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SUMMARY 
Malvaceae is a cosmopolitan family and Abutilon is one of the important 

genuses of this family. Phytochemical investigations of two species of this genus, 

namely, Abutilon indicum L. and Abutilon muticum Del ex Dc. were carried out with 

respect to the isolation and characterization of their chemical constituents, seed oil 

fatty acids composition, antibacterial, antifungal, antioxidant and hepatoprotective 

activities of the crude extracts of different parts. The isolated compounds from the 

present work, were characterized by using various modern spectroscopic techniques.  

 The plant Abutilon indicum L. collected from the district, Lahore (Pakistan) 

showed the isolation and characterization of five new source and four known 

compounds. The compounds isolated and characterized for the first time were: 3,5,7-

trihydroxy-4′,6-dimethoxy-flavone [62], 3,5′,5-trihydroxy-4′-methoxyflavone-7-0-β-

D-gluco pyranoside [63], vasicine [64], lupeol [65] and methyl triacontanoate [66]. 

The isolated known compounds were; gallic acid [67] β-sitosterol [68], β-amyrin [69] 

and 4-hydroxy benzoic acid [70].  

 During these studies, seeds of A. indicum were subjected to proximate 

analysis. The results obtained were; moisture (5.9%), ash (2.3%), crude fiber (25.1%), 

crude protein (22.4%) and crude carbohydrate (22.92%). The seed ash was also 

analyzed for its mineral contents which were found to be (mg/100g); aluminium 

(4.02), cadmium (0.01), calcium (237.32), iron (3.13), lead (0.08), magnesium 

(176.50), phosphorus (212.15), potassium (261.01) and zinc (1.94). Lipids extracted 

from the finely ground seeds were fractionated into polar (3.7%) and non polar 

(95.2%) lipids. The fractionated lipids were analyzed into different lipid classes and 

were found to be; hydrocarbons (1.4%), sterol esters (8.3%), triglycerides (70.3%), 

free fatty acids (2.8%), diglycerides (3.2%), sterols (2.7%) and monoglycerides 

(6.5%). Total lipids and lipid fractions were analyzed for their fatty acids composition 

by gas chromatography. Triglyceride was found to be the major fraction (70.3 %) 

among neutral lipids. The lipids of Abutilon indicum were rich in unsaturated fatty 

acids and their composition was in general comparable to the fatty acid composition 

of the family Malvaceae. Oleic acid and Linoleic acids were found to be the 

predominant fatty acids in most of the lipids.  

 The antimicrobial activities of the crude extracts of different plant parts 

(leaves, stems, roots and seeds) of A. indicum were checked against three Gram-



 
 
 

 
 

negative bacteria, four Gram-positive rods and three fungi, using agar diffusion 

method. Leaf extract had shown enhanced activity against Gram-negative bacteria, 

Salmonella typhimorium (MIC; 339μg/ml) and Gram-positive bacteria, Bacillus 

licheniformis (MIC; 160μg/ml) in comparison to positive control. Root extracts 

showed low MIC value (239μg/ml) against Escherichia coli, which can be attributed 

to the presence of β-hydroxyl groups in its compounds. The antifungal activity of the 

leaf and stem extracts was negligible but root extract showed good activity (MIC; 640 

μg/l) against Aspergillus niger. Best activity (MIC; 235μg/l) was observed by root 

extract against Trichoderma viride. Antimicrobial activities of the seed oil were also 

checked and found to be higher than crude extracts. However Salmonella 

typhimorium was resistant to A. indicum seed oil. All the extracts tested had exhibited 

excellent activity compared to some of the typical antibiotics against most of the 

bacteria, showing their broad spectrum activity. 

 Extracts in organic solvents from aerial parts, roots and seeds were evaluated 

for their total antioxidant capacity (TAC), total phenolic content and total flavonoid 

content. Trolox equivalent antioxidant capacity (TEAC) of all the fractions of 

different plant parts was found employing ABTS and FRAP assays. The butanol 

extract of roots and chloroform extract of leaves of A. indicum showed highest TEAC 

(10.5 and 5.95μmol/g, respectively). The FRAP assay showed that antioxidant activity 

increased proportionate to the polarity of the solvent used for extraction. EC50 and 

TEC50 values for the extracts were determined using DPPH free radical assay. Ethyl 

acetate extract showed EC50 (68.3μg) at TEC50 (10 min), which indicated the presence 

of potent free radical scavengers in this plant species. The reaction kinetics with 

DPPH free radical indicated the presence of both the slow reacting and fast reacting 

antioxidant components in the extracts. The antioxidant/radical scavenging capacity 

of the extracts was found to be a dose-dependent activity. The butanol fraction of leaf 

extract of A. indicum gave comparable value to that of standard antioxidant; Trolox, 

by linoleic acid peroxidation method. The results obtained in the present study 

indicated A. indicum as the potential sources of natural antioxidants. 

Abutilon muticum Del ex Dc. also belongs to the genus Abutilon of the family 

Malvaceae. Literature survey revealed that very little work had done on its seeds and 

no phytochemical work had so far been carried out on other parts of this plant species. 

This prompted us to carry out investigations on this plant source. Phytochemical 



 
 
 

 
 

studies on A.  muticum, collected from the district, Bahawalpur (Pakistan), had 

resulted in the isolation of eight new source compounds, which had never been 

isolated so far from this investigated source. The compounds isolated for the first time 

from A. muticum were: 3,4′,5,6,7-pentahydroxy flavone [71], 3, 3′, 4′, 5, 7-penta 

hydroxy flavone-8-O-β-D-glucopyranoside [72], 3, 3′, 4′, 5, 7-pentahydroxy flavone 

[73], stigmasterol [74], benzoic acid [75], 1-tricosanol [76], cholesterol [77] and 

triacontyl palmitate [78]. 

 Proximate composition of A. muticum seeds revealed that moisture content of 

this plant (6.3%) is quite close to Brassica and Linseed of the family Malvaceae. The 

protein content was appreciable (23.5 %) and similar to that of cotton (28.72 %) so 

Abutilon seeds could be recommended as protein supplements. As far as human 

nutritional aspects are concerned A. muticum seeds had significant mineral contents. 

Calcium was most abundant mineral (320.00) followed by potassium (312.32), 

phosphorus (235.02), magnesium (183.23), Iron (4.97) and aluminium (4.13) 

mg/100g, respectively. Lipids were also extracted and purified from the finely ground 

seeds.  Seeds were rich in neutral lipids (94.7 %), while polar lipids represented only 

3.6% of total lipids. The non polar lipids were analyzed into different lipid classes and 

were found to be; hydrocarbons (2.1%), sterol esters (7.4%), triglycerides (68.9%), 

free fatty acids (3.4%), diglycerides (2.7%), sterols (3.8%) and monoglycerides 

(6.4%). The polar lipids were fractionated into phospholipids (1.7%) and glycolipids 

(1.9%). Lipid fractions were further analyzed for their fatty acids composition. Oleic 

acid was found as the predominant fraction in neutral as well as polar lipids. 

Unsaturated fatty acids were higher, as compared to saturated fatty acid in all the lipid 

classes, which is the characteristic of vegetable oils. Pakistan being agricultural 

country undoubtedly had the capacity for the large scale production of Abutilon 

species. These results may therefore, offer a scientific basis for use of the seeds, both 

in human diet and other commercial products. 

A. muticum extracts had shown greater antibacterial activity than A. indicum 

extracts. A. muticum root extracts were inactive against Gram-negative bacteria; 

Proteus mirabilis, but Escherichia coli and Salmonella typhimorium had shown 

encouraging results (MIC; 359 and 437μg/ml respectively). Leaf extracts were most 

active against Bacillus licheniformis (MIC; 230μg/ml) and root extract had shown 

good results against Micrococcus luteus (MIC; 264μg/ml).  Salmonella typhimorium 



 
 
 

 
 

was most resistant and Bacillus licheniformis was least resistant to A. muticum seed 

oil. Root extract showed good antifungal activity against Aspergillus niger (MIC; 

196μg/ml) and stem extract against Trichoderma viride (MIC; 205μg/ml). The results 

obtained with both the Abutilon species may be considered very promising, indicating 

the potential for obtaining new antimicrobial agents. 

 Antioxidant activity of the crude extracts of different parts of A. muticum was 

checked. A wide range of poly phenolic content (0.448- 26.910 mg/g dry weight) and 

flavonoids content (0.111- 16.981 mg/g dry weight) was observed for different 

solvent fractions. TEAC values were measured by ABTS and FRAP assays. Butanol 

fraction of the root extract and ethyl acetate fraction of aerial parts showed highest 

TEAC values (14.208 and 13.21μmol/g respectively). The lowest TEAC values were 

obtained for n-hexane fraction of aerial parts (2.247μmol/g). The ethyl acetate and n-

hexane fractions of different parts showed significantly stronger DPPH scavenging 

activity. Ethyl acetate fraction of aerial parts and roots gave EC50 (102 and 96.3μg) at 

TEC50 (3 and 5 min), respectively. Root extracts had shown results comparable to the 

standard by linoleic acid peroxidation method. Taken collectively, these results lead 

to the conclusion that aerial part and root extracts of both A. indicum and A. muticum 

had powerful antiradical and antioxidant activity which may be helpful in controlling 

complications during degenerative diseases.  

 Hepatoprotective activity of aqueous methanolic extract of aerial parts of A. 

muticum was evaluated against paracetamol and CCl4 induced hepatic damage in 

rabbits. The extracts at dose of 150 and 300mg/kg were administered orally. The 

substantially elevated enzyme levels were restored towards normalization 

significantly by the extracts. Silymarin was used as reference standard. The 

biochemical observations were supplemented with histopathological examination of 

rabbit liver sections. The results of this study strongly indicated that A. muticum had 

potent hepatoprotective action against paracetamol and CCl4 induced hepatic damage 

in rabbits. 

These analytical findings will provide a regional data base for these valuable herbs 

(Abutilon indicum L. and Abutilon muticum Del ex Dc.), which had not been explored 

so far. As Abutilon species grow wildly as weeds in tropical and sub tropical areas 

under harsh conditions, they may be produced on a large scale as value added 

products. 
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1.1 EVOLUTION OF INDIGENOUS PLANT MEDICINE SYSTEM 

 Ever since the birth of mankind there has been a relationship between life, 

disease and plants. The men of early ages must have used therapeutical agents from 

those things which were easily available to them. Plants were among those things 

which have used as remedies since time immemorial. 

 The oldest religious book of the World “Rigveda” provides information about 

the use of a plant ‘Soma’ as a medicinal agent by the Indo-Aryans (1). The plant 

‘Soma’ has known to have intoxicating properties. Aryans used the plant for 

sacrificial purposes, and its juice is described as a stimulating beverage (2). 

Apparently the Aryans also had a vast knowledge of the therapeutical properties of 

other medicinal herbs and plants. The works of Charaka and Sushruta also describe 

that the Aryans were aware of a large number of medicinal plants (3). Current 

knowledge of the use of Cinchona in malaria, Digitalis, Strophanthus and 

Physiostigma in heart diseases, and of Quassia as a bitter tonic, is also derived from 

ancient Indian literature. 

 The indigenous system of medicine in the Indian sub-continent, known as 

Aryuveda goes back to 700 B.C. and its systematization is attributed mostly to 

Charaka and Sushruta, who have cited about 700 medicinal plants. The book 

“Sushruta Samhita” complied in 1000 B.C. includes a comprehensive chapter on 

herbal therapeutics and contains remarkable information about the use of medicinal 

plants (4). 

 The works of Charaka and Sushruta appear to have been composed in the pre-

Buddhist period (4). The rise of Budhism gave an impetus to the study of medicine in 

ancient India (4). The Buddhist missionaries, along with religious preaching gave 

much attention to treating the sick and wounded in Siberia and Central Asia. They in 

other sense were the medical missionaries. 

 The Greeks developed the first ‘materia medica’ of the world, while the 

Pharmacy began from Hippocrates (460 B.C.) who also called the father of medicine. 

The two huge books on the history and the classes of plants were written by 

Jheophratus (370-287 B.C.), in which he mentioned 500 plant-based drugs. 

 Islam has a great contribution to the development of a separate branch of 

therapy based on the doctrines of Al-Quran and Al-Sunnah (5). These two sources set 

the roles for a hygienic way of life. Hazrat Muhammad (S.A.W.) quoted beneficial 
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properties of various plants such Crotalaria juncea Linn, and Nigella sativa. His wife 

(Hazrat Aisha Siddiqa and other Sahaba-e-Karam (companions) had an adequate 

knowledge of herbal medicines and they used them extensively in the treatment of 

injuries and diseases. 

 The role of herbal medicine was greatly extended in the Islamic era of science 

(500 AD-1700 AD). The Greek system of medicine was improved by the Muslims, 

which paved the way for the renaissance in Europe. Medical work of Indians 

(Charaka, Sushruta, Nidana) and Greeks were also translated into Arabic by Muslims. 

One of the most important medicinal plant introduced by the Muslim/Arabs into India 

was Opium (6). 

 Muhammad Ibne Zakariya Al-Razi (864-932 A.D) a great Muslim Physician, 

chemist and philosopher, had written many books among which the most famous is 

“Kitab-al-Mansoori” comprised of ten volumes and dealt exhaustively with Greeco-

Arab system of medicine. It was translated into Latin in 15th century A.D. Besides 

this, he was the first physician, who used opium as general anesthetic. Another 

famous name in the field of medicine is Ibne-Rabban Al-Tabavi (883-970 A.D) (7), 

who wrote the book “Fardous al-Hikmat” which comprised of seven parts. The sixth 

part deals with poisonous drugs. The most famous physician and Philosopher of all 

time, Ibna (Avicenna, 980-1037 A.D) described 760 herbal drugs in his famous book 

“Qunan fi al-Tibb” which is known as “the cannon” in the West. It was considered to 

be the most authentic materia medica of that time (8). 

 Another well-known Arab scientist Al-Idrisi (1100-1166 A.D) is famous for 

his contributions in the field of medicine. He wrote several books on medicinal plants 

specially the “kitabal-Jami-li-Siffat Ashtat Al-Nabatat”. He listed a large number of 

plant-derived drugs in six different languages, Syriac, Greek, Persian, Hindi, Latin 

and Berber. Another well-known botanist and pharmacist “Ibne-Al Baitar” who died 

in Damascus in 1241 A.D., wrote a monumental work “Jami-al-Mufarradat” in which 

he collected the remarks of Dioscorides, Galen, Rhazes, Ibne Sina and others on a 

large number of drugs. The book deals with 2,000 drugs traditional herbal of which 

1700 are herbs. Another book written by him on material medica is known as “Kitab 

Al-mughni-li-Adwiya-Al-Muffarada”. 

 The historical development of herbal remedies for the treatment of diseases 

can be divided chronologically into four stages (2). 
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1) Crude drugs were prepared and used in roughest manner such as powdered 

Cinchona. 

2) Drugs were converted into more active and more manageable forms; such as 

aqueous or alcoholic extracts. 

3) The pure active principles were separated and used, e.g. morphine quinine, etc. 

4) Instead of attempting to extract medicine as such from natural sources, 

attempts were made to synthesize bioactive substances by chemical methods. 

 

 Benzoic acid was the first chemical substance to be isolated from a plant 

source in 1560. In 1806, morphine was isolated and its structure was established by 

Serturner (1783-1841 A.D). Strichnine, brucine, quinine, cinchonine and caffeine 

were isolated in next 15 years. Quinine from Cinchona bark and reserpine from 

Rauwolfia serpentine are the effective drugs against malaria and mental ailment and 

high blood pressure, respectively. There has been a considerable resurgence of 

interest in the study of natural products, based the discovery of antibiotics and the 

importance which some of the constituents of medicinal plants have gained in the 

treatment of cardiovascular diseases, mental disorders and certain forms of cancer. 

 In the light of above mentioned facts, there have been systematic efforts to 

isolate and identify the physiologically active plant constituents. In this connection, 

particular attention is given to the correlation of structure and activity of selected 

flavonoids, alkaloidal bases, terpenoids and other physiologically active constituents 

of medicinal plants. 

 A Center for plant product research is working at GC University, Lahore, 

where research on various medicinal plants is in progress. 

  

1.2 INTRODUCTION OF NATURAL PRODUCTS 
 As the term implies, natural products are those chemical compounds which are 

derived from living organisms including plants, animals, insects, and microorganisms, 

while the research on natural products includes the investigation of their structures, 

formation, uses and purpose in the organism (9). 

 Naturally occurring compounds may be divided into three broad categories. 

Firstly, those compounds, which occur in all cells and play a central role in 

metabolism and reproduction of those cells. These are known as primary metabolites. 
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Secondly, there are high molecular weight polymeric materials such as cellulose, the 

lignins and the proteins which form the cellular structures. Finally, there are those 

compounds that are characteristic of a limited range of species. Most primary 

metabolites exert their biological effects within the cell or organism that is responsible 

for their production. Secondary metabolites, on the other hand have often attracted 

interest because of their biological effects on other organisms. Natural products often 

have an ecological role in regulating the interaction between plants, microorganisms, 

insects and animals. These can be the defensive substances, antifeedants, attractants 

and pheromones. Chemotaxonomy provides another reason for examining the 

constituents of plants. Phytochemical survey can reveal natural products that are 

“markers” for botanical and evolutionary relationships (10). 

A brief account of type of the phytochemicals distributed in plant flora is given 

below: 

1. Phenolic compounds (11) are plant metabolites, widely distributed in plant 

kingdom. A variety known as polyphenols is found in fruits of some plants. 

They occur as natural colour pigments and are responsible for the colour of the 

fruits. 

2. Flavonoids (12) are important group of polyphenols, widely distributed in 

plant flora 4,000 flavonoids are known to exist and some of them are pigments 

in higher plants. Quercetin, kaempferol and quercitrin are common. Soya 

flavones have recently gained importance due to variety of pharmacological 

activities. 

3. Acylphloroglucinols (13) are group of phenolic compounds having significant 

antidepressant activity. 

4. Alkaloids (14) are basically nitrogen containing bases and the most important 

class of phytochemicals. The amino acids act as building blocks for the 

biosynthesis of alkaloids. More than 10,000 different alkaloids have been 

discovered in species from over 300 plant families. 

5. First identified in 1820s, coumarin (15) is an oxygen heterocycle that is 

famous for its vanilla-like or freshly-mowed hay fragrance. Coumarin is a 

chemical compound (benzopyrone); a toxin found in many plants, notably in 

high concentration in the tonka bean, vanilla grass, woodruff, mullein, and 

bison grass. Coumarin and its derivatives are principal oral anticoagulants. 

http://www.herbs2000.com/h_menu/oxygen.htm
http://en.wikipedia.org/wiki/Chemical_compound
http://en.wikipedia.org/wiki/Benzopyrone
http://en.wikipedia.org/wiki/Toxin
http://en.wikipedia.org/wiki/Plant
http://en.wikipedia.org/wiki/Tonka_bean
http://en.wikipedia.org/wiki/Vanilla_grass
http://en.wikipedia.org/wiki/Woodruff
http://en.wikipedia.org/wiki/Mullein
http://en.wikipedia.org/wiki/Bison_grass
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Coumarins are competitive inhibitors of vitamin K in the biosynthesis of 

prothrombin (16). 

6. Furanocoumarins (17) are photosensitizing agents used in the treatment of 

pigment disorders. Ayurveda, the ancient science of India, has described the 

use of bawachi (Psoralia corylifolia) for the treatment of leucoderma. 

7. Furochromones (18) are group of coumarins, derived from benzopyrone. They 

are related to furanocoumarins. Hydroxycoumarins represent another group of 

coumarins. 

8. Glycosides are water-soluble constituents, found in the cell sap. They are 

colourless, crystalline substances containing carbon, hydrogen and oxygen. 

Some glycosides are peculiar in having nitrogen and sulphur. 

9. The glucosinolates (19) are a class of organic compounds that contain sulfur 

and nitrogen and are derived from glucose and an amino acid. Glucosinolates 

are water-soluble anions and belong to the glucosides. About 120 different 

glucosinolates are known to occur naturally in plants. They are synthesized 

from certain amino acids 

10. Resins (20) are brittle, non-volatile, solid substances. Oleoresins are natural 

products of resin mixed with volatile oils. Gum-resins are plant exudates and 

are mixtures of gum and resin and often volatile oils. Balsams are 

combinations of resins or oleoresins with aromatic acids. 

11. Saponins (21) are glycosides found in number of plants. they are amphipathic 

glycosides grouped phenomenologically by the soap-like foaming they 

produce when shaken in aqueous solutions, and structurally by their being 

composed of one or more hydrophilic glycoside moieties combined with a 

lipophilic triterpene derivative  Some  are poisonous. 

12. Terpenoids (22) may be defined as a group of molecules whose structure is 

based on a various but definite number of isoprene units (methylbuta-1,3-

diene, named hemiterpene, with 5 carbon atoms). Terpenoids are 

extraordinarily diverse but they all originate through the condensation of the 

universal phosphorylated derivative of hemiterpene, isopentenyl diphosphate 

(IPP) and dimethylallyl diphosphate (DMAPP) giving geranyl pyrophosphate 

(GPP). Plant terpenoids are used extensively for their aromatic qualities. They 

play a role in traditional herbal remedies  

http://en.wikipedia.org/wiki/Organic_compound
http://en.wikipedia.org/wiki/Sulfur
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Glucose
http://en.wikipedia.org/wiki/Soluble
http://en.wikipedia.org/wiki/Anion
http://en.wikipedia.org/wiki/Glucoside
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Amphipathic
http://en.wikipedia.org/wiki/Glycoside
http://en.wikipedia.org/wiki/Aqueous
http://en.wikipedia.org/wiki/Hydrophilic
http://en.wikipedia.org/wiki/Lipophilic
http://en.wikipedia.org/wiki/Triterpene
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13. Sesquiterpene lactones constitute significant group of phytochemicals. They 

are formed by condensation of three isoprene molecules followed by 

oxidation. 

14. Sterols (23) are derivatives of steroids. Modern clinical studies have supported 

their role as anti-inflammatory and analgesic agents. Sterols are also known as 

steroid alcohols. They are a subgroup of steroids with a hydroxyl group at the 

3-position of the A-ring. They are amphipathic lipids synthesized from acetyl-

coenzyme A via the HMG-CoA reductase pathway. 

15. Tannins (24) are astringent, bitter plant polyphenols that either bind and 

precipitate or shrink proteins. They are phenolic compounds of high molecular 

weight. Tannins are widely distributed in plant flora.  Tannins have shown 

potential antiviral (25), antibacterial (26) and antiparasitic effects (27). In the 

past few years tannins have also been studied for their potential effects against 

cancer through different mechanisms.  

 

1.3 FAMILY MALVACEAE  
 Family Malvaceae (28) is cosmopolitan in distribution. This plant family 

comprises 88 genera and 2300 species. In Pakistan it is represented by 19 genera with 

94 specific and intraspecific taxa e.g Abutilon, Hibiscus, Abelmoscus, Gossypium etc. 

The members of this family are mostly annual to perennial herbs to shrubs or small 

trees (29). 

 

1.3.1 IMPORTANCE OF THE FAMILY MALVACEAE (30-31) 

 Popular plants of the family Malvaceae are generally valued for commercial 

cotton, gorgeous spring blossoms and some for their colourful foliage. Some plants 

are grown for decoration (Hibiscus). Additionally they have medicinal value as well. 

 Marsh mallow (Althaea officinalis) has demulcent properties. Sometimes it is 

used to treat inflammations and irritations of the mucous membranes such as the 

alimentary canal, the urinary and the respiratory organs. The root is used for peptic 

ulceration and gastritis. Hollyhock, (Althaea rosea) has uses similar to marsh mallow. 

Its flowers are used medicinally for their emollient, demulcent and diuretic properties. 

Roots of marsh mallow are used medicinally for cough. Salmalia malabarica gum is 

good for curing kidney troubles, leucorrhoea and tuberculosis. Flowers and barks of 

http://en.wikipedia.org/wiki/Steroid
http://en.wikipedia.org/wiki/Hydroxyl_group
http://en.wikipedia.org/wiki/Amphipathic_lipids
http://en.wikipedia.org/wiki/Acetyl-coenzyme_A
http://en.wikipedia.org/wiki/Acetyl-coenzyme_A
http://en.wikipedia.org/wiki/HMG-CoA_reductase
http://en.wikipedia.org/wiki/Astringent
http://en.wikipedia.org/wiki/Polyphenol
http://en.wikipedia.org/wiki/Precipitation_(chemistry)
http://en.wikipedia.org/wiki/Protein
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the same plant have ability to cure conjunctivitis and cutaneous infections. It is also 

expectorant, laxative and suppurative. Hibiscus rosa is aphrodisiac. Leaves are good 

for curing boils. Flowers are laxative. Abelmoschus esculentus improves and increases 

sperm count. Hibiscus cannabinus treats guinea worm sores. Hibiscus sabdariffa is 

good to treat high blood pressure. 

 Economically Malvaceae is very important. The commercial cotton is derived 

from the dense hairy seeds of Gossypium. Cotton fibres have been traced to the Indus 

valley civilization (CA, 3000 BC). Gossypium hirsutum cultivated in the USA, yields 

long staple cotton, G. arboretum and G. herbaceum which yield short staple cotton, 

are cultivated in Asia. Cotton seeds are rich in fat and yield edible oil called the cotton 

seed oil. It is also used in manufacturing soaps and lubricants; the oil cake is used as a 

cattle feed. 

 Hibiscus cannabinus is another plant which yields fiber, used widely for 

cordage, ropes etc; fatty oil used in the manufacture of linoleum, paints and varnishes 

and also as edible oil and oil cake is used as a cattle feed. Other fiber yielding plants 

of minor importance are Abutilon indicum, A. persicum and A. theophrasti (China 

jute), Sida cordifolia, S. acuta, Urena lobata and many others. Hibiscus sabdariffa 

(commonly called rosella) is a shrub, native to the West Indies; its epicalyx and calyx 

are fleshy, rich in acids and pectin and used in preparation of jellies and 

confectionery. Many species of Hibiscus such as H. mutabilis, H. rosasinensis, H. 

schizopetalous are cultivated as ornamentals; H. elatus (blue mahoe) is the national 

flower of Jamaica, H. syriacus growing in eastern Mediterranean has large flowers of 

pinkish colour and is commonly called ‘rose of sharon’.  

 The fruits of Abelmoscus esculentus or lady finger are used as a vegetable. 

Roots of Althaea officinalis or marshmallow are used medicinally, considered to be a 

very useful herbal remedy for cough. A. rosea or holly hock is a cultivated garden 

ornamental. The mucilaginous roots of Pavonia hirsua from Zimbabwe are added to 

milk to hasten butter production (32). The mucilaginous substance obtained from the 

stem of Kydia calycina is used for clarifying sugars. 

 

1.4 GENUS ABUTILON 
 Abutilon (33) is a large genus of about 150 species of broadleaf evergreens in 

the mallow family (Malvaceae). The genus includes annuals, perennials, shrubs, and 

http://en.wikipedia.org/wiki/Evergreen
http://en.wikipedia.org/wiki/Mallow
http://en.wikipedia.org/wiki/Malvaceae
http://en.wikipedia.org/wiki/Annual_plant
http://en.wikipedia.org/wiki/Perennial_plant
http://en.wikipedia.org/wiki/Shrub
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small trees from 1-10 m tall, and is found in the tropical and subtropical regions of all 

continents. It is represented by 18 specific and intraspecific taxa in Pakistan (29). The 

leaves are alternate, unlobed or palmately lobed with 3-7 lobes. The flowers are 

conspicuous, with five petals, mostly red, pink, orange, yellow or white. 

 

1.4.1 IMPORTANCE OF GENUS ABUTILON 

Valuable fibers are drawn from different species of Abutilon e.g. Abutilon 

indicum, A. polyandrum and A. asiaticum (29). the fibers obtained from these plants 

are used for making ropes cordage’s , jute dyes, drugs, rugs , wrapping cloth, tissue 

papers, for making coarse cloth, cigarette paper, rubber, tyre, fabrics, shoe polishes 

,etc. Its leaves are applied in ulcers and gonorrhoea. Leaves of A. indicum yields 

mucilage used in pectorial troubles. Abutilon avicennae provides a useful fiber named 

Chinese jute. Seeds of Abutilon specie are laxative and demulcent. 

 

1.5 ABUTILON INDICUM LINN. 
 Abutilon indicum is an erect woody, gray, velvety and shrubby plant. 

Medicinally it is very important plant (30). 

 

VERNACULAR NAMES (34)  

 The plant is known by many names, some of them are: 

 Latin    -  Abutilon indicum 

 English   -  Country Mallow 

 Sanskrit  -  Atibala 

 Hindi   -  Kanghi 

 Bengali  -  Karandi or Madni 

 Urdu   -  Peele booty 

http://en.wikipedia.org/wiki/Tree
http://en.wikipedia.org/wiki/Leaf
http://en.wikipedia.org/wiki/Flower
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Figure-1: A Branch of Abutilon indicum Linn. Showing Flower, Leaves, Stems and 

Fruits 

 

 
Figure-2: Fruit of Abutilon indicum Linn.  

 

 

 
Figure-3: Flower of Abutilon indicum Linn.  
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1.5.1 DISTRIBUTION (29) 

 Abutilon indicum is a weed in tropical and sub tropical areas, needing only 

heat and sun, growing even in dry poor soils. It is quit common in Indo-Pak on road 

sides and waste places, growing usually after the rains and flowering during winter. In 

Poland it is also cultivated for ornamental value. 

 

1.5.2 MORPHOLOGY (29) 

 It is an annual herb or perennial sub shrub, very branched, one to two meters 

(three to six feet) high, which younger parts are covered by a whitish grey down. 

Stem is round, often tinged with purple colour. The simple leaves (35) are alternate, 

rounded to ovate, the margin irregularly crenate or toothed. The auxiliary flowers are 

solitary or in terminal groups, with five yellow petals and many stamens united in a 

tube like in the hibiscus flower. Carpels are 15-20 in number. Calyxes are lobed 

divided in the middle. Seeds (36) are three to five kidney shaped, dark brown or 

black, with minutely stillate hairs. Fruits are papery, flattened and arranged like the 

spokes of a wheel. 

 

1.5.3 MEDICINAL IMPORTANCE (37-40) 

 The leaves, roots and stems of Abutilon indicum contain considerable amount 

of mucilage due to which these find use in indigenous medicine for the treatment of 

rheumatism and as demulcents, emollients and diuretics. Some of these are prescribed 

in fevers as cooling medicine. Medicinal uses of different parts of Abutilon indicum 

are as follows: 

 Flowers (41) are a local application to boils and ulcers. Leaves (42) were 

traditionally used to treat bronchitis, gonorrhea and as a mouth wash in toothache. 

Local practitioners have claimed that the leaves are highly useful in controlling 

diabetes mellitus. Decoction of leaves is used as fomentation to painful parts. Leaves 

are also used as a remedy against liver disorders. Barks (43) are used as diuretic, 

anthelmintic, pulmonary sedative and in fever and haematurea. The bark allays thirst 

removes ‘vata’ and lessens perspiration. Root (44) oil is reported to have analgesic 

activity comparable with that of acetyl salicylic acid and it is devoid of CNS 

depressant activity. Root extracts obtained with different solvents, exhibited 

antibacterial and antifungal activity. The root is regarded as cooling, astringent and 
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tonic. It is considered good in strangury, haematuric and leprosy. Seeds (45) are used 

as laxative in piles and in the treatment of cough. According to Chinese in Hong 

Kong, the seeds are employed as an emollient, demulcent, diuretic and laxative. 

Recent studies revealed that the whole plant has an immune stimulating effect. The 

multifold use of this plant has created wide interest in their phytochemistry. 

 

1.6  ABUTILON MUTICUM Del ex DC. (29) 

Abutilon muticum is tomentose under shrub with spherical fruit, with wide 

pharmaceutical and economic importance. 
 

1.6.1 DISTRIBUTION (29) 

Abutilon muticum is widely distributed in Tropical Africa, India, S.W. Asia, 

Australia, Arabia and in plains throughout Pakistan especially more common in Sind 

and abundantly in desert of Cholistan, Bahawalpur. 

 

SYNONYMS (46) 

• Sida mutica Delile ex DC.  

• Sida glauca Cav.  

• Abutilon benadirense Mattei  

• Sida pannosa G.Forst.  

• Abutilon glaucum (Cav.) Sweet  

• Abutilon pannosum (G.Forst.) Schltdl. 

VERNACULAR NAMES  
The plants are often known by different names or common names.  The Abutilon 

muticum has following common names; 

 Latin    -  Abutilon muticum 

 English   -  Sweet mallow 

 Sanskrit  -  Atibala 

 Local    -  Akri 

   Hindi                        -                      Chakrabenda 
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Figure-4: Whole Plant of Abutilon muticum Del ex DC.  

 

 
Figure-5: Fruit of Abutilon muticum Del ex DC.   

 

 
Figure-6: Flower of Abutilon muticum Del ex DC.   

http://www.sahara-nature.com/image_aff.php?aff_image=album/photos/plantes/malvaceae/abutilon_muticum/dzi7018_6.jpg�
http://www.sahara-nature.com/image_aff.php?aff_image=album/photos/plantes/malvaceae/abutilon_muticum/dzi6938_6.jpg�
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1.6.2 MORPHOLOGY (29) 

Abutilon muticum is a perennial herb or shrub. It is 0.5-2m tall. Leaves are 2-

16 cm across, more densely hairy and velvety beneath. Sepals are 6-8 mm long, 1 mm 

broad and linear. Flowers are auxiliary, solitary or fascicled. Calyxes are 7-8 mm 

long, in fruit up to 10mm, fused to the middle, and pubescent on both sides. Corolla is 

yellow to orange and 0.2 to 2.5 times the length of the Calyx. Petals are 10-12 mm 

across, obovate and hairy on the margins. Fruit is usually globose, 9-12 mm in 

diameter, long 5-6 mm broad. Seeds are usually 2 in each mericarp. 

 

1.6.3  MEDICINAL IMPORTANCE OF ABUTILON MUTICUM 

 Leaves of Abutilon muticum are mucilaginous, and considered as a cure for 

piles in Baluchistan. (47) The oil cakes are used as fertilizer and for dairy cattle. The 

oil seeds have some importance in the treatment of colds, cough, bronchial infections, 

inflammation of urinary tract, diarrhea and ulcers. 

 

1.7 LIPIDS 
Lipids (Greek word meaning fat) are derived from long chain fatty acids and 

alcohols or closely related derivatives. They are water insoluble components of cells 

that can be extracted by non polar solvents. Lipids may be broadly defined as 

hydrophobic or amphiphilic small molecules that originate entirely or in part from two 

distinct types of biochemical subunits or "building blocks": ketoacyl and isoprene 

groups (48). Using this approach, lipids may be divided (49) into eight categories: 

fatty acyls, glycerolipids, glycerophospholipids, sphingiolipids, saccharolipids and 

polyketides (derived from condensation of ketoacyl subunits); and sterol lipids and 

prenol lipids (derived from condensation of isoprene subunits). 

 The biological functions of lipids are diverse, such as structural components of 

cell membranes, energy storage sources and intermediates in signaling pathways.  

Fats and oils are the principal stored form of energy in many organisms, whereas 

phospholipids and sterols make up more than half the mass of cell membranes. Other 

lipid molecules although present in relatively small amounts, play crucial roles as 

coenzymes, electron carriers, light absorbing pigments, hydrophobic anchors, 

hormones etc. 

http://en.wikipedia.org/wiki/Hydrophobe
http://en.wikipedia.org/wiki/Amphiphile
http://en.wikipedia.org/wiki/Ketone
http://en.wikipedia.org/wiki/Isoprene
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 Complex lipids do not hydrolyze with acidic or basic solvents. They include 

terpene compounds with general formula (C5H8)n, steroids and prostaglandins.They 

are also known as non-saponifiable lipids. Simple lipids; commonly known as 

saponifiable lipids, are esters of carboxylic acids. They are easy to hydrolyze to acids 

and alcohols. They include glycerides and waxes. The distinction between fats and 

oils is based primarily upon the difference in melting points. Fats are solid esters of 

glycerol (50), whereas oils are liquid esters of glycerol. Oils may be divided 

conveniently with reference to their volatility, into fixed oils and essential or volatile 

oils. Fixed oils and fats are obtained from either plants or animals. In plant kingdom 

fixed oils are mostly derived from the seeds of dicotyledonous plants. 

 

1.7.1 FATTY ACIDS 

 Fatty acids (51) are carboxylic acids having hydrocarbon chain of 4 to 36 

carbons. In some acids chains are fully saturated; while others contain one or more 

double bonds. A few of them contain hydroxyl groups. In higher plants and animals 

the predominant fatty acid residues are palmitic, oleic, linoleic and stearic acids. Fatty 

acids with < 12 and >20 carbon atoms are less common in nature. Fatty acids are 

obtained by the hydrolysis of triacyl glycerols. Unsaturated fatty acids contain one to 

five double bonds. Glycerides are fatty acid esters of glycerol so fatty acids also 

known as complex lipids  

 

1.7.2 WAXES 

Waxes (52) are esters of fatty acids (saturated or unsaturated, having 14 to 36 carbon 

atoms) with long chain monohydric alcohols (one hydroxyl group). Natural waxes are 

often mixtures of such esters, and may also contain hydrocarbons or free acids. The 

melting points (60-100°C) of waxes are generally higher than those of 

triacylglycerols. Waxes are widely distributed in nature. The leaves and fruits of many 

plants have waxy coatings, which may protect them from dehydration and small 

predators. The feathers of birds and the fur of some animals have similar coatings 

which serve as a water repellent. Carnuba wax is valued for its toughness and water 

resistance. 
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1.8 ANTIMICROBIALS 
Antimicrobials (53) are chemicals that kill microbes. Antimicrobial is the name for a 

chemical that either kills or prevents the growth of microbes ('bugs' or 'germs') such as 

bacteria, viruses, fungi or protozoa. Some antimicrobials are produced by bugs 

themselves (e.g. penicillin is produced by the penicillium mould), others are designed 

in the laboratory. Different bugs are susceptible to different antimicrobials e.g. the 

penicillium mould is not killed by the penicillin it produces, but some bacteria are 

susceptible to penicillin. Antiviral are drugs that kill or prevent the growth of viruses. 

Viral infections are much harder to treat than bacterial infections because viruses live 

inside our cells, making it harder for the immune system to see them and attack them . 

A large number of human, animal and plant disease are caused by pathogenic 

microbes (fungi bacteria and algae). Infections due to fungi and bacteria have been a 

major cause of death in higher organisms. The discovery of antibiotic penicillin by 

Fleming is therefore considered to be one of the most important discoveries in the 

world. Historically many of the new antibiotics were isolated from natural sources 

(soil microbes, plants etc). Many more were later synthesized and introduced in 

clinical practices. Several antibiotics, which have been found to be clinically effective 

as antibacterial, antifungal and antiprotozoal agents are found to inhibit carcinomas in 

experimental animals and are used as antitumor agents for the control of malignant 

diseases. However the toxic side effects of bone marrow changes, kidney and liver 

damage have precluded extensive therapeutic applications of these agents for cancer 

treatment. 

Unfortunately human struggle against pathogenic microbes is far from over 

due to many reasons. Most important of them time to time discovery of new 

pathogens, remarkable abilities of microbes to develop resistance against used 

antibiotic. The discovery and   development of new antimicrobial agent is therefore a 

going process. Remarkable diversity of chemicals present in biological samples has 

tremendous potential in search of new antimicrobial agents. 

There is no single all embracing bioassay to evaluate the antimicrobial activity 

of a sample. Therefore, the evaluation process generally involves the use of a number 

of bioassay methods and careful comparison of all the data in order to arrive at an 

appropriate conclusion (54). 

There are three major methods for antimicrobial testing:  
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(a) Agar diffusion method. 

(b) Agar dilution method.  

(c) Bioautographic   method. 

In the agar diffusion method, wells are cut in seeded agar and the sample is 

then introduced directly into these wells. After incubation the diameter of the clear 

zone around the well is measured and compared against zones of inhibition produced 

by the solutions of known concentrations of standard antibiotics. In samples where the 

presence of suspended particle matter (or precipitation of water insoluble substances 

on the disc or cylinder) interferes with the diffusion of the antimicrobial substance, 

warming on a hot plate may be advantageous. Five or six samples may be tested 

simultaneously by the diffusion method. 

In the agar dilution method, the medium is inoculated with the test organism 

and the samples to be tested are mixed with the inoculated medium. The material is 

inoculated and the growth of the microorganisms is viewed and compared with a 

control culture which does not contain the test sample. The experiment is repeated at 

various dilutions of the test sample in the culture medium and the highest dilution at 

which the sample just prevents the growth of microorganism (MIC) is determined. 

The bioautographic procedure for screening for antimicrobial activity 

involves localizing the antibacterial activity on a chromatogram. The antimicrobial 

agent is transferred from the TLC plate or paper chromatogram to an inoculated agar 

plate by diffusion and zones of inhibition visualized. 

Spoilage of foods due to the presence of bacterial and fungal infection has 

been a major concern for decades and it causes a considerable loss world wide. The 

demand for non toxic, natural preservatives has been rising with increased awareness 

and reports of ill effects of synthetic chemicals present in foods. Further more 

emergence of food borne pathogens has lately become a major public health concern. 

Many compounds present in the plants have been reported to be biologically active, 

antimicrobial, allopathic, antioxidants and have bio regulatory properties. There is a 

need to discover new antimicrobial compounds in view of many plant and human 

microbial diseases. 
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1.9 ANTIOXIDANTS 
The word “antioxidant” is increasingly popular in modern society as it gains 

publicity through mass media coverage of health benefits. An antioxidant is a 

molecule capable of slowing or preventing the oxidation of other molecules. 

Antioxidant can be defined in broader terms as: “an antioxidant is any substance that 

when present at low concentrations compared with those of an oxidizable substrate 

significantly delays or prevents oxidation of that substrate” (55-56).  

Oxidation is a chemical reaction that transfers electrons from a substance to an 

oxidizing agent. Oxidation reactions can produce free radicals, which start chain 

reactions that damage cells. Antioxidants terminate these chain reactions by removing 

free radical intermediates, and inhibit other oxidation reactions by being oxidized 

themselves. As a result, antioxidants are often reducing agents such as thiols or 

polyphenols. 

Antioxidants are substances or nutrients in our foods which can prevent or 

slow the oxidative damage to our body. When our body cells use oxygen, they 

naturally produce free radicals (by-products) which can cause damage. Antioxidants 

act as "free radical scavengers" and hence prevent and repair damage done by these 

free radicals.  Health problems such as heart disease, mascular degeneration, diabetes, 

cancer etc are all contributed by oxidative damage. 

Antioxidants are classified (57) into two broad divisions, depending on 

whether they are soluble in water (hydrophilic) or in lipids (hydrophobic). In general, 

water-soluble antioxidants react with oxidants in the cell cytosol and the blood 

plasma, while lipid-soluble antioxidants protect cell membranes from lipid 

peroxidation. These compounds may be synthesized in the body or obtained from the 

diet.  

Oxidative Stress (OS) is a general term (58) used to describe the steady state 

level of oxidative damage in a cell, tissue, or organ, caused by the Reactive Oxygen 

Species (ROS) and Reactive Nitrogen Species (RNS). Oxidative stress is caused by an 

imbalance between the production of reactive oxygen and a biological system's ability 

to readily detoxify the reactive intermediates or easily repair the resulting damage. All 

forms of life maintain a reducing environment within their cells. This reducing 

environment is preserved by enzymes that maintain the reduced state through a 

constant input of metabolic energy. Disturbances in this normal redox state can cause 

http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Redox
http://en.wikipedia.org/wiki/Chemical_reaction
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Oxidizing_agent
http://en.wikipedia.org/wiki/Free_radical
http://en.wikipedia.org/wiki/Chain_reaction
http://en.wikipedia.org/wiki/Chain_reaction
http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Reducing_agent
http://en.wikipedia.org/wiki/Thiol
http://en.wikipedia.org/wiki/Polyphenol
http://www.healthcastle.com/hearthealthy.shtml
http://www.healthcastle.com/cancerdiet.shtml
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Hydrophile
http://en.wikipedia.org/wiki/Hydrophobe
http://en.wikipedia.org/wiki/Cytosol
http://en.wikipedia.org/wiki/Blood_plasma
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toxic effects through the production of peroxides and free radicals that damage all 

components of the cell, including proteins, lipids, and DNA. 

 

Reactive Oxygen Species (ROS) is a term collectively describing radicals and other 

non-radical reactive oxygen derivatives. These intermediates may participate in 

reactions giving rise to free radicals or that are damaging to organic substrates. ROS 

in living organisms include the following: 

Table 1: Reactive Oxygen Species of Living Organisms 

 

Reactive Nitrogen Species (RNS) are radical nitrogen-based molecules that can act 

to facilitate nitrosylation reactions. Reactive Nitrogen Species (RNS) include: 

 

Table 2: Reactive Nitrogen Species of Living Organisms 

Radical Non-Radical 

Nitrous oxide NO• Nitrosyl cation NO+ 

Nitryl chloride NO2Cl Nitrogen dioxide NO2 

Peroxynitrous acid ONOOH Dinitrogen trioxide N2O3 

Nitroxyl anion NO¯ Nitrous acid HNO2 

 

 

The term “oxidizable substrate” includes almost everything found in living 

cells, including proteins, lipids, carbohydrates and DNA. ROS induce oxidative 

damage of DNA, including strand breaks and base and nucleotide modifications, 

Radical Non-Radical 

Hydroxyl OH• Peroxynitrite ONOO¯ 

Superoxide O2
•¯ Hypochloric acid HOCl 

Lipid peroxyl LOO• Hydrogen Peroxide H2O2 

Thyl RS• Ozone O3 

Peroxyl RO2
• Lipid peroxide LOOH 

http://en.wikipedia.org/wiki/Peroxide
http://en.wikipedia.org/wiki/Free_radical
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Lipid
http://en.wikipedia.org/wiki/DNA


CH. 1       INTRODUCTION 
 
 

Studies on Bioactive Natural Products of Selected Species of Family Malvaceae 
 

19

particularly in sequences with high guanosine content. Free radicals are also produced 

inside (and also released towards the cytosol) organelles, such as the mitochondrion. 

Mitochondria convert energy for the cell into a usable form, adenosine triphosphate 

(ATP). The process in which ATP is produced, called oxidative phosphorylation, 

involves the transport of protons (hydrogen ions) across the inner mitochondrial 

membrane by means of the electron transport chain. In the electron transport chain, 

electrons are passed through a series of proteins via oxidation-reduction reactions, 

with each acceptor protein along the chain having a greater reduction potential than 

the last. The last destination for an electron along this chain is an oxygen molecule. 

Normally the oxygen is reduced to produce water; however, in about 0.1–2% of 

electrons passing through the chain, oxygen is instead prematurely and incompletely 

reduced to give the superoxide radical,·O2
-, most well documented for Complex I and 

Complex III. Superoxide is not particularly reactive by itself, but can inactivate 

specific enzymes or initiate lipid peroxidation in its HO2· form. The pKa of the 

protonated superoxide is 4.8, thus at physiological pH the majority will exist as 

hydrogen peroxide (H2O2). If too much damage is caused to its mitochondria, a cell 

undergoes apoptosis or programmed cell death. 

When reactive oxygen species (ROS) are generated in living systems, a wide 

variety of antioxidants come into play. The term ROS is used in preference to oxygen 

radicals (since H2O2, singlet oxygen and HOCl are non radicals) or oxidants (since 

superoxide, O2
.-, is also a reducing agent). “Reactive is a relative term, e.g. O2

.- is 

more reactive than O2 but much less than .OH or HOCl. Nature has stricken a balance 

between oxidants and antioxidants. Whenever this balance is tilted in favor of 

oxidants due to some disease or as a result of some disease, it is said that the 

organism/tissue/cell is under “oxidative stress”. Oxidative stress is thought to 

contribute to the development of a wide range of diseases including Alzheimer's 

disease,(59) Parkinson's disease,(60) the pathologies caused by diabetes,(61-62) 

rheumatoid arthritis,(63) and neuro degeneration in motor neuron diseases.(64)  

1.9.1 ANTIOXIDANT DEFENSE SYSTEM (ADS) 

An extensive, highly effective group of protective agents and defense 

mechanisms referred to collectively as the Antioxidant Defense System (ADS), acts 

to regulate oxidative reactions. The ADS includes enzymes and antioxidants to 

prevent the start of oxidative damage and/or control its spread. There are also 

http://en.wikipedia.org/wiki/Organelle
http://en.wikipedia.org/wiki/Mitochondrion
http://en.wikipedia.org/wiki/Adenosine_triphosphate
http://en.wikipedia.org/wiki/Oxidative_phosphorylation
http://en.wikipedia.org/wiki/Electron_transport_chain
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Complex_I
http://en.wikipedia.org/wiki/Complex_III
http://en.wikipedia.org/wiki/Hydroperoxyl
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http://en.wikipedia.org/wiki/Alzheimer%27s_disease
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enzymes to repair oxidative damage, and mechanisms to target damaged molecules 

for destruction and replacement. Essential antioxidants are either endogenous 

(internally synthesized) or exogenous (consumed). They are typically categorized as 

scavenger antioxidants and prevention antioxidants. 

 

1.9.2 PRINCIPLES OF MEASUREMENT OF ANTIOXIDANT 
ACTIVITY  
Oxygen, although essential for existence of life, is paradoxically involved in 

the generation of Reactive Oxygen Species (ROS) in living organisms. The over-

production of ROS has reportedly implicated in more than 100 degenerative diseases 

including heart disease, arteriosclerosis, diabetes, cancer etc. (59-64). In a review by 

Frankle and Mayer (65), the authors pointed out that it is problematic to use one 

dimensional method to evaluate multifunctional food and biological antioxidants. 

Several factors influence the efficiency of an antioxidant and require consideration of 

its bioavailability, the site of action, its stability, its toxicity etc. It is therefore 

necessary to select an appropriate method for evaluation of antioxidant potential. 

Different assays are commonly used for measurement of antioxidant activity. 

The basic principle underlying the ABTS decolorization assay (66) is that 

ABTS on reaction with K2S2O8 forms a greenish blue radical cation. Standard and 

sample antioxidants that are able to transfer an electron to ABTS radical cation 

scavenge the color of the solution proportionate to their amount. The extent of 

scavenging depends both upon the concentration of antioxidant and time duration for 

the reaction. ABTS decolorization assay has most widely been used at pH 7.4.The 

effectiveness of the assay at pH 7.4 has been questioned on account of the 

vulnerability of ABTS radical cation to degradation at high pH (67). Ozgen et al,. 

2006 (68)recommended that the antioxidant activity of the fruits, which occur 

naturally at low pH, should have been evaluated by using ABTS radical cation 

stabilized at pH 4.5.  

The Trolox Equivalent Antioxidant Activity (TEAC) assay which was 

originally described by Miller et al., 1993 (69) and later modified by Re et al.,  1999 

(70) is based upon scavenging of 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulphonate) 

(ABTS-) radical anion on addition of sample antioxidants. The extent of scavenging 

of radical anion, which is detected spectrophotometrically at 734nm, can be related to 

the amount of antioxidants present in the sample. TEAC value can be determined for 
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all the compounds/samples which are able to scavenge ABTS radical anion by 

comparing their scavenging activity with that of Trolox, a water soluble analogue of 

vitamin E.  

The FRAP assay (71) takes advantage of electron transfer reactions. 

Therefore, essentially there is not much difference between TEAC assay and the 

FRAP assay except that TEAC is carried out at neutral pH and FRAP assay under 

acidic pH (pH 3.6) conditions. 

DPPH is one of the commercially available stable free radicals, which has 

widely been used for estimating scavenging activity of pure antioxidants and extracts 

of herbs/plants (72-73). Violet-colored DPPH radical after accepting an electron or 

hydrogen atom from the antioxidant compounds is converted into a colorless or 

somewhat yellow diamagnetic DPPH molecule (74).   

During linoleic acid oxidation, peroxides are formed. These peroxides have 

ability to oxidize Fe2+ to Fe3+. Fe3+ ion on reaction with thiocyanate ions (SCN-) 

forms complex which can be measured spectrophotometrically at 500nm (75). The 

added standard or sample solutions try to inhibit or slow down oxidation of linoleic 

acid and thus formation of peroxide values. Thus low peroxidation values indicate 

high antioxidant power of the sample and vice versa. 

Though all the living organisms possess their own antioxidant defense system, 

no one can disregard the importance of dietary or exogenous antioxidants as they have 

an important role in the prevention of variety of diseases, so exploration of new 

natural sources of such compounds is of great interest for the scientists. Many 

research groups have examined plants for exploiting novel potential sources of natural 

antioxidants. Of the hundreds of previous studies on antioxidant capacity of higher 

plants, few researchers have examined the herbs/shrubs that can be found in Asia 

especially India and Pakistan.  
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1.10 BIOSYNTHSIS 

 Biosynthesis is a natural process which involves the enzyme catalyzed 

biochemical reactions, resulting in the formation of complex natural products. 

Biosynthesis/biogenesis* is the *building up* process by which the cells make 

organic molecules which leads the organic chemists to duplicate these reactions in 

vitro. The cell (the basic unit of life) acts as biosynthetic site where thousands of 

chemical reactions take place. 

 The metabolisms are of two types, one is primary metabolism, which is a 

whole range of reactions by which organisms synthesize and demolish the substance, 

in order to survive. The primary metabolism of all organisms is similar, even those 

which are genetically very much different. Polysaccharide, proteins, fats, and nucleic 

acids are the fundamental building blocks of living matter and are considered as 

primary metabolites. 

 Some other chemical reactions only take place in certain species or else give 

different products according to the type of species. Such processes do not appear to be 

essential for the existence of the organism and hence are called secondary metabolic 

processes. The reason why many secondary products are produced remain a mystery, 

products from metabolism tend to coincide with the traditional natural products of the 

organic chemists, such as terpenes, alkaloids, pigments etc (Scheme; 8). These are 

called secondary metabolic processes (76-79). 

 Intermediate metabolism usually indicates certain reactions, which allow 

exchange of material between different metabolic pools and produce energy required 

by both the single cell and the whole organism. Intermediate metabolism usually 

involves small molecules (acetic acid etc.). 

 

 

 

 

 

The terms biosynthesis and biogenesis both mean the formation of natural substances 

by living organisms. There is slight difference in their meanings; biosyntheses is the 

acquisition of experimental data, while the biogenesis emphasizes the speculative 

aspects of certain facts. 
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These molecules are partly burnt to CO2 and H2O with the production of energy. In 

fact the distinction between primary and secondary metabolism is merely artificial, 

the concept is a useful simplification of the complex phenomena which occur in vivo. 

These reactions are catalyzed by enzymes (biocatalysts), which are capable of 

performing most sophisticated reactions at controlled rates and in high yields. 

 

Scheme-1: Relationships of Primary and Secondary Metabolism

Primary metabolism    Central metabolism     Secondary metabolism
Starch

Glucose GlycosidePolysaccharide

TriosePentoses
Tetroses

Polysaccharide Aromatic Amino Acids

Phenyl propanoids
Alkaloids

Flavonoids

Acetic AcidFats Polyketides

Melvanoic Acid
Terpenes

Carotenoids

Krebs Cycle
     (Acids)

TetrapyrrolesNucleic Acids

Proteins

Aliphatic Amino Acids
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1.10.1 FLAVONOIDS 

 
1.10.1.1 INTRODUCTION 

The flavonoids, one of the most diverse and widespread group of natural 

products, occupy a prominent position among the natural phenols. The name 

“flavonoid” is derived from Greek word “flavus” (yellow). These are important 

biologically active plant ingredients and about 2% of all the carbon photosynthesized 

is converted into flavonoids (80). 
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Figure-7: Flavonoids having 1,3-diphenylpropane skeleton
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Flavonoids are the colouring co-pigment of the plants (81) which are also 

called anthoxanthins. The wide range of colours and shades in flowers are principally 

due to the presence of flavonoids. These usually occur as pigments in the cells of 

flower tissues (78). 

Flavonoids occur in a variety of structural forms. All contain fifteen carbon 

atoms in their parent nucleus and share the common structural feature of two phenyl 

rings linked by a three-carbon chain (diphenyl propane derivatives). The compounds 

possessing a 1,3-diphenylpropane (Figure-7) skeletons are regarded as chalconoids.  
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The three-carbon chain may be formed into a third (five or six membered) ring 

through oxygen on one of these phenyl rings generating a tricyclic system. The 

tricyclic compounds possessing a five membered heterocyclic ring are referred to 

auronoids, whereas those possessing a six membered heterocyclic ring are designated 

as flavonoids (Figure-7). The tricyclic compounds derived from 1,2-diphenylpropane 

(Figure-8a) system are known as isoflavonoids and 3-phenylcoumarins (Figure-8), 

whereas those derived from 1,1-diphenylpropane (Figure-8b) are called 

neoflavonoids (Figure-8). 
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1.10.1.2 BIOSYNTHESIS OF FLAVONOIDS 

General Aspects 

The biosynthesis of all flavonoids involve the formation of central C-15 

intermediate known as chalcone. The central role of chalcones in flavonoid 

biosynthesis has been attested in a number of investigations (82-83). The formation of 

chalcone is catalyzed by chalcone synthase, which is the key enzyme of flavonoid 

biosynthesis. The precursors for chalcone formation (Scheme-4) are malonyl-CoA 

and 4-coumaroyl-CoA (hydroxycinnamic acid CoA ester). Both flavonoid precursors 

are derived from carbohydrates. Malonyl-CoA is synthesized from the glycolysis 

intermediate acetyl-CoA and carbon dioxide, the reaction being catalyzed by acetyl-

CoA carboxylase. The synthesis of 4-coumaroyl-CoA is more complex and involves 

the shikimate pathway (Scheme-3), which is the main route to aromatic amino acid, 

phenylalanine and tyrosine in higher plants (84). The biosynthesis of shikimic acid 

(Scheme-2) begins with the condensation of D-erythrose-4-phosphate and 

phosphoenolpyruvic acid (78).  
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1.10.1.3  INDIVIDUAL STEPS TO FLAVONOIDS CLASSES 

Flavanone Formation 

Flavanones are formed from chalcones by isomerization. There is a good 

evidence for the in vitro and in vivo existence of equilibrium between flavanones and 

the corresponding chalcones (78). The interconversion between chalcones and 

flavanones is catalyzed in vivo by enzyme known as chalcone isomerase. The 

stereospecificity of this enzymatic reaction is apparent in the (S) chirality of C-2 in 

flavanone derivative. 

O

OOH

HO

OHH

H A

B
..

Chalcone

BH

OH

HO

OH O
H

H OH*

A
..

OH

O

H

HO

OH O

OH

*

Flavanone

Scheme-5: Flavanone formation
 

Therefore, it is not accidental that all the flavanones found in nature have the 

(S) configuration at C-2 and are levorotatory. With chalcones having at least two free 

hydroxyl groups at C-2 and C-6, the equilibrium in an aqueous solution is shifted 

completely and rapidly to the flavanone (Scheme-5). The stabilization energy of the 

strong hydrogen bond between the carbonyl group and the ortho-phenolic hydroxyl 

group greatly influence the position of equilibrium and the interconversion rate. When 

only one hydroxyl is available, either for the cyclization or for hydrogen bonding, the 

system tends to remain in the open form (chalcone form). 
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Isoflavone Formation 

The key step in isoflavone formation is the 2,3-migration of the aryl side chain 

of a flavanone chalcone intermediate. An enzyme activity catalyzing this 

transformation was recently found in microsomal preparations from elicitor-

challenged soybean cell suspension cultures. It transforms (2S)-naringenin 

(flavanone) into genistein (85) (Scheme-6). 

It was found that two enzymatic steps are involved in this transformation. The 

first step comprises of oxidation and rearrangement of naringenin to 2-hydroxy-2,3-

dihydrogenistein. This step is strictly dependent on NADPH and molecular oxygen. 

The second enzyme which catalyses the elimination of water from the 2-

hydroxyisoflavanone is identified but has not yet been characterized (86). For the 

following reasons, (2S)-flavanones and not the chalcones are very probably the actual 

substrates: (a) a stereospecific incorporation of (2S)-naringenin into biochanin A (5,7-

dihydroxy-4′-methoxyisoflavone) (87). (b) only the (2R) enantiomer acts as a 

substrate in vitro (86). (c) The equilibrium of 4,2′,4′,6′-tetrahydroxychalcone is at 

least 1000:1 in favour of the flavanone (87). The equilibrium of 4,2′,4′,6′-

tetrahydroxychalcone is flavanone to isoflavone (Scheme-6) is consistent with the 

participation of NADPH and molecular oxygen. 
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Scheme-6: Isoflavone formation

 

The sequence of events may be initiated by an epoxidation step. Protonation 

and subsequent cleavage of the epoxide would render a positive charge to the B-ring. 

Keto-enol tautomerism, as indicated by proton exchange at C-3 in flavanones (88), 

allows homoallylic interaction between C-3 and C-1′, and rearrangement of the 

structure then takes place. Addition of hydroxyl ion to C-2 leads to the 2-

hydroxyisoflavanone intermediate, which is transformed to the isoflavone by 

elimination of water molecule. 
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Flavone Formation 

The in vitro conversion of flavanones to flavones was first observed in parsley 

plants (89). The reaction has been studied in more detail in parsley cell suspension 

cultures (90) and in Antirrhinum flowers (91). 

The parsley enzyme requires 2-oxoglutarate, Fe2+ and possibly ascorbate as 

co-factors. This co-factor requirement would classify it as belonging to the 2-

oxoglutarate dependent dioxogenase. Ascorbate stimulates this and other 2-

oxoglutarate dependent dioxygenases involved in the flavonoid pathway and, in 

addition, exhibits a remarkable stabilizing effect on the enzyme activity (92). 

In Antirrhinum (91) and in flavone producing flowers of a range of other 

plants including Verbena (93), Dahlia, Streptocarpus and Zinnia (94), reduction of 

flavanone to flavone is catalyzed by a microsomal enzyme requiring NADPH as co-

factor. Although mutants recessive with respect to falvone formation are not known, 

yet, evidence for the enzyme being involved in flavone formation is provided by the 

fact that flowers of plants that naturally lack flavones are also devoid of this NADPH 

dependent microsomal enzyme activity. 

O
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[O]
O
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HO
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Scheme-7: Flavone formation
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Both the parsley and the flower enzyme catalyzed the reaction from (2S)-

naringenin (flavanone) to apigenin (flavone) (Scheme-7). The mechanism of double 

bond formation is still unclear. It has been suggested that 2-hydroxyflavanone is 

formed in the first step, and water is then eliminated via a dehydratase (90-91). 

However, no such 2-hydroxy intermediate has yet been observed even with a nearly 

homogenous enzyme protein (92). On the other hand, 2-hydroxyflavones certainly 

exist as plant metabolites and they are indeed, the substrates in C-glycosylflavones 

formation (95). 

 

Flavonol Formation 

Enzymatic conversion of dihydroflavonols to flavonols was first observed 

with enzyme preparations from parsley cell suspension cultures (90). Synthesis of 

flavonols was found to be catalyzed by a soluble 2-oxoglutarate dependent oxygenase. 

Flavonol synthesis, most probably, proceeds via a 2-hydroxy intermediate such as 2-

hydroxydihydrokaempferol with subsequent dehydration, giving rise to the respective 

flavonols (96) (Scheme-8). Flavonol synthase has also been demonstrated in flower 

extract from Matthiola (97) and Petunia (94). As in parsley, flavonol formation in 

these flowers is catalyzed by a soluble 2-oxoglutarate dependent dioxygenase. 
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Scheme-8: Flavonol formation
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1.10.2   Terpenoids 
1.10.2.1 Introduction 

A group of natural products that possess a carbon framework comprising units 

of five carbon atoms arrangement is called “terpenes”. This unit is known as 

“isoprene” (C5H8) because of its relationship to 2-methyl buta-1,3-diene. 

 

C

C C

Isoprene
skeleton

Condensed
   formula

head

tail

head-to-tail arrangement
 

 

Terpenes are among the most widespread and chemically interesting groups of 

natural products. These compounds are typically found in higher plants, mosses, 

liverworts, algae and lichens, although some are also of insect or microbial origin 

(98). They are thought to be the metabolic end products of plants. Some of the 

terpenes play a regulatory action. Some of them act as hormones and defensive agents 

in plants. 

 

1.10.2.2 Biosynthesis of terpenoids 

Studies on the biosynthesis of terpenoids have led to the formation of the 

biogenetic “isoprene rule” which was originally proposed by Ruzicka (99-100). As a 

result of studies, this rule has been successively improved and extended to cover the 

increasing number of terpenoids isolated from natural sources. The monomeric unit is 

called “isoprenic” because of its relationship to 2-methyl buta-1,3-diene, also known 

as isoprene. 

The biosynthesis of terpenoids can be divided into three definite steps. 

1) The formation of an isopentane unit from acetate. 

2) The condensation of this unit to form acyclic terpenoids. 

3) The conversion of acyclic terpenoids into cyclic terpenoids and the introduction of 

functional groups.  
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In the formation of the isopentane unit, acetyl co-enzyme A acts as the 

biosynthetic precursor. Two molecules of acetyl co-enzyme A [1], derived mainly 

from carbohydrate or fat metabolism, condense to afford acetoacetyl co-enzyme A 

[2]. Further condensation of [2] with another molecule of acetyl co-enzyme A in the 

form of aldol condensation gives α-hydroxy-β-methyl-glutaryl co-enzyme A (HMG-

Co A) [3]. 

In the next step HMG-CoA is reduced by the action of nicotinamide-adenine 

dinucleotidephosphate (NADPH) to yield another intermediate mevaldic acid [4], 

which is responsible for the production of mevalonic acid (MVA) [5], the building  

block  of  almost  all  isoprenoids (101-109) (Scheme-9). 
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Scheme-9: Formation of Mevalonic acid
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Since mevalonic acid contains six carbon atoms, one carbon must be lost to 

form the isopentane unit. Starting with labelled MVA (2-14C), it has been 

demonstrated that it is the carboxyl group in mevalonic acid which is lost (Scheme-

10). 
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Phosphorylation of mevalonic acid [5] first produces mevalonic acid-5-

phosphate [6], (P = H2PO3) which is followed by a second phosphorylation to give 

mevalonic acid-5-pyrophosphate [7, PP = H3P2O6]. Subsequent loss of a molecule of 

water and carbon dioxide yields 3-methyl-but-3-enyl (isopentenyl) pyrophosphate [8, 

IPP]. The biogenetic isoprene unit is in the form of 3-methyl-but-3-enyl 

pyrophosphate, which in the presence of an appropriate enzyme isomerizes to 3-

methyl-but-2-enyl (β,β-dimethylallyl) pyrophosphate [9, DMAPP] (110). The 

isomerisation of unit [8] and [9] is stereospecific, Ha is the proton that is eliminated. 

Also, the newly formed methyl group is trans to the CH2OPP group in [9] (Scheme-

10). 

 

CH2OPP

OH

O OH

HO2C CH2OH

OH

CH2OPP

OP

O OH

(R)-MVA (5)

7

A D P

A T P

A T P A D P

- HOP

8

CH2OPP

CH3

HO2C CH2OP

OH

(R)-MVA (6)

9

8

CH2OPP

CH3

Ha Hb

CH2OPP

CH3

A T P A D P

- H2O

- CO2

- CO2

Isomerase

Scheme-10: Formation of DMAPP  
 

The next step in the biosynthesis of terpenoids is the formation of geranyl 

pyrophosphate, a 10-carbon compound [10, 11, GPP] which arises by the combination 

of [8] and [9]. 3-Methyl-but-3-enyl pyrophosphate acts as a nucleophile and 3-methyl-

but-2-enyl pyrophosphate as an electrophile to form a head-to-tail union as indicated 

in Scheme-11. The GPP is the precursor for the formation of monoterpenes, which 

are represented in Scheme-12. 



CH. 1       INTRODUCTION 
 
 

Studies on Bioactive Natural Products of Selected Species of Family Malvaceae 
 

39

 

8

CH2OPP

CH3

H
OPP

 trans (10)

Scheme-11:  Formation of geranyl pyrophosphate

9

PPO

H3C CH3
 cis (11)

OPP
- HOPP

 
 

 

OPP

GPP (11)

- OPP

+ H2O

OH

- H

+ H2O

OH

- H

O

Limonene (12)

α-Terpineol (13)

- H
β-Pinene (16)

[O]

Camphor (15)Borneol (14) α-Pinene (17)

Scheme-12: Biosynthesis of monoterpenes

+

+
+

+

+

+

 
 

Geranyl pyrophosphate reacts with 3-methyl-but-3-enyl pyrophosphate to 

extend the chain by a five-carbon unit. This affords the trans and cis isomers of 

farnesyl pyrophosphate, a 15-carbon compound [18, 19] (111-114) (Scheme-13). 
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FPP [18] is the biosynthetic precursor of sesquiterpenes and conversion of 

FPP into the precursor of diterpenoid, geranyl-geranyl pyrophosphate [20] (GGPP) 

requires the addition of one more C5 unit (111) (Scheme-14). 

OPP

OPP

Cyclic
Diterpenoids

+ IPPCyclic
Sesquiterpenoids

18

20

Scheme-14:  Formation of geranyl geranyl pyrophosphate  
 

The coupling of two FPP units in a head-to-head manner produces presqualene 

[21], which on rearrangement gives rise to squalene [22] (Scheme-15). 
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1.10.2.3 Cyclization of Squalene 

The remarkable process of cyclization of squalene [22] starts with the 

formation of an incipient carbocation at the tertiary carbon of the terminal double 

bond of the squalene. The cyclization of squalene can be promoted either by oxidative 

or non-oxidative agents (Scheme-16). 

In oxidative route either the squalene is converted into 2, 3-epoxy squalene 

[23] followed by its transformation into cyclic derivatives via protonation and 

Markownikoff opening of the epoxide ring (route a). Non-oxidative cyclization of 

squalene is initiated by a proton attack (route b). 
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Scheme-16: Oxidative (a) and nonoxidative (b) paths for the 
                                biosynthesis of triterpenes.
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The triterpenes which are directly derived from the cyclization of squalene or 

of its 2,3-epoxide are called primary triterpenes. Such triterpenes can be divided into 

the following sub-groups according to their origin. 

 

1) Oxidative cyclization arising from only one terminal part of squalene. 

2) Non-oxidative cyclization, also arising from only one terminal part of squalene. 

3) Cyclization (oxidative and non-oxidative) which independently involves both the 

terminal double bonds of squalene. 

 

 According to one estimate, only 20 percent of the plant flora has been 

screened for drugs. Work on the identification and isolation of phytochemicals is an 

ongoing process and herbal medicine is expected to play critical role in the future 

healthcare system (115). 
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2.1     CHEMICAL CONSTITUENTS OF THE GENUS ABUTILON 
 

Chemical investigations on Abutilon species were undertaken as early as the 

1929; when Kosakal (116) reported the presence of anthocyanins in Abutilon 

avecenae, however real chemical research on Abutilon species began only in 1956 

with the isolation of Rutin from Abutilon avicenae. Developments after 1960 

progressed more rapidly mainly because of the invention of more refined techniques 

of separation and structure elucidation. Since then large variety of compounds have 

been isolated from genus Abutilon and majorities of them are flavonoids and 

terpenoids. An up-to-date review of these major classes of compounds is provided in 

Table-3. 

 

Table-3: COMPOUNDS ISOLATED FROM THE GENUS ABUTILON 
 
S. 

No. 
Name of 

Compound Mol. For. Mol. 
wt. 

Physical 
data 

Name of 
Source 

Ref. 
No. 

24. Raffinose C18H32O16 504 M.P=118°C A. indicum 117 

25. Rutin C27H30O16 610 M.P=214°C A.avicenae 118 

26. Gossypetin-8-

glucoside 
C22H22O13 495 - A. indicum 119 

27. Gossypetin-7-

glucoside 
C22H22O13 495 - A. indicum 119 

28. Cyanidin-3-

rutinoside 

C27H31O15 

 
595 M.P=175°C A. indicum 119 

29. β-sitosterol C29H50O 414 M.P=136°C A. indicum 
120,

121 

30. β-Pinene C10H16 136 - A. indicum 122 

31. Eudesmol C15H26O 222 M.P=80°C A. indicum 122 

32. Farnesol C15H26O 222 - A. indicum 122 
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33. Borneol C10H18O 154 M.P=208°C A. indicum 122 

34. Geraniol C10H18O 154 B.P=230°C A. indicum 122 

35. β-caryophyllene C15H24 204 - A. indicum 122 

36. β-Amyrin C30H50O 426 M.P=197°C 

A. indicum, 

A 

pakistanicum 

121,

123 

37. Malvalic acid C18H32O2 280 M.P=10.3°C 
A. ramosum, 

A. crispum 

124,

125 

38. Sterculic acid C19H32O2 294 M.P=18.2°C A. amplum 
124,

125 

39. Quercetin C15H10O7 302 M.P=314°C A. pannosum 126 

40. Kaempferol C15H10O6 286 M.P=276°C A. pannosum 126 

41. Gallic acid C7H6O5 170 M.P=253°C A. indicum 127 

42. Alantolactone C15H20O2 232 M.P=78°C A indicum 128 

43. Isoalantolactone C15H20O2 232 M.P=115°C A. ndicum 128 

44. Pakistanol C30H50O 426 M.P=112°C 
A. 

Pakistanicum 
129 

45. Tetradecanyl 

triacontanoate 
C44H88O2 648 M.P=84-

86°C 

A. 

Pakistanicum 
130 

46. 
E-24-ethylidene-

23-ξ-methyl-5-α-

cholest-20(22)ene. 

C30H50 410 M.P=182-

184°C 

A. 

Pakistanicum 
130 

47. Cholesterol C27H46O 386 M.P=148.5°

C 
A. theophrasti 131 

48. Eugenol C10H12O2 164 B.P=248°C A .indicum 132 
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49. Luteolin C15H10O6 286 M.P=328°C A. indicum 133 

50. Luteoloin-7-o- β-

glucopyranoside 
C21H20O11 449 M.P=256-

258°C 
A. indicum 133 

51. Chrysoeriol-7-o- β-

glucopyranoside 
C22H22O12 463 M.P=176-

179°C 
A. indicum 133 

52. Apigenin-7-o- β-

glucopyranoside 
C21H20O10 433 - A. indicum 133 

53. Quercetin-3-o- β-

glucopyranoside 
C21H20O12 465 M.P=238-

242°C 
A. indicum 133 

54. Lupeol C30H50O 426 M.P=215°C 
A. 

Pakistanicum 
134 

55. Taraxasterol C30H50O 426 M.P=225°C 
A. 

Pakistanicum 
134 

56. Myricetin-3-o- β-

glucopyranoside 
C22H22O13 495 - A. theophrasti 135 

57. Kaempferol-7-o-

diglucoside 
C29H35O18 845 - A .theophrasti 135 

58. Quercetin-7-o- β-

glucopyranoside 
C22H22O12 478 - A. theophrasti 135 

59. Abutilon A C15H12O4 256 - A. indicum 136 

60. 

®-N-(1′-

Methoxycarbonyl-

2′-phenylethyl)-4-

hydroxybenzamide 

C17H19NO4 301 
M.P=130-

132°C 
A. indicum 136 

61. Kaempferol-3-o- β-

glucopyranoside 
C22H22O11 463 - 

A. 

grandifolium 
137 

 

*Not reported in relevant publication 
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 As flavonoids and terpenoids form main subject matter of this part of thesis, 

an account of their types and biosynthesis is presented in the introduction (Ch 1). 
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2.2 EXAMINATION OF ABUTILON SEED OIL 
 

Carmody et al., 1945 (138) observed that Button weed seeds (Abutilon theophrasti) 

contain 15-17% oil, which consists of about 58% linoleic acid.  

 

Gupta et al., 1950 (139) reported the isolation of approximately 5% oil in the seeds 

of Abutilon indicum L. The unsaponifiable matter (1.77%) was sitosterol, m.p 134-

5°C, acetyl derivative m.p 126-7°C.  

 

Gambier et al., 1952 (140) reported the presence of linolenic, linoleic, palmitic, oleic, 

stearic acids and raffinose from Abutilon indicum. Dry seeds were extracted with 

petroleum ether and pale yellow oil (9.21%) was obtained. Alcoholic extract of the fat 

extracted residue contained 1.61% raffinose. 

 

Umaro et al., 1973 (141) studied the physical and chemical properties, fatty-acid and 

glyceride compositions of the oils of four plants of the family Malvaceae. They all 

belong to the palmito-oleo-linoleic group. They reported that the glyceride structures 

of malvaceous plants do not correspond to the principle of statistical distribution, 

since almost all the unsaturated-acid radicals are concentrated in the β position. 

 

Badami et al., 1975 (142) examined the minor seed oils by gas liquid 

chromatography. The analysis gave these results ( type of plant, % oleic, linoleic, 

palmitic, stearic and linolenic acid in oil, respectively): Abutilon indicum 14.3,11.0, 

53.9, 33.7, 1.4, 0; Cleome viscose, 18.3, 18.6, 32.8, 2.0, 20.0, 26.6; Aster amellus, 

21.8, 19.9, 54.9, 7.9, 10.2, 0; Zinnia verticillata, 28.2, 32.6, 17.9, 37.8, 8.2, 0; 

Trichodesma indicum 28.1, 45.9, 16.8, 15.4, 7.3, 14.6; Terminalia crenulata, 25.0, 

4.13, 18.8, 25.7, 13.5, 0; Clerodendron trichotomum, 3.9, 53.4, 9.3, 21.2, 15.1,0. 

 

Vickery et al., 1980 (143) studied the fatty acid composition of seed oils from 

different plants including Abutilon species. In a survey of oil contents and fatty acid 

compositions of 40 seed oils of 10 plant families, cyclopropene fatty acids occurred in 

two families in the order Malvales. Dihydrosterculic acid appeared in small amounts 

in many species of Anacardiaceae, Celestraceae, Elaeocarpaceae, Malvaceae, 
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Sapindaceae, Sapotaceae and Sterculaceae. Linoleic acid was predominant in 28 of 

the 40 seed oils, being as high as 63.9% in two species. The sum of C18:2 esters 

exceeded 70% in 20 of the oils. 
 

Vickery et al., 1981 (144) detected the presence of dihydromalvalic acid (9, 10-

methylene hexanedecanoic acid) in 30 of 41 oils obtained from the seeds of plants 

from 11 families. Dihydromalvalate occurred most frequently in Anacardiaceae, 

Elaocapraceae, Malvaceae, Sapotaceae, and Sterculaceae. 
 

Baxi et al., 1981 (145) isolated various amino acids  from Abutilon glaucum and 

Abutilon indicum. In  Abutilon glaucum alanine and glutamic acid (1.42%) were 

predominant, followed by arginine and valine (1.2% each). 
 

Jain et al., 1982 (122) carried out extensive phytochemical studies on Abutilon 

indicum and reported; β-pinene, eudesmol, farnesol, and borneol besides geraniol, β-

caryophyllene and their derivatives. 
 

Kittur et al., 1982 (146) reported the characteristics and composition of Abutilon 

pannosum and Hibiscus panduriformis seeds and oils. The seeds of Abutilon 

pannosum and Hibiscus panduriformis (Malvaceae) respectively contained 13.4 and 

15.4% oil and 23.0 and 22.2% protein. The fatty acid composition (,art %), as 

determined by gas liquid chromatography, was: palmitic, 21.3, 12.3; stearic, 2.8, 3.2; 

oleic, 11.7, 10.2; linoleic, 60.7, 74.3; malvalic, 2.2, trace; sterculic, trace, none; and 

dihydrosterculic, 1.3, none, respectively. 
 

Gopalakrishnan et al., 1983 (147) communicated the presence of epoxy acids along 

with lysine, histidine, threonine, and phenyl alanine in Abutilon graveolens. The oil 

and protein contents of seeds were 15.5% and 17.2% respectively.  
 

Sundar et al., 1984 (124) reported that the seeds of Sida veronicaefolia, S. cordifolia, 

S. ovata, S. mysorensis, S. rhombifolia and Abutilon crispum contained 15.5, 11.5, 

12.1, 13.2, 20.2, and 12.5% oil and 15.0, 14.1, 17.3, 13.6, 12.6 and 18.4 % protein 

respectively, linoleic acid [60-33-3] predominated (54.9-69.4%) as the fatty acid of all 

the oils; malvalic acid [503-05-9] (1.3-11.4%) and sterculic acid [738-87-4] (0.4-

1.1%) were present in significant amounts. 
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Benner et al., 1986 (148) reported the response of seeds of the annual Abutilon 

theophrasti Medic (Malvaceae) to the timing of nutrient availability. 
 

Farooqui et al., 1986 (125) isolated cyclopropenoid fatty acids along with malvalic 

(2.48), sterculic (1.29), myristic (1.0), palmitic (19.1), palmitoleic (2.48), stearic 

(6.53), oleic (23.72), linoleic (42.55) and linolenic (0.91) acids from seed oil of 

Abutilon ramosum. The qualitative and quantitative analysis of fatty acids were 

carried out by HBr  titration and the gas liquid chromatography of AgNO3 – MeOH  

treated esters using the fatty acid esters of the oil of sterculia foetida as reference 

standard. 
 

Kremer, 1986 (149) analyzed the diffusion zones from agar plates and seed leachates 

of Abutilon theophrasti Medic. They reported the presence of phenolic compounds in 

the seeds. 
 

Sundar et al., 1989 (150) isolated cyclopropene fatty acids from Abutilon amplum. 

Seeds cantained 11.2-26.8% oil and 11.6-18.2% protein. Spectral, chromatographic 

and chemical analysis revealed the presence of 0.5-3.2 % malvalic acid, 0.1-0.7% 

sterculic acid and 0.7% dihydrosterculic acid.  
 

Sunyanyan et al., 1996 (151) isolated white crystalline cholesterol and purified it 

from the nonsaponifiable component of seed oil of Abutilon theophrasti. 

Physicochemical properties and spectral data confirmed it to be cholesterol. 
 

Singh et al., 1997 (152) isolated a water soluble galactonmannan from the seeds of 

Abutilon indicum containing D-galactose and D-mannose in 2:3 molar ratio. Acid 

catalyzed fragmentation periodate oxidation and methyl action showed that the seed 

gum has branched structure consisting of linear chain β-D (1 4) linked 

mannopyranosyl units, some of which are substituted at 0-6 by two α-D (1 6) 

galactopyranosyl units mutually linked glycosidically as end groups. 
 

Mahmood et al., 2003 (153) studied the oil seeds of Abutilon muticum (Akri), for 

their chemical composition and nutritive value. Moisture and ash content are not very 

significant but their oil content is important. The oil seed cakes contain a reasonable 

amount of protein, starch, free sugar, reducing sugar, cude fiber, inorganic material 
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and vitamin C. physical properties such as saponification value, acid value iodine 

value and peroxide value for seed oil were determined. It was found that oil was non 

edible because acid value was high. Qualitatively analysis of amino acid was studied 

by paper chromatography. 

 

Elmore et al., 2006 (154) identified and quantified the free amino acids of Abutilon 

theophrasti (velvetleaf) seeds. The content of several amino acids known to inhibit 

germination of crop seeds was high. No unusual amino acids or other known toxic 

amino compounds were detected so it is presumed that the natural amino acids present 

are responsible for the allelopathic effects. 

Mariod  et al., 2008 (155) investigated oil from seven Sudanese oil bearing sources 

that are Albizia lebbek Oil (ALO), Cassia obtusifolia Oil (COO), Cassia occidentalis 

Oil (CCO), Abutilon pannosum Oil (APO), Mitracarpus villous Oil (MVO), Ipomea 

indica Oil (IIO) and Sesamum alatum Oil (SAO). The seeds were collected in Sudan 

from Ghibaish, North Kordofan state. In addition to the oil content, the fatty acid was 

determined by capillary gas chromatography and the tocopherols were evaluated by 

high performance liquid chromatography. The oil content of the seven seeds 

amounted to 12.8, 7.0, 3.2, 7.1, 11.5, 8.8, and 21.3 %, respectively. The oils contained 

16.4, 20.0, 14.3, 16.8, 19.4, 19.9 and 10.9 % palmitic acid and 21.0, 24.4, 22.1, 10.9, 

27.7, 34.0, 45.1 % oleic acid, and 43.8, 38.2, 45.0, 63.9, 34.6, 33.5, 36.3 % linoleic 

acid and traces of linolenic acid, respectively. The tocopherol content of these oils 

amounted to 85.6, 48.2, 32.7, 163.5, 52.5, 30.9, and 26.4 mg/100 g oil, respectively. 

Alpha tocopherol was the predominant tocopherol in the oil of Albizia lebbek, Cassia 

obtusifolia), Cassia occidentalis, and Abutilon pannosum, while Gamma tocopherol 

was the predominant tocopherol in the oil of Mitracarpus villous, Ipomea indica and 

Sesamum alatum. 
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2.3 BIOLOGICAL ACTIVITIES OF ABUTILON EXTRACTS 

 
Bagi et al., 1985 (156) reported that the pharmacological screening of the emulsion 

(in 0.2% Tween 20) of the fixed oil obtained from petrol extract of Abutilon indicum 

roots has analgesic activity (acetic acid writhing analgesiometer). It was found to have 

depressant activity on isolated frog heart and to block acetylcholine contractions of 

isolated guinea pig ileum. 

 

Jain et al., 1996 (157) isolated a new cholestane derivative from the aerial parts of 

Abutilon bidentatum. The ethanolic extract of aerial parts of Abutilon bidentatum 

exhibited fungicidal activity with a maximum activity against Fusarium moniliforme 

(disk diffusion method: activity index 0.74 at 1000 μg/disk and 0.61 at 500 μg/disk. 

 

Mehta et al., 1997 (158) studied antifungal and antibacterial activity of roots of 

Abutilon indicum by agar diffusion method. They reported that acetone and ethanol 

extracts showed better activity than hexane extract. 

Ahmed et al., 2000 (159) reported that bioactivity guided fractionation of Abutilon 

indicum yielded eugenol (4-allyl-2-methoxy phenol), which was found to possess 

significant analgesic activity. At doses of 10, 30, and 50 mg/kg body weight, eugenol 

exhibited 21.30 (p < 0.05), 42.25 (p < 0.01) and 92.96% (p < 0.001) inhibition of 

acetic acid induced writhing in mice. At a dose of 50 mg/kg body weight, eugenol 

showed 33.40% (p < 0.05) prolongation of tail flicking time determined by the radiant 

heat method. 

Prochezhian et al., 2000 (160) studied the effects of liquid extract from fresh 

Abutilon indicum leaves and Allium cepa bulbs on paracetamol and carbon 

tetrachloride induced hepatotoxicity. The aqueous extract of Abutilon indicum was 

tested for hepatoprotective activity against carbon tetrachloride- and paracetamol-

induced hepatotoxicities in rats. A. indicum exhibited significant hepatoprotective 

activity by reducing carbon tetrachloride- and paracetamol-induced change in bio-

chemical parameters that was evident by enzymatic examination. The plant extract 

may interfere with free-radical formation, which may conclude in hepatoprotective 
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action. Acute toxicity studies revealed that the LD50 value is more than the dose of 

4g/kg body wt. 

Seetharam et al., 2002 (161) reported the hypoglycemic activity of Abutilon indicum 

leaf extracts in rats. They reported that the alcohol and water extracts of Abutilon 

indicum leaves (400 mg/kg) showed significant hypoglycemic effect in normal rats 4 

h after administration (23.10% and 26.95%, respectively). 

 

Lakshmayya et al., 2003 (162) identified the phytochemicals present in the leaves 

and also attributed the pharmacological property of the leaves of Abutilon indicum to 

particular type of phytochemicals. It was also observed that different extracts had 

shown significant hypoglycemic activity at 400 mg/kg dose. 

Ingkaninan et al., 2003 (163) searched for acetylcholinesterase (AChE) inhibitor, as 

AChE has been used as a drug for the symptomatic treatment of Alzheimer’s disease. 

In order to search for new AChE inhibitors, 32 plants used in Thai traditional 

rejuvenating and neurotonic remedies were collected. The plant methanolic extracts 

were tested for AChE inhibitory activity using Ellman’s colorimetric method in 96-

welled microplates. The Abutilon indicum extracts showed the AChE inhibitory 

activity below 50%. 

Beha et al., 2004 (164) studied the Tanzanian medicinal plant Abutilon grandiflorum 

G. Don for its in vivo and in vitro antiplasmodial effects. The ethyl acetate extract 

showed prominent in vivo activity against P. vinckei in mice and in vitro against P. 

falciparum strains HB3 and FCB. The extract was only moderately cytotoxic if tested 

in vitro against the colon cell line HT29. In the in vivo study, the results were 

significantly influenced by the treatment schedule used, i.e. early treatment with 

higher doses was more successful than applying the same overall amount over a 

longer period. Phytochemical analysis of the extract provided no conclusive evidence 

for the observed parasitological effects. 

 

Chandrashekhar et al., 2004 (165) conducted an experiment to determine the 

antidiarrhoeal property of A. indicum ether, methanol and aqueous leaf extracts by 

gastrointestinal motility, castor oil-induced diarrhoea, and prostaglandin E2-induced 
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enteropooling in albino rats. Loperamide was used as the standard drug. The 

methanolic and aqueous extracts showed significant antidiarrhoeal properties in 

castor-induced diarrhoea and prostaglandin E2-induced diarrhoea compared to 

loperamide. 

 

Prochezhian et al., 2005 (166) reported that aqueous extract of A. indicum exhibited 

significant hepatoprotective activity by reducing carbon tetrachloride and paracetamol 

induced change in biochemical parameters that was evident by enzymatic 

examination. Acute toxicity studies revealed that the LD50 value is more than the 

dose of 4g/kg body weight. 

 

Promsiri et al., 2006 (167) conducted a preliminary study to investigate the effects of 

the extracts of 112 medicinal plant species, collected from the southern part of 

Thailand, on Aedes aegypti. Studies on larvicidal properties of plant extracts against 

the fourth instar larvae revealed that extracts of 14 species showed evidence of 

larvicidal activity. Eight out of the 14 plant species showed 100% mosquito larvae 

mortality. The LC50 values were less than 100 μg/mL (4.1μg/mL-89.4 μg/mL). Six 

plant species were comparatively more effective against the fourth instar larvae at 

very low concentrations. Three medicinal plants with promising larvicidal activity, 

having LC50 and LC90 values being 4.1 and 16.4 μg/mL for Mammea siamensis, 20.2 

and 34.7 μg/mL for Anethum graveolens and 67.4 and 110.3 μg/mL for Annona 

muricata, respectively, were used to study the impact of the extracts on the life cycle 

of Ae. aegypti. These plants affected pupal and adult mortality and also affected the 

reproductive potential of surviving adults by reducing the number of eggs laid and the 

percentage of egg hatchability. When each larval stage was treated with successive 

extracts at the LC50 value, the first instar larvae were found to be very susceptible to 

A. muricata and the second instar larvae were found to be susceptible to A. 

graveolens, while the third and fourth instar larvae were found to be susceptible to M. 

siamensis. These extracts delayed larval development and inhibited adult emergence 

and had no adverse effects on P. reticulata at LC50 and LC90 values, except for the M. 

siamensis extract at its LC50 value. 

Banso et al., 2006 (168) assessed three medicinal plants - Abutilon mauritianum, 

Bacopa monnifera and Datura stramonium for phytochemical components and 
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antimicrobial activity. The results revealed that all the three plant extracts contained 

saponins, tannins and alkaloids. Only Datura stramonium contained glycosides. The 

plants exert varying inhibitory effects on Pseudomonas aeruginosa, Klebsiella 

pneumonia and Escherichia coli. The minimum inhibitory concentration of the plant 

extracts ranged between 10% (w/v) (Bacopa monnifera) and 25% (w/v) (A. 

mauritianum and D. stramonium). Extracts of Abutilon mauritianum, Bacopa 

monnifera and Datura stramonium could be potential sources of chemotherapeutic 

agents. 

Rahuman et al., 2008 (169) assayed larvicidal activity of crude hexane, ethyl acetate, 

petroleum ether, acetone and methanol extracts of five medicinal plants, Abutilon 

indicum, Aegle marmelos, Euphorbia thymifolia, Jatropha gossypifolia and Solanum 

torvum, for their toxicity against the early fourth-instar larvae of Culex 

quinquefasciatus. The larval mortality was observed after 24 h exposure. All extracts 

showed moderate larvicidal effects; however, the highest larval mortality was found 

in petroleum ether extract of A. indicum. In the present study, bioassay-guided 

fractionation of A. indicum led to the separation and identification of a β-sitosterol as 

a potential new mosquito larvicidal compound with LC50 value of 11.49, 3.58 and 

26.67 ppm against Aedes aegypti L, Anopheles stephensi Liston and C. 

quinquefasciatus Say (Diptera: Culicidae), respectively. Results of this study show 

that the petroleum ether extract of A. indicum may be considered as a potent source 

and β-sitosterol as a new natural mosquito larvicidal agent. 

 

2.4 AIMS AND OBJECTIVES  
 The present work was initiated for the doctoral dissertation, which entails the 

isolation, structure elucidation of chemical constituents and biological activities of 

two medicinal plants Abutilon indicum and Abutilon muticum of family Malvaceae. 

The bioactive secondary metabolites have attracted the attention of phytochemists 

for many centuries. As the echophysiological conditions of any region affect the 

chemical composition of the plants growing at the region, therefore our present 

research plan aims at to analyze the Malvaceae plants growing in Pakistan, for 

isolation, characterization and identification of secondary metabolites. Detailed 

systematic studies of the species under investigations have not been reported in the 
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literature in general and with respect to the seasonal variability in particular. The 

project intends to complete phytochemical investigations of two species of family 

Malvaceae; Abutilon indicum L and Abutilon muticum Del x DC. This study will 

therefore become a base for the proper evaluation of Malvaceae species, for more 

useful applications of these plants in chemical and pharmaceutical industry of 

Pakistan. The proposed study will have economic impact also. 

 The demand for vegetable oil in Pakistan has been increasing progressively 

and has seen rapid growth in this industry from two factory productive units in 1947 

to more than 40 factory productive units in 2008. Cotton seed is the major domestic 

source of edible oil followed by rape, mustard and canola. Despite of having a 

predominantly agrarian economy, Pakistan agriculture is unable to meet the national 

requirement of vegetable oil. Alternate approaches to growing crops have to be found 

to meet the other requirements (edible oil being an imported role) of the human 

population. This dissertation tests the hypothesis that some perennial shrubs, wildly 

growing, produce oil seeds acceptable for human consumption. Since cotton has been 

studied in all its aspects, it appeared of interest to us to investigate the properties and 

compositions of the oils of other wild plants belonging to the same family 

(Malvaceae), so the characteristics and compositions of seeds and oils of two species, 

Abutilon indicum L. and Abutilon muticum Del ex DC. of family Malvaceae, are 

reported here for the first time as a part of our studies to locate new oil seed resources. 

 Spoilage of foods due to the presence of bacterial and fungal infection has 

been a major concern for decades and it causes a considerable loss world wide. The 

demand for non toxic, natural preservatives has been rising with increased awareness 

and reports of ill effects of synthetic chemicals present in foods. Another objective of 

the present study was to investigate the antioxidant and hepatoprotective activities of 

Abutilon extracts, in vitro models and to determine their antibacterial and antifungal 

activity against different food borne pathogens for their potential as a natural 

preservative for nutraceutical, food, and cosmetic formulations. This study will 

provide valuable information about industrial and pharmaceutical point of view. The 

aim of bioscreening is to see the possibility of utilization of the samples, for 

humanity. This is the initial step towards drug discovery. 
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Literature survey revealed that both the plant; Abutilon indicum L. and Abutilon 

muticum Del ex DC. of family Malvaceae are known for their medicinal properties. In 

order to correlate the medicinal efficacy with the active ingredients, the research plan 

was chalked out as detailed below: 

2.5 PLAN OF WORK 

The plan of work of these studies had three phases. 

Phase I: Chemical analysis 

1. Collection and identification of plant materials (aerial parts, roots and 

seeds). 

2. Preparation of the plant material for biochemical work. 

3. Proximate analysis of plant materials 

4. Physicochemical characteristics of plant materials 

5. Extraction of aerial parts and roots in different solvents. 

6. Isolation of chemical constituents using following technique: 

 i. Column chromatography 

 ii. Thin layer chromatography 

 iii. Elucidation of the structure by instruments using  

  (a) UV 

  (b) FTIR 

  (c) NMR (1H, 13C) 

  (d) GC / MS 

 

Phase II: Oil screening 

1. Proximate analysis of seeds 

2. Physicochemical characteristics of seeds 

3. Chemical composition of the seed oil 
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Phase III: Bioassay screening of crude extracts 

1. Antibacterial activity 

2. Antifungal activity 

3. Antioxidant activity 

4.  Hepatoprotective activity 

5. Other possible bioactivities 
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3.0 EXPERIMENTAL 

3.1 GENERAL EXPERIMENTAL CONDITIONS 

3.1.1 PHYSICAL CONSTANTS 

Melting points (uncorrected) were determined in glass capillaries using 

Gallenkemp melting point apparatus. 

 

3.1.2 SPECTROSCOPIC TECHNIQUES 

Ultraviolet (UV) spectra were recorded in methanol on Cecil 7200 Model of 

7000 series spectrophotometer. Infrared (IR) spectra were measured on Thermo 

Nicolet, Model: M2000 Infrared Spectrophotometer. The 1H and 13C-NMR spectra 

were recorded at 300, 400 and 500 MHz on Bruker AM-300, AM-400 or AMX-500 

nuclear magnetic resonance spectrometers using TMS as an internal reference. The 
13C NMR spectra were performed on the same instrument at 300 MHz. Low-

resolution electron impact mass spectra (EI-MS) were recorded on a Finnigan MAT 

312 spectrometer. The 1H, 13C-NMR and EI-MS spectra were recorded at HEJ 

Research Institute of Chemistry, University of Karachi, Pakistan. 

 

3.1.3 CHROMATOGRAPHIC TECHNIQUES 

 Column chromatography was performed on silica gel (Si, 70-230 mesh, E. 

Merck), Purity of the samples were checked on precoated silica gel GF-254 (20×20 

cm, 0.5 mm thick) (E. Merck) thin layer chromatography plates. Glass plates of 

uniform thickness size (20×20cm) were coated uniformly with silica gel GF-254 for 

preparative thin layer chromatography. 

 

3.1.4 DETECTION OF COMPOUNDS BY CHROMATOGRAPHY 

Plates were viewed under ultraviolet light of wavelength; 254nm and 366nm 

for fluorescence quenching spots. Iodine was also used for the detection of 

compounds. 
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SPRAY REAGENT: Ceric sulphate reagent was used for the detection of 

compounds and Dragendorff’s reagent was used for the detection of alkaloids. 

 

CERIC SULPHATE REAGENT: Ceric sulphate (0.1 g) and trichloroacetic acid 

(1g) were dissolved in 4 ml distilled water. The solution was boiled and conc. H2SO4 

was added drop wise until the disappearance of turbidity. 

DRAGENDORFF’S REAGENT: Bismuth nitrate (8.0g) was dissolved in 20.0ml 

nitric acid along with 27.2g potassium iodide and diluted with 100ml water. 

 

3.2 ABUTILON INDICUM 
3.2.1   PLANT MATERIAL 

The plant Abutilon indicum L. (Malvaceae) was collected in April 2005 in 

Lahore, capital city of the province Punjab, Pakistan. It was identified by the plant 

taxonomist, Dr. Zaheer-ud-Din Khan, (Department of Botany, GC University, 

Pakistan). A voucher specimen was deposited in the Dr. Sultan Ahmad Herbarium 

(GC University, Lahore. Pakistan) under number GC.Herb.Bot.68 

 

3.2.2 EXTRACTION AND ISOLATION 

The shade dried ground plant (18Kg) was exhaustively extracted with 

methanol at room temperature. The extract was evaporated to yield the residue (540g). 

The whole residue was dissolved in water and partitioned with n-hexane, chloroform, 

ethyl acetate and n-butanol, respectively. Thin layer chromatography of n-hexane, 

chloroform, ethyl acetate and n-butanol extracts was performed using different 

solvent systems to find the final solvent system for chromatography.  

The hexane soluble fraction (82g) was subjected to column chromatography 

over a silica gel column using n-hexane with gradient of CHCl3 up to 100%. Six 

fractions (Fr. 1-6) were collected. The Fr. 2 was loaded on silica gel and eluted with 

CHCl3: n-hexane (5:95) to get purified [66]. The Fr. 4 was loaded on silica gel and 

eluted with acetone: n-hexane (1:9) to get purified [70]. 

The chloroform soluble fraction (108g) was subjected to column 

chromatography over a silica gel column using n-hexane with gradient of CHCl3 up to 
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100% followed by methanol. Nine fractions (Fr.1-9) were collected. The fraction 2 

was loaded on silica gel and eluted with acetone: n-hexane (1:4) to get purified [65]. 

The fraction 4 was loaded on silica gel and eluted with CHCl3: n-hexane (3:7) to get 

purified [62]. The fraction 7 was loaded on silica gel and eluted with methanol: 

CHCl3 (0.5:9.5) to get three sub fractions. The sub fraction 7.3 was subjected to 

preparative TLC (MeOH: acetone: CHCl3; 0.5:2.0:7.5) to afford [67]. 

The ethyl acetate soluble fraction (157g) was subjected to column 

chromatography over a silica gel column using n-hexane with gradient of CHCl3 up to 

100% followed by methanol. Seven fractions (Fr.1-7) were collected. The fraction 2 

was loaded on silica gel and eluted with EtOAc: n-hexane (1:4) to get purified [68]. 

The fraction 4 was loaded on silica gel and eluted with methanol: CHCl3 (0.8:9.2) to 

get three sub fractions. The sub fraction 4.2 was subjected to preparative TLC 

(MeOH: EtOAc: CHCl3; 5:20:75) to afford [63]. The fraction 6 was loaded on silica 

gel and eluted with methanol: CHCl3 (3:7) to get purified [64]. 

The n-butanol soluble fraction (63g) was subjected to column chromatography 

over a silica gel column using CHCl3 with gradient of methanol up to 100%. Nine 

fractions (Fr.1-9) were collected. The fraction 5 was loaded on silica gel and eluted 

with methanol: CHCl3 (3:7) to afford purified [69]. 
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Powdered,  extracted  with  methanol 
and  concentrated  on  rotary  evaporater

Methanolic extract
        540 g

hexane + water

Hexane  insoluble  fraction

Extraction  with  chloroform and ethyl acetate

Butanol  fraction
       63 g

Partitioned  between 
 butanol and  water

Chloroform  soluble 
    fraction 108 g

Aqueous  fraction

Abutilon indicum
        18 Kg

Hexane  soluble  fraction
            82 g

Scheme-17:Extraction and fractionation of Abutilon indicum L

  Insoluble fractionEthyl acetate  soluble 
    fraction 157 g
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Subjected to column 
chromatography (CC)

hex:CHCl3
     9.5:05
Fraction 1

hex:CHCl3
   8.5:1.5
Fraction 2

hex:CHCl3
    8:2
Fraction 3

hex:CHCl3
    7:3
Fraction 4

CHCl3:MeOH
    9.5:0.5
Fraction 5

CHCl3:MeOH
     7.5:2.5
Fraction 6

One  major  spot

Further  CC
on  silica gel

hex:CHCl3
     9.5:05

Two major spots

hex:Acetone
       (9:1)
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Scheme-18: Isolation scheme of n-hexane soluble fraction of
                   Abutilon indicum L.
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n-Hexane  Soluble  Fraction
                   (82g)

Further CC on 
silica gel
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Chloroform  Soluble  Fraction
(108g)

Chromatographic  resolution  
on  Silica gel column

hex:CHCl3
    8:2
Fraction 2

One  major  spot

hex:Acetone
      (9:1)

Three major spots

CC on silica gel
using hex:CHCl3

67

Scheme-19: Isolation scheme of chloroform soluble
                  fraction of Abutilon indicum L
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One major spot

hex:CHCl3
     9:1
Fraction 1

hex:CHCl3
    4:6
Fraction 6

hex:CHCl3
    5:5
Fraction 5

Further  CC
on  silica gel

hex:CHCl3
    7:3
Fraction 3

CHCl3:MeOH
     2:8
Fraction 9

hex:CHCl3
    6:4
Fraction 4

62

One major 
spot F 7.1

Final purification
by PTLC

hex:CHCl3
     (7:3)

CC on silica gel
using CHCl3:MeOH

One major 
spot F 7.3

One major 
spot F 7.2

CHCl3:Acetone: MeOH
                (7.5:2:0.5)

CHCl3:MeOH
    0.5:9.5
Fraction 7

CHCl3:MeOH
    1:9
Fraction 8

 

 

 

 

 

67



 
CH. 3      EXPERIMENTAL  
 
 

Studies on Bioactive Natural Products of Selected Species of Family Malvaceae 

 

Chromatographic  resolution  
on  Silica gel column

hex:CHCl3
     8:2
Fraction 1

CHCl3:MeOH
    9.2:0.8
Fraction 5

CHCl3:MeOH
    8.5:1.5
Fraction 6

CHCl3:MeOH
     7.5:2.5
Fraction 7

One  major  spot

Further  CC
on  silica gel

hex:EtOAc
    (4:1)

Three major spots

CC on silica gel
using CHCl3:MeOH

One major
      spot
      f 4.1

One major
   spot
   f 4.2

Two major
     spots
     f 4.3

Unidentified

Scheme-20: Isolation scheme of ethyl acetate soluble
                   fraction of Abutilon indicum L
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Ethyl acetate  Soluble  Fraction
157g

hex:CHCl3
    4:6
Fraction 2

hex:CHCl3
    9.6:0.4
Fraction 3

CHCl3:MeOH
    9.2:0.8
Fraction 4
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Two major spots

CHCl3:MeOH
        (7:3)

Final purification
by PTLC

Final purification
by PTLC

CHCl3:EtOAc:MeOH
       (8.5:1:0.5)

CHCl3:EtOAc:MeOH
          (7.5:2:0.5)

 

 

3.2.3 CHARACTERIZATION OF CHEMICAL CONSTITUENTS 

OF ABUTILON INDICUM L. 
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3.2.3.1 CHARACTERIZATION OF 3,5,7-TRIHYDROXY-4′,6- 
DIMETHOXYFLAVONE [62] 

 

OOH

H3CO

OH O

OH

OCH3

Physical Data 

State: Light yellow amorphous powder  

Yield: 19mg 

M.W.: 330 

M.F.: C17H14O7 

M.P: 270-272°C 

Element analysis: C: 61.82%, H: 4.27%, O: 33.91% 

 

 
UV λ max nm (log ε) (MeOH):  

  270 (3.72) and 342 (2.33) 

IR ν max cm-1 (CHCl3):  

  3315, 1642, 1604, 1350 and 870 

1HNMR (CDCl3) (300MHz) (δ ppm): 

δ 11.92 (1H, s, OH-5), 10.86 (1H, s, OH-7), 9.32 (1H, s, OH-3), 7.85 

(2H, d, J = 8.5 Hz, H-2′ and H-6′), 6.94 (2H, d J = 8.9 HZ, H-3′ and H-

5′), 6.68 (1H, d, J = 2.1 Hz, H-8), 3.93 (3H, s, OMe-6) and 3.74 (3H, s, 

OMe-4′). 

13C-NMR (CDCl3) (75MHz) (δppm):   

δ 175.90 (C-4), 158.91 (C-2), 157.53 (C-4′), 152.22 (C-10), 151.50 (C-

6), 149.24 (C-8), 136.51 (C-3), 131.53 (C-5), 130.10 (C-2′ & C-6′), 

121.82 (C-1′), 115.41 (C-3′), 115.42 (C-5′), 105.13 (C-9), 91.80 (C-7), 

56.83 and 55.42 (MeO-7 & MeO-4′). 

EI-MS m/z (rel int. %):  

[M]+ 330 (100), 315 (19), 318 (6), 183 (26) and 135 (33)  
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3.2.3.2 CHARACTERIZATION OF 3,5,5′-TRIHYDROXY-4′ 
METHOXY FLAVONE-7-O-β-D GLUCOPYRANOSIDE 
[63] 

OO

OH O

OH

OCH3

OH

O
CH2OH

OH

OH OH

Physical Data 

 State: Pale yellow crystals 

Yield: 18mg 

M.W.: 478 

M.F.: C22H22O12 

M.P: 302-304°C 

Element analysis: C: 55.23%, H: 4.64%, O: 40.14% 

UV λ max nm (log ε) (MeOH):  

   254 (3.54), 266 (3.66), 361 (4.11)  

 IR ν max cm-1 (CHCl3):  

   3300, 1654 and 1592 cm-1 

 1HNMR (CDCl3) (300MHz) (δ ppm): 

 δ 12.60 (1H, s, OH-5), 9.39 (1H, s, OH-5′), 9.30 (1H, s, OH-3), 6.50 

(1H, d, J = 2.8 Hz, H-6), 6.92 (1H, d, J = 2.8 Hz, H-8), 7.94 (1H, d, J = 

2.2 Hz, H-6′), 6.92 (1H, d, J = 2.8 Hz, H-3′), 7.53 (1H, dd, J = 2.2, 8.6 

Hz, H-2′), 3.78 (3H, s, OMe-4′), 12.54 (1H, br s, 5-OH), Glucose 

moiety δ: 4.64 (d, J = 7.8 Hz, H-1′′), 4.07 (dd, J = 9.6, 7.8 Hz, H-2′′), 

3.77  (d, J = 9.6 Hz, H-3′′),  3.48 (t, J = 9.6 Hz, H-4′′),  3.68 (d, J = 9.6, 

2.6 Hz, H-5′′) and 4.55 (dd, J = 10.0, 2.6 Hz, H-6′′). 

13C-NMR (CDCl3) (75MHz) (δ ppm):   

δ 180.61 (C-4), 165.01 (C-6), 161.42 (C-5), 159.43 (C-8), 156.51 (C-

2), 158.82 (C-10), 147.01 (C-4′), 144.20 (C-5′), 135.42 (C-3), 121.21 

(C-1′), 115.22 (C-6′), 112.12  (C-2′), 101.40 (C-1′′), 99.52 (C-7), 94.53 

(C-9), 78.51 (C-3′′), 78.40 (C-5′′), 74.50 (C-2′′), 71.31 (C-4′′) and 

62.32 (C-6′′). 

EI-MS m/z (rel int. %):  

  478 [M]+, 316, 301, 286, 152 and 72. 
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3.2.3.3 CHARACTERIZATION OF VASICINE [64] 

N

N

OH

H

 

Physical Data 

State: while crystalline solid 

Yield: 19.4 mg 

M.W.: 188 

M.F.: C11H12N2O 

M.P: 211-212 °C 

Element analysis: C: 70.19%, H: 6.43%, N: 14.88%, O: 8.50% 

 

 
UV λ max nm (log ε) (MeOH):  

  292 (quinazoline nucleus). 

IR ν max cm-1 (CHCl3):  

  3374 (OH), 1677 (-C = N-), 1499, 1592 (aromatic). 

1HNMR (CDCl3) (300MHz) (δ ppm): 

δ 3.73 (1H, m, H-2′′ ), 3.62 (1H, m, H-2′), 2.18 (1H, m, H-3′′), 2.56 

(1H, m, H-3′), 5.27 (1H, t, J = 7.0 Hz, H4), 4.77 (2H, brs, H-9), 7.01 

(1H, m, H-10), 7.15 (1H, m, H-11), 7.19 (1H, m, H-12), 7.20 (1H, m, 

H-13) 

13C-NMR (CDCl3) (75MHz) (δppm):   

δ 167.52 (C-5), 160.10 (C-7), 147.51 (C-11), 129.41 (C-12), 127.42 

(C-13), 126.63 (C-8), 122.42 (C-10), 70.60 (C-4), 51.08 (C-9), 46.40 

(C-2), 28.91 (C-3) 

EI-MS m/z (rel int. %):  

188 [M]+ 
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3.2.3.4 CHARACTERIZATION OF LUPEOL [65] 

OH

H

H

 

Physical Data 

State: White crystalline solid  

Yield: 22 mg 

M.W.: 426 

M.F.: C30 H50 O 

M.P: 214-216 °C 

Element analysis: C: 84.44%, H: 11.81%, O: 3.75% 

 

IR ν max cm-1 (CHCl3):  

  3455 (OH), 3070, 1645 and 880 (C = C) 

 
1HNMR (CDCl3) (300MHz) (δ ppm): 

 δ 4.69, 4.56 (2H, br s, 1H each, H-29), 3.18 (1H, dd, J = 9.9, 4.5, H-

3), 2.39 (1H, d, J = 10.5, 5.4 Hz, H-19), 1.65 (3H, d, J = 1.3 Me-30), 

1.05 (3H, s, Me-26), 0.96 (6H, s, Me-25, Me-27), 0.90 (3H, s, Me-24), 

0.85 (3H, s, Me-28), 0.76 (3H, s, Me-23). 

 
13C-NMR (CDCl3) (75MHz) (δppm):   

150.2 (C-22), 109.5 (C-29), 78.6 (C-3), 55.3 (C-5), 50.2 (C-9), 

48.5 (C-18), 47.7 (C-19), 42.6 (C-14), 42.3 (C-17), 40.4 (C-8), 

39.8 (C-21), 38.7 (C-4), 38.6 (C-1), 38.1 (C-13), 37.2 (C-10), 

35.8 (C-16), 34.9 (C-7), 29.3 (C-20), 28.0 (C-23), 27.5 (C-2), 

27.3 (C-15), 25.6 (C-12), 20.2 (C-11), 19.2 (C-30), 18.5 (C-6), 

18.1 (C-28), 16.8 (C-25), 15.6 (C-26), 15.4 (C-24), 14.3 (C-27) 

 

EI-MS m/z (rel int. %):  

 426 [M+] (20), 411 [M-CH3]+ (25), 408 [M-H2O]+ (30), 393 [M-CH3-

H2O]+  (35), 220 [M-C15H28]+ (80), 218 [M-C14H24O]+  (55), 207 [M-

C16H23]+ (25), 133 (14) 
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3.2.3.5 CHARACTRIZATION OF METHYL TRIACONTANOATE 

[66] 

O

H3CO

Physical Data 

State: white amorphous solid 

Yield: 15.6 mg 

M.W.: 466 

M.F.: C31H62O2 

 

Element analysis: C: 79.76%, H: 13.39%, O: 6.85% 

 

UV λ max nm (logε) (MeOH):  

  205 (4.52), 195 (3.21), 193 (5.13) 

 

IR ν max cm-1 (CHCl3):  

  2925, 2852 (C-H), 1742 (C=O, ester), 1160 (C-O, str.), 880 

 
1HNMR (CDCl3) (300MHz) (δ ppm): 

  3.67 (3H, s, OCH3), 2.27 (2H, t, J = 7.5 Hz, H-2), 1.53 (2H, quint.,  

J = 7.5 Hz, H-3), 1.25-1.22 (52H, bs, H-4-H-29, merged), 0.86 (3H, t,  

J = 6.90 Hz, CH3-30). 

13C-NMR (CDCl3) (75MHz) (δppm):   

174.12 (C-1), 51.42 (C-1’), 34.12 (C-2), 31.92 (C-28), 29.8-29.03 

merged (C-4-C-27), 25.03 (C-3), 21.34 (C-29), 14.23 (C-30) 

 

EI-MS m/z (rel int. %):  

  466 [M]+ (2.4), 438 (8.6), 424 (1.8), 410 (20.7), 396 (3.6), 382 (19.5), 

368 (5.2), 354 (13.4), 340 (1.80), 326 (3.91), 312 (1.20), 298 (11.62), 

284 (2.23), 270 (7.41), 101 [CH3O-C=(O+H)-CH2CH=CH2]+ (37.32), 

87 [HOOC-(CH2)3]+ (89.10), 73 [CH3OOCCH2]+ (62.31), 71 [C5H11]+ 

(50.9), 59 [CH3OC=O]+ (83.7, 57 [C4H9]+ (100) 
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3.2.3.6 CHARACTERIZATION OF GALLIC ACID [67] 

 
COOH

OH

OH

OH

 

Physical Data 

State: White leaflets  

Yield:  22.7 mg 

M.W.: 170 

M.F.: C7H6O5 

M.P: 236-238 °C 

Element analysis: C: 49.42%, H: 3.55%, O: 47.02% 

 

 

UV λ max nm (log ε) (MeOH):  

   274 (3.67) 

 

IR ν max cm-1 (CHCl3):  

   3515-3310 (O-H), 1715 (C=O) 1630 (Ar. C=C) 

 
1HNMR (CDCl3) (300MHz) (δ ppm): 

   δ 7.92 (s, carboxylic O-H), 7.05 (2H, s, H-2,6). 

 
13C-NMR (CDCl3) (75MHz) (δppm):   

 δ 170.40 (s, C-7), 146.51 (s, C-3,5), 137.72(s, C-4), 122.40 (s, 

C-1) and 110.08 (s, C-2,6). 

 

EI-MS m/z (rel int. %):  

   170.0215 (calcd. for C9H10O5, 170.0211). 

 

 

 

74



 
CH. 3      EXPERIMENTAL  
 
 

Studies on Bioactive Natural Products of Selected Species of Family Malvaceae 

3.2.3.7 CHARACTERIZATION OF β-SITOSTEROL [68] 

OH

H

H

H

 

Physical Data 

State: Colorless needles 

Yield: 28 mg 

M.W.: 414 

M.F.: C29H50O 

M.P: 134-135 °C 

 

Element analysis: C: 79.76%, H: 13.39%, O: 6.85% 

 

UV λ max nm (log ε) (MeOH):  

  208 

IR ν max cm-1 (CHCl3):  

  3450 (OH), 3055, 1650, 810 (C=C) 
1HNMR (CDCl3) (300MHz) (δ ppm): 

  δ 5.13 (1H, m, H-6), 3.33 (1H, m, H-3), 1.44 (1H, t, H-8), 1.14 (1H, d, 

H-17), 1.12 (1H, d, H-14), 1.01 (3H, s, Me-19), 0.93 (1H, m, H-24), 

0.92 (3H, d, J = 6.2 Hz, Me-21), 0.91 (1H, d, H-9), 0.84 (3H, t, J = 7.0 

Hz, Me-29), 0.83 3H, d, J=6.5 Hz, Me-26). 0.81 (3H, d, J = 6.5 Hz, 

Me-27), 0.67 (3H, s, Me-18). 
13C-NMR (CDCl3) (75MHz) (δ ppm):   

  140.91 (s, C-5), 121.90 (d, C-6), 71.92 (d, C-3), 56.81 (d, C-14), 56.22 

(d, C-17), 50.83 (d, C-9), 50.45 (d, C-24), 42.62 (s, C-13), 42.43 (t, C-

4), 40.32 (t, C-12), 37.31 (t, C-1), 36.60 (s, C-10), 36.30 (d, C-20), 

34.02 (t, C-22), 32.12 (t, C-7), 32.02 (d, C-8), 31.82 (t, C-2), 29.33 (t, 

C-2), 28.24 (t, C-16), 26.25 (d, C-25), 24.31 (t, C-15), 23.12 (t, C-28), 

21.13 (t, C-11), 19.84 (q, C-27) 19.45 (q, C-19), 19.10 (q, C-21), 18.81 

(q, C-26), 11.95 (q, C-29) and 11.94 (q, C-18). 

EI-MS m/z (rel int. %):  

414 (22), 399 (11), 396 (14), 381 (68), 329 (28), 303 (24), 275 (12), 

273 (18), 255 (37) 
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3.2.3.8 CHARACTERIZATION OF β-AMYRIN [69] 

 

OH

H

H

H

Physical Data 

State: white flakes 

Yield: 22 mg 

M.W.: 426 

M.F.: C30H50O 

M.P: 197-198 °C 

 

Element analysis: C: 84.44%, H: 11.81%, O: 3.75% 

 

  

IR ν max cm-1 (CHCl3):  

  3435, 3045, 1630 and 810 cm-1. 

1HNMR (CDCl3) (300MHz) (δ ppm): 

 δ 5.12 (1H, m, H-12), 3.19 (1H, dd, J = 10.0, 4.5 Hz, H-3), 2.04 (1H, t, 

H-18), 1.53 (1H, t, H-9), 1.08 (s, H3-27), 1.02 (s, H3-26), 1.01 (s, H3-

23), 0.96 (s, H3-25), 0.88 (s, H3-29 and H3-30), 0.78 (s, H3-28) and 

1.24 (s, H3-24). 

13C-NMR (CDCl3) (75MHz) (δppm):   

δ 144.30 (s, C-13), 124.12 (d, C-12), 78.84 (d, C-3), 54.46 (d, C-5), 

47.78 (d, C-9), 47.31 (d, C-18), 46.90 (t, C-19), 42.32(s, C-14), 41.63 

(t, C-22), 40.94 (s, C-8), 39.15 (s, C-4), 39.06 (t, C-1), 37.01 (s, C-10), 

34.07 (s, C-17), 33.36 (q, C-29), 33.25 (t, C-7), 32.94 (t, C-21), 31.73 

(s, C-20), 28.22 (q, C-23), 28.01 (q, C-28), 27.40 (t, C-2), 26.50 (t, C-

16), 26.30 (t, C-15), 26.04 (q, C-27), 23.63 (t, C-11), 23.32 (q, C-30), 

18.51 (t, C-6), 16.90 (q, C-26), 15.61 (q, C-25) and 15.52 (q, C-24). 
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3.2.3.9 CHARACTERIZATION OF 4-HYDROXYBENZOIC ACID 

[70] 

COOH

OH  

 

Physical Data 

State: White crystalline solid  

Yield:  24.5 mg 

M.W.: C7H5O3 

M.F.: 138 

M.P: 212-214 °C 

Element analysis: C: 60.87%, H: 4.38%, O: 34.75% 

 

 

UV λ max nm (logε) (MeOH):  

  223 (3.85), 311 (3.97) nm 

IR ν max cm-1 (CHCl3):  

  3515 (O-H), 3329 – 2722 (carboxylic OH), 1706 (C=O) 

1HNMR (CDCl3) (300MHz) (δ ppm): 

 δ 11.91 (1H, s, O-H), 7.94 (2H, d, J= 8.5 Hz H-2, 6), 6.71 (2H, d, J = 

8.5 Hz, H-3, 5). 

13C-NMR (CDCl3) (75MHz) (δppm):   

δ 177.03 (C-7), 160.32 (C-4), 131.52 (C-2, 6), 122.43 (C-1), 116.51 

(C-3, 5) 

 

EI-MS m/z (rel int. %):  

  138 [M]+  
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3.3 ABUTILON MUTICUM 

3.3.1   PLANT MATERIAL 
 The aerial parts (stem, leaves and flowers) and roots of A. muticum, growing 

wild in Pakistan, were collected in April 2006, from Cholistan deserts of Bahawalpur, 

Pakistan. The taxonomic identification with respect to morphology was carried out by 

Dr. Zaheer-ud-Din Khan, Head of Botany department, GC University, Lahore-

Pakistan. Voucher specimen was deposited at the herbarium of the department of 

Botany GC University, Lahore, Pakistan (A. muticum; GC. Herb. Bot. 138).  

 

3.3.2 EXTRACTION AND ISOLATION 

 Freshly collected plant materials were cleaned to remove adhering dust and 

then dried under shade. The dried samples were pulverized in a Willy Mill to 60 mesh 

size and used for solvent extraction. The shade dried ground plant (20Kg) was 

exhaustively extracted with methanol at room temperature. The extract was 

evaporated to yield the residue (432g). The whole residue was dissolved in water and 

partitioned with n-hexane, chloroform, ethyl acetate and n-butanol, respectively. 

 The hexane soluble fraction (102g) was subjected to column chromatography 

over a silica gel column using n-hexane with gradient of CHCl3 up to 100%. Seven 

fractions (Fr.1-7) were collected. The Fr. 4 was loaded on silica gel and eluted with 

acetone: n-hexane (1:9) to get purified [76]. The Fr. 5 was loaded on silica gel and 

eluted with CHCl3: n-hexane (3:7) to get purified [78]. 

The chloroform soluble fraction (113g) was subjected to column 

chromatography over a silica gel column using n-hexane with gradient of CHCl3 up to 

100% followed by methanol. Six fractions (Fr.1-6) were collected. The fraction 2 was 

loaded on silica gel and eluted with acetone: n-hexane (0.5:9.5) to get purified [75]. 

The fraction 4 was loaded on silica gel and eluted with CHCl3: n-hexane (3:7) to get 

purified [74]. The fraction 5 was loaded on silica gel and eluted with MeOH: CHCl3 

(1:9) to get four sub fractions. The sub fraction 5.1 was subjected to preparative TLC 

(MeOH: CHCl3; 0.5:9.5) to afford [71].  

The ethyl acetate soluble fraction (94g) was subjected to column 

chromatography over a silica gel column using n-hexane with gradient of CHCl3 up to 
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100% followed by methanol. Nine fractions (Fr.1-9) were collected. The fraction 5 

was introduced on silica gel and eluted with EtOAc: n-hexane (3:7) to get purified 

[72]. The fraction 7 was introduced on silica gel and eluted with MeOH: CHCl3 

(1.5:8.5) to get purified [73]. 

The n-butanol soluble fraction (47g) was subjected to column chromatography 

over a silica gel column using CHCl3 with gradient of methanol up to 100%. Nine 

fractions (Fr.1-9) were collected. The fraction 4 was introduced on silica gel and 

eluted with methanol: CHCl3 (3:7) to afford purified [77]. 
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Powdered,  extracted  with  methanol 
and  concentrated  on  rotary  evaporater

Methanolic extract
        432 g

hexane + water

Hexane  insoluble  fraction

Extraction  with  chloroform and ethyl acetate

Butanol  fraction
       47 g

Partitioned  between 
 butanol and  water

Chloroform  soluble 
    fraction 113 g

Aqueous  fraction

Abutilon muticum
        20 Kg

Hexane  soluble  fraction
            102 g

Scheme-21:  Extraction and fractionation of Abutilon muticum

  Insoluble fractionEthyl acetate  soluble 
    fraction 94 g
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Chromatographic  resolution  
on  Silica gel column

Hexane
     
Fraction1

One  major  spot

Further  CC
on  silica gel

hex:acetone
    (9:1)

Two major spots
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Scheme-22:  Isolation scheme of n-hexane soluble
                    fraction of Abutilon muticum

n-Hexane  Soluble  Fraction
67g

hex:CHCl3
    9.5:0.5
Fraction 2

hex:CHCl3
    9:1
Fraction 3
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hex:CHCl3
        (7:3)

hex:CHCl3
    8.5:1.5
Fraction 4

hex:CHCl3
    8:2
Fraction 5

hex:CHCl3
    7:3
Fraction 6

hex:CHCl3
   6:4
Fraction 7

CC on silica gel
using hex:CHCl3
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Subjected to column 
chromatography (CC)

hex:CHCl3
     9.5:05
Fraction 1

hex:CHCl3
   9:1
Fraction 2

hex:CHCl3
    8:2
Fraction 3

hex:CHCl3
    6:4
Fraction 4

CHCl3:MeOH
          9:1
Fraction 5

CHCl3:MeOH
     8:2
Fraction 6

One  major  spot

Further  CC
on  silica gel

hex:acetone
     9.5:05

Two major spots

74

Scheme-23:  Isolation scheme of chloroform soluble fraction 
                   of Abutilon muticum

75

Chloroform  Soluble  Fraction
                   (113g)

Four sub fractions

71

Further  CC of f 5.1
on  silica gel

Further  CC
on  silica gel

Four  spots

hex:CHCl3
    7:3

CHCl3:MeOH
          9:1

Final purification by PTLC
 CHCl3:MeOH
       9.5:0.5
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Ethyl acetate  Soluble  Fraction
(94g)

Chromatographic  resolution  
on  Silica gel column

hex:CHCl3
    7:3
Fraction 2

Three major spots

CC on silica gel

Scheme-24:  Isolation scheme of ethyl acetate soluble
                    fraction of Abutilon muticum

73

One major spot

hex:CHCl3
     8:2
Fraction 1

hex:CHCl3
    5:5
Fraction 5

hex:CHCl3
    6:4
Fraction 3

CHCl3:MeOH
         7:3
Fraction 8

CHCl3:MeOH
     2:8
Fraction 7

hex:CHCl3
    6:4
Fraction 4

CHCl3:MeOH
    1:9
Fraction 6

72

hex:EtOAc
     (7:3)

CC on silica gel

CHCl3:MeOH
     6:4
Fraction 9

CHCl3:MeOH
     (8.5:1.5)

 

3.3.3 CHARACTERIZATION OF CHEMICAL CONSTITUENTS OF 

ABUTILON MUTICUM 

 

83



 
CH. 3      EXPERIMENTAL  
 
 

Studies on Bioactive Natural Products of Selected Species of Family Malvaceae 

3.3.3.1 CHARACTERIZATION OF 3, 4′, 5, 6, 7-PENTAHYDROXY 
FLAVONE [71] 

 

 

Physical data: 

O

OH

O

OH

OH

OH

OH

State: Yellow amorphous solid        

Yield: 19 mg 

M.W: 302 

M.F: C15H10O7 

M.P: 328-330 °C 

 

Element analysis: C: 59.61%, H: 3.33%, O: 37.06% 

 

UV λ max nm (log ε) (MeOH): 

372 (3.690), 257 (3.480) 

 

IR ν max cm-1 (KBr):   

3250 (OH), 1648 (C=O), 1589 (C=C), 940 (OCH2O) 

 
1HNMR (CDCl3) (300MHz) (δ ppm): 

δ 12.86 (1-H, s, OH-5), 10.86 (1-H, s, OH-7), 9.71 (1-H, s, OH-

6), 9.54 (1-H, s, OH-4′), 9.32(1-H, s, OH-3), 6.62 (1H, s, H-8), 

7.56 (2H, d, J=8.5Hz, H-3′, 5′), 6.76 (2H, d, J= 8.4 Hz, H-2′, 

6′). 
13C-NMR (CDCl3) (75MHz) (δppm):   

δ 179.52 (C-4), 158.37 (C-9), 154.65 (C-7), 153.0 (C-4′), 

149.41 (C-5), 148.32 (C-2), 135.44 (C-3), 130.23 (C-6), 128.09 

(C-2′, 6′), 120.17 (C-1′), 113.80 (C-3′, 5′), 105.37 (C-10), 96.43 

(C-8) 

 

EI-MS m/z (rel. int. %):  

302 (16), 284 (41), 274 (8), 168 (16), 118 (7)  
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3.3.3.2 CHARACTERIZATION OF 3, 3′, 4′, 5, 7-PENTA 
HYDROXY FLAVONE-8-O-β-D GLUCOPYRANOSIDE 
[72] 

 

85

Physical data: 

State: Pale light yellow amorphous solid        

O
CH2OH

OH

OH OH

O

OH O

OH

OH

OH

O

OH
Yield: 21 mg 

M.W: 480 

M.F: C21H20O13 

M.P: 228-230 °C 

Element analysis: C: 52.50%, H: 4.20%, O: 43.30% 

UV λ max nm (log ε) (MeOH): 

   365 (4.01), 2.68 (3.52), 252 (3.41)  

IR ν max cm-1 (CHCl3):  

   3300 (OH), 1654 (C=O), and 1592 cm-1 

 1HNMR (CDCl3) (300MHz) (δ ppm): 

δ 10.86 (1-H, s, OH-7), 9.62 (1-H, s, OH-3), 9.54 (1-H, s, OH-4′),  

9.40 (1-H, s, OH-5),  9.32 (1-H, s, OH-3′), 6.92 (1H, d, J = 1.9 Hz, H-

6), 7.84 (1H, dd, J = 2.2, 8.6 Hz, H-6′), 7.83 (1H, d, J = 2.2, Hz, H-2′), 

7.03 (1H, d, J = 8.0 Hz H-5′), 4.67 (1H, br s, H-6′), Glucose moiety δ: 

4.67 (d, J = 7.6 Hz, H-1′′), 3.95 (dd, J = 9.2, 7.6 Hz, H-2′′), 4.17  (d, J 

= 9.4 Hz, H-3′′),  4.09 (t, J = 9.2 Hz, H-4′′),  3.77 (d, J = 9.4, 2.6 Hz, 

H-5′′) and 4.12 (dd, J = 10.0, 2.6 Hz, H-6′′). 

13C-NMR (CDCl3) (75MHz) (δppm):   

δ 173.61 (C-4), 159.84 (C-7), 154.14 (c-5), 151.06 (C-9), 147.39 (C-

4′), 146.23 (C-2), 144.77 (C-3′), 139.13 (C-3), 128.36 (C-8), 123.09 

(C-1′), 118.62 (C-6′), 115.25 (C-5′), 115.01 (C-2′), 104.19 (C-1′′), 

103.66 (C-10), 96.13 (C-6), 78.92 (C-3′′), 78.48 (C-5′′), 76.31 (C-2′′), 

69.32 (C-4′′), 60.41 (C-6′′) 

EI-MS m/z (rel. int. %):   480 (19)  
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3.3.3.3 CHARACTERIZATION OF 3, 3′, 4′, 5, 7-PENTAHYDROXY 

FLAVONE [73] 
 

OOH

OH O

OH

OH

OH

Physical Data 

State: Yellow amorphous powder 

Yield: 21 mg 

M.W.: 302 

M.F.: C15H10O7 

M.P: 313-314 °C 

 

UV λ max nm (log ε) (MeOH):  

   370 (4.18), 254 (4.30) 

IR ν max cm-1 (CHCl3):  

3430 (OH), 2960 (C-H), 1686 (C-O), 1608 (C=), 1610, 1440, 

1110, 1070, 665. 

1HNMR (CDCl3) (300MHz) (δ ppm): 

δ 12.56 (1-H, s, OH-5), 10.73 (1-H, s, OH-7), 9.66 (1-H, s, OH-

3), 9.54 (1-H, s, OH-4′), 9.36 (1-H, s, OH-3′), 7.43 (1H, d, J= 

2.5 Hz H-2′), 7.35 (1H, dd, J= 2.5,8.2 Hz, H-6′), 6.97 (1H, d, 

J= 8.0 Hz, H-5′), 6.43 (1H, d, J= 2.2 Hz, H-8),  6.23 (1H, d, J= 

2.2 Hz,  H-6) 

 
13C-NMR (CDCl3) (75MHz) (δppm):   

δ 183.89 (C-4), 166.22 (C-2), 165.62 (C-7), 159.52 (C-5), 

149.70 (C-3′), 149.18 (C-4′), 139.52 (C-9), 127.49 (C-1′), 

119.03 (C-6′), 118.21 (C-2′), 115.25 (C-5′), 105.19 (C-10), 

103.16 (C-3), 100.34 (C-6), 95.16 (C-8)   

 

EI-MS m/z (rel int. %):  

   301 [M-H]+, 273 (10), 153 (13), 137 (18) 
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3.3.3.4 CHARACTERIZATION OF STIGMASTEROL [74] 

 

OH

H H

H

Physical data: 

State: colourless crystalline solid 

Yield: 20.6mg 

M.W.: 412 

M.F.: C29H48O 

M.P: 170-172°C 

Element analysis: C: 84.40%, H: 11.72%, O: 3.88% 

 

UV λ max nm (log ε) (MeOH):  

   

IR ν max cm-1 (CHCl3):  

3434 (OH), 1648 (C=O) 
1HNMR (CDCl3) (300MHz) (δ ppm): 

δ 5.33 (1H, s, H-6), 5.12 (1H, dd, J=15.5, 8.5Hz, H-22), 4.98 (1H, dd, 

J=15.5, 8.5Hz, H-23), 3.45  (1H, s, H-3), 1.01  (3H, d, J= 6.5Hz, H-

21), 0.97 (3H, s, H-19), 0.83 (3H, d, J= 6.0Hz, H-26), 0.78 (3H, t, J= 

7.5Hz, H-29), 0.77 (3H, d, J= 6.0Hz, H-27) and 0.68 (3H, s, H-18). 
13C-NMR  (CDCl3) (75MHz) (δppm):   

140.91 (C-5), 138.43 (C-22), 129.40 (C-23), 121.76 (C-6), 71.92 (C-3), 

57.01 (C-14), 56.03 (C-17), 51.30 (C-24), 50.33 (C-9), 42.51 (C-13), 

42.23 (C-4), 40.54 (C-20), 39.72 (C-12), 37.51 (C-1), 36.63 (C-10), 

32.22 (C-8), 32.00 (C-25), 31.90 (C-7), 31.81 (C- 2), 28.92 (C- 16), 

25.42 (C-28), 24.43 (C-15), 21.20 (C-27), 21.10 (C-21), 21.01 (C-11), 

19.42 (C-19), 19.02 (C-26), 12.40 (C-18), 12.01 (C-29).  

EI-MS m/z (rel int. %):  

412[M+] (75), 397 [M- Me+] (10), 394 [M-H2O]+ (20), 379 [M- Me- 

H2O]+ (28), 369 [M-C3H7]+ (35), 351 [M-C3H7-H2O]+ (70), 300[M-

C8H16]+  (67), 327 [M-H2O-C5H7]+ (60), 301 [M-H2O-C7H9]+ (18), 273 

[M-H2O-C9H13]+ (30), 270 [M-C10H19+2H]+ (25).  
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3.3.3.5 CHARACTERIZATION OF BENZOIC ACID [75] 
 

OH

OPhysical data: 

State: colourless leaflets  

Yield: 22mg 

M.W.: 122  

M.F.: C7H6O2 

M.P: 123-124°C 

Element analysis: C: 68.85%, H: 4.95%, O: 26.20% 

 

 

UV λ max nm (log ε) (MeOH):  

228 (3.64), 272 (3.75), 300 (4.07) 

 

IR ν max cm-1 (KBr):   

3262-2611 (COOH), 1708 (C=O), 1626 (Ar) 
 

1HNMR (CDCl3) (300MHz) (δ ppm): 

δ 11.93 (1H, s, O-H), 8.11 (2H, t, J= 8.5Hz, H-2, 6), 7.62 (1H, t, 

J= 8.5Hz, H-4), 7.48 (2H, t, H-3, 5).  

 
13C-NMR (CDCl3) (75MHz) (δ ppm):  

180 (C-7), 134.5 (C-4), 131.1(C-1), 130.7 (C-2, 6) and 129.7 (C-

3, 5) 

EI-MS m/z:  

122.0367 [M]+ 
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3.3.3.6 CHARACTERIZATION OF 1-TRICOSANOL [76] 
 

 

Physical data: OH

State: white amorphous powder 

Yield: 17.4mg 

M.W.: 340 

M.F.: C23H48O 

M.P: 72.5 -74.5 °C 

Element analysis: C: 81.10%, H: 14.20%, O: 4.70% 

 

 

UV λ max nm (MeOH):  

199.2 nm 

 

IR ν max cm-1 (KBr):   

2500-3000 (OH), 1462 (CH2- CH3), 1060 (primary OH), 722-730 

(CH2)n 
 

1HNMR (CDCl3) (300MHz) (δ ppm): 

δ 3.65 (2H, t, J= 6.70Hz, H-2), 1.54 (m, H-3)), 1.25 (2H, br, s, H-

4), 0.87 (3H, t, J= 7.20Hz, H-24)  

 
13C-NMR (CDCl3) (75MHz) (δppm):  

63.17 (C-2), 29.7 (C-6-22), 29.4 (C-5), 26.3 (C-4), 32.42 (C-3), 

22.7 (C-23), 14.1 (C-24) 

EI-MS m/z:  

339[M-H]+ 
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3.3.3.7 CHARACTERIZATION OF CHOLESTEROL [77] 
 

90

 

Physical data: 

State: Pale white leaflets   

OH

H

H

H

Yield: 21.3mg 

M.W: 386 

M.F: C27H46O 

M.P: 147-148 °C 

Element analysis: C: 83.87%, H: 11.99%, O: 4.14% 

 

UV λ max nm (MeOH): 

   205nm 

IR ν max cm-1 (KBr):   

3407 (OH), 2806 (CH) and 1439cm-1 

1HNMR (CDCl3) (300MHz) (δ ppm): 

δ 5.34 (1H, m, J = 5.2 Hz, H-6), 3.52 (1H, m, H-3), 0.98 (3H, s, 

H-19), 0.91 (3H, d, J=  6.0Hz, H-21), 0.87 (3H, d, J = 1.2 Hz,  H-

27), 0.84 (3H, d, J=  1.2  Hz,  H-26) and 0.65 (3H, s, H-18).  

13C-NMR  (CDCl3) (75MHz) (δppm):   

δ 143.17 (C-5), 141.42 (C-13), 123.49 (C-6), 72.01 (C-3), 58.29 

(C-9), 57.43 (C-17), 57.19 (C-14), 43.27 (C-4), 40.03 (C-24), 

37.62 (C-1), 37.31 (C-12), 37.22 (C-22), 36.18 (C-10), 35.17 (C-

20), 33.92 (C-16), 32.23 (C-2), 32.07 (C-8), 31.52 (C-7), 28.17 

(C-25), 26.19 (C-15), 25.16 (C-23), 23.53 (C-26), 22.17 (C-11), 

22.03(C-27), 20.26 (C-19), 17.67 (C-21), 13.07 (C-18) 

EI-MS m/z (rel. int. %):  

386 [M] + (100), 368 [M-H2O] + (21), 353 [M-CH5O] + (14), 301 

[C5H9O] + (19), 275 [M-C7H11O] + (24) 
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3.3.3.8 CHARACTERIZATION OF TRIACONTYL PALMITATE 

[78] 
 

C
OO

Physical Data 

State: White amorphous powder 

Yield:  27.6 mg 

M.W.: 677 

M.F.: C46H92O2 

M.P:72-74°C 

 

UV λ max nm (logε) (MeOH):  

  204 (3.78), 196 (3.26), 195 (2.98) 

IR ν max cm-1 (CHCl3):  

2906, 2818 (C-H), 1745 (C=C, ester), 1184 (C-O, str.), 760, 734, 721, 

667 cm-1 

 1HNMR (CDCl3) (300MHz) (δ ppm): 

4.01 (2H, t, J= 6.8 Hz, H-1′), 2.25 (2H, t, J= 7.5 Hz, H-2), 1.60 (4H, 

quint, J= 7.03 Hz, H-3, H-2′), 1.28-1.22 (78 H, H-4-H-15, H-3′- H-

27′), 0.86 (6H, t, J= 6.91 Hz, CH3-16, CH3-30′) 

13C-NMR (CDCl3) (75MHz) (δppm):   

174.02 (C-1), 64.40 (C-1′), 34.43 (C-2), 31.94 (C-14, C-28′), 29.71-

29.1 merged (C-4-C-13, C-4′-C-27′), 28.66 (C-3′), 25.95 (C-2′), 25.05 

(C-3), 22.4 (C-15, C-29′), 13.2 (C-16, C-30′)   

EI-MS m/z (rel int. %):  

676 [M]+ (4.19), 620 (5.22), 578 (16.35), 485 (1.83), 364 (5.38), 270 

[CH2-O+H-CO-(CH2)14CH3]+ (96.77), 271 [ CH3-O+H-CO-

(CH2)14CH3]+ (13.43), 256 [O-C=(O+H)-(CH2)14 CH3]+ (27.71), 257 

[HO-C=(OH)-(CH2)14 CH3]+ (72.09), 239 [O=C (CH2)7 CH3]+ 

(923.54), 71 [C5H11]+ (69.34), 57[C4H9]+ (100.03). 
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3.4 SEED LIPID CHARACTERIZATION 

3.4.1 COLLECTION OF SEEDS 

 The fruits of A. indicum and A. muticum growing wild in Pakistan were 

collected and identified by Dr. Zaheer-ud-Din Khan, Head of Botany department, GC 

University, Lahore-Pakistan. Voucher specimens of both the plants were deposited at 

the herbarium of the department of Botany GC University, Lahore, Pakistan (A. 

indicum; GC. Herb. Bot. 68: A. muticum; GC. Herb. Bot. 138).  Seeds were obtained 

after deseeding the fruits by passing through stainless steel sievers (mesh pore size, 

0.042 in). Seeds were kept in dark at 5 °C until analysis were carried out (all analysis 

were completed within 3 months). 

 

3.4.2  PROXIMATE ANALYSIS OF THE PLANT MATERIALS 

Moisture, dry matter, ash, nitrogen/crude protein, refractive index, acid value, 

saponification value, iodine value, ester value and trace elements in the seeds of both 

the plants were determined according to the following procedures. 

 

MOISTURE AND DRY MATTER (170) 

Clean crucibles (25ml) were dried in a muffle furnace at 600°C for one hour 

and cooled to room temperature in desiccators. The crucibles were weighed by 

handling them with metal tong. Then 3 grams of the sample were taken in the dried 

and tarred crucible and it was placed in the oven at 105°C for 24 hours. The crucible 

was removed from the oven and weighed after cooling to room temperature in 

desiccators. The percent dry matter and moisture were calculated as: 

                                       
 

weight of dried sample 
Dry Matter (%) =           × 100 

weight of sample before drying 
  

  

Moisture (%)  =  100 - dry matter (%) 
 

Results were recorded in Table-21. 
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ASH (170) 

Clean porcelain crucibles were heated in a muffle furnace at 600°C for one 

hour and weighed after cooling it in a desiccator at room temperature. The seed 

samples (2 gram each) were accurately weighed and taken separately in the dried and 

tarred porcelain crucible. The crucible was placed in a muffle furnace and it 

temperature maintained at 525°C until carbon free ash was obtained. The crucibles 

were weighed after cooling to room temperature in desiccators and the ash contents 

were calculated as:     

               weight of ash 

Ash (%)       =                                                                × 100 
 weight of seed sample  

 

Results were recorded in Table-21. 

 

CRUDE FIBRE (171) 

Two grams of the ground seeds were accurately weighed and transferred to a 

pouch of filter paper. Defat the samples with n-hexane in Soxhlet apparatus. The 

extracted sample was transferred to a 500ml beaker. 200ml of 1.25% sulphuric acid 

was added to it and the solution was boiled for exactly 30 minutes, with periodic 

swirling of the contents. The level of the solution in the beaker was maintained with 

the addition of distilled water. The beaker was removed from the hot plate and the 

contents were filtered onto a linen cloth of fine mesh (about 200 mesh) in a fluted 

funnel and washed with boiling water until the washings were not acidic. The sample 

was placed in a beaker with, 200ml of NaOH (1.25%) solution. The contents of 

beaker were boiled again exactly for 30 minutes and filtered onto a linen cloth as 

described above. The sample was washed with boiling water until free from alkali. 

The sample was filtered with suction into a Gooch crucible. Finally, the sample was 

washed in Gooch crucible with 10ml of 95% ethanol. The contents of the crucible 

were dried at 105°C in an oven for overnight, cooled to room temperature in a 

desiccator and weighed. The contents of the crucible were then ignited, in a muffle 

furnace at 600°C to ash. After ignition the crucible was cooled to room temperature in 

a desiccator and weighed. The crude fiber was calculated as follows:        
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    W2-W3  
Crude Fiber (%) =              ×     100  

                              W1 
Where 

W1 = Weight of the sample before drying and extracting with n-hexane. 

W2 = Weight of dry material after extraction with acid and alkali. 

W3 = Weight of ash. 

Results were recorded in Table-21. 

 

NITROGEN AND CRUDE PROTEIN (172)  

Reagents 

A. Indicator Solution: 

a. Methyl red (0.1%) in ethanol  

b. Bromocresol green (0.1%) in ethanol 

The solutions ‘a’ and ‘b’ were mixed in ratio 1:5.  

B. Standardized H2SO4 and HCl solutions, 0.01M. 

C. Conc. H2SO4, 93-98% reagent grade. 

D. Catalyst Mixture, Premixed Selenium mixture of E.Merck for nitrogen 

estimation. 

E. Sodium hydroxide solution 40% nitrogen free prepared by dissolving 400 

grams of Sodium hydroxide (A.R.grade) per dm3 solution. 

F. Boric acid solution, (4%), forty grams boric acid was dissolved per litre 

and then added to it 5 ml of indicator solution.    

PROCEDURE 

The seed sample (0.5 gram each) was accurately weighed and placed in a 

100ml long neck Kjeldahl flask. The catalyst mixture (0.5 gram) was added in to the 

flask followed by the addition of 10ml conc. H2SO4. The flask was placed on the 

digestion heaters of the Kjeldahl apparatus. Then heater and exhaust fan was turn on. 

The digestion process was carefully watched until frothing ceased. The digestion was 

continued, with occasional turning of the flask for 30 minutes, till the solution had 

cleared and all carbon had been oxidized. After completion of digestion, the heater 

was turned off and the flask was allowed to cool. Then the volume was made 100ml 

with distilled water and 5ml of this solution was taken in to the Markham distillation 
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apparatus. About 5ml of 40% sodium hydroxide solution was also added and the cup 

of the apparatus was rinsed down with distilled water. In a titration flask 10ml of 4% 

boric acid solution was placed under the condenser, the end of which was dipped in 

the boric acid solution. The contents were heated by passing steam through the 

apparatus until the volume in the flask was about 20ml. The indicator was added in 

the boric acid solution before distillation. The material in the flask was titrated against 

standard hydrochloric acid (N/70) taken in a burette. The end point was a sharp 

change of colour, from colourless to pink.  

The volume of N/70 hydrochloric acid was noted. The percentage of nitrogen 

and crude protein in the seed sample was calculated as follows: 

                         100 x 100 
Nitrogen (%)   =                         ×     y/10  

                   Wt. of sample in mg 
 

Volume of N/70 HCl used  = x 

x / 5  =     mg of N2   =     y 

 

Crude protein (%)  = Nitrogen (%) × 6.25 

 

Results were recorded in Table-21. 

 

 FAT 

Seed samples were pulverized separately and placed in thimbles, which were 

extracted by Soxhlet apparatus using n-hexane as solvent at 40oC till the 

disappearance of colour. After that thimbles were opened, dried in oven and their 

weights were determined. 

                  loss in weight 
FAT (%) =      × 100 

                          weight of seed sample  
 
Results were recorded in Table-21. 
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CARBOHYDRATE 

Carbohydrate content of both the seed samples were determined separately by 

difference after the analysis had been completed for moisture, minerals, proteins, fats 

and fiber. 

 

Carbohydrate (%) = 100-[Moisture (%) + Ash (%) + Crude Fibre (%) + 

Fat (%) + Crude Protein (%)] 

Results were recorded in Table-21. 

 

NITROGEN FREE EXTRACT 

Nitrogen free extract (N.F.E.) of seed samples were determined by difference 

after the analysis had been completed for ash, crude fiber, ether extract and crude 

protein. 

 

N.F.E. (%) = 100-[Ash (%) + Crude Fibre (%) + Fat (%) + Crude Protein 

(%)] 

Results were recorded in Table-21. 

 
REFRACTIVE INDEX 

Abbe’s refractometer was used for the determination of refractive index of 

seed oil. A drop of the oil was placed between the prisms of the refractometer. The 

telescope was rotated to bring the border line of the total refraction to the junction of 

cross wires in the telescope. The refractive index of the oil was observed up to the 4 

decimal places from the scale appeared on the instrument and recorded the room 

temperature. The refractive index of both the seed oils was given in Table-21. 

 

SAPONIFICATION VALUE 

About 1g of sample oil was weighed in a flask and refluxed it with 50 ml of 

0.5N alcoholic KOH on a water bath for thirty minutes, cooled to room temperature 

and titrated against 0.5N HCl using Phenolphthalein indicator until the pink color just 

disappeared. Noted the volume of acid used. Took 3 concordant readings and 

calculated the average. Prepared and conducted blank determinations simultaneously 
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with out the sample, similar in all respects to the sample. Saponification value was 

calculated by following the expression outlined in AOAC (2000). 

          56.10  × N (B - S) 
Saponification value =           
                                              Wt. of  oil sample in g 
 

Where 

B = Volume of 0.5N HCl required by blank. 

S = Volume of 0.5N HCl required for sample. 

N = Normality of standardized HCl solution. 

56.10 = Equivalent weight of KOH 

Results were recorded in Table-21. 

 

ACID VALUE 

The oil samples (1mL) were taken separately in a 250mL conical flask and 

2.5mL of neutral alcohol was added to it. The contents were kept on water bath for 5 

minutes and then titrated against 0.1N KOH solution, using phenolphthalein as an 

indicator until pink colour persisted. The acid value was calculated by following 

AOAC (2000) as given below. 

56.10 × N × V 
                   Acid value =                                    
                        Wt of oil sample taken 
Where 

N = Normality of KOH solution. 

V = Volume of (mL) KOH used 

56.10 = Equivalent weight of KOH 

Results were recorded in Table-21. 

 

ESTER VALUE 

Ester value for both oil samples was calculated, by difference, after determining 

acid value and the saponification value. 

Ester value =   saponification value - acid value 

Results were recorded in Table-21. 
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IODINE VALUE 

The iodine value was determined by using Wij’s method described in AOAC, 

2000 (177). The oil sample (5g) was dissolved in 5mL carbon tetra chloride (CCl4) in 

a wide mouth glass stoppered bottle and 25mL Wij’s solution was added to it. The 

bottle was allowed to stand for half an hour in dark place after which the contents 

were distilled with 20mL of 10% potassium iodide solution and 20mL of distilled 

water. The contents were then titrated against Na2S2O3 solution adding freshly 

prepared starch solution as an indicator. Blank reading was recorded separately. 

Iodine value was calculated by the following formula:  

(B-S) × N × 12.69 
                   Iodine value =                                    
                        Wt of oil sample (g) 
Where 

B = Volume of Na2S2O3 solution used for blank. 

S = Volume of Na2S2O3 used for sample. 

N = Normality of Na2S2O3 solution. 

Results were recorded in Table-21. 

 

3.4.3 MINERAL ANALYSIS 

 Grated seeds (5g) were ashed according to the AOAC method 985.35 to obtain 

ash free from carbon (173). The ash obtained was dissolved in 5 mL of I M HNO3 and 

then heated over a steam bath (at 50-60 ºC) for 5 min to help with dissolution. 

Subsequently, materials were transferred to a 100 mL volumetric flask and made up to 

final volume of 100 mL with the extraction solvent. Minerals were determined using a 

Unicam 969 AA spectrometer equipped with a GF 90 furnace and  FS 90 furnace auto 

sampler (Unicam limited Cambridge UK) and flame photometer. Minerals were 

quantified on the basis of peak areas and comparison with a calibration curve obtained 

with corresponding standards. 

Results were recorded in Table-22. 
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3.4.4 TOTAL LIPID EXTRACTION 

 The ground seeds of both the plants were extracted separately with chloroform 

methanol (2:1) solvent mixture according to the procedure of Bligh and Dyer, 1959 

(174). For this purpose, 300g seeds were homogenized with 2L of chloroform: 

methanol (2:1 V/V) mixture and filtered. The residue was further extracted with 1L 

solvent mixture and filtered. The filtrate was mixed with first extract. The non lipid 

contaminants in the extract were washed by addition to it 0.2% its volume of 0.73% 

aqueous NaCl solution. The resulting mixture separated into two phases. The lower 

phase was the total pure lipid extract. It was separated from upper layer, and dried 

over anhydrous sodium sulphate and filtered. The extract was then freed from solvent 

by vacuum distillation in rotary evaporator under vacuum to yield the total lipids. The 

lipids were weighed and its percentage in the seeds calculated as:  

                Weight of lipids 
Lipids (%) =      × 100 

      Weight of seeds 
 

3.4.5 SEPARATION OF LIPID CLASSES 

 Lipid classes were separated by thin layer chromatography (TLC) using plates 

of 20 cm×20 cm×0.25 mm covered with silica gel (F254, Merck, Darmstadt, 

Germany). Neutral as well as polar lipids were separated using developing system 

composed of n-hexane/diethyl ether/acetic acid (80 : 20 : 2, v/v/v) and 

chloroform/methanol/ammonium hydroxide/water (60 : 35 : 5 : 2.5, v/v), respectively 

(175). The non destructive locating reagent 2, 7 dichlorofluorescein was used, which 

gave purple yellow colour bands under an ultraviolet light at 366 nm. Neutral lipids 

were separated into seven classes while polar lipids into two classes by TLC. These 

classes were identified by comparison of their Rf values with the corresponding 

standards. Among the neutral lipids, the presence of sterols and sterol esters was also 

confirmed on TLC by spraying antimony trichloride reagent. These compounds 

showed red violet colour after heating the plates in oven at 100 ºC for 10min. 

Similarly, hydroxylamine ferric chloride reagent was sprayed to confirm the presence 

of different types of acylglycerols which showed purple color under the above 

mentioned conditions. Polar lipids gave blue spot with molybdate blue reagent (176). 

Results were recorded in Table-23. 
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3.4.6 PREPARATION OF METHYL ESTERS 

The fatty acid methyl esters (FAME’s) of whole lipids and each lipid fraction 

except the hydrocarbons were prepared by heating the samples at 80 ºC for 20 min in 

BF3 methanol (177). n-hexane (5 mL) was added to the prepared FAME’s and the 

organic layer with the FAME’s was recovered. The solvent removed under a steam of 

nitrogen and residue was saved for GC-MS analysis. 

 

3.4.7 GC-MS ANALYSIS OF FATTY ACID METHYL ESTERS 

 The methyl esters of total lipids and lipid fractions were analyzed for their 

fatty acids composition by GC-MS (QP-2010, Shimadzu CO, Kyoto, Japan) equipped 

with 30 m×0.25 mm DB-5MS column (Agilent technologies J & W scientific 

products, Folsom, CA). The carrier gas was helium. The temperature program was set 

as follows; 100°C hold for 5 min, rose at 4°C/min to 280°C respectively. The ion 

source and interface temperatures were set at 200 and 250°C respectively. The mass 

range was scanned from 50 to 900 amu. The control of the GC-MS system and the 

date peak processing were controlled by means of Shimadzu’s GC-MS solution 

software version 2.4. Compound identification was verified based on the relative 

retention time and mass fragmentation pattern spectra with those of standards and the 

NIST 147. LIB database of the GC-MS system (Shimadzu). The fatty acid 

composition was reported as a relative percentage of the total peak area. 

Results were recorded in Table-24. 

 

3.5 ANTIBACTERIAL STUDY (178-179) 

 

 
ORGANISMS USED FOR ANTIBACTERIAL STUDY: 

Gram Positive 

   Bacillus licheniformis (PCSIR-B-252) 
   Bacillus subtilis (PCSIR-B-248) 
  Micrococcus luteus (NRRL-B-287) 
  Nocardia asteroids (NRRL-178)   
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Gram Negative 

 Escherichia coli (PCSIR-B-67) 
  Proteus mirabilis (ATCC 29245) 
  Salmonella typhimorium (ATCC 14028)    

Standard Antibiotics 

Benzyl penicillin, Ampicillin and Streptomycin were taken as positive control 

(standard antibiotics) for bacterial species. The concentration of the reference 

antibiotics was 1μg/mL. Distilled water was used as negative control against all the 

species. 

3.5.1 Sample Preparation 

Extracts were made from air-dried coarsely powdered materials of different 

parts of both the plant [A. indicum; leaves (2.0 kg), stems (5.5 kg), roots (0.9 kg) and 

seeds (300g): A. muticum; leaves (1.5 kg), stems (4.3kg), roots (0.6 kg) and seeds 

(300g)]. The plant parts were de waxed separately with n-hexane at room temperature 

for 24 h. After filtration, the hexane was removed in a rotary evaporator under 

reduced pressure yielding the respective crude semisolid extracts. The defatted 

residues were dried and macerated in methanol thrice at room temperature for 10, 6, 

and 4 days. After filtration the three extracts were combined and the solvent was 

removed in a rotary evaporator under reduced pressure yielding the respective 

semidried crude extracts. Each residual extract (leaves, stems and roots) was re 

dissolved in distilled water to 1000, 2000, 3000, and 4000 μg/ml concentrations. Seed 

oil was dissolved in DMSO. 

 

3.5.2 PREPARATION OF NUTRIENT BROTH    

Nutrient broth (0.8 g) was dissolved in 100mL distilled water by heating. 

Allow pH to 7.4 and then sterilized it in an auto clave at 121°C for 15 minutes. 

 

3.5.3 PREPARATION OF NUTRIENT AGAR 

Nutrient broth (0.8 g) was dissolved in 100mL distilled water by heating. Then 

added 1.3g of nutrient agar in it and heated till clear solution was prepared. Allow the 

pH to 7.4 and then sterilized it in an auto clave at 121°C for 15 minutes. 
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 3.5.4 PREPARATION OF INOCULUM 

Stock slants of bacterial culture were taken and a loop full of culture was 

added to the sterilized slants in the test tube. The cultures were incubated at 37°C for 

24 hours. After that a loop full from these cultures was transferred to conical flask of 

freshly prepared nutrient broth and incubated for 24 hours at 37°C in a shaker. These 

cultures served as inoculum. 

 

3.5.5 PREPARATION OF PETRI – DISHES 

The bacterial species were maintained on nutrient agar slants. Molten nutrient 

agar (20mL) was poured into sterilized Petri dishes as a basal layer. Plates were 

inoculated with 5mL inoculum of the respective organism. Put lids on the dishes. 

Allowed them to cool and solidify. The agar core 4mm was then removed from the set 

agar at four peripheral positions. The holes were aseptically filled with the extract 

concentrations and reference standards. After keeping the Petri dishes in the flat 

position for one hour, the incubation period was allowed to proceed for 24hours at 

37°C for bacterial cultures. The diameters of the clear zones around the wells were 

observed and recorded. There were triplicates for each dilution and standards. The 

results were recorded in Table-25-26.  

 

3.5.6 ANTIBACTERIAL ACTIVITY OF SEEDS 

The Abutilon seed oils were tested against different bacteria by the method of 

Negi (180). To flasks containing 20 mL melted cool agar, different concentrations of 

test material in DMSO were added. Equivalent amounts of DMSO were added as 

control. 100 µL (about, 103 cfu/mL) of each bacterium to be tested were inoculated 

into the flasks under aseptic conditions. The media were then poured into sterilized 

Petri plates, in duplicate and incubated at 37 ºC for 20-24 h. The colonies, developed 

after incubations, were counted and expressed as colony forming units per ml of 

culture (cfu/ml). The results were recorded in Figure-10.  

 

MEASUREMENT OF MIC 

 The minimum inhibitory concentration (MIC) was reported as the lowest 

concentration of the compound capable of inhibiting the complete growth of the 
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bacterium being tested. MIC was determined graphically as an extraplotation of linear 

relationship to zero value and results were tabulated in Table-27.  

 

3.6 ANTIFUNGAL STUDY (181-182) 
 
ORGANISMS USED FOR ANTIFUNGAL STUDY: 

 Aspergillus niger (PCSIR-M-204) 
  Rhizopus microsporus (PCSIR-M-224) 
  Trichoderma viride (NRRL-Y-2043) 

 

Standards for Fungal Species 

Nystatin and Fluconazole served as positive standards against fungal species. 

The concentration of the reference antibiotics was 1μg/mL. Distilled water was used 

as negative control against all the species. 

 

3.6.1 PREPARATION OF POTATO DEXTROSE AGAR MEDIA 

Dissolved 3.9g potato dextrose agar in 100mL distilled water and allowed pH 

to 4.5-5.0. Heat it till the formation of clear solution.  Sterilize in an auto clave by 

plugging the mouth of flask with cotton, at 121°C for 15 minutes. 

 

3.6.2 PREPARATION OF INOCULUM 

Stock slants of fungal cultures were taken and loop full of it was added to the 

sterilized slants in the test tube. The cultures were inoculated at room temperature in 

dark for 48 hours. After that period a loop full from that culture was transferred to 

another test tube of freshly prepared potato dextrose agar medium and incubated for 

24 hours at room temperature in dark. These cultures served as inoculums. 

 

3.6.3 PREPARATION OF PETRI – DISHES 

The fungal species were maintained on potato dextrose agar slants. 

Molten potato dextrose agar (20mL) was poured into sterilized Petri dishes as a 

basal layer. Plates were inoculated with 5mL inoculum of the respective 

organism. Put lids on the dishes. Allowed them to cool and solidify. The agar 
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core 4mm was then removed from the set agar at four peripheral positions. The 

holes were aseptically filled with the extract concentrations and reference 

standards. After keeping the Petri dishes in the flat position for one hour, the 

incubation period was allowed to proceed for 24hours in dark at room 

temperature. The diameters of the clear zones around the wells were observed 

and recorded. There were triplicates for each dilution and standards. The results 

were recorded in Table-28.  

 

MEASUREMENT OF MIC 

MIC was determined graphically as an extraplotation of linear 

relationship to zero value and results were tabulated in Table-29.  

 

STATISTICAL ANALYSIS 

The data of antimicrobial activity was further analyzed by Analysis of 

Variance (ANOVA) with two way completely randomized block design, to 

know the significant differences between various means and also with in blocks 

of treatment and types of microorganisms used. The Duncan’s multiple range 

test was also applied to know the significant results.  

 

3.7 ANTIOXIDANT ACTIVITY 
 

CHEMICALS  

 Sodium acetate, 2,4,6-triphenylpyridyl-S-triazine (TPTZ), Folin-Ciocalteu 

reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH), ABTS [2,2′-azinobis (3-ethyl 

benzothiazoline-6-sulphonic acid)],6-hydroxy-2,5,7,8-tetramethylchroman-2-

carboxylic acid, 3,5,7,3′,4′-pentahydroxyflavone, FeCl3.6H2O, potassium dihydrogen 

phosphate (KH2PO4), dipotassium hydrogen phasphate (K2HPO4), gallic acid, linoleic 

acid, Tween 20 and ammonium thiocyanate were purchased from Aldrich Chemicals 

Co. (Gill Ingham, Dorset, UK). All other reagents and solvents were of analytical 

grade and purchased from either Sigma or Merck representatives. 
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3.7.1 DETERMINATION OF TOTAL PHENOLIC CONTENT 

 The concentration of total phenolic compounds in A. indicum and A. 

muticum (aerial parts, roots and seeds) were estimated following the procedure 

reported by Singleton and Rossi, 1965 (183). Briefly, 40 μL aliquots from each of the 

replicates were mixed with 3.16 mL of distilled H2O and 200 μL of 0.2 N Follin-

Ciocalteu’s reagent. After 8 min, 600 μL of saturated sodium carbonate (75 gL-1) was 

added. The absorbance of the resulting blue solution was measured at 765 nm after 

incubation at 40 °C for 30 min with intermittent shaking. Quantitative measurements 

were performed based on a six point standard calibration curve of 20, 100, 200, 300, 

400, 500 mgL-1 of gallic acid in 80% methanol. The total phenolic content was 

expressed as gallic acid equivalents (GAE) in milligrams per gram dry plant material. 

The results were recorded in Table-30.  

 

3.7.2 DETERMINATION OF TOTAL FLAVONOIDS CONTENT 

Total flavonoids content was determined using a colorimetric method 

described by Dewanto et al., 2002 (184). Briefly 0.25 mL of the plant extract or 

quercetin standard solution was mixed with 1.25 mL of distilled water in a test tube 

followed by the addition of 75 μL of 5% NaNO2 solution. After 6 min, 150 μL of 10% 

AlCl3.6 H2O solution was added and allowed to stand for another 5 min before 0.5 

mL of 1 M NaOH was added. The volume of mixture was raised to 2.5 mL with 

distilled H2O and mixed well. Absorbance was measured immediately against blank at 

510 nm. A calibration curve was prepared with quercetin and the results were 

expressed as mg quercetin equivalents (QE)/100 g sample. The results were recorded 

in Table-30.  

 

3.7.3 TOTAL ANTIOXIDANT ACTIVITIES 

3.7.3.1 ABTS.+ DECOLORIZATION ASSAY 
 Total antioxidant activity in terms of Trolox Equivalent Antioxidant Activity 

(TEAC) was measured using an improved ABTS method as described by Re et al. , 

1999 (185). The ABTS radical cation (ABTS.+) solution was prepared through the 

reaction of 7 mM ABTS and 2.45 mM Potassium phosphate. The reaction mixture 

was incubated at room temperature in the dark for 12-16 h. The ABTS.+ solution was 
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diluted with PBS (pH 7.4) to obtain an absorbance of 0.700 + 0.02 at 734 nm and 

equilibrated at 30 ºC. After addition of 10 μL of sample or standard solution in 3 mL 

of ABTS.+ solution (A734nm = 0.700 + 0.02) to 100 μL of diluted sample solutions, the 

absorbance reading was taken at 30 ºC exactly 1 min after initial mixing up to 6 min. 

Appropriate solvent blanks were run in each assay. The percentage inhibition of 

absorbance at 734 nm was calculated using the following formula: 

 

Percent Inhibition (% Inhibition) = (1- Af /Ao ) x 100 

 

 Where Ao & Af are the absorbance’s of ABTS.+ solution at 734 nm before and 

after the addition of plant extract or standard solution respectively. The percentage 

inhibition was plotted as a function of concentration of antioxidants and Trolox for 

the standard reference data. The results were recorded in Figure-11.  

 

3.7.3.2 DPPH FREE RADICAL SCAVENGING ACTIVITY 
 The DPPH radical scavenging effect was determined according the method 

described by Sanchez-Moreno et al., 1998 (186). DPPH solution (3.9 mL, 25 mg/L) in 

methanol was mixed with sample solution (0.1 mL). Upon reduction the violet color 

of the solution fades proportionate to the amount of antioxidants present in the 

sample.  The reaction progress was monitored by noting absorbance at 515 nm after 

every minute, for 30 min or until the absorbance was stable. The percentage of the 

DPPH remaining (% DPPHrem) was calculated using the following formula: 

 

% DPPHrem = 100 x [DPPH] T = t/[DPPH] T = o 

 

Where [DPPH] T = t and [DPPH] T = 0 are the absorbances of DPPH solution at the start 

of reaction with sample (i.e T = 0) and at T = t ( i.e until the absorbance becomes 

zero, respectively).  

 The percentage of remaining DPPH against the sample/standard concentration 

was plotted to obtain the amount of antioxidant necessary to decrease the initial 

concentration of DPPH by 50% (EC50). The results were recorded in Figure-12. 
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3.7.3.3 FRAP ASSAY 
 The reducing capacity of plant extracts was measured according to the method 

of Benzie and Strain 1996 (187) with some modifications. Freshly prepared FRAP 

solution contained; 25 mL of 300 mM acetate buffer (pH 3.6) plus 2.5 mL of 10 mM 

TPTZ solution in 40 mM HCl solution and 2.5 mL of 20 mM ferric chloride solution. 

The sample was incubated at 37 ºC throughout the monitoring period. 3 mL FRAP 

reagent was warmed to 37 ºC and a reagent blank reading was taken at 593 nm. The 

reagent was then mixed with 100 μL sample and 300 μL of distilled water. 

Absorbance reading was taken at 593 nm after every minute for 6 min. The reagent 

blank and sample (the absorbance of the appropriately diluted sample without FRAP 

reagent) was subtracted from the final absorbance at 6 min, and the results were 

compared with the standard curve prepared using different concentrations of Trolox. 

The final FRAP value of each sample was the mean value of three replications. The 

results were recorded in Figure-13. 

 

3.7.3.4 LIPID PEROXIDATION VALUE IN LINOLEIC ACID 

EMULSION SYSTEM 
 Lipid peroxidation value of the extracts was determined according to the ferric 

thiocyanate method in linoleic acid emulsion as described by Mitsuda et al., 1966 

(188). Plant extract (100 μL) was added to 2.4 mL of potassium phosphate buffer 

(0.04 M, pH 7.0) and 2.5 mL of linoleic acid emulsion. The linoleic acid emulsion (50 

mL) was prepared by mixing 175 μg Tween-20, 155 μL linoleic acid and 0.04 mL 

potassium phosphate buffer (0.04 M, pH 7.0). The solution was incubated at 37 ºC. 

During incubation 100 μL solution was regularly taken off at intervals of 24 h and the 

lipid peroxidation value was determined spectrophotometrically at 500 nm, after 

reacting with FeCl2 and thiocyanate. A 5.0 mL solution consisting of 2.5 mL linoleic 

acid emulsion and 2.5 mL of potassium phosphate buffer (0.04 mol/L; pH 7.0) was 

used as blank. Trolox was used as standard antioxidant for comparison. The results 

were recorded in Figure-14. 
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STATISTICAL ANALYSIS 
 Different statistical techniques such as analysis of variance (ANOVA), 

Duncan’s multiple range method and regression analysis were carried out for 

analyzing the data obtained from different samples and to study the relationship 

between AA, TPC and TFC. Each parameter was measured thrice. Differences at P < 

0.05 were considered statistically significant. 

 

3.8 HEPATOPROTECTIVE ACTIVITY 
 

CHEMICALS  

 Paracetamol (acetaminophen-4-hydroxy acetanilide), carbon tetrachloride 

(CCl4), silymarin, carboxy methyl cellulose (CMC), standard kits of serum glutamate 

pyruvate transaminase (SGPT), serum glutamate oxaloacetate (SGOT), alkaline 

phosphate (ALKP) and direct bilirubin (D.Bil) were purchased from Aldrich 

Chemicals Co. (Gill Ingham, Dorset, UK). All other reagents and solvents were of 

analytical grade and purchased from either Sigma or Merck representatives. 

 

3.8.1 PREPARATION OF EXTRACTS 

 The aerial parts of Abutilon muticum Del ex Dc were collected from the  

Cholistan deserts of the district; Bahawalpur, Pakistan during the month of 

September, 2007 and authenticated by Dr. Zaheer-ud-Din Khan of the Department of 

Botany, GC University, Lahore, Pakistan, where vouch specimen (A. muticum; GC. 

Herb. Bot. 138) had been preserved. The plant materials were extracted with 80% 

aqueous methanol because at that concentration, the solvent extracts most of the 

constituents and also inhibit growth of the majority of the microbes (189).  

 Plant material was soaked twice for 5, 3 and 2 days at room temperature and 

filtered. The combined extract was evaporated in vacuum, gave a greenish brown 

semi solid extract (yield 22.4%). 

 

3.8.2 EXPERIMENTAL ANIMALS 

 Rabbits of either sex (weighing 600-900g), obtained from PCSIR Laboratories 

Complex, Lahore Pakistan, were used for the study. The animals were housed in 
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standard conditions with natural light and dark cycle. They were allowed standard 

laboratory feed and water and libiturn. Animals were acclimatized to their 

environment for one week prior to experimentation. All the experiments were 

performed in the morning according to current guide lines for the care of the 

laboratory animals and the ethical guidelines for the investigation of experimental 

pain in conscious animals (190). 

 

3.8.3 ACUTE ORAL TOXICITY STUDIES 

 The extracts were administered orally to the test groups in graded doses 

ranging up to 2 g/kg body wt. and the rabbits were observed for signs of toxicity and 

mortality for 48 h afterwards (191). One group was considered as positive control. 

  
EXPERIMENTAL DESIGN 

3.8.4 PARACETAMOL INDUCED EXPERIMENTAL LIVER INJURY 

 In the paracetamol induced liver injury model, paracetamol (2 g/kg) was 

administered orally to all animals except the animal of the normal group (192). 

Silymarin (100 mg/kg) was used as a reference standard (193). The animals were 

segregated into five groups of six each as follows: 

Group – I: Control group, treated with normal diet daily for 3 days. 

Group – II: Treated with normal diet daily for 3 days and single dose of  

  paracetamol on day 3 

Croup – III: Treated with silymarin (100 mg / kg) daily for 03 days followed by 

  paracetamol on day 3. 

Group – IV: Treated with A. muticum, aq MeOH extract (150 mg/kg) daily for 03 

  days followed by paracetamol on day 3. 

Group – V: Treated with A. muticum aq MeOH extract (300 mg/kg) daily for 03 

  days followed by paracetamol on day 3. 

 

 After 48 h of paracetamol administration, blood samples of each animal were 

collected in sterile centrifuge tubes and allowed to clot. Serum was separated by 
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centrifugation at 2500 rpm for 15 min and biochemical investigations were carried 

out.  

 

3.8.5 CARBON TETRACHLORIDE INDUCED EXPERIMENTAL LIVER 

 INJURY 

 Hepatic injury was induced in rabbits by intraperitoneal administration of a 

single close of 0.5 ml/kg CCl4 (194, 195). Animals were grouped as follows: 

Group – I: Control group, treated with normal diet three times at 12 h intervals. 

Group – II: Treat with normal diet three time at 12 h intervals followed by CCl4 

  (0.5 ml/kg) after 48 h of last dose of vehicle. 

Group – III: Treated with Silymarin (100 mg/kg) orally three times at 12 h 

  interval followed by CCl4 (0.5 ml/kg) after 48 h of last dose of  

  silymarin. 

Group – IV: Treated with A. muticum aq MeOH extract (150 mg/kg) three times at 

  12 h interval followed by CCl4 (0.5 ml/kg) after 48 h of last  

  does of extract.. 

Group – V: Treated with A. muticum aq MeOH extract (300 mg/kg) three times at 

  12 h interval followed by CCl4 (0.5 ml/kg) after 48 h of last  

  dose of the extract. 

 

 After 36 h of CCl4 treatment blood was collected from all the groups of 

rabbits. Serum was separated by centrifugation at 2500 rpm at 37oC for 15 min and 

analyzed for various biochemical parameters. 

 
3.8.6 BIO CHEMICAL DETERMINATIONS 

 The bio-chemical parameters like serum glutamate oxaloacetate transaminase, 

serum glutamate pyruvate transaminase (196), alkaline phosphate (197) and direct 

bilirubin (198) were assayed using standard assay kits. 
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3.8.7 HISTOPATHO LOGICAL STUDIES 

 One animal from the treated groups showing maximal activity as indicated by 

improved bio-chemical parameters from each group were utilized for this purpose. 

The animals were sacrificed and the abdomen was cut open to removal the liver. The 

livers were quickly preserved in neutral buffered formalin. Histological liver sections 

were prepared as described previously by Luna et al., 1968 (199). 5mm thick pieces 

of the liver were fixed in different concentrations of EtOH, then embedded in 

paraffin, and stained, using haematoxylin eosin dye and finally observed under 

microscope for histopathological changes in liver architecture and their photographs 

were taken. 

 

Data Analysis 
 Results were expressed as mean + S.E.M. Total variation present in a set of 

data was estimated by one-way analysis of variance (ANOVA) followed by Dennett’s 

(f) test procedure (200). 
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4.1 PRESENT WORK 
The present work includes the phytochemical investigation of the chemical 

constituents of the various fractions of two species of family Malvaceae (Abutilon 

indicum and Abutilon muticum), the structure elucidation of the isolated constituents, 

seed lipid characterization and screening of the extracts for various biological 

activities. For convenience, the present work is divided into seven categories; namely: 

4.2 Structure elucidation of the chemical constituents of A. indicum 

4.3 Structure elucidation of the chemical constituents of A.  muticum 

4.4 Seed Lipid Characterization 

4.5 Antibacterial Activity 
4.6 Antifungal activity 

4.7 Antioxidant activity 

4.8 Hepatoprotective activity 
All these categories are discussed in detail, one after another. 

4.2 STRUCTURE ELUCIDATION OF CHEMICAL 
CONSTITUENTS OF ABUTILON INDICUM 

 
4.2.1 NEW SOURCE COMPOUNDS FROM ABUTILON INDICUM 
 
4.2.1.1 STRUCTURE ELUCIDATION OF 3,5,7-

TRIHYDROXY-4′,6-DIMETHOXY FLAVONE [62] 

 The UV spectrum displayed maxima at 270 and 342 nm. These values 

indicated that compound 62 was a 3-hydroxyflavone (201). The IR spectrum showed 

bands at 3315 (OH), 1642 (α, β- unsaturated ketone), 1604 (aromatic). 

 In 1H-NMR spectrum two methoxyl singlets were present at δ 3.74 and 3.93. 

A singlet at δ 6.68 was due to H-8. Three singlets at δ 9.32, 10.86 and 11.92 were due 

to three OH groups at C-3, 7 and 5. The doublets at δ 7.85 and 6.94, showing only 

ortho-coupling (1H, J=8.5, 8.9 Hz) were due to H-2′, 6′ and H-3′, 5′, respectively. In 

the 13C-NMR spectrum the signals at δ 158.91 (C-2), 136.51 (C-3), 175.90 (C-4, 

C=O) confirmed that compound 62 was a 3-substituted flavone. The chemical shift of 

C-10, (δ 152.52) supported the presence of a phenolic group at this position (202). 

The EI-MS showed molecular ion peak at m/z 330 corresponding to the molecular 

formula C17H14O7 . 
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 The physical and spectral data was in agreement to those reported in the 

literature for 3,5,7-trihydroxy-4′,6-dimethoxyflavone (203-204). 
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Table-4: 13C (75MHz) and 1H-NMR (300MHz) spectral data of 3,5,7- 
trihydroxy-4′,6-dimethoxyflavone [62] 

 
C. No. Multiplicity 

(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

2 C 158.91 - - 
3 C 136.51 9.32  

(OH) 
 -                 

4 C 175.90 - - 
5 C 131.53 11.92  

(OH) 
- 

6 C 151.50 3.93 
(OCH3) 

- 

7 C 91.80 10.86  
(OH) 

- 

8 CH 149.24 6.68 (d, J=2.1 Hz) 

9 C 105.13 - - 

10 C 152.52 - - 

1′ C 121.82 - - 

2′ CH 130.10 7.85 (d, J=8.5 Hz) 

3′ CH 115.41 6.94 (d, J=8.9 Hz) 

4′ C 157.53 3.74 
(OCH3) 

- 

5′ CH 115.42 6.94 (d, J=8.9 Hz) 

6′ CH 130.10 7.85 (d, J=8.5 Hz) 
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4.2.1.2 STRUCTURE ELUCIDATION OF 3,5,5′-
TRIHYDROXY-4′-METHOXYFLAVONE 7-0-β-D-
GLUCOPYRANOSIDE [63] 

 The UV spectrum displayed the maxima at λmax 254, 266 and 361 nm. These 

values indicated that the compound contained a hydroxyl group at C-3. The IR 

spectrum showed the absorption band at 3300 (OH), 1654 C=O) and 1592 (aromatic) 

cm-1. 

 The 1H-NMR spectrum showed a singlet for methoxyl at δ 3.78. Three broad 

singlets at δ 12.54, 9.39 and 9.30 showed the presence of OH-5, OH-5′ and OH-3 

groups. The doublets at δ 6.50 and 6.92 displaying the meta coupling, were due to the 

H-6 and H-8. Another meta coupling at δ 7.94 (J = 2.2 Hz) was due to H-6′. Signals at 

δ 6.92 (d, J = 2.8 Hz), 7.53 (dd, J = 8.6 & 2.2 Hz) were due to H-3′ and H-2′. 

 In 13C-NMR spectrum the signals at δ 156.51 (C-2), 135.42 (C-3), 180.61(C-

4) indicated that compound 63 was a 3-substituted flavone. The chemical shift of C-5 

at 165.0 supported the presence of phenolic group at this position. The presence of 

methoxyl group in ring B was confirmed by mass fragmentation pattern (205). The 

EI-MS showed the molecular ion peak at m/z 478 corresponding to the molecular 

formula C22H23O12 (calcd for C22H23O12, 479.1199). 

 The spectral data of compound 63 was in complete agreement to those 

reported in the literature (206) for 3,5,5′-trihydroxy-4′-methoxyflavone 7-0-β-D-

glucopyranoside. 
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Table-5: 13C (75MHz) and 1H-NMR (300MHz) spectral data of 3,5,5′- 
trihydroxy-4′-methoxyflavone 7-0-β-D-glucopyranoside [63] 

 

C. No. Multiplicity 
(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

2 C 156.51 -  
3 C 135.42 9.30 

 (OH) 
 

4 C 180.61 -  
5 C 165.0 12.54 

(OH) 
- 

6 CH 99.52 6.50 (d, J= 2.8 Hz) 

7 C 159.43 - - 

8 CH 94.53 6.92 (d, J= 2.8 Hz) 

9 C 158.82 - - 

10 C 161.42 - - 

1′ C 121.21 - - 

2′ CH 112.12 7.53 (dd, J=2.2, 8.6 Hz) 

3′ CH 111.62 6.92  (d, J= 2.8 Hz) 

4′ C 147.01 3.78 
(OMe) 

- 

5′ C 144.20 9.39 
(OH) 

- 

6′ CH 115.22 7.94 (d, J=2.2 Hz) 
1′′ CH 101.40 4.64 (d, J=7.8 Hz) 

2′′ CH 74.50 4.07 (dd, J=9.6, 7.8 Hz) 

3′′ CH 78.51 3.77 (d, J=9.6 Hz) 

4′′ CH 71.31 3.48 (t, J=8.9 Hz) 
5′′ CH 78.40 3.68 (d, J=9.6, 2.6 Hz) 

6′′ CH2 62.32 4.55 (dd, J=10.0, 2.6 Hz)
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4.2.1.3 STRUCTURE ELUCIDATION OF VASICINE [64] 

 The UV spectrum of compound 64 showed absorption band at 292nm 

indicating the presence of a quinazoline nucleus in the molecule. The IR spectrum 

showed absorptions at 3374 (OH), 1677 (-C = N-), 1592 and 1499 (aromatic) cm-1. 

 The 1H-NMR spectrum of compound 64 showed one-proton multiplets at δ 

2.18, 2.56, 3.62, 3.73 and 5.27. These are due to C-2′, C-3′, C-2′′ and C-3′′ methylenic 

and C-4 methine protons respectively. A two-proton doublet at δ 4.77 was assigned to 

the C-9 methylenic protons. A triplet at δ 5.27 is characteristic of a hydroxyl group 

bearing methane proton, while multiplets at δ 7.01, 7.15, 7.19 and 7.20 attributed to 

the C-10, C-11, C-12 and C-13 aromatic protons respectively. Aromatic protons also 

exhibited coupling with each other. The 13C-NMR spectrum of compound 64 revealed 

the presence of eleven carbon atoms in the molecules. The multiplicity assignments 

were made by spectra; which showed five CH, three CH2 and three quaternary 

carbons. The signal at δ 70.60, was due to hydroxyl-bearing C-4, while remaining CH 

were resonated at δ 147.5, 129.41, 127.42 and 122.42 assigned to four aromatic 

carbons. The three methylenic carbons resonated at δ 28.91, 46.40 and 51.08 

corresponded to C-3, C-2 and C-9 respectively. The EI-MS indicated the molecular 

ion at m/z 188, corresponded to molecular formula C11H12N2O, and molecular 

formula indicated seven double bonds in the molecules. 

 The physical and spectral data of compound 64 corresponded to those of 

vasicin as reported in literature (207). 
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Table-6: 13C (75MHz) and 1H-NMR (300MHz) spectral data of Vasicine [64] 
 

C. No. Multiplicity 
(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

2 CH2 46.40 3.73, 3.62 - 
3 C H2 28.91 2.18, 2.56 - 

4 CH 70.60 5.27 (m, J=7.0 Hz) 
5 C 167.52 - - 

7 C 160.10 - - 

8 C 126.63 - - 

9 C H2 51.08 4.77 - 

10 CH 122.42 7.01 - 

11 CH 147.51 7.15 - 

12 CH 129.41 7.19 - 

13 CH 127.42 7.20 - 
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4.2.1.4 STRUCTURE ELUCIDATION OF LUPEOL [65] 

 The IR spectrum of the compound 65 showed characteristic band for hydroxyl 

group at ν max 3455 cm-1. The presence of terminal double bond was confirmed by 

bands at ν max 3070, 1645 and 880 cm-1. 

 The 1H-NMR spectrum of compound 65 revealed the presence of seven 

tertiary methyls at δ 0.76, 0.85, 0.90, 0.96, 0.96, 1.05 and 1.65 (all singlets). The 

carbinylic proton resonance was centered at δ 3.18 as double doublet (J = 9.9 Hz, J = 

4.5 Hz). Its chemical shift and coupling constants revealed β and equatorial 

configuration of hydroxyl group at C-3. The olefinic proton resonances were observed 

at δ 4.56 and 4.69 (1H each, broad singlets), while a sextet of one proton at δ 2.39 (J = 

10.5, 10.5, 5.4 Hz) could be attributed to 19 β-H. The EI-MS of compound 65 showed 

molecular ion peak at m/z 426.3835 (calcd. 426.3861) consistent with the molecular 

formula C30H50O. Beside [M+], other fragments occurring at m/z 385 (M+-41), 220 

(M+-C15H26), 218 (M+-C14H20O) and 207 (M+-C16H27) were characteristic for lupane 

series. 

The spectroscopic observation confirmed that the compound 65 is the previously 

reported lupeol (208-209). 
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Table-7: 13C (75MHz) and 1H-NMR (300MHz) spectral data of Lupeol [65] 
 

C. No. Multiplicity 
(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

1 CH2        38.6 - - 

2 C H2 27.5 - - 
3 CH 78.6 3.18 (dd, J=9.9, 4.5 Hz) 

4 C 38.7 - - 
5 CH 55.3 - - 

6 CH2 18.5 - - 

7 C H2 34.9 - - 

8 C 40.4 - - 

9 CH 50.2 - - 

10 C 37.2 - - 

11 C H2 20.2  - 

12 CH2 25.6 - - 

13 CH 38.1 - - 

14 C 42.6 - - 

15 C H2 27.3 - - 

16 C H2 35.8 - - 
17 C 42.3 - - 

18 CH 48.5 - - 

19 CH 47.7 2.39 (dd, J=10.5, 5.4 Hz) 

20 C H2 29.3 - - 
21 C H2 39.8 -- - 

22 C 150.2 - - 
23 CH3 28.0 0.76 - 
24 CH3 15.4 0.90 - 
25 CH3 16.8 0.96 - 
26 CH3 15.6 1.05 - 
27 CH3 14.3 0.96 - 
28 CH3 18.1 0.85 - 
29 C H2 109.5 4.69, 4.56 - 
30 CH3 19.2 1.65 (d, J=1.3 Hz) 
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4.2.1.5 STRUCTURE ELUCIDATION OF METHYL 
TRIACONTANOATE [66] 

 The UV spectrum displayed maxima at 205, 195 and 193 nm. These values 

indicated that compound 66 was aliphatic ester.  

 An IR absorption band observed at 1742 cm-1 (C=O, ester), indicated the 

presence of an ester group. In the 1H-NMR spectrum, a singlet at δ 3.67 corroborated 

the presence of a methoxyl group and a triplet at δ 2.27 was assigned to a (CH2.CO) 

group while a three-proton triplet at δ 0.86 indicated a terminal methyl group. The 

quintet at δ 1.58 was integrated for two protons assignable to a (OC-CH2-CH2-CH2) 

group and the broad clustered singlet at δ 1.22-1.25 was due to 52 protons, suggesting 

the presence of 26-methylene groups in the molecule. The 13C-NMR spectrum of 

compound 66 revealed the presence of thirtyone carbon atoms in the molecules. The 

multiplicity assignments were made by spectra; which showed two CH3, twenty nine 

CH2 and one quaternary carbon.  

 The E1-MS spectrum showed a [M]+ ion at m/z 466 and the uniform loss of 14 

amu units between a numbers of ion peaks showed the presence of a long aliphatic 

chain and the characteristic fragments at m/z 73 [CH3OOCCH2]+ and m/z 59 

[CH3OC=O]+ suggested the presence of a methyl ester group in the molecule. 

On the above ground the structure of the compound 66 has been established as 

methyl triacontanoate. (210) 
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Table-8: 13C and 1H-NMR spectral data of methyl triacontanoate [66] 
C. No. Multiplicity 

(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

1 C 174.12 3.67 
(OCH3) 

- 

2 C H2 34.12 2.27 (t, J=7.5 Hz) 
3 CH2 25.03 1.58 (q, J=7.5 Hz) 

4 CH2 29.78 1.25 - 
5 CH2 29 1.25 - 

6 CH2 29 1.25 - 

7 CH2 29 1.25 - 

8 CH2 29 1.25 - 

9 C H2 29 1.25 - 

10 CH2 29 1.25 - 

11 CH2 29 1.25 - 

12 CH2 29 1.25 - 

13 CH2 29 1.25 - 

14 CH2 29 1.25 - 

15 CH2 29 1.24 - 

16 C H2 29 1.24 - 
17 CH2 29 1.24 - 

18 CH2 29 1.24 - 

19 CH2 29 1.24 - 

20 CH2 29 1.23 - 
21 CH2 29 1.23 - 

22 CH2 29 1.23 - 
23 CH2 29 1.23 - 
24 CH2 29 1.23 - 
25 CH2 29 1.22 - 
26 CH2 29 1.22 - 
27 CH2 29.03 1.22 - 
28 CH2 31.92 1.22 - 
29 C H2 21.34 1.22 - 
30 CH3 14.23 0.86 (t, J=6.90 Hz) 
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4.2.2 KNOWN COMPOUNDS FROM ABUTILON INDICUM  

 4.2.2.1 STRUCTURE ELUCIDATION OF GALLIC ACID [67] 
  The IR spectrum showed the absorption bands at 3515 (O-H), 1705 (C=O) and 

1630 (aromatic). 

 The 1H-NMR spectrum of compound 67 displayed only a singlet in aromatic 

region at δ 7.05 (2H, s, H-2, 6), and a carboxylic proton at δ 7.92 (4H, brs). The 13C-

NMR spectrum of compound 67 disclosed the presence of five carbon signals for one 

methane and four quaternary carbon atoms.  The downfield signals at δ 170.40, 

146.51 and 137.72 were assigned to acid carbonyl and aromatic oxygenated 

quaternary carbon atoms whereas other signals in the aromatic region at δ 110.08 and 

122.40 were assigned to aromatic methane and aromatic quaternary carbon atoms. 

The EI-MS of compound 67 gave the molecular ion peak at m/z 170.0215 

corresponding to the molecular formula C7H6O5 (calcd. for C7H6O5 170.0211). 

 The above data was compared with the literature (211) and showed complete 

agreement to those of gallic acid.  
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Table-9: 13C (75MHz) and 1H-NMR (300MHz) spectral data of gallic acid [67] 

C. No. Multiplicity 
(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

1 C 122.40 - - 
2 CH 110.08 7.05 - 
3 C  146.51 7.92 (OH) - 

4 C 137.72 7.92 (OH) - 
5 C 146.51 7.92 (OH) - 

6 CH 110.08 7.05 - 

7 C 170.40 7.92 (OH) - 

122



 
CH 4:   RESULTS & DISCUSSION 
 
 

Studies on Bioactive Natural Products of Selected Species of Family Malvaceae 

4.2.2.2  STRUCTURE ELUCIDATION OF β-SITOSTEROL 

   [68] 

 The compound 68 was isolated as colorless needles from the EtOAC 

soluble fraction, subjecting to column chromatography over flash silica eluting 

with hexane: EtOAc (8.5:1.5). In the IR spectrum absorptions for hydroxyl group 

(3450 cm-1) and trisubstituted double bonds (3055, 1650 and 810 cm-1) were 

observed. 

The 1H-NMR spectral data showed six methyl groups out of which two were 

tertiary (δ 0.68 and 1.01), three secondary (δ 0.93, 0.83 and 0.81) and a primary (δ 

0.84). The 13C-NMR spectrum of compound 68 disclosed the presence of 29 

carbon signals for six methyl, eleven methylene, nine methine and three 

quaternary carbon atoms. 

 In the EI-MS spectrum of compound 68 characteristic fragment ions were 

observed at m/z 399, 396, 381, 329 and 303. The last two ions were diagnostic for 

sterols having Δ5-unsaturation (212). Other important fragments were observed at m/z 

273 and 255, indicating the loss of [M-side chain]+ and [M-side chain-H2O]+, 

respectively. 

 On the basis of above evidences as well as comparison with literature (213), it 

was deduced that the compound 68 was β sitosterol. 
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Table-10: 13C (75MHz) and 1H-NMR (300MHz) spectral data of β-sitosterol   
[68] 

 
C. No. Multiplicity 

(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

1 C H2       37.31 - - 

2 C H2 31.82 - - 
3 CH 71.92 3.33 - 

4 CH2 42.43 - - 
5 C 140.90 - - 

6 CH 121.90 5.13 - 

7 CH2 32.12 - - 

8 CH 32.02 1.44 - 

9 C H 50.83 0.91 - 

10 C 36.60 - - 

11 CH2 21.13 - - 

12 CH2 40.32 - - 

13 C 42.62 - - 

14 CH 56.81 1.12 - 

15 CH2 24.31 - - 

16 C H2 28.42 - - 
17 CH 56.22 1.14 - 

18 CH3 11.94 0.68 - 

19 CH3 19.45 1.01 - 

20 CH 36.30 - - 
21 CH3 19.10 0.92 (d, J=6.2 Hz) 

22 CH2 34.02 - - 
23 CH2 29.33 - - 
24 CH 50.45 0.93 - 
25 CH 26.25 - - 
26 CH3 18.81 0.83 (d, J=6.5 Hz) 
27 CH3 19.84 0.81 (d, J=6.5 Hz) 
28 CH2 23.12 - - 
29 C H3 11.95 0.84 (t, J=7.0 Hz) 
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4.2.2.3 STRUCTURE ELUCIDATION OF β-AMYRIN [69] 

 Compound 69 gave positive colour reaction of triterpenes. The IR spectrum 

exhibited absorption bands for hydroxyl group at 3435 and trisubstituted double bond 

3045, 1630 and 810 cm-1.  

 The 1H-NMR spectrum showed seven tertiary methyls centered at δ 1.24, 

1.08, 1.02, 1.01, 0.96, 0.88, 0.78 (all singlets). The carbinylic proton resonated at 

δ 3.19 (dd, J = 10.0 Hz, J = 4.5 Hz) inferring its α and axial orientation and a 

multiplet at δ 5.21 was indicative of the olefinic proton. 

 The 13C-NMR spectra disclosed the presence of thirty carbon atoms. The 

experiments indicated eight methyl, ten methylene, five methane and seven 

quaternary carbons. 

The EI-MS spectrum showed molecular ion peak at m/z 426 corresponding to 

molecular formula C30H50O (calc. for C30H50O 426.3861). The EI-MS spectrum of 

compound 69 showed characteristic fragmentation pattern of amyrin skelton with 

double bond at C-12 (214). 

All the above physical and spectral data identified compound 69 as β-amyrin (215). 
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Table-11: 13C (75MHz) and 1H-NMR (300MHz) spectral data of β-amyrin   
[69] 

C. No. Multiplicity 
(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

1 C H2       39.06 -  

2 C H2 27.40 -  
3 CH 78.84 3.19 (dd, J=10.0, 4.5 Hz) 

4 C 39.15 -  
5 CH 54.46 0.64  

6 CH2 18.51 -  

7 CH2 33.25 -  

8 C 40.94 -  

9 C H 47.78 1.53  

10 C 37.01 -  

11 CH2 23.63 -  

12 CH 124.12 5.12  

13 C 144.30 -  

14 C 42.32 -  

15 CH2 26.30 -  

16 C H2 26.50 -  
17 C 34.07 -  

18 CH 47.31 2.04  

19 CH2 46.90 -  

20 C 31.73 -  
21 CH2 32.94 -  

22 CH2 41.63 -  
23 CH3 28.22 1.01  
24 CH3 15.52 1.24  
25 CH3 15.61 0.96  
26 CH3 16.90 1.02  
27 CH3 26.04 1.08  
28 CH3 28.01 0.78  
29 C H3 33.36 0.88  
30 C H3 23.32 0.88  
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4.2.2.4 STRUCTURE ELUCIDATION OF 4-HYDROXY BENZOIC 
ACID [70] 

 The UV spectrum of compound 70 showed absorption band at 223 and 311 

nm, indicating the presence of aromatic nucleus in the molecule. The IR spectrum 

showed the absorption bands at 3510 (O H), 1705 (C = O) and 1626 (aromatic). The 
1H-NMR spectrum of compound 70 displayed two resonances in the aromatic region 

at δ 7.94 (2H, d, J = 8.5 Hz, H-2, 6), 6.71 (2H, d, J = 8.5 Hz, H-3, 5) and a carboxylic 

proton at δ 11.91 (2H, br, s). The 13C-NMR spectrum of compound 70 revealed the 

presence of five carbon signals for two methane and three quaternary carbon atoms. 

The downfield signals at δ 177.03 and 160.32 were assigned to acid carbonyl and 

aromatic oxygenated quaternary carbon atoms whereas other signals in the aromatic 

region at δ 131.52, 116.51 and 122.43 were assigned to aromatic methines and 

aromatic quaternary carbon atoms. The EI-MS of compound 70 gave the molecular 

ion peak at m/z 138.0316 corresponding to the molecular formula C7H6O3 (calcd. for 

C7H6O3 138.0309). Comparison of physical and spectral data with that reported in the 

literature (216) identified compound 70 as 4-hydroxybenzoic acid. 
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Table-12: 13C (75MHz) and 1H-NMR (300MHz) spectral data of 4- hydroxyl 
benzoic acid [70] 

C. No. Multiplicity 
(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

1 C 122.43 11.91 (OH) - 
2 CH 131.52 7.94 (d, J= 8.5 Hz) 
3 CH  116.51 6.71 (d, J= 8.5 Hz) 

4 C 160.32 - - 
5 CH 116.51 6.71 (d, J= 8.5 Hz) 

6 CH 131.52 7.94 (d, J= 8.5 Hz) 

7 C 177.03 - - 

127



 
CH 4:   RESULTS & DISCUSSION 
 
 

Studies on Bioactive Natural Products of Selected Species of Family Malvaceae 

4.3 STRUCTURE ELUCIDATION OF THE CHEMICAL 
CONSTITUENTS OF ABUTILON MUTICUM 

 
4.3.1 NEW SOURCE COMPOUNDS FROM ABUTILON 

MUTICUM 
 
4.3.1.1 STRUCTURE ELUCIDATION OF 3,4′,5,6,7-

PENTAHYDROXY FLAVONE [71] 
 

Compound 71 was isolated as a yellow amorphous solid from the crude extract 

of Abutilon muticum, repeated column chromatography on silica gel. The molecular 

ion peak in the EI-MS at m/z 302 is in agreement with the molecular formula 

C15H10O7 (calcd: 302.0485). 
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  The 1H-NMR spectra (MeOH, 300 MHz) displayed singlets at δ 6.62, which 

were assigned to C-8 proton of the flavone skeleton. Two 2H doublets at δ 7.56 (J = 

8.5Hz) and 6.76 (J = 8.5Hz) were assigned to the four aromatic protons of the ring 

attached to C-2. Five sharp singlets at δ 12.86, 10.86, 9.71, 9.54 and 9.32 showed the 

presence of OH-5, OH-7, OH-6, OH-4′ and OH-3 respectively. The 13C-NMR spectra 

disclosed the presence of thirteen carbon atoms. The experiments indicated five 

methane and ten quaternary carbons. In 13C-NMR spectrum the signals at δ 148.32 

(C-2), 135.44 (C-3), 179.52(C-4) indicated that compound 71 was a 3-substituted 

flavone. The chemical shift of C-5 at 149.41 supported the presence of phenolic group 

at this position. A careful comparison of the UV, IR, EI-MS and 1H-NMR data with 

the reported data indicated that it was the known compound 3,4′,5,6,7-pentahydroxy 

flavone (6-Hydroxykaempferol), previously isolated from Baccharis spp, Coreopsis 

spp and Alnus glutinosa.(217) 
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Table-13: 13C (75MHz) and 1H-NMR (300MHz) spectral data of 3,4′,5,6,7-

pentahydroxy flavone [71] 
 
 
C. No. Multiplicity 

(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

2 C 148.32 - - 
3 C 135.44 9.23 

 (OH) 
- 

4 C 179.52 - - 
5 C 149.41 12.86  

(OH) 
- 

6 C 130.23 9.71 
(OH) 

- 

7 C 154.65 10.86 
(OH) 

- 

8 CH 96.43 6.62 - 

9 C 158.37 - - 

10 C 105.37 - - 

1′ C 120.17 - - 

2′ CH 128.09 6.76 (d, J=8.4 Hz) 

3′ CH 113.80 7.56 (d, J=8.5 Hz) 

4′ C 153.0 9.54 
(OH) 

- 

5′ CH 113.80 7.56 (d, J=8.5 Hz) 

6′ CH 128.09 6.76 (d, J=8.4 Hz) 
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4.3.1.2 CHARACTERIZATION OF 3, 3′, 4′, 5, 7-PENTA 
HYDROXY FLAVONE-8-O-β-D GLUCO 
PYRANOSIDE [72] 

 The UV spectrum displayed the maxima at λmax 365, 268 and 252 nm. These 

values indicated that the compound contained a hydroxyl group at C-3. The IR 

spectrum showed the absorption band at 3300 (OH), 1654 C=O) and 1592 (aromatic) 

cm-1. 

 The 1H-NMR spectrum showed a doublet at δ 6.9. Five singlets at δ 10.86, 

9.62, 9.54, 9.40 and 9.32 showed the presence of OH-7, OH-3, OH-4′, OH-5 and OH-

3 respectively. Meta coupling at δ 7.84 (J = 2.2 Hz) was due to H-6′. Signals at δ 7.03 

and 7.83 (d, J = 8.0 & 2.2 Hz) were due to H-5′ and H-2′. Glucose moiety showed 

signals at 104.19, 76.31, 78.92, 69.32, 78.48 and 60.41 for C-1′′ to 6′′ respectively. 

 In 13C-NMR spectrum the signals at δ 146.23 (C-2), 139.13 (C-3), 173.61(C-

4) indicated that compound 72 was a 3-substituted flavone. The chemical shift of C-5 

at 154.14 supported the presence of phenolic group at this position. The EI-MS 

showed the molecular ion peak at m/z 480 corresponding to the molecular formula 

C21H20O13 . 

 The spectral data of compound 72 was in complete agreement to those 

reported in the literature (218) for 3, 3′, 4′, 5, 7-pentahydroxy flavone-8-O-β-D-

glucopyranoside (Gossypin). 
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Table-14: 13C (75MHz) and 1H-NMR (100MHz) spectral data of 3, 3′, 4′, 5, 7-

penta hydroxy flavone-8-O-β-D-glucopyranoside [72] 
 

C. No. Multiplicity 
(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

2 C 146.23 - - 
3 C 139.13 9.62 

(OH) 
- 

4 C 173.61 - - 
5 C 154.14 9.40 

(OH) 
- 

6 CH 96.13 6.92 (d, J = 1.9 Hz) 

7 C 159.84 10.86 
(OH) 

- 

8 C 128.36 - - 

9 C 151.06 - - 

10 C 103.66 - - 

1′ C 123.09 - - 

2′ CH 115.25 7.83 (d, J = 2.2 Hz) 

3′ C 144.77 9.32 
(OH) 

- 

4′ C 147.39 9.54 
(OH) 

- 

5′ CH 115.01 7.03 (d, J = 8.0 Hz) 

6′ CH 118.62 7.84 (dd, J = 2.2, 8.6 Hz)
1′′ CH 104.19 4.67 (d, J = 7.6 Hz) 

2′′ CH 76.31 3.95 (dd, J = 2.2, 8.6 Hz)

3′′ CH 78.92 4.17 (d, J = 9.4 Hz) 

4′′ CH 69.32 4.09 (t, J = 9.2 Hz) 
5′′ CH 78.48 3.77 (d, J = 9.4, 2.6 Hz) 

6′′ CH2 60.41 4.12 (dd, J = 10.0, 2.6 
Hz) 
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4.3.1.3 STRUCTURE ELUCIDATION OF 3, 3′, 4′, 5, 7-

PENTAHYDROXY FLAVONE [73] 
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The ethyl acetate soluble part, of the methanolic extract of A. muticum yielded 

73 as yellow amorphous powder. Compound 73 was suggested as flavonoid due to its 

light yellow appearance on silica gel plate before and deep yellow after spraying with 

ceric sulphate reagent. The IR spectrum of compound 73 showed a broad band at 

3430 cm-1 indicating the presence of hydroxyl group. Other features of IR spectrum 

revealed absorptions at 1686 (C=O), 1608 (C=C), 1570 and 1440 (aromatic ring)    

cm-1.  

The 1H NMR spectrum of compound 73 showed a broad singlet of one proton 

at δ 7.43 (H-2′), a broad doublet of one proton at δ 7.35 (H-6′) and a doublet at δ 6.97 

(H-5′) having one proton integration. Both the doublets have same coupling constants 

(8.0Hz). The same coupling constants of two doublets indicated that both were ortho 

to each other. Five singlets at δ 12.56, 10.73, 9.66, 9.54 and 9.36 showed the presence 

of OH-5, OH-7, OH-3, OH-4′ and OH-3′ respectively.The broadness of one singlet 

and a doublet at 7.35 and 7.43 respectively was due to their meta coupling (219). The 

protons at 7.35 and 7.42 in the 1H NMR spectrum were assigned to H-2′ and H-6′ 

respectively. The proton at 6.97 was ultimately assigned to H-5′ because, it has 

already been confirmed that the protons at 7.35 and 6.97 were ortho to each other. The 
1H NMR spectrum showed a pair of doublet with meta coupling (J= 2.0 Hz) in the 

aromatic region at 6.23 (H-6) and 6.43 (H-8). The 13C-NMR spectrum of compound 

73 revealed the presence of fifteen carbon atoms in the molecules. The multiplicity 

assignments were made by spectra; which showed five CH ans ten quaternary 

carbons. Consequently compound 73 was identified as 3, 3′, 4′, 5, 7-pentahydroxy 

flavone [Quercetin] (220). 
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Table-15: 13C (75MHz) and 1H-NMR (300MHz) spectral data of 3, 3′, 4′, 5, 7-
pentahydroxy flavone [73] 

 
 
C. No. Multiplicity 

(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

2 C 166.22 - - 
3 C 103.16 9.66 

(OH) 
 -                 

4 C 183.89 - - 
5 C 159.52 12.56 

(OH) 
- 

6 CH 100.34 6.23 (d, J= 2.2 Hz) 

7 C 165.62 10.73 
(OH) 

- 

8 CH 95.16 6.43 (d, J= 2.2 Hz) 

9 C 139.52 - - 

10 C 105.19 - - 

1′ C 127.49 - - 

2′ CH 118.21 7.43 (d, J= 2.5 Hz) 

3′ C 149.70 9.36 
(OH) 

- 

4′ C 149.18 9.54 
(OH) 

- 

5′ CH 115.25 6.97 (d, J= 8.0 Hz) 

6′ CH 119.03 7.35 (dd, J= 2.5, 8.2 Hz) 
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4.3.1.4 STRUCTURE ELUCIDATION OF STIGMASTEROL 

[74] 
Compound 74 was isolated as colourless needles from the chloroform soluble 

fraction. The molecular formula C29H48O was established through EI-MS showing 

molecular ion peak at m/z 412.3920. 

The IR spectrum (3432 cm-1) indicated the nature of oxygen to be hydroxyl. 

Presence of olefinic double bond was confirmed by a band at 1648 cm-1. The 1H-

NMR spectrum of 74 corresponded to the data for stigmasterol. It displayed signals 

for two tertiary methyl groups (δ 0.83, 0.68), two multiplets for three olefinic protons 

at δ 5.33 (1H) and 5.12 (2H) and a multiplet for the carbonylic proton at δ 3.45. 

The 13C-NMR spectrum of 74 disclosed the presence of twenty nine signals for six 

methyl, nine methylene, eleven methane and three quaternary carbon atoms. The mass 

spectrum showed characteristic fragmentation pattern of ∆5, 22 sterol (221). 

The above data was compared with the literature (222-224) and showed complete 

agreement to those of stigmasterol. 
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Table-16: 13C (75MHz) and 1H-NMR (300MHz) spectral data of stigmasterol   
[74] 

 
C. No. Multiplicity 

(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

1 C H2        37.5 - - 

2 C H2 31.8 - - 
3 CH 71.9 3.45 - 

4 C H2 42.2 - - 
5 C 140.9 - - 

6 CH 121.7 5.33 (dd, J=15.5, 8.5Hz) 

7 CH2 31.9 - - 

8 C 32.2 - - 

9 C H 50.3 - - 

10 C 36.6 - - 

11 CH2 21.0 - - 

12 CH2 39.7 - - 

13 C 42.5 - - 

14 Ch 57.0 - - 

15 CH2 24.4 - - 

16 C H2 28.9 - - 
17 Ch 56.0 - - 

18 CH3 12.4 0.68 - 

19 CH3 19.4 0.97 - 

20 CH 40.5 - - 
21 CH3 21.1 1.01 (d, J= 6.5Hz) 

22 CH 138.4 5.12 - 
23 CH 129.4 4.98 (dd, J=15.5, 8.5Hz) 
24 CH 51.3 - - 
25 CH 32.0 - - 
26 CH3 19.0 0.83 (d, J= 6.0Hz) 
27 CH3 21.2 0.77 (d, J= 6.0Hz) 
28 CH2 25.4 -  
29 C H3 12.0 0.78 (t, J= 7.5Hz) 
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4.3.1.5 STRUCTURE ELUCIDATION OF BENZOIC ACID [75] 
 

Compound 75 was isolated as colourless needles from the chloroform soluble 

fraction by column chromatography over silica gel eluting with hexane: EtOAc (8:2). 

The EI-MS showed molecular ion peak at m/z 122 corresponding to the molecular 

formula C7H6O2 (calcd. for C7H6O2, 122.0360). The IR spectrum showed the 

absorption band at 3260-2612 (carboxylic O-H), 1705 (C=O) and 1626 (aromatic). 
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The 1H-NMR spectrum of compound 75 displayed three resonances in the 

aromatic region at δ 8.11 (2H, t, J= 8.5Hz, H-2, 6), 7.62 (1H, t, J= 8.5Hz, H-4), 7.48 

(2H, t, H-3, 5) and a carboxylic proton at δ 11.93 (1H-s). The 13C-NMR spectrum of 

compound 75 disclosed the presence of five carbon signals for three methane and two 

quarternary carbon atoms. The downfield signal at δ 180.0 was assigned to acid 

carbonyl where as other signals in the aromatic regions at δ 134.5, 130.7, 129.7 and 

131.4 were assigned to aromatic methines and aromatic quaternary carbon atoms. 

On the basis of above evidences as well as by comparison from the literature 

(223), it was deduced that the compound 75 was benzoic acid. 

Table-17: 13C (75MHz) and 1H-NMR (300MHz) spectral data of benzoic acid 
[75] 

C. No. Multiplicity 
(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

1 C 131.1 11.93 (OH) - 
2 CH 130.7 8.11 (t, J= 8.5Hz) 
3 CH  129.7 7.48 (t, J= 8.5Hz) 

4 CH 134.5 7.62 - 
5 CH 129.7 7.48 (t, J= 8.5Hz) 

6 CH 130.7 8.11 (t, J= 8.5Hz) 

7 C 180.0 - - 
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4.3.1.6 STRUCTURE ELUCIDATION OF 1-TRICOSANOL [76] 
 

IR spectrum showed the absorption band in region 2500-3000 cm-1 

corresponding to the hydroxyl group, whereas intense peaks in the regions; 1462 cm-1  

(CH2, CH3), 1060 cm-1 (primary alcohol), 730- 722 cm-1  (aliphatic alcohol more than 

three CH2 in a row) supported the rest of the structure. 

The 1H NMR spectrum of compound 76 clearly showed a primary methyl 

signal as triplet at δ 0.87 while a broad singlet at δ 1.25 accounted for a range of 

methylene protons. The triplet at δ 3.65 provided conclusive evidence for the terminal 

CH2OH, on the above ground the structure of the compound has been established as 

1-tricosanol (224). 

OH
1

2

3

4
5 6 7

8
9

10

11

121314151617
18

19
20

21

22

23

24

 
 

 

 

 

 

 

 

 

 

 

 

137



 
CH 4:   RESULTS & DISCUSSION 
 
 

Studies on Bioactive Natural Products of Selected Species of Family Malvaceae 138

Table-18: 13C (75MHz) and 1H-NMR (300MHz) spectral data of 1-tricosanol  
[76] 

 
C. No. Multiplicity 

(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

1 C H2       63.17 3.65 - 

2 C H2 32.42 1.54 (t, J= 6.70Hz ) 
3 CH2 26.3 1.25 - 

4 C H2 29.4 - - 
5 CH2 29 - - 

6 C H2 29 - - 

7 CH2 29 - - 

8 CH2 29 - - 

9 C H2 29 - - 

10 CH2 29 - - 

11 CH2 29 - - 

12 CH2 29 - - 

13 CH2 29 - - 

14 CH2 29 - - 

15 CH2 29 - - 

16 C H2 29 - - 
17 CH2 29 - - 

18 CH2 29 - - 

19 CH2 29 - - 

20 CH2 29 - - 
21 CH2 29 - - 

22 CH2 29 - - 
23 C H2 22.7 - - 
24 CH3 14.1 0.87 (t, J= 7.20Hz) 
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4.3.1.7 STRUCTURE ELUCIDATION OF CHOLESTEROL [77] 
 

 Cholesterol was isolated from the chloroform soluble fraction of Abutilon 

muticum as leaflets. The IR spectrum displayed absorptions at 3407 (OH), 2806 (C-H) 

and 1439 (CH3) cm-1. The 1HNMR spectrum showed five methyl signals at δ 3.52, 

0.98, 0.91, 0.87, 0.84 and 0.65 ppm. A multiplet centered at δ 5.34 (J = 5.2 Hz) 

resonated due to H-6. The 13C-NMR spectrum of compound 77 revealed the presence 

of twenty seven carbon atoms in the molecules. The multiplicity assignments were 

made by spectra; which showed five CH3, eleven CH2, eight CH and three quaternary 

carbons.  

The EI-MS showed the molecular ion peak at m/z 386.3508 corresponding to 

the molecular formula C27H46O indicative of the presence of five double bond 

equivalents in the molecule. The mass spectrum closely matched reported values 

(225). The UV, IR and NMR data of compound 77 were similar to those reported in 

literature for cholesterol. (226) 
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Table-19: 13C (75MHz) and 1H-NMR (300MHz) spectral data of cholesterol  
[77] 

 
C. No. Multiplicity 

(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

1 C H2      37.62 - - 

2 C H2 32.23 - - 
3 CH 72.01 3.52 - 

4 C H2 43.27 - - 
5 C 143.17 - - 

6 CH 123.49 5.34 (m, J = 5.2 Hz) 

7 CH2 31.52 - - 

8 CH 32.07 1.44 - 

9 C H 58.29 0.92 - 

10 C 36.18 - - 

11 CH2 22.17 - - 

12 CH2 37.31 - - 

13 C 141.42 - - 

14 CH 57.19 1.17 - 

15 CH2 26.19 - - 

16 C H2 33.92 - - 
17 CH 57.43 - - 

18 CH3 13.07 0.65 - 

19 CH3 20.26 0.98 - 

20 CH 35.17 - - 
21 CH3 17.67 0.91 (d, J=  6.0Hz) 

22 CH2 37.22 - - 
23 CH2 25.16 - - 
24 CH2 40.03 - - 
25 CH 28.17 - - 
26 CH3 23.53 0.84 (d, J=  1.2  Hz) 
27 CH3 22.03 0.87 (d, J = 1.2 Hz) 
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4.3.1.8 STRUCTURE ELUCIDATION OF TRIACONTYL 

PALMITATE [78] 
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The Compound 78 was obtained as white powder from hexane soluble fraction 

of methanolic extract of A. muticum. 

The IR absorption band observed at 1745 cm-1 showed the presence of ester group. 

The EI-MS spectrum showed the molecular ion peak at m/z 676 and this ion 

fragmented further with typical pattern of straight chain aliphatic compound. In 1H 

NMR spectrum a triplet at δ 4.01 was characteristic for ester group and a triplet at δ 

2.25 was due to (CH2-CO) group, a six proton triplet at δ 0.86 was due to two 

terminal methyl groups. The 13C NMR data confirmed the presence of long chain fatty 

ester. The presence of carbonyl at reported position was confirmed by the fragment at 

m/z 239, formed due to the cleavage of ester bond. The fragments observed at m/z 

256, 257, 270 and 271 formed due to Mc. Lafferty rearrangements. The physical and 

spectral data was in agreement to those reported in the literature for Triacontyl 

Palmitate (227). 
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Table-20: 13C (75MHz) and 1H-NMR (300MHz) spectral data of Triacontyl 
Palmitate [78] 

 
C. No. Multiplicity 

(DEPT) 

13C-NMR 
        (δ) 

1H-NMR 
(δ) 

1JHH 
(Hz) 

1 C       174.02 - - 

2 C H2 34.43 2.25 (t, J= 7.5 Hz) 
3 CH2 25.05 1.22 (quint, J= 7.03 Hz) 

4 C H2 29.71 1.22 - 
5 CH2 29 1.22 - 

6 C H2 29 1.22 - 

7 CH2 29 1.22 - 

8 CH2 29 1.23 - 

9 C H2 29 1.23 - 

10 CH2 29 1.23 - 

11 CH2 29 1.28 - 

12 CH2 29 1.28 - 

13 CH2 29.10 1.28 - 

14 CH2 31.94 1.28 - 

15 CH2 22.40 - - 

16 C H3 13.20 0.86 (t, J= 6.91 Hz) 
1′ CH2 64.40 4.03 (t, J= 6.8 Hz) 

2′ CH2 29.06 1.60 (quint, J= 7.03 Hz) 

3′ CH2 25.23 1.22 - 

4′ CH2 29 1.22 - 
5′ CH2 29 1.22 - 

6′ CH2 29 1.22 - 
7′ C H2 29 1.23 - 
8′ CH2 29 1.23 - 
9′ CH2 29 1.23 - 
10′ CH2 29 1.28 - 
11′ CH2 29 1.28 - 
12′ CH2 29 1.28 - 
13′ CH2 29 1.28 - 
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14′ C H2 29 1.28 - 
15′ C H2 29 1.28 - 
16′ CH2 29 1.28 - 
17′ CH2 29 1.28 - 
18′ CH2 29 1.28 - 
19′ CH2 29 1.28 - 
20′ C H2 29 1.28 - 
21′ CH2 29 1.28 - 
22′ CH2 29 1.28 - 
23′ CH2 29 1.28 - 
24′ CH2 29 1.28 - 
25′ CH2 29 1.28 - 
26′ CH2 29 1.28 - 
27′ C H2 29 1.28 - 
28′ C H2 31.94 - - 
29′ C H2 22.40 - - 
30′ C H3 13.20 0.86 (t, J= 6.91 Hz) 
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4.4 SEED LIPID CHARACTERIZATION 

 

4.4.1 PROXIMATE COMPOSITION 
 Proximate composition of A. indicum and A. muticum seeds and oils is 

presented in Table-21. The moisture content of Abutilon seeds (5.9 and 3.6% for  A. 

indicum and A. muticum respectively) are quite close to brassica and linseed as 

reported by Krishnamurthy et al., 1960 (228). The oil content in the seeds of both the 

species are rather low (11.2 and 12.9 % for A. indicum and A. muticum respectively). 

The oils can therefore be recovered economically only by solvent extraction. The 

protein contents were appreciable (22.4 and 23.5 %) and similar to that of cotton; 

28.72 %. Therefore, Abutilon seeds could be recommended as protein supplement. 

However, their use as food supplement depends on interplay of factors like the 

digestibility of their nutrients and the presence of anti nutritional factors (229). These 

contents still need to be investigated with Abutilon seed oil. 

 The presence of seed coat (shell) in the ground seed used for analysis 

accounted for the high fiber content of the seeds under study (25.1 and 28.3 %). The 

ash contents were 2.3 and 3.4 %; this indicates that seeds of both species contain 

higher percentage of mineral matter. The Iodine value is the measure of the degree of 

unsaturation of fat. The iodine value of Abutilon seed oil was 110.4 and 116.3 g 

I2/100g. This value suggests that it can also be used in nonfood application such as in 

the production of shoe polish, varnishes etc. The saponification value is directly 

related to the mean molecular mass. The saponification value of Abutilon seed oil was 

comparable (188.16 and 195.15 mg KOH/g) to those reported in the literature for 

cotton seed oil (189-198 mg KOH/g) (230). 
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Table-21: Proximate composition of Abutilon indicum and Abutilon muticum seeds 

and oils 

Proximate Composition (%) 
Component 

A. indicum A. muticum 

Seeds 

Moisture 5.9 6.3 

Fat/Oil 11.2 12.9 

Protein 22.4 23.5 

Fiber 25.1 28.3 

Ash 2.3 3.4 

Carbohydrate 22.92 20.80 

Oil 

Colour Pale yellow Reddish Yellow 

nD
30 1.4759 1.4673 

Acid Value 2.7 2.1 

Iodine Value 110.4 116.3 

Saponification Value 188.16 195.15 

Unsaponifiable Matter 2.2 1.5 

 

4.4.2 MINERALS 
 Nine minerals (seven essential together with aluminium and cadmium) were 

found for the first time in Abutilon seeds (Table-22). Potassium was most abundant 

(261.01 & 312.32 mg/kg), followed by calcium (270.23 & 320.00 mg/kg), phosphorus 

(212.15 & 235.02 mg/kg) and magnesium (176.50 & 183.23 mg/kg) for A. indicum 

and A. muticum respectively. Although each mineral has its own health benefits, 

minerals are generally important as constituents of bones, teeth, soft tissues, 

haemoglobin, muscle, blood and nerve cells. Minerals are also vital to overall mental 
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and physical well being (231). With regard to human nutritional aspects; Abutilon 

seeds have significant mineral contents. 

 

Table-22: Mineral contents of Abutilon indicum and Abutilon muticum seeds 

Concentration (mg/100g) 
Minerals 

Abutilon indicum seeds Abutilon muticum seeds 

Aluminium 4.02 4.13 

Cadmium 0.01 0.03 

Calcium 237.32 320.00 

Iron 3.13 4.97 

Lead 0.08 0.04 

Magnesium 176.50 183.23 

Phosphorous 212.15 235.02 

Potassium 261.01 312.32 

Zinc 1.94 1.37 

 

4.4.3 LIPID CLASSES OF ABUTILON SEED OIL 
 Both the species of Abutilon showed the presence of nine lipid classes (Table-

23). Neutral lipids were in high amounts (95.2 % in A. indicum and 94.7 % in A. 

muticum) of total lipids and the predominant lipid classes were triacylglycerids and 

sterol esters, while the polar lipids represented only 3.7 and 3.6 % of total lipids in A. 

indicum and A. muticum respectively. The percentage composition of nine lipid 

classes is shown in Table 3. This composition was comparable with the lipid 

composition of five other Malvaceae species, having similar composition of neutral 

and polar lipids (232). 

 All lipid classes, except hydrocarbons, were converted into their methyl esters 

by BF3 methanol reagent and fatty acids composition was determined by GC-MS. The 

fatty acid range was C114:0 – C18:3 containing saturated and unsaturated fatty acid in all 
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the lipid classes. The oleic acid (C18:1) was found as the predominant fraction in 

neutral as well as in polar lipids in both the species (Table-24). This pattern of fatty 

acid composition resembles the composition of family Malvaceae (232). The other 

fatty acids were myristic, palmitic, stearic and linoleic acids. Unsaturated fatty acids 

were higher, as compared to saturated fatty acid in all the lipid classes, which is the 

characteristic of vegetable oils. 

 

Table-23: Lipid Classes in Abutilon indicum and Abutilon muticum seeds 

% age 
Lipids Rf value 

A. indicum A. muticum 

Neutral lipids 

Hydrocarbons 0.94 1.4 2.1 

Sterol esters 0.73 8.3 7.4 

Triglycerides 0.64 70.3 68.9 

Free fatty acids 0.45 2.8 3.4 

Diglycerides 0.37 3.2 2.7 

Sterols 0.20 2.7 3.8 

Monoglycerides 0.18 6.5 6.4 

Polar lipids 

Phospholipids 0.70 2.1 1.7 

Glycolipids 0.26 1.6 1.9 

 

4.4.4 QUALITATIVE AND QUANTITATIVE ANALYSIS OF FRACRTIONS 

 

 

 



 
CH 4:   RESULTS & DISCUSSION 
 
 

Studies on Bioactive Natural Products of Selected Species of Family Malvaceae 148

Table-24: Percentages of fatty acids in the principal classes of non polar and polar 
lipids of A. indicum and A. muticum seeds. 

Fatty acid composition in weight %  methyl ester 

Lipid Class 
C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 

 

Saturated 

fatty acid 

(%) 

Unsat-

urated 

fatty 

acid 

(%) 

Sterol esters  

A. indicum  2.15 36.21 2.57 2.09 43.28 3.27 10.43 40.45 59.55 

A. muticum 3.85 24.32 5.64 7.42 34.25 14.29 10.11 35.59 64.29 

Triglycerides  

A. indicum  1.39 26.37 1.72 7.67 44.37 14.78 3.69 35.43 64.56 

A. muticum 3.13 26.94 2.49 10.64 36.90 13.77 6.08 40.71 59.24 

Free fatty acids  

A. indicum  1.49 34.56 2.45 4.96 44.78 5.68 6.07 41.01 58.98 

A. muticum 5.36 32.27 2.81 6.30 34.28 13.02 5.96 43.93 56.07 

Diglycerides  

A. indicum  2.24 21.07 1.92 1.38 63.34 3.68 6.27 24.69 75.21 

A. muticum 3.39 27.83 3.73 8.56 35.73 12.04 9.17 39.78 60.07 

Sterols  

A. indicum  2.56 24.18 1.62 1.41 52.59 13.99 3.49 28.15 71.69 

A. muticum 7.40 20.01 6.65 10.42 38.74 12.68 4.00 37.83 62.07 

Monoglycerides  

A. indicum  2.72 28.28 2.63 2.51 47.79 12.05 3.93 33.51 66.40 

A. muticum 5.02 28.09 2.91 2.73 51.12 7.21 2.82 35.84 64.06 

Glycolipids  

A. indicum  3.00 32.05 1.19 2.65 43.07 13.75 4.21 37.70 62.22 

A. muticum traces 31.2 6.4 5.4 35.30 5.30 16.30 36.60 63.30 

Phospholipids  

A. indicum  1.19 38.58 1.85 2.40 46.98 5.64 3.36 42.17 57.83 

A. muticum 6.1 31.5 5.6 3.92 32.10 9.40 10.80 41.52 57.90 
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4.5 ANTIBACTERIAL ACTIVITY 

 

4.5.1 ANTIBACTERIAL ACTIVITY OF PLANT EXTRACTS 
The microbiological activity of the crude extracts (leaves, stems and roots) of 

the plants Abutilon indicum L. and Abutilon muticum Del ex DC were studied against 

bacteria Gram-positive rods [4] and Gram-negative [3], using positive control 

streptomycin, ampicillin and benzyl penicillin.  

The results of antibacterial activity obtained by the agar diffusion method 

showed that stem and root extract of A. indicum and root extract of A. muticum had no 

activity against Gram-negative bacteria Proteus mirabilis. The other Gram-negative 

bacteria and all the Gram-positive bacteria rods had shown encouraging results 

comparable to the positive standards. Particularly the leaf extract of A. indicum and 

stem extract of A. muticum at all concentrations had shown enhanced activity against 

Gram-negative bacteria Salmonella typhimorium and Gram-positive rod Bacillus 

licheniformis in comparison to the positive controls. These observations were made 

on the basis of zones of inhibition measurements (Table-25-26). Statistical analysis of 

variance and Duncan t-test support the experimental results obtained.  

Duncan t-test was performed for antibacterial activity shown by the different 

concentrations of leaf, stem, and root extracts of Abutilon indicum and Abutilon 

muticum against seven bacteria (four Gram-positive and three Gram-negative). The 

statistical analysis (ANOVA) and Duncan t-test had shown significant results of 

microbial activity. These results support the previously isolated class of compounds 

such as vitamin E, gallic acid, terpenes, alantolactone, isoalantolactone, gossypetin 

glucosides, cyaniding 3-rutinoside, and fatty acids as reported by Mehta, et al., 1997 

(158) may be responsible for the antimicrobial activity. It is interesting to attempt to 

correlate the secondary metabolites of the plant extracts with the microbial 

target(233). The results indicate the possibility of the presence of strong active 

compounds in leaves, stems, and particularly the roots. Abutilon muticum extracts had 

shown greater activity than Abutilon indicum. 

Kayser and Kolodziej, 1999 (234) studied the antibacterial activity of simple 

coumarins in order to correlate the structural requirements for their biological activity; 

they found that an OH group present in coumarin was invariably effective against the 
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spectrum of tested bacteria. Friedman et al., 2003 (235) investigated the antibacterial 

activity of phenolic benzaldehyde and benzoic acids and they have made a 

comparison of the chemical structure of these compounds and their biological 

activities. They found that the aldehyde and the carboxylic acids having OH groups 

attached showed that the most active were with trisubstituted OH > disubstituted OH 

> monosubstituted OH also the hydroxy substituted aldehydes had greater activity 

than the hydroxy substituted carboxylic acids. Moreover an OH group present at 

either the C-6 or C-8 position is invariably effective against the spectrum of tested 

standard bacteria (234). Most of the active compounds reported in A. indicum contain 

an OH group, so its enhanced antimicrobial activity can be attributed to the presence 

of OH groups. The presence of the compound β-amyrin having the structural skeleton 

similar to steroids and existence of β-hydroxyl group may have enabled the root 

extract of A. indicum to enhance activity, which was supported by the low MIC values 

(Table-26). The strong antimicrobial activity of root extract could also be attributed to 

the lactones that have been isolated and reported in the literature (127) because of the 

presence of lactones (alantolactones and isolantolactone) which have an unsaturated 

methylene group enhances the activity of the crude extracts.  

Abutilon indicum and Abutilon muticum showed moderate activity against 

Gram-positive and Gram-negative bacteria, comparable to the activity of some typical 

antibiotics, indicating the possibility of the presence of strong active compounds, the 

results obtained with these plants may be considered clinically promising, and it may 

be a valuable source for obtaining new antimicrobial agents. It is of some 

consideration that these extracts might contain other kinds of bioactive components in 

addition to the isolates which might be direct acting.  
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Table-25: Zones of inhibition of methanol extracts of leaves, stems, and roots from 
Abutilon indicum against Gram-positive and Gram-negative bacteria  

 
Zone of Inhibition (mm) 

Gram Positive Gram Negative 

Sr. 
No. 

Drug/ 
Plant 

Extract 

Conc 
µg/cm3 
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1000 14.33 19.67 14.33 11.67 16.00 12.33 18.00 

2000 14.33 23.67 14.33 14.33 15.67 13.67 20.67 

3000 18.00 25.33 16.33 15.33 18.33 19.67 25.67 

 

1. 

 

Leaf 

Extract 

4000 25.67 25.33 18.00 22.67 19.33 27.00 28.00 

1000 11.67 9.67 10.00 9.67 11.67 0.00 14.00 

2000 15.00 12.33 10.00 10.67 14.33 0.00 16.33 

3000 18.67 11.67 11.67 11.33 18.33 0.00 16.67 
2. 

Stem 

Extract 

4000 22.00 14.33 14.00 12.33 18.33 0.00 20.00 

1000 0.00 6.33 0.00 8.33 0.00 0.00 0.00 

2000 0.00 6.33 0.00 7.67 0.00 0.00 0.00 

3000 9.67 6.67 8.33 12.33 10.00 0.00 0.00 
3. 

Root 

Extract 

4000 11.67 9.67 10.33 13.67 12.67 0.00 0.00 

4. 
Benzyl 

Penicillin 
1000 17.67 19.67 16.67 24.67 20.00 18.33 24.00 

5. 
Ampicillin 

 
1000 18.00 20.00 18.33 20.33 20.00 21.00 25.67 

6. 
Strepto-

mycin 
1000 25.67 25.67 28.33 30.00 30.00 28.33 30.00 

7. 
Negative 

control 
0 0 0 0 0 0 0 0 

 
 
 
 
 
 



 
CH 4:   RESULTS & DISCUSSION 
 
 

Studies on Bioactive Natural Products of Selected Species of Family Malvaceae 152

Table-26: Zones of inhibition of methanol extracts of leaves, stems, and roots from 
Abutilon muticum against Gram-positive and Gram-negative bacteria  

 
Zone of Inhibition (mm) 

Gram Positive Gram Negative 

Sr. 
No. 

Drug/ 
Plant 

Extract 

Conc 
µg/cm
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1000 10.13 15.63 16.12 8.12 7.33 8.00 7.67 

2000 14.29 18.22 18.52 9.37 8.00 8.67 9.12 

3000 17.52 20.52 21.29 14.32 9.67 9.33 9.35 

 

1. 

 

Leaf 

Extract 

4000 22.62 26.63 25.19 17.25 9.67 10.12 10.53 

1000 9.19 13.62 0.00 9.33 0.00 0.00 8.32 

2000 13.67 19.33 0.00 11.67 0.00 0.00 10.47 

3000 16.13 21.47 8.69 14.19 7.83 0.00 11.12 
2. 

Stem 

Extract 

4000 20.33 25.23 10.13 16.23 8.12 0.00 14.15 

1000 0.00 18.91 17.02 11.32 0.00 0.00 0.00 

2000 0.00 19.73 19.73 13.92 0.00 0.00 0.00 

3000 9.12 22.80 21.21 15.67 0.00 8.39 0.00 
3. 

Root 

Extract 

4000 11.19 26.91 25.94 20.15 8.01 9.12 7.69 

4. 
Benzyl 

Penicillin 
1000 17.67 19.67 16.67 24.67 20.00 18.33 24.00 

5. 
Ampicillin 

 
1000 18.00 20.00 18.33 20.33 20.00 21.00 25.67 

6. 
Strepto-

mycin 
1000 25.67 25.67 28.33 30.00 30.00 28.33 30.00 

7. 
Negative 

control 
0 0 0 0 0 0 0 0 
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Table-27:  Minimum inhibitory concentrations of methanol extracts of leaves, stems, 
and roots from Abutilon indicum and Abutilon muticum against Gram-
positive and Gram-negative bacteria 

 
 

Antibacterial activity (μmol) 

Material tested 

Leaf 

 

Stem

 

Root

 
Benzyl 

penicillin Ampicillin Strepto-
mycin 

Test organisms 

MIC 
μg 

MIC 
μg 

MIC 
μg 

MIC 
μg 

MIC 
μg 

MIC 
μg 

Ai 977 1250 239 
Ec 

Am 856 965 433 
32 8 2 

Ai 336    00a 00a 
Pm

Am 214 00a 00a 
32 2 8 

Ai 339 610 00a 

 

Gram-

negative 

 
St 

Am 00a 547 359 
16 7 2 

Ai 160 852 225 
Bl 

Am 230 752 323 
4 1 2 

Ai 604 2333 254 
Bs 

Am 532 1987 196 
8 8 4 

Ai 795 547 274 
Ml 

Am 698 423 264 
40 28 16 

Ai 512 815 379 

Gram-

positive 

Na 
Am 469 987 654 

18 32 8 

 
 
Minimum inhibitory concentration (MIC); Abutilon indicum (Ai); Abutilon muticum 
(Am); Escherichia coli (Ec); Proteus mirabilis (Pm); Salmonella typhimorium (St); 
Bacillus licheniformis (Bl); Bacillus subtilis (Bs); Micrococcus luteus (Ml); Nocardia 
asteroids (Na);  
a: “ 00 ”  it has no activity. 
 
 

4.5.2 ANTIBACTERIAL ACTIVITY OF SEEDS 
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 The effects of A. indicum and A. muticum seed oils on growth of different 

bacteria are presented in Figure-10. Both the plant species inhibited growth of 

different bacteria to variable extents; depending on the bacterium in question A. 

muticum seed oil was found to be more effective than A. indicum seed oil. Salmonella 

typhimorium was most resistant to both the seed oils and higher MIC values were 

obtained for it. Higher resistance of Gram negative bacteria to external agents has 

been earlier reported, and it is attributed to the presence of lipopolysaccharides in 

their outer membranes which make then inherently resistant to antibiotics detergents 

and hydrophilic dyes (236). Both the plant species inhibited the growth of both Gram 

positive and Gram negative bacteria, showing their broad spectrum activity. 

 
Figure-10: Effects of A. indicum and A. muticum seed extracts on the growth of 

different bacteria.  
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4.6 ANTIFUNGAL ACTIVITY 
The antifungal activity of the crude extracts (leaves, stems and roots) of the 

plants Abutilon indicum L. and Abutilon muticum Del ex DC were studied against 

fungi Aspergillus niger, Rhizopus microsporus and Trichoderma viride using positive 

control Fluconazole and Nystatin. Leaf extract of A. indicum at a concentration of 

1000 μg/ml did not show any antifungal activity against Aspergillus niger. No activity 

154
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was shown by the stem extract of A. indicum and A. muticum even at concentrations 

of 1000 and 2000 μg/ml against Aspergillus niger, where as the antifungal activity of 

stem extract of both the herbs at 3000 and 4000 μg/ml and at all the concentrations 

employed in case of root extract were in good comparison of the positive controls 

(Table-28). Statistical analysis had also confirmed these observations (Duncan t-test 

and Univariate analysis of variance). 

Duncan t-test was performed for antifungal activity shown by the different 

concentrations of leaf, stem, and root extracts of Abutilon indicum and Abutilon 

muticum against three fungi. It is of some consideration that these extracts might 

contain different kinds of bioactive components in addition to the isolates which 

might be direct acting. Both the herbs had shown comparable antifungal activity with 

the antifungal drugs. 

Table-28:      Zones         of         inhibitions of methanol extracts of leaves, stems, 
and roots from Abutilon indicum and Abutilon muticum against Fungi. 

Zone of Inhibition (mm) 

Abutilon indicum Abutilon muticum 

Sr. 
No. 

Drug/ 

Plant Extract 

Conc 

µg/cm3 

A
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V
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1000 0.00 9.67 8.00 0.00 10.23 9.08 

2000 0.00 12.33 7.67 0.00 11.68 10.23 

3000 0.00 20.00 9.67 7.83 16.19 11.37 

1. 

 

 

 

Leaf 

 Extract 

4000 0.00 21.00 10.00 8.12 20.23 13.19 

1000 0.00 7.33 11.33 0.00 0.00 7.32 

2000 0.00 8.67 10.00 0.00 7.67 8.74 

3000 8.33 12.00 10.00 0.00 8.33 10.33 
2. Stem Extract 

4000 8.67 12.67 14.00 7.49 10.52 12.62 

1000 9.67 9.67 10.33 8.12 9.13 9.12 

2000 12.00 11.67 11.67 9.37 15.67 10.33 

3000 13.67 12.67 14.33 9.62 20.19 12.67 
3. 

Root 

 Extract 

4000 14.67 15.00 17.67 14.33 21.03 16.19 

4. Fluconazole 1000 14.33 0.00 8.33 14.33 0.00 8.33 
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5. 
Nystatin 

 
1000 20.33 20.33 18.33 20.33 20.33 18.33 

6. Negative 
control 0 0 0 0 0 0 0 

 

 

 
Table-29:  Minimum inhibitory concentration of methanol extracts of leaves, stems, 

and roots from Abutilon indicum and Abutilon muticum against fungi. 
 

Antifungal activity (μmol) 

Material tested 

 

Leaf 

 

 

Stem 

 

 

Root 

 

Nystatin Fluco- 
nazole 

Test organisms 

Fungi 

MIC 
μg 

MIC 
μg 

MIC 
μg 

MIC 
μg 

MIC 
μg 

Ai 00a 581 255 
An 

Am 941 442 196 
10 95 

Ai 640 509 591 
Rm 

Am 559 488 568 
30 16 

Ai 642 235 446 
Tv 

Am 369 205 397 
50 25 

 

Minimum inhibitory concentration (MIC); Abutilon indicum (Ai); Abutilon muticum 
(Am); Aspergillus niger (An); Rhizopus microsporus (Rm); Trichoderma viride (Tv). 
a: “ 00 ”  it has no activity. 
 

 

 

 

 

4.7 ANTIOXIDANT ACTIVITY 
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4.7.1 RECOVERY PERCENT, PHENOLIC AND FLAVONOID CONTENT 

OF EXTRACTS 

The yields, total phenolic content (TPC) and total flavonoid content (TFC) of 

the extracts obtained from aerial parts and roots of two varieties of genus Abutilon 

using different organic solvents are shown in Table-30. A wide range of polyphenol 

contents (0.448-26.910 mg/g dry weight) was found in the organic extracts of 

different parts of both the plant species. Despite low values of extraction yields, the 

phenolic and flavonoid contents found were very good indicating that the extraction 

was efficient. Aerial parts were found to contain relatively higher amounts of the 

antioxidant components as compared to the roots. The highest phenolic content was 

found in case of ethyl acetate fraction and these findings are in agreement with earlier 

reports (237), demonstrating that ethyl acetate and methanol are effective solvents for 

extraction of antioxidants. The values for flavonoid and phenolic contents are 

comparable to previously exploited natural sources of antioxidants (238).  

A major group of phytochemicals in foods are the phenolic compounds, which 

includes simple phenols, phenyl propanoids, benzoic acid and derivatives, flavonoids, 

stilbenes, tannins, lignans and lignins. Plant phenolics are multifunctional and can act 

as reducing agents (free radical terminators), metal chelators and singlet oxygen 

quenchers (239). The phenolic compounds are very important plant constituents 

because of their scavenging ability due to their hydroxyl groups. Flavonoid contents 

extracted ranged from 0.111-16.981 mg/g dry weight of herbs for n-hexane and ethyl 

acetate fraction respectively. Flavonoids are phytochemicals that have been 

demonstrated to be potent antioxidants based on their phenolic hydroxyl groups. They 

are known as primary antioxidants and can delay or inhibit the oxidation of lipids or 

their molecules by inhibiting the initiation or propagation of oxidative chain reactions 

(240). 

 

 

 

 

Table-30: Yield %, total phenolic content (TPC) and total flavonoids content (TFC) 

of different parts of A. indicum and A. muticum 
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 Herb 
Part of 

Herb 
Fractions Yield % 

TPC (mg/g 

dry matter) 

TFC (mg/g 

dry matter)

n-hexane 13.65 0.467 0.223 

chloroform 18.0 6.481 4.021 

ethyl acetate 26.2 9.551 5.154 

Aerial 

parts 

n-butanol 15.4 3.052 0.947 

n-hexane 1.9 1.921 0.623 

chloroform 2.7 2.801 1.013 

ethyl acetate 5.4 9.228 4.184 

Abutilon 

indicum 

Roots 

n-butanol 4.9 6.499 2.745 

n-hexane 13.3 0.448 0.111 

chloroform 16.3 8.977 4.481 

ethyl acetate 27.9 24.506 12.318 

Aerial 

parts 

n-butanol 17.1 5.547 2.019 

n-hexane 1.6 1.938 0.363 

chloroform 2.0 10.449 4.197 

ethyl acetate 8.6 26.910 16.981 

Abutilon 

muticum 

Roots 

n-butanol 7.4 3.016 1.752 

 

4.7.2 ABTS RADICAL CATION SCAVENGING ACTIVITY 
 ABTS is a method based on reduction of the 2,2′-azinobis (3-ethyl 

benzothiazoline-6-sulphonic acid) radical. The reaction of ABTS.+ with free radical 

scavengers present in the test sample occur rapidly and can be assessed by following 

the decrease in the sample absorbance at 734 nm. TEAC (Trolox equivalent 

antioxidant capacity) method measures the antioxidant activity by measuring the 

extent of reduction of the radical cation as the percentage inhibition of absorbance at 

734 nm on reaction with sample solution. The extent of inhibition of the absorbance 

of the ABTS.+  was plotted as a function of concentration and compared with standard 

Trolox curve in order to determine the TEAC. 

TEAC values of different extracts of aerial parts and roots of A. indicum and 

A. muticum are presented in Figure-11. Although all the samples exhibited good 

ABTS radical scavenging activity, the butanol extract of A. muticum (roots) and ethyl 
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acetate extract of A. muticum (aerial parts), showed the highest TEAC ( 14.208 and 

13.21 μmolg-1, respectively). The lowest TEAC values were obtained for n-hexane 

extracts of roots of A. indicum and aerial parts of A. muticum (1.796 and 2.247 μmolg-

1 respectively). Small and high Molecular weight phenolics, including flavonoids, 

phenolic acids and tannins have been shown to be good quencher of free radicals 

(241-242). Free radical scavenging activity of different parts of A. indicum and A. 

muticum may also be attributed to the presence of phenolics and the flavonoids. 

 

Figure-11: A comparative analysis of TEAC values (μM) of different fractions of A. 

indicum and A. muticum using ABTS modified assay (pH 7.4) 
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AIL: Abutilon indicum leaf extract; AIR: Abutilon indicum root extract; AML: Abutilon 
muticum leaf extract; AMR: Abutilon muticum root extract 

 

4.7.3 DPPH FREE RADICAL SCAVENGING ACTIVITY 
DPPH is a stable free radical that accepts an electron or hydrogen radical to 

become a stable diamagnetic molecule (243). The reduction capability of DPPH 

radicals on reaction with sample extracts was determined as a function of time by the 

decrease in absorbance at 517 nm (244). Figure-12 illustrates significant (P < 0.05) 

decrease in the concentration of DPPH radical due to the scavenging ability of soluble 

solids in the extracts of aerial parts and roots of A. indicum, A. muticum and standard 

trolox solution. The graphs showed a sharp fall in the absorbance of DPPH in the first 
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five minutes after addition of extracts/standard solution and then became more 

moderate and gradual for next 35 min. The ethyl acetate and n-hexane extracts of 

different parts of both the plant species showed a significantly stronger DPPH 

scavenging activity than the n-butanol and chloroform extracts. Results indicated that 

both the plants have a noticeable effect on scavenging free radicals. Different 

concentrations of each extract were applied to obtain EC50 and TEC50 values (Table-

31) as a function of time. A dose-response scavenging of DPPH free radical was 

observed. The kinetic studies showed that as compared to the ethyl acetate extracts of 

roots and aerial parts of A. muticum, the chloroform extracts of roots of A. indicum 

and aerial parts of A. muticum contain antioxidant components which were slow 

reacting and take longer period of time for exhibiting their complete antioxidant 

action. Based on the data obtained from present study, both the plant species may be 

considered as potent free radical scavengers, making their ability to limit free radical 

damage occurring in the human body. 

 

Figure-12: DPPH free radical scavenging activity of different fractions of different 

parts of A. indicum and A. muticum. Data are mean ±SD (n=3).  
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Table-31: EC50 and TEC50 values of different fractions of different parts of A. indicum 

and A. muticum 

Herb Sample 

Abutilon indicum Abutilon muticum 

Aerial parts Roots Aerial parts Roots Fraction 

EC50 

(μg) 

TEC50 

(min) 

EC50 

(μg) 

TEC50 

(min) 

EC50 

(μg) 

TEC50 

(min) 

EC50 

(μg) 

TEC50 

(min) 

n-hexane 1044.4 55 Nil Nil 2079.1 34 3175 26 

chloroform 963.2 20 265.2 48 734 15 1818 20 

ethyl acetate 68.3 10 158.3 4 102 3 96.3 5 

n-butanol 188.4 12 107.5 8 294 9 112.7 10 
 

4.7.4 FRAP ASSAY 
 Alike TEAC assay FRAP method also involves a single electron transfer 

reaction between a recipient (here Fe+3-TPTZ) and a single electron donor ArOH+. 

There is not much difference between TEAC assay and FRAP assay except that 

TEAC is carried out at neutral pH while FRAP assay is performed at acidic pH. 
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FRAP values for the investigated extracts varied in a wide range between 

0.568 μg/mL for chloroform extract of roots of A. indicum and 3.132 μg/mL for 

butanol extract of aerial parts of A. muticum. Hexane extracts of aerial parts and roots 

of both the species were found to be almost inactive with this method. The antioxidant 

activity increased proportionate to polarity of the solvent used for extraction i.e. 

butanol > ethyl acetate > chloroform > hexane. In addition the root extracts of A. 

muticum showed greater activity than the other extracts. The capability of different 

phenolic substances to scavenge various types of oxidation initiating radicals has been 

reported in the polar phase (245-246). There is evidence that the antioxidant activity 

of many compounds of botanical origin is proportional to the TPC, suggesting a 

causative relationship between TPC and antioxidant activity (247). Polarity dependant 

correlation studies between TPC and FRAP values of different extracts of both the 

plants confirmed this fact.  

Figure-13: A comparativ analysis of TEAC values of different fractions of A. 

indicum and A. muticum using FRAP assay. 
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AIL: Abutilon indicum leaf extract; AIR: Abutilon indicum root extract; AML: Abutilon 
muticum leaf extract; AMR: Abutilon muticum root extract 
 

4.7.5 ANTIOXIDANT ACTIVITY USING LINOLEIC ACID 

PEROXIDATION METHOD 
 Lipid peroxidation values of the extracts were determined using linoleic acid 

emulsion system. In principle linoleic acid is allowed to oxidize in the presence of 
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sample extracts. Peroxyl radicals produced as a result of oxidation of linoleic acid are 

scavenged by the antioxidants present in the sample. Sample low in antioxidant 

components fail to capture peroxyl radicals that oxidize Fe+2 to Fe+3. These Fe+3 ions 

are determined spectrophotometrically through the formation of colored complex with 

SCN- ion. Higher absorbance values show low concentrations of antioxidant 

components in the sample. Almost all the extracts of both the plant species exhibited 

inhibition to peroxidation of linoleic acid. The root extracts of both A. muticum and A. 

indicum gave comparable value to that of the standard antioxidant, Trolox. Thus A. 

indicum and A. muticum extracts may be taken as alternative and more cost effective 

natural source of natural antioxidants. 

 The higher antioxidant potential of butanol and ethyl acetate extracts of both 

the plants shown in the current study indicates that most of the active constituents of 

these plants are polar phenolic and flavonoid components. Further research is in 

progress for isolation and identification of these active components. Taken 

collectively, these results lead to the conclusion that aerial part and root extracts of 

both A. indicum and A. muticum have powerful antiradical and antioxidant 

components which may be helpful in controlling complications during degenerative 

diseases. 

Figure-14: Antioxidant activity (in terms of peroxidation value) of different fractions 

of different parts of A. indicum and A. muticum. Data are mean ±SD 

(n=3).  
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4.7.6 TOTAL PHENOLIC CONTENT 
 The quality and duration of storage of fat and fat products are directly 

associated with their optimum stabilization by a simple antioxidant. Because synthetic 

antioxidants such as butylated hydroxytoluene or butylated hydroxyanisol could 

promote cancer development in rats and the fact that consumers are much interested 

in natural food additives has resulted in a surge in research on natural antioxidants 

such as phenolic compounds (248). Phenolic compounds constitute a part of the 

unsaponifiable matter also known as “minor constituents” of oils. These compounds 

are determinant for some characteristics of oils such as flavor, shelf life and resistance 

against oxidation. 

 The total phenolic content (TPC) of the extracts obtained from seeds of A. 

indicum and A. muticum are 13.770 and 38:815 mg/g of seed oil respectively. The 

values for phenolic contents are comparable to previously exploited natural sources of 

antioxidants (249). 

4.7.7 ANTIOXIDANT ACTIVITY OF SEEDS 
 The seed oil of A. indicum and A. muticum exhibited strong antioxidant 

activity assayed by four different methods including ABTS.+, FRAP, DPPH and 

linoleic acid peroxidation. A. muticum seed oil showed stronger antioxidant activity 

than A. indicum seed oil by different methods. 

 TEAC values of A. indicum and A. muticum seed oils are14.006, 21.375 and 

16.369, 18.08 by ABTS.+ and FRAP methods respectively (Table-32). In DPPH assay 

graphs (Figure-15) showed a sharp fall in the absorbance of DPPH in the first five 

min after addition of oils and then became more moderate and gradual for next 35 

min. Different concentrations of oils were applied to obtain EC50 and TEC50 values 

(Table-32) as function of time. The results of linoleic acid peroxidation determined by 

the thiocyanate method at 30 ºC are shown in Figure-16. Results showed decrease in 

absorbance of control after an initial increase. This is due to oxidation of linoleic acid 

that generates hydroperoxides, which are then decomposed to many secondary 

oxidation products. The oxidized products react with ferrous sulphate to form ferric 

sulphate and then ferric thiocyanate of blood red colour. Both the plant species 

exhibited inhibition to peroxidation of linoleic acid. According the results seeds of 
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both the plant species have powerful antiradical and antioxidant components which 

may be helpful in controlling complications during diseases. 

 
Table-32: TEAC, EC50 and TEC50 values of Abutilon indicum and Abutilon muticum 

seed extracts. 

DPPH 
Herb 

ABTS 

(TEAC µM) 

FRAP 

(TEAC µM) EC50 (µg) TEC50 (min) 

A. indicum seed 
oil 14.006 16.369 67.00 10 

A. muticum 
seed oil 21.375 18.08 52.00 08 

 
 
 
Figure-15: DPPH free radical scavenging activity of seeds of A. indicum and A.  

muticum.  
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Figure-16: Antioxidant activity (in terms of peroxidation value) of seeds of A. 
indicum and A. muticum.  
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4.8 HEPATOPROTECTIVE ACTIVITY 

4.8.1 BIOCHEMICAL OBSERVATIONS 

 The effects of aqueous methanolic extract of A. muticum on serum enzymes 

were studied and the results were given in Table-33 and 34. Paracetamol an analgesic 

and antipyretic is assumed to be safe in low doses. Small doses are eliminated by 

conjugation followed by excretion but increased doses produce liver necrosis (250). 

Paracetamol intoxication in normal rabbits elevated the levels of SGPT, SGOT, 

ALKP and D.Bil significantly, indicating acute centrilobular necrosis. The rabbits 

treated with aq methanolic extract of A. muticum showed (Table-33) significant 

reduction in all the biochemical parameters elevated by paracetamol. This reduction in 

biochemical parameters is similar when compared with that of silymarin. 

It is well known that carbon tetrachloride is used as a hepatotoxic agent on 

various animals (251-252). Administration of CCl4 to rabbits produced hepatotoxicity 

showed by significant increase in the serum levels of SGOT, SGPT, ALKP and D.Bil 

in comparison to control group. The aqueous methanolic extract of A. muticum 
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showed a significant decrease in the serum enzymes when compared to the CCl4 

compared control groups. Standard drug, silymarin (100 mg/kg) also exhibited similar 

results. Carbon tetra chloride elevated serum enzyme levels due to its enzymatic 

activation of CCl3 free radical, which in turn alters the structure and function of liver 

cells (253).Pretreatment with A. muticum aq methanolic extract showed a dose 

dependant protection against the injurious effect of CCl4. The reduction in 

biochemical parameters exhibited by aq methanolic extracts of A. muticum was 

similar to that of silymarin. 

Table-33: Effect of A. muticum extract and silymarin pre treatment on bio-chemical 
       parameters of the rabbits, intoxicated with paracetamol. 
 

Group Design of 
Treatment 

SGOT 
U/L 

SGPT 
U/L 

ALKP 
U/L 

D. Bil 
mg/dL 

I control 67.1±3.10 50.46±1.58 96.62±3.39 0.86±0.02 

II Paracetamol 109.61±5.12 160.43±8.60 363.50±6.56 3.27±0.11 

III silymarin + 
Paracetamol  67.85±3.22 46.45±2.34 121.7±3.06 0.53±0.09 

IV 
A. muticum 
(150 mg/kg) + 
Paracetamol 

86.56±5.99 90.56±1.50 190.95±5.91 1.15±0.09 

V 
A. muticum 
(300 mg/kg) + 
Paracetamol  

73.34±2.61 78.72±2.24 170.25±2.94 0.91±0.02 

 

Table-34: Effect of A. muticum extracts and silymarin pre treatment on biochemical 
       parameters of the rabbits intoxicated with CCl4. 
 

Group Design of 
Treatment 

SGOT 
U/L 

SGPT 
U/L 

ALKP 
U/L 

D. Bil 
mg/dL 

I Control 61.05±1.85 57.55±2.49 138.30±4.57 0.91±0.03 

II CCl4 216.04±5.74 116.70±4.00 446.39±6.58 1.47±0.05 

III silymarin + CCl4 89.49±3.09 56.26±6.32 139.94±2.35 0.49±0.03 

IV A. muticum (150 
mg/kg) + CCl4 

115.42±5.46 92.83±2.67 234.47±3.38 1.24±0.15 

V A. muticum (300 
mg/kg) + CCl4  

97.08±2.99 76.59±3.88 197.34±2.00 0.75±0.03 
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4.8.2 HISTOPATHOLOGICAL OBSERVATIONS 

 The histopathological profile of the rabbits treated with aq methanolic extract 

showed no visible changes, confirming the safety of the extract at selected dose (Fig-

17). The control group (group I) also showed normal cellular architecture with well 

brought out central vein, well presented cytoplasm and prominent nucleus (Fig-18). 

The liver section of paracetamol treated animals (group-II) showed hepatic cells with 

severe toxicity characterized by disarrangement and degeneration of normal hepatic 

cells with intense centrilobular necrosis (Fig-19). Rabbits treated with silymarin and 

intoxicated with CCl4 and paracetamol showed less disarrangement and degeneration 

of hepatocytes, indicating marked regeneration activity (Fig-20). 

Figure-17: Liver of rabbit treated with aq methanolic extract of A. muticum 

 

Figure-18: Liver of rabbit treated with normal diet. 
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Figure-19: Liver of rabbit treated with paracetamol 

 

 

Figure-20: Liver of rabbit treated with silymarin intoxicated with paracetamol 

 
 

 

4.8.3 ACUTE TOXICITY STUDIES 

  Aqueous methanolic extract of A. muticum did not show any sign and 

symptoms of toxicity and mortality up to 2000 mg/kg dose. 

 Since the phytochemical analysis of the extracts had shown the presence of 

flavonoids and phenolic compounds, which had been known for their antioxidant and 
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hepatoprotective activities (254), thus it can be concluded that possible mechanism of 

hepatoprotective activity may be due to the free radical scavenging and antioxidant 

activity, which may be due to the presence of flavonoids and phenolic compounds in 

the extracts. 

4.9 CONCLUSIONS 

 The two Malvaceae plants (A. indicum and A. muticum) were selected for 

chemical analysis. As a result of chemical analysis, several new source and known 

secondary metabolites were purified and characterized spectroscopically. Their results 

related to chemistry are given in Chapter-4. 

 The physicochemical properties, macro and micro elements and fatty acids 

profiles of oil from seeds of two Abutilon species, grown wild in Pakistan were 

investigated. The oils were found to be rich in neutral lipids (95.2 and 94.7 % of total 

lipids) and low in polar lipids (3.7 and 3.6 % of total lipids) for A. indicum and A. 

muticum respectively. The distribution of fatty acids in oils examined, reflected their 

richness in unsaturated components. 

 The isolated metabolites were not enough in amounts to perform their 

bioscreening. Therefore, various crude extracts and semi pure fractions obtained from 

above mentioned plants were subjected to four bioassays. 

 During the antibacterial testing, it was observed that some fractions obtained 

from A. muticum showed more than 50% inhibition against tested bacteria. Both the 

plant species showed broad spectrum activity against Gram positive and Gram 

negative bacteria, which is comparable to the activity of some typical antibiotics. 

 When the crude extracts of A indicum and A muticum were tested against 

various fungal pathogens, it was observed that the crude extracts of both the plant 

species showed good inhibition against these pathogens. 

 Due to the increasing awareness regarding health beneficial effects of natural 

antioxidants many research groups have examined plants for exploiting novel 

potential sources of natural antioxidants. Both the Malvaceae plants under study were 

tested for antioxidant activity. The higher antioxidant potential of butanol and ethyl 

acetate extracts of both the plants shown in the current study indicates that most of the 
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active constituents of these plants are polar phenolic and flavonoid components. A. 

muticum seed oil showed stronger antioxidant activity as compared to A. indicum seed 

oil. Taken collectively, these results lead to the conclusion that aerial parts, roots and 

seed extracts of both plants (A. indicum and A. muticum) have powerful antiradical 

and antioxidant components which may be helpful in controlling complications during 

degenerative diseases. 

 In the present study aqueous methanolic extract of A. muticum was evaluated 

for the hepatoprotective activity using hepatotoxicity induced by paracetamol and 

CCl4 in rabbit model and find out therapeutically better efficacious extract. The results 

indicated that biochemical changes produced by paracetamol and CCl4 were restored 

to normal by aqueous methanolic extracts. 

 As Abutilon species grow wildly as weeds in tropical and sub tropical areas 

under harsh conditions, they may be produced on a large scale as value added 

products. Pakistan being agriculture country undoubtedly has the capacity for large 

scale production of Abutilon species. The results may therefore, offer a scientific basis 

for use of both the plant species, in human diet and other commercial products. We 

propose that the higher antibacterial, antioxidant and hepatoprotective activities of 

both the Abutilon species may be due to the higher phenolic content. This is a 

preliminary report on the isolation of antioxidants and antibacterial fractions from 

Abutilon species, and further studies are needed for the characterization of individual 

phenolic compounds, to elucidate the mechanisms underlying bioactive properties and 

the existence of possible synergies if any among these compounds. Comparison of 

commercially available synthetic and natural antimicrobials, antioxidants and 

hepatoprotective agents is desirable to check the efficacy of different parts of both the 

herbs. These analytical findings will provide a regional data base for these valuable 

herbs, which have not been explored so far. The date obtained will be useful to both 

producers and consumers. 
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