in this study has also been reported (Jothivel and 

Paul, 2008; Abalaka and Auta, 2010; 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 toxicant (Cagauan et al., 2004). 

However, such excessive mucus secretions are reported to reduce respiratory activity in 

fishes (Konar, 1975). Several physiological and biochemical alterations have been 

reported in fish exposed to various botanical extracts (Devadoss et al., 2013; Audu et al., 

2015). 
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The established low LC50 of Adenium obesum aqueous extractvalue showed that the 

extract was very toxic to the exposed fish. There was strong correlation (r = 0.949) 

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 the aqueous 

extract of the stem bark. This present observation might be due to bio-transformation of 

the active toxic constituents of the plant's extract over time (Kela et al., 1989; Fafioye, 

2005), especially as the extract concentrations were not maintained daily throughout 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 affects the types and concentrations of 

their active toxic constituents (Norton, 1975; Sellappan et al., 2002).  

On the other hand the aqueous extract of Borreria verticillata aerial parts was found to be 

non toxic to the juvenile Clarias gariepinus, which showed 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 Abdullahi et al. (2014), that Borreria 

verticillata was non-toxic to rats and mice when given orally or intraperitoneally (LD50 > 

5000mg/l). Thus Borreria 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 an LD50 values between 500 and 5000 mg/kg and 5000 

mg to15,000 mg/kg body weight are regarded as slightly toxic and practically non-toxic, 

respectively in rats. 

The Red Blood Cell Count (RBC), Haemoglobbin Concentration (Hb), Packed Cell 

Volume (PCV),Total White Blood Cell Count (TWBC), Aspartate Aminotransferase 

(AST),Alanine Aaminotransferase (ALT), Alanine Phosphatase (ALP), 
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Malondialdehhyde (MDA), Total protein (TP), Reduced Glutathione (GSH) and 

Superoxide Dismutase (SOD) values in G2, G3, G4 and G5 showed no significant 

difference in their values during the course of the Sub-Lethal exposure, which showed 

that the sublethal doses of aqueous extract of Borreria verticillata treatments alone cause 

no detectable pathology in the blood chemistry of the fish in these groups compared to the 

control (G1). 

The aqueous extract of Borreria verticillata aerial parts have been shown to contained 

flavonoids which  are antioxidants and free radical scavengers which prevent cell 

damage, and protect the cells against carcinogenesis (Salah et al., 1995; Okwu, 

2004).This may be responsible for the absence of significant altrations on the blood 

indices mentioned.Abdullahi et al. (2014) reported the antioxidant, anti-inflammatory and 

analgesic effects,while Murtala et al., (2015) observed the hepatoprotective effect of 

aqueous extract Borreria verticillata in rats. 

There was a significant decrease in the values of RBC, PCV, Hb,TWBC, in fish exposed 

to the aqueous extract of Adenium obesum stem bark acute bioassay, in contrast to the 

report of Abalaka et al. (2015), in which an insignificant decrease was observed in fish 

exposed to ethanol extract of Adenium obesum stem bark. On the contrary Agwu et al., 

(2016), observed significant decrease in RBC, PCV and Hb of Clarias gariepinus 

fingerlings exposed to the roots of Telfairia occidentalis extract. White tilapia, 

oreochromis niloticus, had also showed a decrease in the levels of RBC, Hb, and PCV on 

exposure to almond (Terminalia catappa), pawpaw (Carica papaya), Neem (Azadirachta 

indica), Tobacco (Nicotiana tobacum) and Cassava (Manihot esculenta) extracts 

(Fafioye, 2012). Tobacco leaf extract have been shown to induce significant decrease in 
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all blood indices except MCHC (Musa and Omoregie, 1999; Omoregie et al., 1994; 

Omoniyi et al., 2002).  

Many other investigators have demonstrated significant reduction of RBC, Hb, PCV and 

erythrocytic indices due to extracts with toxic constituents (Nounou et al., 1997; Ezzat et 

al., 1998; Das and Mukherjee, 2000; Devi and Benerjee, 2007; Singh et al., 2010; 

Obiezue et al., 2011; Olusegun and Adebayo, 2014; Okwogu et al., 2015; Nwani et al., 

2016; Jegede et al., 2017), as being reported in this study.The significant decrease in PCV 

is suggestive of anemia as it is 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 be due to loss or destruction of RBCs (Payne, 

2005).  

Reductions in hemoglobin, packed cell volume and red blood counts were reported in 

Clarias batrachus exposed to toxicants (Masheswaran et al., 2008). This implies that the 

extract of the aqueous extract of Adenium obesum could cause anemia, possibly through a 

decreased rate of production of red blood cells or an increased loss of the red blood cells. 

Gill and Epple (1993) have attributed anemia to impaired erythropoiesis due to a direct 

effect of a toxicant on hematopoietic centers (kidney/spleen), accelerated erythroclasia 

due to altered membrane permeability and/ or increased mechanical fragility, and 

defective iron metabolism or impaired intestinal uptake of iron due to mucosal lesions. 

 However, the Borreria verticillata extract had in-significant effect on the total red blood 

cell count, packed cell volume, heamoglobin concentration and erythrocytic indices of 

juvenilesô clarias gariepinus in this study. 

In this present investigation, there was significant increase in total and differential white 

blood cell counts possibly in response to tissue damage caused by aqueous extract 
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Adenium obesum stem bark. This similar observation has been reported in fish exposed to 

plant extracts (Olusegun and Adedayo, 2014; Agwu et al., 2016).White blood cells play a 

major 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 were also significant decrease in the values of MCV, MCH, and MCHC, in the 

acute exposure of aqueous extract Adenium obesum stem bark, in agreement with Fafioye 

(2012) and Baki et al (2015), who reported a significant decrease in all the erythrocytic 

indices in acute exposure of white tilapia (Oreochromis niloticus) to almond (Terminalia 

catappa), pawpaw (Carica papaya), Neem (Azadirachta indica),tobacco (Nicotiana 

tobacum) and cassava (Manihot esculenta) extract.The reduction in levels of these indices 

may indicate a microcytic hypochromic anemia, the non-responsive nature of the anemia 

may be due to compromised haematopoietic tissues 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 or inhibiting the utilization of delta-amino levulinic acid (Haux et al., 

1985; Nussey et al., 1995). The values of erythrocytic indices among the fish treated with 

AOE were found to decrease with increasing toxicant concentration.Similar reduction has 

been observed by Okomoda et al. (2010). 

 The values of erythrocytic indices improved with concurrent treatment using BVE in G7, 

G8 G9 and G10.This can be attributed to a possible ameliorative effect of Borreira 

verticillata in preventing damage to the cell walls of RBCs through its anti-inflammatory 

action ,in a dose dependent manner (Abdullahi et al., 2014). 
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The levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and 

alkaline phosphatase (ALP) increased significantly in the C. gariepinus juveniles in group 

6 exposed to AOE, in this study. This agrees with earlier reports of toxicity in rainbow 

trouts exposed to paremethrin and adult Clarias gariepinus exposed to ethanol extract of 

Adenium obesum (Mozhdeganloo et al., 2015). 

The significant increase of AST may be indicative of cellular damages in the heart, 

skeletal muscles, liver, brains, kidney, pancreas, lungs, whites and RBCs where it is 

primarily found (Pratt and Kaplan, 2000). Similarly, elevated ALT activity could be 

suggestive of hepatic and renal injuries where it is mostly found (Wroblewski, 1958; Jung 

et al., 1981; Adolph and Lorenz, 1982; Sherman, 1999). It has been well known that 

AST, ALT and ALP are non-serum enzymes, thus an increase in their serum activities 

signifies cellular damages (Wells et al., 1986; Sallie et al., 1991). However, the ALT is 

more hepato-specific compared to AST activity (Herfindal and Gourley, 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, 1999; Yamawaki et al., 1986).Hepatic damage might have 

also been due to the tannins in the aqeuous extract of A. obesum stem bark. Tannins are 

hepatotoxic agents (Nellis, 1997; Evans, 2005) with ability to precipitate exogenous and 

endogenous proteins, including digestive enzymes (Temmink et al., 1989; Bagepallis et 

al., 1992; Abara, 2003; Bele et al., 2010).  

Several physiological and biochemical alterations have been reported in fish exposed to 

various botanical extracts (Ercal et al., 2001; Dabas et al., 2012; Devadoss et al., 2013; 

Audu et al., 2015). The level of malondialdehyde significantly increased in the exposed 

fish during the course of the acute toxicity study for the aqueous extract Adenium obesum 
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study compared to the control reflecting oxidative stress and lipoperoxidation. 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 Salunke, (2014). 

Lipid peroxidation, the metabolic process in which reactive oxygen specie (ROS) result in 

the oxidative deterioration of lipids,is a well-established mechanism of cellular injury in 

both plants and animals, and is used as an indicator of oxidative stress in cells and tissues 

(Gutteridge, 1995). Lipid peroxidation and antioxidants have been employed as 

biomarkers of tissue damage (Gutteridge, 1995; Marnett, 1999; Davies, 2000; Marnett, 

2000; West and Marnett, 2006).  

The Borreria verticillata extract had insignificant effect on the malondialdehyde level of 

juveniles Clarias gariepinus exposed to the extract alone in this study, thus Borreria 

verticillata extract did not induce oxidative stress in juveniles Clarias gariepinus while 

administered alone in this study. 

The decreased protein content as observed in C. gariepinus exposed to the aqeuous 

extract of Adenium obesum stem bark alone may be due to impairment of liver synthesis 

of protein by alkaloid bioactive molecule emetine (Moller et al., 2007). Similar results 

were obtained in Euphorbia royleana and Jatropha gossypifolia lattices (Singh and 

Singh, 2002) and in Cyprinus carpio exposed to Moringa oleifera seed extract (Kavitha et 

al., 2012).  

The extract might have possibly caused protein loosing enteropathy in the exposed fish. It 

may also be due to the fact that under stress condition fish directly utilized protein to meet 

their increasing energy demand for sustainable metabolic activity (Martinez et al., 2004). 

It is established that AST 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, 2003; Burger-Mendonca, 2008). The levels of AST and ALT were 

shown to have increased significantly in the exposed fish. In addition, the level of ALP 

known to be involved in protein synthesis was found to have decreased (Pilo et al., 1972). 

The ALP has a strong affinity for inorganic pyrophosphate (PPi) at a more physiologic pH 

and low Mg2+ concentration (Moss et al., 1967). The hydrolysis of the ALP increases the 

available concentrations of amino acyl-tRNA for protein synthesis while providing 

inorganic phosphate for re-synthesis of ATP and bone mineralization via the abolition of 

the known inhibitory effect of PPj on bone mineralization (Fleisher et al., 1977). 

Significant decrease in total protein concentrations, that were significant, was reported in 

ticks exposed to the aqueous extract of the stem bark of the plant (Mgbojikwe, 2000) and 

Nwani et al. (2016). 

The antioxidant levels of GSH significantly decreased in the C gariepinus juveniles 

exposed to AOE acutely in agreement with the observations of Sayeed et al. (2003) and 

Sentürk et al. (2009) after exposure to pyrethroids. These antioxidants are likely use up 

while scavenging for free radicals during the oxidative process in the AOE-exposed fish. 

It is known that GSH is an important intracellular antioxidant that protects cells against 

endogenous and exogenous oxidants (Parke and Piotrowski, 1996), functioning as a 

catalyst for disulfide exchange reactions, and contributes in H2O2 detoxification. It plays a 

major role in antagonizing the oxidative action of the herbicides, insecticides or other 

toxicants (Parke and Piotrowski, 1996). In a study, Nwani et al. (2016) reported an 

increase in SOD, but with a decrease in reduced glutathione level and explained that 

depletion of GSH by oxidants may alter the redox status of the cell and present a stressful 

and toxic situation.  
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The pan leukocytosis induced in G6, the high white blood cell counts recorded in this 

study could be due to an attempt by the fishes to fight against toxic constituents, with 

possible production of antibodies to improve the health status of the fish. Similar findings 

were reported by Ates et al. (2008) had speculated that the increase in white blood cell 

counts during acute and sub-lethal 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. Enhancement in the total white blood cell count following exposure in G6 could 

be possible due to leucocytosis which is an outcome of proliferation of haemopoietic 

cells, leading to progressive increase in the white blood cell counts in the peripheral blood 

(Tariq, 2007; Sharma et.al., 2007 ) .Changes in TWBC and differential count have been 

reported to play important roles in the assessment of the state of health of fishes, while 

leucopenia and leukocytosis in Clarias gariepinus occur during  exposure to pathogens, 

heavy metals and chemotherapeutics (Van Vuren et al., 1994; Ezeri, 2001; Omoregie and 

Oyebanji, 2002). 

Various fish species exposed to mercury have shown significant increase in total and 

differential leucocytes counts ((Ribeiro et al., 2006; Maheswaran et al., 2008; Ibrahim, 

2011), similar to the present observation. It can be explained that the stimulation of the 

immune system causes an elevation in lymphocytes by damages to lymphoid tissues 

(Shah and Altindag, 2005; Ibrahim, 2011). Kumar et al. (2004) had found that exposure 

to mercuric chloride induced changes in the differential white blood cell counts and 

caused lymphocytosis, heterophillia, monocytosis, eosinophilia and thrombocytopenia in 

Anabas testudineus. 
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Treatment of fish, with extract of Borreria verticillata in Groups 7 ï 10, led to decrease in 

MDA levels. This might possibly have been mediated by antioxidant activity of BE which 

investigators have reported (Abdullahi et al., 2014) which helps to avoid tissue damage 

(Avci et al., 2005; Atli et al., 2006). However, the detailed mechanism of this seeming 

tissue healing or protection by BE, seen 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 study.The GSH level may increase as an adaptive defence 

mechanism by the fish in response to the induced stress by aqueous extract Adenium 

obesum stem bark. Elevation of GSH has been reported by Saliu and Bawa-Allah (2012) 

in Clarias gariepinus exposed to ZnCl2. 

The surge in GSH levels in C. gariepinus exposed to heavy metals (Saliu and Bawa-

Allah, 2012) and polycyclic aromatic hydrocarbons (Olagoke, 2008), as environmental 

pollutants.This elevation was regarded as adaptive and protective response of the 

biomolecule against oxidative stress. 

The groups with the combination of aqueous extract Adenium Obesum stem bark and 

different sub lethal doses of Borreria verticillata (G7, G8, G9 and G10) showed 

decreased levels of GSH in a concentration-dependent manner over the 28 days period 

compared to G6. This shows that the aqueous extract Borreria verticillata aerial part 

might have prevented damages that may illicit inflammatory reactions capable of 

increasing the activity of GSH in an adaptive response manner. It seems that the Borreria 

verticillata extract contains constituents with ability to scavenge free radicals in a 

concentration dependent manner as have been reported by Abdullahi et al. (2014). 
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There was an increase in the levels of SOD in G6 exposed to aqueous extract Adenium 

Obesum stem bark) observed during the 28 days in a time dependent manner compared to 

the control (G1); but the condition improved in groups 7-10. This learns credence to the 

observation of Uner et al. (2001) who reported significant increase in SOD activities in 

liver and kidney of Oreochromis niloticus and Cyprinus carpio exposed to cypermethrin 

when compared to the controls. The liver, kidney and gills of cyprinus carpio exposed to 

malathion had similarly shown significant increase in SOD activity Yonar et al. (2015). 

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

against the free radicals generated by the toxicity induced by AOE.  

Histopathological changes have been widely used as biomarkers in evaluating the health 

of fish exposed to contaminants, both in the laboratory (Thophon et al., 2003) and field 

studies (Hinton and Filho, 1990). The gill, liver, intestine and kidney tissue of exposed 

Clarias gariepinus juveniles showed various pathological changes in this study. 

Hyperplasia and hypertrophy of the epithelial cells, besides partial fusion of some 

secondary lamellae observed in AOE exposed fish in this study, might 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 

contaminants in this study (Mallat, 1985; Hinton and Laurén, 1990; Poleksic and 

Mitrovic-Tutundzic, 1994; Fernandes and Mazon, 2003). Coutinho and Gokhale (2000) 

found epithelial lifting in the gills of carps (Cyprinus carpio) and tilapias (Oreochromis 

mossambicus) exposed to the effluents of waste water treatment plant. Engelhardt et al. 

(1981) observed such epithelial lifting along with lamellar fusion in rainbow trouts 

(Oncorhynchus mykiss) exposed to petroleum residues. Similar alterations in the gills 

have been observed in the fishes exposed to metals (Oliveira Ribeiro et al., 2000; 

Cerqueira and Fernandes, 2002; Martinez et al., 2004) and organic contaminants (Rosety-
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Rodríguez et al., 2002; Fanta et al., 2003). According to Mallat (1985) such alterations 

are non-specific and may be induced by different types of contaminants. As 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 

ventilation rate, to compensate low oxygen uptake (Fernandes and Mazon, 2003). Most 

part of the gill lesions caused by sub lethal exposures affects lamellar epithelium (Hinton 

and Laurén, 1990). 

However, some alterations in blood vessels may also occur, when fishes suffer from more 

severe types of stress. Damaged cells can result in an increased blood flow inside the 

lamellae, causing dilation of the marginal channel and blood congestion (Takashima and 

Hibiya, 1995; Rosety-Rodríguez et al., 2002; Heath, 1987; Martinez et al., 2004; Poleksic 

and Mitrovic-Tutundzic, 1994). 

The observed changes, on gill sections, such as club-shaped and atrophy of primary 

lamellae, vacuolations and fusion of secondary lamellae as well as congestion of blood 

vessels in the gill arches of Group 6 appeared to be milder in Groups 7 -10 and absent in 

Groups 1-5. Similar alterations have been reported in fish exposed to permethrin and 

other toxicants (Kumaraguru et al., 1982; Mallat, 1985; Poleksic and Mitrovic-Tutundzic, 

1994; Van Heerden et al., 2004; Abalaka and Auta, 2010).In an earlier study,hyperemia, 

epithelial proliferation, epithelial detachment, lamellar edema, mucous cells hypertrophy, 

partial lamellar fusion, epithelial cellular infiltration, hemorrhage, complete lamellar 

fusion, epithelial degeneration and epithelial necrosis were recorded in Clarias gariepinus 

exposed to ethanol extract of Adenium obesum (Abalaka et al., 2015). Aqueous extract 

Vernonia amygdalina (Audu et al., 2017). The lamellar fusion was a defensive response 

to reduce brachial superficial area in contact with the toxicant (Mallat, 1985; Figueirodo-

Fernandes et al., 2007). The erosion and adhesion or fusion of the secondary lamellae 
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herein reported is in accordance with the findings of earlier investigators (Erkmen et al., 

2000; Daoust et al., 1984). 

These gill pathology might have increased the diffusional distance between gill capillaries 

and epithelial cells thereby increasing diffusional resistance within it, which is a limiting 

factor for exchanges across such gills (Tuurula, 1983), during exposure to many extracts 

(Onusiriuka and Ufodike, 1994; Fafioye et al., 2004). 

The presence of pathology in gills from Groups 7 ï 10 in this study may be due to the 

continuos exposure of these groups to the toxicant(AOE) without a recovery period to 

allow for complete healing. However, the fact that the changes appeared to be milder than 

the group treated with AOE alone may suggest that the extract of B. verticillata contains 

constituents which have some restorative or protective effects on the gills. 

The liver pathology observed in this study was indicative of the effect of A. obesum 

extract. Hepatocytes of Clarias gariepinus exposed to Khaya senegalensis have shown 

such changes (Matouke and Aburi, 2015). The liver is the organ most associated with the 

detoxification and biotransformation process, and due to its function, position and blood 

supply (Van der Oost et al., 2003) it is also one of the organs most affected by 

contaminants in the water (Rodrigues and Fanta, 1998). Anomalies such as irregularly 

shaped hepatocytes with cytoplasmic vacuolation and nuclear changes were described in 

fish exposed to organophosphate pesticides (Fanta et al., 2003). Vacuoles observed in the 

cytoplasm of hepatocytes in exposed groups in this study, may be lipids or glycogen, 

which are related to the normal metabolic function of the liver, especially when the 

animals are stressed (Hinton and Laurén, 1990; Wilhelm Filho et al., 2000). The glycogen 

acts as a reserve of glucose to supply the energy demand occurring in such situations 

(Panepucci et al., 2001). Pacheco and Santos (2002) described increased vacuolation of 
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the hepatocytes as a signal of exposure to contaminated water. Moderate to marked 

vacuolation in the liver of Clarias gariepinus fed with Vernomia amagdylina is said to be 

suggestive of increased storage of glycogen (Ajala et al., 2015).  

The present study showed hyperplasia of goblet cells in Groups 6 and 7 ï 10 on day 14. 

Between days 21 and 28 ,there was also hypertrophy of the the muscular layer of the 

intestine, in these groups.The sections of intestine from Oreochromis mossambicus 

exposed to biopesticidal plants (Carica papaya and Nerium oleander) extracts have been 

shown to have vacuolar degeneration of villi cells, with massive infiltration of 

inflammatory cells in the sub mucusa, desquamation and thicker tunica muscularis 

(Tasneem et al., 2014). The intestinal pathology here being reported lends support to 

earlier observations (Wagh et al., 2009; Suchismita and Abhik Gupta, 2013). 

The microscopic changes in fish kidneys from Group 6 were tubular degeneration, 

swollen glomeruli, congestion of blood vessels. In Groups 7 ï 10, there were dilation of 

both distal and proximal convoluted tubules and glomerular hypercullarity. It is apparent 

that the kidneys were adversely affected by toxic constituents of AOE, since Groups 1 ï 5 

showed no pathology. 

It has been established that the teleostean kidney is one of the major target organs to be 

affected by contaminants in water (Thophon et al., 2003) and it also appears to be 

particularly sensitive to a variety of toxins due to the high volume of renal blood inflow, 

its ability to concentrate substances and biotransform some parent compounds to their 

toxic metabolites. Large quantity of diluted urine may be produced and many of the 

enzymatic reactions occurring in the liver have been known to also occur in the kidneys 

(Mohssen, 2001). The kidneys receive bulk of the post branchial blood flow and are 

important in the detoxification and elimination of aquatic contaminants in fish (Durmaz et 
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al., 2006). These explain why damage to kidney has been observed following fish 

exposure to toxicants (Jiraungkoorskul et al., 2003). 

 In this study, the kidney pathology observed were consistent with what other researchers 

had reported earlier (Takashima and Hibiya, 1995).The changes may arise from parasitic 

infections (Ventura and Paperna,1984),microbial agents invading the tissue (Chang and 

Plumb,1996), or exposure to sewage being discharged into the water ecosystem (Kakuta 

and Murachi, 1997. Agricultural and industrial pollutants (Schmidt et al., 1999; 

Mohammed, 2003; Mahjooor and Loh, 2008), have also induced renal lesions similar to 

the present observations. 

Widespread tubular degeneration with mononuclear intestinal infiltration, haemorrhage 

and subcapsular congestion have been variously observed in fish exposed to toxicants 

(Capkin et al., 2006; Adeogun et al., 2012; Neelima et al., 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: 

i. The aqueous extract of Borreria verticillata aerial part was nontoxic to 

Clarias gariepinus juveniles in acute exposure. 

ii.  The aqueous extract of Borreria verticillata aerial part (BVE) significantly 

(P<0.05) ameliorate the induced toxic effect of Adenium Obesum stem bark on 

the RBC in G6 from (2.00±0.00 x1012/L) to (2.68±0.01 x1012/L) in G10 on 

day 28 of study. 

iii.  The aqueous extract of Borreria verticillata aerial part (BVE) significantly 

(P<0.05) ameliorate the induced toxic effect of Adenium obesum stem bark on 

the Hb in G6 from (10.65±0.00g/dl) to (11.38±0.00g/dl) in G10 compared on 

day 28 of study. 

iv. The aqueous extract of Borreria verticillata aerial part (BVE) significantly 

(P<0.05) ameliorate the induced toxic effect of Adenium obesum stem bark on 

the PCV in G6 from (29.37±0.27%) to (32.20±0.05%) in G10 on day 28 of 

study. 

v. The aqueous extract of Borreria verticillata aerial part (BVE) significantly 

(P<0.05) ameliorate the induced toxic effect of Adenium obesum stem bark on 

the TWBC in G6 from (18.80±0.06x109/L) to (18.09±0.01x109/L) in G10 on 

day 28 of study. 

vi. The aqueous extract of Borreria verticillata aerial part (BVE) significantly 

(P<0.05) ameliorate the induced toxic effect of Adenium obesum stem bark on 
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the serum aspartate amino transferase (AST) in G6 from (60.98±0.01IU/L) to 

(58.64±0.01IU/L) in G10 on day 28 of study. 

vii.  The aqueous extract of Borreria verticillata aerial part (BVE) significantly 

(P<0.05) ameliorate the induced toxic effect of Adenium obesum stem bark on 

the serum alanine amino transferase (ALT) in G6 from (38.04±0.34IU/L) to 

(33.69±0.34IU/L) in G10 on day 28 of study. 

viii.  The aqueous extract of Borreria verticillata aerial part (BVE) significantly 

(P<0.05) ameliorate the induced toxic effect of Adenium obesum stem bark on 

the serum alanine phosphatase (ALP) in G6 from (73.86±0.34IU/L) to 

(71.02±0.01IU/L) in G10 on day 28 of study. 

ix. The aqueous extract of Borreria verticillata aerial part (BVE) significantly 

(P<0.05) ameliorate the induced toxic effect of Adenium obesum stem bark on 

the MDA in G6 from (0.48±0.01mmol/mg protein) to (0.23±0.00 mmol/mg 

protein) in G10 day 28 of study. 

x. The aqueous extract of Borreria verticillata aerial part (BVE) significantly 

(P<0.05) ameliorate the induced toxic effect of Adenium obesum stem bark on 

the Serum reduced glutathione in G6 from (10.56±0.01 µg/ml) to (10.20±0.00 

µg/ml) in G10 on day 28 of study. 

xi. The aqueous extract of Borreria verticillata aerial part (BVE) significantly 

(P<0.05) ameliorate the induced toxic effect of Adenium obesum stem bark on 

the Serum superoxide dismutase in G6 from (1.98±0.01µmolSOD/min) to 

(1.78±0.01 µmolSOD/min) in G10 on day 28 of study. 

xii. The pathology induced by exposure to AOE in the gills was ameliorated by 

the administration of BVE in Clarias gariepinus juveniles in terms of severity. 
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xiii.  The pathology induced by exposure to AOE in the liver was ameliorated by 

the administration of BVE in Clarias gariepinus juveniles in terms of severity 

of lesions. 

xiv. The histopathology lesions in the intestine of fish exposure to AOE were 

ameliorated by the administration of BVE in Clarias gariepinus juveniles in 

terms of severity. 

xv.  The pathology induced by exposure to AOE in the kidney was ameliorated by 

the administration of BVE in Clarias gariepinus juveniles in terms of severity. 

6.2    Recommendations 

Based on these conclusions, it is recommended that: 

i. 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. 

ii.   Borreria verticillata can serve as an immunostimulant for fish that are at risk 

of infection or are on treatment. 

iii.  Further studies that will investigate the geno-pathology due to the 

administration of Borreria verticillata in fish and other animal models should 

be conducted. 
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Plate XXIX: Adenium obesum plant 
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Plate XXX: Borreria verticillata plant 
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Plate XXX I: Clarias gariepinus (Burchell, 1822) 
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Plate XXXI I: Concrete Tank for Acclimatization of Fish 

 

 

 

 

 

 

 

 

 

 

 

 

 
























