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CHAPTER 1 

Introduction 

1.1. Medicinal natural products in history  

The knowledge of natural product with medicinal property is as ancient as human civilization 

and nearly every civilization has accumulated experience of their use. The earliest record of 

natural products has come from ancient Mesopotamia, circa 2600 BC, and is written on clay 

tablets in cuneiform. Almost 1000 plants and plant derived substances, such as oils from 

Cupressus sempervirens (Cypress) and Commiphora species (myrrh) were documented which 

are still used today for treating coughs, colds and inflammation. The well known document of 

Egyptian pharmaceutical record is the Ebers Papyrus (1500 BC) which contains 700 plants based 

drugs and including formulas such as gargles, pills, and ointments. The Chinese are leaders for 

using natural products. The most primitive Chinese medical book, Wu Shi Er Bing Fang (1100 

BC) contains 52 prescriptions followed by works such as the Shennong Herbal (~100 BC; 365 

drugs), and the Tang Herbal (659 AD; 850 drugs). Documentation of traditional Indian medicine 

i.e. Ayurveda starts from about 1000 BC (Susruta and Charaka). The Greek scientist and 

philosopher, Theophrastus (~300 BC) dealt with the medicinal qualities of herbs while the 

collection, storage, and use of medicinal herbs were recorded by Greek physician Dioscorides 

(100 AD). Galen (130-200 AD) published at least 30 books on pharmacy and medicine in Rome. 

From the 5th to 12th centuries, the monasteries in England, Ireland, France, and Germany 

preserved this knowledge but Arabs were expanding their knowledge by including their own 

resources with Greco-Roman expertise together with Chinese and Indian herbs unknown to the 

Greco-Roman world [1]. 
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1.2. Natural products and drug discovery 

Various natural products contain different compounds and modern chemistry has provided the 

tools to purify various compounds and to determine their structures. In 1805, the German 

pharmacist Friedrich Wilhelm Sertürner isolated morphine from opium. This is the first naturally 

derived medicine commercialized by Merck in 1826. In fact, Western pharmaceutical companies 

quickly began to use purified natural products as ingredients for making drugs, rather than crude 

extracts. In addition, molecular structure determination of many compounds encouraged the 

chemistry to synthesize them rather than isolating them from natural sources which lowered drug 

production cost. Hence, a large number of natural compounds were identified, analyzed and 

synthesized: strychnine and brucine from Strychnos nux-vomica (strychnos), nicotine from 

Nicotiana tabacum, atropine from Atropa belladonna etc. In the 20th century, the discovery of 

penicillin from the mould Penicillium notatum gave physicians a powerful weapon in their battle 

against antibacterial diseases. Chemists have now modified the structure of natural compounds to 

suppress or enhance certain characteristics such as solubility, efficiency or stability in the human 

body [2]. Newman pointed out that approximately 60% of the drugs that are now available-

including household names such as artemisinin, camptothecin, maytansine, paclitaxel, penicillin, 

reserpine and silibinin were either directly or indirectly derived from natural products [3].   

1.3. Co-evolution 

The important question is that why so many natural products are useful to human health and one 

explanation is that it is the result of long-term co-evolution within biological communities: 

simultaneous evolution of multiple interactive species. Hence, those natural compounds are able 
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to suppress the growth of bacteria; such molecules can also exert same effects in humans and are 

now used as antimicrobial drugs in medicine [4]. 

1.4. Plant defense mechanism: production of secondary metabolites  

 The production of secondary plant metabolites may be the most important strategy for plant 

defense against animal and microbial predators. Though the function of many plant secondary 

metabolites is not known, we can assume these chemicals may have general or specific activity 

against key target sites in bacteria, fungi, viruses, or neoplastic diseases [5]. 

1.5. Terpenoids: secondary metabolites   

Terpenoids are the largest and most widespread class of secondary metabolites which occur 

mainly in plants and lower invertebrates. Traditionally, humans used plant-based terpenoids in 

the food, pharmaceutical, and chemical industries. A large number of terpenoids show a variety 

of biological activities such as anti-viral, anti-bacterial, anti-malarial, anti-inflammatory, 

inhibition of cholesterol synthesis and anti-cancer activities [6, 7]. 

1.5.1. Structural features and classification of terpenoids 

The term terpene is generally used to represent only the hydrocarbons (C5H8)n while the term 

terpenoids represent the hydrocarbons as well as their oxygenated derivatives. The important 

structural feature of nearly all the terpenoids is their biosynthesis from one monomeric structural 

unit, isoprene (C5H8). Ingold suggested that the isoprene units in terpenoids were joined in head 

to tail linkages, may be referred to as the special isoprene rule (Figure 1.1). But this rule is not 

unique as many exceptions occur, e.g., the two halves of carotenoids are joined tail to tail 

fashion; cryptone, a natural terpenoid, have nine carbon atoms instead of ten and hence isoprene 
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rule cannot be applied [8, 9]. The C5H8 units polymerize and subsequently fix the number and 

position of double bond. The basic C5 unit can be combined in many ways; it is not surprising to 

observe the amount and diversity of the structures [10].  

MyrceneIsoprene Cadinene(1) (2)  (4)p-Menthane (3)  

Figure 1.1. Illustration of isoprene rule of Myrcene (two isoprene units), p-Menthane (two 

isoprene units) and Cadinene (three isoprene units) 

The classes of terpenoids found in nature are listed in Table 1.1. 

Table 1.1. Classes of terpenoid with their isoprene units and molecular formula 

Class Number of Isoprene 
units (C5H8) 

Molecular formula 

Hemiterpenoids 1 C5H8 

Monoterpenoids 2 C10H16 

Sesquiterpenoids 3 C15H24 

Diterpenoids 4 C20H32 

Sesterterpenoids 5 C25H40 

Triterpenoids 6 C30H48 

Tetraterpenoids or Carotenoids 8 C40H64 

Polyterpenoids n (C5H8)n 

Each class of terpenoid may be further subdivided on the basis of the number of rings present in 

the molecule i.e. monocyclic, bicyclic, tricyclic etc. 
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1.5.2. Biosynthesis of terpenoids 

Plants have tremendous biosynthetic potentials and the fundamental units used in syntheses in 

the cell are water, carbon dioxide, formic acid (as active formate), and acetic acid (as active 

acetate). These active compounds form acyl derivatives of coenzyme A. This coenzyme is a 

complex thiol derivative and is represented as CoA-SH. The acetylcoenzyme A, usually written 

as CH3CO-SCoA, may be formed by the condensation between acetic acid and coenzyme A. The 

conversion of acetyl-coenzyme A (5) into isopentenyl diphosphate (9, IPP) is believed to proceed 

via acetoacetyl-coenzyme A (6), 3-hydroxy-3-methylglutaryl-coenzyme A (7), and mevalonate 

(8) shown in Figure 1.2.     

O

SCoA
+

O

SCoA

O O

SCoA
+

O

SCoA O
-O

OH
O

SCoA

NADPH

O
-

OH

O

OH
3ATP

OPP

Acetyl-coenzyme A (5) (6) (5) (7)

(8)(9)  

Figure 1.2. Mevalonate pathway for isopentenyl diphosphate (IPP) biosynthesis 

This isopentenyl diphosphate is transformed into all different terpenoids found in nature. In the 

presence of appropriate enzyme, isopentenyl diphosphate (9, IPP) is isomerized to dimethylallyl 

diphosphate (10). Either of these can be converted into hemiterpenoids (Figure 1.3). 
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OPP
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Hemiterpenoids

(9) (10)  

Figure 1.3. Isomerization of isopentenyl diphosphate to dimethylallyl diphosphate 

The condensation of dimethylallyl diphosphate (10) with isopentenyl diphosphate (9) under the 

action of the enzyme prenyltransferase gives geranyl diphosphate (11) which can serve as the 

precursor for monoterpenoid biosynthesis (Figure 1.4).  

OPP OPP

(9) (10)

+

OPP

Monoterpenoids

(11)  

Figure 1.4. General scheme of monoterpenoid biosynthesis 

The condensation of geranyl diphosphate (11) with another IPP molecule produces farnesyl 

diphosphate (12) which can be either channeled into sesquiterpenoid biosynthesis or undergo a 

tail-to-tail dimerization to form triterpenoids (13) (Figure 1.5). 

OPP

Sesquiterpenoids

(11)

OPP

+ IPP

(12) (13, Squalene)
Triterpenoids  

Figure 1.5. General scheme for sesquiterpenoid and triterpenoid biosynthesis 

Farnesyl diphosphate (12) can undergo chain elongation with IPP to form geranylgeranyl 

diphosphate (14) which has three metabolic fates, to form diterpenoids, to undergo chain 

extension to form geranylfarnesyl diphosphate (15) and tail-to-tail dimerization to tetraterpenoids 
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(16). Geranylfarnesyl diphosphate (15) is transformed into sesterterpenoids or undergoes chain 

extension to produce polyterpenoids (Figure 1.6) [6, 11]. 
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Figure 1.6. General scheme for diterpenoid, sesterterpenoid and polyterpenoid biosynthesis 

1.5.3. Extraction and isolation 

As the terpenoids are of wide occurrence, they can be isolated by a great variety of methods. The 

essential oils, which are mixture of lower terpenes (mono and sesquiterpenes), are extracted by 

subjecting plants to steam distillation. The individual terpenoids from the essential oils are then 

separated by successive fractional distillation. During fractional distillation, the terpenoid 
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hydrocarbons distill first followed by their oxygenated derivatives.  The sesquiterpenoids are 

obtained under the distillation of the residue at reduced pressure. More recently, various forms of 

chromatography, such as column chromatography, preparative HPLC, radial chromatography, 

have been employed for the isolation and separation of terpenoids [12].  

1.5.4. Structural elucidation 

The structures of terpenoids are examined by a combination of chemical and spectroscopic 

methods. However, the recent trend is to determine the structures by the spectroscopic 

techniques which require small amount of the sample. Nuclear magnetic resonance spectroscopy 

(1H, 13C and 2D NMR) has been used to elucidate the structure of a new terpenoid including the 

relative stereochemistry of chiral centres. NMR has also been used to recognize substance 

comparing with a previously known compound, considering the huge literature data on these 

metabolites that have been gathered during the past decades. Moreover, the absolute 

configuration of a terpenoid can be further established by several methods like X-ray analysis, 

optical rotator dispersion, circular dichroism, exciton chirality, chemical correlation with a 

compound of known absolute configuration, resolution of racemates, as well as enzymatic 

reactions [13-15]. 

1.5.5. Bioactivity of terpenoids 

A number of monoterpenoids possess many biological activities. Citral is an acyclic 

monoterpenoid hydrocarbon which occurs in lemon grass oil present at levels of 65-85%. Citral 

(3,7-dimethyl-2,6-octadienal) exists in two geometrical isomeric forms: trans citral (citral-a, 

geranial, 17) and cis citral (citral-b, neral, 18). Citral has good antimicrobial, antibacterial and 

antifungal activity [16, 17]. Citral also possesses anticancer activity against HeLa, ME-180, NB4 



9 
 

and MCF-7 cell lines in vitro [18-20]. Apoptosis or programmed cell death is suppressed in 

many diseases including cancer. It may be mentioned that citral induced apoptosis of NB4 cell 

takes place by decreasing mitochondrial membrane potential. Bcl-2 down-regulation, Bax up-

regulation on mRNA level and NF-κB down-regulation on protein level may be involved in the 

mechanism of the apoptotic effect of citral on NB4 cells [20]. A very recent report on the anti-

tumor activity of citral-isomers reveals that geranial is more potent in inhibiting 

cytotoxicity/tumor-growth in mammalian physiology [21]. The roles of limonene (19), perillyl 

alcohol (20), carvone (21), and carveol (22) have been investigated in human health due to their 

chemotherapeutic activities. They inhibit carcinogenesis both in the initiation and 

promotion/progression stages, and are effective in early and advanced cancers treatment [22-25]. 

Several monoterpenoids have been studied for their antioxidant activity and γ-terpinene (23) was 

shown to be an important antioxidant [26]. Monoterpene hydrocarbons such as menthol (24), 

limonene (19), linalool (25) etc. are used as flavouring agent in foods and beverages [27]. Figure 

1.7 shows the structures of the some important monoterpenoids.  

Sesquiterpenoids function as the pheromones and juvenile hormons in plants. Farnesol (26), a 

acyclic sesquiterpene, has anti tumor activity [28]. Because of its anti bacterial activity, it is also 

used as a deodorant [29]. The bicyclic sesquiterpene β-caryophyllene (27) was shown to be 

selective agonist of cannabinoid receptor type 2 which is the alternative therapeutic targets for 

the treatment of anxiety and depression [30]. Abscisic acid (28) is a plant hormone that 

accelerates the development process in many plants including seed development and dormancy 

[31]. Some important sesquiterpenoids are shown in Figure 1.8. 
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Figure 1.7. Structures of the some important monoterpenoids 
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Figure 1.8. Structures of the some important sesquiterpenoids  

 The important diterpenoids associated with vision are those with vitamin A activity. Besides 

this, retinoids (e.g.retinol, 29) influence the growth and activate the tumor suppressor genes [25, 

32]. Gibberellic acid (30), a plant hormone controlling plant growth and development is a 

tetracyclic diterpene acid [33]. Carnosic acid (31) and carnosol (32) are found in the herb 

rosemary (Rosmarinus officinalis). Carnosol (32) is an ortho-diphenolic diterpenoid possessing 

anti oxidant, anti inflammatory and anti cancer activity [34]. Carnosic acid (31) shows 
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antimicrobial and antioxidative properties and it is also used as preservatives [35]. Structures of 

some important diterpenoids are given in Figure 1.9. 

The main group of tetraterpenoids is the carotenoids which are found in plants as well as in 

humans. Photoprotection, light harvesting in photosynthesis and pigmentation are the main 

functions of carotenoids in plants [36]. For man, their main function is associated with vision. 

Carotenoids are good anti-oxidizing agents. They are involved in scavenging of singlet oxygen 

and peroxide radical and thereby protect human from various disease like cancer [37]. Some 

important carotenoids are lycopene (33), β-carotene (34), lutein (35) etc are shown in Figure 

1.10.      

OH
CO OHOH

O OH

O H

H

Retinol (29) Gibberellic acid (30)

OH
OH

HOOC

OH
OH

O

O

Carnosic acid (31) Carnosol (32)  

Figure 1.9. Structure of some important diterpenoids 
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Lycopene (33)  

 

β-Carotene (34) 

OH
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Lutein (35)  

Figure 1.10. Structure of some important carotenoids 

1.5.6. Therapeutically used terpenoids 

Terpenoids are used for the treatment of various diseases [38]. Table 1.2 depicted a few of them. 

Table 1.2. Terpenoids approved for therapeutic use  

Generic 
name (trade 

name) 

Chemical structure Plant 
species 

Type of 
terpenoids 

Indication and 
mechanism of 

action 

Artemisinin 
(Artemisin) 

OOO
O O

H H

 

Artemisia 
annua L. 

Sesquiterpene 
lactone 

endoperoxide 

Malaria 
treatment 
(radical 

formation) 
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Table 1.2 (continued) 

Generic 
name (trade 

name) 

Chemical structure Plant 
species 

Type of 
terpenoids 

Indication and 
mechanism of 

action 

Arglabin 
(Arglabin) O OO

H

 

Artemisia 
obtusiloba 
var. glabra 

Ledeb. 

Sesquiterpene 
lactone 

Cancer 
chemotherapy 
(inhibition of 

farnesyl 
transferase) 

Ingenol 
mebutate 
(Picato) 

OH
OHOHO

O

O

H

 

E. peplus L. Diterpenoid  Actinic 
keratosis 

(inducer of cell 
death) 

Paclitaxel 
(Nanoxel) 

O
O O OH

OH

O

O
O

OOH
O

O

OH

NHO

 

T. brevifolia 
Nutt. 

Diterpenoid 
core 

Cancer 
chemotherapy 
(antimitotic 

agent) 
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1.5.7. Important receptors of terpenoids 

1.5.7.1. Glycogen phosphorylase  

Glycogen is the principal reserve of carbohydrate in animals and its breakdown into glucose-1-

phosphate is mediated by glycogen phosphorylase (GP) with the help of a debranching enzyme 

[39]. The brain, liver, and muscle isoforms of GP share approximately 80% sequence homology 

and each has an important role in glycogen metabolism. The brain isoform supplies glucose 

during the period of insufficient glucose level in brain. The muscle isoform gives energy for 

muscle contraction while the liver isoform provides glucose to the rest of the body and hence it is 

an attractive target for treatment of type 2 diabetes [40-43]. 

GP exists in two forms: GPa and GPb and they are interconvertible. GPa has high activity and 

remains predominantly in the active R state (Relaxed state) while GPb has low activity and 

resides mainly in the T state (Tense state). During physical activity or hormone simulation, the 

enzyme is converted from T state b form (GPb) to the R state a form (GPa) through the 

phosphorylation of Ser14 which is catalyzed by phosphorylase kinase [44, 45]. The regulatory 

sites of GP are: glucose analogues at the catalytic site, azasugar inhibitors, lactones at the 

allosteric site (AMP), caffeine at the purine inhibitor site, indole-2-carboxamide at the indole 

binding site and cyclodextrins at the glycogen storage site [46, 47]. The X-ray analysis suggests 

that pentacyclic triterpenes bind at the allosteric site [48]. 

1.5.7.2. Protein tyrosine phosphatase 1B  

Reversible Protein tyrosine phosphorylation is important for nearly all cellular processes such as 

growth, differentiation, migration, survival, and apoptosis. Protein tyrosine kinases (PTKs) are 

enzymes that catalyze protein tyrosine phosphorylation where as protein-tyrosine phosphatases 
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(PTPs) catalyze the dephosphorylation process [49]. In men, more than one hundred PTPs are 

present and they function as negative or positive modulators of biological pathways [50]. Among 

the member of PTPs, protein tyrosine phosphatase 1B (PTP1B) negatively regulates insulin 

signaling pathway and is an excellent drug targets for type 2 diabetes and insulin resistance [51, 

52]. 

A number of natural compounds show PTP1B inhibitory activity. Thareja et al. reviewed 

approximately 50 natural PTP1B inhibitors [53]. The first reported sesterterpenoid which shows 

PTP1B inhibitory activity is sulfircin 236 isolated as its N,N-dimethylguanidinium salt from a 

deep-water sponge Ircinia (unknown species) collected from Andros and Bahamas [54]. In 2002, 

five natural flavonoids were reported as PTP1B inhibitors [55]. Since then, approximately 300 

known or new natural compounds have been identified which possess PTP1B inhibitory activity. 

PTP1B consists of 435 amino acids with active site (site A) of approximately 8 to 9 Å depth and 

is defined by residues His-Cys-Ser-Ala-Gly-Ile-Gly-Arg (214 to 221). The important amino acid 

residues of second binding site (site B) are Arg24, Arg254, and Glu262. Other amino acid 

residues in site B are Tyr46, Asp48, Val49, Ile219, and Met258. Molecular docking studies 

indicate that triterpenes bind in the site B, not in the active site [56, 57]. 

1.5.7.3. Lipoxygenase 

Lipoxygenases are a class of non-heme iron containing oxidative enzymes, occurring in a 

number of plants and animals [58, 59]. These enzymes catalyze the incorporation of molecular 

oxygen in the naturally occurring poly-unsaturated fatty acids (PUFAs) such as arachidonic acid 

and linoleic acid [60]. More importantly, lipoxygenases are involved in the regulation of 

inflammatory responses that can promote human disease. For example, human 5-lipoxygenase 
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(5-HLO), human 12-lipoxygenase (12-HLO) and human 15- lipoxygenase (15-HLO) are 

involved in several diseases like asthma, arthritis, allergy, psoriasis, atherosclerosis and 

tumorigenesis [61-66]. 

Several studies have suggested that diets containing high fat, particularly omega-6 

polyunsaturated fatty acids, are linked with pancreatic cancer development and growth [67, 68]. 

The pathways associated in the conversion of unsaturated fatty acid arachidonic acid and linoleic 

acid to their lipid metabolites such as prostaglandins and leukotrienes which are involved in 

development and growth of multiple human cancers [69, 70]. Hence, the blockade of 

lipoxygenase pathway inhibits pancreatic cancer cell proliferation and induces apoptosis through 

the mitochondria-mediated pathway, with cytochrome c release and caspase activation [71].  

The lipoxygenase inhibitors are classified into two groups, redox and nonredox inhibition. The 

redox active compound reduces lipoxygenase from ferric oxidation state to its inactive ferrous 

form where as allosteric inhibition can occur in nonredox mechanism [72, 73]. 

1.6. Quantitative structure-activity relationship 

A number of natural products were isolated and attempts were made to correlate their chemical 

structures with their physiological activities. Though the physiological activity of a compound is 

associated with a particular structural unit or group, there are no hard and fast rules connecting 

chemical structure and physiological activity. Quantitative structure-activity relationship 

(QSAR) makes it feasible to predict the activities of a given compound as a function of its 

molecular substituent. New compounds with similar structural features can also be incorporated 

in the development of QSAR models assuming that they possess similar activities. Hence QSAR 

methods have become major tools in modelling and designing novel compounds. 
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1.6.1. Historical development of QSAR 

More than a century ago, in 1863, Cros showed a relationship between the toxicity of primary 

aliphatic alcohols and their water solubility [74]. In 1868, Crum-Brown and Fraser formulated a 

suggestion that the physiological action of a substance is a function of its chemical composition 

and constitution [75]. Shortly after, Richet (1893), Meyer (1899) and Overton (1901) separately 

concluded that narcotic (depressant) activity is dependent on the lipophilicity of the molecules 

[76-78]. In 1935 Hammett proposed a relationship which deals with the electron donating and 

withdrawing substituents m- and p- to the reaction site in monosubstituted benzene [79, 80]. The 

mathematical expression of Hammett equation is: 

log (K/K0)= σρ ……… (1.1) 

Where K and K0 are the equilibrium constant of substituted and unsubstituted phenyl compounds 

of a given reaction. The σ is a substituent constant and ρ is a reaction constant. Taft (1952, 1953) 

has examined aliphatic reactions and incorporates a steric substituent parameter, Es [81]. The 

contributions from Hammett and Taft set forth the mechanistic basis for the development of the 

QSAR paradigm by Hansch and Fujita (1964). The mathematical combination of Hammett σ 

constants and log P values (P is the octanol-water partition coefficient of the unionized molecule) 

gives the linear Hansch equation and its many extended forms [82, 83]. 

log (1/C) = k1π + k2σ +k3 ……… (1.2) 

Where C is the molar concentration, the constants k1, k2, k3 are obtained via least square methods 

and π = log Px –log PH. PH and Px are the partition coefficient of the parent molecule and its 

derivative. This equation is better than Hammett equation. However in case of highly hydrophilic 

molecules, Hansch postulated parabolic equation: 
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log (1/C) = -k1(log P)2 + k2(log P) +k3σ + k4 ……… (1.3) 

Free and Wilson constructed a model of substituent contribution to the overall biological activity 

[84]. It is given by the following equation: 

BA = Σ ai xi + u ……… (1.4) 

where BA is the biological activity, u is the average contribution of the parent molecule, and ai is 

the contribution of each structural feature; xi denotes the presence xi = 1 or absence xi = 0 for a 

particular structural fragment. In 1971, Fujita and Ban simplified the Free and Wilson equation 

by using logarithm of activity which brought the activity parameter in line with other free 

energy-related terms [85]. In the 1970s, quantum chemical indices appear in QSAR modeling 

[86]. Topological descriptors are actually structural descriptors as they are only based on the 

two-dimensional chemical structure. These descriptors, which were originally proposed by 

Balaban [87], Randić [88], Kier and Hall [89], provided significant developments of the QSAR 

approaches in the mid-1980s. However simple descriptors like counts of atoms/fragments or 

topological descriptors have only a limited utility due to the lack of consideration of the 3D 

structure of the molecules, leading to the development of the 3D-QSAR. A large variety of 

geometrical descriptors like shadow indexes [90], charged partial surface area descriptors [91], 

WHIM descriptors [92], gravitational indexes [93], EVA descriptors [94], 3D-MoRSE 

descriptors [95], GETAWAY descriptors [96] etc which were derived from the 3D geometrical 

structure of a molecule are now used in QSAR modeling. In 1988, Cramer et al. proposed a 

powerful 3D-QSAR methodology, Comparative Molecular Field Analysis (CoMFA) [97]. In 3D-

QSAR method the biological activity of a ligand can be predicted from the molecular interaction 

field properties in 3D space, such as steric demand, lipophilicity, and electrostatic interactions. 
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Finally, the scientific community has shown interest in virtual screening and moleculer design, 

for which several similarity/diversity approaches, cell-based methods, and scoring functions have 

been developed on the basis of the substructural descriptors such as molecular fingerprints [98, 

99]. 

1.6.2. Development of QSAR model 

The construction of QSAR model consists of two main steps: (i) selection of molecules (data set) 

followed by determination of molecular descriptors. Low quality descriptors are excluded as they 

will lower the quality of the model. Hence, it is better to use the most informative descriptors in 

the QSAR modeling. However in many cases too much information in the independent variables 

(the descriptors) with respect to the response is often seen as noise in the model, thus giving 

instable or unpredictive models.  (ii) Modeling methods like multiple linear regression, logistic 

regression and machine learning methods etc are used for correlating molecular descriptors with 

observed activities. During the development of the QSAR model the data set are divided into two 

groups: training set and test set. The descriptors of the training set are used to build QSAR 

models that describe the empirical relationship between the structure and activity. The finalized 

QSAR models are verified by the statistical evaluation and with a testing set. Figure 1.11 

illustrates general overview of developing QSAR process. 
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Selection of a number of biologically active compounds which are divided into two groups: 

training set and testing set 

↓ 

Molecular structure 

↓ 

Molecular Descriptors 

1D Descriptors: Atom counts, MW etc 

2D Descriptors: Topological indices, moments of inertia etc 

3D Descriptors: Steric parameters, quantum chemical parameters etc 

↓ 

Learning Stage 

(i) Pre-processing of data 

(ii) Multivariate analysis for building of models 

↓ 

Model Validation 

(i) Statistical evaluation (R, R2, R2
cv, F, Q etc) 

(ii) By testing set 

↓ 

QSAR Models 

 

Figure 1.11. General overview of developing QSAR process 
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1.6.3. Conceptual DFT approach in QSAR analysis 

 In recent years, QSAR studies have been carried out using conceptual density functional theory 

(DFT) based descriptors. These descriptors are able to provide accurate quantitative description 

of the molecular structures and chemical properties. The important DFT descriptors which have 

found immense usefulness in QSAR studies are molecular orbital energies, chemical hardness, 

chemical softness, dipole moments etc.      

The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital 

(LUMO) energies are important quantum chemical descriptors. These orbitals play a major role 

in many chemical reactions by determining electronic band gaps in solids and are also 

responsible for the formation of many charge transfer complexes [100, 101]. According to the 

frontier molecular orbital theory, the formation of a transition state is due to an interaction 

between HOMO and LUMO of the reacting species [102]. The HOMO and LUMO energies are 

also important in radical reactions [103, 104]. Ionization energy measures the energy of 

removing an electron from the HOMO and characterizes the susceptibility of the molecule 

toward attack by electrophiles while electron affinity represents the energy liberated when an 

electron is brought from infinity to the LUMO and characterizes the susceptibility of the 

molecule toward attack by nucleophiles. The hard and soft acid base concept of nucleophiles and 

electrophiles are directly related to the relative energy of the HOMO/LUMO orbitals [105]. The 

HOMO/LUMO gap energy is an important stability index. A large HOMO/LUMO separation 

implies high stability for the molecule in chemical reactions. The HOMO/LUMO gap energy 

also estimates the lowest excitation energy of the molecule [106]. The often used polarity 

quantity of the molecule is the dipole moment which reflects the global polarity of a molecule 

[107].  
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1.7. Objectives of the thesis 

i) Construction of QSAR equations between molecular properties and the biological activities of 

a number of terpenoids and the quality of the model can be assessed by several statistical 

parameters. 

ii) Docking study was performed to explore the binding mode of different bioactive terpenoids. 

iii) To study the redox potential of bioactive terpenoids. 

iv) To study the structure of bioactive terpenoids by quantum chemical methods and compared it 

with the experimental value. 

Every chapter in this thesis is complete by itself; that is, it contains its own introduction, 

complete list of references, figures, tables, and interim conclusions etc. 
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