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ABSTRACT 

The plant Laggera aurita is an annual or biennial herb of widespread in dry waste 

places from across Senegal to Southern Nigeria. The plant has been reportedly used for 

medicinal purposes including treatment of rheumatic pain, healing of cuts and bruises, 

and as a last resort to phagedenic and chronic ulcers. The present study investigated the 

analgesic and anti-inflammatory properties of the methanol extract, saponin and 

flavonoid fractions of the plant in mice and rats. Acetic acid induced writhes test, 

thermally induced pain and formalin induced inflammation models in rodents were used 

to evaluate the antinociceptive properties of the extracts. Phytochemical and acute 

toxicological screenings were also conducted. The median lethal dose was above 5000 

mg/kg in mice and rats for both the methanol extract and the fractions. The histological 

changes at 5000 mg/kg were slight glomerular necrosis and tubular damage in the 

kidney, slight vascular congestion, kupfer cell hyperplasia and lymphocyte hyperplasia 

in liver, lymphocyte hyperplasia on spleen, slight alveolar congestion on lungs and 

moderate erosion of stomach epithelium on stomach. The methanol extract, saponin and 

flavonoid fractions at doses of 200, 400 and 800 mg/kg significantly (p<0.05) inhibited 

the acetic acid induced abdominal writhes in mice dose dependently. Both the extract 

and fractions at 800 mg/kg showed better activity than 20 mg/kg piroxicam. The 

methanol extract, saponin and flavonoid fractions of Laggera aurita also significantly 

(p<0.05) and dose dependently increased the reaction time in the thermally induced pain 

model. The methanol extract (800 mg/kg) and saponin fraction (400 and 800 mg/kg) 

showed better activity when compared to the standard morphine (5 mg/kg) at 60, 90 and 

120 minutes. Naloxone, a non specific opioid antagonoist blocked the analgesic effect 

observed with the thermally induced pain model in mice for both the methanol and 
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fractions. The methanol extract and saponin fraction of Laggera aurita significantly 

(p<0.05) decreased formalin induced paw edema in a dose dependent manner. The 

saponin fraction (800 mg/kg) exhibited better anti-inflammatory effects than ketoprofen 

(10 mg/kg), the standard anti-inflammatory drug used. These findings suggest that the 

methanol extract, saponin and flavonoid fractions of the plant Laggera aurita possess 

analgesic and anti-inflammatory activities that justify the ethnomedical use in the 

treatment of painful and inflammatory conditions by the herbal practitioners. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1         Background  

Pain is an enormous global health problem. It has been estimated worldwide that one in 

five adults suffer pain and another one in ten adults are diagnosed with chronic pain 

each year (Daniel and Summer, 2011). Irrespective of age, sex, income, race and 

location, pain affects all populations. Pain is not equally distributed across the world 

and it experiences can be acute, chronic, intermittent or in combination. 

 

In Africa, pain in the form of musculoskeletal disorders is the most frequent cause of 

disability and accounts for 1% of age living with disability in developing world (Tsang 

et al., 2008). However, in developed countries, pain in form of musculoskeletal 

disorders accounts for 4.3% of age living with disability and at least up to 85% of low 

back pain occurs in developed countries (Quinette et al., 2007). 

 

Pain produces significant levels of disability affecting the economic and societal status 

leading to restrictions on daily activities, poor participation and or inability to work 

(Vranken, 2009). The international studies revealed that chronic pain covered 12% to 

41% with prevalence greater in developing countries and more problematic in 

developed countries (Tsang et al., 2008). 

 

In Nigeria, pain steadily increased from 2% at 6-8 years to 28% at 17-18 years (Talabi, 

2005). Prevalence of pain increases with chronological age. Pain may be 20% accidental 

while 80% may result from reasons within the individual. Pain develops gradually and 
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not suddenly as against accidental pains which are sudden. Generally, degenerative 

pains are gradual in onset (Talabi, 2005). 

 

Regardless of etiology of pain, the primary goal of therapy is to control pain and 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 harmstrongs and lumbodorsal facia and spine (Taylor, 1998). Other non-drug 

therapy includes abdominal strengthening, exercise (sit-ups or curls ups), and following 

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

surfaces. Alternative therapies such as acupuncture, guided imagery, chiropractic 

treatment, yoga, hypnosis, biofeedback, aromatherapy, massage and many others are 

also used (Mycek et al., 2000). 

  

1.2 Role of Traditional Medicine in Healthcare Delivery Systems 

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 ethnological, 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). 
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1.3 Justification 

 The use of herbal drugs in the treatment of pain 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) lead to the 

investigation of the antinociceptive effect of Laggera aurita which have been used in 

traditional medicinal practices by Sudanese and Nigerian healers to treat pain, fever and 

jaundice.  

 

The validation of folkloric claims of 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. 

 

1.4 Theoretical Framework 

In recent times, focus on plant research has increased all over the world, with more than 

thirteen thousand plants studied between 1996 and 2000 (Dahanukar et al., 2000). There 

is sufficient evidence showing immense potential of medicinal plants being used in 

various traditional systems. Medicinal herbs have been used for the relief of pain 



4 

 

throughout history thus practitioners of traditional medicine have enjoyed patronage and 

success owing to analgesic prototypes available (Sani et al., 2009). 

 

1.4.1 Models for the studies 

1.4.1.1 Toxicity studies 

Toxicity refers to the ability of a chemical agent to cause injury. Chemical substances 

may evoke one or both of two toxic effects. The first is an acute effect which occurs 

shortly after contact with a single dose of poison. The second is chronic effect which 

occurs however when an organism is exposed to repeated small and non-lethal doses of 

potentially harmful substances (Hassel, 1982). Toxicity is categorized as acute, sub-

acute and chronic types.  

 

1.4.1.2 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 to appearance of coloured 

precipitate (Evans, 1996; Sofowora, 1993). 

 

1.4.1.3 Acetic acid induced writhing  

Acetic acid induced abdominal constriction in mice is a widely used model for 

evaluation of peripherally mediated analgesic (Gene et al., 1998). Abdominal 

constriction responses were found to partly involve local peritoneal receptors (Bentley 

et al., 1981). The method is also associated with prostanoids such as increase levels of 

PGE2 and PGEF2�.�� �L�Q�� �S�H�U�L�W�R�Qeal fluids (Derardt et al., 1980); thus increasing the 
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sensitivity of nociceptors and perception of pain. Acetic acid induced abdominal 

constriction method is very sensitive and detects antinociceptive effects of substance at 

a dose that is not feasible using other methods such as flick tail (Sutharson et al., 2007). 

 

1.4.1.4 Formalin induced inflammation test 

This is a commonly used primary test for the screening of new anti-inflammatory 

agents. It is biphasic with the first phase (neurogenic phase, 1-2 hrs) occurring due to 

release of histamine or serotonin and the second phase (inflammatory phase) of oedema 

due to release of prostaglandins or through the release of inflammatory mediators 

(Ishfaq et al., 2004, Tanko et al., 2008). Both phases can be inhibited especially for 

centrally acting substances and the second phase can also be inhibited for peripherally 

acting substances. Activity in this model suggests the activation of opioid receptors 

(Gaertner et al., 1999).   

 

1.4.1.5 Hot plate (Thermal sensitivity) test method 

Hot plate test is the most common test of nociception that is based on a phasic 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 responses are 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). 
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1.4.1.6 Evaluation of effect of extract by interaction with naloxone  

Naloxone is a specific antagonist of opioid receptors. Administration of an antagonist 

will result in the blockade of the receptors, thus prevent the analgesic agent from 

binding to elicit effect (Younos et al., 1990). This results in prolonging responses in tail 

immersion test and decreasing reaction time in hot plate test. 

 

1.5 Aim of the Study 

The aim of the study is to investigate the antinociceptive and anti-imflammatory effects 

of methanol extract of the plant Laggera aurita and its fractions in mice and rats. 

 

1.6 Specific Objectives 

The specific objectives of this study are: 

1. To evaluate the acute toxicity of the methanol extract, saponin and flavonoid 

fraction of the plant Laggera aurita. 

2. To determine the phytochemical in the methanol extract, saponin and 

flavonoid fractions of the plant Laggera aurita. 

3. To screen the methanol extract, saponin and flavonoid fractions of the plant 

Laggera aurita for antinociceptive properties. 

4. To evaluate the effect of the methanol extract, saponin and flavonoid 

fractions of the plant Laggera aurita by interaction with naloxone. 

 

1.7 Statement of Research Hypothesis 

The methanol extract of Laggera aurita and its fractions possess neither antinociceptive 

nor 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 

(sensory component) through modification of transmitting noxious stimuli to the brain 

(constituting the physiological component) (Besson, 1999). 

 

 2.1.1 Etiology 

There are several causes of pain which include infections (such as viral, bacterial or 

fungal infections), drugs (such as antiretroviral drugs), damages of the nerve (such as 

peripheral neuropathy) and diseases (such as diabetes, hypertension, cancer, sickle cell) 

(Wallace, 1992). 

 

2.1.1.1 Infections 

Infection with pathogenic organisms such as bacteria, viruses and some fungi are 

common causes of pain (Berry et al., 2001). Pathogenic organisms like bacteria can be 

invasive or non invasive. Non invasive bacteria produce exotoxins interfering with 

normal secretory and absorptive properties of the intestinal lumen leading to irritation, 

inflammation and net fluid loss while non invasive bacteria do not invade the mucosal 
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cells. The invasive bacteria (e.g Salmonella and Shigella) penetrate the intestinal 

muscosa to cause inflammation, necrosis, diarrhoea and systemic complications such as 

fever (Tal et al., 2007). 

 

Infections caused by viruses are common causes of pain in both children and adults. 

Headache, oral cavity pain, abdominal pain, neuromuscular pain, chest pain, earache, 

odynophagia (pain while swallowing), myalgia and athralgia are types of pain that can 

be experienced from HIV/AIDS. The pain experienced depends on the stage of the 

infection. In early HIV, most of the pain is from the opportunistic conditions, thus, 

considered somatic and transient. At the late stages, both somatic and neuropathic pains 

occur. Fungal infections can be both topical and systemic. Topical fungal infections 

cause skin pain which can result from sores, rashes and blisters that can hurt and itch 

(Melzack and Casey, 1968).  

 

2.1.1.2 Drugs 

Drugs can also induce painful complications from their side effects e.g side effects of 

antiretroviral therapy (ART) such as diarrhea result in painful conditions such as diaper 

dermatitis. Different drugs induce different and specific form of pain, examples, 

zidovudine induces muscle pain, efavirenz induces headache and stavudine induces 

abdominal pain. Nucleoside reverse transcriptase inhibitors (specifically stavudine and 

didanosine) induce neuropathic pain (Vranken, 2009). Chemotherapy in cancer 

treatment is also a cause of pain which can be either chronic (headache, neuropathic 

pain e.t.c) or acute pain or both. Drugs like non-steroidal anti-inflammatory drugs such 

as ibuprofen cause headache, gastrointestinal ulcerations and bleeding (Gislason et al., 

2009). 
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2.1.1.3 Diseases  

Diseases are the main causes of pain as there is virtually no disease that is not associated 

with pain ranging from mild to moderate to severe pain. Examples of diseases 

associated with pain include sickle cell, diabetes, cancer and hypertension among others 

(Olurishe and Mati, 2014). 

 

Sickle cell disease (SCD) is a genetic disorder associated with the presence of                         

abnormal hemoglobin i.e. hemoglobin S (Hbs) in the red blood cells to become rigid 

and crescent shaped (i.e. sickled). When large numbers of sickled red blood cells 

accumulate, they hinder blood flow, which results in painful vaso-occlusive crises or 

episodes. It results in ischemia leading to tissue damage and cell necrosis. All these 

events cause pain. This is a form of episodic (acute) pain occurring in the arms, legs, 

abdomen, chest and back. Pain associated with SCD is described as aching, tiring and 

uncomfortable (Thienhaus and Cole, 2002; Cousins et al., 2004). 

 

Cancer is another disease associated with both acute and chronic pain. It has been 

observed in developing countries that most cancer pains are associated with diagnostic 

and therapeutic procedures, and treatment. Pain associated with diagnosis occurs when 

the cancer disease recurs and it is resistant to treatment (Baumann, 2002). However, in 

developing countries like Nigeria, cancer is presented at an advanced stage with poor 

accessibility to chemotherapy and radiotherapy. In such cases pain results from the 

progression of the cancer itself. The cancer mass can produce pain by tissue distension, 

compression or infiltration. Inflammation due to infection, necrosis or obstruction can 

also cause pain (Paice, 2003). 
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Acute pain in cancer results from direct invasion of anatomical structures in tumor 

through nervous tissue compression, distension and inflammation (Danesh et al., 2004). 

It can also result from investigative procedures such as bone marrow aspiration and 

lumbar puncture. Chronic pain is caused by the tumor growth itself or through 

investigative and therapeutic procedures such as limb amputation or chemotherapy 

(Tsang et al., 2008). Brain tumors and lymphomas can cause headache, while leukemia, 

lymphoma, bone sarcomas and neuroblastoma can cause diffuse bone and joint pain. 

Neuropathic pain is caused by injury to the nervous system and it is severe. It is usually 

described as burning, tingling, sharp or shooting (Satoskar et al., 1999). 

 

2.1.2  Pathophysiology and types of pain 

Pain classification system encompasses the pathophysiology of pain, thus there are 

several classification systems for pain and these include the followings: 

 

2.1.2.1 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. 

Nociceptive pain can be subdivided into somatic and visceral pain depending on the 

location of activated nociceptors (Urch and Suzuki, 2009). 
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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 cut and sprains; causing tissue disruption 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 activation of nociceptors located in the 

viscera (Stein, 1995). Visceral 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 (Vranken, 2009). Sensory dysfunction suggestive of neuropathic pain includes 

allodynia, hypoalgesia, hyperalgesia, paraesthesia, dysthesia, hyperesthesia and 

hypoesthesia (Nagasko et al., 2003).  
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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). Dysethesia 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). 

 

2.1.2.2 Classification based on duration of pain 

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). 

 

2.1.2.3 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 stomachache are sometimes diagnosed as psychogenic 

(Thienhaus and Cole, 2002). 

 

2.1.3 Epidemiology 

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). 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). 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). 
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2.1.4 Pain pathway 

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 ð fibre form synapses in 

laminae I and V, C fibres connect with neurons in lamina II, A ���� �I�L�E�U�H�V�� �F�R�Q�Q�H�F�W�� �Z�L�W�K��

laminae I, III 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 et al., 1998). 

 

2.1.5 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; Nagasko et al., 2003). 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). 

 

2.1.6 Pain Assessment 

A person’s self report is the most reliable measure of pain, with health care 

professionals tending to under estimate severity (Prakachin et al., 2007). Pain is 

whatever the experiencing persons says it is, existing whenever he says it does. To 

assess intensity of pain, a person may be asked to locate his pain on scale of 0 to 10, 

with 0 being no pain at all and 10 being the worst pain he has ever felt. Quality can be 

established by having the patient complete the McGill Pain Questionnaire indicating 

which words, best describe his pain (Prakachin et al., 2007). 

 

2.1.7 Pain as an aid to diagnosis   

Pain is a symptom of many medical conditions. Thus, it is important to know the onset, 

location, intensity, pattern of occurence, exacerbating factors, relieving factors and 

quality of pain (Berry et al., 2001). This will help the examining physician to accurately 
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diagnose the problem. For example, chest pain described as ‘extreme heaviness’ may 

indicate myocardial infarction, while chest pain described as ‘tearing’ may indicate 

aortic dissection (Slater and De Sanctis, 1976). 

 

2.1.8 Drug treatment and overview of antinociceptive drugs 

Regardless of etiology of pain, the specific goals of pain treatment is to reduce the 

severity of pain, restore overall movement and health, teach effective stress 

management and encourage cooperation in group activities. Drug therapy involves the 

use of opioids, Non steroidal anti-inflammatory drugs (NSAIDS), antidepressants, 

antiseptic drugs and adjuvants.  

 

2.1.8.1 Opioids analgesics  

Opioid analgesics are used for treatment of chronic pain (Mycek et al., 2000). Opioids 

are effective in chronic malignant pain and moderately effective in non malignant pain. 

Opioids do not provide complete analgesia in either acute or chronic pain. 

 

Opioid analgesics otherwise called narcotic analgesics are natural or synthetic 

compounds that produce morphine like effects. Opioid analgesics mimic the actions of 

endogenous opioids peptides, thus act by interacting with mu, delta or kappa opioid 

receptors (Stein, 1995). These opioid receptors are coupled to Gi proteins and the 

actions of the opioids drugs are mainly inhibitory. Opioids close N–type voltage 

operated calcium channels and open calcium dependent inwardly rectifying potassium 

channels. This results in hyperpolarization and a reduction in neuronal excitability. 

Opioids also decrease intracellular cAMP which modulates the release of nociceptive 

neurotransmitters like substance P (Rang et al., 1991).  
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Although opioids have a broad range of effects, their primary use is to relieve intense 

pain and anxiety that accompanies the pain, whether from surgery or as a result of 

injuries or disease such as cancer (Mycek et al., 2000). Stimulation of opiate receptors 

of the CNS can lead to nausea and vomiting (activation of receptors of the brainstem), 

blunting of pain perception (activation of receptors of spinal cord and thalamus), 

euphoria (activation of the receptors of the limbic system), and sedation (activation of 

reticular formation and striatum) (Stein, 1995). Additives contained in street opioid 

drugs can cause persistent nerve damage, neuropathy, amblyopic, myelopathy and 

leukoencephalopathy. Opioid analgesic use results in changes in the central nervous 

system. It also results in decrease luteinizing hormone and a consequent decrease in 

sexual desires. It also results in hormonal imbalances such as reduced secretion of 

Thyroid Stimulating Hormone (TSH) and increased secretion of prolactin and growth 

hormone. Acute respiratory depression occurs due to decreased respiratory centers’ 

sensitivity to carbon dioxide, while in individuals with impaired lungs function and 

orthostatic hypotension it is due to indirect peripheral vasodilation (Almeida et al., 

2011). 

 

2.1.8.2 Non- steroidal anti-inflammatory drugs  

Non steroidal anti-inflammatory drugs (NSAIDS) are a major group of analgesics used 

for mild to moderate pain (Insel, 1996). Their associated adverse effects of 

cardiovascular, cerebrovascular and gastrointestinal risks have limited their use (Burke 

et al., 2006). Antidepressants and antiepileptic drugs are used in chronic pain (Rang et 

al., 2003). Antiepileptic drugs have high risk of seizure when stopped abruptly. 

Adjuvant drugs help potentiate effects of other drugs, thus can hardly be used as a single 
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agent in pharmacotherapy. Drugs use in the treatment of pain act either by inhibiting 

prostanoids, non-prostaglandin mediated effects and apoptosis (Mishra et al., 2011). 

 

Non-steroidal anti-inflammatory drugs act by inhibiting prostanoids biosynthesis. 

NSAIDS are non-narcotic analgesics which are a group of chemically dissimilar agents 

with different analgesic, anti-inflammatory and antipyretic activities (Insel, 1996). 

Prostanoids include prostaglandins (PG) E2, PGD2, PGF2�.�� thromboxane A2 (TXA2) and 

prostacyclin (PGI2). These are special second messengers owing to their ability to cross 

the cell membrane, diffuse through the extracellular space and interact with high affinity 

G-protein-coupled receptors located either on the same cell or in neighboring cells. 

NSAIDS comprise traditional NSAIDS (tNSAIDS) and NSAIDS selective for cyclo-

oxygenase (COX-2). NSAIDS are indicated for pain and stiffness in inflammation such 

as rheumatoid arthritis and osteoathritis. They act as anti-inflammatory and analgesic 

agents by inhibiting COX-2 dependent prostanoids in the cells at an inflammatory site 

and in the spinal cord (Mishra et al., 2011). Aspirin and NSAIDS do not inhibit the 

lipoxygenase pathways of arachidonic acid, and hence do not suppress leukotriene 

formation. Glucocorticoids suppress the induced expression of COX-2, thus COX-2 

mediated prostaglandin production (Mishra et al., 2011). They also inhibit the action of 

phospholipase A2, which releases arachidonic acid from the cell membrane (Burke et 

al., 2006).  NSAIDS provide only symptomatic relief from pain and inflammation 

associated with the disease but do not stop the progression of pathological injury to 

tissues. Although NSAIDS are widely prescribed because of effectiveness in pain 

management and improving quality of life, yet side effects may be severe. These side 

effects include stomach problems like bleeding, ulcer, stomach upset, high blood 

pressure, fluid retention (causing swelling such as around the lower legs, feet, ankles 
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and hands), kidney problems, heart problems and allergic reactions such as rashes. Side 

effects of NSAIDS can occur at any time and the chance is greater if used for long 

durations (Gislason et al., 2009). 

 

2.8.1.3 Cannabinoids drugs 

Some analgesics like cannabinoids exert their action via apoptosis. Apoptosis is the 

process of programmed cell death that can be induced by either intrinsic factors or 

extrinsic factors or both morphological changes such as membrane blebbing, cell 

shrinkage, mitochondrial leakage and nuclear fragmentation (Allison and Samaj, 1995). 

Molecular changes underlie morphological changes resulting in two pathways of 

apoptosis (Traversa et al., 1995). The intrinsic pathway occurs via mitochondria and the 

extrinsic pathway occurs through death receptors. Briefly, the intrinsic pathway is 

initiated by an imbalance in anti-apoptic and pro-apoptic members of Bcl-2 family of 

proteins that regulate the permeability of the mitochondrial membrane. The imbalance 

towards the latter lead to cytochrome C leakage into the cytosol. Cytochrome C then 

combines with pro-caspase 9, ATP and APAF-1 to form the apoptosome. The 

apoptosome results in the formation of active caspase 9, cleaves pro-caspase 3 into 

active caspase 3 and leads to apoptosis. The intrinsic pathway is triggered with ligation 

of death receptors such as tumor necrosis factor receptor family (CD95), and results in 

the formation of Death Inducing Signaling Complex (DISC). DISC contains caspase 8 

and caspase 10 as the initiator caspases, and these caspases activate caspase 3, resulting 

in apoptosis. Drugs acting via this mechanism have been shown to be associated with 

immune functions suppressions (Abbas and Litchman, 2009), lung injury 

(Ezeonwumelu et al., 2012) and super infections (Rang and Dale, 2007).  
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Other agents with analgesic activities include tricyclic antidepressants such as 

imipramine as well as antiepileptic drugs such as carbamazepine, gabapentin and 

occasionally phenytoin (Rang et al., 1991). 

 

2.1.9 Non-pharmacological treatment of pain 

Non-pharmacological treatment consist of two main types; less invasive and more 

invasive options (Thienhaus and Cole, 2002). Non-pharmacological treatments do not 

rely on medication to alleviate pain. However, in most situations, they are used in 

addition to pharmacological treatments of pain. Less invasive treatment options include 

psychiatric approaches, non-invasive stimulatory approaches, psychological approaches 

and alternative approaches. Psychiatric approaches consist of therapeutic exercise, heat 

therapy and cold therapy. Therapeutic exercise helps in strengthening weak muscles, 

mobilizes stiff joints, restoring coordination and balance, promote a sense of well being 

and helps maintain an appropriate weight. Heat therapy reduces pain from muscles 

tension or spasms, increases blood flow to the skin, dilates blood vessels, increase 

oxygen and nutrient delivery to tissues and also decreases joint stiffness by increasing 

muscle elasticity (Mayer and Liebeskind, 1974). Cold therapy constricts blood vessels 

near the skin and helps relieve the pain of muscle tension or spasms. It also helps reduce 

swelling of an injury. 

 

Non-invasive stimulatory approaches consist of Transcutaneous Electrical Nerve 

Stimulation (TENS) which is a method of applying gentle electric current to the skin to 

relieve pain. It consists of a small box-shaped device that patients can put in their pocket 

and it transmits electrical impulses through wires to electrodes taped to the skin in the 
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painful area. The major disadvantage is that TENS becomes less effective at relieving 

pain overtime (Mayer and Liebeskind, 1974). 

 

More-invasive approaches are reserved for patients who do not respond to less invasive 

approaches. Anaesthesiologic approaches include nerve block and epidural steroid 

injections. Nerve block involves the injection of local anesthetic in the nerves. Although 

its a temporary block, pain relief can last for a long time (Roberts and Morrow, 2001). 

In some cases, a solution that can damage the nerve can be injected to produce a more 

permanent block. Epidural steroid injections can relieve pain by inhibiting the impulses 

that travel along specific nerves in the body (Giordano, 2005). Epidural steroids 

injection interrupt the passage of painful impulses through nerves. Invasive stimulatory 

approaches involves invasive nerve stimulation where electrodes are implanted in the 

patient’s body to send a gentle elecrical current to nerves in the spinal cord or the brain 

(Mayer and Lebeskind, 1974). Surgical approaches are used in cases where all other 

approaches have failed. A nerve can be cut close to the spinal cord or bundles of nerves 

in the spinal cord to interrupt the pathways that send pain signals to the brain (Ramer et 

al., 1998). In most cases surgery relieves pain and the need for pain medication.  

 

2.2 Inflammation 

Inflammation is the complex biological response of vascular tissues to harmful stimuli 

such as pathogens, damaged cells or irritants (Ferrero-Miliani et al., 2007). It is a 

protective attempt by the organism to remove the injurious stimuli as well as initiate the 

healing process for the tissue (Cotran, 1998). Inflammation is different from infection 

and the two words are not synonyms. Infection is caused by an exogenous pathogen 
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while inflammation is the response of the organism to the pathogen or irritating stimuli 

(Ferrero-Miliani et al., 2007). 

 

Inflammation can be classified as either acute or chronic. Acute inflammation is the 

initial response of the body to harmful stimuli and is achieved by the increased 

movement of plasma and leukocytes from the blood into the injured tissues (Danesh et 

al., 2004, Sharma et al., 2010). A cascade of biochemical events propagates and 

matures the inflammatory response, involving the local vascular system, the immune 

system and various cells within the injured tissue (Abbas and Litchman, 2009). Chronic 

inflammation is prolonged inflammation which leads to progressive shift in the type of 

cells, which are present at the site of inflammation, and is characterized by simultaneous 

destruction and healing of the tissue from the inflammatory process (Doreswamy and 

Darshan, 2004). 

 

2.2.1 Clinical signs of inflammation  

Acute inflammation is a short term process, usually appearing in a few minutes or hours 

and ceasing once the injurious stimulus has been removed (Adamu et al., 2007). It is 

characterized by five cardinal signs rubor (redness), calor (increased heat), tumor 

(swelling), dolor (pain) and function laesa (loss of function) (Cotran, 1998). 

 

In the absence of inflammation, wounds and infection may never heal and progressive 

destruction of the tissue will compromise the survival of the organism. An inflammation 

that is not monitored can lead to many diseases such as hay fever and rheumatoid 

arthritis. For this reason, inflammation is closely monitored by the body (Dhannanjayan 

and Thangam, 2003).  
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2.2.2 Mechanism of inflammation 

2.2.2.1 Acute inflammation 

The process of acute inflammation is initiated by cells already present in all tissues, 

mainly resident macrophages, dendritic cells, histiocytes, Kupffer cells and mastocytes 

(Cox et al., 2012). These cells present on their surfaces certain receptors named pattern 

recognition receptors (PRRs), which recognize molecules that are broadly shared by 

pathogens but distinguishable from host molecules, collectively referred to as pathogen-

associated molecular patterns (PAMPs). At the onset of an infection, burn, or other 

injuries, these cells undergo activation (one of their PRRs recognizes a PAMP) and 

release inflammatory mediators responsible for the clinical signs of inflammation. 

Vasodilation and its resulting increased blood flow cause the redness (rubor) and 

increased heat (calor). Increased permeability of the blood vessels results in exudation 

(leakage) of plasma proteins and fluid into the tissue (edema), which manifests itself as 

swelling (tumor). Some of the released mediators such as bradykinin increase the 

sensitivity to pain (dolor). The mediator molecules also alter the blood vessels to permit 

the migration of leukocytes, mainly neutrophils, outside of the blood vessels 

(extravasation) into the tissues (Czock et al., 2005). The neutrophils migrate along a 

chemotactic gradient created by the local cells to reach the site of injury (Sharma et al., 

2010). The loss of function (functio laesa) is probably the result of a neurological reflex 

in response to pain. 

 

In addition to cell-derived mediators, several cellular biochemical cascade systems 

consisting of preformed plasma proteins act in parallel to initiate and propagate the 

inflammatory response. These include the complement system activated by bacteria, 
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coagulation and fibrinolysis systems activated by necrosis, example is seen in a burn or 

a trauma (Abbas and Litchman, 2009).  

 

2.2.2.2 Chronic inflammation 

Acute inflammation is characterized by marked vascular changes, including 

vasodilation, increased permeability and increased blood flow, which are induced by the 

actions of various inflammatory mediators (Giordano, 2005). Vasodilation occurs first 

at the arteriole level, progressing to the capillary level, and brings about a net increase 

in the amount of blood present, causing the redness and heat of inflammation 

(Abramson and Melton, 2000). Increased permeability of the vessels results in the 

movement of plasma into the tissues, with resultant stasis due to the increase in the 

concentration of the cells within blood - a condition characterized by enlarged vessels 

packed with cells (Adam et al., 2007). Stasis allows leukocytes to marginate (move) 

along the endothelium, a process critical to their recruitment into the tissues (Duke, 

1992). Normal flowing blood prevents this, as the shearing force along the periphery of 

the vessels moves cells in the blood into the middle of the vessel (Cotran, 1998). 

 

2.2.3 Plasma-derived mediators of inflammation 

The followings are plasma-derived mediators of inflammation: 

Bradykinin is produced by kinin system. It is a vasoactive protein that is able to induce 

vasodilation, increase vascular permeability, cause smooth muscle contraction and 

induce pain (Danesh et al., 2004). 

 

C3 is produced by complement system and it cleaves to produce C3a and C3b. C3a 

stimulates histamine release by mast cells, thereby producing vasodilation. C3b is able 
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to bind to bacterial cell walls and act as an opsonin, which marks the invader as a target 

for phagocytosis (Rainsford, 2009). 

 

C5a is produced by complement system. It stimulates histamine release by mast cells, 

there by producing vasodilation. It is also able to act as a chemoattractant to direct cells 

via chemotaxis to the site of inflammation (Rainsford, 2009). 

 

Factor-XII (Hageman Factor) is produced by liver. It is a protein that circulates 

inactively, until activated by collagen, platelets or exposed basement membranes via 

conformational change. When activated, it in turn is able to activate three plasma 

systems involved in inflammation; the kinin system, fibrinolysis system and coagulation 

system (Crawford, 1994). 

 

Membrane attack complex is produced by complement system. It is a complex of the 

complement proteins C5b, C6, C7, C8, and multiple units of C9. The combination and 

activation of this range of complement proteins forms the membrane attack complex, 

which is able to insert into bacterial cell walls and causes cell lysis with ensuing death 

(Abbas and Litchman, 2009). 

 

Plasmin is produced by fibrinolysis system. It is able to break down fibrin clots, cleave 

complement protein C3 and activate Factor XII. 

 

Thrombin is produced by coagulation system. It cleaves the soluble plasma protein 

fibrinogen to produce insoluble fibrin, which aggregates to form a blood clot. Thrombin 
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can also bind to cells via the PAR1 receptor to trigger several other inflammatory 

responses, such as production of chemokines and nitric oxide (Baumann, 2002). 

 

2.2.4 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 

and may require the use of anti-inflammatory drugs and other adjuvant for treatment 

(Rainsford, 2009). 

 

2.2.5 Morphologic patterns of inflammation 

Specific patterns of acute and chronic inflammation are seen during particular situations 

that arise in the body, such as when inflammation occurs on an epithelial surface, or 

pyogenic bacteria are involved.  

1. Granulomatous inflammation: Characterized by the formation of granulomas. They 

are the result of a limited but diverse number of diseases which include tuberculosis, 

leprosy, sarcoidosis and syphilis (Porth, 2007). 

2. Fibrinous inflammation: Inflammation resulting in a large increase in vascular 

permeability allows fibrin to pass through the blood vessels. If an appropriate 

procoagulative stimulus is present, such as cancer cells (Cotran, 1998), a fibrinous 

exudate is deposited. This is commonly seen in serous cavities, where the conversion of 
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fibrinous exudate into a scar can occur between serous membranes, limiting their 

function. The deposit sometimes forms a pseudomembrane sheet. During inflammation 

of the intestine, pseudomembranous tubes can be formed. 

3. Purulent inflammation: Inflammation resulting in large amount of pus, which consists 

of neutrophils, dead cells, and fluid. Infection by pyogenic bacteria such as 

Staphylococci is characteristic of this kind of inflammation. Large localized collections 

of pus enclosed by surrounding tissues are called abscesses (Ferrero-Miliani et al., 

2007). 

4. Serous inflammation: Characterized by the copious effusion of non-viscous serous 

fluid, commonly produced by mesothelial cells of serous membranes but may be 

derived from blood plasma. Skin blisters is an example of this pattern of inflammation 

(Parakrama et al., 2005). 

5. Ulcerative inflammation: Inflammation occurring near an epithelium can result in the 

necrotic loss of tissue from the surface, exposing lower layers. The subsequent 

excavation in the epithelium is known as an ulcer (Crawford, 1994). 

 

2.2.6 Inflammatory disorders 

Inflammatory abnormalities are a large group of disorders that underlie 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. 
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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. 

 

2.2.7 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. Short half-life of inflammatory mediators in vivo. 

2. Production and release of transforming growth factor (TGF) beta from 

macrophages. 

3. Production and release of Interleukin 10 (IL-10) (Serhan, 2008). 

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

5. Down regulation of pro-inflammatory molecules such as leukotrienes. 

6. Up regulation of anti-inflammatory molecules such as the Interleukin 1 receptor 

antagonist or the soluble tumor necrosis factor receptor (TNFR). 

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

8. Desensitization of receptors. 

9. Increased survival of cells in regions of inflammation due to their interaction 

with the extracellular matrix (ECM) (Teder et al., 2002). 

10. Down regulation of receptor activity by high concentrations of ligands 
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11. Cleavage of chemokines by matrix metalloproteinases (MMPs) might lead to 

production of anti-inflammatory factors (Serhan and Chiang, 2005). 

12. Production of resolvins, protectins or maresins. 

 

2.2.8 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). 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 word is used to distinguish these 

drugs from steroids, which also have among other 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. 

 

2.2.8.1 Prednisolone 

 Is a synthetic glucocorticoid, a derivative of cortisol, which is used to treat a variety of 

inflammatory and auto-immune conditions. 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.  
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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 disease (Miura et al., 2011) and dermatomyositis. It is 

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

 

2.2.8.2 Budesonide 

 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 

- Ulcerative colitis (colon inflammation): Budesonide assists in the induction of 

remission in patients with active ulcerative colitis (Habal and Huang, 2010). 

- 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). 
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- 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 Toxicology 

Toxicology has been defined as the study of the adverse effects of xenobiotics. Modern 

toxicology goes beyond the study of the adverse effects of exogenous agents to the 

study of molecular biology, using toxicant as tools.  Historically, toxicology formed the 

basis of therapeutics and experimental medicine.  The Toxicology from (1900 to the 

present) continues to expand and develop by assimilating knowledge. A recent addition 

to the field of toxicology (1975 to the present) is the application of the discipline to 

safety evaluation and risk assessment (Lorke, 1983).  

 

Toxicology, like medicine, is both a science and an art.  The science of toxicology is 

defined as the observation and data gathering phase, whereas the art of toxicology are 

used to develop extrapolations and hypotheses to explain the adverse effects of chemical 

agents in situations where there is little or no information (Casarette et al., 1996). 

 

2.3.1 Spectrum of toxic dose  

Poison can be defined as any agent capable of producing a deleterious response in a 

biological system, seriously injuring functions or producing death. "All things are 

poisons and nothing is without poison, solely the dose determines whether a thing is a 

poison or not."  

 

Among chemicals, there is a wide spectrum of doses needed to produce deleterious 
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effects, serious injury or death.  Some chemicals produce death in microgram doses and 

are commonly thought as being extremely poisonous.  Other chemicals may be harmless 

after doses in excess of several grams.  It should be noted, however, the measures of 

acute lethality such as LD50 may not accurately reflect the full spectrum of toxicity or 

hazard associated with a drugs or chemical (Casarette et al., 1996).  

 

2.3.2 Duration and Frequency of Exposure  

Toxicologists usually divide the exposure of animals to chemicals into four categories 

which include: 

1. Acute exposure: This is exposure to a chemical for less than 2 hours and 

examples of exposure routes are intraperitoneal, intravenous, subcutaneous, oral 

and dermal application.  

2. Sub acute exposure: refers to repeated exposure to a chemical for one month or 

less.  

3. Sub chronic exposure: - refers to exposure for 1 to 3 months  

4. Chronic exposure: This is exposure to a repeated dose (low) for a prolong period 

of time (Casarette et al., 1996).  

 

2.3.3 Descriptive animal toxicity test  

Two main principles underline all descriptive animals to toxicity testing: 

The first is that the effects produced by a compound in laboratory animals, when 

properly qualified are applicable to humans.  On the basis of dose per unit of body 

surface, toxic effects in humans are usually in the same range as those in experimental 

animals. On a body weight basis, humans are generally more vulnerable than 

experimental animals.  
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The second principle is that exposure of experimental animals to toxic agents in high 

doses is necessary and valid method of discovering possible hazards in humans.  

Toxicity tests are not designed to demonstrate that a chemical is safe but to characterize 

the toxic effects a chemical can produce (Casarette et al., 1996). 

 

2.3.4 Mechanism of toxicity  

Depending primarily on the degree and route of exposure, chemicals may adversely 

affect the function or the structure of living organisms (Lorke, 1983).  The qualitative 

and quantitative characterizations of these harmful or toxic effects are essential for an 

evaluation of the potential hazard posed by a particular chemical (Garba et al., 2011).  

An understanding of the mechanisms of toxicity is of both practical and theoretical 

importance.  Elucidation of the mechanisms of chemical toxicity has led to a better 

understanding of fundamental physiological and biochemical processes. Pathological 

conditions such as cancer and Parkinson's disease are better understood because of the 

studies on the mechanism of toxicity of chemical carcinogens (Casarette et al., 1996). 

 

2.3.4.1 Pathophysiology of the Liver damage 

Hepatic responses to chemical exposure depend on the intensity of the exposure, the 

population of cells affected and whether the exposure is acute or chronic.  Acute 

poisoning with carbon tetrachloride causes lipid accumulation rapidly and before 

necrosis is evident some chemicals produce a very specific type of damage (Casarette et 

al., 1996). The pathophysiology is in two phases; the cholestasis and necrotic phase. 

 

Cholestasis is characterized by an accumulation of compounds that cannot be excreted 
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because of occlusion or obstruction of the biliary tree.  Hence, the serum concentration 

of substances (bile pigments, enzymes, bile salts) that normally are present within or 

eliminated via bile will increase in cholestatic conditions.  Alkaline phosphatase (AP), 

Gamma glutamyl transpeptidase (GGT) and conjugated bilirubin, all of which require a 

clear biliary tree for elimination, will be elevated (Crawford, 1994).  

 

Conversely, necrosis of hepatocytes following a viral or toxic injury to the liver (e.g. 

acetaminophen overdose or viral hepatitis) will cause primarily an elevation of enzymes 

found within the hepatocyte such as the amino transferases.  In hepatocellular disease, 

the serum levels of GGT and AP do not rise to the same degree as the amino 

transferases (Nandi et al., 1998). 

 

Most drugs induced liver damage results from the direct toxic effects of drug or their 

metabolite as described above. However, hypersensitivity reactions are sometimes 

involved. A typical example is halothane-induced hepatic necrosis. Trifloroacetyl 

chloride, a reactive metabolite of halothane couples to macromolecules to form an 

immunogene. Most patients with halothane-induced liver damage have antibodies that 

react with halothane-carrier conjugates. There is evidence from rabbit experiments that 

halothanes-proteins antigens can be expressed on the surface of hepatocytes. 

Destructions of the cells occur by type II hypersensitivity reactions involving killer T-

cells (type III reactions can contribute). Enflurane may also cause antibody-mediated 

liver damage, and apparent cross sensitization with halothane is reported (Kenna et al., 

1993).  
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2.3.2.4 Nephrotoxicity                  

Drug-induced nephrotoxicity is a common clinical problem with non-steroidal anti-

inflammatory drugs and angiotensin- converting enzymes inhibitors (ACE I) as 

essentially the commonest causes of acute renal failure (Murray and Bratter, 1993). This 

is usually caused by the principal pharmacological actions of these drugs, which 

although well tolerated by healthy people, cause renal failure in patients with diseases 

that jeopardize glomerular filtration rate (GFR). GFR depends solely on vasodilator 

prostaglandin biosynthesis (Gislason et al., 2009). This is inhibited by NSAIDs and 

hence these drugs reduce renal perfusion in such patients. Similarly, in patients with 

bilateral renal artery stenosis, GFR depends on angiotensin-II-mediated efferent 

arteriolar vasoconstriction (which is inhibited by ACE I) (First, 1996). Acute renal 

impairment occurs on starting an ACE I drug and is resistible if the drug is discontinued 

promptly. Additionally, NSAIDS indirectly depress rennin and aldosterone secretion by 

inhibiting renal prostaglandin I2 biosynthesis, and ACEI depress angiotensin II-

stimulated aldosterone secretion. Reduced aldosterone can cause hyperkalaemia, 

especially if GFR is also reduced (Rang and Dale, 2007). 

 

2.4   The Plant Laggera Aurita Linn F     Compositae 

2.4.1   Vernacular Names    

Igbo (Awka) - Abanaadene= vulture’s excrement  

Yoruba (Ilorin) - Eru- taba = Slave of tobacco 

Hausa (Zaria) - Taba-taba = Tobacco-tobacco 
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2.4.2     Description of the plant 

Laggera aurita is an annual or biennial herb attaining about 1.50 m height. It is 

wide spread in dry waste places from Senegal to Southern Nigeria. The species 

is widely dispersed throughout tropical Africa occurring also in damp or even 

swamp areas. The plant is hardly grazed by livestock and is strongly aromatic 

(Burkill, 1985). 

 

2.4.3       Ethnomedicinal uses 

Laggera aurita is a widely used medicinal plant in African countries like Nigeria, 

Senegal, Tanzania and Ghana. The leaves are the part of the plant reported to be most 

commonly used for medicinal purposes, although the plant can be used whole or pulped 

up. The main indications were to treat rheumatic pain, to heal cuts, and bruises, as an 

enemas, as an insect repellant, to cure constipation and dysentery and as a last resort to 

phagedenic and chronic ulcers. The powdered plant or infusions are used for dyspepsia 

and indigestion in Nigeria (Burkill, 1985). 

 

The antibacterial effect of essential oils of Laggera aurita has been established. The 

methanol, ethylacetate and hexane extract of the plant Laggera aurita shows significant 

antimicrobial activity. The methanol and hexane extract were more active while the 

ethylacetate extract exhibited good antifungal activity. The analgesic and anti-

inflammatory activity of the methanol crude extract were reported by Olurishe and Mati 

(2014). The membrane stabilizing effect of the ethanol crude extract of the plant 

Laggera aurita has also been demonstrated (Abdulla et al., 2013). 
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The phytochemical constituents isolated from the ethanol crude extract include            

carbohydrates, tannins, terpenes, sterols, flavonoids, alkaloids, phenols, volatile oil, 

resin,   balsam, cardiac glycosides and phlobatannins. 

 

2.5 Plants Used in the Management of Pain 

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 

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 

antinociceptive 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 

antinociceptive 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 
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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). 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Plant Collection 

The plant was collected from Zaria, Kaduna State in December, 2012 and was identified 

by Mallam Umar Galla of Department of Biological Sciences, Ahmadu Bello University 

Zaria by comparing with a specimen voucher number 510 previously deposited in the 

herbarium.  

 

3.1.1 Preparation of Extract 

The plant was dried under shade with intermittent weighing until a constant weight is 

obtained. The stalk part of the plant was removed and whole plant was size-reduced 

using mortar and pestle. The powdered materials 1500 g was extracted with methanol 

using soxhlet apparatus at a temperature of 65 ºC. The extract was concentrated under 

reduced pressure and temperature 45ºC. The extract was stored in desiccators until 

needed for the work. Aqueous solutions were freshly prepared for each study using 

distilled water for both methanol extract and fractions. 

 

3.2 Animals 

Wistar strain rats (150-200 grams) and swiss albino mice (20-25 grams) of either sex 

were obtained from the Animal House facility of the Department of Pharmacology and 

Therapeutics, Ahmadu Bello University Zaria, Nigeria. They were housed in standard 

propylene cages and kept under natural day and light cycle. The animals were fed on 

standard laboratory animal diet and water ad libitum. Food was withdrawn during the 
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experimental hours to verify pharmacological outcomes (OECD Guidelines 420). All 

experimental protocols were approved by the University animal ethics committee. 

3.3 Drugs and Chemicals 

The chemicals and drugs used for the studies include; Acetic acid (Ranbaxy 

Laboratories Ltd, Punjab); Ketoprofen (Lek; Slovenia); Piroxicam (Pfizer laboratories, 

Pakistan); Naloxone (Pfizer laboratories, Pakistan); Morphine sulphate BP (Martindale 

Pharmaceuticals, Ramford, Essex); Methanol extract of Laggera aurita (MELA); The 

saponin and flavonoid fractions; Normal saline (Dana Pharmaceuticals limited, 

Nigeria); Concentrated hydrochloric acid (BDH Limited Poole, England); Chips of 

magnesium metal (BDH Limited Poole, England); Concentrated sulphuric acid (BDH 

Limited Poole, England); Strong lead subacetate solution; Chloroform (Sigma Chemical 

Co. USA); Ferric chloride (BDH Ltd Poole, England); Glacial acetic acid (Searle Essex, 

England); Acetic acid anhydride (BDH Ltd Poole, England) and Strong ammonia (BDH 

Ltd Poole, England). 

 

3.4 Equipment and other Materials 

Animal cages, pestle and mortar, syringes (1 ml, 2 mls, 5 mls and 10 mls), filter paper, 

pair of scissors, mettler balance p165, hot plate (MR 2002), soxhlet apparatus 

(Gallenkamp), measuring cylinders, separating funnel, beakers, test tubes, funnel, test 

tube holders, crucible, water bath (Gallenkamp Cat No:H1054), retort stand, water 

drinkers, weighing balance 

 

3.5 Phytochemical Screening of Laggera aurita 

Phytochemical screening was carried out on the methanol extract of the plant Laggera 

aurita as follows: 
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3.5.1 Test for carbohydrates and sugar 

 Molisch test: Methanol extract (0.5 g) was dissolved in water (3 mls) in a test tube. 

Three drops of molisch reagent was added then followed by 5 drops of concentrated 

sulphuric acid along the test tube wall and observed. A purple to violet colour at 

interface was observed (Evans, 1996). 

 

3.5.2 Test for flavonoids 

a. Shinoda’s reduction test (Sofowora, 1993): Methanol extract solution (3 mls) 

was evaporated to dryness and then dissolved in 2 mls of 50% methanol with 

gentle heating. Four drops of concentrated HCl acid was added; then followed 

by some chips of magnesium metal and warmed. The solution was observed for 

the formation of flavonoids. 

b. Sodium hydroxide test (Evans, 1996): About 2 mls of filtered methanol extract 

was dissolved in 2 mls of 10% aqueous sodium hydroxide solution which gave a 

yellow solution to which dilute HCl was added for formation of colourless 

solution. 

 

3.5.3 Test for cardiac glycosides  

Keller Killiani’s test:  Glacial acetic acid (1 ml) was added to about 3 mls of the 

solution containing 2 mg of extract in a test tube held at 45o; then two drops of 

concentrated H2SO4 was added along the side of the test tube. Formation of purple ring 

colour at the interface was observed for the presence of cardiac glycosides (Evans, 

1996). 
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3.5.4 Test for saponins  

Methanol extract (0.5 g) was shaken with 3 mls of water for 30 seconds and allowed to 

stand for 30 minutes. Formation of honey comb which persisted for more than 30 

minutes was observed for the presence of saponins (Sofowora, 1993).  

 

3.5.5 Test for tannins 

Lead sub-acetate test: Methanol extract (0.5g) was dissolved in 2 mls of water; 3 drops 

of lead sub-acetate solution was then added and observed for formation of black-green 

coloured precipitate which indicated the presence of tannins. 

 

3.5.6 Test for steroids and triterpenes 

Liebermann-Burchard’s test: Powdered plant material (0.5 g) was extracted with 5 mls 

of methanol then filtered. The filtrate was evaporated to dryness on a water bath at 

100ºC. The residue obtained was shaken with 2 mls chloroform and then filtered into a 

cleaned and dried test tube. 2 ml of acetic acid anhydride was added to the filtrate and 

shaken, and then 1 ml of concentrated sulphuric acid was also added carefully down the 

zone of contact of the two liquids. A brownish-red colour was observed immediately at 

interphase and violet blue-green at the upper layer later. Red colour observed indicated 

the presence of triterpenes while blue-green colour indicated steroids (Evans, 1996). 

 

3.5.7 Test for alkaloids  
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Methanol extract (0.5 g) was treated with 5 mls of 1% aqueous HCl and then heated. It 

was filtered and the filtrate was divided into four portions in four test tubes (Sofowora, 

1993). 

a. Dragendoff’s reagent: to test tube 1, two drops of dragendoff’s reagent was 

added and rose red precipitate observed indicated presence of alkaloids. 

b. Wagner’s reagent: to test tube 2, two drops of Wagner’s reagent was added and 

brownish precipitate observed indicated presence of alkaloids. 

c. Mayer’s reagent: to test tube 3, two drops of Mayer’s reagent was added and 

creamy precipitate observed indicated presence of alkaloids. 

d. Picric acid reagent: to test tube 4, two drops of picric acid was added and 

yellowish precipitate observed indicated the presence of alkaloids.  

 

3.6 Fractionation  

The methanol extract of Laggera aurita (150 g) was dissolved in 400 mls of water then 

filtered. Filtrate was partitioned with 600 mls of n-hexane solvent four times. Two 

portions were obtained; aqueous and hexane fractions. The aqueous fraction was 

partitioned with 600 mls of ethylacetate four times; two layers of ethylacetate and 

aqueous portions were obtained. The aqueous portion was again partitioned with 600 

mls of n-butanol two times; two layers of n-butanol and aqueous portions were 

obtained. The n-butanol portion was then treated with 200 mls of 2% potassium 

hydroxide (KOH) solution twice. So also, a layer of KOH and layer n-butanol fractions 

(saponins) were obtained. The KOH fraction was neutralized with dilute HCl acid, and 

then followed by 600 mls of n-butanol twice. Two portions, one of n-butanol 

(flavonoids) and one of salt solution (discarded) were obtained. Diagramatically, it can 

be represented as follows:  
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Figure 3.1: Fractionation of Methanol Extract of Laggera aurita 
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3.7 Acute Toxicity Studies in Mice and Rats (LD50) 

3.7.1 Selection of animals 

Female rats and mice nulliparous and non pregnant of average weights 175 g and 23 g 

respectively were used. Animals were kept and maintained under natural day and night 

cycle. Animals were housed in cages and fed with conventional rodent laboratory diet 

with unlimited drinking water.  

 

3.7.2 Fixed dose method of acute toxicity study in rats and mice 

LD50 determination was conducted using Organization for Economic Co-operation and 

Development (OECD) guidelines in rats and mice. In this method, two groups each of 

three animals were fasted prior to dosing (food but not water was withheld overnight for 

the rats and for 3 hours for mice). The fasted body weight was determined for each 

animal and the dose was then calculated according to the body weight. Food was then 

further withheld for 3-4 hours in rats and 1-2 hours in mice after the extract had been 

administered. The test substance was administered in a single oral dose using an oral 

canula. A start dose of 2000 mg/kg was used for each animal in the first phase. Animals 

dosed in the first phase were observed for 48 hours after which there was no death and 

the test proceeded to the second phase. The same procedure was used but at a dose of 

5000 mg/kg. 

 

Animals were observed individually at least once during the first 30 minutes after 

dosing and periodically during the first 24 hours with careful observation during first 4 

  

  
 



49 

 

hours and then daily for 14 days. Observations included changes in skin and fur, eyes 

and mucous membranes, somator activity and behaviour pattern, autonomic and central 

nervous systems etc. Animals were also observed for tremors, convulsions, salivation, 

diarrhoea, lethargy, sleep and coma. Time of onset of toxic symptoms and 

disappearance were also noted. 

 

Individual weights of animals were determined at least weekly. At the end of the test, 

surviving animals were weighed and then sacrificed using chloroform. Organs of the 

animals such as liver, kidney, spleen, lungs, heart and gastrointestinal system were 

freshly harvested and fixed in 10% v/v formalin for Histopathological studies.  

 

3.7.3 Histopathological studies. 

Tissues slices of 3 cm thickness was cut and fixed in 10% buffered formalin saline and 

put in automatic tissue processor and then fixed in 10% buffered formalin-saline 

solution for 6 hours. They were then dehydrated for 2 hours in each of the ascending 

grades of alcohol- 70%, 90% and 100% v/v. The dehydrated tissues were cleaned with 

toluene for 2 hours after which the tissues were embedded in paraffin wax and left to 

cool. The blocks were trimmed and sectioned on the microtone at 5 microns. The 

ribbons of sections were floated in a warm water bath. Suitable sections were  selected, 

attached to slide and dried on a hot plate and stained with Haematoxylin and Eosin 

stain. Sections were dewaxed in xylene, rehydrated in descending grades of alcohol 

100%, 90% and 70% v/v, then stained in haematoxylin for 5 minutes, differentiated in 

1% acid alcohol, glued in Scott’s tap water and stained with eosin for 3 minutes. 

Sections were rinsed and dehydrated in ascending grades of alcohol 70%, 90% and 
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100%, then finally dewaxed in xylene and mounted in a box. The slides were then 

examined microscopically for pathological lesions (Arthur and John, 1978). 

 

 

3.8 Antinociceptive Studies 

3.8.1 Acetic acid induced writhes test 

The acetic acid induced writhes test in mice as described by Koster et al., (1959) was 

employed. Thirty albino mice were divided into five groups of six mice. 

 

The first group received 10 ml/kg of normal saline orally and this served as control. 

Group 2 received piroxicam 20 mg/kg as positive control. Group 3, 4 and 5 received 

200, 400 and 800 mg/kg oral doses of the methanol extract respectively. Thirty minutes 

after pretreatment, mice in all groups were treated with acetic acid (0.6% v/v, 10 ml/kg 

body weight i.p.). 

 

Mice were then placed in individual cages. The number of abdominal writhes 

(stretching of abdomen with involvement of at least one of the hind limb) was counted 

for each mouse for a period of 10 minutes after a 5 minutes latency period. 

 

The above test procedure was repeated for saponin and flavonoid fractions as the test 

agents. 

 

3.8.2 Hot plate (Thermal sensitivity) test in mice  

The method previously described by Eddy and Leimbach (1953) was employed for the   

study. Mice were grouped into five groups of six mice each. The first group served as 
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control and received 10 ml/kg normal saline orally. Groups 2, 3 and 4 received 200, 400 

and 800 mg/kg of methanol extract orally respectively, while the fifth group received 5 

mg/kg  morphine solution orally. Thirty minutes after treatment, each mouse was placed 

on a hot plate (Gallenkamp thermostat) which was set and maintained at 55 ± 1oC. The 

pain response latency was determined using a stop watch. The interval between the time 

the mouse was placed on the hot plate and the time it jumped off the plate was 

considered as an index of pain response latency.  

 

The above procedure was repeated using the flavonoid and saponin fractions as the test 

agents. 

 

3.8.3. Formalin induced inflammation 

This involves the measure of acute inflammation induced by subplanter injection of a 

phlogistic agent which results in increase in the rat hind linear paw diameter (Winter et 

al., 1963). The phlogistic agent used for this study was formalin (50 �—�/��of 2.5% v/v). 

 

Thirty rats were divided into five groups each of six rats each. Group 1 was treated with 

10 ml/kg normal saline orally (negative control); group 2 was treated with 10 mg/kg 

ketoprofen orally; while group 3, 4 and 5 received methanol extract of Laggera aurita at 

doses of 200, 400 and 800 mg/kg respectively. Inflammation was induced in rat hind 

paw by injecting formalin 0.1 ml (1% w/v in 0.9% normal saline) into the subplanter 

surface of the left hind paw 30 mins after treatment. Paw linear diameter (mm) was 

measured using a digital vernier caliper (MR 2002) at 0, 1, 2, 3, 4 and 5 hours after 

formalin injection.  

 



52 

 

The above procedure was repeated using flavonoid and saponin fractions as the test 

agents. 

 

3.8.4 Effect of methanol extract of Laggera aurita interacted with naloxone 

assessed by hot plate test 

Four groups of 10 mice each were used. Initially all the animals received naloxone at a 

dose of 2 mg/ kg i.p. After 15 minutes, the test group (1 and 2) received doses of 400 

and 800 mg/ kg methanol extract orally. The control group (3) received normal saline 

10 ml/kg orally and the standard group (4) received morphine 5 mg/ kg orally. The 

index of pain response latency was assessed at 60, 120 and 180 minutes using hot plate 

method (Younos et al., 1990). 

 

The same procedure was repeated using flavonoid and saponin fractions as the test 

agent. 

 

3.9 Data Analysis  

Data was analyzed using one way analysis of variance (ANOVA) for acetic acid tests 

and repeated measures ANOVA for hot plate (thermal sensitivity) test, effect of extract 

interacted with naloxone and formalin induced inflammation, followed by Bonferoni 

post hoc test. Results were considered significant at P < 0.05. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Phytochemical Constituents 

4.1.1 Phytochemical constituents of the methanol extract 

The phytochemical constituents of the methanol extract of Laggera aurita are the 

flavonoids, tannins, steroids, carbohydrates, glycosides, alkaloids and cardiac 

glycosides. Phytochemical constituents like anthraquinones were absent (Table 4.1).  
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Table 4.1: Phytochemical constituents of the Methanol extract of Laggera aurita   

Phytochemical constituents                                                                    Result 

Flavonoids                                                                                                   + 

Alkaloids                                                                                                     + 

Glycosides                                                                                                   + 

Tannins                                                                                                        + 

Saponins                                                                                                      + 

Cardiac glycosides                                                                                      + 

Phenols                                                                                                        + 

Anthraquinones                                                                                            - 

Carbohydrates                                                                                              + 

   Key: + = Present   and - = Absent  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



55 

 

4.2 Acute Toxicity Study 

4.2.1 Median Lethal Dose (LD50) 

The oral acute toxicity (LD50) was found to be greater than 5000 mg/kg body weight in 

both mice and rats. 

 

4.2.2 Histological studies 

4.2.2.1 Liver 

The groups that received normal saline showed normal hepatocytes and intact portal 

tract in both mice and rats. In the groups that received 2000 mg/kg of the methanol 

extract of Laggera aurita, there was slight vascular congestion in mice (Plate I). 

However, in rats, there was intense vascular damage with kupfer cell hyperplasia and 

slight hepatic necrosis (Plate II). In the groups that received 5000 mg/kg of the 

methanol extract, there was intense vascular congestion with kupfer cell hyperplasia and 

lymphocyte hyperplasia in mice (Plate III). In rats, there was vascular congestion with 

lymphocyte hyperplasia (Plate IV). 
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Plate I: Photomicrograph of a liver section of mice treated with 2000 mg/kg of 
methanol extract of Laggera aurita and observed for two days showing A = Slight 
vascular congestion. H & E stain (× 400) 
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Plate II: Photomicrograph of a liver section of rat treated with 2000 mg/kg of 
methanol extract of Laggera aurita and observed for two days showing A = intense 
vascular damage with kupfer cell hyperplasia, B = slight hepatic necrosis. H & E 
stain (× 400) 
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Plate III: Photomicrograph of a liver section of mice treated with 5000 mg/kg of 
methanol extract of Laggera aurita and observed for fourteen days showing A = 
intense vascular congestion, B = Kupfer cell hyperplasia, C = lymphocyte 
hyperplasia. H & E stain (× 400) 
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Plate IV: Photomicrograph of a liver section of rat treated with 5000 mg/kg of 
methanol extract of Laggera aurita and observed for fourteen days showing A = 
vascular congestion, B = lymphocyte hyperplasia. H & E stain (× 400) 
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 4.2.2.2 Kidneys  

The normal saline group showed normal renal tissue, normal glomeruli, tubular 

epithelium, interstitial tissue and vessels. The groups that received 2000 mg/kg of the 

methanol extract of Laggera aurita, showed slight glomerular necrosis in both mice 

(Plate V) and rats, and tubular distortion in rats (Plate VI). The group treated with 5000 

mg/kg showed slight glomerular necrosis with tubular damage in mice (Plate VII) and 

rats (Plate VIII). 
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Plate V: Photomicrograph of a kidney section of mice treated with 2000 mg/kg of 
methanol extract of Laggera aurita and observed for two days showing A = slight 
glomerulus necrosis. H & E stain (× 400) 
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Plate VI: Photomicrograph of a kidney section of rat treated with 2000 mg/kg of 
methanol extract of Laggera aurita and observed for two days showing A = slight 
glomerulus necrosis, B = tubular distortion. H & E stain (× 400) 

A 

B 
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 Plate VII: Photomicrograph of a kidney section of mice treated with 5000 mg/kg 
of methanol extract of Laggera aurita and oserved for fourteen days showing A = 
slight glomerulus necrosis, B = tubular damage. H & E stain (× 400) 
 

A 

B 
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Plate VIII: Photomicrograph of a kidney section of rat treated with 5000 mg/kg of 
methanol extract of Laggera aurita and observed for fourteen days showing A = 
slight glomerulus necrosis, B = tubular damage. H & E stain (× 400) 
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4.2.2.3 Lungs 

The saline groups showed normal alveoli in both mice and rats. The group that received 

2000 mg/kg of the methanol extract also showed normal alveoli in both mice and rats. 

However, in the groups that received 5000 mg/kg there was slight alveoli congestion in 

mice (Plate IX), while vacuotation with lymphocyte hyperplasia and congestion were 

observed in rats (Plate X). 
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Plate IX: Photomicrograph of a lung section of mice treated with 5000 mg/kg of 
methanol extract of Laggera aurita and observed for fourteen days showing A = 
slight alveoli congestion. H & E stain (× 400) 
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Plate X: Photomicrograph of a lung section of rat treated with 5000 mg/kg of 
methanol extract of Laggera aurita and observed for fourteen days showing A = 
vacuotation, B = lymphocyte hyperplasia and C = congestion. H & E stain (× 400) 
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4.2.2.4 Spleen   

The saline group showed normal red and white pulp in both mice and rats. The group 

that received 2000 mg/kg of the methanol extract also showed normal red and white 

pulp in both mice and rats. However, the mice that received 5000 mg/kg showed 

lymphocyte hyperplasia (Plate XI). 
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Plate XI: Photomicrograph of a spleen section of mice treated with 5000 mg/kg of 
methanol extract of Laggera aurita and observed for fourteen days showing A = 
lymphocyte hyperplasia. H & E stain (× 400) 
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4.2.2.5 Stomach 

The normal saline group showed normal mucosa lining in both mice and rats. The group 

that received 2000 mg/kg of the methanol extract also showed normal mucosa lining in 

both mice and rats. However, group treated with 5000 mg/kg showed moderate erosion 

of stomach epithelium in mice (Plate XII) and slight mucosa damage in rats (Plate XIII). 
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Plate XII: Photomicrograph of a stomach section of mice treated with 5000 mg/kg 
of methanol extract of Laggera aurita and observed for fourteen days showing A = 
moderate erosion of stomach epithelium. H & E stain (× 400) 

A 
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Plate XIII: Photomicrograph of a stomach section of rat treated with 5000 mg/kg 
of methanol extract of Laggera aurita and observed for fourteen days showing  A = 
slight mucosa damage. H & E stain (× 400) 
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4.2.2.6 Heart  

The normal saline group showed normal cardiac muscles in both mice and rats and also 

the groups that received 2000 mg/kg and 5000 mg/kg of methanol extract showed 

normal cardiac muscles in both mice and rats. 
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4.3 Effect of Laggera aurita on Acetic Acid Induced Writhes Test in Mice 

4.3.1 Effect of methanol extract of Laggera aurita on acetic acid induced writhes 

test in mice 

The methanol extract of Laggera aurita significantly (p<0.05) decreased the number of 

acetic acid-induced writhes in mice in a dose dependent manner. The effect of the 

methanol extract of Laggera aurita at all doses tested showed significant (p<0.01) 

decrease in number of acetic acid-induced writhes than piroxicam at a dose of 20 mg/kg 

(Figure 4.1). 
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Data was analyzed using one way ANOVA followed by Bonferoni Post Hoc test and 
presented as mean ± SEM, * = p<0.05, ** =p<0.01, *** =P<0.001, **** =P< 0.0001 
significant statistical difference as compared with Control group, n=6, MELA= 
methanol extract of Laggera aurita, PIR = piroxicam 20 mg/kg 
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4.3.2 Effect of saponin fraction of Laggera aurita on acetic acid induced writhes 

test in mice  

The saponin fraction of Laggera aurita significantly (p<0.0001) decreased the number 

of acetic acid-induced writhes in mice. The saponin fraction of Laggera aurita at 400 

and 800 mg/kg body weight showed significant (p<0.000) decreased in number of acetic 

acid-induced writhes than piroxicam at a dose of 20 mg/kg body weight (Figure 4.2). 
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Data was analyzed using one way ANOVA followed by Bonferroni post hoc test and 
presented as mean±SEM, **** = P<0.0001 significant statistical difference as compared 
with Control group, n= 6, SAP= saponin fraction of Laggera aurita, PIR= piroxicam 20 
mg/kg 
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4.3.3 Effect of flavonoid fraction of Laggera aurita on acetic acid induced writhes 

test in mice 

The flavonoid fraction of the plant Laggera aurita significantly (p<0.001) decreased the 

number of acetic acid-induced writhes in mice. The effect of the flavonoid fraction of 

the plant Laggera aurita at 400 and 800 mg/kg body weight exhibited significant 

(p<0.000) decrease in mean number of writhes than piroxicam 20 mg/kg (Figure 4.3). 
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Data was analyzed using one way ANOVA followed by Bonferroni post hoc and 
presented as mean ± SEM , ***= P <0.001, **** =P < 0.0001 significant statistical 
difference as compared with Control group, n =6, FLA= flavonoid fraction of Laggera 
aurita, PIR= Piroxicam 20 mg/kg 
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4.4 Effect of Laggera aurita on Thermally Induced Pain in Mice 

4.4.1 Effect of the methanol extract of Laggera aurita on thermally induced pain 

The extract significantly (p<0.05) increased the mean reaction time in a dose dependent 

manner. The methanol extract at the dose of 800 mg/kg body weight showed significant 

(p<0.01) increased the mean reaction time than morphine at a dose of 5 mg/kg body 

weight at three and four hours treatment time (Table 4.2). 
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Table 4.2: Effect of the methanol extract of Laggera aurita on thermally induced 
pain in mice 
 
Groups 
(mg/kg) 

            Mean reaction time ± SEM (secs)  
          0 min                 30 mins          60 mins          90 mins           120 mins  

  

Control  2.29±0.10  2.18±0.22  2.19±0.23  2.43±0.28  2.49±0.19  

LA(200)  1.67±0.14  3.25±0.39  3.32±0.14**  3.01±0.24*  3.02±0.29*  

LA(400)  1.81±0.25  2.82±0.14**  3.02±0.16  3.28±0.31  3.29±0.18  

LA(800)  2.08±0.20  2.99±0.19  2.69±0.19  3.87±0.27**  3.81±0.24**  

Mor (5)  2.15±0.19  3.37±0.20*  3.07±0.41  3.73±0.16*  3.72±0.27*  

Data was analyzed using repeated measures ANOVA followed by Bonferroni post hoc 
test, * = P< 0.05, ** = P< 0.01 significant statistical increase in mean reaction time 
compared with time zero; n=6. Values are Mean ± SEM. LA= methanol extract of 
Laggera aurita, Mor = morphine 5 mg/kg  
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4.4.2 Effect of saponin fraction of Laggera aurita on thermally induced pain 

The saponin fraction significantly (p<0.05) increased the mean reaction time in a dose 

dependent manner. The saponin fraction at 400 and 800 mg/kg body weight showed 

significant (p<0.01) increase in mean reaction time than morphine 5 mg/kg at time 90 

and 120 minutes (Table 4.3). 
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Table 4.3: Effect of the saponin fraction of Laggera aurita on thermally induced 
pain in mice 
 

Treatment            Mean reaction Time ± SEM (secs)  
 (mg/kg)           0 mins             30 mins       60 mins           90 mins             120 mins  

 
Control 2.60±0.25  2.60±0.25  2.60±0.25  3.00±0.32  3.00±0.32  

SAP(200)  5.00±0.95  2.20±0.20  4.20±0.20  5.8±0.37*  6.00±0.63*  

SAP(400)  2.20±0.20  4.20±0.37  4.20±0.37**  6.60±1.03**  7.40±0.98**  

SAP(800)  2.80±0.49  3.40±0.25  3.60±0.25  5.60±0.93**  8.60±1.69**  

Mor (5)  5.80±0.37  3.00±0.00  9.80±0.86*  10.00±1.76*  9.00±1.30*  

Data was analyzed using repeated measure ANOVA followed by Bonferroni post hoc 
test, * = p<0.05, ** = p<0.01 significant statistical increase in mean reaction time 
compared with time zero; n = 6. Values are Mean ± SEM. SAP= saponin fraction of 
Laggera aurita, Mor = morphine 5 mg/kg,  
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4.4.3 Effect of flavonoid fraction of Laggera aurita on thermally induced pain 

The flavonoid fraction significantly (p<0.05) increased the mean reaction time in a dose 

dependent manner. The flavonoid fraction has no significant increase in mean reaction 

time compared to the standard morphine 5 mg/kg (Table 4.4). 
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Table 4.4: Effect of the flavonoid fraction of Laggera aurita on thermally induced 
pain in mice 
 

Data was analyzed using repeated measures ANOVA followed by Bonferroni post hoc 
test, * = p<0.05 significant statistical difference compared with time zero; n = 6.  
Values are Mean ± SEM. FLA= flavonoid fraction of Laggera aurita,  
Mor = morphine 5 mg/kg 
 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment 
(mg/kg)  

                 Mean reaction time ± SEM (secs)  
    0  mins           30 mins               60 mins         90  mins         120 mins  

  

Control 2.60±0.25  2.60±0.25  2.60±0.25  3.00±0.31  3.00±0.32  

FLA (200)  3.80±0.37  2.60±0.51  5.80±0.49*  7.40±1.08  8.20±0.86*  

FLA (400)  2.60±0.25  2.20±0.20  6.20±0.49*  9.20±1.77  8.60±1.81  

FLA (800)  5.60±0.75  2.40±0.25  5.20±0.58  8.20±0.74*  9.20±1.46  

Mor (5) 5.80±0.37  3.00±0.00  9.80±0.86*  10.00±1.76*  9.00±1.30*  
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4.5 Effect of Laggera aurita Interacted with Naloxone and Assessed by Hot 

Plate Test 

4.5.1 Effect of methanol extract of Laggera aurita interacted with naloxone and 

assessed by hot plate test 

The methanol extract co-administered with naloxone significantly (p<0.01) decreased 

the reaction time in a dose dependent manner. The effect of the methanol extract at dose 

of 800 mg/kg body weight co-administered with naloxone showed significant (p<0.001) 

decrease in reaction time than morphine 5 mg/kg body weight co-administered with 

naloxone at the three hours treatment time (Table 4.5). 
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Table 4.5 Effect of methanol extract of Laggera aurita interacted with naloxone 
and assessed by hot plate test 
Treatment 
(mg/kg)`  

            Mean reaction time ± SEM (secs)  
      0 mins                 60 mins               120 mins                180 mins  

  
Control  2.09±0.17  2.00±0.14  1.97±0.09  2.04±0.14  

LA (400)  1.75±0.13  1.90±0.13  1.81±0.09  1.69±0.07  

LA (800)  2.16±0.19  1.99±0.21*  2.03±0.19*  1.88±0.18**  

Mor (5)  2.21±0.12  2.13±0.16  2.05±0.11  1.94±0.10*  

Data was analyzed using repeated measures ANOVA followed by Bonferroni post hoc 
test, * = p<0.01, ** = p<0.001 significant statistical difference compared with time zero; 
n=10. Values are Mean ± SEM. LA= methanol extract of Laggera aurita, Mor= 
morphine 5 mg/kg 
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4.5.2 Effect of saponin fraction of Laggera aurita interacted with naloxone and 

assessed by hot plate test 

The saponin fraction co-administered with naloxone decreased the mean reaction time 

over time though it was not statistically significant. The saponin fraction co-

administered with naloxone showed insignificant decrease mean reaction time to 

morphine co-administered with naloxone (Table 4.6). 
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Table 4.6: Effect of saponin fraction of Laggera aurita interacted with naloxone 
and assessed by hot plate test 
 

Treatment 
(mg/kg)  

              Mean reaction time ± SEM (secs)   
0 mins                    60 mins                120 mins                180 mins  

Control 2.0±0.55  1.60±0.25  2.20±0.20  2.20±0.20  

SAP (400)  2.80±0.37  2.80±0.37  2.80±0.20  2.00±0.32  

SAP (800)  3.20±0.37  2.80±0.20  2.80±0.37  2.20±0.20  

Mor (5)  4.80±1.80  3.20±1.20  3.00±0.32  1.80±0.20  

Data was analyzed using repeated measures ANOVA followed by Bonferroni post hoc 
test, * = p<0.05 significant statistical difference compared with time zero, n = 8. Values 
are Mean ± SEM.  SAP= saponin fraction of Laggera aurita, Mor = morphine 5 mg/kg 
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4.5.3 Effect of flavonoid fraction of Laggera aurita interacted with naloxone and 

assessed by hot plate test 

The flavonoid fraction co-administered with naloxone decreased the mean reaction time 

over time but statistically insignificant. The flavonoid fraction co-administered with 

naloxone showed insignificant decrease mean reaction time to morphine co-

administered with naloxone over time (Table 4.7). 
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Table 4.7: Effect of flavonoid fraction of Laggera aurita interacted with naloxone 
and assessed by hot plate test 
 
Treatment 
(mg/kg)  

         Mean reaction time ± SEM (secs))  
      0 mins               60 mins                120 mins              180 mins        

  

Control  2.0±0.55  1.60±0.25  2.20±0.20  2.20±0.20  

FLA (400)  2.40±0.25  2.20±0.20  2.20±0.20  1.40±0.25  

FLA (800)  1.60±0.25  2.40±0.25  1.60±0.25  1.20±0.20  

Mor (5)  4.80±1.80  3.20±1.20  3.00±0.32  1.80±0.20  

Data was analyzed using repeated measures ANOVA followed by Bonferroni post hoc 
test, * = p<0.05 significant statistical difference compared with time zero, n = 8. Values 
are Mean ± SEM.  FLA= flavonoid fraction of Laggera aurita, Mor = morphine 5 
mg/kg 
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4.6 Effect of Laggera aurita on Formalin Induced Inflammation in Rats 

4.6.1 Effect of the methanol extract of Laggera aurita on formalin induced 

inflammation in rats 

The injection of 0.6% v/v formalin in the paws of rats produced local edema which was 

significant as compared to time zero in all the groups (p<0.001). The red colour denotes 

peak of edema and blue colour denotes significant statistical decrease in mean paw 

edema size. The peak of inflammation was reached in the third hour in normal saline 

and extract dose 200 mg/kg. Mean while for ketoprofen 10 mg/kg and extract doses 400 

and 800 mg/kg; peak of edema was reached at the second hour. The extract significantly 

(p<0.001) decreased formalin-induced paw edema in dose dependent manner (200, 400, 

and 800 mg/kg body weight) at the fourth and fifth hours treatment time comparable to 

the peak of edema (Table 4.8).  
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Table 4.8: Effects of methanol extract of Laggera aurita on formalin induced 
inflammation in rats 
 

Treatment 
(mg/kg)  

                  Mean Paw Diameter (millimetre)  
 0 hrs             1 hrs            2 hrs          3 hrs                4 hrs                5 hrs 

  
Control  2.24±0.06  2.78±0.10##  3.18±0.05##  3.4±0.05####  3.03±0.06####  2.7±0.06#  

LA  (200)  2.08±0.05  2.76±0.06##  2.73±0.04##  2.88±0.04##  2.57±0.03**##  2.46±0.01*##  

LA  (400)  2.19±0.07  2.86±0.02##  2.87±0.02##  2.86±0.06###  2.65±0.04**  2.34±0.05**  

LA  (800)  2.21±0.09  2.86±0.03#  2.82±0.04#  2.78±0.03##  2.46±0.06**  2.33±0.04**  

Ket  (10)  2.21±0.05  2.55±0.06##  2.69±0.09##  2.32±0.04##  2.3±0.02**  2.19±0.01**  

 Data was analyzed using repeated measures ANOVA followed by Bonferoni Post Hoc 
test, *= p<0.05, **= p<0.0001, significant statistical decrease in mean paw edema size 
(blue) as compared to the peak of edema (red), # = p<0.05, ## = p<0.01, #### = 
p<0.000 significant statistical increase in mean paw diameter as compared to time zero; 
n= 6. Values are Mean ± SEM. LA= methanol extract of Laggera aurita, Ket= 
ketoprofen 10 mg/kg, hrs= hours 
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4.6.2 Effect of saponin fraction of Laggera aurita on formalin induced 

inflammation in rats 

The injection of 0.6% v/v formalin in the paws of rats produced local edema which was 

significant as compared to time zero in all the groups (p<0.001). The red colour denotes 

peak of edema and blue colour denotes significant statistical decrease in mean paw 

edema size. The peak of inflammation was reached in the fourth hour in normal saline 

group. Mean while for ketoprofen 10 mg/kg and extract doses 200, 400 and 800 mg/kg; 

peak of edema was reached at the third hour. The extract significantly (p<0.001) 

decreased formalin-induced paw edema size in dose dependent manner (200, 400 and 

800 mg/kg body weight) at the fourth and fifth hour comparable to the peak of edema. 

The extract at 800 mg/kg showed significant (p<0.01) decrease in mean paw edema size 

at the fifth hour to ketoprofen 10 mg/kg (Table 4.9). 
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Table 4.9: Effect of saponin fraction of Laggera aurita on formalin induced 
inflammation in rats  
 

Treatment 
(mg/kg)  

                 Mean paw diameter (millimetre)  
     0 hrs                1 hrs                  2 hrs                  3 hrs                      4 hrs                         5 hrs 

  

Control  1.94±0.05  3.82±0.27#  3.88±0.21#  4.12±.13##  4.35±.18##  3.17±0.16#  

SAP 
(200)  

1.95±0.02  3.31±0.03####  3.54±0.09##  3.74±0.09###  3.17±0.92**###  2.71±0.29**##  
 

SAP 
(400)  

1.86±0.69  2.98±0.15###  3.23±0.11##  3.29±0.19#  2.78±0.07##  2.34±0.03#  

SAP 
(800)  

1.92±0.04  3.19±0.10##  3.29±0.05##  3.61±0.09###  2.67±.09**##  2.49±0.73**#  

Ket (10)  1.96±0.03  2.89±0.10#  3.22±0.02####  3.49±0.09##  2.85±.08**##  2.49±0.12  

       Data was analysed using repeated measures ANOVA followed by Bonferroni post hoc 
test, * = p<0.05, ** = p<0.01, significant statistical decrease in mean paw edema size 
(blue) as compared to the peak of edema (red), #= p<0.05, ## = p<0.01, ### = p<0.001, 
 #### = p<0.000 significant statistical increase in mean paw diameter as compared to 
time zero; n = 6. Values are Mean ± SEM. SAP= saponin fraction,   Ket= ketoprofen 10 
mg/kg 
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CHAPTER FIVE 

5.0 DISCUSSION 

The biological or pharmacological actions of plant extracts are known to be due to 

presence of specific phytochemical constituents. Analgesic and anti-inflammatory 

effects have been observed and reported with flavonoids (Amin et al., 2012) and tannins 

(Ahmadiani et al., 2000). There are also reports on alkaloidal analgesic effects 

(Reanmongkol et al., 2005), and with saponins (Choi et al., 2005, Arrau et al., 2010). 

Certain flavonoids possess potent inhibitory activity against many enzymes such as 

protein kinase C, protein tyrosine kinases, phospholipase A2 and phosphodiesterases 

(Middleton, 1998). Flavonoids were also reported to be effective as anti-inflammation 

(Rajnarayan et al., 2001). Thus, the antinociceptive and anti-inflammatory effect 

exhibited by the plant Laggera aurita may be due to the presence of saponins, 

flavonoids, alkaloids, carbohydrates, tannins or combination of all found present in the 

plant. 

 

Flavonoids have also been reported to inhibit inflammatory process by inhibiting 

enzymes involved in prostaglandin synthesis (Duke, 1992; Kamil, 1993; Kim et al., 

2000). Thus, the significant analgesic and anti-inflammatory effect of the extract may be 

due to the presence of flavonoids. So also, the alkaloids and saponins present might 

have contributed to the analgesic activity of the extract. However, the better analgesic 

effect mediated by the saponin and flavonoid fractions may suggest the predominant 

contribution of saponin and flavonoid to the antinociceptive effect of the plant. 

 

The oral LD50 for both methanol extract and its fractions were above 5000 mg/kg, 

showing the relative safety of both extract and fractions. LD50 is a useful index in 
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assessing the safety margin of a substance but it should not be viewed as an absolute 

value or as being equitable to complete investigation of a substance. LD50 may not 

accurately reflect the full spectrum of toxicity or hazard associated with drug or 

chemical (Cassarette et al., 1996).  

 

The Organization for Economic Co-operation and Development (Walum, 1998) 

classification of acute systemic toxicity based on oral LD50 as >500 �” 2000 mg/kg as 

non toxic or harmful. Based on this classification, the oral LD50 greater than 5000 

mg/kg established in both mice and rats indicated relative oral safety. Other toxicity 

scales (Hodge and Sterner, 1943) reported that compound with an oral LD50 of between 

500 – 2000 mg/kg should be considered practically non toxic. 

 

Acetic acid induced writhing test is usually employed to screen for peripheral analgesic 

activity (Bentley et al., 1981, Gene et al., 1998). Intraperitoneal administration of acetic 

acid to mice leads to the release of prostaglandins like PGE2 and PGF���. (Tanko et al., 

2008) which have been implicated as mediators of pains and inflammations (Santosh et 

al., 2008). Aspirin and it derivatives which exhibited analgesic activity similar to the 

non steroidal anti-inflammatory agents were detected using this method.  However, this 

model may not be able to indicate mechanism of analgesic activity of the extract 

because of the presence of other agents such as antihistamines (Naik et al., 2000) and 

myorelaxant (Koyama et al., 1997) which are able to reduce pain induced by acetic 

acid. Thus, activity shown by methanol extract and its fractions suggest that analgesic 

effects may be due to their action on visceral receptors sensitive to acetic acid, or 

inhibition of production of algogenic substances, or the inhibition at the central level of 

painful messages transmission or combination of all the three mentioned above. The 
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analgesic activity shown by the methanol extract of Laggera aurita and its fractions 

may be due to inhibition of peripheral pain mediators. 

 

The thermally induced pain model is utilized as a standard method for the evaluation of 

centrally mediated analgesia. Narcotic agents like morphine, pentazocine and codeine 

mediate their analgesic effect through this mechanism (Leonard et al., 2006). The 

analgesic activity observed in the methanol extract of Laggera aurita and its fractions as 

may be due to it activity via central mechanism similar to the narcotic analgesic agents 

(Vogel and Vogel, 1997).  This centrally mediated effect which is through interaction 

with opioid recepotrs (Leonard et al., 2006) was blocked by prior administration of 

naloxone. Naloxone is a specific antagonist of opioid receptors (Stein, 1995). The 

results suggest that methanol extract and its fractions have central analgesic effect, as 

evidenced by decreased in mice response. Central opioid mediated analgesia is 

confirmed by the blocking effect of naloxone (Almeida et al., 2011). 

 

The formalin induced inflammatory response is usually bi-phasic in nature (Tanko et 

al., 2008). The first phase is mainly due to the release of histamine, serotonin and kinins 

(1-3 hours) while the second phase is mainly attributed to the release of prostaglandins 

(Vinegar et al., 1969; Chan et al., 1995). Anti-inflammatory activity was elicited by the 

methanol extract and saponin fractions of the plant Laggera aurita. This may be due to 

its ability to inhibit the release of the mediators of inflammation. The methanol extract 

and saponin fraction of the plant Laggera aurita inhibited both phases of inflammation.  

 

Different types of saponins isolated from plants like Phytolocca americana, Madhuca 

longifolia and Carissa edulis have reportedly exhibited significant analgesic and anti-
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inflammatory activity (Singh et al., 1992, Hassan et al., 2010). Similarly, other types of 

saponins extracted from Hedera helix and Hedera colchica exerted anti-inflammatory 

activity by blocking bradykinin (Sparg et al., 2004) and other anti-inflammatory 

mediators such as the prostaglandins (Gepdiremen et al., 2005). Thus, the saponin 

fraction might have acted via blockade of both bradykinin and prostaglandins to elicit 

their effect.  

 

So also, several flavonoids isolated from medicinal plants have been shown to possess 

significant anti-inflammatory activity (Kim et al., 2000, Amin et al., 2012). For 

example, an isolated flavonoid fraction from Celosia argentea Linn showed significant 

dose dependent anti-inflammatory activity (Santosh et al., 2008). This was supported by 

other workers who found that flavonoids inhibit phosphodiesterases which are involved 

in cell activation. The effect is dependent on biosynthesis of protein cytokines that 

mediate adhesion of circulating leucocytes to the sites of injuries (Duke, 1992, 

Abramson and Melton, 2000). Thus the anti-inflammatory activity of Laggera aurita 

may also be due to it ability to inhibit phosphodiesterases involved in cell activation and 

mediate adhesion of circulating leucocytes at inflammatory sites. 

 

Some analgesic drugs act by inhibiting prostanoids biosynthesis. They act as analgesic 

and anti-inflammatory agents by inhibiting COX-2 dependent prostanoids in the cells at 

inflammatory site (Mishra et al., 2011) and in the spinal cord (Ramer et al., 1998). They 

also inhibit the action of phospholipase A2, which releases arachidonic acid from the 

cell membrane (Burke et al., 2006).These classes of drugs are usually associated with 

side effects like stomach problems such as bleeding, ulcer, stomach upset (Traversa et 

al., 1995), kidney problems, heart problems (Gislason et al., 2009), high blood pressure 
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and fluid retention (Knight, 2013). Thus, the histological changes observed in the 

organs from animals exposed to 2000 and 5000 mg/kg may be resultant from inhibition 

of prostanoid biosynthesis. 

 

Many therapeutic agents cause liver damage, manifested clinically as hepatitis or (in 

less severe cases) only as abnormal levels of some hepatic enzymes (e.g. increase 

plasma aspartate transaminase activity). For example, paracetamol, isoniazid, iproniazid 

and halothane cause hepatotoxicity by mechanism of self damage. Drug usually induced 

self damage or death by reactive metabolite of the drug, involving non-covalent and or 

covalent interaction with target molecules. Cell death is often via triggering of apoptosis 

rather than by acute necrosis (Allison and Samaj, 1995). Non covalent interaction 

includes lipid peroxidation (where peroxiradicals produces hydroperoxides). It also 

involves generation of cytotoxic oxygen radicals and reaction causing depletion of 

glutathione (which results in oxidative stress). So also, modification of sulfhydrate on 

key enzymes and structural proteins are other form of non covalent interaction 

(Sotannemi et al., 1997). Thus, the histological changes observed in the liver of animals 

treated at 2000 and 5000 mg/kg may be via apoptosis or self damage involving covalent 

or non covalent interactions or both. 

 

Covalent interaction involves adduct formation between the metabolites and cellular 

macromolecules (Boobis et al., 1989). A typical example is seen in Paracetamol, where 

it metabolite N-acetyl-p-benzoquinone imine (NAPQI) react with cellular 

macromolecules. Mild drug induced abnormalities of liver functions are not uncommon 

but the mechanisms of liver injury are often uncertain. Hepatotoxicity caused by toxic 

doses of Paracetamol is clinically important as it was fourth most common cause of 
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death following self poisoning in United Kingdom (Boobis et al., 1989). Thus, the 

hepatotoxic effect seen with methanol extract of the plant must be taken into 

cognisance. Liver damaged can also be produced by immunological mechanisms (Rang 

et al., 2003) or by hypersensitivity reactions. A typical example is halothane induced 

hepatic necrosis (Kenna et al., 1993). Thus, the toxic effect seen in the liver with 

methanol extract may be through immunological mechanisms or hypersensitive 

reactions. 

 

Drug induced nephrotoxicity is a common problem. Indeed, Non-steroidal anti-

inflammatory drugs (NSAIDs) and angiotensin converting enzyme inhibitors (ACE-I) 

are causes of acute renal failure as a result of their principal pharmacological actions 

(Gislason et al., 2009, Mishra et al., 2011).  

 

Analgesic nephropathy is the third type of renal damage in which NSAID caused 

interstitial nephritis it is possible that such analgesic related nephritis is usually related 

to inhibition of renal prostaglandins synthesis, but its pathogenesis is not understood. 

Thus, the effect of methanol extract observed on the kidney suggest that it act in similar 

way to NSAIDs to produce renal damage by inhibiting renal prostaglandin synthesis or 

inhibiting glumerular filtration (Casserete et al., 1996). 

 

The histopathological changes observed in both first and second phase of acute toxicity 

studies in mice showed effect on the organs especially in the second phase. Thus, the 

moderate erosion of stomach epithelium and kidney problems observed in the 

toxicological studies suggests that the methanol extract may be acting via 
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cycloxygenase 1 and 2 blockades. Agents acting via this mechanism are usually 

associated with stomach ulcerations and renal damages (De Broe and Elseviers, 1998). 
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CHAPTER SIX 

6.0 CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion  

The methanol extract of Laggera aurita and its fractions have been shown to possess 

significant analgesic and anti-inflammatory activities which may be responsible for it 

use in painful and inflammatory conditions. 

 

The results of histopathological studies showed effects on kidney and liver at dose of 

2000 mg/kg and on kidney, liver, spleen, lungs and stomach at dose of 5000 mg/kg. 

Hence this suggests that the extract of the plant Laggera aurita has toxic effect on the 

organs mentioned at high doses. 

 

6.2 Recommendations 

Based on the knowledge acquired in the course of this research, the following 

recommendations for future work are proposed: 

1. Detailed toxicological screening should be conducted. 

2. Studies should be carried out to isolate, characterize and elucidate the structure of 

the bioactive constituents responsible for the observed pharmacological effects. 

3. Pharmacodynamics and pharmacokinetics studies should be undertaken to establish 

the exact mechanism of action of both the extract and fractions. 
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APPENDICES 

Appendix 1 

Calculation of Percentage yield of the methanol crude extract of Laggera aurita 

One thousand five hundred grams of crude drug was extracted using 7.5 litres of 

methanol 

First extraction: 

Weight of crude drug extracted = 1500 g 

Weight of crude extract obtained = 228.03 g 

Percentage yield = Weight of crude extract   × 100 

                                Weight of the crude drug 

                               = 228.03 × 100 

                                   1500 

                                = 15.202% 
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Appendix 2 

Calculation of Percentage yield of the saponin fraction of Laggera aurita 

Weight of crude extract = 150 g 

Weight of saponin rich fraction = 2.26 g 

Percentage yield = Weight of saponin fraction   × 100 

                                Weight of the crude drug 

= 2.26/150 × 100 

=1.51% 
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Appendix 3 

 Calculation of Percentage yield of the flavonoid fraction of Laggera aurita 

Weight of crude extract = 150 g 

Weight of flavonoid fraction = 0.73 g 

Percentage yield = Weight of Flavonoid fraction   × 100 

                                Weight of the crude drug 

                             =0.73/150 × 100 

                              = 0.487% 


