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Summary 

 

The work embodied in the present dissertation is presented in two parts namely 

phytochemistry and bioactivities of Cornus macrophylla Wall. (Part-A) and phytochemistry 

and bioactivities of Grewia optiva Drummond ex Burret (Part-B). 

  

Part-A 

Part-A describes the studies undertaken on the ethanolic extract of the stem bark of C. 

macrophylla Wall. The introduction of the thesis gives a review of the earlier contributions 

made in the chemistry and pharmacology of this plant, as well as a brief account of the 

present work. A brief review of biosynthesis of triterpenoids, steroids and coumarins is also 

included.  

In the present work the stem bark of C. macrophylla Wall. was extracted with ethanol 

at room temperature and the extract after removal of the solvent, was fractionated through 

solvent separation, biologically and phytochemically screened out for bioactive 

phytoconstituents, and followed by various chromatographic techniques such as column 

chromatography, thin and thick layer chromatography. Four constituents were ultimately 

obtained and characterized through spectral studies as 3',4',5'-O-trimethyl-3,4-

methylenedioxy ellagic acid, betulin, betulinic acid and 5'-O-trimethyl-3,4-methylenedioxy 

ellagic acid, which are reported first time from this plant. Crude extract and its solvent 

extracted fractions were screened for their antibacterial activities. Computational studies of 

3',4',5'-O-trimethyl-3,4-methylenedioxy ellagic acid were carried out to explore its anti-

inflammatory profile which was further validated experimentally.  

Constituents reported first time from C. macrophylla Wall. 

 

 Cornallegic acid  
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 Betulin  

 

 Betulinic acid  

 

 3'-O-Methyl-3,4-methylenedioxy ellagic acid  

 

 

Part-B 

Part-B describes the studies carried out on the ethanolic extract of the stem bark of G. 

optiva Drummond ex Burret. Shade dried powdered stem bark  was extracted with ethanol at 

room temperature and the extract after removal of the solvent, was fractionated through 

solvent separation, biologically and phytochemically screened out for potent bioactive 

phytoconstituents, and followed by various chromatographic techniques such as column 

chromatography, thin and thick layer chromatography. Ten constituents characterized 
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through spectral studies including three new compounds; 2S*-(3-hydroxy-4-methoxyphenyl)-

3R*-methyl-2H-[1,4]dioxin[2,3]chromen-7(3H)-one (grewialin), 3-hydroxy-1-(3-hydroxy-4-

methoxyphenyl) propan-1-one (optivanin), 8-Hydroxy-6,7-methylenedioxycoumarin 

(grewioptin), while seven compounds were known and reported for the first time from this 

specie, namely lupeol, β-sitosterol, stigmasterol, oleanolic acid, ursolic acid, scopoletin and 

fraxidin. 

The structures of the new compounds were elucidated through sophisticated advanced 

spectroscopic methods including UV, IR, MS, 1H-NMR and 13C-NMR (BB and DEPT), 2D 

NMR experiments (J-Resolved, COSY-45, NOESY, HSQC and HMBC). The known 

compounds were identified through comparison of their physical and spectral data with those 

reported for the corresponding compounds in literature.  

Structure-based virtual screening of scopoletin, fraxidin, grewialin and grewioptin 

proved them as potential anti-inflammatory agents. Experimental results confirm their anti-

inflammatory nature. 

 

New constituents from G. optiva Drummond ex Burret 
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Aromatics: 
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Constituents reported first time from G. optiva 
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Triterpenes: 
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The association of human being with therapeutic plants is old like human civilization. 

Even in this modern era, in majority of the world’s population, plants are used as a source of 

drugs. Human being has a quest for long life, everlasting beauty and perfect health. Through 

such ingenious expeditions, some based on his dreams and some on his practical experiences 

man enabled to distinguish facts from imaginary tales. Up to great level indigenous medicines 

instigated as story. Later on it moved to the new age group as folk medicines and with the 

passage of time developed into a field of modern medical science. 

The history of medication is the description of human being hard work to concern with 

human sickness and disease from the primal endeavors of ancient human being to the modern 

advanced era of medical sciences and can be divided generally into the subsequent periods.  

Early period expanded over Egyptian, Chinese, Indian, Sumerian, Assyrian and 

Babylonian civilizations, followed via Greek, Roman, Arabic, Persian and at last the modern 

era. All of them developed their particular distinctive materia medica. Modern medicines are 

originated from the Greeks. The science of medicines from the Greece was gradually 

transferred to Romans and then to Arabs. After improvement of medical science with Chinese 

and Indian medicine, it was shifted to the current Europe. In India it was commenced by the 

Muslim rulers and integrated it with the indigenous Ayurvedic medicine; which is known as 

Unani medicine or Eastern medicines.1,2 

Ayurveda (2500-600 BC) and Rigveda (4500-1600 BC) recorded the earliest ideas 

about medicinal use of plants. Charaka and Sushruta searched out and explained numerous 

groups of herbs in several sets. During Buddhist period the use of medicinal plants was 

enhanced and substantial attention was given for cultivation of such plants in a scientific 

mode.3 

Among Chinese Fu Hsi (2953 BC) instigated the field of medicines and was prospered 

during the reign of Chang dynasty. Chang monarch Shen Nung around 2735 BC accumulated 
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a Pharmacopoeia on medicinal plants known as Pen Tsao which comprised of forty volumes 

with thousands of therapeutic preparations and reported medicinal values of certain drugs like 

Chang Sheng and Ma Huang extracted from Dichroa febrifuga and Ephedra sinica plants, 

which are using as herbal medicines. Another monumental work compiled by Li Shizhen in 

the form of  Ben Cao Gang Mu which is still serve as a precious reference book for teaching, 

practicing and supervision in Chinese therapeutic research. However majority of the literature 

concerning Chinese medicine is originated from Nei Ching.4,5 

Egyptian has launched numerous medicinal plants for the cure of human diseases in 

Ebers Papyrus about 1550 BC. At about 650 BC the Assyrian and Babylonian fields of 

medicine emerged.5 

In 460 BC Hippocrates, the pioneer of medicine put down the foundation of pharmacy. 

He illustrated and named almost 400 samples having medicinal importance. Theophrastus 

(370-267 BC), who got in inheritance the herb garden of Aristotle and wrote a book, entitled 

‘On the History of Plant’ in which he described 500 medicinal plants. His other famous books 

entitled ‘On the Classes of Plants’ and ‘Pharmacologic Vade-me’cum’ published in Greek at 

Venice in 1499, remained the pharmacological handbook. The most noteworthy 

pharmacologic treatise of Greeks was still the reliable manuscript of Discordies 60 AD.5 

Amongst Romans, Galen the pioneer of Roman pharmacology wrote 30 books on 

pharmacology and instigated preparations from many medicinal plants known as galenicals.5  

The great contribution to the field of medical science was made by the Muslims during 

the early and late middle ages. During the glorious era of Muslims supremacy, Arabs took 

immense interest in the knowledge of herbal medicines from almost all the famous 

civilizations and translated their work to his own language. The renowned Arab scholar Abu 

Bakr Mohammad Bin Zakaria Al-Razi (Rhazes) wrote almost 250 incredible books. Major 

part of his work on medicines was depicted in Alhavi Kabeer (Continens of Rhazes). Kitab-al-
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Mansoori is one of his obvious books in which he comprehensively discussed the Greek-Arab 

system of medication. Rhazes used opium as anesthetic agent for the first time in the history. 

During the period 833-870 AD, Ali Ibn-e-Rabban Tabari wrote a book ‘Firdous Al-Hikmat’ 

which consists of seven volumes. Bu-Ali Ibn-e-Sina (908-1037 AD) known as Avicenna in 

Europe, the most famous physician, philosopher, astronomer and mathematician of the 

Muslims era has documented 760 herbal drugs in his book entitled ‘Qanun fi Al-Tibb’ (The 

Cannon of medicine) which was a genuine book of medicines and up to 17th Century AD. It 

served as a standard textbook in Europe. The great botanist and pharmacist of the Muslim 

world, Zia-ud-din ibn al-Baitar has reviewed up to 150 authors on medicinal plants in his 

book entitled ‘kitab al-jami fi al-adwiya al-mufrada’. ‘Kitab al-mughni fi al-adwiya al-

mufrada’ is another enormous treatise of Ibn al-Baitar in which he documented medicines 

according to therapeutic importance. Another well-known scientist of the Muslim era is Al-

Idrisi (1099-1166 AD), contributed significantly to the field of medicinal plants therapy and 

has documented his efforts in Kitab Al-Jami-ul-sifat Ashat Al-Nabatat.2 

 Different parts of the world such as China, Africa and South America have evolved 

different indigenous systems independently and many of them are still practiced by almost   

70 % population of the world, including Pakistan. 

It is a reality that contemporary medical science has nourished form medical science 

of Islamic civilization of Middle Ages which resulted in the flowering of medical technology, 

during the days of resurgence, in Europe. 

In the first decade of 19th century, morphine isolation from dried leaf of Papaver 

sominiferum L. (opium) by F.W. Serturner (1783-1810) opened a new prominent way for 

search of valuable herbal drugs from the plants. Later on Pelletier and Cavantou isolated 

papaverine, strychnine, quinine, nicotine and cocaine from natural sources. Pharmacological 

and physiological functions of these drugs diverted attention of people towards chemical 



5 
 

investigation of medicinal plants. Schiff in 1870 for the first time recognized the structure of 

coniine and thereafter it was synthesized by Ladenburg. These compounds due to their 

physiological role and complex chemistry are considered as the first of the typical pure 

natural chemical constituents isolated. Several important findings in the field of medicine can 

be accredited to the isolation of potent compounds from natural sources.6 

Even though plants have served from the early ages as basis for the treatment of many 

human diseases, it surprises that only two percent of all plant species have medicinal 

importance and are subjected to pharmaco-chemical investigations. In one of the report of 

WHO due the ready accessibility, cheapness and socio-cultural environment of the traditional 

medicines, more than half of the world population still dependents on these types of 

medicines.7-14  

In the early decades of 20th century, use of the chemotherapy and synthetic drugs such 

as salvarasan by Paul Ehrlich,15 greatly reduced the use of herbal drugs and increased the 

interest of people towards synthetic type of drugs. However with the isolation of antibiotics 

from natural source and the significance which some of the constituents of medicinal plants 

have gained for the treatment against of cardiovascular diseases and many types of cancer, 

there has been a considerable recovery of attention in the study of natural products. Natural 

products have fewer side effects as compared to synthetic drugs. The gradual accumulation of 

such knowledge in India led hakim Ajmal Khan to establish an Ayurvedic and Unani Tibbi 

College in 1920 at Delhi and Hamdard University, Karachi Pakistan by Hakim Saeed. These 

institutions deal physiologically active constituents of number of indigenous plants. 

All these findings provide a multidirectional broadening of the base which leads to the 

pharmacological studies directed towards synthesis of modeled drugs isolated from natural 

sources. In fact the study of natural products is now a day’s very much interdisciplinary field, 

embracing chemistry and other biological sciences. 
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Although not all traditional medicines are as useful as claimed, in spite of that they 

have provided us a vast field for investigation and development. It is often the active 

medicinal agents isolated from natural sources which are the starting materials of more active 

synthetic and semisynthetic drugs. The challenge which need to be accepted is to authenticate 

the clinical values of traditional prescribed medicines and to bridge the gap between 

traditional self-contained theories and the modern viewpoints and then to find active 

principles for medicinal uses. This task requires great effort, endurance and advanced 

scientific knowledge.  

Therefore all over the world, interest of people developed in the chemical and 

pharmacological evaluation of medicinal plants growing in tropical and sub-tropical regions. 

Due to these facts discussed above Centre for Phytomedicine and Medicinal Organic 

Chemistry has been established in Peshawar University which is well-equipped with 

sophisticated instruments for the isolation, characterization and pharmacological studies of 

bioactive constituents from medicinal plants.  

The work carried out for current doctoral dissertation in the outlook of the facts 

described above consists of isolation, structural elucidation, computational studies and 

biological screening of the chemical constituents of Cornus macrophylla Wall. (Part-A) and 

Grewia optiva Drummond ex Burret (Part-B). The introduction provides a review of earlier 

work done on the chemical constituents of Cornus and Grewia genera, their pharmacological 

significances and uses in indigenous medicines which is followed by a brief description of 

present work with reference to the isolation four known chemical constituents from C. 

macrophylla while three new and seven know compounds from G. optiva. All the known 

compounds are first time reported from these species. A brief description of biosynthesis of 

terpenoids, steroids and coumarins is also given.  
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2.0 Biosynthesis 
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2.1 Introduction 

Biosynthesis refers to a series of reactions taking place in living cells in which 

complex natural compounds are formed from simple substances by the progression of 

enzymes. The tentative aspects of certain natural processes are represented by biogenesis. 

All naturally occurring compounds has a variety of biogenetic pathways. The 

comprehensive studies of biosynthetic processes are handled by multidimensional specialists. 

Several procedures have been established by the use of isotopically labeled precursors of the 

natural biosynthetic compounds along with some biological incorporation. 

Photosynthesis plays basic role in biosynthesis in plants containing chlorophyll, 

photosynthetic bacteria and algae.16 The starting materials as well as chemical energy for 

biosynthesis is provided by photosynthetic products. The chemical structures of the major part 

of natural products are formed by distinctive series of enzyme-catalyzed reactions. These 

consistent metabolic processes form basis for biosynthetic classification. Therefore natural 

products formed by biosynthetic pathways are divided into primary and secondary 

metabolites.17  

Primary metabolites are building blocks of all living things. They are synthesized by 

general metabolic pathway, largely distributed in animals, plants and as well as in 

microorganisms. The whole series of processes through which living things synthesize and 

blow up these substances for their survival, represent primary metabolic process.18 

Secondary metabolites are formed from the primary metabolites through specific 

routs. These are mostly found in plants and microorganisms, frequently characteristics of 

specific genera, species or strains. These metabolites are essential for the survival of plant 

species during evolution. Hence they are not necessary for the subsistence of plant species, 

therefore they are called secondary metabolites.18  
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 2.1.1 Biosynthesis of triterpenoids (pentacyclic): 

It is a class of secondary metabolites occurs extensively both in plants and animals. 

They exist in free form as well as in conjugation sugar molecules. Animals are characterized 

with tetracyclic triterpenoids particularly lanosterol along with its derivatives while 

pentacyclic triterpenes are commonly found plants.  

A nonnumeric unit, called isoprene with five carbons, represented by symbol C5 

suggested precursor for terpenes biosynthesis. In general it consists of head to tail bonds along 

with additional bonds. Common biosynthetic pathways of terpenes are due to similarity in 

their structures.19 

Head Tail

 

Isoprene 

Depending on the numbers of nonnumeric units (C5), terpenes are classified into 

hemiterpenes (one C5 unit), monoterpenes (two C5 units), sesquiterpenes (three C5 units), 

diterpenes (four C5 units), sesterterpenes (five C5 units), triterpenes (six C5 units) and 

polyterpenes having more than eight isoprene units. 

Biosynthetic studies of terpenes include the structural features and source of the basic 

isoprenic units, the enzymatic courses of action by which the isoprene units united and the 

basic skeletons are formed. End of these studies involves series processes by which several 

functional groups are introduced and modified terpenic skeletons are synthesized. 

As a consequence, investigation of such biosynthetic processes has led to the 

formulation of a rule called ‘biogenetic isoprene rule’ which was planned by Ruziicka in 1953 

for the first time. It also elucidates the biogenesis of irregular terpenoids in such a way that 
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terpenoids are formed from basic C5 units but the primarily formed structure could be 

modified through enzymes so as to produce the irregular type of skeleton. After further 

studies and exploration, this rule was consecutively improved in order to cover the growing 

number of terpenoids.20  

Squalene is the preliminary material for triterpenoids and steroids biosynthesis, which 

is biosynthesized from a dihydroxy acid called mevalonic acid (MVA; 1) which is formed 

from acetyl coenzyme A (acetyl-CoA). Initially two molecules of acetylcoenzyme A by 

Claisen condensation changed to acetoacetyl coenzyme A, which through Aldol condensation 

is converted to 3-hydroxy-3-methylglutaryl co-enzyme A (HMG-CoA) which converts to 

mevalonic acid (1) by reaction with nicotinamide adenine dinucleotide phosphate (NADPH) 

by catalytic action of hydroxymethylglutaryl-CoA reductase enzyme (scheme-1).21,22 

Interconversion of mevalonolactone and mevalonic acid is catalyzed by a heat-labile 

-lactonase enzyme. Mevalonate is phosphorylated to 5-phosphomevalonic acid (1a) by the 

action of mevalonate kinase enzyme which is further phosphorylated to (R)-5-

diphosphomevalonic acid (1b) catalyzed by phosphomevalonate kinase enzyme. 1b 

undergoes decarboxylative elimination to produce a biological isoprene unit called iso-

pentenyldiphosphate or iso-pentenylpyrophosphate (IPP; 2) by the catalytic action of 

diphosphomevalonate decarboxylase enzyme. At the end IPP isomerizes to 

dimethylallyldiphosphate or dimethylallylpyrophosphate (DMAPP; 3) which is catalyzed by 

iso-pentenyldiphosphate Δ-isomerase enzyme.22,23   
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Scheme-1: Formation of IPP (2) and DMAPP (3).      
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 Coupling reaction between IPP (2) and DMAPP (3) produces geranyldiphosphate or 

geranylpyroposphate (GPP; 4) by the action of enzyme dimethylallyl trans-transferase. GPP 

(4) by coupling reaction with IPP gives farnesyldiphosphate or farnesylpyrophosphate (FPP; 

5) (Scheme-2).23-30  

Thus dimethylallylpyrophosphate (DMAPP; 3) acts as foundation stone upon which 

IPP units are added. As all the products obtained from each addition of each C5 unit have the 

same tail structure and reactivity as DMAPP (3), therefore such type of reactions are 

proceeding forward. 

During the coupling of IPP (2) with DMAPP (3), C-5 atom of GPP, undergoes 

inversion of configuration through SN2 mechanism. The configuration at C-4 and the 2,3 E-

double bond of the product geranyl ester are escorted by the retention of HC pro-R-H from C-

4 of mevalonic acid in IPP (2). A mechanism planned by Cornforth for coupling of DMAPP 

and IPP (isoprenyl units) which elucidates geranylpyroposphate chemistry Scheme-3).21  

 



13 
 

n=2: Geranyl geranylpyrophosphate (GGPP),  n=3: Geranyl farnesyl pyrophosphate (GFPP) 

 Scheme-2: Combination of isoprene units 
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Scheme-3: Coupling of isoprenyl units by Cornforth mechanism. 

 

Terpenes are derived from squalene (6) and phytoene which are produced by complex 

tail-to-tail dimerization processes of farnesylpyrophosphate (FPP; 5) and GFPP.19 Various 

types of triterpenes are formed through a series of cyclization processes by squalene (6). 

Initiation of cyclization process takes place with the formation of an inactive carbocation at 

the tertiary carbon of the end double bond of the polyisoprene chain that can be proceed 

forward either by oxidizing or non-oxidizing agents. By the action of oxidizing agent, cyclic 

compounds are formed with ring A bearing a hydroxyl or ketonic function at C-3. In this 
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process both the conversion of squalene into 2,3-epoxy squalene (7) followed by protonation 

and opening of the epoxy ring  through Markownikoff’s rule (route a); or initiated by oxene 

(route b) can take place. On the other hand non-oxidative cyclization process (route c) is 

initiated by protonation. Even though biosynthetic process of the main fundamental 

triterpenes frequently involves oxidative cyclization of squalene or 2,3-epoxy squalene 

(Scheme-4).  

Basic pentacyclic triterpenes that are originated from 2,3-epoxy squalene  can be 

obtained by intermingling cation (12) with the last double bond already in the molecule, so as 

to form a new non-classical cation (13). Cation (13) undergoes more transformations 

involving shifting of hydride ions and methyl groups at positions 14, 15 and 16, prior to the 

proton exclusion (Scheme-5 and 6).  
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Scheme-4: Oxidative and non-oxidative pathways for triterpenes biosynthesis. 
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Scheme-5: Taraxastanes and lupanes biosynthesis. 
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Scheme-6: Biosynthesis of selected pentacyclic triterpenes 
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Varieties of terpenoids given in literature undergo isomerization, dehydration, 

hydrolysis, oxidation and reduction etc. during or subsequent to their biosynthetic process. 

Such sort of reactions generally do not change the number of carbon atoms in a skeleton.31 

Lupeol is formed from dammarenyl cation that undergoes a series of Wagner–

Meerwein migrations (W-M). The reaction is ended up by the loss of proton. In the absence of 

these rearrangements, the dammarenyl cation quenches down with water and gives an 

epimeric dammarenediols. On the other hand, a six membered ring is produced for the 

formation of a cation called baccharenyl cation. By cyclization on to the double bond a 

pentacyclic ring system is formed, which generates a tertiary lupenyl cation, which is 

converted to lupeol by loss of proton. Expansion of ring in lupenyl cation through bond 

migration forms an oleanyl cation. It was proved from labeling studies that this ion is got free 

by hydride migrations and loss of a proton producing the extensively dispersed β-amyrin. 

Formation of α-amyrin first involves methyl group migration in the oleanyl cation, after that 

liberation of the new taraxasteryl cation through migrations of three hydride ions and loss of a 

proton. Proton loss from the non-migrated methyl in the taraxasteryl cation is an another 

means of attaining a neutral molecule that gives up taraxasterol (Scheme-7).32 



20 
 

HO
H

H

H

H

dammarenyl cation

+ H2O

HO
H

H

H

H

OH

dammarenediols

HO
H

H

H

W-M
1,2-alkyl
shif t

HO
H

H

H

HO
H

H

H

H
H

lupeol

-H

HO
H

H

HH
H

H

baccharenyl cation
lupenyl cation

W-M
1,2-alkyl
shif t

HO
H

H

H

H

W-M
1,2-methyl
shif t

HO
H

H

HH
H

H

H

HO
H

H

H

amyrin

HO
H

H

H

H

taraxasterol

HO
H

H

H

amyrin

oleanyl cation

W-M
1,2-hydride
shif t

oleanyl cation
-H

taraxasteryl cation

W-M
1,2-hydride
shif t

+

 

Scheme-7: Formation of amyrins and taraxasterol 



21 
 

2.1.2 Biosynthesis of steroids: 

Lanosterol and cycloartenol are the precursors in biosynthesis of natural steroids. All 

natural steroids have common initial steps of biosynthesis starting from acetic acid to 

lanosterol or cycloartenol through mevalonic acid (MVA) and squalene. It is evident from 

biosynthetic studies that animal’s steroids are originated from lanosterol, whereas 

cycloartenol acts as a forerunner of plant steroids.  

Cycloartenol as well as lanosterol are building up from a ‘chair-boat-chair-boat’ 

conformation of squalene oxide by transitory protosteryl cation which possesses this 

uniqueness in conformation. This cation experiences a sequence of Wagner-Meerwein 1,2-

shifts, first generation a new cation by migration of hydride ion and then  migrating the next 

hydride ion and methyl group so as to create lanosterol. In chemistry of plants, cycloartenol 

plays the role of lanosterol, having a cyclopropane ring which is generated by addition of 

carbon from the methyl at position-10. In case of cycloartenol, H-9 migrates to C-8 instead of 

being lost, and the carbocation so formed is followed by the formation cyclopropane ring and 

loss of proton from methyl group (Scheme-8).33 
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Scheme-8: Biosynthesis of cycloartenol and lanosterol 
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Sterols belong to a class of secondary metabolites having the stigmastane, cholestane 

or ergostane type skeletons. Stigmasterol is one of the common plants sterol, biosynthesized 

from cycloartenol as shown in scheme-9. Cyclopropane ring opening of cycloartenol perhaps 

takes place subsequent to the loss of the 4α-methyl group before the loss of the 14β-methyl 

group in similar way as in case of cholesterol biosynthesis. Sterols found in plants can also be 

biosynthesized through series changing in timing from the process shown in scheme-9. 

Therefore compounds like 24-norcycloartenol and stigmasta-8,14,(Z)-24 (28)-trien-3-ol were 

isolated from different tissues of plant.33 
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Scheme-9: Biosynthesis of citrostadienol, stigmasterol and β-sitosterol 
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 2.1.3 Coumarins: 

Coumarins belong to a class of compounds having 1,2-benzopyrone nucleus, found in 

higher plants biosynthesized through common phenylpropanoid pathway.34 Coumarins 

continue to obtain attention due to their strong bioactivities. Some naturally occurring 

coumarins were used as human therapeutics, while 4-hydroxycoumarins are well-known 

examples of microbial modification which gave rise to the first generation drugs developed 

along with aspirin and heparin as anticoagulants.35 Additional applications appear possible in 

the course of new developments in different therapeutic fields, such as symptomatic treatment 

of multiple sclerosis,36 photochemotherapy of T-cell lymphoma,37 organ transplants,38 or 

treatment of nicotine addiction somewhere.39 

Structure activity relationship (SAR) of coumarins has proved interesting biological 

results. Free –OH group in the coumarin nucleus impart anti-fungal and anti-bacterial 

activities to the coumarin class of compounds. Coumarins have also inhibitory effect against 

HIV.40 Collinin isolated from Zanthoxylum schinifolium has shown anti-HBV activity.41 

Daphnetin isolated from daphne while dentatin isolated from Clausem harmandiana showed 

anti-microbial activities.42 Management of psoralens followed by irradiation with ultraviolet 

radiation in 320-400 nm range is now a day’s extensively used in case of psoriasis.43,44 

 

2.1.4 Biosynthesis of coumarins:      

 Shikimic acid (23) is the precursor of coumarins biosynthesis. An enzyme O-

hydroxylating cinnamate plays major role in coumarins biosynthesis.45 In shikimic pathway 

chorismic acid (25) is formed through a series of reactions. Chorismic acid (25) and shikimic 

acid (23) biosynthesis starts by the condensation of D-erythrose-4-phosphate (18) and 

phosphpenolpyruvic acid (PEP) (19) to form 3-deoxy-D-arabinioheptulosonic acid-7-

phosphate (20) through the catalytic action of enzyme DAHP synthetase (Scheme-10). 
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Methylene group of PEP (19) acts as a nucleophile in a resoluted mechanism accompanied 

with hydrolytic cleavage of the bond between enolic oxygen and phosphoric acid. Chiral 

centers of intermediate 21 is formed from stereospecific enzyme controlled steps a to c which 

involve reaction of sp2 prochiral carbon atoms with specific absolute configuration. 

Dehydration and reduction of carbonyl functional group of compound 21 go ahead to the 

formation of shikimic acid (23) by the loss of the C-1 asymmetric centre of dihydroquinic 

acid (22) and formation of a new chiral centre by the stereospecific reduction of the 

corresponding carbonyl function. Shikimic acid (23) is phosphorylated, and subsequently 

reacts with phosphoenolpyruvate which provides a 3-carbon chain. This reaction is pursued 

by 1,4-elimination of the elements of phosphoric acid and resulted in biosynthesis of 

chorismic acid (25). 
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                                 Scheme-10: Biosynthesis of coumarins via Shikimic pathway 

 

Through Claisen rearrangement chorismic acid (25) is changed into the prephenic acid 

(26). Decarboxylation of prephenic acid (26) followed by reductive amination led to the 

formation of L-phenylalanine (28) which is converted to cis-cinnamic acid (30) and trans-

cinnamic acid (31) through enzyme phenylalanine ammonia-lyase. 
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Cinnamic acid is a starting material in coumarins biosynthesis. Depends on the 

structure coumarins are classified into simple coumarins, phenyl coumarins, furanocoumarins, 

and pyranocoumarins. Here only biosynthesis of simple coumarins and furanocoumarins is 

illustrated. 

 

2.1.5 Simple coumarins 

This class of coumarins possesses only benzopyrone nucleus with no addition ring to 

the entire carbon. These types of coumarins can be sub-divided into two groups. One having 

oxygenated substituent at C-7, like umbilliferone (40) and herniarin (45) while the other 

group in which oxygenated substituent at C-7 is absent such as coumarin (35). Those 

biosynthetic pathways that lead to the formation of coumarins were collaborated by Brown46 

through the use of tracer experiments. Isomerisation of trans-glucoside to cis-glucoside is a 

stage that is common in the biosynthesis of all coumarins originated plant sources. Simplest 

coumarin nucleus (35) biosynthesis has been explored in Milieotus alba and Heirochloe 

odorata and the results are in complete agreement with the reaction series (a)-(d) as described 

in scheme-11. 
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Scheme-11: Biosynthetic pathway of coumarin (35) 

 

It was showed in Lavandula officinalis by tracer experiments that phenyl alanine, 

glucose and cinnamic acid are capably integrated in both coumarin (35) and herniarin (45) 

biosynthesis. Both o-coumaric acid (32) and o-coumaryl glucoside (33) are selectively 

changed into coumarin (35) as shown in scheme-11. p-Coumaric acid along with 2-

glucosyloxy-4-methoxy cinamic acid (36) leads to the formation of umbilliferone (40) and 

herniarin (45) (Schemes-12). It is searched out that in the integral cell  herniarin (45) is 

mainly present as a glycoside, most probably the cis-2β-glycoside the time at which 

methylation takes has not been resoluted with assurance.47 Biosynthesis studies of 

umbilliferone (40) gave equivalent consequences.46  
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                           Scheme-12: Biosynthetic pathway of umbilliferone (40) and herniarin (45) 

 

2.1.6 Biosynthesis of furanocoumarins  

Long time ago it was found that umbilliferone is a precursor rather than coumarin in 

furanocoumarins biosynthesis.48 First of umbilliferone is prenylated at 6-position, in case 

linear furanocoumarins to yield demethylsuberosin. In case of angular furanocoumarins, 

umbilliferone is prenylated at 8-position to yield osthenol (Scheme-13). Demethylsuberosin 
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and osthenol in a series of reactions through enzymatic activities lead to the formation of 

isopimpinellin and pimpinellin respectively.49 

 

Scheme-13: Biosynthetic route of furanocoumarins 
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3.0 Phytochemistry and bioactivities of Cornus 

macrophylla Wall. 
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3.1 Literature review of Genus Cornus 

3.1.1 Plant introduction: 

Genus Cornus belongs to the family Cornaceae, comprised of 55 species, and 

dispersed in the temperate region. Three species C. macrophylla, C. capitata and C. oblonga 

are found in Pakistan. Cornus species are widely characterized by shining pretty colorful 

flowers and fruits,  generally grown as ornamental plants.50  

C. macrophylla is a medium sized tree, 12-15 m tall. Leaves are 7-15 cm long, 3.4-9 

cm broad, ovate, pubescent, hairs are modified; apex is acuminate, petioles are 1.5-4 cm long. 

Flowers are in terminal branched cymes. Pedicels and peduncles are slightly hairy. Calyx 

toothed, hairy, persistent. Petals are oblong and pubescent on the outer surface. Anther 

filaments are longer than petals. Styles are swollen at the top. Fruit is globular. Flowering 

period extended from April to June. It is distributed from 1500 m to 2700 m in Japan, China, 

Afghanistan, Himalayas in Pakistan and India. It is a fairly common tree in Pakistan.51  

 

3.1.2 Chemical constituents of Genus Cornus: 

The earliest evidence regarding phytochemical studies on the genus Cornus trace back  

to 1960 when Nair and Rudolf carried out chemical examination of C. stolonifera and 

reported hyperin from its stem bark.52 

Du & Francis in 1973 isolated and characterized anthocyanins, delphinidin-3-

galactoside, cyanidin-3-galactoside, cyanidin-3-rhamnosylgalactoside, pelargonidin-3-

rhamnosylgalactoside and pelargonidin-3-galactoside from C. mas.53 

In the same year Jensen and his co-workers isolated dihydrocornin and cornin from the 

leaves of C. nuttallii and C. florida.54 
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In 1984, cornusiin A (dimeric ellagitannin) along with cornusiin B and five other 

compounds from C. officinalis  were characterized as 1,2,6-tri-O-galloyl-β-D-glucose, 1,2,3-

tri-O-galloyl-β-D-glucose, 1,2,3,6-tetra-O-galloyl-β-D-glucose, digalloylglucose and gemin D 

by Takuo Okuda, et al.55  

In 1988 Chikaon Ishino and his research group isolated halleridone, a cytotoxic 

compound from C. controversa.56 

In 1989 Hanato, et al., isolated cornusiin A-C, tellimagranin I-II, isoterchebin, gemin 

D, 1,2,3-tri-O-galloyl-β-D-glucose, 1,2,6,-tri-O-galloyl-β-D-glucose, 2,3,-di-O-galloyl-D-

glucose, 1,2,3,6-tetra-O-galloyl-β-D-glucose were isolated from the fruits of C. officinalis and 

characterized by chemical and spectroscopic data.57 

In the same year Hanato, et al., isolated cornusiin D-F, camptothin A-B from the fruits 

of C. officinalis, while camptothin A and B had previously been isolated from Camptotheca 

acuminate.58 

Lee, et al., in 1989 isolated and characterized 1,7-di-O-gallloyl-D-sedoheptulose from  

the leaves of C. officinalis.59  

In 1990 Hanato, et al., isolated two compounds; cornoside and cornusiin G from C. 

officinalis fruits. Their structures were resoluted to be 7-O-galloylsecologanol and dimeric 

hydrolysable tannin consist of tellimagranin II and 1,2,3,6-tetra-O-galloyl-β-D-glucose 

respectively.60 

Slimestad and Andersen in 1998 isolated four anthocyanins from the fruits of C. 

suecica, through combination of chromatographic techniques. Their structures were 

determined by means of chemical degradation, chromatographic and spectroscopic techniques 

as cyanidin 3-O-β-(2'-glucopyranosyl-O-β-galactopyranoside, cyanidin 3-O-β-(2'-

glucopyranosyl-O-β-gluco-pyranoside), cyanidin 3-glucoside and cyanidin 3-galactoside.61 
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Subsequently Kim and Kwak isolated dimethyltetrahydrofuran cis-2,5-dicarboxylate, a 

furan derivative from the fruits of C. officinalis. It was isolated for the first time from natural 

source.62 

Stermitz and Krull in 1998, studied iridoid glycosides of C. canadensis and compared 

with some other Cornus species. C. canadensis was found to contain geniposide, 

monotropein, scandoside, galioside, and scandoside methyl ester. Leaves of C. nuttallii 

yielded cornin and hastatoside. C. florida resulted in the isolation of dihydrocornin. Cornoside 

and halleridone were isolated and characterized from C. stolonifera leaves.63  

In 2000 Dongho Lee and his co-workers isolated and characterized phenolic 

constituents from the leaves of C. controversa as  (-)-2,3-digalloyl-4-(E)-caffeoyl-L-threonic 

acid,   (-)-2-galloyl-4-(E)-caffeoyl-L-threonic acid, (-)-4-(E)-cafeoyl-L-threonic acid and 

kaempferol 3-O-α-L-rhamnoside by the use of spectroscopic techniques.64 

In 2001 Tanaka, et al., isolated iridoid glucosides, 6α-dihydrocornic acid and 6β-

dihydrocornic acid and an ellagic acid derivative, 3,3'-di-O-methylellagic acid 4-(5''-acetyl)-α-

l-arabinofuranoside along with three related compounds; stenophyllin H1, dihydrocornin and 

cornin from C. capitata adventitious roots culture.65 

Seeram et al., in 2002 isolated and characterized a mixture of anthocyanins; 

delphinidin-3-O-galactoside, pelargonidin-3-O-galactoside and cyanidin-3-O-galactoside 

from  C. mas fruits.66 

Subsequently the same group quantitatively studied anthocyanins in fruits of several 

Cornus species. From C. mas delphinidin-3-O-β-galactopyranoside, cyanidin-3-O-β-

galactopyranoside and pelargonidin-3-O-β-galactopyranoside type anthocyanins were isolated 

and characterized. C. officinalis and C. controversa contains anthocyanins similar to C. mas. 

However C. kousa, did not contain these anthocyanins.66 
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In 2003 Tanaka and his co-workers studied antioxidative capability of crude extracts 

and pure constituents of C. capitata adventitious roots and led to the isolation of six 

antioxidative compounds. All these compounds were identified and characterized by modern 

spectroscopic techniques as 1,2,3,6-tetra-O-galloyl-β-D-glucose, 1,2,3,4,6-penta-O-galloyl-β-

D-glucose, 3,3'-di-O-methylellagic acid, 4-(5''acetyl)-α-arabinofuranoside, stenophyllin H-1, 

dihydrocornin and cornin.67 

Vareed, et al., in 2006 quantitatively studied anthocyanins of C. alternifolia, C. 

controversa, C. kousa and C. florida and characterized through spectroscopic methods. 

Among these species C. controversa and C. alternifolia were found to contain delphinidin-3-

O-rutinoside, delphinidin-3-O-glucoside and cyanidin-3-O-glucoside. Similarly, C. florida 

and C. kousa showed similar anthocyanins profile with major anthocyanins as cyanidin-3-O-

glucoside and cyanidin-3-O-galactoside respectively. Delphinidin-3-O-rutinoside and 

delphinidin-3-O-glucoside were studied for their inhibition of lipid peroxidation, 

cycloxygenase enzymes (COX-1 and COX-2) and tumour cell proliferation.68 

In 2007 Dae-Young Lee and his research group isolated four flavonoids, kaempferol, 

astragalin, hyperin and isoquercitin from the fruits of C. kousa.69 

Tural & Koca in 2008 reported three major anthocyanins, cyanidin 3-O-rutinoside, 

cyanidin 3-O-glucoside, and pelargonidin 3-O-glucoside from C. mas.70 

In 2008 Dae-Young Lee and his group isolated and characterized a lignan glycoside, 

(7'S,8'R)-dihydrodehydroconiferyl alcohol-4'-O-β-D-xylopyranoside along with its aglycone, 

(7'S,8'R)-dihydrodehydroconiferyl alcohol and lignan with related skeleton (-)-balanophonin 

from C. kausa.71 

Pawlowska et al., in 2010 studied phytochemically the methanolic fruits extract of C. 

mas and isolated and characterized flavonoids; quercetin-3-O-xyloside, quercetin-3-O-

rhamnoside, quercetin-3-O-rutinoside, quercetin-3-O-galactoside, quercetin-3-O-glucoside, 
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quercetin-3-O-glucuronide, kaempferol-3-O-galactoside and aromadendrin-7-O-glucoside. 

Furthermore three major compounds were also isolated and characterized as pelargonidin-3-

O-glucoside, pelargonidin-3-O-rutinoside and cyaniding-3-O-galactoside.72 

Subsequently Dae-Young Lee and his co-workers isolated cytotoxic triterpenoids from 

the fruits of C. kausa which were identified as ursolic acid, lupeol, taraxasterol, betulinic acid, 

betulinic aldehyde, ursolic aldehyde, arjunolic acid, tormentic acid, asiatic acid and 19-

hydroxyasiatic acid.73 

Most recently Kim et al., isolated and characterized fourteen tirucallane triterpenoids, 

cornusalterins A-L, deoxyflindissone and (-)-leucophyllone from C. walteri.73a 

The compounds reported from Genus Cornus are presented in Table-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



38 
 

Table-1: Chemical constituents of the Genus Cornus 

 

S.No. Compounds Molecular 

Formula 

Species 

1 Hyperin C30H50O C. stolonifera52 

  

2 Delphinidin-3-galactoside C21H21ClO12 C. mas53   

3 Cyanidin-3-galactoside C21H21ClO11 C. mas53 

4 Cyanidin-3-rhamnosylgalactoside  C27H36ClO15 C. mas53 

5 Pelargonidin-3-galactoside C21H21ClO10 C. mas53 

6 Pelargonidin-3-rhamnosylgalactoside C27H31ClO14 C. mas53 

7 Dihydrocornin  C12H10N2O C. nuttallii, C. florida,  

C. capitata, C. stolonifera54,63 

8 Cornin C29H50O  C. nattullii, C. florida,  

C. capitata54,63,67 

9 Cornusiin A C68H50O44 C. officinalis55,57 

10 Cornusiin B C48H30O30 C. officinalis55,57 

11 1,2,3-Tri-O-galloyl-β-D-glucose C27H24O18 C. officinalis55,57 

12 1,2,6-Tri-O-galloyl-β-D-glucose C27H24O18 C. officinalis55,57 

13 1,2,3,6 -Tetra-O-galloyl-β-D-glucose  C34H28O22 C. officinalis55,57 

14 Gemin D C27H22O18 C. officinalis55 

15 Halleridone C6H10O6 C. canadensis, C. officinalis,  

C. controversa56,63 

16 Cornusiin C C102H47O66 C. officinalis57 

18 Cornusiin D C75H54O48 C. officinalis57 

19 Cornusiin E C82H58O52 C. officinalis57 

20 Cornusiin F C95H70O62 C. officinalis57 

21 Cornoside C21H20O10 C. stolonifera63 

22 Cyanidin-3-O-β-(2'-glucopyranosyl-O-β-

glucopyranoside  

C30H52O2 C. suecica61 

23 Cyanidin-3-glucoside  C21H21O11Cl C. suecica61 
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24 Cyanidin-3-O-β-(2'-glucopyranosyl-O-β-

galactopyranoside 

C21H24O8 C. suecica61 

25 Dimethyltetrahydrofuran cis-2,5 dicarboxy- 

late 

C8H10O5 C. officinalis62 

26 Geniposide C17H24O10 C. canadensis63 

27 Monotropein C16H22O11 C. canadensis63 

28 Scandoside C16H22O11 C. canadensis63 

29 Galioside C17H24O11 C. canadensis63 

30 Scandoside methyl ester C17H24O11 C. canadensis63 

31 Hastatoside C21H42O2 C. canadensis63 

32 (-)-2,3-Digalloyl-4-(E)-caffeoyl-L-threonic 

acid  

C27H22O16 C. controversa64   

33 (-)-2-Galloyl-4-(E)-caffeoyl-L-threonic acid  C20H18O13 C. controversa64   

34 (-)-4-(E)-Cafeoyl-L-threonic acid   C13H14O7 C. controversa64   

35 Kaempferol 3-O-α-L-rhamnoside C21H20O11 C. controversa64   

36 3,3'-Di-O-methylellagic acid 4-(5''-acetyl)-

α-l-arabinofuranoside 

C16H24O10 C. capitata65,67 

37 6α-Dihydrocornic acid  C16H24O10 C. capitata65,67 

38 6β-Dihydrocornic acid C16H24O10 C. capitata65,67 

39 Stenophyllin H-1 C21H20O12 C. capitata65,67 

40 Delphinidin-3-O-galactoside C21H21O11Cl C. mas66 

41 Cyanidin-3-O-galactoside  C21H21O11Cl C. mas66 

42 Pelargonidin-3-O-galactoside C21H21O10Cl C. mas66 

43 Delphinidin-3-O-β-galactopyranoside  C21H21O11Cl C. mas66 

44 Cyanidin-3-O-β-galactopyranoside  C21H21O11Cl C. mas66 

45 Pelargonidin-3-O-β-galactopyranoside C21H21O10Cl C. mas66 

46 1,2,3,4,6-Penta-O-galloyl-β-D-glucose C41H31O26 C. capitata67 

47 Kaempferol C15H10O6 C. kousa69 

48 Astragalin C21H20O11 C. kousa69 

49 Isoquercitin C21H20O11 C. kousa69 

50 Lupeol C30H50O C. kousa73 
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51 Taraxasterol  C30H50O C. kousa73 

52 Betulinic acid C30H48O3 C. kousa73 

53 Betulinic aldehyde C30H48O2 C. kousa73 

54 Ursolic aldehyde C30H48O2 C. kousa73 

55 Arjunolic acid C30H48O5 C. kousa73 

56 Tormentic acid C30H48O5 C. kousa73 

57 Asiatic acid C30H48O5 C. kousa73 

58 19-Hydroxyasiatic acid  C29H48O2 C. kousa73 

59 Cornusalterins A C31H52O2 C. walteri73a 

60 Cornusalterins B C31H52O2 C. walteri73a 

61 Cornusalterins C C31H54O2 C. walteri73a 

62 Cornusalterins D  C30H46O C. walteri73a 

63 Cornusalterins E C30H48O C. walteri73a 

64 Cornusalterins F C30H48O C. walteri73a 

65 Cornusalterins G C31H50O2 C. walteri73a 

66 Cornusalterins H C31H50O2 C. walteri73a 

67 Cornusalterins I C31H48O2 C. walteri73a 

68 Cornusalterins J C31H52O2 C. walteri73a 

69 Cornusalterins K C30H50O2 C. walteri73a 

70 Cornusalterins L C30H46O2 C. walteri73a 

71 Deoxyflindissone C30H46O2 C. walteri73a 

72 (-)-Leucophyllone C31H51O2 C. walteri73a 
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3.1.3 Structures of some compounds reported from Genus Cornus: 
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(-)-2-Galloyl-4-(E)-caffeoyl-L-threonic acid64 



42 
 

 

 

1,2,3,4,6-Penta-O-galloyl-β-D-glucose67 
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1,2,6-Tri-O-galloyl-β-D-glucose55,57                     Arjunolic acid73                                             
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Tormentic acid73                                         Asiatic acid73                                                  

            

Taraxasterol73                                               19-Hydroxyasiatic acid73 
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3.1.4 Medicinal and  pharmacological properties of 

Genus Cornus 
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Several reports have documented about the use of plants of the Genus Cornus in 

traditional medicine and in preservation of food.75 C. officinalis is one of a broadly grown 

Cornus specie used in Chinese herbal medication and were famous as analgesic, tonic and 

diuretic agents.76 Fruits of many Cornus species were used for improving functions of liver 

and kidney.77 Anti-allergic, anti-bacterial, anti-histamine, anti-microbial and anti-malarial 

activities of many species of Cornus are also reported in literature.78,79     

Fruits of many Cornus species were investigated for their anthocyanin contents. 

Anthocyanins is a class of phenolic compounds that give brilliant colours to several fruits and 

vegetables and have anti-inflammatory, antioxidant, anticancer and anti-diabetic activities.80-83 

Therefore food industry is interested in fruits and vegetables having major amount of 

bioactive anthocyanins for manufacturing supplements of therapeutic uses. In Korea and 

China C. controversa was used as an astringent and a tonic.84 The anti-microbial activities of 

some members of family Cornaceae have been reported.  It has been reported that ethanolic 

extract of C. mas showed significant activities against Pseudomonas aeruginosa, Proteus 

vulgaris and Micrococcus luteus.85 C. officinalis is used in traditional medicine and is well 

recognized for its tonic, analgesic and diuretic activities.62 The stones of the fruits are also 

reported to have antioxidant properties86. Tannins, galloylated glycosides, gallotannins, 

organic acids, and furan derivatives have been reported from fruits of this plant.55,59 C. 

controversa has recently been reported to contain phenolic compounds in its leaves.64 The 

fruits of C. kousa (Chinese dogwood) are attractive and edible and are fermented to wine in 

some parts of China where this plant is grown.87 The fruits of this plant were employed as a 

haemostatic agent and for the curing of diarrhea in Korean traditional medicine. Immuno-

regulatory property of fruits-extract of C. kousa has also been reported.88,89  

The Genus Cornus is famous for tannins particularly hydrolysable tannins,55,57-60 and 

iridoid compounds.63,90-93 Tannins and related compounds were reported to have anti-
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oxidative, anti-microbial,94 anti-cancer,95 and anti-HIV activities.96 It has also been reported 

that terpenoids of isolated from  C. kausa fruits exhibited cytotoxic activity.73 C. kousa is 

extremely challenging to pests and diseases.68 
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3.2   Results and discussion 
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3.2.1 Present work 

In the view of medicinal and biological importance accredited to C. macrophylla 

Wall., chemical exploration of stem bark was carried out which resulted in the isolation and 

characterization of four known compounds, hitherto unreported this plant. 

Stem bark (12 kg) of C. macrophylla was extracted with ethanol (x3) at room 

temperature and screened out phytochemically and biologically. Phytochemical screening of 

the stem bark revealed the presence of secondary metabolites such as alkaloids, steroids, 

terpenoids, flavonoids, reducing sugars and tannins. The ethyl acetate fraction and crude 

extract showed the presence of alkaloids, terpenoids, tannins and reducing sugars, while n-

hexane, chloroform and ethyl acetate fractions revealed the existence of terpenoids, steroids, 

flavonoids, tannins and reducing sugars. The weight percentage yield was calculated which 

showed that ethyl acetate fraction contains a greater proportion by mass of the component 

compounds (Table-2). Phytochemical screening was carried out using conventional natural 

products identification tests which indicated the presence of different phytoconstituents 

(Table-3). 

Based on the nature of constituents, crude ethanolic extract was fractionated into 

several fractions through different types of solvents and different chromatographic techniques 

(vide experimental part; Scheme-14) which led to isolation and characterization of four 

constituents, two ellagic acid derivative, 3',4',5'-O-trimethyl-3,4-methylenedioxy ellagic acid  

(46), 3'-O-methyl-3,4-methylenedioxy ellagic acid (49) and two triterpenes betulin (47) and 

betulinic acid (48). 

The structure of the compound has been elucidated by modern spectroscopic 

techniques including UV, IR, Mass, 1D (1H- and 13C-NMR) and 2D NMR techniques like J-

Resolved, COSY-45o, NOESY, HSQC and HMBC. All these compounds were recognized 
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through comparison of their spectral data with those reported in the literature as well as 

through 1D and 2D NMR spectral data.  

Structure based virtual screening of 3',4',5'-O-trimethyl-3,4-methylenedioxy ellagic 

acid  (46) indicated its anti-inflammatory potential which was validated experimentally by 

carrying out in vitro lipoxygenase inhibitory and human neutrophil respiratory burst assays.  

 

Table-2: Weight and percentage yield of the crude extract and fractions of C. macrophylla  

Extract/Fractions                       Weight (g)                                     Percentage yield 

Crude extract                                43.60                                                   12.82 

n-Hexane fraction                0.08                                                     0.18                                         

Chloroform fraction            1.50                                                     3.44 

Ethyl acetate fraction              0.85                                                     1.95   

Note: Weight and percent yield are no the basis of small quantity of plant taken 

Table-3: Phytochemical screening of C. macrophylla  

S.No

. 

Chemical 

components 

n-hexane 

fraction 

CHCl3 

fraction 

EtOAc 

fraction 

Crude    extract 

1 Alkaloids – – + + 

2 Terpenoids + + + + 

3 Flavonoids – + + – 

4 Anthraquinones – – – – 

5 Tannins – – + + 

6 Plobotanins – – – – 

7 Saponins – – – – 

8 Glycoside – – – – 

9 Reducing sugars – + + + 

10 steroids + + – – 

   Key:  – = absent, + = present 
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3.2.2 New source compounds isolated from C. macrophylla  

3.2.2.1  3',4',5'-O-Trimethyl-3,4-methylenedioxy ellagic acid  (46): 

 

 
 

3.2.2.2   3β, 28-Dihydroxylup-20(29)-ene (betulin; 47) 

 

3.2.2.3   3-Hydroxylup-20(29)-ene-28-oic acid (betulinic acid; 48) 
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3.2.3.4    3'-O-Methyl-3,4-methylenedioxy ellagic acid (49) 
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3.2.2.1  3',4',5'-O-Trimethyl-3,4-methylenedioxy ellagic acid  (46): 

 

O

O

O
O

OCH3

H3CO

O

O

3a

1

2
3

4

5
6

7

1'

2'

3'
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HO

H

H

 
  Molecular formula of 3',4',5'-O-trimethyl-3,4-methylenedioxy ellagic acid  (46) was 

determined by EIHRMS, which illustrated a peak at m/z 372.0481 for molecular ion (calcd. 

372.2914 for C18H12O9) corresponding to the molecular formula C18H12O9  which was 

supported by 1H-, 13C-, and DEPT NMR data. IR spectrum of 46 showed characteristic 

absorption bands at 2910 for CH stretching aliphatic and ester carbonyl groups at 1739 cm-1. Its 

specific rotation was [α]8
D 0 (c 4×10-4, CHCl3) which is too low to determine the rotation. The 

UV spectrum displayed a maximum at 252 nm (ε 1.14×106). The functionalities indicated by 

the IR and UV spectra were confirmed through 1H- and 13C-NMR data as well as the proton–

proton and proton–carbon connectivity indicated by COSY, HSQC and HMBC spectra. 

13C-NMR spectrum of compound 46 was measured in CDCl3 and the spectrum was 

consistent with a non-symmetrical ellagic acid group having three OCH3 substituents at C-3', 

C-4' and C-5' and strange methylene group with δC 103.9 and δH 6.22, corresponding to the 

bridging –O-CH2-O- moiety.97 From 1D and 2D spectra of the isolated compound 46 the 

existence of three methyls, one methylene, one methine and thirteen quaternary carbons were 

evident. Total assignments were made by HSQC and HMBC spectra (Figure-1 and Table-4). 

1H-NMR spectrum (Table-4) showed resonance at δH 6.22 (s, 2H), which showed 

connectivity with carbon signal at δC 103.9 in HSQC, assigned to methylenedioxy carbon C-

3a. In HMBC experiment these methylene protons signal showed correlation with carbon 
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signals appearing at δC 138.5 and δC 151.0 which were allocated to C-3 and C-4. Aromatic 

signal at δH 7.53 showed connectivity with C-5 in HSQC experiment. In HMBC long range 

correlations experiment this signal showed correlation with carbon resonance appearing at δC 

116.0, δC 132.0, δC 138.5, δC 151.0, δC 112.0 and δC 159.0. These chemical shift values were 

allocated to C-1, C-2, C-3, C-4, C-6 and C-7 correspondingly. In addition, signals were 

present at δC 159.0 (C-7'), 138.9 (C-2'), 116.1 (C-1') and δC 112.1 (C-6'). High field signals at 

δH 3.96, 3.94 and 4.20 were assigned to OCH3 protons, each OCH3 group. In HMBC 

experiment, protons resonating at δH 3.96 showed correlation with carbon signal at δC 153.6, 

the resonance at δH 3.94 showed correlation with carbon chemical shifts at δC 149.1 and a 

high field signal resonating at δH 4.20 showed HMBC long range correlation with carbon 

signal at δC 148.2. These were assigned to C-3', C-4' and C-5' through comparison of the data 

with similar partial structures in literature.97 The structure was authenticated by different 

mass fragment ions observed in the EIMS spectrum at m/z 372 [M]+, 357 (M+-CH3; 

C18H9O9), 342 (M+-CH2O; C17H10O8), 246 (M+-C5H2O4, C13H10O5) (Figure-2) 

Based on these spectral and reported data in the literature,97a the isolated compound 46 

was characterized as 3',4',5' O-trimethyl-3,4-methylenedioxy ellagic acid. 

 

 

 

Figure-1: Selected HMBC correlations observed for 3',4',5'-O-trimethyl-3,4-

methylenedioxy ellagic acid  (46): 
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Figure-2: Selected mass fragmentation of (46) 

Table-4: 1H- (500 MHz) and 13C- (125 MHz) NMR data of 3',4',5'-O-trimethyl-3,4-

methylenedioxy ellagic acid  (46) 

No. C δH Multiplicity (J in Hz) δC Type C

 

HMBC correlations 

1 -- -- 116.0 C -- 

2 -- -- 132.0 C -- 

3 -- -- 138.5 C -- 

4 -- -- 151.0 C -- 

5 7.53 s 104.8 CH C-1, C-6, C-2, C-3, C-7, C-4 

6 -- -- 112.0 C -- 

7 -- -- 159.0 C -- 

3a 6.22 s 103.9 CH2 C-4, C-3  

1' -- -- 116.1 C -- 

2' -- -- 138.9 C -- 

3' -- -- 153.6 C -- 

4' -- -- 149.1 C -- 

5' -- -- 148.2 C -- 

6' -- -- 112.1 C -- 

7' -- -- 159.0 C -- 

3'-OCH3 3.96 s   62.0 CH3 C-3' 

4'-OCH3 3.94 s   62.0 CH3 C-4'  

5'-OCH3 4.20 s   62.3 CH3 C-5' 

 



57 
 

3.2.2.2   3β, 28-Dihydroxylup-20(29)-ene (47): 

Compound (47) was isolated in colourless powder form. EIMS spectrum indicated a 

molecular ion peak at m/z 442 matching to molecular formula, C30H50O2 (calcd. 442.7858 for 

C30H50O2). IR spectrum pointed out distinctive absorption bands caused by hydroxyl group at 

3400 and olefinic carbons at 1603 cm-1 

1H- and 13C-NMR spectral data (Table-5) of the 47 were allocated by comparing with 

the values reported for 3β,28-dihydroxylup-20(29)-ene.98  

13C-NMR (BB and DEPT experiments) designated thirty carbon resonances including 

six methyls, twelve methylenes, six methines and six quaternary carbon atoms. Carbon signals 

appearing at δC 150.4 and δC 109.7 were characteristics peaks for betulin type of skeleton, 

allocated to C-20 and C-29 respectively. Deshielded resonance at δC 78.9 due to oxygenated 

substituent was attributed to C-3. The up field carbon resonances ranging from δC 60.7 to 14.7 

were attributed to the remaining carbon atoms in betulin (Table-5). 

Two olefinic protons at δH 4.66 (H-29a, s) and at 4.56 (H-29b, s) were shown by 1H-

NMR spectrum. Single proton broad doublet at δH 3.18 (br. d, J = 3.6 Hz) and a multiplet at 

δH 2.39 were attributed to H-3 and H-19 correspondingly. High field signals resonating at δH 

1.83, 1.00, 0.96, 0.94, 0.80, and 0.74 were assigned to H-30, 27, 26, 23, 24, and 25 

respectively. The spectral data of 47 (IR, UV, 1H-, 13C-NMR and mass spectrum) was in 

concurrence with the reported values for 2β,28-dihydroxylup20(29)-ene).98 
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3β, 28-dihydroxylup-20(29)-ene (betulin; 47) 

Table-5: 1H- (300 MHz) and 13C- (75 MHz) NMR data of betulin (47) 

 

No. C δH Multiplicity (J in Hz) δC Type C 

1 1.43 M  38.8 CH2 

2 1.62 M  20.8  CH2 

3 3.18  br. d, 3.6  78.9 CH 

4 - -  38.7  C 

5 1.40 m  55.5 CH 

6 1.51 m  18.3 CH2 

7 1.48 m  33.9 CH2 

8 - -  40.9  C 

9 1.37 m  55.3 CH 

10 - -  37.3  C 

11 1.47 m  27.4  CH2 

12 1.55 m  25.2  CH2 

13 1.40 m  37.3 CH 

14 - -  42.7  C 

15 1.58 m  27.0  CH2 

16 1.35 m  29.3 CH2 

17 - -  46.4  C 

18 1.72 m  50.4 CH 

19 2.39  m  48.7 CH  

20 - - 150.4   C 
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21 1.56 m  29.7 CH2 

22 1.54 m  34.0 CH2 

23 0.94 s  27.9  CH3 

24 0.80 s  15.9 CH3 

25 0.74 s  16.1 CH3 

26 0.96 s  15.3 CH3 

27 1.00 s  14.7 CH3 

28 3.32 m  60.7 CH2 

29a/29b 4.66/4.56 s 109.7 CH2 

30 1.83 s  19.3  CH3 
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3.2.2.3   3-Hydroxylup-20(29)-ene-28-oic acid (48): 

 

Betulinic acid (48) was afforded in white amorphous powder form from ethyl acetate 

fraction of C. macrophylla stem bark crude extract. Molecular ion peak at m/z 456 

corresponding to molecular formula C30H48O3 was pointed out by EIMS experiment (calcd. 

456.6793 for C30H48O3). IR spectrum show absorption bands at 3500, 1700 and 1625 cm-1 

corresponding to hydroxyl group, carbonyl carbon of carboxylic acid and C=C olefinic 

respectively. The UV spectrum displayed a maximum at 195 nm. 1H- and 13C-NMR 

spectroscopic data (Table-6) of the betulinic acid were attributed on the basis of reported 

values for 3-hydroxylup-20(29)-ene-28-oic acid.99,100  

13C-NMR (BB and DEPT experiments) indicated thirty carbon signals with six 

methyls, twelve methylenes, six methines and six quaternary carbon atoms. The resonances at 

δC 180.3, 150.4 and 109.6 were recognized as distinctive peaks for the betulinic acidic type of 

nucleus, allocated to C-28, C-20 and C-29 respectively. Deshielded chemical shift at δC 79.0 

due to oxygenated substituent was assigned to C-3. The signals at δC 55.3 to 14.6 were 

assigned to other carbon atoms (Table-6).  

1H-NMR spectrum displayed a doublet at δH 4.59 (J =1.8) and a singlet at 4.46 which 

were assigned to two methylene protons Ha and Hb respectively at C-29. Single proton 

multiplet resonated at δH 3.24 was attributed to H-3. A triplet appearing at δH 3.04 (J = 8.7 

Hz) was allocated to the H-19. The protons of six methyl substituent appeared at δH 1.56, 
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1.18, 0.88, 0.84, 0.82, 0.81 were attributed to H-30, H-27, H-26, H-24, H-23 and H-25 methyl 

protons respectively. The remaining methylene and methine protons were observed between 

δH 1.80 and 1.30 (Table-6). The above described data of 48 was in accord with the reported 

values in literature for betulinic acid.99,100 
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Table-6: 1H- (300 MHz) and 13C- (75 MHz) NMR data of betulinic acid (48) 

No. C δH Multiplicity (J in Hz) δC Type C 

1 1.52 m   38.7 CH2 

2 1.30 m   27.9 CH2 

3 3.24 m   79.0 CH 

4 - -   38.3 C 

5 1.45 m   55.3 CH 

6 1.54 m   18.2 CH2 

7 1.50 m   34.3 CH2 

8 - -   40.7 C 

9 1.38 m   50.5 CH 

10 - -   37.2  C 

11 1.45 m   20.8 CH2 

12 1.79 m   25.2  CH2 

13 1.42 m   37.0 CH 

14 - -   42.4 C 

15 1.80 m   30.5 CH2 

16 1.48 m   32.1 CH2 

17 - -   56.3 C 

18 1.83 m   46.8 CH 

19 3.04  t, 8.7    49.2 CH  

20 - - 150.4 C 

21 1.49 m   29.7  CH2 

22 1.79 m   32.2  CH2 

23 0.82 s   27.9 CH3 

24 0.84 s   15.3 CH3 

25 0.81 s   16.0  CH3 

26 0.88 s   16.1 CH3 

27 1.18 s   14.6  CH3 

28 - - 180.3 C 

29a/29b 4.59/4.46 d, 1.8/s 109.6  CH2 

30 1.56 s  19.40 CH3 
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      3.2.2.4 3'-O-Methyl-3,4-methylenedioxy ellagic acid (49): 

Compound 49 was afforded as colourless amorphous powder. Molecular formula, 

C16H8O8 was determined from EIMS spectrum with molecular ion peak appearing at m/z 328 

(calcd. 328.2331 for C16H8O8). 

 

 

3'-O-Methyl-3,4-methylenedioxy ellagic acid (49)97 
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3.2.3   Biological and computational studies 
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   3.2.3.1 Anti-bacterial assay:  

The anti-bacterial activity of various fractions, crude extract and pure compounds was 

determined against four selected bacterial strains Proteus mirabilis, Staphylococcus aureus, 

Escherichia coli and Bacillus cereus (Table-7). The ethyl acetate fraction showed activity 

against Bacillus cereus and displayed inhibitory zone of (13:0 mm) at the tested 

concentration (32 mg/mL).  

 

Table-7: Anti-bacterial assay of the crude extract, fractions and pure compounds of C.

        macrophylla 

Sample  P. m  S. a E .c B. c 

F1 12 x x x 

F2 x 11 x x 

F3 12 x x 13 

F4 10 11 x  8 

Betulin (47) x x x x 

Betulinic acid (48) x x x x 

DMSO (Negative Control) x x x x 

Imipenem 10µg/Disc (Positive 

Control) 

28 23 34 32 

 

Concentration of stock solution 3 mg/mL and 100 µL was used for assay  

    Keywords: well size= 6mm; F1=n-hexane; F2=CHCl3; F3=EtOAc; F4=crude extract.  

     P. m= Proteus merablus; S. a= Staphylococcus aureus; E. c= Escherichia coli; B. c= Bacillus cereus 

 

3.2.3.2  In vitro lipoxygenase inhibition assay 3',4',5'-O-Trimethyl-3,4-

methylenedioxy ellagic acid (46): 

Lipoxygenase (LOX) are cellular biocatalysts concerned in the inflammatory 

procedures to induct inflammation through the catalytic action of arachidonic acid for the 

production of leukotriens (LTs) which acts as inflammation mediators at the site of 

inflammation. LOX (EC 1.13.11.12) is a group of non-heme iron possessing biocatalysts, 

takes  part as catalyst in many reactions concerned in xenobiotic metabolism.101 Fatty acids 
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(FAs) are metabolized and their metabolites that play a major role in the growth of cancer 

cell and enhancing  inflammation in the body102,103 and also responsible for metastasis, 

invasiveness, cell survival and induction of tumor necrosis factor (TNF).104 Numerous 5-

LOX or COX-2 inhibitors were developed as medicines for treatment of inflammation.105 

Therefore, for discovery of potent new lead compounds based on LOX inhibition are 

obligatory for better organization of inflammatory diseases like cancer, bronchial, 

inflammation, asthma and autoimmune diseases. 

 Compound 46 was identified as new lipoxygenase inhibitor. Due to small quantity of 

cornallegic acid, it was subjected to structure based virtual screening against LOX, in order to 

predict its LOX inhibitory potential. Amusingly, experimental results confirmed 

computational prediction of 3',4',5'-O-trimethyl-3,4-methylenedioxy ellagic acid  (46) as new 

LOX inhibitor. It showed significant activity against LOX with IC50 value being 78.1±0.03 

µM in comparison to baicalein (IC50 value: 22.4±0.02 μM). 

 

 3.2.3.3 Human neutrophils respiratory-burst inhibitory assay of 46: 

 3',4',5'-O-Trimethyl-3,4-methylenedioxy ellagic acid (46) displayed good activity by 

showing inhibition of respiratory-burst activity in human neutrophils with IC50: 

298.21±0.037µM in comparison to standard compound indomethacin (IC50: 

271.14±0.032µM)). This data strongly supported anti-inflammatory profile of 46. 

As a whole, compound 46 gave the impression of being supported by hydrophilic as 

well as hydrophobic interactions. Further derivatization of 46 guided by molecular docking 

and 3D QSAR studies will generate new lead compounds for effectual management of 

inflammatory disorders. 
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    3.2.3.4 Computational study of compound 46: 

  3',4',5'-O-Trimethyl-3,4-methylenedioxy ellagic acid (46) was subjected to molecular 

docking simulations which revealed noteworthy molecular interactions. Even though it has 

unbending flat geometry but still it penetrated deeply inside catalytic site of LOX. Significant 

molecular interactions with imperative subsites of LOX catalyst were showed by molecular 

insights of compound 46 (Figure-3). Cornallegic acid is a flat aromatic compound which was 

effectively docked to LOX catalytic binding site. Heterocyclic oxygen in lactone moiety of 

cornallegic acid interacts with His513 though hydrogen bonding (3.54 ºA) on one side. 

Concurrently the same amino acid residue i.e. His513 was also found to be connected with 

oxygen of methylenedioxy group through hydrogen bonding, which  appeared to play an 

essential function in its inhibitory activity by hydrogen bonding interactions (Figure-4). 

Carbonyl oxygen at the top of catalytic site held additional binding interactions with LOX via 

hydrogen bonding (3.57 ºA) with Trp519. Most imperative hydrogen bonding (3.17 ºA) 

interaction was identified between methoxy oxygen at position 5' of cornallegic acid and 

His518. His518 is one of three amino acid residues which comprises catalytic site of LOX. Any 

compound that could access any one of these three residues can serve as active LOX inhibitor. 

LOX binding compartment is mainly hydrophilic in nature which is feasible for cornallegic 

acid. Shape of molecule of 46 fit well into the binding pouch, consequently avoiding 

admittance of substrate to catalytic spot of LOX. Though no hydrophobic and π-π- stacking 

interactions or electrostatic conflict was experienced between 46 LOX. 
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Figure-3: Binding mode of compound 46 inside the catalytic site of lipoxygenase.      

(Orange colored round object is Fe atom. Hydrogen atoms apart from polar ones were      

omitted for clarity). 
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Figure-4: Closer view of molecular interactions of compound 46 inside         

        catalytic spot of lipoxygenase. (Orange colored round object is Fe atom.  

        Hydrogen atoms apart from polar ones were omitted for clarity). 
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3.3 Experimental 
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3.3.1 General experimental: 

Infrared spectra (IR) were recorded in methanol and chloroform on JASCO IRA-1 

spectrophotometer;  in cm-1. Ultraviolet spectra (UV) were measured in same solvents on 

Shimadzu 240 spectrophotometer with max (log ) in nm. 

Finnigan MAT 112 11/34 computer system was employed for measurement of mass 

spectra. High resolution mass spectral (HRMS) measurements were carried for accurate 

mass measurement.  

CDCl3, C3D6O and CD3OD were used for recording Nuclear magnetic resonance 

(NMR) spectra including 1D and 2D on Bruker spectrometers, AVANCE-400, AVANCE-500 

and AVANCE-600 MHz working at 400, 500 and 600 MHz for 1H and 100, 125 and 150 

MHz for 13C nuclei respectively. The chemical shifts () were taken in ppm whereas 

coupling constants (J) were recorded in Hz. 

All chromatography columns and precoated aluminum cards (0.2 mm thickness) with 

silica gel PF254 (E. Merck) were used for isolation and purification purposes. Column 

chromatography (CC) was carried out through using silica gel (Si 60, 70-230 mesh, E. 

Merck) as immobile phase and organic solvents as mobile phase. 

JASCO-DIP-360 digital polarimeter was employed to record optical rotations whereas 

CD spectra were measured on JASCO-J-810 spectropolarimeter with  taken in nm.  

Purity of samples was checked by TLC and visualized by checking in ultra violet light 

(short/long wave) and by spraying with I2 vapours and ceric sulphate solution which were 

made by dissolution 0.26 g of ceric sulphate in 10 mL of sulphuric acid and diluted to 100 

mL with water. n-Hexane used having boiling point in the range of  range of 60-70 C. 

Buchi 535 melting point apparatus was used to record melting points of samples.  
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3.3.2   Plant material: 

Whole plant of C. macrophylla was collected from district Lower Dir in May 2008 

and was identified by Mr. Mehboob Ali, Assistant Professor Department of Botany, Govt. 

Post Graduate Jehanzeb College, Swat. Voucher specimen (No. WA82) has been deposited 

at Department of Botany, Islamia College University Peshawar.   

 

3.3.3 Extraction and isolation: 

The stem bark of C. macrophylla (12 kg) was extracted repeatedly (x3) with ethanol 

(30 L) at room temperature. Ethanol solvent from the collective extracts was removed under 

reduced pressure and yielded a syrupy concentrate (1.50 kg; Scheme-14) and fractionated to 

n-hexane, chloroform, ethyl acetate, n-butanol and water fractions. 

 

 3.3.4 Phytochemical screening:  

The chemical tests were performed on the hexane, chloroform, ethyl acetate,  n-

butanol fractions and ethanolic crude extract of C. macrophylla using standard procedures 

106-108 to recognize the ingredients.  

Alkaloids: 0.2 g of each fraction was warmed with 2 % H2SO4 for two minutes. The 

reaction mixtures were filtered and a few drops of Dragendroff’s reagent were added to 

each filtrate. Orange red precipitate indicated the presence of alkaloids moiety. 

Tannins: Small quantity of each extract and fraction was mixed with water, heated 

and filtered. Few drops of FeCl3 were added to every filtrate. Appearance of dark green 

solution indicated the existence of tannins. 

Anthraquinones: 0.5 g of each extract as well as fraction was mixed with 10 % HCl 

solution and boiled for few minutes. The reaction mixtures were cooled, filtered and mixed 
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with chloroform. Then few drops of 10 % ammonia was added to each mixture and heated 

on water bath. No rose-pink colour appeared, showed the absence of anthraquinones. 

Glycosides: Each extract and fraction was hydrolyzed with conc. HCl and 

neutralized with 0.1 N NaOH solutions. A few drops of Fehling’s solutions (A and B) were 

added to each mixture.  No red precipitate formed, showed that glycosides are absent in the 

extract and fractions. 

Reducing sugars: Each extract and fraction was shaken with distilled water and 

filtered. The filtrates were boiled with few drops of Fehling’s solution A and B for few 

minutes. An orange red precipitate showed the occurrence of reducing sugars.  

Saponins: 0.2 g of each extract and fraction was shaken with 5 mL of distilled water 

and heated to boiling. No Frothing occurred which showed the absence of saponins. 

Flavonoids: 0.2 g of each extract and fraction was dissolved in diluted 0.1 N NaOH 

and few drops of conc. HCl were added. A yellow solution that turns colourless showed 

the presence of flavonoids. 

Phlobatanins: 0.5 g of each extract and fraction was dissolved in distilled water 

and filtered. The filtrate was boiled with 2 % HCl solution. No red precipitate formed, 

which was the indication of absence of phlobatanins. 

Steroids: 2 mL of acetic anhydride was added to the mixture of 0.5 g of each extract 

and fraction and conc. H2SO4 (2 mL). Colour change from violet to blue or green in some 

samples specified the presence of steroids. 

Terpenoids:  0.2 g of the each extract and fraction was mixed with 2 mL CHCl3 and 

conc. H2SO4 (3 mL) was cautiously added to make a layer. The formation of a reddish 

brown coloration at the border showed positive results for terpenoids. 

Based on the type of compounds in ethyl acetate (EtOAc) fraction it was processed 

accordingly in the present study. The EtOAc phase after usual workup was dried (anhyd. 
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Na2SO4) and evaporated under vacuum and obtained a powdered residue. The ethyl acetate 

fraction (40 g) was applied to column chromatography using Merck silica gel 60 (400 g; 70-

230 mm) and eluted with n-hexane and n-hexane_EtOAc solvent systems in the increasing 

order of polarity. Elutes were combined on the basis of TLC profile, afforded ten fractions 

(A-1 to A-10). Fractions A-1 to A-3 were not pursued in the present investigation due to 

their insufficient quantity. Fraction (A-4) was further loaded on silica gel column (80 g) and 

eluted with n-hexane and n-hexane_EtOAc in increasing order of polarity afforded three 

fractions B1 to B3. Fraction B2 on prep TLC using n-hexane–EtOAc (7:3) gave betulin (47; 

10 mg) as white powder. In case of fraction B3 using the same procedure and solvent system 

pure compound betulinic acid (48; 12 mg) was obtained as white amorphous powder. 

Fractions A-5 to A6  were combined together using TLC technique, solvent was removed 

and a powdered residue was obtained and subjected to silica gel column, eluted with n-

hexane_EtOAc in increasing order of polarity. These elutes were combined on the basis of 

TLC, yielded six fractions (C-1 to C-5). Fraction C-3 afforded an ellagic acid derivative 

3',4',5'-O-trimethyl-3,4-methylenedioxy ellagic acid (46; 5 mg) as white amorphous powder, 

on column chromatography. Fraction C4 was subjected to prep. TLC using CHCl3:MeOH 

(9.6:0.4) as solvent system, resulted in the purification of another ellagic acid derivative, 3'-

O-methyl-3,4-methylenedioxy ellagic acid (49; 4 mg) as white powder (Schem-14). 
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                          Scheme-14: Extraction and isolation from C. macrophylla Wall. 
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   Scheme-14: Continued…. 
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    3.3.5  Characterization of new source compounds isolated from C. 

  macrophylla 

3.3.5.1 3',4',5'-O-Trimethyl-3,4-methylenedioxy ellagic acid (46): 

 

Compound (46) isolated as colourless powder (5 mg) from ethyl acetate fraction of the 

ethanolic extract of the stem bark of C. macrophylla (Scheme-14). Molecular formula, 

C18H1209 and mass were determined by EI and HRMS.. 

Spectral data 

[]25
D:     0 (c 4×10-4, CHCl3). 

UV λmax ( in MeOH:   252 (1.14×106) nm. 

IR max cm-1(CHCl3): 2910.9 (C-H stretching aliphatic), 1739 

(ester carbonyl) . 

EIMS m/z (rel.int. %): 372 [M]+ (100), 357 [M+-CH3; C18H9O9] 

(57), 342 [M+-CH2O; C17H10O8] (23), 

246 [M+-C5H2O4, C13H10O5] (4), 214 (8), 

189 (6).  

EIHRMS m/z :    372.0481 [M]+  

1H- and 13C-NMR:      Table-4. 
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3.3.5.2 Betulin (47) 

 3β,28-Dihydroxylup-20(29)-ene: 

 

 

 

Betulin (47) was afforded in white powder form (12 mg) from EtOAc fraction of the 

C. macrophylla stem bark extract (Scheme-14). Molecular formula C30H50O2 of compound 

47 was derived through EIMS. 

Spectral data 

UV max (MeOH) in nm:   241 (4.2). 

IR max (CHCl3) cm-1:   3400 (hydroxyl), 1603.4, 1459 (C=C). 

EIMS m/z (rel. int. %): 442 [M]+ (30) 412 (6), 234 (23), 220 (27), 

207 (50), 189 (100), 175 (32). 

1H- and 13C-NMR:                 Table-5. 
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3.3.5.3  Betulinic acid (48) 

 3β-Hydroxy up-20(29)-ene-28-oic acid: 

 

 

 

Betulinic acid (48) was furnished by EtOAc fraction of the ethanolic stem bark extract 

of C. macrophylla, in colourless powder form (10 mg; Scheme-14). Molecular mass and M. 

formula of betulinic acid (C30H48O3) was established by EIMS. 

Spectral data 

UV max (MeOH) in nm:              241  

IR max cm-1 (CHCl3):  3400 (hydroxyl), 1750 (carbonyl group), 

1603 (C=C). 

EIMS m/z (rel.int. %):   456 [M]+ (37),  438 (10), 411 (7), 248

       (38), 234 (25), 207 (53), and 189 (100). 

1H- and 13C-NMR:      Table-6. 

 

 

 

 



80 
 

3.3.5.4 3'-O-Methyl-3,4-methylenedioxy ellagic acid (49): 

 

 

 

Compound (49) was furnished as colourless amorphous powder (4 mg) from EtOAc 

fraction of the ethanolic extract of stem bark (Scheme-14). The molecular formula and exact 

mass were determined by EIMS technique. 

Spectral data 

IR max (CHCl3) cm-1:  3150 (C-H stretching aromatic), 1740 

(ester carbonyl). 

EIMS m/z (rel.int. %):   328 [M]+ (15), 246 (4), 189 (6). 
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3.3.6      Computational study of 46 

3.3.6.1 Molecular docking simulations: 

FRED 2.1 strategy109 was employed for docking of OMEGA pre-generated multi-

conformer library. This strategy was used to comprehensively dock/score all feasible sites of 

every ligand in the binding position. The general exploration is based on inflexible rotations 

and translations of every conformer in the binding site specified by a small pack. FRED 2.1 

filtered the poses assembled by throwing out the ones that conflict with the LOX or with no 

enough links with the protein (LOX). The last poses can then be scored or re-scored through 

the use of several scoring functions. Shapegauss (smooth shape-based Gaussian scoring 

function) was chosen in this search to assess the shape completely between every ligand and 

the binding pouch. Default FRED procedure was used to define binding sites. In order to 

optimize the docking-scoring efficiency, extensive docking was carried out by shapegauss 

by the application of Optimization mode. It involves a systematic solid body optimization of 

the high standard poses from the absolute docking. Three special boxes were discovered for 

LOX (PDB ID: 1JNQ). Three dissimilar imitations were done around the reference ligand 

with an added value of 8 Å.  

 

3.3.7   Pharmacological evaluation: 

3.3.7.1 Anti-bacterial assay: 

Anti-bacterial activity was carried out by agar–well diffusion method110 in which a 

disk full of 24 hrs old culture with around 104-106 CFU was spread on the surface of 

Mueller-Hinton Agar plates. Through sterile metallic cork borer wells were drug in the 

medium. Stock solutions of the test samples in the concentration of 1 mg/mL were prepared 

using DMSO solvent and 100 μL dilutions were added in particular wells. The anti-bacterial 

activity of the fractions along with pure compounds was match up to a standard drug 
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imepinem. DMSO and imepinem were used as negative and positive controls. The quantity 

of growth in each one well was determined visually through comparison with the growth in 

control wells.111 

 

3.3.7.2 In vitro lipoxygenase inhibition assay of 46: 

It was carried out by use of several concentrations of the isolated compound 46. The 

activity was measured through somewhat modification in the spectrometric method 

improved by Tappel (1962).112 “Lipoxygenase” (EC 1.13.11.12) type I-B (Soybean) and 

linoleic acid were purchased from Sigma (St. Louis, MO) and were used. All chemicals used 

in this study were of analytical grade and obtained from the same vendor. 160 μL of sodium 

phosphate buffer, 0.1mM (pH 7.0) and 10 mL of the sample solutions (test compound and 

standards) and 20 μL of lipoxygenase solution were mixed and incubated for 5 min at 258 

oC. Reaction was commenced by the addition of 10 μL linoleic acid substrate solution and 

absorption of light changes with the formation of (9Z,11E)-13S)-13-hydroperoxyo-ctadeca-

9,11-dienoate which was followed for 10 min. Test sample as well as control were dissolved 

in 50 % ethanol. All the reactions were carried out in triplicate. Tenidap sodium and 

baicalein act as positive controls for lipoxygenase inhibition. IC50 values were calculated 

through EZ-Fit Enzyme Kinetics program.113  

 

3.3.7.3 Human neutrophils respiratory-burst inhibitory assay of 46: 

In-vitro respiratory-burst inhibitory assay was determined by a changed assay as 

described by Khan et al,114 which is based on the reduction of extremely water-soluble 

tetrazolium salt WST-1 (Dojindo Laboratories, Kumamoto, Japan) in the presence of 

activated human neutrophils. Ficollpaque was purchased from Pharmacia Biotech. 

Amersham (Uppsala, Sweden). The entire reagents used were of analytical grade. In short, 
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heparinized fresh venous blood was pinched from healthy volunteers in a local blood bank, 

and neutrophils were isolated. Total volume of 250 L MHS buffer with pH 7.4 was 

employed, having 1.0 ×104 neutrophils/mL, 500 M WST–1, and the specific drug to be 

tested at different concentrations of drug. Blank containing neutrophils, buffer and WST –1 

were used as control. All compounds were equilibrated at 37 °C, and the reaction was started 

by adding opsonized zymosan A (Sigma; 15 mg/mL), which was prepared by mixing with 

human pooled serum, followed by centrifugation at 3000 r.p.m. The pellet was resuspended 

in PBS buffer solution (pH 7.4); and the absorbance was measured at 450 nm on a 

SpectraMax-340 micro plate reader (Molecular Devices, CA, U.S.A.). Indomethacin was 

used as positive control. IC50 values were calculated in comparison to DMSO (blank) and 

expressed in terms of percent inhibition of superoxide anions produced. 
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Part- B  

4.0  Phytochemistry and bioactivities of Grewia 

optiva Drummond ex Burret 
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   4.1   Literature review of Genus Grewia 

4.1.1  Plant introduction: 

The Genus Grewia belongs to family tiliaceae, including 150 species of small trees or 

shrubs, rarely subspreading or climbing.115  Genus Grewia was identified by Linnaeus by 

two species: G. accidentalis from tropical and G. orientalis from Sri Lanka. The species of 

this genus have been reported from tropical Africa, Arabia, Madagascar, the Himalaya, 

India, Pakistan, china Bangladesh, Myanmar, Thailand, Malaysia, the pacific islands and 

northern Australia.116 The following ten of them are found in Pakistan.115  

G. micrcos 

G. optiva 

G. tenax  

G. helicterifolia 

G. glabra  

G. damine 

G. villosa 

G. sapida 

G. asiatica 

G. elastic   

G. optiva is a small to medium-sized deciduous tree, 9-12 m in height; crown 

spreading; bole clear, 3-4 m, and about 1 m diameter. It is a subtropical climate tree. 

Branches smooth pale silvery-brown; bark dark brown, thick and roughish, pale yellow, 

often tinged pink towards the exterior, juice slimy. Leaves opposite, ovate, acuminate, 

closely serrate; rough and hairy above, pubescent beneath, rounded base, 3-nerved; petiole 

0.3-1 cm long. Flowers 1-8, together; peduncles solitary, leaf opposed or exceptionally a few 

axillary; tomentose, 0.8-1.8 cm long. Sepals 1-1.5 cm long, linear oblong, 3-ribbed, green 
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outside, white, pale yellow or red inside; petals white or pale yellow, shorter than the sepals, 

linear, claw distinct. Fruit is a drupe, 1-4 lobed, each lobe about 0.8 cm in diameter, olive 

green then black when ripe. Grewia genus was named after the name Nehemiah Grew 

(1641-1712), one of the pioneers of plant physiology. The ripe fruits are edible. Raw or 

cooked, it has a pleasant acid taste. Leaves have good fodder value in the winter months 

when usually no other green fodder is available. The green leaves constitute about 70 % of 

the total green weight of branches. Leaf fodder yield is reported to be 11 ton/ha from 2-year-

old plants, green fodder yield from grown-up trees is reported to be 12-30 kg. Leaves are 

quite rich in protein and other nutrients and do not contain tannins. Crude protein is highest 

in young leaves and in winter leaves but decreases during the rainy season. The wood has an 

unpleasant odour and is, therefore seldom used as fuel if an alternative is available. The bark 

yields a fibre which is used for cordage and clothing. The wood, weighing 801 kg/cu.m, is 

whitish with little reddish-brown heartwood. It is fine textured with distinct growth rings. It 

is hard, tough with good elasticity and strength properties. It becomes difficult to work by 

hand after seasoning. The timber is used for oar shafts, poles, frames, tool handles and other 

purposes where strength and elasticity are required. It is thought to be suitable for paper 

production and branches are used for making baskets.117 

 

4.1.2   Chemical constituents of the Genus Grewia: 

First report about the isolation from  Genus Grewia came from the isolation of 

friedelin in 1965 by Anjaneyulu and his co-workers from stem bark of G. tiliaefolia.118 

Later on in 1976 Lakshmi, Agarwal and Chauhan isolated 3,21,24 trimethyl-5,7-

dihydroxyhentriacontanoic acid δ-lactone and grewinol from the flowers of G. asiatica.119 
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In 1982 Bashir et al., isolated ursene-3,19,28-triol, α-amyrin,  ursolic acid, 6-hydroxy-

1-methyl-β-carboline from the roots of G. villosa and 6-hydroxy-1-methoxy β-carboline 

from G. mollis.120 

In 1986 Jaspers and his coworkers isolated β-sitosterol, β-sitosterol-ester, triterpene-

ester, lupeol, betulin, β-sitosterol-glucoside, harman, 6-methoxyharman, 6-hydroxyharman 

from different fractions of G. bicolor. It was also reported that methanolic extract shows 

anti-bacterial activity and causes a strong contraction of the isolated rat uterus which can be 

blocked by methysergide.121 The presence of vitamin A and C in G. asiatica was reported by 

Yadav122 in 1999. 

In 2002 Badami, et al., determined betulin quantitatively in G. tiliaefolia by HPTLC, 

while lupeol was determined in 2004 by the same research group.123,124 Subsequently 

Jayasinghe and his research group carried out chemical investigation on n-butanol fraction 

from the methanolic extract of leaves of G. damine and isolated lupeol, sitosterol β-D-

glucoside and flavone C-glycosides, vitexin and isovitexin.125 

In 2005 Nair and his co-workers reported the presence of an anthocyanin, cyanidin 3-

galactoside from G. asiatica.126 

Ma, et al., in 2006 carried out bioassay-guided phytochemical study on G. bilamellata 

and led to isolate twelve compounds. Five of them; 3α,20-lupandiol, grewin, nitidanin, 

2α,3β-dihydroxyolean-12-en-28-oic acid, and 2,6-dimethoxy-1-acetonylquinol, showed 

significant antimalarial activity. Rest of the other compounds were 8-O-4̍̍-

neolignanguaiacylglycerol-β-coniferyl ether isomers (threo and erythro), cleomiscosin D, 

icariol A2, ciwujiatone and daucosterol.127 

In 2008 Liu, et al., isolated six compounds from G. biloba and characterized as 

friedelin,  epi-friedelan-3-ol, heneicosanoic acid, β-sitosterol, propyl palmitate and 

catechin.128 
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Gulconic acid γ-lactone was isolated in 2009 from G. tiliafolia by Ahamed and his 

research group.129 

Subsequently Ahamed, et al., isolated and characterized D-erythro-2-hexenoic acid γ-

lactone and gulonic acid γ-lactone from the stem bark of G. tiliaefolia.130 

Chemical constituents reported from Genus Grewia are given in Table-8.  
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Table-8: Chemical constituents of the Genus Grewia 

 

S. No. Compounds Molecular Formula Species 

1 Friedelin  C30H50O G. tiliaefolia,  

G. biloba118,128 

2 3,21,24-Trimethyl-5,7-

dihydroxyhentriacontanoic acid δ-lactone  

C34H66O3 G. asiatica119 

3 Grewinol  C34H68O2 G. asiatica119 

4 Ursene-3,19,28-triol C35H58O6 G. villosa120 

5 α-Amyrin C30H50O G. villosa120 

6 Ursolic acid C30H48O3 G. villosa120 

7 6-Hydroxy-1-methyl-β-carboline  C12H10N2O G. villosa,  

G. mollis120 

8 β-Sitosterol  C29H50O G. bicolor,  

G. biloba121,128 

9 Lupeol  C30H50O G. bicolor,  

G. tiliaefolia, 

 G. damine121,124,125 

11 Betulin  C30H50O2 G. bicolor,  

G .tiliaefolia121,123 

12 β-Sitosterol-glucoside C35H58O6 G. bicolor,  

G. damine121,125 

13 Harman  C12H10N2 G. bicolor121 

14 6-Methoxyharman C13H12N2O G. bicolor121 

15 6-Hydroxyharman  C12H10N2O G. bicolor121 

16 Vitamin A  C20H30O G. asiatica122 

17 Vitamin C C6H10O6 G. asiatica122 

18 Vitexin  C21H20O10 G. damine125 

19 Isovitexin  C21H20O10 G. damine125 

20 Cyanidin-3-galactoside C21H21O11Cl G. asiatica131 

21 3α,20-Lupandiol  C30H52O2 G. bilamellata127 

22 Grewin  C19H16O8 G. bilamellata127 
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23 Bilagrewin C21H22O8 G. bilamellata127 

24 Nitidanin  C21H24O8 G. bilamellata127 

25 2α,3β-Dihydroxyolean-12-en-28-oic acid  C30H48O4 G. bilamellata127 

26 2,6-Dimethoxy-1-acetonylquinol C11H14O5 G. bilamellata127 

27 8-O-4 ̍̍-Neolignanguaiacylglycerol-β-

coniferyl ether (threo)  

C20H24O7 G. bilamellata127 

28 8-O-4 ̍̍-Neolignanguaiacylglycerol-β-

coniferyl ether (erythro) 

C20H24O7 G. bilamellata127,132 

29 Cleomiscosin D C20H18O8 G. bilamellata127 

30 Daucosterol  C35H60O6 G. bilamellata127 

31 Heneicosanoic acid C21H42O2 G. biloba128 

32 Propyl palmitate  C30H50O G. biloba128 

33 Catechin  C15H14O6 G. biloba128 

34 Gulconic acid γ-Lactone C6H10O6 G. tiliafolia129,130

35 D-Erythro-2-hexenoic acid γ-lactone C7H10O5 G. tiliafolia130
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4.1.3    Structures of some compounds reported from Genus Grewia: 

 

 

  3α,20-Lupandiol127                                     2α,3β-Dihydroxyolean-12-en-28-oic acid127                         

                                     

2, 6-Dimethoxy-1-acetonylquinol127    8-O-4-Neolignanguaiacylglycerol-β-coniferyl ether      

                                                  (erythro)127  

 

8-O-4-Neolignanguaiacylglycerol-β-coniferyl ether (threo)127 
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 Grewin127 

  

  Bilagrewin127 

 

 

 

Nitidanin127                                                            Cleomiscoin127 

                                       

Gulonic acid -lactone129,130                                     Lupeol121,124,125               
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Betulin121,123                                                          Herman121                            6-Methoxyharman121 

                  

6-Hydroxyharman121        3,21,24 Trimethyl-5,7-dihydroxyhentriacontanoic acid δ-lactone119 
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Cyanidin 3-glucoside131                                             Vitamin C122 
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 Vitamin A122                                                                              D-Erythro-2-hexenoic acid γ-lactone130 
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Friedelin128                                  Heneicosanoic acid128                    Propyl palmitate128                                



96 
 

  

Catechin128                                                  Ursene-3,19,28-triol120 

  

α-Amyrin120                                                                        Ursolic Acid120 

        

Grewinol119 
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4.1.4  Medicinal and  pharmacological properties 

of Genus Grewia 
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The genus Grewia is known for its medicinal properties.133 Bark and roots of G. 

tiliafolia are used to treat skin diseases, hypertension, ulcers and diarrhoea.134 Lupenol, 

isolated from this plant, is known to cause apoptosis in several cancer cells.134 Anti-malarial 

assay guided fractionation of G. bilamellata led to the isolation of twelve compounds 

comprising of two triterpenoids 3α,20-lupandiol (IC50 = 19.8 µM) and 2α,3β-

dihydroxyolean-12-en-28-oic acid (IC50=21.1 µM).127,132 The fruits of this plant are used as 

an astringent, an anti-inflammatory agent, for blood disorders, and a fever reducer. The bark 

is used medicinally for the treatment of diarrhea.135 G. bicolor is a part of Sudanese 

traditional medicine, and is used in the treatment of skin lesions and as a tranquilizer.136 

Alkaloids, harman, 6-methoxyharman, and 6-hydroxyharman, isolated from the methanolic 

extract of G. bicolor, having anti-bacterial properties.121 An extract of G. villosa is used for 

the treatment of tuberculosis,137 which contains harman alkaloids. Harman alkaloids belong 

to the class of β-carboline and bind strongly to receptors in the brain and affect the CNS.138 

G. micrcos is reported to be used for the treatment of indigestion, eczema and itch, 

typhoid fever, dysentery and syphilitic ulceration of the mouth.139 G. tenax has been used in 

popular medicines in various ways in different countries. Roots are used to treat jaundice, 

pulmonary infections and asthma while leaves are used against trachoma. Decoction and 

fruit juice are used as a tonic and anti-anemic agent.140  

G. tiliafolia was used in vitiated conditions of burning sensation and inflammation, in 

skin diseases, diarrhea, inflammatory bowel diseases and pruritis.141 Stem bark of this plant 

is an astringent, which is pungent with a sharp and sweetish taste. Medicinally it is used to 

heal the persistent wounds, to treat jaundice, burning sensation, thirst, throat complaints, 

biliousness, dysentery, infectious diseases and blood diseases.142 Traditional medical 

practitioners living in the surrounding area of the forests of the Thirtharameshwara range 

and Ubbrani range of Western Ghats of Karnataka, India, are using the stem bark extracts 
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and pastes for curing hepatic diseases, jaundice, bronchial and urinary infections.143 

Methanolic extract of  stem bark of G. tiliafolia was also found to be a strong anti-oxidant 

and anti-bacterial.144  It has also been reported that methanolic extract of G. tiliafolia stem 

bark has shown remarkable wound healing activity on different cutaneous wound models in 

rats.145 Bioassay-directed fractionation and chromatography of the methanolic extract of the 

stem bark of G. tiliafolia has resulted in the isolation of γ-lactones, having hepatoprotective 

activities.129 

Fruits of G. asiatica are used as anti-microbial and anti-ulcer while bark of G. 

tiliafolia is used in Ayurvedic medicine to treat vitiated conditions of Kapha and Pitta, 

burning sensation, cough, skin diseases, wounds, ulcers, diarrhoea, seminal weakness, 

general weakness and hypertension.146-149 The mucilage and the hot water extract of the bark 

are used as an antidote for opium poisoning in human adults.150 The stem bark is used to 

treat spermatorrhoea, in Bahraich, U.P. India, in human adults.151 
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4.2 Results and discussion 
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4.2.1 Present work: 

Due to medicinal and biological significance attributed to genus Grewia, chemical 

exploration of G. optiva Drummond ex burret was carried out in current study which 

resulted in the isolation and structure determination of three new and seven known 

compounds. 

Stem bark (7 kg) of G. optiva was extracted with ethanol (x3) at room temperature and 

screened out biologically and phytochemically. Phytochemical screening of G. optiva 

revealed the presence of secondary metabolites such as steroids, terpenoids, flavonoids, 

saponins and tannins. The ethanolic crude extract and ethyl acetate fraction of the aerial 

parts showed the presence of terpenoids, tannins and flavonoids, while n-hexane and 

chloroform fractions revealed the existence of terpenoids, steroids and flavonoids. n-

hexane+EtOAc soluble fraction showed saponins, tannins and triterpenes while n-hexane 

and n-hexane+EtOAc insoluble fractions indicated the presence of steroids, terpenoids, 

flavonoids and saponins. The weight and percentage yield were calculated which showed 

that ethyl acetate fraction and ethanolic crude extract contain a greater proportion by mass 

of the component compounds (Table-9 and 10). Phytochemical screening was carried out 

using conventional natural products identification tests indicated the presence of different 

phytoconstituents (Table-11 and 12).  

Based on Phytochemical screening and nature of compounds in n-hexane+EtOAc 

insoluble fraction of the stem bark it was loaded on silica gel column, eluted with different 

solvent systems (vide experimental part; Scheme-15) which led to isolation and 

characterization of ten compounds including three new and seven first time reported 

constituents. New compounds comprised of coumarinolignan, grewialin (55), coumarin, 

grewioptin (59) and an aromatic compound optivanin (56). New source reported constituents 
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included two steroids, β-sitosterol (51), stigmasterol (52), three triterpenes, lupeol (50), 

oleanolic acid (53), ursolic acid (54) and two coumarins, scopoletin (57) and fraxidin (58).  

Chemical structures of the new compounds were elucidated by modern spectroscopic 

methods including UV, IR, MS, 1D (1H- and 13C-NMR; BB and DEPT) and 2D NMR (J-

Resolved, COSY-45o, NOESY, HSQC, HMBC) experiments. All known constituents were 

identified through comparison of their spectral and physical data with those reported for the 

corresponding compounds in the literature as well as by 1D and 2D NMR spectral data.  

Structure based virtual screening of grewialin (55), grewioptin (59), scopoletin (57) 

and fraxidin (58) proved them as potent anti-inflammatory agents. Experimental results of 

these compounds validated theoretical investigations. 

 

Table-9: Weight and percentage yield of the crude extract and fractions of the aerial parts 

     of G. optiva  

Extract/Fractions                 Weight (g)                                 Percentage yield 

Ethanolic extract                     17.50                                                   13.46 

n-Hexane                        2.62                                                  15.01 

Chloroform              1.36                                                    7.78 

Ethyl acetate                      0.17                                                    1.01    

Note: Weight and percentage yield is based on small quantiy of plant material 

Table-10: Weight and percentage yield of fractions of the stem bark of G. optiva  

 

Fractions                                             Weight (g)                             Percentage yield 

 

n-Hexane                                            70.0                                             10.000 

n-Hexane and EtOAc (soluble)             5.0                                               0.714 

n-Hexane and EtOAc (insoluble)           12.0                                               1.714    
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Table-11: Phytochemical screening of the aerial parts of G. optiva  

 

Chemical 

components 

n-Hexane 

fraction 

Chloroform fraction Ethyl acetate fraction Ethanolic 

extract 

Alkaloids ‒ – ‒ – 

Steroids + + ‒  ‒ 

Terpenoids – + + + 

Flavonoids ‒ + + ‒ 

Anthraquinones ‒ ‒ ‒ ‒ 

Tannins ‒ ‒ + + 

Phlobatanins ‒ ‒ ‒ ‒ 

Saponins ‒ – ‒ – 

Glycoside ‒ ‒ ‒ ‒ 

Reducing 

sugars 

‒ ‒ – – 

 

Table-12: Phytochemical screening of the stem bark of G. optiva   

Chemical 

components 

n-Hexane 

fraction 

n-hexane+EtOAc 

(soluble) fraction 

n-hexane+EtOAc 

(insoluble) fraction  

n-BuOH 

fraction 

Alkaloids ‒ – ‒ – 

Steroids + + ‒  ‒ 

Terpenoids – + + ‒ 

Flavonoids + + ‒ ‒ 

Anthraquinones ‒ ‒ ‒ ‒ 

Tannins ‒ ‒ + + 

Phlobatanins ‒ ‒ ‒ ‒ 

Saponins ‒ + ‒ + 

Glycoside ‒ ‒ ‒ ‒ 

Reducing sugars ‒ ‒ – – 

 

Key:  – = absent, + = present 
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 4.2.2 New compounds isolated from G. optiva: 

 

4.2.2.1  Grewialin (55): 

 

 

  

4.2.2.2 Optivanin (56) 
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4.2.2.3 Grewioptin (59) 
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4.2.2.1 Grewialin (55): 

 Molecular formula of grewialin (55) was established through EIHRMS, which 

indicated molecular ion peak at m/z 340.0951 corresponding to the molecular formula 

C19H16O6 which was supported by the 1H- and 13C-NMR data. The IR spectrum indicated 

distinctive absorption bands for hydroxyl group (3409 cm-1) and ester carbonyl (1693   cm-1), 

while absorption bands appearing at 1625-1400 cm-1 were attributed to the benzene ring. Its 

specific rotation was [α]8
D 0 (c 1×10-4, CHCl3). The UV spectrum displayed maxima at 250 nm 

(ε 4.31×106). The structure of compound 55 was supported by 1H- and 13C-NMR data as well 

as the proton–proton and proton–carbon connectivity indicated in the COSY, NOESY, HSQC 

and HMBC spectra (Figure-5). 1H-NMR spectrum indicated two one proton doublets at δH 7.57 

(H-4, J4,3 = 9.5 Hz) and δH 6.27 (H-3, J3,4 = 9.5 Hz) and the two singlets appeared at δH  6.91 

(1H, s, H-8) and δH 6.98 (1H, s, H-5), as well as the corresponding signals of these groups were 

also observed in the 13C NMR spectrum at δC  143.0 (C-4), 114.0 (C-3), 105.0 (C-8), 114.1 (C-

5), and 161.4 (C-2) indicated the presence of a 6,7-dioxygenated coumarin group,152  which 

was confirmed by 1H-1H COSY and HMBC (Figure-5). Furthermore the downfield signals 

appeared at δH  6.82 (1H, H-2', d, J2’,6’ = 2.0 Hz) and δH 3.91 (3H, s, OCH3) while ortho-coupled 

protons exhibited at δH  6.94 (1H, H-5', d, J5’,6’ = 8.5 Hz) and δH  6.86 (1H, H-6', dd,  J6’,5’ = 8.5, 

J6’,2’ = 2.0  Hz), which was connected with carbon at δC 109.2 (C-2'), 114.6 (C-5') and 121.0 (C-

6') respectively, in the HSQC spectrum, could be assigned to an unsymmetrical 4'-methoxyl-3'-

oxophenyl group. A three-carbon sequence, CH(O)CH(O)CH3  (C-7', C-8', C-9' ), was deduced 

by the presence of a doublet at δH  4.64 (1H, H-7', J7’,8’  = 8.0 Hz), a multiplet at δH  4.11 (1H, 

H-8' ) and a three protons doublet at  δH  1.19 (H-9', J9’,8’ = 6.5 Hz ) which was connected with 

the corresponding carbon  at δC  81.5 (CH C-7'), 74.1 (CH, C-8') and 17.1 (CH3,  C-8' -CH3) 

respectively in the HSQC spectrum. Analysis of 1H-1H COSY and HMBC spectrum (Table-
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13 and Figure-5) was further confirmed the presence of these moieties which suggested that 

the three carbons sequence was attached with 4'-methoxy-3'-hydroxyphenyl group. The 

molecular formula of compound 55 showed 12 double bond equivalents that showed the 

presence of an additional ring besides the coumarin ring and the 4'–methoxy-3'-oxophenyl 

group in the structure. Through spectral data of 55 , the additional ring was elucidated to be a 

(1,4)-dioxane ring formed through a connection between the coumarin moiety and the 

CH(O)CH(O)CH3  group which were confirmed by the HMBC long range correlations δH  4.64 

and δC  127.7 (C-1'), 109.2 (C-2') 121.0 (C-6'), showed that these carbon unit between C-7' and 

C-9' was attached to the unsymmetrical 3'-hydroxy-4'-methoxyphenyl group. The spectral data 

of compound 55 was compared with reported compound grewin127 suggested that compound 

55 possessed a methyl group at C-8' δC 17.1 instead of -CH2OH, ortho coupling at δH  6.94 (H-5', 

d, J 5’, 6’ = 8.5 Hz) and δH  6.86 (H-6', dd, J6’, 5’ = 8.5, J6’, 2’  = 2.0 Hz) instead of meta coupling 

and rest of the spectral data were quite similar to grewin isolated from G. bilamellata127. The 

NMR spectra of  the isolate  revealed the coupling constant between H-7' and H-8' to be 8.0 Hz 

and the chemical shifts of the corresponding carbons  C-7 and C-8 to be  δC 74.1 and 81.5 

respectively which was confirmed by HSQC  and HMBC. The large coupling constant (8 Hz) 

could be caused by the inflexible trans stereochemistry between H-7’ and H-8’ which was 

compared to grewin.127 Thus, grewialin (55) has been elucidated as 2S*-(3-hydroxy-4-

methoxyphenyl)-3R*-methyl-2H-[1,4]-dioxin-[2,3] chromen-7(3H)-one, which is a new 

coumarinolignan. The structure was validated by several mass fragment ions observed in the 

EIMS spectrum including characteristic fragments resulting from retro Diels-Alder cleavage 

around ring (Figure-6) (vide structure and experimental). 
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Figure-5: Selected HMBC correlations observed for grewialin (55) 

 

Figure-6: Mass fragmentation of grewialin (55) 
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Table-13: 1H- (600 MHz) and 13C- (150 MHz) NMR data of grewialin (55) 

 

No. C δH Multiplicity (J in Hz) δC Type C HMBC Correlation 

2 -- -- 161.4 C -- 

3 6.27 d, 9.5 114.0 CH C-2, C-10 

4 7.58 d, 9.5 143.0 CH C-2, C-8, C-9, C-10  

5 6.98 s 114.1 CH C-6, C-9, C-7 

6 -- -- 140.7 C -- 

7 -- -- 147.7 C -- 

8 6.91 s 105.0 CH C-6, C-7, C-9, C-10 

9 -- -- 149.2 C -- 

10 -- -- 112.7 C -- 

1' -- -- 127.7 C -- 

2' 6.82 s 109.2 CH C-7', C-3', C-4', C-1', C-6' 

3' -- -- 146.9 C -- 

4' -- -- 146.5 C -- 

5' 6.94 d, 8.5 114.6 CH C-2', C-4', C-1', C-2' 

6' 6.86 dd, 8.5, 2.0 121.0 CH C-4', C-5', C-2' 

7' 4.63 d, 8.0   81.5 CH C-1' C-6', C-2', C-8' 

8' 4.13 m   74.1 CH C-1', C-1 

9' 1.18 d, 6.5   17.1 CH3 C-8' 

4'-OCH3 3.91 s   56.0 CH3 C-4' 
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4.2.2.2 Optivanin (56): 

The molecular formula, C10H12O4 of 56 was established by a molecular ion peak in 

the EIHRMS, at m/z 196.0736 [M]+. In the IR spectrum absorption bands caused by hydroxyl 

group (3450 cm-1), ketonic carbonyl group (1750 cm-1), and benzene ring (1625-1400 cm-1) 

were present. The UV spectrum showed absorption maxima at 249 nm (ε 1.24×104). Its 

specific rotation was [α]8
D 0 (c 2×10-4, CHCl3). In 1H-NMR spectrum, a meta-coupled 

doublet at δH 7.49 (1H, J=2.0 Hz H-2) a double doublet at δH  7.55 (1H, J=8.5, 2.0 Hz H-6) 

and an ortho-coupled doublet  at δH  6.76 (1H, J=8.5 Hz H-5) indicated the presence of tri-

substituted aromatic ring. The corresponding carbon signals of these protons were observed 

in the 13C-NMR spectrum at δC  111.0 (-CH-; C-2), 123.5 (-CH-; C-6) and 113.8 (-CH-; C-

5) while four quaternary and two ethylene carbons appeared at δC 198.0 (ketonic carbon; C-

1'), 130.0 (C-1), 152.0 (C-3), 148.4 (C-4), 41.43 (C-2') and 56.12 (C-3') respectively. 

The protons of –OCH3 and HO-CH2-CH2-CO- (hydroxy propanone) moiety resonated at δH 

3.86 (s, 3H), 3.14 (t, J= 6.5 H z , 2H), 3.92 (t, J=6.5Hz, 2H) respectively, while the 13C-

NMR signals showed the carbons at δC 56.8 (OCH3), 41.43 (C-2') and 56.12 (C-3'), 

which was supported by diagnostic mass fragments (Figure-7) at m/z  123 (M+-C3H5O2; 

C7H7O2), 73 (M+-C7H7O2; C3H5O2) and  m/z  165  (M+-OCH3; C9H9O3). All these 

assignments were confirmed by the proton–proton and proton–carbon connectivity 

observed in the COSY, NOESY, HSQC and HMBC spectra (Table-14 and Figure-8). In 

the HMBC spectrum signal resonating at δH 7.55 assigned to H-6 showed correlation with 

C-2 (δC 111.0) and C-3 (δC 152.0), while proton signal appearing at δH 7.49 (H-2) showed 

correlation with C-6 (δC 123.5) and C-3 (δC 152.0), and a signal at δH  6.76 (H-5) showed 

correlation with C-1 (δC  130.0) and C-4 (δC  148.4). An up field signal at δH 3.86 assigned 

to OCH3 protons, showed long range correlation with C-4 resonating at δC 148.4. In the 
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light of these observations, the structure of optivanin (56) has been derived as 3'-hydroxy-1-

(3-hydroxy-4-methoxyphenyl)-propane-1'-one. 
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Figure-7: Mass fragmentation of optivanin (56) 
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Figure-8:  Selected HMBC correlations observed for optivanin (56) 
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Table-14: 1H- (600 MHz) and 13C- (150 M Hz) NMR data of optivanin (56) 

 

No. C δH Multiplicity (J in Hz) δC Type C HMBC Correlation 

1' -- -- 198.0 C -- 

2' 3.14 t, 11.5   41.4 CH2 C-1', C-3' 

3' 3.92 t, 11.5   56.1 CH2 C-2' 

1 -- -- 130.0 C -- 

2 7.49 d, 2.0 111.0 CH C-6, C-3 

3 -- -- 152.0 C -- 

4 -- -- 148.4 C -- 

5 6.76 d, 8.5 113.8 CH C-1, C-4 

6 7.55 dd, 8.5, 2.0  123.5 CH C-2, C-3 

4-OCH3 3.86 s   58.6 CH3 C-4 
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 4.2.2.3 Grewioptin (59):  

Grewioptin (59) was obtained as white amorphous powder. Its molecular formula of 

was established by EIHRMS, represented the molecular ion peak at m/z 206.0208 for 

molecular formula C10H6O5. IR spectrum indicated characteristic absorption bands caused 

by hydroxyl group at 3400 and lactone carbonyl group at 1693 cm-1, while absorption bands 

appearing at 1625-1400 cm-1 were accredited to benzene ring.  The UV spectrum displayed a 

maximum at 250 nm (ε 1.25×106). The functionalities indicated by the IR and UV spectra 

were confirmed by 1H- and 13C-NMR data as well as the proton–proton and proton–carbon 

connectivities observed in the COSY, NOESY, HSQC and HMBC spectra (Table-15 and 

Figure-9), the structure of 59 was derived as 8-hydroxy-6,7-methylenedioxycoumarin 

named as grewioptin. The 13C-NMR including BB and DEPT experiments of compound 59 

indicated the presence of ten carbon atoms in the molecule; one methylene, three methines, 

and six quaternary carbons. Total structure elucidation was made by HSQC and HMBC 

experiments. 

In 13C-NMR the carbon resonating at δC 162.4 was attributed to C-2. This is a 

characteristics peak of coumarin carbonyl carbon. The signals at δC 114.1 and δC 146.2 were 

allocated to C-3 and C-4 correspondingly. Carbon resonances at δC 116.0 and 140.8 were 

afforded to C-4a and C-8a respectively. The aromatic signals at δC 110.0 and δC 133.7 were 

assigned to C-5, C-8 respectively while the downfield chemical shifts at δC 140.2 and δC 

136.0 were assigned to C-6 and C-7 respectively. Carbon resonance appearing at δC 104.7 

was attributed to dioxymethylene carbon. 

1H-NMR spectrum of compound 59 indicated resonances at δH 6.22 (d, J=9.5 Hz, 1H) 

and δH 7.76 (d, J=9.5 Hz, 1H) for H-3 and H-4 respectively. These are characteristics peaks 

of coumarin nucleus. A singlet resonating at δH 6.64 was assigned to aromatic proton H-5 

while two dioxymethylene protons were appeared at δH 6.13. A hydroxyl group at C -8 was 
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observed a δH 8.54 in 1H-NMR spectra. In the HSQC spectrum H-3 (δH 6.22) showed 

connectivity to C-3 (δC 114.1) and H-4 (δH 7.76) to C-4 (δC 146.2). Aromatic protons at δH 

6.64 (H-5) showed connection to C-5 (δC 110.0). A signal at δH 6.13 showed its connectivity 

to dioxymethylene carbon at δC 104.7. 

The HMBC spectrum of compound 59 showed useful correlations, thus H-3 (δH 6.22) 

showed correlation C-2 (δC 162.4) and C-4a (δC 116.0). H-4 at δH 7.76 showed long range 

correlation with C-2 at δC 162.4 and C-5 at δC 110.0. Metylene protons at δH 6.13 showed 

correlation with C-6 and C-7 signals resonating at δC 140.2 and δC 136.0 respectively. The 

structure was authenticated by various mass fragment ions observed in the EIMS 

spectrum (Figure-10) at m/z 178 (M+-CO; C9H6O4) and 149 (M+-C2HO2; C8H5O3). 

Comparing the spectral data of compound 59 with the reported compound from 

Pterocaulon virgatumin,153 however 13C-NMR data of the isolate 59 showed C-H bond with 

δC 110.0, assigned to C-5  which is confirmed from HSQC spectrum. In HMBC long range 

correlation H-5 at δH 6.64 showed correlation with C-4 with δC 146.2 and C-8a with δC 

140.8. OH group is at C-8. If it is reversed then it goes against HSQC and HMBC 

experiment. Based on this data the isolated compound 59 is a new coumarin, characterized 

as 8-hydroxy-6,7-methylenedioxycoumarin. 

 

 

Figure-9: Selected HMBC correlations observed for grewioptin (59) 
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Figure-10: Mass fragmentation of grewioptin (59) 

 

Table-15: 1H- (600 MHz) and 13C- (150 M Hz) NMR data of grewioptin (59) 

 

No. C δH Multiplicity (J in Hz) δC Type C HMBC Correlation 

2 -- -- 162.4 C -- 

3 6.22 d, 9.5 114.1 CH C-2, C-4a 

4 7.76 d, 9.5 146.2 CH C-2 

4a -- -- 116.0 C -- 

5 6.64 s 110.0 CH C-6, C-8a 

6 -- -- 140.2 C -- 

7 -- -- 136.0 C -- 

8 -- -- 133.7 C -- 

8a -- -- 140.8 C -- 

-O-CH2-O- 6.13 s 104.7 CH2 C-6, C-7  

-C-8-OH 8.54 s -- -- -- 
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4.2.3 New source isolated compounds from G. optiva: 

4.2.3.1 Lupeol (50):  

 

 

4.2.3.2 β-sitosterol (51): 

H

H

H

HO  

 

4.2.3.3 Stigmasterol (52):  

H

H

H

HO  
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4.2.3.4 Oleanolic acid (53): 

  

 

 

4.2.3.5 Ursolic acid (54): 

 

 

4.2.3.6 Scopoletin (57):  

 

 

 

4.2.3.7 Fraxidin (58): 
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4.2.3.1 Lupeol (50):  

Lupeol (50) was obtained in the form of white amorphous powder chloroform soluble. 

Molecular formula C30H50O, determined from EIMS spectrum with molecular ion peak 

appearing m/z 426 (calcd. 426.6784 for C30H50O). 

 

 

4.2.3.2 β-Sitosterol (51): 

Compound 51 was obtained as colourless needles chloroform soluble. The molecular 

formula C29H50O was developed from EIMS indicating molecular ion peak at 414. IR 

spectrum of 51  showed absorption peaks at 3440 cm-1 for hydroxyl group, another peak at 

3045 cm-1 for CH stretching  olefinic and 1625 cm-1 olefinic C=C. 
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4.2.3.3 Stigmasterol (52): 

Compound 52 was obtained as colourless needles. Molecular formula C29H48O was 

established from EIMS with molecular ion peak at m/z 412. IR spectroscopic data indicated 

typical absorption bands for hydroxyl group at 3402 cm-1, CH stretching signals appeared at 

2928, 2857 cm-1 and aromatic CH stretching bands at 1601, 1459 cm-1. UV spectrum 

showed absorption band at 241 nm. 

  

4.2.3.4 Oleanolic acid (53):  

Compound 53 was afforded from ethyl acetate fraction as white powder. EIMS 

indicated molecular ion peak at m/z 456 corresponding to molecular formula, C30H48O3 

(calculated 456.6793 for C30H50O3). 
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4.2.3.5 Ursolic Acid (54):  

Ursolic acid (54) was obtained as white amorphous powder from ethyl acetate 

fraction. EIMS of 54 indicated molecular ion peak at m/z 456 corresponding to molecular 

formula, C30H48O3 (calculated 456.6793 for C30H50O3). 

 

 

4.2.3.6 Scopoletin (57): 

Molecular formula C10H8O4 was deduced from EIHRMS m/z 192.0419 (calcd. 

192.1611 for C10H6O5). 

13C-NMR spectrum (BB) (Table-15) of 57 showed ten carbons including one methyl, 

four methines and five quaternary carbons from the DEPT experiments. Complete values 

were made through 2D techniques i.e. HSQC and HMBC. 

1H-NMR spectrum of 57 indicated one proton doublets at δH 6.12 (J=9.5 Hz, H-3) and 

δH 7.56 (J=9.5 Hz, H-4) and two resonances appearing at δH 6.76 (1H, s, H-5) and δH 6.73 

(1H, s, H-8) and a downfield signal at δH 3.82 (3H, s). These protons have their 

corresponding signals in 13C-NMR at δC 111.7 (C-3) 144.7 (C-4), 107.6 (C-5), 103.2 (C-8) 

and 56.0 (OCH3) along with a downfield signal at 162.5, assigned to C-2, which were 

further confirmed by HSQC and HMBC experiments (Figure-11 and Table-16). Carbon 

signals appearing at δC 151.5, 150.1, 145.4 and 110.7 were assigned to C-7, C-9, C-6 and C-

10 respectively. 
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All the spectral data of 57 were in agreement with the reported values for 7-hydroxy-

6-methoxy-2H-chromen-2-one (scopoletin).154 

 

Figure-11:  Selected HMBC correlations observed for scopoletin (57) 

 

Table-16: 1H- (500 MHz) and 13C- (125 MHz) NMR and HMBC correlations of scopoletin (57) 

 

No. C δH Multiplicity (J in Hz) δC HMBC 

2 -- -- 162.2 -- 

3 6.12 d, 9.5 111.7 C-2 

4 7.56 d, 9.5 144.7 C-5, C-10, C-2, C-9 

5 6.76 s 107.6 C-9, C-6, C-7, C-4 

6 -- -- 145.4 -- 

7 -- -- 151.5 -- 

8 6.73 s 103.2 C-6, C-7, C-9, C-10 

9 -- -- 150.1 -- 

10 -- -- 110.7 -- 

6-OCH3 3.82 s 56.0 C-6 
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4.2.3.7 Fraxidin (58): 

Molecular formula C11H10O5 was deduced from EIHRMS spectra at m/z 222.0148 

(calcd. 222.2044 for C11H10O5). 

13C-NMR spectrum (BB) 58 showed eleven carbon atoms in the molecule. DEPT 

experiments showed two methyls, four methines, and six quaternary carbons. Complete 

assignment of values were made through 2D techniques i.e. HSQC and HMBC (Table-16) 

1H-NMR spectrum of 58 indicated one proton doublets at δH 5.97 (J=9.5 Hz, H-3) and 

δH 7.77 (J=9.0 Hz, H-4), an aromatic singlet resonating at δH 6.76 (H-5) and a downfield 

signals at δH 3.83 (s, 6-OCH3) and 3.83 (s, 7-OCH3)  with their corresponding carbon signals 

in 13C-NMR at δC 109.6 (C-3)  146.9 (C-4), 104.5 (C-5), 56.5 (6-OCH3) and 61.3 (7-OCH3) 

along with a downfield signal at 164.4 assigned to C-2. These allocations were further 

confirmed by HSQC and HMBC experiments (Figure-12 and Table-17). Rest of the 

carbons resonating at δC 151.6, 149.2, 145.8, 136.8 and 110.8 were attributed to C-9, C-6, C-

8, C-7 and C-10 respectively. 

Based on spectral data and comparison with the literature the isolated compound 58 

were assigned to be a simple coumarin derivative, fraxidin.155 

 

 

Figure-12: Selected HMBC correlations observed for fraxidin (58) 
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Table-17: 1H- (500 MHz) and 13C- (125 MHz) NMR and HMBC correlations of fraxidin (58) 

 

No. C δH Multiplicity (J in Hz) δC HMBC 

correlation 

2 -- -- 164.4 -- 

3 5.97 d, 9.0 109.6 C-2, C-10 

4 7.77 d, 9.0 146.9 C-5, C-10, C-2 

5 6.75 s 104.4 C-9, C-6, C-7 

6 -- -- 149.2 -- 

7 -- -- 136.8 -- 

8 -- -- 145.8 -- 

9 -- -- 151.6 -- 

10 -- -- 110.8 -- 

6-OCH3 3.83 s 56.5 C-6 

7-OCH3 3.89 s 61.3 C-7 
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4.2.4   Biological and computational studies 
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4.2.4.1 Anti-bacterial assay: 

Various fractions and pure compound (oleanolic acid) were subjected for anti-bacterial 

assay. The ethyl acetate and n-hexane fractions of the aerial parts were active, showing 

activity against four selected bacterial strains Proteus mirabilis, Staphylococcus aureus, 

Escherichia coli and Bacillus cereus, displayed inhibitory zone of (13:0 mm) at the tested 

concentration (28 mg/mL). n-Hexane and n-hexane+ethyl acetate soluble fractions active 

with inhibition zone of (13:0 mm) at the tested concentration (32 mg/mL) (Table-18). 

Table-18: Anti-bacterial assay of various fractions and pure compound from G. optiva  

 

Aerial parts (Twigs and leaves) Stem bark 

Fractions  P. m  S. a E. c B. c Fractions P. m.  S. a E. c B. c 

F1 x x x x A1 x x 16 16 

F2 12 x x 12 A2 13 x x x 

F3 11 x x 10 A3 x 13 x 11 

F4 x x 9 x A4 x x x 12 

Oleanolic acid (53) 19 x x x 

DMSO (–) x x x x 

Imipenem 

10µg/Disc (+) 

28 23 34 32 

 

Concentration of stock solution 3mg/mL and 100 µL was used for assay  

Keywords: well size= 6mm F1=MeOH, F2=EtOAc, F3=n-hexane F4=CHCl3  

A1=n-hexane, A2=n-hexane+EtOAc soluble (1:1), A3= n-hexane+EtOAc insoluble (1:1), A4=n-BuOH.  

P. m = Proteus mirabilis, S. a = Staphylococcus aureus, E. c = Escherichia coli, B. c = Bacillus cereus 

 

4.2.4.2 Anti-fungal assay:  

Various fractions were applied for anti-fungal assay. n-Hexane, and n-hexane+EtOAc 

(1:1) soluble fractions showed some activity against selected fungal strains, Aspergillus 

flavus, Microsporum canis and Fusarium solani (Table-19). 
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Table-19: Anti-fungal assay of various fractions of the stem bark of G. optiva 

 

Fractions Name of Fungus % inhibition Std. Drug Mic (µg/mL) 

A1 C. a 0 Mic. (110.8) 

A. f 25 Amph. B (20.20) 

M. c 20 Mic. (98.4) 

F. s 30 Mic. (73.25) 

C. g 0 Mic. (110.8) 

A2 C. a 0 Mic. (110.8) 

A. f 30 Amph. B (20.20) 

M. c 35 Mic. (98.4) 

F. s 10 Mic. (73.25) 

C. g 0 Mic. (110.8) 

A3 C. a 0 Mic. (110.8) 

A. f 0 Amph. B (20.20) 

M. c 0 Mic. (98.4) 

F. s 10 Mic. (73.25) 

C. g 0 Mic. (110.8) 

 

Keywords: n-hexane=A1 (stem bark), n-hexane+EtOAc (1:1) =A2, n-BuOH=A3.  

C. a = Candida albicans, A. f = Aspergillus flavus, M. c =Microsporum canis  

F. s = Fusarium solani, C. g= Candida glabrata 

Mic. = Miconazole, Amph. B= Amphotericin B 

 

4.2.4.3 Insecticidal assay: 

Insecticidal assay of the crude ethanolic extract along with fractions was carried out 

through contact toxicity method. Crude extract and n-hexane+EtOAc (1:1) fraction showed 

moderate activity against insect Callosbruchus analis insect, while n-BuOH and n-hexane 

fractions were proved to be non-significant (Table-20). 
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Table-20: Insecticidal assay of the crude extract and fractions of the stem bark of G.

     optiva 

Extract/Fractions Name of Insects % Mortality 

Crude ethanolic extract Tribolium castaneum 0

Rhyzopertha dominica 0

Callosbruchus analis 40

n-Hexane fraction Tribolium castaneum 0

Rhyzopertha dominica 0

Callosbruchus analis 20

n-Hexane+EtOAc (1:1) fraction Tribolium castaneum 0

Rhyzopertha dominica 0

Callosbruchus analis 40

n-BuOH fraction Tribolium castaneum 0

Rhyzopertha dominica 0

Callosbruchus analis 20

 

 

4.2.4.4 Phytotoxicity: 

Various fractions and crude ethanolic extract of the stem bark of G. optiva were tested 

for their in vitro phytotoxic bioassay. They were applied on Lemna minor plant. Some 

samples showed low activity (Table-21). 
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Table-21: Phytotoxicity of the crude extract and fractions of the stem bark of G. optiva 

 

Extract/Fraction Compound Conc.  

(µg/mL)  

No. of fronds % growth 

regulation 

Std. Drug Conc.  

(µg/mL) 

Sample Control 

Crude extract 1000 14  

19 

26.3  

0.015 100 18 5.26 

10 19 0 

n-Hexane fraction 1000 15  

19 

21  

0.015 

 

100 17 10.5 

10 18 5.26 

n-Hexane+EtOAc 

(1:1) fraction 

1000 12  

19 

37  

0.015 100 17 10.5 

10 18 5.26 

n-BuOH fraction 1000 14  

19 

26.3  

0.015 100 17 10.5 

10 18 5.26 

 

 

4.2.4.5 In vitro lipoxygenase inhibition assay: 

“Lipoxygenase” (EC 1.13.11.12) is a group of non-heme iron possessing biocatalysts, 

take part as catalyst in numerous reactions concerned in xenobiotic metabolism. Fatty acids 

(FAs) are metabolized and their metabolites that play a major role in cancer cell growth and 

enhancing inflammation in the body, and also responsible for metastasis, invasiveness, cell 

survival and induction of tumor necrosis factor (TNF). Numerous 5-LOX or COX-2 

inhibitors were introduced as drugs for treatment of inflammation.113 

4.2.4.5.1 Scopoletin (57) and fraxidin (58):  

Scopoletin (57) and fraxidin (58) were virtually screened against LOX through 

molecular docking simulations in order to predict their binding affinities and binding modes. 
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Virtual screening was carried out to avoid unnecessary loss of compound and a rational 

approach based on focused pharmacological studies. Computational predictions of 

compounds 57 and 58 as new LOX inhibitors were validated experimentally, showing 

significant activity against LOX with IC50 values being 57.4±0.02 µM and 92.6±0.05 µM, 

respectively in comparison to Baicalein (IC50 value: 22.4±0.02 μM). 

 

4.2.4.5.2 Computational studies of 57 and 58: 

 Structural visualization of scopoletin (57) and fraxidin (58) showed extensive 

interactions of their molecules with important subsites of LOX catalyst (Figure-13). 

Scopoletin (57) is a smaller flat-shaped aromatic compound successfully docked to 

comparatively larger LOX catalytic binding site. Binding interactions capability of 57 

showed it as a better inhibitor than fraxidin (58). Phenolic oxygen of scopoletin (57) was 

found to be interacting both with His518 and His523 by hydrogen bonding at a distance of 

3.14 ºA and 2.98 ºA, respectively which is absent in 58. This interaction could be proved a 

major factor of better binding affinity of scopoletin (57) and played an important function in 

its comparatively better inhibitory activity by interacting with hydrogen bond (Figure-16). 

Same interaction was further armored by hydrogen bonding between heterocyclic oxygen of 

coumarin site of scopoletin. Apart from LOX assay, scopoletin also exhibited considerable 

anti-inflammatory activity in neutrophil respiratory burst assay with IC50 value 

308.39±0.027 μM in comparison to standard compound indomethacin having IC50: 

271.14±0.026 µM.  

In case of fraxidin (58), hydrogen bonding interactions (3.06 ºA) were investigated 

between carbonyl oxygen of coumarin group and His523 (Figure-14). Fascinatingly, π-

cation attractive forces were experienced between π-electrons of heterocyclic ring of 

scopoletin iron atom in catalytic site. Due to small molecular size, both scopoletin (57) and 



129 
 

fraxidin (58) were deeply penetrated into binding pocket mainly lined with charged 

electrostatic environment. No steric or electrostatic conflict was observed between LOX and 

scopoletin (57) and fraxidin (58). Quantity of 58 was not sufficient for conduction of 

neutrophils respiratory burst assay. Further optimization of 57 and 58 guided by molecular 

docking and 3D QSAR studies will generate new lead compounds for effective management 

of inflammatory disorders. 

 

 

 

Figure-13: Binding mode of scopoletin (57) inside active site of LOX.    

  (Catalytic iron  atom represented with orange colour ball is showed between the

  His518 and His523 residues. Hydrogen atoms (except polar ones) were omitted

  for clarity). 
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 Figure-14: Binding mode of fraxidin (58) inside active site of LOX.  

 

  4.2.4.5.3 Grewialin (55): 

Grewialin (55) showed significant activity against LOX with IC50 value: 31.9±0.03 

µM in comparison to baicalein which has IC50 value: 22.4±0.02 μM. Molecular docking 

exposed important interactions between LOX and grewialin (55). 

 

  4.2.4.5.4 Computational study of 55: 

In order to predict binding affinity and binding mode of grewialin (55) and to avoid 

unnecessary loss of compound and a rational approach based on focused pharmacological 

studies, it was virtually screened against LOX via molecular docking simulations. 

Computational predictions of grewialin (55) as new LOX inhibitor were validated 

experimentally. 3D structure of grewialin (55) showed a bent and elongated skeleton inside 

catalytic pocket of LOX (Figures-15 and 16).  Hydrogen bonding interactions were 
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appeared between amino acid residue Ile557 and phenolic hydrogen. These interactions 

delivered grewialin to bind outer side of catalytic pocket. Similarly heterocyclic alkoxy 

group was observed to be involved in hydrogen bonding with His518. His518 is one of the 

three important amino acid residues along iron atom containing main catalytic site of LOX. 

Prolonged and elongated curved shape of grewialin (55) favoured the electrostatic and steric 

attraction with active site of LOX. This sort of interaction could be a major factor behind its 

considerable affinity and inhibitory effect on LOX activity (Figure-16). π-π interactions 

were not found between ligand and LOX. 

 

 

 

Figure-15: Binding mode of grewialin (55) inside catalytic site of lipoxygenase (LOX).       

(Orange colored round object is Fe atom. Hydrogen atoms except polar ones were   

omitted for clarity). 
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Figure-16: Binding mode of grewialin (55) inside active site of LOX.    

         (Catalytic iron atom (orange colored) is showed between the His518 and His523

         residues. Hydrogen atoms (except polar ones) were omitted for clarity). 

  

4.2.4.5.5 Grewioptin (59): 

Computational prediction of grawioptin (59) as new LOX inhibitor was confirmed 

through experimental results which showed considerable activity against LOX with IC50 

value being 64.1±0.03 µM in comparison to Baicalein having IC50 value: 22.4±0.02 μM. 

 

4.2.4.5.6 Computational study of 59: 

Molecular structure observations of grawioptin (59) showed significant interactions of 

its molecule with important subsites of LOX catalytic site (Figure-17). Grawioptin (59) is a 

flat-shaped aromatic compound, successfully docked to comparatively larger LOX catalytic 

binding site. Phenolic oxygen of 59 was found in interaction with His518 by mean of 

hydrogen bonding with a bond distance of 3.14 ºA. This molecular interaction played a major 
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factor in its binding affinity and inhibitory activity through hydrogen bonding interactions 

(Figure-18). However, His 523 was insignificant in terms of hydrogen binding. Although in 

spite of smaller molecular size, grewioptin (59) deeply penetrated into binding pocket mainly 

lined with charged electrostatic environment (Figure-19). Aromatic electrons were also 

favoured through π-π stacking interactions between Trp519. No steric or electrostatic 

interaction was observed between LOX and grawioptin (59). Further optimization of 

grawioptin guided by molecular docking and 3D QSAR studies will generate new front 

compounds for effective management of inflammatory disorders. 

 

Figure-17: Binding mode of grawioptin (59) inside active site of LOX.  
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Figure-18: Molecular interactions of grewioptin (59) inside active site of LOX.  
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Figure-19: Other view showing the interactions of grawioptin (59) inside catalytic site  of

  LOX.  

  (Color encoding (White area: hydrophobic region and blue area: area with 

  aggregated positive electrostatic potential). 

 

   4.2.4.6 Human neutrophils respiratory-burst inhibitory assay: 

Grewialin (55) scopoletin (58) and revealed considerable anti-inflammatory activity in 

neutrophil respiratory burst assay with IC50 value 317.62±0.0597 μM and 308.39±0.027 μM 

respectively in comparison to standard compound indomethacin (IC50: 271.14±0.026 µM).  

These results showed multiple mechanisms involved in anti-inflammatory properties 

of grewialin (55) and scopoletin (58). 
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4.3 Experimental 
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 4.3.1 Plant material: 

G. optiva stem bark was collected from District lower Dir (Khyber Pakhtunkhwa), 

Pakistan in October 2009 and was identified by Dr. Jehandar Shah, Vice Chancellor Benazir 

University, Upper Dir (Khyber Pakhtunkhwa). The voucher specimen (No. 9105) was 

deposited in the Herbarium at the Department of Botany, University of Peshawar, Peshawar, 

Pakistan. 

 

4.3.2 Extraction and isolation: 

Stem bark of G. optiva (7 kg) was repeatedly (x3) extracted at room temperature with 

ethanol. Solvent from the collective extract was removed under vacuum to yield a residue 

(0.75 kg) which was further mixed with H2O and EtOAc to remove EtOAc phase from the 

crude extract.  The EtOAc soluble portion was treated with dried anhydrous Na2SO4 in order 

to remove water from it and then evaporated under vacuum which yielded gummy residue 

(90 g). It was further treated with n-hexane to give n-hexane soluble and insoluble fractions. 

n-Hexane fraction was not pursued in the present study while insoluble fraction was further 

fractionated into EtOAc soluble and insoluble fraction. EtOAc soluble fraction treated with a 

mixture of EtOAc-n-hexane (1:1) to separate it into EtOAc+n-hexane soluble fraction and 

insoluble fraction (12 g) (Scheme-15).  

 

4.3.3 Phytochemical screening:  

Crude extract as well as various fractions of G. optiva were analyzed chemically to 

determine the secondary metabolites by using standard procedures.106-108  

Alkaloids: 0.2 g of each fraction was warmed with 2 % H2SO4 for two minutes. The 

reaction mixtures were filtered and few drops of Dragendroff’s reagent were added to each 

filtrate. No orange red precipitate appeared indicated the absence of alkaloids moiety. 
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Tannins: Small amount of each fraction was mixed with water, heated on water bath 

and filtered. Few drops of FeCl3 were added to every filtrate. Appearance of dark green 

solution signified the presence of tannins. 

Anthraquinones: 0.5 g of each fraction was heated with 10 % HCl for some time. 

The reaction mixtures were filtered and allowed to cool. Equal volume of CHCl3 was 

mixed with each filtrate. Small volume of 10 % ammonia was added to each mixture and 

heated. Absence of rose-pink colour showed that anthraquinones are absent in the fractions. 

Glycosides: Each fraction was hydrolyzed with concentrated HCl and neutralized 

with 0.1 N NaOH solutions. Equal volume of Fehling’s solution A and B were added to 

each mixture. No red precipitate formed indicated the absence of glycosides. 

Reducing sugars: Each fraction was shaken with distilled water and filtered. The 

filtrates were boiled with equal volume of Fehling’s solution A and B for few minutes. 

Absence of orange red precipitate showed the absence of reducing sugars.  

Saponins: 0.2 g of each fraction was completely mixed with 5 mL of distilled water 

and heated to boiling temperature. Appearance of creamy miss of tiny bubbles showed the 

occurrence of saponins. 

Flavonoids: 0.2 g of each fraction was dissolved in 0.1N NaOH and few drops of  

di lute HCl were added. A yellow solution that turns colourless indicated the existence of 

flavonoids. 

Phlobatanins: 0.5 g of each fraction was mixed with distilled water,  filtered and 

then each filtrate was boiled with 2 % HCl solution. No red precipitate formed is an 

indication of absence of phlobatanins. 

Steroids: 2 mL of acetic anhydride was added to the mixture of 0.5 g of each fraction 

and concentrated H2SO4 (2 mL). The colour variation from violet to blue or green in some 

samples showed the presence of steroids. 
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Terpenoids:  0.2 g of the each fraction was mixed with chloroform (2 mL) and 

concentrated H2SO4 (3 mL) was cautiously added for the formation of layer. The formation 

of a reddish brown coloration at the borders indicated the existence of terpenoids.  

Based on the type of secondary metabolites such as tannins, terpenoids, flavonoids, 

saponins and steroids in n-hexane+EtOAc insoluble fraction (12 g) loaded to column 

chromatography over silica gel 60 (Merck, 70-230 mm) and eluted with n-hexane and n-

hexane_EtOAc in increasing polarity order. Based on TLC the elutes obtained from column 

collected, ultimately resulted in twenty fractions (F-1-F-20) (Scheme-15). Of these, fraction 

(F-3) was further loaded over silica gel 60 (Merck, 70-230 mm) and eluted with n-hexane 

and n-hexane_EtOAc solvent system followed by prep TLC (n-hexane-EtOAc; 9:1) to afford 

lupeol (50; 10 mg) as white powder. Fraction (F-4) was also loaded to over silica gel column 

and eluted with the same solvent system resulted in four fractions (A1-A4). Fraction A3 

afforded β-sitosterol (51; 12 mg) as fine needles while A3 furnished stigmasterol (52; 10 

mg) as fine needles through prep TLC (n-hexane-EtOAc; 8:2). Fractions A1 and A4 were 

not pursued in the present investigation. Fraction F-7 on column chromatography followed 

by prep TLC (CHCl3-MeOH; 9.5:0.5) afforded oleanolic acid (53; 6.5 mg) and ursolic acid 

(54; 7.0 mg). Fraction F-8 on column chromatography fractionated into three sub-fractions 

B1-B3. B1 and B2 were not pursued in the present study while sub-fraction B3 gave rise to a 

new coumarinolignan 2S*-(3-hydroxy-4-methoxyphenyl)-3R*-methyl-2H-[1,4] dioxin [2,3] 

chromen-7(3H)-one (grewialin, 55; 6mg) as white amorphous powder through prep.TLC 

(CHCl3-MeOH (9.6:0.4). Fraction F-10 on prep TLC (CHCl3-MeOH (9.6:0.4) gives a new 

compound 3'-hydroxy-1-(3-hydroxy-4-methoxyphenyl)-propane-1'-one (optivanin) (56; 

2mg) as white amorphous powder. Fractions F-11 to F-14 were combined on the basis of Rf 

value and a sticky residue was obtained after evaporation of solvent and then subjected to 

silica gel column chromatography, ultimately afforded four sub-fractions C-1-C-4. Sub-



140 
 

fraction C-1 on prep. TLC (CHCl3-MeOH (9.4:0.6) afforded scopoletin (57; 18mg) as 

yellowish green powder. Sub-fraction C-3 was not pursued in the present work while C-2 on 

prep. TLC (CHCl3-MeOH (9.4:0.6) afforded fraxidin (58; 4mg) as greenish powder. Sub-

fraction C-2 on prep TLC afforded a new coumarin, 8-hydroxy-6,7-

methylenedioxycoumarin (grawioptin, 59; 3mg) n-Hexane+EtOAc soluble fraction (3.9 g) 

was also subjected to column chromatography on silica gel column eluted with n-hexane and 

n-hexane-EtOAc solvent system in the increasing order of polarity which furnished β-

sitosterol (51; 10 mg), stigmasterol (52; 11 mg) and fraxidin (58; 4 mg).   
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Scheme-15: Extraction and isolation from G. optiva Drummond ex Burret 
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Scheme-15: Continued…… 
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 Scheme-15: Continued…… 
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4.3.4 Characterization of new compounds isolated from G. optiva : 

4.3.4.1 Grewialin (55): 

 

Grewialin (55) isolated and purified as white amorphous powder (6 mg) from n-

hexane+EtOAc insoluble fraction of the G. optiva stem bark ethanolic crude extract 

(Scheme-15). Molecular mass and formula were measured by EIHRMS. 

Spectral data 

[]25
D:     0 (c 1×10-4, CHCl3) 

UV λmax ( in MeOH:   250 (4.31×106) nm. 

IR max cm-1(CHCl3):   3409 (hydroxyl), 3055 (C-H stretching

       aromatic), 2910 (C-H stretching aliphatic),

       1693 (coumarin carbonyl), 1625, 1610,

       1562, 1519, 1463, 1400, 1301. 

EIMS m/z (rel.int. %):   340 [M] + (C19H16O6) ( 28.3),  297.1 

       [C17H13O5; M+-C2H3O]  (9),  164 

       [C10H12O2, M+-176] (100),  123 [C7H7O2;

       M+-217] (30). 

HREIMS m/z :    340.3134 [M]+ (calcd. for C19H16O6) 

1H- and 13C-NMR:      Table-12. 



146 
 

4.3.4.2 Optivanin (56): 

 

Optivanin (56) was furnished as white colourless powder (2 mg) (Scheme-15). 

Molecular formula (C10H12O4) and precise molecular mass were determined by EI and 

HRMS. 

Spectral data 

UV λmax ( in MeOH:   229 (4.31×106) nm. 

FT-IR (neat) ύmax cm-1;   3450 (hydroxyl), 3155 (C-H stretching

       aromatic), 2910 (C-H stretching aliphatic),

       1750 (carbonyl group), 1625, 1610, 1562,  

      1519, 1463, 1400, 2130.9. 

EIMS m/z (rel.int. %):   196 [M] +  (C10H12O4) (4), 151 

       [C8H7O3; M+-45] (100), 123 [C7H7O2; M
+

       73] (38). 

HREIMS m/z :    196.0736 [M]+ (calcd. for C10H12O4) 

1H- and 13C-NMR:      Table-13. 
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4.3.4.3 Grewioptin (59): 

 

Optivanin (59) was afforded from n-hexane+EtOAc insoluble fraction of the crude 

ethanolic extract of the stem bark as colourless powder (3 mg) (Scheme-15). Molecular 

formula, C10H6O5 was investigated through EIHRMS. 

Spectral data 

UV λmax ( in MeOH:   250 (ε 4.31×106) nm. 

FT-IR (neat) ύmax cm-1:   3400 (hydroxyl), 3055 (C-H stretching

       aromatic), 2933.5 (C-H stretching 

       aliphatic), 1693 (coumarin carbonyl  

      group), 1625, 1610, 1562, 1519, 1463,  

      1400, 1301 

EIMS m/z (rel.int. %):   206 [M]+  (C10H6O5) (90), 178 [M+- CO;

       C9H6O4] (37.5), and 149 [M+- C2HO2;

       C8H5O3] (12), 120 (21),  92 (35.5), 79

       (39) 

HREIMS m/z :  206.0270 [M]+ (calculated for C10H12O4) 

1H- and 13C-NMR:      Table-14. 
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4.3.5  Characterization of new source isolated compounds from

   G. optiva: 

4.3.5.1   Lupeol (50):  

 

Lupeol (50) was afforded in amorphous powder form (10 mg) from n-hexane+EtOAc 

insoluble fraction of the crude extract of ethanol from the stem bark of G. optiva (Scheme-

15). Molecular formula, C30H50O was determined by EI-MS. 

Spectral data 

[α]D
25       +26.4 (c = 0.19, CHCl3) 

FT-IR (neat) ύmax cm-1;   3406 (hydroxyl), 1645, 1495, 1381, 

       1183, 1104, 1039, 985, 940 

EIMS m/z (rel.int. %):   426 (55.45), 393 (3.71), 315 (13.57), 257

       (10.04), 234 (18.16), 189 (68.11), 161

       (30.98), 135 (63.03) 
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4.3.5.2 β-Sitosterol (51): 

 

β-Sitosterol (51) was isolated as white needles (12 mg) (Scheme-15). Molecular 

formula, C29H50O and exact mass were measured through EIMS. 

Spectral data 

UV max (log  in MeOH:   241 (4.2) nm. 

[α]D
25       +35.5 (c = 0.22, CHCl3) 

IRmax (CHCl3) cm-1:   3402 (hydroxyl), 2928, 2857 (C-H 

       stretching aliphatic), 1640. 

EIMS m/z (rel.int %):   414 [M]+  (10), 273 (67), 181 (42), 

       111(30). 

 

 

 

 

 

 

 



150 
 

4.3.5.3 Stigmasterol (52):  

 

Stigmasterol (52) was also furnished as soft crystals (10 mg) (Scheme-15). Molecular 

formula (C29H48O) was investigated through EIMS experiment. 

UV max (log  in MeOH:   240 (4.1) nm. 

IR max (CHCl3) cm-1:   3400 (hydroxyl), 2930, 2857 (C-H 

       stretching), 1635. 

EIMS m/z (rel.int %):   412 [M]+  (8), 273 (60), 181 (45).                                         
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4.3.5.4 Oleanolic acid (53):  

 

Oleanolic acid (53) was isolated as white amorphous powder (6.5 mg) (Scheme-15). 

Molecular formula, C30H50O3 was determined through EIMS. 

Spectral data 

EIMS, m/z (rel.int %):    456 [M]+ (30) 438 (13, 411 (7), 248 (35),

       207 (55), 189 (100), 135 (45). 
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4.3.5.5 Ursolic acid (54): 

 

Ursolic acid (54) was afforded as amorphous powder (7 mg) (Scheme-15). The 

molecular formula C30H50O3 was established on the basis EI-MS. 

Spectral data 

EIMS, m/z (rel.int %):    456 [M]+ (32) 438 (14, 411 (8), 248 (34),

       207 (58), 189 (100), 135 (45). 
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4.3.5.6 Scopoletin (57):  

 

 

Scopoletin (57) was isolated as yellowish green amorphous powder (18 mg; Scheme-

15). The molecular formula C10H8O4 was determined on the basis EIHRMS. 

Spectral data 

FT-IR (neat) ύmax cm-1:          3402 (hydroxyl), 2928, 2857 (C-H 

       stretching), 1640. 

EIMS m/z (rel.int %):    192 [M]+ (90), 177 (61), 164 (28), 149

       (65), 121 (43), 79 (43), 69 (100), 51 (63). 

HREIMS m/z :    192.0419 [M]+ (calcd. for C10H8O4). 

1H- and 13C-NMR:      Table-15. 
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4.3.5.7 Fraxidin (58): 

 

 

Fraxidin (58) was isolated as green amorphous powder (4 mg) from n-hexane+EtOAc 

insoluble fraction of G. optiva stem bark crude ethanolic extract (Scheme-15). The 

molecular formula C30H50O3 was established by EIHRMS. 

Spectral data 

FT-IR (neat) ύmax cm-1:         3445 (hydroxyl), 2950 (C-H stretching

       aliphatic), 1695 (coumarin carbonyl), 1440,

       1350. 

EIMS m/z (rel.int %):    222 [M]+ (90), 177 (61), 164 (28), 149

       (65), 121 (43), 79 (43), 69 (100), 51 (63). 

1H- and 13C-NMR:      Table-16. 
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4.3.6  Computational studies 

  4.3.6.1 Molecular docking simulations: 

These studies involved FRED 2.1 strategy109 as described in docking studies of 

compound 46. 

 

4.3.7 Pharmacological studies 

4.3.7.1 Anti-bacterial assay: 

Agar–well diffusion method was employed for determination of anti-bacterial activity 

as discussed earlier in part-A.  

 

4.3.7.2 Anti-fungal assay: 

 Anti-fungal assay was determined through Agar-Well Diffusion Method156 which 

employed which miconazole and amphotericin B as standard drugs for both positive and 

negative control. The crude extract along with fractions was dissolved in DMSO (50 mg/5 

mL). Sterile Sabouraud’s dextrose agar medium (5mL) was placed in a test tube and 

inoculated with the solution of sample in concentration of 400 μg/mL was kept in sloping 

situation at room temperature for overnight. 

After this initial process fungal culture was inoculated on the slant. The samples were 

incubated for 7 days at 29 oC with continuous observation of inhibition. Through the 

application of following formula, with reference to the negative control percent growth 

inhibition was calculated.111 
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 4.3.7.3 Insecticidal assay: 

Various fractions were tested against selected insects; Tribolium castaneum, 

Rhyzopertha dominica and Callos bruchuanalis. The test samples were prepared by 

dissolving 1019.10 μg/cm2 different solvent extracted fractions in 3 mL acetone and loaded 

in a Petri dish covered with filter paper for 24 hours and insects were placed in every plate, 

incubated at 27 °C for next 24 hours with 50 % relative humidity in growth chamber. 

Results were assessed in term of percent mortality, calculated with reference to the negative 

and positive controls. Permethrin was taken as a standard drug, whereas permethrin, acetone 

and test insects were used as positive and negative controls. 

 

4.3.7.4 Phytotoxicity: 

Phytotoxic bioassay of the solvent extracted fractions were evaluated against the 

Lemna minor L.157 In this assay three flasks were incubated with adequate stock solution (20 

mg/mL) from which prepared final concentrations of 500, 50 and 5 mg/mL respectively. 20 

mL medium sized flasks and 10 plants (Lemna minor L.) each containing a rosette of three 

fronds was added to each flask. Paraquat was used as reference growth inhibitor. All flasks 

were incubated in the growth cabinet for duration of seven days and the growth percentage 

regulation was calculated with reference to the negative control. IC50 was calculated with a 

Finney computer program. 

 

4.3.7.5 In vitro lipoxygenase inhibition assay: 

Lipoxygenase inhibition assay was carried out by the use of different concentrations of 

the isolated compounds scopoletin (57), fraxidin (58), grewialin (55) and grewioptin (59) by 
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employing the spectrometric method as discussed in previous part for 3',4',5'-O-trimethyl-3,4-

methylenedioxy ellagic acid (46).  

 

4.3.7.6 Human neutrophils respiratory-burst inhibitory assay: 

 Respiratory burst inhibitory activity of grewialin (55) and scopoletin (57) was determined by 

using the method described in part-A for 3',4',5'-O-trimethyl-3,4-methylenedioxy ellagic acid 

(46). 
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