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SUMMARY 

This PhD thesis envisages the phytochemical and pharmacological studies of an 

important member of Asteraceae family, Artemisia macrocephala Jacquem. The main 

objective behind this investigation was to authenticate the folkloric history of this 

plant. Some of the folkloric uses of genus Artemisia from the available literature 

include antidiabetic, hepato protective, antioxidant, antiulcerinic, antibacterial, 

analgesic, anticancer and antipyretic.  

Natural products including animals, plants and minerals offer a huge reservoir of 

active constituents. They find its place in nutraceuticals, medicine and beverage 

industry.  Many recent investigations have also explored the potential usefulness of 

natural products in certain specific disease conditions. An important finding in this 

regard is antinociceptive, antioxidant and enzyme inhibition effects of natural 

products in different experimental models.  

To identify safer analgesic agents, a few investigations have been carried out earlier 

to delineate the pharmacological profile of natural products/ isolated compounds with 

particular reference to their antinociceptive effects. Natural products have been 

documented to possess analgesic effects.  

In order to search out more effective natural product, the present study was designed 

to isolate active constituent(s) from Artemisia macrocephala and established 

antinociceptive assay in a step wise manure. The crude methanolic extract of 

Artemisia macrocephala was screened for phytochemical constituents which tested 

positively for alkaloids, carbohydrates, saponins, flavonoids, terpenoids, proteins and 

tannins while negative for glycosides. The crude extract subfractions and isolated 
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compounds were screened for antinociceptive potentials. This scientific pursuit 

resulted in some significant findings. The phytochemical studies on Artemisia 

macrocephala resulted in isolation and structural elucidation of five flavonoid 

derivatives and one each sugar alcohol, phyto sterol and sesquitrephine lactone from 

the pharmacologically active fraction (chloroform fraction) were isolated. 

The essential oils of the aerial parts, when analyzed by GC-MS, yielded camphene, α-

pinine, β-pinine, limonene, p-cymene, borneol, 1,8-cineole, camphor, α-Thujone, 3-

Thujanone, Cineol, 1-Terpinen-4-ol, alcanfor, sabinene, o-Cymene, α-Phellandrene, 

α-Pinene, 3-Carene, n-Octyl acetate, trans-Nerolidol and β-Farnesene. 

 The crude methanolic extract, various fractions and some of the isolated compounds 

were subjected to a battery of tests to investigate their acute toxicity, analgesic 

activity, antioxidant and enzyme inhibition activity. Additionally the mechanisms 

involved in the analgesic activity were also analyzed. 

The acute toxicity testing carried out in mice revealed that the crude extract, fractions 

at 3000 mg/kg and the isolated pure compounds at a dose of 500 mg/kg did not 

produce any mortality indicating the safety at the said dose.  

The assessment of antinociceptive potential of the crude methanolic extract, fractions 

and isolated compounds was carried out by employing three different well established 

assay models. A consistent analgesic effect was clearly evident from the results of 

acetic acid induced nociception, formalin induced nociception and hot water tail 

immersion assay in mice. The fraction with prominent activity was targeted for 

isolation of compound(s), which were then forwarded for receptor based study. In a 

dose of 300 mg/kg the crude methanolic extract inhibited the acetic acid induced 
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writings with a value of 62.64 %, chloroform and ethyl acetate fraction showed a dose 

dependent response and significantly inhibited the acetic acid induced writings with a 

value of 71.88 % and 66.93 %. In formalin essay, the crude methanolic extract (300 

mg/kg), chloroform and ethyl acetate fraction (200 mg//kg) significantly inhibited the 

1
st
 phase with 37.93 %, 51.34% and 45.33 respectively. Similarly in 2

nd
 phase the 

crude methanolic, chloroform and ethyl acetate fraction exhibited 56.87 %, 73.54 % 

and 66.63 % response respectively. In Tail immersion essay, chloroform and ethyl 

acetate fractions (200 mg/kg) and standard morphine significantly increased the 

latency time and attain a maximum response of 82.23 %, 70.53 % and 85.07 % 

respectively at 60 min. From the results of all the three assays it is clear that the 

chloroform fraction exhibited a prominent activity therefore, it was targeted for 

isolation of active constituents. This fraction leads to the isolation of eight 

constituents among which Ism-1, Ism-4 and Ism-7 were in sufficient quantity, 

therefore, were subjected for further studies. In acetic acid induced writhing assay 

Ism-1 and Ism-4 showed a significant inhibitory response. Both of them significantly 

inhibited the acetic acid induced writings with a maximum value of 74.84 %, 62.64 % 

at 50 mg/kg respectively, whereas, Ism-7 showed a moderate response that hardly 

crossed the EC50 value with result 52.13 %.  In formalin assay, the Ism-1 and Ism-4 

significantly inhibited both the phases with 55.91 % and 51.43 % in the first phase 

and 72.32 % and 65.73 % respectively in the second phase at 50 mg/kg, whereas, 

Ism-7 just crossed the EC50 at 50 mg with a value of 51.44 % in the second phase, 

while in 1st phase it did not reach the EC50 value. The samples when tested for its 

effectiveness in tail flick model, the samples Ism-1 and Ism-4 significantly increased 
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the latency time at both the doses to 60.00 % and 57.89 % respectively at 25 mg/kg 

and 62.10 % and 61.05 % at 60 min at which morphine (opioid analgesic, centrally 

acting), showed 85.07 % activity. Whereas, Ism-7 at 75 min showed a response of 

56.81% followed by a decline in the response in the following 15 min. This sample 

(Ism-7) showed no prominent activity in the preliminary antinociceptive activities, 

therefore, was not carried forward for further studies. 

Since earlier reports have indicated a role for opioid system in the antinociceptive 

action of many flavonoid derivatives. Such a possibility was also examined in the 

present study for Ism-1 and Ism-4 (flavonoid derivatives). Naloxone, a non selective 

opioid antagonist was able to reverse the antinociceptive activity of Ism-1 and Ism-4. 

This observation confirms the earlier finding that proves opioid mechanism plays an 

important role in the analgesic action of flavonoid derivatives.  

The compounds Ism-1 and Ism-4 exhibited excellent activity in dopaminergic 

receptors and ATP-sensitive potassium channels but failed to exhibit any action on 

adrenergic receptors. 

Reactive forms of oxygen so called free radicals produced in various metabolic 

reactions occurring in the cell cause damage to biomolecules such as proteins, 

deoxyribonucleic acid (DNA) or polyunsaturated fatty acids. Under normal 

conditions, body has balance between amount of free radicals produced and body's 

antioxidant capacity. Excessive free radicals are generated due to a number of reasons 

such as smoking, inflammation, strong physical activity. 

Thus, free radicals in excess initiate oxidation of biomolecules and result in the form 

of various diseases. Reactive oxygen species may cause many degenerative diseases, 
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such as atherosclerosis, cancers, vasospass, stroke, trauma, asthma, heart attack, 

hyperoxia, arthritis, age pigments, cataract genesis, retinal damage, dermatitis, liver 

injury, hepatitis and periodontis. An antioxidant as a substance is effective in the 

prevention of oxidation by molecular oxygen and therefore, helps to prolong the 

lifetime. Hence, there is a great deal of interest in newer and natural compounds.  The 

present study/investigation was focused on antioxidant potential of natural 

product/isolated compounds against DPPH and ABTS, which were found to be 

effective against all models of antioxidant activity.  

The assessment of antioxidant potential of the crude methanolic extract, fractions and 

isolated compounds was carried out by employing two different well established 

assay models. In the DPPH free radical scavenging assay, the chloroform fraction 

possess 87.50 % antioxidant activity where as the standard, ascorbic acid is having 

83.78 % antioxidant activity. While in ABTS free radical scavenging assay, the 

chloroform fraction is having 89.50 % activity followed by crude extract in both the 

assays. Among the isolated compounds, the Ism-1 exhibited prominent activity 

having 81.90 and 85.73 % activity in DPPH and ABTS free radical scavenging assay 

respectively at 125 µg/ml, showing to be more active than rest of the samples used. 

Prostaglandins are the last metabolites of arachidonic acid. These are responsible for 

the generation of pain. Enzymes like LOX and COX are involved in the formation of 

these prostaglandins. The metabolites formed from the arachidonic acid in the 

presence of LOX are able to activate TRPV1 which is not only a thermo-sensitive ion 

channel, but a promiscuous detector for extremely diverse sources of pain. 
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Before going to test the samples for analgesic activities, their in-vitro screening 

against this enzyme is imperative as these types study can predict the in-vivo fate of 

the test samples. Like other activities, in the present study the chloroform fraction 

(IC50 < 250) exhibited the highest activity followed by crude (IC50 < 500), ethyl 

acetate (IC50 < 500)  and butanol (IC50 < 1000) whereas, for Ism-1 and Ism-4 the IC50 

values are < 125 and ≈ 250 respectively. 

Present findings conclude that Artemisia macrocephala plant has excellent potentials 

towards the management of pain and its isolated bioactive components can be used as 

a source of good quality antinociceptive agents for the welfare of the society. 
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1. INTRODUCTION 

The history of early humans shows the existence of various ailments. This was perceived 

to be due to the anger of many gods they used to worship and believed in their 

subsistence, rage, joy and plunder [1]. Gradually man started a journey from superstitions 

to treatment of diseases through medicines. It is a fact that history of medicines goes back 

to the existence of human civilization. The present medicines or allopathic drugs have 

gradually developed over a time period of centuries by virtue of scientists observational 

and scientific efforts. However, traditional medicines and therapies have always been the 

basis for modern medicines [2]. 

For thousands of years, nature has been the rich source for medicinal agents and a good 

number of present sophisticated drugs have been isolated in one shape or other from 

natural sources. Natural products based medicines first took the shape of crude drugs like 

teas, tinctures, powders, poultices and other herbal formulations [3]. Drug discovery from 

plants resulted in the isolation of compounds [4-5]. Just two centuries ago Friedrich 

Serturner (21-year-old pharmacist) for the first time isolated the bioactive pure compound 

morphine from Papaver somniferum (opium) [6]. This initiated a new era in plants based 

drugs. The pharmaceutical research got a great attention and expanded after the World 

War II and in 1990; about 80 % of drugs found were either natural products or were their 

analogs. The Food and Drug Administration (FDA) approved 13 drugs of nature origin in 

the United States in 2005-2007 and among them 5 were the first members of new classes 

[7]. Even today, 80 % of the 3
rd

 world’s population relies on traditional medicine system 

like the use of medicinal plants for the primary health care [8]. The drug discovery and 

development programs all over the world use plants in order to discover new 
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pharmaceutical leads [9]. Isolation of bioactive constituents from plants is still in 

progress and has received much recognition then before. Presently, sophisticated drug 

discovery methods have led to the elucidation of valuble medicinal compounds from 

standardized herbal sources. 

Since only 5–15% among the higher plants has been investigated systematically for the 

existence of bioactive constituents, nature’s biodiversity remains mostly unexplored [2]. 

Medicinal plants and traditional health care systems have gained great scientific attention 

due to their importance in the management of diseases at door steps of under developed 

parts of the world. Ethno-botanical science and its applications in health care system have 

led to the discovery of large number of therapeutic agents that the world’s poplutaion is 

beneficially exploiting for prevention of diseases [2]. The objective is the targeted 

isolation of new bioactive constituents from plants, i.e., lead substances with novel 

structures and novel mechanisms of action [10]. This is very clear from the use of 

cranberry juice (Vaccinium macrocarpon) and bearberry (Arctostaphylos uva-ursi) for 

treatment of urinary tract infections, reported in various phytotherapy manuals. Similarly 

lemon balm (Melissa officinalis), garlic (Allium sativum) and tee tree (Melaleuca 

alternifolia) have been reported as broad-spectrum antimicrobial agents [11]. The 

essential oils of these plants have been extensively used for preventing infections of 

respiratory system, urinary tract, gastrointestinal, biliary systems and skin. Another 

example is the essential oil of Melaleuca alternifolia, used as common therapeutic agent 

for treating acne and other skin dieases [12]. Therefore, it is of great interest to carry out 

a screening of medicinal plants to validate their folk use in medicine and identify their 

active constituents by isolation and characterization [13].  
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Nowadays, scientific research on medicinal plants is carried out on a larger scale than 

ever before. There is, however, a lack of scientifically based information on traditional 

medicine in this country, especially regarding medicinal plants. Isolation of active 

components could then lead to the development of new therapeutics [14]. Recently, 

various procedures and modern techniques have been adopted in order to determine the 

biological potentials of plant extracts and related bioassay techniques [3].  

Medicinal plants have been suggested to the presence of natural effective substances for 

prevention or treatment of pain related conditions. Drugs with herbal origin have 

attracted attention of researchers and people by having low or no side effects [15-16]. 

These medicinal plants mostly possess antioxidant activities [17-19], and other than pain 

and inflammation, are effective on a lot of hard curable diseases such as diabetes and 

cancer which increase free radicals and result in pain [20-22]. Following is the abridged 

summary of pain, cured and managed with medicinal plants based treatments. 

1.1 Pain 

Pain has been defined as emotional or unpleasant sensory experience leading to damage 

of tissues [23]. This is usually considered as an alarming signal which elicits reflex and 

conscious avoidance reaction to protect the body from potential harms [24]. It is created 

by different reasons such as harmful heat, stretch, electrical flow, necrosis, inflammation, 

laceration and spasm [25]. It is also caused by a wide variety of diseases, surgical 

interventions and trauma. Degenerative diseases like rheumatoid arthritis, cancer, asthma 

rheumatic, polymyalgia and inflammatory bowel diseases are also associated with 

inflammatory processes and pain. It is complicated experience involving affective, 

cognitive and behavioral features, representing affected psychological conditions [26]. In 
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most cases, pain is secondary to other complications such as diabetic nephropathy [27]. 

More than 50 million of the United States populations are partially or totally disabled due 

to involving in pain conditions. An 8 years study performed by The United States Center 

for Healthcare Statics revealed that 32.8 % United States populations were suffering from 

chronic pain [28]. According to statistics of the recent studies, a total of 22 % primary 

care patients suffered six months persistant pain and in some cases the percentage rises to 

50 %. This has hindered the social functionins of the population, leading to inferior life 

quality [29]. 

Although pain is mainly considered as a defense mechanism which is created when a 

tissue is damaged and caused a person to show reaction and remove pain stimulant [30], 

however, in severe condition it impairs social functioning and reduces quality of life [31]. 

There are two main types. (1) Acute pain: It is often fast, sharp and is for short time and 

is due to present disease or tissue damage. It occurs after myocardial infarction, trauma, 

surgery or burns. Acute pain usually consists of two phases. The 1
st
 phase (lasting for 

seconds) is the alarming one which “warns” an individual to a potentially dangerous 

stimuli and the 2
nd

, sub-chronic phase (lasting for hours to days), considered as a 

“protective” mechanism characterized by “guarding” of the injured tissue as a means of 

promoting healing and recovery. (2) Chronic pain: This type of pain lasts for a longer 

time which may be persistent or intermittent and is usually difficult to treat.  It commonly 

persists after the time of healing of an injury and frequently there may not be any clearly 

identifiable cause” [32]. Persistent pain is often regarded as a maladaptive response that 

confers no physiological advantage, such that the pain state itself has become the 
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“disease”, requiring treatment [29]. Persistent pain has multiple components including 

nociceptive pain, inflammatory pain and neuropathic pain [33] which are as:  

1.1.1 Nociceptive pain 

It refers to the normal, acute pain sensation arised when specialized primary afferent 

nerve fibers, located in undamaged or previously undamaged skin, viscera and other 

organs, get activated in the absence of sensitization. This system works like an alarm 

system, kepping the body on alert when sees a stimulus for a potential damage. This type 

of pain should be managed in clinical conditions of surgery or medical procedures 

because of potential tissue damage. Being a vital physiologic sensation, this nociceptin 

should never be permanently disabled [34]. Nociceptive pain is of two types:  

(1) Somatic nociceptive pain: It arises because of somatic structures (bones and 

muscles) involvement. This pain is characterized by aching and throbbing.  

(2) Visceral nociceptive pain: Visceral pain is experienced when there is underlying 

solid and hollow viscus. This is gnawing, squeezing or in crampy form [35]. 

1.1.2 Inflammatory pain 

Inflammatory pain arises in inflamed tissue following sensitization of peripheral nerve 

terminals i.e arthritis. 
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1.1.3 Neuropathic pain 

Neuropathic pain is due to malfunction of, or damage to, a nerve or group of nerves, 

mainly peripheral nerves, although the pain through a nervous system (“central pain”) 

shares these characteristics such as neuropathic pain induced by chemotherapy [35]. 

Figure 1. 1: Four primary types of pain [36]. 
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1.2 Drugs responsible for the management of pain (Analgesics) 

1.2.1 Synthetic analgesics: These include drugs that are of synthetic origin like 

paracetamol, ibuprofen and neproxen [37].   

1.2.2 Natural analgesics: These include drugs that are originated from natural sources. 

Medicinal herbs have been used as a first line therapy for the relief of pain since ancient 

times [38]. The traditional medicine practitioners are facing a great success in the 

treatment of rheumatic disease [39]. Natural products in general and especially the 

medicinal plants are thought to be an important treasure of new/novel chemical 

substances with high therapeutic efficacy. Salicylic acid and morphine are among the 

most important analgesic drugs are also of plant origin. The study of plants traditionally 

used as analgesics should always be considered a successful search strategy for new 

analgesic and anti-inflammatory drugs [38]. 

1.3 Antioxidants 

These are substances which protect living cells from the effects of free radicals. The free 

radicals are atoms or molecules with unpaired electron which makes them highly 

reactive. The body has mechanisms to produce the small amounts of oxidants normally 

during metabolic reactions which are beneficial to body in destroying the microbes. 

Excess of oxidants, however, can be harmful to the body [40]. 

Reactive Oxygen Species (ROS) are significantly involved in pain generation. In 

neuropathic pain of chronic constriction injury, systemic treatment with an antioxidant 

reduced hyperalgesia [41]. Free radicals and radical-derived ROS, including hydrogen 

peroxide, superoxide, hydroxyl radicals and nitric oxide have been concerned in damage 

of tissue and better nociceptive response [42]. In general, the production and biological 
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reactivity of ROS are controlled by endogenous antioxidative activity of glutathione 

peroxidase, superoxide dismutase and catalase [43]. However, if the production of free 

radical increases or defense of antioxidant decreases, leads to oxidative stress [44]. This 

oxidative stress can damage tissue, proteins, DNA or lipids [45].  

Plants (herbs, fruits, vegetables) have a broad diversity of free radical scavenging 

constituents such as coumarins, lignans, flavonoids, phenolic acids, quinines, tannins, 

stilbenes, amines, betalains and alkaloids, carotenoids, terpenoids, vitamins and other 

metabolites with high antioxidant activity [46]. Epidemiological investigations have 

confirmed that several of these antioxidant compounds possess anti-carcinogenic, anti-

inflammatory, anti-mutagenic, anti-tumor, anti-atherosclerotic, anti-viral or anti-bacterial 

activities [47]. Risk of diabetes, cancer, cardiovascular and age related ailments have 

been found to be low with the use of natural antioxidants [48]. Antioxidants have been 

important and beneficial molecules. Several of biological activities like 

anticarcinogenicity, antimutagenicity and antiageing, possibly originate from these 

chemicals [49]. 

Literature shows that many plants possess antioxidant potentials like Allium sativum, 

Ocimum sanctum, Piper cubeba, Zingiber officinale, Terminalia bellerica and Camellia 

sinensis [50]. 

1.4 Enzymes 

Prostaglandins (PGs) are the last metabolites of arachidonic acid which are responsible 

for the generation of pain. Enzymes like lipoxygenase (LOX) and cyclo-oxygenase 

(COX) are involved in the formation of these prostaglandins [51]. The metabolites 

formed from the arachidonic acid in the presence of LOX are able to activate TRPV1 
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(transient receptor potential cation channel subfamily V member 1), which is a 

thermosensitive ion channel and a casual detector for tremendously diverse sources of 

pain like N-arachidonoyl dopamine, ethanol, acidic pH, cannabinoids and chemicals like 

capsaicin [52]. Moreover, nerve growth factor, potent inflammatory mediators, histamine 

and bradykinin use TRPV1 as downstream effectors on their intracellular signaling to 

induce pain [53].  

Plants serve as a potential source of antinociceptive drugs. About 200 plant species with 

analgesic potentials have been reported [38].  Many of them perform their antinociceptive 

effects by inhibiting the cyclo-oxygenase enzyme [54]. Experiments were carried out on 

Ocimum sanctum and it was proposed that it blocks both lipoxygenase and cyclo-

oxygenase pathways [55]. 

1.5 Aims and objective of the present work  

Keeping in view the medicinal importance of the plant, this study was conducted to find 

out its antinociceptive potential and identify the chemical constituents having the 

antinoceceptive potentials. 

 The specific aims and objectives of the present work were: 

 Providing a scientific base for antinociceptive potentials of the specie. 

 Bioguided isolation of phytochemicals responsible for antinociceptive potentials. 

 Exploring the possible mechanism of action in suitable animal model.  

1.6  Recommendations 

In the light of the above discussion, pain is associated with many diseases, tissue 

damage, injury, elevated level of oxidants or due to enzymes. Various therapies are 
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used for its management among which natural products based therapy is considered to 

be more effective with fewer side effects. The phytochemicals of A. macrocephala 

possess prominent antinociceptive potentials and need to be investigated further in 

order to develop them into pharmaceutical medicine. 
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2. LITERATURE REVIEW 

2.1 Brief description of Asteraceae  

2.1.1 Habitat  

The family Compositeae or Asteraceae is also known as thistle family, sunflower family 

or daisy family. Among the flowering plants, about 10 % species belong to family 

Asteraceae [56]. This family possesses 1600-1700 genera and 24000-30000 species, 

making it the largest family of the flowering plants. Its species are distributed worldwide 

and inhabit almost every environment and continent growing in a variety of habitats of 

extensive ecological diversity and climatic conditions except Antarctica [57]. Asteraceae 

taxa can assume almost every life-form like shrubs, under shrubs, annual, biennial or 

perennial herbs, a few trees, few scramblers and aquatics. Some species are succulent, 

some are spiny and many have milky sap. Many perennial species grow in cold and dry 

winter season having underground storage organs and produce annual stems in spring 

[58]. 

2.1.2 Leaves 

Leaves are usually elliptic ovate or triangular-ovate, pinnatipartite, pinnatisect in 

segments which are pinnately lobed arranged usually in  rosulate or opposite, alternate 

form stipule is absent, variously dissected or lobed which may be deeply serrate with 

triangular teeth, entire and toothed, with petiole or sessile and sparsely hairy. 

2.1.3 Inflorescence 

A typical Asteraceae inflorescence consists of morphologically and functionally 

differentiated flowers packed into a condensed inflorescence (the capitulum) that 

resembles a single large flower the capitulum, is a highly organized structure of different 
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types of flowers which may vary in sexuality and symmetry. The members of Asteraceae 

have commonly floral organs which form specialized structures like pappus hairs (sepals) 

and organ fusion within the petals and anthers [59]. Stamens are 5 in number and mostly 

epipetalous, anthers are connate with round shape and the style forms a tube. Ovary 

usually lies in the inferiorly of flower. Fruit is cypsela. There may be present a 

characteristic basal attachment area (carpopodium) in the fruit [60].  

2.1.4 Distribution 

Its species are distributed worldwide and inhabit almost every environment and continent 

except Antarctica. Its plants widely found in Pakistan, Afghanistan, China, India, Japan, 

Kazakstan, Kyrgyzstan, Russia, Europe, Africa, Mongolia, Tajikistan, Bhutan, Nepal, 

Thailand, Iran, Turkey, Korea, Laos, Myanmar, Philippines and Vietnam. 

2.1.5 Traditional uses 

The species of this family have a key role in management of ailments like abdominal 

pains, colds, as expectorant for bronchitis and asthma, as poultice for rheumatoid 

arthritis, as a plaster cast for broken bones [61], as liver protective agents, anti malarial, 

anti-inflammatory, diuretic, anti-rheumatic, antibiotic agent to treat nematodes, against 

diabetes [62], treatment of gynaecological disorders, relieving of menstrual cramps, 

treatment of amenorrhoea [63] and gastrointestinal diseases, as aphrodisiac, diuretic, 

lactagogue, collagogue, hemorrhoids [64], as appetizer, against pulmonary disease, in 

stomachic, diuretic, antipyretic, treatment of diarrhea, parasitic diseases, lung edema, 

fever caused by bacterial and viral infections, as well as for its diuretic properties [65], 

antiseptic, blood-pressure lowering, antihypoglycaemic effects anti cancer [66], fever, 
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migraine, arthritis [67] and antileishmanial in traditional medicines. Some are also used 

as vegetables and also for the production of rubber on industrial scale [64]. 

2.1.6 Chemical constituents of Asteraceae 

Flavonoid deravatives like kaempferol, apigenin, luteolin, quercetin and tiliroside [68], 

isoscutellarein-8,4'-dimethyl ether, 8-methoxyluteolin, 5,3',4'-trihydroxy-3,6,7,8-

tetramethoxyflavone [69], β-farnesene, aurapten, 5’-oxoaurapten, 6',7-epoxy- and 6',7-

dihydroxyaurapten [70]. Sesquiterpenoids like dihydroartemisinic acid, artemisinic acid, 

artemisinin and arteannuin B, diterpenoids, triterpenoids, steroids, sesquiterpene lactones, 

polyacetylenes, lignans [71], furanoheliangolide, centratherin and goyazensolide 

terpenoids, such as, taraxasterol, amyrin, lupeol and their respective acetates, humulene, 

costunolide, dihydrocostuslactone, eremantine, 13-dihydroeremantine, goyazensolide and 

the steroid stigmasterol [69],  amino acids, phenolic compounds, carotenoids and 

coumarines [72]. α- pinene, β-pinene, sabinene, p-cymene, meta cimenene, α-terpene, β-

ocimene, γ- lactone, γ-terpinene and α-methylene [73]. Many phenolic compounds 

isolated from the family Asteraceae comprise of caffeoyl derivatives like 3-

caffeoylquinic acid, chicoric acid and chlorogenic acid [74].  

Essential oils containing sabinene, β-pinene, limonene, γ-terpinene, p-cymene, linalool, 

α-copaene, α-himachalene, β-bourbonene, γ-cadinene, γ-elemene, δ-cadinene, 

sesquiterpenoids such as T-muurolol and β-eudesmol, δ-cadinol, (E)-isoasarone, pentyl-

4-(1-methylethyl benzoate), (Z)-isoasarone, contains isoeugenol [61], caryophyllene 

oxide, trans-sabinene hydrate, cis-β-elemenone, borneol, selin-11-en-4-α-ol, vulgarone-

β,1,8-cineole, cis-cedryl-methylketone, β-cubebene, davanone, δ-cadinene, trans-guaiene, 
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capillene camphor, β-pinene oxide, epi-cubebol, spathulenol,  chrysanthenone and β-

eudesmol [75]. 

2.2 Genus Artemisia  

The genus Artemisia has about 500 species that are worldwide distributed except 

Australia. In Pakistan it is found in Kashmir, Muzafrabad, Ponch, Ladakh, Hunza, Gilgit, 

Baltistan, Skardu, Deosai plains, Quetta, Khuzdar, Kalat, Jahelum, Rawalpindi, 

Islamabad, Attock, Parachinar, Kohat, Peshawar, Kurram Agency, Mardan, Malakand, 

Dir, Chitral, Astor, Swat, Khaghan and Bunair etc [76].  

Most species in this genus are perennial and about 10 species are annual or biannual. 

Artemisia is also considered as indicator of steppe climate and moderate precipitation 

[77].  

The traditional uses of the plants of the genus include controlling pain in childbirth, 

induction of abortions, treatment of malaria, fevers [78], gynaecepathy, amenerrhea, 

rheumatic disease, bruise, colds, inflammations, as an appetizer, sedative [79], curement 

of diabetes, diarrhea, abscess, bronchitis, as antidote for poison, activation of blood 

circulation, disinfectant (insecticide activity) [80], antiparasitic and as a febrifuge [81]. 

On scientific grounds various extracts or essential oils of the plants of the genus 

Artemisia have been shown to possess anti-feedant, phytotoxic, free radical scavenger, 

anti-fungal, anti-helmintic, anti-protozoal, hepatoprotective, anti-trichinellosis [82], 

antimalarial, cytotoxic, anti cancer [78], antioxidant, antimicrobial, insecticidal and 

pesticidal activities [83]. These are also used in various forms against hepatitis, 

infections, inflammation caused by viruses, bacteria and fungi, for labor induction, 

painful menstruation or miscarriage [66], anthelmintic, choleretic, antimicrobial, 
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balsamic, antiseptic, depurative, diuretic, emmenagogue, digestive, antioxidant activity 

and in treatment of sclerosis, leukaemia [84], Leishmania major and Leishmania tropica 

[81]. 

Artemisia is among the diverse genera of family Asteraceae [84]. It possesses important 

secondary metabolites like sesquiterpene lactones, absinthin, ketopelenolide, anabsin 

anabsinthin, lignans, flavonoids, polyphenols, sesquiterpene lactone hydroxypelenolide, 

casticin, artemetin and essential oils mostly contains (Z)- epoxyocimene, α and β-thujone, 

sabinyl acetate, chrysanthenyl acetate or mixture of the latter two [82]. 

Several species in the genus Artemisia possesses high economic value as medicines, food, 

forage, ornamentals or soil stabilizers in disturb habitats. Some taxa are toxic or 

allergenic and some are invasive weeds, which can adversely affect harvests [77]. 

2.3 Botanical description of Artemisia macrocephala Jacquem  

2.3.1 Synonym 

The specie is also known as Artemisia griffithiana Boiss. It is locally known as “Tarkha” 

in Pashto language. 

2.3.2 Habitat 

A. macrocephala is found in high altitudes, mostly growing in sandy areas and grassy 

slopes near streams and glaciers between 3400 and 5500 m from sea level. 

2.3.3 Distribution 

The specie is found in China, Mongolia, Tibet, Russia, India, Pakistan and Afghanistan. 

It is widely available in northern areas of Pakistan [85]. 
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Figure 2. 1: Photograph of Artemisia macrocephala Jacquem collected from Badwan chowk, Dir Lower, 

Khyber Pakhtunkhwa, Pakistan. 

2.3.4 Morphological description 

It is annual herb attaining a height of 20-30 cm, whitish-grey densely hairy with well 

branched roots. Stem is erect to ascending, ribbed and solitary or even many arising from 

base. The basal and lower stem leaves are 1.5-3 cm long with winged petiole. The lamina 

of leaf is broadly ovate to somewhat orbicular, bipinnatisect into linear-oblanceolate and 

having apically obtuse ultimate segments. The medium and upper stem leaves are 

subsessile to sessile with gradual reduction in size. Flowers are in small bunches on 10-

12 cm long racemes surrounded by involucre of four bracts in a set of two linear-oblong 

shape densely hairy. The fruit of plant is narrowly oblanceolate in the form of cypselas 

mostly 1-1.5 mm in length with light brown color [86]. 

2.3.5 Chemical constituents 

Various tests performed for the preliminary phytochemical investigation of the plant 

confirmed the presence of alkaloids, saponins flavonoids and terpenes according to our 

previous report. 
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Essential oil of the plant contains acetic acid, isovaleric acid, propionic acid, enanthic 

acid, limonene, camphene, borneol, p-cymene, camphor, 1,8-cineole α-pinine, and β-

pinine [85]. 

2.4 Few targeted natural products 

2.4.1 Flavonoids 

Flavonoids are polyphenolic compounds and are plant’s secondary metabolites. They are 

well known for their characteristic color like blue, purple, red etc. [87]. Flavonoid is a 

group of plant secondary metabolites which is composed of flavones, flavans, 

flavanonols, flavanones, flavanols, cetechins, anthocyanidins and isoflavones. Herbs have 

mostly flavones, fruits (citrus) flavanones, legumes have isoflavonoids whereas, fruits 

and vegetables have flavonols [88].  

 

 

 

                                                      

Flavone                                                                Iso flavonol 

 

 

                           

 

                       Flavanols                                                       Flavonones 

Figure 2. 2: Some representative structures of flavonoid subclasses. 

Flavonoids are becoming the focus of medical research since they possess useful 

properties like antiviral [89], antiinflammatory, antitumour, antiallergic, antimicrobial, 
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antioxidant, cytotoxic, enzyme inhibition, oestrogenic [90-91] and vasodilating activities 

[92]. 

2.4.2 Terpenoids: Terpenoids are naturally occurring compounds which are also known 

as isoprenoids. They have more than 40,000 structurally diverse molecules. They have 

been isolated from animals, plants and microbial species. They are composed of small 

units called “isoprenoid” and are classified on the basis of number of units of isoprene 

present in a molecule, like: 

(1)  1 unit (Hemiterpenoids)  (2) 2 units (Monoterpenoids) 

(3)  3 units (Sesquiterpenoids)  (4) 4 units (Diterpenoids)  

(5)  5 units (Sesterpenoids)  (6) 6 units (Triterpenoids)  

(7)  8 units (Tetraterpenoids)  (8) Many units (Polyterpenoids) 

Terpenoids are mostly multi-cyclic structures varying from each other in functional 

groups as well as in basic skeleton of carbon [93]. Terpenoids find it place in the use of 

as aroma compounds, natural flavor and also in humans as health promoting compounds 

[94]. 
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Figure 2. 3:  Some representative structures of terpenoid. 
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Terpenoids possess antiallergenic, anticancer, antimicrobial, antiparasitic, antispasmodic, 

antifungal, antihyperglycemic, immunomodulatory, antiviral, antiinflammatory and 

insecticidal properties [95]. 

2.5 Essential oils 

Essential oils are concentrated liquid (hydrophobic) having volatile compounds of 

aromatic nature playing a key role in fragrance, folk medicine, pharmaceutical industries 

and food flavoring. These are natural, complex (having 20–60 constituents in various 

concentrations), multi-constituent systems comprising predominantly of terpenes and 

various non-terpene constituents with a characteristic odor and are synthesized as 2ndry 

metabolites in aromatic plants. Generally the essential oils/ constituents are applied for 

treatment/ prevention of several diseases. For example, Myristica fragrans (nutmeg) have 

potent hepatoprotective potentials. Similarly some also used in thrombosis, 

atherosclerosis and cancer while some have antiviral, antioxidant, antiproliferative, and 

antimicrobial potentials [96-97]. 

2.6 Extraction and isolation 

The process of extraction of natural products dates back to Mesopotamian and Egyptian 

times (3500 BC). They used these processes for the production of perfumes or 

pharmaceutically active oils and waxes [98]. Archeological record shows that during the 

regime of Assyrian king Tukulti-Ninurta I (1120 BC) creams and perfumes were 

prepared based upon the extraction processes. The natural feedstock was crushed in a 

mortar, and then leached in boiled water for one day. There was not much development 

until medieval times, when pure ethanol became available as a solvent in about 900 AD 



CHAPTER 02   LITERATURE REVIEW 

20 

 

[99]. With the passage of time man learn several sophisticated methods like soxhlet 

extraction, maceration, percolation, turbo-extraction (high speed mixing) and sonication 

for purification of natural products from plants, animals and micro-organisms [100]. The 

natural product (NP) scaffolds are in fact keys in drug discovery and in optimizing 

chemical diversity for human use. The selection of a suitable extraction method depends 

mainly on the work to be carried out, and whether or not the metabolites of interest are 

known. The solvent used for extraction must diffuse into the cell to dissolve the desired 

compounds and the solution must pass the cell wall in the opposite direction and mix 

with the surrounding liquid. Thus equilibrium is established. This equilibrium depends on 

temperature, pH, particle size and movement of the solvent [101]. The natural product is 

extracted from the source, concentrated, fractionated and purified yielding essentially a 

single biologically active compound. Identification of known compounds, thereby 

avoiding replication of previous efforts, has been greatly aided by directly coupled 

HPLC-mass spectrometer (LC-MS) systems and natural-product databases [102]. In cases 

where the biological activity profile meets criteria for potency and selectivity, 

preliminary structure–activity relationship (SAR) studies are conducted and the 

purification process is scaled up. Once the feasibility of modulating biological response 

through synthetic modification is established, it is declared a lead and proceeds onward 

for additional optimization by traditional medicinal chemistry [103].  
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Figure 2. 4:  Scheme for isolation and structure elucidation of pure compound from natural source. 
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2.7 Toxicological studies 

Toxicity testing is paramount in the screening of newly developed drugs before it can be 

used on humans. Toxicity testing is the determination of potential hazards a test 

substance may likely produced and the characterization of its action, most of the toxicity 

testing is carried out on experimental animals. The information obtained from the results 

can serves as the basis for hazard classification and labeling of chemicals in commerce 

[104].  

Toxicity testing was given much attention following early 1960s thalidomide catastrophe; 

with thousands of children born worldwide with severe birth defects [105]. After this 

incidence many countries of the world have resolved to go for toxicity testing and 

teratogenicity in both sexes so as to prevent further tragedies. Toxicity testing employed 

wide range of test in different species of animals with long term administration of drug, 

regular monitoring of physiological, biochemical abnormalities and detailed post mortem 

examination at the end of the trial to detect gross or histological abnormalities [106]. 

Dose above therapeutic range are used in toxicity testing to ascertain the toxic signs of 

action of the drug [105]. The toxicity studies are important for establishing a dose 

response curve, for ensuring safety of new chemicals, for establishing the mode of action 

or mechanism for a toxic effect and for validating new methods of testing or 

investigation, particularly those conducted in vitro rather than in animals [107].  

2.7.1 Phases of toxicity studies determination 

Toxicity studies are carried out in three phase comprises of acute, sub acute and chronic 

studies for the determination of toxicological profile of the test sample. 
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2.7.2 Acute toxicity studies: This is a short term assessment and evaluation of potential 

hazard test substance or consequences of single dose of a test substance [106]. Acute 

toxicity study is better described as LD50, which is defined as the dose which kills 50% of 

animals. LD50 is used for the estimation of the toxicity of the chemical agents. Acute 

toxicity provides guidelines on the dose to be use in more prolonged studies and it also 

provides the basis for which other testing program can be design. In acute toxicity studies 

rodent are mostly used because they are economical and readily available and easy to 

handle.  

2.7.3 Sub-acute toxicity studies: This study is conducted to determine organs affected 

by different dose levels. This study access the nature of toxic dose under more realistic 

situation than the acute toxicity studies. Three dose levels (selected on the basis of 

information obtained in acute toxicity studies) are normally used [105]. 

(i) Dose that is high enough to elicit definite signs of toxicity but not to kill many of the  

animals (ii) Low dose that is expected to induce no toxic effect and (iii) Intermediate 

dose.  

2.7.4 Chronic toxicity studies 

This study is basically to determine the organs affected and to check whether the drug is 

potentially carcinogenic or not. This test extends over a long period of time and it 

involves large groups of laboratory animals [106]. 

2.8 Mechanism of nociception 

The processing and encoding of noxious stimuli of nervous system is known as 

nociception, which is measured by electrophysiological techniques. Neurons are involved 
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in the formation of nociceptive system passing from the periphery through the spinal 

cord, brain stem and thalamus to the cerebral cortex, where the sensation is perceived. 

2.8.1 Peripheral mechanism 

Peripheral mechanism starts upon responding to the thermal, chemical and mechanical 

stimuli by primary afferent nociceptors. Subtypes of neurons sense and transmit 

information regarding actual stimuli. Information about mechanothermal stimuli is 

transmitted by myelinated Aδ-fibers while the unmyelinated C-fiber represent the 

majority nociceptors and behave as polymodal for stimuli like tonic pain with itching, 

burning and aching quality [108]. 

2.8.1.1 Peripheral sensitization 

Sensitization of nociceptor follows peripheral hyperalgesic phenomenon with high 

sensitivity and increase response to both thermal and mechanical stimuli by intensify pain 

experience. Silent nociceptors are recruited adding significantly to the inflammatory 

nociceptive input to the spinal cord. Various chemical mediators are released from the 

injured skin, inflamed cells, microvasculature of injured and axon terminals. These 

mediators include nerve growth factor (NGF), epinephrine, ATP, bradykinin (BK), 

serotonin (5-HT), prostaglandin E2 (PGE2) and substance P (SP). The nociceptor-

specific receptor for the irritant capsaicin, TRPV1 is also present on terminals and 

transduces noxious thermal stimuli. 

When receptor activates, it causes terminal sensitization or plasticity which may be 

immediate via a post-translational mechanism (e.g. receptor phosphorylation TRPV1, 

P2X3 or ion channel phosphorylation PGE2 or BK-mediated Na+ phosphorylation) or 

when the gene expression (NGF) occurs and take prolonged time course. these ligands 
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activate pathways including elevation of intracellular Ca2+ (ASIC, P2X3, TRPV1), G-

protein-coupled receptors (PGE2, BK, β2) activation and afterward elevation of cAMP 

then PKA or elevating intracellular Ca2+ via PLC or the Ras-MEK–ERK/MAP-kinase 

pathway (NGF). Due to the combined action of these pathways, a change in the 

nociceptor excitability occurs and eventually lower its activation threshold with an 

increased pain sensation [109-110].  

2.8.2   Central mechanisms 

For the transmission of pain, balance is required between inhibitory and facilitatory 

influences which act on somatosensory neural circuits. These influences Integrates at 

several levels in CNS like spinal cord, brain stem and multiple cortical regions. 

2.8.3    Spinal mechanisms 

Spinal synapsis is the lowest level of the central nociceptive system where pain is further 

regulated. Nociceptive-specific neurons are involved in the sensory-discrimination of 

pain, whereas wide dynamic range neurons take part in the affective-motivational 

components of pain [111]. To process noxious information, mediation of several 

transmitters and receptors occurs within the spinal cord. An action of transmitters is 

either fast kinetics (e.g. action on ionotropic receptors due to glutamate and ATP) result 

in short immediate neuronal effect and at slower kinetics (action of G protein-coupled 

metabotropic receptors at specific neuropeptides) causes synaptic processing modulation 

by inputting neurons encoding. Glutamate, being a key transmitter of primary afferent 

and dorsal horn neurons causes activation of ionotropic AMPA, kainate and NMDA 

receptors. Other excitatory transmitters include ATP and neuropeptides such as SP, 
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CGRP, VIP, neurotensin, CCK, TRH, CRH and pituitary adenylatecyclase-activating 

polypeptide [112]. 

Suppression of somatosensory system transmission in dorsal horn (DH) occurs as a result 

of segmental and descending inhibitory controls at pre-synaptic level on primary afferent 

terminal post-synaptically on the DH neuron. DH inhibitory systems of neurotransmitter 

contain GABA, adenosine, glycine, 5-HT, endogenous opioid peptides and endogenous 

cannabinoids. The opioid system comprises of opioid receptors (μ, δ, к) which is mainly 

associated with regulation of pain transmission. Opioids inhibit transmission of 

information related with nociception by reducing neurotransmitter release and receptors 

excitability [113-114]. 

2.8.3.1 Central sensitisation (Spinal hyperexcitability) 

Central sensitization has complex mechanism. There is specificity in the mechanisms of 

different pain states, although some of the mechanisms are involved in all types of central 

sensitization [113]. Central sensitization is the response of neurons in superficial, deep 

and the ventral cord to inflammation and nerve damage resulting from increased response 

to neuronal input following noxious stimuli [108, 113].  

2.8.4 Supraspinal mechanisms 

Second order neurons project to supraspinal structures in the ascending tracts of the 

contralateral anterolateral spinal cord (spinothalamic, spinoreticular, spinomesencephalic) 

although not all fibres decussate and a latent ipsilateral pathway is present [108]. 

Although there is no absolute clear anatomical separation in the ascending nociceptive 

transfer systems to the supraspinal targets by which the global sensation of pain is finally 

modulated and experienced, two dimensions of pain can be distinguished: the sensory 
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discriminative and the affective-cognitive/affective-motivational component [110]. The 

conscious pain response is produced by the thalamocortical system. The lateral 

thalamocortical system consisting of relay nuclei in the lateral thalamus and the areas SI 

and SII in the post-central gyrus represent the sensory-discriminative (temporal and 

spatial) aspects of pain. In these regions innocuous and noxious stimuli are discriminated 

[115]. Affective-motivational features of pain are produced in the medial thalamocortical 

system, which consists of relay nuclei in the central and medial thalamus, the anterior 

cingulate cortex (ACC), the insula and the prefrontal cortex [115-116]. Most of the other 

subcortical structures (e.g. basal ganglia, hypothalamus, amygdala and cerebellum) are 

postulated to function in the transmission of nociception and perception of pain [113]. 

From brain stem nuclei, impulses descend onto the spinal cord and influence the 

transmission of pain signals at the dorsal horn. Concerning descending inhibition, the 

periaqueductal grey matter (PAG) is a key region. It projects to the rostral ventromedial 

medulla (RVM), which includes the serotonin-rich nucleus raphe magnus (NRM) as well 

as the nucleus reticularisgigantocellularis pars alpha and the nucleus 

paragigantocellularislateralis [117], and it receives inputs from the hypothalamus, cortical 

regions and the limbic system. Neurons in RVM then project along the dorsolateral 

funiculus (DLF) to the dorsal horn. Opioids induce analgesia by acting upon PAG and 

RVM in addition to the spinal dorsal horn. RVM seems to mediate anti-nociception and 

facilitation of pain transmission and so spinal bulbospinal loops are significant in setting 

the gain of spinal processing [113]. 
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Figure 2. 5: Schematic representation of ascending afferent sensory input (left) and descending inhibitory 

modulatory output (right). Regions of the frontal lobe and amygdala project directly and via the 

hypothalamus (H) to the PAG. The PAG in turn controls spinal nociceptive neurons through relays in the 

RVM and the dorsolateral pontinetegmentum (DLPT). The RVM contains both serotonergic and non-

serotonergic projection neurons; the DLPT provides noradrenergic innervation of the dorsal horn. The 

RVM exerts bidirectional control over nociceptive transmission in the dorsal horn [118]. 

 

A particular form of descending inhibition of wide dynamic range (WDR) neurons is the 

diffuse noxious inhibitory control (DNIC). When a strong noxious stimulus is applied to 

a given body region, nociceptive neurons with input from that body region send impulses 

to structures located in the caudal medulla (caudal to RVM) and this triggers a centrifugal 



CHAPTER 02   LITERATURE REVIEW 

29 

 

inhibition (DNIC) of nociceptive WDR neurons located throughout the neuraxis [113]. 

Descending facilitatory mechanisms arise from medullary sites such as the dorsal 

reticular nucleus and potentiate nociception through spinal dorsal horn neurons [108]. 
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3. METHODOLOGY 

3.1 Solvents and chemicals used 

Various chemicals and solvents used in the study are as: 

Organic solvents (methanol, n-hexane, chloroform, ethyl acetate, n-butanol) were 

obtained from local supplier of Merck Germany, acetic acid (Sigma Aldrich, Germany), 

morphine sulphate injection B.P (P.D.H laboratories, PVT, LTD), nalaxone 

hydrochloride injection USP (Rotex Medica, Trittau, Germany), formalin (local supplier 

of Merck Germany), yohimbine hydrochloride (Sigma Aldrich, Germany), haloperidol 

decanoate injection (Johnson & Johson PVT, LTD), glibenclamide (Sanofi Aventis 

Pharma (Pvt) Ltd., Pakistan), diclofenac sodium (Novartis Pharma Pakistan LTD ), 

cinnamaldehyde (Sigma Aldrich, Germany), 2,2-diphenyl-1-picrylhydrazyl (Sigma 

Aldrich, Germany), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (Sigma 

Aldrich, Germany), lipoxygenase (Sigma Aldrich, Germany), indomethacin (SIZA 

International PVT, Lahore, Pakistan), quercetin (Sigma Aldrich, Germany), normal saline 

(Utsoka Pharma PVT LTD Pakistan) and tween80 (Scharlau chem. Spain). 

All the control, standard and test samples (crude extract, fractions and isolated 

compounds) were prepared in normal saline for biological and pharmacological activities. 

3.2 Equipments used 

Various equipments used in the study are as: 

Rotary evaporator (Heidolph Laborata 4000 efficint Germany) having an assembly with 

Chiller (Dixz chiller Germany) and vacuum pump (Vacuubrand Geramny), NMR 

spectrometer (Bruker Avance-NMR spectrometer), mass spectrometr  (Two Shimadzu 

QP 2000 GC-MS), GC-mass (Shimadzu), hot plate (Model HP1212, England), 
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refrigerator, UV visible spectrometer, melting point apparatus (Gallankamp electro 

thermal, England), water bath (Lindberg blue Thermo scientific, England)) and magnetic 

stirrer (78-1, magnetic stirrer hot plate, Korea). 

3.3 Plant Materials 

3.3.1 Collection and authentitacation of plant materials 

Aerial parts of A. macrocephala were collected in April, 2013, from Badwan chowk, Dir 

Lower, Khyber Pakhtunkhwa, Pakistan. The plant was identified by Professor Jahandar 

Shah, ex vice chancellor, Shaheed Benazir Bhutto University, Sheringal Dir Upper. A 

voucher specimen, AM-01-2013, has been submitted in Malakand University herbarium. 

3.3.2 Extraction and fractionation 

Shade-dried (10 kg) aerial parts of A. macrocephala were powdered thoroughly. The 

powder was soaked in commercial-grade methanol with occasional stirring. Filtered the 

entire suspension after a time period of 22 days. Repeated this process thrice. Then 

combined all the three filtrates and concentrated at 40 ºC through rotary evaporator under 

reduced pressure. A greenish-black residue (1.2 kg) was obtained. 1 kg of this methanolic 

greenish-black extract was subjected to successive fractionation. The crude extract and 

fractions was stored in refrigerator before use. 
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Figure 3. 1: Flow sheet diagram of getting the crude extract from shade dried aerial parts, soaked in 

commercial grade methanol for 22 days and subjecting to pharmacological/ phytochemical screening.  
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3.3.3 Fractionation 

1 kg of the crude extract was taken and added to 5 liters distilled water followed by the 

addition of an equal volume of n-hexane and shaken gently in a separating funnel. 

Collected the n-hexane layer from the separating funnel and continued this process till 

there appeared no color in the n-hexane when added further. Then combined the entire n-

hexane portion and subjected to rotary evaporator at 45 ºC, 120 g n-hexane fraction 

(12%) was collected. 5 liters of chloroform was mixed with the aqueous portion and 

shaken gently in a separating funnel. Two distinct layers were formed which were 

separated. This process was repeated until the recovery of colorless chloroform. Again 

combined all the chloroform fractions and subjected to rotary evaporator at 45 ºC, 378 g 

of chloroform fraction (37.8%) was collected. 5 liters of ethyl acetate was added to the 

remaining aqueous portion that again led to two distinct layers that were separated. 

Repeated this process again as earlier till the recovery of colorless ethyl acetate, preceded 

as earlier at 45 ºC and 122 g ethyl acetate fraction (12.2%) was collected. The remaining 

aqueous portion was added to an equal volume of n-butanol in a separating funnel. Two 

distinct layers were formed which were separated and continued this process as earlier till 

the recovery of colorless butanol, combined the butanol and evaporated under reduced 

pressure as earlier. It yielded to 154 g, 15.4% butanol fraction. The remaining aqueous 

portion left was approximately 210 g (21%). 

 

 

 

 

Table 3. 1: % yields of various fractions of Artemisia macrocephala 

S.No Plant extracts  Weight (g) Percentage yield (%)  
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1 n-hexane fraction  120  12 

2 Chloroform fraction  378  37.8 

3 Ethyl acetate fraction  122  12.2 

4 n-butanol fraction  154 15.4 

5 Aqueous fraction  210 21 

3.4 Preliminary phytochemical investigations 

Preliminary phytochemical investigation was conducted for identification of constituents. 

In this regards chemical tests were carried out on the powdered material and methanolic 

fraction using standard procedures for detection of alkaloids, carbohydrates, tannins, 

saponins, amino acids, flavonoids, glycosides and terpenoids [119]. The procedure of test 

for each group is as: 

3.4.1 Carbohydrates: Benedict’s test: Mixed a little quantity of the methanolic extract 

with Benedict’s reagent (few drops), boiled and observed for a reddish brown color 

precipitate formation.  

Fehling’s test: Fehling reagents A and B of equal volume were taken and mixed with a 

small portion of methanolic extract and boiled; observed for a brick red color precipitate. 

3.4.2 Proteins: Millon’s test: Millon’s reagent (2 ml) was mixed with a small quantity of 

methanolic extract and observed for white color precipitate, which on slow heating 

converted to red. 

Ninhydrin test: A small portion of the methanoli extract was boiled with 0.2 % Ninhydrin 

solution and boiled, observed for the appearance of a violet color. 

3.4.3 Tannins: 1 g of the sample (powdered) was boiled for five minutes with 20 ml of 

distilled water and filtered while hot and then cool down at room temperature. Took 1 ml 

from the filtrate and diluted to 5 ml through distilled water. Added 3 drops 10 % ferric 
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chloride [120]. The material was then observed for a brownish-green color or bluish-

black precipitate. 

3.4.4 Alkaloids: 1 g powdered sample was boiled in distilled water and hydrochloric acid 

(10 ml) and filtered. Adjusted the filtrate’s pH to 6 through ammonia. Then divided this 

into three test tubes labeled as A, B and C each having 0.5 ml of the filtrate. Added 

separately small quantity of tannic solution (10 %), picric acid solution and Mayer’s 

reagent to the test tubes and observed for colored precipitate or turbidity [121]. 

3.4.5 Glycosides: 200 mg crude extract was added to 2 ml each of sulphuric acid (2 M) 

and ferric chloride solution (5 %) and boiled for five minutes that caused oxidation in to 

anthroquinones, which clearly indicates glycosides presence [122]. 

3.4.6 Saponins: 1 g of the powder material was boiled in distilled water (10 ml) for 10 

minutes and filtered while hot followed by cooling. After cooling, frothing test and 

emulsification test was performed as:  

Frothing test: Filtrate (2.5 ml) was taken and diluted to 10 ml with distilled water and 

vigorously shaken for 2 minutes. Observed the test tube for froth formation. 

 Emulsification test: Olive oil (2 drops) was added to the above formed solution, shaken 

vigorously for few minutes and observed for the formation of a stable emulsion. 

3.4.7 Flavonoids: 1 g dried powdered material was boiled in distilled water (10 ml) for 5 

minutes and filtered while hot followed by cooling. Took 1 ml from this and added 20 % 

sodium hydroxide solution (few drops) to it. Observed for a yellow color which upon the 

addition of acid converted to colorless solution. 
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3.4.8 Terpenoids: 0.2 g of the extract was mixed with 2 ml of chloroform and 

concentrated sulfuric acid (H2SO4, 3 ml) was carefully added to form a layer. Observed 

for a reddish brown coloration of the interface. 

3.5 Extraction of essential oils 

Fresh plant materials were taken and cut with a scissor into small pieces. Extraction of 

oils was carried out using simple steam distillation method. Then collected the volatile 

oils and stored at 4 ºC till use [123]. 

3.5.1 GC/MS analysis of essential oils: The chemical investigations of the oils were 

carried out through gas chromatography mass spectrometry (GC/MS). The gas 

chromatograph (Shimadzu) hyphenated to a mass spectrometer QP 2010 plus (Tokyo, 

Japan) having automatic sampler and injector (AOC-20S) and (AOC-20i) respectively. 

Helium gas was used as a carrier medium. The chromatographic separations were carried 

out in capillary column (TRB-FFAP; Technokroma) with 30 m length; 0.35 mm i.d.; 

0.250 μm thickness and was treated with polyethylene glycol. Other GC-MS conditions 

include: 250 
o
C temperature of ion source (EI), 240 °C interface temperature, 100 KPa 

pressure, 1.8 minutes cut time for solvent. Sample and standard of 1 μl were injected into 

column of GC. The injector operation was done in split mode having a splitting ratio of 

1:50 with 240 °C temperature of injection. The temperature program of column started 

for one minute at 50 °C that changed at a rate of 15 °C/min to 150 °C. Then increased the 

temperature at the rate of 2.5 °C/min up to 175 °C for five minutes. There after further 

increased the temperature at a rate of 2.5 °C/minute to 220 °C holding constant for three 

minutes. The total time for elution was noted to be 43 minutes. The scanning of MS was 

done from mass/charge 85 to mass/charge 380. The software for GC-MS solutions was 
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used for controlling the system and for getting the data. Compounds were identified by 

comparing their mass spectra with standard mass spectra. 

3.6 Isolation of bioactive constituents 

Antinociceptive activity was carried out on the crude extract and subfractions; the 

fraction showed excellent results was targeted for isolation of compounds. 

                                   Pharmacological screening 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 2: Flow sheet diagram for isolation of pure compound from bioactive fraction.  
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3.6.1 Compounds isolation from chloroform fraction  

The chloroform fraction (bioactive fraction) was subjected to column chromatography 

which was eluted with pure n-hexane followed by gradient elution using ethyl acetate for 

increasing the polarity i.e 0.5 %, 1 %, 2 %, 5 %, 7.5 %, 10 % and so on to reach pure 

ethyl acetate followed by methanol-ethyl acetate combination having similar increase in 

the polarity. A total of 78 subfractions were collected, that were regrouped and among 

these regrouped fractions, 5 subfractions (C1-C5) were selected based upon their 

biological activity for isolation. These subfractions were again subjected to column 

chromatography for further isolation of bioactive components. 

 

 

 

 

Scheme 3.1: 78 subfractions obtained from chloroform fraction 

Base upon the TLC, these 78 subfractions were regrouped as: 

Table 3. 2: Regrouping of subfractions into groups on the basis of TLC 

S.No Subfractions combined Fraction obtained 

1 IC3, IC6, IC9, IC12, IC15, IC18 C1 (97 g) 

2 IC21, IC24, IC27, IC30, IC33, IC36, IC39, C2 (76 g) 

3 IC42, IC45, IC48 C3 (73 g) 

4 IC51, IC54, IC57,  C4 (61 g) 

5 IC60, IC63, IC66, IC69, IC72, IC75, IC78 C5 (53 g) 

 

3.6.2 Fraction C1 (97 g): This fraction was obtained from the chloroform fraction by 

gradient elution using ethyl acetate and n-hexane (55 %) that was further subjected to 

column chromatography. The compounds tagged as Ism-3 (200 mg) and Ism-8 (230 mg) 

was eluted using 5 % ethyl acetate: n-hexane.  
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3.6.3 Fraction C2 (76 g): This fraction was also obtained from the chloroform fraction 

by gradient elution using ethyl acetate and n-hexane (60, 65 and 70 %) and was further 

subjected to column chromatography. The compound tagged as Ism-7 (1.3 g) was eluted 

using 10 % ethyl acetate: n-hexane. 

3.6.4 Fraction C3 (73 g): This fraction was also obtained from the chloroform fraction 

by gradient elution using ethyl acetate and n-hexane (80 %) and was further subjected to 

column chromatography. The compound tagged as Ism-1 (2 g) was eluted using 15 % 

ethyl acetate: n-hexane. 

3.6.5 Fraction C4 (61 g): This fraction was also obtained from the chloroform fraction 

by gradient elution using ethyl acetate: n-hexane (90 %) and was further subjected to 

column chromatography. The compounds tagged as Ism-2 (400 mg) and Ism-6 (168 mg) 

were eluted using 20 % ethyl acetate: n-hexane. 

3.6.6 Fraction C5 (53 g): This fraction was also obtained from the chloroform fraction 

by gradient elution using ethyl acetate: n-hexane (95 and 100 %) and was further 

subjected to column chromatography. The compounds Ism-4 (360 mg) and Ism-5 (128 

mg) were eluted using 25 % ethyl acetate: n-hexane. 

Table 3. 3: Sample with relevant faction, quantity and activity status. 

S.No Sample Fraction/ Quantity Compound 

quantity 

Activity status 

1 Ism-1 C3 (73 g) 2 g Sufficent 

2 Ism-2 C4 (61 g) 400 mg Known 

3 Ism-3 C1 (97 g) 200 mg Known 

4 Ism-4 C5 (53 g) 360 mg Sufficent 

5 Ism-5 C5 (53 g) 128 mg Insufficient 

6 Ism-6 C4 (61 g) 168 mg Insufficient 

7 Ism-7 C2 (76 g) 1.3 g Sufficent 

8 Ism-8 C1 (97 g) 230 mg Known 
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3.7 Pharmacological screening 

3.7.1 Animals and ethical committee approval: Animals used, were Balb/C mice of 

either sex, 6-9 weeks old with weight 20-25 gm. They were obtained from animal house 

of Department of Pharmacy, University of Malakand, Chakdara, Dir Lower, KPK, 

Pakistan. They were maintained under standard conditions of laboratory and were fed 

standard food and water ad libitum. All the protocols of the experiment were approved by 

ethical committee of Department of Pharmacy (No: E-AM-01-2009), University of 

Malakand as per Bye Laws 2008 of the University of Malakand (Scientific Procedures 

Issue-I).  

3.7.2 Acute toxicity studies 

The crude methanolic extract, fractions and isolated compounds were tested for acute 

toxicity study as per standard protocol [124]. Balb/C mice were given (i.p) 10, 100 and 

1000 mg/kg of the crude extract and fractions and 25, 50, 100 mg/kg of the isolated 

compounds in phase first. While 1500, 2000, 2500 and 3000 mg/kg of the crude extract 

and fractions and 125, 250 and 500 mg/kg of the isolated compounds in phase second 

were given to the experimental animals. One group, given normal saline served as 

control. They were observed for 6 hours continuously for changes in the behavioural or 

autonomic responses followed by another examination after 24 hours. Any mortality for 

the next 14 days was also noted. 

3.7.3 Acetic acid induced writhing test 

The peripheral antinociceptive response is determined through acetic acid induced 

writhing test. Two groups of mice (n=6) for each sample were prepared and one each for 

control and standard. They were given 150 and 300 mg/kg of crude extract and 100 and 
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200 mg/kg of fractions (i.p) 30 min before the injection of 10 ml/kg of 1% acetic acid 

intraperitoneally. Negative control group was given 10 ml/kg of 2 % solution of Tween 

80 while positive control group was given 10 mg/kg of diclofenac sodium 

intraperitoneally to overnight fasting mice. Writhing and stretching number was noted 

and percent protection was determined from the data [125]. 

3.7.4 Thermal nociception (Tail immersion method) 

In order to determine the central antinociceptive response of the sample, each group of 

animals (n=6) were given different doses (150 and 300 mg/kg crude and 25 and 50 mg/kg 

of isolated compounds, i.p) 2 % Tween80 as a vehicle and 10 mg/kg of diclofenac 

sodium, 30 minutes prior to the immersion of the tail (3 cm) into hot water at a 

temperature of 55 ± 0.5 °C. To assist the possible involvement of opioid receptor, 

morphine (agonist) at a dose of 5 mg and naloxone (antagonist) at a dose of 2 mg were 

used. The time of reaction taken at 15, 30, 45, 60, 75 and 90 minutes after administration 

of sample were noted with a stopwatch [126]. A cut-off time of 30 s was maintained to 

minimize tissue damage. 

3.7.5 Formalin induced writhings test  

This test was carried out with in Balb/C mice using formalin. Two groups of each sample 

and one each for control and standard with n=6 were used. Different doses of 150 and 

300 mg/kg crude and 25 and 50 mg/kg of isolated compounds (i.p) were given to the pre 

labelled groups. 30 min after the treatment of test samples, 2.5 % formalin (20 μl) was 

injected (s.c) in mice hind paw. The time spent in licking the injected paw in early phase 

(0–5 min) and late phase (15–30 min) was recorded. Naloxone, opioid antagonist (2 
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mg/kg, i.p), morphine (5 mg/kg, i.p) and standard drug indomethacin (10 mg/kg) was also 

used [127]. 

3.7.6 Involvement of opioid receptor  

In order to investigate the involvement of opioid receptor in the antinociceptive action of 

the test samples, naloxone (i.p) treated animals were given the test samples (i.p). Two 

groups of each sample and one each for control and standard with n=6 were used. The 

antinociceptive response was recorded 30 min after test samples treatment using acetic 

acid assay [128]. 

3.7.7 Involvement of adrenergic receptors 

In order to find out the involvement of adrenergic system, the animals were given 1 

mg/kg i.p of yohimbine. After 15 minutes of yohimbine injection, they were given the 

test samples at a dose of 25 and 50 mg/kg i.p. 30 minutes after the injection of the 

samples, acetic acid was administered to the animals. Writhing and stretching number 

was noted and percent protection was determined from the data [129]. Two groups of 

each sample and one each for control and standard with n=6 were used. 

3.7.8 Involvement of dopaminergic receptors 

To find out the possible involvement of dopaminergic receptors, mice were grouped into 

two for each sample and one each for control and standard with n=6. They were given 

haloperidol (dopaminergic antagonist, i.p). After 15 min of this treatment, they were 

given the test samples (i.p) and then subjected to acetic acid test after 30 minutes. 

Writhing and stretching number was noted and percent protection was determined from 

the data [130].  



CHAPTER 03  METHODOLOGY 

43 

 

3.7.9 Involvement of ATP-sensitive K+ channel pathway  

In order to investigate the possible involvement of K+ channel, the mice were treated 

with glibenclamide (an ATP-sensitive K+ channel inhibitor) at a dose of 10 mg/kg, i.p. 

15 minutes after the administration of glibenclamide, they were given diclofenac sodium 

or test samples i.p. 30 minutes post treatment of diclofenac sodium or test samples, the 

mice were given acetic acid (0.6 %, i.p). Writhing and stretching number was noted for 

30 min, starting from 5 min post injection and percent protection was determined from 

the data [131]. 

3.7.10 Involvement of TRPA1 receptor in C-fibers  

In order to investigate the TRPA1 receptor in C-fibers, the animals were given the test 

samples i.p. After 30 min of this administration, they were given cinnamaldehyde (20 μl, 

10 nmol/paw prepared in saline) in the ventral surface of the right hind paw. After the 

injection of cinnamaldehyde each animal was observed for 5 minutes. Recorded the time 

spent in licking the injected paw and was considered as indicative of nociception. Control 

animals were given the vehicle (10 ml/kg i.p) [132]. 

3.8 Antioxidant activity 

3.8.1 DPPH radical scavenging assay: The antioxidant potential of crude extract and 

isolated compound was carried out through its scavenging ability of DPPH free radical. 

The test samples (40, 60, 80, 100 and 200 mg/ml for crude and 25, 50, 75, 100, 125 and 

150 μg/ml of isolated compound) were mixed with 1 ml solution of DPPH (90 μM) and 

made final volume up to 4 ml with methanol. After 1 hour the absorbance of test 

solutions and the blank was recorded at room temperature. Ascorbic acid served as 
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positive control. Each reading was taken in triplicate. Percent (%) scavenging of DPPH 

free radical was calculated as.  

% Scavenging = 100 × (Ablank _ Asample / Ablank) 

Where Ablank is absorbance of control, Asample is the absorbance of the test sample.  

IC50 values, which represented the concentration of test sample that caused 50 % 

neutralization of DPPH radical, were calculated from the plot of inhibition percentage 

against concentrations [133]. 

3.8.2 ABTS free radical scavenging assay: The antioxidant potential of methanolic 

extract and the isolated compounds was also evaluated against ABTS free radical [134]. 

This is dependent on the potential of antioxidants to scavenge ABTS radical cation 

causing a reduction in absorbance at 734 nm. Shortly, K2S2O4 solution (2.45 mM) was 

mixed with ABTS (7 mM) solution. This mixture was then kept at room temperature for 

about 14 hours in dark which gave a dark color solution having cation radical of ABTS. 

The cation radical solution of ABTS was then diluted with 0.01 M phosphate buffer of 

pH 7.4 in order to adjust the absorbance 0.70 at 734 nm. ABTS solution (3 ml) was 

mixed with 300 μl of test sample to determine the radical scavenging potential of the test 

samples. Reduction in absorbance was determined through spectrophotometer after one 

minute of the solutions mixing and continued for six minutes. Ascorbic acid served as 

positive control. All the readings were taken in triplicate. Percentage scavenging was 

calculated as: 

% scavenging effect  =  control absorbance - sample absorbance ×100 

      control absorbance 

 

Antioxidant potential was expressed as percent inhibition and as IC50 (Test sample 

concentration required for 50 % reduction of ABTS radicals). 
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3.9 Enzyme inhibition 

3.9.1 In-vitro lipoxygenase inhibition activity: The lipoxygenase activity of the crude 

extract, subfractions and isolated compounds was carried out through spectrophotometric 

method with a bit modification. Inhibition was determined by measuring the loss of 

soybean 15-LOX activity (5 μg) with 0.2 μM linoleic acid as the substrate prepared in 

borate buffer (0.2 M, pH 9.0). The inhibition in triplicate at various concentrations 62.5, 

125, 250, 500 and 1000 µg/ml for the samples (crude extract, subfractions and isolated 

pure compounds) was recorded at 234nm using UV Visible spectrophotometer. 

Indomethacin and quercetin were used as positive control, while methanol was used as 

negative control. IC50 indicating the concentration of 50 % inhibition was also calculated 

[135]. 
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            4. RESULTS AND DISCUSSION 

4.1 Preliminary phytochemical screening 

Standard protocols were followed for the detection of alkaloids, carbohydrates, 

flavonoids, glycosides, proteins, saponins, tannins and terpenoids. The results of 

respective tests are given in Table 4.1. 

Table 4. 1: Results of preliminary phytochemical screening of A. macrocephala. 

 

TESTS PERFORMED OBSERVATIONS RESULTS 

Alkaloids 
Turbidity or colored precipitates 

formation 
Positive 

C
a
rb

o
h

y
d

ra
te

s 

Benedict’s test Reddish brown precipitate 

Positive 

Fehling’s test 
Brick red precipitate of cuprous 

oxide 

Flavonoids 
Yellow color solution converted 

to colorless upon acid addition 
Positive 

Glycoside Oxidation to anthraquinones Negative 

P
ro

te
in

s Millons test 
White precipitate formed, which 

on slow heating changed into red 
 

Positive 
Ninhydrin test 

Appearance of violet color 

confirmed amino acids and 

proteins presence 

S
a
p

o
n

in
s 

Frothing test 
Froth formation confirmed 

saponin presence  

Positive Emulsification 

test 

A stable emulsion formation 

indicated the presence of saponin 

Tannins 
A brownish-green or bluish-

black color formation 
Positive 

Terpenoids 
A reddish brown coloration 

formed in the interface 
Positive 
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A. macrocephala showed positive results for alkaloids, carbohydrates, flavonoids, 

saponins, terpenoids, protein and tannins while negative for glycosides. It has been 

reported that antioxidant activity, analgesic and cytotoxic antitumour activity [136-137] 

is due to flavonoids. While saponins are responsible for anti-inflammatory [138], 

antispasmodic [139], antidiabetic, anticancer [140], antioxidant [141], anthelmintic and 

cytotoxic activities [142]. 

So it is assumed that the flavonoids and saponins of A. macrocephala are responsible for   

antioxidant, cytotoxic, anti-inflammatory, antispasmodic, antidiabetic, anticancer and 

anthelmintic activities as the crude extract and its fractions showed positive result for the 

flavonoids and saponins. 

4.2 Essential oils 

The essential oils were analyzed through GC/MS and the detailed report of oils of A. 

macrocephala data is given in Table 2 and Figure 5. Previously various components have 

been isolated from the oils of A. macrocephala. These include propionic acid, acetic acid, 

enanthic acid and isovaleric acid. The oils also contain camphene, α-pinine, β-pinine, 

limonene, p-cymene, borneol, 1,8-cineole and camphor [143]. An attempt was done to 

explore the additional components of the oils of A. macrocephala and the data is shown 

in table 3 that reported that α-thujone, 3-thujanone and cineol were present in major 

quantity having 56.24, 11.73 and 10.76 % respectively. Whereas 1-terpinen-4-ol, 

alcanfor, sabinene and o-cymene were present at 5.46, 3.94, 3.84 and 2.38 % 

respectively. Apart from these components other are α-phellandrene, α-pinene, 3-carene, 

n-octyl acetate, trans-nerolidol and β-farnesene etc. It is reported that oils of different 

plants showed antioxidant, antifungal, anti-carcinogenic [144], insecticidal and 
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antibacterial activity [145]. Hence, the antioxidant activity may be attributed to the 

presence of these constituents. 

Table 4. 2: GC/MS report for analysis of essential oils of A. macrocephala. 

 

 

 

 

 

 

             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.No.   Name of constituents    Retention  time     Area Conc.% 

1 α-Phellandrene 8.614 13042 0.09 

2 α-Pinene 8.891 17076 0.12 

3 Camphene  9.568 51948 0.37 

4 Sabinene 10.591  533038 3.84 

5 β-Pinene 10.774 13678          0.1 

6 β-Myrcene 11.392  15785 0.11 

7 (+)-4-Carene 12.609  75125  0.54 

8 o-Cymene 12.981 330695 2.38 

9 Cineole 13.333 1494375 10.76 

10 3-Carene 14.598 177870 1.28 

11 Terpinolene 15.901  23296 0.17 

12 β-Linalool 16.771  11748 0.08 

13 3-Thujanone 16.967 1628020 11.73 

14 α-Thujone 17.535 7807434 56.24 

15 Alcanfor 18.512 546646 3.94 

16 1-Terpinen-4-ol 19.578  758210 5.46 

17 p-menth-1-en-8-ol 20.003  54360  0.39 

18 n-Octyl acetate 20.408 1079 0.01 

19 p-Anisaldehyde 21.358 3546 0.03 

20 alpha-Citral 21.418  121889 0.88 

21 Bornyl acetate 20.077  28392 0.2 

22 p-Menth-1-en-8-ol, acetate 23.255  15475 0.11 

23 Caryophyllene 24.571 46636 0.34 

24 beta-Farnesene 24.973 8569 0.06 

25 Germacrene D 25.517 60629  0.44 

26 gamma-Elemene 25.733  30959 0.22 

27 trans-Nerolidol 26.562  4575 0.03 

28 (Z,E)-Farnesol 28.632  1546 0.01 

29 1S-alpha-Pinene 32.601 2597  0.02 

30 p-Cimene 32.958  3441 0.02 

31 2-Furanmethanol 32.525 2182 0.02 
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Figure 4. 1: GC/MS spectrum of essential oils of A. macrocephala. 

4.3 Isolation of compounds 

The chloroform fraction which was subjected to gravity column chromatography yielded 

eight compounds. These included 5,7-dihydroxy-2-(3-hydroxy-4,5-dimethoxyphenyl)-6-

methoxy-4H-chromen-4-one (Ism-1), 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-

chromen-4-one (Ism-2), sugar alcohol (Ism-3), 2-(3,4-dimetoxyphenyl)-5,7-dihydroxy-6-

metoxy-4H-chromen-4-one (Ism-4), 5,7-dihydroxy-2-(3-hydroxy-4,5-dimethoxyphenyl)-

4H-chromen-4-one (Ism-5), 5-hydroxy-7-methoxy-2-(4-methoxy phenyl)-4H-chromen-
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4-one (Ism-6), (3S,3aS,5aR,9bS) -3,3a,5a,9-tetramethyl- 3a,4,5,5a, 7,8-

hexahydronaphtho[1,2-b]furan-2,6(3H,9bH)-dione (Ism-7) and 17-(5-Ethyl-6-

methylheptan-2-yl)-10,13-dimethyl-2,3,4,7,8,9,11,12,14,16,17-dodecahydro-1H-

cyclopenta[a]phenanthren-3-ol (Ism-8). 

4.3.1 Physical and spectroscopic data of isolated compounds  

4.3.2 Compound Ism-1: The subfraction (C3) was subjected to column chromatography 

for the isolation and purification of compound by eluting with 15% (ethyl acetate: n-

hexane) and gave compound Ism-1. TLC plate was used for examining the purity of the 

compound and visualized under UV lamp. Further spectral data lead to the confirmation 

of the compound as a flavonoid derivative as 5,7-dihydroxy-2-(3-hydroxy-4,5-

dimethoxyphenyl)-6-methoxy-4H-chromen-4-one. 

Table 4. 3: Spectroscopic data of compound Ism-1 

S # Parameter Observation 

1 IUPAC Name 5,7-dihydroxy-2-(3-hydroxy-4,5-

dimethoxyphenyl)-6-methoxy-4H-chromen-4-one 

2 Mol. Formula C18H16O8 

3 Molecular weight 360.31 g/mol 

4 Physical state pale yellow amorphous powder 

5 Chemical nature Flavonoid 

6 IR (KBr, cm
-1

) 3394, 3267, 1652, 1511 

7 UV λMeOH max nm 340 and 346. 

8 EI MS 360 (M
+
 ), 342,  317, 69 

9 
1
H-NMR(500 MHz, acetone d6) δ 13.13  (s, H-5/OH), 7.21 (br s, 2H, , H-6’/H-2’),  

6.70 (s, 1H, H-2), 6.64 (s, 1H, H-8),  3.98 (s, 3H, 

H-5’/OCH3), 3.87 (s, 3H, H-4’/OCH3), 3.86 (s, 

3H, H-6/OCH3) 

10 UV λMeOH max nm 340 and 346 
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Figure 4. 2: Mass spectrum of sample Ism-1 

Figure 4. 3: 1 H NMR spectrum of sample Ism-1 



CHAPTER 04  RESULTS AND DISCUSSION 

52 

 

Figure 4. 4: NOESY spectrum of sample Ism-1 

 

Figure 4. 5: COSY spectrum of sample Ism-1 
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Figure 4. 6: HMBC spectrum of sample Ism-1 

 

Figure 4. 7: HSQC spectrum of sample Ism-1 
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4.3.3 Compound Ism-2 

The subfraction (C3) was subjected to column chromatography for the isolation and 

purification of compound by eluting with 20% (ethyl acetate: n-hexane) and gave 

compound Ism-2. TLC plate was used for examining the purity of the compound and 

visualized under UV lamp. Further spectral data lead to the confirmation of the compound 

as a flavonoid derivative as 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one. 

Table 4. 4: Spectroscopic data of compound Ism-2 

S # Parameter Observation 

1 IUPAC Name 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-

chromen-4-one 

2 Mol. Formula C15H10O7   

3 Molecular weight 302.236 g/mol 

4 Physical state Slight yellow powder 

5 Chemical nature Flavonol 

6 IR (KBr, cm
-1

) 3500, 1662, 1614, 1512 

7 Melting point 316 °C 

8 UV (AlCl3+MeOH): λmax (log ε) 484 (2.86), 272(2.79) 

9 ESI-MS: m/z 300.9 [M-H]-, 602.6 [2M-H] 

10 1H-NMR(500 MHz, MeOD) 

 

δ  6.18 (1H, d, J = 2.0 Hz, H-6), 6.39 (1H, d, J = 

2.0 Hz, H-8), 6.88 (1H, d, J = 8.3 Hz, H-5’), 

7.62 (1H, dd, J = 8.3; 2.1 Hz, H-6’), 7.74 (1H, d, 

J = 2.1 Hz, H-2’) 
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Figure 4. 8: Mass spectrum of sample Ism-2 

Figure 4. 9: 1 H NMR of sample Ism-2 
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Figure 4. 10: NOESY spectrum of sample Ism-2 

 

 

Figure 4. 11: COSY spectrum of sample Ism-2 
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Figure 4. 12: HMBC spectrum of sample Ism-2 

 

Figure 4. 13: HSQC spectrum of sample Ism-2 
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4.3.4 Compound Ism-3 

The subfraction (C3) was subjected to column chromatography for the isolation and 

purification of compound by eluting with 5% (ethyl acetate: n-hexane) and gave 

compound Ism-3. TLC plate was used for examining the purity of the compound and 

visualized under UV lamp. Further crystal data lead to the confirmation of the compound 

as (2R,3R,4R,5R)-1,2,3,4,5,6-Hexanehexol. 

Table 4. 5: Crystal data of compound Ism-3 

Chemical formula C6H14O6 

Mr 182.17 

Crystal system, space group Monoclinic, P21  

Temperature (K) 296 

a, b, c (Å) 4.9151 (4), 18.21.1 (16),5.0946 (4)  

β (°) 118.576 (5) 

V (Å
3
) 400.44 (6)  

Z 2 

Radiation type MoKα  

µ (mm
−1

) 0.14 

Data collection 

Diffractometer                                       Bruker Apex II Diffractometer 

No. of measured, independent and 

observed [I>2ζ(I)] reflections 

2705, 1657, 1638  

Rint 0.019 

(sin θ/λ)max (Å
−1

) 0.644 

Refinement 

R[F
2
 > 2ζ(F

2
)], wR(F

2
), S 0.062, 0.153, 1.18 

No. of reflections 1657 

No. of parameters 115 
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No. of restraints 1 

H-atom treatment H-atom parameters constrained 

Δρmax, Δρmin (e Å
−3

) 0.30–0.29 

Absolute structure Flack x determined using 713 quotients [(I+)-(I-

)]/[(I+)+(I-)] (Parsons, Flack and Wagner, Acta 

Cryst. B69 (2013) 249-259). 

Absolute structure parameter 1.2 (5) 

 

Figure 4. 14: XRD structure of compound Ism-3 
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Figure 4. 15: 1 H NMR spectrum of sample Ism-3 
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4.3.5 Compound Ism-4 

The subfraction (C3) was subjected to column chromatography for the isolation and 

purification of compound by eluting with 25% (ethyl acetate: n-hexane) and gave 

compound Ism-4. TLC plate was used for examining the purity of the compound and 

visualized under UV lamp. Further spectral data lead to the confirmation of the 

compound as a flavonoid derivative as 2-(3,4-dimetoxyphenyl)-5,7-dihydroxy-6-metoxy-

4H-chromen-4-one. 

Table 4. 6: Spectroscopic data of compound Ism-4 

S # Parameter Observation 

1 IUPAC Name 2-(3,4-dimetoxyphenyl)-5,7-dihydroxy-6-

metoxychromen-4-one 

2 Mol. Formula C18H16O7 

3 Molecular weight 344 

4 Physical state Pale yellow amorphous powder 

5 Chemical nature Flavone derivative    

6 UV λMeOH max nm 342 and 347 

7 EI MS m/z (%)  344 (M
+
 ), 329, 326,  301 

8 1H-NMR(CD3OD, 500MHz) δ 7.59 (d, 1H, J6’,5’ = 8.0 Hz, H-6’),  7.10 (br s, 1H, 

H-2’), 7.09 (d, 1H, J5’,6’ = 8.0 Hz, H-5’), 6.63 (s, 

1H, H-2), 6.52 (s, 1H, H-8),  3.92 (s, 3H, H-

4’/OCH3), 3.90 (s, 3H, H-3’/OCH3), 3.86 (s, 3H, H-

6/OCH3) 

9 IR (KBr, Cm
-1

)  3391, 3263, 1659, 1519. 
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Figure 4. 16: Mass spectrum of sample Ism-4 

 

Figure 4. 17: 1 H NMR spectrum of sample Ism-4 
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Figure 4. 18: NOESY spectrum of sample Ism-4 

 

Figure 4. 19: COSY spectrum of sample Ism-4 
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Figure 4. 20: HMBC spectrum of sample Ism-4 

 

Figure 4. 21: HSQC spectrum of sample Ism-4 

 



CHAPTER 04  RESULTS AND DISCUSSION 

65 

 

4.3.6 Compound Ism-5 

The subfraction (C3) was subjected to column chromatography for the isolation and 

purification of compound by eluting with 25 % ethyl acetate: n-hexane and gave 

compound Ism-5. TLC plate was used for examining the purity of the compound and 

visualized under UV lamp. Further spectral data lead to the confirmation of the 

compound as a flavonoid derivative 7-hydroxy-2-(3-hydroxy-4,5-dimethoxy phenyl)-4H-

chromen-4-one. 

Table 4. 7: Spectroscopic data of compound Ism-5 

S # Parameter Observation 

1 IUPAC Name 7-hydroxy-2-(3-hydroxy-4,5-dimethoxy phenyl)-

4H-chromen-4-one 

2 Mol. Formula C17H14O6 

3 Molecular weight 314.29 

4 Physical state Amorphous powder 

5 Chemical nature Flavonoid 

10 EI MS m/z (%) 330 (M
+
), 315. 

11 1H-NMR(300 MHz, acetone-d6) δ 12.89 (s, 1H, H-5/OH), 7.20 (s, 2H, H-2’/H-6’),  

6.68 (br s, 1H, H-3), 6.53 (d, 1H, J8,6 = 2.0 Hz, H-

8), 6.24 (d, 1H, J6,8 = 2.0 Hz, H-6), 3.97 (s, 3H, H-

3’/OCH3), 3.85 (s, 3H, H-4’/OCH3) 
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Figure 4. 22: Mass spectrum of sample Ism-5 

Figure 4. 23: 1 H NMR spectrum of sample Ism-5 
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Figure 4. 24: NOESY spectrum of sample Ism-5 

 

Figure 4. 25: COSY spectrum of sample Ism-5 
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Figure 4. 26: HMBC spectrum of sample Ism-5 

 

Figure 4. 27: HSQC spectrum of sample Ism-5 
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4.3.7 Compound Ism-6 

The subfraction (C3) was subjected to column chromatography for the isolation and 

purification of compound by eluting with 20% ethyl acetate: n-hexane and gave 

compound Ism-6. TLC plate was used for examining the purity of the compound and 

visualized under UV lamp. Further spectral data lead to the confirmation of the 

compound as a flavonoid derivative 5-hydroxy-7-methoxy-2(4-methoxy phenyl)-4H-

chromen-4-one. 

Table 4. 8: Spectroscopic data of compound Ism-6 

S # Parameter Observation 

1 IUPAC Name 5-hydroxy-7-methoxy-2-(4-methoxy phenyl)-4H-

chromen-4-one 

2 Mol. Formula C17H14O5 

3 Molecular weight 298.29 

4 Physical state Amorphous powder 

5 Chemical nature Flavonoid 

6 EI MS m/z (%) 284 (M
+
), 255. 

7 1H-NMR(500 MHz, acetone-d6)   δ 12.98 (s, 1H, H-5/OH), 7.96 (d, 2H, J2’,3’/6’,5’ = 

8.0 Hz, H-2/H-6), 7.03 (d, 2H, J3’,2’/5’,6’ = 8.0 Hz, 

H-3/H-5), 6.68 (s, 1H, H-3), 6.66 (d, 1H, J8,6 = 2.0 

Hz, H-8), 6.32 (d, 1H, J6,8 = 2.0 Hz, H-6), 3.92 (s, 

3H, H-4’/OCH3) 
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Figure 4. 28: Mass spectrum of sample Ism-6 

Figure 4. 29: 1 H NMR spectrum of sample Ism-6 
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Figure 4. 30: NOESY spectrum of sample Ism-6 

 

Figure 4. 31: COSY spectrum of sample Ism-6 
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Figure 4. 32: HMBC spectrum of sample Ism-6 

 

Figure 4. 33: HSQC spectrum of sample Ism-6 
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4.3.8 Compound Ism-7 

The subfraction (C3) was subjected to column chromatography for the isolation and 

purification of compound by eluting with 10% (ethyl acetate: n-hexane) and gave 

compound Ism-7. TLC plate was used for examining the purity of the compound and 

visualized under UV lamp. Further spectral data lead to the confirmation of the 

compound as (3S,3aS,5aR,9bS)-3,5a,9-trimethyl-3a,4,5,5a,7,8-hexahydronaphtho[1,2-

b]furan-2,6(3H,9bH)-dione. 

Table 4. 9: Spectroscopic data of compound Ism-7 

S # Parameter Observation 

1 IUPAC Name (3S,3aS,5aR,9bS)-3,5a,9-trimethyl-3a,4,5,5a,7,8-

hexahydronaphtho[1,2-b]furan-2,6(3H,9bH)-dione 

2 Mol. Formula C15H20O3 

3 Molecular weight 248.3 

4 Physical state Colorless needle 

5 Chemical nature Sesquiterpene 

6 Melting point 119-120 ºC 

7 EI-MS(m/z) 248 [M] + 

8 1H-NMR(CD3OD, 400MHz) δ: 4.81 (dd, 1H, J1 1.0 Hz, J2 11.0 Hz, H6), 2.64 

(m, 1H, H11), 2.61 (m, 1H, H2β), 2.47 (m, 1H, 

H2α), 2.39 (m, 1H, H3β), 2.34 (m, 1H, H3α), 2.17 

(m, 1H, H7), 1.94 (s, 3H, H15), 1.84 (m, 1H, H9β), 

1.81 (m, 1H, H8α), 1.66 (m, 1H, H8β), 1.51 (m, 

1H, H9α), 1.30 (s, 3H, H14), 1.19 (d, 3H, J 7.5 Hz, 

H13) 
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Figure 4. 34: Mass spectrum of sample Ism-7 

Figure 4. 35: 1 H NMR spectrum of sample Ism-7 



CHAPTER 04  RESULTS AND DISCUSSION 

75 

 

Figure 4. 36: XRD structure of isolated compound Ism-7.  
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4.3.9 Compound Ism-8 

The subfraction (C3) was subjected to column chromatography for the isolation and 

purification of compound by eluting with 5% (ethyl acetate: n-hexane) and gave 

compound Ism-8. TLC plate was used for examining the purity of the compound and 

visualized under UV lamp. Further spectral data lead to the confirmation of the 

compound as a phytosterol, 17-(5-Ethyl-6-methylheptan-2-yl)-10,13-dimethyl-

2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[a]phenanthren-3-ol. 

Table 4. 10: Spectroscopic data of compound Ism-8 

S # Parameter Observation 

1 IUPAC Name 17-(5-Ethyl-6-methylheptan-2-yl)-10,13-dimethyl-

2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-

cyclopenta[a]phenanthren-3-ol. 

2 Mol. Formula C29H50O 

3 Molecular weight 414.7067 g/mol 

4 Physical state white, waxy powder 

5 Chemical nature phytosterol 

6 IR (KBr, Cm
-1

) 3373.6, 2940.7, 2867.9, 1641.6, 1457.3, 1381.6, 

1038.7, 881.6  

7 Melting point 136 to 140 °C 

8 UV λ CHCl3 max nm 220 

9 ESI-MS: m/z 437 [M+Na]+ 

10 1H-NMR(500 MHz, CDCl3) δ (ppm) = 0.74 (1H, s, H-18), 0.87 (1H, d, J = 6.9 

Hz, H-27), 0.88 (1H, d, J = 6.9 Hz, H-26), 0.89 

(1H, t, J = 7.4 Hz, H-29), 0.93 (1H, d, J = 6.5 Hz, 

H-21), 0.97 (1H, m, H-24), 0.98 (1H, m, H-9), 1.04 

(1H, m, H-14), 1.06 (1H, s, H-19), 1.07 (1H, m, H-

22b), 1.11 (1H, tm, J = 11.2 Hz, H-15b), 1.13 (1H, 

m, H-1b), 1.16 (1H, t, J = 10.0 Hz, H-17), 1.21 (1H, 
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m, H-23), 1.21 (1H, m, H-12b), 1.30 (1H, m, H-

16b), 1.31 (1H, m, H-28), 1.36 (1H, m, H-22a), 

1.40 (1H, m, H-20), 1.50 (1H, qd, J = 10.8; 4.6 Hz, 

H-11b), 1.50 (1H, m, H-7), 1.55 (1H, m, H-11a), 

1.56 (1H, m, H-2b), 1.63 (1H, m, H-15a), 1.71 (1H, 

m, H-25), 1.88 (1H, m, H-2a), 1.89 (1H, m, H-16a), 

1.90 (1H, m, H-1a), 2.03 (1H, td, J = 12.1; 2.4 Hz, 

H-8), 2.06 (1H, dt, J = 12.8; 3.6 Hz, H-12a), 2.30 

(1H, td, J = 11.0; 2.0 Hz, H-4b), 2.34 (1H, ddd, J = 

13.0; 5.0; 2.0 Hz, H-4a), 3.58 (1H, tt, J = 11.3; 5.3 

Hz, H- 3), 5.40 (1H, dd, J = 5.2; 2.3 Hz, H-6); 
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Figure 4. 37: Mass spectrum of sample Ism-8 

Figure 4. 38: 1 H NMR spectrum of sample Ism-8 
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4.4 Pharmacological activities 

4.4.1 Acute toxicity: The crude methanolic extract and subfractions at a highest dose of 

3000 mg/kg body weight and isolated pure compound at 500 mg/kg body weight showed 

no adverse effect on the behavioral responses in the tested mice for 14 days observation. 

No mortality or weight change observed. The mice were sacrificed for checking the gross 

anatomy of liver and kidney, anyhow, no significant changes were observed when 

compared to normal. Therefore, the dose considered to be safe for various activities in 

animal models is given in the Table 4.11. 

            Table 4. 11: Dose for crude extract, fraction and pure compound. 

S.No Sample Dose 

1 Crude extract 300 mg/kg 

2 Chloroform fraction 200 mg/kg 

3 Ethyl acetate fraction 200 mg/kg 

4 n-butanol fraction 200 mg/kg 

5 Pure compound 50  mg/kg 
 

 

4.4.2 Antinociceptive activity 

The effect of crude extract, fractions and pure isolated compounds were tested in animal 

models for analgesic response through various methods. 

4.4.2.1 Acetic acid induced writhing 

The acetic acid test is implicated for the determination of peripheral activity. In 

performing the acetic acid induced writhing test for the determination of antinociceptive 

affect, the samples showed a significant effect in a dose dependant manure. The crude 

methanolic extract , chloroform and ethyl acetate fraction showed a dose dependent 

response and significantly inhibited the acetic acid induced writings with a maximum 

value of 62.64 % (P<0.01, n=6), 71.88 % (P<0.001, n=6), and 66.93 % (P<0.001, n=6), 
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respectively as shown in Table 4.12. Whereas, rest of the fractions showed no prominent 

activity (data not shown). All the results were compared to the standard (diclofenac 

sodium, 10 mg/kg) with 84.96 % response. From the results, it is observed that maximum 

response was shown by the chloroform fraction which may be due to potential 

phytochemicals like flavonoids, alkaloids and glycosides. 

Table 4. 12: Acetic acid induced analgesic activity of the samples.  

Treatment/Dose  No: of  writhing % inhibition 

Control (2 % Tween 80) 67.59 ± 1.02 --- 

Crd                       150mg 

                              300mg 

31.63±1.25
**

 53.20 

25.25±1.05
**

 62.64 

Chf                        100mg 

                              200mg 

27.25±1.20
**

 59.68 

19.00 ± 1.35
***

 71.88 

EtOA                    100mg 

                              200mg 

28.45±1.15
**

 57.90 

22.35±1.20
***

 66.93 

Diclofenac sodium (10 mg) 10.16±0.70
***

 84.96 

         
All the values were expressed as mean ±SEM (n=6). 

**
P<0.01, 

***
P<0.001 when compared to control group 

(one way ANOVA followed by Dunnetts: compare all vs control test). 
          Key: Crd = crude methanolic extract, Chf = chloroform fraction, EtOA = ethyl acetate fraction 

4.4.2.2 Formalin test 

Formalin test is used for continuous moderate pain. It is a valid model for pain 

determination in animal model. After the administration of the crude extract and its 

subfractions to the animals treated with formalin, it showed a dose dependant response 

and significantly inhibited both the phases. The crude extract (300 mg/kg), chloroform 

and ethyl acetate fraction (200 mg//kg) significantly inhibited the 1
st
 phase with 37.93 % 

(
**

P<0.01, n=6), 51.34% (
***

P<0.001, n=6) and 45.33 (
**

P<0.01, n=6) respectively. 

Similarly in 2
nd

 phase the crude methanolic, chloroform and ethyl acetate fraction 

exhibited 56.87 % (
***

P<0.001, n=6), 73.54 % (
***

P<0.001, n=6) and 66.63 % (
**

P<0.01, 

n=6) response respectively. While rest of the fractions showed no any prominent 

response (data not shown).  
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Animals treated with morphine (5 mg) inhibited significantly both the phases with 86.86 

% (
***

P<0.001, n=6) and 96.11 % (
***

P<0.001, n=6) for first phase and second phase 

respectively as shown in Table 4.13.  

Indomethacin (10 mg/kg) mildly inhibited the first phase with 20.38 % (
***

P<0.001, n=6) 

and significantly inhibited the second phase with 74.08 % (
***

P<0.001, n=6). 

           Table 4. 13: Formalin-induced paw-licking response.  

Treatment/Dose 
Licking time (Sec)   Inhibition (%) 

1st Phase 2nd Phase 1st Phase 2nd Phase 

Control (2 % Tween 80) 50.03 ± 1.63 72.00 ± 1.30 ---- ---- 

Crd                  150 mg 

                         300 mg 

34.22±1.12
**

 37.25±1.619
**

 31.60 48.26 

31.05±1.125
**

 31.05±1.668
***

 37.93 56.87 

Chf                   100 mg 

                         200 mg 

28.25±1.65
**

 30.50±1.425
**

 43.53 57.63 

24.34±1.411
***

 19.05±1.039
***

 51.34 73.54 

EtOA               100 mg 

                         200 mg 

28.96±1.55
**

 30.95±1.441
***

 42.11 57.01 

27.35 ±1.05
**

 24.02 ±1.95
**

 45.33 66.63 

Indomethacin  (10 mg) 39.83±1.55
**

 18.66±1.542
***

 20.38 74.08 

Morphine (5 mg) 6.41±1.165
***

 2.83±1.260
***

 86.86 96.11 

          
All the values were expressed as mean ± SEM (n=6). 

**
P<0.01 and 

***
P<0.001 when compared to control 

group (one way ANOVA followed by Dunnetts: compare all vs control test). 

               Key: Crd = crude methanolic extract, Chf = chloroform fraction, EtOA = ethyl acetate fraction.  

 

4.4.2.3 Thermal nociception (Tail immersion) test  

This test is performed for finding out the central analgesic response. It is clear from the 

result that fractions chloroform and ethyl acetate (200 mg/kg) and standard morphine 

significantly increased the latency time and attain a maximum response of 82.23 % 

(
**

P<0.01, n=6), 70.53 % (
***

P<0.001, n=6) and 85.07 % (
**

P<0.01, n=6) respectively at 

60 min. From the results it is clear that the chloroform fraction exhibited an activity 

resembling more to that of morphine, giving an idea towards the involvement of central 

mechanism. Therefore, a non-selective opioid antagonist (naloxone) was used to find out 

the possible involvement of opioid receptor. 
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Table 4. 14: Tail flick method data of crude extract and subfractions. 

 

Treatment/Dose 
Time in Sec (Tail Flick)/ Response (%) 

15 min 30 min 45 min 60 min 75 min 90 min 

Control (2 % 

Tween 80) 
0.79±0.035 0.89±0.025 0.97±0.027 0.94±0.036 0.87±0.027 0.93±0.045 

Crd     150 mg 

            300 mg 

0.97±0.130 

(18.55%) 

1.24±0.124* 

(28.22%) 

1.69±0.139** 

(42.60%) 

2.10±0.122** 

(55.23%) 

2.34±0.134** 

(62.82%) 

2.05±0.124** 

(54.63%) 

1.09±0.130* 
(27.52%) 

1.40±0.121* 
(36.42 %) 

1.92±0.129** 
(49.47%) 

2.77±0.130** 
(66.06%) 

3.18±0.165*** 
(72.64%) 

3.03±0.140*** 
(69.30%) 

Chf      100 mg 

             200 mg 

1.10±0.995* 

(28.18%) 

1.35±0.399* 

(34.07%) 

1.98±0.236** 

(51.01%) 

3.37±0.220** 

(72.10%) 

3.75±0.213*** 

(76.80%) 

3.31±0.237*** 

(71.90%) 

1.16±0.029* 
(31.89%) 

1.41±0.021* 
(36.87%) 

2.10±0.042** 
(53.80%) 

5.29±0.060*** 
(82.23%) 

4.33±0.041*** 
(79.90%) 

4.47±0.057*** 
(79.19%) 

EtOA 100 mg 

           200 mg 

1.04±0.214* 

(24.03%) 

1.29±0.241* 

(31.00%) 

1.87±0.361** 

(48.12%) 

3.10±0.421** 

(69.67%) 

3.38±0.302*** 

(74.26%) 

2.76±0.280*** 

(66.30%) 

1.10±0.201* 
(28.18%) 

1.33±0.202* 
(33.08%) 

1.91±0.350** 
(49.21%) 

3.19±0.435** 
(70.53%) 

3.30±0.313*** 
(73.63%) 

2.79±0.291*** 
(66.66%) 

Morphine  5 mg 
1.52 ±0.024 

(48.02%) 

2.03 ±0.066 

(56.15%) 

3.89±0.038 

(75.06%) 

6.30±0.054 

(85.07%) 

4.40±0.050 

(80.22%) 

4.30±0.074 

(78.37%) 

N +Crd     150 mg                                                

                  300 mg 

0.79±0.108 0.95±0.044 0.99±0.045 0.99±0.064 0.95±0.026 0.81±0.042 

0.84±0.046 0.98±0.031 1.14±0.047 0.99±0.035 0.96±0.051 0.92±0.034 

N + Chf    100 mg                                                

                  200 mg 

0.93±0.048 0.92±0.036 1.10±0.031 1.10±0.047 0.90±0.038 0.93±0.061 

0.87±0.037 0.91±0.065 1.50±0.049 0.99±0.038 0.89±0.029 0.95±0.044 

N + EtOA 100 mg                                                

                  200 mg 
0.89±0.033 0.93±0.051 1.20±0.051 1.11±0.034 0.91±0.061 0.90±0.056 

0.85±0.037 0.90±0.065 0.99±0.049 1.12±0.038 0.91±0.029 0.99±0.044 

Morphine  (5 mg) 

+ N (2 mg) 

0.77±0.022 

 

0.87±0.036 

 

0.94±0.040 

 

0.91±0.034 

 

0.91±0.030 

 

0.91±0.042 

 

 

All the values were expressed as mean ±SEM (n=6). 
**

P<0.01 and 
***

P<0.001 when compared to control group (one 

way ANOVA followed by Dunnetts: compared all vs control test). 

Key: Crd = crude methanolic extract, Chf = chloroform fraction, EtOA = ethyl acetate fraction, N = Naloxone 2 mg. 

 

4.4.2.4 Acetic acid induced writhing of isolated compounds 

Since the chloroform fraction exhibited an excellent inhibitory response, therefore, the 

isolated compounds were tested for its analgesic response and to determine the possible 

involved mechanism/receptor. In acetic acid induced writhing essay Ism-1 and Ism-4 

showed a significant inhibitory response. Both of them significantly inhibited the acetic 

acid induced writings with a maximum value of 74.84 % (P<0.001, n=6), 62.64 % 

(P<0.01, n=6) at 50 mg/kg respectively as shown in Table 4.15. Whereas, Ism-7 showed 

a moderate response that hardly crossed the EC50 value with result 52.13 % (P<0.01, n=6) 
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at 50 mg. All the results were compared to the standard (diclofenac sodium, 10 mg/kg) 

with 84.96 % response.  

Table 4. 15: Acetic acid induced writhing response of pure compounds. 

Treatment/Dose Number of  writhing % inhibition 

Control (2 % Tween 80) 67.59 ± 1.02 --- 

Diclofenac sodium (10 mg) 10.16 ± 2.02 84.96 

Ism-1                  25 mg 

                            50 mg 

25.30 ± 1.20
**

 62.56 

17.00 ± 1.35
***

 74.84 

Ism-4                  25 mg 

                            50 mg 

31.63 ± 1.25
**

 53.20 

25.25 ± 1.05
**

 62.64 

Ism-7                  25 mg 

                            50 mg 

52.93 ± 1.25
**

 21.68 

32.35 ± 0.95
**

 52.13 

 

All the values were expressed as mean ± SEM (n=6). 
**

P<0.01, 
***

P<0.001 when compared to control group 

(one way ANOVA followed by Dunnetts: compare all vs control test). 

4.4.2.5 Formalin test of pure compounds and involvement of opioid receptor 

After the administration of the samples to the animals treated with formalin, it showed a 

dose dependant response. The Ism-1 and Ism-4 significantly inhibited both the phases 

with 55.91 % (
**

P<0.01, n=6) and 51.43 % (
**

P<0.01, n=6) in the first phase and 72.32 % 

(
***

P<0.001, n=6) and 65.73 % (
**

P<0.01, n=6) respectively in the second phase at 50 

mg/kg. Whereas, Ism-7 just crossed the EC50 at 50 mg with a value of 51.44 % 

(
**

P<0.01, n=6) in the second phase, while in 1st phase it did not reach the EC50 value. 

Animals treated with morphine (5 mg) inhibited significantly both the phases with 87.16 

% (
***

P<0.001, n=6) and 96.34 % (
***

P<0.001, n=6) for first phase and second phase 

respectively as shown in Table 4.16. Indomethacin (10 mg/kg) mildly inhibited the first 

phase with 23.69 % (
***

P<0.001, n=6) and significantly inhibited the second phase with 

74.34 % (
***

P<0.001, n=6). 

The possible involvement of opioid receptor was determined using formalin test. Animals 

treated with morphine (5 mg) inhibited significantly both the phases with 87.16 % 

(
***

P<0.001, n=6) and 96.34 % (
***

P<0.001, n=6) for first phase and second phase 

respectively as shown in Table 4.16. A reversal of inhibitory potential was observed in 
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animals pre-treated with naloxone. The results show that naloxone (morphine antagonist) 

caused a prominent reversal effect of the analgesic potential of morphine as well as of the 

samples (Ism-1 and Ism-4) treated animals in both the phases. While the sample Ism-7 

showed no prominent effect. Indomethacin (10 mg/kg) mildly inhibited the first phase 

with 23.69 % (
***

P<0.001, n=6) and significantly inhibited the second phase with 74.34 

% (
***

P<0.001, n=6). This agonistic and antagonistic effect of morphine and naloxone 

respectively, indicate the possible involvement of opioid receptors. 

Table 4. 16: Formalin-induced paw-licking response of pure compounds and effect on opioid receptor. 

Treatment/Dose 
Licking time (Sec)   Inhibition (%) 

1st Phase 2nd Phase 1st Phase 2nd Phase 

Control (2 % Tween 80) 50.03 ± 1.63 72.00 ± 1.30 ---- ---- 

Morphine             5 mg 6.50±1.153
***

 2.70±1.340
***

 87.16 96.34 

Indomethacin      10 mg 38.65±1.37
**

 18.96±1.342
***

 23.69 74.34 

Ism-1                    25 mg 

                              50 mg 

29.35±1.231
***

 33.12±1.145
***

 42.05 55.18 

22.33±1.356
**

 20.45±1.232
***

 55.91 72.32 

Ism-4                    25 mg 

                              50 mg 

30.85±1.278
***

 35.53±1.251
***

 39.09 51.92 

24.60±1.457
**

 25.59±1.336
***

 51.43 65.73 

Ism-7                    25 mg 

                              50 mg 

31.45±1.231
*
 40.52±1.204

*
 37.13 43.72 

27.43±1.356
**

 34.96±1.198
**

 45.15 51.44 

N + Ism-1             25mg 

                              50mg 

47.80±1.33 66.95±1.40 5.62 9.40 

48.65±1.25 67.75±1.65 3.94 8.32 

N + Ism-4             25mg 

                              50mg 

47.75±1.25 66.80±1.70 5.33 9.60 

48.45±1.30 67.60±1.236 4.34 8.52 

N + Ism-7             25mg 

                              50mg 

34.25±2.231
*
 41.85±2.33 31.54 41.87 

31.00±1.95 40.96±1.25
*
 38.03 43.11 

N + Indomethacin10mg 44.75±1.76
**

 25.00 ±1.249
***

 11.64 65.17 

N + Morphine      5mg 49.29±1.52 72.83±1.152 2.68 1.44 

   All the values were expressed as mean ± SEM (n=6). 
*
P<0.1, 

**
P<0.01 and 

***
P<0.001 when compared to control    

    group (one way ANOVA followed by Dunnetts: compare all vs control test). 

 

4.4.2.6 Thermal nociception test 

The samples when tested for its effectiveness in tail flick model, the samples Ism-1 and 

Ism-4 significantly increased the latency time at both the doses to 60.00 % (
**

P<0.01, 

n=6) and 57.89 % (
**

P<0.01, n=6) respectively at 25 mg/kg and 62.10 % and 61.05 % at 
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60 min at which morphine (opioid analgesic, centrally acting), showed 85.07 % 

(
***

P<0.001, n=6) activity. Whereas, Ism-7 at 75 min showed a response of 56.81% 

(
***

P<0.001, n=6) followed by a decline in the response in the following 15 min. This 

sample (Ism-7) showed no prominent activity in the preliminary antinociceptive 

activities, therefore, was not carried forward for further studies. Naloxone treated animals 

significantly reduced the analgesic potentials of morphine and the isolated compounds 

(Table 4.17). 

Table 4. 17: Tail flick response of isolated compounds 
 

Treatment/Dose 
Time in Sec (Tail Flick)/ Response (%) 

15 min 30 min 45 min 60 min 75 min 90 min 

Control  

(2% Tween 80) 
0.81±0.015 0.88±0.035 0.98±0.026 0.95±0.034 0.88±0.025 0.91±0.043 

Ism-1    25mg 

              50mg 

1.02±1.12* 

(25.92%) 

1.20±0.112* 

(36.36%) 

1.43±0.131** 

(45.91%) 

1.52±0.124** 

(60.00%) 

1.48±0.163*** 

(68.18%) 

1.52±0.138*** 

(67.03%) 

1.04±1.20 

(28.39%) 

1.21±0.411* 

(37.50%) 

1.45±0.161** 

(47.95%) 

1.54±0.201** 

(62.10%) 

1.49±0.206*** 

(69.31%) 

1.53±0.218*** 

(68.13%) 

Ism-4    25mg 

              50mg 

1.00±0.82 

(23.46%)* 

1.17±0.135* 

(32.95%) 

1.40±0.141** 

(42.85%) 

1.50±0.111** 

(57.89%) 

1.45±0.133** 

(64.77%) 

1.49±0.123** 

(63.73%) 

1.01±0.97 

(24.69%) 

1.18±0.411* 

(34.09%) 

1.42±0.161** 

(44.89%) 

1.53±0.201** 

(61.05%) 

1.46±0.206*** 

(65.90%) 

1.51±0.218*** 

(65.93%) 

Ism-7    25mg 

              50mg 

0.98±1.12* 

(20.98%) 

1.07±0.112* 

(21.59%) 

1.30±0.131** 

(32.65%) 

1.33±0.124** 

(40.00%) 

1.33±0.163*** 

(51.13%) 

1.33±0.138*** 

(46.15%) 

1.00±1.20 

(23.45%) 

1.11±0.411* 

(26.13%) 

1.34±0.161** 

(36.73%) 

1.37±0.201** 

(44.21%) 

1.38±0.206*** 

(56.81%) 

1.36±0.218*** 

(49.45%) 

Standard (M) 
1.20 ±0.024 

(48.14%) 

2.03 ±0.066 
(56.15%) 

3.89±0.038 
(75.06%) 

6.30±0.054 
(85.07%) 

4.40±0.050 
(80.22%) 

4.30±0.074 
(78.37%) 

N + 1      25mg                                                

               50mg 

0.92±0.039 0.92±0.026 1.10±0.030 0.99±0.040 0.90±0.034 0.93±0.060 

0.88±0.045 0.91±0.057 1.50±0.047 0.99±0.035 0.89±0.020 0.95±0.043 

N + 4      25 mg                                                

               50mg 
0.87±0.046 0.93±0.049 1.20±0.050 1.11±0.030 0.91±0.065 0.90±0.052 

0.84±0.045 0.90±0.060 0.99±0.045 1.12±0.036 0.91±0.028 0.99±0.040 

N + 7      25 mg                                                

               50mg 

0.93±0.045 0.94±0.043 1.10±0.052 0.99±0.052 0.90±0.058 0.93±0.096 

0.89±0.039 0.95±0.068 1.50±0.064 0.99±0.047 0.89±0.080 0.95±0.089 

M + N 
0.80±0.046 

 

0.87±0.037 

 

0.94±0.045 

 

0.91±0.033 

 

0.91±0.034 

 

0.91±0.045 

 
 

All the values were expressed as mean ±SEM (n=6). 
*
P<0.05, 

**
P<0.01 and 

***
P<0.001 when compared to control 

group (one way ANOVA followed by Dunnetts: compared all vs control test). 

Key: M = Morphine 5 mg, N = Naloxone 2 mg. 

 

 4.4.2.7 Involvement of adrenergic receptors 

Data on the possible involvement of test samples on adrenergic receptor is given in Table 

4.18. Animals treated with yohimbine, an α-2 adrenergic antagonist, did not modify the 



CHAPTER 04  RESULTS AND DISCUSSION 

86 

 

antinociceptive effect; suggesting that alpha-2 adrenergic system may not be involved in 

the antinociceptive effect of the isolated test compounds. 

Table 4. 18: Effect of pure compounds on adrenergic receptors. 

 

 
 

 

 

 

 

 

 

All the values were expressed as mean ± SEM (n=6). 
*
P<0.05, 

**
P<0.01 and 

***
P<0.001 when compared to 

control group (one way ANOVA followed by Dunnetts: compare all vs control test). 

 

4.4.2.8 Involvement of dopaminergic receptors 

In order to find out the possible involvement of dopaminergic receptors, the haloperidol 

(D1/D2 receptor antagonist) pretreatment antagonized the antinociceptive effect of the 

isolated compounds. This observation indicates the involvement of dopaminergic system 

in the antinociceptive action of the isolated compounds. 

 

Table 4. 19: Effect of pure compounds on dopaminergic receptors. 

Treatment/Dose Number of  writhing % inhibition 

Control (2 % Tween 80) 67.59 ± 1.02 --- 

Haloperidol (HL, 1 mg/kg) 55.78 ± 2.02
***

 17.47 

HL + Ism-1         25 mg 

                             50 mg 

53.55 ± 1.80
**

 20.77 

51.15 ± 2.05
*
 24.32 

HL + Ism-4         25 mg 

                             50 mg 

57.23 ± 1.90
**

 15.32 

54.78 ± 1.85
*
 18.95 

All the values were expressed as mean ± SEM (n=6). 
*
P<0.05, 

**
P<0.01 and 

***
P<0.001 when compared to 

control group (one way ANOVA followed by Dunnetts: compare all vs control test). 

 

4.4.2.9 Involvement of ATP-sensitive K+ channel pathway  

A possible role for ATP sensitive potassium channel in the antinociceptive effect of the 

isolated compounds was investigated in the present study. Glibenclamide pretreatment 

minutely modified the analgesic action of the test samples. This observation suggests that 

Treatment/Dose Number of  writhing % inhibition 

Control (2 % Tween 80) 67.59 ± 1.02 --- 

Yohimbine ( YH, 1 mg/kg) 57.4 ± 2.02
***

 15.07 

YH + Ism-1          25 mg 

                             50 mg 

32.63 ± 1.90
**

 51.72 

22.24 ± 2.33
*
 67.09 

YH +  Ism-4         25 mg 

                             50 mg 

37.88 ± 1.85
*
 43.95 

25.56 ± 1.35 62.18 
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ATP sensitive potassium channels are very partly involved in the antinociceptive action 

of the test samples. 

   Table 4. 20: Effect of isolated compounds on ATP-sensitive K+ channel pathway 

Treatment/Dose Number of  writhing % inhibition 

Control (2 % Tween 80) 67.59 ± 1.02 --- 

Glibenclamide (GB, 10 mg) 57.4 ± 2.02
***

 15.07 

GB + Ism-1         25 mg 

                             50 mg 

32.6 ± 2.31
**

 51.76 

29.7 ± 2.59
*
 56.05 

GB + Ism-4         25 mg 

                             50 mg 

33.85 ± 1.15
**

 49.91 

31.70 ± 1.89
*
 53.09 

All the values were expressed as mean ± SEM (n=6). 
*
P<0.05, 

**
P<0.01 and 

***
P<0.001 when compared to 

control group (one way ANOVA followed by Dunnetts: compare all vs control test). 

 

4.4.2.10 Involvement of TRPA1 receptor in C-fibers 

Administration of the isolated samples at a dose of 50 mg/kg significantly reduced the 

writhing producing 61.25 and 59.33 % inhibition respectively (Table 4.21). This result is 

in line with that obtained in formalin model and indicates that the samples more probably 

interacts with TRPA1 receptor located in C-fibers reducing the formalin-induced 

nociception. 

Table 4. 21: Effect of isolated compounds on cinnamaldehyde-induced nociception 

 
 

 

 

 

 

 

 

 

 

All the values were expressed as mean ± SEM (n=6). 
*
P<0.05, 

**
P<0.01 and 

***
P<0.001 when compared to 

control group (one way ANOVA followed by Dunnetts: compare all vs control test). 

 

 

 

 

 

 

 

 

 

Treatment/Dose Number of  writhing % inhibition 

Control (2% Tween 80) 67.59 ± 1.02 --- 

Diclofenac sodium (10 mg) 10.16±0.70
***

 84.96 

CA + Ism-1              25 mg 

                                  50 mg 

38.6 ± 3.37 42.89 

26.2 ± 3.86
**

 61.23 

CA + Ism-4              25 mg 

                                  50 mg 

43.2 ± 2.13 36.08 

27.7 ± 1.89
**

 59.01 
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4.4.3 Antioxidant activity 

Table 4. 22: DPPH free radical scavenging activity of samples. 

 

         All the values were expressed as mean ± SEM (n=3). 
*
P<0.05, 

**
P<0.01 and 

***
P<0.001 when compared to  

         control group (one way ANOVA followed by Dunnetts: compare all vs control test). 

 

Table 4. 23: ABTS free radical scavenging activity of samples. 

 

       All the values were expressed as mean ± SEM (n=3). 
*
P<0.05, 

**
P<0.01 and 

***
P<0.001 when compared to   

       control group (one way ANOVA followed by Dunnetts: compare all vs control test). 

 

 

 

 

 

 

 

 

             

        

 

 

 

Figure 4. 39: Percent DPPH free radical scavenging activity of crude methanolic extract and fractions vs  

                       standard 

Concentration 

(mg/ml) 

Crd  Chf EtOA BuOH Ascorbic acid 

40 69.66 ± 1.52 75.33± 2.02
*
 62.50 ± 2.17 57.16 ± 2.56 64.28 ± 0.7 

60 72.50 ± 2.50
*
 79.83 ± 2.25

*
 65.09 ± 2.50 61.83 ± 2.02 69.44 ± 0.9 

80 76.66 ± 1.75
*
 82.50 ± 2.5

***
 70.66 ± 1.60

*
 66.16 ± 3.54 73.15 ± 0.5 

100 78.83 ± 1.52
**

 85.00 ± 2.0
**

 73.50 ± 1.80
**

 67.83 ± 2.02
*
 77.20 ± 1.5 

200 84.66 ± 1.52
**

 87.50 ± 1.80
*
 82.83 ± 1.75

**
 77.33 ± 2.25

*
 83.78 ± 0.8 

Concentration 

(mg/ml) 

Crd  Chf EtOA BuOH Ascorbic acid 

40 71.66 ± 1.88 76.33± 1.25
*
 63.50 ± 1.75

*
 61.16 ± 1.70 67.26 ± 0.7 

60 74.50 ± 2.95
*
 81.83 ± 1.95

*
 64.09 ± 1.25

*
 63.83 ± 1.15 71.34 ± 0.9 

80 77.66 ± 1.58
*
 83.50 ± 1.88

*
 72.66 ± 2.25

*
 68.16 ± 1.65 74.65 ± 0.5 

100 79.83 ± 2.20
**

 85.90 ± 1.3
**

 73.99 ± 2.2
**

 74.83 ± 1.60
*
 79.38 ± 1.5 

200 87.66 ± 1.88
**

 89.50 ± 2.2
**

 84.83 ± 2.8
**

 82.33 ± 1.30
*
 86.66 ± 0.8 
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Figure 4. 40: Percent ABTS free radical scavenging activity of crude methanolic extract and fractions vs   

         standard 

It is clear from the results of DPPH free radical scavenging activity, the chloroform 

fraction exhibited the highest antioxidant activity followed by the crude methanolic 

extract, ethyl acetate and butanol fraction having 87.50 84.66, 82.83 and 77.33 % 

respectively (Table 4.22, Figure 4.39).  

While performing the ABTS free radical scavenging activity, again the chloroform 

fraction showed the highest free radical scavenging activity followed by the crude 

methanolic extract, ethyl acetate and butanol with antioxidant potentials of 89.50, 87.66, 

84.83 and 82.33 respectively at a concentration of 200 mg/ml (Table 4.23, Figure 4.40). 

It is evident from the data that the chloroform fraction at a concentration of 200 mg/ml is 

more potent followed by crude, ethyl acetate and butanol. From the preliminary 

phytochemical testing of crude and various fractions of A. macrocephala it is clear that 

chloroform fraction possess flavonoids which may be responsible for the antioxidant 

potentials [146-147]. 
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4.4.3.1 Antioxidant activity of isolated compounds 

Table 4. 24: DPPH free radical scavenging activity of pure compounds. 

 

 

 

 

          

                All the values were expressed as mean ± SEM (n=3). 
*
P<0.05, 

**
P<0.01 and 

***
P<0.001 when compared to    

                control group (one way ANOVA followed by Dunnetts: compare all vs control test). 

Table 4. 25: ABTS free radical scavenging activity of pure compounds. 

 

 

 

 

 

 

 

 

All the values were expressed as mean ± SEM (n=3). 
*
P<0.05, 

**
P<0.01 and 

***
P<0.001 when compared to 

control group (one way ANOVA followed by Dunnetts: compare all vs control test). 
 

It is clear from the results that the isolated flavonoids derivatives have high potentials of 

DPPH free radical scavenging. At a concentration of 25 µg/ml, the compound Ism-1 has 

a greater activity (69.15 ± 3.15) which is even greater than that of acetic acid at the said 

concentration. The sample is having a dose dependant activity. However, at the highest 

dose of 150 µg/ml, Ism-1 is having 82.65 ± 2.25 % activities which are lower than that of 

the standard at the same concentration. The sample Ism-4 is also having a dose 

dependant activity. However, it is clear from the Table 4.25 that the overall activity is 

lower as compared to Ism-1. Whereas, Ism-7 also shows a dose dependent activity 

starting from 26.65 ± 1.04 at the lowest concentration to 68.76 ± 0.82 at the highest 

concentration used, Table 4.24. 

Concentration 

(µg/ml) 

(Ism-1) ( Ism-4) ( Ism-7) Ascorbic 

acid 

25 71.29 ± 2.10 58.83 ± 2.20 30.65±1.04 62.14 ± 0.7 

50 74.56 ± 3.21 63.66 ± 2.15 33.62±0.67 63.27 ± 0.9 

75 79.75 ± 1.99
*
 66.33 ± 1.99

*
 42.94±0.63

*
 71.61 ± 0.5 

100 83.90 ± 2.35
**

 71.50 ± 2.22
**

 45.63±0.39
*
 77.20 ± 1.5 

125 85.33 ± 1.99
**

 76.66 ± 2.75
**

 61.74±0.86
***

 81.33 ± 0.8 

150 88.45 ± 1.9
***

 78.22  ± 2.2
***

 71.76±0.82
**

 82.91 ± 0.5 

Concentration 

(µg/ml) 

(Ism-1) ( Ism-4) ( Ism-7) Ascorbic acid 

25 69.15± 3.15 56.35 ± 1.60 26.65±1.04 63.28 ± 0.7 

50 71.80 ± 2.75
**

 60.40 ± 2.20
*
 31.62±0.67 65.23 ± 0.9 

75 75.25 ± 3.2
**

 63.25 ± 1.99
*
 40.94±0.63

*
 72.34 ± 0.5 

100 79.15 ± 2.90
*
 67.55 ± 1.90

*
 47.63±0.39

**
 79.38 ± 1.5 

125 81.90 ± 1.70
***

 71.60 ± 2.25
**

 54.74±0.86
**

 81.62 ± 0.8 

150 82.65± 2.25
***

 73.75 ± 2.65
***

 68.76±0.82
***

 82.51 ± 0.7 
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Similarly, in case of ABTS free radical scavenging activity, the sample Ism-1 is having a 

dose dependant activity and until 125 µg/ml, it is having more activity not only from 

Ism-4, rather also from standard, ascorbic acid (Table 4.25, Figure 4.41). However, at the 

highest dose of 150 µg/ml, Ism-1 is having 0.78 % less activity than that of ascorbic acid. 

Ism-7 showed an activity of 71.76±0.82 at 150 𝜇g/ml, reaching almost to that of ascorbic 

acid. 

 

 

 

 

 

 

 

 

Figure 4. 41: Percent DPPH free radical scavenging activity of test samples vs standard 

 

 

 

 

 

 

 

Figure 4. 42: Percent ABTS free radical scavenging activity of test samples vs standard 

 

4.4.4 Enzyme inhibition activity of crude extract/ fractions 

While performing the enzyme inhibition activity, the chloroform fraction is having the 

highest potentials with IC50 value of < 250 µg/ml followed by crude methanolic extract 
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and ethyl acetate fraction with < 500 µg/ml. The butanolic fraction has the least activity 

with IC50 of < 1000 µg/ml (Table 4.26). Whereas among the isolated flavonoids 

derivatives, the compound Ism-1 has greater inhibition potentials with IC50 value of < 125 

µg/ml and Ism-4 has ≈ 250 µg/ml (Table 4.27, Figure 4.43 & 4.44). 

Table 4. 26: In-vitro LOX inhibitory activity of crude extract/ fractions 

Sample Conc. (µg/ml) % inhibition  IC50  (µg/ml ) 

Crd 1000 64.45 ± 0.46
***

  

 

< 500 
500 59.23±0.27

**
 

250 48.44±1.99
**

 

125 47.28±2.24 

62.5 39.67±1.45 

Chf 1000 67.85±1.56
***

  

 

< 250 
500 63.70±2.67

**
 

250 52.60±2.99
**

 

125 47.15±2.15
**

 

62.5 40.45±3.15 

EtOA 1000 64.10±1.25
***

 

< 500 

500 61.45±2.11
**

 

250 47.66±3.10
**

 

125 48.45±1.89
**

 

62.5 44.70±1.70 

BuOH 1000 53.88±1.50
**

 

< 1000 

500 43.99±2.10
*
 

250 41.65±1.89 

125 38.15±1.99 

62.5 34.44±2.00 
 

All the values were expressed as mean ± SEM. 
*
P<0.05, 

**
P<0.01 and 

***
P<0.001 

(one way ANOVA followed by Dunnetts: compare all vs control test). 

Table 4. 27: In-vitro LOX inhibitory activity of pure compounds 

Sample Conc. (µg/ml) % inhibition  IC50 (µg/ml ) 

Ism-1 1000 84.51 ± 1.8
***

  

 

            < 125 
500 77.00±0.19

***
 

250 64.55±2.31
**

 

125 52.75±1.44
**

 

62.5 48.56±2.00 

Ism-4 1000 78.32 ± 1.53
***

  

 

           ≈ 250 
500 64.12±3.51

**
 

250 49.99±1.39
**

 

125 39.33±1.23
**

 

62.5 31.78±2.63 
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       All the values were expressed as mean ± SEM. 
*
P<0.05, 

**
P<0.01 and 

***
P<0.001 (one way ANOVA followed      

       by Dunnetts: compare all vs control test). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 43: Percent LOX inhibitory activity of test samples at various concentrations 

 

 

 

 

 

 

 

Figure 4. 44: IC50 values of the test samples 
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4.5 Discussion 

The main focus of our work is to confirm the traditional use of A. macrocephala for the 

management of pain on scientific basis. The results obtained from this study showed the 

presence of antinociceptive potentials of A. macrocephala in all animal models used.  

Flavonoids are among the important groups of compounds, currently under extensive 

studies for finding safe analgesics and anti- inflammatory drugs. Previous studies have 

found antinociceptive properties and potent anti-inflammatory potentials of other several 

flavone derivatives [148]. To explore much more therapeutically active flavones and 

other compounds, this study was designed to investigate the antinociceptive potentials of 

flavonoids derivatives isolated from A. macrocephala.  

According to International regulations concerning human health oblige that all novel 

pharmaceutical drugs are tested for safety before use in human beings. An important 

phase in ensuring drug safety is toxicity tests conduction in proper animal models. The 

studies of acute toxicity are among the series of toxicity tests used. The aim of this test is 

the identification of a dose that cause serious adverse effects and evaluation of lowest 

dose that cause lethality. The International Conference on Harmonization in its 3
rd

 

meeting (ICH M3) suggests the acute toxicity studies or appropriate alternatives are 

essential before administering new medicine in humans for the first time [149]. 

Mice selection for this study made it possible to investigate the antinociceptive effect of 

the isolated constituents using three different models of nociception; i.e visceral 

nociception, inflammatory nociception and thermal and neurogenic nociception. To 

investigate the antinociceptive potentials of new substances with behavioral nociceptive 

tests, the use of different tests with different in stimulus quality, intensity and duration 
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has always been very important [150]. Three well established methods of nociception i.e 

acetic acid induced writings; formalin assay and tail immersion assay were used. 

Abdominal constriction assay induced with acetic acid [151] is considered to be sensitive 

using minimum quantity of noxious stimulus and the results can detect even a weak 

analgesic. This method is used for investigation of peripheral analgesic response. The 

acetic acid increases prostaglandin level (especially PGE2) in the mice peritoneal fluid 

[152].  Prostaglandins activate abdominal constriction via sensitizing and activating 

peripheral chemo-sensitive nociceptors [153] which are mainly involved in inflammatory 

pain [154]. 

Nociception induced with formalin is used to measure the potentials of a substance to 

relieve continuous moderate pain generated as a result of tissue injury [155]. Formalin 

induced acute and chronic phases of nociception are regarded to indicate neurogenic and 

inflammatory pain behaviors respectively. The acute phase is due to direct chemical 

stimulation of nociceptive afferent fibers (mostly C fibers) which can be suppressed by 

opiate like morphine [156]. The 2
nd

 phase is due to release of inflammatory mediators 

such as histamine, prostaglandins, bradykinin, serotonin in the peripheral tissues [157], 

and from functional changes in the spinal dorsal horn [158].  

The tail immersion test is used to determine the spinal pathways in regulation of pain 

response [132]. This method utilizes elevated thermal nociception and test samples 

showing good antinociceptive results in this way are regarded potent analgesics [159]. 

The tail flick and hot plate tests are considered specific tests for evaluation of the centeral 

pain [160] at the supraspinal and spinal levels [161] respectively. 
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According to literature opioid receptors are widely distributed in the central and 

peripheral nervous system. They are found in high concentrations in the dorsal horn of 

the spinal cord where they process and relay afferent nociceptive signals to the central 

nervous system. In the brain, they are mainly in areas involved in pain transmission. 

Opioid receptors are activated by endogenous opioids in response to noxious stimuli 

[162].  

Opioid receptors are widely distributed in several peripheral tissues and cutaneous nerves 

as well as the CNS, especially in the pain transmission pathways including in the dorsal 

horn at the spinal cord [163]. Opioids have the excitatory effect in multiple regions of the 

nervous system and this effect is generally attributed to the reduction on inhibitory 

pathways [164]. Opioid receptors of the meo (μ-), deltal (δ-) and kappa (κ-) subtypes 

mediate an effective analgesic and addictive response of opioid drugs [165]. Opioid 

receptors are composed of glycoproteins found in cellular membranes. These receptors 

are couple to G proteins that modulate potassium and calcium ion conduction. When 

opioid agonists occupy either μ or δ opioid receptors, they open potassium ion channels 

that permit an increase in potassium conductance. The hyperpolarization inhibits 

neuronal activity. In contrast, κ receptors activation inhibits calcium entry via a calcium 

ion channel. Activation of the opioid receptors decreases transmission of the signals from 

the primary peripheral afferent nerves to higher CNS centers, as well as the processing of 

the pain stimulus. Activation of opioid receptors leads to analgesic action as well as 

adverse effects [166]. 

In addition, it is a well known fact that endogenous opioid system is largely involved in 

the central regulation of pain, as well as in the action of opioid-derived analgesic drugs 
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[167]. Many studies have showed involvement of different mechanisms for the 

antinociceptive effects of flavonoid derivatives. In this study we investigated some of 

those possibilities utilizing appropriate interacting drugs. Literature shows evidences that 

there is active involvement of opioid mechanism in the antinociceptive action of flavone 

compounds. Gossypin [168], several monohydroxy and monomethoxy flavones [169], 

various dihydroxy flavone derivatives [170] and quercetin [171] have been reported to 

exploit opioid pathways for producing their antinociception. The study reveals that 

nalaxone was quite able to significantly decrease the antinociceptive activity of the crude 

methanolic extract, fractions and also of the isolated flavones. These major observations 

confirm the earlier published reports and convincingly suggest the role for opioid 

mechanism involved in the antinociceptive action of the isolated flavones.  

Adrenergic receptors are present within the sympathetic nervous system for epinephrine 

and norepinephrine. These are targets for agonists and antagonists. These have many sub-

types among which alpha-2 adrenergic receptors are involved in pain [172]. Alpha-2 

adrenergic agonist produces anti-nociception at supra-spinal and spinal sites which are 

reversed by its antagonist, yohimbine [173]. Ramaswamy et al. suggested a role for alpha 

adrenergic system in opioid action [174], based on results that, clonidine could enough 

antagonize the development of acute and chronic tolerance to morphine analgesia. In our 

study, we considered this imperative to evaluate the role of alpha-2 adrenergic system in 

the antinociceptive action of the isolated flavones. Pretreatment with yohimbine, an 

alpha-2 adrenergic receptor antagonist considerably failed to modify the antinociceptive 

effect of the flavones. This strongly suggests that alpha-2 adrenergic system may not be 

involved in the antinociceptive effect of investigated flavones.  
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Dopaminergic system is involved in pain modulation. The dopamine receptor agonists 

predominantly suppress pain. There is a considerable role of spinal dopamine in anti-

nociception. For example, direct administration of a non-selective dopamine receptor 

agonist decreased pain sensitivity [175]. It has been suggested that interaction between 

dopaminergic, adrenergic and opioid systems are involved in the modulation of pain 

perception [176]. Dopamine has been reported to be important in the modulation of 

nociceptive information by basal ganglia [177]. Furthermore dopaminergic and alpha-2 

adrenergic systems are well established to play their role in the antinociceptive effect of 

quercetin [178]. In our study haloperidol (D1/D2 receptor antagonist) pretreatment 

significantly modified the antinociceptive effect of the isolated flavones. The results 

suggest that dopaminergic system is involved in the antinociceptive action of isolated 

flavones.  

Different types of potassium channels are distributed in neurons that are as voltage-gated 

(Kv), calcium activated (KCa), inward rectifier (Kir) and two-pore (K2P) K+ channels. 

Some of them are involved in anti-nociception, among which the most important are the 

ATP sensitive K+ channels (KATP), members of the Kir family, which participate in the 

anti-nociception [175].  The role for ATP sensitive potassium channels in opioid induced 

anti-nociception has been reported [179]. Different drugs acting on opioid receptors 

[180], δ opioid receptors, [181] and an anti-inflammatory analgesic like diclofenac [182] 

and resveratrol [183] have been reported for their interaction with ATP sensitive 

potassium channels for producing their antinociceptive effects. The antinociceptive effect 

of some flavones has been attenuated by glibenclamide, thus establishing a role for ATP 

sensitive potassium channels in this action [126]. A possible role for ATP sensitive 
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potassium channel in the antinociceptive effect of isolated flavones was investigated in 

this study. Glibenclamide pre-treatment showed did not significantly modify the 

analgesic action of isolated flavones in mice. The results show the non involvement of 

ATP sensitive potassium channels in the action of isolated flavones. 

The Transient receptor potential ankyrin 1 channel (TRPA1), is a member of super family 

of Transient receptor potential (TRP) ion channels. TRPA1 mainly acts as a chemo-

sensor involved in nociception. They play an important role in acute, chronic, 

postoperative pain [184] and pain induced by platinum-based anticancer drugs [185]. 

Therefore, the possible involvement of TRPA1 receptor was screened out and from the 

results it is clear that the samples significantly reduced the cinnamaldehyde-induced pain. 

This result is in line with that obtained in formalin model and indicates that the samples 

more probably interacts with TRPA1 receptor located in C-fibers reducing the formalin-

induced nociception. 

In summary, the antinociceptive action of isolated flavones has been confirmed against 

three different models of nociception in mice. In addition, the results demonstrate that the 

antinociceptive effect of tested isolated flavones involves an interaction with opioid 

receptor, dopaminergic and TRPA1 receptors but not with adrenergic receptors and ATP 

sensitive potassium channels. 

The increase in ROS contributes to local tissue injury [186] and is actively involved in 

the generation of pain [187]. In general, the production and biological reactivity of ROS 

are controlled by endogenous antioxidative activity of glutathione peroxidase, superoxide 

dismutase and catalase [188]. However, if the production of free radical increases or 

defense of antioxidant decreases, causes oxidative stress [189].  This oxidative stress can 
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damage tissue, proteins, DNA or lipids leading to many physiological conditions 

including pain [190]. Certain nutrients rich with vitamin C, β-carotene, vitamin E, 

selenium and flavonoids have high antioxidant potentials [191]. The roles of phenolic 

compounds, especially flavonoids, have reported for their effective and enhanced 

antioxidant activities [189]. In the present study the chloroform fraction at a 

concentration of 200 mg/ml exhibited the highest activity followed by crude, ethyl 

acetate and butanol. While performing the activity for Ism-1 and Ism-4, the compound 

Ism-1 exhibited excellent antioxidant activity in both the tests performed which not only 

confirms that flavonoids are responsible for the antioxidant potentials of the crude extract 

and chloroform fraction rather also for the antinociceptive potentials of the crude extract 

and chloroform fraction. 

Prostanoids are a group of bioactive compounds consisting of prostaglandins, 

prostacyclin and thromboxane. They originate from arachidonic acid, which is released 

intracellularly from plasma membrane phospholipids upon tissue damage and 

inflammation. This arachidonic acid is converted to the precursors of prostaglandins 

(PGs). These PGs are the last metabolites of arachidonic acid, are responsible for the 

generation of pain [192]. Enzymes like LOX and COX are involved in the formation of 

these prostaglandins [193]. The metabolites formed from the arachidonic acid in the 

presence of LOX are able to activate TRPV1 which is not only a thermo-sensitive ion 

channel, but a promiscuous detector for extremely diverse sources of pain like N-

arachidonoyl dopamine, ethanol, acidic pH, cannabinoids and chemicals like capsaicin 

[194]. Moreover, nerve growth factor, potent inflammatory mediators, histamine and 

bradykinin use TRPV1 as downstream effectors on their intracellular signaling to induce 
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pain [195]. Before going to test the samples for analgesic activities, their in-vitro 

screening against this enzyme is imperative as these types study can predict the in-vivo 

fate of the test samples. Similarly in the present study also the chloroform fraction 

exhibited the highest activity followed by crude, ethyl acetate and butanol whereas, for 

Ism-1 and Ism-4, the compound Ism-1 exhibited excellent LOX inhibitory activity which 

again not only confirms that flavonoids are responsible for LOX inhibitory potentials of 

the crude extract and chloroform fraction rather also for the antinociceptive potentials of 

the crude extract and chloroform fraction. 

4.6 Conclusion 

The results of our data reveal that the crude methanolic extract and chloroform fraction 

exerted significant antinociceptive activities in acetic acid induced nociception, thermal 

nociception and formalin induced writhing model. Furthermore, an attempt was carried 

out to explore the possible mechanism of action of crude extract, subfractions and the 

isolated compounds. All these exhibited the possible involvement of opioid receptors, 

dopaminergic receptors and TRPA1 receptors but failed to exhibit any action on 

adrenergic receptors and ATP-sensitive potassium channels. Further, the crude extract, 

subfractions and isolated compounds exhibited prominent antioxidant and in-vitro 

antilipoxygenase activity. 

Preliminary phytochemical screening of the crude extract indicated the presence of 

alkaloids, carbohydrates, flavonoids, saponins, tannins and terpenoids. The chloroform 

fraction exhibited prominent antinociceptive activity therefore; it was further subjected to 

bioguided isolation. These included 5,7-dihydroxy-2-(3-hydroxy-4,5-dimethoxyphenyl)-

6-methoxy-4H-chromen-4-one (Ism-1) 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-
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chromen-4-one (Ism-2), sugar alcohol (Ism-3), 2-(3,4-dimetoxyphenyl)-5,7-dihydroxy-6-

metoxy-4H-chromen-4-one (Ism-4), 5,7-dihydroxy-2-(3-hydroxy-4,5-dimethoxyphenyl)-

4H-chromen-4-one (Ism-5), 5-hydroxy-7-methoxy-2-(4-methoxy phenyl)-4H-chromen-

4-one (Ism-6), (3S,3aS,5aR,9bS)-3,3a,5a,9-tetramethyl-3a,4,5,5a,7,8-

hexahydronaphtho[1,2-b]furan-2,6(3H,9bH)-dione (Ism-7) and 17-(5-Ethyl-6-

methylheptan-2-yl)-10,13-dimethyl-2,3,4,7,8,9,11,12,14,16,17-dodecahydro-1H-

cyclopenta[a]phenanthren-3-ol (Ism-8). 

From the cited literature it is clear that plants and/or their active components exert 

antinociceptive activities via various mechanisms which make them superior to the 

conventional antinociceptive agents. Furthermore herbs and natural products are cheap and 

less toxic compared to the synthetic agents. Thus these plants and natural products could 

either be used alone or as adjuncts to the conventional antinociceptive agents.  

4.7 Impact of the study 

Many diseases are treated by medicinal plants. These plants produce substances like 

essential oils, alkaloids, flavonoids, tannins, terpenoids etc through metabolic processes. 

Being the principal sources of both the traditional and synthetic medicines, these 

substances are of great importance. Pakistan is having a huge reservoir of medicinal 

plants. Therefore, in order to get maximum benefit from these cheap natural sources 

present with us in abundance, a systematic scientific study is required. Therefore, 

considering all the above facts, this study is having its impact of exploring the huge 

natural reservoir and finding precious active biological constituents from A. 

macrocephala which can find a better place in field of medicine and can serve human 

beings. 
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4.8 Future directions  

The current thesis revealed the antinociceptive potential of Artemisia macrocephala and two 

isolated flavonoid derivatives being effective in nociception in mice, which seems to validate 

its traditional use. However further studies are required to evaluate other chemical 

constituents of the plant for their anti-nocicpetive potential and to identify their target(s), 

mechanism of action and combination of plant products with synthetic drugs. 
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