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ABSTRACT

Cola nut is a caffeineontaining nut of evergreen trees of the ge@ak, primarily of
the specie€ola acuminataandCola nitida It is one of the most comom chewableut

in Nigeria. It is a central nervous system stimulant used in folk medicine as an
aphrodisiac, an appetite suppressant, to treat migraine headache and indigestion. The
aim of the present study was to investigate the plessifects ofCola nitidaextractson
the cerebral cortexhippocampusand some biochemical parameteferty (40) adult
Long Evans rats of botheges, with average weight of 22@0grams were mradomly
divided into four groupsA (control) = four rats(administered normal feednd distilled
watel);B= caffeine fraction group containing && sub groups of four rats eaéi, B2
and B3 were administered witthi-chloromethane caffeine fractioh19.2, 38.4 and
57.6mg/kg body weightrespectively;,C= aqueous xract group containing tee sub
groups of four rats eackt1l, C2 and C3 ahwere administeredota nut aqueous extract
orally at the concentration of 300, 600 and 900 mg/kg body weight respeceely
cola nut supplement group containingersub groupof four rats eaclpl, D2 and D3
were adnmistered 10%, 20% and 30% w/wla nut supplemented feeadkspectively.
The administration lasted for a periofi21 days (3 weeksBehavioural test for spatial
learning and memory was carrieditousing Morris vater maze and anxietike
behaviours using Elevated Plus MaBtood was collected via cardiac puncture for
determinabn of haematological indices, r8n tissues used for determination of
oxidative stress parametergm@ homogenised in cold saline thased forhistdogical
studiesver e f i x ed iprocesBemndistairfedisinfHaematdxylin and Eosin
(H and B and toluidine blue stains. Thilorris water maze test showed a non
significantdecreas¢P 0 . @%ie to find the platform in all theeeatmenigroups A
non significant increaséP 0 . OnShe meantime spemt the open arm, number of

entriesirto the open arm, rearing and number of headidiphe elevated plus maze test

Vi



when compared with the contrelas observedThe result ofthe oxidative stress
markersshowedstatistial significant decrease insuperoxide dismutas&OD) of the
aqueous and caffeine fraction groupken compared with the control.Nagnificant
difference was observed with the other markdise resuk of the haem#ological
indices revealed a statistical significainicreas¢p 0 . Oabdiecrease(P 0 . Orb )
lymphocytes andheutrophilscounts respectivelyn the caffeine and aqueous extract
groups.The histology resuitreveakd neurodegeneratiahanges in the cereddrcortex
and hippocampu®f the treated groupswhich range from neuronal degmation,
pyknosis and clumping of pyramidal cells in thegdapampus. It wasoncluded that
ingestion of ola nut and its constituebly Long Evans ratsaused no significanffect
on learning andmemory decreagd anxietylike behavioursantrinflammatory effect
by increasingymphocytes andiecreasingieutrophilslevel, non-antioxidant effect by
significantlydecreasing the level sliperoxide dismutase (SOD) and neurodeggive

changes.

vii
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CHAPTER ONE

1.0 Introduction
Plants havebeen an important source of medicine for thousands of years. The world
health organization (WHO) estimated that 80% of people still rely on traditional
remedies such as herfor their medicines (WHO, 2000; Tripathi and Tripathi, 2003).
Plants are als@ source of modern medicines. It is estimated that approximately a
quarter of processed drugs contain plant extracts or active ingredients obtained from or
modelled on plant substances (Tripathi and Trip&AD3). Planderived substances
have recently beene of great interest due to their versatile applications. Medicinal
plants are the richest resource of drugs of traditional system of medicine, modern
medicines, food supplements, folk medicines, pharmaceutical intermediates and

chemical entities for synétic drugs (Ncubet al.2008).

Medicinal plants were used by people from different cultures without the knowledge of
their active ingredients. This is common practice which is laden with rsaarthe

extract maycontain some toxic constituer{tsown, 1993).

Cola nitidacommonly called cola nut in EnglisiGorod in Hausa,fiObio in Yoruba,

fOjio in Igbo, filrevuo in Ebira andfEbio in Nupe is a genus of 125 species of trees
native to tropical rainforest of AfricaCola is one of the major tregap grown in
Nigeria today, and the tree on which it grows is belilessmong some Nigerian tribes to

be the first tree on the eaftlowor, 2010. It is a smooth fruit consisting two cotyledons

of the family Sterculoideae. It is cultivated in the tropicadt/Africa. Some species are
also cultivated for their nuts in Madagascar, Brazil, Jamaica and other humid tropics.

The seed contains caffeine and is bitter. The first tasteotd nitida is bitter, but it



sweetens upon chewing (Lovejey al, 1980) It isan important part of the traditional
spiritual practice of culture and religion in West Africa, particularly in Nig€oka nut
has been reportedly used in folk medicine as an aphrodisiac, an appetite suppressant, to

treat migraine headache and indigas{Esimoneet al.,2007).

1.1 Statement of Research Problem
Cola nitidahas neurodegenerative effects on the cerebellum of Wistar rats(Buraimoh
al., 2014).
Memory and cognition enhancement procedure is not well understood in the field of
neuroscienceand due to high consumption ofola nitida by Nigerians, especially
students to increase alertness and probably memory, there is need to investigate and
compile empirical evidence to either proof or disprove this belief.
Furthermore, considering the usé tbe fruit by people in West Africa, especially
Nigeria, who believe that it has a divine power of cugngie diseases, there is need to
investigatethe effects ofCola nitida on neurobehvioral activitiesand vital tissues of

the bodysuch as cerebrum and hippocamaumicroscopic level.

1.2 Justification of the Sudy
Despite reported evidencd neurodegeneratiotinat Cola nitidahas on the cerebellum
(Buraimohet al, 2014), traditional, cultural and social use in our environngestill on
the rise. Therefore, there is need to investigate further; the eff€di@amitidaon other

parts of the nervous system, susltfee cerebral corteend hippocampus.



1.3 Significance of the Sudy
The studycould be of great importancaidentifying and evaluatinghe regons of the
brain that may baffectedby Cola nitida give insight to people, espatly students on
the effect of the plant on memory, cognition, anxidiiye behaviours and its

relationship with biochemical parameters.

1.4 Aim and Objectives of the study
1.4.1 Aim of the Study
The aim of the study wa® investiga¢ the effects of supplemeragueousxtractand
di-chloromethane caffeine fractioextract administration ofCola nitida on the

cerebrum and hippocampus of atlolig Evans rats

1.4.2 Objectives of the Sudy
The objectives of this study were to:

I. Investigate the #&fct of Cola nitida on spatialearningand memory
andanxietylike behaviourusing Moris water maze anelevaed plus maze
respectively

II.  Investigatethe effect ofCola nitidaon haematological indic®CV, WBC,
Hb, and differential cell counts) Long Evans rats.

lll.  Evaluate thecomparative effect @ola nitida on the oxidative stress
markes(GSH, MDA, CAT and SODf the cerebrum of Long Evans rats.
IV.  Examinethe effect ofCola nitida on thehistology of cerebral cortexand

hippocampus of Long Evans rats



1.5ResearchHypothesis
e Cola nitidahasno effect on the histology of the cerebrum anppecampus of
adult Long Evans rats.

e Cola nitidahaseffect onneurobehavioursf adult Long Evans rats.

1.6 Scope of the tady
This work would be limited to theffects of Cola nitida and its active ingredient
caffeine on the histology of cerebral cortex and hippocampus, neurobehaviours,

haematological indices and some biochemical parameters.

1.7 Limitations of the Sudy
e Electron microscopy was not done to show the detailed strustuine cerebral
cortex and hippocampukie b lack of electron microscope.

¢ Neurotransmittergvere not assayed due to lack of fund.



CHAPTER TWO
2.0 Literature Review
2.1Cola nitida
The la nut is a caffeineontaining nut of evergreen trees of the gebak, primarily
of the specie€ola acuminataand Cola nitida (Erbe and Lawrence, 2014) is one of
the most common chewabteut in Nigeria (Umoreret al., 2009). Cola nuts are an
important part of the traditional spiritual practice of culture and religion in West Africa,
particularly in Nigeria (AdewakSomadhi, 2004). It is used as a religious object and
sacred offering dumg prayer, ancestor veneratiand significant life events, sh as
wedding, naming ceremonies and funerkllfas many pharmacological properties and
contains some active principlest prevents sleepthirst, hunger and actas an
antidepessat(Adewale Somadhi, 2004)The la nuts ar@ source of antioxidants and
contain a wideangeof complex secondary plant metabolites such as theohey d
catechin, Lepicatechinand kolatin Loworet al, 2010. The use of the plant in the
treatment of certain diseases has been reported by several aAtelrsdt al.,2012).
It is also used in traditional divinatipma system callediObi divinatiord in Yoruba
traditiond religion. For this use, onlyata nuts divided ito four lobes are suitable.
They are cast upon a special wooden board and the resulting patteradcrly a
trained divine (Epega 2003). In Nigeria, it is generally acknowggtl that the
Yorubasbgrow the ola nuts; the Hausés e at 1t s@hicle ¢éiteTthérerisae g b o
proverbinthe SoutBkast whi ¢ h s ayda bfingssdife and let udhw ¢an gs ¢
i n good healutwhoeveo refdsesthistrotibes € 8B fimay he get
our fore fathe s 0 . I f a s o wiaWwhemyoego to is howses, thig is aiclear

indication that you are welcomeofa nut tradition in Igbo land).



2.1.1Plant Taxonomy

KINGDOM Plantae

DIVISION Magnoliophyta

CLASS Magnoliopsida

ORDER Malvales

FAMILY Malvaceae

SUBFAMILY Sterculiadeae

GENUS Cola

SPECIES nitida

BINOMIAL NAME Cola nitida Burdocket al,, 2009)

2.1.2 Plant Description

Colanitida is an evergreen tree growing to a height of 12 ton2€ers(39 to 66ft). The

trunk is up to 1.5n (4ft 11.1incheg in diameter and older trees develop buttresses.
The bark is thick and fibrous, with deep longitudinal fissures. It is grey orrisbw

grey, with pinkishred wood becoming visible when the bark is damaged. The leaves
have stalks and are alternate, oblong, glakrteathery and tough, with taothed wavy
margins and up to 3@ (13incheg. The flowers have parts in fives. They graw
panicles from the leaf axils and have no petals. Male flowers have a deeply lobed, cup
shaped calyx about @n (0.8in) in diameter with two whorls of stamens. Female
flowers are larger at & (2.0in) diameter, with five carpels. The calyx is yellovithw

red nectar guides, and are followed by fleshy fruits up tom35.1in) long and Tm
(2.8in) wide. When ripe, the pods split open to reveal the seeds which may be mottled
white, reddishgrey or brown. The seeds are bitter when fresh but become more

aromatic as they age (Kuame, 2006).



(A) Cola nitida plant (B) Matured ®la fruit and seeds.

Platel. A and B Showing the pictures of ola nut plant and seedévww.

Britannica.com)

Platell : The picture otola nut sedéDersoﬁal phagraph) July2015.
2.1.3 Cultivation

Originally a tree of tropical rainforest, it needs a hot humid climate, but can withstand a
dry season on sites with a high ground water level. It may be cultivated in drier areas

where ground water is availabl€ola nitida is a shade bearer, but develops a better
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spreading crown which yields more fruits in open places. Thatgha lowland forest
tree, it has been found at altitudes over 300 m on deep, rich soils underamehvy

evenly distributed rainfaglKuame, 2006).

Regular weeding is a must and can either be done manually or by using herbicides.
Some irrigation can be provided to the plants, but it is important to remove the water

through an effective drainage system, as excess water may prove to be detrimental for
the growth of the plant. When nhgrown in adequate shade, th@acnut plant responds

well to fertilizers. Usually, the plants need to be provided with windbreaks to protect

them from strong galékuame, 2006)

Cola nuts can be harvested mechanicallypgrhand, by plucking them at the tree
branch. Wien kept in a cool, dry placegla nuts can be stored for a long time (Erbe and

Lawrence, 2014).

2.1.4 Distribution of Cola Nut

Cola nitidais native to Sierra Leone, Liberia, Ivory Coast, Ghana andNigkeris.a
lowland tree but can be found up to altitudes of about38&rs(980ft.) in areas with
deep, rich soils and evenly distributed rainfall. It has been cultivated in other parts of
tropical Africa as well as India, Jamaica, Brazil, and Hawaii (‘@dxbroforestry
Centre, 2015). It can grow where there is around 1@0ldmeters of rain but does
better where the annual rainfall exceeds 1,#limeters (67in), spread across eight
months or more. Its temperature range is 23 to2873 to 82°F) ard it grows on both

light and heavy soils as long as they are deep (Lim, 2012)



2.1.5 Reports on the effects dfola nitida.

Cola nitida contains caffeine which is a central nervous system stimulant, when
chewed, the caffeine will dissolve in the saliva and be absorbed in the system. This
stimulates a person and keeps him or her awake for a long period of time. This is
practiced by studestand drivers on a long journey who need to remain awake for
unusually long period (Jayeola, 2001). In humans, it was reported to enhance alertness
and physical energy, to elevate mood, to increase tactile sensitivity and to suppress the
appetite (Umoremt al., 2009). Autonomic changes such as increased body temperature,
increased blood pressure and increased respiratory rate were repontadn@ion of a

diet comprising ola nuts for 7 days elevated the mean arterial pressure (MAP) of

normal rats (Osinand Udia 1993).

The plant was reported to have some antibacterial effects; The work of Adeallyi
(2004), reported that the methanol extract of root bark for Gaotll nitida and Cola
milleni were found to be potent against bd#ycobacterium bovisand strains of
Mycobacterium vaccaeAccording to Muhammadand Fatima(2014), aqueous and
methanol extracts of red and white variety colanut showed bacteriocitlactivity

againstStreptococcus anginosus gram positive bacteria.

An important researchnoocular activity done by Igwet al(2007) sates thatCola

nitida improved the near point of convergence by 43% and increased the amplitude of
accommodation by 11%while existing heterophorias asmeliorated. He suggested
that @mnolence and ocular mele imbalance common features of the elderly could be

ameliorated or relieved.



It is chewed in many West African cultures, individually or in a social setting to restore
vitality and ease hunger pan@ola nitidahas been reportedly used in folk medicase

an aphrodisiac, an appetite suppressant, to treat migraine headache and indigestion and
also being used to clean the teeth and gums (Esietale 2007).Cola nitidahas been

used to cotmol vomiting in pregnant womefHaustein, 1971; Chukwat al, 2006). It

has also been applied directly to the skin to treat wounds and inflammation (dewall

al., 1996).

In Sierra Leone, an infusion of macerated leaves and salt isausshageliarrhea and
asthma (Lebbie and Guries, 1995). In Mali, macerateddpozd nut or bark o€ola

nitida is used for amenorrhea (Togatal.,2008). It has also been applied directly to
the skin to treat wounds and inflammation (Newvallal., 1996). In some developed
countries, howeverCola nitida extract is used industrially for the manufacturing of
many colatype soft drink flavors (Beattie, 1970). It has also been reported to be used in
the manufacture of nealcoholic beverages, soft drink, chocolates and sweets
(Ogutuga 1957; Beattie 1970; FAO, 1982; Asogwaet al, 2006). I6s uses have
inevitably created a high demand in excess of its production in Nigeria (Oladokun,

1985).

Other uses ofaa nut includedyeing and water purification, the timber has a use in
building work, boat construan, carpentry musical instruments, utensils and carving.
It is also useful as firewood. The pods have been used to make fertilizer and soap, and

they can be used as a substitute for up to 60% of theenmapoultry feed (Lim2012).
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2.1.6 Phytochemicatomposition

The major constituent dfola nitidahas been shown to be alkaloid of which caffeine is
the most common (Evans, 1996Ihe chemical composition ofola nut includes:
caffeine (2% - 3.5%), theobromine (1.0% 2.5%), theophylline, phenolics
(phlobaphens, epicatechin, -&techin, tannic acid), sag (cellulose) andwater
(Muhammad andFatima014). Another report by Odebunrat al. (2009) states the
nutrient composition o€ola nitida as: moisture 66.4%, dry matter 33.60%, crude fat
5.71%, crude ptein 2.63%, ash 1.50%, crude fibre 7.13% total carbohydrate 28.56%,
and the minerals (mg/kg dry mattérK 3,484 mg, Ca 124.4 mg, Mg 392 mg, Fe 16.43
mg, Zn 5.24 mg and P 411.43 mg. Sugar has also been shown to be slightly abundant in
the seed (Oladukur989; Obikaet al., 1996). t is commonly used by people to

dischargenungedue to its high sugar contef@bikaet al.,1996).

2.1.7 Side effects ofola nitida

The seed has been reported toehaome side effectsud to its high amount of N
nitroso ®mpounds which are carcinogenio. Nigerig where the chewing ofata nut is

a common practice, there is high incidence of oral and gastro intestinal cancer which
may be related to that habit (Atawodi, 1996hla nitidais not advised for individuals

with stomach ulcers due to its caffeine and tannin contentse{lau, 1986; Newallet

al., 1996).

Cola nuts, when marketed or used as herbal medicinal remedy, have been the subject of
a number of precautionary warnings ¢onsumers, primarily related to the caffeine
content of the nuts. For example, the American Herbal Products Association includes

Cola acuminataand Cola nitida on its lists of herbs tlhamay cause irritation to the
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gastro intestinalract, that may indue nervous system stimulation, and that should not
be used in pregnancy unless otherwise direbted qualified experfMcGuffin et al.,

1997). The potential for kola nuts and their extracts to interact pharmacologically with a
number of drugs included, boot limited to ephedrine, phenelzine, monoanuriglase
inhibitors, adenosine, clozapine benzodiazepines, propranolol and
phenylpropanolamine and quinolone antibiotics has been noted (Brinker, 2001).Animal
experiment shoed that chronic consumption obla nut and caffeine diets caused
decrease in food intake and body weight (Umateal.,2009). It has also been reported
that it has a mimicked malarlkke symptoms when chewed in high concentration
(Alaribe et al., 2003). Buraimohet al. (2014). Repodd that Cola nitida has
neurodegenerative effects on the cerebellum of Wistar rats and causes an increased

physical activity as well as alertness.

2.2 Caffeine; the active component ofola nitida
Caffeine is a bitter, white crystalline xanthine alkalthidt acts as a stimulant drug and
an acetyl cholinesterase inhibitor (Cardaspeset al.,2009). Caffeine (gH10N4Oy) is
the most widely consumed psychoactive suirstan the worldlt is found in varying
guantities in the seeds, leaves, and fruits mhes plants, where it acts as natural
pesticides that paralysis and kills certain insects feeding on the pld@scaffeine
molecule is structurally similar to adenosine, and is capable of binding to adenosine
receptors on the surface of cells withouivaattng them, thereby aoiy as a competitive

inhibitor (Fisone,2004).
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Figure 2.3: Showing the structural formula of caffeine and adenosine

(www.chemistryproject 2011.blogspot.com).

2.2.1 Reports on the effects of caffeine
Caffeine stimulates the central nervous system first at the higher levels, resulting in
increased alertness and wakefulness, faster and clearer flow of thought, increased focus,
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and better general body coordination, and later at the spinal cord levghat Hoses

(Karauet al.,2010). This stimulatory activity is achieved through several mechanisms
including increased ATP production through cyclic adenosine monophosphate (CAMP)
accumulation and inhibition of dopamineuptake (Huanget al, 2005). Urzleaet al.

(2012) observed a weight loss in all the groups during the first 15 days of their study

and over the 60 days after diabetes induction and administi@tiveriousdosages of
caffeine.LopezGarciaet al(2006) on the other hand, reported thatéases in caffeine

intake may lead to a small reduction in letegm weight gain. It has been suggested

that caffeine could contribute to the pro
produced by oxidative stress, prevent membrane damage and prese t he b panc
celldue to itsd @unzuaeba.2012)n The effect ef caffeine on
pregnancy was reported by Rus$2007), he observethat consuming more than 300
milligrams of caffeine a da yriage,iandlbasedrorcr e as
studies on animals, high levels of caffeine may also cause birth defects, preterm

delivery, reduced fertility and low birth weight.

2.2.1 Mechanism of Action of Caffeine

Caffeine acts through various mechanisms of action. Accordin@awas (2003),
caffeine manages to affect the body by stimulating the central nervous system (CNS).
Its lipophilic properties grant caffeine entry through the blood brain barrier (BBB),
where it interferes with adenosine receptors. There is a similarigebatthe molecular
structures of caffeine and adenosine, a naturally occurring substance in t{iedoa

2004)
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This similarity allows caffeine to bind to the same receptor sites as adenosine. However,
the binding of caffeine to an adenosine recepite does not produce the same effect as
binding of adenosine to the receptor. Thus, caffeine is classified as an adenosine
antagonist; a drug that attaches to a receptor and blocks the action of any other molecule
trying to bind to the receptor site (i&n, 2005). The other mechanisms by which
caffeine acts include mobilization of intracellular calcium and inhibition of specific
phosphodiesterase both of which only occur at highptorsiologi@l concentrations of

caffeine.

2.3Cerebrum
2.3.1 The Gossanatomy of cerebrum
The cerebrum (Latin; brain) includes the cerebral hemispheres and basal ganglia. The
cerebral hemisphere is separated by the falx cerebri within the longitudinal cerebral
fissure, are the dominant features of the brain. Each egriedmisphere is divided for
descriptive purposes into four lobes, each of which is related to, but the boundaries of
which do not correspond to, the overlying bones of the same name. From a superior
view, the cerebrum is essentially divided into quarteysthe median longitudinal
cerebral fissure and the coronal central sulcus. The central sulcus separates the frontal
lobes (anteriorly) from the parietal lobes (posteriorly). In a lateral view, these lobes lie
superior to the transverse lateral sulcus #mel temporal lobe inferior to it. The
posteriorly placed occipital lobes are separated from the parietal and temporal lobes by
the plane of the parietoccipital sulcus, visible on the medial surface of the cerebrum in
a hemisected brain. The anteriorm@siints of the anteriorly projecting frontal and
temporal lobes are the frontal and temporal poles. The posteriormost point of the

posteriorly projecting occipital lobe is the occipital pole. The hemispheres occupy the
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entire supratentorial cranial caviffhe frontal lobes occupy the anterior cranial fossae,
the temporal lobes occupy the lateral parts of the middle cranial fossae, and the occipital
lobes extend posterigr over the tentorium cerebell(Moore, 2010).The cerebral
hemisphere is supplied by rebral branches of polygon of Willis i.e. the anterior,

middle and posterior cerebral arteries (Karetedl. 2000).

16



Central sulcus

\ Parietal lobe

/
/,\‘\\ /

<\ L
--- Qccipital
lobe
Lateral .-~" ™~
sulcus /

/ \\ !
Temporal lobe ™

Figure 2.4: Gross anatomyof the cerebrumshowing different parts (New

healthguide.org).
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2.32 Histology of thecerebrum
The cerebral hemispheres consist of a convoluted cortex of grey matter overlying the
central medullary mass of white matter which conveys fibres between different parts of

the cortex and to ahfrom other parts of the CNS.

The neurons of the oebral cortex vary in size, shapes, lengths, branching patterns and
orientation of their processes. These neuronal cells are hamed based on their specific
characteristics features which demarcates them from each othenelitens include

the following:
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The pyramidal cells: They are most abundant cervical neurons in the cortex. All others
are referred to as ngeyramidal neurons. About 2/3 (two third) of the cerebral cortex
cells are pyramidal cells. Their cell bodies are triangular in shape; apex dtedire
towards the cortex. Large dendrites arise from the apex while others arise from basal
angles. The axis arises fratme base of the pyramidal ce(lKandelet al.,2000). The
process of pyramidal cells extends vertically through the entire thickneke obrtex

and established numerous synapses. The axons of pyramidal cells may terminate in
different ways. They may travel to the other region like the basal ganglia, the brain stem
or thespinal cord. Also they may give collateral fibres that termimatiin the cortex

and may be short and terminatehiitthe same area in the cor{gandelet al.,2000).

The stellate cells:They are small and multipolar and form 1/3 (one third) of the total
population of neurons of the cortex under low magnificatiimey look like granular

cells. They are therefore being termed granular neurons (cells) by earlier workers.
Stellates cell are of various types depending on their bodies and on the pattern of their
ramification processes. Their axons are short and emicinwihe cortex and their
processes extend chiefly in radical direction within the cortex in some case horizontally.
Some Stellates cells may be uniform rather than Stellates, with one process arising at
either end. Stellates neurons are classified as/gmd norspiny neuron. The spiny
Stellates cells use glutamate as neurotransmitter, while in mosijpmynStellates cells

it is GammaAmino Butyric Acid (GABA). The neurons of the cerebral cortex are
grouped into six main layers, from outside to insmdanely as shown in Figure 2.3,

according to Kandedt al. (2000); $ipp (2007) and Saladin (2010).
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I. Molecular or plexiform layer

The Molecular layer, which contains few scattered neurons and consists mainly of
extensions of apical dendritic tufts pfyramidal neurons and horizontaltbyiented

axons, as well as glial cells. Some C&aitzius and spiny stellate cells can be found in

the molecular layer. Inputs to the apical tufts are thought to be crucial for the
00f eedbackdd i nt @ coaextinvobvedsin associativen learniogeance b r
attention (Saladin, 2010). While it was once thought that the input to layer | came from

the cortex itself, it is now realized that layer | across the cerebral cortex mantle receives
substantialatimipud  geromM aléanamus cel |l s-in co

type that go to layer IV

II. External granular layer
External granular layer, contains small pyramidal neurons and numerous stellate

neurongKandelet al.2000).

[ll. Outer pyramidal layer

Outer or External Pyramidal layer, contains predominantly small and medinen
pyramidal neurons, as well as npyramidal neurons with verticalgriented
intracortical axons. Layers | through Il are the main target of interhemispheric
corticocortical &erents, and layer 1l is the principal source of cortiatical efferents

(Shipp, 2007).

VI. Internal granular layer
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The Internal Granular layer, contains different types of stellate and pyramidal neurons,
and is the main target of thalamocortical afferents from thalamus type C neurons as well

as intrahemispheric corticocortical afferents (Kandehl.2000).

V. Internal pyramidal layer

Internal Pyramidal layer, contains large pyramidal neurons such as the Betz cells in the
primary motor cortex. It is the principal source of subcortgtdrent as such there are
large pyramidal cells which give rise to axons leavihg cortex and running down

through the basal ganglia, the brain stem and the spinal cord (Karade2000).

IV. Polymorphic or Multiform layer

The Polymorphic or Multiform layer contains few large pyramidal neurons and many
small spindldike pyramdal and multiform neurons. Layer VI sends efferié#ntes to

the thalamus, establishing a very precise reciprocal interconnection between the cortex
and the thalamus. These connections are both excitatory and inhibitory. Neurons send
excitatoryfibresto neurons in the thalamus and also from collateral to other ones via the
thalamic reticular nucleus that inhibit these thalamusroreu or ones adjacent to
themKandelet al.2000). Since the inhibitory output is reduced by cholinergic input to
the cerebral cortex, this provides the brainstem with adjustable "gain control for the

relay of lemnsical inputs (Kandet al.,2000).
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Figure 2.5 The Cellular layers of Cerebral cortex (Kandelet al, 2000).
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2.3.3 Embryology of the Cerebrum

Cerebral hemispheres arise as outgrowths from the lateral wall of prosencephalon
during 56 weeks. These gradually enlarge to cover thalamus, midbraimamsl
Further growth results in formation of lobes and poles. Increased growth in a limited
area result in formation of sulci and gyri. The basal part of the hemisphere increases in
size to form two big nuclei connected together by fibres. These nucldie@udate

and lentiform nuclei. Between these two nuclei pass fibres both ascending and
descending. These form internal capsule (projection fibres). The commissural fibres

develop in the lamingerminalis(Chaurasia, 2004).

2.3.4 Functions of theCerebrum

The cerebrum is the most highly developed part of the human brain and is responsible
for determining intelligence motor function, planning and organizatjonouch
sensation, thinking, perceiving, producing and understanding language. Most
informaion processing occurs in the cerebral cortex. The cerebral cortex is divided into

lobes of which each has a specific function (Kamdell.,2000).

Motor Function: The cerebrum directs the conscious or volitional motor functions of
the body. These futions originate within the primary motor cortex and other frontal
lobe motor areas where actions are planned. Upper motor neurons in the primary motor

cortex send their axons to the brainstem and spinal cord to synapse on the lower motor
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neurons, which inervate the muscles. Damage to motor areas of cortex can lead to
certain types of motor neuron disease (Shipp, 2007). This kind of damage results in loss
of muscular power and precision rather than total paralysis. The motor area of classical
description islocated in the precentral gyrus on the superior lateral surface of the
hemisphere and in the anterior part of the precentral lobule; the medial surface. This
corresponds to area 4 8roman and possibly part of area 6, which lies in the-pre
central gyrusthe specific region in the area responsible for movement of specific part

of the body (Kandeét al.,2000).

Sensory processing The primary sensory areas of the cerebral cortex receive and
process visual, auditory, somatensory, gustatory, and olfacy information. Together
with association cortical areas, these brain regions synthesize sensory information into

our perceptions of the world around us (Karetedl.,2000).

Olfaction: The olfactory bulb in most vertebrates is the most anterior podiathe
cerebrum, and makes up a relatively large proportion of the telencephalon. However, in
humans, this part of the brain is much smaller, and lies underneath the frontal lobe. The
olfactory sensory system is unique in the sense that neurons irfab®myl bulb send
their axons directly to the olfactory cortex, rather than to the thalamus first. Damage to

the olfactory bulb results in the loss of the sense of smell (Kahdé| 2000)

2.4 The Hippocampus
The hippocampuis a major component diie brains of humans and other mammals. It
belongs to the limbic system anplays important rolein the consolidation of

information fromshortterm memoryto long-term memoryand spatiahavigation Like
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the cerebral cortex, with which itis closely associated, it [gai@ed structure, with
mirror-image halves in the left and right sides loé brain The hippocampus is located

under thecerebral cortexand in primates it is located in tineedial temporal lohein

rodents, the hippocampus has been studied extensively as part of a brain system
responsible for spatial memory and navigation (Conrad, 2008).

It has the shape of a curved tube, which has been variously compared to a seahorse, a
ram's horn Cornu Ammonishence the subdivisions CA1 through CA4), or a banana. It

can be distinguished as a zone where the cortex narrows into a single layer of densel
packed pyramidal neurons 3 to 6 cells deep in rats, which curl into a tight U shape; one
edge of the "U," field CA4, is embedded into a backwlaning, strongly flexed, V

shaped cortex, thdentate gyridmaralet al.,2006).
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Platel Il : The Sructure of rat ipocampL(E’ersonaI photograph) September, 2015.

26



2.4.1 Functiors of the Hippocampus

The hippocampus is an additional channel through which incoming sensory signals can
initiate behaviouralreactions for different purposes. It has been suggested that the
hippocampus provides the drive that causes translation oftghwrtmemory into long

term memaoy, that is, the hippocampus transmits some signal or signals that seem to
make the mindehease overand ovére new information until permanent storage takes
place(Guyton and Hall, 2006).He hippocampualso plays an important role anxety

(Grayet al, 2014.

2.4.2Learning and Memory
Learning is the process by which we acquire knowledge about the world, while memory
involves encoding, storage and retrieval of such information for future use (Searma

al., 2010).

Memory can be classified according to its duration, into short termonyeamd long

term memory. Short term memory is a type of memory that last for seconds or at most
minutes, it involves processing of information in the hippocampus and the medial
temporal lobe, to create memory traces that later can be converted to therfang
memory. Long term memory can store larger quantities of memory that last for years
and sometimes for a lifetime (Sharreaal, 2010). Memory is broadly divided into
three viz: sensory, sheierm and longerm memories. Sensory memory holds sensory
information for a few seconds or less after an item is perceived. The ability to look at an
item, and remember what it looked like with just a second of observation, or

memorization, is an example of sensory memory. The brain stores sensory information
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for very short periods of time in a working memory, to be able to use it later (Atash

al.,, 2014). Brain areas involved in the neuroanatomy of memory include the
hippocampus, the amygdala, the striatum, or the mammillary bodies which are thought
to be involed in specific types of memory. For example, the hippocampus is believed
to be involved in spatial learning and declarative learning, while the amygdala is

thought to be involved in emotional memory (Labark and Cabeza, 2006).

28



CHAPTER THREE
3.0 Materials and Methods
3.1 Materials
Distilled water, Caged;eed, Syringesveighing balance, dissecting kiissectingray,
formalin, Chloroform, Cotton woolMorris water maze and elevated plus maze testing

models H&E stain, Toluidine bluestain.

3.2 Plant Material
FrestCola nitidavas purchased from Yangoro market Kwangila, Zaria. Identification
and authentication of the seaalas done in the herbarium section of the Department of
Biological Sciences, Ahmadu Bello University, Zaria andswasigned specimen

voucher no. 1526.

3.3 Extraction of Plant Material
The fresh seeds @ola nitidawere grated into pieces and aifedt. The dried pieces
were grirded into powder and weighed,000g ofpowdered ola nut was used for the
agueous ex#ction using cold maceratioixty-three 63) gramsof agueous extract

was yielded.

1200 gof anotherportion of the dried powderedla nut was used fdractionation @
the cafeine content, it was soakedB0% methanol for 75hours, the mixture was
filtered and concentrated to 17@nd was allowed to cool and made alkaline using
ammonium hydroxide solution. It was partitioned withcloromethane, chloform

fraction containing thecaffeine was evapated in vacuum to dryness. gkams of
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caffeine crgtal was obtained. The extractions were carried out at the Department of
Pharmacognosyaculty of Pharmaceutical Scies¢@hmadu Bello University, Zaria.

3.4 Experimental Animals
Fourty (40) adult Long Evans rats were obtained from the Animal House of the
Department of Human Anatomifaculty of Medicine, Ahmadu Bello University, Zaria.
The animals were k& and maintained in the laboratdigr two weeks to acclimatize

prior to the study.

3.5 Acute toxicity study
The LDsp was determined using the up and down method (Bruce, 1985). Six rats were
dosed up and down. The first two rats were dosed below an already established
LDs0>2000 mg/kg(Ayebe et al, 2012 and were observed for 48 hours, the physical
examination shoad no any change the ratsTwo animals were dosed up hyfactor
of 1.5 multiplied by the already establisheddgDrhe LDspowas found to be greater than

3000mg/kg.

3.6 Experimental Design
Fourty (40) adult Long Evans rats of botlexes, weighng 210230grams were

randomly divided into four groups:

A= control and was administered normal fgadthout mix) and2 ml of distilled
water
B=  caffeine fraction group containing three sub group®wof rats each. B1, B2 and

B3 were administeredavith caffeine fraction extrat®.2, 38.4 and 57.6mg/kg body
weight respectively. The Lig o f caffeine was 192mg/ kg

administration (Erowid.org, 2015).
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C=  aqueous extract group coimiag three sub groups of four rats each. C2,a@d
C3 and were administeredla nut aqueous extract orally at the concentratgr800,
600 and 900 mg/kg body weight respectively

D= cola nut supplement group containing three sub groups of four cis@a, D2
and D3 were admistered 10%, 20% and 30% w/wola nut supplemented feed
respectively using the method of LBaku et al, (2009). The experiment lasted for
twenty-one days.

Table 3.1: Groups, treatmegmhd duration of administration Qfola niida Extracts

GROUPS N TREATMENT DURATION
A 4 Normal feed and distilled water 21 days
Bl 4 19.2mg/kg caffeine extract fro@ola nitida 21 days
B2 38.4mg/kg caffeine extract fro@ola nitida 21 days
B3 4 57.6mg/kg caffeine extract fro@ola nitida 21 days
C1 300mg/kg aqueous extract@bla nitida 21 days
C2 4 600mg/kgaqueous extract 0bla nitida 21 days
C3 4 900mg/kg aqueous extract@bla nitida 21 days
D1 10%Cola nitidasupplemented feed/w 21 days
D2 4 20%Cola nitidasupplemented feed/w 21 days
D3 4 30%Cola nitidasupplemented feed/w 21 days

N = number of rats per group,

Route of administration = oral
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3.7 Neurobehavioral Studies
There are a widgariety of neurobehavioral testsailable for laboratory rodenfsom
tests of basic locomotor and sensory function, to analyses of more complex behaviour

related to cognition and emotionality.

3.7.1 Satial memory and learning (Morris water maze).

Morris water maze is a neurobehavioral model used to study spatiabrgnemd
learning.

Morris water maze was done according to the method oétLall. (2011). The rats were
placed in a small pool of water which contained an escape platform hidden a few
millimetres away and below the water surface. The watie released anallowed to

swim around the pool in search of an exit and subsequent trials were performed to know
if the rat will be able to locate the platform in a shorter time. As the rat was learning to
locate the hidden platform, the time was measuasdlatencgnd recorded, the
procedure was conducted for five days as training. After the training, the rats were
administered withiCola nitidaextracts once a day over a period of three (3) weeks and
the above procedure was repeated after every one week. The nantloeyrats was
evaluated and compared with the titakenin locating the platform before and during

administration.
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Plate IV : Morris Water Maze . (Personal photograph) July, 2015.
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3.7.2 Elevated Plus Maze
The plus maze was made gwood and consisted of two open arms and two closed

arms which extended from a central platform. It wasattd 38cm above the flaor

3.7.2.1 Elevated plusmaze for anxietylike behaviout

The testing session consists of putting the animal in tharafys and recording the
following behaviours total time spent in the open arm, total time spent in the closed
arm, open arm entries, cled arm entries, stretch attend post@rearing)andhead dip

An increase in open arm activity (duration and/or entries) reflectsaaxigty
behaviour. Anxietyrelated behaviouris measured as preference for the closed arms
(Rodgerset al.,1995). The maze is cleaned with 70% ethanol after every trial and with
10% bleach at the end of every day. This test cannot be repeated in the same animals

with the same results.
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Plate V: Elevated plus mazeA. M. Muhammad (Personal photgraph) July, 2015.
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3.8 Animal Sacrifice
All animals wee humanelysacrificed on the 22day of the experiment by using
5mg/kg intravenous thiopental sodium anaesthesia. The range for induction of
anaesthesia using thiopental sodium-isny/kg (Katariaet al, 2012). The brain was
dissected out and collected, fixedioBi nés fl uid for histologi

E ard Toluidine blue special stain.

3.9Determination of Haematological Indices
Blood sampt was collected after dissectibg inserting a needle into the heart (cardiac
puncture) which was still pumpindf. was peserved irEDTA bottlest 4£c before he
analyss. Padked Cell Volume (PCV), totahaemoglobin(Hb), Total White Blood Cell
(WBC) Count and Differential White Bloodell Count were determined in the
Department of Human Anatomy, Ahmadu Bello University, Zdresed on the method
of Schalmet al.(1975).
3.9.1Packed Cell Volume (PCV) Determination
A capillary tube was filled with blood sample prded in EDTA bottle ad then saled
with plastine at one end. It was then centrifuged at 12,000 rmp for five minute using
microhematocrit centrifuge. The value read hematocrit reader was expressed in

percentage.

3.9.2 Haemoglobin (Hb) Determination
A spencer hematoglobinometchamber was charge with a drop of blood and the color
was matched against the standard color of hematoglobinometre. The corresponding

value on the scale in g/dl was read.
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3.9.3 White Blood Cell (WBC) Count

Theblood sample was pipetted to 0.5 mark inWpiette and was mixed with 20l of

diluting factor in a test tubto give 1:20 dilutionWBC were counted manually under

mi croscope using the i mproved Neuberds h

formula:

3.9.4 Differential White Blood Cell Count

A thin film of blood was made by gently spreading of a drop of blood on a clean grease
free slide and allow to dry. The film was
2 minutes buffered; water was added and then left b0 &inutes to dry. The slides

were rinsed in water and then viewed under (low power magnification) microscope. The

result was expressed in percentage.

3.10 Tissue Preparation
The tissue preparation method for the histological analysis was aceetloutlingl by
Culling (1963andBradbury (1977)The stage of the technique includes; fixation, tissue

processing, sectioning, staining, and photomicrography.

3.10.1 Fixation

The cerebral cortex was carefully removed from the skull and fixed in Bouins fluid

3.10.2 Tissue processing
The trimmed cerebrum was processed with the aid anaatic tissue processor thie

Department of Human Anatomfhmadu Bello University, Zaria.
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3.10.3 Sectioning

Sections of the processed tissu@re cutusing rotatory microtome at 8.

3.10.4 Staining
Two types of stainindgechniqueswere used which includes H and E (Haematoxylin

and Eosin) for general tissue structure andiclear stain (toluidine blue).

3.10.5 Photomicrograph
The photomicrograpof the tissue sections were obtained at magnificati@a0 using

MD900 AmScopedigital cameraand a light microscope.

3.11 Estimation of Oxidative Stress Parameters
The rats were decapitated un&emg/kgmild thiopental sodium anaesthesiecording
to the method oKatariaet al, (2012)and the brain was rapidly excised, weiglaed a
portion wassubsequently homogenized in phosphatierdml/g with an upand-down
strokes in anortarand pestle. The homogenate was centrifugeldb@® revolutions for
5 min and the supernatant was cdiecand used for the test. The test wasez out in

the Department of Bchemistry Ahmadu Bello UniversityZaria.

3.11.1 Determination of Catalase activity (CAT)

Catalase activity was determined spectrophotometer at 570 nm using the method
described by Sinha (1972).% Potassium heptaoxochromate (VI).G€07: 5 g of
K.Cr,O; was dissolves in little quantity of distilled water and made up to 100 ml. 0.2 M

H.0,: 0.6 ml of H,0, wasdissolved in little quantity of distilledlaterand made up to
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100 ml. it was store@t 4°C. 0.0IM phosphate buffer: 1.2g of N&i, and 1.4lg of
NaoHPOswas dissolved in distilled water and made up to 1000 ml mark in a volumetric
flask. The buffer was adjusted to pH 10.2. Diebroinate/Acetic acid solution 5 %
Potassium heptaoxochromate (VI}@,0; was mixed withglacial acetic acid in the

ratio 1.3, and was stored in brown bottle at room temperature.0.9 ml or distilled water
was added to O.inl of microsome and mixed thoroughly. 2.5 ml of phosphate buffer
was put in a small conical flask; 0.5 ml of microsome was added; and 2.0 ra00f H
added, starting the stop watch. The reaction mixture will be thoroughly mixed and the
reaction will be stoped after every 60 seconds for 3 minutes with Dichroniate/Acetic
acid solution. It was heated in a water bath for 10 minutes at 80°C. Absorbance was

read at 570 nm.

3.11.2 Determination of Superoxide Dismutase (SOD)

Superoxide Dismutase (SOD) activity svdetermined spectrophotometer by a method
described by Fridovich (1989). The ability of superoxide dismutase (SOD) to inhibit
auto oxidation of adrenaline at pH 10.2 formed the basses of this assay. 0.05 M
phosphate buffer: 6.97 g of diphosphat¢iRO, ard 1.36 g of KHPQO, was dissolved

in distilled water and made up to 1000 ml mark in a volumetric flask. The buffer was
adjusted to pH 7.8. 0.05 Carbonate buffer: 14.3g ofcg and 4.2g 6 NaHCQ; was
dissolved in distilled water and made up to 1000 ml miark volumetric flask. The
buffer was adjusted to pH 10.2. 0.3 mM Adrenaline: 0.01 g of adrenaline was dissolved
in 17 ml of distilled water. The solution was preparesshr. 0.1 ml of microsome was
diluted in 0.9 ml of distilled water to make 1:10 diaurii of microsome. An aliquant
mixture of 0.20 ml of the diluted miosome was added to 2.5 ml of 0.05 M Carbonate

buffer. The reaction started with the addition of 0.3m1 of 0.3 mM adrenaline. The
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reference mixture contains 2.5 ml of 0.05 M Carbonate bu@&inl of 0.3 mM
adrenaline and 0.20 ml of distilled water. Absorbance was measured ever 30 up to 150 s
at 480nm. 1 unit of SOD activity is the quantity of SOD necessary to elicit 50%

inhibition of the oxidation of adrenaline to adenochrome in 1 minute.

3.11.3 Assessment of Lipid Peroxidation

Lipid peroxidation as evidenced by the formation of TBARS was measured by the
modified method of Niehaus and Samuelson (1968) 0 ¢ | of serum, ( O.
solution) were treated with 2m1 of (1:1:1 ratio) TBEA-HCL reagent (thiobarbituric

acid 0.37%, 0.25N HCL and 15% TBA) and place in water bath for | hour at 90°C. The
mixture was cooled and centrifuged at 3000rpm for 5mm at 4°C. The absorbance of the
pink supernatant 2.0ml was measured against a referenceusiagkspectrophotometer

at 535nm.

3.11.4 Assay of Reduced glutathione (GSH)

Reduced glutathione (GSH) concentration measurements were done according to
Ellman (1959) as described by Rajagopatal (2004). 0.2M phosphate buffer: 8.40g

of NaH2PO4 and 94 of Na2HPO4 was dissolved in distilled water and made up to
1000 ml mark in a volumetric fl ask. The |
serum or tissue homogenate (in phosphasdine PH 7.4), 1.5m1 of 10% TCA was

added and centrifuged at 1 500g fonm. 1 ml of supernatant was treated with 0.5 ml

of EI 1l mands r é&ggibtmobis (fitloPenBoic atgl) (DNTB) in 100 ml

of 0.1% sodium nitrate) and 3 ml of phosphate buffer (0.2 M, §1 The absorbance

was read at 412 nm.
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3.12Statistical Analysis
All results obtained were analysed using Statistical Package for Social Scientist (SPSS
version 20.0) and the results were expressed as mean + SEM. Differences among means
of the groups were determined using @vey analysis of variac (ANOVA) with
Turkey Post Hoctest. Values were considered significantpat 0 . Taldleswere

produced usind/licrosoftexcel2013
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CHAPTER FOUR
4.0 Result
4.1 Acute Toxicity:
The oraladministration ofCola nitidaat the dosef 3000 mg/kg did not exhibit death
and any signs of toxicity up to 48hours. The acute toxicity testgldezmonstrated that
Cola nitidaextract wa not lebal up to a dose of 3000 mg/kg. Thtise LDso is 3000

mg/kg.

4.2 Physical Observation
Observationof the animals sbwed increased physical activitisach as stteh attend
and increased movemeint the caffeine extract grogpthe aqueous extract graalpo
had increased activity but the animals were not as active as those in the caffeine treated
growp. No obviousphysical changewerenoticed in the control and the crudela nut

supplement groups.

4.3 Body Weight of the Animals
The resultsof body weight showed nsignificant increas€dp  0.05) in weight of
animalsin the aqueous extract and caffeifiaction groups B and C groupsyvhen
compared withcontrol group there waso significant decreasgp 0 . OnSweight of

the crudeadministeredyroup (D) as shown in Tabfel
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Table4.1: Weight ofanimalsin gramsbefore and after administratiari Cola nitida

Groups Weight before administration Weight after administration
Mean + SEM Mean + SEM

A 221.25 +21.69 239.25 + 20.27
Bl 221.75 + 35.26 231.50 = 35.80
B2 222.50 £ 22.37 230.75+£22.61
B3 222.25+19.93 240.50 £ 20.67
C1 222.25 + 28.22 230.00 % 28.60
C2 221.50 +£22.70 222.25+22.74
C3 221.50 = 22.69 223.00 =+ 21.88
D1 221.25+21.43 203.75 £ 8.28

D2 221.75 +18.95 197.00 + 23.72
D3 222.25 +19.06 200.75 £ 20.67

A= Control, B(B1-B3)= Caffeine fraction group, QC1-C3)= Aqueousextract group,

D (D1-D3)= Cola nut supplement group= 4.
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4.4 Morris water maze test

The results of spatial learning and meynasing Morris water maze teshowed that
there was a decrease in tmeartime taken for the animals to complete Morris water
maze task in all the groupshe resultwas only significant(p 0 . i@ %hg group
administered600mg aqueous extract groap weektwo (2) when compared withhe
control as shown in Table 4.Zhe results shogd that animals in control group had an
increasedatencytime (A ,3.23 = 0.70Q in Morris water maze activity at week 3 and
other groups hadon significantdecreased time(p0.05)B1 1.82 + 0.19B21.72 +
0.49 B32.11 £+0.21C11.74+0.31C21.87 + 0.24C31.98 + 0.40D11.82 + 0.33

D21.94 +0.26D31.62 £ 0.1%.
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Table 4.2Mean latencies afatsadministere@ola nitidan Morris water maze test.

Groups Treatment Training Week 1 Week 2 Week 3
Mean £tSEM(s) Mean+SEM(s) Mean+SEM(s) Mean SEM(s)

A 2 ml distilled water 1.94 £0.08 2.87+0.71 1.59+1.13 3.23+0.70
Bl 19.2 mg/kg caffeine extract fro@ola nitida 3.51+0.66 3.15+0.76 201+1.36 1.82 +0.19
B2 38.4mg/kg caffeine extract fro@ola nitida 277+1.21 1.41 +£0.05 1.65+0.98 1.72 +0.49
B3 57.6mg/kg caffeine extract fro@ola nitida 3.07 £0.83 2.65+0.36 2.15+1.36 2.11+0.21
C1 300mg/kg aqueous extract@bla nitida . 5.84 £1.83 1.73+0.26 2.23+152 1.74 £ 0.31
C2 600mg/kg aqueous extract@bla nitida. 3.45+0.86 2.95+0.46 3.30 £ 2.04* 1.87+£0.24
C3 900mg/kg aqueous extract@bla nitida. 2.53+£0.40 3.74+£1.90 3.29+1.20 1.98 £ 0.40
D1 10% la nutsupplemented feed. 2.14 £ 0.38 2.54 +£0.45 1.92 +1.04 1.82 £0.33
D2 20% la nut supplemented feed. 2.99+0.31 1.66 +0.16 2.18 £-0.01 1.94 £ 0.26
D3 30% la nut supplemented feed 2.70 £ 0.59 1.85 +0.27 1.18 £+ 1.30 1.62 £0.15

*p <0.05 indicates significant difference compared to control ~SEM: Standard Error of Mean
S = mean time in seconds n=4
A= ControlB(B1-B3) = Caffeine fraction group.

C(C-C3)= Aqgueous extract group D(D1-D3) = Cola nut supplement group.
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4.5 Elevated plus maze
The result of the effect of extracts @bla nitidaon anxietylike behaviours in elevated
plus maze shoed no significant alteration or changép 0 . 0n5a)l the parameters
observed whewomparé with the control. There was a nesignificantincrease in the
meantime spent in the open arm, increased number of rearing and head dip as the dose

of the caffeine andcaeous extract groups increases (Tal3 4.
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Table 4.2Anxiety-like behaviours ofatsadministere@ola nitida

Groups TREATMENT EOA ECA TOA (s) /5Smin  TCA (s) /5min  Rearing HD
Mean +SEM Mean +SEM

A 2 ml distilled water 2.67 £0.67 5.25+0.63 99.88+44.18 190.31+33.32 9.00+1.78 3.50+0.86

Bl 19.2 mg/kg caffeine extract fror 3.25+1.44 3.00£0.58 91.90+ 4541 208.32+45.38 10.25+0.75 4.75+2.75
Cola nitida

B2 38.4mg/kg caffeine extract fror 1.25+0.48 2.00 £0.71 44.60 +34.57 258.58+28.37 7.75+1.70 2.00%£0.00
Cola nitida

B3 57.6mg/kg caffeine extract fror 3.75+1.93 3.50+2.02 142.46 £46.94 157.51 +46.94 10.50+2.66 6.50+ 1.85
Cola nitida

C1 300mg/kg aqueous extract Gidla 3.00£1.22 550+0.29 65.96+8.23 249.54+1759 10.75+1.80 3.75%0.75
nitida .

Cc2 600mg/kg aqueous extract QGifla 5.25+1.80 6.75+2.32 85.44 +26.98 214.46+26.97 12.25+2.75 450+ 1.32
nitida.

C3 900mg/kg aqueous extract QGifla 6.00 £ 2.52 7.00£2.00 167.13+24.73 126.18 +25.04 16.33+3.67 8.00+2.51
nitida.

D1 10% lanut supplemented feed. 2.00+£0.71 4.67 £+0.67 137.08 £+56.87 183.55+33.61 8.00+2.55 5.00+0.58

D2 20% la nut supplemented feed. 1.67 £0.67 3.50 £0.96 100.06 £61.39 212.51+50.80 6.00+1.58 5.00+1.41

D3 30% la nut supplemented feed. 1.50+0.50 3.50+0.65 46.30+37.56 274.10+19.42 11.41.43 4331145

SEM: Standard Error of Mean

S = mean time in seconds

A= Control, B= Caffeine fraction groy©= Aqueous extract group, Cola nutsupplement group. EOA: Entry in to open aEGA: Entry in

to

close

arm, TOA: Time spent in

open

arm,

a7

TCA:

Time

spent in

close

arm,

HD:

Headp. d



4.6 Haematological indices

The heematological assessmentvealed that there waso statstically significant
increas@ 0.05)in the packd cell volume (PCV)for the caffeine fraction, aspous
extract and supplement groups when compared with the control. Slight incredstein
blood cell (WBC) countvas observed in all the caffeine fraction groups and 10% Cola
nut supplement groupsaemoglobin (Hb) and eosinopbdunt were not significantly
increasedvhen compared with the contralhere was significant incregpe 0 . n5 )
lymphocytesin the groups treated with 20 and 30%ceffeinefraction andsignificant
decreasgp 0 . i regtrophils in the20 and 30% of th@queous extract groups

when compared with the contr@able 4.3.
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GROUPS TREATMENT PCV% Hb g/dl WBCx10%/L NEU% LYM% EOS%

A Normal saline 39.00+9.00 11.50+2.70 7.05+1.05 39.50+2.50 59.00+1.00 1.50+0.50
Bl 19.2 mg/kg caffeine extract fro@ola nitida. 47.50+1.50 14.05+0.25 9.95+135 29.50+0.50 69.00+1.00 1.50+0.50
B2 38.4mg/kg caffeine extract fro@ola nitida.  48.00 £5.00 13.85+ 0.85 9.80+0.40 20.50+ 1.50* 77.00 +1.00* 2.50 = 0.50
B3 57.6mg/kg caffeine extract fro@ola nitida. = 48.50 £5.50 13.75+0.95 10.05+2.05 19.50 £ 0.50* 77.50 + 0.50* 2.50 = 0.50
C1 300mg/kg aqueous extract@bla nitida. 31.00+1.00 895+ 050 6.90+£0.40 28.00+ 5.00 72.00+5.00 2.00+0.00
C2 600mg/kg aqueous extract of Cola nitida.  43.50+1.50 13.00+0.40 6.65+0.45 18.00 £ 2.00* 79.00 £ 2.00* 2.00 = 0.00
C3 900mg/kg aqueous extract@bla nitida 39.50+050 11.45+0.35 6.70+x0.60 17.00 +3.00* 81.50 £ 1.50* 2.00 £ 0.00
D1 10% la nut supplemented feed. 4400+2.00 1295+0.45 8.10+0.20 29.50+1.50 68.00+2.00 2.00+1.00
D2 20% la nutsupplemented feed. 49.00+1.00 14.35+0.05 7.10+0.30 32.50+2.50 66.00+2.00 1.50+0.50
D3 30% la nut supplemented feed. 47.00+£1.00 13.8+50.15 7.15+1.05 28.00+6.00 70.50+4.50 2.00=+0.00

Table 4.4 Haenatological indices ofatsadministere@ola nitida
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*P<0.05 indicates significandifference compared to contrdbEM= Standard Error of Meai\= Control, B= Caffeine fraction group;=

Aqueous extract group) CG=ola nut supplement group, PCV= Packed Cell Volume in percentage, WBC= whitkeceltsy Hb= Haemoglobin
g/dl,

NEU= neutrophils, LYM= lymphocytes, EOS= eosinophils.
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4.7 Oxidative stress
The resultof glutathione concentrationr3SH) showeda statistical significant increase
(p 0.05) only in t hoe signicent iacy@sesvaswobsenedih r act ,
all other treated groups when compared with the coniroére was no statistical
significant increase in all the treated groups for catalase (CAT) activity when compared
with the control. Milondialdehygle (MDA) concentratiorresult showed nonstatistical
significant decrease in both caffeine fraction and aqueous extract 20% guudips
nonsignificantincrease (p 0 . 0 5 }he othertreatindnt groupsvhen compared
with the control The result osuperoxide dismutasesQOD)activity showeda statistical
significant decreas@ 0 . 0n5the caffeine and aqueous extract groups and a non

significant decreagp 0 .washobserveth the crude extract groug$able 45).
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Table 4.4 0xidativeStress Parameters @tsadministere@ola nitida

GROUPS TREATMENT GSH (ug/ml)  CAT (U/ml) MDA (nmol/ml)  SOD (U/ml)

A 2 ml distilled water 44.15 +0.85 6.0+1.70 158.60 + 36.80 11.11 +0.89
Bl 19.2 mg/kg caffeine extract fronCola 55.85 +4.15 6.90+£1.40 272.50 +47.20 8.00£1.33

nitida.

B2 38.4mg/kg caffeine extract fro@ola nitida  46.65+1.65 8.65+1.75 101.45+ 15.45 6.23 £ 0.45*
B3 57.6mg/kg caffeine extract fro@ola nitida  57.50 £4.20 8.25+0.75 311.00 + 3.60 7.11+£1.33*
C1 300mg/kg aqueous extract@bla nitida . 73.30£10.6 6.35+1.15 271.30+168.20 6.23 £0.45*
C2 600mg/kg aqueous extract@bla nitida. 57.50+250 11.35+3.85 135.15+7.85 5.78 £ 0.00*
C3 900mg/kg aqueous extract@bla nitida. 39.15+0.85 11.30+3.00 408.45 +48.25 6.79 £ 0.11*
D1 10% mla nut supplemented feed. 43.35+0.00 6.70+x0.80 187.75+111.65 10.22+0.00
D2 20% mola nut supplemented feed. 43.35£6.65 9.00+290 179.40 + 18.50 10.22 £ 0.00
D3 30% mola nut supplemented feed. 48.35+£1.65 9.80+190 216.70+59.10 9.78 £ 0.45

*P<0.05 indicates significant difference compared to control
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A= Control, B= Caffeine fraction group, C= Aqueous extracug@; D= ola nutsupplement group, GSH= Glutathione concentration pug/ml

microgram per mil CAT= Catalase, MDA= Malondialdehyde, SOD= Superoxide Dismutase, U= international unit.
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4.8Histological Studies

The resuls of histologicastudies showed histological changes in the tessustudied.
Animals in control(distilled wateryroup hadnormal histology ofthe cerebratortex
with normal Pyramidal cells and Stellate dé&llateV1I), while animals administered
agueousextracts ofCola nitida had some nomal cells and vacuolation(Plate \MII),
clumped cells and some normal pyramidal cfate IX), neuramal degeneration and
pyknosis (Pate X) in their cerebral corticesS'he animals thatvere administered crude
cola nuthad vacuolabn and somre nomal stellate cell§Plate Xl)vacuolaion and
pyknosis (Rates XI),clumped cells,vacuolaton and pyknosis (PlatXlIl1) in their
cerebral corticeswhile anima$ givencaffeinefraction of Cola nitidehad some normal
pyramidal cellsand vacuolation (Bte XIV), pyknosis and clumped cel{Plate XV),
neuronal degeneration, clumpedcedlsd vacuolation (Bte XVI) in their cerebral

cortices

The histological studiesf the hippocampushowed that @mals in the control group
hadnormal appearance of tigppocampus with monal pyramidal cell§Plate XMl 1),
while animals administeredqueousextract hadsome normabnd clumpedpyramidal
cells (Plates XIX and XX) andclumped degeneragnpyramidal cells (Rte XXI) in the
hippocampus. The animals giverudeCola nitidahad clumpedyyramidal cell (Rates
XX1I and XXlII), clumpeal degenerated pyramida¢lts (Plate X1V), while animals
administeredaffeine fractiorof Cola nitidegroups hd clumpedpyramidal cell{Plates
XXV and XXVI),clumped degeneragrpyramidal cells (Plat¥X VII).

The resuts from toluidine blue staishowed histological changes in the tssstudied.
Animals in control group have normal histology tbe cerebral cortex with normal

pyramidal and tllate cels with normal stain upke (Plate XXMII), some normal
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stellateand pyramidal cellsand clumped cellgPlatesXX X, XXX ,XXXI andXXX1l),
with less stmn uptake (XXXIlII)some normal stellateand pyramidal cells, and
vacuolation (Plate XXX1V), normal pyramidal cells aciimped cells (Plate
XXXV),clumped cells (Plate XXXVI), normal stellate cells and degenerating
neurorfPlate XXXVII).

The histological studiesf the hippocampus using toluidine blue special sshiowed
that animals in the control group hadrmal gyramidalcells (Plae XXXV I1),clumped
deganerating pyramidal ells (PlatesXXX X and XL), degenerating yramidal ell
(PlatesXLl) clumpedpyramidal cel(XLIl and XUII),clumped degenerating pyramidal
cell (Plate XLIV), clumped pyramidal ell (Plates XLV and XLVI), clumped

degenerating pyramidaleall (PlateXLVII ).
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PlateVI: Section of cerebral cortexf rat showing the cell layers frodolecular (),
Outer granular (1), Outer pyramidal (lll), Internal granular (IViternal
pyramidal (V)and Multiform{/1). (H and E x 9)
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PlateVIl: Section of cerebral cortdlayer 1l and Ill)of ratfrom controlgroup showing;
Normal Stellatecells (SC) and Pymidal cells (PC), (H and E2&0).
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Plate VIII: Section oferebral cortexlayer Il and Ill) of rat treated with300mgkg
aqueous extract ofolanitidashowingVacuolation(\j, Some normd@tellae
cells (SC) and Pyramidal ¢g(PC), (H and E 250).
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Plate IX Secton ofcerebral corte@kayér [l and Ill) of rat treated with 600mg/kg
aqueous extract ofColanitida showing Pyramidal cells (PGElumpedcells(CC)
(H and E x250).
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PlateX: Section oferebral corteXlayer Il and Illof rattreated with 900mg/kgqueous
extract ofColanitida showing Degenerating neuron(DNPyknosis (PK)
(H and E x250).
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Plate X: Section of cerebral cortelayer 1l and lllof rat supplemented witl®% Cola
nitidashowing Stellate cell (§), Vacuolation (V), (H and E260).
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Plate XI: Section of cerebral cortefkayer Il and Ill) of rat supplemente®0% Cola
nitida showingVacuolation (V), Pyknsis (PK) (H and E X250).
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Plate XI1I: Section of cerebral corteffayer 1l and Ill) of rat feed supplementedth

30% Cola nitidashowirg; Vacwlation (V), Clumpedcell¢CC), PyknosigPK)
(H and E x250).
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caffeine extractshowing Vacuolation (V),pyramidal cells (PCjH and E x

250).
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IateXV: Secfion of cerebral corteffayer 1l and Ill) of rat administered38.4mg/kg
caffeine extraghowing Clumped cells (C¥; Pyknosis (PKYH and E x250).
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Plate X/I: Section of cerebral corteftayer Il and lllof rat administered57.6mg/kg
caffeine extracthowing; Degeneratig neuron (DN), Vacuolation (MJlumped

Cells(CC)H and E x250).
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Plate XV1I: Sectionof hippocampuf rat showing CA2, CA3, CA4egionsand the
dentate gyrugH and E x @)
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Plate X/I11I: Sectionof hippocampugCA3 region)of ratfrom control grap showing;
Normal pyranidal cells (NPC). (H and E 250).
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Plate XIX Section of hippocampu£A3 region)of rat treated with 300mg/kaqueous

extract of Colanitida showing Clumped Pyramidal cells @) Normal
pyramidal cell§NPC). (H and E »250).
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PlateXX: Section of hippocampU£A3 region)of rat treated with 600mg/kgqueous
extract ofColanitidashowing Clumped Pyramidal cells @&C) Normal
pyramidal cellNPC). (H and E 250).
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Plate XXI: Section of hippocampu€£AS3 region)of rat treated with 900mg/kgqueous
extract ofColanitida showing Clumped Degenerating Pyramidal C&IEDPC)
(H and E x250).
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Platé XXAI: Section of hippocampu€A3 region)of rat 10% supplementedith Cola
nitidashowingDegenerating?’yramidal Cell (CPC). (H and E280).

!-f" ‘. . ’
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Plate XX1I: Section of hippocampU£A3 region)of rat supplemented with0% Cola
nitida showing ClumpedPyramidal Cell (CPC). (H and E280).
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Plate XX1V: Section of hippocampusA3 regionpf rat supplementedvith 30% Cola
nitida showingClumped Degenerating Pyramidal Cells (CDPC) (H and E x
250).
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Plate XXV: Section of hippocampu§CA3 region) of rat administered 19.2mg/kg
caffeine extractshowing Clumped Pyramidal Cells@C) (H and Ex 250).
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Plate XXVI: Section of hippocampug$CA3 regionpf rat administred 38.4mg/kg
caffeineextractshowing Clumped Pyramidal Cells C)(H and E x250).
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Plate XXVII: Section of hippocamp(SA3 region) of rat administred 57.6mg/kg
caffeine extracshowing; Layer of Clumped DegeneratiRyramdal Cells
(CDPC)(H and E x250).
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showingPC (Pyramidatell), SC (St#ate cell) (Toluidine blue x250)

79



g T N
. R e pe m

Plate XXIX: Secti'on of cerebral cortefkayer Il and Ill) of rat treated with 300mg/kg
aqueous extract Gblanitida treated group showingstellate cell (SCElumped
cells(CC)(Toluidineblue x250)

80



iy

Plate XXX Section of cerebral corteftayer Il and Ill) of rat treated with600mg/kg
aqueous extract @bla nitida showing Clumped cells(CC)Pyramidal Cell
(PC).(Toluidine blue x250).
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Plate XXXI Séctlon of cerebral corte@tayéf Il érid‘ 1)) of rat treated W|th900mg/kg
aqueous extract Gblanitida treated group siwing; Stellate cell (SCXlumped

cells (CC)(Toluidine blue xX250).
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Plate XXXI: Section of cerebral corte})ayer Il and IIl)of rat supplementeavith 10%
Cola nitidasshowing Pyramidal cell (P Stellate cells(SC), Clumped cells
(CC) (Toluidineblue x250).
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