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ABSTRACT

The plant Andropogon gayanus is employed in herbal medicine for the treatment of
various disease conditions. The dried root of the plant is soaked in milk and taken for the
treatment of postpartum pain and bronchitis in North-west Nigeria. In this study the
methanol root extract of the plant was screened for phytochemical constituents followed
by acute toxicity studies in mice and rats. Analgesic activity was evaluated using acetic
acid-induced writhing test in mice, hot plate test in mice and formalin-induced pain test
in rats whereas anti-inflammatory activity was evaluated using Carrageenan-induced paw
oedema model in rats. Acetic acid induced writhing test in mice is employed in the
screening of the involvement of opioid receptors, ATP dependent potassium ion (K*atp)
channels and ay-adrenergic receptors in the mechanism of analgesia. Preliminary
phytochemical screening revealed the presence of glycosides, saponins, flavonoids,
alkaloids and tannins amongst others. Toxicity studies in both rats and mice revealed oral
LDs value of > 5000 mg/kg and intraperitoneal LDsy value of 1265 mg/kg. The extract
at doses of 250, 500 and 1000 mg/kg (p.o) produced a significant (p < 0.05) inhibition of
writhing induced by acetic acid. In the hot plate test the extract at all doses increased the
reaction time at different intervals; the difference when compared to the negative control
group and to the value at time zero was statistically significant (p< 0.05). In formalin-
induced pain test, the extract exhibited significant (p< 0.05) analgesic and anti-
inflammatory activities in first and second phases of the formalin test respectively. The
extract significantly (p< 0.05) reduced oedema induced by carrageenan in rats.
Naloxone, a non specific opioid antagonist significantly (p< 0.05 and p< 0.01) blocked
the analgesic effect observed with administration of acetic acid in the methanol extract

and morphine treated mice respectively. However, glibenclamide (K*arp channel

Vi



blocker) did not inhibit the analgesic effect of the extract, neither did the a, receptor
blocker, yohimbine. This study suggests that the root of Andropogon gayanus contains
bioactive constituents that possess analgesic and anti-inflammatory effects, the former

supposedly being mediated through the action of opioid receptors.
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CHAPTER ONE
1.0 INTRODUCTION

The International Association for the Study of Pain defines pain as “an unpleasant
sensory and emotional experience associated with actual or potential tissue damage or
described in terms of such damage” (Feinberg et al., 2012). In other words, it is a highly
unpleasant physical sensation caused by illness or injury. It is also defined as the effect
produced in consciousness by the arrival of nerve impulses generated by noxious stimuli
in the brain (Mishra et al., 2011). It is sometimes interpreted as a suffering that results

from the perception of painful stimuli.

Pain is a universal human experience and the most common reason people seek medical
care. Pain tells us something is wrong in the structure or function of our body and that
we need to do something about it. Because pain is such a strong motivator for action, it is
considered one of the body’s most important protective mechanisms. Pain is always
personal; no two people experience it in the same way, which makes it very difficult to
define and treat (Macintyre et al., 2010). It may affect ability to work, relate with family
and friends. Activity levels and even sleep may be affected. All of these may become

overwhelming and can lead to increasing pain and distress (Chair et al., 2010).

Pain is a multidimensional sensory experience that is unpleasant and associated with
hurting and soreness. It may vary in intensity, quality and duration from mild, moderate,
or severe, sharp, burning or dull and transient, intermittent, or persistent. It can also be
superficial or deep, localized or diffused (Woolf, 2004). Pain can be acute or chronic.
Acute pain is usually of short duration and the cause often identifiable such as disease

and trauma, while chronic pain persists after healing is expected to be completed, or is



caused by a chronic disease which causes continuous pain and re-occurs at intervals for

months or even years (Rajagopal, 2006).

Pain affects all populations irrespective of age, sex, race, income and location. Pain is
not equally distributed across the world and the experience of it can be acute, chronic,
intermittent or in combination. In developed countries, pain in form of musculoskeletal
disorders accounts for 4.3% of people living with disability and at least up to 85% of low
back pain occurs in developed countries (Quinette et al., 2007). In Africa, pain in the
form of musculoskeletal disorders is the most frequent cause of disability and accounts

for 1% of people living with disability in developing world (Tsang et al., 2008).

Pain produces significant levels of disability affecting the economic and social status of
individuals leading to restrictions on daily activities, poor participation and/or inability to
work (Vranken, 2009). An international study by the American Pain Society revealed
that chronic pain covered 12% to 41% with prevalence greater in developing countries

but more problematic in developed countries (Tsang et al., 2008).

In Nigeria, pain prevalence ranges from 2% at 6-8 years to 28% at 17-18 years (Talabi,
2005). Prevalence of pain increases with increasing age. Pain may be 20% accidental
while 80% may result from reasons within the individual. Pain develops gradually and
not suddenly as against accidental pains which are sudden. Generally, degenerative pains

are gradual in onset (Talabi, 2005).



Inflammation can be defined as series of changes that occur in a living tissue when it is
injured provided that the injury is not of such a degree that causes destruction. It is
characterised by redness, swelling, heat and pain and at times, loss of function (Punchard
et al., 2004). Inflammation is a defensive mechanism of the body to remove injurious
stimuli and initiate healing process for the tissue, but if it runs unchecked, it can lead to
onset of certain diseases as vasomotor rhinnorrhoea, rheumatoid arthritis, and

atherosclerosis (Sharma et al., 2010).

The heat sensation in inflammation is due to increased movement of blood through
dilated vessels into the cooled extremities, which also results in increased redness due to
the additional number of erythrocytes passing through the area. The swelling is as a
result of increased passage of fluid from dilated and permeable blood vessels into the
surrounding tissues, infiltration of cells into the damaged area, and in prolonged
inflammatory responses deposition of connective tissue. Pain in inflammation is due to
the direct effects of mediators and the stretching of sensory nerves due to oedema
(Punchard et al., 2004). Inflammation removes foreign matter from the body, disposes
damaged cells, and initiates wound healing. It is controlled by mast cells that are in close
proximity to autonomic nerves. Mast cells are constituents of connective tissues
containing large granules that contain heparin, serotonin, bradykinin, and histamine

(Kumar et al., 2012).

Regardless of the etiology of painful and inflammatory conditions, the primary goal of
therapy is to control pain and reduce inflammation which can be achieved by both drug
and non-drug therapy. Non drug therapy involves maintaining daily programme of

stretching and strengthening of general body muscles, flexibility at the hamstrings and



lumbodorsal facia and spine (Taylor, 1998). Other non-drug therapy methods includes
abdominal strengthening, exercise (sit-ups or curls ups), and following correct

biomechanical methods when sitting, lifting or bending and sleeping on flat surfaces.

Traditional medicine (TM) according to the World Health Organization (WHO) “is the
sum total of the knowledge, skills, and practices based on the theories, beliefs, and
experiences indigenous to different cultures, whether explicable or not, used in the
maintenance of health as well as in the prevention, diagnosis, improvement or treatment
of physical and mental illnesses (WHO, 1999). TM as practiced in Nigeria and other
African countries is involved in the management of diseases such as HIVV/AIDs, malaria,
tuberculosis, diabetes mellitus, hypertension, fungal infections, cancerous growths,

painful and inflammatory conditions such as hemorrhoids among others.

Many orthodox drugs were obtained from medicinal plants which are the oldest known
health care products. Their importance is still growing although it varies depending on
the ethno pharmacological, medicinal and historical background of each country
(Bishaw, 2007). The use of medicinal plants as a prophylactic or therapeutic agent has
existed over the course of history and man has explored the plant kingdom for
compounds which are of medicinal value (Gogtay et al., 2002). This has been done in
order to identify chemical constituents responsible for biological effects isolated or
purified in the search for new single entities as pharmaceutical ingredients or
characterized and standardized in the search for new multi-component botanical products

(Gedif and Hahn, 2003).



Andropogon gayanus Kunth is a species of grass native to most of the tropical and sub-
tropical savannas of Africa. Also known as gamba grass, it is a tufting perennial
bunchgrass. Matured plant can grow 4 meters (13 ft) tall and 70 centimeters (2.3 ft) in
diameter. Leaves are 30-60 cm long and up to 3 cm wide, with a distinctive white midrib
and covered with soft hairs. The root system spreads up to 1 m from the tussock, close to
the soil surface. It reproduces from the seed which are contained in a fluffy V-shaped
seed head consisting of up to six groups of branches, each containing 2-18 primary
branches. It belongs to the family Poaceae and is widely used in Nigeria and other
African countries as a source of nutrition to animals. It is also widely used for its various

medicinal values among which is pain and inflammation.

1.1  Statement of Research Problem
Several epidemiological studies from different parts of the world have reported
prevalence rates for chronic pain, ranging from 12-80% of the population and it becomes
more common as people approach death (Perquin et al., 2000). Pain is the main reason
for visiting the emergency department in more than 50% of cases and is present in 30%
of family practice visits all over the world (Hasselstrom et al., 2002. In Nigeria, for
individual experiencing pain, the human cost has not been estimated, but can only be
evidenced in decreased quality of life, activity limitation, reduced functional capacity
and increase financial burden arising from increased use of health services and
medication (Igumbar et al., 2011). It has been estimated that globally 20% of all adults
suffer from pain and that 10% are newly diagnosed with chronic pain each year, making

pain an enormous public health problem world over (Goldberg and McGee, 2011).



The use of analgesics also known as pain killers is the most common method in the
treatment of pain and inflammation. These medications may cause serious side effects in
some individuals. Orthodox drugs used in the treatment of pain include, non-steroidal
anti-inflammatory drugs, opioid and non-opioid analgesics (Feinberg et al., 2012). Non-
steroidal anti-inflammatory drugs such as aspirin, ibuprofen, diclofenac and naproxen in
the treatment of mild to moderate pain and inflammation are limited by their significant
side effects such as gastrointestinal tract irritation, blood disorders, liver damage, renal
damage, tinnitus, hypersensitivity reactions etc (Mishra et al., 2011). Opioid analgesics,
though very effective in chronic pain management, are associated with problems such as
addiction and tolerance, and side effects such as constipation, weight gain and loss of
libido. Opioids are also associated with dependence, and abrupt withdrawal can lead to
withdrawal symptoms such as tiredness, diarrhoea, abdominal cramps and sweating

(Stannard et al., 2007).

1.2 Justification for the Study
Majority of the world population depends on traditional medicine such as herbs for the
treatment of various ailments and most of the orthodox medicine in use today were
derived from herbal traditions (Ezeonwumelu et al., 2012). The use of traditional
medicine is rapidly growing; most people are working in the field of ethno medicine due
to accessibility and affordability. Hence, there is need for at first the preliminary acute
toxicity studies of this plant to ascertain the acute toxic profile of the plant (Salawu et al.,

2009).

The use of herbal drugs in the treatment of pain and inflammation is a common practice

in many African countries. Despite the immense technological advancement in modern



medicine, many people in developing countries still rely on traditional medicine and

healing practices for their daily health care needs (Gedif and Hahn, 2003).

Moreover, the high cost of acquiring synthetic drugs, shortages, side effects and
toxicities, limitations in-use and ineffectiveness especially due to development of
desensitization and dependence by narcotic analgesics (Leonard et al., 2006) necessitate
the investigation of the antinociceptive effect of so many medicinal plants which have

been used in traditional medicinal practices to treat pain, fever and jaundice.

The validation of folkloric claims for therapeutic efficacy of medicinal plants supports
tropical conservations of plant resources. Scientifically, the employment of beneficial
plants as phytomedicine in primary health care results in development of potential
bioactive constituents which provide novel lead compounds and precursors in drug
development. So also, isosteres are discovered and isolated compounds are utilized as
evaluative, investigative and research tools in drug development and testing processes.

Many plants have been claimed to have analgesic and anti-inflammatory properties but
for many of such plants, there is no scientific basis for their use to support such claims.
Such investigations can provide information for the identification of lead compounds that
may be safer and more effective in the management of pain and inflammation thus may
have better application in such conditions. Andropogon gayanus is widely used in
management of pain and inflammatory conditions but its efficacy has not been

established, thus prompting the need to go into this research.



1.3 Theoretical Framework
Different procedures and models are in place for the screening of plants used in
traditional medicine to evaluate their analgesic and anti-inflammatory properties in order

to establish their efficacy.

1.3.1 Phytochemical screening

Basic phytochemical screening is designed to detect the presence or absence of some
classes of plant metabolites by subjecting them to reaction with reagents that could yield
observable coloured products. Some of the reactions involve formation of complexes
between the organic metabolites and heavy metals resulting in the formation of coloured

solutions or precipitate (Sofowora, 1993; Evans, 1996).

1.3.2 Models for the Study

1.3.2.1 Acute toxicity studies

In this study, an acute toxicity test was carried out to determine the level of safety of the
methanol root extract of Andropogon gayanus using Lorke’s method, (1983). The
method can be used in different species, via several routes of administration. Result of
the median lethal dose (LDsp) which is an index of acute toxicity obtained through the

oral route, enabled in the selection of doses to be used in the experiments.

1.3.2.2 Acetic acid induced writhing test

Acetic acid induced abdominal constriction in mice is a widely used model for
evaluation of peripherally mediated analgesia (\VVogel, 2008). Pain is induced in rats or
mice by intraperitoneal injection of irritants such as phenyl quinine and acetic acid into

the peritoneal cavity, where the animal reacts with characteristic stretching and



abdominal movement (Milind and Monu, 2013). Acetic acid causes writhes by
increasing the release of prostaglandins in peritoneal fluids as well as lipoxygenase
products, which enhances inflammatory pain by increasing capillary permeability (Khan
et al., 2010). This method is very sensitive and detects anti-nociceptive effects of
substance at a dose that is not feasible using other methods such as flick tail (Sutharson
et al., 2007). The acetic acid induced writhing test was thought to be a peripheral pain
model which is generally used for screening plants and new agents for analgesic
properties (Gene et al., 1998). However, it has also been shown that the acetic acid test is
a non-specific nociceptive model (Bighetti et al., 1999) and is now thought to involve

several pathways for nociception including the central and peripheral.

1.3.2.3 Hot plate test (thermal sensitivity) method

Hot plate test is the most common test of nociception that is based on a stimulus of high
intensity (Mandegary et al., 2004). Pain induced by thermal stimulus is specific for
centrally mediated nociception. The paws of mice and rats are very sensitive to heat at
temperatures which are not damaging to the skin. The response include but not limited to
jumping, withdrawal of the paws and licking of the paws. The time these responses occur
is prolonged when centrally acting analgesics are administered (Stein, 1995) whereas
peripheral analgesics like acetylsalicylic acid and phenylacetic acid do not generally

affect these responses (Gislason et al., 2009).

1.3.2.4 Formalin induced pain test
This is a commonly used primary test for the screening of new analgesic agents. It is
biphasic with the first phase (neurogenic phase) occurring due to the release of histamine

or serotonin and the second phase (inflammatory-pain phase) due to the release of



prostaglandins or other inflammatory mediators (Ishfaq et al., 2004, Tanko et al., 2008).
Both phases can be inhibited especially by centrally acting analgesics and the second
phase can also be inhibited by peripherally acting substances. Activity in this model
especially the first phase suggests the activation of opioid receptors (Gaertner et al.,

1999).

1.3.2.5 Carrageenan induced paw oedema model

Carrageenan induced rat paw oedema is a well established animal model for evaluating
the anti-oedematous effect of drugs or compounds (Sharma et al., 2010). Formation of
oedema caused by carrageenan is said to be in two phases; the first hour after
carrageenan injection (first or early phase), involves the release of serotonin, histamine
and bradykinin while the second or late phase (2 —5 hours) with increased oedema
formation that remains up to the fifth hour involves the release of prostaglandins (Khan

etal., 2009).

1.4 Aim and Objectives
1.4.1 Aim of the study
The aim of this study is to investigate the analgesic and anti-inflammatory effects of

methanol root extracts of Andropogon gayanus Kunth in mice and rats.

1.4.2 Specific objectives

1. To conduct preliminary phytochemical screening on the methanol root extract of
Andropogon gayanus.

2. To determine the LDs of the extract orally (p.o) and intraperitoneally (i.p) in mice

and rats.
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3. To evaluate the analgesic properties of the extract using scientific models in mice
and rats.

4. To evaluate the anti-inflammatory properties of the extract using scientific model in
rats.

5. To establish the possible mechanism of analgesia of the extract.

1.5  Statement of Research Hypothesis

The methanol root extract of Andropogon gayanus possesses analgesic and anti-

inflammatory properties.
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CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Pain
Pain is defined as an unpleasant, subjective, sensory and emotional experience associated
with actual or potential tissue damage or described in terms of such damage (Merskey
and Bogduk, 1994). Pain is seen as a multidimensional phenomenon with sensory,
physiological, cognitive, affective, behavioural and spiritual components. The affective
component (constituting the emotions), behavioural component (constituting the
behavioural responses to pain), beliefs, attitudes (constituting both spiritual and cultural
attitudes about pain and its control) all alter the way pain is experienced through
modification of transmitting noxious stimuli to the brain (constituting the physiological

component) (Besson, 1999).

Nociception can be defined as the process by which information about tissue damage is
conveyed to the central nervous system. There can be pain without nociception such as
phantom limb pain or nociception without pain. There are four classical descriptions of
pain processes:

a) Transduction: the conversion of the energy from a noxious thermal, mechanical,
or chemical stimulus into electrical energy by sensory receptors called
nociceptors.

b) Transmission: this involves the transmission of these neural signals from the site
of transduction to the spinal cord and brain.

c) Perception: the appreciation of signals arriving in higher structures as pain.
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d) Modulation: descending inhibitory and facilitatory input from the brain that
influences nociceptive transmission at the level of the spinal cord (Berry et al.,

2001).

Perception of pain can be influenced by several psychological factors such as the
processes of attention, memory or learning, thought, beliefs, mood, behavioural
responses, and ability to cope. Although pain may be an indicator of tissue damage, it
may also be experienced in the absence of an identifiable cause. The degree of disability
experienced varies in relation to the experience of pain and also in response to pain

alleviation methods (Macintyre et al., 2010).

2.1.1 Classification of Pain

The four most commonly used systems for the classification of pain are;

e The pathophysiological mechanism of pain (nociceptive or neuropathic).
e The duration of pain (chronic or acute).

e The etiology of pain (malignant or non-malignant).

2.1.1.1 Classification based on pathophysiology

Based on the pathophysiology of pain; it is divided into two major types; nociceptive and
neuropathic.

Nociceptive pain: This type of pain results when tissue injury activates specific pain
receptors called nociceptors sensitive to noxious stimuli (Giordano, 2005). Nociceptors
can respond to heat, cold, vibration, stretch stimuli and chemical substances released

from tissues in response to oxygen deprivation, tissue disruption or inflammation.
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Nociceptive pain can be subdivided into somatic and visceral pain depending on the

location of activated nociceptors (Urch and Suzuki, 2009).

Somatic pain is caused by the activation of nociceptors either on tissue surfaces (skin,
mucosa of mouth, nose, urethra, anus e.t.c.) or deep tissues such as bone, joint, muscle or
connective tissue. Examples are cut and sprains; causing tissue disruption and results in
surface somatic pain, while muscle cramps due to poor oxygen supply results in deep

somatic pain (Spanswick and Main, 2000).

Visceral pain on the other hand, is caused by the activation of nociceptors located in the
viscera (Stein, 1995). Viscera consist of the internal organs of the body enclosed in a
cavity such as thoracic and abdominal organs. Visceral pain can occur due to infection,
distension from fluid or gas, stretching or compression (usually from solid tumors) (Urch

and Suzuki, 2009).

Neuropathic pain is caused by structural damage and nerve cell dysfunction in the
peripheral or central nervous system (CNS) (Vranken, 2009). This results from any
process that causes damage to the nerves such as metabolic, traumatic, infectious,
ischemic, toxic or immune mediated pathological conditions (Paice, 2003). Neuropathic
pain can also result from nerve compression or abnormal processing of pain signals by
the brain and spinal cord. This pain can be either peripheral or central (Mayer and
Liebeskind, 1974). Peripheral neuropathic pain arises as a direct consequence of a lesion
or disease affecting the peripheral nerve, dorsal root ganglion or dorsal root while central

neuropathic pain arises as a direct consequence of a lesion or disease affecting the CNS.
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Sensory dysfunction suggestive of neuropathic pain includes allodynia, hypoalgesia,

hyperalgesia, paraesthesia, dysthesia, hyperesthesia and hypoesthesia (Vranken, 2009).

Allodynia is a form of pain due to stimulus that does not provoke pain, such as a light
touch eliciting severe pain (Ramer et al., 1998). Hyperalgesia refers to an increased pain
response to a normally painful stimulus (tactile or thermal) such as hyperalgesia to cold
(Besson, 1999). Paraesthesia refers to abnormal sensation to a stimulus that is normally
not unpleasant such as tingling, prickling or numbness. Hypoalgesia refers to diminish
pain response to a normally painful stimulus (tactile or thermal). Dyesthesia refers to
unpleasant sensation which may be spontaneous or evoked. Hyperesthesia refers to
increase sensitivity to stimulation while Hypoesthesia refers to decrease sensitivity to

stimulation (Paice, 2003).

Mixed pain occurs when neuropathic pain coexists with nociceptive pain. In certain
diseases, mixed pain can occur to consist of somatic, visceral and neuropathic pain all at
the same time, or each separately at different times (Vranken, 2009). Examples include
trauma that damages tissue and nerves, burns (affecting skin and nerve endings), and
cancer that causes external nerve compression and nerve damages by infiltration

(Wallace 1992).

2.1.1.2 Classification based on pain duration

Based on duration, pain is divided into acute and chronic. Acute pain lasts less than thirty
days while chronic pain last more than three months. Symptoms and causes of the two
may overlap and pathophysiological factors can be independent of duration, thus making

this classification problematic.
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Acute pain has sudden onset and immediate feeling following injury, is severe and with
short duration. It results from tissue injury stimulating nociceptors and disappears when

injury heals (Besson, 1999).

Chronic pain is continually present when healing is expected to be complete. It can be an
extension of acute pain and persists for long periods or recur due to persistence of
noxious stimuli or repeated exacerbation of injury. Chronic pain can arise without any
identifiable pathophysiology or medical illness. Chronic pain can affect quality of life
including physical activities, school attendance, sleep patterns and family interactions. It
can lead to anxiety, distress, insomnia, fatigue and mood changes (Merskey and Bogduk,

1994; Tsang et al., 2008).

Episodic or recurrent pain occurs intermittently over a long period of time. There is pain
free period in between painful episodes. Painful episodes can fluctuate in intensity,
quality and frequency at times and are unpredictable. Examples of episodic pain include
migraine, episodic sickle cell disease pain and recurrent abdominal pain (Derman et al.,

2009).

Breakthrough pain is characterized as temporary increase in severity of pain over and
above pre-existing base line pain level. It is of sudden onset, severe and of short
duration. It occurs unexpectedly and independently of any stimulus, without a preceding
incident or an obvious precipitating factor. Example is break through pain in cancer

(Chapman et al., 2008).
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Incident pain or pain due to movement is a pain that has identifiable cause. It is induced
by simple movements such as walking or by physical movements that exacerbate pain
such as weight bearing, coughing or urination. Diagnostic or therapeutic procedures can
also cause incident pain (Moulin et al., 2007). End of dose pain occurs when usual
loading or maintenance dose of analgesic drugs fall below the minimum effective dose at

the end of dosing interval (Leonard et al., 2006).

2.1.1.3 Classification based on etiology
This classification is commonly based on the underlying disease being malignant or non

malignant. This classification has little relevance to treatment and mechanism of pain.

Anatomical classification of pain: pain can be classified based on the body location
(example head, back or neck) or anatomical function of the affected tissue (example;
myofascial, rheumatic, skeletal, neurological and vascular). This classification address
physical dimension but does not include mechanism. This classification can be useful for

diagnosis but not for clinical management of pain (Giordano, 2005).

Classification of pain based on specific diseases: Pain can be classified based on diseases
like HIV/AIDS, Cancer, Sickle cell diseases pain and diabetes pain. Pain in HIV/AIDS
can be acute or chronic. Acute pain includes oral cavity pain, abdominal pain, headaches,
neurological and muscular pain. Chronic pain includes neuropathic and wasting
syndrome (Berry et al., 2001). Pain in sickle cell disease is classified into episodic
(acute) occurring due to vaso-occlusive episodes (sickle cell crisis) and persistent SCD
pain resulting from a vascular necrosis due to poor blood oxygenation (Merskey and

Bogduk, 1994).
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Other types of pain include phantom pain and psychogenic pain. Phantom pain is a form
of pain from a part of the body that has been lost or from which the brain stop receiving
signals. It is a type of neuropathic pain. Phantom limb pain is a common experience of
amputees (Kooijman et al., 2000). Psychogenic pain also called psychalgia or somato
form is a pain caused by increased or prolonged mental, emotional or behavioural
factors. Headache, backache and stomach ache are sometimes diagnosed as psychogenic

(Thienhaus and Cole, 2002).

2.1.2 Epidemiology of pain

Several epidemiological studies from different parts of the world have reported
prevalence rates for chronic pain, ranging from 12-80% of the population. It becomes
more common as people approach death (Perquin et al., 2000). Pain is the main reason
for visiting the emergency department in more than 50% of cases and is present in 30%
of family practice visits all over the world (Hasselstrom et al., 2002).. Chronic pain is a
general complaint in the world and more common in industrialized countries constituting
major public health and socioeconomic problem. Prevalence of pain in the general
population ranges from 10% to 50% depending on the population studied and the
perception of pain (Bishaw, 2007). Data from U.S.A. suggests that chronic pain is
responsible for more than 150 billion dollars spent on health care and disability related
costs. In Nigeria, for individual experiencing pain, the human cost is incalculable, but
can only be evidenced in decreased quality of life, activity limitation, reduced functional
capacity and increase financial burden arising from increased use of health services and
medication (Igumbar et al., 2011). It has been estimated that globally 20 % of all adults
suffer from pain and that 10 % are newly diagnosed with chronic pain each year, making

pain an enormous public health problem world over (Goldberg and McGee, 2011).
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2.1.3 Pain pathways

It consists of afferent nociceptive fibres that travel back to the spinal cord where they
form synapses in its dorsal horn. These nociceptive fibres (located in the periphery) is a
first order neuron. The cells in the dorsal horn are divided into physiologically distinct
layers called laminae. Different fibre types form synapses in differernt layers, and use
either glutamate or substance P as the neurotransmitter. A 0 fibre form synapses in
laminae | and V, C fibres connect with neurons in lamina Il, A B fibres connect with
laminae I, 111 and V (Jessel et al., 1991). After reaching the specific lamina within the
spinal cord, the first order nociceptive project to second order neurons and cross the
midline. The second order neurons then send their information via two pathways to the
thalamus; the dorsal column mediallemniscal system and the anterolateral system. The
first is reserved more for non-regular painful sensation, while the lateral is reserved for
pain sensation. Upon reaching the thalamus, the information is processed in the ventral
posterior nucleus and sent to the cerebral cortex in the brain. As there is an ascending
pathway to the brain that initiates conscious realization of pain, there is also a descending
pathway which modulates pain sensation. The brain can request the release of specific
hormones or chemicals that can have analgesic effects which can reduce or inhibit pain
sensation. The area of brain that stimulates the release of these hormones is the

hypothalamus (Field et al., 1998).

The effect of descending inhibition can be shown by electrically stimulating the
periaqueductal grey area of the midbrain. The periaqueductal grey area of the midbrain
in turn projects to other areas involved in pain regulation, such as the nucleus raphe
magnus (which also receives similar afferents from the nucleus reticularis

paragigantocellularis). In turn, the nucleus raphe magnus projects to the substantia
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gelatinosa region of the dorsal horn and mediates the sensation of spinothalamic inputs.
The periaqueductal grey area of the midbrain also contains opioid receptors which
explains one of the mechanisms by which opioids such as morphine and

diacetylmorphine exhibit analgesic effect (Seibst and Fein, 2006).

Nociceptor neuron sensitivity is also modulated by a large variety of mediators in the
extracellular space (Hucho and Levine, 2007). Peripheral sensitization represents a form
of functional plasticity of the nociceptor. The nociceptor can change from being simply a
noxious stimulus detector to a detector of non-noxious stimuli. The result is that low
intensity stimuli from regular activity initiates a painful sensation. This is commonly
known as hyperalgesia. Inflammation is one common cause that results in sensitization
of nociceptors. Normally hyperalgesia ceases when inflammation goes down, however,
sometimes genetic defects and or repeated injury can result in allodynia (a complete non-
noxious stimulus like light touch causes extreme pain). Allodynia can also be caused
when a nociceptor is damaged in the peripheral nerves (Ramer et al., 1998). This can
result in de-afferentation, which means the development of different central processes
from the surviving afferent nerve. With this situation, surviving dorsal root axons of the
nociceptors can make contact with the spinal cord, thus changing the normal input (Field

etal., 1998).

2.1.4 Pain thresholds

In pain science, thresholds are measured by gradually increasing the intensity of a
stimulus such as electric current or heat applied to the body. The pain perception
threshold is the point at which the stimulus begins to hurt and the pain tolerance

threshold is reached when the subject acts to stop the pain (Melzack and Wall, 1996).
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Differences in perception and tolerance thresholds are associated with, among other
factors, ethnicity, genetics and sex. For example, people of Mediterranean origin report
some radiant heat intensities as more painful while northern Europeans described it as
non-painful (Tsang et al., 2008). Italian women tolerate less intense electric shock than
Jewish or Native American women. Some individuals in all cultures have significantly
higher than normal pain perception and tolerance thresholds for electric shock, muscle
cramp and heat (Melzack and Wall, 1996). Women have lower pain perception and
tolerance thresholds than men, and this sex difference appears to apply to all ages,
including newborn infants (Guinsburg et al., 2000). In West Africa, there is variability in
pain perceptions among the ethnic groups, with Fulanis having high tolerance threshold

(Verra et al., 2009).

2.1.5 Management of pain
Pain management or treatment can be broadly divided into two; pharmacologic and non-

pharmacologic.

2.1.5.1 Non-pharmacological treatment of pain

Pharmacological treatment is the mainstay of pain treatment. However, optimal pain
management also includes psychological, physical rehabilitative, and in some cases,
surgical treatment strategies. A variety of comfort-producing measures have been
implemented for pain management such as, endo-tracheal tube suctioning, repositioning
in bed, massage, oral care, and reassurance. Other measures include application of heat
or cold, massage, therapeutic touch, guided imagery, and relaxation techniques. This is

common for critically ill patients (Helms and Barone, 2008).
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Non-pharmacologic measures should supplement, not replace, the use of medications. In
addition to supplementing the pain-relieving effects of analgesics, nonpharmacologic
approaches offer other advantages. Example, they can improve mood, reduce anxiety,
increase patient’s sense of control, strengthen coping abilities, assist with sleep, relax

muscles, and improve quality of life (Wallace, 1992).

Psychological Approaches:

Psychological interventions used in pain management include contingency management,
cognitive behavioural therapy, biofeedback, relaxation, descriptions, and psychotherapy.
Patients in whom psychological interventions may be most appropriate include those
who express interest in such approaches, manifest anxiety or fear, have inadequate pain
relief after appropriate pharmacologic interventions, or experience chronic or recurrent
pain. Psychological preparation such as preparation for surgery or for an invasive
procedure or psychological intervention such as relaxation may help to control the
affective dimension of pain when it is acute. This, in turn, helps minimize the biological
stress response as well as emotional distress and suffering that the patient experiences.
Methods such as relaxation and imagery are simple and can be taught quickly, whereas
others require more time. Patient education materials, example, printed instruction
sheets, audiotapes can supplement, but not replace, clinician efforts to instruct patients in

these methods (Berry et al., 2001).

Physical Rehabilitative Approaches:
These methods of pain management are appropriate for many types of pain and are
essential in patients with chronic non-cancer pain. In addition to relieving pain, such

methods can reduce fear and anxiety, improve physical function, and alter physiological
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responses to pain. Treatments used in physical rehabilitation include stretching, exercises
or reconditioning (to improve strength, endurance, and flexibility), gait and posture
training, and attention to ergonomics and body mechanics. Other non-invasive physical
treatments for pain include thermotherapy, cryotherapy, counter-irritation, and electro

analgesia (Ray, 2001).

Surgical Approaches:

Neurosurgical procedures for managing pain include neurolysis (injection of a chemical
or application of heat or cold to destroy neural tissue), neuroaugmentation procedures,
and neuroablative surgeries (disruption of neural signals and/or removal of neural
structures associated with pain). For example, micro vascular decompression of the

trigeminal nerve is sometimes used to manage trigeminal neuralgia (Berry et al., 2001).

2.1.5.2 Pharmacological treatment of pain

This is the mainstay of pain treatment. The World Health Organization (WHO) has
published a simple and validated three-step approach to pain management that has been
shown to be effective in relieving pain. The basic principles behind the three steps of the
ladder include selecting the appropriate analgesic for the pain intensity and

individualizing the dose by titration of opioid analgesics (Katz et al., 2008).

Step 1:

Treatment of mild pain: this involves the use of non-opioid analgesics with or without
adjuvants. Pain can usually be adequately treated with aspirin, acetaminophen, and non-
steroidal anti-inflammatory drugs (NSAIDs). These drugs differ from opioids in two

important ways: there is a ceiling effect to the analgesia and they do not produce
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tolerance or physical dependence. Management of all levels of pain includes a drug from
this category, except in case of contraindication. Acetaminophen may be preferable in
patients at risk for NSAID side effects such as renal failure, bleeding, gastric ulceration
or hepatic dysfunction. NSAIDs may be appropriate for other patients, particularly if

there is inflammation.

Step 2:

Mild to moderate pain: this involves the use of a weak opioid or low dose opioid, with a
non-opioid, with or without an adjuvant. In the initial treatment of moderate pain, low
dose opioid drugs are added to aspirin, acetaminophen, or NSAIDs. For patient
convenience, many opioids are marketed as combination products containing one of
these agents. It is the daily cumulative acetaminophen dose that limits the dosing of the
opioid in combination medications. For this reason separate dosing of the opioid and

acetaminophen is preferred (Katz et al., 2008).

Step 3:
Treating Severe pain: this involves the use of strong opioid analgesics with

acetaminophen or aspirin, with or without adjuvant.

Drugs used in the treatment of pain:

There are three classes of drugs used in the treatment of pain which include; opioid

analgesics, non-opioid analgesics and adjuvant or co-analgesic.
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Opioid analgesics (opioids):

This group includes opioid agonists such as morphine-like agonists and agonist-
antagonist opioids. Opioids bind to opioid receptors in the central nervous system. They
inhibit the transmission of nociceptive input from the periphery to the spinal cord,
activate descending inhibitory pathways that modulate transmission in the spinal cord,
and alter limbic system activity. Thus, opioids modify sensory and affective aspects of

pain (Stein, 1995).

Non-opioid analgesics (non-opioids):

This group includes drugs such as acetaminophen and nonsteroidal anti-inflammatory
drugs (NSAIDs), including aspirin and other salicylic acid derivatives. The primary
mechanism of action of NSAIDs is inhibition of the enzyme cyclooxygenase (COX)
which blocks prostaglandin synthesis. Acetaminophen appears to act mostly via a central
mechanism. All non-opioids have anti-inflammatory, antipyretic, and analgesic effects,
but the anti-inflammatory effect of acetaminophen is essentially negligible. The
analgesic effect of NSAIDs is prompt, whereas the anti-inflammatory effect is longer (1-
2 weeks or more).This latter effect can indirectly relieve some pain by reducing tissue

swelling (Berry et al., 2001).

Adjuvant analgesics or co-analgesics:

This is a diverse group of drugs, with primary indications for conditions other than pain,
with analgesic properties relevant to some conditions. Commonly used adjuvant
analgesics include antiepileptic drugs, tricyclic antidepressants, and local anaesthetics.
Antiepileptic drugs such as pregabalin and gabapentin bind to pre-synaptic voltage-gated

calcium channels in the dorsal horn, which result in decrease in the release of excitatory
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neurotransmitters such as glutamate and substance P. These drugs are effective in the
treatment of diabetic neuropathy and post-herpertic neuralgia. The exact basis for
analgesic effect is not known, but is not specifically related to their anticonvulsant

activity (Moulin et al., 2007).

Tricyclic anti-depressants provide the best evidence in the management of neuropathic
pain. The mechanism of analgesic activity is also unclear. They block the reuptake of
serotonin and noradrenaline, and block hyperalgesia induced by N-methyl-D-aspartate
agonists. They also have sodium channel blocking properties. Their analgesic property is
independent of their antidepressant effects. Examples of such drugs include;

amitriptyline and imipramine (Moulin et al., 2007).

Local anaesthetics are another type of adjuvant analgesic. They block sodium channels
and inhibit the generation of abnormal impulses by damaged nerves to exert their
peripheral analgesic effects. When used systemically, they do not produce conduction
block as they do with local injection and topical application but may suppress unusual
electrical activity in structures associated with pain. Example of such drugs is topical

lidocaine (Berry et al., 2001).

2.2 Inflammation
Inflammation is the normal physiological response of the body to injury. The cause of
tissue injury is attributed to trauma, autoimmune, microbial, toxins (chemicals) and heat
(Sodano and Grisanti, 2010). When tissue is damaged or injured many substances are
released leading to changes to the surrounding undamaged tissues. The released

substances leads to inflammation; the substances implicated in inflammation are
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numerous and include; histamine, serotonin, prostaglandin, leukotriene, lipoxin, platelet
activation factor, bradykinin etc. These substances are implicated in inflammation

process and are of great significance in therapeutics.

Inflammation is the body’s reaction to injury or chemical irritants. It has been
characterised based on visual observation by five cardinal signs. These signs include
redness (rubor), swelling (tumour), heat (calor) which is only applicable to the body
extremities, pain (dolor) and loss of function (functio laesa). Inflammation is described
as the succession of changes which occurs in a living tissue when it is injured provided
that the injury is not of such a degree that can destroy its structure and vitality at once

(Punchard et al., 2004).

Inflammation is the means by which the body deals with insult and injury. Insult may be
caused: mechanically by pressure or foreign bodies; chemically by toxins, acidity, and
alkalinity; physically by temperature, by internal processes such as uremia, and by
mircoorganisms such as bacteria, virus, and parasites. Inflammation rids the body of
foreign matter, disposes of damaged cells, and initiates wound healing. It is controlled by
mast cells that are in close proximity to autonomic nerves. Mast cells are constituents of
connective tissues containing large granules that contain heparin, serotonin, bradykinin,
and histamine. These substances are released from the mast cell in response to injury and
infection, and, by their degranulation, they control most inflammatory processes

(Hotamisligil, 2006).
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2.2.1 Classification of inflammation

Inflammation is classified into per-acute, acute, sub-acute, chronic and chronic active
based on duration (Martin, 2013). Per-acute is characterised by hyperemia, hemorrhage,
slight edema and involves few inflammatory cells. If it’s due to highly pathogenic agents
it can lead to shock and sudden death. It lasts for about 0-4 hours, and is usually very
acute due to potent stimulus. Acute inflammation last from 4-6 hours to 3-5 days, there is
vascular involvement with neutrophils predominating. It displays the cardinal signs of
rubor, calor, tumor and dolor. Sub-acute inflammation is a transition between acute and
chronic; it last between few days to one week. Chronic inflammation persists over a long
period of time resulting in persistent inflammatory stimulus and with some degree of
tissue repair. It lasts from weeks to years while chronic active is characterised by
chronicity with superimposed features of acute inflammation. It also mixes the chronic

time frame with overlapping acute features (Martin, 2013).

2.2.1.1 Acute inflammation

This is a rapid or transient response to injury or irritant. Acute inflammation can be
caused by infections such as bacterial or viral infections, immune reactions such as
reaction to a bee sting and several other stimuli such as tissue necrosis, trauma, radiation,
burns and foreign body. It is an immediate response to trauma, usually within seconds to
two hours. It is manifested by vascular changes, oedema, and predominantly neutrophilic

infiltration (Kumar et al., 2012).

Acute inflammation has three major components: alterations in vascular quality that lead
to an increase in blood flow; structural changes in the microvasculature that permit

plasma proteins and leukocytes to leave the circulation; and emigration of the leukocytes
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from the microcirculation, their accumulation in the focus of injury, and their activation

to eliminate the offending agent (Badizadegan, 2003).

In acute inflammation, fluid loss from vessels with increased permeability occurs in
different phases: an immediate transient response lasting for less than 30 minutes,
mediated mainly by the actions of histamine and leukotrienes on endothelium; a delayed
response starting at about 2 hours and lasting for about 8 hours, mediated by Kinins,
complement products, and other factors; and a prolonged response that is most noticeable

after direct endothelial injury, such as after burns (Khan and Solomon, 2007).

2.2.1.2 Chronic inflammation

Chronic inflammation can occur either by evolving from an acute inflammation or
without an acute phase. It is the persistence of inflammation with attempts of repair
resulting from persistence of the injurious agent. Its response is prolonged, usually
weeks, months and even years. Chronic inflammation is caused by persisting infection or
prolonged exposure to irritants, repeated acute inflammation such as otitis and

autoimmune diseases such as rheumatoid arthritis (Kumar et al., 2012).

Chronic inflammation is characterized by infiltration with mononuclear cells (which
include macrophages, lymphocytes, and plasma cells), tissue destruction (induced by the
persistent offending agent or by the inflammatory cells), healing attempts by connective
tissue replacement of damaged tissue, accomplished by proliferation of small blood
vessels and, in particular fibrosis. It inevitably causes tissue damage and is accompanied

by simultaneous attempts at healing and repair. The exact nature, extent and time course
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of chronic inflammation is variable and depends on the balance between the causative

agent and the attempts by the body to remove it (Wassung, 2012).

2.2.2 Chemical mediators of inflammation

The inflammatory process begins with chemical a series of inflammatory chemicals that
are released in the extracellular fluid. Sources of inflammatory mediators include injured
tissue cells, phagocytes, lymphocytes, mast cells and blood proteins, the most important
of which are histamine, kinins, prostaglandins, complement, and lymphokines. Some of
these mediators may have individual inflammatory role, they all promote dilation of the
small blood vessels in the vicinity of the injury. As more blood flows into the area
congestion with blood occurs which accounts for the redness and the heat of the inflamed
area. They also increase the permeability of local capillaries. As a result, exudates, fluid
contain proteins such as clotting factors and antibodies, seeps from the bloodstream into
the tissue spaces. This exudate is the cause of the local oedema or swelling which in turn,

presses on adjacent nerve endings, contributing to a sensation of pain (Wassung, 2012).

Eicosanoids are short-lived, hormone-like substances present in tissues throughout the
body. They function as mediators of a variety of physiological responses such as
inflammation, blood clotting, vascular dilation, and immunity. They can be divided into
four classes: prostaglandins, leukotrienes, thromboxanes, and prostacyclins. A large part
of the inflammatory process is regulated specifically by the prostaglandins and

leukotrienes (Percival, 1999; Danesh et al., 2004).

Histamines are chemicals responsible for the itchy nose, watery eyes, or rash that often

accompany an allergic reaction. Their function is to help remove the toxin causing the
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problem by sneezing, coughing, crying, and scratching. They bring more blood and
lymphatic fluid to the site of the invasion, which in turn carries white blood cells to the
site and toxins away from it. It can act on sensory neurones to produce itching at low

concentration and pain at high concentrations (Danesh et al., 2004).

Kinins observe a number of pro-inflammatory effects including the release of
prostanoids, cytokines, and free radicals from a variety of cells. They degranulate mast
cells to releases histamine and other inflammatory mediators and also cause plasma

extravasation by contraction of vascular endothelial cells (Dray, 1995).

Cytokines are immune system modulators produced by cells throughout the body. They
communicate with the brain, signalling an alarm when an intruder is detected. A subclass
of cytokines known as leukotrienes or interleukins ensures that the immune response is
checked before it begins to attack outlying healthy cells and tissue. They significantly

call off the inflammatory response (Wassung, 2012).

2.2.3 Function of inflammation

Inflammation is basically a protective attempt by the organism to remove the injurious
stimuli and to initiate the healing process (Serhan, 2008). The leakage of water and
production of a proteinous substance in the injury areas bring about release of humoral
factors including antibodies into the area of injury (Danesh et al., 2004). The migration
of leucocytes to the local site brings about destruction of the injurious agent. In certain
situations where the cause of inflammation is due to infection, such as rheumatoid

arthritis and rheumatoid fever, this may be uncontrolled by the body’s immune system
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and may require the use of anti-inflammatory drugs and other adjuvant for treatment

(Rainsford, 2009).

2.2.4 Resolution of inflammation

The inflammatory response must be actively terminated when no longer needed to

prevent unnecessary damage to tissues (Cotran, 1998). Failure to do so results in chronic

inflammation and cellular destruction. Resolution of inflammation occurs by different

mechanisms in different tissues. Mechanisms that serve to terminate inflammation

include:

1.

2.

3.

10.

11.

12.

Short half-life of inflammatory mediators in vivo.

Production and release of transforming growth factor (TGF) beta from macrophages.
Production and release of Interleukin 10 (IL-10) (Serhan, 2008).

Production of anti-inflammatory lipoxins (Greenhalgh, 1998).

Down regulation of pro-inflammatory molecules such as leukotrienes.

Up regulation of anti-inflammatory molecules such as the Interleukin 1 receptor
antagonist or the soluble tumor necrosis factor receptor (TNFR).

Apoptosis of pro-inflammatory cells (Jiang et al., 2005).

Desensitization of receptors.

Increased survival of cells in regions of inflammation due to their interaction with the
extracellular matrix (ECM) (Teder et al., 2002).

Down regulation of receptor activity by high concentrations of ligands

Cleavage of chemokines by matrix metalloproteinases (MMPs) might lead to
production of anti-inflammatory factors (Serhan and Chiang, 2005).

Production of resolvins, protectins or maresins.
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2.2.5 Inflammatory disorders

Inflammatory abnormalities are a large group of disorders that underline a vast variety of
human diseases. The immune system is often involved with inflammatory disorders,
demonstrated in both allergic reactions and some myopathies, with many immune system
disorders resulting in abnormal inflammation. Non-immune diseases with etiological
origins in inflammatory processes include cancer, atherosclerosis and ischemic heart
disease (Cotran, 1998). A large variety of proteins are involved in inflammation and any
one of them is open to a genetic mutation which impairs or otherwise deregulates the

normal function and expression of that protein.

Examples of disorders associated with inflammation include: Acne vulgaris, Rheumatoid
arthritis, Asthma, Sarcodoisis, Autoimmune diseases, Celiac disease, Vasculitis,
Transplant rejection, Inflammatory bowel diseases, Glomerulonephritis and Chronic

prostatitis (Cotran, 1998).

2.2.6 Management of inflammation

The treatment of patients with inflammation involves three primary goals. First are the
relief of pain which is often the presenting symptom and the major continuing
complaining of the patient. Secondly is the arrest of tissue damaging processes (Cousins
et al., 2004) and thirdly removal of the causative agent. NSAIDs are often used in the
reduction of inflammation which results in the relief of pain for a significant period
(Sharma et al., 2010). Furthermore, most of the NSAIDs are appropriate for the
treatment of both acute and chronic inflammation condition. NSAIDs possess analgesic,
anti-inflammatory and antipyretic properties (Ezeonwumelu et al., 2012). The term non-

steroidal is used to distinguish these drugs from steroids, which also have among other
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effects a similar eicosanoid depressing anti-inflammatory action (Mishra et al., 2011).
These steroids are also used in alteration or modulation of inflammatory conditions in
some cases. Example includes Prednisolone, Dexamethasone, Triamcinolone, Prednisone

and Budesonide.

2.2.6.1 Prednisolone

Is a synthetic glucocorticoid, a derivative of cortisol, which is used to treat a variety of
inflammatory and auto-immune disorders. It is the active metabolite of the drug
prednisone (Davis et al., 2000) and is used especially in patients with hepatic failure

because these individuals are unable to metabolize prednisone into prednisolone.

Medical Uses:

Prednisolone is a corticosteroid drug (corticosteroids inhibit the inflammatory response
to a variety of inciting agents and it is presumed, delay or slow healing) with
predominant glucocorticoid and low mineralocorticoid activity. This makes it useful for
the treatment of a wide range of inflammatory and auto-immune conditions (Czock et al.,
2005) such as asthma (Field et al., 1998), uveitis, pyoderma gangrenosum, rheumatoid
arthritis, ulcerative colitis, pericarditis, temporal arteritis, Crohn's disease, Bell's palsy,
multiple sclerosis, (Thrower, 2009), cluster headaches, vasculitis, acute lymphoblastic
leukemia and autoimmune hepatitis (Lambrou et al., 2009), systemic lupus
erythematosus, Kawasaki’s disease (Miura et al., 2011) and dermatomyositis. It is also

used for the treatment of sarcoidosis even though the mechanism is unknown.
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2.2.6.2 Budesonide

This is a glucocorticoid steroid for the treatment of asthma, chronic obstructive
pulmonary disease and non-infectious rhinitis (including hay fever and other allergies). It
is also used for treatment and prevention of nasal polyposis in addition to its use for

Crohn's disease (inflammatory bowel disease).

Medical uses:

1. Ulcerative colitis (colon inflammation): Budesonide assists in the induction of
remission in patients with active ulcerative colitis (Habal and Huang, 2010).

2. Crohn's disease: Treatment of active Crohn's disease involving the ileum and/or
ascending colon inflammation; maintenance of remission (for up to 3 months) of
Crohn's disease (mild-to-moderate) involving the ileum and/or ascending colon
(Lichtenstein et al., 2009).

3. Asthma: Budesonide is nebulized for maintenance and prophylactic treatment of
asthma including patients who require oral corticosteroids and those who may

benefit from systemic dose reduction.

2.3  Traditional Medicine
Traditional medicine as identified by the World Health Organization, is the sum total of
knowledge, skills, and practices based on the theories, beliefs, and experiences
indigenous to different cultures, whether explicable or not, used in the maintenance of
health as well as in the prevention, diagnosis, improvement or treatment of physical and

mental illness (WHO, 1999).

35


http://en.wikipedia.org/wiki/Glucocorticoid
http://en.wikipedia.org/wiki/Glucocorticoid
http://en.wikipedia.org/wiki/Asthma
http://en.wikipedia.org/wiki/Rhinitis
http://en.wikipedia.org/wiki/Hay_fever
http://en.wikipedia.org/wiki/Nasal_polyp
http://en.wikipedia.org/wiki/Crohn's_disease
http://en.wikipedia.org/wiki/Inflammatory_bowel_disease
http://en.wikipedia.org/wiki/Crohn's_disease
http://en.wikipedia.org/wiki/Ileum
http://en.wikipedia.org/wiki/Nebulize
http://en.wikipedia.org/wiki/Asthma
http://en.wikipedia.org/wiki/Corticosteroids

Traditional healing can be defined as practices designed to promote mental, physical and
spiritual well-being that are based on beliefs which date back to the time before the
spread of western scientific bio-medicine. It includes a wide range of activities, from
physical cures using herbal medicines and other remedies, to the promotion of
psychological and spiritual well-being using ceremony, counselling and the accumulated
wisdom of elders. Large proportion of the population relies on traditional practitioners
and their armamentarium of medicinal plants in order to meet health care needs in many

developing countries (Martin, 2003).

The primary source of remedies in Traditional Medicine is botanical, although animal
and mineral materials have been used. Of the several thousands of remedies available
worldwide, about 500 are in common use. Herbal medicines are used after processing,
which may be soaking in water or vinegar, or even wine (Li, 2000). Plants and their
secondary metabolites have a long history of use in modern medicine and in certain
systems of traditional medicine, and are the sources of important drugs such as atropine,

codeine, digoxin, morphine, quinine and vincristine (WHO, 2005).

2.3.1 Plants used in the management of pain and inflammation

The use of plants as medicine is an ancient practice especially in developing countries
(Biswas et al., 2005). It is on this basis that researchers continue to work on medicinal
plants in order to produce and develop better medicines for physiological and therapeutic
purposes (Usman et al., 2008). Many plants have been used traditionally in the
management of pain and inflammation (Magaji et al., 2008), and their mechanism of

action, doses and spectrum of activity of some have been scientifically evaluated. These
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plants include Celosia argentea family Amaranthaceae in which the crude alcoholic

extract exhibited antinociceptive activity (Santosh et al., 2008).

The aqueous leaves extract of Ocimum gratissimum shows a significant dose dependent
anti-nociceptive effect via acetic acid induced writhing and hot plate method, and also
anti-inflammatory activity (Hassan et al., 2010). So also, Gossypin, an isolated
bioflavonoid from the yellow petals of Hibiscus vitofolius has been shown to possess
anti-nociceptive activity similar to morphine and has the advantage of lack of tolerance
and dependence liability (Dahanukar et al., 2000). The n-butanol soluble fractions of the
methanol leaf extract of Cissus cornifolia showed analgesic and anti-inflammatory
activity via acetic acid induced writhing, hot plate method and carrageenan induced
inflammation (Musa et al., 2010). The flavonoid-rich fraction from Celosia argentea
possesses significant anti-inflammatory effect when evaluated using carrageenan induced

inflammation and cotton pellet induced granulomatosus models (Bhujbal et al., 2006).

Other African medicinal plants with anti-inflammatory activities include Khaya
senegalensis (Lompo et al., 2007), Acanthus montanus (Adeyemi et al., 2005) and

Desmodium gangeticum (Udeogaranya et al., 2005).

Some of the anti-inflammatory drugs developed from medicinal plants include Ruxiang
or Gummi olibanum, an herbal medicine derived from the gum resin of Boswellia
carterii of the family Burseraceae which is traditionally used in China to alleviate pain
and reduce inflammation, Silymarin capsules from Silybum marianum (L.), Milk thistle
which is a complex of seven flavonolignans and polyphenols (Doreswamy and Darshan,

2004).

37



24  Andropogon gayanus Kunth

2.4.1 Taxonomy/Nomenclature of the plant

Kingdom: Plantae

Subkingdom: Viridiplantae

Infrakingdom: Streptophyta

Superdivision: Embryophyta

Division: Tracheophyta

Subdivision: Spermatophytina

Phylum: Magnoliophyta

Class: Magnoliopsida

Superorder: Lilianae

Order: Poales

Family: Poaceae

Genus: Andropogon

Species: gayanus

Botanical name: Andropogon gayanus Kunth

Local Names: English; Gamba grass, Hausa; Gamba/Tsaure, Yoruba;
Eruwa ako

38


http://zipcodezoo.com/Key/Plantae/Plantae_Kingdom.asp

Plate I: A picture of Andropogon gayanus in its Natural Habitat
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2.4.2 Ethnomedicinal uses of Andropogon gayanus

The plant is widely used especially in Africa for its various medicinal properties. The
roots of Andropogon gayanus are soaked in milk and taken to treat post-partum pain and
bronchitis Safana local government Area of Katsina state. In Senegal, the root of the
plant is used as purgative (Thomas, 1972). The water extract of the root is used in the
treatment of cough and bronchitis in Central African Republic (Haxaire, 1979). The roots
together with the leaves are reported to be used to wash wounds and scarification in
South-West Nigeria (Adjanohoun et al., 1991). The whole plant is used in the treatment
of hiccups in Benin Republic (Adjanohoun et al., 1991), in Mali it’s used in post-partum
pain and as creams or lotions in skin infections (Malgras, 1992), and as a nasal
decongestant in Niger Republic (Saadou, 1993). The leaves are also used in swelling
face, hands and feet in Benin Republic (Verger, 1995), whereas the leaves are also used

in the treatment of diarrhoea in Sokoto state of Nigeria (Etuk et al., 2009).
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Plant Material

3.1.1 Plant collection and identification

The fresh roots of Andropogon gayanus was collected in August, 2015 at Samaru, Sabon
Gari Local Government Area, Kaduna state. The plant was identified and authenticated
by Mallam Namadi Sanusi, a botanist in the Herbarium of the Department of Biological
Sciences of Ahmadu Bello University, Zaria and was compared with a voucher specimen

number 247.

3.1.2 Preparation of the plant extract

The collected roots were dried under shade for two weeks and size reduced with mortar
and pestle. The grinded material was extracted by cold maceration using aqueous
methanol (70:30). Two thousand and fifty grams of the powder was extracted in two
portions. One thousand grams was first added into Erlnmeyer Flask with 2000 ml of the
solvent and kept for 48 hours and shaken intermittently, then filtered. The extract was
evaporated to dryness in an evaporator under reduced pressure and controlled
temperature (40-60°C). The remaining 1000 g of the powder was also extracted using the
same method and solvent. After evaporation, the extract was preserved in a desiccator
until needed for the work. Aqueous solutions were freshly prepared for each study using

distilled water.
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3.2 Experimental Animals Husbandry
Wistar rats and mice of both sexes (120-180g and 17-30g respectively) were obtained
from the Animal House of the Department of Pharmacology and Therapeutics, Ahmadu
Bello University, Zaria. The animals were allowed free access to standard feed and water
ad libitum. They were kept in clean cages bedded with saw dust which was replaced
every three days. The study was conducted according to ethical guidelines on laboratory
animal use and care policy, which is in compliance with Ahmadu Bello University

Research Policy (Revised 2010).

3.3 Drugs and Chemicals
The following drugs and chemicals were used. They are methanol, normal saline,
distilled water, acetic acid (Ranbaxy Laboratories Ltd, Punjab), aspirin, morphine
(Martindale Pharmaceuticals, Ramford, Essex), naloxone (Abcam plc, Cambridge),
yohimbine (Abcam plc, Cambridge), glibenclamide (Abcam plc, Cambridge),
carrageenan (Sigma chemical, Germany), and 10% formalin solution. Reagents used for
the phytochemical screening were obtained from the Department of Pharmacognosy and
Drug Development, Ahmadu Bello University, Zaria. All the reagents were of analytical

grade.

3.4  Materials
Animal cages, pestle and mortar, syringes (1 ml, 2 mls, 5 mls and 10 mls), filter paper,
pair of scissors, mettler balance pl165, hot plate (MR 2002), digital vernier caliper
(Battenfeld Technologies Inc. USA), soxhlet apparatus (Gallenkamp), measuring

cylinders, separating funnel, beakers, test tubes, funnel, test tube holders, crucible, water
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bath (Gallenkamp Cat No:H1054), retort stand, water drinkers, weighing balance, TLC

plates and laboratory record book.

3.5  Preliminary Phytochemical Screening
Phytochemical screening was carried out on the dried extract using simple chemical tests
to detect the presence of carbohydrates, alkaloids, saponins, tannins, flavonoids,
terpenoids, anthraquinones, glycosides and cardiac glycosides (Evans, 2002). The

following methods were used:

3.5.1 Test for alkaloids

To 0.5 g of the extract, dilute HCI (20 ml) was added in a conical flask, heated on a
steam bath and then filtered. The filtrate was made alkaline with dilute NH3 solution and
then extracted with chloroform. The CHCI; extract was concentrated and treated with
equal volume of 1% HCI. Dragendoff’s reagent and Mayer’s reagent 2 ml each were
added to the aqueous portion in two separate test tubes. Occurrence of orange-red and

cream precipitate respectively indicated the presence of alkaloids (Evans, 2002).

3.5.2 Test for tannins (Ferric chloride test)

To 0.2 g of the methanol extract 5 ml of distilled water was added and allowed to
dissolved then filtered. Few drops of ferric chloride solution were added to the filtrate.
Formation of a blue-black precipitate indicated hydrolysable tannins while green

precipitate indicated the presence of condensed tannins (Evans, 2002).
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3.5.3 Test for free anthraquinones (Bontrager’s test)
Small portion of the extract was shaken with 10 ml of benzene and filtered. Five
milliliters of dilute NH3 solution was added to the filtrate and shaken. The production of

a pink, red or violet colour indicated the presence of free anthraquinones (Evans, 2002).

3.5.4 Test for saponins (Frothing test)

Small quantity of the extract was dissolved in10 ml of distilled water. It was then shaken
vigorously for 30 seconds and allowed to stand for 30 minutes. Formation of froth that

lasts more than 15 min indicated the presence of saponins (Brain and Turner 1975).

3.5.5 Test for steroids and triterpenes (Liebermann-Burchard’s test)

The extract, 0.5 g was dissolved in 5 ml of chloroform and filtered. Equal volume of
acetic anhydride was added to the filtrate. One milliliter of concentrated H,SO, was
added and the colour change observed immediately and over a period of one hour. Red,
pink or purple colour indicates the presence of triterpenes, while blue or blue-green

indicated steroids (Evans, 2002).

3.5.6 Test for flavonoids (Shinoda test)
The extract 0.5 g, was dissolved in 5 ml of methanol and warmed on steam bath.
Magnesium chips and 5 drops of concentrated hydrochloric acid were added. A red or

orange colour indicated the presence of flavonoids (Evans, 2002).

3.5.7 Test for cardiac glycosides (Keller Kiliani’s test)
Glacial acetic acid 5 ml was added with one drop of ferric chloride to 5 ml of aqueous

solution of the methanol extract. The mixture was kept for one minute then transferred to
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a test tube. 1.5 ml of concentrated sulphuric acid was added with a pipette, so that it runs
down the wall of the tube and forms a separate layer at the bottom. On standing, a brown
colour at the interface indicates the presence of deoxy sugars and a pale green colour in

the upper layer indicates the presence of a steroid nucleus (Brain and Turner, 1975).

3.5.8 Test for carbohydrates (Molisch’s test)

The extract 0.5 g was dissolved in 3 ml of water few drops of Molisch’s reagen were
added and carefully small amount of concentrated H,SO,4 were added from the side of
the test tube to form a lower layer. With a soluble carbohydrate, this appears as a purple
ring if the sulphuric acid is gently poured in to form a layer below the aqueous solution

(Evans, 2002).

3.5.9 Thin layer chromatography (TLC) of methanol root extract of A. gayanus

The TLC profile of the extract was obtained on pre-coated TLC plate using chloroform:
methanol:acetic acid (18:1:1) solvent system to determine the separation profile of the
extract. A 100 mg/ml stock solution of A. gayanus was made using methanol. The
solution was spotted on the TLC plate using a capillary tube and then developed. The
plates were dried and then sprayed with p-anisaldehyde solution, Liebermann- Burchard
reagent, Dragendorff’s reagent, Aluminum chloride or Ferric chloride each followed by
heating at temperature of 110 °C for ten minutes and the various spots together with
distinct colours that appear were observed and inferences were made. Bontrager’s
reagent was also sprayed on one of the chromatograms and the plate observed under UV

light at a wavelength of 254 nm to detect the presence of anthraquinones.
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3.6 Acute Toxicity Studies
The median lethal dose (LDsp) of the extract was determined using Lorke’s method
(1983) through the oral and intraperitoneal routes. For the oral route, the study was
carried out in two phases in both mice and rats. In phase 1, three groups of three animals
each were used. The extract was administered orally in geometrically increasing doses
(10, 100 and 1000 mg/kg). The treated animals were observed for four hours post
administration for signs of toxicity and for 24 hours for mortality. After 24 hours, phase
2 was initiated. In phase 2, four animals were given specific doses of the extract orally
(1200, 1600, 2900 and 5000 mg/kg). The animals were then observed for signs of
toxicity for the first 4 hours and mortality for 24 hours. The geometric mean of the
lowest lethal dose and the highest non-lethal dose was evaluated as the median lethal
dose (LDsp) of the extract. The same procedure was repeated in both species of animals

using the intraperitoneal routes.

3.7  Analgesic Studies

3.7.1 Acetic acid induced writhing test in mice

Acetic acid induced writhing method described by Koster et al., (1959) was adopted for
evaluation of analgesic activity. Writhing is defined as a stretch tension to one side,
extension of hind legs, contraction of the abdomen so that the abdomen of mice touches
the floor and turning of trunk (Mishra et al., 2011). Thirty Swiss albino mice of both
sexes were divided into five groups. Groups 1 and 5 served as negative control (distilled
water, 10 ml/kg) and positive control (Aspirin 300 mg/kg) respectively, while groups 2,
3, and 4 received 250 mg/kg, 500 mg/kg, and 1000 mg/kg of methanol root extract

respectively. All administrations were per oral.
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Sixty minutes after treatment, the mice received 0.6% acetic acid (10 ml/kg)
interperitoneally to induce pain. Five minutes after acetic acid injection, the animals
were each placed in an observation box, and observed for 10 minutes. The number of
writhes produced by each mouse within the 10 minutes period was counted. Percentage
inhibition was calculated using the following formular:

o Mean no. of writhes (Negative control) — Mean no. of writhes (test)
% Inhibition = X

Mean no. of writhes (Negative control)

3.7.2 Hot plate test in mice

This method was carried out as described by Eddy and Leimback (1953). The paws of
mice and rats are very sensitive to heat at temperatures which are not damaging to the
skin. The responses are jumping, withdrawal of the paws and licking of the paws. The
temperature of the hot plate was set at 45 + 1°C (Mishra et al., 2011). Thirty swiss albino
mice of both sexes used were fasted 12 hours prior to the experiment, and divided into
five groups of six rats each. Groups 1 and 5 served as negative control (distilled water 10
ml/kg) and positive control (Morphine, 10 mg/kg) respectively, while groups 2, 3, and 4
received 250 mg/kg, 500 mg/kg, and 1000 mg/kg of the extract. The test and standard

drugs were administered orally.

The animals were individually placed on the hot plate and the time until either licking or

jumping occurred (reaction time, RT) was recorded using a stop-watch, 60, 90, 120 and

150 minutes after treatment.
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3.7.3 Formalin induced pain test in rats

The method described by Dubuisson and Dennis (1977) as modified by Murray et al.,
(1988) was adopted in this experiment. Thirty rats were divided into 5 groups of 6 each.
Group 1 was given Distilled water (1 ml/kg, p. 0) and served as negative control, while
group 5 was administered morphine (10 mg/kg, p. 0). Groups 2, 3 and 4 were
administered 250, 500 and 1000 mg/kg doses (p. 0) of the extract. One hour after the
administration, 50 pL of freshly prepared 2.5 % formalin was injected subcutaneously
into the plantar surface of the left hind paw of each rat. The observation was made in two
phases, phase 1 (neurogenic pain) and phase 2 (inflammatory pain). Phase 1 lasts for 5
minutes from the time of formalin administration while phase 2 covers from 15 minutes
to 60 minutes after formalin administration with 10 minutes lag period between the two

phases. The severity of pain was monitored based on the following scale:

Rat stands firmly or walks on the injected paw.............. Score 0
The injected paw partially elevated or favoured............. Score 1
The injected paw is clearly lifted off the floor............... Score 2
The rat licks, chews or shakes the injected paw............... Score 3

3.8  Anti-inflammatory Studies
3.8.1 Carrageenan induced rat paw oedema test
The anti-inflammatory study was carried out using the method described by Winter et
al., (1963). Thirty wistar rats were divided into five groups, 1 and 5 served as negative
(distilled water, 1 ml/kg) and positive (Aspirin, 300 mg/kg) controls respectively, while
groups 2, 3, and 4 received 250, 500, and 1000 mg/kg of the extract. Treatments were
administered 1 hour before carrageenan injection. Carrageenan was prepared as 1% w/v

solution in 0.9 % w/v NaCl and 0.1 ml was injected underneath the planter region. The
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paw size was then measured with digital vernier caliper at 0, 1, 2, 3, 4, and 5 hours after

Carrageenan injection (Sharma et al., 2010).

3.9 Mechanistic Studies on A. gayanus
3.9.1 Determination of the effects of naloxone co-administration with methanol
root extract of A. gayanus on acetic acid-induced writhing in mice

The acetic acid induced writhing test described by Koster et al., (1959) was adopted for
the evaluation of possible mechanism of anti-nociception. 30 Swiss albino mice of both
sexes were divided into six groups. Group 1served as negative control (distilled water 10
ml/kg, only), group 2 received Naloxone (2 mg/kg, only), group 3 received the extract
alone at 500 mg/kg body weight, group 4 received morphine also alone at 10 mg/kg and
groups 5 and 6 were treated with the extract at 500 mg/kg and morphine 10 mg/kg 15
min after naloxone 2 mg/kg was administered. All administrations were per oral except
for naloxone. Sixty minutes after treatment, all the groups were treated with 0.6 % "/,
acetic acid (10 ml/kg) intraperitoneally to induce pain except for group 2 in which the
acetic acid was administered 15 min after treatment. 5 minutes after acetic acid injection,
the animals were each placed in an observation box, and observed for 10 minutes. The
number of writhes produced by each mouse within the 10 minutes period was counted.

Percentage inhibition was calculated using the following formular:

o Mean no. of writhes (Negative control) — Mean no. of writhes (test)
% Inhibition = x 100

Mean no. of writhes (Negative control)
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3.9.2 Determination of the effects of glibenclamide co-administration with
methanol root extract of A. gayanus on acetic acid-induced writhing in mice
The acetic acid induced writhing test described by Koster et al., (1959) was adopted for
the evaluation of possible mechanism of anti-nociception. Twenty four Swiss albino
mice of both sexes were divided into four groups. Group lserved as negative control
(distilled water 10 ml/kg, only), group 2 received Glibenclamide (5 mg/kg, only), group
3 received the extract alone at 500 mg/kg body weight, while animals in group 4 were
treated with the extract at 500 mg/kg 15 min after glibenclamide 5 mg/kg was
administered. All administrations were per oral except for glibenclamide which was i.p.
Sixty minutes after treatment, all the groups were treated with 0.6% acetic acid (10
ml/kg) intraperitoneally to induce pain except for group 2 in which the acetic acid was
administered 15 min after treatment. 5 minutes after acetic acid injection, the animals
were each placed in an observation box, and observed for 10 minutes. The number of
writhes produced by each mouse within the 10 minutes period was counted. Percentage

inhibition was calculated using the following formular:

Mean no. of writhes (Negative control) — Mean no. of writhes (test)
X

% Inhibition =
Mean no. of writhes (Negative control)

3.9.3 Determination of the effects of yohimbine co-administration with methanol
root extract of A. gayanus on acetic acid-induced writhing in mice

The acetic acid induced writhing test described by Koster et al., (1959) was adopted for

the evaluation of possible mechanism of anti-nociception. The animals were divided into

four groups with 6 mice in each group. Group 1served as negative control (distilled water

10 ml/kg, only), group 2 received yohimbine (1 mg/kg, only), group 3 received the

extract alone at 500 mg/kg body weight, group 4 received 500 mg/kg of the extract 15
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min after yohimbine 1 mg/kg was administered. All administrations were per oral except

for yohimbine which was done intraperitoneally.

Sixty minutes after treatment, all the groups were treated with 0.6% acetic acid (10
ml/kg) intraperitoneally to induce pain except for group 2 in which the acetic acid was
administered 15 min after treatment. Sminutes after acetic acid injection, the animals
were each placed in an observation box, observed and number of writhes by each mouse
was counted for 10 minutes. Percentage inhibition was calculated using the formular

below:

o Mean no. of writhes (Negative control) — Mean no. of writhes (test)
% Inhibition = X

Mean no. of writhes (Negative control)

3.10 Statistical Analysis

Results were expressed as mean + standard error of mean and presented as graphs and
tables. Data were analysed using one way analysis of variance (ANOVA) for all acetic
acid tests followed by Dunnett t-test, repeated measures ANOVA for hot plate (thermal
sensitivity) test and carraageenaan induced inflammation, followed by Bonferoni post
hoc test for multiple comparison and the non-parametric Kruskal Walli’s analysis for

formalin-induced pain. Results were considered significant at p < 0.05.
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CHAPTER FOUR
4.0 RESULTS
4.1 The Plant Extract and Phytochemical Constituents of A. gayanus
The extract obtained was a greenish-black, sticky sweet smelling solid. The percentage
yield of the root of Andropogon gayanus using cold maceration technique and 70 %
methanol as the solvent of extraction was found to be 1.8 %"/,. The preliminary
phytochemical screening using standard tests of the methanol root extract of Andropogon
gayanus revealed the presence of flavonoids, triterpenes, tannins, saponins, glycosides,
alkaloids and cardiac glycosides. Phytochemical constituents like anthraquinones and

steroids were absent (Table 4.1).
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Table 4.1: Phytochemical Constituents of the Methanol Root Extract of Andropogon

gayanus

Phytochemical Constituent Test Result
Carbohydrates Molisch +
Anthraquinones Bontrager -
Glycosides Kehling +
Cardiac glycosides Kelle-killiani +
Saponins Frothing +
Steroids Liberman Buchard -
Triterpenes Liberman Buchard +
Tannins Ferric chloride +
Flavonoids Shinoda +
Alkaloids Dragendorff +

Key: + = Present and - = Absent
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4.1.1 Thin Layer Chromatography

Results of the thin layer chromatography analysis of the methanol root extract of A.
gayanus using different spraying reagents revealed the presence of several
phytochemical constituents. P-Anisaldehyde/Sulphuric acid is a general spraying reagent
which identified nine different spots (Plate I1a). Ferric chloride (FeCls) is a specific spray
for phenolic compounds such as tannins, where a black colour indicates the presence of
such. Five different such black spots were identified after the spray (Plate 1Ib).
Dragendorff spray is specific for alkaloidal components and spot 1 was shown to identify
the presence of alkaloids (Plate Iic). Bontrager’s spray when viewed under UV light at
254 nm wavelength is for anthraquinones and spots 8 and 9 revealed the presence of
anthraquinones by showing fluorescent light at these spots (Plate IIf). Aluminium
chloride (AICI3) spray confirmed the presence of flavonoids at spots 2 and 9 (Plate I1d).
Liebermann Burchard is specific for steroids and triterpenes, where pink, red, or purple
colour indicated the presence of triterpenes, steroids are absent in the extract as blue or

green colour is not evident on the plate (Plate Ile).
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Plate I11: Chromatograms of Methanol Root Extract of Andropogon gayanus

Key: a=P-anisaldehyde spray; b=Ferric chloride spray; c=Dragendorff spray;

d=Aluminium chloride spray; e=Liberman buchard spray; f=Bontrager’s spray.
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Table 4.2: R¢ Values for the P-Anisaldehyde/Sulphuric Acid Spray Chromatogram

Spot Rt values
1 0.10
2 0.21
3 0.33
4 0.47
5 0.56
6 0.66
7 0.80
8 0.89
9 0.96

Distance travelled by the spot
Rf value =

Distance travelled by the solvent
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4.2 Determination of LDso (Acute Toxicity Studies)
The mice and rats that received the methanol root extract of Andropogon gayanus orally
did not show signs and symptoms of toxicity after the first four hours of the extract
administration. The oral median lethal dose for both mice and rats was found to be
greater than 5000 mg/kg. However, the intraperitoneal median lethal dose for both rats

and mice was found to be about 1265 mg/kg body weight.
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4.3 Analgesic studies
4.3.1 Acetic acid-induced writhing test in mice
The methanol root extract of Andropogon gayanus significantly (p< 0.01) decreased the
number of writhes caused by acetic acid in a non-dose-dependent manner (Table 4.3).
Out of the three dose levels of the extract tested, the highest percentage inhibition of
writhes (59.54%) was obtained at 500 mg/kg, and the effect of the extract at all doses

tested was found to be less than that of the standard (Aspirin) at 300 mg/kg.
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Table 4.3: Effect of Methanol Root Extract of A. gayanus on Acetic Acid Induced
Writhing in Mice

Treatment Average number of Percentage Inhibition
(mg/kg) writhes (%)

D/Water (10 mi/kg) 28.00£2.21 -

MEAG 250 14.67 + 2.62** 47.61

MEAG 500 11.33 £ 2.06*** 59.54

MEAG 1000 13.67 £ 2.56*** 51.18

ASA 300 6.33 £ 0.84*** 77.40

Values are presented as Mean + SEM, * = p< 0.05, ** = p< 0.01, *** = p< 0.001
compared to Distilled water (D/Water) group — One way ANOVA followed by
Dunnett’s t- test n = 6, ASA = Acetylsalicylic acid (aspirin), MEAG = Methanol root
extract of Andropogon gayanus.
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4.3.2 Hot plate test in mice

The methanol root extract of A. gayanus significantly (p< 0.05) increased the reaction
time at different doses (Figure 4.1). The peak of activity was recorded at 120 min where
all doses of the extract tested were able to significantly (p< 0.05) increase the reaction
time compared to control. Morphine 10 mg/kg as expected, significantly (p< 0.05)

increased the reaction time at all time levels except at 150 min.
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Fig. 4.1: Effect of Methanol Root Extract of A. gayanus on Hot Plate Induced Pain
in Mice

Values are presented as Mean £ SEM, * = p< 0.05, ** = p< 0.01, *** = p< 0.001
compared to Distilled water (D/Water) group — Repeated measures ANOVA followed by

Dunnett’s t- test; a, b, and ¢ = p< 0.05, p< 0.01 and p< 0.001 respectively compared to
reaction time 0. n=6, MEAG = Methanol root extract of Andropogon gayanus.
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4.3.3 Formalin-induced pain test in rats

During both phases of formalin test, the extract at 250 and 500 mg/kg showed
insignificant reduction in pain response. Morphine in phase 1 and 2 significantly (p<
0.01 and p< 0.001 respectively) reduced the severity of pain when compared to the
negative control (distilled water). Similarly, the extract at 1000 mg/kg significantly (p<
0.05 and p< 0.01) decreased pain severity in phase 1 and phase 2 respectively (Table

4.4).
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Table 4.4: Effect of Methanol Root Extract of A. gayanus on Formalin-Induced
Pain in Rats

Treatment Mean Pain Scores
(mg/kg)

Phase 1 Phase 2
D/Water 1 ml/kg 3.00+0.00 3.00+0.00
MEAG 250 2.17+0.48 2.17+0.54
MEAG 500 2.50+0.22 250+0.22
MEAG 1000 2.00+0.23* 1.50 £ 0.22**
Morphine 10 1.67 £ 0.33** 0.83 £ 0.31***

Values are presented as Mean + SEM, * = p< 0.05, ** = p< 0.01, *** = p<
0.001compared to Distilled water (D/Water) group — Non parametric Kruskal wallis. n =
6, MEAG = Methanol root extract of Andropogon gayanus.
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4.4  Anti-Inflammatory Studies

4.4.1 Carrageenan-induced paw oedema test in rats

The sub-plantar injection of 1% carrageenan produced a local oedema in all groups
tested with the peak of inflammation at the 3rd hour. The extract as well as aspirin were
able to reduce inflammation induced by carrageenan throughout the period of study
although the difference in the oedema index was not statistically significant at all times
when compared to the negative control. The extract at a dose of 1000 mg/kg and aspirin
were able to significantly (p< 0.05) reduce inflammation at the 1st hour when compared
to distilled water group. At the 5th hour, the extract at all doses tested and aspirin

significantly (p< 0.01 and p< 0.001 respectively) reduced inflammation (Fig. 4.2).
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Figure 4.2: Effect of Methanol Root Extract of A. gayanus on Carrageenan-induced
Rat Paw Oedema

Values are presented as Mean = SEM, * = p< 0.05, ** = p< 0.01, *** = p< 0.001
compared to Distilled water (D/Water) group; a, b, and ¢ = p< 0.05, p< 0.01 and p<
0.001 respectively compared to time 3 hr — Repeated measures ANOVA followed by
Bonferroni- test,. n =6, MEAG = Methanol root extract of Andropogon gayanus.
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4.5 Mechanistic Studies

45.1 Effects of naloxone co-administration with methanol root extract of A.
gayanus on acetic acid-induced writhing test in mice

Injection of 10 ml/kg of 0.6% "/, acetic acid intraperitoneally caused abdominal pain
evident by writhes observed in all the groups with the negative control showing the
highest number of writhes. Morphine and the extract were able to significantly (p<
0.001) decrease the number of writhes compared to control group. Naloxone when
separately interacted with both morphine and the extract, also decreased the number of
writhes as compared to the control group. There was a statistically significant (p< 0.01)
difference between the number of writhes in morphine-alone group and in naloxone +
morphine group. Similarly, a statistically significant (p< 0.05) difference was found
between the number of writhes in the extract-alone group and naloxone + extract group

(Fig. 4.3).
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Fig. 4.3: Effects of Naloxone Co-administration with Methanol Root Extract of A.
gayanus on Acetic Acid-Induced Writhing in Mice

Values are presented as Mean = SEM, * = p< 0.05, ** = p< 0.01, *** = p< 0.001
compared to Distilled water (D/Water) group — One way ANOVA followed by Tukey
post hoc test a, b and ¢ = p< 0.05, p< 0.01 and p< 0.001 respectively compared to
MEAG500 group and 1, 2 and 3 = p< 0.05, p< 0.01 and p< 0.001 respectively compared
to morphine group. n =5, MEAG = Methanol root extract of Andropogon gayanus
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4.5.2 Effects of glibenclamide co-administration with methanol root extract of A.
gayanus on acetic acid-induced writhing test in mice

Injection of 10 mi/kg of 0.6% "/, acetic acid intraperitoneally caused abdominal pain
evident by writhes observed in all the groups. The extract when given alone and in
combination with the blocker (glibenclamide) was able to significantly (p< 0.001)
decrease the number of writhes compared to the control group. The % inhibition of pain
found in glibenclamide + extract was higher (77.15 %) than that of the extract alone
(67.89 %). There was a statistically insignificant difference in number of writhes

between the extract alone group and extract + glibenclamide group.
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Fig. 4.4: Effects of Glibenclamide Co-administration with Methanol Root Extract of
A. gayanus on Acetic Acid-Induced Writhing in Mice

Values are presented as Mean £ SEM, * = p< 0.05, ** = p< 0.01, *** = p< 0.001
compared to Distilled water (D/Water) group — One way ANOVA followed by Tukey
post hoc n=6, MEAG = Methanol root extract of Andropogon gayanus.
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4.5.3 Effects of yohimbine co-administration with methanol root extract of A.
gayanus on acetic acid-induced writhing test in mice

Injection of 10 mi/kg of 0.6% "/, acetic acid intraperitoneally caused abdominal pain
evident by writhes observed in all the groups. The extract when given alone and in
combination with a blocker (yohimbine) was able to significantly at (p< 0.001) decrease
the number of writhes compared to distilled water group. The % inhibition of pain found
in yohimbine + extract was higher (74.70 %) than that of the extract alone (67.89 %).
There was a statistically insignificant difference in number of writhes between the

extract alone group and extract + yohimbine group.
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Fig.4.5: Effects of Yohimbine Co-administration with Methanol Root Extract of
A. gayanus on Acetic Acid-Induced Writhing in Mice

Values are presented as Mean + SEM, *** = p< 0.001 compared to distilled water
(D/Water) group — One way ANOVA followed by Tukey post hoc test n =6, MEAG =

Methanol root extract of Andropogon gayanus.
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CHAPTER FIVE
50 DISCUSSION
The preliminary phytochemical screening and thin layer chromatography of the methanol
root extract of Andropogon gayanus revealed the presence of some secondary
metabolites including alkaloids, flavonoids, tannins, triterpenes, saponins, glycosides,
cardiac glycosides, anthraguinones among others. These constituents are known to be
responsible for several pharmacological activities. Saponins have been shown to possess
anti-inflammatory and anti-allergic effects (Yassin et al., 2013), as well as antibacterial
activity (Soetan et al., 2006). Saponins and glycosides are also known to possess anti-
inflammatory and anti-nociceptive activities (Akkol et al., 2007). Flavonoids were
reported as prostaglandin synthetase inhibitors (Watanebe et al., 2000). Prostaglandins
are known to be involved in pain perception (Helms and Barone, 2008) which suggests
that reduced availability of the prostaglandins by flavonoids might have been responsible
for their analgesic activity. Also certain flavonoids possess potent inhibitory activity
against many enzymes such as protein kinase C, protein tyrosine kinases, phospholipase
A, and phosphodiesterases (Middleton, 1998). Alkaloids have been shown to exhibit
anti-inflammatory, antioxidant, antidepressant, anticancer, anti-diarrheal,
hepatoprotective and antimicrobial activities (Singh et al., 2010). There are also reports
on alkaloidal analgesic effects alone (Reanmongkol et al., 2005), and in combination
with saponins (Choi et al., 2005, Arrau et al., 2010). Tannins are also used in the
treatments of cuts and wounds, haemorrhoids, varicose veins and also in diarrhoea,
catarrh, heavy menstrual flows and inflammatory conditions of the digestive tract
(Evans, 1989). Thus, the antinociceptive and anti-inflammatory effects exhibited by the
plant Andropogon gayanus may be due to the saponins, flavonoids, alkaloids, and

tannins found present in the plant individually or in combination.
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LDs is a useful index in assessing the safety margin of a substance but it should not be
viewed as an absolute value or as being equitable to complete toxicological investigation
of a substance. LDsy may not accurately reflect the full spectrum of toxicity or hazard
associated with drug or chemical (Cassarette et al., 1996). Lorke (1983) postulated,
classified chemical toxicity based on LDs values as follows; LDsy < 1 mg/kg, substance
is highly toxic, LDsy < 5 mg/kg, substance is toxic, LDsy < 100 mg/kg, substance is
moderately toxic, LDsy < 1000 mg/kg, substance is slightly toxic while LDsy > 5000
mg/kg, substance is practically non-toxic. Acute toxicity studies of Andropogon gayanus
using Lorke’s method (1983) revealed LDsp (p.0) value of greater than 5000 mg/kg in
both rats and mice which is non-toxic but slightly toxic intraperitoneally (1264 mg/kg) in
both rats and mice. The extract was non-toxic in both species of animal orally but
slightly toxic intraperitoneally probably due to bioavailability difference related to the
routes of administration. This may be responsible for the non-toxic effect when the

extract was administered orally.

Methanol root extract of A. gayanus significantly (p< 0.05) reduced the acetic acid
induced writhing in mice in a non-dose dependent manner. The acetic acid induced
writhing test was thought to be a peripheral pain model which is generally used for
screening plants and new agents for analgesic properties (Gene et al., 1998). However, it
has also been shown that the acetic acid test is a non-specific nociceptive model (Bighetti
et al., 1999) and is now thought to involve several pathways for nociception including
the central and peripheral. The intra-abdominal injection of acetic acid leads to the
release of pain mediators such as prostaglandin and cytokines which may be responsible
for the induced pain (Ikeda et al., 2001). Thus, activity shown by the extract suggest that

analgesic effects may be due to their inhibitory action on visceral receptors sensitive to
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acetic acid, or production of algogenic substances, or at the central level of painful
messages transmission or combination of all the three mentioned above. The data
presented suggests that the methanol root extract of A. gayanus possess analgesic
property which is mediated through central or peripheral pathways. The extract at all
doses was shown to have analgesic property which is not a function of the doses as
evidenced in the model used. 500 mg of the extract showed the best activity among the
three doses tested, but the percentage inhibition of pain (59.54 %) was far less than that
of Aspirin (77.40 %). This could be due to the fact that crude extract was used for the
study. Probably when the constituent(s) responsible for the activity is/are isolated, lower

doses might give better activity and the activity might even be dose dependent.

Hot plate method as described by Eddy and Liembach (1953) is the most common
thermal nociception model used for evaluating central analgesic efficacy of drugs or
compounds. This thermally induced pain model is utilized as a standard method for the
evaluation of centrally mediated analgesia such as narcotic agents like morphine,
pentazocine and codeine (Leonard et al., 2006). The prolongation of the reaction time by
the methanol root extract of Andropogon gayanus at all doses tested means the extract
possesses analgesic property. The data presented suggests that the analgesic property
shown by the extract was comparable to that of morphine, suggesting that the mechanism
by which the extract and morphine exact their analgesic property might be similar.
Morphine alleviates pain by acting on the pain receptors in the brain or by activating the

opioid receptors in the central nervous system (Yousuf et al., 2013).

Formalin test is a well established valid model for the study of central sensitization

events at the spinal level and peripheral inflammatory pain (Diaz and Dickeson, 1997).
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The two distinct phases in formalin test are due to direct effect of formalin on
nociception (which are transmitted via C fibres and can be suppressed by opioids such as
pentazocine) (Sayyah et al., 2004), and due to inflammation with the release of
serotonin, histamine, bradykinin and prostaglandins and at least to some degree, the
sensitization of central nociceptive neurons (thus sensitive to NSAIDs such as ketoprofen
and which can also be blocked by opioids) (Dubuisson and Dennis, 1977; Huskaar and
Hole, 1987; Tjglsen et al., 1992). In the test, the extract showed a significant (p< 0.05)
decrease in pain response in a non-dose dependent manner in both phases. However, the
decrease in pain response is only statistically significant at the highest dose (1000 mg/kg)
of the extract and morphine. This investigation reveals that, the extract has analgesic

effect on both peripherally and centrally mediated pain in rats.

Carrageenan induced rat paw oedema is a well established animal model for evaluating
the anti-oedematous effect of drugs or compounds (Sharma et al., 2010). Formation of
oedema caused by carrageenan is said to be in two phases; the first hour after
carrageenan injection (first or early phase), involves the release of serotonin, histamine
and bradykinin while the second or late phase (2-5 hours) with increased oedema
formation that remains up to the fifth hour involves the release of prostaglandins (Khan
et al., 2009). The second phase of swelling not only involves the elevated production of
prostaglandins, but has also been attributed to the induction of inducible cyclooxygenase
(COX-2) in the hind paw (Nantel et al., 1999). The result obtained from this study shows
that oedema induced by carrageenan was inhibited by both the standard (aspirin) as well
as the extract at all doses tested during the 5 hrs of the studies although not all inhibitions
were statistically significant. Highest inhibition came up only at the fifth hour which was

statistically significant (p< 0.01 and p< 0.001) for all doses of the extract tested and the
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standard respectively. This indicates that the extract may not have activity on the early
phase of inflammation (2-4 hours), thus it may act by inhibiting the release of histamine
and other mediators as well as inhibiting the release of prostaglandins. Aspirin acts by
inhibiting the activity of the enzyme cyclooxygenase (COX) which leads to the
formation of prostaglandins (PGs) that cause inflammation, swelling, pain and fever

(Vane and Botting, 2003).

The result obtained from the mechanistic studies using acetic acid induced writhing test
indicates that both morphine and the extract have the ability to block the abdominal
constriction caused by acetic acid evident by the statistically significant (p< 0.001)
reduction in number of writhes compared to distilled water group and a percentage
protection of 86.92 % and 70 % respectively. The studies also demonstrates that the anti-
nociceptive effects of both morphine and the extract are related to their actions on the
opioid receptors found in the central nervous system as seen in the reduction of their
analgesic effects when interacted with an opioid receptor blocker (naloxone). There was
a reduction in the analgesic effects of both morphine and the extract which are
statistically significant (p< 0.01 and p< 0.05 respectively) when compared to the groups
interacted with naloxone. The rats were pretreated with naloxone in groups 4 and 6 to
confirm and verify the role of opioid receptors in the anti-nociceptive effects of
morphine and the extract respectively. Naloxone is a classical non-selective opioid
receptor antagonist (Rangel et al., 2012) and it interferes with the anti-nociceptive effects
of the extract suggesting that opioid receptors are involved in the analgesic effect of the

extract.
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Adenosine triphosphate-dependent potassium ion channels (K*atp) are widely distributed
in the central and peripheral nervous system (Yamada and Inagaki, 2005) and are
involved in many different neuronal activities, such as nuero-protection, control of
neurotransmitter release and regulation of membrane excitability (Miki and Seino, 2005).
Interestingly, opening of Katp channels and the consequent cellular hyperpolarization are
involved in the anti-nociceptive effects of drugs with dissimilar mechanism of action,
such as ketorolac and baclofen (Lazaro-lbanez et al., 2001). In this study, glibenclamide
(a Katp channel blocker) did not attenuate the anti-nociceptive effect of the extract
significantly, suggesting that there is no involvement of the Karp pathway in the

analgesic effect of the extract.

It has been documented that the activation of alpha-2 adrenergic receptor (a2-AR) of
both spinal and supraspinal nuclei is involved in the anti-nociceptive action of a,-AR
agonists e.g clonidine. Activation of ay-ARs reduces the release of pronociceptive
neurotransmitters, such as substance P and glutamate from primary afferent terminals
(Millan, 2005) and hyperpolarizes spinal interneurons via G-protein-mediated activation
of K* channels (Sonohata et al., 2004). Blockage of a-AR will result in the inhibition of
anti-nociceptive effects of any analgesic drug or compound that acts through this
pathway. The result of the studies conducted revealed no statistically significant
difference in the anti-nociceptive effect of the extract when interacted with yohimbine
(an a2 —AR blocker), suggesting there is little or no involvement of the a-AR in the anti-

nociceptive effects of the extract.
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CHAPTER SIX
6.0 CONCLUSION AND RECOMMENDATIONS
6.1  Conclusion
Findings from this work showed that the methanol root extract of Andropogon gayanus
Kunth possesses significant analgesic and anti-inflammatory activities, with the

analgesic activity possibly being mediated via the central opioid receptors.

6.2  Recommendations

Based on the findings of this research work, the following recommendations for future

work are proposed:

1. Detailed toxicological screening should be conducted to ascertain the complete safety
profile of the plant.

2. Further studies should be carried out on the plant using other solvents (nonpolar)
such as petroleum ether and hexane to explore the non-polar components of the plant.

3. Studies should be carried out to isolate, characterize and elucidate the structure of the
bioactive constituents responsible for the observed pharmacological effects.

4. The exact mechanism of action and pharmacokinetic studies of the possible active

compounds should be carried out.
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APPENDICES

Appendix A

Table: Effect of Methanol Root Extract of Andropogon gayanus on Hot Plate-

induced-Pain in Mice

Treatment RT at0 RT at 60 RT at 90 RT at 120 RT at 150

(mg/kg) min min min min min

D/Water 1.33+0.21 1.83+0.17 167+021 167021 217 +£0.17
MEAG 250  1.17#0.17  3.50£0.43* 3.67 £0.42° 3.67+0.33***° 3.83+0.79°
MEAG 500 1.00+0.00 3.17+0.17° 4.17#0.79*° 3.17 £0.31** 3.17 +0.17°
MEAG1000 1.50+0.22 2.67 +0.49 3.00+0.37 3.33+0.21**° 3.83 +0.60°

Morphinel0 1.00 £0.00 3.50+0.72* 4.00+0.89* 3.00+0.37*¢ 3.00 £ 0.26"

Values are presented as Mean = SEM, * = p< 0.05, ** = p< 0.01, *** = p< 0.001
compared to Distilled water (D/Water) group — Repeated measures ANOVA followed by
Dunnett’s t- test; a, b, and ¢ = p< 0.05, p< 0.01 and p< 0.001 respectively compared to
reaction time 0. n = 6, MEAG = Methanol root extract of Andropogon gayanus, RT =

Reaction time.
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Appendix B

Table: Effect of Methanol Root Extract of Andropogon gayanus on Carrageenan-

induced Rat Paw Oedema

Treatment O.l.atl O.l.at2 O.l.at3 O.l.at4 O.l.at5
(mg/kg) hour hours hours hours hours
D/Water 10ml  1.14+0.11° 1.65+0.18 2.02+0.15 1.96+0.19 2.18+0.14
MEAG 250 0.97+0.10° 159+0.28 1.77+0.17 153+0.15 1.58+0.14**
MEAG 500 0.83+0.02° 1.33+0.17* 1.92+0.15 1.70+0.10 1.53+0.91**
MEAG 1000 0.73+0.05* 151+0.11 192+0.27 164+0.13 151+0.96**
ASA 300 0.77 £0.09* 1.09%£0.16 1.28+0.23 1.45%+0.13 1.15+0.13***

Values are presented as Mean £ SEM, * = p< 0.05, ** = p< 0.01, *** = p< 0.001
compared to Distilled water (D/Water) group; a, b, and ¢ = p< 0.05, p< 0.01 and p<
0.001 respectively compared to time 3 hr — Repeated measures ANOVA followed by
Bonferroni- test,. n =6, ASA = Acetylsalicylic acid, MEAG = Methanol root extract of
Andropogon gayanus, O.l. = Oedema Index

96



Appendix C

Table: Effects of naloxone co-administration with methanol root extract of A.
gayanus on acetic acid-induced writhing in mice

Treatment Average number of Percentage Inhibition
(mg/kg) writhes (%)

D/Water 26.00 +2.30°° -

Naloxone 2 20.80 + 1.46*°° 20.00

MEAG 500 7.80 £ 0.86*** 70.00
Naloxone+MEAG500 14.60 +1.12** 23 43.85
Morphine 10 3.40 £ 1.25*** 86.92
Naloxone+Morphine 13.80 + 2.27%** 2 46.92

Values are presented as Mean + SEM, * = p< 0.05, ** = p< 0.01, *** = p< 0.001
compared to Distilled water (D/Water) group — One way ANOVA followed by Tukey
post hoc test a, b and ¢ = p< 0.05, p< 0.01 and p< 0.001 respectively compared to
MEAG500 group and 1, 2 and 3 = p< 0.05, p< 0.01 and p< 0.001 respectively compared
to Morphine group. n =5, MEAG = Methanol root extract of Andropogon gayanus
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Appendix D

Table: Effects of glibenclamide co-administration with methanol root extract of A.
gayanus on acetic acid-induced writhing in mice

Treatment Average number of Percentage Inhibition
(mg/kg) writhes %

D/Water 27.00+2.13 -
Glibenclamide 5 22.17 £ 3.04 17.89

MEAG 500 8.67 £ 1.12*** 67.89
Glibenclamide+ MEAG500 6.17 £ 1.20*** 77.15

Values are presented as Mean £ SEM, * = p< 0.05, ** = p< 0.01, *** = p< 0.001
compared to Distilled water (D/Water) group — One way ANOVA followed by Tukey
post hoc n =6, MEAG = Methanol root extract of Andropogon gayanus
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Appendix E

Table; Effects of yohimbine co-administration with methanol root extract of A.
gayanus on acetic acid-induced writhing in mice

Treatment Average number of Percentage Inhibition
(mg/kg) writhes (%)

D/Water 27.00+2.13 -

Yohimbine 1 20.00 £1.94 25.93

MEAG 500 8.67 £ 1.12*** 67.89
Yohimbine+MEAG500 6.83 £ 1.70*** 74.70

Values are presented as Mean £ SEM, * = p< 0.05, ** = p< 0.01, *** = p< 0.001
compared to Distilled water (D/Water) group — One way ANOVA followed by Tukey
post hoc n =6, MEAG = Methanol root extract of Andropogon gayanus
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