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PREFACE 

Naturally occurring compounds have played a remarkable role in the discovery of drugs for 

various human ailments. Through experience, from time immemorial, people have identified 

the therapeutic potency of medicinal plants for various illnesses and conveyed their 

knowledge to successive generations. Historically crude extracts of the plant materials were 

used for curing various diseases. Ancient herbal lore/literature provides a rich source of 

information for the development of new drugs. The various indigenous systems such as 

Ayurveda, Siddha, Unani and Chinese use many plant species to treat several diseases. India 

has a large repository of medicinal plants and the therapeutic importance of plants lies in the 

presence of some phytoconstituents. After various technological developments, the isolation 

of pure compounds was started in accordance with bioassay-guided isolation. The first plant 

derived new molecular entity (NME) was morphine, isolated from the seed of Papaver 

somniferum. Even though currently most of the drugs derived from natural products are used 

for cancer therapy, there is remarkable contribution to infectious disease, metabolic disorders 

and associated diseases. Semi-synthesis is a versatile technique for developing bioactives via 

modification of isolated compounds from natural products. Nowadays, many modified 

natural products have been fruitfully developed for clinical applications. The examples 

include penicillin, morphine, artemisinin and paclitaxel. In view of this promising 

significance of natural products, in the present work we have carried out the identification of 

phytochemicals from medicinally relevant plants and carried out synthetic transformations of 

one of the abundant constituent to novel bioactives and carried out their biological 

evaluations to establish efficacy. 

Chapter 1 gives a brief introduction about natural products and their importance in 

drug discovery with special emphasis on natural products derived drugs and drug candidates 

for metabolic disorders. Natural products play an inevitable role and inspiration for the 

development of new therapeutics. This is highlighted with examples from literature. This 

chapter also gives a brief idea about the semi-synthesis of natural products and the drug 

discovery process. 

The Zingiberaceae or the ginger family is a family of flowering plants well known for 

their medicinal and nutritional properties. Zingiberaceae provides many useful products for 

food, spices, dyes, perfumes, cosmetics, medicine etc. It consists of a rich repository of 

medicinal plants. Therefore, Chapter 2 after a brief literature survey of the two most 
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important Zingiberaceae plants, viz. Curcuma longa and Zingiber officinale, focuses on the 

phytochemical investigation of three medicinally important plants, Curcuma amada, 

Curcuma malabarica and Curcuma aromatica from the Zingiberaceae family. The isolated 

compounds include diterpenes and sesquiterpenes. All the isolates were characterized using 

various spectroscopic techniques and by comparison with the reported literature. 

Interestingly, some of the phytochemicals are being reported for the first time from these 

plants. All the phytochemicals were tested against obesity via inhibition of the pancreatic 

lipase enzyme.  

In Chapter 3, we have isolated the molecule (E)-labda-8(17),12-diene-15,16-dial 

from the rhizomes of Curcuma amada and synthetically modified to novel labdane appended 

triazole analogues. The semi-synthetic analogues have been then tested against pancreatic 

lipase for obesity studies. Among these hybrids, two compounds exhibited excellent 

inhibitory activity (IC50 0.75 ± 0.02 μM and 0.77 ± 0.01 μM), slightly better than that of the 

positive control orlistat (IC50 0.8 ± 0.03 μM). Cytotoxicity of the molecules was assessed by 

MTT assay and none of the compounds showed cytotoxicity (H9c2) in the concentration 

ranging from 1μM-100μM.  

Hyperlipidemia is a clinical condition where blood has an increased level of lipids, 

such as cholesterol and triglycerides. Therefore controlling hyperlipidemia is considered a 

protective strategy to treat many associated diseases. The plants from the Zingiberaceae 

family are reported for their anti-hyperlipidemic potential. Therefore in Chapter 4, we deal 

with the anti-hyperlipidemic potential of natural product based labdane-pyrroles via 

inhibition of cholesterol and triglycerides synthesis. Inhibition of HMG-CoA reductase and 

MTT assay was also performed in this chapter. We have synthetically modified (E)-labda-

8(17),12-diene-15,16-dial to the novel natural product derived pyrrole and pyrazole-(E)-

labda-8(17),12-diene-15,16-dial conjugates.  

 

 

 

 

 

 

 

 



Chapter 1 

The Role of Natural Products in Drug Discovery: Special Focus on 

Metabolic Disorders 

1.1. Abstract 

Herein, we discuss some important milestones in the discovery and use of natural products 

since ancient times to current era in drug discovery followed by the portrayal of natural 

product derived drugs and drug candidates, with special emphasis on metabolic disorders. In 

addition, a brief introduction to the drug discovery process is also incorporated. 

1.2. Introduction 

Since time immemorial, humans have relied on nature to satisfy their various needs. Nature is 

itself an art of science and through its own high-throughput (HTS) screening paradigm made 

natural products (NPs) with admirable specificity and potency compared to synthetic 

molecules.1,2 For millennia, various areas of NP research have been and continue to be an 

endless source and inspiration for human therapeutics through the discovery of drugs and 

drug leads.3 NP research advances have been made by tackling difficulties in different 

complicated and fascinating research areas, including isolation, structural elucidation, 

biological screening, chemical synthesis and biosynthesis.4  

Plants possess many therapeutic properties and plant derived medicines have 

alleviated many pathological conditions. Plants produce different varieties of NPs with 

different chemical diversity. These are termed as “secondary metabolites”, in contrast to 

“primary metabolites” which are directly involved in plant growth, development and 

reproduction. Secondary metabolites do not have any physiological function on the plant.5  

They are produced either as a result of adapting mechanisms to their environment or to 

defense against herbivores or other predators for their survival.6 These secondary metabolites 

are an important and inevitable source of potential drug leads. One of the important strategies 

for selecting a plant for pharmacological studies is the careful analysis and observations of 

such resources in traditional uses of various cultures, known as ethnopharmacology.7 

Historically, traditional medical practitioners utilized crude plant extracts to produce 
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therapeutically active formulations for various diseases. The therapeutic efficacy of plant 

extract is mainly due to the synergistic effect of several secondary metabolites. Later, 

isolated compounds and synthetically modified chemical entities were explored for distinct 

therapeutic areas by pharmaceutical companies.3 

The first plant derived new molecular entity (NME) was morphine (Figure 1.1). 

Friedrich Wilhelm Serturner was the first to successfully isolate the alkaloid morphine as 

crystals from the seed of Papaver somniferum L. (Opium poppy, which belongs to the family 

Papaveraceae) in 18th century (in between 1803-1817) through diligent research. It was in 

use since 1827 prior to FDA approval garnered in 1938 as an analgesic.8 

 

Eventhough, the major contribution to the drug discovery is from plant source, there 

is considerable share from microbial, marine and animal sources too. Streptomycin (1946) 

and phenoxymethyl penicillin (1953) are the first FDA approved bacterial and fungal NMEs. 

Since the year 2000, about 77% of the FDA approved antibiotics are natural products and 

100% of them are derived from microbes.8  

The revolution of drug discovery research started after the serendipitous discovery of 

penicillin (Figure 1.2) by Alexander Fleming in 1928 from the fungus Penicillium notatum. 

The identification of its broad medicinal use and large scale production during the Second 

World War paved a pivotal way for drug discovery. 2,9,10 One of the important advances in 

the drug discovery programme was the mechanism-based screening for bioassay-guided 

isolation. The mechanism-based approach has become the backbone of high-throughput 

screening (HTS) by considering the various screening techniques and targets. β-lactamase 

inhibitor clavulanic acid (Figure 1.2) from Streptomyces clavuligerus, HMG CoA reductase 

inhibitor mevastatin from Penicillium citrium etc., are some of the first compounds identified 



Chapter 1 
 

3 
 

based on mechanism based screening methods in the early 1970s. Augmentin [a combination 

of clavulanic acid and amoxicillin (Figure 1.2)] is a first line antibiotic used still today.10  

 

Figure 1.2. 

The pursuit of isolation and identification of new bioactive molecules is often a 

difficult task due to their structural complexity and requires enormous effort, patience and 

intensive investments in resources. For this reason, there is a decline of interest in natural 

product chemistry and therefore, the pharmaceutical industries have embraced combinatorial 

chemistry in favor of producing large libraries of compounds and progressively moved from 

NPs to diversity oriented synthetic compounds. Over time, the traditional system of medicine 

has been overshadowed by the ready availability of semi-synthetic and synthetic analogues of 

NPs.1,8 The rapid development of synthetic organic chemistry methodologies have also led to 

more attention being given to synthetic compounds than natural products for 

pharmacological applications.7,8  

Despite these difficulties, NPs are still contributing their considerable share to the 

discovery of new clinical candidates and drugs. This was recently portrayed by Newman and 

Cragg. They have reviewed the total number of natural product derived drugs out of the total 

drugs marketed in the last four decades, viz., 1981-2019. A total of 1881 drugs were 

approved and marketed during the last four decades. Approximately 24.6% (463) drugs were 

Synthetic (S), 18.9% (356) were derived from natural products (ND), 18.4% (346) were 

vaccines where as 11.5% (217) and 11% (207) drugs were made either synthetic or total 

synthesis which are natural product mimics. Among all these 1881 drugs, 3.8%, that is a total 

of 71 drugs were unaltered NPs.11 A statistical data given in the review has been redrawn in 

Figure 1.3. 
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Figure 1.3. New drugs approved in between 1981-2019 

Abbreviations:, B: Biological; usually a large (>50 residues) peptide or protein either 

isolated from an organism/cell line or produced by biotechnological means in a surrogate 

host, N: Natural product, NB: Natural product “Botanical” (in general these have been 

recently approved), ND: Derived from a natural product and is usually a semi-synthetic 

modification, NM: Mimic of natural products, S: Totally synthetic drug, often found by 

random screening/modification of an existing agent, S*: Made by total synthesis, but the 

pharmacophore is/was from a natural product, V: Vaccine. 

Some of the important FDA approved unaltered natural products drugs which were 

launched in between 2000-2019 along with their disease area where they are used are given 

in Table 1.1.11-14  
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Table 1.1. The list of FDA approved unaltered NP drugs launched in between 2000-2019  

Sl. No: Year Intro. Generic Name Trade Name Disease 

1 2000 Aminolevulinic acid Levulan Cancer 

2 2003 Daptomycin Cubicin Bacterial 

3 2005 Dronabinol /Cannabidol   Sativex Pain 

4 2005 Fumagillin Flisin Antiparasitic 

5 2005 Ziconotide Prialt Pain 

6 2006 Exenatide  Byetta Diabetes 

7 2007 Trabectedin Yondelis Cancer 

8 2009 Colchicine Colcrys Acute gout 

9 2010 Romidepsin Istodax Cancer 

10 2010 Capsaicin Qutenza Pain 

11 2011 Spinosad(Spinosyn) Natroba Antiparasitic 

12 2011 Fidaxomicin Dificid Bacterial 

13 2012 Omacetaxine 

mepesuccinate 

Synribo Oncology 

14 2012 Homoharringtonine Ceflatonin Cancer 

15 2012 Ingenol mebutate Picato Cancer 

16 2014 Trastuzumab PICN Cancer 

17 2018 Aplidine Aplidin Cancer 

 As mentioned by Newman and Cragg, large number of NP inspired and NP derived 

drugs have been approved in recent years. Some of the NP derived/inspired drugs which are 

launched in between 2005-2019 along with disease area in which they are used are listed in 

Table 1.2.11,12 
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Table 1.2. The list of FDA approved NP derived/inspired drugs launched in between 2005-

2019. 

Sl. 

No: 

Year 

Intro. 

Generic Name Trade name Disease 

1 2005 Doripenem Finibax/Doribax Antibacterial 

2 2005 Tigecycline Tygacil Antibacterial 

3 2005 Zotarolimus Endeavor stent Cardiovascular surgery 

4 2006 Anidulafungin Eraxis/Ecalta Antifungal 

5 2006 Varenicline Chantix/Champix Nicotine dependence 

6 2007 Lisdexamfetamine Vyvanse ADHD 

7 2007 Retapamulin Altabax/Altargo Antibacterial 

8 2007 Temsirolimus Torisel Oncology 

9 2007 Ixabepilone Ixempra Oncology 

10 2008 Ceftobiprole medocaril Zeftera/ Zevter Antibacterial 

11 2008 Methylnaltrexone Relistor Opioid-induced 

onstipation 

12 2008 Umirolimus Biomatrix Cardiovascular surgery 

13 2008 Tafluprost Taflotan Antiglaucoma 

14 2009 Everolimus Afinitor Oncology 

15 2009 pralatrexate Folotyn Cancer 

16 2009 Tebipenem pivoxil Orapenem Antibacterial 

17 2009 Telavancin Orapenem Antibacterial 

18 2009 Vinflunine Javlor Cancer 

19 2009 Nalfurafine Remitch Pruritus 

20 2010 Cabazitaxel Jevtana Cancer 

21 2010 Fingolimod Gilenya Multiple sclerosis 

22 2010 Monobactam aztreonam Cayston Antibacterial 

23 2010 Ceftaroline fosamil Teflaro Antibacterial 

24 2010 Eribulin Halaven Cancer 

25 2010 Mifamurtide Mepact Cancer 

26 2010 Vinflunine Javlor Cancer 
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27 2010 Zucapsaicin Zuacta Pain 

28 2010 Laninamivir octanoate Inavir Antiviral 

29 2011 Abiraterone acetate Zytiga Anticancer 

30 2011 Brentuximab vedotin Adcetris Anticancer 

31 2012 Dapagliflozin Forxiga Type 2 diabetes 

32 2012 Carfilzomib Kyprolis Oncology 

33 2012 Arterolane/ piperaquine Synriam Antiparasitic 

34 2013 Canagliflozin Invokana Type 2 diabetes 

35 2013 Trastuzumab emtansine Kadcyla Cancer 

36 2014 Dalbavancin Dalvance Antibacterial  

37 2014 Oritavancin Orbactiv Antibacterial 

38 2014 Cetolozane/tazobactam Zerbaxa Antibacterial 

39 2015 Padeliporfin potassium Stakel Cancer 

40 2017 Latanoprostene bunod Vyzulta Antiglaucoma 

41 2017 Inotuzumab ozogamicin Besponsa Anticancer 

42 2017 Midostaurin Rydapt Anticancer 

43 2017 Meropenem/vaborbactam Vabomere Antibacterial 

44 2017 Tenofovir 

disoproxilorotate 

Viread Antiviral 

45 2018 Moxidectin  Antiparasitic 

46 2018 Tafenoquine succinate Etaquine Antiparasitic 

47 2018 Plazomicin Zemdri Antibacterial 

48 2018 Omadacycline Nuzyra Antibacterial 

49 2018 Eravacycline Xerava Antibacterial 

50 2018 Sarecycline Seysara Antibacterial 

51 2019 Lefamulin Xenlita Antibacterial 

52 2019 Imicilast-relebactam  Antibacterial 

53 2019 Polatuzumab vedotin Polivy Cancer 

From the above table it is clear that NPs still hold out the best strategy for finding 

novel therapeutic agents. This will need a team work of chemists (to tailor functionalized 

structures from nature) and biologist to the discovery of potential drugs for various diseases. 
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Therefore, in the coming section we briefly discuss about natural products drugs and leads 

from plant, microbial, marine and animal sources. 

1.3. Natural products derived drugs from plant source 

1.3.1. Quinine 

Quinine (Figure 1.4) is an antimalarial drug isolated from the bark of Cinchona officinalis 

(Quina-Quina, belonging to the Rubiaceae family) in 1820 by Pierre Joseph Pelletier and 

Joseph Caventou. It belongs to the aryl amino alcohol groups of drugs. Cinchona officinalis 

is a rich source of medicinal alkaloids. Its bark had been used for centuries by the indigenous 

population in the Amazon region to combat shivering and fever associated with malaria. In 

the early 1600s, it was introduced into Europe for malaria treatment. The discovery of 

quinine in the 17th century was serendipitous and was the first chemical compound used 

successfully for infectious diseases. The isolation of the pure alkaloid was quickly 

appreciated compared to the use of tree bark. Before the invention of more potent synthetic 

antimalarial drugs (eg: chloroquine), quinine was used as a mainstay for malarial treatment 

until 1920s. Quinine and other cinchona alkaloids such as quinidine, cinchonine and 

cinchonidine are very active against malaria. Later with the emergence of resistance of P. 

falciparum to chloroquine, use of quinine again started particularly in the treatment of severe 

malaria. In 2010 WHO recommended that if the first-line drug fails or is not available, a 

combination of quinine with clindamycin, doxycycline or tetracycline can use as a second 

line treatment for uncomplicated malaria. Quinine with clindamycin is recommended for 

malaria in the first trimester of pregnancy. Therefore till now, quinine has played a 

significant role in the treatment of malaria. Eventhough its use as an over the counter drug 

has banned in 1990’s, it has been reapproved by US FDA in 2004.6,15 
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Figure 1.4               

1.3.2. Artemisinin  

Another significant breakthrough is the discovery of the antimalarial drug artemisinin 

(Figure 1.5), which was isolated in 1972 from the plant Artemisia annua, known as sweet 

wormwood belonging to the Asteraceae family. The plant has been used in traditional 

Chinese medicine for many centuries to treat chill and fever associated with malaria. It is a 

sesquiterpene lactone bearing endoperoxide bridge. The mechanism of action involves 

interaction of artemisinin with intraparasitic heme (iron) that will result in the cleavage of 

endoperoxide bridges by iron, producing toxic free radicals. The malaria parasite is rich in 

iron, derived from the proteolysis of host cell hemoglobin. The free radical generated will 

damage the specific targets via alkylation, causing oxidative stress in the cells of the parasite.  

Artemisinin and its semi-synthetic analogues such as artefenomel, arterolane etc., 

(collectively known as ARTs) also exhibit excellent efficacy against chloroquine-resistant P. 

falciparum and cerebral malaria. Today, artemisinin combination therapy (ACT) constitutes 

the standard treatment for patients with uncomplicated falciparum malaria. Artemisinin was 

discovered by Prof. You-you Tu and she was awarded the Nobel Prize in the year 2015 (for 

Physiology).16-19 
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Figure 1.5 

1.3.3. Pilocarpine 

Pilocarpine (Figure 1.6) is an L-histidine-derived alkaloid isolated from the leaves of 

Pilocarpus jaborandi (belongs to Rutaceae family) in 1874. This has been reputed to be one 

of the mainstays of glaucoma therapy for over 100 years. Both pilocarpine 

monohydrochloride and pilocarpine nitrate are used as ophthalmic cholinergic agonists. It 

lowers intraocular pressure significantly in almost all patients and its side effects are 

comparatively few, which are the main advantages of pilocarpine. Oral administration of 

pilocarpine to treat dry mouth (xerostomia) resulting from radiation therapy for head and 

neck region or salivary gland dysfunction was also approved by FDA in 1994.6,26,27  

 

1.3.4. Colchicine 

Colchicine (Figure 1.7) is a tricyclic alkaloid isolated from the roots of Colchicum 

autumnale, belonging to the Colchicaceae family. It was used since antiquity (A.D. 6th 

century) for the treatment of gout and also used as an anti-inflammatory, laxative etc.28 Its 

use for the treatment of pain and swelling has been mentioned in the oldest medicinal text 

book, “the Ebers papyrus”. Colchicine was isolated in pure form by French chemists, P. J. 
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Pelletier and J. Caventou in 1820. The structure of colchicines was proposed in 1924 and 

exact structural formula was identified in 1945. Athough colchicines belongs to the oldest 

drugs, still there is a chance to explore its therapeutic efficacy as a lead molecule. 

Eventhough it has been used for the treatment of acute gout from AD 560, it was approved 

by FDA only in 2009.29-31  

 

Figure 1.7 

 1.3.5. Vincristine and Vinblastine 

Vincristine and vinblastine (Figure 1.8) were isolated from the periwinkle plant, 

Catharanthus roseus (L.) G. Don belonging to Apocynaceae family. Since the plant is native 

to the island of Madagascar, it is commonly known as Madagascar periwinkle. The leaf 

extracts of this plant were reputed for treating diabetes in the early traditional system of 

medicine. Later it was found that the alkaloids, vincristine and vinblastine from the leaf 

extract exhibit potent antileukemic activity. The discovery of the anticancer potency of vinca 

alkaloids was a milestone in the development of cancer therapy. Oxidation of methyl group 

of vinblastine led to vincristine. Vincristine and vinblastine are dimeric indole-based 

alkaloids in which a vindoline ring is connected with catharanthine system. These two drugs 

are collectively known as vinca alkaloids and are wonder drugs for cancer therapy. 

Vincristine got FDA approval in 1963 and vinblastine in 1965. The semi-synthetic derivative 

vinorelbine and its fluorinated analogue vinflunine also play an important role in 

chemotherapeutic treatment.20-22  
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Figure 1.8 

1.3.6. Paclitaxel (Taxol) 

In the early 1960s, during the search for a potential source of anticancer drugs, Dr. Jonathan 

L. Hartwell of the US National Cancer Institute (NCI) collected many plants from USA. One 

of the plants collected was Taxus brevifolia (Pacific yew tree), which provided a critical 

milestone in the discovery of a novel anticancer drug. Historically, humans have made use of 

the yew tree for various purposes. Taxol (Figure 1.9) was isolated and characterized as the 

active constituent in 1969 by M. C. Wani and coworkers from T. brevifolia. Its discovery and 

development took around 30 years. The structural characterization of taxol was a daunting 

task in the late 1960s and its isolation and structural elucidation report was published in 

1971. It is a diterpenoid molecule which consists of taxane moiety as well as a oxetane ring 

and an ester side chain, the latter being important for biological activity. Taxol is reputed for 

the treatment of different types of cancers. It was approved by the FDA in 1992 and 1994 for 

the treatment of ovarian cancer and breast cancer. Taxol and its analogues are well known for 

their efficacy and is the most successful anticancer agent from plant sources.6,23-25  
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Figure 1.9 

1.3.7. Digitoxin 

Digitoxin (Figure 1.10), a cardiac glycoside (CG) was isolated from Digitalis purpurea L. 

(foxglove) belonging to the Plantaginaceae family. In the 18th century, English physician and 

scientist William Withering found that administering foxglove extract resulted in a dramatic 

change in patients with congestive heart failure. Based on this knowledge, Digitoxin and its 

analogues have been used to treat congestive heart failure, cardiac arrhythmias and atrial 

fibrillation. As a cardiotonic drug, digitoxin possesses a narrow therapeutic window. 

However, now it is one of the most auspicious anticancer CGs against several types of 

cancers, such as lung cancer, pancreatic cancer, leukemia and breast cancer. The discovery of 

anticancer activity of digitoxin was a breakthrough in cancer research.6,32,33  

 Another CG is digoxin (Figure 1.10), isolated from Digitalis lanata by Dr. Sydney 

Smith in the year of 1930. It is one of the oldest medications for the treatment of cardiac 

disorders, including congestive heart failure, atrial fibrillation and certain cardiac 

arrhythmias. It was approved by FDA in 1998 for heart failure. Digoxin remains a useful 

agent to control atrial fibrillation, when it is combined with β-blockers. Both digitoxin and 

digoxin belongs to digitalis glycosides. Both of them have a steroidal nucleus, sugar moiety 

and lactone ring. The steroidal skeleton is considered to be the active pharmacophoric 

group.32,34  
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Figure 1.10 

1.3.8. Ingenol mebutate  

Ingenol mebutate (Picato, Figure 1.11) is an ingenane type macrocyclic diterpenoid, isolated 

from the aerial part of the plant Euphorbia peplus, belonging to Euphorbiaceae family. This 

plant has long been used in traditional folk medicine for the treatment of skin cancers. It was 

approved by FDA in 2012 and is used to treat actinic keratosis (AK), considered to be an 

epidermal dysplasia.35,36  

 

Figure 1.11 

1.4. Natural products derived drugs and drug candidates from microbial source 

Microorganisms such as bacteria and fungi have played a vital role as a source in the 

development of novel drugs and lead for various diseases. The discovery of drugs from 

microorganisms became popular after the discovery of the antibacterial drug penicillin. It is 

the most widely used antibiotic globally and was found to inhibit the growth of gram-
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negative bacteria. Microorganisms have paved the way for the large scale production of food 

ingredients, antibiotics, agriculture procedures, natural colours etc. Microorganisms have 

proven to be the most productive and prolific in drug discovery process, particularly for 

infectious diseases, cancer, atherosclerosis, obesity, diabetes etc. Currently pharmaceutical 

companies rely largely on microbial sources for novel entities.37 There are ample evidences 

for the contribution of microbes in the discovery of antibiotics. The important antibacterial 

drugs are streptomycin (Figure 1.12), discovered in 1944 from Streptomyces griseus and 

erythromycin (Figure 1.12), which is a broad spectrum antibiotic isolated from the species 

Saccharopolyspora erythraea in the year 1952. Other important antibiotics are vancomycin 

and its semi-synthetic derivative telavancin (TD-6424), a group of antibacterial drugs 

tetracyclines (Streptomyces auerofaciens, Figure 1.12), chloramphenicol (Streptomyces 

venezuelae, Figure 1.12) etc. Likewise, antifungal drugs amphotericin B (Streptomyces 

nodosus), a traditional antifungal agent and microbial derived synthetic compound PLD-118 

(Figure 1.12) etc., are also well known. Viramidine (ribamidine) is an important anti-viral 

drug for the treatment of HCV (hepatitis B and C). Some important anticancer agents are also 

from microbial metabolites. Discovery of actinomycin in 1940 from the specie Streptomyces 

parvulus led to the first antibiotic shown to have anticancer activity. Another most widely 

used anticancer drug is doxorubicin (Figure 1.12), which was isolated from Streptomyces 

peucetius and FDA approved it in 1966.37-39 Some of the microbial derived therapeutic 

products are shown below. 
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Figure 1.12. Microbial derived drugs and drug candidates 

1.5. Natural products derived drugs and drug candidates from marine source 

Oceans are a rich source of a variety of organisms, particularly enriched with microbes 

associated with marine plants and animals.40,41 Even though the major contribution of drugs 

are from terrestrial sources, there is a substantial share of drugs and drug candidates from 

marine sources too, marketed in recent years.42 Zhang et al. has reviewed marine derived 

macrolides from 1990 to 2020 and found that there are 505 macrolides reported from marine 

organisms.43 Marine drug development programs gained momentum after the invention of 

spongothymidine (Figure 1.13) and spongouridine (Figure 1.13) in 1950 for cancer 

treatment.  

As we mentioned earlier various potent anticancer agents are reported from plants and 

terrestrial microorganisms, however there is also a considerable contribution of anticancer 

agents from marine sources too. The discovery of C-nucleosides from the Cryptotheca 

crypta, a Caribbean sponge, led to the basis for the synthesis of cytarabine (Figure 1.13, 
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FDA approval in 1969), which is the first marine derived anticancer agent. It is currently 

used in patients with leukemia and lymphoma. Gemcitabine (Figure 1.13), a fluorinated 

derivative of cytarabine, has shown considerable activity in the treatment of patients with 

solid tumours such as pancreatic, breast, bladder and non-small-cell lung cancer. 41,44 

Ecteinascidin-743 (ET-743) (Figure 1.13), a potent and fascinating marine 

tetrahydroisoquinoline alkaloid isolated from the Caribbean tunicate extract Ecteinascidia 

turbinate, which exhibited potent anticancer activity in different tumour cell lines.44-46 

Vidarabine (Figure 1.13) is an important antiviral drug isolated from the sponge nucleoside 

in 1950. Ziconotide, a synthetic peptide formulated on the toxin of the poisonous marine 

cone snail, Conus magus used as an analgesic drug. Some of the important marine derived 

drugs and molecules under clinical trials are given below.41  

 

 

Figure 1.13. Marine derived drugs and drug candidates 

1.6. Natural products derived drugs and drug candidates from animal source 

Animals are also an important source of chemically diverse and promising bioactives. There 

are different medicines, vaccines and specific formulations such as tablets, capsules, creams 
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or mixtures containing animal products or are derived from animal sources. For example, 

gelatin used to make capsule shells, is a partially hydrolyzed collagen usually originated from 

bovine. Heparin, insulin and pituitary hormones are some of the oldest medications from 

animal sources. Heparin (Figure 1.14), was isolated from canine liver cells in 1916 and it is 

one of the oldest and most extensively used drugs for the treatment of hematologic disorders. 

Nevertheless, animal derived bioactives are still largely unexplored. Since animal toxins have 

high selectivity and specificity for the molecular targets, they have been used as a prototype 

for developing new therapeutic agents. Captopril is such an example of an antihypertensive 

drug developed from the knowledge garnered from animal venoms. Chlorotoxin, isolated 

from the scorpion Leiurus quinquestriatus, is an anticancer drug known as “tumor paint”, as 

it specifically binds to tumor cells without affecting normal cells.47 Eptifibatide (Figure 

1.14), a cyclic peptide isolated from the venom of the southeastern pygmy rattlesnake 

(Sistrurns miliarius barbouri), is used for the treatment of the acute coronary syndrome. TM-

601, a chlorotoxin derived from the venom of the deathstalker scorpion (Leiurus 

quinquestriatus), is under phase II clinical trials for cancer therapy. Trabectedin (Figure 

1.14) which is isolated from the sea squirts Ecteinascidia turbinate and aplidine (Figure 

1.14) derived from the sea squirts Aplidium albicans are also used as anticancer agents for 

different malignancies. Epibatidine (Figure 1.14) is a toxic alkaloid isolated from a South 

American poison dart frog (Epipedobates tricolor). It is used as an analgesic agent, which is 

200 times stronger than morphine and 30 times stronger than nicotine.48 Tebanicline (ABT-

594, Figure 1.14), a less toxic synthetic derivative of epibatidine, is a potent analgesic drug 

under clinical trial. ATryn is an anticoagulant produced from goat milk and was approved by 

the FDA in 2009.47,49-51  

 



Chapter 1 
 

19 
 

 

Figure 1.14. Animal derived drugs and drug candidates 

From the above discussions it is clear that NPs always provide a valuable source for 

drugs and drug candidates for various ailments. There are large number of therapeutic agents 

available either as NP or inspired/derived from NPs in various disease areas such as cancer, 

bacterial, infectious, analgesics etc. In recent decades NPs have undisputedly gained greater 

attention in the area of metabolic disorders. In light of this idea, our aim is to explore the use 

of NPs and their derivatives against metabolic disorders. For this, we have surveyed the 

current status of NPs derived drugs and leads against metabolic disorders which is discussed 

below. 
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1.7. Natural products derived drugs and drug candidates for metabolic 

disorders 

Metabolic disorders are complex conditions that disrupt the normal metabolism in our body 

and is a major risk factor for illness and death globally. Metabolism is the process by which 

the body makes energy by chemically breaking proteins, carbohydrates and fats in the 

digestive system towards glucose, which constitute energy for normal functioning of the 

body or for storage in body muscles, liver and also stored as body fat. Metabolic disorders 

are characterized by insulin resistance, abdominal obesity, dyslipidemia, hypertension and 

hyperglycemia. It is the risk factor for CVDs, Type 2 diabetes, stroke, chronic kidney disease 

and cancers. It may arise because of genetic factors, diet changes, lack of exercise, ageing 

and the disease or abnormal functions of certain organs like liver or pancreas. Many studies 

are reported which indicate that the main reason for metabolic disorders are heredity and 

other environmental factors that will contribute to the sudden increase in the risk.52-54  

1.7.1. Obesity 

Obesity is a chronic metabolic disorder that results from the imbalance between energy 

intake and expenditure and it is now a common disorder found in our society. The excess 

food taken is converted into lipid components, primarily triglycerides, and is stored in the 

liver, adipose and other tissues. If the positive energy balance extends for a longer period, it 

leads to overweight and obesity.55 It is caused by the association between multiple factors 

such as excess food intake, lack of exercise, genetic problems, abnormality in metabolism 

and environmental problems.56 Obesity contributes to many metabolic disorders, including 

metabolic syndrome, coronary heart disease (CHD), fatty liver, hypertension, certain cancers, 

stroke and diabetes.57 Since obesity and related metabolic disorders continue to increase 

globally, there is an urgent need to identify safe and efficient therapies to combat the 

problem.58 According to World Health Organization (WHO), obesity is a global epidemic. In 

2018, WHO reported that global obesity has almost tripled since 1975.59 Therefore, 

controlling obesity is the major challenge worldwide. Due to the increasing rate of obesity 

worldwide, medicinal chemists are giving more attention to the development of new 

therapeutic agents. Among the various treatments, pharmacotherapy is most desirable.60,61  
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The most prescribed FDA approved drugs for obesity are orlistat, sibutramine and 

rimonabant, which act via different mechanisms of action. However, the latter two drugs are 

withdrawn from the market due to severe side effects such as cardiovascular and psychiatric 

complications.62,63 Many reports describe the importance of natural products in treating 

obesity. Various extracts and secondary metabolites from plants, microbial sources and 

marine sponges have attracted much attention for their anti-obesity properties. Caffeine 

(Figure 1.15) from tea leaves increases energy expenditure and fat oxidation. Curcumin 

(Figure 1.15) from turmeric can lower lipids and prevent obesity-related complications. 

Capsaicin (Figure 1.15), an alkaloid from Capsicum annuun reduces obesity. Celastrol 

(Figure 1.15) triterpene from roots of Tripterygium wilfordii has potent anti-obesity property 

as evident from animal studies. Gingerol (Figure 1.15) and shogaol (Figure 1.15) from 

Zingiber officinale have been shown to increase metabolic rate and thus help to “burn off” 

excessive fat.64,65 

 

 
 

Figure 1.15. Natural products having anti-obesity properties 

1.7.1.1. Orlistat 

Orlistat (Xenical, Figure 1.16), a tetrahydrolipstatin is the most widely prescribed FDA 

approved (1998) anti-obesity drug in the market today. It is a partially hydrated derivative of 

endogenous lipstatin isolated from Streptomyces toxytricin and its mechanism of action is via 
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the inhibition of an enzyme, viz., pancreatic lipase.63 It also reduces total cholesterol and low 

density lipoprotein (LDL) cholesterol. 

 

 
Figure 1.16 

1.7.2. Diabetes 

Diabetes Mellitus (DM) is commonly known as diabetes. It is one of the most common 

endocrine disorders caused by the deficiency in insulin production, insulin action or both in 

combination. Diabetes will affect at any age and the prevalence is equal for both males and 

females. DM is associated with a high cardiovascular morbidity/mortality and is the leading 

cause of chronic kidney disease (CKD). It also damages the body systems, such as the liver, 

eyes, blood vessels and nerves.66-68 The main types of DM is Type-I diabetes, which is 

associated with insulin deficiency resulted from the autoimmune destruction of the pancreatic 

β-cell, and Type-II diabetes, which is characterized by insulin resistance and accounts for the 

90% of all reported cases. The natural hormone insulin called “key” produced from the β-cell 

present in the pancreas helps to transport glucose to the cells for use as energy. When sugar 

enters the cells, the blood sugar level is lowered. But in the absence of insulin, the sugar 

cannot get into the body’s cells for use as energy. This leads to an increase in the blood sugar 

level and the condition as called “hyperglycemia” (high blood sugar). DM is characterized by 

hyperglycemia. In 1988, Type 2 diabetes mellitus (T2DM) was declared as a metabolic 

syndrome. 69-71 

Over the past many years, the number of diabetes cases and prevalence rate has been 

dramatically increasing globally and its prevalence rate in 2019 is reported to be 9.3% (463 

million people), rising to 10.2% (578 million) by 2030 and 10.9% (700 million) by 2045. 
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About 50.1% of people living with diabetes are not aware of it.72 According to WHO, 

diabetes is a major risk factor for blindness, kidney failure, heart attack, stroke and lower 

limb amputation. Worldwide, more than 422 million people have diabetes and around 1.6 

million deaths were caused by it in 2016, and hence diabetes is considered the seventh 

leading cause of death globally.73  

The major risk factors for getting T2DM are genetic susceptibility and environmental 

factors. Life style modifications such as diet, exercise etc., are the best solutions to control 

diabetes. Pharmacological interventions are recommended upon failure of lifestyle 

modifications. There are many classes of drugs available for the treatment of diabetes and the 

selection depends on the nature of diabetes, age and other factors. The conventional 

pharmacological agents used in the treatment of DM, including insulin and oral antidiabetic 

medications such as sulfonyl ureas, biguanides, acarbose, metformin, rosiglitazone, 

glibenclamide or combination of these drugs etc.68,74  Prolonged use of these drugs leads to 

many adverse effects on our health. Therefore, novel and safe therapeutic agents are 

necessary for diabetic treatment. Here the role of natural products arises because of their 

fewer side effects, easy availability and increased potency compared to synthetic drugs.75 

Many plant extracts and their active principles have been shown to exhibit potent antidiabetic 

efficacy, which may be helpful for the innovation of novel drug candidates and drug 

discovery.76,77 

In 2012, Hung et al. reviewed the recent discovery of plant derived antidiabetic 

natural products during 2005-2010. Many plant extracts from various families such as 

Amaranthaceae, Apocyanaceae, Asteraceae, Cucurbitaceae, Fabaceae, Lamiaceae, 

Liliaceae, Malvaceae, Myrtaceae, Rubiaceae etc., have shown promising activity. Various 

isolated compounds of the type lignans such as vanilic acid derivatives and cinnamaldehyde, 

flavonoids including davidegenin, capillarisin, kaemferol, quercetin, apigenin and its 

derivatives, as well as terpenoids such as arjunolic acid, oleanolic acid, masilinic acid, 

withanolides and steroids such as cucurbitaceae glycosides and sigmasterol have shown to 

exhibit excellent therapeutic efficacy in type 2 diabetes mellitus.78,79 Some of the approved 

antidiabetic drugs and drug candidates synthetic as well as natural are discussed below. 

 



Chapter 1 
 

24 
 

1.7.2.1. Metformin 

Metformin (Dimethyl biguanide, Figure 1.17), today is a first-line oral blood glucose- 

lowering agent used to alleviate type 2 diabetes. In European folklore medicine, the plant 

Galega officinalis (commonly known as French lilac, false indigo, Spanish santonin, gout’s 

rue etc.), which belongs to Fabaceae family was used for relief of frequent urination, which 

today is established as a symptom of diabetes. However, the plant extract was found to be too 

toxic for continual usage. In the late 1800s, the phytochemical investigation of the plant 

extract was found to be rich in guanidine (Figure 1.17) and galegine. In 1918, guanidine was 

reported to reduce blood glucose in animals. The fusion of two guanidine molecules to form 

biguanide (Figure 1.17) provided the background for the synthesis of metformin. Later it 

was unappreciated and biguanide was not developed for the treatment of diabetes as high 

doses are required for lowering the glucose level. In the mid of 1940s, during the search of 

guanidine based antimalarial agent proguanil (Figure 1.17), metformin was discovered. 

Metformin is a wonder drug because of its numerous biological actions. It reduces insulin 

resistance, lowers glucogenesis and also has strong cardioprotective effect, anti-inflammatory 

effect etc. Metformin was first synthesized in 1922 and was approved by Europe in the 1950s 

and by FDA in 1994. It has been used since 1957 in the treatment of DM either as 

monotherapy or combination therapy with sulfonylureas such as, glimeperide. It is also used 

for the treatment of obesity and tumor. 67,80-82  

 

Figure 1.17 
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1.7.2.2. Berberine 

Berberine (Figure 1.18) is the most important isoquinoline alkaloid from the traditional 

medicinal plant Berberis vulgaris (barberry). This plant was used as a herbal medicine to 

treat diarrhea and dysentery. Berberine is also found in many other plant species. Later many 

researchers have unraveled that berberine shows hypoglycemic actions similar to metformin. 

Its antidiabetic potential was first reported in 1986. Studies showed that berberine is an 

AMP-actvated protein kinase (AMPK) activator and it also stimulates glycolysis. Therefore, 

berberine is a drug candidate for the treatment of type 2 diabetes.82-84 Other therapeutic 

aspects of berberine include potential use especially in lipid metabolism, anti-inflammatory, 

antihypertensive, antiviral, cancer etc. Berberine undergoes extensive metabolism after oral 

administration. Therefore many researchers are interested on doing their active research on 

the metabolites of berberine and many studies found that the metabolites of berberine play a 

significant role in the treatment of various diseases. However additional well-designed 

clinical trials are required before it become a drug of choice.85-87  

 

Figure 1.18 

1.7.2.3. Exenatide 

Exenatide (Byetta) is an FDA approved (2005) drug for treating type 2 diabetes and is used 

along with diet and exercise. It is a synthetic analog of exenadin-4, isolated from the saliva of 

the Gila monster (Heloderma suspectum) as a 39 amino acid peptide. It increases insulin 
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production, suppresses glucagon secretion, prolongs gastric emptying and reduces food 

intake. It is a safe and effective drug as either monotherapy or in combination with 

metformin.88 A systematic review and meta-analysis study showed that other than blood 

glucose lowering effect, exenatide also showed beneficial effects on blood pressure and lipid 

profile of diabetes patients.89 It belongs to a relatively new class of antidiabetic drugs known 

as glucagon-like peptide-1 (GLP-1) receptor agonists. Structurally simpler GLP-1 receptor 

agonists are awaited.49  

1.7.2.4. Acarbose 

Acarbose (Precose, Figure 1.19) is the first α-glucosidase inhibitor in the treatment of 

T2DM. Acarbose is a pseudo tetrasaccharide isolated from the microorganism Actinoplanes 

utahens during fermentation. FDA approved it in 1999 as an adjunct with monotherapy or in 

combination with sulfonylureas. Its mechanism of action is via inhibition of pancreatic α-

amylase and membrane-bound alpha-glucosidase hydrolase enzymes in the intestine. This 

will cause delayed glucose absorption and a lowering of postprandial hyperglycemia.90,91  

 

1.7.2.5. Miglitol 

Miglitol (glyset, Figure 1.20) is a semi-synthetic α-glucosidase inhibitor derived from 1-

desoxynojirimycin used in the treatment of T2DM and it was approved in 1996 as 

antidiabetic drug.  Nojirimycin (desoxynojirimycin) was isolated from various Bacillus and 

Streptomyces microbial strains. These microbial metabolites on semi-synthetic 

transformation led to the discovery of miglitol. Its mode of action is similar to that of 

acarbose, that is, it reduces postprandial hyperglycemia by inhibiting intestinal α-glucosidase 

and thereby delays carbohydrate absorption. It is safe and ideal tool for mono and 

combination therapy. It is also reported for anti-obesity potential.92,93 
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1.7.2.6. Voglibose 

Voglibose (Figure 1.21) is an important α-glucosidase inhibitor (AGI) used in diabetic 

treatment. It was discovered by Japanese scientists in 1981 and it became commercially 

available since 1994. It is effective against hyperglycemia and associated disorders. Its mode 

of action is by delaying the digestion and absorption of carbohydrates, and hence it maintains 

lower blood glucose levels after meal. Voglibose is the most effective and tolerant α-

glucosidase inhibitor than acarbose and miglitol. It is also reported for its anti-obesity 

potential.94,95  

 

1.7.2.7. Phlorizin and its analogues 

Phlorizin (Figure 1.22) was first isolated from the bark of the apple tree in 1835 and is a 

member of the chalcone group of organic compounds. It was used in antidiabetic therapy, 

which inhibits specifically and competitively both sodium glucose co-transporters (SGLT1 

and SGLT2), thereby inhibiting renal glucose re-absorption in patients with type 2 diabetes. 

Since phlorizin possesses poor oral bioavailability and poor selectivity towards SGLT2 vs 

SGLT1, it was withdrawn for further development as an antidiabetic agent. 12,96,97  

 Even though phlorizin is not developed as an antidiabetic agent, it served as a lead 

molecule for the invention of a new class of antihyperglycemic drug, viz., SGLT 2 inhibitors 

and it provide multiple benefits, including decreased HbA1c, body weight and blood pressure. 

The SGLT2 inhibitors are classified into three types, O-glucosides, C-glycosides and O-
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spiroketal C-arylglucosides. The important C-glycosides phlorizin analogues such as 

canagliflozin (Figure 1.22), dapagliflozin (Figure 1.22) and empagliflozin (Figure 1.22)98-

101 were approved by the US FDA in 2012, 2013 and 2014 respectively as  potent SGLT2 

inhibitors in patients with type 2 diabetes as adjunct to diet and exercise.  12,102 Ipragliflozin 

(C-glycoside, Figure 1.22) and Luseogliflozin (Figure 1.22) are also highly specific SGLT2 

inhibitors and got first global approval in Japan and in 2014 got FDA approval. Also, 

tofogliflozin (Figure 1.22) containing O-spiroketal C-arylglucoside provides good efficacy 

and bioavailability, and got FDA approval in 2014. The SGLT2 inbibitors such as 

ertugliflozin (Figure 1.22) and remogliflozin etaborate (Figure 1.22), both containing C-

glycosides, got FDA approval in 2017 and 2019 respectively. Stagliflozin is also an SGLT2 

inhibitor and it was approved by FDA in 2019. 11,103-105  
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Figure 1.22. Structure of phlorizin and its analogues 

1.7.3. Non-alcoholic fatty liver disease and Hyperlipidemia 

Non-alcoholic fatty liver disease (NAFLD) is a clinical diagnosis characterized by excess 

triglyceride accumulation within hepatocytes or steatosis. It is the most leading chronic liver 

disease. It affects 25% of the world population and almost 8% of adolescents. Majority of 

patients with NAFLD are having metabolic comorbidities, which increase the risk of CVD. 

Liver is the main organ for lipid metabolism. NAFLD and hyperlipidemia are closely 
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associated. Hyperlipidemia is a condition in which there is an increase in triglycerides, 

cholesterol, phospholipids, or a combination of these factors in blood.52,106,107 Cholesterol 

plays a vital role in the functioning of human organs and it is formed in the liver. If the 

synthesized cholesterol in the body and that absorbed from diet exceeds above required level, 

leads to high cholesterol level in blood leading to cardiovascular problems.108,109 It has long 

been considered as elevated levels of plasma cholesterol (hypercholesterolemia) was the 

primary cause of atherosclerosis and coronary heart diseases. Therefore the treatment for 

hyperlipidemia remains the main strategy for preventing CVD and related disorders. 

Continuous search for the cholesterol lowering agents led to the discovery of statins, now 

used to control cholesterol synthesis. The word ‘statin’ refers to the generic name of all β-

Hydroxy β-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors, the enzyme which 

catalyses the rate-limiting step in the biosynthesis of cholesterol (HMG-CoA to cholesterol). 

Statins are used as adjuncts to healthy lifestyle interventions. It became apparent that statins 

will effectively reduce cardiovascular related morbidity and mortality.110 Many natural, semi-

synthetic and synthetic statins are available to treat high level of cholesterol. The natural 

product and semi-synthetic derived statins are discussed below.  

1.7.3.1. Mevastatin 

Endo A., in 1970 isolated the first statin, namely mevastatin (formerly known as compactin 

or ML-236B, Figure 1.23), from broths of blue green mold Penicillium citrinum.  It is a 

substituted hexahydronaphthalene lactone and shows the structural similarity to HMG CoA. 

Milestone in the discovery of HMG CoA reductase inhibitor was the invention of the first 

HMG CoA reductase inhibitor mevastatin, and it has paved the way for the development of 

various statin analogues. It produces a profound decrease in serum cholesterol and thereby 

decreases CVD incidences of and frequency of heart attack. It is potent in lowering serum 

total and LDL cholesterol in experimental animals and patients suffering from 

hypercholesterolemia. Apart from being the precursor for many other statins, it also shows 

other medicinal properties.108,109-113 Pravastatin (Figure 1.23) is another important statin 

derived from the biotransformation of mevastatin. It was launched in 1989 and is present in 

open chain β-hydroxy form.114  
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1.7.3.2. Lovastatin 

Lovastatin (Figure 1.23) was isolated in 1978 from the fermentation broths of Aspergillus 

terreus and it was the first FDA approved HMG CoA reductase inhibitor. It was originally 

isolated as inactive lactone and hydrolyzed to active β-hydroxy acid, lovastatin acid. 

Lovastatin has been used for treating patients with hypercholesterolemia. It shows potent 

efficacy to lower total cholesterol and LDL cholesterol. The main skeleton of compactin and 

lovastatin is a polyketide of acetate origin.114-116  

1.7.3.3. Simvastatin 

Simvastatin (Figure 1.23), a semi-synthetic derivative of lovastatin, was first introduced in 

1988 as an HMG CoA reductase inhibitor with a profound reduction in LDL cholesterol by 

25-50% and increase in the level of HDL-cholesterol by approximately 8%. This will in turn 

reduce the risk of coronary heart disease by 35%. The structural difference of simvastatin 

from lovastatin is in the extra side chain methyl group in simvastatin.117,118 Mevastatin, 

lovastatin and simvastatin are present in the inactive lactone form and is hydrolysed to active 

β-hydroxy acid during digestion.  

Today, statins represent the first line therapeutic interventions for dyslipidemia when 

the treatment with diet and exercise failed. These drugs selectively and competitively bind to 

and inhibit the enzyme HMG CoA reductase.119 

 

Figure 1.23. Structure of statins 

 

 



Chapter 1 
 

32 
 

1.7.4. Hypertension 

Hypertension (HTN or HT), also known as high blood pressure (HBP), is a medical condition 

in which the blood pressure in the arteries is persistently raised to an unhealthy level. Blood 

pressure (BP) is the force that a person’s blood exerts against the walls of blood vessels. This 

pressure depends on the resistance of the blood vessels and how hard the heart has to work. 

HT leads to severe health complications and it is responsible for around 12.8% of death 

annually (WHO). It is indeed a major risk factor for morbidity and mortality associated with 

CVD. It also damages the brain, eyes and kidneys. Treatment of hypertension includes 

lifestyle changes and medication. Hypertension is also called a “silent killer”. It is generally a 

silent condition and many people won’t experience any symptoms. It may take years to 

identify the condition, by which time it may have caused severe problems. Headache, 

shortness of breath, nosebleeds, flushing, dizziness, chest pain, visual changes and blood in 

the urine are the symptoms of high blood pressure. The persistently high BP will cause 

different pathological conditions such as organ (heart and kidney) failure, thrombosis events 

(heart attack and stroke) and eye damage. 120,121  

Even though many conventional antihypertensive drugs are available to manage 

hypertension, many of them are usually associated with various side effects. Natural products 

or their derivatives are the best alternatives to synthetic antihypertensive drugs with 

improved medicinal efficacy and reduced side effects. It is used along with the change in 

lifestyle and exercise. Many medicinal plants contain a boundy of phytochemicals used for 

hundreds of years to alleviate hypertension and related complications with minimum side 

effects. Hibiscus sabdarifa, Allium sativum, Andrographis paniculata, Apium graveolens, 

Bidens pilosa, Camellia sinensis, Coptis chinensis, Coriandrum sativum, Crataegus spp., 

Crocus sativus, Cymbopogon citrates, Ephedra sinica, Nigella sativa, Panax ginseng, 

Salviae miltiorrhizae, Salix alba, Zingiber officinale, Tribulus terrestris, Rauwolfia 

serpentina, Terminalia arjuna etc., are known to possess excellent antihypertensive 

potential.122-124  
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1.7.4.1. Reserpine 

Reserpine (Figure 1.24) is an indole alkaloid isolated from the roots of Rauwolfia serpentine 

(Indian snakeroot) in 1952, belonging to the Apocyanaceae family. It was used as a primary 

anti-hypertensive agent to treat mild to moderate hypertension. FDA has approved it since 

1995. In India R. serpentine was traditionally used for snake bite, insomnia, hypochondria, 

insanity and as a tranquilizer. However, the compound possesses adverse effects and hence 

its use has declined.125-127  

 

Figure 1.24                                  

1.7.4.2. Captopril 

It has been reported that some snake venoms drastically lower blood pressure. Bradykinin 

was reported from the venom of Bothrops jararaca in 1949. Bradykinin is an endogenous 

molecule which inhibits the angiotensin converting enzyme (ACE) through vasodialation and 

increase in capillary permeability. A series of bradykinin-potentiating peptides (BPPs) 

analogues were studied for their structure-activity relationship (SAR) and eventually one of 

the peptides termed as teprotide (Figure 1.25), emerged as a lead candidate for 

antihypertensive therapy.51 

In addition, a large number of studies were carried out on new peptides by assaying 

their pharmacological activity. This led to the discovery of captopril, a small peptide 

molecule. Captopril (Figure 1.25) is the first active-site directed oral ACE inhibitor used for 

the treatment of hypertension and some types of congestive heart failures. It is one of the 

most potent competitive inhibitor. Its development became a paradigm for “rational drug 

design”. Captopril is isolated from the Brazilian viper Bothrops jararaca venom. It was 
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approved by FDA in the early 1980s. Nowadays, captopril and its similar compounds are 

extensively used as first line antihypertensive drugs. It also possesses the properties to protect 

post-myocardial infarction and prevent diabetic nephropathy.51,128-131  

 

1.8. Importance of structural modifications of natural products 

Natural products play a remarkable role in drug discovery due to their structural diversity, 

complexity and biochemical specificity. Semi-synthesis is the way of preparing novel 

bioactives via modification of molecules isolated from natural sources, which always stands 

a golden mark for drug discovery. The water solubility of natural products can be increased 

through structural modifications, including double bond modifications, functional group 

modifications etc. Even a single atom alteration can lead to a dramatical change in drug 

development. Nowadays, many modified natural products have been fruitfully developed for 

clinical applications. The examples include penicillin, morphine, artemisinin and paclitaxel. 

The isolation of morphine was the major breakthrough in the discovery of many semi-

synthetic and synthetic compounds. Pharmacological activity and druggability are the two 

important criteria for drug innovation. Even though regarding the drug discovery point of 

view natural products possess certain disadvantages on the physio-chemical, pharmacokinetic 

and biopharmaceutical properties, it will play a vital role in the development of new drugs 

and leads. Most of the natural products contain atoms such as Carbon (C), Hydrogen (H), 

Oxygen (O) and are limited in Nitrogen (N) due to the poor N fixing capability of 

microorganisms in plants (except leguminoceae plants), nitrogen is a versatile atom and 

having more nucleophilicity than C and O. In such scenario modifications of natural products 
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have great attraction via the introduction of N atom in the natural products, increasing the 

activity, solubility, metabolic and chemical stability. It also helps to improve 

pharmacokinetic parameters (ADME), removes toxicity, reduces adverse effects and 

improves ligand efficacy.132,133  

 Docetaxel (Figure 1.26), a semi-synthetic derivative of paclitaxel, shows excellent 

clinical results than paclitaxel and was approved in 1994 by the FDA to treat breast cancer.134 

Synthetic modifications of natural products is a rapid method for obtaining large arrays of 

chemically diverse compounds and has inspired medicinal chemists as such modifications 

provided valuable leads in drug discovery. Mutual working between organic and medicinal 

chemists have paved the way for modifying natural products for industrial use through drug 

research and development. 

 

Figure 1.26 

1.9. Drug discovery and development 

Drug discovery is the process of developing therapeutic agents that have the potential to 

defend against target diseases. Such drugs need approval for use and marketing by the 

regulatory authorities. Drug discovery is a tedious and costly process, that takes an average 

of more than a decade from discovery to approval with a high failure rate, especially during 

phase trials. Costs are often approximately 800 million US dollars. Starting from phase I to 

drug marketing, the clinical failure rate is more than 90%. Depending upon the drug to be 

developed and the target disease, the cost and time differ. Pharmaceutical development of a 

drug includes the laboratory screening of approximately 5000-10,000 molecules, from which 
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around 250 molecules are entered into the preclinical testing and only five molecules will 

eventually enter into the clinical trial. 

Drug discovery based on the traditional system starts with whole plant extract or 

concoctions without the isolation of active compounds. Historically the scientific evidence on 

the therapeutic efficacy of natural products have led to the development of blockbuster 

medications for various ailments. Drug discovery process involves the identification of drug 

targets. Once the target is identified and then screened against the biological system by 

various technology-based approaches from a library of compounds to discover a “hit”, a 

chemical or complex mixture with desired activity in a screening assay and whose action is 

confirmed upon retesting. Over many years different technological innovations have been 

employed to enhance the rate and efficacy of hit identification process. HTS and other 

methods involve screening of whole compound library against particular drug target. Hit 

molecules usually have the potency range of 100nM - 5µM at the drug target. The hits 

developed after the screening processes are optimized for clinical candidates. Hit-to-lead 

identification is a crucial phase in drug discovery and this lead identification is assisted by 

structure activity relationship (SAR) studies. After the lead identification, pharmaceutical 

parameters are evaluated for further in vitro and in vivo testing and to clarify the lead 

compound optimization.135-138 However, identifying robust drug from hit molecules remains 

a challenge that the global pharmaceutical companies have been trying to overcome for many 

years. 

In the late 1980s, and 1990s the development of biotechnology and informatics made 

a revolutionary change in drug discovery in multiple ways. Clinical candidates are then 

subjected to different phases of clinical testing and hopefully developed to the market. 

Mainly four phases are associated in clinical trials and phase to phase transition is a critical 

milestone that may affect the overall potential of the outcome. Most of the drugs that 

succeeded in preclinical testing never advanced to human testing. In clinical trials many 

parameters are tested and many drugs are failed during these testing due to many reasons 

such as safety, lack of specificity, efficacy etc. Hence only a few drugs are marketed 

eventually.135-137 

 Combinatorial chemistry is a useful tool that involves the discovery of drug leads and 

optimization. This method is developed to reduce the time and cost associated to produce 
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potent new drugs. New chemical approaches and technologies are the basis for synthesizing 

combinatorial libraries. Combinatorial screening can be divided into two, virtual screening 

and experimental real screening. Virtual screening involves the use of computational 

methods to predict the way of interaction of particular molecule with a target protein. Real 

screening approaches like HTS can experimentally test the activity of thousands of 

compounds, providing real results. The screening of drug using small molecule libraries 

(compounds <500 in molecular weight) are widely used in the pharmaceutical industry. 

Launching a novel drug into the market is a costly process in terms of money, manpower and 

time, and can be made cost effective by developing new technologies.135,139 

 
 

Figure 1.27. Drug discovery cycle 

1.9.1. High-throughput screening (HTS) 

High-throughput screening is a key strategy used in the primary stages of the drug discovery 

process to identify potential hits from compound libraries. It is designed to systematically 

screen thousands of small molecules across hundreds of selected biological targets. The 

prime goal of HTS is to identify defined biologically active molecules that can be developed 

into drug leads. In HTS screening methods, compounds are assayed (cell culture based 
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methods) against a variety of well characterized targets and give remarkable biological 

information during drug design and development. Once the compounds with the desired 

activities are identified, they are modified using parallel chemistry approaches to optimize 

their efficacy and other pharmacological properties. Ultra HTS (uHTS) is an advanced 

technique of HTS, which performs greater than 100,000 assays per day against one specific 

target. This can reduce the time required and the number of samples investigated has been 

greatly increased. HTS have contributed a profound role in the remarkable development of 

the drug discovery paradigm and thereby helps the pharmaceutical industry to produce large 

scale molecules at low cost.139-142  

1.9.2. Computer-aided drug design (CADD) 

Computer-aided drug design is based on two approaches, structure and ligand based methods. 

CADD plays an important role in the identification of new molecular entities and can be used 

prior to HTS to filter therapeutically active molecules from large libraries, thereby reducing 

the number of compounds to be synthesized and screened, reduce time, efforts, experimental 

use of animals for in vivo screening and associated cost. CADD helps to understand the basis 

of drug-receptor interactions and guides the medicinal chemist in designing new therapeutic 

agents. The structure-based approach, analyses the structure of biological targets and 

identifies active sites that are important for desired biological function. Then the computer 

will help in developing the molecule capable of interacting with particular biological targets. 

In ligand-based approaches, it analyzes the physiochemical parameters and activities of 

known ligands and then gives different designs of novel compounds with desired efficacy. 

This method is vital, especially if the information of a biological target is limited or absent. 

The main reason of drug withdrawals after clinical trials, around 40-60% was due to poor 

ADMET (absorption, distribution, metabolism, excretion and toxicity), safety and efficacy. 

CADD provide a significant role for pharmaceutical development, particularly in predicting 

3D structure, designing of compounds with potent activity and readily synthesizable, 

prediction of druggability and reducing the undesirable ADMET properties. Nevertheless, the 

computer aided drug design needs to be integrated with experimental validation for the 

successful discovery and development of the drug. 139,143-146 
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Figure 1.28. Diagrammatic representation of CADD 

1.9.3. Biotherapeutics 

Biological therapies account for about one third of newly marketed drugs today, making 

them the fastest growing sector in the global pharmaceutical market. Biological agents have 

the highest potential to reach the target sites that are considered as “undruggable”. Recently 

biotherapeutics are providing a significant role in combating cancer, diabetes and auto-

immune diseases. The introduction of cellular and gene therapy products has opened the door 

for biologics to discover the solutions for genetic disorders, regenerative therapy and 

personalized medicine. Taka-diastase is the first biologic therapy used for the treatment of 

dyspepsia as a digestive acid and Dr. Jokichi Takamine discovered it in 1894. The discovery 

of insulin in 1921 from the human pancreatic extract is another excellent biological therapy. 

Monoclonal antibodies (mAbs) are the growing trend for biological therapies. Muromonab-

CD3 (Murine antibodies) is the first approved antibodies and were launched in 1986. 

Nevertheless, there may be associated with several limitations including their structural 

complexity as well as high price. Increase in the knowledge of genetics and cell processes 

make substantial growth in biological therapies. In the future the novel biological 
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therapeutics will make a revolutionary change in medical research for developing therapeutic 

agents for serious diseases.135-137, 139,147  

1.9.4. Drug repurposing (Drug repositioning) 

Despite the prodigious development of advanced technology and knowledge of human 

pathology, the attainability of these benefits in the development of novel drugs has always 

been and still slower than expected. Thus, pharmaceutical companies faces many challenges 

such as time consuming, high cost and high investment process due to high attrition rate to 

market a novel drug. In such scenario, the developments of drug repurposing of old drug 

have greater attention in the pharma industry. It aims to discover new uses of existing 

approved drugs or the molecules under clinical trial beyond the scope of the original medical 

indication. It is an emerging strategy to overcome certain parameters such as time, cost and 

attrition rate associated with other drug discovery methods.148,149 COVID-19 has been a 

pandemic situation now and needs urgent treatment. The development of new drugs for 

COVID-19 is a tedious, costly process and a global challenge. Drug repurposing can have a 

significant role in the development of drugs for COVID-19. Broad-spectrum antiviral agents 

(BSAAs) are identified as ‘safe-in-man’ through testing in the early stages of clinical trials 

and have been considered as good drug repurposing candidates. For example remdesivir 

(veklury), a viral RNA-dependent RNA polymerase inhibitor is currently used for mild and 

moderate SARS-CoV-2.148,150,151  

1.10. Conclusion and outline of the thesis 

From the above discussions, it is apparent that natural products play an important role in 

developing new drugs and leads. Ancient herbal medicine and traditional knowledge provide 

a rich source for developing new drugs. Almost 70% of modern drugs are developed on the 

basis of natural resources. Approximately 100 novel drugs marketed during 1950-1970 in 

USA drug industry including, deserpidine, reserpine, vincristine, vinblastine etc. are plant 

derived. Even though most of the drugs derived from natural products are used for cancer 

therapy, there is a remarkable contribution towards infectious disease, metabolic disorders 

and associated diseases also. We have huge biodiversity and less than 10% of biodiversity 

has been utilized for biological activity. Therefore, many more resources have been awaiting 
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for the pursuit of new molecules. Owing to this, our work is focused on the isolation of 

various phytochemicals from selected medicinally important plants from one of the largest 

family Zingiberaceae. Zingiberacea is one of the richest sources for medicinal plants. 

Therefore, isolation of phytochemicals from Zingiberacea will provide useful insight to 

develop biologically active molecules. In this context, isolation of phytochemicals from 

selected plants are the highlights of second chapter. The isolated compounds are diterpenes 

and sesquiterpenes of the type. In third chapter, we have synthetically transformed one of the 

marker compound (E)-labda-8(17),12-diene-15,16-dial isolated from C. amada, leading to 

labdane appended triazole derivatives and explored its pancreatic lipase inhibition potential. 

Further, the semi-synthesis of (E)-labda-8(17),12-diene-15,16-dial to labdane-pyrroles and its 

anti-hyperlipidemic efficacy are the subject matter of the fourth chapter. 
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Chapter 2 

Isolation of Bioactives from Selected Medicinally Important Plants from 

Zingiberaceae Family and their Biological Evaluations 

2.1. Abstract 

The family Zingiberaceae provides a large repository of medicinal plants. In this chapter, we 

have selected three plants namely Curcuma amada, Curcuma malabarica and Curcuma 

aromatica from the Zingiberaceae family. Fifteen compounds were isolated and 

characterized from these plant species. Some of the phytochemicals are reported for the first 

time from these plants. Traditionally these plants are utilized in the treatment of skin 

diseases, inflammation, diabetes, obesity and other related metabolic disorders. Inhibition of 

pancreatic lipase activity is considered as an active therapy to control obesity. Thus, isolated 

compounds were evaluated for anti-obesity properties via inhibition of pancreatic lipase. 

From the pancreatic lipase inhibition studies, we found that coronarin D and zerumin A show 

better activity.  

2.2. Introduction 

Medicinal plants play a major role in traditional health care systems as well as in the 

pharmaceutical industry. Naturally occurring compounds have played a remarkable role in 

drug discovery for combating various human ailments.
1
 The current knowledge of the usage 

of medicinal plants for various ailments is a result of years of struggle between man and 

illness, which led to the pursuit of drugs from different parts of plants. By experience, people 

have identified the therapeutic potency of medicinal plants for various illnesses and conveyed 

their knowledge to successive generations. The oldest written documents of medicinal plant 

usage in drug formulation have been found on approximately 5000 years old Sumerian clay 

slab from Nagpur. Indian holy books ‘Vedas’ mention the importance of plants for various 

treatments. Various indigenous systems such as Ayurveda, Siddha and Unani use many plant 

species to treat various illnesses. India is a large repository of medicinal plants. The 

therapeutic importance of plants lies in some phytoconstituents that produce a particular 

physiological action on the human body. The high cost and severe side effects associated 
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with many synthetic drugs also make the usage of natural products derived drugs interesting 

again.
2-4

  

2.3. Zingiberaceae family 

The family Zingiberaceae or the ginger family is a family of flowering plants and is well 

known for its medicinal and nutritional properties. It is widely distributed throughout the 

tropical and subtropical areas, particularly of Asia, Africa, America and in particular India 

and in Southeast Asia. It is one of the largest families of the plant kingdom. Zingiberaceae 

comprises 53 genera and more than 1600 species. India is one of the richest and diverse 

regions for Zingiberacea, having 20 genera and around 200 species. The members belonging 

to Zingiberaceae are annual or perennial rhizomatous herbs.
5,6

 The systematic position of 

Zingiberaceae family is as follows 

Kingdom : Plantae 

Sub-kingdom : Phanerogamae 

Division : Spermatophyta 

Subdivision : Angiospermae 

Class : Monocotyledonae 

Series : Epigynae 

Order : Zingiberales 

Family : Zingiberaceae 

Genus : Curcuma 

The rhizomes of different species are variously coloured pale yellow, deep yellow, 

greenish blue, pink or a combination of these colours. Leaves are distichous and exhibit 

morphological differences in structure, size, shape, texture and venation.
6
 Zingiberaceae 

family is well known for its ethnomedicine value and it consists of large number of medicinal 

plants. It provides many useful products for food, spices, dyes, perfumes, cosmetics, 

medicine etc. and is a rich source of medicinal products. Medicinally important genera which 

belongs to Zingiberaceae are Alpinia, Amomum, Curcuma, Elettaria, Hedychium, 

Kaempferia, Zingiber and Costus. Some of the important genera with potential as medicinal 

and aromatic plants are listed below
5
 (Table 2.1). 
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Table 2.1. List of prominent genus in Zingiberaceae family with important medicinal plants 

Genus  Species 

Curcuma : C. amada, C. longa, C. zedoaria, C. aromatica 

Kaempferia : K. rotunda, K. galangal, K. pulchra 

Hedychium : H. spicatum, H. coronarium 

Amomum : A. subulatum 

Zingiber : Z. officinale, Z. zerumbet 

Alpinia : A. galanga, A. calcarata, A. allughas 

Elettaria : E. cardamomum 

Costus : C. speciosus 

Gastrochilus : G. pandurata 

There are several species from Zingiberaceae that have been reported to possess 

nutraceutical and medicinal activity. The plants belonging to this family are rich sources of 

volatile oils and oleoresins of export quality. The most important species are Curcuma longa 

and Zingiber officinale. Curcuma longa and Zingiber officinale has been used for many years 

as spices and in various traditional medicines. 

C. longa rhizomes (turmeric) is an important constituent of curry powder and it gives 

colour and taste to food preparations. This spice has been used in Ayurveda and folk 

medicine for the treatment of various ailments as gynecological problems, gastric problems, 

infectious diseases, hepatic and blood disorders. Later modern science has scientifically 

validated the use of turmeric against such diseases. Curcumin is one of the active ingredients 

in turmeric.  Curcumin is reported to have anti-inflammatory, anti-oxidant and anticancer 

potential. Many clinical studies have shown that turmeric exhibited potency against various 

human ailments including lupus nephritis, diabetes, irritable bowel syndrome, acne, cancer, 

fibrosis etc.
7-9

 The turmeric oil exhibits anti-bacterial and anti-fungal activity.
10,11

 

Ginger, the rhizomes of Z. officinale has a long history of its medicinal applications. 

Gingerol is the major constituents present in the essential oil and contributes the unique 

flavor and medicinal properties. Ginger is used as a carminative and digestive stimulant. It 

has a great demand in the kitchen, used as an ingredient in curries, cookies and pickles. Its 

preparations are used to alleviate cough and cold. Ginger is reported to possess anti-
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inflammatory, anti-oxidant and anti-cancer potentials. It is also used in the treatment of 

stomach upset, diarrhoea and nausea.
9,12,13 

In this regard our focus is on the phytochemical investigation and biological 

evaluations of plants from the genus Curcuma. A brief introduction about the genus Curcuma 

is given below. 

2.4. The genus Curcuma L. 

The genus curcuma belongs to the family Zingiberaceae. The genus consists of more than 

120 species of perennial rhizomatous herbs native to tropical and sub-tropical regions in 

Asia, Australia and South America. It has been greatly valued for their immense therapeutic 

properties and also used as spices, perfumes, cosmetics, ornamental plants, flavoring and 

coloring agents. The genus was first identified by Carl Linnaeus in 1753. The word 

‘curcuma” is derived from the Arabic word “kurkum” which meant “saffron”, while now it is 

used for turmeric only. Many species from the genus curcuma are widely distributed in India, 

Pakistan, Indonesia, Malaysia, Bangladesh, Nepal and Thailand. Even though, more than 700 

compounds have been isolated from this genus, only a few compounds are explored in detail. 

Curcumin is the most explored compound in this genus, which is mainly distributed in C. 

longa.
14-16

   

It has been extensively used in traditional medicine for hundreds of years and it is 

reported to possesses anti-inflammatory, anticancer, antiproliferative, gastrointestinal, 

hypoglycemic, anti-hyperlipidemic, neuroprotective, hepatoprotective, diuretic, carminative, 

hypotensive, antioxidant, insecticidal, antimicrobial, antiviral, anti-rheumatic and 

antivenomous properties. The biological potential of this genus is due to the presence of non-

volatile curcuminoids and volatile terpenoids. Curcuma essential oils have exhibited a wide 

variety of pharmacological properties. C. longa is the most studied and medicinally relevant 

plant in the genus of curcuma. India is the world’s richest producer of commercially most 

important species. C. longa, C. xanthorrhiza and C. zedoaria are the most investigated 

species in this genus. Owing to this medicinal importance, the genus curcuma is a potential 

source for novel lead identification and drug discovery. 
15,17

 

From the above discussion, it is clear that the genus Curcuma is an important genus in 

the Zingiberaceae family. Many plant species from the genus Curcuma are well known for 
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their nutraceutical and medicinal pertinence. Also from the literature, we found that the few 

species belonging to the Curcuma is not much explored for their pharmaceutical potential 

especially against metabolic disorders. Therefore, we have selected Curcuma amada, 

Curcuma malabarica and Curcuma aromatica from Zingiberacea, which provide more scope 

to the isolation of bioactives and its biological studies. 

2.5. A brief review on different plant species under present study 

2.5.1. Curcuma amada Roxb. 

Taxonomic position of the species Curcuma amada is as follows 

Order : Zingiberales 

Family : Zingiberaceae 

Genus : Curcuma 

Species : C. amada Roxb 

Curcuma amada is a rhizomatous aromatic herb with a leafy tuft and 60-90 cm in 

height. The leaves are long and petiolate. Flowers are white or pale yellow in colour and 

arranged in spikes in the center of the tuft of the leaves and it is available from November to 

April. It has a morphological and phylogenic resemblance with ginger (Zingiber officinale) 

and commonly known as mango ginger because its rhizomes have characteristic aroma to 

raw mango (Mangifera indica). The presence of the volatile compounds, 3-carene, myrcene, 

β-ocimene and α-pinene are responsible for its characteristic aroma. Consequently, it has 

been used as a flavoring spice in dishes, candy, sauce, making pickles and salads.   

 

Figure 2.1. C. amada plant and rhizomes 
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The rhizomes are rich in essential oil and more than 130 phytochemicals with diverse 

biological significance have been reported.
18

 It has a long history in folk medicine. In 

Ayurveda and Unani, it has been used as stomachic, appetizer, carminative, digestive, 

diuretic, in vitiated conditions of pitta, anorexia, dyspepsia, healing wounds, chronic ulcers, 

skin diseases, fever, constipation, cough, bronchitis, inflammation etc.
15

 Various solvent 

extracts and pure compounds from mango ginger provides antimicrobial, antifungal, 

hypotriglyceridemic, hypoglycemic, anthelmintic, antioxidant, anti-inflammatory, inhibition 

of platelet aggregation, cytotoxicity activities, CNS depressant and analgesic activities.
19-23 

The compound zederone isolated from the methanol extract of C. amada is shown to exhibit 

excellent analgesic activity.
24

 The important volatile constituents present in the essential oil 

of C. amada are given below (Figure 2.2).
25

  

 

 

Figure 2.2. Volatile constituents from C. amada 

Even though labdane diterpenes are the major bioactive constituents in the rhizomes, 

flavonoids, alkaloids and glycosides are also present. The labdane type diterpenes from C. 

amada rhizomes were first reported by Sheeja et al. in 2012 from chloroform extract except 

the compound (E)-labda-8(17),12-diene-15,16-dial, which was reported first time by Singh et 

al.
26

 The six isolated labdane diterpenes are given below (Figure 2.3).
27
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Figure 2.3. Labdane diterpenes isolated from C. amada 

Policegoudra et al. in 2016 reported the novel compound difurocumenonol (Figure 

2.4), a terpenoid from chloroform extract of mango ginger. It exhibited potent antibacterial 

activity against gram-negative and gram-positive bacteria.
28

 In 2017 they have reported one 

novel terpenoid molecule, amadannulen (Figure 2.4) from chloroform extract, which shows 

anti-oxidant and anti-bacterial activity.
29

 In 2010, Policegoudra et al. also reported another 

novel terpenoid, amadaldehyde (Figure 2.4) from chloroform extract, which is reported to 

possess antioxidant activity, cytotoxicity and platelet aggregation inhibitory activities.
30

 

 

Figure 2.4. Terpenoids from C. amada 

The important curcuminoids and phenolic acids present in the C. amada are given below 

(Figure 2.5 & 2.6).
25
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Figure 2.5. Curcuminoids from C. amada 

 

Figure 2.6. Phenolic acids from C. amada 

 The phenolic fractions of C. amada are reported to be a potent antiulcer agent viz., 

inhibiting proton potassium-ATPase activity and helicobacter pylori mediated ulcers. Gastric 

hyperacidity and ulcers are recurrent diseases of the gastrointestinal tract.
31

 Cholesterol 

lowering activity of mango ginger in induced hypercholesterolemic rats were studied by 

Srinivasan et al. in 2008 and shown to have beneficial anti-hypercholesterolemic activity.
32

  

Eventhough plant extracts and isolated compounds are shown to possess potent 

biological activities, the semi-synthetic transformation of isolated compounds also produces 

excellent therapeutic molecules. Modifications of isolated compounds may lead to the 

discovery of new leads. Singh et al. in 2010 isolated the compound labda-8(17),12-dien-

15,16-dial first time from C. amada. Through semi-synthetic strategy, the molecule was 
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transformed it into three different analogues (Figure 2.7) and the products evaluated against 

mycobacterium tuberculosis. The studies found that one of the analogue (2) showed two fold 

increased activity over the isolated  labda-8(17),12-dien-15,16-dial against tuberculosis.
26

  

 

Figure 2.7. Modification of labda-8(17),12-dien-15,16-dial 

 From this literature survey, it became clear that constituents of C. amada, viz., (E)-

labda-8(17),12-dien-15,16-dial had the potential for development to novel drug candidates. 

2.5.2. Curcuma malabarica 

Taxonomic position of the species Curcuma malabarica is as follows 

Order : Zingiberales 

Family : Zingiberaceae 

Genus : Curcuma 

Species : C. malabarica  

Curcuma malabarica belongs to the family Zingiberaceae. It is a semi erect herb with 

green leaf sheath and light purple midrib. It posseses bluish white colour rhizomes with 

camphoraceous aroma. It is widely cultivated in South India. The rhizomes are used for the 

extraction of starch and the starch is used in diets for infants and convalescents since it 

possesses cooling and demulcent properties. This species has been reported for antimicrobial 

activity.
33,34
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Figure 2.8. C. malabarica plant and rhizomes  

The first phytochemical investigations of C. malabarica have been carried out by 

Sheeja et al. in 2009. They have isolated germacrane, guaiane, carabrane, diterpene types of 

sesquiterpene.
34

 The reported compounds are given below (Figure 2.9). 

 

Figure 2.9. Chemical constituents of C. malabarica 

A total of eleven compounds were reported from the essential oil of C. malabarica 

rhizomes, amongst which 1,8-cineole, curcumenone and camphor are the principal 

compounds.
35

 Since the phytochemical investigation and biological evaluation of C. 

malabarica is not explored much, still there is much scope to explore the detailed 

phytopharmaceutical investigations on this species. 
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2.5.3. Curcuma aromatica Salisb. 

The taxonomic position of Curcuma aromatica is given below. 

Order : Zingiberales 

Family : Zingiberaceae 

Genus : Curcuma 

Species : C. aromatica Salisb. 

Curcuma aromatica, commonly known as wild turmeric or ‘vana haridra’, is a 

perrenial aromatic herb with annulates. Inflorescence present in the base of rhizomes and 

leaves appears after the flowers. Rhizomes have an agreeable fragrant smell and having 

camphoraceous odour. It is commonly known as ‘kasturi manjal/arishne/pasuppu’ in South 

India. It grows in the tropical and subtropical regions and is widely distributed in India and 

particularly cultivated in Kerala and West Bengal. It has a long history in traditional 

medicine and is considered to be on effective remedy for various human ailments. In India, it 

has been extensively used as aromatic medicinal in cosmetics, for skin ailments and in 

vanishing creams. It has also been used as a base for making perfumes. 
36,37

  

 

Figure 2.10. C. aromatica plant and rhizomes 

C. aromatica is a rich reservoir for various phytochemicals and is known for its 

therapeutic effects. It is reported for its antimicrobial effects.
38

 The essential oil of C. 

aromatica leaves and rhizomes consists of many compounds. The essential oil and various 

solvent extracts of leaves are reported to have anti-oxidant activities.
38,39

 Al-reza et al. in 

2011 indicated the essential oil and various organic extracts from plant leaves exhibited 

remarkable antibacterial activity against different bacteria, and also these findings helps food 
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industries to develop potent natural food preservatives.
40

 Curdione isolated from the essential 

oil of C. aromatica alleviates pulmonary fibrosis, observed in the most common type of 

idiopathic interstitial pneumonia.
41

 

Pintatum et al. reported the anti-inflammatory efficacy of crude extract of C. 

aromatica rhizomes and showed the highest inhibitory potential to NF-κB activity.42
  In 2016 

Li et al. studied the cardioprotective effect of C. aromatica against acute myocardial 

ischemia (AMI) induced by isoproterenol (ISO) in rats. 70% hydroalcoholic extracts were 

shown to have the strongest cardioprotective effects amongst other concentrations.
43

 The 

biogenic silver nanoparticles (AgNPs) synthesized by using the aqueous root extract of C. 

aromatica were shown to have potential anticancer activity against human cervical cancer 

cell lines (HeLa).
44

 Dong et al. in 2018 reported four rare diarylheptanoids containing 

tetrahydropyran moieties and five known diarylheptanoids from the ethanol extract of C. 

aromatica root, along with a new phenol (Figure 2.11).
45

  

 

 

 

Figure 2.11. Structure of diarylheptanoids from C. aromatica 

Recently in 2017, Dong et al. have isolated several novel sesqui and diterpenes from 

the radix of this plant and one of the novel compounds aromaticane I is the first atisane 

diterpenoid isolated from a curcuma species (Figure 2.12).
46

 These studies all used C. 

aromatica from other countries. It was of interest to study C. aromatica grown in Kerala and 

therefore the investigation of C. aromatica was also included in the current study. 
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Figure 2.12. Sesqui and diterpenes from C. aromatica 

2.6. Aim and scope of the present work 

Since from ancient times, people always looked to nature for finding therapeutic agents for 

various diseases. Over the past twenty years, pharma companies have re-ignited their interest 

in natural product based drugs because of their potency and fewer adverse effects. As 

discussed in the introduction, Zingiberaceae is an important family in the plant kingdom and 

well known for its medicinal and nutritional properties in various traditional systems of 

medicine. Curcuma is an important genus in this family and a large number of bioactives 

have been isolated from this genus and most of the biological studies of these plants are 

carried out using various solvent extracts. However, there is relevance and scope for 

phytochemical investigation and evaluation of the biological efficacy of selected plants from 

the Zingiberaceae family. Therefore, as part of PhD program we selected C. amada, C. 

malabarica and C. aromatica for further investigations. We carried out a detailed Gas 

chromatography-mass spectrometry (GC-MS) analysis of essential oil of C. amada fresh 

rhizomes and the isolation of phytochemicals from C. amada, C. malabarica and C. 

aromatica from the Zingiberaceae family. After the isolation, inhibition of pancreatic lipase 

effect of bioactives was also carried out and the results are discussed in this chapter.  

2.7. Gas Chromatography Mass Spectrometry (GC-MS) analysis of C. amada 

GC-MS analysis of essential oils of C. amada cultivated in different geological regions have 

been studied and various volatile components are reported.
15,47-49

 Therefore to identify the 
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volatile organic compounds, here we have carried out the GC-MS profiling of essential oil of 

C. amada cultivated in Kerala. 

2.7.1. Isolation of essential oil of C. amada 

Clevenger apparatus was used for the extraction of essential oil. Around 250 g of freshly 

crushed rhizomes were subjected to steam distillation using 2.5 liters of distilled water for a 

period of 3 hrs. Around 0.1 ml of essential oil was obtained and subjected to GC-MS 

analysis. 

2.7.2. GC-MS analysis of essential oil of C. amada 

A total of 32 volatile organic compounds were identified from the essential oil of the C. 

amada rhizomes by GC-MS analysis with retention time in between 6.057-67.876 minutes. 

The major volatile phytoconstituents are represented in Table 2.2. The studies revealed that 

essential oil contains the following compounds present in highly abundant ratios viz., β-

Pinene (25.90 %), β-Myrcene (21.73 %), trans-β-Ocimene (18.31 %), α-Pinene (4.97 %), α-

Ocimene (1.69 %) and (-)-Limonene (1.71 %) representing 70.11% of total detected 

compounds and remaining compounds are present in minor amounts. 
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Table 2.2. GC MS profile of essential oil of C. amada 

Peak Ret. 

Time 

Area Area % Height % A/H Name of compound 

1 6.057 11026866 4.97 5.28 2.37 α-Pinene 

2 6.552 3237282 1.46 1.51 2.44 Camphene 

3 7.271 2273794 1.02 0.81 3.18 4(10)-Thujene 

4 7.453 57559450 25.90 28.76 2.27 β-Pinene 

5 7.814 48242695 22.50 30.33 1.80 β-Myrcene  

7 9.272 3801114 1.71 1.37 3.15 (-)-Limonene 

8 9.381 3607762 1.62 1.40 2.91 Eucalyptol (Cineole) 

9 9.521 4157784 1.87 1.69 2.79 α-Ocimene 

10 9.938 40652987 18.31 15.63 2.95 trans-β-Ocimene 

11 10.116 1367904 0.62 0.45 3.42 3,5-Heptadien-2-one 

12 11.722 3130120 1.41 0.86 4.13 2-Dodecanone 

13 12.036 4380402 1.97 1.52 3.28 Perillene 

14 12.149 1531971 0.69 0.41 4.21 Linalyl alcohol 

15 12.246 2168416 0.98 0.51 4.83 2-Nonanol 

16 15.231 723969 0.33 0.22 3.76 Borneol 

17 15.612 836297 0.38 0.26 3.68 4-Terpineol 

18 25.901 2935711 1.32 0.85 3.89 β-Caryophyllene 

19 32.427 2530018 1.52 0.69 4.15 β-Caryophyllene epoxide 

20 35.899 3777234 1.70 0.96 4.46 Longifolenaldehyde 

21 40.395 4062041 1.83 1.02 4.51 1-[2-(2,2,6-trimethyl-bicyclo 

[4.1.0]hept-1-yl)-ethyl]-vinyl acetate 

22 45.447 1240991 0.56 0.35 3.98 β-Springene 

23 46.416 1801640 0.81 0.49 4.19 (+)- Saussurea lactone 

24 57.383 3051264 1.37 0.73 4.73 Alloaromadendrene oxide 

25 65.426 3166275 1.43 0.15 24.49 Campesterol 

26 67.876 3410287 1.54 0.24 16.43 Stigmasterol 

27 Other compounds 1.62    
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2.8. Isolation and characterization of phytochemicals from C. amada 

rhizomes 

2.8.1. Collection and extraction of C. amada rhizomes 

The fresh rhizomes of Curcuma amada were collected from CTCRI, Thiruvananthapuram, 

Kerala, India. The voucher specimen was deposited in JNTBGRI, Palode, 

Thiruvananthapuram, Kerala (JNTBGRI 91073). The material was cleaned, washed, chopped 

and dried in a dehumidifying oven at 40 
o
C and then it was powdered. 1 kg of powdered 

rhizomes were subjected to extraction with chloroform (2Lx3) at room temperature, which 

yielded 70 g of crude extract. It was used for column chromatography. 

2.8.2. Isolation and characterization of phytochemicals from chloroform extract 

After studying the TLC profile of chloroform extract, 30 g of the extract was dissolved in a 

minimum quantity of hexane and loaded on the top of the column packed with silica gel 

(100-200 mesh) using hexane. Elution started with 100% hexane and the polarity of the 

solvent was increased gradually by adding ethyl acetate. A total of 300 fractions of 

approximately 100 ml each were collected. TLC of each fraction was studied and those 

fractions of which TLC profile were alike in UV were pooled together to get seven major 

fraction pools. Each of these pooled fractions were concentrated by removing the solvent 

under reduced pressure using Heidolph rotary evaporator and the above fractions on further 

purification led to the isolation of compounds 1-5. 
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Figure 2.13. Pictorial representation for the isolation of phytochemicals from C. amada 

rhizomes 

Fractions 29-36 obtained by eluting the column with 5% ethyl acetate-hexane showed 

a single UV active spot along with small upper impurities. After concentration, it was 

subjected to column chromatographic separation followed by preparative TLC which yielded 

a pure compound 1 (10 mg) as colourless oil. The IR spectrum of compound showed strong 

absorption at 1685 cm
-1

 confirms the presence of the carbonyl group. The bands at 2931, 

1641 and 890 cm
-1

 suggested the presence of an exo-cyclic double bond. Absorption at 1059 

cm
-1

 indicated the compound have ether linkages. 
1
H NMR spectrum (Figure 2.14) showed a 

singlet at δ 9.34 integrating for one proton, suggesting the presence of an aldehydic proton. A 

peak at δ 195.1 in the 13
C NMR spectrum (Figure 2.15) of the compound confirmed the 

presence of aldehyde group. From the signal at δ 6.55 integrating for one proton in the 
1
H 

NMR spectrum and carbon signals at δ 160.1 and 138.4, could support that the aldehyde was 

an α, β-unsaturated system. The proton signals at δ 4.83 and δ 4.42, carbon signals at δ 148.3 

and δ 108.0 were characteristic of an exo-methylene group. A triplet at  4.54 integrating for 
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one proton indicated the presence of methine proton attached to an electron withdrawing 

group. Multiplets at δ 3.67 and δ 3.48 could be attributed to the presence of deshielded 

protons. A doublet at δ 2.58 integrating for two protons suggests the presence of methylene 

protons. DEPT-135 confirms the presence of ten -CH2- groups. The three singlets at δ 0.89 

(3H), 0.82 (3H) and 0.74 (3H) confirmed the presence of three quaternary methyl groups. 

The mass spectrum showed the molecular ion peak at m/z 399.2863, which is (M+Na)
 

peak. 

Based on these spectral data and on comparison with the spectral data of compounds found in 

literature,
50

 the structure of compound 1 was confirmed as a diterpene molecule, (E)-15,15-

diethoxylabda-8 (17),12-diene-16-al. The structure of the compound is shown below. 

 

 

Figure 2.14. 
1
H NMR spectrum of (E)-15,15-diethoxylabda-8 (17),12-diene-16-al in CDCl3 
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Figure 2.15. 
13

C NMR spectrum of (E)-15,15-diethoxylabda-8 (17),12-diene-16-al in CDCl3 

             Fractions 37-103 obtained on eluting the column with 5% ethyl acetate-hexane 

showed a UV active compound as the major constituent. After removing the solvent, it was 

subjected to crystallization in hexane which yielded 7g of pure compound 2 as a yellow solid 

that was separated from the mother liquor. The IR spectrum of compound showed strong 

absorptions at 1727 and 1684 cm
-1

 which suggest the presence of carbonyl and α, β-

unsaturated carbonyl groups. Absorptions at 2931, 1642 and 890 cm
-1

 once again pointed to 

the presence of exo-cyclic double bond. 
1
H NMR spectrum (Figure 2.16) of the compound 

showed the presence of one singlet and one triplet at δ 9.40 and 9.63 integrating for one 

proton each, suggesting the presence of two aldehydic groups. Two peaks at δ 193.5 and 

197.3 in the 
13

C NMR spectrum (Figure 2.17) confirmed the presence of two aldehyde 

groups. The proton signals at δ 4.86 and 4.37, carbon signals at δ 148.0 and 107.8 were 

characteristics of an exo-methylene group. The 
1
H NMR spectrum clearly showed two 

deshielded protons appearing as a ABq at δ 3.42. That could be attributed to a methylene 

group (C-14) adjacent to an aldehyde. Three singlets at δ 0.89 (3H), 0.82 (3H) and 0.73 (3H) 

confirmed the presence of three quaternary methyl groups. The DEPT-135 spectrum 
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confirmed the presence of eight -CH2- groups as well as four quaternary carbons. The mass 

spectrum showed the molecular ion peak (M+Na)
+ 

at 325.2132. From all these spectral data 

together and on comparing with the reported literature,
26

 the structure of compound 2 could 

be identified as (E)-labda-8(17),12-diene-15,16-dial. The structure of the compound is 

shown below. 

 

  

Figure 2.16. 
1
H NMR spectrum of (E)-labda-8(17),12-diene-15,16-dial in CDCl3 
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Figure 2.17. 
13

C NMR spectrum of (E)-labda-8(17),12-diene-15,16-dial in CDCl3 

Fraction pool (104-123) obtained on eluting the column with 10% ethyl acetate-

hexane showed a single UV active compound as the major constituent along with minor 

impurities. This fraction on further purification on silica gel column chromatography yielded 

5 mg of compound 3 as a gummy solid. Two peaks at 1729 and 1684 cm
-1 

in the IR spectrum 

clearly indicated the presence of carbonyl groups in the molecule. In the 
1
H NMR spectrum 

(Figure 2.18) one triplet and one singlet at δ 9.58 and 9.43 integrating for one proton each, 

suggests the presence of two aldehydic protons. Another triplet peak at δ 6.86 integrating for 

single proton could be ascribed to the presence of a proton attached to the double bond.  The 

presence of two deshielded protons appearing as a singlet at δ 3.38, indicated the presence of 

a methylene group adjacent to an aldehyde. Three quarternary methyl groups are confirmed 

from the presence of three singlets at δ 0.91, 0.86 and 0.85, integrating for three protons each 

in the 
1
H NMR. 

13
C NMR spectrum (Figure 2.19) of the compound clearly showed the 

presence of twenty carbon atoms. The presence of two aldehyde groups is further confirmed 

by the presence of two peaks at δ 197.71 and 193.79 in the 
13

C NMR spectrum. The peaks at 

δ 160.53 and 133.66 confirmed the presence of a double bond. 
13

C NMR spectrum along 
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with DEPT-135 spectrum confirms the presence of three methyl, eight methylene, four 

methine and four quaternary carbons in the molecule. The mass spectrum of the compound 

showed the molecular ion peak at m/z 341.2089, which is (M+Na)
+
 peak. From all these 

spectral data together and comparing with reported literature,
51,52

 compound 3 was found to 

be aframodial ((E)-8β,(17)-epoxylabd-l2-ene-15,16-dial).  The structure of aframodial is 

shown below. 

 

 

 

Figure 2.18. 
1
H NMR spectrum of aframodial in CDCl3 
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Figure 2.19. 
13

C NMR spectrum of aframodial in CDCl3 

Fractions 191-216 obtained on eluting the column with 15% ethyl acetate-hexane 

showed a major UV active spot with some impurities. This was further purified by column 

chromatographic separation on silica gel using 15% ethyl acetate in hexane. This yielded 100 

mg of compound 4 as colourless oil. The IR spectrum of compound showed absorption at 

3363 cm
-1

 pointing the presence of a hydroxyl group. Absorption at 1737 and 1675 cm
-1 

suggested the presence of an α, β-unsaturated lactone carbonyl group. Two absorptions at 

1644 and 888 cm
-1

 corresponds to the presence of an exo-cyclic double bond. 
1
H NMR 

spectrum (Figure 2.20) showed the presence of three olefinic protons at δ 6.78, 4.84 and 4.36 

of which, the first could be due to the β-proton in an α, β-unsaturated carbonyl system and 

the latter two could be attributed to exo-cyclic double bond. Peak at δ 5.93 supports the 

existence of the lactonic hemiacetal hydroxyl bearing methine proton. The three singlets 

observed at δ 0.89 (3H), 0.82 (3H) and 0.72 (3H) confirmed the presence of three quaternary 

methyl groups. 
13

C NMR spectrum (Figure 2.21) showed twenty carbon signals which 

confirmed the structure as a labdane diterpenoid. The carbon signal appearing at δ 95.6 

suggested a carbon atom connected by two oxygen functionalities (C-15). Peak at  169.6 
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was attributed to lactonic carbonyl carbon. Mass spectrum of the compound showed that 

molecular ion peak at m/z 341.2089, which is (M+Na)
+
 peak. From all these spectral data 

along with DEPT-135 and on comparison with data of reported literature,
53

 compound 4 was 

found to be coronarin D.  The structure of coronarin D is shown below. 

 

 

 Figure 2.20. 
1
H NMR spectrum of coronarin D in CDCl3  
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Figure 2.21. 
13

C NMR spectrum of coronarin D in CDCl3 

Fractions 227-266 obtained on eluting the column with 20% ethyl acetate in hexane 

showed a single UV active spot along with some impurities. This fraction on further 

chromatographic purification using 20% ethyl acetate in hexane yielded 500 mg of viscous 

liquid, which was named as compound 5. The IR spectrum of compound showed the 

presence of a carboxylic acid group through the broad absorption above 3000 cm
-1

 followed 

by the absorptions at 2847 cm
-1

 and 1713 cm
-1

. Another strong absorption at 1689 cm
-1

 

suggested the presence of an α, β-unsaturated aldehyde group. Absorptions at 2928, 1663 and 

890 cm
-1

 pointed to the presence of an exo-cyclic double bond. 
1
H NMR spectrum (Figure 

2.22) showed the presence of an aldehyde at δ 9.36 integrating for one proton, which is 

confirmed by a peak at δ 193.6 in the 
13

C NMR spectrum (Figure 2.23). The signal at δ 6.69 

cm
-1

 integrating for one proton in the 
1
H NMR spectrum and carbon signals at δ 159.4 and 

135.7, confirms that the aldehyde is an α, β-unsaturated aldehyde. The proton signals at δ 

4.86 and 4.40, carbon signals at δ 148.0 and 107.9 were characteristic of an exo-methylene 

group. The three singlets at δ 0.89 (3H), 0.83 (3H) and 0.75 (3H) confirmed the presence of 

three quaternary methyl groups. Mass spectrum of the compound showed the molecular ion 



Chapter 2 

 

78 

 

peak at 341.2089, which is the mass of (M+Na)
+
 peak. Thus the structure of compound 5 was 

confirmed on comparison with reported literature
54

 as to be that of zerumin A.  The structure 

of the compound is shown below. 

 

 

Figure 2.22. 
1
H NMR spectrum of zerumin A in CDCl3 
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Figure 2.23. 
13

C NMR spectrum of zerumin A in CDCl3 

2.9. Isolation and characterization of phytochemicals from C. malabarica 

rhizomes 

2.9.1. Collection and extraction of C. malabarica rhizomes  

15 kg of Curcuma malabarica rhizomes were collected from CTCRI, Thiruvananthapuram, 

Kerala, India and a voucher specimen was deposited in JNTBGRI, Palode, 

Thiruvananthapuram, Kerala (TBGT 54687). It was thoroughly washed, chopped, dried in a 

dehumidifying oven at 40 
o
C for two days and powdered mechanically. 1.6 kg of the 

powdered rhizomes were subjected to extraction with methanol (2Lx3) at room temperature, 

giving for each extraction 48 hrs at room temperature. The total extract was then 

concentrated under reduced pressure on Heidolph rotary evaporator, which yielded 90 g of 

methanol extract.  
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2.9.2. Isolation and characterization of phytochemicals from methanol extract 

After studying the TLC profile of methanol extract, 33 g of the above extract was subjected 

for column chromatographic separation using chromatographic grade silica gel (100-200 

mesh). Elution was started with 5% ethyl acetate in hexane and polarity was increased by 

adding ethyl acetate in hexane. The final elution was carried out with 5% methanol in 

hexane. A total of 395 fractions of approximately 100 ml each were collected. TLC of each 

fraction was checked and those fractions whose TLC profile was alike were pooled together 

to get seven major fraction pools. The pictorial representation of isolation of phytochemicals 

from C. malabarica is as shown below. 

 

Figure 2.24. Pictorial representation for the isolation of phytochemicals from C. malabarica 

rhizomes 
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The pooled fraction 16-67 obtained by eluting the column with 5% ethyl acetate in 

hexane showed a single UV active spot along with small impurities, which on further column 

chromatography using 5% ethyl acetate in hexane furnished 1.900 g of pure compound 6 as a 

yellow solid. The IR spectrum showed a strong absorption at 1648 cm
-1

, which suggested the 

presence of a highly conjugated carbonyl group. In the 
1
H NMR spectrum (Figure 2.25) 

three singlets were observed at δ 2.13 (3H), 1.99 (3H) and 1.30 (3H), indicating the presence 

of 3 methyl groups attached to olefins. A singlet at δ 7.07 showed the presence of aromatic 

proton (H-12), whereas the signals at δ 5.17 and 5.80 ascribed the presence of two other 

olefinic protons centered at H-1 and H-5. 
13

C NMR spectrum (Figure 2.26) of the compound 

showed the presence of 15 carbon atoms, of which the peak at δ 189.72 confirmed the 

presence of a carbonyl group. The presence of eight olefinic carbons was confirmed by the 

presence of 8 peaks in between δ 156.47-122.12 ppm. Further, mass spectrum of the 

compound showed the molecular ion peak at m/z 253.1508, which is (M+Na)
+
 peak. Based 

on these spectral data and on comparison with reported literature
55,56

 compound 6 was 

confirmed to be furanodienone. The structure of the compound is shown below. 
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Figure 2.25. 
1
H NMR spectrum of furanodienone in CDCl3 

 

Figure 2.26. 
13

C NMR spectrum of furanodienone in CDCl3 
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The pooled fraction 90-119 obtained on eluting the column with 10% ethyl acetate in 

hexane showed two strong UV active spots along with small impurities. This fraction on 

further column chromatography using 5% ethyl acetate in hexane led to three fraction pools.  

Subfraction (22-29) obtained by eluting the column with 5% ethyl acetate in hexane showed 

a single UV active spot with minor impurities, which on crystallization in ethyl acetate 

hexane mixture yield 300 mg of white needle shaped crystals, which was labeled as 

compound 7. The IR spectrum of compound showed the peak at 1665 cm
-1

 due to an α, β-

unsaturated ketone. Three singlets are seen at δ 1.35, 1.60, 2.12, each integrating for three 

protons in the 
1
H NMR spectrum (Figure 2.27) assigned the presence of three quaternary 

methyl groups. Further, the spectrum also showed a characteristic aromatic peak at δ 7.09 

due to methane proton for a trisubstituted furan ring (H-12). The peak at δ 5.49 (d, J = 11.5 

Hz) suggested the presence of a vinylic proton (H-1). The 
13

C NMR spectrum (Figure 2.28) 

showed the presence of fifteen carbon atoms in the compound. The peak at δ 192.2 

confirmed the presence of a carbonyl group. Two oxygenated carbons showed the peaks at δ 

64.0 and 66.5 respectively. The presence of three methyl groups was again confirmed by the 

presence of three peaks at δ 10.29, 15.15 and 15.74 in the 
13

C NMR spectrum. The mass 

spectrum showed the molecular ion peak at m/z 269.1151, which is (M+Na)
+ 

peak. From 

these data along with DEPT-135 and on comparison with literature
57,58 

compound 7 was 

confirmed to be zederone, which is being reported for the first time from this plant. The 

structure of the compound is shown below. 
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Figure 2.27. 
1
H NMR spectrum of zederone in CDCl3 

 

Figure 2.28. 
13

C NMR spectrum of zederone in CDCl3 
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The subfraction 30-47 obtained by eluting the column with 5% ethyl acetate in 

hexane was again subjected to column chromatographic purification by using 5% ethyl 

acetate in hexane, which yielded 71 mg of pure compound 8. In the IR spectrum, the -OH 

group shows the absorption peak at 3427 cm
-1 

and 1645 cm
-1 

confirming the presence of a 

highly conjugated carbonyl group. In the 
1
H NMR spectrum (Figure 2.29) a doublet centered 

at δ 5.81 indicated the presence of a deshielded olefinic proton. The appearance of four 

singlets at δ 1.81, 1.71, 1.68 and 1.54, integrating for three protons each attributed to the 

presence of four quaternary methyl groups in the compound. 
13

C NMR spectrum (Figure 

2.30) of the compound confirms the presence of 15 carbon atoms. The signal seen at 199.1 

ppm confirmed the presence of a carbonyl group. The peaks in between δ 154.9-129.2 were 

confirming the presence of four olefinic carbons. The peak at δ 80.3 indicated the presence of 

oxygen attached carbon centered at the C-4 position. The mass spectra showed the molecular 

ion peak at m/z 257.1522, which is the (M+Na)
+ 

peak. From these spectral data along with 

DEPT-135 and comparing with the data of compound found in literature reports,
59

 the 

compound 8 was confirmed as procurcumenol. The structure of the compound is shown 

below. 
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Figure 2.29. 
1
H NMR spectrum of procurcumenol in CDCl3 

 

Figure 2.30. 
13

C NMR spectrum of procurcumenol in CDCl3 
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 The pooled fraction 131-145 obtained on eluting the column with 10% ethyl acetate 

in hexane showed one strong UV active spot along with some other impurities. These 

fractions on further purification by column chromatography using 10% ethyl acetate in 

hexane, furnished 104 mg of pale yellow crystalline solid, which was named as compound 9. 

IR spectrum of the compound showed sharp bands at 1766 cm
-1

 and 1701 cm
-1

 suggesting the 

presence of carbonyl and unsaturated carbonyl groups.  
1
H NMR spectrum (Figure 2.31) of 

the compound showed four singlets observed at δ 2.13, 2.09, 1.80 and 1.12, integrating for 3 

protons each, could be attributed to the presence of four quaternary methyl groups. The 

singlet at δ 0.67 and a multiplet at 0.45 indicated the presence of two methine protons. The 

13
C NMR spectrum (Figure 2.32) of the compound showed the presence of fifteen carbon 

atoms. Further the two carbonyl groups are confirmed by the presence of peaks at δ 208.7 

and 201.6. Mass spectra of the compound observed molecular ion peak m/z at 257.1517 for 

(M+Na)
+
 peak. Based on these spectral data along with DEPT-135 and on comparison with 

literature report
60

 the compound 9 was confirmed to be curcumenone. The structure of the 

compound is as shown below. 
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Figure 2.31. 
1
H NMR spectrum of curcumenone in CDCl3 

 

Figure 2.32. 
13

C NMR spectrum of curcumenone in CDCl3 
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Fraction 303-329 obtained by eluting the column with 80% ethyl acetate in hexane 

showed a strong UV active spot along with small impurities. It was again subjected to 

column chromatographic purification using 60% ethyl acetate in hexane to yield 47 mg of the 

pure compound as liquid, which was labeled as compound 10. IR spectrum of the compound 

showed a band at 3405 cm
-1 

indicating the presence of hydroxyl group. The presence of an α, 

β-unsaturated carbonyl group was seen at 1660 cm
-1

. The 
1
H NMR spectrum (Figure 2.33) of 

the compound showed the presence of four quaternary methyl groups at δ 1.18, 1.20, 1.83 

and 1.93 respectively. The doublets at δ 2.96 and 2.60 with J as 12.5 Hz and 13 Hz could be 

assigned to a methylene group adjacent to the carbonyl functionality. The 
13

C NMR spectrum 

(Figure 2.34) of the compound clearly shows the presence of 15 carbon atoms. The peak at δ 

202.9 confirms the presence of carbonyl group. The two peaks centered at δ 142.2 and 134.6 

indicated the presence of olefinic carbons at positions C-11 and C-7. The two hydroxyl 

oxygen attached carbon show the peaks at δ 80.0 and 72.8. The molecular ion peak m/z was 

observed at 275.1627, which was (M+Na)
+ 

peak. From these spectral data along with DEPT-

135 and on comparison with literature report,
61 

compound 10 was confirmed to be 

zedoarondiol. 
 
The structure of the compound is shown below. 

.  
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Figure 2.33. 
1
H NMR spectrum of zedoarondiol in CDCl3 

 

Figure 2.34. 
13

C NMR spectrum of zedoarondiol in CDCl3 
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2.10. Isolation and characterization of phytochemicals from C. aromatica 

rhizomes 

2.10.1. Collection and extraction of C. aromatica rhizomes 

C. aromatica rhizomes (6 kg) were collected from Indian Institute of Spices Research, 

Calicut, Kerala, India and a voucher specimen was deposited in JNTBGRI, Palode, 

Thiruvananthapuram (TBGT 91074). It was thoroughly washed, chopped, dried at room 

temperature and then dried in the dehumidifying oven at 40 
o
C for 2 days. The dried 

rhizomes were powdered mechanically. 800 g of the powdered material was subjected to 

extraction using hexane (2.5Lx3) at room temperature to yield 25 g of the crude hexane 

extract. The residue obtained after extraction using hexane was further subjected to 

extraction with chloroform (2.5Lx3), ethyl acetate (2.5Lx3), acetone (2.5Lx3) and methanol 

(2.5Lx3) as same as above, which yields 30 g, 10 g, 17 g and 24 g of the corresponding 

extracts. The pictorial representation of various solvent extractions is as shown below. 

 

Figure 2.35. Pictorial representation for the extraction with various solvents of C. aromatica 

rhizomes 
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2.10.2. Isolation of compounds from hexane extract 

After studying the TLC profile of extract at various polarities of ethyl acetate-hexane 

mixtures, 22 g of the hexane extract was subjected to column chromatographic separation 

using chromatographic grade silica gel. Elution was started with 100% hexane and increase 

in polarity was carried out by increasing the amount of ethyl acetate in hexane. Final elution 

was carried out with 100% ethyl acetate. A total of 243 fractions of approximately 150 ml 

volume each were collected. TLC of each fraction was checked and those fractions whose 

TLC profile was alike were pooled together to get 15 major fraction pools. The pictorial 

representation of isolation of phytochemicals from C. aromatica is as shown below. 

 

Figure 2.36. Pictorial representation for the isolation of phytochemicals from hexane extract 

of C. aromatica rhizomes 

         Fraction pool 15-19 obtained by eluting the column with 5% ethyl acetate in hexane 

showed four UV active spots along with impurities, which was further subjected to 

chromatographic separation using 3% ethyl acetate in hexane. The subfraction 2-7 obtained 
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by eluting the column with 3% ethyl acetate in hexane yielded 50 mg of the pure compound 

as pale yellow powder, which was labeled as compound 11. IR spectrum of the compound 

showed peaks at 1160, 1070, 892, 776 cm
-1 

assigned the presence of a furan ring.  The 
1
H 

NMR spectrum (Figure 2.37) of the compound indicated the presence of 28 protons. A 

singlet at δ 7.36 integrating for two protons assigned the presence of two aromatic protons in 

the furan ring centered at H-15 and H-16. The third aromatic proton appeared as a singlet at δ 

6.55. The presence of two olefinic protons corresponds to the presence of one doublet 

centered at δ 6.19 with J = 15.5 Hz and another doublet of doublet at δ 5.98 with J = 16 Hz 

and 10 Hz. The presence of exo-methylene protons is seen as two singlets at δ 4.76 and 4.53. 

The singlets at δ 0.89 (3H) and δ 0.85 (6H) suggested the compound has 3 methyl groups.  

13
C NMR spectrum (Figure 2.38) confirms the presence of 20 carbon atoms in the 

compound.  The chemical shifts at 150.3, 143.3, 139.6, 128.3, 124.5, 121.8, 107.9 and 107.7 

ppm, which indicated the presence of eight carbon of the compound were located in a cyclic 

chain. 
13

C NMR spectrum along with DEPT-135 spectrum confirmed the presence of exo-

cyclic methylene group at δ 107.9. It also confirms the presence of 3 quaternary carbons at δ 

150.3, 124.5 and 42.3. The mass spectrum showed the molecular ion peak at m/z 285.2225, 

which is (M+H)
+
 peak. Putting these spectral data together and on comparison with literature 

reports,
62,63

 compound 11 was confirmed to be coronarin E, a labdane type diterpene. To the 

best of our knowledge, this compound is being reported for the first time from this plant. The 

structure of the compound is shown below. 
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Figure 2.37. 
1
H NMR spectrum of coronarin E in CDCl3 

 

Figure 2.38. 
13

C NMR spectrum of coronarin E in CDCl3  



Chapter 2 

 

95 

 

         The subfraction 10-11 obtained by eluting the column with 3% ethyl acetate in hexane 

furnished 346 mg of pure white solid, which was labeled as compound 12. A sharp band at 

1677 cm
-1 

in the IR spectrum confirms the presence of a carbonyl group. In the 
1
H NMR 

spectrum (Figure 2.39) of compound 12, the peaks at δ 1.44, 1.63, 1.73 and 1.78, each 

integrating for 3 protons showed the presence of four methyl groups, which was attached to 

three olefinic carbons. The doublets at δ 4.71 and 4.99 indicated the presence of two olefinic 

protons. 
13

C NMR spectrum (Figure 2.40) of the compound assigned the signals for fifteen 

carbon atoms, which confirmed the structure as a sesquiterpenoid. The carbon signal 

appearing at δ 207.96 was confirming the presence of carbonyl group. Six peaks in between δ 

137.26-125.40 ppm suggested the presence of six olefinic carbons in the molecule. The mass 

spectrum showed the molecular ion peak at m/z 241.1571, which is (M+Na)
+
 peak. 

Analysing all these spectral data and on comparison with literature report
64

 compound 12 

was confirmed to be germacrone. The structure of the compound is shown below. 
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Figure 2.39. 
1
H NMR spectrum of germacrone in CDCl3 

 

Figure 2.40. 
13

C NMR spectrum of germacrone in CDCl3 
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            Fraction pool 20-42 obtained on eluting the column with 5% ethyl acetate in hexane 

showed a major UV active spot along with minor impurities, which on further purifications 

using 3% ethyl acetate in hexane furnished 1.205 g of pure compound 13 as a white solid. 

The IR spectrum showed a strong absorption at 1702 cm
-1 

pointed the presence of carbonyl 

group. 
1
H NMR spectrum (Figure 2.41) of the compound showed a singlet resonating at δ 

5.17 which is attributed the presence of olefinic proton (C-1). The four peaks at δ 0.88, 0.95, 

0.98 and 1.66, integrating for 3 protons each indicated the presence of three tertiary and one 

quaternary methyl groups. The 
13

C NMR spectrum (Figure 2.42) of the compound clearly 

confirms the presence of fifteen carbon atoms, which confirmed the structure as a 

sesquiterpenoid. The signal appearing at δ 214.3 and 211.0 confirmed the presence of two 

carbonyl groups. The peaks at δ 131.53 and 129.85 were attributed to the presence of two 

olefinic carbons. The mass spectrum showed the molecular ion peak m/z at 259.1675, which 

is (M+Na)
+
 peak. From all these spectral data together and  comparing with literature 

reports,
65,66

 the compound 13 was confirmed to be curdione. The structure of the compound 

is as shown below.
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Figure 2.41. 
1
H NMR spectrum of curdione in CDCl3 

 

Figure 2.42. 
13

C NMR spectrum of curdione in CDCl3 
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           The fourth compound isolated from the hexane extract of C. aromatica is 

procurcumenol, which was discussed in the section 2.7.2 (Compound 8) 

2.10.3. Isolation of compounds from chloroform extract 

After studying the TLC profile of chloroform extract, 25 g of the extract was 

subjected to column chromatographic separation. Elution was started with 100% hexane and 

increase in polarity was carried out by adding the amount of ethyl acetate in hexane. Final 

elution was carried out with 5% methanol in ethyl acetate. A total of 193 fractions of 

approximately 150 ml volume each were collected. TLC of each fraction was checked and 

those fractions whose TLC profile was alike were pooled together to get 16 major fraction 

pools. The pictorial representation of the isolation of phytochemicals from chloroform extract 

of C. aromatica is as shown below. 

 Figure 2.43. Pictorial representation for the isolation of phytochemicals from chloroform 

extract of C. aromatica rhizomes 

           Fraction pool 54-62 obtained by eluting the column with 10% ethyl acetate-hexane 

showed a single UV active spot along with minor impurities, which on further column 

chromatography using 5% ethyl acetate in hexane yielded 10 mg pure compound as a 
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colourless liquid, which was labeled as compound 14. IR spectrum of the compound showed 

a sharp absorption band at 1755 cm
-1

 due to the presence of an α, β-unsaturated γ-lactone. An 

exo-cyclic double bond was identified by the presence of bands at 2924, 1644 and 892 cm
-1

. 

The 
1
H NMR spectrum (Figure 2.44) of the compound showed the presence of two trans 

olefinic protons, which resonate at δ 6.83 and 6.04 with J = 16 Hz, the latter being shifted 

down field due to a conjugated carbonyl group. Another olefinic proton of the lactone ring 

appeared as a singlet at δ 7.08 (C-14). The peaks at δ 0.82 (3H), 0.80 (3H) and 0.77 (3H) 

attributed to the presence of three quaternary methyl groups. The 
13

C NMR spectrum (Figure 

2.45)  of the compound confirmed the presence of 20 carbon atoms and a peak at δ 172.4, 

characteristics of the carbonyl group of the lactone ring. Six peaks in between δ 149.8-108.4 

assigned the presence of six olefinic carbons. The mass spectrum showed the molecular ion 

peak m/z at 323.2001, which is (M+Na)
+
 peak. From all these spectral data along with 

DEPT-135 and on comparison with literature report
67

 the compound 14 was confirmed to be 

villosin, which is a labdane diterpene.  The structure of the compound is shown below.
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Figure 2.44. 
1
H NMR spectrum of villosin in CDCl3 

 

Figure 2.45. 
13

C NMR spectrum of villosin in CDCl3 
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 Fraction 192 obtained by eluting the column with 50% methanol in ethyl acetate 

showed a single UV active spot along with minor impurities, which on further column 

chromatographic purification using 30% ethyl acetate in hexane yielded 200 mg of the pure 

compound as crystalline needles, which was labeled as compound 15. The IR spectrum 

showed hydroxyl groups absorption band at 3452
 
cm

-1
. The strong absorption band at 1743 

cm
-1 

pointed to the presence of an α, β-unsaturated γ-lactone. The 
1
H NMR spectrum (Figure 

2.47) of the compound indicated the presence of three quaternary methyl groups at δ 1.84, 

1.31 and 1.14 and a singlet seen at δ 5.48 attributed to the presence of olefinic proton 

centered at H-8. Three singlets at δ 5.14, 4.50 and 4.38 respectively confirmed the presence 

of three hydroxyl groups. The 
13

C NMR spectrum (Figure 2.48) of the compound showed 

the presence of 15 carbon atoms, which is characteristic of a sesquiterpene. The 
13

C NMR 

spectrum along with DEPT-135 confirming the presence of three quaternary methyl groups 

(δ 8.8, 23.4 and 25.6), three methylenes (δ 39.4, 34.5 and 21.2) and a methine group at δ 49.1 

centered at C-5. The mass spectrum showed the molecular ion peak m/z at 303.1214, which 

is (M+Na)
+
 peak. From all these spectral data and on comparison with the literature report

68-

70
 the compound 15 was confirmed to be 1-epihydroxy-zedoalactone D, which is a guainane 

type sesquiterpene.  In addition, structure was unambiguously confirmed by single crystal X-

ray diffraction (Figure 2.46). The structure of the compound is shown below. 

 

 

 

Figure 2.46. ORTEP diagram of 1-epihydroxy-zedoalactone D 

CCDC Number: 2176358 

This compound has been isolated first time from the plant Curcuma wenyujin, 

belonging to the Zingiberaceae family. To the best of our knowledge, this is the first report 

on the isolation of 1-epihydroxy-zedoalactone D from this plant.  
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In summary, a total of thirteen compounds were isolated, of which coronarin D, 

zerumin A, villosin and 1-epihydroxy-zedoalactone D are being reported for the first time 

from C. aromatica rhizomes. 

 

Figure 2.47. 
1
H NMR spectrum of 1-epihydroxy-zedoalactone D in DMSO-d6 
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Figure 2.48. 
13

C NMR spectrum of 1-epihydroxy-zedoalactone D in DMSO-d6 

2.11. Pancreatic lipase inhibition studies of isolated phytochemicals 

The details regarding obesity and the importance of pancreatic lipase discussed in detail in 

chapter 1 and chapter 3. As discussed in chapter 1 and 3, obesity and pancreatic lipase are 

correlated. Inhibition of pancreatic lipase is the current method of choice for obesity. It was 

therefore of interest to study the effect of the isolated compounds on pancreatic lipase as well 

as to study whether they were non-toxic enough for use.  

2.11.1. Cytotoxicity studies by MTT assay 

In vitro toxicity of the compounds was tested by MTT assay to analyse the effect of 

compounds on Human liver cell lines (HepG2). The cytotoxic effect of each compound was 

estimated by calculating the percentage of cell viability in a dose-dependent manner ranging 

from 0.5-50 μM (Figure 2.49). The results showed that none of the tested compounds caused 

any sign of toxicity at all the tested concentrations. 
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Figure 2.49. Cytotoxic study of phytochemicals by MTT assay (Cytotoxic effect of each 

compound is expressed as percentage of cell viability in dose dependent manner. Values are 

mean ± SD of four independent experiments performed in duplicates) 

2.11.2. Inhibition studies of bioactives against porcine pancreatic lipase 

The isolated phytochemicals from three plants were investigated for the inhibitory activity 

against pancreatic lipase (PL, Figure 2.50). Among the tested compounds, coronarin D and 

zerumin A showed promising PL inhibitory activity. The compounds zederone, zedoarondiol 

and   1-epihydroxy-zedoalactone D also showed considerable activity to inhibit PL.   
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Figure 2.50. The percentage inhibition of phytochemicals against pancreatic lipase in various 

concentrations. (Phytochemicals are tested at concentrations 1-10 μM. Each experiment was 

independently performed four times in duplicates and expressed as mean ± SD (n = 4))  

2.12. Conclusion 

Fifteen compounds were isolated from the dried rhizomes of C. amada, C. malabarica and C. 

aromatica respectively. Mainly diterpenes and sesquiterpenes are isolated and all the isolates 

were well characterized by using various spectroscopic techniques and on comparison with 

literature reports. The compound zederone was reported first time from the species C. 

malabarica and villosin, coronarin D, zerumin A, 1-epihydroxy-zedoalactone D was first 

time isolated from the species C. aromatica. The preliminary pancreatic lipase inhibition 

study demonstrated that the compounds coronarin D and zerumin A shows promising 

activity, which can be perceived further in determining the action of mechanism and 

identifying the potential semi-synthetic leads.   
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2.13. Experimental Section 

2.13.1. General Experimental Details 

The IR spectra were recorded on Bruker Alpha-T FT-IR spectrophotometer. The 
1
H and 

13
C 

NMR spectra were recorded at 500 MHz and 125 MHz respectively on Bruker AMX 500 

MHz FT NMR and 125 MHz spectrometer, using deuterated chloroform (CDCl3) or 

deuterated dimethylsulfoxide (DMSO-d6) as the solvent.  Tetramethylsilane (TMS) was used 

as internal standard, chemical shifts are expressed in δ scale in units of parts per million 

(ppm) downfield from tetramethylsilane (δ 0.0) and relative to the signal of solvent and 

coupling constants (J) in Hertz (Hz). In 
1
H NMR the solvent (CDCl3) peak appeared as a 

singlet at 7.26 ppm and the solvent (DMSO-d6) peak appeared as a singlet at 2.50 ppm.  In 

13
C NMR the solvents CDCl3 peak appeared as a triplet at 77.0 ppm and DMSO-d6 appeared 

as a septet at 39.52 ppm. Abbreviations used in 
1
H NMR are s-singlet, d-doublet, t- triplet, 

dd- doublet of doublet, brs-broad singlet and m-multiplet. Mass spectra were recorded under 

HRMS (ESI) at 60,000 resolutions using Thermo Scientific Exactive Orbitrap mass 

spectrometer. TLC was performed on Merck silica gel 60 F254 aluminium sheets. The spots 

were first checked with UV light and second in the iodine chamber. Column 

chromatographic techniques were used for the isolation of natural compounds. All the 

solvents were commercial grade and were purified by distillation before use. Column 

chromatography was carried out using 100-200 mesh silica gel (Merck). Specific-rotation 

was recorded using Jasco P-2000 polarimeter. Melting points were determined on a Stuart 

SMP30 digital melting point apparatus and are uncorrected. Heidolph rotary evaporator was 

used for the removal of solvents. Hep G2 cell lines, Human liver carcinoma-derived cell lines 

were purchased from American Type Cell Culture (ATCC, Manassas, VA, USA), Pancreatic 

lipase, p-nitrophenyl butyrate, olive oil, taurochenodeoxycholate, taurocholate, cholesterol, 

L-α-phosphatidylcholine, calcium acetate, orlistat (Sigma Aldrich, USA) were used for 

biological study. 

2.13.1.1. GC-MS profiling  

GC-MS analysis was performed on a GCMS-TQ8030 Shimadzu (Tokyo, Japan) instrument. 

The essential oil was dissolved in hexane solvent. Then, 1 μl of sample was injected to GC 
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with nonpolar Rxi 5Sil MS capillary column, full scan mode, injector mode-splitless, quadra 

pole mass selective detector (MSD), injection temperature 250 ºC, GC-MS interface 

temperature 250 ºC. Helium was employed as carrier gas, at a pressure of 57.5 KPa and flow 

rate was 1 ml/min. Mass spectra were detected at 70 eV. Temperature programming was set 

as follows: column temperature was started from 60 ºC  for 2 min and linearly increased by 5 

ºC/min to 200 ºC for 2 min, after that it was increased by 3 ºC/min to 220 ºC for 1 min, 

further it was increased by 6 ºC/min. to 250 ºC for 7 min. The total instrument run time was 

50 min. The mass m/z was scanned for a range of 100 - 1000. The chemical constituents were 

identified by matching their mass spectra and GC retention indices with spectra of reference 

compounds in NIST and WILEY mass spectral library. The relative amounts of individual 

components were expressed as percentage peak areas relative to total peak area. 

2.13.2. Spectral data of the isolated compounds from C. amada rhizomes 

2.13.2.1. Compound 1 ((E)-15,15-Diethoxylabda-8 (17),12-diene-16-al) 

The compound 1 obtained from the fraction pool (29-36) of chloroform extract was 

confirmed to be (E)-15,15-Diethoxylabda-8 (17),12-diene-16-al based on the spectral data 

obtained along with HRMS and on comparison with literature reports. The obtained spectral 

data of the compound is as shown below. 

 FT-IR (NaCl, 

max, cm
-1

) 

: 2931, 2844, 1685, 1642, 1560, 1459, 

1367, 1164, 1059, 890. 

 

 

 

1
H NMR (500 

MHz, CDCl3) 

 

 

 

 

 

 

 

13
C NMR (125 

: 

 

 

 

 

 

 

 

 

: 

δ 9.34 (s, 1H, H-16), 6.56 (t, J = 6.2 Hz, 

1H, H-12), 4.83 (s, 1H, H-17), 4.42 (s, 

1H, H-17), 4.54 (t, J = 5.5 Hz, 1H, H-

15), 3.70-3.66 (m, 2H, ethoxy-CH2-), 

3.49-3.46 (m, 2H, ethoxy-CH2-), 2.50 

and 2.63 (m, 2H, H-11), 2.58                           

(m, 2H, H-14),  2.43-1.25 (m, 12H), 1.16 

(dt, 6H, ethoxy-CH3), 0.89 (s, 3H, H-18), 

0.82 (s, 3H, H-19), 0.74 (s, 3H, H-20)    

δ 195.1 (C-16), 160.2 (C-12), 148.3 (C-
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MHz, CDCl3) 8), 138.4 (C-13), 108.0 (C-17), 102.2 (C-

15), 62.9 and 62.8 (ethoxy-CH2-), 56.5 

(C-9), 55.4 (C-5), 42.1 (C-3), 39.5 (C-

10), 39.2 (C-1), 37.9 (C-7), 33.6 (C-4), 

33.6 (C-18), 30.2 (C-14), 24.7 (C-11), 

24.1 (C-6), 21.7 (C-19),  19.3 (C-2), 15.4 

and15.3 (ethoxy-CH3), 14.4 (C-20)                        

 Mass (HRMS) : 399.2863 (M+Na)
+
 (calcd  for 

C24H40O3Na, 399.2875) 

 

2.13.2.2. Compound 2 ((E)-Labda-8(17),12-diene-15,16-dial) 

The compound 2 obtained from the fraction pool (37-103) of chloroform extract was 

confirmed to be (E)-labda-8(17),12-diene-15,16-dial based on the spectral data obtained 

along with HRMS and on comparison with literature reports. The obtained spectral data of 

the compound is as shown below. 

 m.p. (
0
C) : 54.5-55.5 

0
C 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

2931, 2840, 1727, 1684, 1642, 1459, 1367, 

890 

 

1
H NMR (500 

MHz, CDCl3) 

: 

 

δ 9.63 (t, J = 1.5 Hz, 1H, H-15),  9.41 (s, 

1H, H-16), 6.76 (t, J = 6.5 Hz, 1H, H-12), 

4.86 (d, J = 1.5 Hz, 1H, H-17), 4.37 (d, 1H, 

J = 1 Hz H-17), 3.42 (ABq, J = 16.5 Hz, 

2H, H-14), 2.53-2.30 (m, 3H), 2.04-1.0 (m, 

11H), 0.89 (s, 3H, H-18), 0.82 (s, 3H, H-

19), 0.73 (s, 3H, H-20)                                                                                                

 
13

C NMR (500 

MHz, CDCl3) 

: 

 

δ  197.4 (C-15), 193.6 (C-16), 159.9 (C-

12), 148.1 (C-8), 134.9 (C-13), 107.9 (C-

17), 56.5 (C-9), 55.4 (C-5), 41.9 (C-3), 39.6 

(C-10), 39.4 (C-14), 39.2 (C-1), 37.9 (C-7), 
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33.6 (C-4), 33.6 (C-18) 24.7 (C-11), 24.1 

(C-6), 21.7 (C-19), 19.3 (C-2), 14.4C-20) 

 Mass (HRMS) : 

 

325.2132  (M+Na)
+
 (calcd  for C20H30O2Na 

, 325.2143) 

2.13.2.3. Compound 3 (Aframodial) 

The compound 3 obtained from the fraction pool (104-123) of chloroform extract was 

confirmed to be aframodial based on the spectral data obtained along with HRMS and on 

comparison with literature reports. The obtained spectral data of the compound is as shown 

below. 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

2926, 2854, 1729, 1684, 1640, 1386, 1015 

 

1
H NMR (500 

MHz, CDCl3) 

: 

 

δ 9.58 (s, 1H, H-15), 9.43 (s, 1H, H-16), 

6.86 (t, J = 7.5 Hz, 1H, H-12), 3.38 (s, 2H, 

H-14), 2.70-2.69 (m, 1H, H-17), 2.56 (d, J 

= 4 Hz, 1H, H-17), 2.16-1.03 (m, 14H), 

0.91 (s, 3H, H-20), 0.86 (s, 3H, H-18), 0.85 

(s, 3H, H-19) 

 
13

C NMR (500 

MHz, CDCl3) 

: 

 

197.7 (C-15), 193.8 (C-16), 160.5 (C-12), 

133.7 (C-13), 58.9 (C-8), 54.9 (C-9), 54.4 

(C-5), 50.5 (C-17), 41.7 (C-3), 40.2 (C-10), 

39.6 (C-7), 39.2 (C-1), 36.0 (C-14), 33.5 

(C-4), 33.4 (C-18), 22.5 (C-11), 21.7 (C-

19), 21.6 (C-6), 18.6 (C-2),  14.3 (C-20)   

 Mass (HRMS) : 

 

341.208 (M+Na)
+ 

(calcd for C20H30O3Na, 

341.2093) 

2.13.2.4. Compound 4 (Coronarin D) 

The compound 4 obtained from the fraction pool (191-216) of chloroform extract was 

confirmed to be coronarin D based on the spectral data obtained along with HRMS and on 
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comparison with literature reports. The obtained spectral data of the compound is as shown 

below. 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

3363, 3087, 2933, 2844, 1737, 1675, 1644, 1459, 

1387 

 

1
H NMR (500 

MHz, CDCl3) 

: 

 

δ 6.77 (t, J = 6.5 Hz, 1H, H-12), 5.93 (s, 1H, H-

15), 4.83 (s, 1H, H-17), 4.38 (s, 1H, H- 17), 3.67 

(br s, 1H, -OH attached to C-15), 3.03 (m, J = 14 

Hz, 1H, H-14), 2.74 (m, 1H, H-14), 2.40-2.37 (m, 

2H),  2.20 (m, 1H), 2.02- 1.08 (m, 12H), 0.88 (s, 

3H, H-18), 0.82 (s, 3H, H-19), 0.72 (s, 3H, H-20)                                                                                                                          

 
13

C NMR (125 

MHz, CDCl3) 

: 

 

δ 169.6 (C-16), 148.1 (C-8), 143.7 (C-12), 123.9 

(C-13), 107.6 (C-17), 95.6 (C-15),  56.1 (C-9), 

55.3 (C-5), 41.9 (C-3), 39.5 (C-10), 39.3 (C-14), 

39.3 (C-1), 37.8 (C-7), 33.6 (C-18), 33.5 (C-4), 

25.5 (C-11), 24.1 (C-6), 21.7 (C-19), 19.3 (C-2), 

14.3 (C-20) 

 Mass (HRMS) : 

 

341.2089  (M+Na)
+
 (calcd  for C20H30O3Na, 

341.2093) 

2.13.2.5. Compound 5 (Zerumin A) 

The compound 5 obtained from the fraction pool (227-266) of chloroform extract was 

confirmed to be zerumin A based on the spectral data obtained along with HRMS and on 

comparison with literature reports. The obtained spectral data of the compound is as shown 

below. 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

2928, 2828, 2867, 1713, 1689, 1643, 1389, 

890 
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1
H NMR (500 

MHz, CDCl3) 

: 

 

δ 9.37 (s, 1H, H-16), 6.71 (t, J = 6.5 Hz, 

1H, H-12), 4.86 (s, 1H, H-17),  4.40 (s, 1H, 

H-17), 3.36 (dd, J1 = J2 = 18 Hz, 2H, H-14), 

2.59-1.05 (m, H-14), 0.89 (s, 3H, H-18), 0. 

0.832 (s, 3H, H-19), 0.75 (s, 3H, H-20)      

 
13

C NMR (125 

MHz, CDCl3) 

: 

 

δ 193.6 (C-16),175.8 (C-15), 159.4 (C-12), 

148.0 (C-8), 135.6 (C-13), 107.9 (C-17), 

56.4 (C-9), 55.4 (C-5), 41.9 (C-3), 39.6 (C-

10), 39.2 (C-1), 37.8 (C-7), 33.6 (C-4), 33.6 

(C-18), 29.6 (C-14), 24.6 (C-11), 24.1 (C-

6), 21.7 (C-19), 19.3 (C-2), 14.4 (C-20) 

 Mass (HRMS) : 

 

341.2089  (M+Na)
+
 (calcd  for C20H30O3Na, 

341.2093) 

 

2.13.3. Spectral data of the isolated compounds from C. malabarica rhizomes 

2.13.3.1. Compound 6 (Furanodienone) 

The compound 6 obtained from the fraction pool (16-67) of methanol extract was confirmed 

to be furanodienone based on the spectral data obtained along with HRMS and on 

comparison with literature reports. The obtained spectral data of the compound is as shown 

below. 

 m.p. (
0
C) : 61.5-63.5 

0
C 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

2932, 1648, 1612, 1527, 1237, 766 

 

1
H NMR (500 

MHz, CDCl3) 

: 

 

7.07 (s, 1H, H-12), 5.80 (s, 1H, H-5), 5.18 

(br dd, J = 4.5 Hz, 11.5 Hz, 1H, H-1), 3.70 

(br s, 2H, H-9), 2.46 (dt, J = 3.5 Hz, 11 Hz, 

1H, H-3), 2.30 (m, 1H, H-2), 2.17 (dd, J = 

3.5 Hz, 12 Hz, 1H, H-2), 2.13 (s, 3H, H-13), 
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1.99 (s, 3H, H-14), 1.30 (s, 3H, H-15), 1.88 

(m, 1H, H-3) 

 
13

C NMR (125 

MHz, CDCl3) 

: 

 

189.7 (C-6), 156.5 (C-8), 145.70 (C-4), 

138.1 (C-12), 135.3 (C-10), 132.4 (C-5), 

130.5 (C-1), 123.7 (C-11), 122.1 (C-7), 41.6 

(C-3), 40.6 (C-9), 26.4 (C-2), 18.9 (C-14), 

15.7 (C-15), 9.5 (C-13). 

 Mass (HRMS) : 

 

253.1202 (M+Na)
+ 

(calcd for C15H18O2Na,  

253.1204) 

2.13.3.2. Compound 7 (Zederone) 

The compound 7 obtained from the fraction pool (90-119) of methanol extract was confirmed 

to be zederone based on the spectral data obtained along with HRMS and on comparison 

with literature reports. The obtained spectral data of the compound is as shown below. 

 m.p. (
0
C) : 153.9-154.9 

0
C 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

2930, 1665, 1530, 1404, 1237, 931 

 

1
H NMR (500 

MHz, CDCl3) 

: 

 

7.09 (s, 1H, H-12), 5.49 (d, J = 11.5 Hz, 1H, 

H-1), 3.82 (s, 1H, H-5), 3.76 (d, J = 16.5 Hz, 

1H, H-9), 3.69 (d, J = 16.5 Hz, 1H, H-9), 

2.53 (m, 1H, H-2), 2.30 (brd, J = 13 Hz, 1H, 

H-3), 2.24 (brd, J = 13 Hz, 1H, H-2), 2.12 

(s, 3H, H-15), 1.60 (s, 3H, H-13), 1.35 (s, 

3H, H-14), 1.28 (m, 1H, H-3). 

 
13

C NMR (125 

MHz, CDCl3) 

: 

 

192.2 (C-6), 157.1 (C-8), 138.1(C-12), 131.2 

(C-1), 131.0 (C-10), 123.2 C-11), 122.2 (C-

7), 65.5 (C-5), 63.9 (C-4), 41.9 (C-9), 37.9 

(C-3), 24.6 (C-2), 15.7(C-13), 15.2 (C-15), 

10.3 (C-14). 

 Mass (HRMS) : 269.1152 (M+Na)
+
(calcd for C15H18O3Na 
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 269.1154) 

2.13.3.3. Compound 8 (Procurcumenol) 

The compound 8 obtained from the fraction pool (90-119) of methanol extract was confirmed 

to be procurcumenol based on the spectral data obtained along with HRMS and on 

comparison with literature reports. The obtained spectral data of the compound is as shown 

below. 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

3427, 2926, 1645, 1445, 1377 

 

1
H NMR (500 

MHz, CDCl3) 

: 

 

5.81 (d, J = 1 Hz, 1H, H-9), 2.53 (d, J = 15 

Hz, 1H, H-6), 2.31 (d, J = 10 Hz, 1H, H-1), 

2.11 (t, J = 15 Hz, 1H, H-6), 1.98 (s, 1H, H-

5), 1.91-1.86 (m, 2H, H-3), 1.62-1.58 (m, 

2H, H-2), 1.81 (s, 3H, H-14), 1.71 (s, 3H, H-

13), 1.68 (s, 3H,  H-12), 1.54 (s, 3H, H-15) 

 
13

C NMR (125 

MHz, CDCl3) 

: 

 

199.1 (C-8), 154.9 (C-10), 136.8 (C-7), 

136.2 (C-11), 129.2 (C-9), 80.3 (C-4), 53.9 

(C-5), 50.5 (C-1), 39.9 (C-3), 28.6 (C-6), 

26.9 (C-2), 24.3 (C-15), 23.4 (C-14), 22.4 

(C-13), 21.2 (C-12)  

 Mass (HRMS) : 

 

257.1522 ( M+Na)
+  

( calcd for C15H22O2Na,  

257.1517) 

 

2.13.3.4. Compound 9 (Curcumenone) 

The compound 9 obtained from the fraction pool (131-145) of methanol extract was 

confirmed to be curcumenone based on the spectral data obtained along with HRMS and on 

comparison with literature reports. The obtained spectral data of the compound is as shown 

below. 

 FT-IR (NaCl, : 2960, 1766, 1701, 1662, 1475, 1370, 1014 
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max, cm
-1

)  

 

1
H NMR (500 

MHz, CDCl3) 

: 

 

0.38 (q, J = 7 Hz, 12 Hz, 1H, H-1), 0.60 (q, 

J = 7Hz, 1H, H-5), 1.05 (s, 3H, H-15), 1.18 

(s, 2H), 1.52-1.54 (m, 2H, H-2), 1.72 (s, 

3H, H-13), 2.02 (s, 3H, H-12), 2.06 (s, 3H, 

H-14), 2.40 (t, J = 7 Hz, 15 Hz, 2H), 2.46 

(d, J = 8 Hz, 2H, H-3), 2.74 (br s, 2H, H-6) 

 
13

C NMR (125 

MHz, CDCl3) 

: 

 

208.7 (C-4), 201.7 (C-8), 147.4 (C-11), 

128.1 (C-7), 48.9 (C-9), 43.9 (C-3), 30.0 

(C-14), 28.0 (C-6), 24.2 (C-1), 24.2 (C-5), 

23.4 (C-12), 23.4 (C-13), 23.4 (C-2) 20.1 

(C-10), 19.0 (C-15) 

 Mass (HRMS) : 

 

257.1523 (M+Na)
+
 (calcd for C15H24O2Na, 

257.1517) 

2.13.3.5. Compound 10 (Zedoarondiol) 

The compound 10 obtained from the fraction pool (303-329) of methanol extract was 

confirmed to be curcumenone based on the spectral data obtained along with HRMS and on 

comparison with literature reports. The obtained spectral data of the compound is as shown 

below. 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

3405, 1660, 1442, 1345, 931 

 

1
H NMR (500 

MHz, CDCl3) 

: 

 

2.96 (d, J = 13 Hz, 1H, H-9), 2.82 (d, J = 15 

Hz, 1H, H-6), 2.59 (d, J = 12.5 Hz, 1H, H-

9), 2.0-1.95 (m, 2H), 1.79-1.67 (m, 4H, H-2, 

H-3), 1.41-1.25 (m, 3H), 1.93 (s, 3H, H-12), 

1.83 (s, 3H, H-13), 1.20 (s, 3H, H-14), 1.18 

(s, 3H, H-15) 

 
13

C NMR (125 

MHz, CDCl3) 

: 

 

202.9 (C-8), 142.2 (C-11), 134.6 (C-7), 80.0 

(C-4), 72.8 (C-10), 59.8 (C-9), 55.9 (C-1), 



Chapter 2 

 

116 

 

52.0 (C-5), 39.7 (C-6), 28.5 (C-3), 22.9 (C-

2), 22.7 (C-14), 22.2 (C-13), 21.9 (C-12), 

20.6 (C-15) 

 Mass (HRMS) : 

 

275.1627 (M+Na)
+ 

(calcd for C15H24O3Na,  

275.1623) 

 Optical activity   :     [α]25
 D = -32.8 

o
C (c 0.5 MeOH) 

2.13.4. Spectral data of the isolated compounds from hexane extract of C. aromatica 

rhizomes 

2.13.4.1. Compound 11 (Coronarin E) 

The compound 11 obtained from the fraction pool (15-19) of hexane extract was confirmed 

to be coronarin E based on the spectral data obtained along with HRMS and on comparison 

with literature reports. The obtained spectral data of the compound is as shown below. 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

2928, 1766, 1643, 1160, 980, 892, 776, 732 

 

1
H NMR (500 

MHz, CDCl3) 

: 

 

7.36 (s, 2H, H-15, H-16), 6.55 (s, 1H, H-14), 

6.19 (d, J = 15.5 Hz, 1H, H-12), 5.98 (dd, J 

= 16 Hz, 10 Hz, 1H, H-11), 4.76 (s, 1H, H-

17β), 4.53 (s, 1H, H-17α), 2.45 (d, J = 13.5 

Hz, 1H, H-7β), 2.40 (d, J = 10 Hz, 1H, H-9), 

2.10 (m, 1H, H-7α), 1.71 (m, 1H), 1.51 (m, 

3H), 1.41 (m, 2H), 1.19 (m, 1H), 1.11 (d, J = 

12.5 Hz, 1H, H-5), 1.05 (m, 1H), 0.89 (s, 

3H, H-18), 0.85 (s, 2x3H, H-19, H-20) 

 
13

C NMR (125 

MHz, CDCl3) 

: 

 

150.3 (C-8), 143.3 (C-15), 139.6 (C-16), 

128.3 (C-11), 124.5 (C-13), 121.8 (C-12), 

107.9 (C-17), 107.7 (C-14), 61.5 (C-9), 54.8 

(C-5), 42.3 (C-3), 40.8 (C-1), 39.2 (C-10), 

36.8 (C-7), 33.6 (C-4, C-18), 23.4 (C-6), 

21.9 (C-19), 19.1 (C-2), 15.0 (C-20) 
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 Mass (HRMS) : 

 

285.2225 (M+H)
+ 

(Calcd for C20H29O, 

285.2218) 

2.13.4.2. Compound 12 (Germacrone) 

The compound 12 obtained from the fraction pool (15-19) of hexane extract was confirmed 

to be germacrone based on the spectral data obtained along with HRMS and on comparison 

with literature reports. The obtained spectral data of the compound is as shown below.  

 m.p. (
o
C) : 53.5-54.5 

0
C 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

2922, 1677, 1442, 1066, 750 

 

1
H NMR (500 

MHz, CDCl3) 

: 

 

1.44 (s, 3H, H-14), 1.63 (s, 3H, H-15), 1.73 

(s, 3H, H-13), 1.78 (s, 3H, H-12), 2.06-2.39 

(m, 4H, H-2, H-3), 2.86 (br d, J = 13.5 Hz, 

1H, H-6β), 2.94-2.98 (m, 2H, H-6α, 9α), 

3.41 (d, J = 10.5 Hz, 1H, H-9β), 4.71 (br d, 

J = 10.5 Hz, 1H, H-5), 4.99 (d, J = 12 Hz, 

1H, H-1 ) 

 
13

C NMR (125 

MHz, CDCl3) 

: 

 

207.9 (C-8), 137.3 (C-11), 135.0 (C-10), 

132.7 (C-1), 129.5 (C-7), 126.7 (C-4), 125.4 

(C-5), 55.9 (C-9), 38.0 (C-3), 29.2 (C-6), 

24.1 (C-2), 22.4 (C-12), 19.9 (C-13), 16.7 

(C-15), 15.6 (C-14) 

 Mass (HRMS) : 

 

241.1571 (M+Na)
+
 (calcd  for C15H22ONa, 

241.1568) 

2.13.4.3. Compound 13 (Curdione) 

The compound 13 obtained from the fraction pool (20-42) of hexane extract was confirmed 

to be curdione based on the spectral data obtained along with HRMS and on comparison with 

literature reports. The obtained spectral data of the compound is as shown below. 
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 m.p. (
o
C) : 58.1 

o
C 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

2960, 1766, 1702, 1662, 1457, 1262, 1164, 

1014, 768 

 

1
H NMR (500 

MHz, CDCl3) 

: 

 

0.88 (d, J = 6.5 Hz, 3H), 0.95 (d, J = 6.5 Hz, 

3H), 0.98 (d, J = 7 Hz, 3H), 1.66 (d, 3H), 

1.88 (m, 1H), 2.09-2.15 (m, 3H, H-3α, H-2α, 

H-2β), 2.33 (m, 1H, H-4α), 2.40 (d, J = 16.5 

Hz, 1H, H-6β), 2.69 (br s, 1H, H-6α), 2.85 

(t, J = 8.5 Hz, 1H, 7β-H ), 2.94 (d, J = 10.5 

Hz, 1H, H-9α), 3.07 (d, J = 10.5 Hz, 1H, H-

9β), 5.17 (s, 1H, H-1) 

 
13

C NMR (125 

MHz, CDCl3) 

: 

 

214.4 (C-8), 211.3 (C-5), 131.6 (C-1), 129.8 

(C-10), 55.8 (C-9), 53.6 (C-7), 46.8 (C-4), 

44.2 (C-6), 34.1 (C-3), 29.9 (C-11), 26.4 (C-

2), 21.1 (C-12), 19.9 (C-13), 18.6 (C-14), 

16.6 (C-15) 

 Mass (HRMS) : 

 

259.1675 (M+Na)
+
 (calcd for C15H24O2Na, 

259.1674) 

2.13.5. Spectral data of the isolated compounds from chloroform extract of C. aromatica 

rhizomes 

2.13.5.1. Compound 14 (Villosin) 

The compound 14 obtained from the fraction pool (54-62) of chloroform extract was 

confirmed to be villosin based on the spectral data obtained along with HRMS and on 

comparison with literature reports. The obtained spectral data of the compound is as shown 

below. 

 FT-IR (NaCl, 

max, cm
-1

) 

: 

 

2924, 1755, 1644, 1457, 1080, 892 
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1
H NMR(500 

MHz, CDCl3) 

: 

 

7.08 (s, 1H, H-14), 6.83 (dd, J = 16 Hz, 10.5 

Hz, 1H, H-11), 6.04 (d, J = 15.5 Hz, 1H, H-

12), 4.74 (br s, 2H, H-15), 4.69 (br s, 1H, H-

17β), 4.44 (d, J = 1 Hz, 1H, H-17α), 2.39-

2.36 (m, 1H), 2.30 (d, J = 10 Hz, 1H), 2.02 

(m, 1H), 1.65-1.54 (m, 1H), 1.37 (m, 2H), 

1.15-1.11 (m, 2H), 1.04-1.01 (m, 1H), 0.98-

0.89 (m, 3H),  0.82 (s, 3H, H-18), 0.80 (s, 

3H, H-19), 0.77 (s, 3H, H-20) 

 
13

C NMR (125 

MHz, CDCl3) 

: 

 

172.4 (C-16), 149.4 (C-8), 142.4 (C-14), 

136.9 (C-11), 129.5 (C-13), 120.7 (C-12), 

108.4 (C-17), 69.6 (C-15), 62.2 (C-9), 54.7 

(C-5), 42.3 (C-3), 40.8 (C-1), 39.3 (C-10), 

36.7 (C-7), 33.6 (C-4, 18), 23.4 (C-6), 21.9 

(C-19), 19.2 (C-2), 15.1 (C-20) 

 Mass (HRMS) : 

 

323.2001 (M+Na)
+
 (calcd for C20H28O2Na, 

323.1987) 

2.13.5.2. Compound 15 (1-epihydroxy-Zedoalactone D) 

The compound 15 obtained from the fraction pool 192 of chloroform extract was confirmed 

to be 1-epihydroxy-zedoalactone D based on the spectral data obtained along with HRMS, 

single crystal X-ray structure and on comparison with literature reports. The obtained 

spectral data of the compound is as shown below. 

 FT-IR (NaCl, 

max,cm
-1

) 

: 

 

3452, 2925, 1743, 1662, 1457, 1375, 1035, 

736 

 

1
H NMR(500 

MHz, DMSO) 

: 

 

5.48 (1H, s, H-9), 5.14 (1H, s), 4.50 (1H, s), 

4.38 (1H, s), 2.64-2.61 (2H, m), 2.34-2.30 

(2H, m), 1.60-1.50 (1H, m), 1.44-1.38 (1H, 

m), 1.84 (3H, s), 1.31 (3H, s), 1.14 (3H, s) 
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13

C NMR (125 

MHz, DMSO) 

: 

 

170.0 (C-12), 151.4 (C-7), 147.4 (C-8), 

124.9 (C-11), 119.0 (C-9), 81.6 (C-10), 78.8 

(C-4), 74.4 (C-1), 49.1 (C-5), 39.4 (C-3), 

34.5 (C-2), 25.6 (C-15), 23.4 (C-14), 21.2 

(C-6), 8.8 (C-13) 

 Mass (HRMS) : 

 

303.1214 (M+Na)
+
 (calcd for C15H20O5Na, 

303.1208) 

 Optical activity   :     [α]25
 D = +124.3 

o
C (c 0.15 MeOH)  
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Chapter 3 

Design and Synthesis of Labdane Appended Triazoles as Potent Pancreatic 

Lipase Inhibitors 

3.1. Abstract 

Obesity contributes to the genesis of many metabolic disorders including dyslipidemia, 

coronary heart disease (CHD), non-alcoholic fatty liver, type 2 diabetes, etc. Pancreatic 

lipase (PL) plays a vital role in the digestion and absorption of fat. Therefore to control 

obesity, inhibition of pancreatic lipase is the active therapy. Thus, in this chapter, novel 

natural product derived labdane appended triazoles with pancreatic lipase inhibition potential 

was designed and synthesized. Among these hybrids, 6b and 6f exhibited excellent inhibitory 

activity (IC50 0.75 ± 0.02 μM and 0.77 ± 0.01 μM), higher than that of the positive control 

Orlistat (IC50 0.8 ± 0.03 μM). Compounds 6c, 6e and 6g-i inhibited the PL comparable to that 

of the positive control. Interestingly, none of the compounds showed cytotoxicity (H9c2) in 

the concentration ranging from 1 μM - 100 μM. Overall results reveal the potential of labdane 

appended triazoles as anti-obesity agents. 

 

Figure 3.1. Pancreatic lipase inhibitory activity 
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3.2. Introduction 

Obesity is a medical condition with excess body fat accumulation to the extent which leads to 

serious health consequences. Obesity contributes to the genesis of many metabolic disorders 

including dyslipidemia,1coronary heart disease (CHD),2  non-alcoholic fatty liver,3 type 2 

diabetes4 etc. Obesity affects metabolic health and leads to morbidity and premature 

mortality globally. In 2018 WHO reported that global obesity has almost tripled since 1975.5 

As per literature, more than 340 million children and adolescents between 5 and 19 aged are 

overweight or obese.5 As a result, physicians are prompted to take aggressive treatments in 

lifestyle changes, pharmacological interventions and surgical therapies before severe 

consequences become clinically apparent. Among these various treatments, pharmacotherapy 

is the most commonly used one.6-7 Pancreatic lipase is an enzyme secreted from the pancreas 

and it plays a vital role in the digestion and absorption of fat.8 Therefore to control obesity, 

inhibition of pancreatic lipase is the active therapy. Among the existing medicines, orlistat is 

one such precise drug used for the inhibition of pancreatic lipase.  

In recent times, natural/herbal products also been considered as an alternative 

medicine for the treatment of obesity and related disorders.9-10 Many plant-based extracts are 

reported for the treatment of obesity and associated diseases. For instance, ethanolic extracts 

of Terminalia paniculata showed very good anti-lipase and anti-obesity activities.11 Likewise, 

some terpenoid saponins from the leaves of Acanthopanax senticosus,12 the phenolic acids 

from fermented oats,13 apple polyphenols,14 and flavan-3-ol digalate esters of oolong tea are 

found to have substantial pancreatic lipase inhibitory property.15 In light of these observations 

we selected the plant species Curcuma amada from the Zingiberaceae family. The anti-

obesity properties of C. amada and important heterocyclic core triazoles are discussed below 

in review of literature.  

3.3. Review of literature 

3.3.1. Anti-obesity properties of Curcuma amada 

In 2019, Nissankara Rao et al. evaluated the anti-obesity effects of acetone extract of 

Curcuma amada (mango ginger) on high-fat high-sugar (HFHS) diet-induced rat. HFHS diet 

leads to increased body weight, increased lipid parameters such as total cholesterol, low 
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density lipoprotein (LDL), very low density lipoprotein (VLDL) and triglycerides (TGs). 

There is no increase in the level high density lipoprotein (HDL). The HFHS diet also induces 

the cognitive deficit and there is a relationship between obesity and Alzheimer’s disease. The 

treatment of 300 mg/kg acetone extract of C. amada in  HFHS diet induced rats showed a 

dose dependent activity and was effective against lipid parameters related to obesity and 

memory loss.16  

 Yoshioka et al. in 2019 reported diterpenes isolated from C. amada was effective for 

inhibiting α-glucosidase and pancreatic lipase. One of the abundant diterpenes (E)-labda-

8(17),12-diene-15,16-dial isolated from mango ginger was the most prominent compound 

and showed remarkable α-glucosidase inhibitory activities. Its enzymatic action is slightly 

less than that of the antidiabetic drug acarbose.17 These literatures showed that C. amada may 

be effective for the treatment of obesity and being overweight. Additionally, it is an edible 

ginger, exploring its potential as an anti-obesity agent of future as food 

supplement/nutraceutical looks promising and was taken up as part of this study. 

3.3.2. Anti-obesity properties of triazole 

Triazole and its derivatives are well known for their extended pharmacological applications. 

Triazole nucleus is present as a core structural component in many drugs belonging to 

antimicrobial, anti-inflammatory, analgesic, antiepileptic, antiviral, antineoplastic, 

antihypertensive, antimalarial, antianxiety, antidepressant, antihistaminic, antioxidant, 

antitubercular, anti-Parkinson′s, antidiabetic, local anaesthetic as well as immunomodulatory 

agents.18 It also serves as an important scaffold for many anti-obesity drugs and drug 

candidates. 3-Amino-1,2,4-triazole (ATZ) is shown to reduce both fat deposition and body 

weight in high fat diet (HFD) induced obese rat via improved lipid and glucose metabolism.19 

In 2014, Holubova  et al., reported the growth hormone secretagogue receptor 1a (GHS-R1a) 

antagonists such as  JMV4208 (Figure 3.2) and JMV3002 (Figure 3.2), trisubstituted 1,2,4-

triazole derivatives are effective for the treatment of obesity.  The mechanism of GHS-R1a is 

via decreased food intake and body weight, and it is also effective for other conditions 

associated with hyperphagia.20  
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 LH-21(5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-3-hexyl-1H-1,2,4-triazole) (Figure 

3.2) is another important anti-obesity agent and it is a cannabinoid CB1 receptor antagonist.  

This may effectively promote weight loss via modulation of visceral adipose tissue. CB1 

receptors have been pursued as a highly promising, safe and effective therapeutic strategy 

against obesity.21-22 Synthetic semicarbazone-triazole hybrids (Figure 3.2) exhibited 

excellent anti-obesity benefits.23  

 

Figure 3.2. Triazoles having anti-obesity properties 

3.4. Aim and scope of the present study 

As discussed in the introduction (section 3.2), inhibition of pancreatic lipase is an effective 

way to reduce obesity. Many reports are available on the potency of plants on the inhibition 

of lipase. Based on the traditional applications and its large medicinal properties in a long 

history of Ayurvedic medicine, we have selected Curcuma amada Roxb. to explore its 

inhibition properties against the pancreatic lipase.  Therefore, in continuation of our focused 

ongoing research interest on natural products and natural product based lead molecule24-26 

identification for therapeutic applications, as part of Ph.D. programme, we have isolated the 
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major compound (E)-labda-8(17),12-diene-15,16-dial from C. amada (Chapter 2, section 

2.6). This was synthetically transformed to rationally designed triazole appended analogues 

and evaluated for their pancreatic lipase inhibitory potential is discussed in this chapter.  

3.5. Design strategy for the synthesis of labdane appended triazoles 

Based on the traditional applications and its large medicinal properties in a long history of 

Ayurvedic medicine, we have selected C. amada for the exploration of its inhibition 

properties against the pancreatic lipase. C. amada, an edible ginger is one of the rhizomatous 

species in the Zingiberaceae family. The rhizomes of C. amada are a rich source of essential 

oils, and more than 130 phytochemicals are isolated,27 which possesses various biological 

properties viz. antimicrobial, antioxidant, anti-inflammatory, anticancer, cardiovascular and 

gastrointestinal disorders etc.27-30 The phytochemical,  (E)-labda-8(17),12-diene-15,16-dial 

was the marker compound and we have isolated in large quantity. 

 From the literature background, we have found that molecules having labdane 

functionality and triazoles are exhibiting promising anti-obesity potential. Therefore we have 

designed novel labdane appended triazoles by incorporating triazole pharmacophore into 

labdane core, in order to enhance the biological potential. The rationale for the targeted 

synthesis of triazole appended analogues is based upon its broad spectrum of biological 

properties.31-32 Triazole and pyrazole based synthetic drugs are also well-known for the 

treatment of obesity and related disorders (Figure 3.3).23, 33-34 

 

                             Figure 3.3. Rationale for the synthesis of labdane appended triazoles 
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 After designing labdane appended triazole molecules, we have performed molecular 

docking studies by using Auto-dock 3.0 version to determine whether/how our designed 

molecules are docking Human pancreatic lipase. From the docking studies we found that all 

our molecules can dock the target site and then synthesize all the designed molecules. 

3.6. Results and discussion 

 (E)-Labda-8(17),12-diene-15,16-dial (Compound 1) was isolated from the chloroform 

extract of C. amada as a colorless solid and the structure was confirmed using various 

spectroscopic data such as IR, 1H NMR, 13C NMR, HRMS, etc.35 A series of variously 

substituted triazole appended labdane derivatives were prepared by a three-step protocol 

starting from compound 1. Compound 1, when subjected to Jone’s oxidation, one of the 

aldehydes of compound 1 is selectively oxidized into acid derivative leading to zerumin A 

(2). The alkyne intermediate (3) of zerumin A could be prepared in excellent yields by 

treating compound 2 with propargyl bromide (Scheme 3.1). The propargylated labdane 

undergoes the click reaction with various substituted benzyl and phenacyl azides (5) at room 

temperature to provide 1,2,3-triazole appended labdane derivatives (6a-q) in good to 

excellent yields (Scheme 3.1). All the synthesized derivatives are fully characterized by IR, 

NMR and HRMS spectral data.  
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Scheme 3.1. Synthesis of propargylated labdane (3), substituted benzyl and phenacyl azides 

(5a-q) and labdane appended triazoles (6a-q) 

 Spectral data leading to the structural characterization is exemplified using compound 

6j (Figure 3.4). The IR spectrum of the compound 6j showed two strong absorption bands at 

1739 and 1682 cm-1 which indicated the presence of two different carbonyl groups. The 

absorption peak seen at 2115 cm-1 attributed to the presence of azide functionality.  The 

absorption bands at 2933, 1643 and 891 cm-1 suggested the presence of an exo-cyclic double 

bond. The 1H NMR spectrum (Figure 3.5) of the compound showed the aldehydic proton at 

δ 9.33 and two singlets at δ 4.82 and 4.34 attributed to the presence of exo-methylene group. 

Two doublets observed at δ 7.23 and 6.89 integrating two protons each, with J = 8.5 Hz 

indicated the presence of p-substituted aromatic protons. The aromatic proton present in the 

triazole ring resonated at δ 7.50. Two singlets observed at δ 5.44 and 5.19, both integrating 
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for two protons each could be attributed to the presence of methylene groups attached to 

oxygen and nitrogen atoms respectively. A singlet integrating for two protons at δ 3.32 

showed the presence of allylic methylene group near carbonyl group. A singlet at δ 3.81 

integrating for three protons indicated the presence of methoxy protons. Presence of alehyde 

and ester carbonyl groups confirmed by the presence of peaks at δ 193.5 and 170.0 in the 13C 

NMR spectrum (Figure 3.6). The eight peaks between δ 159.9-107.9 confirmed the presence 

of aromatic and aliphatic double bonds. The mass spectrum of the compound showed the 

molecular ion peak at m/z 542.3003, which is (M+Na)+ peak. From these data, along with 

DEPT-135 and 2D spectra, the structure of the compound 6j (is confirmed as shown below. 
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Figure 3.5. 1H NMR spectrum of compound 6j in CDCl3 

 

Figure 3.6. 13C NMR spectrum of compound 6j in CDCl3 
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3.6.1. Diversity of triazole appended labdane molecules 

 

Figure 3.7. Diversity of the reaction 

3.6.2. Cytotoxicity studies by MTT assay 

Further, in vitro toxicity of isolated and semi-synthetic derivatives was carried out to analyze 

the effect of compounds on Human liver cell lines. This method is primarily used to identify 

potentially hazardous compounds and their toxic effect in the early stage of development of 

therapeutic drugs. The cytotoxicity of compounds on Hep G2 Human liver carcinoma-

derived cell lines was measured by MTT assay.36 The cytotoxic effect of each compound was 

estimated by calculating the percentage of cell viability in a dose-dependent manner ranging 

from 0.5 μM to 100 μM (Figure 3.8). Based on the percentage of cell viability, compounds 

6a, 6c, 6f, 6g, 6h, 6j, 6k and 6q were found to be the least toxic on Hep G2 Human liver cell 

lines, and none of the compounds showed any signs of toxicity at all the tested 

concentrations.  
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Figure 3.8. Cytotoxic study of isolates and selected semi-synthetic derivatives by MTT assay 

(Cytotoxic effect of each compound is expressed as percentage of cell viability in dose 

dependent manner. Values are mean ± SD of four independent experiments performed in 

duplicates) 

3.6.3. Inhibition studies of compounds against porcine pancreatic lipase (Method A) 

The isolated (E)-labda-8(17),12-diene-15,16-dial (1), semi-synthetic intermediates and 

targeted triazole appendages were evaluated for the inhibitory activity against pancreatic 

lipase (PL) (Method A).37 The parent molecule labdane dial exhibited moderate activity. 

Among the tested, majority of the triazole hybrids showed strong PL inhibitory activity in the 

concentration ranging from 0.75-14.63 μM. Initially, the percentage of enzyme inhibition of 

compounds at various concentrations (1, 5, 10 and 20 μM) was performed. At lower 

concentration of 1 μM, compounds 6b and 6f showed inhibition of 75 to 80 %. At 20 μM 

concentration the derivatives 6b, 6c, 6e, 6f, 6g, 6h and 6j exhibited maximum inhibition 

percentage of 80 to 85 (Figure 3.9). The other compounds (6a, 6k, 6l, 6m and 6q) also 

showed better tendency to inhibit the PL. In contrast, few derivatives (6d, 6i, 6n, 6o and 6p) 
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failed to show any significant effect on pancreatic lipase. Overall, the labdane-triazole 

hybrids inhibited the PL through a concentration dependent manner. 

 

 

 

 

 

 

 

 

Figure 3.9. The percentage inhibition of isolates and synthetic derivatives against pancreatic 

lipase in various concentrations. (Isolates and synthetic derivatives are tested at 

concentrations 1-20 µM. Each experiment was independently performed four times in 

duplicates and expressed as mean ± SD (n=4)) 

3.6.4. Inhibition studies of compounds against Human pancreatic lipase (Method B) 

In an attempt to validate the potential of the compounds, the PL inhibitory activity was 

repeated using Human Pancreatic lipase (Method B).38 As expected, the compounds 

followed the similar trend in exhibiting the inhibitory potential with IC50 values in the range 

of 1.10 - 14.48 μM concentration. The derivatives 6b, 6c, 6g and 6h presented maximum PL 

inhibition percentage of 80 to 85 at 15 μM concentration (Figure 3.10). Similarly, triazole 

analogues 6d, 6i, 6n, 6o and 6p have failed to inhibit the Human pancreatic lipase. The IC50 

values of active compounds with maximum inhibitory potential are calculated and 

summarized in Table 3.1.  

The IC50 results revealed (Method A) that the labdane traizole appendages 6b and 6f 

exhibited an excellent inhibitory activity with 0.75 ± 0.02 μM and 0.77 ± 0.01 μM 

respectively, which is slightly better than that of the positive control orlistat (IC50 0.8 ± 0.03 
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μM). Compounds 6c, 6e and 6g-j inhibited the pancreatic lipase comparable to that of 

positive control in the range IC50 0.8 to 0.9 μM. Whereas, the parent molecule 1, semi-

synthetic intermediates 2 and 3, and labdane triazole derivatives 6a, 6k, 6l and 6m showed 

moderate potency in the range of IC50 5.35 - 14.63 μM. However, against the Human 

pancreatic lipase (Method B), labdane traizole appendages 6b and 6f being the more potent 

analogues exhibited the inhibitory activities with IC50 values 1.1 ± 0.53 μM and 1.25 ± 0.78 

μM respectively. Compounds 6c, 6e and 6g-j also showed promising ability in inhibiting the 

PL with IC50 values in the range of 1.65 to 2.31 μM. The parent molecule and other 

derivatives showed moderate activity. The preliminary studies also revealed that the 

compounds are bound to the active site of PL and probably exhibited a covalent interaction 

with PL. Nevertheless, extended kinetics and crystallographic studies are to be conducted for 

further authentication of a mode of interaction. We believe this is the first report on the 

pancreatic lipase inhibitory activity of labdane dial and its semi-synthetic triazole 

appendages. 

 

Figure 3.10. The percentage of isolates and synthetic derivatives against Human pancreatic 

lipase in various concentrations (Isolates and synthetic derivatives are tested at 

concentrations 0.5-15 µM. Each experiment was independently performed four times in 

duplicates and expressed as means ± SD (n=4)) 
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Table 3.1. 50% inhibitory concentration (IC50) evaluation of labdane appended Triazoles 

 

 IC50 (μM)a 

Compound  Method A Method B 

1 14.63 ± 0.11 14.48 ± 0.51 

2 10.30 ± 2.71 11.75 ± 0.64 

3 8.64 ± 3.13 7.38 ± 0.77 

6a 5.35 ± 1.20 9.15 ± 0.27 

6b 0.75 ± 0.02 1.1 ± 0.53 

6c 0.85 ± 0.03 2.01± 0.73 

6e 0.80 ± 0.05 1.65 ± 0.93 

6f 0.77 ± 0.01 1.25 ± 0.78 

6g 0.91 ± 0.02 2.28 ± 0.88 

6h 0.95 ± 0.02 2.31± 0.62 

6j 0.84 ± 0.07 1.87± 0.14 

6k 4.43 ± 1.02 6.90 ± 0.73 

6l 10.36 ± 2.20 13.48 ± 0.53 

6m 6.22 ± 2.04 7.82 ± 0.48 

Orlistat 0.80 ± 0.03 0.19 ± 0.62 

aThe IC50 values of PL inhibitory activity for selected compounds and the positive control 

Orlistat. Values are mean ± SD of four independent experiments performed in duplicates. 

3.6.5. Structure-activity relationships (SAR) studies  

In a structure-activity relationship point of view, we observed that the labdane-triazole 

hybrids incorporating benzyl azides (6a-l) were more active than the phenacyl azides (6m-q). 

Most of the analogues synthesized from benzyl azides exhibited excellent inhibition property 

slightly better than or equal to that of orlistat. In contrast, the triazole analogues synthesized 

from phenacyl azides (6m-q) did not show any significant inhibition potential except for the 

compound 6m. In precise, among the triazoles incorporated from the variously substituted 

benzyl azides, all the para-substituted analogues showed the lowest IC50. However, the 

unsubstituted (6a), ortho- and meta- substituted benzyl azide incorporated triazole 
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appendages showed moderate activity. Interestingly, there was no clear trend followed by the 

nature of the para- substitution, i.e., among the halogen, electron donating and electron 

withdrawing groups. Overall, among the various substituted hybrids, 6b and 6f with p-F and 

p-Cl substituted benzyl azide incorporated triazole appendages were found to be the most 

potent candidates of the series.  

3.6.6. Molecular docking studies 

The molecular docking studies have also been performed39 in the present study to understand 

the basic knowledge on how these compounds have blocked Human pancreatic lipase 

activity. There were twenty compounds docked on Human pancreatic lipase to understand 

their possible binding site with respect to the binding energies of structure conformations of 

compounds (Figure 3.11). The top ranked stable structure conformations on protein have 

shown least Gibb’s free binding energies. The docking results have shown that all the triazole 

derivatives can interact with lipase at possible predicted site with different binding energies 

(Table 3.2). However, further experimental studies (i.e., site directed mutagenesis) are much 

needed to understand the precise mechanism of action of these compounds. This data 

provided us a vital clue about the interaction sites, which helps in our future in-depth studies 

towards lipase inhibition. 

 

Figure 3.11. The representative molecular docking studies of compound 6e 

3.7. Conclusion 

In conclusion, a new series of natural product derived labdane-triazole hybrids were 

designed, synthesized and evaluated for pancreatic lipase inhibitory potential. Among the 

semi-synthetic derivatives, 6b and 6f are the most active candidates of the series with 
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excellent PL inhibitory activity, which is interestingly slightly better than that of the positive 

control orlistat. Hybrids 6c, 6e and 6g-i inhibited the PL comparable to that of positive 

control. The structure-activity relationship studies suggested that the p- substitution on 

benzyl azides seems to be vital for improved PL inhibition. Cytotoxicity of the compounds 

on Hep G2 Human liver carcinoma-derived cell line was measured by MTT assay. Based on 

the percentage of cell viability, none of the compounds showed any signs of toxicity at all the 

tested concentrations. This is the first report on the PL inhibitory activity of labdane dial and 

its semi-synthetic triazole appendages. Our findings will provide useful insights for the 

design and synthesis of novel PL inhibitors. Presently, a detailed study to elucidate the 

molecular mechanistic action of an anti-obesity effect of the compounds 6b and 6f using in 

vitro and in vivo experimental models and structural optimization are in progress in our 

laboratory.    

3.8. Experimental section 

3.8.1. Chemistry 

All reagents used for the isolation and triazole preparation were purchased from Sigma-

Aldrich and Spectrochem. Hep G2 cell lines, Human liver carcinoma-derived cell lines were 

purchased from American Type Cell Culture (ATCC, Manassas, VA, USA), Pancreatic 

lipase, p-nitrophenyl butyrate, Human Pancreatic lipase (EC 3.1.13), olive oil, 

taurochenodeoxycholate, taurocholate, cholesterol, L-α-phosphatidylcholine, calcium acetate, 

Orlistat (Sigma Aldrich, USA) were used for biological study. Solvents were purchased from 

Merck and were distilled before use. TLC plates (silica gel 60 F254) were used for monitoring 

the purity of the isolated compounds and the reaction progress. Column chromatographic 

techniques were used for the isolation of natural compounds and its analogues. Heidolph 

rotary evaporator was used for the removal of solvents. The absorbance was recorded at 540 

nm by the Elisa reader. The IR spectra were recorded on Bruker Alpha-T FT-IR 

spectrophotometer. The 1H and 13C NMR spectra were recorded at 500 MHz and 125 MHz 

respectively, on Bruker AMX 500 MHz FT NMR spectrometer. Tetramethylsilane (TMS) 

was used as an internal standard, chemical shifts are expressed in δ scale and coupling 

constants in Hertz (Hz). In 1H NMR spectra the solvent (CDCl3) peak appeared as a singlet at 
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7.26 ppm and in 13C NMR spectra the peak appeared as a triplet at 77.0 ppm. Mass spectra 

were recorded under HRMS (ESI) using Thermo Scientific Exactive Orbitrap mass 

spectrometer. 

3.8.1.1. Isolation of (E)-labda-8(17),12-diene-15,16-dial (1) 

The isolation protocol is discussed in chapter 2 (section 2.8) 

3.8.1.2. Procedure for the synthesis of zerumin A (2) 

To a stirred solution of the compound (E)-labda-8(17),12-diene-15,16-dial (1) (1 g) in 

acetone, Jone’s reagent (CrO3 and H2SO4) was added drop wise until the reddish colour 

persisted. After the completion of the reaction, as indicated by TLC, excess reagent was 

quenched by the addition of isopropanol. The reaction mixture was then filtered through 

celite, concentrated, further extracted with diethyl ether, washed with distilled water and 

dried with anhydrous Na2SO4. Solvent was removed and the residue was subjected to column 

chromatography on silica gel which afforded the compound zerumin A (2) (1.5 g, 71% 

yield). The structure of the compound was confirmed by various spectroscopic data and by 

comparison with the reported literature.35 

3.8.1.3. Procedure for the synthesis of (E)-prop-2-yn-1-yl 3-formyl-5-(5,5,8a-trimethyl-

2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (3) 

The propargyl bromide (0.3736 g, 1 equiv.) was added drop wise to a solution of zerumin A 

(1g, 1 equiv.) in DMF at 0 oC. K2CO3 (0.6510 g, 1.5 equiv.) was added and allowed to stir 

continuously at room temperature until the completion of the reaction as indicated by TLC. 

The compound was extracted with ethyl acetate, dried over anhydrous Na2SO4 and the 

solvent was removed under reduced pressure which afforded the compound 3. 

3.8.1.4. General procedure for the synthesis of azides (5a-5q)  

Benzyl/Phenacyl bromide (1 equiv.) was added drop wise to a stirred solution of NaN3 (2 

equiv.) in 3:1 mixture of acetone and water, and the resulting mixture was stirred at room 

temperature for 1 hr. The reaction was diluted with water and extracted with ethyl acetate. 
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The combined layer was washed with brine, dried over anhydrous Na2SO4 and the solvent 

was removed under reduced pressure. 

3.8.1.5. General procedure for the synthesis of triazole analogues (6a-6q) 

To a solution of azide (1 equiv.) and compound 3 (1 equiv.) in tBuOH-water (1:2) mixture, 

CuSO4.5H2O (0.1 equiv.) and sodium ascorbate (0.25 equiv.) were added and the reaction 

mixture was allowed to stirr at room temperature. Progress of the reaction was monitored by 

TLC. After completion of the reaction, the content was extracted with ethyl acetate, washed 

with brine and the compound was dried over anhydrous Na2SO4 and the solvent was removed 

under reduced pressure. The product was purified by column chromatography using ethyl 

acetate and hexane as solvents. 

3.8.2. Spectral data 

3.8.2.1. (E)-Labda-8(17),12-diene-15,16-dial (1) 

The spectral details of (E)-labda-8(17),12-diene-15,16-dial has been discussed in section 

2.11.2.2 (Chapter 2) 

3.8.2.2. Zerumin A (2) 

The spectral details of zerumin A has been discussed in section 2.11.2.5 (Chapter 2) 

3.8.2.3. (E)-prop-2-yn-1-yl-3-formyl-5-(5,5,8a-trimethyl-2-methylenedecahydronaphtha- 

len-1-yl) pent-3-enoate (3) 

 FT-IR (NaCl, 

max, cm-1) 

: 3279, 3080, 2933, 2845, 2719, 2130, 1747, 

1686, 1644, 891 

 

1H NMR (500 

MHz, CDCl3) 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

: 

9.37 (s, 1H), 6.69 (t, J = 6.5 Hz, 1H), 4.86 

(s, 1H), 4.69 (d, J = 2.5 Hz, 2H), 4.40 (s, 

1H), 3.37 (d, J = 8.5 Hz, 2H), 2.55-1.13 (m, 

15H), 0.89 (s, 3H), 0.82 (s, 3H), 0.74 (s, 3H) 

193.2, 169.3, 159.2, 148.0, 135.8, 107.9, 

77.4, 75.0, 56.4, 55.3, 52.4, 41.9, 39.6, 39.2, 
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37.8, 33.6, 29.4, 24.6, 24.0, 21.7, 19.2, 14.4 

 
HRMS (ESI) : 

 

m/z: 379.2235 [M+Na]+ (calcd for 

C23H32O3Na is 379.2249) 

3.8.2.4. Synthesis of (E)-(1-benzyl-1H-1,2,3-triazol-4-yl)methyl 3-formyl-5-(5,5,8a-

trimethyl-2-methylenedecahydronaphthalen-1-yl)  pent-3-enoate (6a) 

The compound 6a was prepared by the reaction of benzyl azide (11.20 mg, 1 equiv.) and 

compound 3 (30 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the method 

described in the section 3.8.1.5. Yield: 61% (25 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3082, 2930, 2846, 2719, 2122, 1739, 1683, 

1644, 891 

 

1H NMR (500 

MHz, CDCl3) 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

: 

 

9.33 (s, 1H), 7.52 (s, 1H), 7.38-7.27 (m, 

5H), 6.64 (t, J = 6.5Hz, 1H), 5.51 (s, 2H), 

5.21(s, 2H), 4.82 (s, 1H), 4.34 (s, 1H), 3.31 

(s, 2H), 2.53-1.04 (m, 14H), 0.89 (s, 3H), 

0.82 (s, 3H), 0.71 (s, 3H) 

193.4, 169.9, 159.0, 148.0, 143.1, 135.9, 

134.4, 129.2, 128.8, 128.1, 123.6, 107.8, 

58.2, 56.4, 55.4, 54.2, 41.9, 39.6, 39.2, 37.8, 

33.6, 29.6, 24.6, 24.0, 21.7, 19.3, 14.4 

 HRMS (ESI) : m/z: 512.2885 [M+Na]+ (calcd for 

C30H39N3O3Na is 512.2889) 

3.8.2.5. Synthesis of (E)-(1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl 3-formyl-5-

(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6b) 

The compound 6b was prepared by the reaction of 4-fluorobenzyl azide (12.71 mg, 1 equiv.) 

and compound 3 (30 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the method 

described in the section 3.8.1.5. Yield: 71% (32 mg). 
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 FT-IR (NaCl, 

max, cm-1) 

: 3080, 2932, 2845, 2720, 2102, 1739, 1682, 

1643, 892 

 

1H NMR (500 

MHz, CDCl3) 

 

 

13C NMR (500 

MHz, CDCl3) 

: 

 

 

 

: 

 

9.33 (s, 1H), 7.54 (s, 1H), 7.29-7.27 (m, 

2H), 7.08-7.05 (m, 2H), 6.65 (t, J = 6.5Hz, 

1H), 5.48 (s, 2H), 5.22 (s, 2H), 4.82 (s, 1H), 

4.34 (s, 1H), 3.32 (s, 2H), 2.54-1.04 (m, 

14H), 0.89 (s, 3H), 0.82 (s, 3H), 0.71 (s, 3H) 

193.4, 170.0, 159.2, 148.0, 143.2, 135.9, 

130.0, 130.0, 123.6, 116.2, 116.0, 107.8, 

58.2, 56.4, 55.3, 53.4, 41.9, 39.5, 39.2, 37.8, 

33.6, 33.6, 29.6, 24.6, 24.0, 21.7, 19.2, 14.4 

 HRMS (ESI) : m/z: 530.2775 [M+Na]+ (calcd for 

C30H38FN3O3Na is 530.2795) 

3.8.2.6. Synthesis of (E)-(1-(4-nitrobenzyl)-1H-1,2,3-triazol-4-yl)methyl 3-formyl-5-

(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6c) 

The compound 6c was prepared by the reaction of 4-nitrobenzyl azide (14.99 mg, 1 equiv.) 

and compound 3 (30 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the method 

described in the section 3.8.1.5. Yield: 73% (32 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3081, 2931, 2846, 2720, 2253, 1739, 1682, 1643, 

893 

 

1HNMR (500 

MHz, CDCl3) 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

: 

9.32 (s, 1H), 8.24 (d, J = 8.5 Hz, 2H), 7.64 (s, 

1H), 7.42 (d, J = 9 Hz, 2H), 6.66 (t, J = 6.5 Hz, 

1H), 5.64 (s, 2H), 5.25 (s, 2H), 4.82 (s, 1H), 4.34 

(s, 1H), 3.32 (s, 2H), 2.55-1.05 (m, 14H), 0.89 (s, 

3H), 0.82 (s, 3H), 0.72 (s, 3H) 

193.6, 170.0, 159.2, 148.1, 143.7, 141.4, 135.9, 

128.6, 124.3, 124.0, 107.8, 58.2, 56.4, 55.3, 53.1, 

41.9, 39.6, 39.2, 37.8, 33.6, 29.8, 24.6, 24.0, 21.7, 

19.2, 14.4 
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HRMS (ESI) : 

 

m/z: 557.2760 [M+Na]+ (calcd for C30H38N4O5Na  

is 557.2740) 

3.8.2.7. Synthesis of (E)-(1-(2-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl 3-formyl-5-

(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6d) 

Compound 6d was prepared by the reaction of 2-chlorobenzyl azide (14.10 mg, 1 equiv.) and 

compound 3 (30 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the method 

described in the section 3.8.1.5. Yield: 80% (35 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3078, 2929, 2845, 2718, 2359, 2120, 1739, 

1683, 1643, 891 

 

1H NMR (500 

MHz, CDCl3) 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

: 

 

9.34 (s, 1H), 7.62 (s, 1H), 7.44-7.18 (m, 

4H), 6.65 (t, J = 6.5 Hz, 1H), 5.66 (s, 2H), 

5.22 (s, 2H), 4.82 (s, 1H), 4.34 (s, 1H), 3.32 

(d, J = 1.5 Hz, 2H), 2.54-1.02 (m, 14H), 

0.89 (s, 3H), 0.82 (s, 3H), 0.71 (s, 3H) 

193.4, 169.9, 159.0, 148.0, 142.9, 135.9, 

133.5, 132.2, 130.4, 130.3, 129.9, 127.6, 

124.0, 107.9, 58.2, 56.4, 55.4, 51.4, 41.9, 

39.5, 39.2, 37.8, 33.6, 33.6, 29.6, 24.6, 24.0, 

21.7, 19.2, 14.4 

 
HRMS (ESI) : 

 

m/z: 546.2509 [M+Na]+ (calcd for 

C30H38ClN3O3Na  is 546.2499) 

3.8.2.8. Synthesis of (E)-(1-(4-(methylthio)benzyl)-1H-1,2,3-triazol-4-yl)methyl 3-formyl 

-5-(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6e) 

The compound 6e was prepared by the reaction of 4-thiomethylbenzyl azide (15.08 mg, 1 

equiv.) and compound 3 (30 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the 

method described in the section 3.8.1.5. Yield: 53% (24 mg). 
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 FT-IR (NaCl, 

max, cm-1) 

: 3082, 2930, 2846, 2720, 2100, 1739, 1682, 

1643, 892 

 

1H NMR (500 

MHz, CDCl3) 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

: 

 

 

9.33 (s, 1H), 7.52 (s, 1H), 7.23 (s, 2H), 7.21 

(s, 2H), 6.64 (t, J = 6.5 Hz, 1H), 5.46 (s, 

2H), 5.20 (s, 2H), 4.82 (s, 1H), 4.34 (s, 1H), 

3.32 (s, 2H), 2.48 (s, 3H), 2.04-1.04 (m, 

14H), 0.89 (s, 3H), 0.82 (s, 3H), 0.71 (s, 3H) 

193.4, 170.0, 159.1, 148.0, 143.1, 139.8, 

135.9, 130.8, 128.6, 126.8, 123.5, 107.8, 

58.2, 56.4, 55.4, 53.8, 41.9, 39.5, 39.2, 37.8, 

33.6, 33.6, 29.6, 24.6, 24.0, 21.7, 19.3, 15.5, 

14.4 

 
HRMS (ESI) : 

 

m/z: 558.2769 [M+Na]+ (calcd for 

C31H41N3O3S is 558.2766) 

3.8.2.9. Synthesis of (E)-(1-(4-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl 3-formyl-5-

(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6f) 

The compound 6f was prepared by the reaction of 4-chlorobenzyl azide (14.10 mg, 1 equiv.) 

and compound 3 (30 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the method 

described in the section 3.8.1.5. Yield: 52% (23 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3083, 2931, 2845, 2720, 2118, 1739, 1682, 

1643, 891 

 

1H NMR (500 

MHz, CDCl3) 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

: 

9.33 (s, 1H), 7.54 (s, 1H), 7.35 (d, J = 8.5 

Hz, 2H), 7.22 (d, J = 8.5 Hz, 2H), 6.65 (t, J 

= 6.5Hz, 1H), 5.48 (s, 2H), 5.22 (s, 2H), 

4.82 (s, 1H), 4.34 (s, 1H), 3.32 (s, 2H), 2.54-

1.04 (m, 14H), 0.89 (s, 3H), 0.82 (s, 3H), 

0.71 (s, 3H) 

193.4, 170.0, 159.1, 148.0, 143.3, 135.9, 
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134.9, 132.9, 129.4, 129.4, 123.6, 107.8, 

58.2, 56.4, 55.4, 53.4, 41.9, 39.6, 39.2, 37.8, 

33.6, 29.6, 24.6, 24.0, 21.7, 19.3, 14.4 

 
HRMS (ESI) : 

 

m/z: 546.2512 [M+Na]+ (calcd for 

C30H38ClN3O3Na is 546.2499) 

3.8.2.10. Synthesis of (E)-(1-(4-(tert-butyl)benzyl)-1H-1,2,3-triazol-4-yl)methyl 3-formyl 

-5-(5, 5, 8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6g) 

The compound 6g was prepared by the reaction of 4-tbutylbenzyl azide (10.65 mg, 1 equiv.) 

and compound 3 (20 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the method 

described in the section 3.8.1.5. Yield: 50% (15 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3081, 2957, 2867, 2718, 2132, 1739, 1684, 

1643, 891 

 

1H NMR (500 

MHz, CDCl3) 

 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

 

 

: 

 

9.33 (s, 1H), 7.52 (s, 1H), 7.40 (d, J = 8 Hz, 

2H), 7.22 (d, J = 8.5 Hz, 2H), 6.64 (t, J = 

6.5 Hz, 1H), 5.48 (s, 2H), 5.20 (s, 2H), 4.82 

(s, 1H), 4.34 (s, 1H), 3.32 (s, 2H), 2.54-1.05 

(m, 14H), 1.31 (s, 9H), 0.89 (s, 3H), 0.82 (s, 

3H), 0.72 (s, 3H) 

193.4, 170.0, 159.1, 151.9, 148.0, 135.9, 

131.3, 127.8, 126.0, 107.9, 58.2, 56.4, 55.4, 

53.9, 41.9, 39.6, 39.2, 37.8, 34.6, 33.6, 33.6, 

31.2, 29.6, 24.6, 24.0, 21.7, 19.3, 14.4 

 
HRMS (ESI) : 

 

m/z: 544.3560 [M-H]+ (calcd for 

C34H46N3O3 is 544.3534) 
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3.8.2.11. (E)-(1-(2-bromo-5-fluorobenzyl)-1H-1,2,3-triazol-4-yl) methyl 3-formyl-5-((1S, 

4aS, 8aS)-5, 5, 8a- trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6h) 

The compound 6h was prepared by the reaction of 2-bromo-5-fluorobenzyl azide (14.77 mg, 

1 equiv.) and compound 3 (23 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the 

method described in the section 3.8.1.5. Yield: 69% (25 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3079, 2928, 2848, 2719, 2121, 1739, 1683, 

1643, 891 

 

1H NMR (500 

MHz, CDCl3) 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

: 

 

9.34 (s, 1H), 7.63-7.16 (m, 4H), 6.65 (t, J = 

6.5 Hz, 1H), 5.65 (s, 2H), 5.22 (s, 2H), 4.82 

(s, 1H), 4.34 (s, 1H), 3.32 (s, 2H), 2.54-1.04 

(m, 14H), 0.89 (s, 3H), 0.82 (s, 3H), 0.71 (s, 

3H) 

193.4, 170.0, 159.1, 148.0, 142.9, 135.9, 

133.9, 133.2, 130.4, 130.4, 128.2, 124.0, 

123.5, 107.9, 58.2, 56.4, 55.4, 53.8, 41.9, 

39.6, 39.2, 37.8, 33.6, 33.6, 29.6, 24.6, 24.0, 

21.8, 19.3, 14.4 

 HRMS (ESI) : 

 

m/z: 608.1921 [M+Na]+ (calcd for 

C30H37BrFN3O3Na is 608.1900) 

3.8.2.12. Synthesis of (E)-(1-(2-hydroxy-5-nitrobenzyl)-1H-1,2,3-triazol-4-yl)methyl 3-

formyl-5-(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6i) 

The compound 6i was prepared by the reaction of 2-hydroxy-5-nitrobenzyl azide (10.88 mg, 

1 equiv.) and compound 3 (20 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the 

method described in the section 3.8.1.5. Yield: 77% (23 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3081, 2928, 2847, 2118, 1740, 1681, 1644, 

893 
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1H NMR (500 

MHz, CDCl3) 

: 

 

9.94 (bs, 1H), 9.30 (s, 1H), 8.20 (d, J = 2.5 

Hz 1H), 8.12 (dd, J = 9 Hz, 3Hz, 1H), 7.82 

(s, 1H), 7.04 (d, J = 9 Hz, 1H), 6.70 (t, J = 

6.5 Hz, 1H), 5.58 (s, 2H), 5.23 (s, 2H), 

4.81 (s, 1H), 4.32 (s, 1H), 3.30 (s, 2H), 

2.56-1.02 (m, 14H), 0.88 (s, 3H), 0.82 (s, 

3H), 0.70 (s, 3H) 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

194.3, 170.0, 161.2, 160.5, 148.1, 142.8, 

140.8, 135.8, 126.8, 126.8, 124.9, 121.8, 

116.8, 107.8, 57.9, 56.4, 55.4, 49.5, 41.9, 

39.6, 39.2, 37.8, 33.6, 29.8, 24.7, 24.0, 

21.7, 19.2, 14.4 

 
HRMS (ESI) : 

 

m/z: 573.2689 [M+Na]+ (calcd for 

C30H38N4O6 Na is 573.2689) 

3.8.2.13. Synthesis of (E)-(1-(4-methoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl 3-formyl-5-

(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6j) 

The compound 6j was prepared by the reaction of 4-methoxybenzyl azide (10.06 mg, 1 

equiv.) and compound 3 (22 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the 

method described in the section 3.8.1.5. Yield: 75% (24 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3081, 2933, 2843, 2115, 1739, 1682, 1643, 

891 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.33 (s, 1H), 7.50 (bs, 1H), 7.23 (d, J = 8.5 

Hz, 2H), 6.90 (d, J = 8.5 Hz, 2H), 6.64 (t, J 

= 6.5 Hz, 1H), 5.44 (s, 2H), 5.20 (s, 2H), 

4.82 (s, 1H), 4.34 (s, 1H), 3.80 (s, 3H), 3.32 

(s, 2H), 2.52-1.04 (m, 14H), 0.89 (s, 3H), 

0.82 (s, 3H), 0.71 (s, 3H) 

 

13C NMR : 193.4, 170.0, 159.9, 159.2, 148.0, 135.9, 



Chapter 3 

 

152 
 

(125 MHz, 

CDCl3) 
 

129.8, 126.3, 114.5, 107.9, 58.2, 56.4, 55.3, 

53.8, 41.9, 39.5, 39.2, 37.8, 33.6, 33.6, 29.6, 

24.6, 24.0, 21.7, 19.2, 14.4 

 HRMS (ESI) : 

 

m/z: 542.3003 [M+Na]+ (calcd for 

C31H41N3O4Na is 542.2995) 

3.8.2.14. Synthesis of (E)-(1-(2-bromo-5-methoxybenzyl)-1H-1,2,3-triazol-4-yl)methyl 3-

formyl-5-(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6k) 

The compound 6k was prepared by the reaction of 2-bromo-5-methoxybenzyl azide (16.89 

mg, 1 equiv.) and compound 3 (25 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per 

the method described in the section 3.8.1.5. Yield: 66% (27 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3080, 2932, 2844, 2115, 1739, 1682, 

1643, 890 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.34 (s, 1H), 7.65 (s, 1H), 7.49 (d, J = 9 

Hz, 1H), 6.79 (dd, J1 = 9 Hz, 3 Hz, 1H), 

6.72 (d, J = 3 Hz, 1H), 6.65 (t, J = 6.5 

Hz, 1H), 5.60 (s, 2H), 5.22 (s, 2H), 4.82 

(s, 1H), 4.35 (s, 1H), 3.75 (s, 3H), 3.33 

(s, 2H), 2.54-1.04 (m, 14H), 0.90 (s, 

3H), 0.82 (s, 3H), 0.71 (s, 3H) 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

193.4, 169.9, 159.4, 159.2, 148.0, 142.9, 

135.9, 134.7, 133.8, 124.0, 116.3, 115.9, 

113.6, 107.9, 58.2, 56.4, 55.6, 55.3, 

53.9, 41.9, 39.5, 39.2, 37.8, 33.6, 33.6, 

29.6, 24.6, 24.0, 21.8, 19.3, 14.4 

 
HRMS (ESI) : 

 

m/z: 598.2278 [M+H]+ (calcd for 

C31H40BrN3O4 is 598.2280) 
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3.8.2.15. Synthesis of (E)-(1-([1,1'-biphenyl]-2-ylmethyl)-1H-1,2,3-triazol-4-yl)methyl 3-

formyl 5-(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6l) 

The compound 6l was prepared by the reaction of 1,1’-biphenyl azide (15.82 mg, 1 equiv.) 

and compound 3 (27 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the method 

described in the section 3.8.1.5. Yield: 86% (36 mg). 

 
FT-IR (NaCl, 

max, cm-1) 

: 

 

3060, 2932, 2844, 2719, 2095, 1740, 1684, 

1643, 891 

 

1H NMR (500 

MHz, CDCl3) 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

: 

 

 

9.33 (s, 1H), 7.44-7.24 (m, 10H), 6.64 (t, J  

= 6.5 Hz, 1H), 5.48 (s, 2H), 5.16 (s, 2H), 

4.80 (s, 1H), 4.33 (s, 1H), 3.30 (s, 2H), 2.52-

1.01 (m, 14H), 0.88 (s, 3H), 0.82 (s, 3H), 

0.70 (s, 3H) 

193.4, 169.9, 159.0, 148.0, 142.6, 141.9, 

139.8, 135.9, 131.8, 130.5, 129.0, 129.0, 

128.7, 128.6, 128.2, 127.8, 123.8, 107.9, 

58.2, 56.4, 55.3, 51.8, 41.9, 39.5, 39.2, 37.8, 

33.6, 33.6, 29.6, 24.6, 24.0, 21.7, 19.2, 14.4 

 
HRMS (ESI) : 

 

m/z: 588.3181 [M+Na]+ (calcd for 

C36H43N3O3Na is 588.3202) 

3.8.2.16. Synthesis of (E)-(1-(2-oxo-2-phenylethyl)-1H-1,2,3-triazol-4-yl)methyl 3-

formyl-5-(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6m) 

The compound 6m was prepared by the reaction of phenacyl azide (10.39 mg, 1 equiv.) and 

compound 3 (23 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the method 

described in the section 3.8.1.5. Yield: 55% (18 mg). 

 
FT-IR (NaCl, 

max, cm-1) 

: 

 

3082, 2929, 2848, 2121, 1738, 1682, 

1643, 892 
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1H NMR (500 

MHz, CDCl3) 

: 

 

9.36 (s, 1H), 8.00 (d, J = 7 Hz, 2H), 7.78 

(s, 1H), 7.68 (t, J = 7.5 Hz, 1H), 7.56 (t, J 

= 8 Hz, 2H), 6.67 (t, J = 6.5 Hz, 1H), 

5.86 (s, 2H), 5.30 (s, 2H), 4.84 (s, 1H), 

4.38 (s, 1H), 3.36 (d, J = 4 Hz, 2H), 2.56-

1.06 (m, 14H), 0.88 (s, 3H), 0.82 (s, 3H), 

0.72 (s, 3H) 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

193.5, 189.9, 169.9, 159.2, 148.0, 135.9, 

134.6, 133.9, 129.2, 128.1, 125.6, 107.9, 

58.2, 56.4, 55.4, 55.4, 41.9, 39.6, 39.2, 

37.8, 33.6, 29.6, 24.6, 24.0, 21.7, 19.2, 

14.4 

 
HRMS (ESI) : 

 

m/z: 540.2828 [M+Na]+ (calcd for 

C31H39N3O4Na is 540.2838) 

3.8.2.17. Synthesis of (E)-(1-(2-(4-bromophenyl)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)meth- 

yl 3-formyl-5-(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl) pent-3-enoate 

(6n) 

The compound 6n was prepared by the reaction of 4-bromo phenacyl azide (17.43 mg, 1 

equiv.) and compound 3 (26 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the 

method described in the section 3.8.1.5. Yield: 72% (31 mg). 

 
FT-IR (NaCl, 

max, cm-1) 

: 

 

3086, 2929, 2848, 2170, 1738, 1683, 

1644, 911 
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1H NMR(500 

MHz, CDCl3) 

: 

 

9.35 (s, 1H), 7.86 (d, J = 8.5 Hz, 2H), 

7.76 (s, 1H), 7.70 (d, J = 8.5 Hz, 2H), 

6.67 (t, J = 6.5 Hz, 1H), 5.81 (s, 2H), 

5.29 (s, 2H), 4.84 (s, 1H), 4.37 (s, 1H), 

3.34 (d, J = 3.5 Hz, 2H), 2.57-1.06 (m, 

14H), 0.88 (s, 3H), 0.82 (s, 3H), 0.72 (s, 

3H) 

 13C NMR (125 

MHz, CDCl3) 

: 

 

193.5, 189.2, 169.9, 159.2, 148.0, 135.9, 

132.6, 130.1, 129.6, 125.6, 107.8, 58.2, 

56.4, 55.4, 55.2, 41.9, 39.6, 39.2, 37.8, 

33.6, 29.7, 24.6, 24.0, 21.7, 19.2, 14.4 

 
HRMS (ESI) : 

 

m/z: 618.1917 [M+Na]+ (calcd for 

C31H38BrN3O4Na is 618.1943) 

3.8.2.18. Synthesis of (E)-(1-(2-(4-chlorophenyl)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)meth- 

yl 3-formy l-5-(5,5,8a-trimethyl-2-methylene decahydronaphthalen-1-yl) pent-3-enoate 

(6o) 

The compound 6o was prepared by the reaction of 4-chlorophenacyl azide (7.65 mg, 1 

equiv.) and compound 3 (14 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the 

method described in the section 3.8.1.5. Yield: 62% (13 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3085, 2930, 2847, 2130, 1739, 1705, 1683, 

1643, 891 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.35 (s, 1H), 7.94 (d, J = 9 Hz, 2H), 7.77 

(s, 1H), 7.53 (d, J = 8.5 Hz, 2H), 6.67 (t, J 

= 6.5 Hz, 1H), 5.82 (s, 2H), 5.29 (s, 2H), 

4.84 (s, 1H), 4.38 (s, 1H), 3.35 (d, J = 3.5 

Hz, 2H), 2.57-1.06 (m, 14H), 0.88 (s, 3H), 

0.82 (s, 3H), 0.72 (s, 3H) 

 

13C NMR (125 

MHz, CDCl3) 

: 193.5, 188.9, 169.9, 159.1, 148.06, 141.3, 

135.9, 132.2, 129.6, 129.5, 125.6, 107.8, 
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99.9, 58.2, 56.4, 55.4, 55.2, 41.9, 39.6, 

39.2, 37.8, 33.6, 29.7, 24.6, 24.0, 21.7, 

19.2, 14.4 

 
HRMS (ESI) : 

 

m/z: 574.2438 [M+Na]+ (calcd for 

C31H38ClN3O4Na is 574.2438) 

3.8.2.19. Synthesis of (E)-(1-(2-(4-fluorophenyl)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)methyl 

3-formyl-5-(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6p) 

The compound 6p was prepared by the reaction of 4-fluorophenacyl azide (6.53 mg, 1 

equiv.) and compound 3 (13 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the 

method described in the section 3.8.1.5. Yield: 53% (10 mg). 

 
FT-IR (NaCl, 

max, cm-1) 

: 

 

3079, 2927, 2850, 2115, 1739, 1683, 1644, 

891 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.36 (s, 1H), 8.06-8.03 (m, 2H), 7.77 (s, 

1H), 7.23 (t, J = 8.5 Hz, 2H), 6.67 (t, J = 

6.5 Hz, 1H), 5.82 (s, 2H), 5.30 (s, 2H), 

4.84 (s, 1H), 4.38 (s, 1H), 3.35 (d, J = 4 

Hz, 2H), 2.56-1.06 (m, 14H), 0.88 (s, 3H), 

0.82 (s, 3H), 0.72 (s, 3H) 

 

13C NMR 

(125 MHz, 

CDCl3) 

: 

 

193.5, 188.4, 169.9, 159.1, 152.06, 148.0, 

144.8, 135.9, 130.9, 116.6, 116.4, 107.9, 

58.2, 56.4, 55.4, 55.2, 41.9, 39.8, 39.2, 

37.8, 33.6, 29.6, 24.6, 24.0, 21.7, 19.2, 

14.4 

 
HRMS (ESI) : 

 

m/z: 558.2737 [M+Na]+ (calcd for 

C31H38FN3O4Na is 558.2744) 
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3.6.2.20. Synthesis of (E)-(1-(2-(4-cyanophenyl)-2-oxoethyl)-1H-1,2,3-triazol-4-yl)methyl 

3-formyl-5-(5,5,8a-trimethyl-2-methylenedecahydronaphthalen-1-yl)pent-3-enoate (6q) 

The compound 6q was prepared by the reaction of 4-cyano phenacyl azide (17.74 mg, 1 

equiv.) and compound 3 (34 mg, 1 equiv.) in tBuOH-water (1:2) mixture (3 ml) as per the 

method described in the section 3.8.1.5. Yield: 35 % (18 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3095, 2928, 2848, 2232, 1738, 1683, 

1643, 892 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.34 (s, 1H), 8.10 (d, J = 8.5 Hz, 2H), 

7.86 (d, J = 8.5 Hz, 2H), 7.78 (s, 1H), 

6.68 (t, J = 6.5 Hz, 1H), 5.86 (s, 2H), 

5.30 (s, 2H), 4.84 (s, 1H), 4.38 (s, 1H), 

3.34 (d, J = 2.5 Hz, 2H), 2.57-1.04 (m, 

14H), 0.89 (s, 3H), 0.82 (s, 3H), 0.73 (s, 

3H) 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

193.6, 189.1, 170.0, 159.2, 148.0, 136.74, 

135.9, 133.0, 128.6, 125.6, 117.9, 117.4, 

107.9, 58.2, 56.4, 55.5, 55.4, 41.9, 39.58, 

39.2, 37.8, 33.6, 29.7, 24.6, 24.09, 21.7, 

19.3, 14.4 

 
HRMS (ESI) : 

 

m/z: 541.2828 [M-H]+ (calcd for 

C32H38N4O4Na is 541.2809) 

3.8.3. Biology 

3.8.3.1. In vitro cytotoxic evaluation of compounds by MTT assay 

In vitro toxicity of the synthesized compounds was assessed by standard MTT bioassay38 in 

HepG2 cell line (American Type Cell Culture, ATCC, Manassas, VA, USA) at 24 hr of drug 

administration. In brief, the cells were seeded in 96-well plates (104 cells/well in 200 μL of 

medium) and incubated for 24 hr for attachment. Test compounds were prepared prior to the 

experiment by dissolving in 0.1% DMSO and diluted with the medium. The cells were then 



Chapter 3 

 

158 
 

exposed to different concentrations of the compounds (0.5-100 μM) in the volume of 200 

μL/well. Cells in the control wells received the same volume of medium containing 0.1% 

DMSO. After 24 hr, the medium was removed, and cell cultures were incubated with 100 μL 

MTT reagent (5 mg/mL) for 4 hr at 37 oC. The formazan crystals formed by the viable cells 

was solubilized by addition of 200 μL DMSO. The suspension was placed on the shaker for 5 

min, and absorbance was recorded at 540 nm by the plate reader (Biotek, USA). The 

experiment was performed in triplicate. The percentage of cytotoxicity and percentage cell 

viability was calculated using the following formula.  

Cell viability (%) = [Abs sample /Abs control]×100 

Where Abs (absorbance) is calculated as, Abs sample = OD of sample-blank, Abs control = OD 

of control-blank. 

3.8.3.2. Pancreatic lipase inhibitory activity assay 

3.8.3.2.1. Method A 

The pancreatic lipase assay was performed as described by Bustanji et al. with some 

modifications.36  Briefly, a volume of 50 µL porcine pancreatic lipase (Sigma, St. Louis, MO) 

(1 mg/mL in 2.5 mM tris-hydrochloride buffer pH 7.4 with 0.125 mM sodium chloride) was 

pre-mixed with 100 µL of different concentration of compounds (Stock solutions of the 

isolates, synthetic derivatives and orlistat were prepared in DMSO with concentrations 

ranging from 0.25 µM-20 µM and 0.2 µM-1.4 µM, respectively) and incubated at 37 °C for 

15 min. Following pre-incubation, 100 µL p-nitrophenyl butyrate (PNPB) (25 mM) was 

added to the enzyme-sample mixture, and the volume was made up to 300 µL using tris 

hydrochloride buffer. The amount of DMSO in the final concentration did not exceed 1%. 

The reaction mixture was incubated at 37 °C for 60 min, and the amount of p-nitrophenol 

produced was measured at 405 nm using a plate reader (Biotek, USA). The percentage 

inhibition of pancreatic lipase was calculated as follows. 
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           Absorbance (Abs) of control (DMSO) or sample was calculated by subtracting ODs 

for each sample from their corresponding blank. A bar diagram was plotted with % inhibition 

against test compounds (concentrations 1, 5, 10, 20 µM) where n = 4.  

The IC50, the concentration of the compounds /positive control that causes 50% 

inhibition of the enzyme were calculated from the results of isolated and synthetic derivatives 

of concentrations (0.25 µM-20 µM) for both methods A and B from the dose-response curves 

using a logistic model in Origin software (Origin Lab Corp.). 

3.8.3.2.2. Method B 

The pancreatic lipase activity was assayed as narrated by Kido et al. (2003) with slight 

modifications.37 The activity was measured based on the amount of free fatty acids released 

from the emulsified olive oil substrate. Emulsion mixture consisting of bile salts, cholesterol 

and phospholipid were taken to imitate in vivo conditions. The bile salts concentration was 

adjusted to approximate that of duodenal aspirates.40 The substrate emulsion (0.6 mL) was 

formulated by ultrasonification of olive oil (48 g/L) in a solution containing 1 mmol/L 

taurochenodeoxycholate, 9 mmol/L taurocholate, 0.1 mmol/L cholesterol, 0.8 g/L L-α-

phosphatidylcholine, 1 mmol/L calcium acetate and 100 mmol/L Tris-HCl (pH 8.0). After 

addition of the test compounds in 75 µL of 100 mmol/LTris- HCl (pH 8.0), or vehicle alone, 

the assay mixture was pre-incubated for 5 min at 37 oC. The reaction was initiated by the 

addition of 75 µL lipase solution containing 0.1 g/L of 100 mmol/L Tris-HCl (pH 8.0). After 

incubation for 30 min at 37 oC, free fatty acids concentration in the reaction was calculated as 

described by Duncombe (1963).41 Human pancreatic lipase was used in all experiments. The 

inhibitory activity of test materials was calculated from the relative fatty acid concentration 

liberated compared with the control value. The concentration ranges of isolates and synthetic 

derivatives tested in the method B were in the range 0.25-20 µM. A bar diagram was plotted 

with % inhibition against test compound (concentrations 0.5, 1, 5, 10, 15 µM) since the 

results of method A showed IC50 values starting from 0.77 µM concentration.  

The IC50 values were calculated from the dose-response curves (Test compounds 

concentration ranging from 0.25 µM to 20 µM using a logistic model in Origin software 

(Origin Lab Corp.). 



Chapter 3 

 

160 
 

 

  

Figure 3.12 (Method A). The percentage inhibition of orlistat against porcine pancreatic 

lipase in various concentrations 

 

Figure 3.13 (Method B). The percentage inhibition of orlistat against Human pancreatic 

lipase in various concentrations 

3.8.4. Molecular docking studies of various triazole derivatives and intermediates 

The molecular docking studies of various triazole derivatives were carried out using the 

Autodock 3.0 version (Morris et al., 1998).39 In brief, the X-ray Human pancreatic lipase 

structure coordinates were obtained from protein data bank (PDB ID: 1LPA-B; Van 

Tilbeurgh et al., 1993),42 and the 2D structures of compounds were created using JME editor 

(Bienfait and Ertl, 2013).43 The protonation state and energy minimizations of these 

compounds were done with PRODRG tool (Schuttelkopl and Alten., 2004).44 The predefined 

grid space on lipase structure was created using the autogrid program. The docking was 
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carried out using the Lamarkian genetic algorithm. A total 50 GA runs were performed, and 

Gibb’s free energy of binding was evaluated best ranked conformation of compound/s. The 

possible binding site of compound/s was visualized using MGL software (Michel, 1999). 
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Figure 3.14. The representative molecular docking studies of isolates and semi-synthetic 

derivatives 
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Table 3.2. List of compounds used in docking study and the estimated free energy of binding 
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Chapter 4 

Anti-hyperlipidemic Potential of Labdane-Pyrroles via Inhibition of 

Cholesterol and Triglycerides Synthesis 

 

4.1. Abstract 

Hyperlipidemia is the clinical condition where blood has an increased level of lipids, such as 

cholesterol and triglycerides. Therefore controlling hyperlipidemia is considered to be a 

protective strategy to treat many associated diseases. Thus, novel natural product derived 

pyrrole and pyrazole-(E)-labda-8(17),12-diene-15,16-dial conjugates with cholesterol and 

triglycerides synthesis inhibition potential were designed through scaffold hopping approach 

and synthesized via one-pot selective cycloaddition. Amongst the tested hybrids, 3i exhibited 

excellent activity against triglyceride and cholesterol synthesis with percentage inhibition of 

71.73 ± 0.78 and 68.61 ± 1.19, which was comparable to the positive controls Fenofibrate 

and Atorvastatin respectively. Compounds 3j and 3k also exhibited considerable potential as 

promising leads. The HMG CoA reductase inhibitory activity of the compounds was 

consistent with that of inhibitory activity of cholesterol synthesis. Compound 3i showed the 

highest inhibitory potential (78.61 ± 2.80), which was comparable to that of the positive 

control Pravastatin (78.05 ± 5.4). Favourably, none of the compounds showed cytotoxicity 

(HepG2) in the concentration ranging from 0.5-100 μM.  

4.2. Introduction 

Hyperlipidemia is a metabolic disorder characterized by higher levels of total cholesterol 

(TC), triglycerides (TGs), or both in plasma,1 and it is a major known risk factor for 

atherosclerosis, coronary heart diseases (CHD), myocardial infarction, ischemic stroke, 

pancreatis, etc.2  The  lipids consist of cholesterol, lipoproteins such as very low density 

lipoprotein (VLDL), low density lipoprotein (LDL), high density lipoprotein (HDL) and TG.  

The elevated level of LDL cholesterol, known as bad cholesterol in the blood is a major risk 

for CHD. Hyperlipidemia is of two types, primary hyperlipidemia and secondary 

hyperlipidemia. Primary hyperlipidemia, which is a genetic disorder, is inherited through 
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birth and secondary hyperlipidemia is acquired by a patient through an unhealthy diet, 

sedentary lifestyle, etc. The World Health Organization (WHO) has reported that elevated 

levels of plasma cholesterol concentrations affect approximately 40% of the global 

population’s health.3 Therefore, to control hyperlipidemia is one of the major challenges 

worldwide. Hyperlipidemia is closely associated with CHD, since it leads to the 

accumulation or build-up of plaques (cholesterol-containing deposits) in the artery walls. 

CHD is a leading cause of death and people having hyperlipidemia are at twice the risk of 

developing cardiovascular diseases. It is well reported that a 10 % drop in serum cholesterol 

level will reduce the risk of CHD by 30 %.4-5  Hyperlipidemia is most commonly associated 

with high-fat diets, a sedentary lifestyle, obesity and diabetes. The pathophysiology of 

obesity is closely allied with dyslipidemia, in particular the formation of excessive lipid 

deposits in non-adipose tissue, such as the liver.6-8 Thus, controlling hyperlipidemia is 

considered to be a protective strategy to treat obesity.9-10  

As we know, the synthesis of TG and cholesterol is essential for the normal 

physiological function of the body. Cholesterol, a type of lipid is very essential for the 

functioning of all human organs and to synthesize hormones, vitamin D, etc. But if the 

integration exceeds its breakdown, that will deposit on adipose tissue as well as non-adipose 

tissue which leads to hyperlipidemia and related consequences. It has been reported that the 

inhibitions of lipid accumulation, inhibition of TG and cholesterol synthesis are effective 

strategies to control hyperlipidemia and related complications. Statins are the most widely 

used mainstay therapeutic agents to reduce hyperlipidemia by inhibiting the 3-hydroxy-3-

methylglutaryl-coenzyme (HMG CoA) reductase, a natural enzyme responsible for 

cholesterol synthesis. Many synthetic and natural products derived statins are available to 

treat hyperlipidemia11-14 (Chapter 1 Section 1.7.3). Atorvastatin, a synthetic statin, which is a 

blockbuster drug is currently used for the treatment of cholesterol. However, several 

unwarranted side effects are reported for the existing statins.15 In light of these reports, 

medicinal chemists are actively engaged in the development of new and safer therapeutic 

agents from natural product based approaches. Natural products from plants are rich source 

of therapeutic agents for various diseases since ancient times. The families such as, 

Amaranthus, Apiaceae, Asteraceae, Fabaceae, Lamiaceae, Malvaceae, Myrtaceae and 

Zingiberaceae contribute a large number of lipid-lowering agents. The active 
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phytoconstituents such as flavonoids, polyphenols, terpenoids, alkaloids, saponins, etc., are 

responsible for the therapeutic potential of this plant species.29  

4.3. Review of Literature  

4.3.1. Anti-hyperlipidemic properties of Curcuma amada 

Nature is the reservoir of medicine for various diseases. Because of the high cost and lack of 

safety associated with many of the synthetic anti-hyperlipidemic drugs, natural products are 

the safe and effective alternatives to develop anti-hyperlipidemic drugs. Even though many 

plant species are reported for their anti-hyperlipidemic potential, only a few reports are 

available on the anti-hyperlipidemic efficacy of C. amada.  

Srinivasan and Chandrasekhara studied the effects of C. amada for hyperlipidemia. In 

1992, they have disclosed the effects of mango ginger (C. amada) on serum total lipids and 

triglycerides in normal and hypertriglyceridemic rats. 10 % dry mango ginger was 

administered for finding the efficacy of mango ginger and results have shown that it was 

effective in reducing total lipids and TGs.16 In 1993 they have also studied the effect of 

mango ginger against lipid level and found that 10 % dry curcumin-free mango ginger was 

effective in lowering lipids in a high-sucrose diet rat model.17 In 2008, the anti-

hypercholesterolemic effect of mango ginger was investigated in experimental rats and they 

have revealed that the curcumin containing 10 % mango ginger powder fed along with 1 % 

cholesterol supplemented diets in Wistar rats was effectively decreasing liver and serum total 

cholesterol, LDL+VLDL associated cholesterol and increased the HDL associated 

cholesterol, but it did not affect the cholesterol levels in normal diet-induced animals.18 These 

literature highlighted the importance of C. amada in the daily diet for preventing 

hyperlipidemia and related consequences. 

4.3.2. Anti-hyperlipidemic properties of pyrrole and pyrazole 

Pyrrole and pyrazole constitute an important class of heterocycles by virtue of their 

pharmaceutical properties. Pyrrole scaffolds possess a wide spectrum of biological activity 

whether they have been isolated from natural sources or synthetic. The most important 

pyrrole-containing natural compounds are heme derivatives and chlorophyll. Pyrrole-
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containing compounds are common in natural products of marine origin too. Lamellarin 

isolated from the marine invertebrates exhibits antitumor and anti-HIV activity.19 One of the 

top selling drugs Atorvastatin (Figure 4.1), is a pyrrole-containing drug and is the most 

widely used cholesterol-lowering agent acting via inhibition of HMG CoA reductase.  

 

 

Pyrazole possesses extensive therapeutic activities such as anti-inflammatory, 

antipsychotic, anti-obesity, antidepressant, analgesic, etc.20 AM6545 (Figure 4.2) is an 

important anti-obesity agent and is a neutral cannabinoid CB1 receptor antagonist.  It reduces 

caloric intake of high fat and carbohydrate diets. Rimonabant hydrochloride (Figure 4.2) 

belonging to the diaryl pyrazole family, is the first therapeutically most efficient CB1 

receptor antagonist and it is considered as an anti-obesity drug.21 Rimonabant (Figure 4.2) 

was another important anti-obesity drug containing pyrazole scaffold, which is a synthetic 

drug and considered the most potent weight-lowering agent. It was the first commercial CB1 

receptors antagonist. Since it possesses serious psychiatric side effects, it was withdrawn 

from the market in 2008. 3,4-diaryl dihydro pyrazole is also a potent CB1 antagonist. 8-

Chloro-1-(2,4-dichlorophenyl)-N-piperidin-1-yl-1,4,5,6-tetrahydrobenzo-[6,7]-cyclohepta-

[1,2-c]-pyrazole-3-carboxamide 5 (Figure 4.2), is a very potent CB1 antagonist in cell-based 

in vitro assays and ex vivo screens and is considered as an efficient anti-obesity agent.19, 22-23  
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Figure 4.2. Anti-obesity agents having pyrazole core 

4.4. Aim and scope of the present study 

In literature, a few plant species are well documented for their anti-hyperlipidemic potential. 

This includes plant extracts, phytochemicals and semi-synthetic derivatives of 

phytochemicals.24-28 A few reports reveal the anti-hyperlipidemic efficacy of C. amada, 

which belongs to the Zingiberaceae family.16-18 In the third chapter, we have identified 

promising anti-obesity leads of triazole appended-labdanes via pancreatic lipase inhibition 

studies.30 In continuation of our discovery programme on natural products and bioactive 

heterocycles,31-36 our aim was to further explore the anti-hyperlipidemic potential of the 

abundant bioactive molecule (E)-labda-8(17),12-diene-15,16-dial isolated from C. amada 

(Chapter 2, section 2.8) and its semi-synthetic derivatives (E)-labda-8(17),12-diene-15,16-

dial-pyrrole and (E)-labda-8(17),12-diene-15,16-dial-pyrazoles. As part of the research 

program, we have isolated (E)-labda-8(17),12-diene-15,16-dial and synthetically modified it 

to the corresponding pyrroles and pyrazoles.  The efficacy of these compounds on the 

inhibition of lipid droplet formation, inhibition of TG and cholesterol synthesis in the culture 

medium of Human liver carcinoma cell lines, viz., HepG2 cells has been successfully 

evaluated in this chapter.  
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4.5. Design strategy for the synthesis of labdane appended pyrroles and pyrazoles 

The rationale for the designed hybrids is schematically represented by the ligand- based 

molecular hybridization approach (Figure 4.3). As depicted in Figure 4.3, labdane terpenes, 

pyrroles, and pyrazoles constitute a crucial central core in many of the FDA approved statin 

drugs.12-14 Moreover, pyrrole and pyrazole represent a vital scaffold in medicinal chemistry 

with their diverse pharmacological properties.37-40 Therefore, we emphasize that the 

molecular hybridization of these pharmacophores in a single entity will enrich the 

pharmacological properties in finding the potent “leads” as anti-hyperlipidemic agents. 

 

Figure 4.3. Molecular hybridization approach led to the discovery of novel (E)-labda-

8(17),12-diene-15,16-dial hybrids  

4.6. Results and discussion 

Many researchers have already demonstrated that natural compounds from medicinal plants 

are capable of controlling hyperlipidemia. To develop alternative, safe and more effective 

therapeutic entities from natural products, we have isolated the compound (E)-labda-

8(17),12-diene-15,16-dial from C. amada30 and synthesized a series of (E)-labda-8(17),12-

diene-15,16-dial appended pyrrole and pyrazole targets. Further, we examined the efficacy of 

these compounds on the inhibition of lipid droplet formation, inhibition of TG and 
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cholesterol synthesis in the culture medium of Human liver carcinoma cell lines, viz., HepG2 

cells. The HMG CoA reductase inhibitory activity of the compounds further confirms the 

inhibitory potential of cholesterol synthesis. 

From (E)-labda-8(17),12-diene-15,16-dial (1), a library of (E)-labda-8(17),12-diene-

15,16-dial appended pyrroles (Scheme 4.1) and pyrazoles  (Scheme 4.2) where synthesized 

via one-pot cascade protocol. (E)-labda-8(17),12-diene-15,16-dial (1) undergoes metal-free, 

acid catalysed cyclo-condensation with various substituted anilines (2) in THF at room 

temperature to produce (E)-labda-8(17),12-diene-15,16-dial appended-1H-pyrrole-3-

carbaldehydes (3) (Scheme 4.1). Similarly, a [3+2] cycloaddition of 1 and dialkyl 

azodicarboxylate (4) in DCM at room temperature has led to the formation of 1H-pyrazole-

1,2(3H)-dicarboxylate (E)-labda-8(17),12-diene-15,16-dial appendages (5) (Scheme 4.2). All 

the semi-synthetic derivatives are well characterized by using IR, 1H, 13C NMR and HRMS 

analysis. 

 

Scheme 4.1. One-pot synthetic strategy for the (E)-labda-8(17),12-diene-15,16-dial appended 

pyrrolesa. aReagents and conditions: THF, AcOH, RT (1-2 hrs ). 

 

Spectral data leading to the structural elucidation is exemplified using compound 3k. 

IR spectrum of the compound 3k showed the absorption band at 1736 cm-1 due to the 

presence of carbonyl group of the aldehyde. The peak at δ 9.98 in the 1H NMR spectrum 

(Figure 4.5) indicated the presence of aldehyde proton.  The peaks between δ 7.25-6.60 

integrating for 5 protons suggested the presence of two aromatic rings. Two singlets at δ 4.61 

and 4.36 could be attributed to the presence of the exo-methylene group. 13C NMR spectrum 

(Figure 4.6) of the compound confirmed the aldehydic carbonyl group at δ 186.1. The peaks 



Chapter 4 
 

177 
 

between 147.9-107.3 suggested the presence of both aromatic ring carbons and exo-

methylene carbon. The mass spectrum of the compound showed the molecular ion peak at 

m/z 426.2783, which is (M+Na)+ peak. From these data along with DEPT-135 and 2D 

spectra, the structure of the compound 3k was confirmed as shown below (Figure 4.4). 

 

 

                    Figure 4.5. 1H NMR spectrum of compound 3k in CDCl3 
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                  Figure 4.6. 13C NMR spectrum of compound 3k in CDCl3 

 

4.6.1. Optimization of the reaction 

To optimize the reaction, we have tried different solvents and catalysts at 0 oC to 50 oC. The 

reaction was monitored by checking the TLC at various time intervals. From the optimization 

Table 4.1., it was found that the best reaction condition was the use of 1 equiv. of reactant 1a 

and 1.5 equiv. of reactant 2a, THF as the solvent, 6 equiv. of AcOH as a catalyst and stirring 

at RT for 1-2 hours. The maximum optimized yield obtained was 45%. 
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Table 4.1. Optimization of the reactiona 

Sl. No. Solvent Catalyst Temperature 

(oC) 

Yield (%) 

1 CH2Cl2 pTSA 0 - 

2 CH2Cl2 pTSA RT - 

3 CH2Cl2 AcOH 0 10 

4 CH2Cl2 AcOH RT 15 

5 CH2Cl2 NaBH4 RT - 

6 EtOH AcOH RT - 

7 EtOAc AcOH RT 20 

8 EtOAc BF3OEt2 RT - 

9 Toluene AcOH RT - 

10 Acetonitrile AcOH RT - 

11 THF AcOH 0 15 

12 THF AcOH RT 45 

13 THF AcOH 50 - 

14 THF pTSA RT - 

15 THF pTSA 50 - 

16 DMF AcOH RT 25 

17 DMF TFA RT - 

 

aReaction conditions: 1a (1 equiv.), 2a (1.5 equiv.) in 3 ml of solvent without inert 

atmosphere. Reaction time: 1-2 hrs. 
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Figure 4.7. Scope of the reaction 

 

 

Scheme 4.2. One-pot access for the (E)-labda-8(17),12-diene-15,16-dial appended 

pyrazolesa. aReagents and conditions: DCM, PPh3, RT (2-3 hrs ). 

The salient features of the spectral data of this group of compounds is exemplified 

using that of compound 5c. The IR spectrum of the compound 5d showed carbonyl 

absorption at 1723 cm-1. In the 1H NMR spectrum (Figure 4.9), a singlet seen at δ 9.29 

suggested the presence of an aldehydic proton. The peak at δ 8.04 was assigned to the proton 
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in the pyrazole ring. In the 13C NMR spectrum (Figure 4.10.), aldehyde carbon is confirmed 

by the presence of a peak observed at δ 194.4. The mass spectrum of the compound showed 

the molecular ion peak at m/z 539.3480, which is (M+Na)+ peak. From these data along with 

DEPT-135 and 2D spectra, the compound structure was confirmed as shown below (Figure 

4.8). 

 

 

 

 

Figure 4.9. 1H NMR spectrum of compound 5c in CDCl3 
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Figure 4.10. 13C NMR spectrum of compound 5c in CDCl3 

 

 

 

Figure 4.11. Scope of the reaction 

4.6.2. MTT assay 

To begin with, the toxicity of the compounds was tested in HepG2 cell lines by MTT assay 

(Figure 4.12).41-42 Cytotoxic effect of each compound was expressed as a percentage of cell 

viability in a dose-dependent manner. Values are mean ± SD of four independent experiments 

performed in duplicates. The results of the study displayed that none of the compounds 
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caused any toxicity at all the tested concentrations. More than 91 percent of cell viability was 

observed when cells were pretreated with 100 μM levels of test compounds for 48 hrs. 

 

 

Figure 4.12. Cytotoxic study of isolates and selected semi-synthetic derivatives by MTT 

assay 

4.6.3. Effect of compounds on lipid droplet accumulation in HFA treated HepG2 cells 

Next, to see the effect of compounds on lipid droplet accumulation in high fatty acid rich 

(HFA) medium treated HepG2 cells, oil red O staining assay was performed (Figure 4.13 & 

4.14).41-42 Initially, we have conducted a preliminary screening of the compounds with 

concentration ranging from 0.5 µM to 100 µM on HFA medium treated HepG2 cells to 

identify the most potent concentration with a maximum inhibition of lipid accumulation. It 

was observed that most of the compounds showed maximum efficacy at 10 µM 

concentration. Hence, all the comparative studies were performed at 10 µM concentration. 

The relative intensity of lipid accumulation was also analyzed (Figure 4.14). The results 

showed that the number of lipid droplets formation in HepG2 cells treated with the 

compounds were less than the control groups. As depicted in Figure 4.14, compound 3i 

showed the highest lipid accumulation inhibitory activity, which was comparable to that of 
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the positive control Fenofibrate (FF). Compounds 3j and 3k also showed significant activity 

when compared to other derivatives. The labdane appended pyrazole molecules 5a, 5b and 5c 

exhibited the lowest activity. However, compounds 3l-3r and 5d failed to show any effect on 

lipid accumulation. 

 

Figure 4.13. The effect of compounds and standard drug FF (Fenofibrate) on lipid droplet 

accumulation in HepG2 cells by oil red O staining: Representative microscopic images of oil 

red O stained HepG2 cells treated with compounds or FF (10 μM). NC (normal control), 

without any treatment; VC (vehicle control) -0.1% DMSO treated cells cultured in high fatty 

acid rich medium. 
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Figure 4.14. The effect of compounds and standard drug FF (Fenofibrate) on lipid droplet 

accumulation in HepG2 cells by oil red O staining: Absorbance measured at 490 nm after oil-

red-O staining and data is presented as % of control. Results are mean ± SD, (n = 4).]. VC 

(vehicle control) -0.1% DMSO treated cells cultured in high fatty acid rich medium. 

4.6.4. Effect of compounds on the inhibition of triglyceride synthesis in HepG2 cells 

Subsequently, we investigated whether the synthesized derivatives could inhibit triglyceride 

(TG) accumulation in HepG2 cells. 41-42 The TG levels were analyzed in HepG2 cells in HFA 

induced medium and test compounds for 24 hrs (Table 4.1) at two different concentrations 

viz., 5 and 10 µM. The findings reveal that the synthesis of TG has significantly decreased in 

a dose-dependent manner in compound treated HepG2 cells. The percentage inhibition of TG 

synthesis at 10 µM varies from 71.73 ± 0.78 to 37.25 ± 1.13 (Table 4.2). All the compounds 

except 3a, 3c, 5a, 5b and 5c showed significant efficacy than the parent molecule 1. One of 

the derivative 3i exhibited the highest percentage of the inhibitory potential of TG synthesis 

with 71.73 ± 0.78, which is comparable to that of the positive control FF (74.01 ± 0.33). 

Also, the compounds 3j, 3k, 3f and 3g showed a considerable TG synthesis inhibitory 

potential of 64.22 ± 0.61, 62.30 ± 0.38, 53.94 ± 1.32 and 51.51 ± 1.21 percent respectively. 

Surprisingly, pyrazole derivatives 5a, 5b and 5c exhibited weak inhibition of TG synthesis. 
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Table 4.2. The effect of compounds on percentage inhibition of TG synthesis in high fatty 

acid treated HepG2 cells.a 

Compounds TG level 

(mg/dl ) 5 µM 

TG level 

(mg/dl ) 10 µM 

% Inhibition 

(10 µM) 

NC 15.00 ± 0.15   

VC 90.50 ± 0.49   

1 55.00 ± 1.41 49.50 ± 0.70 45.51 ± 0.71 

3a 66.00 ± 1.21 54.05 ± 0.91 40.51 ± 1.02 

3b 50.00 ± 0.70 49.50 ± 1.41 45.51 ± 0.68 

3c 64.60 ± 1.06 51.65 ± 2.33 43.15 ± 1.17 

3d 50.00 ± 1.41 46.75 ± 2.19 48.54 ± 0.85 

3e 50.10 ± 1.97 46.00 ± 0.42 49.37 ± 0.46 

3f 45.00 ± 1.41 41.85 ± 1.41 53.94 ± 1.32 

3g 49.30 ± 1.83 44.05 ± 3.11 51.51 ± 1.21 

3h 42.00 ± 2.82 38.70 ± 1.90 46.96 ± 0.24 

3i 39.00 ± 2.12 27.50 ± 0.70 71.73 ± 0.78 

3j 42.50 ± 1.76 32.50 ± 0.60 64.22 ± 0.61 

3k 45.00 ± 0.70 34.25 ± 2.12 62.30 ± 0.38 

5a 64.00 ± 2.12 55.85 ± 1.41 38.52 ± 0.23 

5b 60.00 ± 2.12 55.00 ± 1.41 39.46 ± 0.52 

5c 68.00 ± 0.70 57.00 ± 1.41 37.25 ± 1.13 

FF(10 µM) -------------- 23.00 ± 2.12 74.01 ± 0.33 

 

aData is presented as mean ± SD of five different experiments at P ≤0.05. % inhibition of TG 

synthesis in HepG2 cells were calculated at 10 µM concentration. FF (Fenofibrate) at 10 µM 

concentration is used as positive control. NC (normal control), without any treatment, VC 

(vehicle control)-0.1% DMSO treated cells cultured in high fatty acid rich medium. 

4.6.5. Evaluation of effect of compounds on the inhibition of cholesterol synthesis in 

HepG2 cells 

We further examined the effect of test compounds on the inhibition of cholesterol synthesis 

in HFA rich medium treated HepG2 cells (Table 4.3).41-42 The results revealed that the 

inhibition of cholesterol synthesis showed a concentration-dependent effect. The percentage 

inhibition of cholesterol synthesis at 10 µM varies from 68.61 ± 1.19 to 46.32 ± 1.34. All the 

compounds except 3a, 5a, 5b and 5c showed a marked increase in the inhibition of 
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cholesterol synthesis. As anticipated, compound 3i showed a consistent activity in the 

inhibition of cholesterol synthesis with the highest (68.61 ± 1.19) percentage of suppression, 

which was comparable to that of the positive control Atorvastatin (AS)   (70.19 ± 0.64). 

Compounds 3j, 3k, 3h, 3f and 3g also showed a substantial percentage of inhibition with 

65.81 ± 0.85, 63.51 ± 0.04, 62.07 ± 1.65, 60.48 ± 1.09 and 57.65 ± 1.92 respectively at 10 

µM concentration. In line with other assays, here also the pyrazole derivatives showed the 

lowest efficiency among the tested compounds. 

Table 4.3. The effect of compounds on inhibition of cholesterol synthesis in high fatty acid 

treated HepG2 cells.a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aData is presented as mean ± SD at P ≤0.05 of five different experiments. % inhibition of 

cholesterol synthesis in HepG2 cells were calculated at 10 µM concentration. AS 

(Atorvastatin) at 10 µM concentration is used as positive control. NC (normal control), 

without any treatment, VC (vehicle control) -0.1% DMSO treated cells cultured in high fatty 

acid rich medium. 

Compounds Total cholesterol 

(mg/dl ) 5 µM 

Total cholesterol 

(mg/dl )10 µM 

% Inhibition 

(10 µM) 

NC 26.58 ± 1.73   

VC 71.36 ± 0.08   

1 41.01 ± 0.68 33.56 ± 1.07 52.98 ± 1.57 

3a 43.74 ± 0.71 35.32 ± 0.98 50.51 ± 1.45 

3b 40.82 ± 0.98 32.66 ± 0.64 54.23 ± 0.83 

3c 48.14 ± 0.30 33.69 ± 1.32 52.79 ± 1.78 

3d 37.98 ± 0.79 31.50 ± 1.24 55.86 ± 1.80 

3e 40.00 ± 0.21 33.13 ± 0.96 53.57 ± 1.41 

3f 40.03 ± 0.14 28.19 ± 0.82 60.48 ± 1.09 

3g 35.71 ± 1.01 30.22 ± 1.32 57.65 ± 1.92 

3h 37.32 ± 0.76 27.07 ± 1.21 62.07 ± 1.65 

3i 29.75 ± 1.06 22.40 ± 0.82 68.61 ± 1.19 

3j 32.43 ± 1.31 24.39 ± 0.64 65.81 ± 0.85 

3k 32.27 ± 1.37 26.04 ± 0.07 63.51 ± 0.04 

5a 45.68 ± 0.64 36.95 ± 1.16 48.22 ± 1.71 

5b 43.23 ± 0.12 36.03 ± 0.70 49.50 ± 1.05 

5c 46.71 ±1.05 38.31 ± 0.90 46.32 ± 1.34 

AS (10 µM) -------------- 21.27 ± 0.48 70.19 ± 0.64 
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4.6.6. Evaluation of effect of compounds on the inhibition of HMG CoA reductase 

enzyme 

We further examined the effect of test compounds on the inhibition of HMG CoA reductase 

enzyme, a rate limiting enzyme in the cholesterol synthesis pathway (Figure 4.15). We used 

an in vitro HMG CoA reductase detection assay kit, which is designed to screen for different 

inhibitors/activators of the purified catalytic subunit of the enzyme. Since most of the 

compounds showed maximum efficacy at 10 µM concentration, we evaluated the % of HMG 

CoA reductase enzyme inhibition at 10 µM concentration and presented below is the data for 

the same. The percentage inhibition of cholesterol synthesis at 10 µM varies from 78.51 ± 

2.80 to 45.87 ± 2.50. The HMG CoA reductase inhibitory activity of the compounds was 

consistent with that of the inhibitory activity of cholesterol synthesis. All the compounds 

except 3a, 5a, 5b and 5c exhibited significant inhibition of HMG CoA reductase. Consistent 

with the results of cholesterol synthesis, compound 3i showed the highest percentage of 

inhibitory potential (78.61 ± 2.80), which was comparable to that of the positive control 

Pravastatin (PS) (78.05 ± 5.4). Compounds 3j, 3k, 3h, 3f and 3g also showed a considerable 

percentage of inhibition with 77.59 ± 6.9, 74.94 ± 8.27, 71.81 ± 1.84, 68.47 ± 9.42 and 65.47 

± 6.03 respectively at 10 µM concentration. Similar to cholesterol synthesis, the pyrazole 

derivatives (5a-c) displayed the lowest activity among the tested compounds. 

 

 

Figure 4.15. The effect of compounds on the inhibition of HMG CoA reductase enzyme. PS 

(Pravastatin, positive control) 



Chapter 4 
 

189 
 

4.6.7. Structure activity relationship (SAR) studies 

From the structure-activity relationship (SAR) studies, amongst the novel pyrrole and 

pyrazole conjugated (E)-labda-8(17),12-diene-15,16-dial, the pyrroles (3a-k) are more potent 

than pyrazole derivatives (5a-c). In pyrrole series, 1-(4-hydroxyphenyl)-2-((5,5,8a-trimethyl-

2-methylenede-cahydronaphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3i) exhibited 

highest efficacy, which is more potent than the parent molecule (E)-labda-8(17), 12-diene-15, 

16-dial (1) and comparable to that of positive controls. Analogues 3j and 3k with m-OH and 

m, p-disubstituted-CH3 functionality respectively, also exhibited excellent efficacy. However, 

the analogues 3l-r did not show any significant inhibition potential. The potency of these 

molecules may be attributed to the synergistic interaction of the (E)-labda-8(17),12-diene-

15,16-dial core, pyrrole ring and aromatic ring linked to the nitrogen atom on the pyrrole 

ring. Even though, all the molecules possess these scaffolds, precisely the improved activity 

of some molecules amongst others may be due to the electronic properties of an aromatic 

ring which comes from various substitutions. In molecule 3i, there is an electron-donating -

OH group present in the para position of the aromatic ring. Here the p-OH group may play an 

important role in the inhibition of TG and cholesterol synthesis through hydrogen bonding 

interactions. The molecules 3j and 3k with m-OH and m, p-disubstituted-CH3 functionality 

also showed better activity. Compound 3a with electron-donating p-CH3 substitution on the 

aromatic ring possesses the least activity among the other tested derivatives of pyrroles. 

However, there is no significant trend in the activity of the molecules followed by the nature 

of electron-donating and electron-withdrawing groups on the aromatic ring. Overall, among 

the variously substituted pyrrole conjugated (E)-labda-8(17),12-diene-15,16-dial, 3i with p-

OH substituted aromatic ring was found to be the most potent molecule. These findings 

established that the synthesized hybrids could be utilized as effective lead candidates in the 

treatment of hyperlipidemia and related complications. However, further detailed molecular 

biology studies are required to confirm its mechanism of action and other pharmacological 

properties to be promoted as a safe clinical candidate. 

4.7. Conclusion 

In conclusion, the design of tailor-made analogues conceived from the structural features of 

known ligands has paved the way for the discovery of promising pyrrole appended (E)-labda-
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8(17),12-diene-15,16-dial synthesized via semi-synthetic strategy. The study reveals (E)-

labda-8(17),12-diene-15,16-dial derived pyrroles play a significant role in controlling 

hyperlipidemia by inhibiting TG and cholesterol synthesis in HepG2 cells. The HMG CoA 

reductase inhibitory activity of the compounds was consistent with that of inhibitory activity 

of cholesterol synthesis. Amongst synthesized pyrrole derivatives, 3i possess the highest 

efficacy, which is comparable to the positive control Fenofibrate, Atorvastatin and 

Pravastatin. To the best of our knowledge this is the first report on the natural product derived 

(E)-labda-8(17),12-diene-15,16-dial appended pyrrole and pyrazole analogues as anti-

hyperlipidemic agents. Nonetheless, further detailed investigations are in progress to explore 

the lead analogue 3i as a potent and safe therapeutic clinical candidate. 

4.8. Experimental section 

All the reagents used for the isolation, pyrrole and pyrazole synthesis were purchased from 

Sigma-Aldrich and Spectrochem. Dulbecco's Modified Eagle's Medium (DMEM-high 

glucose), trypsin-EDTA and 100 U/Lml penicillin-streptomycin (100 µg/ml) mix were 

purchased from Himedia Pvt Ltd (Mumbai, India). Fetal bovine serum (FBS) was from 

Gibco (Grand Island, NY). 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide 

(MTT), linoleic acid, palmitic acid, BSA, paraformaldehyde, oil red O, Fenofibrate, 

Atorvastatin and Pravastatin were purchased from Sigma-Aldrich (U.S.A ). Total cholesterol 

assay kit was purchased from Cell Biolabs, Inc (CA, U.S.A) and triglyceride quantification 

colorimetric assay kit was purchased from Biovision (CA, U.S. A). Human hepatoma cells 

were obtained from the NCBS (National Centre for Biological Sciences, Pune). HMG CoA 

reductase activity was assessed based on the oxidation of NADPH by using a screening assay 

kit (Sigma Aldrich, USA) as per the manufacturer’s instructions. Solvents were purchased 

from Merck and were distilled before use. TLC plates (silica gel 60 F254) were used for 

monitoring the purity of the isolated compounds and the reaction progress. Column 

chromatographic techniques were used for the isolation of natural compounds and their 

analogues. Heidolph-rotary evaporator was used for the removal of solvents. The absorbance 

was recorded at 540 nm by the Elisa reader. The IR spectra were recorded on Bruker Alpha-

T FT-IR spectrophotometer. The 1H and 13C NMR spectra were recorded at 500 MHz and 

125 MHz respectively on the Bruker AMX 500 MHz FT NMR spectrometer. 
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Tetramethylsilane (TMS) was used as an internal standard. Chemical shifts are expressed in δ 

scale and coupling constants in Hertz (Hz). Mass spectra were recorded under HRMS (ESI) 

using Thermo Scientific Exactive Orbitrap mass spectrometer. 

4.8.1. Isolation of (E)-labda 8(17),12-diene -15,16-dial (1) 

The isolation protocol of (E)-labda-8(17),12-diene-15,16-dial was discussed in section 2.8 

(Chapter 2) 

4.8.2. General procedure for the synthesis of (E)-labda-8(17),12-diene-15,16-dial-

pyrrole analogues (3a-3r) 

To a solution of (E)-labda-8(17),12-diene-15,16-dial (1equiv.) and various substituted aniline 

(1.5 equiv.) in THF solvent, acetic acid (6 equiv.) was added dropwise. The resulting mixture 

was stirred at room temperature for 1-2 hours and the progress of the reaction was monitored 

by TLC. After completion of the reaction, the content was extracted with ethyl acetate, 

washed with brine, the compound was dried over anhydrous Na2SO4 and the solvent was 

removed under reduced pressure. The product was purified by column chromatography using 

hexane and ethyl acetate as solvents.43 

4.8.3. Spectral Details 

4.8.3.1. Synthesis of 1-(p-tolyl)-2-((5,5,8a-trimethyl-2-methylenedecahydronaphthalen-

1-yl) methyl)-1H-pyrrole-3-carbaldehyde (3a) 

The compound 3a was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1equiv.) and 4-methylaniline (15.96 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 31% (12 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3308, 2960, 2848, 1944, 1732, 1666, 1530, 

1495 
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1H NMR (500 

MHz, CDCl3) 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

 

: 

 

9.98 (s, 1H), 7.30 (d, J = 8 Hz, 2H), 7.16 (d, 

J = 8.5 Hz, 2H), 6.64 (d, J = 3 Hz, 1H), 6.62 

(d, J = 3 Hz, 1H), 4.60 (s, 1H), 4.32 (s, 1H), 

3.07 (m, 2H), 2.44 (s, 3H), 2.20-1.01 (m, 

12H), 0.78 (s, 3H), 0.73 (s, 3H), 0.61 (s, 3H) 

186.0, 147.9, 142.2, 138.5, 136.9, 129.9, 

126.2, 123.6, 123.4, 109.5, 107.3, 55.6, 55.5, 

42.0, 39.9, 38.5, 38.0, 33.6, 33.4, 24.3, 21.6, 

21.1, 20.9, 19.2, 14.0 

  HRMS (ESI) : 

 

m/z: [M+H]+ calcd for C27H36NO is 

390.2797, found 390.2809 

4.8.3.2. Synthesis of 1-(4-methoxyphenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydro-

naphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3b) 

The compound 3b was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1equiv.) and 4-methoxyaniline (18.34  mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 42% (18 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3642, 3273, 2924, 2851, 1870, 1896, 1737, 

1718, 1701, 1652, 1591, 1543, 1513, 1460 

 

1H NMR (500 

MHz, CDCl3) 

 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

 

 

: 

 

 

9.98 (s, 1H), 7.20 (d, J = 9 Hz, 2H), 7.00 (d, 

J = 9 Hz, 2H), 6.63 (d, J = 3.5 Hz, 1H), 6.60 

(d, J = 3 Hz, 1H), 4.62 (s, 1H), 4.33 (s, 1H), 

3.88 (s, 3H), 3.16-2.98 (m, 2H), 2.21-0.84 

(m, 12H), 0.79 (s, 3H), 0.74  (s, 3H), 0.62(s, 

3H) 

186.0, 159.6, 147.9, 147.6, 142.2, 132.4, 

127.6, 123.8, 123.3, 114.6, 109.5, 107.4, 

55.7, 55.6, 42.0, 39.9, 38.6, 38.1, 33.6, 33.4, 

24.3, 21.6, 20.9, 19.2, 14.0 

  HRMS (ESI) : m/z: [M+Na]+ calcd for C27H35NO2Na is 
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 428.2565, found 428.2571 

 

4.8.3.3. Synthesis of 1-(3-methoxyphenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydro-

naphthalene-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3c) 

The compound 3c was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and 3-methoxyaniline (18.34 mg, 1.5 equiv.) in THF ( 3ml) as per the method 

described in section 4.8.2. Yield: 35% (15 mg). 

 
FT-IR (NaCl, 

max,  cm-1) 

: 

 

3428, 2934, 2841, 2101, 1663, 1607, 1533, 

1495, 1459, 1438 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.99 (s, 1H), 7.40 (t, J = 8 Hz, 1H), 7.00 (dd, 

J1 = 2 Hz, J2 = 8 Hz, 1H), 6.88 (d, J = 7.5 

Hz, 1H), 6.81 (t, J = 2 Hz, 1H), 6.64 (s, 2H), 

4.62(s, 1H), 4.36 (s, 1H), 3.84 (s, 3H), 3.22-

3.04 (m, 2H), 2.20-0.88 (m, 12H), 0.78 (s, 

3H), 0.73 (s, 3H), 0.64 (s, 3H) 

 13C NMR 

(125 MHz, 

CDCl3) 

: 

 

186.1, 160.4, 147.9, 141.9, 140.6, 130.2, 

123.6, 118.6, 114.2, 112.2, 109.7, 107.3, 

55.6, 55.4, 42.0, 39.9, 38.6, 38.1, 33.6, 33.4, 

24.3, 21.6, 20.9, 19.3, 14.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C27H35NO2Na is 

428.2565, found 428.2565 

 

4.8.3.4. Synthesis of 1-(4-ethylphenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydrona- 

phthalene-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3d) 

The compound 3d was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1equiv.) and 4-ethylaniline (18.04 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 31% (13 mg). 

 

 FT-IR (NaCl, : 3283, 2934, 2852, 1737, 1665, 1538, 1439 
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max, cm-1) 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.98 (s, 1H), 7.32 (d, J = 7.5Hz, 2H), 7.20 

(d, J    =  8 Hz, 2H), 6.62 (s, 2H), 4.62 (s, 

1H), 4.38 (s, 1H), 3.21 (dd, J = 10.5 Hz, 

1H), 2.99 (dd, J = 3.5 Hz, 1H), 2.74 (q, J1 = 

7.5 Hz, J2 = 15 Hz, 2H), 2.17 (br d, J = 12.5 

Hz, 1H), 1.82 (br d, J = 9 Hz, 1H), 1.66-0.87 

(m, 10H), 1.30 (d, 7.5 Hz, 3H), 0.76 (s, 3H), 

0.72 (s, 3H), 0.62 (s, 3H) 

 13C NMR (125 

MHz, CDCl3) 

: 

 

186.1, 147.8, 145.0, 142.0, 137.2, 128.8, 

126.4, 123.7, 123.4, 109.6, 107.4, 55.6, 55.2, 

42.0, 39.8, 38.4, 38.0, 33.5, 33.4, 28.6, 24.3, 

21.58, 20.8, 19.2, 15.9, 14.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C28H37NONa is 

426.2773, found 426.2775 

 

4.8.3.5. Synthesis of 1-(4-bromophenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydrona- 

phthaalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3e) 

The compound 3e was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1equiv.) and 4-bromoaniline (25.62 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 29% (13.5 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3339, 2942, 2848, 1666, 1593, 1533, 1496, 

1460, 1439 

 

1H NMR (500 

MHz, CDCl3) 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

 

: 

 

9.99 (s, 1H), 7.64 (d, J = 8.5 Hz, 2H), 7.18 

(d, J = 8.5 Hz, 2H), 6.66 (d, J = 3 Hz, 1H), 

6.60 (d, J = 3 Hz, 1H), 4.60 (s, 1H), 4.26 (s, 

1H), 3.16-3.02 (m, 2H), 2.20-0.86 (m, 12H), 

0.80 (s, 3H), 0.74 (s, 3H), 0.62 (s, 3H) 

186.0, 141.8, 138.6, 132.7, 128.0, 123.9, 

123.4, 122.4, 110.1, 107.3, 55.9, 55.6, 42.0, 
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40.0, 38.7, 38.0, 33.5, 33.4, 29.6, 24.3, 21.6, 

20.9, 19.2, 14.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C26H32BrNONa is 

476.1565, found 476.1572 

 

4.8.3.6. Synthesis of 1-(4-iodophenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydronaph- 

thalene-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3f) 

The compound 3f was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1equiv.) and 4-iodoaniline (32.61 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 30% (15.5 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3325, 2964, 2920, 2851, 1946, 1658, 1589, 

1494, 1442 

 

1H NMR (500 

MHz, CDCl3) 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

 

: 

 

9.99 (s, 1H), 7.84 (d, J = 8.5 Hz, 2H), 7.04 

(d, J = 9 Hz, 2H), 6.66 (d, J = 3.5 Hz, 1H), 

6.60 (s, 1H), 4.61 (s, 1H), 4.27 (s, 1H), 3.16-

3.01 (m, 2H), 2.20-0.86 (m, 12H), 0.80 (s, 

3H), 0.74 (s, 3H), 0.62 (s, 3H) 

186.0, 147.8, 141.8, 139.2, 138.7, 128.2, 

123.8, 123.4, 110.1, 107.3, 93.5, 55.9, 55.6, 

42.0, 40.0, 38.6, 38.0, 33.6, 33.4, 29.7, 26.8, 

24.2, 21.6, 20.9, 19.2, 14.1 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C26H32INONa is 

524.1426, found 524.1435 

 

4.8.3.7. Synthesis of 1-(4-chlorophenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydrona- 

phthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3g) 

The compound 3g was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1equiv.) and 4-chloroaniline (18.99 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in the section 4.8.2. Yield: 39% (17 mg). 
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 FT-IR (NaCl, 

max, cm-1) 

: 3420, 2939, 2101, 1652, 1536, 1494, 1439 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.99 (s, 1H), 7.50 (d, J = 8.5 Hz, 2H), 7.24 

(d, J = 8.5 Hz, 2H), 6.66 (d, J = 3 Hz, 1H), 

6.60 (d, J = 3 Hz, 1H), 4.61 (s, 1H), 4.27 (s, 

1H), 3.14 (dd, J = 10 Hz, 1H), 3.04 (dd, J = 

4.5 Hz, 1H), 2.21-2.18 (m, 1H), 2.21-1.05 

(m, 10H),  1.92-1.90 (m, 1H), 0.80(s, 3H), 

0.74(s, 3H), 0.63 (s, 3H) 

 13C NMR 

(125 MHz, 

CDCl3) 

: 

 

185.0, 146.9, 140.9, 137.0, 133.4, 128.6, 

126.7, 122.7, 122.4, 109.0, 106.3, 54.9, 54.6, 

40.9, 39.0, 37.7, 37.0, 32.5, 32.4, 23.3, 20.6, 

19.9, 18.2, 13.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+calcd for C26H32ClNONa is 

432.2070, found 432.2075 

 

4.8.3.8. Synthesis of 1-(3-chlorophenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydrona- 

phthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3h) 

The compound 3h was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and 3-chloroaniline (18.99 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 35% (15 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3428, 2939, 2102, 1656, 1534, 1494, 1439 

 

1H NMR(500 

MHz, CDCl3) 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

 

: 

 

9.99 (s, 1H), 7.46-7.19 (m, 4H), 6.66 (d, J = 

3 Hz, 1H), 6.63 (d, J = 3 Hz, 1H), 4.62 (s, 

1H), 4.32 (s, 1H), 3.24-3.19 (m, 1H), 3.06-

3.02 (m, 1H), 2.20-0.84 (m, 12H), 0.79 (s, 

3H), 0.74 (s, 3H), 0.64 (s, 3H) 

186.2, 147.7, 141.8, 140.6, 135.2, 130.5, 

128.6, 126.9, 124.6, 123.4, 110.1, 107.4, 
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55.7, 55.6, 42.0, 40.0, 38.6, 38.0, 33.5, 33.4, 

24.3, 21.6, 20.8, 20.8, 19.2, 14.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C26H32ClNONa is 

432.2070, found 432.2079 

 

4.8.3.9. Synthesis of 1-(4-hydroxyphenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydrona- 

phthalene-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3i) 

The compound 3i was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and 4-hydroxyaniline (16.25 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 32% (13 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3790, 3640, 3370, 2920, 2849, 2077, 1735, 

1643, 1597, 1540, 1520, 1459 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.97 (s, 1H), 7.14 (d, J = 8.5 Hz, 2H), 6.96 

(d, J = 9 Hz, 2H), 6.64 (d, J = 3 Hz, 1H), 

6.60 (d, J = 3.5 Hz, 1H), 5.72 (bs, 1H), 4.62 

(s, 1H), 4.32 (s, 1H), 3.17-2.98 (m, 2H), 

2.20-0.82 (m, 12H), 0.80 (s, 3H), 0.74 (s, 

3H), 0.62 (s, 3H) 

 13C NMR (125 

MHz, CDCl3) 

: 

 

186.2, 155.9, 148.0, 142.6, 132.4, 127.8, 

123.9, 123.2, 116.0, 109.4, 107.4, 55.6, 55.5, 

42.0, 40.0, 38.6, 38.1, 33.6, 33.4, 29.6, 24.3, 

21.6, 21.0, 19.2, 14.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C26H33NO2Na is 

414.2409, found 414.2415 
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4.8.3.10. Synthesis of 1-(2-hydroxyphenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydro- 

naphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3j) 

The compound 3j was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and 2-hydroxyaniline (16.25 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 32% (13 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3797, 3644, 3367, 2926, 2849, 2077, 1641, 

1597, 1538, 1512, 1459 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.98 (s, 1H), 7.39-7.36 (m, 1H), 7.19-7.10 

(m, 3H), 7.04-7.02 (dt, J1 = 1 Hz, J2 = 7.5 

Hz, 1H), 6.70 (s, 1H), 6.58 (d, J = 3 Hz, 

1H), 4.67 (s, 1H), 4.52 (s, 1H), 2.87 (dd, J1 = 

3.5 Hz, J2 = 15.5 Hz, 1H), 2.22-2.18 (m, 

1H), 1.88-0.86 (m, 12H), 0.78 (s, 3H), 0.72 

(s, 3H), 0.65 (s, 3H) 

 13C NMR (125 

MHz, CDCl3) 

: 

 

186.1, 152.0, 148.4, 130.8, 129.3, 128.2, 

123.6, 121.0, 117.2, 115.3, 110.9, 107.7, 

55.5, 54.2, 41.9, 39.8, 38.4, 37.9, 33.5, 33.4, 

24.3, 21.6, 20.53, 19.2, 13.9 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C26H33NO2Na is 

414.2409, found 414.2416 

 

4.8.3.11. Synthesis of 1-(3,4-dimethylphenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydr- 

onaphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3k) 

The compound 3k was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and 3,4-dimethylaniline (18.04 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 50% (21 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3290, 2962, 1996, 1732, 1650, 1480 
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1H NMR (500 

MHz, CDCl3) 

: 

 

9.98 (s, 1H), 7.25 (d, J = 8 Hz, 1H), 7.04 (s, 

1H), 7.01-6.99 (dd, J1 = 2 Hz, J2 = 8 Hz, 

1H), 6.62-6.60 (m, 2H), 4.61 (s, 1H), 4.36 

(s, 1H), 3.19-2.99 (m, 2H), 2.34 (s, 3H), 

2.32(s, 3H), 2.20-0.98 (m, 12H), 0.78 (s, 

3H), 0.72 (s, 3H), 0.62 (s, 3H) 

 13C NMR (125 

MHz, CDCl3) 

: 

 

186.1, 147.9, 142.2, 137.9, 137.2, 137.1, 

130.4, 127.6, 123.7, 123.6, 123.3, 109.4, 

107.3, 55.6, 55.5, 42.1, 39.9, 38.4, 38.0, 

33.6, 33.4, 24.3, 21.6, 20.8, 19.8, 19.4, 19.3, 

14.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C28H37NONa is 

426.2773, found 426.2783 

 

4.8.3.12. Synthesis of 1-(3,4-dimethoxyphenyl)-2-((5,5,8a-trimethyl-2-methylenedecahy- 

dronaphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3l) 

The compound 3l was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and 3,4-dimethoxyaniline (22.81 mg, 1.5 equiv.) in THF (3 ml) as per the 

method described in section 4.8.2. Yield: 40% (18 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3265, 2926, 1948, 1735, 1648, 1438 

 

1H NMR (500 

MHz, CDCl3) 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

 

: 

 

 

9.98 (s, 1H), 6.96-6.78 (m, 3H), 6.64-6.62 

(m, 2H), 4.62 (s, 1H), 4.37 (s, 1H), 3.96 (s, 

3H), 3.88 (s, 3H), 3.22-3.02 (m, 2H), 2.21-

0.84 (m, 12H), 0.78 (s, 3H),  0.74 (s, 3H), 

0.64 (s, 3H) 

186.1, 149.4, 149.2, 148.0, 142.2, 132.5, 

123.8, 123.2, 118.6, 111.2, 110.0, 109.5, 

107.4, 56.3, 56.2, 55.6, 55.4, 42.0, 39.9, 
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38.6, 38.2, 33.6, 33.4, 24.3, 21.6, 21.0, 19.3, 

14.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+calcd for C28H37NO3Na is 

458.2671, found 458.2673 

 

4.8.3.13. Synthesis of 1-(3,4-dichlorophenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydr- 

onaphthaalene-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3m) 

The compound 3m was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and 3,4-dichloroaniline (24.12 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 39% (18 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3420, 2941, 1732, 1656, 1540, 1496, 1440 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.94 (s, 1H), 7.60 (d, J = 8.5 Hz, 1H), 7.43 

(s, 1H), 7.16 (d, J = 8.5 Hz, 1H), 6.66 (d, J = 

2.5 Hz, 1H), 6.62 (s, 1H), 4.63 (s, 1H), 4.28 

(s, 1H), 3.19-3.14 (m, 1H), 3.07-3.03 (m, 

1H), 2.22-0.89 (m, 12H), 0.80 (s, 3H), 0.74 

(s, 3H), 0.65 (s, 3H) 

 13C NMR 

(125 MHz, 

CDCl3) 

: 

 

185.0, 146.8, 140.8, 137.8, 132.6, 131.9, 

130.1, 127.5, 124.6, 122.9, 122.3, 109.4, 

106.4, 54.9, 54.7, 41.0, 39.1, 37.8, 37.0, 

32.5, 32.4, 23.2, 20.6, 19.8, 18.2, 13.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C26H31Cl2NONa is 

466.1680, found 466.1696 

 

 

 

 



Chapter 4 
 

201 
 

4.8.3.14. Synthesis of 1-(3-chloro-4-fluorophenyl)-2-((5,5,8a-trimethyl-2-methylenedeca- 

hydronaphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3n) 

The compound 3n was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and 3-chloro-4-fluoroaniline (21.68 mg, 1.5 equiv.) in THF (3 ml) as per the 

method described in section 4.8.2. Yield: 31% (14 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3280, 2930, 1735, 1648, 1430 

 

1H NMR (500 

MHz, CDCl3) 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

 

: 

 

9.99 (s, 1H), 7.39-7.18 (m, 3H), 6.66 (d, J = 

3 Hz, 1H), 6.60 (d, J = 3 Hz, 1H), 4.63 (s, 

1H), 4.30 (s, 1H), 3.32-3.01 (m, 2H), 2.22-

0.88 (m, 12H), 0.80 (s, 3H), 0.74 (s, 3H), 

0.65 (s, 3H) 

186.1, 158.9, 147.7, 141.9, 128.9, 126.3, 

126.2, 123.7, 123.6, 117.4, 117.2, 110.2, 

107.4, 55.8, 55.8, 41.9, 40.1, 38.8, 38.0, 

33.5, 33.5, 24.3, 21.6, 20.2, 19.2, 14.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C26H31ClFNONa is 

450.1976, found 450.1980 

 

4.8.3.15. Synthesis of 1-(4-bromo-2-methylphenyl)-2-((5,5,8a-trimethyl-2-methylenedec-

ahydronaphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3o) 

The compound 3o was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and 4-bromo-2-methylaniline (27.70 mg, 1.5 equiv.) in THF (3 ml) as per the 

method described in section 4.8.2. Yield: 30% (14.5 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 

 

3270, 2926, 1737, 1720, 1650, 1511 
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1H NMR (500 

MHz, CDCl3) 

: 

 

9.98 (s, 1H), 7.54 (dd, J1 = 2 Hz, J2 = 12 Hz, 

1H), 7.48-7.45 (m, 1H), 7.08 (dd, J1 = 3.5 

Hz, J2 = 8.5 Hz, 1H), 6.67 (t, J = 3 Hz, 1H), 

6.50 (d, J = 3.5 Hz, 1H), 4.68 (s, 1H), 4.44 

(s, 1H), 3.23-2.66 (m, 2H), 2.18 (s, 3H), 

2.03-0.89 (m, 12H), 0.81 (s, 3H), 0.74 (s, 

3H), 0.65 (s, 3H) 

 13C NMR (125 

MHz, CDCl3) 

: 

 

186.2, 147.4, 137.4, 134.0, 133.9, 129.6, 

129.9, 129.8, 127.6, 123.2, 115.8, 108.0, 

55.8, 54.4, 42.0, 39.8, 38.6, 38.0, 33.6, 33.5, 

24.2, 21.6, 20.9, 20.4, 19.2, 14.0 

  HRMS (ESI) : 

 

m/z: [M+H]+ calcd for C27H35BrNO is 

468.1902, found 468.1906 

 

4.8.3.16. Synthesis of 1-(4-nitrophenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydrona- 

phthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3p) 

The compound 3p was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and 4-nitroaniline (20.57 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 30% (13 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3371, 2922, 2850, 1737, 1667, 1596, 1526, 

1501, 1460, 1439, 1400 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

10.02 (s, 1H), 8.40 (d, J = 9 Hz, 2H), 7.50 

(d, J = 9 Hz, 2H), 6.72 (d, J = 3 Hz, 1H), 

6.67 (d, J = 3 Hz, 1H), 4.60 (s, 1H), 4.18 (s, 

1H), 3.17 (s, 1H), 3.16 (d, J = 2.5 Hz, 1H), 

2.19-0.86 (m, 12H), 0.786 (s, 3H), 0.736 (s, 

3H), 0.631 (s, 3H) 

 13C NMR (125 

MHz, CDCl3) 

: 

 

186.0, 147.9, 147.1, 144.8, 141.7, 126.9, 

125.0, 124.4, 123.2, 110.9, 107.2, 56.5, 55.6, 
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41.8, 40.2, 38.8, 38.0, 33.4, 29.7, 24.2, 21.6, 

21.1, 19.2, 14.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C26H32N2O3Na is 

443.2311, found 443.2321 

 

4.8.3.17. Synthesis of 1-(2-nitrophenyl)-2-((5,5,8a-trimethyl-2-methylenedecahydrona- 

phthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3q) 

The compound 3q was prepared by the reaction of (E)-labda-8(17),12-diene -15,16-dial (30 

mg, 1 equiv.) and 2-nitroaniline (20.57 mg, 1.5 equiv.) in THF (3 ml) as per the method 

described in section 4.8.2. Yield: 30% (13 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3350, 2840, 1735, 1665, 1590, 1501 

 

1H NMR (500 

MHz, CDCl3) 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

 

: 

 

9.99 (d, J = 13 Hz, 1H), 8.09 (d, J = 7 Hz, 

1H), 7.76-7.68 (m, 2H), 7.45 (d, J = 7 Hz, 

1H), 6.70 (s, 1H), 6.60 (s, 1H), 4.66 (s, 1H), 

4.32 (s, 1H), 3.32-0.78 (m, 14H), 0.76 (s, 

3H), 0.72 (s, 3H), 0.62 (s, 3H) 

186.2, 147.4, 142.7, 133.7, 130.8, 130.6, 

125.6, 125.4, 123.6, 110.6, 108.1, 107.2, 

55.8, 54.9, 41.9, 40.1, 38.5, 37.9, 37.8, 33.6, 

33.4, 29.7, 24.2, 21.6, 19.2, 13.8 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C26H32N2O3Na is 

443.2311, found 443.2315 

 

4.8.3.18. Synthesis of 1-phenyl-2-((5,5,8a-trimethyl-2-methylenedecahydronaphthalen-

1-yl) methyl)-1H-pyrrole-3-carbaldehyde (3r) 

The compound 3r was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and aniline (13.86 mg, 1.5 equiv.) in THF (3 ml) as per the method described in 

section 4.8.2. Yield: 30% (12 mg). 



Chapter 4 
 

204 
 

 FT-IR (NaCl, 

max, cm-1) 

: 3644, 3582, 2962, 2920, 2849, 1946, 1732, 

1718, 1666, 1598, 1538, 1501, 1459 

 

1H NMR (500 

MHz, CDCl3) 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

 

: 

 

10.00 (s, 1H), 7.52-7.46 (m, 3H), 7.30-7.28 

(m, 2H), 6.66-6.64 (m, 2H), 4.61 (s, 1H), 

4.32 (s, 1H), 3.22-3.17 (m, 1H), 3.06-3.02 

(m, 1H), 2.18-0.80 (m, 12H), 0.77 (s, 3H), 

0.72 (s, 3H), 0.62 (s, 3H) 

186.1, 157.1, 148.8, 147.8, 145.3, 142.8, 

129.4, 128.4, 126.4, 123.6, 109.5, 107.3, 

55.5, 42.0, 39.9, 38.6, 38.0, 33.5, 30.8, 29.6, 

24.3, 21.6, 20.9, 19.2, 14.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C26H33NONa is 

398.2460, found 398.2449 

 

4.8.4. General procedure for synthesis of (E)-labda-8(17),12-diene-15,16-dial-pyrazole 

analogues (5a-5d) 

To a stirred solution of (E)-labda-8(17),12-diene-15,16-dial (1 equiv.) and dialkyl 

azodicarboxylate (1.5 equiv.) in dichloromethane (DCM), triphenylphosphine (1.5 equiv.) 

was added and stirred for 2-3 hours at room temperature. The completion of the reaction was 

confirmed by TLC. The resulting solution was concentrated and purified by column 

chromatography using hexane and ethyl acetate as solvents.44 

4.8.4.1. Synthesis of dibenzyl 4-(2-oxoethyl)-3-((5,5,8a-trimethyl-2-methylenedecahydr- 

onaphthalen-1-yl)methyl)-1H-pyrazole-1,2(3H)-dicarboxylate (5a) 

The compound 5a was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and dibenzyl azodicarboxylate (44.40 mg 1.5 equiv.) in  DCM (3 ml) as per the 

method described in section 4.8.4. Yield: 30% (13.5 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 2927, 2852, 1731, 1630, 1396, 1226 
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1H NMR (500 

MHz, CDCl3) 

: 

 

9.35 (s, 1H), 8.20 (d, J = 14 Hz, 1H), 7.34 

(m, 10H),  6.28 (s, 1H), 5.84 (d, J = 14 Hz, 

1H), 5.24 (m, 4H), 4.81 (s, 1H), 4.32 (s, 

1H), 2.56-1.14 (m, 15 H), 0.885 (s, 3H), 

0.825 (s, 3H), 0.719 (s, 3H) 

 13C NMR 

(125 MHz, 

CDCl3) 

: 

 

194.0, 156.0, 153.6, 148.1, 135.6, 135.2, 

130.8, 128.6, 128.1, 127.6, 107.9, 69.4, 

67.6, 56.8, 55.4, 42.04, 39.6, 39.2, 37.8, 

33.6, 31.8, 29.6, 24.0, 21.8, 19.4, 14.4 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C36H44N2O5Na is 

607.3148, found 607.3131 

 

4.8.4.2. Synthesis of diethyl 4-(2-oxoethyl)-3-((5,5,8a-trimethyl-2-methylenedecahydro- 

naphthalen-1-yl)methyl)-1H-pyrazole-1,2(3H)-dicarboxylate (5b) 

The compound 5b was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and diethyl azodicarboxylate (25.93 mg 1.5 equiv.) in  DCM (3 ml) as per the 

method described in section 4.8.4. Yield: 30% (14 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3297, 2935, 2725, 1728, 1647, 1461 

 

 

1H NMR (500 

MHz, CDCl3) 

 

 

 

13C NMR (125 

MHz, CDCl3) 

: 

 

 

 

 

: 

 

9.36 (s, 1H), 8.14 (s, 1H), 6.294 (t, J = 6.5 

Hz, 1H), 5.84 (d, J = 14 Hz, 1H), 4.83 (s, 

1H), 4.37 (s, 1H), 4.27 (m, 4H), 2.42-1.19 

(m, 15 H),  1.33 (m, 6H), 0.89 (s, 3H), 0.83 

(s, 3H), 0.76 (s, 3H) 

194.2, 169.3, 148.2, 135.9, 131.0, 107.9, 

63.8, 62.5, 56.8, 55.4, 42.0, 39.6, 39.2, 37.8, 

33.6, 31.6, 24.6, 24.2, 22.6, 21.7, 19. 3, 

14.4, 14.4, 14.0 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C26H40N2O5Na is 

483.2835, found 483. 2823 



Chapter 4 
 

206 
 

4.8.4.3. Synthesis of diisopropyl4-(2-oxoethyl)-3-((5,5,8a-trimethyl-2-methylenedecahy- 

dronaphthalen-1-yl)methyl)-1H-pyrazole-1,2(3H)-dicarboxylate (5c) 

The compound 5c was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and diisopropyl azodicarboxylate (30.11 mg 1.5 equiv.) in  DCM (3 ml) as per 

the method described in section 4.8.4. Yield: 40% (19 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3300, 2935, 1723, 1630, 1461 

 

1H NMR (500 

MHz, CDCl3) 

: 

 

9.29 (s, 1H), 8.04 (d, J = 14 Hz, 1H), 6.20 

(t, J = 6.5 Hz, 1H), 5.76 (d, J = 13.5 Hz, 

1H), 4.98-4.94 (m, 2H), 4.76 (s, 1H), 4.28 

(s, 1H), 1.21 (m, 12H, -CH3 group of iPr), 

2.53-1.06 (m, 15H), 0.82 (s, 3H), 0.76 (s, 

3H), 0.68 (s, 3H) 

 13C NMR (125 

MHz, CDCl3) 

: 

 

194.4, 152.9, 148.2, 131.1, 107.9, 70.4, 

56.8, 55.4, 42.0, 39.6, 39.30, 37.8, 33.6, 

33.6, 29.7, 24.6, 24.1 21.9, 21.8, 19.3, 14.4 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C28H44N2O5Na is 

511.3148, found 511.3128 

 

4.8.4.4. Synthesis of di-ter-butyl4-(2-oxoethyl)-3-((5,5,8a-trimethyl-2-methylenedecahy- 

dronaphthalen-1-yl)methyl)-1H-pyrazole-1,2(3H)-dicarboxylate (5d) 

The compound 5d was prepared by the reaction of (E)-labda-8(17),12-diene-15,16-dial (30 

mg, 1 equiv.) and di-ter-butyl azodicarboxylate (34.27 mg 1.5 equiv.) in  DCM (3 ml) as per 

the method described in section 4.8.4. Yield: 80% (41 mg). 

 FT-IR (NaCl, 

max, cm-1) 

: 3420, 2978, 2931, 2848, 1730, 1665, 1645 
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1H NMR (500 

MHz, CDCl3) 

: 

 

9.36 (s, 1H), 8.11 (d, J = 14 Hz, 1H), 6.23 

(t, J = 5.5 Hz, 1H), 5.79 (d, J = 14 Hz, 1H), 

4.82 (s, 1H), 4.36 (s, 1H), 1.43 (m, 18 H, -

CH3 of  tBu), 2.59-1.10 (m, 15 H), 0.89 (s, 

3H), 0.82 (s, 3H), 0.76 (s, 3H) 

 13C NMR (125 

MHz, CDCl3) 

: 

 

194.4, 151.8, 148.2, 131.7, 108.0, 56.8, 

55.4, 42.0, 39.6, 39.2, 37.8, 33.6, 33.6, 28.0, 

24.6, 24.1, 21.8, 19.3, 14.4 

  HRMS (ESI) : 

 

m/z: [M+Na]+ calcd for C30H48N2O5Na is 

539.3461, found 539.3480 

4.8.5. Biological screening 

4.8.5.1. Cell cultures 

Human hepatoma cells were obtained from the NCBS (National Centre for Biological 

Sciences, Pune). The cells were cultured in DMEM medium (containing 0.3 g/L L-glutamine 

and 2.0 g/L sodium bicarbonate) supplemented with 10% FBS, 1% penicillin-streptomycin 

mixture and maintained at 37 oC in a 5% CO2 and 95% air atmosphere in a humidified 

incubator.41-42 

4.8.5.2. Cytotoxic evaluation of compounds by MTT assay 

Cytotoxicity of the compounds was measured by means of MTT assay in HepG2 cell lines. 

For MTT assay, HepG2 cells were seeded at a density of 1 × 105 cells per well in 96-well 

plates and pre-incubated in DMEM containing 10% FBS and 1% penicillin-streptomycin. 

After 24 hours, incubated with the test compounds (1-100 μM) for 48 hrs, were washed and 

MTT (0.5 g/ l) dissolved in PBS, was added to each well for the estimation of mitochondrial 

dehydrogenase activity as described previously by Mosmann (1983). After 4 hrs of 

incubation at 37 oC in a CO2 incubator, 10% SDS in DMSO was added to each well and the 

absorbance of solubilised MTT formazan products were measured at 570 nm after 45 min, 

using a microplate reader (Bioteck, U.S.A).  Results were expressed as a percentage of cell 

viability. Based on viability data 5 and 10 μM concentrations of test compounds have been 
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selected for analyzing their effect on triglyceride accumulation and total cholesterol synthesis 

in Hep G2 cell lines.41-42 

4.8.5.3. HepG2 cell culture for the assessment of lipid synthesis and secretion  

HepG2 cells were seeded in a 6 well plate (5x105 cells/well) and then grown in DMEM 

containing 10% FBS and 1% antibiotic solution. Medium was then discharged and 

supplemented with starving medium (DMEM + 1% antibiotic solution) then incubated for 24 

hours. Starving medium then discharged and supplemented with high fatty acid rich medium 

(DMEM, 1:2 of 1 mM palmitic acid : 1 mM linoleic acid and BSA). Test compounds were 

treated in 10 µM concentration for oil red O staining to assess lipid accumulation. 5 and 10 

µM concentration of test compounds were treated for testing triglyceride (TG) and 

cholesterol synthesis, as described above. Cells were then incubated for 24 hours in a 37 °C 

humidified atmosphere of 5% CO2.
41-42 

4.8.5.4. Oil red-O staining  

After the incubation, the HepG2 cells were washed with PBS. The cells were then fixed for 

30 minutes with 40% paraformaldehyde in PBS with 1% trition-X-100. Cells were washed 

with double distilled water and stained for 30 min by complete immersion in a 2:3 diluted 

working solution of oil red O (Sigma Aldrich, USA). Cells were then washed in PBS 3 times 

and are then observed under an inverted light Olympus microscope after the oil-red O 

staining to compare the lipid droplet formation of normal cells and treated cells.41-42 

4.8.5.5. Triglycerides assay  

The TG levels were measured in cell lysate after the treatment with fatty acid rich medium 

and test compounds (5 and 10µM) for 24 hrs. Fenofibrate, a well-known drug used for 

treating high blood TG, at 10 µM concentration was used as the positive control in this 

experiment. The concentration of triglyceride in the cell lysate was measured using the 

triglyceride quantification colorimetric assay kit as per the manufacturer’s protocol and TG 

concentration was calculated as instructed.  Briefly, 50 µl test samples along with standards 

in triglyceride assay buffer were added to a 96-well plate. 2 µl Lipase was added to each well 

and incubated for 20 min at room temperature. 50 µl triglyceride reaction mixture was added 
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to each well and incubated at room temperature for 30-60 min. Absorbance was measured at 

570 nm in a microtiter plate reader. The amount of TG was calculated from the standard 

curve.41-42 The percentage inhibition was calculated as follows. 

  

4.8.5.6. Total cholesterol assay  

For analysing the effect of test compounds on the synthesis of cholesterol, HepG2 cells were 

treated as mentioned above and the medium was collected after 24 hr incubation.  Total 

cholesterol assay kit was used for the quantitative determination of cholesterol levels in the 

medium treated by the compound. Atorvastatin, a well known hypocholesterolemic drug at 

10 µM concentration was used as the positive control in this experiment. The concentration 

of total cholesterol in the supernatant was measured as per the kit’s protocol and the 

concentrations were calculated following the manufacturer’s instructions. Briefly, cells were 

lysed in chloroform/isopropanol/NP-40 (7:11:0.1) using a homogenizer and debris was 

removed by centrifugation at 15,000 x g for 10 minutes. The solvents were removed from 

samples by air drying at 50 °C for 1-2 hr followed by vacuum drying for 2 hr. The dried lipid 

content was dissolved in a 200 µl assay diluent. 40 U/ml superoxide dismutase was added to 

the samples to minimize the endogenous oxidation of the assay probe. 50 µl of the 

cholesterol reaction mixture with or without cholesterol esterase was mixed with 50 µl 

samples along with standards and incubated for 45 min at 37 °C. The amount of cholesterol 

was calculated by standard curve.41-42 

4.8.5.7. HMG CoA reductase activity assay 

HMG CoA reductase activity was assessed based on the oxidation of NADPH by using a 

screening assay kit (Sigma Aldrich, USA) as per the manufacturer’s instructions. Briefly, the 

reaction was started by the addition of HMG CoA reductase to the assay mixture containing 

buffer, NADPH, HMG CoA, test compounds and then the decreasing rate of absorbance was 

measured. Continuously determined for 20 min at 340 nm. The rate of reaction in the units of 

Abs340/min was then calculated for the enzyme specific activity. 
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4.8.5.8. Statistical analysis  

All data represent the means±SD of at least five individual experiments unless otherwise 

indicated in the text. Data were analyzed using SPSS v9.0 software (SPSS Inc., Chicago, IL, 

U.S.A). Replicates were averaged before entry as a single data point. Statistical significance 

was determined using one way ANOVA with significance accepted at P≤0.05. If F reaches 

significance, Duncan’s post hoc test was used to compare groups. 

4.9. References 

1. Asija, R.; Singh, C. A Comprehensive Review on Anti-hyperlipidemic Activity of 

Various Medicinal Plants. Int. J. Curr. Pharm. Rev. Res. 2016, 7, 407-41. 

2. Goldstein, J. L.; Brown, M. S.  A century of Cholesterol and Coronaries: from 

Plaques to Genes to Statins. Cell 2015, 161, 161-172. 

3. Global Health Observatory (GHO) Data, http://www.who. int/gho/ncd/ risk-factors/ 

cholesterol_text/en/. 

4. Shattat, G.F. A Review Article on Hyperlipidemia: Types, Treatments and New 

Drug Targets. J. Biomed. Pharmacol. 2014, 7, 399-409. 

5. Jain, K. S.; Kathiravan, M. K.; Somani, R. S.; Shishoo, C. J. The Biology and 

Chemistry of Hyperlipidemia. Bioorg. Med. Chem. 2007, 15, 4674-4699. 

6. Lodhi, I. J.; Yin, L.; Jensen-Urstad, A. P.; Funai, K.; Coleman, T.; Baird, J. H.;  

Ramahi, M. K.; Razani, B.; Song, H.; Fu-Hsu, F.; Turk, J.; Semenkovich, C. F. 

Inhibiting Adipose Tissue Lipogenesis Reprograms Thermogenesis and PPARγ 

Activation to Decrease Diet-Induced Obesity. Cell Metab. 2012, 16, 189-201. 

7. Ramasamy, I. Update on the Molecular Biology of Dyslipidemias. Clin. Chim. Acta. 

2016, 454, 143-185. 

8. Nordestgaard, B. G.; Langsted, A.; Freiberg, J. J.  Nonfasting Hyperlipidemia and 

Cardiovascular Disease. Curr. Drug Targets 2009, 10, 328-335. 

9. Hassan El-Gharib, N. E. Obesity and Clinical Riskiness Relationship: Therapeutic 

Management by Dietary Antioxidant Supplementation-A Review. Appl. Biochem. 

Biotechnol. 2015, 176, 647-69. 

http://www.who/


Chapter 4 
 

211 
 

10. Yun, J. W. Possible Anti-obesity Therapeutics from Nature-A Review. 

Phytochemistry 2010, 71, 1625-41. 

11. Ray, K.K.; Cannon, C.P. The Potential Relevance of the Multiple Lipid-independent 

(Pleiotropic) Effects of Statins in the Management of Acute Coronary Syndromes. 

J. Am. Coll. Cardiol. 2005, 46, 1425–1433. 

12. Endo, A. A Gift from Nature: the Birth of the Statins. Nat. Med. 2008, 14, 1050-

1052. 

13.  Alberts, W.; Chen, J.; Kuron, G.; Hunt, V.;  Huff, J.;  Hoffman, C.; Rothrock, J.; 

Lopez, M.; Joshua, H.; Harris, E.;  Patchett, A.; Monaghan, R.;  Currie, S.; Stapley, 

E.; Albers-Schonbergy, G.; Hensens, O.; Hirshfield, J.; Hoogsteen, K.; Liescht, J.; 

Springer, J.  Mevinolin: A Highly Potent Competitive Inhibitor of 

Hydroxymethylglutaryl-Coenzyme a Reductase and a Cholesterol-Lowering Agent. 

Proc. Natl. Acad. Sci. USA, 1980, 77, 3957-3961. 

14. Endo, A. A Historical Perspective on the Discovery of Statins. Proc. Jpn. Acad. Ser. 

B, 2010, 86, 484-493.  

15. Sirtori, C. R. The Pharmacology of Statis. Pharmacol. Res. 2014, 88, 3-11. 

16. Srinivasan, M. R.; Chandrasekhara, N. Effect of Mango Ginger (Curcuma amada 

Roxb.) on Lipid Status in Normal and Hypertriglyceridemic Rats. J. Food Sci. 

Technol. 1992, 29, 130-132. 

17.  Srinivasan, M. R.; Chandrasekhara, N. Effect of Mango Ginger [Curcuma amada 

Roxb.] on Triton WR-1339 Induced-Hyperlipidemia and Plasma Lipases Activity in 

the Rat. Nutr. Res. 1993, 13, 1183-1190. 

18.  Srinivasan, M. R.; Chandrasekhara, N.; Srinivasan, K. Cholesterol Lowering 

Activity of Mango Ginger (Curcuma amada Roxb.) in Induced 

Hypercholesterolemic Rats. Eur. Food Res. Technol. 2008, 227, 1159-1163. 

19.  Estevez, V.; Villacampa, M.; Menendez, J. C.  Recent Advances in the Synthesis of 

Pyrroles by Multicomponent Reactions. Chem. Soc. Rev. 2012, 1-26. doi: 

10.1039/x0xx00000x 

20.  Karrouchi, K.; Radi, S.; Ramli, Y.; Taoufik, J.; Mabkhot, Y. N. ; Al-aizari, F. A.; 

Ansar, M. Synthesis and Pharmacological Activities of Pyrazole Derivatives: A 

Review. Molecules 2018, 23, 1-86. 



Chapter 4 
 

212 
 

21.  Alonso, M.; Serrano, A.; Vida, M.; Crespillo, A.;  Hernandez-Folgado, L.; 

Jagerovic, N.; Goya, P.; Reyes-Cabello, C.; Perez-Valero, V.; Decara, J.; Macias-

Gonzalez, M.; Bermúdez-Silva, F. J.; Suarez, J.; Fonseca, F. R.;  Pavon, F. J. Anti-

obesity Efficacy of LH-21, A Aannabinoid CB1 Receptor Antagonist with Poor 

Brain Penetration, in Diet-Induced Obese Rats. Br. J. Pharmacol. 2012, 165, 2274-

2291. 

22.  Srivastava, B. K.; Joharapurkar, A.; Raval, S.; Patel, J. Z.; Soni, R.; Raval, P.; Gite, 

A.; Goswami, A.; Sadhwani, N.; Gandhi, N.; Patel, H.; Mishra, B.; Solanki, M.; 

Pandey, B.; Jain, M. R.; Patel, P. R. Diaryl Dihydropyrazole-3-carboxamides with 

Significant In Vivo Antiobesity Activity Related to CB1 Receptor Antagonism: 

Synthesis, Biological Evaluation, and Molecular Modeling in the Homology Model. 

J. Med. Chem. 2007, 50, 5951-5966. 

23.  Lee, S. H.; Seo, H. J.;  Lee, S.;  Jung, M. E.;  Park, J.;  Park, H.; Yoo, J.;  Yun, H.; 

Na, J.;  Kang, S. Y.; Song, K.;  Kim, M.; Chang, C.; Kim, J.; Lee, J. Biarylpyrazolyl 

Oxadiazole as Potent, Selective, Orally Bioavailable Cannabinoid-1 Receptor 

Antagonists for the Treatment of Obesity. J. Med. Chem. 2008, 51, 7216-7233. 

24. Jahromi, M. A.; Ray, A. B. Antihyperlipidemic Effect of Flavonoids from 

Pterocarpus marsupium. J. Nat. Prod. 1993, 56, 989-994. 

25. Zhang, X.;  Wu, C.; Wu, H.; Sheng, L.; Su, Y.; Zhang, X.; Luan, H.; Sun, G.; Sun, 

X.; Tian, Y.; Ji, Y.; Guo, P.;  Xu, X.  Antihyperlipidemic Effects and Potential 

Mechanisms of Action of the Caffeoylquinic Acid-Rich Pandanus tectorius Fruit 

Extract in Hamsters Fed a High Fat-Diet. Plos One 2013, 8, 1-12. 

26. Rayalama, S.; Della-Feraa, M. A.; Baile, C. A. Phytochemicals and Regulation of 

the Adipocyte Life Cycle. J. Nutr. Biochem. 2008, 19, 717-726. 

27. Nakayama, T.; Suzuki, S.; Kudo, H.; Sassa, S.; Nomura, M.; Sakamoto, S. Effects 

of Three Chinese Herbal Medicines on Plasma and Liver lipids in Mice Fed a High-

Fat Diet. J. Ethnopharmacol. 2007, 109, 236-240. 

28. Moro, C. O.; Basile, U. G.  Obesity and Medicinal Plants. Fitoterapia 2000, 71, 73-

82.  

29. Mohammed Saghir, S. A.; Revadigar, V.; Murugaiyah, V. Natural Lipid-Lowering 

Agents and their Effects: An Update. Eur. Food Res. Technol. 2014, 238, 705-725. 



Chapter 4 
 

213 
 

30. Jalaja, R.;  Leela, S. G.; Valmiki, P. K.; Salfeena, C. T. F.; Ashitha, K. T.;  Nair, M. 

S.;  Gopalan, R. K.; Krishna Rao, V. D.; Somappa, S. B. Discovery of Natural 

Product Derived Labdane Appended Triazoles as Potent Pancreatic Lipase 

Inhibitors. ACS Med. Chem. Lett. 2018, 9, 662-666. 

31. Shilpa, G.; Renjitha, J.;  Saranga, R.;  Francis, S. K.; Nair, M. S.; Joy, B.; Somappa, 

S. B.;  Priya, S.; Epoxyazadiradione Purified from the Azadirachta indica Seed 

Induced Mitochondrial Apoptosis and Inhibition of NF-B Nuclear Translocation in 

Human Cervical Cancer Cells. Phytother. Res. 2017, 31, 1892-1902. 

32. Valmiki, P. K.; Salfeena, C. T. F.; Ashitha, K. T.; Varughese, S.; Somappa, S. B. 

Antibacterial and Anti-tubercular Evaluation of Dihydronaphthalenone-Indole 

Hybrid Analogues. Chem. Biol. Drug Des. 2017, 90, 703-708. 

33. Salfeena, C. T. F.; Ashitha, K. T.; Somappa, S. B. BF3•Et2O Mediated One-Step 

Synthesis of N-Substituted-1,2-dihydropyridines, Indenopyridines and 5,6-

Dihydroisoquinolines. Org. Biomol. Chem. 2016, 14, 10165-10169. 

34. Somappa, S. B.; Biradar, J. S.;  Rajesab, P.; Rahber, S.; Sundar, M. One-Pot 

Synthesis of Indole Appended Heterocycles as Potent Anti-inflammatory, 

Analgesic, and CNS Depressant Agents. Monatsh. Chem. 2015, 146, 2067-2078. 

35. Ashitha, K. T.; Valmiki, P. K.;  Salfeena, C. T. F.; Somappa, S. B. BF3•OEt2-

Mediated Tandem Annulation: A Strategy To Construct Functionalized Chromeno- 

and Pyrano- Fused Pyridines. J. Org. Chem. 2018, 83, 113-124. 

36. Ashitha, K. T.; Vinaya, P. P.; Krishna, A.; Vincent, D. C.; Jalaja, R.; Varughese, S.; 

Somappa, S. B. I2/TBHP Mediated Diastereoselective Synthesis of Spiroaziridines. 

Org. Biomol. Chem. 2020, 18, 1588-1593. 

37. Reddy, P. P.; Tiwari, A. K.; Rao, R. R.; Madhusudhana, K.; Rao,  V. R. S.; Ali, A. 

Z.;  Babu, K. S.; Rao, J. M. New Labdane Diterpenes as Intestinal α-Glucosidase 

Inhibitor from Antihyperglycemic Extract of Hedychium spicatum (Ham. Ex Smith) 

rhizomes. Bioorg. Med. Chem. Lett. 2009, 19, 2562-2565. 

38. Lohray, B. B.; Lohray, V. Novel Pyrrole-Containing Hypoglycemic and 

Hypotriglyceridemic Compounds. Pure Appl. Chem. 2005, 77, 179-184. 



Chapter 4 
 

214 
 

39. Bellina, F.; Rossi, R.  Synthesis and Biological Activity of Pyrrole, Pyrroline and 

Pyrrolidine Derivatives with Two Aryl Groups on Adjacent Positions. Tetrahedron 

2006, 62, 7213-7256. 

40. Alvarado, M.; Goya, P.; Macias-Gonzalez, M.; Pavon, F. J.; Serrano, A.; Jagerovic, 

N.; Elguero, J.;  Gutierrez-Rodriguez, A.; Garcia-Granda, S.; Suardiaz, M.; 

Fonseca, F. R.  Antiobesity Designed Multiple Ligands: Synthesis of Pyrazole Fatty 

Acid Amides and Evaluation as Hypophagic Agents. Bioorg. Med. Chem. 2008, 16, 

10098-10105. 

41. E. Leng, Y. Xiao, Z. Mo, Y. Li, Y. Zhang, X. Deng, M. Zhou, C. Zhou, Z. He, J. He, 

L. Xiao, J. Li, W. Li, Synergistic Effect of Phytochemicals on Cholesterol 

Metabolism and Lipid Accumulation in HepG2 Cells. BMC Complement. Altern. 

Med. 2018, 18, 1-10. 

42. Budaiman, I.; Tjokropranoto, R.; Widowati, W.; Fauziah, N.; Erawijantari, P. P.  

Potency of Turmeric (Curcuma longa L.) Extract and Curcumin as Anti-obesity by 

Inhibiting the Cholesterol and Triglyceride Synthesis in HepG2 Cells. Int. J. Res. 

Med. Sci. 2015, 3, 1165-1171. 

43. Kornienko, A.; La Clair, J. L. Covalent Modification of Biological Targets with Natural 

Products through Paal–Knorr Pyrrole Formation. Nat. Prod. Rep. 2017, 34, 1051-1060. 

44. Nair, V.; Biju, A. T.; Mathew, S. C.; Babu, B. P.;  Carbon-Nitrogen Bond-Forming 

Reactions of Dialkyl Azodicarboxylate: A Promising Synthetic Strategy. Chem. 

Asian J. 2008, 3, 810-820. 

https://pubs.rsc.org/en/results?searchtext=Author%3AAlexander%20Kornienko
https://pubs.rsc.org/en/results?searchtext=Author%3AJames%20J.%20La%20Clair


215 
 

ABSTRACT 

Name of the Student: Mrs. Renjitha J.                                                                      Registration No.: 10CC16J39001  

Faculty of Study: Chemical Sciences                                                                           Year of Submission: 2022  

AcSIR academic centre/CSIR Lab: CSIR-National  

Institute for Interdisciplinary  

Science and Technology (CSIR-NIIST)         Name of the Supervisors: Dr. Sasidhar B. S. and Dr. Mangalam S. Nair 

Title of the thesis: Design and Synthetic Studies on Plant Based Bioactives Against Metabolic Disorders 

Natural products are a rich source of human therapeutics. Different areas of natural product 

research have led to the development of the most commonly used drugs, worldwide. Plants 

produce secondary metabolites with different chemical diversity. Secondary metabolites are 

responsible for the particular therapeutic action. The first chapter deals with the importance of 

natural products in drug discovery and highlights FDA-approved natural product derived drugs 

and drug candidates for metabolic diseases. These contents also briefly outline the drug 

discovery process. 

The second chapter deals with the isolation of various phytochemicals from three 

selected plants of the Zingiberaceae family viz. Curcuma amada, Curcuma malabarica and 

Curcuma aromatica. GC-MS analysis of essential oil of C. amada also has been carried out in 

this chapter. All the isolated phytochemicals were well characterized using 1H NMR, 13C NMR, 

2D NMR and HRMS techniques. The isolated compounds are evaluated for their efficacy against 

pancreatic lipase and subjected for their toxicity studies.  

The third chapter discusses the design strategy adopted for the semi-synthetic 

transformation of one of the isolated compound, viz., (E)-labda-8(17),12-diene-15,16-dial into 

novel labdane appended triazole derivatives to enhance its biological potential. After designing 

molecules, we have performed molecular docking studies to identify the potential ligands which 

can inhibit Human pancreatic lipase. Next, the designed molecules are synthesized through click 

chemistry and the pancreatic lipase inhibition potential is evaluated. From the enzyme inhibition 

study, we have identified two lead molecules. 

 In the fourth chapter, we have successfully synthesized natural product derived labdane 

-pyrroles and pyrazoles with anti-hyperlipidemic efficacy. The rationale for designing natural 

products appended pyrrole and pyrazole is based on their biological potential. Through a one-pot 

reaction, we have synthesized all the designed molecules. The synthesized analogues are 

evaluated against triglyceride synthesis, cholesterol synthesis and HMG CoA reductase 

inhibition properties. One of the synthesized compounds showed promising potential than 

standard drugs fenofibrate, atorvastatin and pravastatin. 
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ABSTRACT: Obesity contributes to the genesis of many
metabolic disorders including dyslipidemia, coronary heart
disease (CHD), nonalcoholic fatty liver, type 2 diabetes, etc.
Pancreatic lipase plays a vital role in food fat digestion and
absorption. Therefore, to control obesity, inhibition of
pancreatic lipase is the active therapy. Thus, novel natural
product derived labdane appended triazoles with pancreatic
lipase inhibition potential were designed and synthesized.
Among these hybrids, 6b and 6f exhibited excellent inhibitory
activity (IC50 0.75 ± 0.02 μM and 0.77 ± 0.01 μM), slightly
better than that of the positive control Orlistat (IC50 0.8 ±
0.03 μM). Compounds 6c, 6e, and 6g−j inhibited the PL comparable to that of positive control. Interestingly none of the
compounds showed cytotoxicity (Hep G2) in the concentration range from 0.5 to 100 μM. Overall results reveal the potential
of labdane appended triazoles as antiobesity agents.

KEYWORDS: Zingiberaceae, curcuma amada, triazoles, pancreatic lipase inhibition, obesity related disorders

Obesity is a medical condition with excess body fat
accumulation to the extent which leads to serious health

consequences. Obesity contributes to the genesis of many
metabolic disorders, including dyslipidemia,1 coronary heart
disease (CHD),2 nonalcoholic fatty liver,3 type 2 diabetes,4 etc.
In 2017 WHO reported that global obesity has almost tripled
since 1975.5 As per literature, more than 340 million children
and adolescents between 5 and 19 aged are overweight or
obese.5 As a result, physicians are prompted to take aggressive
treatments in lifestyle changes, pharmacological interventions,
and surgical therapies before a severe consequence becomes
clinically apparent. Among these various treatments, pharma-
cotherapy is the most commonly used one.6,7

Pancreatic lipase plays a vital role in food fat digestion and
absorption.8 Therefore, to control obesity, inhibition of
pancreatic lipase enzyme is the active therapy. Among the
existing medicines, Orlistat is one such precise drug used for
the inhibition of pancreatic lipase. In recent times, natural/
herbal products have also been considered as an alternative
medicine for the treatment of obesity and related disorders.9,10

Many plant-based extracts have been reported for the
treatment of obesity and associated diseases. For instance,
ethanolic extracts of Terminalia paniculata showed very good

antilipase and antiobesity activities.11 Likewise, some terpenoid
saponins from the leaves of Acantho panaxsenticosus,12 the
phenolic acids from fermented oats,13 apple polyphenols,14 and
flavan-3-ol digalate esters of oolong tea are found to have
substantial pancreatic lipase inhibitory properties.15

Based on the traditional applications and its large medicinal
properties in a long history of Ayurvedic medicine, we have
selected Curcuma amada Roxb. for the exploration of its
inhibition properties against the pancreatic lipase. C. amada, an
edible ginger is one of the rhizomatous species in the
Zingiberaceae family. The rhizomes of C. amada are a rich
source of essential oils, and more than 130 phytochemicals are
isolated,16 which possess various biological properties, viz.
antimicrobial, antioxidant, anti-inflammatory, anticancer, car-
diovascular, and gastrointestinal disorders, etc.16−19

Therefore, in continuation of our focused ongoing research
interest in natural products and natural product based lead
molecule20−22 identification for therapeutic applications, in the
present work, we have isolated the major compound (E)-
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Labda-8(17),12-diene-15,16-dial. This was synthetically trans-
formed to rationally designed triazole appended analogues and
evaluated for their pancreatic lipase inhibitory potential. The
rationale for the targeted synthesis of triazole appended
analogues is based upon its broad spectrum of biological
properties.23,24 Triazole and pyrazole based synthetic drugs are
also well-known for the treatment of obesity and related
disorders (Figure 1).25−27 To begin with, the fresh rhizomes of

C. amada were collected from CTCRI, Thiruvananthapuram,
India, in February 2017. By following a standard protocol
(Supporting Information) compound 1 (E)-labda 8(17), 12-
diene-15,16-dial was isolated from the chloroform extract as a
colorless solid and confirmed by using various spectroscopic
data: IR, 1H NMR, 13C NMR, HRMS, etc.19,28 A series of
variously substituted triazole appended labdane derivatives
were prepared by a three-step protocol starting from
compound 1. When subjected to Jone’s oxidation, one of the
aldehydes of compound 1 is selectively oxidized into the acid
derivative, Zerumin A (2). The alkyne intermediate (3) of
Zerumin A is prepared in excellent yields by treating 2 with
propargyl bromide (Scheme 1). The propargylated labdane

undergoes the click reaction with various substituted benzyl
and phenacyl azides (5) at room temperature to provide 1,2,3-
triazole appended labdane derivatives (6a−q) in good to
excellent yields (Scheme 2). All the synthesized derivatives are
fully characterized by IR, NMR, and HRMS spectral data
(Supporting Information).
The isolated E-labda-8(17),12-diene-15,16-dial (1), semi-

synthetic intermediates, and targeted triazole appendages were
evaluated for the inhibitory activity against pancreatic lipase
(PL) (Method A)29 (Supporting Information). The parent
molecule labdane dial exhibited moderate activity. Among
those tested, the majority of the triazole hybrids showed strong
PL inhibitory activity in the concentration ranging from 0.75 to
14.63 μM. Initially, the percentage of enzyme inhibition of

compounds at various concentrations (1, 5, 10, and 20 μM)
was evaluated. At lower concentration of 1 μM, compounds 6b
and 6f showed inhibition of 75 to 80%. At 20 μM
concentration the derivatives 6b, 6c, 6e, 6f, 6g, 6h, and 6j
exhibited maximum inhibition percentage of 80 to 85 (Figure
2). The other compounds (6a, 6k, 6l, 6m, and 6q) also

showed better tendency to inhibit the PL. In contrast, few
derivatives (6d, 6i, 6n, 6o, and 6p) failed to show any
significant effect on pancreatic lipase. Overall, the labdane-
triazole hybrids inhibited the PL through a concentration
dependent manner.
Isolates and synthetic derivatives are tested at concentrations

1−20 μM. Each experiment was independently performed four
times in duplicate and expressed as mean ± SD (n = 4).
In an attempt to validate the potential of the compounds,

the PL inhibitory activity was repeated using human pancreatic
lipase (Method B)30 (Supporting Information). As expected,
the compounds followed the similar trend in exhibiting the

Figure 1. Rationale for the synthesis of labdane appended triazoles.

Scheme 1. Synthesis of Propargylated Labdane (3) and
Substituted Benzyl and Phenacylazides (5a−q)

Scheme 2. Synthesis of Labdane Appended Triazoles by
Click Chemistry (6a−q)

Figure 2. Percentage inhibition of isolates and synthetic derivatives
against pancreatic lipase in various concentrations.
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inhibitory potential with IC50 values in the range of 1.10−
14.48 μM concentration. The derivatives 6b, 6c, 6g, and 6h
presented maximum PL inhibition percentage of 80 to 85 at 15
μM concentration (Figure 3). Similarly, triazole analogues 6d,

6i, 6n, 6o, and 6p have failed to inhibit the human pancreatic
lipase. The IC50 values of active compounds with maximum
inhibitory potential are calculated and summarized in Table 1.

The IC50 results revealed (Method A) that the labdane traizole
appendages 6b and 6f exhibited an excellent inhibitory activity
with 0.75 ± 0.02 μM and 0.77 ± 0.01 μM, respectively, which
is slightly better than that of positive control Orlistat (IC50 0.8
± 0.03 μM). Compounds 6c, 6e, and 6g−j inhibited the
pancreatic lipase comparable to that of positive control in the
range IC50 0.8 to 0.9 μM, whereas, the parent molecule 1,
semisynthetic intermediates 2 and 3, and labdane triazole
derivatives 6a, 6k, 6l, and 6m showed moderate potency in the
range of IC50 5.35−14.63 μM. However, against the human

pancreatic lipase (Method B), labdane triazole appendages 6b
and 6f being the more potent analogues exhibited the
inhibitory activities with IC50 values 1.1 ± 0.53 μM and 1.25
± 0.78 μM, respectively. Compounds 6c, 6e, and 6g−j also
showed promising ability in inhibiting the PL with IC50 values
in the range of 1.65 to 2.31 μM. The parent molecule and
other derivatives showed moderate activity. The preliminary
studies also revealed that the compounds are bound to the
active site of PL and probably exhibited a covalent interaction
with PL. Nevertheless, extended kinetics and crystallographic
studies are to be conducted for further authentication of a
mode of interaction. We believe this is the first report on the
pancreatic lipase inhibitory activity of labdane dial and its
semisynthetic triazole appendages.
Isolates and synthetic derivatives are tested at concentrations

0.5−15 μM. Each experiment was independently performed
four times in duplicate and expressed as means ± SD (n = 4).
From a structure−activity relationship point of view, we

observed that the labdane-triazole hybrids incorporating benzyl
azides (6a−l) were more active than the phenacyl azides (6m−
q). Most of the analogues synthesized from benzyl azides
exhibited excellent inhibition properties, slightly better than or
equal to that of Orlistat. In contrast, the triazole analogues
synthesized from phenacyl azides (6m−q) did not show any
significant inhibition potential except for compound 6m.
Precisely, among the triazoles incorporated from the variously
substituted benzyl azides, all the para-substituted analogues
showed the lowest IC50. However, the unsubstituted (6a),
ortho- and meta-substituted benzyl azide incorporated triazole
appendages showed moderate activity. Interestingly, there was
no clear trend followed by the nature of the para substitution,
i.e., among the halogen, electron donating, and electron
withdrawing groups. Overall, among the various substituted
hybrids 6b and 6f with p-F and p-Cl substituted benzyl azide
incorporated triazole appendages were found to be the most
potent candidates of the series.
Molecular docking studies have also been performed31 in the

present study to understand the basic knowledge on how these
compounds have blocked human pancreatic lipase activity.
There were 20 compounds docked on human pancreatic lipase
to understand their possible binding site with respect to the
binding energies of structure conformations of compounds
(Figure 4; Figure S, Supporting Information). The top ranked
stable structure conformations on protein have shown the least
Gibb’s free binding energies. The docking results have shown
that all the triazole derivatives are able to interact with lipase at
the possible predicted site with different binding energies
(Table S; Supporting Information). However, further exper-
imental studies (i.e., site directed mutagenesis) are much

Figure 3. Percentage of isolates and synthetic derivatives against
human pancreatic lipase in various concentrations.

Table 1. 50% Inhibitory Concentration (IC50) Evaluation of
Labdane Appended Triazoles

IC50 (μM)a

Compound Method A Method B

1 14.63 ± 0.11 14.48 ± 0.51
2 10.30 ± 2.71 11.75 ± 0.64
3 8.64 ± 3.13 7.38 ± 0.77
6a 5.35 ± 1.20 9.15 ± 0.27
6b 0.75 ± 0.02 1.1 ± 0.53
6c 0.85 ± 0.03 2.01 ± 0.73
6e 0.80 ± 0.05 1.65 ± 0.93
6f 0.77 ± 0.01 1.25 ± 0.78
6g 0.91 ± 0.02 2.28 ± 0.88
6h 0.95 ± 0.02 2.31 ± 0.62
6j 0.84 ± 0.07 1.87 ± 0.14
6k 4.43 ± 1.02 6.90 ± 0.73
6l 10.36 ± 2.20 13.48 ± 0.53
6m 6.22 ± 2.04 7.82 ± 0.48
Orlistat 0.80 ± 0.03 0.19 ± 0.62

aThe IC50 values of PL inhibitory activity for selected compounds and
the positive control Orlistat. Values are mean ± SD of four
independent experiments performed in duplicates.

Figure 4. Representative molecular docking studies of compound 6e.
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needed to understand the precise mechanism of action of these
compounds. This data provided us a vital clue about the
interaction sites, which helps in our future in-depth studies
toward lipase inhibition.
Further, in vitro toxicity of isolated and semisynthetic

derivatives is carried out to analyze the effect of compounds on
human liver cell lines. This method is primarily used to identify
potentially hazardous compounds and their toxic effect in the
early stage of development of therapeutic drugs. The
cytotoxicity of compounds on Hep G2 human liver
carcinoma-derived cell lines was measured by MTT assay.32

The cytotoxic effect of each compound was estimated by
calculating the percentage of cell viability in a dose-dependent
manner ranging from 0.5 μM to 100 μM (Figure 5). Based on

the percentage of cell viability, compounds 6a, 6c, 6f, 6g, 6h,
6j, 6k, and 6q were found to be the least toxic on Hep G2
human liver cell lines, and none of the compounds showed any
signs of toxicity at all the tested concentrations.
The cytotoxic effect of each compound is expressed as

percentage of cell viability in a dose dependent manner. Values
are mean ± SD of four independent experiments performed in
duplicates.
In summary, a new series of natural product derived

labdane-triazole hybrids were designed, synthesized, and
evaluated for pancreatic lipase inhibitory potential. Among
the semisynthetic derivatives, 6b and 6f are the most active
candidates of the series with excellent PL inhibitory activity
slightly higher than that of the positive control Orlistat.
Hybrids 6c, 6e, and 6g−j inhibited the PL comparable to that
of positive control. The structure−activity relationship studies
suggested that the p- substitution on benzyl azides seems to be
vital for improved PL inhibition. Cytotoxicity of the
compounds on Hep G2 human liver carcinoma-derived cell
line was measured by MTT assay. Based on the percentage of
cell viability, none of the compounds showed any signs of
toxicity at all the tested concentrations. This is the first report
on the PL inhibitory activity of labdane dial and its
semisynthetic triazole appendages. Our findings will provide
useful insights for the design and synthesis of novel PL
inhibitors. Presently, a detailed study to elucidate the
molecular mechanistic action of an antiobesity effect of the

compounds 6b and 6f by using in vitro and in vivo
experimental models and structural optimization is in progress
in our laboratory.
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A B S T R A C T   

Hyperlipidemia is the clinical condition where blood has an increased level of lipids, such as cholesterol and 
triglycerides. Therefore controlling hyperlipidemia is considered to be a protective strategy to treat many 
associated diseases. Thus, a novel natural product derived pyrrole, and pyrazole-(E)-Labda-8(17),12-diene- 
15,16-dial conjugates with cholesterol and triglycerides synthesis inhibition potential was designed through 
scaffold hopping approach and synthesized via one-pot selective cycloaddition. Amongst the tested hybrids, 3i 
exhibited excellent activity against triglyceride and cholesterol synthesis with the percentage inhibition of 71.73 
± 0.78 and 68.61 ± 1.19, which is comparable to the positive controls fenofibrate and atorvastatin, respectively. 
Compounds 3j and 3k also exhibited the considerable potential of promising leads. The HMG CoA reductase 
inhibitory activity of the compounds was consistent with that of inhibitory activity of cholesterol synthesis. 
Compound 3i showed the highest inhibitory potential (78.61 ± 2.80) percentage of suppression, which was 
comparable to that of the positive control pravastatin (78.05 ± 5.4). Favourably, none of the compounds showed 
cytotoxicity (HepG2) in the concentration ranging from 0.5 to 100 μM.   

1. Introduction 

Hyperlipidemia is a metabolic disorder characterized by higher 
levels of cholesterol, triglycerides (TG) or both in plasma [1], and it is a 
major known risk factor for atherosclerosis, coronary heart diseases 
(CHD), myocardial infarction, ischemic stroke, etc. [2]. The World 
Health Organization has reported that elevated levels of plasma 
cholesterol concentrations affect approximately 40% of the global 
population’s health [3]. Therefore to control hyperlipidemia is one of 
the major challenges worldwide. It is well reported that a 10% drop in 
serum cholesterol level will reduce the risk of CHD by 30% [4,5]. 
Hyperlipidemia is most commonly associated with high-fat diets, a 
sedentary lifestyle, obesity and diabetes. The pathophysiology of obesity 
is closely allied with dyslipidemia, in particular the formation of 
excessive lipid deposits in non-adipose tissue, such as the liver [6–8]. 
Thus, controlling hyperlipidemia is considered to be a protective strat-
egy to treat obesity [9,10]. Statins are the most widely used therapeutic 
agents to reduce hyperlipidemia by inhibiting cholesterol synthesis 

(Fig. 1). Lovastatin is the first FDA approved drug for the treatment of 
high-level cholesterol [11]. Simvastatin, a semisynthetic derivative of 
lovastatin and many other semisynthetic and synthetic statins are also 
presently in practice. Amongst the currently available statins, atorvas-
tatin is one of the most prescribed medications to treat abnormal lipid 
levels (Fig. 1) [11–14]. However; several unwarranted side effects are 
reported for the existing statins [15]. In light of these reports, the me-
dicinal chemists are actively engaged in the development of new and 
safer therapeutic agents from natural-product based approaches. 

In the past, few plant species are well documented for their anti- 
hyperlipidemic potential, this includes plant extracts, phytochemicals 
and semisynthetic derivatives of phytochemicals [16–20]. The families 
such as, Amaranthus, Lamiaceae, Asteraceae, Malvaceae, Myrtaceae, 
Fabaceae and Apiaceae contributes large number of lipid-lowering 
agents. The active phyto-constituents such as flavonoids, polyphenols, 
terpenoids, alkaloids, saponins, etc. are responsible for the therapeutic 
potential of these plant species [21]. A few reports reveal, anti- 
hyperlipidemic efficacy of C. amada, which belongs to the 
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Zingiberaceae family. Srinivasan, et al. reported the hypotriglyceridemic 
activity of C. amada [22] and they also disclosed anti- 
hypercholesterolemic potential by treating hypercholesterolemic in 
rats [23]. Recently, we have identified promising anti-obesity leads of 
triazole appended - labdanes via pancreatic lipase inhibition studies 
[24]. In continuation of our discovery programme on natural products 
and bioactive heterocycles [25–30], herein, we isolated the potential 
and abundant bioactive molecule (E)-Labda-8(17),12-diene-15,16-dial 
from C. amada by following our previously reported process [24] and 
synthetically modified to (E)-Labda-8(17),12-diene-15,16-dial-pyrrole 
and (E)-Labda-8(17),12-diene-15,16-dial-pyrazoles. The efficacy of 
compounds on the inhibition of lipid droplet formation, inhibition of TG 
and cholesterol synthesis in the culture medium of human liver carci-
noma cell lines, viz HepG2 cells successfully evaluated. 

C. amada is a rhizomatic aromatic herb from the Zingiberaceae 
family, and it is commonly known as mango ginger because of raw 
mango-like flavor [31]. It has a long history from folk medicine to many 
culinary preparations. The rhizomes are rich in essential oil [32], and 
more than 130 biologically active compounds are isolated [33]. It ex-
hibits full range of biological activities which includes anticancer [34], 
antibacterial, antifungal, hypotriglyceridemic, CNS depressant and 
analgesic activity etc. [35]. The rationale for the designed hybrids is 
schematically represented by the molecular hybridization approach in 
Fig. 1. As depicted in Fig. 1, labdane terpenes, pyrroles, and pyrazole 
constitute a crucial central core in many of the FDA approved statin 
drugs [11–14]. Besides, pyrrole and pyrazole represent as a vital scaffold 
in medicinal chemistry with their diverse pharmacological properties 
[36–39]. Therefore, we emphasize that the molecular hybridization of 
these pharmacophores in single entity will enrich the pharmacological 
properties in finding the potent “leads” as Anti-hyperlipidemic agents. 

2. Results and discussion 

2.1. Chemistry 

To start with, fresh samples of C. amada rhizomes collected from 
CTCRI, Thiruvananthapuram, India during February 2019. By adopting 
our previous protocol [24], we have isolated the abundant (E)-labda 8 
(17), 12-diene-15, 16-dial from the chloroform extract as a colourless 
solid and structure confirmed by using various spectroscopic charac-
terization and analytical data. From the (E)-labda 8(17), 12-diene − 15, 
16-dial (1), a library of (E)-Labda-8(17),12-diene-15,16-dial appended 
pyrroles (Scheme 1) and pyrazoles (Scheme 2) synthesized via one-pot 
cascade protocol. (E)-labda 8(17), 12-diene-15, 16-dial (1) undergoes 

metal-free, acid catalysed cyclocondensation with various substituted 
anilines (2) in THF at room temperature to produce (E)-Labda-8(17),12- 
diene-15,16-dial appended-1H-pyrrole-3-carbaldehydes (3) (Scheme 1). 
Similarly, a [3 + 2] cycloaddition of 1 and dialkyl azodicarboxylate (4) 
in DCM at room temperature has led to the 1H-pyrazole-1,2(3H)-dicar-
boxylate (E)-Labda-8(17),12-diene-15,16-dial appendages (5) (Scheme 
2). All the semi-synthetic derivatives are well characterized by IR, 1H, 
13C NMR and HRMS analysis (Supporting information). 

2.2. Biology 

As we know, the synthesis of TG and cholesterol is essential for the 
normal physiological function of the body. But if the integration exceeds 
its breakdown, that will deposit on adipose tissue as well as non-adipose 
tissue which leads to hyperlipidemia and related consequences. It has 
reported that the inhibitions of lipid accumulation, inhibition of TG and 
cholesterol synthesis are an effective strategy to control hyperlipidemia 

Fig. 1. Molecular hybridization approach led to the discovery of novel (E)-Labda-8(17),12-diene-15,16-dial hybrids (a: lovastatin, b: simvastatin, c: atorvastatin, 
d: rimonabant). 

Scheme 1. One-pot synthetic strategy for the (E)-Labda-8(17),12-diene-15,16- 
dial appended pyrrolesa. aReagents and conditions: (a) THF, AcOH, rt (1-2hrs). 
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and related complications. Many researchers demonstrated that natural 
compounds from medicinal plants are capable of controlling hyperlip-
idemia. In order to develop alternative therapeutic entities from natural 
products, we have isolated the compound 1 from C. amada [24] and 
synthesized a series of (E)-Labda-8(17),12-diene-15,16-dial appended 
pyrrole and pyrazole targets. Therefore we examined the efficacy of 
compounds on the inhibition of lipid droplet formation, inhibition of TG 
and cholesterol synthesis in the culture medium of human liver carci-
noma cell lines, viz HepG2 cells. The HMG CoA reductase inhibitory 
activity of the compounds further confirms the inhibitory potential of 
cholesterol synthesis. 

2.2.1. MTT assay 
To begin with, the toxicity of the compounds was tested in HepG2 

cell lines by MTT assay (Fig. 2) [40,41]. Cytotoxic effect of each com-
pound expressed as a percentage of cell viability in a dose-dependent 
manner. Values are mean ± SD of four independent experiments per-
formed in duplicates. The results of the study displayed that none of the 
compounds caused any toxicity at all the tested concentrations. More 
than 91 percent of cell viability observed when cells pretreated with 100 
μM levels of test compounds for 48 hrs. 

2.2.2. The effect of compounds on lipid droplet accumulation in HFA 
treated HepG2 cells 

Next, to see the effect of compounds on lipid droplet accumulation in 
high fatty acid rich (HFA) medium treated HepG2 cells, oil red O 
staining assay was performed (Figs. 3 & 4) [40,41]. Initially, we have 
conducted a preliminary screening of the compounds with concentration 
ranging from 0.5 µM to 100 µM on HFA medium treated HepG2 cells to 
identify the most potent concentration with a maximum inhibition of 
lipid accumulation. It was observed that most of the compounds showed 
maximum efficacy at 10 µM concentration (data not included). Hence, 
all the comparative studies were performed at 10 µM concentration. The 
relative intensity of lipid accumulation was also analyzed (Fig. 4). The 
results showed that the number of lipid droplets formation in HepG2 
cells treated with the compounds were less than the control groups. As 
depicted in Fig. 4, compound 3i showed highest lipid accumulation 
inhibitory activity, which was comparable to that of the positive control 
fenofibrate (FF). Compounds 3j and 3k also showed significant activity 
when compared to other derivatives. The labdane appended pyrazole 
molecules 5a, 5b and 5c exhibited the lowest activity. However, 3l-3r 
failed to show any effect on lipid accumulation. 

2.2.3. Effect of compounds on the inhibition of triglyceride synthesis in 
HepG2 cells 

Subsequently, we investigated whether the synthesized derivatives 
could inhibit triglyceride (TG) accumulation in HepG2 cells [40,41]. The 
TG levels were analyzed in HepG2 cells in HFA induced medium and test 
compounds for 24 hrs (Table 1) at two different concentrations viz. 5 
and 10 µM. The findings reveal that the synthesis of TG has significantly 
decreased in a dose-dependent manner in compound treated HepG2 
cells. The percentage inhibition of TG synthesis at 10 µM varies from 
71.73 ± 0.78 to 37.25 ± 1.13 (Table 1). All the compounds except 3a, 
3c, 5a, 5b and 5c showed significant efficacy than the parent molecule 
1. One of the derivative 3i exhibited the highest percentage of the 
inhibitory potential of TG synthesis with 71.73 ± 0.78, which is com-
parable to that of the positive control FF (74.01 ± 0.33). Also, the 
compounds 3j, 3k, 3f and 3g showed a considerable TG synthesis 
inhibitory potential of 64.22 ± 0.61, 62.30 ± 0.38, 53.94 ± 1.32 and 
51.51 ± 1.21 percent respectively. Surprisingly, pyrazole derivatives 5a, 
5b and 5c exhibited weak inhibition of TG synthesis. 

2.2.4. Evaluation of effect of compounds on the inhibition of cholesterol 
synthesis in HepG2 cells 

We further examined the effect of test compounds on the inhibition 
of cholesterol synthesis in HFA rich medium treated HepG2 cells 
(Table 2) [40,41]. The results revealed that the inhibition of cholesterol 
synthesis showed a concentration-dependent effect. The percentage in-
hibition of cholesterol synthesis at 10 µM varies from 68.61 ± 1.19 to 
46.32 ± 1.34. All the compounds except 3a, 5a, 5b and 5c showed a 
marked increase in the inhibition of cholesterol synthesis. As antici-
pated, compound 3i showed a consistent activity in the inhibition of 
cholesterol synthesis with the highest (68.61 ± 1.19) percentage of 
suppression, which was comparable to that of the positive control 
atorvastatin (AS) (70.19 ± 0.64). Compounds 3j, 3k, 3h, 3f and 3g also 
showed a substantial percentage of inhibition with 65.81 ± 0.85, 63.51 
± 0.04, 62.07 ± 1.65, 60.48 ± 1.09 and 57.65 ± 1.92 respectively at 10 
µM concentration. In line with other assays, here also the pyrazole de-
rivatives showed the lowest efficiency among the tested compounds. 

2.2.5. Evaluation of effect of compounds on the inhibition of HMG CoA 
reductase enzyme 

We further examined the effect of test compounds on the inhibition 
of HMG CoA reductase enzyme, a rate limiting enzyme in the cholesterol 
synthesis pathway (Fig. 5). We used an in vitro HMG CoA reductase 
detection assay kit, which is designed to screen for different inhibitors/ 
activators of the purified catalytic subunit of the enzyme. Since, most of 
the compounds showed maximum efficacy at 10 µM concentration, we 

Scheme 2. One-pot access for the (E)-Labda-8(17),12-diene-15,16-dial 
appended pyrazoles. Reagents and conditions: (a) DCM,PPh3, rt (2-3hrs). 

Fig. 2. Cytotoxic study of isolates and selected semi-synthetic derivatives by 
MTT assay. 
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evaluated the % of HMG CoA reductase enzyme inhibition at 10 µM 
concentration and presented the data for the same. The percentage in-
hibition of cholesterol synthesis at 10 µM varies from 78.51 ± 2.80 to 
45.87 ± 2.50. The HMG CoA reductase inhibitory activity of the com-
pounds was consistent with that of inhibitory activity of cholesterol 
synthesis. All the compounds except 3a, 5a, 5b and 5c exhibited sig-
nificant inhibition of HMG CoA reductase enzyme. Consistent with the 
results of cholesterol synthesis, compound 3i showed the highest per-
centage of inhibitory potential (78.61 ± 2.80), which is comparable to 
that of the positive control pravastatin (PS) (78.05 ± 5.4). Compounds 
3j, 3k, 3h, 3f and 3g also showed a considerable percentage of inhibi-
tion with 77.59 ± 6.9, 74.94 ± 8.27, 71.81 ± 1.84, 68.47 ± 9.42 and 
65.47 ± 6.03 respectively at 10 µM concentration. Similar to cholesterol 
synthesis, the pyrazole derivatives (5a-c) displayed the lowest activity 
among the tested compounds. 

2.3. Structure activity relationship (SAR) studies 

From the Structure-activity relationship (SAR) studies, amongst the 
novel pyrrole and pyrazole conjugated (E)-Labda-8(17),12-diene-15,16- 
dial, the pyrroles (3a-k) are more potent than pyrazole derivatives (5a- 
c). In pyrrole series, 1-(4-hydroxyphenyl)-2-((5,5,8a-trimethyl-2-meth-
ylenede-cahydronaphthalen-1-yl)methyl)-1H-pyrrole-3 carbaldehyde 
(3i) exhibited highest efficacy, which is more potent than the parent 
molecule (E)-labda 8(17), 12-diene-15, 16-dial (1) and comparable to 
that of positive controls. Analogues 3j and 3k with m-OH and m, p- 
disubstituted-CH3 functionality respectively also exhibited excellent 
efficacy. However, the analogues 3l-r did not show any significant in-
hibition potential. The potency of these molecules may be attributed to 
the synergistic interaction of the (E)-Labda-8(17),12-diene-15,16-dial 

Fig. 3. The effect of compounds and standard drug FF (Fenofibrate) on lipid droplet accumulation in HepG2 cells by oil red O staining: Representative microscopic 
images of oil red O stained HepG2 cells treated with compounds or FF (10 μM). NC (normal control), without any treatment; VC (vehicle control) − 0.1% DMSO 
treated cells cultured in high fatty acid rich medium. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 

Fig. 4. The effect of compounds and standard drug FF (Fenofibrate) on lipid 
droplet accumulation in HepG2 cells by oil red O staining: Absorbance 
measured at 490 nm after oil-red-O staining and data is presented as % of 
control. Results are mean ± SD, (n = 4).]. VC (vehicle control) − 0.1% DMSO 
treated cells cultured in high fatty acid rich medium. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web 
version of this article.) 

Table 1 
The effect of compounds on percentage inhibition of TG synthesis in high fatty 
acid treated HepG2 cells.a  

Compounds TG level (mg/dl) 
5 µM 

TG level (mg/dl) 
10 µM 

% Inhibition (10 
µM) 

NC 15.00 ± 0.15   
VC 90.50 ± 0.49   
1 55.00 ± 1.41 49.50 ± 0.70 45.51 ± 0.71 
3a 66.00 ± 1.21 54.05 ± 0.91 40.51 ± 1.02 
3b 50.00 ± 0.70 49.50 ± 1.41 45.51 ± 0.68 
3c 64.60 ± 1.06 51.65 ± 2.33 43.15 ± 1.17 
3d 50.00 ± 1.41 46.75 ± 2.19 48.54 ± 0.85 
3e 50.10 ± 1.97 46.00 ± 0.42 49.37 ± 0.46 
3f 45.00 ± 1.41 41.85 ± 1.41 53.94 ± 1.32 
3g 49.30 ± 1.83 44.05 ± 3.11 51.51 ± 1.21 
3h 42.00 ± 2.82 38.70 ± 1.90 46.96 ± 0.24 
3i 39.00 ± 2.12 27.50 ± 0.70 71.73 ± 0.78 
3j 42.50 ± 1.76 32.50 ± 0.60 64.22 ± 0.61 
3k 45.00 ± 0.70 34.25 ± 2.12 62.30 ± 0.38 
5a 64.00 ± 2.12 55.85 ± 1.41 38.52 ± 0.23 
5b 60.00 ± 2.12 55.00 ± 1.41 39.46 ± 0.52 
5c 68.00 ± 0.70 57.00 ± 1.41 37.25 ± 1.13 
FF(10 µM) – 23.00 ± 2.12 74.01 ± 0.33  

a Data is presented as mean ± SD of five different experiments at P ≤ 0.05. % 
inhibition of TG synthesis in HepG2 cells were calculated at 10 µM concentra-
tion. FF (Fenofibrate) at 10 µM concentration is used as positive control. NC 
(normal control), without any treatment, VC (vehicle control) − 0.1% DMSO 
treated cells cultured in high fatty acid rich medium. 
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core, pyrrole ring, and aromatic ring linked to the nitrogen atom on the 
pyrrole ring. Even though, all the molecules possess these scaffolds, 
precisely the improved activity of some molecules amongst others may 
be due to the electronic properties of an aromatic ring which comes from 
various substitutions. In molecule 3i, there is an electron-withdrawing 
–OH group present in the para position of the aromatic ring. Here the 
p-OH group may play an important role in the inhibition of TG and 
cholesterol synthesis through hydrogen bonding interactions. The mol-
ecules 3j and 3k with m-OH and m, p-disubstituted-CH3 functionality 
also showed better activity. Compound 3a with electron-donating p-CH3 
substitution on the aromatic ring possesses least activity among the 
other tested derivatives of pyrroles. However, there is no significant 
trend in the activity of the molecules followed by the nature of electron- 
donating and electron-withdrawing groups on the aromatic ring. Over-
all, among the variously substituted pyrrole conjugated (E)-Labda-8 
(17),12-diene-15,16-dial, 3i with p-OH substituted aromatic ring was 
found to be the most potent molecule. These findings established that 
the synthesized hybrids could be utilized as effective lead candidates in 

the treatment of dyslipidemia and related complications. However, 
further detailed molecular biology studies are required to confirm its 
mechanism of action and other pharmacological properties to promote 
as a safe clinical candidate. 

3. Conclusion 

In conclusion, the design of tailor-made analogues conceived from 
the structural features of known ligands has paved the way for the dis-
covery of promising pyrrole appended (E)-Labda-8(17),12-diene-15,16- 
dial synthesized via semi-synthetic strategy. The study reveals (E)- 
Labda-8(17),12-diene-15,16-dial derived pyrroles play a significant role 
in controlling hyperlipidemia by inhibiting TG and cholesterol synthesis 
in HepG2 cells. The HMG CoA reductase inhibitory activity of the 
compounds was consistent with that of inhibitory activity of cholesterol 
synthesis. Amongst, synthesized pyrrole derivatives, 3i possess the 
highest efficacy, which is comparable to the positive control Fenofi-
brate, Atorvastatin and Pravastatin. To the best of our knowledge this is 
the first report on the natural product derived (E)-Labda-8(17),12-diene- 
15,16-dial appended pyrrole and pyrazole analogues as anti- 
hyperlipidemic agents. Nonetheless, further detailed investigations are 
in progress to explore the lead analogue 3i as a potent and safe thera-
peutic clinical candidate 

4. Experimental 

All the reagents used for the isolation, pyrrole and pyrazole synthesis 
were purchased from sigma-Aldrich and Spectrochem. Dulbecco’s 
Modified Eagle’s Medium (DMEM-high glucose), trypsin-EDTA and 100 
U/Lml penicillin-streptomycin (100 µg/ml) mix, were purchased from 
Himedia Pvt Ltd (Mumbai, India). Fetal bovine serum (FBS) was from 
Gibco (Grand Island, NY). 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl 
tetrazolium bromide (MTT), linoleic acid, palmitic acid, BSA, para-
formaldehyde, oil red O, fenofibrate and atorvastatin were purchased 
from Sigma-Aldrich (U.S.A). Total cholesterol assay kit was purchased 
from Cell Biolabs, Inc (CA, U.S.A) and triglyceride quantification 
colorimetric assay kit was purchased from Biovision (CA, U.S.A). Human 
hepatoma cells were obtained from the NCBS (National Centre for Bio-
logical Sciences, Pune). HMG CoA reductase activity was assessed based 
on the oxidation of NADPH by using screening assay kit assay (Sigma 
Aldrich, USA) as per the manufacturer’s instructions. Solvents were 
purchased from Merck and were distilled before use. TLC plates (silica 
gel 60 F254) used for monitoring the purity of the isolated compounds 
and the reaction progress. Column chromatographic techniques were 
used for the isolation of natural compounds and its analogues. Heidolph 
rotary evaporator was used for the removal of solvents. The absorbance 
was recorded at 540 nm by the Elisa reader. The IR spectra were 
recorded on Bruker Alpha-T FT-IR spectrophotometer. The 1H and 13C 
NMR spectra were recorded at 500 MHz and 125 MHz respectively on 
Bruker AMX 500 MHz FT NMR and 125 MHz spectrometer. Tetrame-
thylsilane (TMS) was used as an internal standard, chemical shifts are 
expressed in δ scale and coupling constant in Hertz. Mass spectra were 
recorded under HRMS (ESI) using Thermo Scientific Exactive Orbitrap 
mass spectrometer. 

4.1. Chemistry 

4.1.1. Isolation of E-labda 8(17),12-diene-15,16-dial (1) 
One kilogram of the dried powdered rhizomes of C. amada was 

extracted four times with chloroform. After the removal of solvent, 45 g 
of the crude extract was obtained. 30 g of the crude extract was chro-
matographed on silica gel (100–200 mesh). The column was eluted with 
mixture of ethylacetate-hexane of increasing polarity. The fraction ob-
tained from 5% ethylacetate-hexane on subjected to crystallization 
using hexane to yield pure compound 1 (E-labda 8(17), 12-diene − 15, 
16-dial, 10 g) as colorless solid. The structure of the compound was 

Table 2 
The effect of compounds on inhibition of cholesterol synthesis in high fatty acid 
treated HepG2 cells.a  

Compounds Total cholesterol 
(mg/dl) 5 µM 

Total cholesterol 
(mg/dl) 10 µM 

% Inhibition 
(10 µM) 

NC 26.58 ± 1.73   
VC 71.36 ± 0.08   
1 41.01 ± 0.68 33.56 ± 1.07 52.98 ± 1.57 
3a 43.74 ± 0.71 35.32 ± 0.98 50.51 ± 1.45 
3b 40.82 ± 0.98 32.66 ± 0.64 54.23 ± 0.83 
3c 48.14 ± 0.30 33.69 ± 1.32 52.79 ± 1.78 
3d 37.98 ± 0.79 31.50 ± 1.24 55.86 ± 1.80 
3e 40.00 ± 0.21 33.13 ± 0.96 53.57 ± 1.41 
3f 40.03 ± 0.14 28.19 ± 0.82 60.48 ± 1.09 
3g 35.71 ± 1.01 30.22 ± 1.32 57.65 ± 1.92 
3h 37.32 ± 0.76 27.07 ± 1.21 62.07 ± 1.65 
3i 29.75 ± 1.06 22.40 ± 0.82 68.61 ± 1.19 
3j 32.43 ± 1.31 24.39 ± 0.64 65.81 ± 0.85 
3k 32.27 ± 1.37 26.04 ± 0.07 63.51 ± 0.04 
5a 45.68 ± 0.64 36.95 ± 1.16 48.22 ± 1.71 
5b 43.23 ± 0.12 36.03 ± 0.70 49.50 ± 1.05 
5c 46.71 ± 1.05 38.31 ± 0.90 46.32 ± 1.34 
AS (10 µM) – 21.27 ± 0.48 70.19 ± 0.64  

a Data is presented as mean ± SD at P ≤ 0.05 of five different experiments. % 
inhibition of cholesterol synthesis in HepG2 cells were calculated at 10 µM 
concentration. AS (atorvastatin) at 10 µM concentration is used as positive 
control. NC (normal control), without any treatment, VC (vehicle control) 
− 0.1% DMSO treated cells cultured in high fatty acid rich medium. 

Fig. 5. The effect of compounds on the inhibition of HMG CoA reductase 
enzyme. PS (positive control pravastatin). 
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confirmed by various spectroscopic and analytical techniques such as IR, 
1H NMR, 13C NMR, HRMS and comparison with the reported literature 
[42,43]. 

4.1.2. General procedure for the synthesis of (E)-Labda-8(17),12-diene- 
15,16-dial -pyrrole analogues (3a-3r) 

To a solution of E-labda 8(17),12-diene − 15,16-dial (1equiv.), 
various substituted aniline (1.5 equiv.) in THF solvent, acetic acid (6 
equiv.) was added drop wise. The resulting mixture was stirred at room 
temperature for 1–2 h and the progress of the reaction was monitored by 
TLC. After completion of the reaction, the content was extracted with 
ethylacetate, washed with brine and the compound was dried over 
anhydrous Na2SO4 and the solvent was removed under reduced pres-
sure. The product was purified by column chromatography using eth-
ylacetate and hexane as solvents [44]. 

4.1.2.1. Synthesis of 1-(p-tolyl)-2-((5,5,8a-trimethyl-2-methylenedecahy-
dronaphthalen-1-yl)me- thyl)-1H-pyrrole-3-carbaldehyde (3a). The com-
pound 3a was prepared by the reaction of E-labda 8(17),12-diene 
− 15,16-dial (30 mg, 1equiv.) and 4-methylaniline (15.96 mg, 1.5 
equiv.) in THF (3 ml) as per the method described in the section 4.1.2. 
Yield: 31% (12 mg); IR (NaCl, νmax, cm− 1): 3308, 2960, 2848, 1944, 
1732, 1666, 1530, 1495;1H NMR (500 MHz, CDCl3) δ: 9.98(s, 1H), 7.30 
(d, J = 8 Hz, 2H), 7.16(d, J = 8.5 Hz, 2H), 6.64(d, J = 3 Hz, 1H), 6.62(d, 
J = 3 Hz, 1H), 4.60(s, 1H), 4.32(s, 1H), 3.07(m, 2H), 2.44(s, 3H), 
2.20–1.01(m, 12H), 0.78(s, 3H), 0.73(s, 3H), 0.61(s, 3H);13C NMR (125 
MHz, CDCl3) δ: 186.06, 147.98, 142.17, 138.52, 136.97, 129.97, 
126.26, 123.69, 123.40, 109.54, 107.30, 55.66, 55.50, 42.04, 39.94, 
38.52, 38.07, 33.56, 33.45, 24.30, 21.59, 21.10, 20.94, 19.25, 14.04; 
HRMS (ESI) m/z: [M+H]+ calcd for C27H35NO is 390.2797, found 
390.2809. 

4.1.2.2. Synthesis of 1-(4-methoxyphenyl)-2-((5,5,8a-trimethyl-2 methyl-
enede cahydronaphthale- n-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3b). 
The compound 3b was prepared by the reaction of E-labda 8(17),12- 
diene − 15,16-dial (30 mg, 1equiv.) and 4-methoxyaniline (18.34 mg, 
1.5 equiv.) in THF (3 ml) as per the method described in the section 
4.1.2. Yield: 42% (18 mg); IR (NaCl, νmax, cm− 1): 3642, 3273, 2924, 
2851, 1870, 1896, 1737, 1718, 1701, 1652, 1591, 1543, 1513, 1460; 1H 
NMR (500 MHz, CDCl3) δ: 9.98(s, 1H), 7.20(d, J = 9 Hz, 2H), 7.00(d, J 
= 9 Hz, 2H), 6.63(d, J = 3.5 Hz, 1H), 6.60(d, J = 3 Hz, 1H), 4.62(s, 1H), 
4.33(s, 1H), 3.88(s, 3H), 3.16–2.98(m, 2H), 2.21–0.84(m, 12H), 0.79(s, 
3H), 0.74(s, 3H), 0.62(s, 3H);13C NMR (125 MHz, CDCl3) δ: 186.03, 
159.60, 147.99, 147.58, 142.28, 132.43, 127.66, 123.84, 123.32, 
114.58, 109.52, 107.36, 55.70, 55.56, 42.06, 39.98, 38.61, 38.12, 
33.56, 33.48, 24.32, 21.62, 20.98, 19.28, 14.04; HRMS (ESI) m/z: 
[M+Na]+ calcd for C27H35NO2 is 428.2565, found 428.2571. 

4.1.2.3. Synthesis of 1-(3-methoxyphenyl)-2-((5,5,8a-trimethyl-2-methyl-
enedecahydronaphtha lene-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3c). 
The compound 3c was prepared by the reaction of E-labda 8(17),12- 
diene − 15,16-dial (30 mg, 1equiv.) and 3-methoxyaniline (18.34 mg, 
1.5 equiv.) in THF (3 ml) as per the method described in the section 
4.1.2. Yield: 35% (15 mg); IR (NaCl, νmax, cm− 1): 3428, 2934, 2841, 
2101, 1663, 1607, 1533, 1495, 1459, 1438; 1H NMR (500 MHz, CDCl3) 
δ:9.99(s, 1H), 7.40(t, J = 8 Hz, 1H), 7.00(dd, J1 = 2 Hz, J2 = 8 Hz, 1H), 
6.88(d, J = 7.5 Hz, 1H), 6.81(t, J = 2 Hz, 1H), 6.64(s, 2H), 4.62(s, 1H), 
4.36(s, 1H), 3.84(s, 3H), 3.22–3.04(m, 2H), 2.20–0.88(m, 12H), 0.78(s, 
3H), 0.73(s, 3H), 0.64(s, 3H);13C NMR (125 MHz, CDCl3) δ: 186.12, 
160.40, 147.97, 141.96, 140.60, 130.22, 123.60, 118.65, 114.25, 
112.25, 109.70, 107.34, 55.60, 55.47, 42.08, 39.98, 38.59, 38.14, 
33.56, 33.48, 24.33, 21.62, 20.96, 19.30, 14.06; HRMS (ESI) m/z: 
[M+Na]+ calcd for C27H35NO2 is 428.2565, found 428.2565. 

4.1.2.4. Synthesis of 1-(4-ethylphenyl)-2-((5,5,8a-trimethyl-2-methyl-
enedecahydronaphthalene-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3d). 
The compound 3d was prepared by the reaction of E-labda 8(17),12- 
diene − 15,16-dial (30 mg, 1equiv.) and 4-ethylaniline (18.04 mg, 1.5 
equiv.) in THF (3 ml) as per the method described in the section 4.1.2. 
Yield: 31% (13 mg); IR (NaCl, νmax, cm− 1): 3283, 2934, 2852, 1737, 
1665, 1538, 1439. 1H NMR (500 MHz, CDCl3) δ: 9.98 (s, 1H), 7.32 (d, J 
= 7.5 Hz, 2H), 7.20 (d, J = 8 Hz, 2H), 6.62 (s, 2H), 4.62 (s, 1H), 4.38 (s, 
1H), 3.21 (dd, J = 10.5 Hz, 1H), 2.99 (dd, J = 3.5 Hz, 1H), 2.74 (q, J1 =

7.5 Hz, J2 = 15 Hz, 2H), 2.17 (br d, J = 12.5 Hz, 1H), 1.82 (br d, J = 9 
Hz, 1H), 1.66–0.87 (m, 10H), 1.30 (d, 7.5 Hz, 3H), 0.76 (s, 3H), 0.72 (s, 
3H), 0.62 (s, 3H);13C NMR (125 MHz, CDCl3) δ: 186.12, 147.76, 145.07, 
142.06, 137.22, 128.82, 126.44, 123.70, 123.45, 109.56, 107.44, 55.56, 
55.22, 42.06, 39.86, 38.48, 38.09, 33.54, 33.45, 28.61, 24.32, 21.58, 
20.78, 19.26, 15.92, 14.03; HRMS (ESI) m/z: [M+Na]+ calcd for 
C28H37NO is 426.2773, found 426.2775. 

4.1.2.5. Synthesis of 1-(4-bromophenyl)-2-((5,5,8a-trimethyl-2-methyl-
enedecahydronaphthaalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3e). 
The compound 3e was prepared by the reaction of E-labda 8(17),12- 
diene − 15,16-dial (30 mg, 1equiv.) and 4-bromoaniline (25.62 mg, 
1.5 equiv.) in THF (3 ml) as per the method described in the section 
4.1.2. Yield: 29% (13.5 mg); IR (NaCl, νmax, cm− 1): 3339, 2942, 2848, 
1666, 1593, 1533, 1496, 1460, 1439;1H NMR (500 MHz, CDCl3) δ: 9.99 
(s, 1H), 7.64(d, J = 8.5 Hz, 2H), 7.18(d, J = 8.5 Hz, 2H), 6.66(d, J = 3 
Hz, 1H), 6.60(d, J = 3 Hz, 1H), 4.60(s, 1H), 4.26(s, 1H), 3.16–3.02(m, 
2H), 2.20–0.86(m, 12H), 0.80(s, 3H), 0.74(s, 3H), 0.62(s, 3H);13C NMR 
(125 MHz, CDCl3) δ: 186.04, 141.86, 138.69, 132.70, 128.06, 123.95, 
123.40, 122.44, 110.14, 107.34, 55.93, 55.60, 42.00, 40.09, 38.70, 
38.08, 33.53, 33.48, 29.68, 24.30, 21.62, 20.98, 19.24, 14.07; HRMS 
(ESI) m/z: [M+Na]+ calcd for C26H32BrNO is 476.1565, found 
476.1572. 

4.1.2.6. Synthesis of 1-(4-iodophenyl)-2-((5,5,8a-trimethyl-2-methyl-
enedecahydronaphthalene-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3f). 
The compound 3f was prepared by the reaction of E-labda 8(17),12- 
diene − 15,16-dial (30 mg, 1equiv.) and 4-iodoaniline (32.61 mg, 1.5 
equiv.) in THF (3 ml) as per the method described in the section 4.1.2. 
Yield: 30% (15.5 mg); IR (NaCl, νmax, cm− 1): 3325, 2964, 2920, 2851, 
1946, 1658, 1589, 1494, 1442;1H NMR (500 MHz, CDCl3) δ: 9.99(s, 1H), 
7.84(d, J = 8.5 Hz, 2H), 7.04(d, J = 9 Hz, 2H), 6.66(d, J = 3.5 Hz, 1H), 
6.60(s, 1H), 4.61(s, 1H), 4.27(s, 1H), 3.16–3.01(m, 2H), 2.20–0.86(m, 
12H), 0.80(s, 3H), 0.74(s, 3H), 0.62(s, 3H);13C NMR (125 MHz, CDCl3) 
δ: 186.08, 147.89, 141.87, 139.22, 138.72, 128.28, 123.76, 123.36, 
110.12, 107.34, 93.54, 55.96, 55.58, 42.00, 40.06, 38.66, 38.08, 33.56, 
33.49, 29.74, 26.86, 24.29, 21.63, 20.90, 19.26, 14.10; HRMS (ESI) m/z: 
[M+Na]+ calcd for C26H32INO is 524.1426, found 524.1435. 

4.1.2.7. Synthesis of 1-(4-chlorophenyl)-2-((5,5,8a-trimethyl-2-methyl-
enedecahydronaphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3g). 
The compound 3g was prepared by the reaction of E-labda 8(17),12- 
diene − 15,16-dial (30 mg, 1equiv.) and 4-chloroaniline (18.99 mg, 
1.5 equiv.) in THF (3 ml) as per the method described in the section 
4.1.2. Yield: 39% (17 mg); IR (NaCl, νmax, cm− 1): 3420, 2939, 2101, 
1652, 1536, 1494, 1439;1H NMR (500 MHz, CDCl3) δ: 9.99 (s, 1H), 7.50 
(d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.5 Hz, 2H), 6.66 (d, J = 3 Hz, 1H), 6.60 
(d, J = 3 Hz, 1H), 4.61 (s, 1H), 4.27 (s, 1H), 3.14 (dd, J = 10 Hz, 1H), 
3.04 (dd, J = 4.5 Hz, 1H), 2.21–2.18 (m, 1H), 2.21–1.05 (m, 10H), 
1.92–1.90 (m, 1H), 0.80(s, 3H), 0.74(s, 3H), 0.63 (s, 3H);13C NMR (125 
MHz, CDCl3) δ:185.04, 146.94, 140.91, 137.04, 133.48, 128.68, 126.73, 
122.72, 122.47, 109.09, 106.34, 54.90, 54.59, 40.98, 39.08, 37.70, 
37.07, 32.52, 32.47, 23.30, 20.62, 19.98, 18.24, 13.06; HRMS (ESI) m/z: 
[M+Na]+calcd for C26H32ClNO is 432.2070, found 432.2075. 
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4.1.2.8. Synthesis of 1-(3-chlorophenyl)-2-((5,5,8a-trimethyl-2-methyl-
enedecahydronaphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3h). 
The compound 3h was prepared by the reaction of E-labda 8(17),12- 
diene − 15,16-dial (30 mg, 1equiv.) and 3-chloroaniline (18.99 mg, 
1.5 equiv.) in THF (3 ml) as per the method described in the section 
4.1.2. Yield: 35% (15 mg); IR (NaCl, νmax, cm− 1): 3428, 2939, 2102, 
1656, 1534, 1494, 1439;1H NMR (500 MHz, CDCl3) δ: 9.99(s, 1H), 
7.46–7.19(m, 4H), 6.66(d, J = 3 Hz, 1H), 6.63(d, J = 3 Hz, 1H), 4.62(s, 
1H), 4.32(s, 1H), 3.24–3.19(m, 1H), 3.06–3.02(m, 1H), 2.20–0.84(m, 
12H), 0.79(s, 3H), 0.74(s, 3H), 0.64(s, 3H);13C NMR (125 MHz, CDCl3) 
δ: 186.15, 147.74, 141.81, 140.68, 135.20, 130.52, 128.66, 126.90, 
124.62, 123.44, 110.14, 107.40, 55.70, 55.68, 42.04, 40.04, 38.69, 
38.06, 33.54, 33.48, 24.30, 21.60, 20.82, 20.78, 19.29, 14.05; HRMS 
(ESI) m/z: [M+Na]+ calcd for C26H32ClNO is 432.2070, found 
432.2079. 

4.1.2.9. Synthesis of 1-(4-hydroxyphenyl)-2-((5,5,8a-trimethyl-2-methyl-
enedecahydronaphthale- ne-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3i). 
The compound 3i was prepared by the reaction of E-labda 8(17),12- 
diene − 15,16-dial (30 mg, 1equiv.) and 4-hydroxyaniline (16.25 mg, 
1.5 equiv.) in THF (3 ml) as per the method described in the section 
4.1.2. Yield: 32% (13 mg); IR (NaCl, νmax, cm− 1): 3790, 3640, 3370, 
2920, 2849, 2077, 1735, 1643, 1597, 1540, 1520, 1459;1H NMR (500 
MHz, CDCl3) δ: 9.97(s, 1H), 7.14(d, J = 8.5 Hz, 2H), 6.96(d, J = 9 Hz, 
2H), 6.64(d, J = 3 Hz, 1H), 6.60(d, J = 3.5 Hz, 1H), 5.72(bs, 1H), 4.62(s, 
1H), 4.32(s, 1H), 3.17–2.98(m, 2H), 2.20–0.82(m, 12H), 0.80(s, 3H), 
0.74(s, 3H), 0.62(s, 3H);13C NMR (125 MHz, CDCl3) δ: 186.22, 155.92, 
148.02, 142.60, 132.36, 127.80, 123.99, 123.24, 116.07, 109.49, 
107.39, 55.62, 55.54, 42.02, 40.02, 38.64, 38.12, 33.56, 33.49, 29.65, 
24.32, 21.66, 21.00, 19.28, 14.04; HRMS (ESI) m/z: [M+Na]+ calcd for 
C26H33NO2 is 414.2409, found 414.2415. 

4.1.2.10. Synthesis of 1-(2-hydroxyphenyl)-2-((5,5,8a-trimethyl-2-meth-
ylenedecahydronaphtha- len-1-yl)methyl)-1H-pyrrole-3-carbaldehyde 
(3j). The compound 3j was prepared by the reaction of E-labda 8 
(17),12-diene − 15,16-dial (30 mg, 1equiv.) and 2-hydroxyaniline 
(16.25 mg, 1.5 equiv.) in THF (3 ml) as per the method described in 
the section 4.1.2. Yield: 32% (13 mg); IR (NaCl, νmax, cm− 1): 3797, 3644, 
3367, 2926, 2849, 2077, 1641, 1597, 1538, 1512, 1459;1H NMR (500 
MHz, CDCl3) δ: 9.98(s, 1H), 7.39–7.36(m, 1H), 7.19–7.10(m, 3H), 
7.04–7.02(dt, J1 = 1 Hz, J2 = 7.5 Hz, 1H), 6.70(s, 1H), 6.58(d, J = 3 Hz, 
1H), 4.67(s, 1H), 4.52(s, 1H), 2.87(dd, J1 = 3.5 Hz, J2 = 15.5 Hz, 
1H),2.22–2.18(m, 1H), 1.88–0.86(m, 12H), 0.78(s, 3H), 0.72(s, 3H), 
0.65(s, 3H);13C NMR (125 MHz, CDCl3) δ: 186.12, 152.05, 148.42, 
130.83, 129.33, 128.28, 123.62, 121.04, 117.25, 115.30, 110.96, 
107.70, 55.54, 54.19, 41.99, 39.82, 38.42, 37.96, 33.54, 33.46, 24.32, 
21.58, 20.53, 19.22, 13.92; HRMS (ESI) m/z: [M+Na]+ calcd for 
C26H33NO2 is 414.2409, found 414.2416. 

4.1.2.11. Synthesis of 1-(3,4-dimethylphenyl)-2-((5,5,8a-trimethyl-2- 
methylenedecahydronapht-halen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde 
(3k). The compound 3k was prepared by the reaction of E-labda 8 
(17),12-diene − 15,16-dial (30 mg, 1equiv.) and 3,4-dimethylaniline 
(18.04 mg, 1.5 equiv.) in THF (3 ml) as per the method described in 
the section 4.1.2. Yield: 50% (21 mg); IR (NaCl, νmax, cm− 1): 3290, 2962, 
1996, 1732, 1650, 1480;1H NMR (500 MHz, CDCl3) δ: 9.98(s, 1H), 7.24 
(d, J = 8 Hz, 1H), 7.04(s, 1H), 7.01–6.99(dd, J1 = 2 Hz, J2 = 8 Hz, 1H), 
6.62–6.60(m, 2H), 4.61(s, 1H), 4.36(s, 1H), 3.19–2.99(m, 2H), 2.34(s, 
3H), 2.32(s, 3H), 2.20–0.98(m, 12H), 0.78(s, 3H), 0.72(s, 3H), 0.62(s, 
3H);13C NMR (125 MHz, CDCl3) δ: 186.12, 147.90, 142.20, 137.95, 
137.19, 137.12, 130.42, 127.55, 123.72, 123.68, 123.32, 109.42, 
107.30, 55.58, 55.52, 42.12, 39.90, 38.46, 38.08, 33.61, 33.46, 24.30, 
21.58, 20.82, 19.78, 19.46, 19.32, 14.08; HRMS (ESI) m/z: [M+Na]+

calcd for C28H37NO is 426.2773, found 426.2783. 

4.1.2.12. Synthesis of1-(3,4-dimethoxyphenyl)-2-((5,5,8a-trimethyl-2- 
methylenedecahydronapht- halen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde 
(3l). The compound 3l was prepared by the reaction of E-labda 8 
(17),12-diene − 15,16-dial (30 mg, 1equiv.) and 3,4-dimethoxyaniline 
(22.81 mg, 1.5 equiv.) in THF (3 ml) as per the method described in 
the section 4.1.2. Yield: 40% (18 mg); IR (NaCl, νmax, cm− 1): 3265, 2926, 
1948, 1735, 1648, 1438; 1H NMR (500 MHz, CDCl3) δ: 9.98(s, 1H), 
6.96–6.78(m, 3H), 6.64–6.62(m, 2H), 4.62(s, 1H), 4.37(s, 1H), 3.96(s, 
3H), 3.88(s, 3H), 3.22–3.02(m, 2H), 2.21–0.84(m, 12H), 0.78(s, 3H), 
0.74(s, 3H), 0.64(s, 3H);13C NMR (125 MHz, CDCl3) δ: 186.12, 149.44, 
149.18, 148.06, 142.28, 132.52, 123.88, 123.29, 118.68, 111.18, 
110.08, 109.52, 107.40, 56.31, 56.20, 55.65, 55.40, 42.06, 39.99, 
38.68, 38.19, 33.58, 33.48, 24.32, 21.63, 21.04, 19.30, 14.05; HRMS 
(ESI) m/z: [M+Na]+calcd for C28H37NO3 is 458.2671, found 458.2673. 

4.1.2.13. Synthesis of 1-(3,4-dichlorophenyl)-2-((5,5,8a-trimethyl-2- 
methylenedecahydronapht- haalene-1-yl)methyl)-1H-pyrrole-3-carbalde 
hyde (3m). The compound 3m was prepared by the reaction of E- 
labda 8(17),12-diene − 15,16-dial (30 mg, 1equiv.) and 3,4-dichloroani-
line (24.12 mg, 1.5 equiv.) in THF (3 ml) as per the method described in 
the section 4.1.2. Yield: 39% (18 mg); IR (NaCl, νmax, cm− 1): 3420, 2941, 
1732, 1656, 1540, 1496, 1440;1H NMR (500 MHz, CDCl3) δ: 9.94 (s, 
1H), 7.60 (d, J = 8.5 Hz, 1H), 7.43 (s, 1H), 7.16 (d, J = 8.5 Hz, 1H), 6.66 
(d, J = 2.5 Hz, 1H), 6.62 (s, 1H), 4.63 (s, 1H), 4.28(s, 1H), 3.19–3.14 (m, 
1H), 3.07–3.03 (m, 1H), 2.22–0.89 (m, 12H), 0.80 (s, 3H), 0.74 (s, 3H), 
0.65 (s, 3H);13C NMR (125 MHz, CDCl3) δ: 185.04, 146.76, 140.76, 
137.81, 132.60, 131.95, 130.13, 127.52, 124.68, 122.91, 122.31, 
109.40, 106.38, 54.99, 54.73, 41.00, 39.14, 37.80, 37.04, 32.52, 32.48, 
23.28, 20.60, 19.86, 18.27, 13.09; HRMS (ESI) m/z: [M+Na]+ calcd for 
C26H31Cl2NO is 466.1680, found 466.1696. 

4.1.2.14. Synthesis of 1-(3-chloro-4-fluorophenyl)-2-((5,5,8a-trimethyl-2- 
methylenedecahydro-naphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde 
(3n). The compound 3n was prepared by the reaction of E-labda 8 
(17),12-diene − 15,16-dial (30 mg, 1equiv.) and 3-chloro-4-fluoroani-
line (21.68 mg, 1.5 equiv.) in THF (3 ml) as per the method described 
in the section 4.1.2. Yield: 31% (14 mg); IR (NaCl, νmax, cm− 1): 3280, 
2930, 1735, 1648, 1430;1H NMR (500 MHz, CDCl3) δ: 9.99(s, 1H), 
7.39–7.18(m, 3H), 6.66(d, J = 3 Hz, 1H), 6.60(d, J = 3 Hz, 1H), 4.63(s, 
1H), 4.30(s, 1H), 3.32–3.01(m, 2H), 2.22–0.88(m, 12H), 0.80(s, 3H), 
0.74(s, 3H), 0.65(s, 3H);13C NMR (125 MHz, CDCl3) δ: 186.12, 158.96, 
147.74, 141.93, 128.98, 126.32, 126.26, 123.73, 123.56, 117.40, 
117.22, 110.22, 107.44, 55.88, 55.75, 41.99, 40.14, 38.80, 38.08, 
33.54, 33.50, 24.30, 21.63, 20.82, 19.28, 14.07; HRMS (ESI) m/z: 
[M+Na]+ calcd for C26H31ClFNO is 450.1976, found 450.1980. 

4.1.2.15. Synthesis of 1-(4-bromo-2-methylphenyl)-2-((5,5,8a-trimethyl- 
2-methylenedecahydro-naphthalen-1-yl)methyl)-1H-pyrrole-3-carbalde-
hyde (3o). The compound 3o was prepared by the reaction of E-labda 8 
(17),12-diene − 15,16-dial (30 mg, 1equiv.) and 4-bromo-2-methylani-
line (27.70 mg, 1.5 equiv.) in THF (3 ml) as per the method described 
in the section 4.1.2. Yield: 30% (14.5 mg); IR (NaCl, νmax, cm− 1): 3270, 
2926, 1737, 1720, 1650, 1511;1H NMR (500 MHz, CDCl3) δ: 9.98(s, 1H), 
7.54(dd, J1 = 2 Hz, J2 = 12 Hz, 1H), 7.48–7.45(m, 1H), 7.08(dd, J1 =

3.5 Hz, J2 = 8.5 Hz, 1H), 6.67(t, J = 3 Hz, 1H), 6.50(d, J = 3.5 Hz, 1H), 
4.68(s, 1H), 4.44(s, 1H), 3.23–2.66(m, 2H), 2.18(s, 3H), 2.03–0.89(m, 
12H), 0.81(s, 3H), 0.74(s, 3H), 0.65(s, 3H);13C NMR (125 MHz, CDCl3) 
δ: 186.22, 147.38, 137.45, 134.09, 133.99, 129.57, 129.98, 129.88, 
127.55, 123.20, 115.86, 108.08, 55.81, 54.42, 42.08, 39.80, 38.64, 
38.04, 33.62, 33.50, 24.24, 21.61, 20.96, 20.42, 19.27, 14.01; HRMS 
(ESI) m/z: [M+H]+ calcd for C27H34BrNO is 468.1902, found 468.1906. 

4.1.2.16. Synthesis of 1-(4-nitrophenyl)-2-((5,5,8a-trimethyl-2-methyl-
enedecahydronaphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3p). 
The compound 3p was prepared by the reaction of E-labda 8(17),12- 
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diene − 15,16-dial (30 mg, 1equiv.) and 4-nitroaniline (20.57 mg, 1.5 
equiv.) in THF (3 ml) as per the method described in the section 4.1.2. 
Yield: 30% (13 mg); IR (NaCl, νmax, cm− 1): 3371, 2922, 2850, 1737, 
1667, 1596, 1526, 1501, 1460, 1439, 1400; 1H NMR (500 MHz, CDCl3) 
δ: 10.02(s, 1H), 8.40(d, J = 9 Hz, 2H), 7.50(d, J = 9 Hz, 2H), 6.72(d, J =
3 Hz, 1H), 6.67(d, J = 3 Hz, 1H), 4.60(s, 1H), 4.18(s, 1H), 3.17(s, 1H), 
3.16(d, J = 2.5 Hz, 1H), 2.19–0.86(m, 12H), 0.786(s, 3H), 0.736(s, 3H), 
0.631(s, 3H);13C NMR (125 MHz, CDCl3) δ: 186.07, 147.99, 147.11, 
144.85, 141.72, 126.94, 125.06, 124.44, 123.22, 110.98, 107.25, 56.50, 
55.62, 41.89, 40.29, 38.81, 38.05, 33.48, 29.74, 24.26, 21.64, 21.14, 
19.22, 14.09; HRMS (ESI) m/z: [M+Na]+ calcd for C26H32N2O3 is 
443.2311, found 443.2321. 

4.1.2.17. Synthesis of 1-(2-nitrophenyl)-2-((5,5,8a-trimethyl-2-methyl-
enedecahydronaphthalen-1-yl)methyl)-1H-pyrrole-3-carbaldehyde (3q). 
The compound 3q was prepared by the reaction of E-labda 8(17),12- 
diene − 15,16-dial (30 mg, 1equiv.) and 2-nitroaniline (20.57 mg, 1.5 
equiv.) in THF (3 ml) as per the method described in the section 4.1.2. 
Yield: 30% (13 mg); IR (NaCl, νmax, cm− 1): 3350, 2840, 1735, 1665, 
1590, 1501;1H NMR (500 MHz, CDCl3) δ: 9.99(d, J = 13 Hz, 1H), 8.09(d, 
J = 7 Hz, 1H), 7.76–7.68(m, 2H), 7.45(d, J = 7 Hz, 1H), 6.70(s, 1H), 
6.60(s, 1H), 4.66(s, 1H), 4.32(s, 1H), 3.32–0.78(m, 14H), 0.76(s, 3H), 
0.72(s, 3H), 0.62(s, 3H);13C NMR (125 MHz, CDCl3) δ: 186.22, 147.45, 
142.72, 133.74, 130.78, 130.56, 125.56, 125.42, 123.63, 110.60, 
108.10, 107.26, 55.81, 54.98, 41.97, 40.12, 38.53, 37.97, 37.85, 33.55, 
33.44, 29.71, 24.20, 21.60, 19.16, 13.86; HRMS (ESI) m/z: [M+Na]+

calcd for C26H32N2O3 is 443.2311, found 443.2315. 

4.1.2.18. Synthesis of 1-phenyl-2-((5,5,8a-trimethyl-2-methylenedecahy-
dronaphthalen-1-yl) met- hyl)-1H-pyrrole-3-carbaldehyde (3r). The com-
pound 3r was prepared by the reaction of E-labda 8(17),12-diene 
− 15,16-dial (30 mg, 1equiv.) and aniline (13.86 mg, 1.5 equiv.) in THF 
(3 ml) as per the method described in the section 4.1.2. Yield: 30% (12 
mg); IR (NaCl, νmax, cm− 1): 3644, 3582, 2962, 2920, 2849, 1946, 1732, 
1718, 1666, 1598, 1538, 1501, 1459;1H NMR (500 MHz, CDCl3) δ: 
10.00(s,1H), 7.52–7.46(m, 3H), 7.30–7.28(m, 2H), 6.66–6.64(m, 2H), 
4.61(s, 1H), 4.32(s, 1H), 3.22–3.17(m, 1H), 3.06–3.02(m, 1H), 
2.18–0.80(m, 12H), 0.77(s, 3H), 0.72(s, 3H), 0.62(s, 3H);13C NMR (125 
MHz, CDCl3) δ: 186.12, 157.10, 148.87, 147.83, 145.30, 142.80, 
129.47, 128.46, 126.47, 123.66, 109.52, 107.34, 55.53, 42.02, 39.96, 
38.56, 38.08, 33.52, 30.89, 29.68, 24.31, 21.61, 20.93, 19.25, 14.02; 
HRMS (ESI) m/z: [M+Na]+ calcd for C26H33NO is 398.2460, found 
398.2449. 

4.1.3. General procedure for synthesis of (E)-Labda-8(17),12-diene-15,16- 
dial -pyrazole analogues (5a-5d) 

To a stirred solution of (E)-labda-8(17),12-diene-15,16-dial 
(1equiv.) and dialkyl azodicarboxylate (1.5equiv.) in dichloromethane 
(DCM), triphenyl phosphine (1.5equiv.) was added and stirred for 2–3 h 
at room temperature. The completion of the reaction was confirmed by 
TLC. The resulting solution was concentrated and purified by column 
chromatography using Hexane and Ethyl acetate as solvents [45]. 

4.1.3.1. Synthesis of dibenzyl4-(2-oxoethyl)-3-((5,5,8a-trimethyl-2-meth-
ylenedecahydronapht-halen-1-yl)methyl)-1H-pyrazole-1,2(3H)-dicarbox-
ylate (5a). The compound 5a was prepared by the reaction of E-labda 8 
(17),12-diene − 15,16-dial (30 mg, 1equiv.) and dibenzyl azodicarbox-
ylate (44.40 mg 1.5equiv.) in DCM (3 ml) as per the method described in 
the section 4.1.3. Yield: 30% (13.5 mg); IR (NaCl, νmax, cm− 1): 2927, 
2852, 1731, 1630, 1396, 1226;1H NMR (500 MHz, CDCl3): 9.35 (s, 1H), 
8.20 (d, J = 14 Hz, 1H), 7.34 (m, 10H), 6.28 (s, 1H), 5.84 (d, J = 14 Hz, 
1H), 5.24 (m, 4H), 4.81 (s, 1H), 4.32 (s, 1H), 2.56–1.14 (m, 15H), 0.885 
(s, 3H), 0.825 (s, 3H), 0.719 (s, 3H);13C NMR (125 MHz, CDCl3): 194.05, 
156.05, 153.68, 148.14, 135.62, 135.15, 130.86, 128.63, 128.12, 
127.58, 107.96, 69.46, 67.63, 56.87, 55.39, 42.04, 39.61, 39.25, 37.86, 

33.58, 31.88, 29.69, 24.09, 21.75, 19.36, 14.48; HRMS (ESI) m/z: 
[M+Na]+calcd for C36H44N2O5 is 607.3148, found 607.3131. 

4.1.3.2. Synthesis of diethyl 4-(2-oxoethyl)-3-((5,5,8a-trimethyl-2-meth-
ylenedecahydro-naph- thalen-1-yl)methyl)-1H-pyrazole-1,2(3H)-dicarboxy 
late (5b). The compound 5b was prepared by the reaction of E-labda 
8(17),12-diene − 15,16-dial (30 mg, 1equiv.) and diethyl azodicarbox-
ylate (25.93 mg 1.5equiv.) in DCM (3 ml) as per the method described in 
the section 4.1.3. Yield: 30% (14 mg); IR (NaCl, νmax, cm− 1): 3297, 2935, 
2725, 1728, 1647, 1461;1H NMR (500 MHz, CDCl3): 9.36 (s, 1H), 8.14 
(s, 1H), 6.294 (t, J = 6.5 Hz, 1H), 5.84 (d, J = 14 Hz, 1H), 4.83 (s, 1H), 
4.37 (s, 1H), 4.27 (m, 4H) 1.33 (m, 6H), 2.42–1.19 (m, 12H), 0.89 (s, 
3H), 0.83 (s, 3H), 0.76 (s, 3H);13C NMR (125 MHz, CDCl3): 194.24, 
169.34, 148.16, 135.96, 131.02, 107.92, 99.40, 63.86, 62.54, 56.82, 
55.39, 42.04, 39.62, 39.29, 37.86, 33.58, 31.56, 24.61, 24.16, 22.63, 
21.74, 19. 34, 14.44, 14.38, 14.08; HRMS (ESI) m/z: [M+Na]+calcd for 
C26H40N2O5 is 483.2835, found 483. 2823. 

4.1.3.3. Synthesis of diisopropyl4-(2-oxoethyl)-3-((5,5,8a-trimethyl-2- 
methylenedecahydro- naphthalen-1-yl)methyl)-1H-pyrazole-1,2(3H)-di 
carboxylate (5c). The compound 5c was prepared by the reaction of 
E-labda 8(17),12-diene − 15,16-dial (30 mg, 1equiv.) and diisopropyl 
azodicarboxylate (30.11 mg 1.5equiv.) in DCM (3 ml) as per the method 
described in the section 4.1.3. Yield: 40% (19 mg); IR (NaCl, νmax, 
cm− 1): 3300, 2935, 1723, 1630, 1461;1H NMR (500 MHz, CDCl3): 9.36 
(s, 1H), 8.12 (d, J = 13.5 Hz, 1H), 6.27 (t, J = 6 Hz, 1H), 5.82 (d, J =
13.5 Hz, 1H), 5.03 (t, J = 6 Hz, 2H), 4.83 (s, 1H), 4.36 (s, 1H), 1.30 (m, 
12H, –CH3 group of iPr), 2.60–1.13 (m, 15H), 0.893 (s, 3H), 0.829 (s, 
3H), 0.756 (s, 3H);13C NMR (125 MHz, CDCl3):194.02, 156.19, 152.53, 
148.16, 131.16, 107.97, 98.06, 72.20, 70.40, 56.78, 55.39, 42.04, 
39.59, 39.31, 37.87, 33.58, 27.00, 24.68, 24.11, 21.91, 21.74, 19.32, 
14.44; HRMS (ESI) m/z: [M+Na]+calcd for C28H44N2O5 is 511.3148, 
found 511.3128. 

4.1.3.4. Synthesis of di-ter-butyl4-(2-oxoethyl)-3-((5,5,8a-trimethyl-2- 
methylenedecahydro-naphthalen-1-yl)methyl)-1H-pyrazole-1,2(3H)- 
dicarboxylate (5d). The compound 5d was prepared by the reaction of E- 
labda 8(17),12-diene − 15,16-dial (30 mg, 1equiv.) and di-ter-butyl 
azodicarboxylate (34.27 mg 1.5equiv.) in DCM (3 ml) as per the 
method described in the section 4.1.3. Yield: 80% (41 mg); IR (NaCl, 
νmax, cm− 1): 3420, 2978, 2931, 2848, 1730, 1665, 1645;1H NMR (500 
MHz, CDCl3): 9.36 (s, 1H), 8.11 (d, J = 14 Hz, 1H), 6.23 (t, J = 5.5 Hz, 
1,), 5.79 (d, J = 14 Hz, 1H), 4.82 (s, 1H), 4.36 (s, 1H), 1.34 (m, 18H, 
–CH3 of tBu), 2.59–1.10 (m, 15H), 0.89 (s, 3H), 0.82 (s, 3H), 0.76 (s, 
3H);13C NMR (125 MHz, CDCl3): 194.94, 151.80, 148.14, 136.79, 
131.26, 107.99, 103.58, 98.94, 82.40, 56.54, 55.39, 42.04, 39.58, 
39.29, 37.88, 33.59, 33.58, 28.11, 28.07, 24.64, 24.11, 21.75, 19.32, 
14.45; HRMS (ESI) m/z: [M+Na]+calcd for C30H48N2O5 is 539.3461, 
found 539.3480. 

4.2. Biological screening 

4.2.1. Cell cultures 
Human hepatoma cells were obtained from the NCBS (National 

Centre for Biological Sciences, Pune). The cells were cultured in DMEM 
medium (containing 0.3 g/L L-glutamine and 2.0 g/L sodium bicar-
bonate) supplemented with 10% FBS, 1% penicillin-streptomycin 
mixture and maintained at 37 ◦C in a 5% CO2 and 95% air atmo-
sphere in a humidified incubator [40–41]. 

4.2.2. Cytotoxic evaluation of compounds by MTT assay 
Cytotoxicity of compounds was measured by means of MTT assay in 

HepG2 cell lines. For MTT assay, HepG2 cells were seeded at a density of 
1 × 105 cells per well in 96-well plates and pre-incubated in DMEM 
containing 10% FBS and 1% penicillin–streptomycin. After 24 h, 

R. Jalaja et al.                                                                                                                                                                                                                                   



Bioorganic Chemistry 108 (2021) 104664

9

incubated with the test compounds (1–100 μM) for 48 h, were washed 
and MTT (0.5 g/ l), dissolved in PBS, was added to each well for the 
estimation of mitochondrial dehydrogenase activity as described pre-
viously by Mosmann (1983). After 4 h of incubation at 37 ◦C in a CO2 
incubator, 10% SDS in DMSO was added to each well and the absor-
bance of solubilised MTT formazan products were measured at 570 nm 
after 45 min, using a microplate reader (Bioteck, U.S.A). Results were 
expressed as percentage of cell viability. Based on viability data 5 and 
10 μM concentrations of test compounds have been selected for 
analyzing its effect on triglyceride accumulation and total cholesterol 
synthesis in HepG2 cell lines [40–41]. 

4.2.3. HepG2 cell culture for the assessment of lipid synthesis and secretion 
HepG2 cells were seeded in a 6 well plate (5x105 cells/well) and then 

grown in DMEM containing 10% FBS and 1% antibiotic solution. Me-
dium then discharged and supplemented with starving medium (DMEM 
+ 1% antibiotic solution) then incubated for 24 h. Starving medium then 
discharged and supplemented with highfatty acid rich medium (DMEM, 
1:2 of 1 mM palmitic acid: 1 mM linoleic acid and BSA). Test compounds 
were treated in 10 µM concentration for oil red O staining to assess lipid 
accumulation. 5 and 10 µM concentration of test compounds were 
treated for testing triglyceride (TG) and cholesterol synthesis, as 
described above. Cells then incubated for 24 h in 37 ◦C humidified at-
mosphere of 5% CO2 [40–41]. 

4.2.4. Oil red-O staining 
After the incubation, the HepG2 cells were washed with PBS. The 

cells then fixed for 30 min with 40% paraformaldehyde in PBS with 1% 
trition-X-100. Cells were washed with double distilled water and stained 
for 30 min by complete immersion in a 2:3 diluted working solution of 
Oil red O (Sigma Aldrich, USA). Cells were then washed in PBS for 3 
times Cell then observed under an inverted light Olympus microscope 
after the Oil-red O staining to compare the lipid droplet formation of 
normal cells and treated cells [40–41]. 

4.2.5. Triglycerides assay 
The TG levels were measured in cell lysate after the treatment with 

fatty acid rich medium and test compounds (5 and 10 µM) for 24 hrs. 
Fenofibrate, a well-known drug used for treating high blood TG, at 10 
µM concentration was used as the positive control in this experiment. 
The concentration of triglyceride in the cell lysate was measured using 
the triglyceride quantification colorimetric assay kit as per the manu-
facturer’s protocol and TG concentration was calculated as instructed. 
Briefly, 50 µl test samples along with standards in triglyceride assay 
buffer were added to a 96-well plate. 2 µl Lipase was added to each well 
and incubated for 20 min at room temperature. 50 µl triglyceride reac-
tion mixture was added to each well and incubated at room temperature 
for 30–60 min. Measure absorbance at 570 nm in a microtiter plate 
reader. The amount of TG was calculated from the standard curve 
[40–41]. 

4.2.6. Total cholesterol assay 
For analysing the effect of test compounds on the synthesis of 

cholesterol, HepG2 cells are treated as mentioned above and the me-
dium was collected after 24 hr incubation. Total cholesterol assay kit 
was used for the quantitative determination of cholesterol level in me-
dium treated by the compound. Atorvastatin, a well known hypo-
cholesterolemic drug at 10 µM concentration was used as the positive 
control in this experiment. The concentration of total cholesterol in the 
supernatant was measured as per the kit’s protocol and the concentra-
tions were calculated following the manufacturer’s instructions. Briefly, 
cells were lysed in chloroform/isopropanol/NP-40 (7:11:0.1) using a 
homogenizer and debris was removed by centrifugation at 15,000g for 
10 min. The solvents were removed from samples by air drying at 50 ◦C 
for 1–2 h followed by vacuum drying for 2 h. The dried lipid content was 
dissolved in 200 µl assay diluent. 40 U/ml super oxide dismutase was 

added to the samples to minimize the endogenous oxidation of assay 
probe. 50 µl of cholesterol reaction mixture with or without cholesterol 
esterase was mixed with 50 µl samples along with standards and incu-
bated for 45 min at 37 ◦C. The amount of cholesterol was calculated by 
standard curve [40–41]. 

4.2.7. HMG CoA reductase activity assay 
HMG CoA reductase activity was assessed based on the oxidation of 

NADPH by using screening assay kit (Sigma Aldrich, USA) as per the 
manufacturer’s instructions. Briefly, the reaction was started by the 
addition of HMG CoA reductase to the assay mixture containing buffer, 
NADPH, HMG CoA, and test compounds and then decreasing rate of 
absorbance was measured. Continuously determined for 20 min at 340 
nm. The rate of reaction in the units of ΔAbs 340/min was then calcu-
lated for the enzyme specific activity. 

4.2.8. Statistical analysis 
All data represent the means ± SD of at least five individual exper-

iments unless otherwise indicated in the text. Data were analyzed using 
SPSS v9.0 software (SPSS Inc., Chicago, IL, U.S.A). Replicates were 
averaged before entry as a single data point. Statistical significance was 
determined using one way ANOVA with significance accepted at P ≤
0.05. If F reaches significance, the Duncan’s post hoc test was used to 
compare groups. 
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