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ABSTRACT

Adenopus breviflorus is a peiennial climber used locally as an entt-convulseny,
sedative and pain-killer in West Africa. Several studics have reported gastrointestinal,
teproductive and anti-microbial cffects of extracts of Adenopus breviflorus, but there is dearth
of information on its neurological effect. This study was therefore designed to investigate
efTect of Ethanol Extract of Adenopus breviflorns (EEAB) on cential nervous system in mice.

Three hundied gram of air-dried Adenopus breviflorus fruits were cold macerated in
70% cthanol and concentrated using rotary evaporator. One hundred and ninety-two Swiss
male albino mice (20-25 g) wcre divided into control (distilled water), EEAB-treated (62.5,
125, 250, 500, 1000, 2000 mg/kg, p.o.) and diazepani-trcated (2.0 mg/kg) groups (8 per
group) for neurobchavioural studics; fiy-six mice(20-25 g) (8 per group) were uscd to
evoluatc mechanmisms of action using difTetent antagonists (0.5 mg/kg atropinc, 0.5 mg/kg
cyprohcplndir;e, 0.2 mg/ke haloperidol, 2.0 mg/kg naloxone, 0.2 mg/kg propranolol and 1.0
mg/kg yohimbine). Sixty-four mice (20-23 g) were divided inlo control and EEAB-treated
groups (62.5, 125, 250, 500, 1000, 2000 mg/kg, p.c.) (8 pcr group) for Y-maize test. One
hundred and sixty mice (20-25 g) (8 per group) were divided into control and EEAB-treated
groups (250, 500, 1000, 2000 mg/kg, p.o.) for analgesic study; 32 mice (8 per group) were
used 1o evaluate mechanism of action using naloxone (2 mg/kg). Neurobehavioutal sunidies
were camed oul using novelty-induced rearing, grooming and locomotor activity in open-
ficld. Head dips rate was determined using hole-board. Effect on memory wus performed
using Y-maze test. Analgesic activity was catried out using hot plate, tail immersion. formalin
and acetic acid-induced writhing tcsts. Data were analysed using descriptive statisiics and
ANOVA at p=0.05.

The EEAB (250-2000 mg/kg) significantly decreased rearing (86.6+2 1, 84.6+2 7,
62.842.4, 23.6+2.8, relative to control 131.242.9). Dinaepain also significantly decreased
rearing (11.0+2.6 relative to control 131.242.9). The EEAB (62.5-2000 mg/kg) significantly
decreased grpoming, locomolor activity-and head dips relative to controls (32 8-8.0 versus
36.2+2.6, 77.8-29.8 versus 121.0#3.4 and 15.0-6.8 versus 32.6+1.8 reSch'Ich.l) ). D.impum
also significontly decreased grooming, locomotor activity and head dips relative 10 controls
(144417 vecrsus 162426, 49.6+1.3 versus 121.043.4 and 62+1.1 versus 32 6+1.8
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tespectively). Three antogooisis (2 mg/kg nnloxone, 0.2 mg/kg proprarolol, 1.0 mg/kg
yohimbine) reversed efTect of EEAB (2000 mg/kg) on rearing relative to controls (112.4+2.9
versus 131.242.9, 113.8+2.8 versus 131.2+2.7 and 110.4+1.3 versus 131.242.7 respectively).
The EEAB (62.5-2000 mg/kg) significantly increased memory (65.4+1.8, 66.0+2.9, 66.6+1.6,
68.4+2.3, 74.2+2.1, 77.6+2.9 relativc to control 58.2+2.7). The EEAB (250-2000 mg/kp)
significantly increased reaction time (min) to lhcrmnl stimulus of hot plate (2.2+0.2, 2.8+0.4,
2.80+0.4, 3.6+0.3 relative to control 1.0+0.0) and hot water (2.8+0.3, 2.830.3, 3.4+04,
20.0+0.] relative to control 1.0+0.0). The EEAB (250-2000 mg/kg) also significantly reduced
acetic acid-induced wiithes (33.6+1.1, 15.8+1.1, 13.8+0.9, 4.0+0.5 relative to conkol
41.4+1.8) and decreased pow-licking lime (sec) in formalin-induced neurogeoic pain
(44.042.6, 38.2+2 8, 27.6+2.8, 4.610.6 telative to coown}! 76.0+3.7) which were all reversed
by naloxooe (2 mg/kg).

Adenopus breviflorus had central nervous system depressant and analgesic cffects

which could bc mediated via u-receptor, P and a;- adrencrgic rcceptors.

Keywords:  Adenopus breviflorus, Neurobchavioural effects, Naloxone, Analgesia, Mice.

Word counts: 497
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CIIAP’TER ONE
1.0 INTRODUCTION

An estimated 400 million inhabitams of the world, that 1s about 80% of world's
population, are thought (o rely chiefly on waditional medicine, which is largely of plant origin, for
their primary healihcare needs (Norman ef al, 1985). However, it is widely belicved that these
valuable medicinal resources in plants arc largely untapped because of inadcquate scientific
technical and commercial infrastructures in developing countries (Olayiwola, 1993).

In recent yems, there is a growing interest in herbal therapy. Data on scientific screening
of plant extracts, whether crude or purified, appears to be accumulating graduatly but sicadily.
Literatures on anlidianbocal (Meite ¢7 al, 2009), antimalaria (Nwazue e: af, 2013), antidiabetic
(Shetti et al., 2012) and contraceptive (Oycdeji et al, 2013) activities of piant — based products
suppost this claim. The major contributory factors (o this gtowling interest include: rising costs of
orthodox medications, Jow therapeutic index of synthetic compounds and the giowth incidence of
drug resistance (Seed, 2000) among the pathogens especially in developing countiies with very
weak economic indices. [t is thought thot the use of plant - derived active principles wall offer
people access to safe and effective products for the prevention and treatment of dseases through
self — medication.

Medicina| plants arc of gical importance (o the health of individuals’' and communitics.
The advent of science into the scarch for antibiotics largely depends on some of these medicinal
plants as mw matcrials. ‘Thc medicinal value of these plants lies in some chemical active
substasces that produce a definite physiological action on the human body. The most important of
these chemically active constituents of plants are alkaloid, tannin, flavoiwid and phenolic
compounds. (Edcogiz, 2005).

For many ycars, medicine had depended exclusively on teaves, flowess and backs of
plants; only 1ecently have synthetic drugs eome into use. At present, nearly 30% or morc of the
modemn phasmacological drugs are derived directly or indirectly from plants and in homeopathic
or ayurvedic medicines, medicinal plants, their pans and cxwracts dominate the scencs (Hassan er
al., 2013).

Drugs acling on the Central Nervous System (CNS) were among the first o be

discovered by the primitive human and arc still the most widcly used proup of
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phannacological agents. The CNS acting drugs are invaluable thcropcutically, because they
can produce specific physiological and psychological eflccts. From the vast array of materia
medica of the indigenous system, so maay plants have been reported to have activily against
CNS disorders and thus act as very uscful remedics for the alleviation of human suffering
(Suba et al., 2002).

Among the medicinal plants that are in cursent use in Nigeria is the piant called
Adenopus brevifiorus. The plant is used medicinally as a purgative in Tanganyika and as a
vcermifuge in Nigeria (Ainslic, 1937). A decoction from the plant is said to be used in Nigeria
for headache (Ainslie, 1937). Tt is used in West Alrica for a wide range of gastrointcstinal
disorders and measles in man. It is also used as an anti ~ convulsant, sedative and pain Killer
(Burkill, 1985).

The objcctives of this study were 1o cvaluate the phytochcmical components,

ncurobchaviotiral cffect, analgesic and anticonvulsant activitics of cthanolic extract of

Adenopus breviflorus fruit in mice.
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- CHAPTER TWO

2.0 LITERATURE REVIEW
2.1  Herbalism |

Herbalism ("Herbology" or "Herbal Medicine") is use of planis for medicinol
purposes, and the study of such use. Plants have been the basis for mcdical treotments through
much of human history, and such tiaditional medicine is still widely practiced today. Modem
medicine recognizes herbalism os a form of alternative medicine, as the practice of herbalism
is not strictly based on evidence gathered using the scientific method. Modem incdscine, does,
however, make usc of many plant-derived compounds as the basis for evidence-icsted
pharmaceutical drugs, and phytotherapy works o apply modem standards of effectiveness
testing to berbs and medicines that are derived frpm natural sources. The scope of herbal

medicinc is somctimes exlended to include fungal and bee products, as well as nuncrals,

shells and certain animal parts (Anonymous, 2013).

2.1.1 llistory

Archaeological evidence indicotes that the use of medicinal plonts dates at lcast 10 the
Polcolithic, approximately 60,000 ycors ago. Written cvidence of herbal remedies dates back
over 5,000 years, to the Sumerians, who created lists of plants. A number of ancient cultures
wrote on plants and their medicol uses. In ancient Egypt, herbs nrc mentioned in Egyptian
medical papyri, depicled in tomb illustrations, or on rare occasions found in medical jars
containing trace amounts of herbs (Nunn, 2002). The earliest known Greek herbals were those
of Diocles of Carystus, written during the 3rd ccntury B.C, and one by Krateuas from the 1st
century B.C. Only a few fragments of these works have survived intact, but {rom what
remains scholars have noted that there is a large amount of overlap with the Egyptian herbals
(Robson and Baek, 2009). Secds likely used for herbalism have been found in the
arehaeological sites of Bronze Age China dating from the Shang Dynasty (Francis, 2004).
Over a hundred of the 224 drugs mentioned in the Hirangd! Neifing, an carly Chinese medical
text, are herbs (Unschuld, 2003). Herbs were also common in the medicine of ancient India,
where the principal treatment for diseases wasdict (Ackerknecht a, 1982). De Materia Medica
by Pcdanius Dioscorides, a Roman physician, is a patticularly important example of such

writings, The documentation of herbs and their uses was o central part of both Westem and
3
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Eastern medical scholarship through to the 1600s, and these works played an important role in
the development of the science of botany.

2.1.2 Modern herbal medicine

The World Health Organization (\WHO) estimatcs that 80 pcrcent of the population of
some Asian and African countries presently usc hcrbal medicine for some aspect of pnmary
health care. Pharmaceuticals are prohibitively expensive for niost of the world's populstion,
half of which lives on less than $2 U.S. per doy (Edgar ¢¢ af, 2002). 1n comparison, herbal
medicines can be grown from seed or gathered from nature for little or no cost.

Many of the pharmaceuticals currently available o physicians have a long history of
use as herbal remedies, including opium, aspirin, digitalis, and quinine, Accotding to the
WHO, approximately 25% of modem drugs used in the United States have been derived from
plants, At least 7,000 medical compounds in the modem pharmacopocia are denved from
plants Among thc 120 active compounds currently isolated from the higher plants and widely
used in modermn medicine today, 80 percent show a positive correlation between thcir modem

therapcutic use and the traditional use of the plants (rom which they are derived (Fabricant
and Farmsworth, 2001).

2.1.3 Clinical tests

In a 2010 survey of the most common 1000 plant-derived compounds, only 156 had
clinical trals .publishcd. Preelinical studies (tissuc-culturc and nnimai studies) werc reporied
for about one-half of the plant products, while 12% of the plants, although available in the
Western market, had "no substantial studies™ of their properties. Strong evidence was found
that five were toxic or allergenic, so that their use ought la be discouraged or forbidden. Nine
plants had considerable evidence of therapeutic effect (Cravotto et al.. 2010). According to
Cancer Research UK, "there is cuirently no sirong evidence from studies in people that herbal
remedses can treat, prevent or cure caneer”,

The U.S. National Center for Complementary and Altemative Medicine of the
National Institutes of Health funds clinical trials of the c[lectivencss of licrbal medicines and
provides “fact sheets” summanzing the cfTectiveness and side elfccts of many plant-derived

preparatjons.
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2.2 Herbs affecting the central pervous system

The followings are some of the specific herbs that affect the centra] nervous systeni:

2.2.1 Ephedra or Ma Huang (Ephedra spp.)

Ephedra is a medicinal prepasation {rom the plant Ephedra sinica (Gurley et al,
1998). A wide variety alkaloid and non-alkaloid compounds have becn identified in vanous
species of ephedra. Ephcdra has been reported 10 have sltimulant and thermogenetic effects
due © the prescnce of its alkaloids (ephedrine and pscudoephedrine) (Abourashecd er al.,
2003). It has also been reporied 1o stimulate the brain, increase heart rate, constrict blood

vessels, expand bronchial tubes as well as uscd by athletes as perfonnance enhancing drug
(Bents and March, 2006).

2.2.2 Ginkgo (Ginkgo biloba L.)

Ginkgo is o unique species of tree with no living relatives nnd its extracts have been

icporied to conlain flavonoid, glycosides (Myricetin and quercetin) (Oyoma er. al, 1994) and
tcipenoids.

Its extractls ore shown (o exhibit reversible, nonscicctive monoamine oxidasc
inhsbition, as well as inhibition of rcuptoke at the scrotonin, dopamine, and norepinephiinc
transporters, with all but the norepinephnine reuptnke inhibition fading in chronic exposure
(Winter and Timincri, 1999). Ginkgo has been rcported (o be elTective in improving cognition
in dementia paticnts (Wcinmann et al, 2010). It is used in the treatment of schizophrenia
(Zhang ¢t al, 2011). It is believed o have nootropic propertics, and is mainly uscd as

meniory and concentralion enhancer as well os an antivertigo agent (Mahadcvan and Park,
2007).

2.2.3 St. Joha's Wort ({{ypericiun perforatiim 1..)

Hypericum perforation is a flowering plant and n medicinal plant that is sold over -
the — counter as a trca8iment for depression (Nathan, 2001). 1ts major chemica! constitucnt,
hyperforin, may be used for the scatment of alcoholism (Reutera er af , 2008), Hyperforin has
been feporied to posses antibacterial properties against Gram ~ posilive bacteria (Ceechini,
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2007). Hypericum perforoium extract is uscd as tropical remedy (or wounds, abmsions, bums
and muscle pain (Reulera et. af., 2008).

2.2.4 Kava (Piper methysticum G. Forst.)

Kava is a crop of the western pacific whose rools arc used to produce a drink with
sedative and anaesthclic propetties; it is also uscd in the treatment of short — term social

anxicty (Teschke, 2010). It has also been reported 10 produce mild cuphosia and relaxauon as
well as a deep dreamless sleep (McDonald, 2000).

2.2.5 Valengn (Vaieriana officinalis L.)
Valcrian is a perennial flowering plant whose consumption has been reporied to
produce sedative and anxiolytic effects which were suspected to be mediated thrtough the

GABA receptor. Valerian is most often used in the trcotment of insomnia and anxijety
disordets (Hadley and Petry, 2003).

2.2.6 Miscellaneous CNS-Depressant Herbs
There are several botanicals with a folkloric reputation for utility in the treatment of
restlessness and sleep disturbances whose efficacy is largely unproven by scientific methods.

Some of them are fiequently used in combinition with other CNS depressants in proprictary
herbal products.

Hops, \he dried strobiles of ffumulus lupidus L., is one of these, Although very small
amounts of methylbutanol, 2 compound with sedative eflccts, have becen detected in hops,
clinical studies have not verified any such activity of the herb in human subjects (Franco er
al., 2012)

Passion flower, the dried above-ground parts of Passiflora incarnata L., bas an
ancient repulation as a sleep aid. However, no controlled clinical trinls have ever been
conducted on single-herb preparations, so preliminary positive tesults in the few aniinal
studies bave not been verified (Nogan and Conduit,201 ).

Lavender, \he dried fosvers of Lavandula angistifolia Mill,, yield a volatile oil. the
calming and relaxing efTects of which are better documented by both einpirical medicine and

experimental studics. Apparently, its aclions arc mediated by olfactory receplors, but it may
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possibly aet direcily on the CNS following systemic administistion, Suitable research in
human subjects is required (o verify preliminary observations (Chevallier, 2013).

2.3  Adenopus brevifloris
23.1 Taxzonomy

Adenopus breviflorus (Lagenaria breviflora) belongs 10 the family of Cucurbitaceae. It
is commonly called Wild colocynth in English language, in Ibo Ianguagci Ogbenwa and in
Yoruba language: Tagiri (Ainslie. 1937) as reported by Burkill (1985) .

Its family is modcrately large consisting of about oae hundred and ten genera and six
hundred and forty species (Evans, 2002) and is represented in Nigeria by 1wenty-one general.

Centain genera, such as Telfaira, Cucurbita and Citrullus ace cultivated in Southem Nigeiia
(Okoli, 1984).

Domain: Eukaryoio
Kingdom: Plantae
Subkingdom: Viridaeplontae
Phytum: 1racheophyia
Subpbylum: Euplyilophytina
Infraphylum: Radiatopses
Class: Magnoliopsida
Subclass: Rasidae
Supcrorder: Violanae
Oniler: Cucurbitales
Family: Cucurbitaceae
Genus: Adenopus
Spccific cpithet: brevifiorus
Botanical namec: Adenopuus breviflorus

2.3.2 Decscription

It is o perennial tendril climber. It would usunlly lie on the ground for want of
something 10 climb and climbs over shrubs and herbs by means of axillary tendrils The
lcaves asc simple, altemate and palmately veined (Dutta, 19985). The fniit is a pcpo and appear

green with cream-<coloured narrow blotches measunng t-5 cm in length and its pulp is bitter
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(Kar, 2007). The seeds number up to four hundred in an average — size fruit. The flowers are

oclinomoiphic.and neasly always unisexual (Burkill, 198S).

2.3.3 Geographicdistribution

The family is a diveise family of plants in the temperate zones but also thrives in hot
atid regions of the world (Weihrauch and Tetcr, 1994). It occurs from Senegal 10 \Westem
Camcroons and generally widespread in tropical Africa (Ainslie, 1937).
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Plate 2.1; Adenopus breviflorus {ruit specimen (Oyedeji, 2014)

9
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2.3.4 Chemical compounds and nutritional value

Some members of the Cucurbitaccae family sre grown for their carbohydrate rich fruits,
which contain many oil and protein rich seeds that are discarded as wasic during the
processing of the fiuit. A few examples include watennelon (citrulus vulgaris), muskmelon
(Cucumis melo), pumpkin (Cucurbita pepo), sponge gourd (Luffa cylindrica) (Weihrauch and
Teter, 1994). The seed of Adenopus breviflorus is a good source of most of the essential
amino acid (Oshodi, 1996).

Phytochemical onalysis of the plant showed that it contains variety of chemical
compounds rt;nging fiom saponins, phenolic acids (Elujoba et af, 1991) and cucotbitacins
(Wakimoto, 2008). Thcre are several types of cucorbilacins that have been discovered in plants of
cucutbitacese family, with profound phannacological acéions. The primasry cucurbilacins ae

types 13 and E and they have also been fourid outside the Cucubitaccae family (Momma ¢ of,
2008).

2.3.5 Mecdicinal uses

The plant is used as a purgative in Tanganyika as wwell as a vermifuge and cathartic in
Nigeria (Ainslie, 1937) as desctibed by Burkill (1985). A decoction from the plant is said to
be used in Nigeria for headache (Ainslie, 1937) as described by Burkill (1985). 11 isused in
West Aftica for a wide range of gastrointestinal disorders and measlcs it man. In southem
INigeria its seed-decoction is reportedly given to pregnant women but the purpose is not stated
(Dalasel, 1937) os desciibed by Burkill (198S5). 1t is used as an anticonvulsant, sedative and
pain killer (Burkill, 1985),

They are commonly used in Nigeria for depilating hides. The fruits are cut up, pwt in
water with lye of wood - ashes and in this hides are lefl o soak for one or two days. Altemalively
the hides are stretched and Ihe inner surfoce scraped clean, and then the frust pulp is rubbed in
followed by a free application of dty wood — ash. Depilating is done after the folded hide has
been steeped for a further day in the lye of wood — nsh (Dalziel, 1937) as described by Burkill
*(1985). The seeds ae used in some places to stupefy fish, and in Sudan the 3ceds are sa1d (o be

chewed while smoking tobacco o induce a sort of inloxication (Dalzel, 1937) as described by
Burkill (198S).
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It is used with otlier medicinal plants as concoctions to aid parturition in humans (Sonaiya,
1999). Livestock farmers employ the [ruit extroct of the plant for the tieatment of Newcastle

disease and coccidiosis in animals (Sonaiya, 1999).

2.3.6 FPharmacologlcal properiles

It has been reported that the methanol cxtract of its whole [ruit has anti-implantation
activity (Elujoba ef al, 1985) and abortifacicnt activity (Elujoba and Hymecte. 1986). The
cthonol extract of its whole fruit has been reported to have a brond spectrum antibactertal

activity (Tomori er al., 2007) as well as antiox:dant and anti-ulccrogemic cffccts (Onasanwo
etal, 201 )).

The ethanol cxuiact of its whole fruit has been reporied to cause increase in RBC,

TWBC, PCV valucs ns well as caused electrolytes imbalances (Saba et al.,, 2009a) and
spermatotoxic effcct in rats (Saba ef al, 2009b).
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Table 2.1: Common Neurotranimitters

(Coregory Name Abbresiatios | Metabotropic lonotrople
: Small: Amino scids (Arg) | Agmatine hT, adrenergic m:eplorWA receplor —
; Imidazolioc receptor
1 Small: Amino aclds Aspanaie Asp . NMNDA reeepinr =
. Small: Amino acids | Glwtamate (glutamic | Glu Meubouopic NAMDA  receptor  (co-aponist
| ecid) glutamate receptor Rainue rocepior, AMPA reecr.lor
Small: Amino aclds Gamma- GABA GABA, tecefior GABA,. GADA .-p recemor
am(nobutyic scld
"Small: Amino scids Giycine Gy — Giycine recepior, NMDA roccpim
(co-sgonist)
Small: Amino acids D-salne Sce NMDA receptor (co-agonist)
Small: Aeetylcholine Acetylcholine - Ach Muscarisile Nicotinic acelyicholine rccepie'e
aecty)choline receplor
i Small: Monoamine | Dopamine DA Dopamine receptor .
{Phe/Tyr)
| Smali: Monoamine | Norepincphrine NE AdrenesBlc receptor
| (Phe/TYT) (norsdrenaline)
| Small: Monoamine | Epinephiine “ Epl Adrenergic receplor .
{Pbe/Tyv) (adrenaline)
Small: Monoamine (Tp) | Serolonin (S [ S-HT Sercionin receplor, all | S-HT,
hy GroxytryMamin c) but §-4T,
Semall: Moanamine (Trp) Alelatonin Mel Mclalonin recepior .
Small; Trace anilne (Phe) | Phencthylamine PEA Taace amine-
associated receplors:
WTAARI], hTAAR2
| Small. Trace amlne (Phe) | M- NMPEA hTAAR1 s
methyiphcnethyiarol
ne
Small: Trce amine | Tyrmine TYR ATAARI.ATAAR2
(PherTyr)
Small: Trxce amine | Ocloparaine (0 hTAARI
| (Phe/Tyr)
Small. Trace  amine | Synephiioe Syn hTAARL
| (Phe/Tyr)
Small: Trxe wmice | J.metRorytyvemine | 3-MT ATAAR| =
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Small: Tmce sminc (Tip) | Tryplasmine hTAAR], various $-
' : | HT receplors
“Smalf: Trace amine (Trp) | Dimethyltryptamine | OMT hTAARI, various -1
HT receplors,
Small: Dlamine (His) Histanslne H HistomIne receplor .
Neuropeplides N- NAAO Metabotropic 3
Acctylaspartylgluta glulunato  reecpfofs;
Imuu: selective agonist of
' mOIuR3
| I'P: Oastring Oasirin - . -—
PP: Gasitins Cholecystokinin CCK Cholecystokinin .
receplor
PP: Neurohypoplhyseals Vasopressin AVP Vasopressin recepios . B
' PP: Ncurohy pophy seals Oxytocin oT Oxylocla recepior . —
PP: Neusohypophy'seals Neuwrophysin | . r
PP: Neurohypophyseals Neurophysin |l .
PP: Ncuropeplide Y Neuropeplide Y: NY Neuropepiide Y |-
receplor
|L-PP: Neuropeptide Y Pancreatic PP a o
polypeptide
PP: Neuropeptide Y Pepilde YY PYY . -
PP Opioids Cortlcotropin ACTH Cortleotropln recepior
| (adrenocorticoiropic
| hermone)
PP: Oplolds Enkephaline Fopiold mecpior |
PP: Opioids Dyno:phin ~xoploid receplor - e
:| PP: Qpioids Endorphla p-oploid reeeptor .
| PP: Secreting Seeretin Secrelin recTpror .
| PP: Secretins Motilln Mollin receptor -
| PP: Secrelins N Glucsgon Gluesgon recepior -
PP: Secretine | Vasaactive VIP Vasosctive 1nestingl | -
| Intestinal peplide peptide receplor
; PP: Secreting Grow wth homione- | GRF
| szleasing factor
| PP: Socutostatns Somaiostatin Somatostsd In receplor
' SS: Tachyklnins Neurokinin A -
L SS: Tachykinins Neurokinin 8
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SS: Tachykinins || Substance P - .
PP: Other | Cocalne and | CART Unknown /0,
amphetanine coupted receplod'”
reguleled tsansciipt |
fPP:OlIm Bombesin - . T~ =g
' PP Other Oastin  releasing | GRP . 2
| peptide
Ox Nitricoxide NO Soluble  guanybyl | -
cyciase
Gas Carbon monoxide | CO o - ‘Heme  bound o polasiium
channels
. Other Anandamide AEA Cennabinoid receplor | -
Other 2 2-AG Cannabinoid reeeptor | - o i
Arachidonoylglycer
| ol
'IOIher 2.Arschidony! 2-AQE Cannabinoid receptor |«
| glyceryl ether
' Qther “N°-Arachidonoyl | NADA Cannabinoid receplor | TRPVY
dopamine
Ower ' Vitodhamine Cannabinoid receptor
oba “Adenosine ATP P2Y12 P2X receplor
triphospliate
Adenosine | Ado Adenosine receplor -

'| Other

“Adapted from Wikipedia

2.4  Esxplorativc bechavior of radcnts in novel environment

The movement and behaviour of {irst colonists in nove} environmenis have important

implications for their survivol and long term pogpulation establishment (Holway and Suorez,

1999; Taylor and Hastings, 2005). Individuals in unfamilizr locations must become Fmiliar

with their ecnvironment before establishing home ranges, aliowing efficient resource
wtilization and predator avoidance (Becahamou 1994; Bums 2005). Invasive species continue
to colonize new cnvironments (Vitousck e/ af. 1997), ond preventing new invasions is a
priority (Puth aod Post, 2005). Petecting and intercepting the first invaders remains difficult
becouse of behaviousal changes at low density such as enhonced ncophobia (e.g. Thorsen et
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al, 2000), and a belter understanding of invader behaviour would assist managers in

‘preventing invasions (Holway and Suvarez, 1999; Puth and Post, 2005).

Labotatory studies of exploration innovel envisonments hypothesize (hat animals wil
(i) inivally prioritizc @ sysiematic exploration (avoiding sites previously visited) and (it)
subscquently seltle into regular patiermns of patrolling (rcgulasly visiting previously used sites)
about a home range. Computer simulations hypothesize that relcased individuals (i) first
explore around and return o their release site, before establishing new den sites about which
they forage, and (iv) choose nearly uncorrelated random-walk search strategics in the absence
of specific cues in a homogencous lnadscape (Zollner and Lima, 1999).

Unfortunately, there is a lack of data outside Uie [sboratory on animal behaviour tn
novel environments (Birke and Archer, [983: Gosling, 2001) and on behavioural changes that
occur following relocation (rom high- 10 low-density populations and familiar 1o novel
environments (Smith and Morrell, 2007). Such data are notoriously difticult to collect in
natural systems, alnost exclusively requinng an experimental approach (e.g. Burns 2005).
Nonctheless, chamcicrization of postarrival movement and bchaviour is critical for
undcrstanding processes of species dispersal and colonization (Puth and Post, 2005), and
resulls from ficld experiments would provide a meaningful test of hypothescs developed in

the laboratory (i and it) and by computer simulstion (iii cnd iv).

2,5  Locomotor activily in rodents

The assessment of rodent unconditioned locomotor behaviour has bcconic one of the
most widely used bchavioral paiadigms to determine the effects of various experimental
manipulations ranging from genelic changes, e.g. knockout mice, to phsmuacological
challengcs, ¢.g. amphetamine-induced locomotor activity. This wide range ol applications is
based on the fact that unconditioned motor activity probes a vanety ol behaviors, can be
recorded automatically, and can quickly penciate aa eflfect profile (Geyer, 1990). In rats,
locomotor activitly has been used to disciiminale drug effects, to elucidate the functional roles
of specitic neurabiological sysicms, and to screen drugs for potential psychoaciivity.

More recently, locomotor activity has been used ss a critical assay o establish the
phenotype for various genctic manipulations of mice. Nevertheless, as pointed out by others,

the increased use of trausgenic and null mutstion techniques in the development of animal
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models of disordets undertines the importance of selecting the approprinte genelic background
due to large strain-dependent differences in behavioral measures, For example, signilicant
inter-stitain dilferences have been demonstraled acepss twelve strains of inbred mice and
seven F | hybrids that were tested in mulliple behavioral tasks including open field locomotor
activity, Y-moze aclivity, auditoty ond tactile startle reactivity, and prepulse inhibition of
startle (Logue et d., 1997). Similariy, large individual differences exist among miice tn their
behavioral responses 1o diugs of abuse.

Comparing CS7BLc6J and 129:SvJ, and their outcrossed Fl offspiing using
conditioned -place preference, mice of the 129rSv] strain were found to be hypoactive and
vely sensitive to the locomolor activaling effects of cocaine (Miner ¢f al, 1995).
Nevcrtheless, 129/Sv] did not develop cocaine-conditioned placc preference under conditions
that yielded significnnt place prefetence in C57BL/6J mice. Finally, thesc strain-dependent
behavioral charactetistics can be inherited in a non-ndditive manner. Such resulls cmphasize
the impottance of investigating the underlying behavioral dimensions in diffcrent stzins of
mice and support the notion of using dcleiled assessment proccdures (0 ndequalcly quanufy
the svain-dependent behavioral phenotype.

While locomolor activity has been a widely used bechavioral assny, its conceplual basis
is complex. A vatiety of different concepls have been applicd to the interpretolion of aspects
of unconditioned motor behavior of rodents in oa open ficld, including arousal, novelty
sceking, diversive and inspective cxploration, mixicly, slereolypy, and perseveration.
Numcrous investigatots have recognized the nccessity for onalyses of multivasinte profiles
and/or spatio-lemporal patiecmns of molor activity and proposed diffcrent approaches (o
quantify the various components of open field behavior (Eilam and Golani, 1988). Some of
these approaches were based on observer ratlings, while others have attempicd to automate the
entire measwement process. The measutement approachcs developed in studies in rats are
now being applicd to phcnotypic assessments of micc. Multivariale characterizatioas of rat
locomotor activity, typically including mcasures of crossings, distance traveled, time in the
center vs, the periphery, reorings, and sometimes holepokes, have many advantages over
univariale assessments }imited lo measures of the amount of activily (Paulus et ¢! [998).

Nevertheless, studies in rats also clearly demonsirate the additional utility of assessments of
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scquential pattemns of locomotor activity in pharmacological and ncurobiological studies,
insofar as these measures of the organization of the behavior provide further information
regarding the differcntiol cffects of various manipulations. The present report describes initia)
efTorts to extend these measures of the orgonization of locomotor behavior, as developed and

validated in studics ofrats, 10 studies of the behavior of mice in an open field.

2.6 Pain

Pain is an unplcasant fecling ofien caused by intense or damaging stimuli, such as
stubbing o toc, bumning a finger, putting alcohol on a cut, and bumping the “funny bone". The
Intcmational Association for the Study of Pain’s widely used definition statcs: “’ain is an
unplcasant sensory and cmotiooal cxperience associated with actual or potential lissue
domage, or described in terms of such demage” (IASP, 1979).

Pain motivates the individual to withdiaw from domaging situations, to protect a
damaged body part while it heals, and to avoid simitar experiences in the future (Lynn, [984).
Most pain resolves promptly once the painful stimulus is removed and the body has healcd,
but sometimes pain persists despite removal of the stimulus and apparent healing of the body;
and somctimes pain ariscs in the absence of any detectable stimulus, damage or discase (Raj,
2007).

Pain is the most common 1cason for physician consultation in the United States (Turk
and Dworkin, 2004). It is a major symptom in many medical conditions, and con significantly
interfere with a peison’s quality of life and general functioning (Breivik er al. 2008).
Psychological factors such as social suppori, hypnotic suggestion, exciicmient, or distraction
can significanlly modulate pain’s intensity or unplcasantness (Eiscnberger and Licberman,
2005). -

2.6.1 Pathophysiology of Pain

Enormous strides have been made in undcrstanding the ncutophysiology and
ncurocbemistry of the systems that transmit ond modulate information about noxious events
(Stein ef al., 2009). Much also is known about acute inflommation, which comsnonly drives

these ncutal processes. In contrast, relatively little is known about the pathophysiology
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underlying most persistent pain syndromes notwﬁhstnnding increasing knowledge of the long-
tertn changes that can occur in the nervous sysiem in response (o injury.

11 is now widely accepted that persistent pain may be sustained by different types of
mcchanisms. Although the various mechanisms associated with specific syndromes probably
overlap, it is likely that there are mechanistns that tend (o cluster and beeonie associated with
a 1ecognizable constellation of symptoms. Bascd on elinicnl observations and therapeutic
responscs, experts have adopfed a classification that broadly divides pain syndiomes into
noeiceptive, .ncuropnthic, psychogenic, mixcd, or idiopathic. Although this classification is

clearly an oversimplifieation, it has been found useful in assessincnt and therapeutic decision

rnaking.

2.6.1.1 Nociceptive Pain and its Mcchanisms

Clinically, pain con be labeled “nociceptive” if it is infenied that the pain is due 10
ongoing activation of the nociccptive systen: by lissue injury. Although neuroplastic changcs
(such as those underlying tissue sensitization) arc clearly involved, nociceplive pain is
presumed (0 occur as a result of the octivation of the scnsoiy system by persistent noxious
stimuli, a process that involves transduction, transmission, modulation and perceplion,

Tissue injuy activates primaty affcrent ncurons called nociceptors, which are small
diameicr afferent neurons (A-deltn and C-fibers) that 1cspond to noxious slimuli and ore found
in skin, muscle, joints, and some visceral tissues (Willis, 2007). Cell bodies of pnmary
afferent neurons arc located in dorsal rool ganglia (DRG) situated outside the centrn necvous
system (CNS) pnd the spinal seasory nucleus of cionial ncive V. These pscudounipolar
neurons hove bifurcated axonal processes, one innervating peripheral cells, tissues, and organs
for detection of noxious stimuli, and one that enters the spinal cord to trmnsfer information 10
the CNS. These fibers have specific rcceptors that may be responsible for noxious
mechanical, chemicnl or thermal stimuli. Functionally, they imnsduce temperature, chemical,
or mechanical forces via voliage-gated Na channels (Nov) and transienl reccpior polential
channels (TRPV1, TRPA!). The TRP receplors have undergone intensive investigation in the
hope of ultimately yielding new theiapies for pain (Bevan and Andctsson, 2009). The TRPV |
receptor, for example, has been fqund to be the specific site for reaction 10 copsaicin, a

compound that activates C-fiber nociceptors. Presumably, nociceptive piocesses linked to
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noxious cvenls involving somalic or visceral structures begin with acfiva(ioh of these spccific
rcceptors, wWhich leads to transduction, the process by which cxposure toa suflicient stimulus
produces depolarization of the peripheral neive.

Nociceptive primaiy affierent neurons are varied. Most are “silent”, active only when
suprathresbold stimuli impinge. Some asc specific to one type of stimulus, such as mechanical
or thermal, but most arc polymodal. The number and size of the receptive fields served by
cach fiber may be small or large, respectively. The mcaaing of this vanability in terms of
physiology or disease is not yet known, and research linking difficrent types of nociceptors to
disease states, or potential therspeutic targets. is still rudimentary.

Dcpolanzation of the prima:y afferent involves a complex ncurochemistry, in which
substnnces produced by tissues, ioflammatory cells and the neuron itself influcnce
transduction. The rolc of prostaglandins, bradykinin, protons, nerve growih factor, and other
compounds provide opportunities for the development of ncw analgesic drugs.

Once depolarization occurs, transmission of information procceds proximally along
thc axon to the spinal cord and then on to higher centers. Complex systems that modulate this
input occur at all levels of the neurexis and arc best charocterized in the spinal cord. The
neuroznatomy, ncurophysiology and ncurochemistry of these processcs are very complex
(Apkarian e/ al. 2005). Transmission across the first central synepsc may be influenced by
activity in the primary aflerent itself and madulatory ncural pathways that originate
segmentally or at supraspinal levels; further modulation results from processes initiated by
ghal cells (Apkerian ¢r af, 200S). The neurochcmistiy of thesc processes involves an
extraordinary array of compounds, including cndorphins, ncurokinins, prostaglandins,
biogenic amines, GADBA, ncurolensin, cannabinoids, purines, and snany othets.

The cndorphinergic pain modulatory pathways arc characterized by multiple
endogenous ligands and differcnt types of opioid receptors: mu, delta, and kappa. Endosphins
and their receptors are present in various lissues (e.g., immune cells and the gastrointestinal
tract), on nerve endings, and in multiple arcas of the CNS. They arc involved in many
neuroregulatory processes apart from pain control, including the stress response and motor

control systems. Opioid drugs mimic the action of endogenous opioid ligands. Most of the

drugs used for pain arc full mu receptor agonists.
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Other pain modulaling systems, such as those that use monoamines (scrotonin,
norcpinephrine and dopamine), histamine, acetylcholine, cannabinoids, growth factors and
other compounds, are targets for nontreditional analgesics, such as specific antidepressants
and anticonvulsants. It is likely that entircly novel analgesic compounds will become

conuncrcially available in the futute as drug development programs target thesc Sysicms.

Churacieristics of Nociccplive Pain

Nociceptive pain can be acute (short-lived, rcmitting) or persisient (long-lived,
chronic), and may primarily involve injuty to somatic or visceta) tissues. Pain that is inferred
10 be related to ongoing activation of nociceptors that innervatc somatic structures, such as
bone, joint, muscle and connective tissues, is termed “somatic pain.” This pain is recognized
by identification of a Jesion and charaeteristics that typically include a well Jocalized stte and
an experience described as aching, squeezing, stabbing, or throbbing. Acute pain due to tissue
injuty and chronic pain duc to asthntis are commonly used as cxamples of somatic pain.
Nociceplive pain arising ftom noxious cvenis in the viscera is referred to as visceral pain.
Visceral pain caused by obstructionof hollow viscus is poorfy localized and is often described
as cramping and gnawing, with a daily pattern of varying intensity. When organ capsulcs or
other structures such as myocardium, are involved, however, the poin usually 1s wall Jocalized
and desciibed as sharp, stabbing or throbbing, descriptors similar to those associated with
somatic pain (Helm, 20t4).

Nociceptive pain of aay type con be refeired aad some referrnl patiemns are clinically

televant. For example, injuty o the hip joint may be refetred to the knee and bile duct

blockoge may produce pain near the right shoulder blade (Arendi-Niclsen and Svensson,

2001).
Nociccptive pain may involve acute or chronic inflammation. The physiology of

inflammation is complex. With tissue injury sufTicient 1o provoke an inflammaloty response,
various mediators (e.g.. cytokines, chemokines, kinins, tumor necrosis factor-a) can directly
aclivate nociceptors and trigger both peripheral scnsitization of nociceptors and ccntral
sensilization of dorsal homn ncurons. Vith periphernl and cential scnsitization, low threshold
stimuli that are nonnally innocuous become painful, and noxious stimuli trigger inore intense

and prolonged pain responscs. Heightened poin sensitivity also may develop in adjocent
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‘uninjun:d areas. These processes involve the production of substances from tissuc and
immune cells, and relrograde release of substances fiom C polymodal nociceptors. The latter
process, known as “neurogenic inflammaltion,” may lead to increased tissuc levels of
subsiance P, scrotonin. histemine, acetylcholine, and bradykinin. These substances then
aclivate and sensitize other nociceplors. Prostaglandins produced by injurcd tissues also may
cnhance the nociceptive response (o inflammation by lowering the threshold to noxious
stimulation (Prisk and Huard, 2003).

2.6.1.2 Neuropathic Pain and Its Mechanisins

Newopathie pain is the [abel applied to pain syndromes infeired to result from injuy
to the peripheial or central nervous system. Although sornc patients with syndronies lnbeled
.neuropathic developed pain [ollowing injuiy to non-neural tissucs (all of which are, however,
innervated with small fiber nerves or nerve teininals), most follow direct injuty to periphera)
nerves, rools or CNS stiuctures, Although ncuropathic pain may be strongly influcnced by
ongoing lissue injury, there is an assumption that the fundamental mechanisms sustaining the
pain have become independent of any ongoing lissue injuty (Jatvis and Boyce-Rustay, 2009).

Neuropathic pain hos varied charactciistics. Some syndromes, such as pain duc (o
ncrve cntiapment (e.g, caipal tunnel syndrome) or nerve root traumna (e.g., from an acute
hemiated disk) are characierized by pain thot mimics the quality of somatic pain. Others arc
associaled with *'dysesthesia,” uncomfortable or overtly painful, unfamiliar sensations such as
buming, shock-like or lingling. Neuropathic pain syndromes moy be associated with referred
pain, allodynia (pain induced by non-noxious stimuli, c.g., light touch), hyperalgesia
(increased responsc 1o a noxious stimuli), or hypetpathia (cxnggcrated pain responses
following a stimulus, oftcn with after sensalion and intcnse ¢cmotional reaction),

Although a fuither simplification of very complex processcs, it may be valuable to
subclassify neuropathic pain syndromes based on additions) wnfcrences about the piimasy
locotion of the sustaining mechanisms (Truini and Cruccu, 2006). Somc neuropathic pain
syndromes are presumed to involve & predominaling peripheral gencrator (e.g.. entrapment
neuropathies, plexopathics, radiculopathies and polyneuropathics). Other syndromes appear (o
depend on processes that predominantly treside in the spinal cord, brain or both (c.g., pain due

to spinal cord injury or post-siroke poin). Peripheral injurics are known to result in profound
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CNS changces, and some syndromes that ate presumed to have centeal gcn‘cmlors have bcen
initiated by a peripheial injury (e.g., phontom pain). The shifling of the sustwning
mechanisms for the pain 10 a locus in the’CNS is sometimes called “centralization.” The
clinical televance of an inference conceming a peripheral vs. centrat location for inechanisms
sustaining pain relates primarily to decisions aboul invasive interventions. If there is a
relatively high likelihood t1hat the pain is related to a cortectable peripheral process, then an
intervention to ameliorate this (e.g., release of entzapment, or injeclion or rescetion of @
ncuroma) should be considered; i there is a high likelihood thal the gcnerator is centrai,
further periphetal intervention should be avoided.

Some of the ncurophysiologie and newroanatomic changes that may occur in
peripherally-generated neuropathic pain are understood (Dickinson ef al., 2010). Injury to a
peripheral nerve axon can result in abnonnal nerve morphology. The damnged axon niay
grow multiple nerve sprouts, some of which form ncuromas.

These nerve sprouts, including those fohning ncuromas, can £encrale sponfaneous
aclivity, which peaks in intensity several weeks after injury. These areas of incrcased
sensilivily are nssociatcd with a change tn sodium receptor concentration and other processes,
and also can occur at sitcs of demyelination or nerve fiber injury not associated with the
severing of axons (Cummins er al., 2007). Unlike notmal nerve (ibets, these injured regions
are more sensitive 10 physical stimuli, which is clinieally associated with tenderncss and the
appcarance of Tinel's sign (i.e., pain or tingling when the area over a nerve is toppcd). After a
period of lime, atypical connections may develop between nerve sprouts or dcniyclinated
axons in the region of thc nerve damage, pennifting ‘‘cross-talk™ belween somatic or
sympathctic efferent nerves and nociceptors. Dorsal root fibers may niso sprout following
injury to peripheral nerves.

Other cbanges occur in periphcral nerve fibers that are related to pain and reinain
poorly characierized. Anterograde and retrograde transport of compounds may shift and
messages that are received in cell bodies may tum on specific genes. Tmns-synaplic

communication may result in fiznctionn] changes in neurons near those directly aftected by an

\npury.
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Changes in peripheral nerve morphology and function can result in peripheral
sensitization, which manifests as a lower threshold for signaling, an expansion in receplive
fields, and spontancous activity in primary afferents (ectopic activity). Secondary neuroplastic
changes in the spinal cord fargels of these periphem) afferent nerves may generate central
scnsilization, which itself can result in a lowered threshold to subsequent afierent inputs in
dorssl hom neurons, sponlaneous activily, and cxpansion of receptive lields, One clinical
manilestation of central sensitization is heighlened pain sensitivity beyond the site of Ussue
injury, a phenomenon that is known as secondary hyperalgesia

The pathophysiologic response © neural injuty also involves a complex setl of

polentinl intemctions among neurons, immune cells, and. glial cells. Wilh ncrve damage,

~ several mechanisms arc triggered thet affect primary afferent receptors, their axons and cell

bodies, components of the inllammalory/immunc response, ccnial newons and their
connections, and glial cells (Dickinson ef af., 2010). Many of these processes are adaptive,
such as removal of ccllular debris, neum! changes 1o counteract a loss of input, and
mechonisms that promote swvivai of neurons, synaplic remodeling, and tcmyelination
However, many responses arc clearly maladaplive, including those thal worsen peripbonal or
central scasitization, ectopic impulse gencrotion, phenotypic swilching in pain-carryag fibers,
neuronal loss, and disinhibition; these processes can alter gene expression and dnve long-

lasting ncuroplastic chonges partly determined by apparent stiuctuial rcorganization in the

brain (Costigan ¢ af., 2009).
In conlrast to the still rudimentasy andersianding of the mcchanisms in tbe periphery

and spinal cord that may be involved in neuropathic pain states, there is almost no information
about the processes in the brain that induce or sustain centrally-generated pain syndromes.
Fuactional neuro-imaging has demonstroted the cxtmordinny ncuroplasticity of tbe brain in

the seiting. of both peripheral ond ccntral ncuropathic pains, but the nwechanisms (hat these

changes represent are unknown (Bingel and Tracey, 2008).

2.6.1,3 Psychological and “Idiopathic” I'sin Mechunisms
There is an cxceedingly complex relationship between the psyche and pain perceptioa

(Gamusa, 1994). In some patienls, the experlenco of persistent pain appears to induce

disturbances in nood (rcactive dcpression or anxicly), impaired coping {often with
a3
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catastrophization), and other processes, which in tum, appear to woisen pain ond pain-related
distress. Other patients have. premorbid or comorbid psychosocial concems or psychiattic
disorders that are best understood as evolving in patallel to the pain. These disturbances also
can contiibute to the pain experience and drive pain-relatcd distress. Patients with personality
disorders, substance use disorders, or mood disorders ofien are best sen'cd by primary
. trestment for the psychialiic problem a1 the same time that pain-relatcd interventions arc
ollcrcd. This array of premorbid, comorbid and reactlive psychosocial disturbances is
individual, complex and may occurin a shifting mix of primary and secondary concerns.

This complexity highlights the importance of psychosocial ond psychiatric evaluation
as a fundamcntal aspect of the pain asscssment. All patients with persistent pain and all
paticnts with acule pain that has been challenging to control should be evaluated for mood,
status of coping and adaptation, family and social support, and a range of psychiattic
disorders that may influence the expelience of poin or pose targets for therapy.

On occasion, the psychological evaluation yiclds evidence that the pain itself is
predominantly sustained by psychological factors. This phenomenon is known generically as
“psychogenic™ pain and is subject to the specific diagnoses codified under the Somatoforn
Disorders in the Diagnostic and Statistical Manual of the American Psychialric Association
(Frances ez af., 2003). The evidence for a somatoform disorder must be morc than the mere
lack of an identifiable physical etiology for the pain. It is vety important that patients who
have acute or persistient pain without a known physical source not be inappropriotely labeled.
This may lead to inadequate assessment in thc future and thetapeutic decisions that are
inappropriately skewed; unfortunately, in many quarters, it also lends to stigmatization of the
paticnt and the potential for greater suflering on this basis. When rcasonable inferences about
the sustaining pathophysiology of a pain syndrome cannot bec made, and there is no posilivc
cvidence that the ctiology is psychiatric, it is best to label the pain as “idiopathic.”

In summary, chronic pain is often a muliidimensional experience that, like other
chronic conditions such as diabetes, hypecitension and asthma, may have multiple
conlributors, including both pathophysiological mechanisnis —both nociceptive and/or

neuropathic - as well as psycho-behavioral ooes. Effective management often demands a
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‘multidimensionn] asscssment and treannent plan thay identifies and addresses all the

components of the individual's pain.

2.6.2 Pain Il'l;l inflammatory mcdiators

Pain receplors, known as nocicepiors, aic electrical cells that nonnally respond to
painful stimuli. Following trauma or tissue injury, these stimuli are produced by pain signals
' and inflammatory mcdiators released by peripheral sensory fibres. This *pain information® is
~ then transmitted to the centrel nervous system, which defines the location, nature and intenstty
of the pain (Kandel ¢/ af., 2000). ’rolooged or intensc release of these mediaiors may result in
. “hypectexcitable™ neurons, causing an exaggerated pain (hypernlgesic) response, or
hypersensitivity to pain (Kandel e/ al, 2000). This hyperalgesic response is often encountered
in patients with significant tissue damage, such os that seen in bum paticats (Summer e/ al.,
2007). Aside from the cxnggerated pain response that is precipitaied by mediators, a host of
sequential physiologica) responses occurs becausc of mediator release which may have a
directeffect on wound healing and scamng.

Damaged endothelial cells and platelets relcase the pain response mcdiatos, adenosine
teiphosphate (ATP), acetylcholine and serolonin. Local tissue injury induces the release of
chemical factors, such as bradyktnin, substance P and prostaglandin E2 (PGE2). Mast cell
degranulation with local injuty results in the relcase of histamine, cylokines and serotonin.
Additionally, tumour necrosis factor-a (INF-a) and other cytokines, calcitonin gene-related
peplide (CGRP), nitric oxide (NQ), platelet-activating factor and neurotrophic gtowth factor
(NGF) are mediators that are all involved in tha transmission of pain. This “otchestra” of
pain.mediating trmismintets has varying effects on angiogenesis, infllammation and
fibrogenesis. Exaggeration or prolongation of these effects can result in outcomes that vary
from non.healing to fibrotic healing and hypennflammation. The individual effects of these
transmitters are elaborated upon in the Table below

Notmally, when pain libres arc activated by briel high-inteasity stimuli in situations of
limited tissue damage, pain mediators arc rcleased and have little cflect or a minor positive
impact on wound healing (Kawamoto and Matsuda, 2004). This response is considered to be a

protective physiological response, where pain mediators contribute to rellexive activity away
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fiom the pain-cliciling cause, and where mediators such as PGE2, scrotonin and CGF

contribute to controlling and decreasing inflainmation and further mediator relcase.

Table2.2: The Actions and Effect of Pain Mediators on Wound Healing

Main mediator

Short - term physlological actlon

E(fect of exaggeraled or protracted release

on wound healing

Acctylcholine/ATP

| (=

Is the tansmilter ot the ncusomuseular junction
that connects motor nerves to the muscles,

Induces pain.

No obvious effecis have been desended

_t Serotonin
| (5-HT)

lemperature, mood, behaviour, muscle
contraclion and (he functions of the
cardiovascular system and endocrine sysiem.
Affects pain percxplion. Couoteracts the effccts
of substance P. Inareases type IV collagen and
libroblast prolifcration. Induces TGF-J.
Upregulaics B cells and recrvits Teell

lyswphocytes

Regulaies appetltc, sleep, memoiy and lcuming,__T Causes a signilicant iocrease in fibroblast

proliferation. High scrotonin levels. 1n
conjunction with lipid peroxidanton in the
cell membrones, as well as the release of
other nflammator) mediators, dlsturbs
vascular permeability and icads to ocdema I
also disturbs collagen synthess and proiongs

inflammation

Substance P

Transmits pain Gom the seasory newons to the
centrul nervous sysicm and convert the message
into a scasation of pam, excrts a mitogenle
effect on the endothellal cells and [itvobiasts
Induecs ncovascularization and vasodilation by
stimulating histomine relcase fom the mast
cells, leukocye release, the release of cytokines
by macrophages and NO by endothellal eclls.

The enhanced relcase ofsubstance P levels in
the lungs and blood could be a crtical factor
that leads to the development of systeraec
InOammatlon and pahogencsis of focal bum
injusy-induced distant lung os3an damage
due to overstimulation of the C-fibucs
Aliered substance P levels may conisibute 0
Impalred cutancous healing revpomsaa
assocmted with diabetes mellilus or

hyperoophie scar forvution.

PCE2

| Pnmarly cauwses fover and vasodilstion

Stiumulatlon occurs during inllammation by
COX.2. PGE2 can induce angilogenesls and
wound Meallng by ephancing the exprestion of

basic fibroblast growth (acior.

PGE2 has been shown to decrease fibeoblas
pioliferstion, inhibit collzgen symiliesis, ad
eahance the espressian of MMPs. Inaeascd
levels deorase (codoo conbaction and

hesling

Bradykinin

Is & potient vasodilator, causes contraction of
aonvasculy amooth muscle, (ocreases vasoular
pemeabiljty and Is [avolved (a the mechnaiam
of paln. Respanso i1 medlaied by 81 receplor
expressed with tissue Infwy and nflzmmarion,
ihought 10 play a role in chronwc paln. The A2

Stimulszes the release of otber medistors. IL-
1, TNF-a, PAF and subsance P. Collagen
contraciion i medlsted by tie B2 recepins.
Bradyklinin  sugroents  Gbroblast.-vedsand
eollagen contraciivn. lao excess, it is INely
thal bradykinin may play an unpanaai role 10
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[

reCepior  puticipates in  bredykinin‘s
vasodllstoiy role,

[ Mbroiic processes.

Histamine

Is rcleased from mest cells in response (o
substance P. It dilates posi.caplllary venules,
aclivazes the endothelium and Increases blood
vessel permeability. This leads to focal ocdema
(swelling), warmih, redness and the attracilon of
other inflammatory cells to the site of release. It
also innitates nerve endings, leadinlg to ilching or

Poin,

Large.dose histamine reiease fior the masi
cells may play a role (n sbnoemal coliagen
formation. I cnhanccs the formeaiion of
collagen by (ibroblasts, elevated in the
plasma of patients who develop hyperttophic

Scars.

] W NF-a

Is produecd by macrophages, and stimulales
angiogencsis and the synthesis of collagen and

collagenase. TNA-a is a mitogen (or fibroblasts.
The prmacy role of TNF is to regulate the
immune cclls. TNF i3 able to mduce apopiotic
cell desth, induee intlammation, and inhibit
aumorigenesis and viral replication. It induces
overall ncuronal hyperexcitsbllity, leading to
newopalhic pain.

Elevates levels In nonlicaling wound fuds,
in comparison 10 ffuids from hesling wounds.
Aflecis the deposition of connechive lissve.
Stimulates il:e synihesis of AIAIP, while
simultaneously decreasing the synthesis of
TIMPs. Levels deccrease substantlally gs Uie
wound heals. There 15 comrelation between
nonhcaling wounds and increased levels of

INFa

{
' Cytokines

Act as intercellular mediator that regulsie tho
functions and differcntistion of nelghbouriog
cells. Ate produced io responsc o disecase,
inMlammation, or rssue damage: Include Il.s,
interferons, TNFs, gowth factors and

chemokiacs.

Are iainly pro-inflammatoey in cscess, Also
etnerease nclivation  of  coovplemest,
neulrophil chemotacnc fecidors  and
fibrinopeptides, all fnducing

proinflammatory responses.

LCGRP

Propased 10 contbute to pain vanumission and
inNammation. Promotes wouwsd healing and
shonens healing duration. Induces aggregalion
of cpithclie) siem cells towards the wound
border or migration to the graoulation tlssues.
CGRP-B form is found in the kerailancyte eclls
of akin and may eause pain. CGRP is a polent

ancriai and venous vasodilslor.,

| High levels of substance P or CGRP ia scars

have been nssocisied with she scar being
hyperrophic. Causes blushmg, migramcs,
systemic bypotension, plasma Icakage and an
overell proinllammatory effect

=

O cnhanscy the bwnsendothelial cell migmiion
ofmonocys and [mproves the prohfefation and
migration of vascular wmooth muscle cells. In
the ewly stages of wound hasling. NO |s
involved n the upregulation of the cytakipe
cascade. scrving as & chemosgrectani for
immune regulatory cells, Later, it |3 involved In
the vransliloa fom the inflammatory phase o
the prollferative phase of wound healing,

Largo amaunts of NO aynihcsm, as seco in
sicrile Inlavmaiicn, can tmpar wourld
healmg by Impairing collagen produciion, Al
higher concentrations, NO is c) tostatic 10 the
cndolhelia! cells, smooth mwcle celjs

hepatocytcs and f twoblasts
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lacreased levels . of PAF_ may Sclctiivél§

enhurke the 1mpo‘nse o PAF and cause
excessive exttacellularmatrix degradation.

.=

PAT PAF is produced in tissues aller injwy And can
increase expression of metalloptoicinases-) and
-9 and 1lie urokinase plasminogen aclivator, as
well as ptol‘cm involved in the degredation of
the extracellular matrix, lesding to a facilitation
of angiogenesis.

“NGF NGF stimulates degranulation and cytokine | Is found 10 be clevoied in tisue:
1 telcase from the skin mast cells and thereby | inflaramation, eg. arthritis and pancseatitss,

It also | which presumsbly incrcase anociception
NGF siimulates degranulation and cytokine
release from tlie skin mas( cells and Ihercby
promotcs ncurogenlc inNunmatlon. 1 slso
increxses vasculor permeability, followed vy

promoies neurogenic Iallammation
increases vascular permeability, foliowed by
lissue cedema vio stimulaton of CGRP release
from (he scnsoey nerve condings and via
induction of mast cell degranulstion. In addition
fo the gegulaiioa of these ineit immune
responses, NGF 19 invoived in the sclivation,
[ migtation and proliferation of kersiinocy\o,

| endothelial cells, bymphocytes, fibeoblast and
maciophages in the sk, mdlcating that NGF

[ icgulates vanouws grocesses duiing culoncous
wound regalr,
Adaptci from Wound Healing Southern African, 2009, vol. 6. No |

tissue ocdems

2.7  Analgesic
An analgesic is any member of the group of drugs used to achieve analgcsia, refief

from pain. The woid analgesic derives from Greck (*“*without™) and (“pain*") (Huper, 2001).

Commonly known as painkillers, analgesic drugs act in various wvays on the periphcral
and ccntral nervous systents. They aie distinct from anesthetics, which reversibly eliminate
seasation, and include paracetamol (known in the US as acctaminophcn or simply APAP), the
non-steroidal ‘anti-inflammatory diugs (NSAIDs) such as the salicylaies, and opioid drugs
such as morphine and optum.

In choosing annlgesics, the sevctity and response to other mcdication determines the
choice of agent; the World Health Orgonization (WHO) pain ladder (Anonymous, 1990)
specifies mild analgesics as its first step.

Analgesic choice is also determined by the type of pain: for neuropathic pain,

tradstional analgesics are less effective, and there is oftcn benelit from elasses of drugs that
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are not normally considercd analgesics, such as tricyclic ontidepressanis and anticonvulsants

(Dworkin ez af., 2003).

2.7.1 Major classes

2.7.1.1 Paraccetamol and NSAIDs
The exact mechanism of action of paracctamol/acctuminophen is uncertatn but appears

to act centrally in the brain rather than periphenally in nerve endings. Aspirin and the other
non-stetoidal anli-tnflammatory drugs (NSAIDs) inhibit cyclooxygenases, Icading to a

dccrease in prostaglandin production. In contiast lo paracetamol and the opioids, this not only

teduces pain but inflammation as weil.

Parucetamol has few side effects and is regarded as genetally safe, although excess or
sustained use con Icad to potentially life-threotening liver damage and occasionally kidney
damage. While paracctomol is usually token orally or rectally, an inttavenous preparation
tntroduced in 2002 has been shown to improve pain relief and reduce opioid eonsumplion in
the perioperative setting.

NSAIDs predispose to peptic ulcers, reaal feilurc, allergic reactions, and occasionally
heating loss, and they can inctease the 115k of hemorrhage by aflecting platelet function. The

use of aspirin in children under 16 suffering from vital illness has been linked o Reye's

syndrome, a rorc but severe liver disorder.

2.7.1.2 Cox-2 inhibitors
These diugs have been derived from NSAIDs. The cyclooxygenasc enzyme inhibited

by NSAIDs was discovered to have ot Icast 2 differcnt versions: COX1 and COX?2. Research
suggested that most of the adverse effects of NSAIDs were mediated by blocking the COX1
(constitutive) enzyme, with the analgesie eflects being mediated by the COX2 (inducible)
enzyme. The COX2 inhibitors werc thus developed to inhibit only the COX2 ecnzyme
(uaditional NSAJDs block both vetsions in genetal). These drugs {such as rofecoxtb,
celecoxib and etoricoxib) are equally effective anolgesics when compared with NSAIDs, but
causc less gastrointestinal haemoirhage ia particular (Conaghan, 2012),

After widespread adoption of the COX-2 inhibitors, it was discovered that most of the
drugs in this class increased the risk of cazdiovascular events by 40 % on average. This led 10
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the withdrawal of rofecoxib and valdecoxib, and wamings on others, Etoricoxib seems

relatively safe, with the risk of thrombotic events similar to that of non.coxid NSAID

diclofenae (Conaghan, 2012).

2.7.1.3 Opiates and morphinomimetics

Motphine, the wmebetypal opioid, and various other substances (e.g codeine,
oxycodone, hydrocodone, dihydromorphine, peihidine) all exert a similar influence on the
ccrebral opioid receptor system. Buprenotphine is thought to be a partial agonist of the opioid
secepior, ood tramadol is an opiate agonist with serotonin-norepincphrine reuptake inhibitor
* (SNRI) properties. Tramadol is situcturally closer to venlafaxine than to codeine and deliver
analgesia by not only delivering “opiate-like™ eflfeects (thraugh mild_agonism of the mu, y,
receptor) but nlso by acting as a weak but {ast-acting serotonin relcosing agent ond
notepincphrine reuptke inhibitor (Gobbi er af, 2004). Dosing of all opioids mey be limitcd by
opioid loxicily (confusion, respiratoty depression, myoclonic jetks and pinpoint pupils),
seizwes (tramadol), but there is no dose ceiling in patients who accumulate {olcrance,

Opioids, while very effective wialgesics, may have some unpleasant side-eflects.
Patients starting morphine may experience nausea and vomiting (generally relicved by a shont
course of mllicmclics such as Pheoergan). Pruritus (ilching) may require switching (o a
different opioid. Constipation occurs in almost all patienis on opioids, and laxatuves
(lactulose, macrogol-containing or co-danthramer) are typically co-prescribed (Doyle e al,
2004).
Wben used appropriately, opoids and similar narcotic analgesics are otherwise safe
and cflective, howevcr risks such as addiction and the body bccoming use 10 the drug
(loleroace) can occur. The eflect of tolerance means that frequent use of the drug may result
in its diminished effect so. when safe o do so, the dosuge may need to be increased (o

maidtain eflectiveness. This may be of parliculor concem regarding patients suflering with

chronic pain.

2.7.1.4 Flupirtine
Flupiitine is a centally acling K* chaanel opener with weak NMDA antagonist

properties. It is used in Europe for moderale lo strong pain and migraine and its jnuscle
Y
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telaxant properties. It has no anticholinergic propeitics and is believed to be devoid of any
aclivity on dopamine, scrotonin or histamine recepiors. It is not addictive and tolerance

usudlly does not develop. Howecver, tolerance may develop in single cases (Stoessel ¢f af.,

2010).

2.7.1.5 Specific agents
In paticnts with chronic or neuropathic pain, various other substances inay hove

| gnalgesic properties. Tricyclic anlidepressants, especially amitriptyline, have becn shown to
i improve pain in whal appeats to be a central manner. Nefopain is used in Europc for pain

- relief wilh concurrent opioids. The exact mechanism of catbamazepine, gabapenttn and
pregabalin is similarly unclear, but these anticonvulsants are used to Ireat neuropathic pain

- with difliering degrees of success. Anticonvulsants asc most comnionly used for ncuropathic

pain as their mcchinism of action tends to inhtbit pain sensation.

28 Mcmory
In psychology, memoty is the piocess by which informution i1s encoded, stored, and

tetzicved. Encoding allows informat'on that is from ihe oultside world 10 reach our senses tn
the forms of chemical and physical stimuli. In this first stage we must change the information

so that we may put the memory into the encoding process.
Storage is the sccond memoiy stage or process. This cnlajls that we maintain

information over periods of time. Finally the third process is the nciicval of information that

we have storcd, We must locate it and retum it to our consciousness. Some tetiicval attempts

inay be efliortless duc to the type of information.
From an information processing perspective there are three main stages in the formation

and retrieval of memory:

o Encoding or regisiration: receiving, processing and combining of received information

* Storage- creation of a petmanent record of the encoded information
Retrieval, reeall or recollection; calling back the stored information in tesponse to some

cue for use in a process or activily
The loss of memoiy is desctibed as forgetfulness, or as a medical disorder, amnesia.
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2.8.1 Sensory memory
Sensory memory holds sensory information for a few seconds or less after an ttem

is perceived. The ability to look at an item, and remember what it looked like with just a
second of obsetvation, or mclr;orisalion, is an exainple of sensory memoty. With very
shott prescnlations, participants often report that they seem to "see” more than they can
actually report.

There are many types of sensory memories. lconic memory is o fast decaying store
of visual information, a type of sensory memory that briefly stores an image which has
been perceived for o small duration. Echoic memoty is a fast decoying store of ituditory

information, another type of sensoty memory that briefly stores sounds which lias been

percetved for a small duration (Carlson, 2010).

2.4.2 Short-term memory
Short-term memory allows iecall for a poriod of several seconds to a minute withou

rehearsal, Its capacity is also very limited, however, memory capacity can be increased thiough
o process called chunking. FFor example, in recalling a ten-digit telephone number, a person
could chunk the digits into three groups: firsy, the arca code (such as 123), then o thnee-digit
chunk (456) and lastly a fourdigit chunk (7890). This method of remembcering telephone
nmunbets is far more efective than atiempting lo iemember asinng of 10 digits: this is because
we ae able to chunk the information into meaningfu! groups of numbets. This may be
reflected in some countries in the tendency to display telephone numbeis as scveml chunks

of thsee numbess, with the fisial four-number group generally broken down into 1\wo groups

of two,
Short-term memory is believed to rely mostly on an acoustic code for sionng

information, and to a lessar extent u visual code. Conrad (1964) found thnt test subjects had
More difficulty recalling collections of letters that were acoustically similar (e.g. E, P, D)

Confusion with recalling acousticnlly similar letters rather (han visually similar letters inplies

that the letiers were encoded acousticatly. Conrad's (1964) study however, deals with the
encoding of wiitlen text, thus while memoty of wlitien longudge may rely on acoustc

compaoacnts, gencralisations to all forms of memory canaot be made
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2.8.3 Long-term memory )

The storage in seasory memory and short-term memory generslly have a strictly
limited capacity and dation, which means that information is not retained indefinitely By
conttast, long-tetm memory can slore much larger quantities of informntion for potentially
unlimitcd dwation (sometimes a whole life span). Its capacity is inimeasurably large For
example, given a random seven.digit number we may remember it for only a few seconds
before forgetting, suggesling it was stored in our short-tcam memoty. On the other hand, we
can temember telephone numba's for many years through repetition; this information is said
to be stored in long-term memozy.

While short-tenn memory encodes information acoustically, long-term metnory
encodes it scmantically: Baddeley (1966) discoveied 1hat after 20 minutcs, tes! subjects had
the most difficully recalling a collection of words that had similar mcanings (e.g. big, large,
great, huge) long-tenn. Another pat of long-lenn memory is episodic memory “which
atlempls to caplure information such as "what”, "when" and "wheie". With episodic memory
individuals are able lo recall specific events such as birthday parties and weddings.

Shoul-term memory is supported by trwisient paiterns ol neuronal convnunication,

dependent on rcgions of the frontal lobe (especially  dorsolateral prefrontal cortex) and

the parietal lobe. Long-tenn memorics, on the other hand, are mointained by more stable
and pennanent changes in neurnl connections widely spread throughout the brain, The
hippocampus is essential (for leaming new infoimation) to the consolidation of infonnation
fiom short-term to long-lexm memary, although it does not scem 1o store information itself,
Without the hippocampus, new memorics arc unable.to be stoied into long-term memory, ns
[eamed from HM alter removal of his hippocampus, and there a very short astention span
TFurthermore. 1t may be involved in changing neural conncctions for a period of three
months or more after the initial learning, One of the pimaty functions of sleep is thought to

be improving consolidation of infonnation, as sevetal studies have demonsirnted that
memory depends on getting sufficient slecp between kraining and test (Eltenbogen « al,

2006). Additionally, data obtained from neuroimaging studies have shown activation patlems
in the slecping brain which mirror those recorded duwting the leamung of fasks froin the

previous day, sugpesting thal ncw memories may be sol idified through such ichearsal
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Rescarch has suggested that long-term meinory Storage in humans may be nwintained by
DNA methylation, or prions (Papassotiropoulous ¢7 af., 2005).

2.8.4 Working memory
In 1974 Baddeley and Hitch proposed n working memoiy model which rcplaced the

general concept of short tern memory with an active maintenance of information in the short term
storage. [n thi$ model, working mernoty consists of three basic stores: the ccntrn] executive, the

phonological loop and the visuo-spatial sketchpad. In 2000 this model was expanded with the

multimodal episodic bufler (Baddeley, 2000).
The cental executive cssentiolly acts as attention. }t channels informalion 0 the thiee

component processes: the phonogical [oop, the visuo-spatial sketchpad, and the die buller.
The phonological loop stores audilory information by silently rehcarsing sounds or woids

in a conltnuous loop: the articulatory process (for example the repetition of a telephone nutnber

over and over again). A short list of data is casicr lo remernder.

The visuospatial sketchpad stores visual and spatinl information. It is engagexi when
peiforming spatial tasks (such as judging distances) or visua) ones (such as counting the windows
on a house or imagining images).

The episodic bufler is dedicated to linking information acioss donains to form tntegrated

units of visual, spatial, and verbal information and cluonological ondcring (e.g.. the memory of a

story or a movie scene). ‘The episodic buffer is also assumed to have links to long-lerm memony

and semantical meaning.
The working memory model cxplains many practical observntions, such as why it is easicr

to do two difTercni tasks (one vertal and one visual) than two similar tasks (e.g., two visual), and
e aforementioned woid-length efliect However, the eonccpt of a ceniral executive as noted here

las been criticised as inadequate and vague. Working memtory i also the premuse for what gllows
us © do eveiyday activities involving thought. It is the section of memory' wheie we carry oul

thought processes and usc them 1o leam and reason about togies.

285 Mcmory and Stress
Stress has a signilicant effect on memory (ormation and leaming. In response o syessful

silations, the bein rcleases’ hormones and ncurclmasmitiers (ex. glucoconticoids ond
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catecholemnes) which affect Mmanory xoding PVaCxss in the hippocampus. Dchaviourn]
rescarch on anvmals shows that chionic stress produces adrenal honnones shich impact the
hippocampal structure in the brains of rats (Corrad, 2010). An expetimental study by German
cognitive psychologists L. Schwabe and O. Wolf demonstrates how' learmung undcr stress also
decreases memory recall in hurnans (Schwabe and Wolf, 2010). In this study, 48 healthy female
and male university stiudents patticipaled in cither a stress test or a control group. Those
randomly assigned to the stress test group had a hand immersed in ice cold water (the 1eputable
SECPT or ‘Socially Evaluated Cold Pressor Test') for up lo three minutes, while being monitored
. ond vidcotaped. Both the stress and conirol groups were then presented with 32 words o
menioriac. Tiwenty-four howss Jater, both groups woae tested lo see how many words they could
remember (free recall) as well as how many they could recognize from « larger list of woids
(recognition perfoimance). The results showed a clear impaiment of memory performance in the
siress test group, swho 1ecalled 30 % fower words than the contro] gzoup. The rescarchers suggest
that stress experienced during leaming distracts peaple by diveriing their attention during the

memory encoding process.
However, memory performance can be enhanced when malental is linked to 1he learning

context, even when leaming occurs under swess. ‘A separate study by cognitive psychologists
Schwabe and \Wolf shows that when retention testing is done in a context stmilar 10 or congiuent
with the original leaming task (i.e., in the same room), memory impaimient and the detrimenta)
effects of szess on leaming can be atienuated. Seventy-two healthy female and male university
students, mndomly assigned to the SECPT stress test or to a control group, were asked to
temember tbe locations of 15 paits of picture cards - a computerized version of the card game
"Conceniration” or "Memory." The room in ‘hich the expenment (ook place was infused with (he
scent of vanilla, os odour is a sirong cue for memory. Retention tesung ook place the following
day, either in the same room with the vanilla scent again preseni, or in a difterent room without
the fiagrance. The memory perfonnaace of subjects who experienced sticss during the object-
location task decreased significanlly when they were tested in an unfamiliar room without the
Vanitla scent (an incongruent context); however, the memoiy perfornance of stressed subjccts

showed po impairment when they wero tested in the onginal room with the vanilla scent (a
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congruent context). All participants in the experniment, both streased and unstressed, petformed
faster when U leaming and retsieval contexts weve svmilar (Schwabe ef al, 2009)

This tesecarch on the elfects of soess :m memoty may have practical :mplications for
education, for cyewitncas testimony and for psychotheinpy: students may perform betier \when
tested in their regular classroom rather thon an exam room, eyewitnesses moy recall details beiter
at the scene of an event than in a courtroom, and persous suffering from posi-trawnatic stress may
improve when helped to situnte their memories of a tawmnatic event in an appropriate context.

2.9  Anzxiely
Anxicty (also called angst or woiry) is a psychological and physiological stale

. charcterizod by somatic, emotional, cognitive, and behavioural companenits, It is the displeasing
. feeling of fcar and concern (Davison, 2008). The root meaung of the word anxiety 1S Yo vex or
touble’; in either presence or absence of psychological suess, atkicly can create feclings of fear,
wony, uneasiness, and dread (Bouras and Holt, 2007). It is also associated with feclings of
restessness, fatigue, concentration problems, and muscle tension. However, anxiety should not be
confused with fear, which is more of a dreaded feeling aboul something which appears
intimidating and can overcome an individual. Anxicty is considered to be a nonnal reaetion 10 a
stressor. It may help an individual (o deal with a demanding sitation by prompting them lo cope
with il. Howevcr, when anxiely becomes overwhelming, it moy fall under the elassfication of an
anxiety disorder. Anxiety can be confused with fear. However, fear is concrete. (a 1eal danger)

whercas anxiety is the paranoio of something out there that seems menscing but may not be

menacing, and, indeed, may noteven be out there (Henig, 2012).

2.9.1 Signs and symploms
Anxiety is a genemlized mood that can occur without an identiliable tziggering stimulus

As such, it is distinguished from fear, which is an appropriate cognitive and emotional response
10 a perceived threat. Additionally, fear is reldted to the spedific behaviows of escape and
avoidance, whereas anxiety is related o situations perccived as unconuollable or unavoidable
(Obman, 2000). Another view defines anxicty as "a future-onented mood state tn which one is
ready or prepared to attempt to cope with upcoming negdlive events,” suggesting that 1t is o
distinction between future and present dangers which divides anxicty and feas. In o 2011
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1evicw of the literalure, (Sylvers er al. 2011) fear and onxicty wer said to be differentiated in
four domains: (1) dutation of emotional experience, (2) temporal focus, (3) specilicity of the
threat, and (4) motivated direction. Fear is defined as short lived, present focused, gearcd
towards a specific threat, and facilitating cscape from threat; while anxicly is defined as long
acting, future focused, broadly focused towads o diffuse threat, and promoting caution while
eppioaching a potentlal threat. While most everyone has an cxpentence with anxiety at some point
in their lives, as it is a common 1eaction to real or perceived threats of all kinds, most do not
dcvelop lopg-term problems with onxicly. When someone docs develop cluonic or seveie
problems with anxiety, such problems arc usually classified as being one or more of the specilic
types of Anxiely Disorders.

Anxiety takes scveral fonns: phobia, social anxiety, obsessive-compulsive, and post-
traumatic stress, The physicol effects of anxiety may include heait palpitations, tachycaidia,
muscle weakmess and teasion, fatigue, nausea, chest pain, shoitness of breath, hcadache, stomach
aches, or tension headaches. As the body prepares to deal with a threat, blood pressure, heart rate,
perspiration, blood flow to the major muscle gzoups are increased, while immune and digestive
fimctions are inhibited (the light or flight responsc). External signs of anxiety may include palior,
swealing, irembling, and pupillory dilation, For someone who suflers anxsety this can lead (o a
panic attack. Sir Aubrey Lewis even suggests that "anxiety™ could be dclined as agony, diead,
tervor, or even apprehension.

Although panic attacks arc not experienced by every person who suffers from anxiety, they
arc a common symplom, Panic attocks usually come without waming and although the fear is
gencially irrational, the subjective perception of danger is vety real. A person expericncing a
Panjc aiack will ofien feel as if he or she is about to die or lose consciousness: Between panic
altacks, people with ponic disoider tend to sulfer fiom anticipeted anxicty- a fear of having a
panic attack may lead to the development of phobias (Neil and Donald, 2010). Anxiety is the
most common mental illness in Ametica os approximately 40 inillion adults arc affected by it
Not only is anxiety common in adults, but it has a]so been found lo be more conunon 1n fenyales

father than males.
The emotonal efliects of onxiety may include “feelings of apprehcasion or dicad, ttouble

Concentrming, feeling (ensc or jumpy, anlicipating the Wo{st, 1ntitability, restlessness, walching

4
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|
(and waiting) for signs (and awrenas) of danger, and, feeling like your mind's gone blank”

' (Smith, 2008) as well as "nightnares/tad dreams, absessiops aboul sensalions, dejs vu, a Unpped
1n your mind feeling, and feeling like everything is scary.

The cognitive effects of anxicly may include thoughts aboul suspected dangers, such us
fear of dying. "You may... fear that the chest pains are a deadly heart atiack or that the shooting
pains in your head are the result of a rumor or anewysm. You fecl an intense fear whea you think

| ofdying, or you may think of it more often thao normal, or can't get it out of your mind.”

The behavioural effects of anxicty may include withdtawal from situations which have
| povoked anxiety in the past (Barker, 2003). Anxiety can also be expericnccd in ways which
' include changes in sleeping pallems, nervous habits, and increascd motor tension like foot
tagpng (Backer, 2003).

The symploms of anxiety include excesstve and ongoing worty and tension, an untealistic
view of problems, restlessness or a feeling of being "cdgy”, imtability, muscle tension,
headaches, sweating, difficulty concentrating, nausea, the need o go to the bathrooin  (requently,
liredness, trouble faliing or staying aslcep, trembling, and being casily swtled.

2.9.2 Causes
An evolutionasy psychology explanstion is that increased anxiety serves the purpose of

incoreased vigilance reganding potential threots in the environmeny as well as increased tendency to
take proactive actions regarding such possible threats. This may cause false positive renctions but
en individual suffering from anxicty may also avoid real threats. This may explain why anxious
poople ace less likely to die due to accidents (Andrews and Thomson, 2009).

The psychologist David H. Barlow of Boston University conducted a study that showed
threc common charsctetistics of people sufering from chronic anxicly, which he characterized as
"a gencralized biological vulncrability,” "a gencralized psychological vulnerability," and “a specific
Psychological yulnembility (Barlow and Owand, 2008)."" While cbemicol issues in the bran that
fesull in anxicty (cspecially resulting from genctics) are well documicnicd, this study highlights an
additional environmental factor that may result from being raised parents suflering from ch;onic

anxiety,
Other contextual foctors thot are thought to conuibute (o anxiety inclide gender

socl lization and teaming experiences. In particular, Jeaniing mastery (the degree 10 which people
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perceive their lives to be under own control) and wistrumentality, which includes such ltaits as
self-confidence, independence, and competitiveness fully mediate the relation betwecn gender and
anxi¢ty. That is, Uiough gender difference in anxiety exist, with higher levels of anxiety in women
compared 10 men, gender socializmtion and lcaming mastery explain these gender differences.
Rescarch has d&nonstrated the ways in which facial prominence photographic inages differs
between men and women. More specifically, in oficial online photographs of polilicians around
the world, women's foces are less prominent than men's. Intercstingly enough, the difference in
these images achully tended to be @eater in cultures with greater institutional gender equality
* (Zalta and Chambless, 2012).

Rescarch upon adolescents who as infants had been highly apprehicnsive, vigilant, and
~ fearful finds that their nucleus accumbens is more sensitive than that in otlhicr people when
deciding to maoke an action that determined whether they reccived a reward. This suggests a link
' belween circuits responsible for fear and also reward in anxious people. As researchets note, “a
sensc of 'responsibility,’ or self agency, in a context of uncertainty (probabilisuc outconics) drives
lhe neuial system underlying sppetitive motivation (i.c., nucleus accumbens) more sirangly in
temperavmentally inhibited than noniithibited adolescents.® Anxiety is also linked and perpetuated
by the person’s own pessimistic outcome expectancy and how they cope with feedback negativity
(Guer al, 2010).

Neural circwtty involving the amygdala and hippecampus is thought lo underlie anxiety.
Whan people are confronted with unpleasant and potentially harmful stimuli such as foul odons
of tastes, PET-scans sliow inoeased blood flow in the amygdala (Zald ef al, 2002). In these
studics, the participants also repotted moderale anxiety. This might indicate that anxiety is a
Protective mechanisin designed to prevent the organism from engaging in potentially harmfiil
behaviours,

Although single genes have little effect on coniplex traits and intetact heavily both betwveen
themselves and ‘with the extemal factors, resavch is underway to unrvel possible molecul ar
mechanisms ynderlying onxiety and comarbid conditions. One candidate gene witl,
polymorphisms that influence anxiety is PEXINA2 (Wiay ctal, 2007)
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Caffeine may cause or exacerbate anxiety disorders. A number of clinical studics have
' chown @ positive association between caffeine and anxiogenic eflects aud/or panic disorder (Vilarim

" etal, 2011). Anxiety sufferars can have high caffcine sensitivity.

' 2.10  Scdative _
A scdative or tanqutlizer (or tianquiiliser) is @ substance that induces sedation by ieducing

| icxitability or cxcilcment.
At higher doses it may result in slutred speech, stoggaiing gait, poor judgment, and slow,
| wncertain teflexes. Doses of sedalives such as benzodiazepines, when used as a hypnotic to induce

. slecp, tend to be higher than amounts used to rclicve anxiety, wheteas only low dosesate needed to

piovide a pcaceful and calming sedalive eflect (Mantenegro e¢ al, 2008).
Scdotives can be misused to produce an overly-calming effect (alcoho! being the classic

aid most common scdating diug). In the event of an overdose or if combincd with another

scdsive, many of these diugs can cause unconsciousncss (see hypnotic) and even death.
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'Typcs of scdatives
»  Bmbiurates

. mobasbital (Amytal)

a Pentobarbital (Nembutal)

. Secobarbital (Secoral)

o phenobarbital (Luminal)

»  DBenzodiazepiocs (rade names)

o Clonazepam

. diaacpam (Valiwn)

. estazolam (Prosom)

N flunitrazepam (Rohypnol)

o Lorazepam (Ativan)

9 midazolam (Versed)

o oitrazepam (Mogadon)

e  oxazepam (Serax)

S higzolam (Halcon)

*  lemaxpam (Restoil, Normison, Planum, Tenox, wd Temaze)

» chlordiazepoxide (Libiiwn)

o alprazolam (Xanax)

- (Mogadon)

* Nonbeozodiazepine “Z- diugs” sedatives
» cszopiclone (Lunesta)
e 2aleplon (Sonnta)
e zolpidem (Ambicn)
* zopiclone (Imovane, Zimovane)
L Aotihistamincs

e diphenhydramine
e dimenhydrinate

® doxylamine
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* minazapine
. protnethazine
: Herbal sedatives
« Ashwagandha
» Duboisia hopwoodii

e Prostanthera striattflora

e« Catnip
e  kava (Piper methyslicu:n)
e valenan
¢ cannabis
o passifloraspp.(passillora incarata)
. Other
y chloral hydiate
‘ alcohol
. trazodonc
. opiates and opioids
: glutethimide

2.10.1 Therapeutic use
Doctois olten administer sedatives to patients in order (o dull the patient’s anxiely relaicd

to painful or anxiety-provoking procedures. Although sedatives do not relicve pain in Uiemsclves,

they can be a useful adjunct lo onalgesics In prepaning patients for surgery, and are commonly
given to paticnts before they are aasesthelized, or before other highly uncomfortable and invasive

procedures like cardiac catheteriastion, colonoscopy or MRL They increase tractability and

compliance of children or toublesome or denranding paticnts.
Patients in intensive cate units are almost always sedated (unless they are nconscious

from their condition anyway).
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2.11 {\nxiolylic

An anxiolytic (also antipanic or antignxiely agent is a drug used for the trcoiment of
anxiety and its related psychological and physical symptoms. Anxiolytics have been shown to be
uscful in e reatment of anxiety disoiders.

Dcta-receptor blockers such as propranolol and oxpeenolol, although not anxiolytics, can be
used to combat the somatic symptoms of anxiely.

Anxiolytics are also known as minor tianquilizers. The term is less common in modem
" texts, and was originally derived Gom a dichotomy with major tranquiliaers, also known as

neuroleptics or antipsychotics,

2.11.] Types of anxiolytict/anti-anyiety drugs
2.11.1.1 Benzodinzepines
Benzodiazepines we presciibed for short-term rclief of severe and disabling anxscty.

Benzodiazepines may also be indicated to cover the latent paziods associnted with tlie medications
prescribed to treat an underlying anxiety disorder. They are used 10 ireat a wide varely of
conditions and symptoms and are usually g first choice when short-termy CNS sedation is needed.
l.onger-term uses include treatment for severe aaxiety. There is a nsk of a benzodiszepine
withdrawal and 1cbound syndrome aiter continuous usage for longer than 1o weeks, and tolerance
and depandence may occur if patients stay under this treatment for longer (Gelder ¢/ al, 2005).
There is also the added problem of 1he sccumulation of drmg metabolites and adverse effects,
Baeodiazepines include:

* Alprazolam (Xanax)

* Chlordiazepoxide (Librium)

* Clorazcpam (Klonopin, Rivotil)
Diazepasm (Valium)
Etiaolain (Etilaam)

Loraaepam (Ativan)
Oxzzepam (Scrax)
Beazodinzepines exert their anxiolytic propestics at moderate dosage. Al higher dosage

hyprotic praperties oon (Mortencgro ¢ral. 2005)

[
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» Tolisopam (Emandaxin and Grandaxin) is a drug that is a benzodiazepine derivative. Like
other beazodiazepines, it possesses anxiolylic propetties, but, unlike other
benzodiazepines, it does not have anticoovulsant, sedative, skeletal muscle relaxant, motor

skill-impairing, or amnestic propetties.

! 2.12 Anxiogcnic
An anxiogcnic subsWnce is one that causes anxiety. Anxiogenic effects can be meesured by,
" fot examplc, the hole-board test in rats and mice (Takeda ef af, 1998). A number of agents are
used to provoke anxiely (anxiogens) or panic (panicogens) ia cxperimenta. models. Some of the
most cominon substances are: sodiwn lactate, carbon dioxide (as carbogen), L-DOPA, caffeine,
modafinil, GABA antagonists such as DMCM, FG-7142 and ZK-93426, scrotonergic agents such
as mCPP and 1Y.293,284, adrencrgic agents such as yohimbine, antipsychotics’dopamine
antagonists such as ecopipam and reserpine, and cholecystokinin (CCK) (especially the
icimpeptide and oclapeptide fragments CCK-4 and CCK-8). Studies have shown that 10 ml/kg of
0.5 molar sodium lactale infused intravenously over a 20-miaute period will provoke a panic
attack in most patients with panic disorder but not healihy control subjects (Eric and Daphine,
2003).
Antibiotics drugs such as (uoroquinolones can cause from shoit-term to long-temmn
anxiely and panic disordees as a side ellecL This is due 1o a possible antagonism of the GABA,
receptor and toxicity of the central nervous sysiem. This effect is potentiated with the combined

. useof non-steroidal anti-inflammatory drugs.
The GABA, receptor negative allosteric modulator ffusnazenu] can cause panic atlacks in

patients with panic disorder.
Anxiolytic substances have the opposite cffect, they teduce anxicty. The most common

class of anxiolytic drugs are the benzodiaacpinss.
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CHAPTER THREE
30 MATERIALS AND METHODS

3,1 Experimentat Animals
Adult male mice weighing between 20-25 g bred in the Pre-Clinical Animal House of

' the College of Medicine, University of Ibadan were used. They sere housed under standard

" juboratory conditions with a 12 hours doylight cycle and had free occess to (eed (Ladokun
Feeds Limited, Ibadon, Nigeria) and water; they werc acclimatized for two Weeks 1o
" laboratory conditions beforc the commencement of the experiments. All experiments wele

cartied out in compliance with the tecommendations of Helsinki's decloration on guiding

principles on care and use of animals.

3.2 Plant Materinl
Fresh samples of Adenopus breviflorus fruit were bought in Bodija Mnrkct, Ibedan,

and were nuthenticated in the Taxonomy Unit of the Forestty Research Institute of Nigeria

(FRIN), Jeticho, Ibadon where a voucher specimen; FHI 108336, was deposited in their

Herbatium.

33  Preparation of Crude Ethnnol Extract
Large quantity (7.5 kg) of fresh specimens of the whole [ruit of Adenopus breviflorus

were washed free of debris and pulverished using mortsr and pestle nnd air-dried for eight
weeks. The resultant dried specintens (300 g) were macerated and extracted with 70 %
ethanol for 72 hours at room temperature (26 - 28 °C). The resulting solution was then filtc:ed
using o wirc-gnuze and a sieve will tiny pores (0.25 mm). The 70 % ethonol was Iatcr
evaporated using steam bath (40 — 45 °C) to give o petcentage yicld of 8.6 % of the storting

sample. The dried sample was reconstitutcd in distilled water 10 make up‘test solutions of

known coneentration.

34 Phytochemical Screeniag

R ad phytochemical methods weie used (o test for the presence of alkgloids,

exdenolides, taniss, flnvonoids, anthmquinones and szponins (Sofowora, 1993; Evans. 1989;

Hasbone, 1973).

45

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



4.1 Alkaloids test
Few drops of Dragendorfl"s, Mayer's ond Wagoer's rcagent were added separately to
the extract in the testtube. A reddish brown, eream and reddish brown preeipitate respectively

indicates a positive tesl.

,d 3.4.2 Keller Killinni test
The extract was cvaporaled to dryncss and 3 mlL of ferric chloride reagent was added o0
lhe cooled residue in a clean test tube. Concentraled sulphutic acid (2 mL) was genity pourcd
‘down the side of the test tube. A purple or reddish brown ring ol the interface and green

colour in acetic acid layer indicates a positive test for 2-de-oxy sugir (cardenolides’ test).

3.4.3 Tannins test
Few drops of fermric chloride reagent were added to the extract in the test tube. A red

colouration indicates a positive test.

344 Flavonoids test
A small guantity of the cxliact was dissolved in dilule sodium hydroside and

hydrochloric acid was added to the mixture. A yellow sofution thal tums coloutless on

addilion of hydrochjoric acid indicates the presence of fiavonoids.

3.4.5 Anthraquinones (Boratrager's) test
Few draps of chloroform were added to the extract in the test tube, 1mL of dilute (10 %)

anumoniel was added and the mixtuie was shaken. A pink-red colour in the-ammoniacal

(lower) layer shows anthracene derivates.

3.4.6 Saponins (Froth) fest
To0.5 g of the extract in the test lube was added 10 mi of distilled water and this was

weil shaken and left to siand for 10 minutes. A thick pessistent froth indicated the presence of

$aponing,
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3.5 Toxicity fest
The method described by Lorke (1983) was used 1o determine the LDy, which is the
inde x ofacute toxicity. Male albino mice (20.25 g) were used. This method involved an initial
dosc finding pfoccdure, in Which the animals were divided into three groups of three animals
per goup. Doses of 10 mgrkg, 100 mg/kg and 1000 mg/kg were administered orally, one
| doses for encb group. The treated animals were monitored for twenty-four hours for mortality
' and general behaviour. After twenty - four hours, based on a record of zero death fron the
esults of the above step, seven different doses (2000 mg/kg, 3000 mg/kg, 4000 mgskg, S000
mgrkg, 6000 mgkg, 7000 mp/kg, 8000 mgrkg) were chosen and administered orally to seven
groups of animals of one mouse per group respectively. The treated animals were monitored
for twenty-four hours. The LDyg was then calculated as the geometric mean of the lowest dose
showing death nnd the highest dosc showing no death.
The LDy of the crude extract was found 1o be 7000 mg/kg. The working dose was half
of the LDsg i.e 3500 mg/kg, which is now scaled down 1o 2000 mg/kg, 1000 mg/kg. 500

ng'ke. 250mgrkg, 125 mg/kg and 62.5 mg/kg.

3.5.1 Preparation of Stock Solution of EEAD
Ten grammes of EEAB were dissolved in 100 ml of distilled water 1o give a

concentration of 0.1 g/mL.
The dosage of the experimental group was ealculotcd using:

= Weight of animal (g) x Dose to be admigistered {mp/ke)
1000 x Concentration of extsnct (mg/mL).

The dosages of EEAB adminijstered in these studies were oblained ftom the resuits of

the acute toxicity test.

3.6 Bebavioura! Study

36.1 Novelty-induced rearing and grooming

Thie bepavioural profiles of albino mice under the intluence of the cxtract were assessed

i the Open Field Box (OFB) (45 cm x 25cm
divided into eight groups (n=8). Group | was given distilled \oter (0.2 mLJ20 g, p.o.). groups

x 25 cm). Sixty-four Inice vere randomly
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1] - VII were given EEAB (62.5 -~ 2000 mg/kg, p.o.), while group VIII wns given diazcpnm
(2.0 mg/kg, i.p.)-

Thirty minutes after treatmemt with the cxtract behavioural measurements were carried
out for a petiod of 1hirty minutes. The animals wete removed directly from the home cage and
placed inside the OFB. Each animal was used only once, with the box cleancd with 70 %
ethanol after each assessment to remove olfacioty cue from previous aninsal to the other.

The time of the experiment was kept constant (8.00 am.-1.00 p.m.) daily to avoid
changes in biologic clock. The behavioutal components employed in this obscrvationnl
analysis were rearing and grooming (Ajayi and Ukponnuwn, 1994). The frequency of rearing
episodes was quantified by using a manual counter and a step watch, The total fiequency was
summed up for cach animal and totalled for the thirty minutes of observation time.

Rearing was taken as Ihe number of times the mouse was standing on its hind limb or
with its forclimbs against the wall of the box o in the frce air. Grooming was taken as the

nember of body cleaning with mouth and face washing wilh forelinibs.

3.6.2 Locomotor activily

Motor activity was measured in an OFB (45 an x 25 cm x 25 cin) with painted black
grids dividing the floor into 16 (7 cm x 7 cm) cqual squares. Sixty-four mice werce randomly
divided into cight groups (n=8). Group | was given distilled water (0-2 mL/20 g, p.0.), gioups
Il - VI were given EEAB (62.5 ~ 2000 mg/kg, p.o), while group VIII was given diazepam
20 mg/kg. i.p.).

One hour after treatment with the extract, each mouse was placed in one of thc comers

of the box and the number of squares crossed with all four paws wete counted for 5 minutes.

: X : i vas removed (Brocco
[he cage was clcancd with 70 % cthanol at intervals when each animal was removed (

€ ol, 2002),

3.7 Anriolytic Study
3-T1 llole board test

‘The effect of the extract on the rale of

¥hich is mnd;: up of a number of holes (usually 16) through which the animal |
ivided into cight groups (n=8). Grovp | was given

head dipping was dctcrinincd in the hole board
can poke its

heag, Sixty-four mice were randomly d

P
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distilled water (02 mIJ20 g, p.o.), groups I ~ VII were given EEAB (62.5 - 2000 mg/ke,
p.0.), While group VIl was given diazepam (2.0 mg/kg, i.p.).

One hour afier treatment with the extract. each mouse was placed on the hole board and
the nuwnbe of times that each animal dipped (poked) its head into the holes in 5 minutes were
~ counted (Dorr cf al., 1971). The hole board was cleaned with 70 % ethanol at intervals when

" cach anima) \was removed.

3.7.2 Elcvated Plus Maze test

The elevated plus maze (EPM) test was used lo evaluate the animal anxiety (Pitlow and
File, 1986; Lister, 1987). The EPM formice consisted of two open arms (30 cm x 5 cin) and
two closed arms (30 cm x 5 ¢m x 15 cm) that extended from 8 common central platform (5 cm
x 5 em) with an open roof, arranged such thal the two arns of cach type wete opposilc {o each
olher. The floor and the walls of each arm were wooden and painted white. The inaze was
clevated 0 a height of 38.5cm above the floor level. Testing was conducted in a quict room
that was illuminated by light.

Each animal was placed in the centre of the EPM facing one of the open arms. An cniry
into an ann was defined as the animal placing al} four paws over the line marking that area.
The number of ¢ntries and time spent in the open and closed arms were recorded duting a 5
minutes test period. The percentages of open arn entries (100 x open/total entzies) were
calculated for each animal. Sixty-four mice were mndomly divided into eight. gtoups (n=8).
Gioup | was given distilled water (0.2 m1./20 g, p.0.), groups Il - VII were given EEAB (62.5
=2000 mg/kg, p.o.). while group VIII was given diazepam (2.0 mg/kg, Lp.).

One hour after treatment with the extiact, cach mouse was placed in the central square

of the mnze {acing an open am) and its bechaviours were rccorded for S minutes. The

f¥quency of each of the following behaviours was scored and the durution of cach behaviour

Was recoded:
. Open aim entiies.

L Closed ann entries.
i Ture spent in open anns.

Time spent in closcd arms.
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The index of open arm avoidance which is interpreted as level of anxicty (Peflow and
File, 1986) is calculated gs;

100 - (% lime spent if 9PN grms + % entries into open arms)
2

38 Mcchenism of Action

In another sct of cxperiments, mice were pretreated i.p. for 15 minutes with
neurotransmiitter blockers to evaluate the mode of action of the extract on novelty-induced
1caring and grooming behaviowrs, head dips and locomotor activity, The following receptor
blockers were used: atropine (muscaninic blocker, 0.5 mg/kg), cyproheptadine (5-HT blocker,
0.5 mg/kp), haloperidol (dopamincrgic blocker, 0.2 mg/kg), naloxone (p-opoid antagonist, 2
mg/kg), propranolol (fi-adrenergic blocker, 0.2 mg/kg) and yohimbine (a2-adrenergic blocker,
1.0 mg/kg). The doses administeled are the doses that have been found not to .induce
behavioural cffects of their own in experimental animals and as such they only block the
reeeplors involved. The mice were then treated for another 30 minuites with snaxima! dose of
the extract (2000 mg/kg). The animals were observed for behaviowal responses as previously

explained.

3.9 Sedative Study
3.3.I Pentobarbital-induced Sleeping Tinic aod Sleep latency

The effect of exuact on pentobarbital-induced sleeping time and slecp latency in mice
Was measured as described by Erden ef al., (2001). Forty-cight mice were randomly divided
IDIO six proups (n=8). Group | was given distilled woter (0.2 mI/20 g, p.o.), groups Ii = V
were given EEAB (250 — 2000 mg/kg, p.0.), while group VI was givendiazcpam (2.0 mg/ke,
i-p.).

This was followed one hour later

TBAg). Thie sleep latency and slecping ume wer
% time in minutes aller treatment with peptobasbital sodium and the loss af right refex.

While the time in minutes between losscs aad regaining of righting refleX was fakcn as

by i.p admipistration of pentobarbital sodium (40

¢ recorded. The sleep latency was measured

'l“pi“S lime.
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9.2 Effect on Rectal Body Tcmpcrature

The recording of the rectal body temperature was carried out using a thennopProb®
inserted 1.5 cm into the rectum of each mouse. Fony-eight mice were rondomly divided into
six groups (n=8). Group I was givcn distilled water (0.2 m1.20 g, p.o.), gn;oups Il — V were
given EEAB (250 - 2000 mg/kg, p-o.), while group VI was given diazepam (2.0 mg/kg.i-p-)-

The temperatures of the animals were recorded immediately before treatment (0
" minute) ond 30, 60, 90, 120 and 180 minutes after 1catment. The pre-treatinent results scrved

as the reference point for the determination of tempcerature changes (Parimaladevi «f #i,

2003).

3.10 Skelctal Muscle Relaxant Activity
3.10.1 Traction Test

The ability of  mouse hanging with its fore paws on a small twisted wire rigidly
suppor.ed above the bench top and placing at least one hind foot on the wire within 5 seconds
was determined (Rudzik er al, 1973). Fony-cight mice were randoinly divided into six groups
(n=8). Group ] was given distilled water (0.2 mi/20 g, p.o.), groups I1 — V were given EEAB
(250 - 2000 mg/kg. p.o.), while group VI was given diazepam (2.0 mgfg, i.p.)

One hour after weatment, each animal was suspended by means of their fore paws nnd
the time of holding the wire was recorded. The number of animals in each group that could

oot touch the wire wilh their hind paws within 5 seconds afler placement wese also recorded.

3.11 Effect on Mcmory

3.11.1 Y-Maze test
The Y.maze test can be used as a meosurc for short term working memoiy and
loc omotor aclivity, Spontancous ojternation is o mcasure spatial working memory. To

diemate among spatial Jocation, a mouse must remcmber its previous Jocation. Spontancous

altemation performance was assessed using n Y -maze composed of three cqual spaced arms

(120° 38 cm x 33 em x 13 cm). This test was carried out usiog this apparatus to obtain results

for spontaneous altemnation performance (memory) and locomotor activity (total ann

calcries), Sixty-four mice were randomly divided into eight groups (n=8). Group | was given
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istilled Water (02 mL/20 g, p.o.), groups )l — VII were given EEAB (62.5 — 2000 mg/kg,
0.), While group VIII was given diazepam (2.0 mg/kg.i.p.).

One hour after treatment with the extract, each mouse was placed in one of the arm
comgaraments usually arm A for consistency and was allowed to move freely for 5 minules,
Ap arm entry is delined as the body of a mouse (except for ils tail) completely entering into
an arm compactment. The sequence of arm cnlcrics is manually recorded. An allernation 1s
defined as an entry into all three anns on consecutive devices. The percentage altcrnation was
cxpfessed as the ratio of actual allcrnations:-to possible allemations (delined as the (otal
nuraber ofann entries Minus two) multiplied by 100. Ethanol (70 %4) was used fo clean the Y-

maze &l interval when each animal was removed (Akanmu er af., 2007).

3.12 Anticonvulsant Activity
3.12.1 Effect on pentylenctctrazol (I’"TZ)-induced convulsions
Peatylenctetrazol (PTZ2) a1 85 mg/kg (i.p.) was used to induce clonic-tonic convulsions
in micz according to Swinyard ¢f al. (1983). Forty-cight mice were randomly divided into six
six gows (n=8). Group 1 was given distilied water (0.2 mL20 g, p.o.). gioups Il - V were
given EEAB (250 — 2000 mg/kg, p.o.), while group VI was given diszepam (2.0 mgikg, i.p.).
Pentylenetetrazo) (85 mg/kg) was administered i.p o the contiol and exteact treated
Eoups afier one hour and to the diazepam treated group afier 30 minutes. The miuze were then

obsarved for latency and duration ofconvulsions and monitored for mortality for 24 hours.

3.12.2 Effect on strychnine-induccd convulsions
The method described by Elisha e/ al, (1988) was used- Forty-cight micc were

rndomly divided into six groups (n=8), Group ] was given distilled water (0.2 mL/20 g, p.o.),
Poups 1) - V were given EEAD (250 2000 mp/kg, po.), while group VI was given
dazzpmm (2.0 mg/kg, i.p.)-

Starchmyine (2.0 mg/kg) was adminstered r.p. to the control and extract treated groups
Vtr one hour and to the diazepes treated group alter 30 minutes. The mice were then
obecrved for latency and durationof convulsions and monitored for mogality for 24 hours
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3.12.3 Effect on plerotoxin-induced convuisions

For this model, Stonc ond Javid (1979) method was employed. Forty-ejght mice were
landomly divided into six groups (n=8). Group 1 was given distilled water (0.2 ml/20 g, p.o.),
groups Il - V were given EEAB (250 — 2000 mg/kg, p.o.), while group VI was given
diazepom (2.0 mg/kg, i.p.).

Picrotoxin (7.0 mg/kg) wus administered i.p. to the control and extract treated groups
ofter one hour and to the diazepam treated group afier 30 minutes. The mice were then

obsesved for latency and duratioo of convulsions and monitored for morlality for 24 hours

3.13 Analgesic Activily
3.13.1 Hot plate test

The apparatus comprised a water bath filled with hot water containing a metal plate in
which each animal was placed for the tesling time. The temperatuse of the water was
maintkined at 55:+0.5°C in order to cause the animol to lick its forelinbs and/or 10 produce
jumping responses. Forty mice were randonily divided into five groups (n=8). Group 1 was
given distilled water (0.2 mL/20 g, p.o.), while groups 11 - V were given EEAB (250 - 2000
mg'kg, p.o.).

Each mouse was dropped gently on the hot plate and the time (in seconds) taken for the
mice to lick its paws and/or produce jumping responses was secorded at time 0 minute (before
treatment) and at time 30, 60, 90 oad 120 minutes afier esunent. The cut-off tinic was set at

}3 seconds to avoid tissue damage.
In another set of experiments, the animals weie divided into thiee gioups (n=8). The

lirst group received morphine (10 mgfkg, i-p.), the sccond group was preiseated withualoxone
@ mg/kg, i.p.) 15 minutes prior to treatment with morphine (10 mg/g, i.p.); the third group

Was pregseated with naloxone (2 mp/ke, i-p) 13 minutes pfior (o lreatment with 1000 mg/kg
(sub-maxima! dose) of the extract. The mice were then tested as eartier described (Vianna er

al., 2000).

3.13.2 Tull lmmersion test .
This test was perforned as described by Sewell and Spencer (1979) nnd as modified by

Furst ¢f al., (1993). Forty mice wete tandotnly divided into five groups (n=8). Group | was
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given distilled water (0.2 mI.220 g, p.o.), while groups Il - V were given EEAB (250 — 2000
mg/kg, P-0.)

The tail of cach-mousc (up to Sem) was dipped in o water-bath containing bot Waler
maintgioed at 55 % 0.5°C and the time (in seconds) for the mouse to withdraw the tail clearly
out of the waler wos rccorded at time 0 minute (belore treatiment) and at time 30, 60, 90 and
120 minutes after weatinent was taken as the reaction time. The cul-off time was set at 10
seconds to avoid tissue damage.

In aoother sct of expesiments, the animals werc divided into three groups (n=8). The
fitst group received motphine (10 mg/kg, i.p.), the second group was pretreatcd with naloxone
(2 mg/kg, i.p.) 15 minutcs prior to treatment with morphine (10 mg/kg, i.p.); the third group
was pretreated with naloxone (2 mg/kg, i.p.) 15 minutes prior to treament with 1000 mp/kg

(sub-maximal dose) of the extract. The mice werc then ested as corlier described.

3.13.3 Acelic acid-induced writhing tesl
This mode] was performed as desciibed by Yin ef al, (2003). Forty-eight micc were

12adomly divided into groups (n=8). Group | was given dislilled water (0.2 mL20 g, p.o.),
groups Il — V were given EEAB (250 - 2000 mg/kg, p.o.), while group V! was given aspirin
(150 mg/kg, p-o.).

This was followed one hour later by i.p. administralion of 10 ml/kg 0f0.6% acelic acid.
The animals werc allowed a $ minutes observation period in a plexigless cage (25 ¢m x 25 cm
x 30 cm) before asscssment (counting). Nociccption was evaliisted by counting the number of
wnlhings (ahdominal constrictions) displayed by each mouse for 15 minutes. Antinoceplive
alivity was expressed as the percentage reduction or inhibition of the number abdominal
writhes

The percentage inhibition of writhing was calculated as follows:

% iohibition =

Mean no of writhes in coptrol Broup - Mean 1o of writhes in treaied Broups x

Mean no of writhes in contro] group

100
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3.13.4 Formalin test

This test was performed as described by Hunskaar and Hole (1997). Forty mice ‘were
randomly dividcd into five groups (n=8). Group I was given distilled water (0.2 mL/720 g,
pe.), While Broups I1 -V were given EEAB (250— 2000 mg/kg, p.o.).

This was followed 30 minutes later by the administration of 50 pL (0.05 mL) of 1%
[onnalin into the sub-planter space of the right hind paw. The duration (in scconds) of paw
licking was determined 0-5 minutes (1 phase or ncuwrogenic phase) and 20-30 minutes (2nd
phase or infllammatory phase) after formalin administration.

lo another set of experiments, the animals were divided into three groups (n=8). The
first group received morphine (10 mgrkg, i.p.), the second group was pretreated with naloxooe
(2 mg/kg, i.p.) 15 minutes prior (o ircatmeot with morphine (10 mp/kg, i.p.). the third group
was pretreated with naloxone (2 mg/kg, i.p.) 15 minutes prior 1o (reaoment with 1000 mgrkg

(sub-maximal dose) of the extract. The mice were then tested as earlier described.

J.14  Statistical Analysis
The mecan and standard error of meon (S.EM) were calculaled for all values.

Companson between the control and experimental groups was done using one — way anolysis

of variance (ANOVA) with Duncan’s multiple 1ange test. Differences were considered

sutistically significant at p<0.05.
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CAAPTER FOUR

4.0 RESULTS
4.1 Phytochemical Screening

phytochemical analyses of the crude extact revcaled the presence of alkaloid,

cardenolides, tannins and flavonoids, while amhrmquinones and saponins were absent

(Teble 4.1).
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42 Acute Toxicity
i
The L.Dsg of the crude extract was found 1o be 7000 mg/kg p.o.

43  Effect of EEAB ou Behavioral Responses
1.3,1 Effect of EEAB on novelty-induced rearing, grooming and locomotor activity

Tbe effect of EEAB a1 various doses on novelty-induced rearing, grooming, nnd
losomolor activity are shown in Figure 4.1, Figure 4.2 and Figure 4.3.

The administzanon oftcatment EEAB (250 mg/kg B\, 500 mg/kg BW, 1000 mg/kg,
2000 mg/kg) ‘and diaacpam (2.0 mg/kg) to mice caused significant (p<0.05) reductions in
povelty-induced rearing relative to the control. Treatment of mice with nlt the treatment doses
of EEAB (62.5 mg/kg, 125 mg/kg, 250 mg/kg, 500 mg/kg,1000 mg/kg, 2000 mg/kg) and
diazepam (2.0 mg/kg) caused significant (p<0.05) reductions in grooming relative 1o the
conirol. Also,treatment of mice with oll the treatment doses of the extract and diazepam

caused significant (p<0.05) reductions in locomotor activity relative to tiie control.
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Figure 4.1, Efleci of EEAD on novelly-induced rearing in mice

CON: Conirol, DIZ: Diazepam (2.0 mp/kg, LP.)
Bes ase mean values ¢ S.E.M. (n=8), Onc way ANOVA revealed significunt difference
Sctween varjous treatment gioups. * Indicates significant di{fezence (rom control. p<0.05
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Figure 4.2: £(fect of EEAB op novelty-induced groonting in mice
CON: Control, DIZ: Diazcpam (2.0 mg/kg, L.p)
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rence [rom control, p<0.05.
between vagious reatment groups.
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Figure 4.3: Effect of EEAB on locomotor netivify io mice

CON: Control, DIZ: Diazepam (2.0 me/kg, i.p.) - |
Bars are megn valyes + S.E.M. (r=38). One way ANOVA revealed significant difference

between varigus treatment groups, * Indiceles sigaificant difference from control. p<0.05.
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32 Effect of EEAB on novelty-induced rearing, grooming and locometor octivity in
the prescoce of antagonists
The effect of EEAB al vatious doses on novelty-induced rearing, grooming ond
Jocomotor Oclivily in thc presence of atropine, cyprohepiadine, haloperidol, naloxone,
propranolo! @nd yohimbinc is shown respectively in Table 4.2.

Prereatment of mice with atropine, cyproheptadine and haloperidol did not reversc the
dectease in novelty-induced rearing, grooming and locomotor activily induced by ECAB
(2000 mg/kg) relative 10 the control. The antagonisis potentiated the decrease in novelty-
induced rearing and grooming induced by the extract.

Pretreatment of mice with naloxonc, propradgolol and yohimbine reverse the decrease in
novelly-induced rearing induced by the extract (2000 mg/kg) reletive to the control but did
nol reverse the decrcase in novelty-induced giooming and locomotor ectivity induced by

EEAB (2000 mg/kg) relative lo the control.
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 Table 4.2: Effect of EEAB on novelty-innduced rearing, grooming and locomotor activity

in presenceof antagonisty

Trestment NIRJ0 @in  NIG/30 min LA/Smin
Control (0.2 ml/20g) 13120 + 29 3620226 12100 * 34
£EAB (2000 mg/kg) 23.60 +23° 8.00+1.4° 29.80+ | 8¢
Atropine (0.5 mg/kg) 119.830 + 2.7  3260+26° 93.20 +0.9°
Ayopine (0.5 mg/kg) + EEAB (2000 mg/kg) 420 +0.6* 7.80 +1.4° 3140+ 13°
Cyprohepiadine (0.5 mg/kg) 109.80+ 3.2 2400*1.1" 9£.00+2.5°
Cypioheptadine (0.5 mgfkg) + EEAD (2000 mgkg) 4.80 +0.8° 2.60 +04° 27.20+17°
Haopesidol (0.2 mg/kg) 101.80425  24.60+0.7° 66.00 + 29°
Haleperidol (0.2 mg/kg) + EEAB (2000 mg/kg) 19.80 ¢ 1.7° 6.00 £0.8° 30.80+ 2.0°
Naloxone (02 mg/kg) 114,60+ 26 15.60 + 1.0° 63.60+ 1.7°
Naloxone (0.2 mg/kg) + EEAD (2000 mg/kg) 112,40 £ 29 10.80 + 0.8° 4220427
Propranolot (0.2 mg/kg) 120,00 +2.6 2680+ 20° 60.80 +2.3°
Propranolol (0.2 mg/kg) + GEAB (2000 mg/kg) 113.80+23 23.8040.8° 59.00+2.7"
Yolimbioe (0.1 mg/kg) 1128+19 2940 £ 1.4° 67.20 +2.7°
11040+ 13 2440+ 1,7° 5900 +2 |°

Yohimblne (0.1 mg/kg) + EEAD (2000 mg/kg)

The results are expresses as mcant S.E.M. (n=8). One woy ANOVA revenled significan

difference benveen various treatment groups. * Indicotes significant difference from contro!.

*p<0.0s.

NIR: Novelty induced rearing, NIG: Novelty induced grooming,

LA: Locomotor activity
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4.4 Aoxiolytic Elfect of EEAB
4.4.1 Effect of EEAB on head dips

Treatment of mice with all the treaiment doses of EEAB (62.5 mg/kg. 125 mg/kg, 250
mg/kg, 500 mg/kg, 1000 mg/kg, 2000 mg/kg) and diazepam (2.0 mg’kg) caused signilicont
(p<0.05) reductions in head dips rclative to the control (Figure 4.4).
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Figure $4: Effect of EEAB on hiead dips in mice

CON: Control, DIZ; Dinzepam (2.0 mg/kg, L.p.)
Busure meay vajues+ S.E.M. (n=8). One woy ANOVA rcvealed significant difference

betwecy vaiidus treaiment groups. ¢ Indicates significant diffcreoce fiom control. p<0.05.
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14,7 Effect of EEAB on head dips in the prescnce of antagonists
The effect of EEAB at various doses on head dips in the presence of atropine,

cyptoheptadinc, haloperidol, naloxone, propranolol and yohimbine is shown respectively in

Table ¢.3.
pretrcatment of mice with atropine, cyproheptadine, haloperido), naloxone, propranolo!

and yohimbinc did not reverse the decrease in head dips induccd by EEAB (2000 ing/kg)

relotive to the control.
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able 4.3; Effect of EEAB on head dips

In prescnce of antagonists

teniment 1D/ Smin
(02 m¥20 ) 3260+ 18
(2000 mg/kg) 6.80 +0.5*
Atopine (0.5 mg/kg) 20,20+ 12
Auvpino (0.5 mg/kg) + EEAD (2000 mg/kg) 740+0.6°
| Cypeohepladine (0.5 mg/kg) 10.80 +0,6°
| Cyprohetadine (0.5 mg/kg) + EEAB (2000 mg/kg) 3.40 +0.6°
Jtatoperidol (0.2 mg/kp) 1000+ 0.8
Halopesidol (0.2 mg/kg) + EEAB (2000 mg/kg) 4.00 +0.5°
Naloxone (0.2 mg/kg) 102040.4°
Naloxone {0.2 mg/kg) + EEAB (2000 mg/kg) 4.20 £ 0.6°
fropranofol (0.2 mB/kg) 9.80 +0.4°
Progranolol (0 2 mgfkg) + EEAB (2000 mg/kg) 9.80 %0.6°
Yohimbine (1.0 mg/kg) 9.80+0.4°
Yobimbine (1.0 mg/kg) + EEAB (2000 mg/kp) 820+0."

The results are expresses ns mean + S.E.M. (n=8). Onc wny ANOVA revealed significant

difference between various treatment groups. * Indicates signiticant dilfercnce [rom control.

*p<0.05.
HD: Head d:ps
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4.4.3 Etfect of LEAD on elevated plus maze
Treatment of mice with all the yreaiment doses of EEAB (62.5 - 2000 mg/kg) did not

alter the frequency of open ann enities relative to the control, but diazepan caused a

] signiﬁcnm (p<0.05) increase in the frequency of open ann eniries relative 1o the conteol. The
extract ot all the treatment doses induced significaat (p<0.05) increose in tinte spent in the
clesed drms relative to the open arms, while diazepam (1.0 mg/kg) induced a significant
(p<0.05) increase in time spent in the open arms relative to the closed amms, The extract at all
the treatment doses and the control produced signiticantly higher index of open arm
avoidance when compared to diazcpas with a signilicantly lower index of open am
-avoidance (Table 4.9)
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Table 4.4: Effect of EEAB on frequency of arm catries and tine spe

clevated plus maze

nt in thecarmsof an

‘Titatinent No of ealries Time speat In each % Time [Index of
Into arms arm (sec) spent fa  open  orm
afien soidance
arms
Open Close Open Close
Conlrol (0.2 m}20g)  4.80%02 760+08 98.40 +.6 223.40 + 5.8 30.6 65.4
ECAB (62.5 mg/kp) 420104 6.60 $£0.7 76.60 2.7 167.60+47° 314 61.9
EEAB (125 mg/kg) 4.830+03 6.40 0.7 87.80+3.9 [60.20 4#32* 354 60.9
EEAB (250 mgkg) 4.80+04 6.20 + 0.7 84.80+ 3.7 152.60+48° 357 603
EEAB {500 mg/kg) 5.00+04 6.20+0.5 105.00 1.8 14480+47° 420 56.7
EEAB (1000 mg/kg) 5.00+0.5 620+05 106.60+ 4.3 12620+ 4.7°  45.8 548
EEAB (2000 mg/kg) 5.00 0.5 620+03 1218+4.8 187.20+4.2° 394 58.0
Diazepam (1.0 mp/kg)  7.80+ 0.7° 3.20+03° 1840+ 58>  97.80%3.2 65.2°  320°

The results arc expresses as mean * S.E.M. (n=8). Onc way ANOVA revealed signilicant

difference belween various treatment groups. * Indicetes significant difference fromi conirol.

*p<0.05.
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4.5 Sedative Effect of EEAB
4.5.1 Effeet of EEAB on peatobarbital-induced sleep luteney and slecping time

Treatment of mice with all the treatment doses of EEAB (250 - 2000 mg/kg) and
diazepam (2.0 mp/kg) caused significant (p<0.05) reductions in sleep latency relative to the
contro) (Figure 4.5) as well as significant (p<0.05) incicase in sleeping titne relotive to the

contro! (Figure 4.6).
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Figure 1.5: Effect of EEAB on pentobarbital — intlaced sleep luteney in mice

CON: Control, D1Z: Diszcpam (2.0 mg/kg, i-p-) ik 2
Bars age mean values + S.E.M. (0=8). On¢ way ANOVA revealed significant diflcr
3 s * Indicates signif cant dilference Gom control. p<0.05,

cnc¢

Between yarious treatment group
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5.2 Effect of EEAB oa rectal body temperature
Treatment of mice with all the reatment doses of EEAB (250.2000 mgfkg) did not
pioduce significant (p>0.05) changes in rectal body 1emperature relative 1o the control, while
dizepam (2.0 mg/kg) induced significant (p<0.05) reduction in rectal boy lemperature
relative to the control (Tnblc 4.5).
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able 4.5 Effcct of EEAB on rectal body (emperature in mice

ceagovenl 0 min 30 mia €0 min 90 min 120mlin 180 niln

(0.2 ml20 g) 376402 3734:0l1 37.24 +0.1 3734 £02 37384 0.1 37232+02
EEAB {250 mg/kB) 3746 £05 368230  3726+02  37.06+0.1 3718402  J7.10%04
EEAB (500 ma/ig) 321203  3700+08 3734703 37.08+0.2 3742+ 0.1 3762+ 02

££AD (1000 mg/kg) 37.36£04 3716 0. 3734 +02 3738202 3742102 37.16 £ 0.1
'EEAD(2000mp/kg) 373002 3734302  37.60+03  3742+02 3742402 3744220
Olarepam (20 mp/kg)  37.62£0.1 3540 £06°  35S4£02*  3550%01° 353a+01° 3556%02°

The resulls ore expresses ns mean + S.E.M. (n=8). One way ANOVA revealed significan!

difference between various treatment groups. * Indicates significant difference from conirol.

’p(O.‘OS.
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 Effectof EEAB on skeletal muscle relaxant activity
Teeaiment of mice with all the treatment doses of EEAB (250 - 2000 mg/kg) did not

produce significant chooges (p>0.05) in muscle coordination activity relntive to the control,
while diazepam (4.0 mg&/kg) caused significant (p<0.05) decrease in muscle caordination

sctivity relative to the control (Figure 4.7),
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Figure 4.7: Effect of EEAB on skeletal muscle relaxant activity in mice

CON: control, DIZ: Dinzepam (4.0 meg/ks, i.p.)

Bass orp mean values + S.E-M. (n=8). Onc way ANOVA revenled significant difference

bcw-un various Ireatment groups. * Indicales significent difference from conltrol. p<0.0S.
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(7 Effcct of EEAB oa lcarning and memoryl

Ticatment of mice with all the wreaynent doses of EEAB (62.5 - 2000 mg/kg) and
Giagepam (2.0 mg/kg) caused reductions in total arm entries {locomotor activity) relalive 10
e control. Treatment of mice with 1000 mg/kg and 2000 mgfkg of EEAB caused significant
(p<0.05) increase in percentage altemation relative to the control, while diazepom (2.0 mg/ke)
caused significant decrease in percentage altcmation relative to the conrol (Figute 4.8 and

Figure 4.9).
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Anticonvulsant Effcct
.1 Effect of EEAB on PTZ-induced convulsions

Treatment of mice with all the ircaiment doses of EEAB (250 - 2000 mg’kg) caused
psignificant (p>0.05) increase in the onset of convulsions relative 10 the control as well os
jgnificant (p<0.05) increase in death time relalive to control with 100 % mortality, while

Jigaepam (2.0 mg/kg) inhibited 1he onset of convulsion with ¢ % mortality (Tabic 4.6).
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Tabic 4.6: Effect of EEAB on Pentylenctetrazol (PTZ)-induccd couvulsionsin mice

“Trearment Onset.of Death time (sec) % Protection % Mortality
convulsion (scc)
“Coatml (0.2 m1720 g) 44.80 +3.0 124.56 + 6.5 0.0 100.0
EEAD (250 mg/kg) 4820 +2.2 188.28+85% 0.0 100.0
EEAB (500 mg/kg) 49.40 + 4.0 217.20 + 8.8°* 0.0 100.0
EEAB (1000 mg/kg) 50.60+ 22 261.60 £9.3° 0.0 100.0
EEAB (2000 mg/kg) 51.60%1.2 26892+ 98° 0.0 100.0
Diszepam (2.0 mg/kg) - - 100 0.0 ~

The tesults arc cxpresses as mean + S.EM. (n=8). One way ANOVA revealed significant

diffcrence betwveen various treatment groups. ® Indicates significant difierence from conlrol.

*p<0.05.

81

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



|

482 Effect of EEAB on strychnine-induced convulsions
" Tieatment of mice with all the trcatment doscs of EEAB (250 - 2000 mg/kg) and
diazepam (2.0 mg/kg) caused significant (p<0.05) increases in the onsct of convulsions nnd

desth time relative to the contral (Table 4.7).
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able 4.7: Effcct of EEAB on strychnine-induced convulsions in mice

(reglratnt Oaaset of convulsion (sec)

Death time(sec)

1(0.2ml20 g) 129.00 + 5.8 137,40+ 6.0

EEAB (250 mg/kg) 138.00 + 6.0° 181.20 + 7.0°

| EEAB (500 mghkg) 163.80 +6.2° 22260+7.9"

EEAB (1000 mg/kg) 175.20 + 6.9° 252.00 + 8.4°

EEAB (2000 mg/kg) 21120 £7.5° 258.60 +9.5¢
Diazepam (2.0 mg/kg) 320.4+12.6° 334.8+134°

——

The fesults are expresses as mean + S.E.M. (#=8). One way ANOVA revealed signilicant

diflerence between various treatment groups. ® Indicates significant difference fiom control.

0p<0.05.
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8.3 Effect of EEAB on picrotoxin-induced convulsions
" Treatment of mice with EEAB (1000 mg/kg, 2000 mgfke) induced significant (p<0.05)
in the onsct of convulsions rclative to the control, while all the treatment doses of
'EEAR (250 - 2000 mg/kg) caused significant (p<0.05) increase in death lime relative 1o the

eontto) with 100 %6 noriality. Diazepam (2.0 mg/kg) inhibited the onset of convulsion with 0

e, mortality (Tnblc 4.8). &l
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able 4.8: EMfcct of EEAB on picrotozin-induced convulsions in mice

reatment Onset of Death time (scc) % Proteclion %
| convulsion(scc) Morlality
Coro1 (0.2 mI20E)  307.80 £12.0 72720+ 143 0.0 100.0
EEAB (250 mg/kg) 31020 122 775.80 + 15.9° 0.0 100.0
| EEAB (500 mp/kg) 33720 %12.5 867.60+ 16.6° 00 100.0
ERAB (1000 mg/kg) 374.40 +13.1° 1005.00 ¢ 17.6° 0.0 100.0
EEAB (2000 mg/kg)  766.80+ 14.7° 1308.60* +182° 0.0 100.0
Diszepam (2.0 mg/kg) - . 100.0 00

| —

The results orc cxpresses as mean + S.E.M. (n=8). One way ANOVA revealed significant

difference between various ireatment groups. * lodicates significant difference from control.

+940.05.
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19 Analgesic Effect
49.1 Effect of EEAB on hot plate test

The administration of EEAB (250 mg/kg, 500 mg/kg, 1000 mg/kg, 2000 mg/kg) and
:,‘mo:phinc (10 mg/kg) to mice significantly (p<0.05) reduced the pain response to the thermal
simulus of hot plate as indicated by the increasc in reaction tinc when compared 10 the
control. Pretreatment with naloxone (2 mgkg) reversed the analgesia induced by morphine
(10 mg/kg) and the submaximn] dose of EEAD (1000 mg/kg)(Tablc 4.9).
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Omin 30 min 60 min 90 niln 120 inin

02mV20p) 1.00£00 100200 ~100£00  1.00:00  1.00£00
EEAB (250 mB/¥g) 10000 100200 120402  1.8040.1 220402
EEAD (500 mg/KE) 100£00  140402° '200+0.1* 280+03° 280404
¢EAD (1000 mg/kg) 1.00£0.0  200+05° 200+0.1° 280+05°  2.80+04"
EEAD (2000 ma/kg) 100+£0.0  220403° .230+403*° 320+404°  3.60+0.3
Mor (10 mg/¥E) 1.00400 220+402° 272+03* 300+03° 320403
NAL + EEAD (1000) 100500  100+00 100+04  1.00+00 100200
NAL + Mor 100400 100400 100400 - 1.36+0. 1.62 +02

The results are expresses as mean £ S.E.M. (n=8). Oae way ANOVA revealed significant

differcace between various treatment groups. * Indicates significant differcace from control.

'p<005.

Mor: Moiphine (10 mg/kg), NAL: Noloxone (2 mgrkg),

87

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



9.2 Effect of EEAB on teil immersion test

- The 8dministration of all the treatment doses of EEAB (250 - 2000 mg/kg) and
‘morphine (10 mg/kg) to mice (p<0.05) induced analgesia by causing an incrcase in the
geaction time to the thermal stimulus of hot water relative to the control. Pretreatinent with

naxolone (2 mg/kg) reversed the analgesia induced by morphine (10 mp/kg) and the sub-
maximal dose of EEAB (1000 mg/kg) (Tabic 4.10).
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sblc 4.10: Analgesic activity of EEAB (Tuil immcrsion test)

reatintt 0 min 30 miin 60 min 90 min, 120 min
Conyol (02120 8)  1.00 20.0 1.00 +0.0 1.00 + 00 100200 .00 £ 0.0
EEAB (250 mg/kg) 100100 1.60 +0.3 2.00+0.3° 200 +02*  2.80%03°
EEAD (500 B/kg) 1.00£0.0 2.00 +03° 2.40 +0.4° 280 +0.4°  280+03°
EEAR (1000 mgks)  1.00£0.0 200+03*  240$03°  280+03*°  3.40%0s°
" EEAB(2000mgAg)  1.00+0.0 220404  540+15°  10.00+06° 1000£0.1°
Mor (10 mg/kg) 1.00 £0.0 220+02°  $20405°  1000+05*  1000x04°
NAL+EEAB (1000)  1.00+0.0 1.00:40.0 1.00 + 0.0 1.00 0.0 1.00+ 0.0
NAL + Mor 1.00 + 0.0 1.00+0.0 1.00 + 0.0 1.56 + 02 1.602 0.3

1he resulls are expresses as mean + S.E.M. (n=8). One way ANOVA revealed significant

difference between various treaunent groups. * Indicates sigrilicant diffesence froin control.

+p<0.05.

Mor: Mozphine (10 mg/kg), NAL: Naloxone (2 mg/kg),
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+9.3 Effect of EEAB on acetic acid-induced writhing test

Treatment of mice with alt the treatinent doses of EEAB (250 - 2000 mg/kg) and aspirin
(150 mg/kg) caused a significant (p<0.05) reduction in the number of acetic neid-induced
sbdominn) writhes when compatre to the control (Table 4.11).
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:

 Taple 4.11: Apaigesic activity of EEAB (Acetic acid-induccd writhing test)

Treatatent No of writhet/ 15 ula o4
Inhibition
Tonttol (0.2m1720 g) 4]1.40 +1.8 0.0
EEAB (250 mB/kg) 33.60 £ L. 18.8
EEAB (500 mg/kg) 15.80 + 1.1" 61.8
EEAB (1000 mg/kg) 13.80 + 0.9 66.7
EEAB (2000 mg/kg) 4.00 + 0.5* 90.3
Aspiria (150 mg/kg) 5.40 £0.3° 87.0

The resnlts are expresses as mean £ S.EM. (n=8). One way ANOVA revealed significant

difference between various treatment groups. ¢ Indicates significant difference from conlrol.

*6<0.05.
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L,A Effcct of EEAB on formalin {est

Treatment of mice with all the trentment doscs of EEAB (250 - 2000 mg/ke) and
morphine (10 mg/kg) induced a dose-dependent inhibilion in paw-licking time in both phases
 of the test relative to the control. Pretrcatment wilh naloxone (2 mg/kg) reversed the analgesia
induced by morphine (10 mg/kg) and the sub-maximal dose of EEAB (1000 mg/kg) in both
ghases of the test (Fablc 4.12).
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ple 4.12¢ Analgesic uctivity of EEAB and mechaoism ofaction (Formalin test)

ealment Licking time (sec) Percentage inhllition

1" Phase 2* Phase 1* Phasc 2* phase
(02min20p 76.00 +3.7 17960 +3.8 . :
(250 mg/kg) 44.00 +. 2.6° 69.00+24* 42 61.6
EEAB (500.mg/kg) 3820+ 238" 58.00 +3.0° 497 61,7
EEAB (1000 mg/kB) 27.60 +2.8¢ 4940+2.1° 637 72.5
" EEAB (2000 mg/kg) 4.60 + 0.6° 120403 93.9 99.3
Mor (10 mg/kg) 36.20 + 0.5° 17.40 + 0.8 524 90.
' NAL + EEAB (1000) 73.80+24 17460 £39 29 18
~ NAL+Mor - 77.20+23 18840+29 -

* The results are expresses as mean + S.E.M. (n=8). One way ANOVA revealed signilicant

» diffesence between various treatment groups. * Indicates significant differcnce from contsol

'p0.05.
Mot: Marphine (10 mg/kg), NAL: Naloxone (2 mg/kg),
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CHAPTER FIVE
DISCUSSION
Phytochcmicol auslysis is on impottant teo! 10 identify and screen plants for their use

hu ¢ al., 2007). The phytochemicat analysis of the exiract indicated the presence of nnins,

d it has been reported that herbs that have teaains as their major componcnts are astingent in
and are used for treating intestinal disordess such as diarthea and dysentery (Dhannananda
2003). Therefore, these observations could support the use of this plant in West Afiica for treating
3 wide 10nge of gostiointestinal disorders (Bwskil), 1985). The analyses also 1evealed the presence
o olkaloids ond {lavonoids which have been reported to possess vatious importont
pharmacological activities including inflamsmatoty, ontioxidant and antinociceptive activities
' (Duke, 1992; Geetha and Varalakshmi, 2001) which justify the use of this plont in herbal cure
- remedies.

Acute toxicity test gives clues on the range of doses that could be toxic to the animal; it
could also be.used (o estimate the thetapeutic index (LDso/EDso) of drugs and xenobiotics (Rang
eal, 2001). LDgis the dose at which montality occurs in 50 % population of the cxperimentsl
aumals. The higher the valuc of the LDs for a substance, the iclatively safer the substance is

ssmed 10 be. The LDso detennination for the extiactin mice via the oral route was 7000 mg/kg,
e animals, and since the recommended single high dos¢ by OECD
is 2000 mg/kg ; this probably indicalcs the
was reporired by Aliet al, (2009)in

whick was pot toxic to th
gedelines 423 (OECD, 2002) for testing acute toxicity
extract has wide safety margints (low toxicity). Similar result
Eichhornia crassipes extiact tracted mice.

The extract was examined for novelly =
bedaviour of rodents in novel eavitonments. The behaviour is €mp
Savival strategics in assessing the envisonment for food, protection ond possibly -c.scn;.)cs
(Blanchaed er i, 2001). Measurcment of the frequency of rearing in todents and the modilication

@ therefore be employed in assessing st drugs snd exacts for both scdative Froperty and
2002). Resring has been descnibed as the vesucal

' ] |
lion activity when the animal stands 00 its hind leg while 12ising up 11 forearm in the ais
: 000), Drugs thot Stimulate the CNS increase

¥ Paced on the wall of the cage (Onigbogi ¢/ aL. ‘ B o behaviow. The extiact
RT0g pehaviour, while tiose that depress the CNS iniblt T8

induced reating (NIR) in mice. NIR 15 o
loyed by rodents as onc of the

&2in) peryous system stimulation (YoBel:
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Tbe crude extract wms exanined f{or novelty - induced grooming (NiG) in mice.

Grooming is an impoftant behavioural component in aninwls and is associated with de-asousol of
b ccmnl ncr\:'ous System (CNS). De - aiousal indicates absence of stunulation. Grooming is
described in amamals (Rt or mice) as face or head woshing with forearm or body' grooming with
mouth (Ukponmwan e al.. 1985). Drugs that have depressant cffect inhibit grooming behaviour.
The extract reduced NIG in mice which suggest that the extract have depressant cffect on the
CNS. Similar result was repoited by de Araujo o1 af, (2009) in Alpinia zerumber essential oil
Irealed mice.
Locomotor acuivity is eonsidered as an index of aleriness and a reduction is indicative of
. scdative activily (Lowry ef al., 2005). The open field test is a simple assessment used lo establish
e geoeral aclivity levels, gross locomotor activity and exploration habits of rodents (Prut and
Belang, 2003). The extract caused reduction in locomotor activity which further confirms the
NS depressant activity of the extract. Similar result was reporied by Sugavanam et a/, (2012) in
. Teromo stans flowers extracts treated mice.
The hole boand is o method used to measurc tie animal’s response to a novel environment
20d (0 asgesy emotionalily, anxiety and/or responses (o stress (Han e al, 2009). In this test, bead
" dping behaviour may change in response (o the emotional state of the eainal and 20 incTase in
this behaviour could reflect the expression of an anxiolytic reaction of the animal (Takeda et al,
' 1998). On ihe other hond, o decrease in the number of head dipping reveals a sedotive or

depuessass behaviour (File and Pellow, 1985; Viola ¢f al. 1995). Since, the exuact caused
@2sse in head dips, this probably indicates that the extract pasSes sedative or CNS depiessaol
Popety. Simifar result was repoited by Msitinez - Vazquez et al.. (2012) in Dracocephalum

dovica extract treated mice. |
Novelty — induced rearing and grooming behaviours] tesponse is regulated by muluple

rstansmitier system, such taavmiltes include gawnd - antinobutyric acid (GABA),

wmnic' M’cﬂagic' Opi-Oid. serotonin, g!ummmc and (bm(ﬂiﬂc re¢eptors (W'al:mg, 199§1).
and halopendol 1o fnice did not reverse the

T Wminisy g ; adine

on of otropine, cyproheptadin .
ik : locomot
abiory effect of the extruct on novelty = inthuced reanng, grooniing, head dips and locomotor

9%
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Aniety, B ""‘“rﬂﬂhwhmmom Ny peractivily:
ppcension and vigilance 6Yndromes (Sadock and Sadock, 2003), Anxiety may inserfere with
®kdiigence, PSychomotor function end meraory (Pine ef al. 1999). Amang the models of anxicty
faydory thal are used in detennining enxiolytic or smiogemic properties o [ subsame is elevated
plusmaze The clevaled plus nuxae (EPM) cepresonl oae of the most widely used animal models
for sTeening anxiolytic and anxiogenic drugs (Lister, 1987). This lest is able 0 reprodice
muolytic or anxiogenic cffects in rodents such thas anxiolytics produce increase in e Ume v
| i the oper amm of the cleveled plus maze, while snsiogenic sulstances produce the oppasie
" effect (Pellow and File, 1986), The extract induced reductions in the number of exeries into open
&m and fime spent in the open arm as well as induced significanily higher index of open am
fidance when compaied 1o diazcpam wilth a sigailicantly lower index of open am avoidance
shich pyobably indicates that the extract is enxiogenic. This anxiogenic operty validates the
ONS depressant propeity of the exizact, 'Similar resuli was reported by Felipe Melo er . (2013)

& Tabernaemoniana solanifolia extracts teated mts.
Pentobarbitone ~ induced- (animals) is used 1o test centrally acting cllect of agems

(Qrpendo er o/, 1994). The intcrval between loss and recovery of tighting reflex was taken as the
ldex of hypnotic effiect (Saraf ef al., 2013). Two paradiers were nieasvied in this experiowens,
Vocp Latency and sloeping time. Slecp lotency is delined as the Gime in minutc flom ivjection time
0 loms of tighting re(lex (unconsciousness) while slecping time is delined as the tolal lime in
®ruge from Joss of tighting reflex (loss o consciousncss) (o regain of righting reflex (recovery of

‘qn“ =9 ‘I"c, h’ e sul 1A lllc pOICIl(iMiOII 0‘ !mlb‘l!sllllc
m[ COUId lntm \\nth tbt

Is an index of CNS depression (Dehar ef ol 2012). The e R

Bokusmiiters and endogenous molccules o i nvoived in regulation of sleep ond wokellness.
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_ gleep — promoting neurons locoted in the anterior hypothalamus rel ease gamma aminobutyeic
g (GABA) to suppress activity of wake — inducing areas of the brain (Datte, 2010).
Pentobarbita’ is known to act at GABA receplors ionophore complex and favour the biding of
GABA. Also benzodiazepine agonists such as diazepam cthanee the affinity of GABA for its
reoeplor and hence prolong pentobarbita| — induced sleep dusation (Gottesmaan, 2002). Similar
l.csuh was repoited by Chu et al. (2007) in Ganoderma fucidum extiact tieatcd mice and rats.

Thentnorcgulation is a complex physiological process inwolving both centrd and

paripherol autonomic mechanisms. The pamary thennoiegulatory centre rcsides in the preoptic
weaof the hypothalamus and controls the balance between heat gain and heust loss. GABAergic
waminals and GABAA reccptors on the neutons of the preoptic area of the hypothalamus have
been reported to be involved in the process of thermoregulotion (Gritti ef al. 1993). In addition,
gudics hove also shown that systemic adminisuation of either GABA or GABAA agonist ususlly
produce hypothcrmia (Frosini ef al., 2004). The extiact did not induce sipnificant changes in rcctal
body tcmper;lurc which probably indicates that i has no effiect on the thermostat 1egulatory

eentie in the brain. Contrary result was reported by Butlerweck er al (2007) in hops (Hunmius
iyrilus) treated mice.

A muscle relaxant is a dmg which affects
muscle tope. It may be used (o olleviate symptoms such as m

hyperreflexia. The extract did not produce skelctal inuscle 1elaxant ¢ g
al 2
coroborates the CNS activity of this extroct. Contrwry result was reported by Jha f

skeletal 1nuscle function and decteases the

uscle spasms, pain, and
fficct in mice which

Parsheniim Jrysterophorus extract trested mice.
The Y = maze has been reported to be
bxomator activity and stercotypical behaviour

usad as @ Mcasure of shoit tenn memory, general

(lco et al, 2003; Mamiya e al, 2004). Leaming
biain, Which i ascociated with complex

: nons of the
®d memory §s one of the most itnportant fung s including ocetyleholine,

Mony neurot @nsmittel

Mutophysiologic and neurochemical ChANges. impottant ole in {he leanung and memory

. : ) ! loy an ! :
- R euge ond SE00HTE Y s altemation is 2 imeasure of spatial

cou
il L rodent (fat O TOUSC) must remember
:al locations, 8
arnopg spatit
in percentage
far result was reported by

Working memory and to alternate
W previous Jocation. The extact induced 1€ Sini
- . Simi
Mcatu 2n ephancement of spa(inl workmg nemory

aliemotion Which probably
Yahaya e?
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@201 3)in Parkia bfglobossa extract treated rats. The it ool il Bhisid. deerh i e
A which-couobomtc the sedative effect of this extract. Similar result was repoited by
avani e/ al. (2012) in Pergularia daemia cxtrac! treated mice,
| Currently available anticonvulsant drugs are able o efficiently conwrol epileptic seizures in
sbout 50 % of the paticns, another 25 % may show improvement whereas the remainder does not
bencfit significantly. Furthcrmore, undesiiable side cffects from the drugs used clinically oflen
render Ueotment difficult so that a demand for ncw types of anticotwulsants cxists. ®@nc of the
sppeoaches to search for new antiepileptic drugs is the investigation of naturally occurring
compounds, which may belong to new structwial classes (Duraisami er o, 2009). The
aticonvulsant potential of a drug isnot only detetmined by its ability to prevent convulsion and
mortality, but also by its ability to delay the onset of convulsion, shorten the frequency and
dualion of tonic — clonic seizur (Kendall ¢ al, 1981). Peotylenctcruzol (PTZ) - induced
convulsions represent the petit — mal type of seizures and this has been primatily utilized as
ammal model 1o evaluate anticpileptic drugs. PTZ is known 10 block tlie postsynaptic GABAL
reepior mediated C1” conductance and thus produccs seizures (Romanjaneyulu and Ticku 1984).

The exiract caused increase in the onsct of convulsions os well as death timc in PTZ — induced

gavulsions; this suggests that its anticonvulsont aclivity could be mcdiotcd through the

GABAcpic modulation. GABA is an importanl endogcrous inhibilory neurotraasmutlcr widely
distotated throughout 1he central nervous system. A teduction in GABA function in lh.e bmin.is
. tssocialed wilh psychiatric and neurological disorders, including anxiely, depression, ms“’m’““’
ad epilepsy (Kulkarni nnd Veima, 1993} Numetous fMuial ond synthetic compounds Interact
Wilh GABA, 1eceptor at distinct, yet incompletely defined sites (?hif ¢l ""'2006)- T"C;‘C
“mpounds include barbiturates, benzodioZepines: newrosteroids and pictotaxin (Sfcshmt£}l99~)-
The postsynaptic GABA Fescplors ote implicates in the inbibitory Mechanisms. GABAX
Ceplor agonists as well as drugs, which allostesically ™

g cnt (Dtl\’id.
©mpiex, ate thetapeutically effective anticonvulsont 3gents

trcatcd Mice
RPoricd by Nouri ond Abad (201 1) in Valeriand officinalls XL

In the suychnine — ind sejzn e model it is
i = uca} y to induce excitatory

nvulsion and death timc in

the
odulate the GABAA reccplor channel

2001). Similar result was

kown that stirychnine a potent spina] cord

cesponse in the CNS

“@ovulsant, blocks glycine receptor g:lcclivcl

ceDse i0 the onset of &

Wdeyeri o e, 2010). The extract caused inc
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. Brr | A
chaine - induced convulsions; this suggests - : .

;. . ‘ 8gcsts that s anticonvulsant activity could be through
of the action of swychnine on glycine inhib; hanism
ment of glycine inhibitory hani v P

meclanis Imi
| | 'S Similar result was reported by Nimbal ef of
{)inBenincasa hispida fruit exract treated mice.
Piczotoxin, a potent selecti '

A ‘:;OC';A |; ¢ mp:c e G':'[':c GABA, receptor antagonist produces scizures by blocking
cllect | ntm An receptors which have been associated with epilepsy (Nicol,
7). Posisynoptic GABA4 receptors are functionally Jinked to benzodiaacpine 1cceptors,
turate receptors and chloride ion channels (o form GABA - chloride ionophore complex
which is inbmately involved in the modulation of GABAeigic neuiotransmission epilepsy (Gale
1992). The extract induced increase in the onset of convulsion and desth Gime ia picrotoxin —
induoed convulsions which suggests that its anticonvulsan activity could be via the enhancement
of GABAeigic neurobaesmission by increasing chlolide ion fhux through the chlotide ion
chnnels 3t GABA, receplor sites. It has been reported thal picrotoxin, @ GABAA recepior
‘mhgoast, produces seizures by blocking the chloride ion chaiusels linked to GABA, recopiars,
tus preventing the entry of chloiide ions into the bian (Nicol, 2007) Similar tesult was reparted

Kumar ef al. (20)1) in Vitex negundo extract ueated mice.
| Pain as a real compluint in clinical training, has different causing factors. Akhough these

& many analgesic diugs for peescription, but becsuse of many complexities including broad side
tiects, different origins of pain and weak poteney of many cooventional diugs (Eisna, 1990},
Dedicnal plant sybstitution has been fecommended for this purpose (Farsworth, 1989).

The hot plate method has becn found to be very effective for evaluating drugs pasS=Sing
maigesic property which act centrally (Silva ef al. 2003). The exuiact caused incrense i reaction
®¢ [n the hot plate 1est which probably indicates its centra! analgesic eflect. Smular tesult was

Rporied by Chandrshekar ef o, (201 1) in PhoAlanihus lawi! extract teated mice.

The il immersion and hot plate models have boen used to study centislly ectng
nso1y’ nencs sostise the

“pesics (Wooife and MacDonald, 1994). In these models, s | |
such as prostaglarlins aic minimized

o and the jnvolvement o f endogesnous subsianees | ™
Bachlsv ¢ 4/ , 2009). The extiact induced increase i, redction Uime in the inl immarsion b
*ach nugpens i centrally medloted antinociceptive nctivity. Sinllar result was 1epitad by

Aot 1 (2010) in 7rapa natans foot Extract tre.ted Mic:
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Pain Sensation in acetic acid induced writhing method is eficited by triggering localized

apunatory 1€sponse resulting in release of free arachidonic acid from tissue phospholipid
(Nlmed ef al, 2006) via cyclooxygenase and prostaglandin biosynihesis (Duarte ef el 1988). In
alher Words, the acetic acid induced writhing test has been associated with increased level of PGE.
,and PGF3, in Peritoneal fluids as well as lipoxygenase products (Derand! er af., 1980). The
Iiant&* in prosiaglandin levels wathun the pelito_neal cavity then enhances intlammatoty pain by
ipcreasing capillary permeability (Zakoria and Gani, 2008). The acetic acid induced writhing
method was found eflective lo evaluate peripherally active analgesics. The agent reducing the
gunber of wiithing will render analgesic effect preferably by uthibition of prosiaglonding
synthesis, a peripheral mechanism of pain iohibition (Ferdous et @/, 2008). The extiact inhibited
‘writhing 1csponses induced by acetic acid which suggests that ils antinocicept.ve etfect could be
petipherally mediated via inhibition of synthesis and/or release of prostaglandins. Simitar result
was ieported by Iniaghe e al., (2012) in Aistonia boonei exnact treated mice.

The formalin —induced pain model is very useful for elucidating the mechanism of pain

=d andlgesia (Yongoa et al.. 2005). Drugs that act mainly centrally, such as narcotics, inhibit

both phases of the foamalin — induced pain, while peripherally acting diugs such as NSAIDs only
| hibit the late (second) phase (Alam ¢f of. 2012). 'This bipbasic model is rcprcsc.ntc"d.by
eogenic and inflammototy pain respectively (Hunskaar and Hole ,1987) The cxuac‘l lnhlbflcd
both phases of formalin — induced pain which suggests that it has centrat antinociceptive action.
s probably implics that the cxtract oo bc used to manage .acutc il oy
@echanism by which formalin iriggers C - fiber activation remaincd ““kﬁo‘;n O’J? mi;,m;
kog (ime. Recently, however, McNamarn €/ al. (2007) demonstraied that formaiin

Mmary ' . £ TRPAI. 6 member of the tiansient
| ' specific and direct action 0 |
afferent neurons (lrough a Spe SRS RO s s )

Reepio i : 1 hannels, eXpassev .

| F potential family of cation €hd . i o TRPA channcls ot frimary ¢nsoly
Bo effect is accompanied by increased influx 0 .15 (Kerstein €f al. 2009), These
TMminals were al ed to mediatc NOXiouUS m cchanical Stimu’ ot
also repait . ooncomiant Wi
Spenments i Ca2* mobilizuon thiough TRPAI calion channels 15 g )
! , he

. hc:igl:s! that ; R they produce their analgesic dcnon. cixe
chemi and mcchanic?

Nular Ca™
bkinoc; could be duc 10 e iniibition Of influx of intrace lulaz
Ceplive action of the extract

d chronic pain The
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ihrough TRPAI cation channcls. Similar tesult was reported by Pounnowbbed ef af. (2010)
Tevrium chamaedrys extract treated rals.

The mechapistn of action of tiwee analgesic models used revealed that naloxone, 8 potent

ppid antagonist revetsed the antinociceptive effect of the extract wlich supgests (hat the

aalgesic effect of the extract could be medialed via interaction with the opioid system.

-
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CHAPTER SIX
CONCLUSION AND RECOMMENDATIONS

CONCLUSION

i
It can be concluded that Adenopus breviflorus fruit may posscss central nervous sysicm
T anticonvulsant and anatgesic effects which provides scientif,c bases to the folktoric
“dgims of the plont in the management of convulsion and pain. Its cenural nervous depressant

Icﬂ'cct could’ bc mediated via p-opioid, P-edrenergic and a;-adrecergic receptors; its

| mtcapvalsant activity via GABAcrgic and glycinc systems, and its ax:algesic effect via g - opioid
‘eeplor and inhibition of prostaglandins synthesis or 1elease.

62 RECOMMENDATIONS

The forkloric claim of Adenopus breviflorus Bs an anticonvulsant, sedative and pain kiiler
hes been explored scientifically in animal mode! in this study. Hence, it is hereby recommended
= people suffering from convulsion, irritabifity as well as acute and chronsc pains may use the
& of Adenopus breviflorus fivit in the nearest future ofier isolation of the active

tomponent(s) and clinical trials.
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APPENDICES

Appeandix 1

cute Toxicity Test
Oral Mcthod

" Phase

10 mg/kg — 0/3

100 mgtkg — 0/3

1000 mg/kg — 0/3

»' Phase
2000 mg/kg — 0/1
3000 mgtkg — 0/1
4000 mg/kg — 0/1
5000 mg/kg - 0/1
6000 mg/kg — 0/1
7000 mg/kg ~ 1/1
8000 mp/kg—0/1
3000 mg/kg - 1/1
10,000 mg/kg — 1/1

LBs; = 7000 x 8000

%7000 mg/kg
which is 3500 mg/kg, but nccording o OECD,

The working dose will be half of LDso
highest dose occeptable by the OECD, so

3% mg/kg is too high, and since 2000 mg/kgis the
2000 mg/kg was chosen as the higthl dose.

b, latraperitoncal Method

1" Phasc
10mg/kg - 073
100 kg —3/3

1000 mg/kg — 3/3 el
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[T

20 mg/kg — /]
40 mg/kg - 0/1
§0mg/ke - 1/1
60 mg/kg— 1/1]

LDsg = VY40 x 60
=~ 49 mg/kg

- The working dosc will be half of the LDsq which is 25 mg/kg, which was scaled down
25 mgfke —+ 12.5 mg/kg — 6.25 mg/ke.
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APPENDIX 2

A

tation of % Alteration fiom the Y — Maze Test Results

BCABABACBACBAB (14 aiphabets, 8 circles).
8
14-2

x 100 =57 9%

CBABCABCBACB (12 alphabets, 8 circles)

12-3 x 100 = 73 9

BCABACBACAB (1] alphabets, 7 circles)

x 100 = 78 %

11-2
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APPENDIX 2

uizition of % Alteration from the Y — Maze Test Results

BCABABACBACBAD (14 alphabets, § circles).
8
14-2

X100 =579

CBABCABCBACB (12 alphnbcts, 8 circles)

12__.2:(100=73‘)‘b

BCABACBACAB (11 alphabets, 7 circles)

x100 = 78 %

11-2
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