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Preface 

Thesis entitled “Anticancer Potential of Sterols Isolated from Turbinaria conoides 

Against Lung and Liver Cancer”, is exploring the cytotoxic potential of sterols isolated from 

a brown seaweed Turbinaria conoides. Various cytotoxic studies have identified the potential 

of sterols from Turbinaria conoides to suppress the proliferation of malignant cells effectively, 

however, their potential and mechanism of action to suppress lung and liver cancer are not 

studied so far in detail. Considering these facts, this brown sea weed, which are abundant 

along the shorelines of Arabian Sea and Bay of Bengal, is a promising source for developing 

safe drug combinations and hence needs immediate attention. The data generated in this 

study can be used for developing safe drug combinations to cure lung and liver cancer 

effectively without long and short term side effects in future..  

First chapter collectively reflects the collaborative effort of researchers from 

various disciplines (natural product and medicinal chemistry) to comprehend natural 

products for developing safe therapeutically active products coast effectively. Particularly, 

role played natural products in containing the challenges raised by cancer effectively. 

Emphasis is given to bioactive molecules, cytotoxic, that are isolated from seaweeds. An 

assessment of their activity and details regarding the mechanism of action are also briefed, 

in order to emphasize their safety. In this chapter a section had exclusively reviewed 

various bioactivities shown by molecules isolated from Turbinaria conides.  Finally, short 

description of the aim and scope of this work is also given.   

  In Chapter two, importance and scope of bioactivity based screening towards the 

drug development is highlighted in the introduction. Followed by material and method 

section which details the chromatographic methods used for the separation of complex lipid 

mixtures from Turbinaria conides, bioactive screening of these lipid fractions using SRB 

against A549 and Hep G2 cell line, and their composition analysis, using GCMS. Based on 

bioactive screening, some of the fractions were not just bioactive, they seem as a pool of 

secondary metabolites in which probability of finding potent cytotoxic agents are high on the 



basis of their GCMS characterization. Based on the results and their analysis, it was 

presumed that prominent cytotoxic activity shown by NL3 fraction is an outcome of 

collective action of various sterol molecules identified in it. Composition of other active 

fractions, are also discussed in detail.  

In chapter three, emphasis is given for the isolation, purification and spectroscopic 

characterization of sterols. Outlines of various spectroscopic methods used in the 

characterization of sterols are given the introduction section. In the materials and method 

section procedures followed for the isolation of sterols from Turbinaria conoides are 

briefed. This section also highlights the specification of instruments such as UV-Vis 

Spectroscopy, FTIR, NMR, GC-MS, FAB-MS used for the analysis. Methods adapted for 

the analyses of sterols using these instruments are also briefed. Observations of each 

analysis are tabulated and discussed in detailed to elucidate the structure of the two sterol 

molecules. Overall briefing of chemical features of sterols isolated from this sea weed is 

outlined in the conclusion. 

Chapter four, core of this thesis highlights the potential of two sterol to suppress 

the progression of cancer cells, through apoptosis mechanism. This chapter highlights 

various methods adopted to study the cytotoxicity and the mechanism of action and why 

these methods were chosen for this particular study. Importance of this investigation is 

emphasized in the introduction section of this chapter.  In the materials and method 

section,  reasons for selecting  Cell cultures (A549 and Hep G2), and adopting various 

assay protocols such as MTT assay, Neutral red assay, Lactate Dehydrogenase assay, 

double staining, flowcytometry and gene expression study for assessing the mechanism of 

cytotoxic action by sterols are highlighted. Results and observations of these investigations 

are further discussed.  

Chapter five concludes with an overview of the major outcomes and importance of 

the two sterols for developing safe drug combinations. 
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Introduction  

Lung and liver cancer survivors are facing serious rehabilitation 

issues such as physical, socio-economical and psychological mainly due 

to long term side effects of the treatment. Addressing this 

multidisciplinary issue is a major challenge not only for policy makers 

and institutions like World Health Organization, but also physicians and 

researchers working in this field (Gamble et al., 2011). One effective 

way is to develop treatment/medicine combinations which are devoid of 

any short term or long term side effects. Available statistics shows that 

due to lack of effective method to early diagnosis of lung and liver 

cancer, survival rate of patients suffering from these deadly diseases is 

very low. The treatment like radiation therapy is only partially 

successful in providing permanent cure (Gamble et al., 2011; Suda & 

Mitsudomi, 2014). In this regard many efforts are put in for identifying 

compounds with novel chemical structure and mode of action, which 

can be used with different medicinal combinations at various dose rates 

that can effectively control the proliferation of these malignant cells and 
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minimize the side effects of available remedies. To a great extent 

combinatorial chemistry and natural product research have contributed 

enormously to solve these issues (Messeguer & Cortés, 2007). 

Even though progress in combinatorial chemistry has aided 

much towards drug discovery (Lahlou, 2013), most of the drugs and 

therapeutic strategies developed through these methods lack specificity 

and are often accompanied with a wide range of side effects and high 

cost (Galemmo et al., 1996; Salemme et al., 1997). Hence, researchers 

are primarily depending on natural products (phyco and phyto 

chemicals) for finding clues to solve, slow and/or reverse the cancer 

induction and its subsequent development and post treatment issues 

effectively (Hartwell, 1984; Newman et al., 2003). So far scientists have 

identified numerous natural products with unique structures, capable of 

suppressing not only tumors but also other human ailments effectively. 

About 62% of clinically proven cancer treating medicines has been 

derived from natural sources as per the survey data (1981-2002) 

published by United States Food and Drug Administration (US-FDA) 

(Newman et al., 2003).  

Preference of  natural products for treating various cancers and 

development of safer and more effective therapeutic agents (Mohan et 

al., 2011), are primarily due to their potential to specifically suppress 

the proliferation of malignant cells by inducing apoptosis (Sarkar & 

Li, 2009; Amin et al., 2011; Bajbouj et al., 2012). These mechanistic 

approaches are very useful in cancer chemoprevention, chemotherapy, 
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and to target multiple sites (Luo et al., 2014).  Usually, this mode of 

malignant cell suppression occurs through their site-specific action on 

multiple cellular signaling pathways without inducing any undesired 

toxicity in normal cells. Hence, these natural agents are non-toxic and 

could be used in combination with conventional chemotherapeutic 

agents to achieve higher effectiveness towards the treatment of human 

malignancies with lower side effects (Demain & Vaishnav, 2011; 

Safarzadeh et al., 2014).  

In this circumstances, successful development of first 

effective clinical anticancer agent cytarabine, was based on the clues 

provided by a natural product C-nucleosides isolated from the 

Caribbean sponge, Cryptotheca crypta. Presently, various malignant 

neoplasm such as leukaemia, lymphoma, pancreatic, breast, bladder, 

and non-small-cell lung cancers are treated using cytarabine and its 

fluorinated derivatives such as gemcitabine (Schwartsmann et al., 

2000; Schwartsmann et al., 2001). A list of more than 3000 plant 

species used in the treatment of cancer has been documented in a 

review by Hartwell (1984). Vincristine, irinotecan, etoposide and 

paclitaxel derived from plant products are some routinely used anti-

cancer agents (Da Rocha et al., 2001). Even though there are ample 

in vitro and in vivo evidence for the potential of drugs derived from 

primary and secondary plant metabolites, to suppress tumorigenesis 

(Awad & Fink, 2000; Woyengo et al., 2009), researchers are more 

focused on marine sources for discovering novel compounds and 
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mode of action to suppress malignant cells. This special interest in 

marine environment is due to unique set of biomolecules synthesized 

in marine plants, macro- and micro algae, microorganisms and 

sponges, owing to the presence of vast biodiversity and complex 

habitats (Lordan et al., 2011). 

For example, a remarkable antitumour activity against tumour 

growing in athymic mice as well as in vitro was shown by didemnin B, 

a cyclic depsipeptide, commonly known as aplidine, isolated from the 

tunicate Trididemnum solidum (Geldof et al., 1999). Its presence has 

also been reported in Mediterranean tunicate, Aplidium. Preclinical 

results points out that rapidly proliferating tumour types were 

suppressed through interference of aplidine molecules with cell-cycle 

progression at G1, and accounts for their potentially high anticancer 

activity against various tumors (Urdiales et al., 1996). Selective and 

potent cytotoxic effects are exhibited by thiocoraline, a novel bioactive 

depsipeptide isolated from Micromonospora marine, against 

melanoma, lung and colon cancer cell lines (Amador et al., 2003). 

Independent investigations using this compound to identify the 

mechanism of action revealed a preferential antiproliferative effects in 

colon cancer cell lines with defective p53 systems (Erba et al., 1999). 

Another example for marine derived cytotoxic dessipeptide is 

Kahalalide F (KF), which blocks the cell cycle in G1 phase in a p53-

independent manner (Garcia-Rocha et al., 1996) was first isolated 

from the mollusk Elysia rubefescens from Hawaii. 
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Sea hare, Dolabella auricularia, a mollusca found in the 

Indian Ocean are rich in cyclic and linear peptides known as 

dolastatins, are extremely potent in vitro cytotoxic compounds 

capable of inhibiting microtubule assembly, causing cells to 

accumulate in metaphase (Bai et al., 1990; Pathak et al., 1998). 

Another bicyclic peptide, depsipeptide isolated from a strain of 

Chromobacterium violaceum is capable of suppressing mRNA 

expression of the c-MYC oncogene. This mode of cytotoxic action is 

capable of causing cell-cycle arrest at G0–G1 in Ha-RAS-transformed 

NIH-3T3 cell line, and thereby inhibiting its growth (Ueda et al., 

1994). Nakajima et al. (1998) identified its potential to acts as 

histone deacetylase inhibitor. 

The ecteinascidins is a tetrahydroisoquinoline alkaloid, which 

acts by selective alkylation of guanine residues in the DNA minor 

groove (Zewail-Foote & Hurley, 1999), was derived from the Caribbean 

tunicate, Ecteinascidia turbinate, is effective in the suppression of both 

murine and human tumour cell lines (Garcia-Rocha et al., 1996). 

Granulatimide and isogranulatimide, two compounds capable of 

functioning as G2 checkpoint inhibitors, are aromatic alkaloids isolated 

from Brazilian tunicate, ascidian Didemnum granulatum (Berlinck et 

al., 1998). Topsentin and hamacanthin  are two novel bisindole class of 

alkaloids, isolated from the Mediterranean sponge Rhaphisia lacazei, 

showcased significant in vitro antiproliferative activity against a series 

of human cancer cell lines (Casapullo et al., 2000).  
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Parahigginols and parahigginic acid, two novel sesquiterpenes 

isolated from a Taiwanese marine sponge Parahigginsia sp., 

demonstrated cytotoxic properties against murine P-388, human KB16, 

A549, and HT-29 tumour cells (Chen et al., 1999). Induction of 

antitumour activity in animal models through dose-dependent DNA 

cleavage via topoisomerase II was demonstrated by a group of amine 

compounds derived from marine sources (Matsumoto et al., 1999).  

Sterols derived from marine resources are also promising 

bioactive source against lung (A549), colon (HT-29 and H-116), mice 

endothelial (MS-1) and human prostate carcinoma (PC-3) cell lines. An 

example for sterol showing these type of antiproliferative activity are 

5α,6α-epoxy-24R-ethylcholest-8(14)-en-3β,7α-diol, 5α,6α-epoxy-24R-

ethylcholest-8-en-3β,7α-diol and 3β-hydroxy-24R-ethylcholesta-5,8-

dien-7-one isolated from marine sponge Polymastia tenax (Santafé et 

al., 2002). Proliferation in human leukemia (HL-60) cell line was 

effectively suppressed using orostanal, a class of sterol isolated from 

marine sponge Stellatta hiwasaensis (Miyamoto et al., 2001). Cytotoxic 

activity of sterols is attributed to chromatin condensation (Quang et al., 

2011), modulating the expression of proteins (Huang et al., 2008), 

antioxidant activities (Van Minh et al., 2011), inhibition of superoxide 

anion generation and elastase release by human neutrophils (Liu et al., 

2010).  

Terpenoids, another class of secondary metabolites, also 

possess significant cytotoxicity against various malignant cells. 
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Brown algae Sargassum tortile is a rich source of meroterpenoids, 

such as sargol, sargol-I and sargol-II having significant cytoxic 

activity (Numata et al., 1992). Bifurcadiol, isolated from the brown 

algae Bifurcaria bifurcate by Di Guardia et al. (1999), is an example 

for a linear cytotoxic diterpene displaying significant activity against 

cultured human tumor cell lines such as A-549, SK-OV-3, SKL-2, 

XF 498 and HCT.  

Even though various classes of molecules derived from marine 

sources such as cyclic depsipeptide, dolastatins, alkaloids, 

sesquiterpenes, sterols etc. have been found effective in the treatment of 

cancer, research on sterols is a promising area towards the development 

of cost effective cytotoxic drugs. As most of the sterols so far isolated 

from both marine and terrestrial sources has proved to be very effective 

as far as cancer treatments are concerned (Grattan, 2013).  

1.1 Literature Review  

In this review, cytotoxic potential of sterols from various 

sources and their mechanism of action are given in general, and 

particular emphasis is given for sterols isolated from Phaeophyceae 

(brown seaweeds). Seaweeds with an estimated gross production of 

8.5 million metric tons (FAO, 2003) globally consist of numerous 

species, which have developed unique metabolic pathways and 

biosynthesized compounds as a part of their defense and survival. 

Seaweeds are capable of producing unique compounds in response to 
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even slight changes in the seasonal and climatic conditions (Chanda et 

al., 2010; Kendel et al., 2015), hence is a promising source for 

exploring novel sterol compounds. Pharmaceutical significance of 

sterols have been recorded in various investigations (Terry et al., 1995; 

Moreau et al., 2002; Ostlund et al., 2002; Jones & AbuMweis, 2009; 

Rasmussen et al., 2009; Rondanelli et al., 2013). Careri et al. (2006) 

reported the anti-inflammatory, anti-neoplastic, anti-pyretic and active 

immune modulating properties of β-sitosterol. Whereas 

ergosterolperoxide is an example for another class of sterols 

possessing inhibitory hemolytic activity along with anti-tumor, anti-

viral, immune modulatory and anti-inflammatory activities.  This 

sterol is also capable of mediating DNA topoisomerase I induced 

relaxation of supercoiled DNA (Bu et al., 2014). Moreover, both 

marine and phytosterols possess effective antibacterial and antifungal 

activities (Sánchez‐Machado et al., 2004). However, in humans they 

showcase antidiabetic, antihypercholesterolemic (Moreau et al., 2002), 

anti-artherosclerotic and anti-ulcerative activities (Beveridge et al., 

2002; Moreau et al., 2002; Lagarda et al., 2006). For the treatment of 

type-II diabetes and obesity, a potential drug was developed using the 

inhibitory potential of 24-ethylcholesta-4,24(28)-dien-3-one, 

stigmasta-5,28-dien-3β-ol, cholesta-5,14-dien-3β-ol and cholesta-5,23-

dien-3β,25-diol isolated from the brown alga Sargassum thunbergii 

collected from East China Sea. These molecules have an IC50 of 

2.24mg/mL (He et al., 2014). Ergostatrien-3β-ol, isolated from the 
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fungus Antrodia camphorata, has been used to alleviate the epidermis 

and sub-dermis damage due to their anti-inflammation capacity 

(Huang et al., 2010; Tung-Chou et al., 2015). Along with antiserum, β-

sitosterol and stigmasterol are also used in snake venom neutralization 

(Gomes et al., 2007). These results along with the absence of  reported 

toxic effect, side effects or biochemical anomalies on animal models 

has promoted their use in medicines and daily food supplements 

(Miettinen et al., 1995; Moreau et al., 2002). 

Importance of incorporating sterols in food supplements 

particularly phytosterols are mentioned in various reports, as they are 

very effective in controlling the blood cholesterol levels (Dunford & 

King, 2000; Rondanelli et al., 2013). These lowering of cholesterol 

levels in serum (Jones et al., 1997), is very helpful in reducing the 

threat of cardiac arrests resulting from hypercholesterolemia (Moreau 

et al., 2002). This has been further supported by the findings of Jones 

& AbuMweis (2009), which  highlighted the potential of  phytosterols 

to specifically reduce the low density lipoproteins (LDL)-cholesterol 

levels in blood, whereas triglycerides and high density lipoproteins 

(HDL) levels are not affected. Even though exact mechanisms of 

cholesterol level reduction by sterols are not very well understood. 

Reduction in quantity of cholesterol available for absorption in gut 

through lowering their micellar solubility by sterols has been widely 

accepted as a major pathway for reducing blood cholesterol levels 

(Jones et al., 2000). On the basis of observations made by Park & Carr 
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(2010), the potential of sterols to function as signaling molecules to 

regulate the expression of cholesterol related genes are also well 

supported. This mode of increasing HDL-cholesterol through the 

selective suppression of LDL-cholesterol using phytosterols have vital 

role in reducing atherosclerosis (Moghadasian, 2006). Hedgehog 

protein, involved in embryonic development, are effectively 

modulated by oxysterols along with 25-Hydroxycholesterol (Lagace et 

al., 1999). Lagace et al. (1999) also investigated their role in the 

regulation of sphingomyelin biosynthesis, required for the formation 

of raft sub-domains in membranes. Further, using sterols expression of 

mRNA levels in hydroxy-3-methyl glutaryl CoA reductase (HMG-

CoA reductase), NPC1L1, SR-BI and LDL receptor are suppressed 

effectively. Along with regulation of cholesterol homeostasis, 

neurodegenerative diseases can be effectively controlled by 24(S)-

hydroxycholesterol and 24(S),25-epoxycholesterol, through specifically 

interacting with the  nuclear receptors responsible for the expression and 

synthesis of proteins involved in sterol channeling. Associated with 

homeostasis, 24(S)-Hydroxycholesterol are also involved in and 

simultaneous down-regulation of  amyloid precursor protein trafficking 

(Ridgway, 1995; Noguchi et al., 2014).  These results highlight the 

importance of sterols from both phyco and phytosterols in various 

pharmaceutical applications. 

Phytosterols, are very useful for treating patients suffering from 

breast cancer and other form of cancers such as the colon and prostate 
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(Awad & Fink, 2000; Awad et al., 2001, Awad et al., 2004). The 

healing effect of   phytosterols, particularly β-sitosterol is attributed to 

their potential to stimulate antioxidant enzymes by an estrogen 

receptor/PI3-kinase-dependent pathway and thereby stimulating 

apoptosis in highly proliferative tumor cells (Moreno, 2003). Apoptosis-

promoting potential of β-sitosterol against breast cancer is also well 

supported by the works of Awad et al. (2003) and Awad et al. (2007). 

These investigations have assessed the role of β-sitosterol and 

campesterol, two common dietary phytosterols, on the mevalonate and 

MAP Kinase (MAPK) pathways in MDA-MB-231 cells to understand 

the mechanistic basics for its antiproliferative effects on cancer cells. 

Further, a reduction in membrane sphingomyelin and an increase the 

ceramide levels in some tumor cells (Awad et al.,1997; von Holtz et al., 

1998) induced by β-sitosterol also highlight the protective role played 

by these molecules against cancer (Platt et al., 2004).   

Armartnol A and armartnol B are isolated and purified from 

soft coral Nephthea armata showcased significant cytotoxic activity 

against various malignant cells. Armartnol A had IC50 value of 7.6, 6.5 

and 6.1mM, respectively against A549, HT-29, and P-388 (mouse 

lymphocytic leukemia) cell lines. However, cytotoxic activity of 

armartnol B against A549 cell lines were insignificant, whereas 

prominent activity was observed when studied against P-388 and HT-

29 cells with IC50 values of 3.2 and 3.1mM, respectively (El-Gamal et 

al., 2004). Certonardosterol Q6 isolated and purified from starfish 
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Certonardoa s emiregularis is a potent cytotoxic agent against SK-

OV-3 (human ovarian cancer), SK-MEL-2 (human skin cancer), 

A549, and HCT 15 cell line (Wang et al., 2004).  

Eight Nebrosteroids (A-G) isolated from soft coral Nephthea 

chabroli Audouin (Nephtheidae) by Huang et al. (2008) are capable of 

effectively modulating the expression of proteins inducing the cell 

proliferation. Potential of Nebrosteroid D, E, and G sterols to 

significantly reduce the level of iNOS and COX-2 proteins expression 

at a concentration of 10mM was observed in LPS-stimulated RAW 

264.7 cells. Whereas nebrosteroid A, B, C, and H were only effective 

in the suppression of iNOS protein expression (Huang et al., 2008). 

Another examples of sterols suppressing protein expression of 

proliferating cells, particularly COX-2 protein is stoloniferones T and 

(25S)-24-methylenecholestane-3,5,6-triol-26-acetate (Chang et al., 

2008).  

Considering the vast diversity of sterol structure in marine 

environment than in terrestrial environment, following discussion is 

focused towards sterols produced by seaweeds. In response 

environmental and seasonal factors seaweeds produce unique 

biochemical compounds, out of which more than 15000 primary and 

secondary metabolites have been reported (Faulkner, 2001; Blunt, et 

al., 2006; Cardozo et al., 2007; Blunt et al., 2011; Khairy & El-Shafay, 

2013). Most of these molecular units identified were having potential 

medicinal value leading to intensification in chemical research on 
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algae products during the last years (Cardozo et al., 2007). Heilbron et 

al. (1934) isolated and purified a doubly unsaturated sterol from the 

brown algae Pelvetia canicuhzta and Fucus vesiculosus and named 

fucosterol, which was later found to be the abundant sterol of 

Phaeophyta along with biosynthetic precursors of fucosterol. From 

Phaeophyta, more than 500 novel biologically active metabolites were 

identified (Faulkner, 2001; Blunt et al., 2006). Even though the 

ecological differences, geographical origin and developmental stage of 

Pheophyta contribute enormously to the origin of unique phyco sterol 

combinations, distinctive biosynthetic pathway leads to a wide range 

side chain functnalization in these molecules (Kapetanović et al., 

2005). Some of structurally exceptional cytotoxic sterols identified 

from seaweeds are ergosterol peroxide, 5,8-endoperoxides, 7-

ketocholesterol, hydroxylated sterols, side chain oxy-sterols etc. 

Ergosterol peroxides are potent anti tumor active compounds 

capable of suppressing multiple myeloma U266 cells,  walker 

carcinosarcoma, human mammary adenocarcinoma cell lines, human 

gastric tumor cell line (SNU-1), human hepatoma cell line (SUN-354), 

human colorectal tumor cell line (SUN-C4), human prostate cancer 

cells,  human leukaemia (HL60) cells, murine sarcoma-180 MDA-

MB435, HCT-8 and SF-295 (Leon et al., 2008; Chen et al., 2009; Liu 

et al., 2009; Rhee et al., 2012; Wu et al., 2012). These results highlight 

their use in developing treatment methods to overcome drug-resistance 

of tumor cells (Wu et al., 2012). Potential of anti angiogenic activity 
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targeting JAK2/STAT3 signaling pathway mechanism of ergosterol 

peroxide is effectively used for multiple suppression of myeloma 

U266 cells (Rhee et al., 2012). Apoptosis induced cell death in human 

leukaemia (HL60) cells were reported by Liu et al. (2009) with IC50 at 

25 μM.  Their potential to induce suppression of inflammation induced 

by TPA and progression of tumor in mice along with mitogens 

induced suppression of proliferation of mouse and human 

lymphocytes were also observed (Liu et al., 2009). Both androgen-

sensitive (LNCaP) and androgen-insensitive (DU-145) human prostate 

cancer cells were suppressed effectively by micro molar 

concentrations of ergosterol peroxide (Chen et al., 2009). These 

classes of sterol molecules can effectively alter the redox states in 

HT29 cells to suppress cell growth and STAT1 mediated 

inflammatory responses (Russo et al., 2010).  

Sterol 5,8-endoperoxides is another molecule which has been 

subjected to various cytotoxic studies. Significant cytotoxic activity was 

displayed by mixture of the four steroids 5α,8α-epidioxy-24(S)-

ethylcholest-6-en-3β-ol , 5α,8α- epidioxy-24(R)- ethylcholest-6-en-3β-

ol, 5α,8α-epidioxy-24(S)-methylcholest-6-en-3β-ol and 5α,8α-epidioxy-

24(R)-methylcholest-6-en-3β-ol against the human breast cancer cell 

line (MCF7WT)  and  human T-cell leukemia/lymphotropic virus type I 

(HTLV-I) (Gauvin et al., 2000; Bensemhoun et al., 2009). Sheu et al. 

(2000) reported the cytotoxic potential of (22R,23R,24R)- 5α,8α-

epidioxy-22,23-methylene-24-methlycholest-6-en-3β-ol against P-388, 
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KB, A549, and HT-29 cells. Apoptosis-induced proliferation 

suppression was achieved in human leukemia (HL-60 cells) cells using 

5α,8α-epidioxy-24(S)-methylcholest-6-en-3β-ol and 5α,8α-epidioxy-

24(R)-methylcholest-6-en-3β-ol isolated from Meretrix lusoria (hard 

clam) (Pana et al., 2007). 5α,8α-endoperoxides sulfate sterol recorded 

prominent activity against P338 and HL-60 with IC50 5.9 μM and  8.7 

μM respectively. Whereas >100 μM concentration of 5α,8α-

endoperoxides sulfate sterol was required to induce 50% cell death in  

A549 and BEL-7402 cell lines (Wang et al., 2008). However, Liu et al. 

(2011) reported mild cytotoxicity for 5α,8α-epidioxycholest-6-en-3β-ol 

against SGC-7901, HepG2 and HeLa cells. Proliferation of human 

breast adenocarcinoma MCF-7 cells were suppressed by inducing cell 

apoptosis with the aid of (22E,24R)-5α,8α-epidioxyergosta-6,9(11),22-

trien-3β-ol isolated from fermentated mycelia of Ganoderma lucidum, 

and edible mushroom Sarcodon aspratus (Bensemhoun et al., 2009). 

From the gorgonian Eunicella cavolini and the ascidian Trididemnum 

inarmatum, potentially active growth inhibitory sterol, (22E,24R,25R)-

5α,8α-epidioxy-24,26-cyclo-cholesta-6,22-dien-3β-ol, which suppressed 

the growth of human breast cancer cells (MCF-7), was isolated and 

studied by Ioannou et al. (2009).These sterols also exhibited very 

significant activity against HepG2, A549, HT29 and MDA-MB-231 

cancer cell lines (Chang et al., 2013).  

7-ketocholesterol, an oxidized derivative of cholesterol is 

another one of the most extensively studied keto-sterol, mainly due to 
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their potential to suppress various pathological conditions in humans 

(Hughes et al., 1994; Nelson & Alkon, 2005). These sterols induce 

apoptosis in cultured smooth muscle cells (Nishio et al., 1996), 

through the increased activation of Na
+
/K

+
 ATPase  in fibroblasts  

(Sevanian et al., 1995). Meanwhile, reduced Ca
2+

 uptake in human 

erythrocytes (Neyses et al., 1985), effectively stimulate monocyte  and 

lens epithelial cells differentiation  (Hayden et al., 2002; Girao et al., 

2003). Dushkin et al. (1998) reported their potential to impart 

oxidative stress through reactive oxygen intermediate generation in 

murine macrophages. Many vital cellular processes such as 

biosynthesis of cholesterol and sterol, proliferation, apoptosis and 

possibly inflammation are believed to be controlled effectively by the 

regulation and inhibition of HMGCoA-reductase by 7-ketocholesterol  

and other oxysterols (Kandutsch & Chen, 1973; Tomoyori et al., 2004; 

Ryan et al., 2005). These keto-sterols have been found to be effective 

in inducing apoptosis in cultured smooth muscle cells (Nishio & 

Watanabe, 1996) and regulate the cellular homeostasis (Mathieu et al., 

2008). Kinase signaling pathways such as AKT-PKC-NFB, p38 

MAPK, and ERK are also effectively controlled by keto-sterols and 

induce cytokines. Miyamoto et al. (2001) observed an inhibition of 

human leukemia (HL-60) cell line proliferation using orostanal, a 

sterol purified from marine sponge Stellatta hiwasaensis. Against this 

particular human cell line this sterol has an IC50 of 1.7mM. Sterols 

isolated from marine sponge Lanthella sp., petrosterol-3,6-dione, 
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5a,6a-epoxy-petrosterol and petrosterol also possessed significant 

cytotoxicity against two types of leukemia (HL-60 and U937) (Tung et 

al., 2009). These sterols were also active against A549, HT-29, breast 

(MCF-7) and human ovarian cancer (SKOV-3).  

Cytotoxicity studies performed using lobophytosterol, isolated 

from soft coral Lobophytum laevigatum, against HL-60 provided 

sufficient data to support their potential to suppress leukemia through 

the induction of apoptosis.  Chromatin condensation apoptotic bodies 

were observed after 24 hrs, when human HL60 cells treated with 5.6 

µM of these sterols were assessed using Hoechst 33342 staining and 

fluorescent microscopy (Quang et al., 2011). Similar chromatin 

condensation apoptotic bodies were observed after 24 hrs, when 

human HCT116 cells treated with 3.2 µM and A549 cells with 4.5 

µM lobophytosterol were assessed using Hoechst 33342 staining and 

fluorescent microscopy, highlighting apoptosis induced suppression 

of cell proliferation. These observations were further supported by 

MTT based viability assay (Quang et al., 2011).  

Hydroxylated sterols are of special interest in cytotoxic, 

antiviral and anti-inflammatory studies, as they are capable of 

regulating immune functions by modulating biosynthetic pathway 

and cell membrane properties (Cyster et al., 2014). A specific 

example for this is oxysterols 25-hydroxycholesterol and 7α, 

25-dihydroxycholesterol. These sterols accelerate the adaptive 

immune responses by engaging the G protein-coupled receptor EBI2, 
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and there by functioning as an immune cell guidance cue 

(Hannedouche et al., 2011). These oxy-sterols, due to their potential 

to alter the adaptive immune response, are of special interest in 

developing safe cytotoxic chemical combination against lymphocytes 

and murine transplanted tumors (Bischoff et al., 2000). There are 

also evidence for the down-regulation of Bcl-2 expression and 

activation of caspases
 
and apoptosis in tumor cells by oxy-sterols (Li 

et al., 2001). Sterols 5β,6β-epoxyergost-24(28)-ene- 3β,7β-diol along 

with ergost-24(28)-ene-3α,5β,6β-triol are examples for this. Former 

has an ED50 0.1mg/mL against HT-29 cell, whereas latter has ED50 

0.25mg/mL (Rueda et al., 2001). Likewise, prominent cytotoxic 

activity were observed against the A549 and HT-29 cell lines, when 

treated with poly hydroxy sterols, such as cholest-3β,5α,6β,7β-tetrol 

and cholest-3β,5α,6β-triol isolated from Caribbean gorgonian 

Plexaurella grisea. Effective dose ie., ED50 values of these sterols 

against these cells were 1mg/mL (Rueda et al., 2001).  

Side chain oxy-sterols are another class of sterols which are 

subjected to rigorous investigations by researchers due to their wide 

range of cytoxic and other biological activities. Endogenous cholesterol 

synthesis has been significantly reduced in various cell lines through 

suppressing the cleavage of sterol regulatory element binding proteins, 

when treated with 25-hydroxy cholesterol (side-chain substituted 

oxysterol) and thereby influencing cell signaling (Adams et al., 2004). 

While, cell cultures  treated with exogenous 25-hydroxy cholesterol 
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triggers apoptosis ie., programmed death in cells through growth 

inhibition and damage to cells, suppression of protein and DNA 

biosynthesis,  altered triacylglycerols and phospholipids biosynthesis, 

suppression of reductase and LDL receptor mRNAs levels and 

cholesterol biosynthesis inhibitions (Kisseleva et al.,1999). However, 

concentration of these sterols in cell cultures is a decisive factor 

influencing the exogenous biological response of oxysterols. Significant 

activity displayed by  oxysterols even at low concentrations have been 

attributed to the presence of functional groups present in the molecule 

such as additional oxygen group on the sterol nucleus or side chain 

along with C3-hydroxyl group, and  an intact sterol ring structure with 

C17-hydrocarbon side chain (Larsson et al., 2006)   

Nizamuddinia zanardinii, remarkable brown algae of Oman 

Sea, is a good source of hydroperoxy sterols with promising cytotoxic 

action on various cell lines particularly human colon adenocarcinoma 

(Moghadam et al., 2013). 24-saringosterol is another example for 

potent cholesterol lowering bio-molecule isolated from seaweeds. In a 

gene target study carried out in six different cell lines, selective 

transactivation of LXRβ-mediated pathway in cholesterol transport 

was shown by culture media treated with 24(S)-saringosterol. Whereas 

for 24(R)-saringosterol, selective transactivation of LXRβ-mediated 

pathway was comparatively low when compared to 24(S)-

saringosterol. It has been presumed that the presence of oxygenated 

functional groups especially in the side chains of sterol molecule 
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resembling the native LXR ligands are more in seaweeds than in their 

terrestrial counterpart. This has been supported using sterols isolated 

from Sargassum fusiforme which showed significant cholesterol 

lowering in various cell lines such as Hep G2, THP-1 monocytes, 

HEK293T, THP-1-derived macrophages, RAW264.7 and intestinal 

Caco-2, due to selective LXRβ agonist activity (Chen et al., 2014). 

Fucosterol an abundant sterol in brown algae, also possess 

hypocholesterolemic activity and can be used to increase the 

concentration level of plasma high-density lipoprotein effectively. 

This cholesterol lowering potential of fucosterol has been attributed to 

their potential to stimulate the transcriptional activity of both LXR-α 

and -β, critical transcription factors in reverse cholesterol transport. In 

a cell-free time-resolved fluorescence resonance energy transfer 

analysis, capacity of fucosterol to stimulate co-activator recruitment 

and there by inducing the transcriptional activation of ABCA1, 

ABCG1 and ApoE, key genes involved in the reverse cholesterol 

transport was observed. This significantly increased the efflux of 

cholesterol in THP-1-derived macrophages.  Intestinal NPC1L1 and 

ABCA1 in Caco-2 cells are also effectively controlled by these sterols. 

Fucosterols are also capable of delaying a key hepatic lipogenic 

transcription factor (nuclear translocation of SREBP-1c) by 

modulating the upregulation of Insig-2a, thereby controlling the 

cellular triglyceride accumulation, particularly in HepG2 cells (Hoang 

et al., 2012). Hoang et al. (2012) concluded that fucosterol are dual- 



Introduction 

21 

LXR agonist which can effectively regulate the key genes expression 

involved in homeostasis of cholesterol without inducing hepatic 

triglyceride accumulation. 

Oxygenated sterol isolated from seaweeds were capable of 

inducing apoptosis and there by effectively controlling the proliferation 

of cancer. 24(R)-hydroproxy-24-vinylcholesterol  isolated from  species 

of Turbinaria and Padina  is an example for this (Ktari & Guyot, 1999; 

Caamal-Fuentes et al., 2014). Fucosterol also possess anti-oxidant and 

hepatoprotective properties. In an investigation carried out by Lee et al. 

(2003), significant anti-oxidant activity was observed for fucosterol 

isolated from Pelvetia siliquosa, marine algae, through decreasing the 

serum transaminase activities, resulting from CCl4-intoxication induced 

hepatic damage in rats. These sterols also inhibit the activities of SGOT 

and SGPT and anti-oxidant enzymes such as hepatic cytosolic 

superoxide dismutase (SOD), catalase and glutathione peroxidase. 

Human hepatocellular liver carcinoma cell line (Hep G2), skin 

carcinoma cell line (WI 38), vero and breast cancer cell lines (MCF-7) 

cultures treated with fucosterol isolated from Sargassum sp.   showcased 

antioxidant and anticancer activities (Ayyad et al., 2011). 

Hamdy et al. (2009), isolated and purified 3-keto-22-epi-28-nor-

cathasterone, and cholest- 4-ene-3,6-dione from Cystoseira myrica, 

which were very active against Hep G-2(liver) and HCT116 (colon) 

human cancer cell lines. Sargassum oligocystum, yielded cytotoxic 

sterol compounds which were active against brine shrimp larvae models 
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(Permeh et al., 2012).  Antiproliferative activity against osteosarcoma 

derived cell line cell MG 63 are shown by a mixture of fucosterol 

derivatives 24R, 28R- and 24S and 28 R-epoxy-24-ethylcholesterol 

isolated from Hizikia fusiformis. Significant apoptotic activity of 24(R)-

hydroproxy-24-vinylcholesterol present in Sargassum, Nizamuddinia 

zanardinii and Padina species  (Moghadam et al., 2013) were inferred 

from  terminal deoxynucleotidyl transferase dUTP Nick End labeling 

assay results.  

Inhibition of endogenous cholesterol synthesis and oxygenated 

sterol inclusion to membrane structure of cells are the some of the major 

mechanisms involved in antitumour effect. Experiments have revealed 

modulation of HMG-CoA reductase, a key enzyme involved in 

cholesterol and prenyl alcohols synthesis, by oxygenated sterol could be 

a major mechanism of deactivation of oncogenes (Schafer et al., 1989; 

Glomset et al., 1990). Involvement of immune related mechanism of 

controlling the proliferation of cancer cell by oxygenated sterols has 

been proposed by Moog et al. (1990), as macrophages and neutrophils 

exhibit significant in vivo affinity towards oxygenated sterols. Also 

there is ample evidence for this mode of mechanism as mitogens or 

alloantigens induced inhibitory effects on the early stages of lymphocyte 

division (Luu & Moog, 1991). Inhibiting proliferation and modulation 

of lymphocytes (blastogenesis), transformation of mixed lymphocyte 

response and activity of NK cells are other relevant mechanism 

proposed for cytotoxic potential of oxygenated sterols (Smith & 
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Johnson, 1989). Viability of EL4 lymphoma and K36 leukaemia cell 

lines (murine cells) in presence of protein inhibitors or RNA synthesis 

are effectively decreased by 7-hydroxycholesterols and 25-hydroxy 

sterols. Christ et al. (1993) confirmed these observations by carrying out 

controlled antiproliferative experiments on murine lymphoma cells 

(RDM4), highlighting the involvement of protein or RNA synthesis 

mediated mechanisms to induce toxicity to oxygenated sterol treated 

cells.  

Cytosolic binding protein, a specific oxysterol binding protein 

related to the inhibition mechanism of HMG-CoA reductase were 

identified, and were found to be inducing cell death in different human 

leukaemic T-lymphocyte clones by Bakos et al. (1993). Ayala-Torres et 

al. (1994) identified the role of DNA-binding protein towards the 

regulation of oxygenated sterol-induced lymphoid cell viability and 

progression. Involvement of calcium dependent mechanism for 7-keto-

cholesterol to induce cytotoxic effects on  HL60 cells were suggested by 

Gregorio-King et al. (2004). On the basis of observations, this 

highlighted the involvement of an up-regulation of novel gene, RTKN2.  

On the other hand, it was shown that cyclooxygenase-2 (Cox-2) 

and prostaglandin G-H synthase-2 expression in bovine mesenteric 

lymphatic, venous, and arterial endothelial cells were effectively 

induced by 25-hydroxycholestrol. Cellular proliferation was increased 

initially by the activation of Cox-2 expression in endothelial cells by 25- 

hydroxycholestrol. However, viability of endothelial cells was 
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significantly influenced when subjected to extended exposure (Nguyen 

et al., 2010)  

Sterols isolated from the brown algae Sargassum carpophyllum, 

3β,28xi-dihydroxy-24-ethylcholesta-5,23Z-dien, 2a-oxa-2-oxo-5alpha-

hydroxy-3,4-dinor-24-ethylcholesta-24(28)-ene, fucosterol, 24-

ethylcholesta-4,24(28)-dien-3,6-dione, 24xi-hydroperoxy -24-

vinylcholesterol, 24-ketocholesterol, 24R,28R- and 24S, 28S-epoxy-24-

ethylcholesterol  possessed potent cytotoxicity against various cancer 

cell lines such as mouse lymphocytic leukemia (P-388), human 

promyelocytic leukemia (HL-60), human breast cancer (MCF-7),  

human ilececal cancer (HCT-8) human ovarian cancer (1A9) human 

bone tumor (HOS) and human prostate cancer (PC-3) (Tang et al., 

2002). Mixture of 24-R and 24-S epimers of 24- hydroperoxy -24 Vinyl 

cholesterol retrived from Brazilian brown sea weeds Dictyopteris justii 

and Spatoglossum schroederi revealed apoptotic properties (Teixeira et 

al., 2006). Sheu et al. (1997) isolated 24-hydroperoxy-24-vinyl-

cholesterol and 29-hydroperoxystigmasta-5,24(28)-dien-3beta-ol from 

the brown algae Turbinaria ornata, showed activity against various cell 

lines. Necrosis and acute inflammatory response in rats were effectively 

induced by subcutaneous implantation of cholestanetriol, 25-

hydroxycholesterol and 26-hydroxycholesterol (Harland et al., 1973; 

Baranowski et al., 1982). In vivo antitumor activity of 7fl-

hydroxycholesterol (7fl-HC) and its sodium dihemisuccinate against 

Krebs II tumours ila mice were even higher than methotrexate, 
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cyclophosphamide and 5-fluorouracil (antitumour drugs) (Rong et al., 

1984). Nordmann et al. (1989) noted 7fl-HC is more toxic on 

hepatoma cells than on normal hepatocytes. On the other hand 7fl-HC 

was more cytotoxic on cultured mouse lymphoma cells than on normal 

lymphocytes (Hietter et al., 1986). 

1.1a Turbinaria spp.  

In tropical marine waters, brown algae, genus Turbinaria spp. 

are abundant and widespread on rocky substrates of costal ecosystem.  

Sterols and other secondary metabolites isolated from this phylum are 

very unique and invariable when compared to other phylum of 

seaweeds. These are sources of high quality carotenoids, dietary fiber, 

protein, essential fatty acids, vitamins and minerals with unique 

bioactivity (Viron et al., 2000, Sanchez-Machado et al., 2004, Fayaz et 

al., 2005). About 30 number of Turbinaria species have been 

identified across the world (Guiry & Guiry, 2007). Out of which 

Turbinaria conoides and Turbinaria ornata are abundant in the coastal 

environments of Indian subcontinent (Chakraborty et al., 2013). As 

observed in other brown algae, fucosterol biosynthesized through the 

alkylation of 24-methylenecholesterol is exclusively present in 

Turbinaria spp. (Patterson, 1971; Kamenarska et al., 2003). 

Concentration of demosterol, a biosynthetic precursor of fucosterol is 

very low in these particular species. Traditionally extracts from 

Turbinaria conoides is used as remedy for antibacterial infection, 
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fever, and cancer and used as antioxidants and insect repellent 

(Erdmann & Bason, 2004).   

Antimicrobial properties were shown by cyclohexane extract of 

Turbinaria conoides. Sterols isolated from these species found to 

poses anticholinergic and antihistaminic properties and proved to be 

effective in treating fungal infections. Kumar et al. (2010) has 

recorded the antimicrobial properties of 3,6,17-trihydroxy-stigmasta-

4,7,24(28)-triene  and 14,15,18,20-diepoxyturbinarin isolated from  

cyclohexane extract of Turbinaria conoides. Pathogens Staphylococcus 

aureus, Staphylococcus epidermidis, Escherichia coli, Pseudomonas 

aeruginosa, and Aspergillus niger were moderately suppressed by 

fucosterol (Kumar et al., 2009). Another compound 14,15,18,20-

diepoxyturbinarin  isolated from the extracts of these species was found 

to be very active against  fungus, Aspergillus niger (Kumar et al., 2010).  

Further, studies using these compounds have also highlighted their role 

in developing effective antihistaminic treatment methods (Kumar et al., 

2011). Potential of extracts from Turbinaria conoides to effectively 

control Beauveria bassiana infection in silkworm was identified by 

Kumari et al. (2011). 

Fucoidan, a sulfated polysaccharide abundant in Turbinaria 

conoides is 2.36 times effective in inhibiting the A549 cell 

proliferation when compared to native fucoidan isolated from Undaria 

pinnatifida (Yang et al., 2008). In food processing, natural antioxidant 

potential of  fucoidan is widely used for preservation by manufactures 
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(Chattopadhyay et al., 2010). Similarly cardio protective effects of 

fucoidan from Turbinaria conoides has been reported in rat by 

Krishnamurthy et al. (2012). Fucoidans with low molecular weight has 

proved to be potent inhibitor of human carcinoma cells, such as 

HT1080 fibrosarcoma, HeLa cervix adenocarcinoma, K562 leukemia, 

HL-60 leukemia cells, U937 lymphoma and A549 lung 

adenocarcinoma (Zhang et al., 2011; Marudhupandi et al., 2015). 

Invasion and angiogenesis of HT1080 fibrosarcoma cells are also 

effectively subdued by low molecular weight fucoidan. Results 

indicated that fucoidans, particularly low molecular weight fucoidan 

are capable of inducing apoptosis in MCF-7 cancer cells by means of 

mitochondria mediated pathway (Zhang et al., 2011).  

Turbinaria conoides is also a source of cytotoxic 

hydroperoxysterols (Sheu et al., 1991). Oxygenated sterols such as 24ɛ-

hydroperoxy-24-vinylcholesterol, 29-hydroperoxystigmasta-5,24(28)-

dien-3β-ol, 24-ethylcholesta-4,24(28)-dien-3-one, 24ɛ-hydroperoxy-24-

ethylcholesta-4,28(29)-dien-3-one, 24- ethylcholesta-4,24(28)-dien-3,6-

dione, 24ɛ -hydroperoxy-24-ethylcholesta-4,28(29)-dien-3,6-dione, 6β- 

hydroxy-24-ethylcholesta-4,24(28)-dien-3-one , and 24 ɛ -hydroperoxy-

6β-hydroxy-24-ethylcholesta-4,- 28(29)-dien-3-one  isolated from 

Turbinaria conoides demonstrated cytotoxicity against cancer cell lines 

A-549, HT-29, KB and P-388. (Sheu et al., 1999). Infections caused by 

fungus Curvularia lunata, Stachybotrys atra and Microsporum canis 

can be treated by fucosterols (Choudhary et al., 1997). Fucosterols are 
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histamine and acetylcholine inhibitors and are also very effective 

antiviral agents (Yoon et al., 2008). 

Numerous antibiotics, laxatives, anticoagulants, anti-ulcer 

products have been recovered from seaweeds (Rajasulochana et al., 

2009). Based on available literature and data it can be presumed that    

Turbinaria spp. are also rich source of therapeutically valuable non 

toxic, unsaponifiable novel sterols (Orcutt & Richardson, 1970; 

Rajasulochana et al., 2009), which can effectively substitute the 

conventional expensive method of treatments. In this regard Turbinaria 

conoides, a promising source for discovering novel drugs are least 

explored.   

1.2 Aim and Scope 

Seaweeds are important source of new drug leads, and has 

played vital role in the progress of novel anticancer agents. Finding 

new bioactive molecules has been the primary focus of most of the 

natural product research. Detailed investigations of the 

pharmacological activities of these compounds are essential for the 

understanding of their mechanisms of action. Recent developments 

in molecular biology and analytical techniques have facilitated the 

development of new in vitro methods to examine the effect of 

compounds on intracellular pathways. In this work focus was to 

identify cytotoxic activity of fucosterol acetate against A549 and Hep 
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G2, and also effort was made to isolate new cytotoxic sterol with 

potent activity against A549 and Hep G2 from Turbinaria conoides.  

The specific aims were 

 Bioactivity based screening of lipids from Turbinaria 

conoides and characterization of active fractions in order to 

identify compounds of natural origin with cytotoxic activity 

against A549 and Hep G2. 

 Extraction, isolation and structural elucidation of fucosterol 

acetate and novel sterol with potential cytotoxic activity 

against these cell lines.  

 To elucidate the concentration-dependent cytotoxic effects of 

fucosterol acetate and novel sterol to determine their 

mechanisms of action on a molecular level. 

By understanding the mechanism of cytotoxic action, in future 

these sterols could be in-cooperated in chemotherapeutic drugs for 

developing safer therapeutical methods of treating lung and liver cancer.   
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2.1 Introduction 

Bioactivity screening assays are usually fast and simple 

methods, opted by researchers all over the world to identify organic 

fractions, in which, the chances of finding natural products beneficial to 

mankind are high (Amador et al., 2003; McKay & Blumberg, 2006; 

Weller, 2012). Cell based assays have gained universal acceptance 

when compared to animal model as they are very economical and 

effective in identifying the compounds responsible for therapeutic/toxic 

effect from a pool of secondary metabolites ranging between hundreds 

and thousands (Li et al., 2000; Montalvão et al., 2014). As a result of 

extensive research, numerous bio-screening assays have been 

developed; which are even capable of disclosing the mechanism of 

action of compound/materials at the molecular level and deduce their 

side effects (Huang et al., 2004). However, the decisive factors for 
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selecting the type of assays to be performed are the objective of the 

investigation coupled with the extent of information we are looking for, 

screening strategies are continuing to evolve, probing new ideas and 

knowledge about cancer, introducing high throughput screening and 

new analytic methodologies (Riss et al., 2003). In part, the need for this 

continuing evolution has been stimulated by a desire to develop novel 

and less toxic therapies for cancer treatment (Weller, 2012). High 

throughput screening methods have enabled more sophisticated 

mechanism based screening, and subsequently required the move to pre-

fractionation and peak library generation (Reetz et al., 1999). These 

„„prior-to-screening‟‟ purifications have the consequence of reducing 

the complexity of screening materials, increasing the titer of low 

abundance components, segregating nuisance substances into discrete 

fractions, and generally speeding up the time line from detection of a 

primary screening hit to identification of a molecular structure for the 

active substance (Chen et al., 2005). It can generally be concluded that 

contemporary screening protocols in natural products chemistry are 

using chromatographic purification steps, sometimes producing pure 

compounds, before biological or enzymatic bioassay (Simmons et al., 

2005). 

Chromatographic methods are cheap and successful in 

analyzing a large set of samples rapidly. Moreover it provides 

evidence, necessary for the further investigations as they can be easily 

coupled with multiple spectroscopic tools such as mass spectroscopy, 
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nuclear magnetic resonance, infrared spectroscopy etc. to deduce the 

structural information of the isolated compound (Chen et al., 2005). 

Even though chromatographic methods offer the flexibility of 

simultaneous evaluation of bio-assay and structural features of the 

compound. However, authentic evaluations for the mechanism of 

action are difficult and are only useful in primary evaluations. Hence, 

these screening methods are usually coupled with other classical 

pharmacological models to evaluate the efficiency, side effect and 

toxicity of the medicine (Huang et al., 2004).  

Limitations of chromatography based bioactivity screening can 

be easily overcome by performing in vitro assays using cellular and 

enzyme receptor models, capable of providing highly specific and 

sensitive data rapidly. After first reports of bioactive compound 

screening on the basis of receptor enzyme model, this field has shown 

an exponential growth (Moore & Rees, 2001; Wise et al., 2002; 

Peelman et al., 2006; Gaulton et al., 2012; Firempong et al., 2015). 

Molecular assays are target specific and are usually preferred, when 

details regarding mechanism of the action of test compound at the sub-

cellular level, necessary for the development of drug are required. This 

specificity, a unique feature associated with molecular model based 

assay is also a major drawback of this method. Inhibition assays monitor 

only those classes of compounds with specific activity type, details of 

other bioactive compounds which lack these mechanism will be lost 
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(Moore & Rees, 2001). In this context, assays on cell models are useful 

for screening diverse bioactive compounds (Van Staveren et al., 2009). 

Lu et al. (2002) identified the potential of polysaccharide 

isolated from Acanthopanax giraldii Harms Var. Hispidus hoo to 

selectively inhibit human gastric cancer cell by performing inhibition 

studies on various cell lines such as human embryonic tendocytes, 

human lymphocyte, and human gastric cancer cell. Using in vitro 

MTT assay on KBv200 cell line, traditionally used medicines in 

China were screened for multidrug resistance by Zhang et al. (2001). 

In an another study, potential of 29 out of 50 herbs collected from 

Guangxi province to suppress the proliferation of liver cancer was 

identified by Wei et al. (2003) with aid of MTT. Similarly, study by  

Peng et al. (2008) cell models were used to study the in vitro anti-

tumor potential of steroidal glycoside extract from the root of 

Cynanchum auriculatum. All these results are direct outcome of 

novel innovations in the field of target selection using cellular format 

and advancement in the technology to monitor cytotoxicity, 

morphology, and cell cycle. 

Even though chromatographic methods based bio-screening 

assays are widely used in the in situ monitoring of drug-protein binding, 

and to study the various protein-ligand interactions, such as, anti-

cooperative, non-cooperative and cooperative interactions. In this 

chapter, chromatographic techniques were used for the fragmentation of 

crude extract from Turbinaria conoides. These neutral and acidic lipid 
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mixtures are then coupled with GC-MS and cell model to evaluate the 

structural features of the compounds present in each fraction which 

showcased considerable cytotoxicity. Sulforhodamine B (SRB) viability 

assay was carried out to evaluate the cytotoxic potential of each fraction. 

Test by means of SRB, which measures the reduction in total cellular 

protein content, useful for the effective quantification of clonogenicity, 

cell proliferation and cytotoxicity for large scale drug screening 

applications (Vichai & Kirtikara, 2006). Differential absorption of 

fluorescent dye binding proteins (eg. the SRB staining) is  preferred due 

to its speed, easiness, stable end point, and accuracy. Cell binding, 

which can be effectively performed in the 96-well plates, is suitable for 

processing and storage to study the influence of drug dosage. Another 

advantage of SRB is its improved linearity and sensitivity in high 

density cells. Further, staining can easily differentiate between recently 

lyzed cells and cell debris, making it a highly sensitive cell viability 

assay (Vichai & Kirtikara, 2006; Houghton et al., 2007). Finally, the 

outcome of in vitro study and GC-MS evaluations used to identify the 

uniqueness of each fraction against lung and liver cancer, are processed 

and documented in this section. 

2.2 Materials and Methods 

2.2.1 Sampling and Processing 

Turbinaria conoides (Fig. 2.1), a brown sea weed belonging 

to Sargassacea family, was collected from Mundapam coast, Gulf of 
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Mannar, south east coast of India during pre monsoon season. 

Coordinates of the sampling site, latitude 9
ᵒ
 45‟N and longitude 79

ᵒ
E 

were recorded using global positioning system (Garmin GPS etrex 

10). Samples were collected during low tide from rocky structures on 

the coastal area. Approximately 50 Kg. of wet Turbinaria conoides 

was collected, which were washed with sea water followed by 

distilled water and stored in deep freezer at -20
ᵒ
C until the extraction 

process. 

 

Figure 2.1 Image of Turbinaria conoides collected from Mundapam 

coast, Gulf of Mannar.    

2.2.2 Solvent Extraction of the Sea weed  

Prior to analysis wet samples was air dried in shade, followed 

by grinded to fine powder for further analysis. All the chemicals used 

for the extraction of metabolites from Turbinaria conoides were 
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analytical grade, supplied by Merck. A solvent system prepared using 

methanol and chloroform in the ratio 4:1 were used for the total 

extraction. Algal powder, about 10 Kg dry weight, was treated with 

methanol:chloroform solvent system (Bligh & Dyer, 1959) followed 

by sonication using ultra sonicator (Sonics Vibra Cell) for effective 

extraction (Annegowda et al., 2012). An ice bath was used to dissipate 

the excess heat generated during sonication to reduce the vaporization 

of solvents and thermal degradation of compounds. Solvents saturated 

with organic compounds were collected and replaced by fresh solvent 

and sonicated, this process was repeated until the complete extraction 

was achieved. The extracts were concentrated using rotary evaporator 

(Heidolph 2 Germany) maintained at 40
ᵒ
C and 180 mbar vacuum 

conditions. 

2.2.3 Saponification  

In order to fractionate total extract into acidic and neutral 

fraction, they were saponified using 6% methanolic KOH in a water 

bath at 70
ᵒ
C for 3 hr. After refluxing, samples were left overnight at 

room temperature to complete the saponification (Heemken et al., 

1997; Wang et al., 2000; Larsen & Christensen, 2005). An inert 

atmosphere was maintained while saponification through N2 purging. 

Saponified samples were then treated with hexane to separate neutral 

fractions which consisted of alkanes, alkenes, sterols etc. Extraction of 

neutral lipids from aqueous layer using hexane was repeated several 
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times for maximum recovery. After the removal of lipid fraction, 

remaining aqueous fraction was treated with 6 N HCl solutions to 

recover acidic lipid. These solutions were solvent extracted using 

analytical grade hexane. Neutral and acidic fractions in hexane were 

passed through anhydrous sodium sulphate to remove moisture. 

Extracts were concentrated using rotary evaporator and preserved in a 

deep freezer at -20
ᵒ
C. Necessary arrangements were made using 

nitrogen to maintain inert atmosphere and molecular sieve to prevent 

moisture formation inside sample vials. 

2.2.4  Separation of Acid and Neutral Fractions using 

Column Chromatography 

Normal phase column chromatography was performed for the 

fractionation of neutral lipids, whereas to achieve effective separation 

of acid fraction, a silver nitrate impregnated column was used. 

2.2.4 (a) Preparation of silver nitrate impregnated column and 

separation of acid fraction 

Prior to impregnation of silica (60-120 mesh) with silver 

nitrate, it was activated by heating at 120
ᵒ
C for 3 hour. 100 gm of 

activated silica was made into paste using 200 mL of 10 % silver 

nitrate solution. These pastes were then oven dried at 45
ᵒ
C, followed 

by heating   at 120
ᵒ
C for 30 minutes for activation. A white coloured 

coarse adsorbent thus obtained, were packed into 70×1.5 cm column. 

Throughout the fractionation, chances of column degradation from 
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photochemical decay were minimized by covering the surface of the 

column using dark paper (De Vries, 1963; Anderson & Hollenbach, 

1965; Li et al., 1995).  

Acid fractions were methylated using boron trifluoride 

methanol (1mL reagent /4-16 mg of lipid) prior to loading into the 

column. Esterification was carried out in a closed system using teflon 

tube with screw cap. Boiling water bath was set to attain thermal 

conditions necessary for the esterification. In order to recover the 

methyl ester, extraction using reagent grade hexane was repeated 

several times to attain maximum recovery. Excess solvents were 

removed and adsorbed onto silica gel (60-120 mesh) in rotary 

evaporator.  

Methylated acid fractions adsorbed on silica gel were loaded 

to normal phase silica column and two fractions were separated using 

ethyl acetate (3%) - hexane (97%) solvent system, fraction I and 

fraction II. Excess solvents were removed from fraction I and 

adsorbed to silica gel, in rotary evaporator which was then applied to 

silver impregnated column. Polarity of the solvent system used to 

elute the acid fractions was prepared using ethyl acetate (5%) and 

hexane (95%). The three fractions (50 mL) eluted from the column 

using this solvent system were passed through NaCl to remove 

AgNO3. Four acid fraction AF1 AF2, AF3 and AF4, were collected 

from  fraction II and purified using silver impregnated column.   
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2.2.4 (b)  Separation of neutral lipids using a normal phase silica 

column 

Using a normal phase silica column, neutral lipids were 

separated into three factions. HPLC grade hexane was used in the 

collection of non polar fractions. Semipolar fractions were collected 

using 10% ethyl acetate–hexane solvent system. And 20% ethyl 

acetate-hexane solvent system for the elution of cyclic polar 

compounds. These three fractions were dried and preserved in inert 

atmosphere at 5
°
C.  

2.2.5 Viability Assay using Sulforhodamine B (SRB) Staining  

SRB, a cytotoxic viability assay is based on the ability of the 

protein dye sulforhodamine B to bind electrostatically and pH 

dependent manner on basic amino acid residues of trichloroacetic 

acid–fixed cells. Under mild acidic conditions it binds and under 

mild basic conditions it can be extracted from cells and solubilized 

for measurement. SRB is an anionic bright pink aminoxanthene 

protein dye (C27H30N2O7S2) with two sulfonic groups (Vichai & 

Kirtikara, 2006). SRB assay was performed in triplicates with 

appropriated amount of sub fractions collected from acidic and 

neutral lipids on two cancer cell lines (A549 and Hep G2). Four   

fatty acid fractions which were collected in 10% ethyl acetate-hexane 

and all the neutral fractions (100% hexane, 5% ethyl acetate-hexane, 

10% ethyl acetate-hexane, 15% ethyl acetate-hexane and 20% ethyl 
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acetate-hexane solvent system). SRB dissolved in 1% acetic acid 

store at 4

C protected from light (Rubinstein et al., 1990; Skehan et 

al., 1990; Griffon et al., 1995). Reagents used are shown in Table 2.1 

Table 2.1 List of reagents used for SRB viability assay. 

Reagents Concentration (w/v). 

TCA 10% 

Acetic acid 1% 

SRB 0.57% 

Tris base (pH 10.5) 10  M 

In the well plate without removing the cell culture supernatant, 

100 μL of cold 10% TCA was added and incubated at 4
º
C for 1 hour. 

After which the plates were washed four times, with slow running tap 

water and excess water was removed using paper towels. The plate 

was dried using a blow dryer to dry them completely. Once the plates 

were dry, 100 μL of 0.057% SRB solution was added to each well. 

The stain was allowed to incubate 30 minutes followed by brief 

rinsing of the plates using 1% acetic acid four times to remove excess 

unbound dye. 200 μL of 10 mM Tris base solution (pH 10.5) was 

added to each well. The plates were placed in a shaker for 5 min to 

solubilize the protein-bound dye. The optical density (OD) was read in 

a microplate reader at 510 nm. 

% viability = (OD of Test/ OD of Control) X 100 
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2.2.6 GC-MS Characterization 

Characterization of bioactive acid and neutral fractions, which 

exhibited significant cytotoxicity against cancer cell lines A549 and 

Hep G2, were carried out using GC-MS (Perkin Elmer, Clarus 680-

Clarus 600T). Analytical conditions used for the characterization of 

acid fractions are depicted in Table 2.2. GC-MS analytical conditions 

used for the attaining peak separation and identification of neutral 

lipids are detailed in Table 2.3. 

Table 2.2  Analytical conditions used for the GC-MS characterization 

of acid fractions  

Column 
non polar HP ultra double fused silica capillary 

column 

Injection quantity 1.0µL 

Injection mode  Split (split ratio 1:20) 

Vaporization chamber 

temperature : 
280℃  

Column oven temperature 60℃ ( 1 min) -> 200  (2℃/min) hold for four 

minute -> 280℃ (5℃/min) hold for 10 minutes 

Detector MS 

[MS] Interface temperature 200℃ 

Ion source temperature 200℃ 

Inlet A PSS1 

Inlet B CAP 

Measurement mode Scan 

Sampling rate 12.50000 pts/s 

Run time 101 minutes  
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Table 2.3  Analytical conditions of GC-MS for characterization of 

neutral fraction 

Column            
non polar HP ultra double fused silica capillary 

column 

Injection quantity 1.0µL 

 Injection mode  Split (split ratio 1:20) 

Vaporization chamber 

temperature : 
280℃  

Column oven temperature 150℃ (0 min) -> 200  (15℃/min) hold for one 

minute -> 250℃ (5℃/min) hold for 1 minute  -> 

280℃ (1℃/min) 45 minute hold. 

Detector MS 

[MS] Interface temperature 200℃ 

Ion source temperature 200℃ 

Inlet A PSS1 

Inlet B CAP 

Data sampling time 16 to 80 min 

Measurement mode Scan 

Mass range m/z 45-330 

Sampling rate 12.50000 pts/s 

Run time 90 minutes  

2.3 Results and Discussion  

One acid fraction AF1 from normal phase and three acid 

fractions AF2, AF3, and AF4 were collected from silver-nitrate 

impregnate column. Normal phase chromatography was carried out to 

separate hydroxy-fatty acids from rest of the acid mixture. Otherwise 

hydroxy group will react with the silver ions (Metcalfe et al., 1966).  

Separation of three acid fractions in silver-nitrate impregnate column 
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is a direct consequence of hydrogen bond formation between Ag
+
 and 

double bound. This principle has been used worldwide for the 

purification of fatty acids and the separation of geometrical isomers 

from crude (Kepler & Tove, 1967). Hydrogen bond formation results 

in the slight variations in the adsorption of fatty acids. During elution 

saturated fatty acids were easily eluted from the column, as they lack 

hydrogen bonding. Whereas for unsaturated fatty acids, order of 

elution was influenced by number of double bonds. (Nikolova-

Damyanova et al., 1996; Nikolova-Damyanova & Momchilova, 2002; 

Dołowy & Pyka, 2015). 

With the aid of normal phase chromatography three fractions 

NL1, NL2, and NL3 were collected from the neutral lipid extract. NL1 

were collected using non polar solvent, hexane.  Elution using hexane 

results in the mobilization of alkanes and alkenes. Semi polar chemical 

compounds (NL2) are mobilized using 10% ethyl acetate-hexane 

solvent system. Whereas 20% ethyl acetate-hexane are effective in the 

elution of polar compounds (NL3). 

Results of SRB assay performed on A549 cell lines are shown 

in Fig. 2.2 and Hep G2 in Fig. 2.3. Three acid fractions (AF1, AF3, 

and AF4) displayed anticancer activity against both A549 and Hep 

G2 cell lines. AF2 recorded only moderate activity against above cell 

line. Whereas activity of NL1 and NL2 against these cancer cell lines 

were insignificant. Polar fraction (NL3) showed a prominent activity 

in Hep G2 and A549. While comparing the activity range of acidic 

fractions, AF1 fraction and AF3 fraction were having comparable 

activity in the group followed by AF4.  
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Figure 2.2  Graphical representation of percentage of cell viability 

in A549 cell lines exposed to different lipid extracts 

from Turbinaria conoides 

 

 

Figure 2.3  Graphical representation of percentage of cell viability 

in Hep G2 cell lines exposed to different lipid extracts 

from Turbinaria conoides 
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All the active fractions (AF1, AF2, AF3, AF4, and NL3) were 

characterized using GC-MS. Characteristic molecular ion 

fragmentation obtained with an ionization Voltage of 70 eV were 

compared with NIST library to deduce the chemical features of the 

individual compounds present in each mixture.  

Total ion chromatogram of AF1 fraction is furnished in Fig. 

2.4. On the basis of mass fragmentation pattern of this fraction, 

hydroxy fatty acids were predominant and eleven hydroxy fatty acids 

were identified (Table 2.4). Base peak m/z at 103 for almost all the 

compounds except one highlighted the presence of hydroxyl group in 

the alpha position of the fatty acids. This m/z at 103 (Fig. 2.5) has 

been attributed to CH3O(CO)CH2CHOH (Ryhage & Stenhagen, 

1960). Certain mass fragmentation pattern apart from m/z at 103 

highlighted the presence of 3-OH fatty acids. For example, presence 

of m/z 166 and m/z 222 which are signature fragments of 3-OH–C14:0 

and 3-OH-C18:0 respectively were also observed in this fraction. 

These fragments are the result of beta carbon cleavage and 

simultaneous removal of H2O from the alkyl position (Ozen et al., 

2004). The presence of hydroxy fatty acids in this seaweed highlight 

its importance, as only few Phaeophyceae are reported to produce 

this class of molecule (Proteau & Gerwick, 1993; Rorrer et al., 

1997). 
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Figure 2.4  Total ion chromatogram of AF1 acid fraction  conatining 

hydroxy fatty acids. 

 

Figure 2.5  A representative mass fragmentation pattern of hydroxy 

fatty acid, methyl 3-hydroxydodecanoate, having base 

peak at m/z = 103. Produced by a characteristic 

cleavage alpha to the carbon with the hydroxy group and 

defines its position.  
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Table 2.4 List of hydroxy fatty acids present in fraction AF1. 

SL.

No 
Fatty acids 

Relative 

% 
RT 

Major 

m/z 

1 Unknown 4.89 33.28 
103, 74, 

71, 69, 61 

2  

methyl 16 hydroxyhexadecanoate 

7.31 44.77 

103, 71,  
74, 75, 

69, 61, 

55, 96 

3 Unknown 2.63 48.19 
103,71, 
74, 96, 

194 

4 
 

3-hydroxy-10-methylundecanoic acid 

8.94 55.24 

103, 71, 

74, 97, 

104, 215, 
55, 61 

5  

Methyl 3-hydroxy dodecanoate 

3.36 58.33 

103, 71, 

104, 96, 

61 

6  

Octadecanoic acid ,3 hydroxy, Methyl ester 

1.35 60.13 

103, 74, 

81, 96, 

119 

7 Unknown 3.61 63.09 
55, 111, 

227, 286 

8 
 

Methyl-2-hydroxy hexadecanoate 

1.08 63.372 
103, 71, 

74, 69, 96 

9 
 

Methyl 3-hydroxytetradecanoate 

44.68 64.81 

103, 71, 

74, 268, 

256 

10 
 

Methyl 3-hydroxyhexadecanoate 

17.32 67.62 
103, 74, 

227, 250, 

282, 286 

11 Unknown 4.81 73.81 
103, 74, 
264, 292 
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Presence of eight dicarboxilic acids in AF2 was inferred from 

the occurrence of distinctive mass fragmentation pattern (Ryhage & 

Stenhagen, 1959; McCloskey, 1970). Total ion chromatogram for 

AF2 is depicted in Fig. 2.6 and the list of acids are shown in Table 

2.5. Particularly those resulting from the loose of CH3O [M-31]
+
, 2 x 

CH3O [M-64]
+
, CH3OCOCH2, a MacLafferty ion [M-73]

+
, [M-92]

+
 

resulting from the loss of neutral molecules CH3OCO, CH3O and 2H 

radicals, [M-105]
+
 arising from the loss CH3OCOCH2, CH3O, and H 

and finally, [M-123]
+
  resulting from CH3OCOCH2 + CH3O + H2O + 

H corresponding to series I (Fig. 2.7). Cyclic enol formed by the 

rearrangement leads to a m/z 84+14n, is a second series of abundant 

ions unique to these molecules. For both the series abundance of m/z 

is influenced by the chain length of the molecule for example m/z 74 

resulting from the [CH3OOC(CH2)n]
+
 is destabilized as the chain 

length increases (Ryhage & Stenhagen, 1959; McCloskey, 1970).  
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Figure 2.6 Total ion chromatogram of acid fraction AF2 containing 

dicarboxylic acid. 

 

Figure 2.7 A representative mass fragmentation pattern of dicarboxilic 

acid, dimethyl nonanedioate, having base peak at m/z = 152.   
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Table 2.5 List of carboxylic fatty acids present in fraction AF2 

Sl.No Fatty acids 
Relative 

% 
RT Major m/z 

1 
 

 Butanedioic acid, monomethyl ester 

0.578 10.451 

59, 128, 130, 

131, 115, 101, 

85, 75, 71 

2  
Heptane dioic acid dimethyl ester 

 

1.782 26.67 
115, 111, 124, 

128, 157, 74 

3 
 

Octanedioic acid dimethyl ester 

3.54 32.47 
129, 111, 143, 

138, 171, 74 

4  
Nonanedioicacid dimethyl ester 

36.854 38.33 

152, 185, 143, 

111, 124, 55, 

69, 74 

5 
 

Decanedioic acid dimethyl ester 

19.47 43.86 
55, 111, 125, 

157,  199, 74  

6  
Undecanedioic acid dimethyl ester 

25.525 49.18 
98, 111, 152, 

185, 213, 74  

7 
 

Dodecanedioic acid dimethyl ester 

6.87 54.26 

98, 153, 111, 

124, 185, 227, 

74 

8  
Tridecanedioic acid dimethyl ester 

5.374 59.11 
74, 98, 111, 

126, 184  

 

Presences of poly unsaturated fatty acids (Table 2.6) 

particularly a series of methylene interrupted polyenes were observed 

in the total ion chromatogram (Fig. 2.8) of AF3 fraction. This 

inference was made on the basis of unique combination of m/z peaks 

such as m/z 79 (base peak) along with m/z 93, and 107 (Fig. 2.9) 

(Fellenberg et al., 1987).  
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Figure 2.8 Total ion chromatogram of AF3 containing poly 

unsaturated fatty acid. 

 

 

Figure 2.9 A representative mass fragmentation pattern of 

polyunsaturated fatty acid, methyl 18, 11, 14, 17, 

icosa tetraenoate, having base peak at m/z =79. 
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Table 2.6 List of poly unsaturated fatty acids present in the fraction AF3. 

Sl. 

No 
Fatty acid 

Relative 

% 
RT Major m/z 

1  

Ethyl 6, 9,12, 15-octadeca tetra enoate 

21.615 64.92 
79, 67, 91, 93, 

108, 119, 55 

2 
 

Methyl 12, 15-octadeca dienoate 

4.146 65.51 
67, 81, 95, 

109, 294, 55 

3 

 

 

Methyl 11, 14, 17- eicosatrienoate 

31.4 65.78 
95, 67, 81, 
292, 294, 55 

4  

Methyl 9-cis, 11-trans-octadecadienoate 

1.266 69.81 
67, 81, 95, 

294, 55 

5 
 

7,7, Dimethyl-(5Z,8Z)-Eicosadienoic acid Methyl Ester 

5.44 71.67 
71, 169, 230, 
227, 294, 67, 

55 

6  

5,8,11,14-Eicosatetraenoic acid, methyl ester 

19.0 72.43 
79, 67, 81, 91, 

95, 109, 55 

7  

5,8,11,14,17-Eicosapentanenoic acid 

8.472 72.67 
79, 81, 95,  
105, 119, 87, 

143, 67 

8  

Methyl 8,11,14-icostri enoate 

1.678 73.38 
67, 81, 95, 
222, 320 

9  

Methyl 8,11,14,17-icosa tetraenoate 

1.607 73.66 
79, 67, 81, 95, 
106, 109, 55, 

222  

10  

Methyl 7, 11, 14 eicosa tri enate 

1.298 74.96 
67, 55, 57, 81, 
95, 109, 294, 

167 

11 
 

Ethyl 6,9,12 Hexadecatrienoate 

4.069 75.15 
67, 81, 93, 95,  
109, 135, 79, 

55, 294, 318  
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Total ion chromatogram of AF4 is shown in Fig. 2.10. Mass 

fragmentation pattern of AF4 highlighted the presence of branched 

fatty acids (Fig. 2.11, Table 2.7), monoenes, and dienes. Allmost all 

mass spectra consisted of base peak at m/z 74 (Fig. 2.12), a stable ion 

resulting from the McLafferty rearrangement of the fatty acid 

molecule after fragmentation. Presence of fatty acids with carbon 

chain length ranging between C3-C15 observed in this fraction were 

inferred from the presence of peaks particularly those resulting from 

the removal of neutral aliphatic radicals such as m/z 87, 143, 199, 

and 255 (Table 2.7) (Odham & Stenhagen, 1972). Based on the m/z 

peak of 67, carbonyl carbon cleavage and subsequent lose of 

methoxy radicals from fatty acids is inferred (Christie, 1998). We 

can easily classify these fatty acids into branched particularly methyl 

branches. Presence of monoenes with varying double bond position 

in this fraction was also inferred from the mass fragmentation data. 

In this case, m/z 55 an unsaturated aliphatic radical, a unique 

fragmentation pattern of monoenes was dominated along with m/z at 

69, 83, and 97 (Table 2.7). Most of these fragments are often 

stabilized through the formation of cyclic compounds (Brakstad, 

1993).  
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Figure 2.10 Total ion chromatogram of fraction AF4 containing 

branched acid. 

 

Figure 2.11 A representative mass fragmentation pattern of branched 

fatty acid, methyl 10, 13-dimethyltetradecanoate, having 

base peak at m/z =87.   
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Figure 2.12 Base peak at m/z 74 resulting from the McLafferty 

rearrangement of the fatty acid molecule after 

fragmentation.  
 

Presence of m/z 67, 81, 95, and 109 (Fig. 2.13) highlighted the 

presence of low molecular weight methylene interrupted dienes. In this 

case when comparing the abundance of m/z at 294 for the monoene 

and dienes of this class, this particular peak is more abundant than in 

monoenenes and also the presence of m/z 263 resulting from the 

removal of methoxyl radical is also observed (Christie, 1998). 

Presence of base peak at m/z 55 (Fig. 2.14) for monoenes of 

low molecular weight compound, in this case result from the 

suppression of m/z 67, which is otherwise stabilized in methylene 

interrupted diene (Fellenberg et al., 1987). However, abundance of 

m/z 81 along with 55 is a unique feature of methylene interrupted 

fatty acids (Christie, 1998). In certain cases, however, discrepancies 

are observed in the mass spectra of these classes of molecules, 

particularly in the context of 2, 5 isomers due to the presence of 

double bond in the 2
nd

 position (Christie, 1998).  
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Figure 2.13 A representative mass fragmentation pattern of 

methylene interpreted dienes, methyl 12, 15 octa 

deca dienoate, having base peak at m/z =67.   

 

Figure 2.14 A representative mass fragmentation pattern of monoenes, 

methyl hexadec -9-enoate, having base peak at m/z =55.  
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Table 2.7 List of fatty acids present in the fraction AF4 

Sl.No Fatty acids Relative 

% 
RT Major m/z 

1 
 

Methyl 10 methyl undecanoate 

0.213 36.89 74, 87, 199 

2 
 

Methyl 12 methyl tridecanoate 
 

5.677 48.07 
74, 87, 143, 

199, 242 

3 
 

Methyl 13 methyl tetradecanoate 

0.604 53.05 
74, 87, 143, 
199, 213, 256 

4  
Methyl hexadec -9-enoate 

4.299 56.93 
55, 69, 83, 
97, 74, 152, 

194, 236 

5 
 

Methyl 10,13-dimethyltetradecanoate 

59.69 58.67 

74, 87, 143, 

171, 199,  
227, 239, 270 

6 
 

Methyl 7, 10-hexa deca dienoate 

0216 60.786 
55, 67, 81, 

95, 234, 266 

7  
Methyl 8-hepta decenoate 

0.237 61.421 
74, 55, 69, 
81, 152 

8  
Methyl 9, 10 methylene hexadecanoate 

0.161 61.806 
55, 69, 83, 

110, 250 

9  
Methyl 8, 11, 14 hepta deca trienoate 

0.032 62.282 
67, 79, 81, 
108, 149, 

10 
 

Methyl 15 methyl hexa decanoate 

0.201 62.637 
43, 55, 74, 
143 

11 
 

Methyl octadec-6-9diene-12-ynoate 

1.703 64.96 
79, 67, 91, 
95, 105, 109,  

119, 161, 290 
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12  
Methyl 15, 12-octadeca dienoate 

24.212 66.25 

55, 67, 69, 

74,  81, 95, 
97, 109, 264, 

222, 296 

13 
 

Methyl 16 methyl hepta decanoate 

0.897 67.21 

74, 87, 143, 

199, 255, 

298, 55, 57 

14 
 

Methyl 8, 9-methylene hepta dec-8-enoate 

0.905 67.83 
95, 67, 81, 
292, 81, 55 

15 

 
Un knowm 0.567 69.81 

67, 81, 79, 

95, 109, 294, 

55 

16  
Methyl 20 methyl heneicosanoate 

0.436 82.42 
55, 69, 87, 

143, 255, 354 

 

NL3 was the only active fraction in neutral lipid fraction 

collected from Turbinaria conoides. Activity of other two fractions 

NL1 and NL2 were negligible. Total ion chromatogram of NL3 is 

shown in Fig. 2.15. Mass spectral characterization of NL3 confirmed 

the dominance of phycosterols (Fig. 2.16, Fig. 2.17, Fig. 2.18, Table 

2.8), in which an abundance of fucosterol along with other sterols 

with varying degrees of branching and unsaturation in the side chains 

were also identified. The mass fragmentation of the relatively 

abundant compound  is having the [M]
+
 at m/z 413, which is in 

agreement with the molecular formula C29H48O with calculated 

molecular weight 412.69, indicating six degrees of unsaturation. The 

mass spectrum showed the base peak at m/z 314 is an outcome of 

“McLafferty” type of rearrangement (a → b), in this case results 

from the cleavage at 22-23 bond position together with a hydrogen 
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transfer from C-20 carbon atom. Presence of low intense m/z 271 

peak corresponds to the loss of two hydrogen atoms from the steriod 

nucleus alongside chain (Wyllie & Djerassa, 1968). A feeble ion 

peak at m/z 255 corresponds to the loss of water molecule which 

supports the presence of hydroxyl group in the sterol ring of 

fragmented molecule. These mass fragmentations of compound 

isolated from Turbinaria conoides was similar to fucosterol skeleton, 

which was further confirmed by comparing the mass fragmentation 

data with NIIST library (Wyllie & Djerassa, 1968).   

 

Figure 2.15 Total Ion Chromatogram of neutral fraction NL3. 

Further, mass spectra of phyco sterols showcased m/z which 

corresponds to sterols possessing saturated and unsaturated side chains 

from the steroid nucleus. General mass fragmentation pattern of sterol 

molecule is shown in Fig. 2.16. Influence of the presence of 

unsaturation in the side chain in sterols can be easily deduced from the 
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presence of intense peak at m/z 257, which might be generated from the 

parent ion after the removal of hydrogen. This is analogues to the 

formation of m/z 271, ie., through the loss of side chain along with 

transfer of hydrogen atom (Fig. 2.17) (Wyllie & Djerassi, 1968). But in 

case of sterols with saturated side chains m/z 217 (Fig. 2.18) is usually 

abundant (Sklarz, 2013).  

 

Figure 2.16 General mass fragmentation of sterol molecule ring cleavage. 

 

Figure 2.17  Mass fragmentation of  unsaturated side chain of free 

sterol molecule producing m/z 271. 
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Figure 2.18 Mass fragmentation of saturated side chain of free sterol 

molecule producing m/z 217. 

 

Table 2.8 List of sterols present in the neutral lipid fraction NL3. 

SL 

No. 

Sterols Relative 

% 

RT Major m/z 

 

1 

 
5, 6 Dihydro 3a ergosterol 

0.18 49.37 
43, 55, 271, 69, 

255, 398 

2 

 
Cholesterol 

2.72 51.508 

43, 105, 145, 

213, 275, 301, 

386 

3 

 
(3a)-Cholest-5-en-3-ol 

 

.02 51.758 
215, 233, 108, 

165, 389, 373 
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4 

 
Ergosta -5 -,22 –Dien -3-ol (3 Beta) 

,22,s ) 

0.91 53.24 
69, 55, 81, 107, 

271, 300, 399 

5 

 
Cholest-5-en-3-ol, 24-propylidene 

1.26 56.20 

55, 69, 41, 105, 

271, 299, 314, 

315 

6 

 
Fucosterol 

92.52 62.54 
 314, 271, 41, 

315, 69, 81, 229 

7 

 
Ergosta-5,22(E)-dien-3beta-ol 

0.2 64.21 

55, 69, 81, 95, 

328, 271, 296, 

395 

8 

 
Stigmasta-4,24(28)-dien-3-one (24 (E)) 

1 67.21 
312, 269, 69, 81, 

297 

9 

 
Cholesta -5,20,24-Trien-3 OL (3 Beta) 

) 

.09 70.92 
43, 99, 271, 315, 

95, 107, 367 

10 

 
5 Alpha-Cholest-22-ENE (Z) 

1.1 74.87 

55, 69, 82, 98, 

257, 259, 313, 

271, 328 
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Considerable activity of fraction AF1against A549 and Hep G2 

can be correlated to the dominance of hydroxy fatty acids in this 

fraction. Potential of hydroxy fatty acids and their derivatives to 

suppress the growth of cancer cells are very well established. 2-

hydroxy oleic acid, the α-hydroxy derivative of oleic acid is well 

known for its ability to induce autophagy and endoplasmic reticulum 

stress (Marcilla-Etxenike et al., 2012). Even though mysteries of exact 

cellular mechanism for these are not completely revealed. Capacity of 

hydroxy fatty acids to trigger apoptosis can be linked to the down 

regulation of two potential proteins, E2F-1 and dihydrofolate reductase 

(Martínez et al., 2005; Lladó et al., 2009), mainly through altering the 

spatial organization of lipids. These initial stages of anticancer 

mechanism relate to the binding of 2-hydroxy oleic acid to the 

phosphatidylethanolamine membrane and associated alteration in the 

activity of proteins that are involved in the cell signaling during cancer 

cell proliferation. Another mechanism used by α-hydroxy fatty acid to 

inhibit cell cycle, cell proliferation, and autophagy is to specifically 

activate sphingomyelin synthase and there by suppressing RAS –

MAPK pathway, a vital step crucial for the activation of 

CCND(Cyclin D)-CDK4-CDK6 and P13K-AKT1 pathway (Barceló-

Coblijn et al., 2011; Terés  et al., 2012). 

 Long chain hydroxy fatty acids possess potential to enhance 

anticancer defense, hence are used along with synthetic antitumor 

drug (PM02734). This enhancement of defense mechanism in cancer 
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cell lines have been linked to their potential to channelize through 

plasma membrane spontaneously after protonation or mediated by 

proteinaceous carriers (Pohl et al., 2008). These flip–flop of long 

chain hydroxy fatty acid across the plasma membrane influence their 

solubility and associated partitioning, consequently affecting the 

sensitivity of the cell line (Orbach & Finkelstein, 1980; Pohl et al., 

2008). 

The AF2 fraction is dominated by dicarboxylic acid. Total 

nine dicarboxylic acids were detected in this fraction. Cytotoxic 

potential of this fraction is comparatively very lower when compared 

to AF1. In a work carried out by Townsend et al. (1961) in AKR, 

leukemia cells, had observed that activity is closely related to the 

chain length and structure of the molecule. Any change in the chain 

length is reported to affect the activity (Carballeira, 2013). Hence, in 

the present case, reduction in the activity of the fraction (AF2) can be 

attributed to the dominance of short chain dicarboxylic acids 

(Townsend et al., 1961).  

Suppressed lung and liver cancer cell lines viability by AF3 

fraction can be attributed to the dominance of polyunsaturated fatty 

acids (Table 2.6). Cyclooxygenase independent pathway can be 

assumed for this activity. These modes of tumor cell suppression were 

observed when nude mice and culture cells were treated with 

polyunsaturated fatty acid (Jiang, 1998; Boudreau et al., 2001). 
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Potential of n-3 PUFA to inhibit vascular endothelial growth factor in 

human colon cancer cell was observed and reported by Calviello et al. 

(2004). Hardman (2004) had highlighted the role of gene expression, 

apoptosis induced by n-3 fatty acids and their derivatives to suppress 

the growth of tumor cells. Docosohexanoic acid manifested similar 

potential as n-3 fatty acids. Because of their angiogenesis and anti-

inflammatory potential, their incorporation in the food supplements 

can reduce the risk of cancer (Healy et al., 2000).   

Ample evidence for the potential of PUFA to suppress/alter 

tumorigenic signals and receptor activity along with lipid peroxidation 

and cyclooxygenase inhibition has been obtained by Lee et al. (2003). 

Another cytotoxic study carried out on HL-60 cell using 

eicosapentanoic acid gave evidence for down regulation of bcl-2 

expression (Chiu & Wan, 1999), whereas Southgate et al. (1996), 

reported the potential of PUFA to directly stimulate apoptosis. Similar 

conclusion was arrived when arachidinoic acid was used to treat Hep 

G2–MV2E1-9 cells (Chen & Cederbaum, 1998).  

Structural modification of plasma membrane is another mode of 

action through which saturated fatty acids suppress the activity of 

malignant cells. These modes of action are usually manifested by fatty 

acids having structural similarities to α- linolenic acid (Scheim, 2009).  

AF4 fraction consists of branched fatty acids and unsaturated 

fatty acids. Moderate cytotoxicity exhibited by this fraction can be 
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attributed to branched fatty acid and unsaturated fatty acid with chain 

length ranging between 9 and 10 in this fraction. Potential of 

branched fatty acids to induce apoptosis through the regulation of 

AKT phosphorylation have been observed by Cai et al. (2013). This 

mode of vital pathways regulation by branched fatty acids triggers 

caspace activation.  

Prominent activity of NL3 fraction can be attributed to the 

phycosterols present in them. List of compounds identified from this 

fraction are listed in the Table 2.8. This highlights the chances for 

multiple modes of induced cell death in lung and liver cancer cell 

lines, such as, through the inhibition of carcinogen production, 

cancer cell growth, angiogenisis, invasion and metastasis or through 

the promotion of programmed cell death (Woyengo et al., 2009). 

Presence of phycosterol may enhances the level of antioxidants, 

which simultaneously lead the suppression of oxidative stress and 

also capable of inducing apoptosis through cell membrane 

modification/alteration and also through lowering the level of blood 

cholesterol (da Silva et al., 2012). 

2.4 Conclusion 

SRB viability assay against A549 and Hep G2 cell lines using 

various lipid extract fractions collected from Turbinaria conoides, NF3 

was the most active fraction identified. Characterization of this fraction 

using mass spectroscopy highlighted the dominance of fucosterol along 
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with other phycosterols with saturated and unsaturated side chain. 

Probability of finding sterols with potential cytotoxic activity against 

lung and liver cancer cell lines other than fucosterol is high in this 

fraction. Neutral fractions NF1 and NF2 did not exhibit any activity 

towards the cell lines under study. Silver nitrate impregnated column 

chromatography is effective in the separation of acid fractions collected 

from Turbinaria conoides to hydroxy, dicarboxylic, and 

polyunsaturated fatty acids. Presence of hydroxy fatty acids is the first 

report from this species. Both hydroxy and polyunsaturated fatty acids 

were the active acid fractions, followed by acid fraction AF4, consisting 

of monoenes, dienes and branched fatty acids. Dicarboxylic acid was 

the least active acid fraction as inferred from the viability assay carried 

out against cancer cell lines.    
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3.1 Introduction 

Potential of marine seaweeds to bio-synthesize unusual steroid 

molecules have been exclusively verified by refined natural product 

isolation and purification techniques coupled with mass spectroscopy, 

NMR and FTIR data (Neudert et al., 1965; Tokes et al., 1968; Minale 

& Sodano, 1974a; Minale & Sodano, 1974b; Sheikh & Djerassi, 1974; 

Rubinstein et al., 1976; Schmitz et al., 1976; Blunt & Stothers, 1977; 

Itoh et al., 1983; Goad & Akihisa, 1997). With the aid of these 

advanced methodologies, stereo-chemical  modifications occurring to 

the nucleus and the side-chain through oxygenation, alkylation, 

degradation, sulfate esterification, cis fused A/B ring junctions, 

aromatization or contraction in the A ring, unsaturation in the D ring, 

or secostructures with one of the rings oxidatively cleaved during 

biosynthesis can be easily presumed (Goad & Akihisa, 1997). In the 
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current investigation on the nonpolar sterol extract of Turbinaria 

conoides, which showed significant  activity against lung and liver 

cancer during bio-screening assay (Chapter 2), aims to isolate 

fucosterol, the dominant sterol in Turbinaria conoides, as fucosterol 

acetate,  and a novel sterol  and  structural elucidation of these sterols.  

Sheu et al. (1999) separated nine cytotoxic oxygentated sterol 

compounds from Turbinaria conoides using a combination of 

adsorption and thin layer chromatography. Adsorption 

chromatography is a gravity driven liquid-solid chromatography, 

usually preferred in the primary separation and purification of polar 

compounds from crude mixtures weighing approximately 200 mg or 

more according to their polarity (Heupel, 1989; Goad & Akihisa, 

1997). In this mode of separation organic mixture adsorbed on the 

solid stationary phase was eluted and partitioned under the influence 

of gravity using isocratic solvent systems as mobile phase. 

Partitioning of sterols during adsorption chromatography is closely 

related to their potential to form hydrogen bond and non-covalent 

interactions such as van der-waals forces and dipole-dipole 

interaction with vicinal and geminal silanol groups in the adsorbent 

(Gutmann, 1978; Nes, 1985; Kaliszan, 1987; Heupel, 1989; Forgacs 

& Cserhati, 1997; Kaliszan, 1997; Komsta et al., 2013). Sterols and 

other polar compound recovered from the adsorption 

chromatography are then purified using thin layer chromatography 

(TLC), in which capillary force plays a major role in the fine 
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purification and isolation process (Gruss, 1912; Fried & Sherma, 

1999). As effective economical methods can be easily developed and 

manipulated during the course of running even for the simultaneous 

purification of multiple samples along with faster rate of sterol 

purification compared to column chromatography makes thin layer 

chromatography a form of solid-liquid chromatography, as one most 

preferred choices during phyto-chemistry work (Fried & Sherma, 

1999; Spangenberg et al., 2011).  Moreover, as the rate of mobility of 

each compound in a given solvent system is closely associated to 

hydrogen bonding strength, this method can be used as a first hand 

diagnostic tool to predict the position and number of methyl groups 

present in the molecule (Heupel, 1989). For example, mixture of 4-

desmethyl, 4-monomethyl and 4,4-dimethyl sterols can be easily 

distinguished using the Retention factor (Rf) value. 4-desmethyl 

sterol form strong hydrogen bond with the adsorbent and have a 

relatively small Rf value compared to 4-monomethyl sterols. 

Whereas hydrogen bonding strength 4,4-dimethyl sterols is 

considerably masked by the presence and position of methyl groups 

and therefore displayed a high Rf value (Heupel, 1989).  

Absorption data in the range of 200-400 nm, which are mainly 

associated to the changes in the energy of electrons involved in the 

formation of valence bonds, collected using UV-Vis Spectroscopy is 

another commonly used spectroscopic data to evaluate the sterols. As 

this range of absorption are associated with electron transitions, 
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structural information especially related to the nature of double bounds 

(conjugation) can be easily deduced, based on the position and 

intensity of UV absorption bands (Dorfman, 1953; Acuna-Johnson & 

Oehlschlager, 1989; Kerr et al., 1991). For example, 5,7 conjugated 

double bonded ergosterol have UV absorbance at 283 nm bands (Kerr 

et al., 1991), whereas 22,24(28) diene absorbs at 230 nm (Dusza, 

1960). Even though bathochromic shift in the absorption values of 

diene system are useful in deducing the nature of alkyl substitution 

adjacent to them (Dorfman, 1953; Nes & McKean, 1977; Liljefors & 

Allinger, 1978; Acuna-Johnson & Oehlschlager, 1989), applicability 

of UV-Vis spectroscopy is limited as the same absorbance values are 

often obtained for different compounds with different conjugations 

(Acuna-Johnson & Oehlschlager, 1989). This limitation can be easily 

surpassed to some extent through the effective utilization of FTIR 

spectroscopy. 

While evaluating the structure of sterol, IR spectroscopy is 

usually used to identify the nature and position of the double bonds 

(Nes & McKean, 1977; Thompson et al., 1980). Specific features of 

double bond, exo cyclic and endo cyclic present in the sterols can be 

deduced from the finger print region 650 and 1000 cm-1 (Neudert, 

1965; Nes & McKean, 1977). Structural informations are usually 

presumed by comparing the obtained value against a reference value. 

Fucosterol with additional IR absorption at 820 cm-1 due to E-24(28) 

double bond is an apt example for the influence of substitution on 
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double bond absorption at 800-850 cm-1 (Nes & McKean, 1977; 

Gibbons et al., 1982), which otherwise exhibit a trisubstituted 

ethylene like absorption in this region as in sitosterol (Neudert, 

1965). Presence of E-22 double bond in the sterol molecule can be 

easily predicted from the presence of 967 cm-1 peak (Neudert, 1965). 

Stigmasterol which differs from sitosterol by the presence of an 

additional double bound in E-22 is a fine example for this. Closely 

related sterols, such as spinasterol and stigmasterol, which differ by 

position of double bond also, have different absorption values in the 

finger print region (Neudert, 1965). However, to deduce the 

stereochemistry of side chain alkyl groups, mass fragmentation and 

NMR data are required (Goad & Akihisa, 1997). 

Mass spectroscopy has been effectively used for determination 

of exact molecular weight of the sterol molecule and their 

fragmentation (Goad & Akihisa, 1997). Determination of exact 

molecular weight is very useful for developing an apt molecular 

formula, degree of unsaturation, and presence of elements such as 

halogens. Apart from molecular formula, mass fragmentations 

developed by these tools at 70 ev are very useful in providing 

conclusive evidence for structural elucidation of the molecule. As each 

fragmentation is a unique finger print of the molecule from which they 

are formed (Budzikiewicz et al., 1964; Eneroth et al., 1964; Djerassi et 

al., 1965; Eneroth et al., 1965). 
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Apart from giving vital informations on the nature of the 

functional groups present in the sterol nuclei, proton NMR spectra 

also gave crucial informations regarding the nature of the double 

bonds and side chain stereochemistry (Goad & Akihisa, 1997). For 

example, 24(28)-ethylidene stereochemistry of fucosterol, an 

abundant sterol in brown seaweed was finalized on the basis of 

number and nature of protons present on the C-28 and C-29 (Nes et 

al., 1966). A strong down field viz. between 5-6 ppm is observed for  

proton when it is attached to the double bond. Variations in C-18 and 

C-19 methyl resonance values is another data recovered from proton 

NMR, as it is very useful in predicting the  structural information 

through comparison and calculations (Bhacca & Williams, 1964). 

Recent advancement in NMR instrumentation has improved their 

potential to distinguish the 24 alkyl isomers.  

When compared to proton NMR, even slight modifications in 

sterols can be easily deduced using C-13 NMR spectroscopy due to 

high sensitivity of C-13 chemical shifts towards structural changes, 

making them a powerful tool in the elucidation of chemical features 

of sterols (Goad & Akihisa, 1997). Since stereo environment of 

carbon plays a vital role in the variation of chemical shifts at chiral 

centres, C-13 NMR is very effective in deducing the stereochemistry 

of the molecule. Based on the C-13 shift values ranging between 0-

200 ppm, nature of the carbon can be easily assigned. For instance, 

saturated carbon in the cyclic structure of sterol molecules give 
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chemical shift values in the range of 10-60 ppm. Whereas for 

olifienic carbon this value lies in the range of 120-170 ppm. 

Hydroxylated carbon has characteristic chemical shift between 65-

80ppm and carbonyl carbons at 170-220 ppm. However, the presence 

of ketones is usually detected at the low field, whereas esters are 

having a characteristic shift at high field. When compared to proton 

NMR, C-13 NMR shift data have established to be more valuable 

tool in the delineation and classification of C-24 epimers of 24-

alkylsterols, (Blunt & Stothers, 1977; Akihisa et al., 1986; Akinhisa, 

1989). For example, carbon signals at C-23, C-26 and C-29 are 

particularly useful in classifying C-24 diastereoisomers such as 24-

ethylsterols. Similarly, as configuration of 24-methylsterols at C-24 

can be easily assigned on the basis of signals at C-28 carbon and 

other side chains (Sright et al., 1978; Koizumi et al., 1979). Further 

carbon shift signals are particularly useful while studying the 24-

methyl-A22-sterols, as each epimers of these sterols provide 

distinctive data for C-28 and C-16 with regard to shielding/ 

deshielding effect (Goad & Akihisa, 1997).  

Even though one dimensional NMR (proton and C-13) are 

very effective in providing useful leads towards the structure of 

sterol under investigation, this data are often complicated by 

overlapping signals (Goad & Akihisa, 1997). Most of these short 

comes of one dimensional NMR can be easily overcome with aid of 

multidimensional homonuclear and heteronuclear NMR data 



Chapter 3 

112 

acquisition (Benn & Gunther, 1983; Croasmun et al., 1987; Derome, 

1987; Sashida et al., 1991; Croasmun & Carlson, 1994). With the aid 

of NMR instruments equipped with advanced data processing units 

capable of achieving high sensitivity. 2D experiments such as 

scalar/spatial homotropic (1H-1H/13C-13C) measurements, essentially 

in combination with heteronuclear experiments, measuring both 

scalar and spatial coupling retrieved using these facilities gave 

conclusive evidence for deducing the unique features of 

sterols/unknown compounds. Hence, these pulsed methods are 

indispensible tool for a phyto-chemist to achieve the major vision of 

the project (Sashida et al., 1991; Croasmun & Carlson, 1994). 

This chapter report the methodologies used for the isolation of 

a novel sterol and conversion of fucosterol to fucosterol acetate. 

Structure of fucosterol acetate were verified using spectroscopic tools 

such as UV-Vis, FTIR, proton NMR, C-13 NMR, H-H COSY, and 

HSQC. Whereas HMBC was used to confirm the structure of novel 

sterol molecule isolated. 

3.2 Materials and Methods 

3.2.1 Separation and Purification  

Prior to purification of most bioactive lipid fraction (NF3) 

using TLC, these fractions were subjected to column chromatography. 

 



Chemical Characterization of Sterols Isolated from Turbinaria conoides 

113 

3.2.1a Column chromatography 

Initial separation and purification of the lipid fraction consisting 

of sterols were performed by Silica-gel column chromatography. Silica 

gel 60-120 mesh for column chromatography was purchased from 

Merck. In order to activate the silica gel, they were kept in oven over 

night, at 120°C. Activated silica was loaded homogeneously up to 1.5m 

in to a 2.0 m high borosil column with 0.5 cm internal diameter. 

Bioactive fraction adsorbed on silica was loaded to this column. 

Fractions were eluted using a solvent system (15% Ethylacetate and 

85% Hexane). The flow rate was controlled at 1mL/minute, and the 

eluate from the column was collected in fractions of 25 mL. These 

subfractions were screened using TLC for further analysis.  

3.2.1b Acetylation of fucosterol to fucosterol acetate 

Subfractions consisting of dominant sterol, fucosterol (data 

shown in appendix) was pooled and concentrated. Concentrated 

fractions of fucosterol was used to synthesize fucosterol acetate 

through acetylation. Acetylation of fucosterol was carried out using 

acetic anhydride and pyridine (Kawagishi et al., 1988). Acetylated 

samples were recovered using hexane which was then dried in inert 

environment and purified using TLC. 

3.2.1c Thin Layer Chromatography 

Fine purification of fucosterol acetate (compound I) and novel 

sterol (compound II) isolated was done using TLC Silica gel 60 F254, 
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Merck Germany. 20X20 cm aluminium sheets. To this TLC plate, 

sterols dissolved in HPLC grade ethyl acetate were loaded and eluted 

using a hexane ethyl actetate solvent system. Prior to elution, TLC 

chamber were equilibrated with the solvent vapour. After equilibration, 

TLC plates were immersed in the solvent system for developing the 

plate. A reference was collected from the developed plate and 

monitored using sterol specific stain (Phosphoric acid 50 mL: Water 50 

mL) (Neher & Wettstein, 1952). After the application of stain these 

reference plates were then kept in an oven maintained at 120°C for 20 

minutes to complete the chemical reaction. Developed spots were 

monitored in both visible and UV light in a UV chamber. Comparing 

with the reference, sterols were purified and recovered. 

3.2.2 UV-Vis Spectroscopy 

Absorbance maxima of the isolated compounds were measured 

using UV-Visible spectrophotometer (Genesys 10UV). 1 mg of the 

isolated compounds was dissolved in chloroform and absorbances were 

measured from 200 nm to 750 nm. Chloroform was used as reagent 

blank.  

3.2.3 FTIR Spectroscopic Characterization 

ATR-FTIR spectra of sterols were collected using single bounce 

ATR-FTIR spectrometer (Perkin Elmer, Spectrum 100) with a diamond 

internal reflection element at ambient temperature. The samples were 

dried in inert nitrogen environment to remove excess moisture. IR 
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spectra were collected using a diamond crystal against the air 

background. Each scan took 1 second and 12 scans were collected and 

averaged for each sample. The resolution was set at 4 cm-1. Prior to 

FTIR analysis, N2 gas was purged on the surface of the instrument to 

remove moisture. High resolution (4 cm-1) ATR transmission mode 

spectra for sterols were acquired over the mid infrared region (4000-600 

cm-1). The instrument is equipped with a mercury cadmium telluride 

(MCT) detector and was operated at frequency of 40 Hz. FTIR 

transmission spectrum was obtained after the background subtraction. 

To determine individual peak frequencies, peak centroid frequency was 

collected. However, the shoulder peaks were picked slightly away from 

the overlapping peaks.  

3.2.4 Mass Spectroscopic Characterization 

3.2.4a High Resolution Mass Spectroscopy analyisis 

High resolution mass of sterols were acquired with the aid of 

FAB mass spectra (Joel SX 102/DA-6000 mass spectrometer) operated 

at 6 kV, 10 mA, is a type of mass spectrometry in which sample mixed 

with a liquid matrix is bombarded with a stream of atoms generated by 

noble gas and detect the secondary ions ejected as result of this impact. 

This is a widely used technique used to confirm the exact mass of 

thermally labile and non volatile organic compounds (Silverstein et al., 

2014).  Xenon was used as the carrier gas and m-nitrobenzyl alcohol as 

the matrix. Sterol sample (0.1 mg) in 100 µL was used for the analysis. 
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The quasimolecular ions [M+H]+ spectrum was recorded at room 

temperature. The spectrum is obtained at resolution of 1000 amu. 

3.2.4b GC-MS 

Mass fragmentation of sterols isolated and purified was carried 

out using GC-MS (Perkin Elmer, Clarus 680-Clarus 600T). Analytical 

conditions used for characterization of sterols are shown in Table 3.1.  

Table 3.1 Analytical conditions of GC-MS for characterization of sterols 

Column non polar HP ultra double fused silica 
capillary column 

Injection quantity 1.0µL 

 Injection mode  Split (split ratio 1:20) 

Vaporization chamber temperature : 280℃  

Column oven temperature 150℃ (0 min) -> 200 (15℃/min) hold for 

one minute -> 250℃ (5℃/min) hold for 1 

minute -> 280℃ (1℃/min) 45 minute hold. 

Detector MS 

[MS] Interface temperature 200℃ 

Ion source temperature 200℃ 

Inlet A PSS1 

Inlet B CAP 

Data sampling time 16 to 80 min 

Measurement mode Scan 

Mass range m/z 45-330 

Sampling rate 12.50000 pts/s 

Run time 90 minutes  
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3.2.5 NMR 

Prior to the 1H and 13C solution state NMR spectroscopic 

experiments, aliquots of sterols were dissolved in CDCl3. 

3.2.5a Proton NMR 

NMR data were acquired using the instrument Bruker Avance 

III, 400MHz, 9.4 Tesla super-conducting Magnet, with  Z-gradient, 2H 

lock NMR spectrometer fitted with a QNP 1H probe, operating at a 1H 

resonating frequency. All experiments were carried out at very low 

concentrations (1 mg).  

3.2.5b C-13 NMR 

13C NMR spectra of sterols isolated  from Turbinaria 

conoides were acquired with a Bruker Avance III, 400MHz, 9.4 

Tesla super-conducting Magnet, with  Z-gradient, 2H lock; for 

observation  13C operating at a 13C resonating frequency of 75.475 

MHz. Depending on the density of the sample and the amount of 

sample available, approximately 10 mg dry weight per sample 

dissolved in CDCl3, 500 µL was added in to  5mm NMR tube with 

polyethylene cap. Scans (10 to 30) were averaged to obtain adequate 

signal-to-noise on the solutions. 13C NMR spectra were measured at 

22°C in CDCl3 solution (5 to 150 mM) and referenced to CDCl3 at 

77.0 ppm. Sweep rates of 2 or 4 Hz/sec at 50 or 100 Hz sweep width 

were used but slower sweep rates were employed when necessary to 

resolve closely spaced lines.  
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3.2.5c DEPT 

Standard Bruker software was used to acquire DEPT 

(distortionless enhancement by polarization transfer) 

3.2.5d Homonuclear Two-Dimensional Spectra 

Data acquisition program necessary to plot two-dimensional H-

H COSY following the double Fourier transform, which is required for 

developing phase-sensitive cross peak and diagonal peak multiplets 

with anti-phase fine structure were performed using Bruker software. 

3.2.5e  Heteronuclear Single-Quantum Coherence (HSQC) 

Spectroscopy  

In HSQC analysis, an INEPT pulse transfer polarization from 

1H to X via 1J(X) initially. Followed by an antiphase 13C 

magnetization evolver during the variable t1 evolution period under 

the influence of X chemical shift. There after by applying a 180o 1H 

pulse, heteronuclear (1H-X) coupling are refocused. X magnetization 

is converted to inphase 1H magnetization by aretro-INEPT pulse 

train.  Further, X decoupling is performed for the acquisition of 

proton in HSQC analysis. 

3.2.5f Heteronuclear Multiple Bond Correlation (HMBC) 

Spectroscopy  

In HMBC analysis, to minimize direct responses, an optimal 

low pass J-filter is used after the initial 90o 1H pulse. Followed by 
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optimization of defocusing period to ½*nJ(CH) (5-10 Hz). In this 

case refocusing period is omitted. Without decoupling, inter phase d2 

delay was optimized to ½*nJ(CH) (50-70 ms) to collect the HMBC 

spectra. 

3.2.6 Characterization of Physical properties (Melting point 

and Specific Rotation) 

Purified samples were used to estimate the melting point and 

specific rotation of the sample. Conventional methods were used to 

identify the melting point. In order to characterize the  specific rotation, 

0.1% sample solution in HPLC grade chloroform at 25°C  (Fieser & 

Fieser, 1949; Fieser & Fieser, 1959)  using a 10 cm cylindrical cell and 

the sodium D line with an optics manual polarimeter. 

3.3 Results and Discussion 

3.3.1 Compound I 

Compound I (17.33 mg) was obtained as white amorphous 

solid with melting point at 119-120°C, specific rotation [α]D (25°C) -

43 and UV maximum at 282 nm. The molecular formula C31H50O2 of 

the compound I was resolved from the molecular [M+H] + m/z ion 

peak at 455.538 from HRFABMS mass data. From the molecular 

formula, index of hydrogen deficiency was calculated to be 7 which 

highlight seven degrees of unsaturation in this compound.  
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Figure 3.1 FTIR spectra of compound I. 

In this molecule IR transmittance at 3482 cm-1 was absent in 

IR spectrum (Fig. 3.1) indicated the absence of hydroxyl groups. 

However, presence of intense band at 1734 cm-1 indicates the 

presence of C=O stretch in the molecule.  Further, the presence of 

isolated double bonds in the molecule was deduced from the IR 

peaks at 1672 cm-1. Peak at 1672 cm-1  along with C-H bending at 

806 cm-1  validate C5=C6 double bond in the molecule. In this 

molecule CH2 adjacent to olifienic carbon can be corroborated from 

1468 and 1440 cm-1. Peak at 1366 cm-1 corresponds to CH in plane 

bend, methyl groups.  
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Figure 3.2 Mass spectra of compound I 

Electron impact mass spectra of compound I with molecular 

weight 454 showed a moderately strong peak at m/z 394 (Fig. 3.2). 

Formation of an intense m/z peak at 394 is consistent with 

deacetylation of the compound [M-60]. This loss of [M-60] is a 

diagnostic tool for the ▲5 steryl acetates (Budzikiewicz et al., 1964; 

Galli & Maroni, 1967; Knights, 1967). This compound also consisted 

of m/z resulting from the fragmentation of neutral molecule 

elimination, specific hydrogen migration along with the loss of ring 

structures and alkyl side chain characteristic of an acetylated 

compound was observed. Absence of base peak or m/z at 217 is a 

direct indication for the lack of saturated side chain structure, which 

indirectly implies the presence of unsaturated side chain attached to 

the steroid nuclei. Formation of a very very feeble peak at m/z 411 
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indicate loss of m/z 43 ie., CH3-C=O from the parent ion, leading to 

the formation of keto steroid ion. Meanwhile, m/z 122 results suggest 

the loss of C and D rings from▲1,4 -3 keto steroid fragment. Further, 

the presence of m/z at 213 and 255 indicate two unsaturation in the 

keto-steroid fragment. Again, a minor peak in the region of m/z 229 

and 271 imply the presence of two unsaturation along with one oxygen 

functionality. Here, the deacylation proceeds through McLafferty 

rearrangement. Cleavage of C22-C23 of deacteylated steroid nucleus 

result in the base peak at m/z 296 (Brooks et al., 1972).  

Based on HRFABMS, FTIR and GC-MS data structure of the 

compound I can be tentatively assigned as shown in Fig. 3.3  

OO  
Figure 3.3 Structure of compound I 

The proton NMR spectrum (Table 3.2) contained signals for 

seven methyl groups at δH 0.623, δH 0.68, δH 0.811, δH 0.98, δH 1.01, 

δH 1.57, and δH 2.02. Protons attached to C-3 position bearing a 

acetoxy group appears in the δ 4.4-4.8 region due to deshielding. 

Hence, the presence of 4.61 (dddt, J = 11.1, 9.0, 7.1, 4.8 Hz,) in 
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proton NMR spectra indicated the presence of a characteristic 

acetoxy group at C-3. J value of 11.1 Hz indicate an angle of 0o   or 

180o between the vicinal protons as the coupling constant (J value) is 

dependent on the angle between axial and equatorial orientation of 

proton in this position along with number and nature of the adjacent 

proton (Goad & Akisha, 1997). As substitution like methy group or  

unsaturation slightly shift the δH values. δH values of methyl group 

attached to acetoxy group 2.02 suggest the presence of unsaturation 

at  Δ4/ Δ5,7/ Δ5,7 (9,11). Presence of two olefinic protons were deduced 

from the presence of δ 5.37 (dq, J = 5.1, 1.5 Hz, 0H), and 5.18 ppm. 

Table 3.2 Showing major proton splitting pattern and J values. 

Sl No: Proton shift Splitting J vaues 
1 5.37 dq, J = 5.1, 1.5 Hz 

2 4.61 dddt J = 11.1, 9.0, 7.1, 4.8 Hz 

3 2.37 – 2.27 m  

4 2.03 s  

5 2.13 – 1.79 m  

6 1.67 – 1.36 m  

7 1.40 – 1.20 m  

8 1.23 – 1.01 m  

9 1.02 s  

10 1.04 – 0.78 m  

11 0.69 s  
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The methyl, methylene and methine carbons present in this 

compound were assigned using the DEPT NMR measurements taken at 

135°, 90°, and 45°. The results are shown in table 3.3. These carbons 

obtained were assigned to their corresponding directly attached protons 

using the HSQC experiments. Presence of 31 carbon atoms were 

corroborated from C-13 spectra (Table. 3.3). By comparing the C-13 

and DEPT NMR presence of five quaternary carbons were  inferred 

from δc values at 170, 146, 139.67, 42.36 and 36.61, nine methine 

carbon were observed in δc 122.621, 115, 74, 56.69, 55.63, 50.06, 

36.430, 34.775 and 31.902, twelve methylene (δc 39.729, 38.140, 

37.016, 35.224, 31.920, 28.234,  27.79, 25.733, 24.318 and 21.040 and 

seven methyl carbons at δc 22.24, 22.13, 21.41, 19.30, 18.76, 13.16 and 

11.85. A partial molecular formula C31H50 can be accounted from these 

C-13 resonances. The presence of three double bounds in the compound 

accounts for three degree of unsaturation. This gives an indirect 

evidence for the presence of four cyclic ring structures.  

Table 3.3  DEPT assignments and proton values based on HSQC 
data of compound I. 

Sl No: DEPT C-13 H 
1 C 170  

2 C 146  

3 C 139.67  

4 CH 122.621 5.37 

5 CH 115 5.18 

6 CH 74.15 4.60 
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7 CH 56.69 1.03 

8 CH 55.63 1.27 

9 CH 50.06 0.98 

10 C 42.36  

11 CH2 39.729 2 

12 CH2 38.14 2.32 

13 CH2 37.016 1.87 

14 C 36.61  

15 CH 36.430 1.88 

16 CH2 35.224 0.98 

17 CH 34.775 2.171 

18 CH2 31.92 1.95 

19 CH 31.902 1.46 

20 CH2 28.234 1.08 

21 CH2 27.79 1.87 

22 CH2 25.733 2.034 

23 CH2 24.318 1.58 

24 CH3 22.24 0.98 

25 CH3 22.13 0.98 

26 CH3 21.41 2.02 

27 CH2 21.04 1.55 

28 CH3 19.3 1.01 

29 CH3 18.76 1.01 

30 CH3 13.16 1.57 

31 CH3 11.85 0.68 

In the case of compound I, C-13 and protons assignments 

were exclusively based on COSY correlations.   
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In the COSY spectrum, methine hydrogen atom attached to 

acetoxy group have proton signal at δH 4.60 (δc 74.15 as shown in 

HSQC spectrum) exhibited correlations with δH 2.32 and 1.87 of 

methylene carbons δc 38.14 and δc 27.79 respectively. The methylene 

carbon at δc 27.79 had 1H chemical shift at δH  1.87. This 1H signal at 

δH 1.87 is correlated to at δH  1.87 attached to δC 37.016. However, 

this 1H signal is not correlated further to any other signal implying 

the presence of an adjacent quaternary carbon which might be 

connected to a methyl group. Absence of further connectivity 

between proton attached to δc 38.14 suggest, this signal is in between 

methine and a quaternary carbon.  On the basis of these information first 

ring for this compound can be deduced as shown below. This accounts 

for the first unsaturation in the compound (second degree, ISt ring, Fig 

3.4). 

The chemical shift of quaternary carbon at δc 139.67 and δc 

122.621 together with absence of adjacent sp2 C suggests δc 139.67 

and 121.621 are connected to each other. From HSQC spectral data 

δc 122.621 is attached to methine hydrogen atom at δH 5.37. The 

methine hydrogen at δH 5.37 (δc 122.621) displayed COSY coupling 

with methylene hydrogen at δH 1.95. In proton NMR spectra a 

doublet of quartet is having coupling constant (J) of 5.1 and 1.5 Hz. 

These small J values indicate, coupling methylene hydrogens are 

having small dihedral angle (Goad & Akisha, 1997). On the basis of 

HSQC δH 1.95 is having attachment to δc 31.92 and having 
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connection to δH  1.46 of  δc 31.902. Further, this signal is connected 

to methine hydrogen δH. 1.03 and δH 0.98. From HSQC, this proton 

signal at δH 1.03 is attached to 56.69. And δH 0.98 to δc 50.08. δc is 

showing only two connections one as already assigned to δc 31.902 

and other to δc  21.04 suggest this methine carbon is connected to 

quarternary carbon of the first ring as shown below. This accounts 

for the next two unsaturation in the compound (Fig 3.4).  
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Figure 3.4 Image showing COSY correlations of compound I. 

Proton Signal δc 21.10 is having connections to methylene δH 

2.00 (δc 39.73). However, this methylene proton signal lacks further 

connections implying the presence of quaternary carbon having a 

methyl group attached to it. Similarly, only one COSY connection 

for δc 56.78 to δH 1.57 (δc 24.32) also points out to the presence of 

adjacent quaternary carbon atom as shown below. Which, thereby 

accounting for the forth unsaturation in the molecule (Fig 3.4). 
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Methyl hydrogen at δH 1.57 (δc 24.32) is having COSY 

connections towards methyl δH 1.08 which is attached to δc 28.234 as 

per HSQC data. This methyl 1H signal at δH 1.08 is having connection 

to methine δH 1.27 (δC 55.63). Presence of only one connection, ie., to 

δH 1.88 (δc 36.43) further suggest, it might be connected to quaternary 

carbon, resulting in the forth ring and there by accounting for the fifth 

unsaturation in the molecule as shown Fig. 3.4 . 

In the side chain  δH 1.88 attached to δc 36.43 is correlated to  

δH  1.01 of  δc 18.76 and δH  1.88 of  δc 35.224.   Proton shift at δH  

1.88 is also correlated  δH  2.034 of δc  25.733. However, there was no 

other correlation observed for δH  2.034 suggesting its attachment to a 

quarternary carbon.  Other COSY correlations observed are between 

δH  5.18 of δc 115 and δH  1.57 of δc 13.6 along with δH  0.98 of  δc 

22.24  and  δH  0.98 of δc 22.13 to  δH 2.18 (δc 34.77). Only one 

correlation shown by δH 5.18 of δc 115 suggest it is bonded to 

quaternary carbon δc 146 which account for the sixth unsaturation. 

Seventh unsaturation in the molecule is accounted to carbonyl double 

bond in this molecule (Fig 3.4). 

Based on melting point, specific optical rotation , FTIR, UV-

Vis, GC-MS, proton NMR , C-NMR, DEPT, H-H COSY and HSQC, 

compound I is Stigmasta-5,24(28)-dien-3β-ol, acetate (IUPAC-

IUBJCBN, 1989) commonly known as fucosterol acetate. This 

structure is further supported by the work of Itoh et al. (1980) and 

Akihisa et al. (1991) reported in journal Lipids. 
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3.3.2 Compound II 

Compound II (8.35 mg) was isolated as white amorphous 

solid with melting point at 156-157, specific rotation [α]D (250C) -28 

and UV maximum at 243 nm. The molecular formula C32H52O of the 

compound II was resolved from the molecular m/z [M+H]+ ion peak 

at 453.63 from HRFABMS mass data. From the molecular formula, 

index of hydrogen deficiency was calculated to be 7 which highlight 

seven degrees of unsaturation in this compound. 
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Figure 3.5 FTIR spectra of compound II. 

Presence of an IR transmittance at 3382 cm-1   in IR spectrum 

(Fig. 3.5) indicated the presence of hydroxyl groups in the molecule. 
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Presence of double bonds in the molecule was deduced from the IR 

peaks at 1672 cm-1. Occurrence of IR peak at ~1044 cm-1 corresponds 

to the presence of highly polarized OH group vibration at C3  along 

with the existence of C5=C6 double bond in the molecule. Further, 

formation of this intense vibration at 1044 cm-1  results from the 

increase in π electron density along with the formation of intra-

molecular hydrogen bond between C3-OH and C5=C6 double bond. 

Stretching of C=C at 1672 cm-1 along with C-H bending observed at 

846  cm-1 substantiate the presence of double bond at C5=C6 position. 

Presence of 1451 cm-1 suggests the existence of CH2 attached to 

olifienic carbon in this compound. 

 
Figure 3.6 Mass spectra of compound II. 

Electron impact mass spectra of this compound is shown in the 

Fig. 3.6 Base peak of this compound was observed at m/z 271. This 
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intense peak at m/z 271 result from the fragmentation of the compound 

in which side chain along with two hydrogen atoms are lost from the 

nucleus of the compound. This loss from the nucleus of the molecule is 

inferred from the presence of peak at 191.5, a metastable peak. Further, 

in the mass spectra, compared to m/z 271 a low intensity peak at m/z 

314 is observed. This low intensity peak at m/z 314 corresponds to the 

cleavage of 22-23 bond along with the transfer of a hydrogen atom from 

the charged parent ion. In natural sterols, this mode fragmentation 

resulting in the formation of m/z 314 have been substantiated by 

“McLafferty” type rearrangement. In this case hydrogen atom which 

participate in the transfer originate from the C-20. Presence of peak at 

m/z 257 might be generated from the parent ion after the removal of 

hydrogen. Here the fragmentation is analogous to the formation of m/z 

271 ie., through loss of side chain along with transfer of hydrogen atom 

influenced by the presence of unsaturation in the side chain. In this case, 

C-17 provides one of the hydrogen atom among the two that are 

participating in the rearrangement of hydrogen. Skeletal rearrangement 

is inferred as transfer of hydrogen from C-17 through two bond 

cleavage is not possible while mass fragmentation. In this skeletal 

rearrangement, a migration of methyl group from C-18 to C-17, which 

is deficient in electron due to the loss of hydrogen atom. Homolytic 

cleavage of C17- C20 bond after the abstraction of hydrogen atom leads 

to the formation of allylic stabilized m/z 257. Cleavage of 24-25 carbon 

bond along with transfer of two hydrogen atom from the charged 
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molecular ion result in the formation of m/z 349. A small m/z at 410 is 

analogous to M-43, corresponds to the loss of isopropylidiene group 

together with two hydrogen atom from the M+. 

Based on HRFABMS, FTIR and GC-MS data structure of the 

compound II can be tentatively assigned as shown in Fig. 3.7  

HO  
Figure 3.7 Structure of compound II 

The proton NMR spectrum contained signals (Table 3.4) for 

five methyl groups at δH 0.68, δH 0.88, δH 0.89, δH 0.92 and δH 1.01. 

Presence of 3.52 in proton NMR spectra indicated the presence of a 

characteristic hydroxyl group at C-3. Protons attached to C-3 position 

bearing a hydroxyl group appears in the δH 3.5-4.5 region due to 

dishielding. Axial and equatorial orientation of proton in this position 

along with number and nature of the adjacent proton plays a vital role 

in the shape and position of this proton resonance. J value of 11.0 Hz 

indicates an angle of 0°  or 180° between the vicinal protons as the 

coupling constant (J value) is dependent on the angle between these 
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protons (Goad & Akisha, 1997). Usually the signals are observed as 

septet; however, geometry of the adjacent double bond has profound 

influence on the value of shift. Presence of three olefinic protons were 

deduced from the presence of δ 5.80 (ddd, J = 17.5, 10.9, 5.5 Hz, 2H), 

5.35 (dt, J = 5.3, 1.9 Hz, 2H), 5.24 – 5.09 (m, 2H). 

 
Table 3.4  Major proton splitting pattern and J values. 

Sl No: Proton shift Splitting J vaues 
1 5.80 ddd J = 17.5, 10.9, 5.5 Hz 

2 5.35 dt, J = 5.3, 1.9 Hz 

3 5.24 – 5.09 m  

4 3.52 tdd J = 11.0, 5.3, 4.1 Hz, 

5 2.37 – 2.17 m  

6 2.05 – 1.92 m  

7 1.89 – 1.78 m  

8 1.83 – 1.68 m  

9 1.73 – 1.50 m  

10 1.54 – 1.38 m  

11 1.42 – 1.25 m  

12 1.26 d J = 2.6 Hz 

13 1.27 – 1.03 m  

14 1.01 s  

15 1.02-0.79 m  

16 0.67 s  
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The methyl, methylene and methine carbons present in this 

compound were assigned using the DEPT NMR measurements taken 

at 135°, 90°, and 45°. The results are shown in table 3.5. These 

carbons obtained were assigned to their corresponding directly 

attached protons using the HSQC experiments. Presence of 32 

carbon atoms were corroborated from C-13 and DEPT NMR spectra 

(Table 3.5). Presence of four quarternary carbons were  inferred from 

δc values at 142.50, 140.78, 36.52 and 36.52. ten methine carbon 

were observed in δc 142.579, 121.689, 71.816, 56.779, 55.855, 

50.149, 36.146, 36.087, 35.928, and 31.923, thirteen methylene (δc 

112.89, 112.854, 42.38, 39.78, 37.273, 34.801, 31.73, 31.94, 29.113, 

28.219, 28.171, 24.284, and 21.091, and five methyl carbons at δc 

11.857, 16.462, 17.559, 18.790, and 19.935. A partial molecular 

formula C32H51 can be accounted from these C-13 resonances, which, 

suggest the presence of hydroxyl group, supported by the FTIR data. 

Presence of three double bounds in the compound accounts for three 

degree of unsaturation. This gives an indirect evidence for the 

presence of four cyclic ring structures.  
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Table 3.5 DEPT assignments and proton values based on HSQC data 
of compound II. 

Sl No:  C-13 H 
1 CH 142.579 5.81 
2 C 142.50  
3 C 140.78  
4 CH 121.689 5.36 
5 CH2 112.89 5.16 
6 CH2 112.854 5.21 
7 CH 71.816 3.53 
8 CH 56.779 1.07 
9 CH 55.855 1.09 
10 CH 50.149 0.92 
11 CH2 42.38 2.28, 2.23 
12 CH2 39.78 1.15, 2.00 
13 CH2 37.273 1.08, 1.83 
14 C 36.52  
15 C 36.52  
16 CH 36.146 1.72 
17 CH 36.087 1.73 
18 CH 35.928 1.38 
19 CH2 34.801 1.57, 1.60 
20 CH 31.923 1.96 
21 CH2 31.94 1.49, 1.95 
22 CH2 31.73 1.83 
23 CH2 29.113 1.02 
24 CH2 28.219 1.41 
25 CH2 28.171 1.83 
26 CH2 24.284 1.57 
27 CH2 21.091 1.49 
28 CH3 19.935 1.01 
29 CH3 18.790 0.93 
30 CH3 17.559 0.88 
31 CH3 16.462 0.91 
32 CH3 11.857 0.68 
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Structural determination of the compound II was exclusively 

based on COSY and HMBC correlations. In the COSY spectrum, 

methine hydrogen atom attached to –OH having proton signal at δH 

3.53 (δc 71.816 as shown in HSQC spectrum) showed correlations 

with methylene carbons at δc 42.38 and δc 31.73. The methylene 

carbon at δc 31.73 had 1H chemical shift at δH  1.83. This 1H signal at 

δH 1.83 is correlated to at δH  1.08 attached to  δC 37.273. However, 

this 1H signal is not correlated further to any other signal implying 

the presence of an adjacent quaternary carbon connected to a methyl 

group. Absence of further connectivity between proton attached to δc 

42.38 (δH 2.28) suggest this signal is in between methine and a 

quaternary carbon.  This information accounts for first ring of this 

compound and also for the first unsaturation in the compound 

(second degree, I St ring, Fig. 3.8). 

The chemical shifts of quarternary carbon at δc 140.78 and δc 

121.689 together with absence of adjacent sp2 C suggest δc 140.78 and 

121.689 are connected to each other. From HSQC spectral data δc 

121.689 is attached to methine hydrogen atom at δH 5.36. The methine 

hydrogen at δH 5.36 (δc 121.68) showed COSY coupling with methylene 

hydrogen at δH 1.95. In proton NMR spectra a doublet of triplet having 

coupling constant (J) of 5.3, 1.9 Hz. These small J values indicate, 

methylene hydrogens with small dihedral angle. On the basis of  HSQC, 

δH 1.95 is having attachment to δc 31.94 and having connection to δH 

1.96 ( δc 31.923). Further more, this signal is connected to methine 
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hydrogen δH. 0.92  and δH 1.07 From HSQC, this proton signal at δH 0.92 

is attached to 50.149. And δH 1.07 to δc 56.779. δc 50.149 is exhibited 

only two connections one as already assigned to δc 31.923 and other to 

δc  21.091 suggest this methine carbon is connected to quarternary 

carbon of the first ring as shown in Fig. 3.8, accounts for the next two 

unsaturation in the compound. 
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Figure 3.8  COSY correlations of compound II are shown in black 

arrows, HMBC correlations are shown in violet arrow. 
Proton Signal δc 21.091 is having connections to methylene δH 

1.57 (δc 34.801). However, this methylene proton signal lacks further 

connections implying the presence of qurternery carbon having a 

methyl group attached to it. Similarly, only one COSY connection 

for δc 56.779 to δH 1.62 (δc 24.32) also points to the presence of 

adjacent quarternary carbon atom as shown below. This confirms  the 

forth unsaturation in the molecule (Fig. 3.8). 
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Methyl hydrogen at δH 1.62 (δc 24.32) is having COSY 

connections towards methyl δH 1.02 which is attached to δc 29.113 as 

per HSQC data. This methyl 1H signal at δH 1.02 is having connection 

to methine δH 1.09 (δC 55.855). Presence of only one  connection, ie. to 

δH 1.38 (δc 35.928) further suggest that it might be connected to 

quarternary carbon, resulting in the forth ring and there by accounting 

for the fifth unsaturation in the molecule (Fig. 3.8). 

Methine δH 1.38 (δc 35.928) is connected to proton correlated δc 

17.559 (δH 0.88) and δc 39.78 (δH 1.15).  δH 1.15 is correlated to δH 1.83 

(δC 28.171).  This methyl proton attached to δC 28.219 is correlated to  

δH 1.72 attached to  δC 36.146.  This proton attached to methine carbon 

is connected to methine carbon δC 142.579 with δH value 5.81; 

however, further connections were not observed suggesting the 

presence of adjacent quaternary carbon δC 142.5. Whereas δH 5.81 is 

connected to δH 5.16 which is attached to δC 112.89 accounting for the 

sixth unsaturation in the molecule. From the absence of correlations by 

δH 5.21 which is attached to δC 112.854, it can be presumed that it 

formed a bond with quaternary carbon δC 142.5, accounting for the 

seventh unsaturation. Other correlations observed are between δH 1.73 

to δH 1.41 and δH 0.91 of δC 28.219 (methylene) and δC 16.462 (methyl 

carbon) respectively. Proton attached to methylene is further 

connected to δH 0.93 of methyl carbon (δC 18.79) (Fig. 3.8). 
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Side chain assignments of compound II were further 

confirmed by HMBC correlations (Fig. 3.8). Carbon at δC 11.857 is 

correlated to δC  11.857, δC 55.855 to δC  39.78, δC 112.89 to δC 

36.146, δC 112.85 to δC 36.087 and  δC 142.5 to 18.79.  Finally, some 

of the prominent ring correlations was observed between  δC 140.78 

and δC 42.38, and week correlations of δC 31.94 towards δC 71.816 .  

These correlations along with δC 50.149 to δC 37.273 and δC 56.779 

to δC  29.113 establish the structure of compound II.  

Based on melting point, specific optical rotation, FTIR, UV-

Vis, GC-MS, proton NMR, C-NMR, DEPT, H-H COSY, HSQC, and 

HMBC, compound II is 27ethyl, 27methyl-stigmasta-5, 241(242), 25-

triene-3β-ol (IUPAC-IUBJCBN, 1989). The compound has assigned 

the trivial name as “Turbiconol”.  

3.4 Conclusion  

Compound I  

IUPAC name: Stigmasta-5, 24(28)-dien-3β-ol, acetate 

OR 

             (E)-17-(5-isopropylhept-5-en-2-yl)-10,13-  

                        dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17- 

                        tetradechydro-1H-cyclopenta[a]phenanthren-                                       

                        3-yl acetate  

Trivial name: Fucosterol acetate 
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Molecular formula: C31H50O2 

Melting point M.p. (°C) = 143-144  

Specific rotation [α]D (25°C) = -33  

UV maximum λmax at 282 nm.  

IR: 1734 cm-1 corresponds to C=O stretch, 1672 cm-1  

corresponds to double bond in the sterol molecule, 1468 cm-1 and 

1440 cm-1 corresponds to olefinic carbon.  

MS m/z: 296, 294, 281, 353  

Based on proton NMR, C-13 NMR, DEPT, H-H COSY and 

HSQC data, structure of the compound can represented as given below. 

OO  

Compound II 

IUPAC name: 27 ethyl, 27 methyl-stigmasta-5,       

                         241(242), 25-triene-3β-ol 

    OR 

                       10,13-dimethyl-17-(7-methyl-6-methylene-5- 

                       vinylnonan-2-yl 2,3,4,7,8,9,10,11,12,13,14,15,  

                       16,17-tetradecahydro-1H-cyclopenta[a]  

                       phenanthren-3-ol 
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Trivial name: Turbiconol  

Molecular formula: C32H52O 

Melting point M.p. (°C) = 156-157  

Specific rotation [α]D (25°C) = -28  

UV maximum λmax at 243 nm.  

IR: 3382 cm-1 corresponds to OH, 1044 cm-1 corresponds to 

highly polarized –OH adjacent to C5=C6 conjugated  and 1672 cm-1  

corresponds to double bond in the sterol molecule.  

MS m/z: 271, 257, 314, 367, 410  

Based on proton NMR, C-13 NMR, DEPT, H-H COSY,   

HSQC and HMBC data, structure of the compound can represented as. 
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4.1 Introduction  

Drug screening assays, a primary assessment for the 

pharmaceutical potential of a compound, are generally based on 

various cell functions such as enzyme activity, cell permeability, cell 

adherence, ATP production, co-enzyme production and nucleotide 

uptake activity. However, several models of screening studies for 

drug testing are ethically and practically difficult to perform in 

animals. Hence, cell lines are extensively preferred in drug screening, 

as it is possible to handle and execute molecular (genetic and/or 

epigenetic) characterization easily (Van Staveren et al., 2009). 

Further, these cell models can be both exclusively and actively used 

to deduce the key cell signaling pathways and in the disclosure of 

genes involved (Jordan & Wilson, 2004; Garnett, 2012). 

Additionally, drug testing in tumor cell lines provides access to a 
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large number of potential drugs before they are subjected to 

expensive in vivo clinical studies. When compared to other models 

used for studying the therapeutical potential of anti-cancer agents, 

data generated using cell lines not just evaluate the cytotoxicity but 

also give detailed information regarding the effect of  drugs, mode of 

action, identification of resistance/sensitivity etc. (Tsuruo et al., 

2003; Lacroix & Leclercq,  2004; Van Staveren et al.,  2009).  

Informations, regarding the mechanisms of action and 

resistance/sensitivity to chemotherapeutic agents in cancer treatment 

and simultaneous detection of specific markers for genetic and 

epigenetic changes with the aid of cell lines are vital for the 

development of new cancer drugs with specificity (Lacroix & 

Leclercq, 2004; Nakatsu et al., 2005; Louzada  et al., 2012).   It can 

be effectively used in the design of drug therapy and to identify new 

opportunities to specifically target cancer cells (Finlay & Baguley, 

1984; Copeland et al., 2007). Finally, cell lines are cells with 

activated oncogene, which retain transcription of the genomic 

liberalization of the primary tumors and are independent of 

extracellular regulators, making them one of the best models for 

testing anticancer drugs (Neve et al., 2006). 

To study the pharmaceutical potential of the compounds 

fucosterol acetate and turbiconol isolated from Turbinaria conoides, 

different assays have been collectively performed in these cell lines 
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for generating reliable data. Choosing of  applicable and apt test 

conditions are important to provide relevant results. To determine 

whether apoptosis or secondary necrosis is the main mechanism of 

cell death, close examination of metabolism, membrane integrity and 

cytoplasmic content in the culture medium, prolonged incubation 

periods are essential.  These experiments are so effective that they 

not only give the mechanism of the cell death but also give 

informations on the kinetics of cell death in a model system critical 

for drug development. Basic understanding of the changes that 

occurs in the different mechanisms of cell death helps us to decide 

the end point of the cytotoxicity tests (Finlay & Baguley, 1984; 

Copeland et al., 2007).  

Even though assays can measure multiple markers indicating 

the number of dead cells (cytotoxicity test), the number of living 

cells (viability assay), and cell death mechanism (for example, 

apoptosis), reagents used for this metabolic markers should be stable 

at room temperature for a sufficient period of time; so as to generate 

stable and reproducible signal output (Farfan et al., 2004; Riss et al., 

2005). Furthermore, using one of the cell lines in suspension instead 

of using cell lines that tend to grow in clumps for optimum 

incubation period is also adapted to reduce the edge effect, maintain 

the reproducibility and the stability of rehearsals signal. This offers 

the convenience and flexibility in recording data and minimizes 

differences in the treatment of large number of replicates. Finally, to 
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generate high-quality data with greater accuracy, speed and 

efficiency homogenous assay along with multiplexing is preferred. 

As it provide the benefit of performing multiple assays 

simultaneously and a holistic picture of what’s going right in the cell 

viability when dosed with different drug concentration in a stretch 

(Riss et al., 2005). 

There are only few effective ways to control/treat cancer, 

hence there is a great deal of research going on to control this 

menace. Researchers are therefore, developing novel drugs and 

identifying new pathways and mechanism to target specific part of 

cancer cells/their surroundings to suppress their activity. In this 

chapter, a conscious effort is made to delineate the cytotoxic effect of 

isolated compounds and mechanism by which sterols inhibits cancer 

cell growth, for that we examined the effect of two sterols isolated 

from Turbinaria conoides to induce antiproliferative and apoptotic 

events in on A549 (lung carcinoma) and Hep G2 (hepatic carcinoma) 

cells cultures with appropriate control. MTT, Neutral red assay, 

Lactate dehydrogenase assay and double staining are opted in the 

present investigation. These examinations explored basic anti-cancer 

activity of isolated sterols and mode of action. Further, these studies 

also investigated the cell cycle arrest by FAC Scan flow cytometry. 

Finally, appropriate gates were also defined for the evaluation of 

DNA content in G1, S and G2 phase. These results were further 
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supported by examining the expression of  p21 gene in sterol treated 

cancer cell lines. 

4.2 Materials and Methods  

4.2.1 Cell Culture 

For providing reliable and reproducible cytotoxic results in 

this study, apt selection of different assay sets and biological 

representative cell lines are crucial. In this regard, cell line A549 

cells were selected to investigate anticancer potential of fucosterol 

acetate and turbiconol, against lung cancer and Hep G2 cells for liver 

cancer.  

Cell line A549 cells are human epithelial basal alveolar 

adenocarcinoma, which can synthesize lecithin and contains high 

level of desaturated fatty acids, useful for the maintenance of cell 

membrane phospholipids (Speirs et al., 1991; McCormick & 

Freshney, 2000). Specifically these cell lines give fundamental 

informations regarding the drug metabolism in type II pulmonary 

(lung) epithelial cells and function as an in vitro model for its 

transfection host. In biological systems, these cells are responsible 

for the propagation of squamous substances such as water and 

electrolytes into the alveoli of the lungs (Speirs et al., 1991; 

McCormick & Freshney, 2000). Moreover, Hep G2 cell lines, the 

human liver cancer, used in this study is a convenient model system 

for the in vitro study of polarized human hepatocytes in the 
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laboratory. Due to their high degree of morphological and functional 

differentiation in vitro, HepG2 cell model is appropriate for studying 

the dynamics of intracellular transport and bile ducts and the 

sinusoidal membrane proteins and lipids in human hepatocytes  

(Ihrke  et al., 1998; Herrema et al., 2006; Abreu et al., 2011). 

Human alveolar epithelial carcinoma (A549) and Hepatic 

carcinoma cell lines used in the present study were purchased from 

NCCS Pune. Each cell lines maintained in Dulbeccos modified 

eagles media (DMEM/F2) supplemented with 10% FBS and 

antibiotics such as 100 µg/mL pencilin G, 100 mg/mL streptomycin 

and 250 ng/mL amphotericin (Invitrogen) in an incubator maintained 

at humidified 5% CO2 atmosphere and an optimum temperature  of 

37
°
C. When the cells reached confluence  after the four days of 

incubation they were treated with 0.5% (W/V) trypsin ( 0.25% , 

Invitrogen, USA)  EDTA for 3 minutes at 37
°
C. All the chemicals 

used for culturing and cell preservation were purchased from  

Invitrogen and Gibco. These cell suspensions (2 X 10
5 

cell/mL) are 

then transferred to culture plates and 10 cm culture dishes to study 

anti cancer effects. Assays such as MTT, LDH, neutral red, double 

staining, flow cytometry and gene expression studies were carried 

out. Initially the culture medium was replaced at an interval of 24 

hours and there after it was replaced at every three days.  
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4.2.2 Anti-Proliferative Assays 

4.2.2a Investigation of morphological changes of cell lines 

Morphological changes of A549 and Hep G2 human cell lines 

were studied using Olympus CKX41. Olympus CKX41 is a compact 

inverted microscope with tilting and trinocular head options along 

with modern facilities to perform GFP and other fluorescence 

applications. High quality images of cells with optimum contrast and 

resolution were produced using this facility. 

4.2.2b MTT Assay  

The feasibility assessment using (3- (4,5-dimethylthiazol-2-

yl)-2,5-diphenyl) tetrazolium (MTT) reduction, which offers the 

benefit of enhanced sensitivity of absorption measurement of the test 

medium, marker for viable cells, is a widely adapted  homogenous 

cell viability estimation using 96-well format.  Evaluation of cell 

viability by means of MTT is ideal for both cell viability and 

cytotoxicity test as it is easy to use, safe, has a high efficiency and 

reproducibility in screening (Loveland et al., 1992; Sylvester, 2011). 

Examination of conducting enzyme activity using MTT give 

fundamental information regarding the effect of test molecules on 

cell proliferation, cytotoxic effects and associated  genetic 

expressions which inhibits the cell multiplication/ their obliteration.  

Confluent cells were treated with different concentrations of 

fucosterol acetate and turbiconol for a period of 24 hours and 



Chapter 4 

156 

viability was measured by MTT assay. All the chemicals used in this 

analysis were purchased from Merck Inc. Later, these incubated cell 

suspensions were washed with phosphate buffer saline (PBS) 

followed by addition of 30 µL MTT solution (5mg/mL) dissolved in 

PBS. These were then incubated for 3 hours at 37
°
C to complete the 

reaction. After this incubation step, excess MTT is removed by 

washing with PBS. These cell lines were then treated with 200 µL 

DMSO and incubated at room temperature to dissolve the formazan 

product. Cell free suspensions for measuring optical density were 

obtained by removing the cell debris by centrifuging at top speed for 

2 minutes. Optical density of solubalised formazan product was 

measured at max 540 nm keeping DMSO as blank using microplate 

reader Elisascan (Erba).  

4.2.2c Neutral Red Assay 

Even though MTT can be effectively used as marker for 

viable cell metabolism, it has its own limitations. As this assay 

depends only on the mitochondrial activity of the cell, they cannot be 

used for deducing the vital cell proliferation mechanism. MTT assay 

is effective only for low cell density solutions, linearity is loosed at 

high cell density. Further, possibility of fomazan crystal formation in 

the assay medium and toxicity of the MTT compound will adversely 

influence the cell membranes during excocytosis and affect the signal 

output, limiting this as a endpoint assay (Mosmann, 1983; Van de 
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Loosdrecht et al., 1994; Sumantran, 2011).  Hence, neutral red assay 

a sensitive indicator of both the inhibition of cellular integrity and 

growth inhibition was performed to investigate the cellular viability. 

This test provides a quantitative estimate of viable cells in the 

medium. In comparison to other cytotoxicity tests, which estimates 

the release of the enzymes/proteins contents, procedure adopted for 

neutral red uptake assay is cheaper and more sensitive. It will not 

take more than three hours to complete the analysis. However, the 

test cannot distinguish between cytotoxic and cytostatic drugs or 

compounds (Elliott & Auersperg, 1993; Repetto et al., 2008). 

Borenfreund & Puerner (1985) developed a cell viability 

assay using neutral red, a positively charged dye. Ability of living 

cells to uptake the diffused neutral red in the cytoplasm and stores 

them in the acidic environment of lysosomes was the basic concept 

used by the Borenfreund & Puerner (1985) to develop the neutral red 

cytotoxicity assay. To perform this viability test, cell lines pretreated 

with test compounds were incubated at 37
°
C for 3 hours along with 

neutral red dye. While incubation pH of the reagent was maintained 

at 6.35 using KH3PO4. After incubation, cells were washed with PBS 

to remove the excess reagent. Neutral red dye stored in the acidic 

environment of lysosomes was eluted using ethanol/acetic acid 

solvent system. Gentle shaking for 10 minutes was carried out to 

achieve complete dissolution prior to elution. To measure the optical 
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density at 540 nm, aliquots of the resulting solutions were analyzed 

using spectrophotometer. 

4.2.2d Lactate Dehydrogenase Assay  

Assay for lactate dehydrogenase (LDH) activity was performed 

to estimate cell death, because it is more reliable and the activity 

remains intact than other enzyme based evaluation of cell death. LDH 

assay directly detect the enzymes that leak out of the dead cells, useful 

for assessing membrane integrity and quantify dead cells. Further, 

investigation using LDH assay provides vital information on the ability 

of cellular glycolysis. However, reduced sensitivity and half-life are the 

major drawbacks of this cell viability test. Even though this test 

provides an accurate measure of cytotoxicity induced by the substance it 

fails to provide basic information concerning the primary mechanism of 

observed cytotoxicity (Fotakis & Timbrell, 2006; Smith et al., 2011).  

In lactate dehydrogenase assay developed by Kuznetsov & 

Gnaiger (2010), cell free supernatant collected from tissue culture 

plates incubated with test compounds were used to investigate LDH 

leakage assay.  

Prior to spectrophotometric reading, 100 µL of cell free 

supernatant was mixed with 2.7 mL potassium phosphate buffer, 0.1 

mL 6 mM NADH solution, 0.1 mL sodium pyruvate solution in a 

cuvette. Optical density reading at 340 nm was measured at 0
th

 and 

5
th

 minutes of incubation.  
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4.2.2e Calculation of  ED50  

To calculate ED50 values from MTT assay and neutral red 

assay using ED50plus V1.0. 

4.2.3 Determination of Anti-proliferative Mechanism 

4.2.3a Estimation of apoptosis using double staining 

Optical fluorescence microscopy which utilizes the differential 

absorption of fluorescent DNA-binding dyes (such as EB / AO staining) 

is the method of choice for the sake of simplicity, speed and accuracy to 

study chromatin condensation and fragmentation of nuclei along with 

cell death mechanism (Ribble et al., 2005). In this assay as there is no 

further cell binding step, apoptosis index and the integrity of cell 

membrane can be evaluated at the same time without articrafts. This 

method allows a better evaluation to overcome the disadvantages of 

existing cytotoxicity assays. As compared to other classical staining 

techniques, multiple assays can be performed using very small quantity 

of materials to revel apoptosis morphological condition. Further, it can 

be combined with other experiments such as cell viability assay (MTT), 

cell death analysis (LDH), or some of the caspase activity assays. Thus, 

several end points of cell death and apoptosis can be calculated in a 

single experiment. Thus apoptotic and necrotic cells can be quantified 

simultaneously in real time making it a format suitable for high-

throughput screening of drugs (Renvoize et al., 1998; Raju et al., 2004). 

DNA-binding dyes Acridine orange (AO) and Ethidium 

bromide (EB), used for morphological differentiation of apoptotic 
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and nectrotic cells, were purchased from Sigma Aldrich, USA. Both 

viable and nonviable cells assimilate AO and upon intercalation with 

DNA emit green fluorescence (Gherghi et al., 2003). However, EB is 

taken up by non-viable cells only and emit red fluorescence when 

intercalated with DNA. This differential absorption of dyes by viable 

and non -viable cells along with variation in the emitted fluorescence 

was effectively used to determine exact mechanism of cell death. 

Cell lines after incubation with test samples, ie., ED50 of fucosterol 

acetate  and ED50  of turbiconol,  were stained with AO (100 µg/mL) 

and EB (100 µg/mL) at room temperature for ten minutes,  after 

washing with cold PBS, before their visualization in a blue filter of 

fluorescence microscope (Olympus CKX41 with Optika Pro5 

camera). The cells were divided into four category based on the 

observation. They are living cells with normal green nucleus, early 

apoptotic cells are having bright green nucleus with condensed or 

fragmented chromatin, late apoptotic are observed as orange stained 

nuclei with chromatin condensation and finally, necrotic cells are 

having uniformly orange stained cell nuclei.  

4.2.4 Determination of Sterols Effect on Cell Cycle Pathway 

4.2.4a Flow cytometry 

Since reduction in the number of viable cells / total cellular 

protein may be associated with a decrease in cell proliferation, assays 

used for measuring the loss of cell viability is insufficient to study 
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the cytotoxic potential of the compound. Hence, evaluating the 

ability of cells to proliferate is critical to assess the health of the cells 

during cytotoxicity studies. Direct measurement of DNA synthesis 

using flow cytometry, a powerful tool for the detection of the 

distribution of cells in the three major phases of the cell cycle (G1, S, 

G2/M), is an accurate method of doing this.  This assay provides 

single cell level cytotoxicity evaluation and cytolytic effect on cells. 

They have proven to be reliable, sensitive, specific and very 

effective. These investigations also give information on the possible 

DNA errors or DNA damage, which will eventually lead to apoptosis 

or disruption of cell cycle (Rabinovitch, 1994; Gupta et al., 2011).  

For performing fluorescence activated sorting analysis, cell 

lines treated with samples were incubated at 37
°
C for 24 hours. After 

incubation the cells were collected by trypsinization and washed 

twice with 1X PBS. These concentrated cells were thoroughly 

washed with PBS. After washing by PBS, these cells were fixed 

using 1 mL ice cold ethanol (Merck) and incubated overnight at -

20
°
C. Again an additional washing of ethanol fixed cells were carried 

out using PBS. These cells were then  uniformly mixed with muse 

cell cycle reagent (Millipore, USA), and incubated for 30 minutes in 

dark. After incubation these cells were analyzed using muse cell flow 

cytometry. A set of untreated cells were used as control (Pozarowski 

et al., 2004; Darzynkiewicz & Zhao, 2014). 
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4.2.4b Determination p21 cancer suppressor path way 

 Tumor suppressor gene p21 is a potent cyclin-dependent kinase 

inhibitor (CKI). This protein inhibits the activity of cyclin-CDK2, -

CDK1, and -CDK4/6 complexes through bonding with these complexes 

 and thereby regulate the progression of cell cycle  at G1 and S 

phase. Identifying the links between gene expression and chemoactivity 

potential of test compounds, such as its effectiveness, and toxicity to 

cells are vital prior to their development into anticancer drugs. Hence, 

the expression of the p21 gene is studied to deduce precious information 

in screening chemoactivity of fucosterol acetate and turbiconol 

(Roninson, 2002; Sassano & Platanias, 2008; Abbas  & Dutta, 2009). 

Briefly in order to study the p21 gene expression in A549 and 

Hep G2 cell lines treated with test samples were subjected to total 

RNA isolation kit followed by corresponding cDNA synthesis. RT-

PCR was performed to study  the p21 gene expression. The specific 

primers for p21 gene were as follows: Forward 5’-

GCAGATCCACAGCGATATCC-3’ with Tm 64.5 and Reverse 5’-

CAACTGCTCACTGTCCACGG-3’ with Tm 67.1. 

4.2.4b(i) Total RNA isolation 

In order to isolate pure, intact and high quality total RNA from 

cell lines, total RNA isolation kit manufactured by Invitrogen USA was 

used. Further, processing of the sample was carried out according to the 

guidelines given by the manufacturer. As per the instructions, A549 and 
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Hep G2 cell lines in 6 multiwell plates were incubated overnight with 

isolated sterols at 37
°
C, followed by addition of 1 mL trizol reagent to 

initiate the cell lysis. These cell lines were then homogenized to fine 

paste and transferred into an eppendorf tube. Homogenised cell lines 

were then mixed with chloroform and shaked vigorously for 15 sec and 

incubated again at room temperature for 2-3 minutes prior to separation 

of aqueous layer containing total RNA. These cell lines after incubation 

were subjected to centrifugation at 14000 rpm for fifteen minutes at 4
°
C 

to separate the aqueous layer. Total RNA was precipitated from the 

aqueous layer using 5µL of isopropanol (100%). For the complete 

precipitation of total RNA, the isopropanol treated aqueous layer was 

incubated at room temperature for 10 minutes. RNA precipitates 

recovered as white pellets were washed with 1 mL 75% ethanol for 

further purification. RNA pellets after purification were then centrifuged 

at 10000 rpm for 5 minutes at 4
°
C to remove the excess solvents. 

Finally, pure RNA pellets recovered were dried and dissolved in TE 

buffer for further analysis (Chomczynski & Sacchi, 1987; 

Chomczynski, 1993). 

4.2.4b(ii) Reverse Transcriptase PCR (RT-PCR) 

For synthesizing cDNA (Verso cDNA synthesis kit, 

Thermoscientific USA) and amplification, PCR master mix was used, 5 

µL of total RNA, 2 µL forward primer and reverse primer were added 

to RNAse free tube and mixed with 25 µL primer RT-PCR premix, 1 
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µL enzyme mix and 1.5 µL RT enhancer and made upto 50 µL using 

sterile distilled water. Using micropipette, final solution was 

homogenized by gently pipetting up and down. Further, reaction was 

carried out in a thermal cycler, programmed to perform cyclic cDNA 

synthesis and amplification. Each cycle consisted of following steps. 

Initially, synthesis of cDNA was carried out at 42
°
C. This process which 

lasted for 30 minutes was immediately followed by denaturation at 94
°
C 

for ten minutes. After denaturation, one minute annealing at 58
°
C and 

extension at 72
°
C for one minute was performed. These steps were 

repeated for next 35 cycles and final extention lasted for 5 minutes at 

72
°
C. Finally, amplified PCR product was separated and visualized 

using gel electrophoresis (Glazer et al., 2010).  

4.2.4b(iii) Agarose gel electrophoresis  

For agarose gel preparation, eletrophoretic grade agarose powder 

was purchased from Lonza and all other chemicals used were molecular 

biology grade. For all preparative mini gel system, apparatus from 

biorad OWL
TM

 EasyCast
TM

 B1 mini gel eletctrophoresis system was 

used. Using a constant power source, steady current was maintained.  

The temperature of the system was controlled using a cooling circulator. 

Following the procedures developed by Peacock & Dingman (1968), 

Tris-EDTA-borate buffer having pH 8.3 was prepared and used 

throughout the experiment.   Agarose gel (1.5 %) was synthesized in 1X 

TE buffer. After loading the gel with samples, analysis were performed 
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at 50V for 30 minutes. PCR product separated was stained and 

visualized and imaged in a gel documentation system (E gel imager, 

Invitrogen).   

4.3 Results and Discussion 

Based on multiple viability assays, results of anti-proliferative 

potential of phycosterols isolated from Turbinaria conoides against 

Hep G2 and A549 cancer cell lines are graphically represented and 

discussed in detail.  Observations and findings revealed that sterols 

induced early and late apoptotic events on cancer cells under 

investigation. Meanwhile, evaluation of cell cycle distribution and 

gene expression strongly support apoptosis induced anti-proliferative 

potential of sterols.  

4.3.1 Antiproliferative Effect of Sterols on A549 and Hep G2 

Cells 

To delineate the antiproliferative effect of sterols, phase contrast 

microscopic imaging, MTT, Neutral red assay, and LDH were 

performed. On the basis of phase contrast microscopic images (Fig. 

4.1[a-c] and 4.2[a-c]), alteration in the morphology along with reduction 

in cell adhesion capacity were found in concentration dependent 

manner.   Results of MTT, Neutral red assay and LDH (Fig.  4.3, 4.4, 

and 4.5) in the range of 6.5 - 100 µg/mL, highlighted a strong anti-

proliferative activity of fucosterol acetate and turbiconol. These results 

shows the cytotoxic nature of  both fucosterol acetate and turbiconol.  
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4.3.1a Morphological change on cancerous cell line  

Qualitative morphological peculiarities of A549 and Hep G2, 

before and after sterol treatment were displayed in Fig.  4.1 [a-c] and 

4.2 [a-c] respectively.  Cyto-morphological changes were found to be 

strictly concentration dependent in both the cell lines. Untreated cells 

were intact and retained their polygonal shape. Whereas those treated 

with test sterols at various concentrations ranging from 6.5 to 100 

µg/mL showcased cytoplasmic shrinkage and detached from each 

other. Rounding up of cells were observed in both treated cell lines, 

even at lower concentrations (6.5 and 12.5 µg/mL). Typical 

morphology in most of the cells was lost in higher concentrations 

(25-100 µg/mL). Destroyed cell structures were visualized as blurry 

and floating under phase contrast microscope.  

 

Figure 4.1a Phase contract image of A549 cell line control 

morphology. 
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Figure 4.1b  Morphological alteration of A549 cell line exposed to 

fucosterol acetate. 
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Figure 4.1c Morphological alteration of A549 cell line exposed to 

turbiconol. 
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Figure 4.2a  Phase contract image of Hep G2 cell line control 

morphology. 

 

 

 

 

 

 



Chapter 4 

170 

 

 

Figure 4.2b  Morphological alterations of Hep G2 cell line exposed 

to fucosterol acetate. 
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Figure 4.2c Morphological alterations of Hep G2 cell line exposed 

to  turbiconol. 
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Most of the cytotoxicity studies represent cyto morphological 

changes as first hand indication of drug dosage response (Sgonc & 

Wick, 1994; Chakravarthy et al., 2006).  Cytoplasmic shrinkage, 

rounding up of cells, loss of cell adhesion  and nuclear condensation are 

marker for  apoptotic cell death (Earnshaw et al., 1999; Los et al., 1999; 

Rashedi et al., 2007; Vijayarathna & Sasidharan, 2012). Ghavami and 

coworkers in 2009 reported morphological changes as a result of the 

expression of caspase-9 by activated receptors on the cell surface. 

4.3.1b MTT assay 

Cell viability was found to exhibit a dose dependent pattern 

with compound treatment. ED50 values for fucosterol acetate against 

A549 is 48.518 µg/mL. Whereas for turbiconol against A549 ED50 is 

66.353 µg/mL. The results of fucosterol acetate showed better anti-

proliferative activity towards both the cell lines. Activities of sterols 

against A549 are shown in Fig.  4.3a. At lowest concentration of 

6.5µg/mL fucosterol acetate induced a cell death of 26.63% in lung 

cancer cell line, whereas at this dosage, activity of turbiconol induced 

13.59% of cell death. This observation is comparable to the effect in 

Hep G2 Fig. 4. 3b. In this case for fucosterol acetate and turbiconol, 

gradual increase in cell death percentage was observed as the 

concentration increased. Significant cell death was observed with 

67.74% and 65.02% for sterol fucosterol acetate and turbiconol, 

respectively at the higher concentration range (100 µg).  
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ED50 values for fucosterol acetate against Hep G2 is 46.316 

µg/mL. Whereas for turbiconol, against Hep G2 ED50 is 60.98 

µg/mL. Fucosterol acetate exhibited 30.87% cell death in Hep G2 

human cell lines at 6.5 µg/mL concentration. Whereas turbiconol, at 

this concentration induced only 18.37% cell death. However, activity 

of both sterols increased by almost   10 % when concentration was 

increased to 12.5 from 6.5 µg/mL. At 50 µg/mL concentration of 

fucosterol acetate, only 44.89% cell was viable, whereas in the case 

of turbiconol, 50.21% cells were viable. Corresponding to increase in 

concentration, there was significant increment in the cell death. 

 

 

Figure 4.3a  Graphical representation of cytotoxicity activity of 

fucosterol acetate (G) & turbiconol (M) against 

A549 cell line by MTT assay. 
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Figure 4.3b Graphical representation of cytotoxicity activity of  

fucosterol acetate (G) & turbiconol (M) against Hep 

G2 cell line  by MTT assay. 

 

Numerous reports have utilized the versatility of MTT assay 

to evaluate the cell viability for various drug screening. Since the rate 

of energy metabolism regulates the formazan formation, even 

metabolically activated cells can be quantified. In the absence of cell 

proliferation further formazan production is proportional to the 

quantity in incubation media even though MTT is limited by loss of 

its efficiency at higher concentration cell density. Chances of error to 

occur are reduced as there are minimum washing steps in the 

protocol. Variation on formazan absorption associated with change in 

pH could be overcome by using buffer solution (Plumb et al., 1989).  
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4.3.1c Neutral Red assay 

The results of neutral red assay performed on A549 and Hep 

G2 are shown in Fig.  4.4 [a-b]. Significant observations of this assay 

can be summarized as follows. ED50 values for Fucosterol acetate 

against A549 is 50.34 µg/mL. Whereas for turbiconol, against A549 

ED50 is 66.79 µg/mL. A cell death of approximately  37.08% was 

observed in A549 cells when treated with 12 µg/mL fucosterol 

acetate, whereas 22.06% cell death was observed when treated with 

same concentration of turbiconol. Further, when treated with 

50µg/mL fucosterol acetate and turbiconol, cell death reached a 

maximum of 53.57% and 48.73% respectively.  

Significant reduction in the density of viable cells was 

observed when Hep G2 cell lines were dosed with 6.5µg/mL 

fucosterol acetate and turbiconol. ED50 values for fucosterol acetate 

against Hep G2 is 49.47 µg/mL. Whereas as for turbiconol, against 

Hep G2 ED50 is 60.914 µg/mL. When treated with 100 µg/mL of 

fucosterol acetate and turbiconol, viability of these cells decreased to 

32.19% and 35.06% respectively. The results clearly indicate a 

significant loss of cell organelle integrity following compound 

treatment which can be correlated to cell death (Borenfreund & 

Puerner, 1985). 
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Figure 4.4a Graphical representation of cytotoxicity activity of  

fucosterol acetate (G) & turbiconol (M) against 

A549 cell line  by Neutral red assay. 

 

 

Figure 4.4b Graphical representation of activity of fucosterol 
acetate (G) & turbiconol (M) against Hep G2 cell 

line by Neutral red assay. 
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4.3.1d LDH Assay 

LDH leakage directly measures the extent of membrane 

integrity following compound treatment. From the results of the 

present investigations it can be observed that addition of compound 

significantly induced membrane damage resulting in increase of LDH 

leakage. As membrane damage and loss of cytosolic enzymes to media 

can be considered as a measure of apoptotic effects of compounds 

(Kuznetsov & Gnaiger, 2010). 

There was a gradual increase in the release of enzyme 

volumes when treated with fucosterol acetate and turbiconol against 

A549 and Hep G2 cell lines (Fig.  4.5[a-b]). When A549 cell lines 

were treated with 100 µg/mL of fucosterol acetate  volume of LDH 

reach up to 1.29 U/mL from initial control value of 0.0048 U/mL. 

Whereas when dosed with  turbiconol at this concentration, volume 

of LDH released was 1.01 U/mL. Similarly, Hep G2 cell lines when 

treated with fucosterol acetate and turbiconol, volume of enzyme 

released at 100 µg/mL reached 1.42 U/mL and 1.31 U/mL 

respectively from initial control value (0.0039 U/mL).  LDH  leakage 

levels highlighted the potential of fucosterol acetate and turbiconol to 

regulate the cellular glycolytic activity of the A549 and Hep G2. In 

cancer cells, LDH play a vital role in the initiation promotion and 

acceleration of cell growth and replication through fermentative 

glycolysis (Kuznetsov & Gnaiger, 2010). Variations in the LDH 

activity suggest the potential of fucosterol acetate and turbiconol, to 

inhibit the anaerobic respiration pathway. However, further 

investigations need to be carried out in detail.  
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Figure 4.5a  Graphical representation of cytotoxicity activity of 

fucosterol acetate (G) & turbiconol (M) against 

A549 cell line by LDH assay. 
  

 

 Figure 4.5b Graphical representation of cytotoxicity activity of 

fucosterol acetate (G) & turbiconol (M) against 

Hep G2 cell line by LDH assay.  
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Based on MTT, neutral red assay and LDH cytotoxicity assay 

anticancer potential of fucosterol acetate and turbiconol against A549 

and Hep G2 were inferred. Both fucosterol acetate and newly 

isolated turbiconol are cytotoxic towards these two cancer cell lines. 

Even though assay results of sterols supports their potential to 

suppress both Hep G2, and A549, both sterols were  more sensitive 

towards Hep G2. 

4.3.2 Determination of Anti-proliferative Mechanism 

4.3.2a Double staining 

Normal cells were observed with bright green nucleus (Fig.  

4.6a). Nucleus of   A549 cell after sterol treatment consisted of   

condensed/fragment chromatin and nucleus appeared bright green in 

colour. These observations predict early apoptotic pathway initiated 

by fucosterol acetate & turbiconol. Hep G2 cells on the other hand 

when dosed with the same sterols, nuclei were observed as orange 

(Fig.  4.6b). Moreover, these cells suffered extensive chromatin 

condensation or fragmentation. These features are consistent towards  

late apoptotic pathway of cell death in Hep G2 (Gherghi et al., 2003; 

Liu et al., 2015).  
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Figure 4.6a  Detection of anti-proliferative mechanism (apoptosis 

/necrosis) treated with acridine orange and ethidium 

bromide double staining (a) Untreated A549 Control 

cells showing intact cells with green fluorescent nuclei 

(b) A549 cells treated with fucosterol acetate (c) A549 

cells treated with turbiconol. 
   

 

 

 Figure 4.6b  Detection of anti-proliferative mechanism (apoptosis/ 

necrosis) treated with acridine orange and ethidium 

bromide double staining (a) Untreated Hep G2 control 

cell lines showing intact cells with green fluorescent 

nuclei (b) Hep G2 Cells treated with fucosterol 

acetate (c) Hep G2 cells treated with turbiconol.   
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 Detection of drug action mechanism is necessary, as cell 

viability assays for cytotoxiciy studies cannot distinguish among 

mechanisms of cell death and its impact on normal cells (Evan & 

Vousden, 2001). Drugs with limited clinical application due to their 

toxic/poisoning effect on cells can be easily screened. Hence, 

assessment of tumor cell mechanism is more informative than 

common cell viability evaluation. In this regard, fluorescent acridine 

orange (AO) /ethidium bromide (EB) dual staining dyes, a relatively 

new mode of approach are very effective to differentiate and quantify 

the basic morphological changes between normal cells, early and late 

apoptotic cells, and necrotic cells and even mild DNA injuries can be 

diagonised (Gherghi et al., 2003; Liu et al., 2015). Normal and early 

apoptotic cells with intact membranes are stained only by AO dye, 

and emit when fluorescing green bound to DNA. Whereas EB dye 

can bound only to concentrated DNA fragments or apoptotic bodies 

and emit orange-red fluorescence, resulting from late apoptotic or 

along with dead cells (Ribble et al., 2005). In order to identify the 

antiproliferative mechanism of fucosterol acetate and turbiconol, 

AO/EB double staining assay method was used. From Fig. 4 6[a-b], 

intercalation of AO stain with DNA of viable A549 and Hep G2 

control cells were inferred from the emission of green fluorescence. 

In both the cases, all the control cell lines were viable and observed 

as bright green nucleus, with very well organized structure.  

Nucleus of A549 cells after sterol treatment consisted of   

condensed/fragment chromatin and nucleus appeared yellow green in 

colour. These observations predict early apoptotic pathway initiated 
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by fucosterol acetate and turbiconol. Cells still with intact 

membranes but have started to undergo DNA cleavage interacts with 

AO stain and emits yellow green fluorescence predominantly, a 

direct consequence of early apoptosis. Presence of bright green 

patches or fragments observed in this case clearly highlights the 

perinuclear chromatin condensation. However, initiation of late 

apoptosis by sterol molecules is also inferred from the scattered 

emission of orange-red florescence (Ribble et al., 2005). 

Hep G2 cells on the other hand when dosed with the same 

sterols, nuclei were observed as orange. Further, these  Hep G2 cells 

suffered extensive chromatin condensation or fragmentation. These 

features are consistent towards a late apoptotic pathway of cell death 

in Hep G2, as necrotic cells have uniformly orange to red nuclei with 

a condensed structure (Ribble et al., 2005). 

The rates of cell proliferation and apoptosis are major 

controlling factors influencing the tumor growth (Elmore, 2007). Both 

phyto and phycosterols are effective apoptosis (programmed cell 

death) stimulants. Major  mechanism  involved  in the   activation of  

apoptosis by sterols are  membrane structure alteration, membrane 

fluidity,  modulation  of  membrane bound enzyme activity, signal 

transduction pathways and membrane integrity (Awad et al., 2007). 

However, exact mechanisms are still elusive. 

Sterols are easily incorporated into the membranes due to their 

closely related structural similarities to cholesterol (an integral lipid 
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component of biological membranes). But assimilation of sterols by 

tumor cells alters the concentration of two phospholipids, ie., 

sphingomyelin and phosphatidylcholine, which are involved in signal 

transduction pathways, there by inducing apoptosis in malignant cells 

(Pörn & Slotte, 1995; Slotte, 1999; Awad & Fink, 2000). 

Proper fluidity balance is vital for the membrane functioning. 

Sterols are effective in altering the composition of lipid membranes, 

and thereby influencing their fluidity and suppressing the progression 

of tumor growth (Spector & Yorek, 1985). For example, liver 

membrane fluidity of rats is altered by feeding them with supplements 

incorporated with 5% sterols for 21 days (Leikin & Brenner, 1989). 

This was inferred from the elevation of hepatic fatty acid desaturases 

(Δ9, Δ6 and Δ5) activity when sterol levels were increased, a 

compensatory mechanism for the decreased fluidity. However, to 

understand their exact role in tumor progression, further investigations 

are required. The activities of membrane-bound enzymes hepatic and 

prostatic 5 α-reductase in prostatic aromatase in rats, involved in the 

metabolism of testosterone,  when provided with  a diet mixed with 

2% sterols was decreased by about 33–44%  and 55%  respectively  

(Awad et al., 1998). This have been shown to considerably reduce the 

development of prostate hyperplasia and prostate cancer (Howie & 

Shultz, 1985; Schweikert et al., 1993), linked to the levels of both 

androgens and estrogens resulting from testosterone metabolism, by 

hepatic and prostatic 5 α-reductase (Mettlin, 1997). 
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4.3.3 Sterols Effect on Cell Cycle Pathway 

In this section, cell cycle arrest and gene expression levels 

were analyzed and discussed to understand the effect of sterols on 

cell cycle pathway in cancer cell lines.  

4.3.3a Flow cytometry  

Various studies have shown that cell proliferation and regulation 

of cell cycle progression are interrelated to each other (Alenzi, 2004).  

According to the preliminary flow cytometry assays results (Fig.  4.7[a-

c] and 4.8[a-c]), for A549 when treated with fucosterol acetate, cell 

cycle arrest at G0/G1 phase was not prominent (3.8%). In this case, only 

slight increase was observed in cells arrested at G0/G1 phase when 

compared to Hep G2, whereas A549 treated with turbiconol exhibited a 

mild cell arrest (2.6%) at G2/M phase (Fig.  4.7[a-c]). In the present 

investigation, growth inhibition effect of fucosterol acetate and 

turbiconol on Hep G2 cells are shown in Fig.  4.8[a-c]. After 24 hours 

there was an elevation in the number of cells in the G0/G1 phase of the 

cell cycle treated with fucosterol acetate and turbiconol. From the results 

of flow cytometric analysis, 34.2% Hep G2 cells were arrested at G0/G1 

phase when treated with sterol (fucosterol acetate) compared with 

untreated control, whereas the S phase cells decreased proportionally. 

Similarly Hep G2 cell lines treated with sterol (turbiconol) were also 

arrested at G0/G1 phase. In the present study cell cycle arrest at G0/G1 

phase of Hep G2 was evident with concomitant decrease in the G2/M 
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phases (13.3 %), indicates that cell cycle distribution was blocked 

significantly in the G0/G1 phase in cells treated with sterols from 

Turbinaria conoides.  

 

Figure 4.7a Flow cytometry cell cycle analysis using propidium 

iodide DNA staining. DNA content index of control 

cells of  A549 cell lines. 

 

 

Figure 4.7b Flow cytometry cell cycle analysis using propidium 

iodide DNA staining. DNA content index of A549 cell 

lines treated with fucosterol acetate. 
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Figure 4.7c  Flow cytometry cell cycle analysis using propidium 

iodide DNA staining. DNA content index of A549 cell 

line treated with sterol (turbiconol) 

 

 

 

Figure 4.8a  Flow cytometry cell cycle analysis using propidium 

iodide DNA staining. DNA content index of control 

cells of Hep G2 cell line. 
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Figure 4.8b  Flow cytometry cell cycle analysis using propidium 

iodide DNA staining. DNA content index of Hep G2 

cell line treated with fucosterol acetate. 

 

Figure 4.8c  Flow cytometry cell cycle analysis using propidium 

iodide DNA staining. DNA content index of Hep G2 

cell line treated with turbiconol. 

4.3.3b Gene expression 

Suppression of G1-S transition is correlated to the activation 

of  protein kinase-C regulated p53 gene  transcription, in mock cells 

this process usually initiate a cellular repair mechanism (Bullock & 
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Fersht, 2001; Whal & Car, 2001). An explanation for this is related 

to the expression of p53, a tumor suppressor, which controls the 

functioning of p21 gene (Li et al., 2012). Hence, p21 gene expression 

studies are useful to delineate the mode of sterol action in the 

suppression of cancer. Therefore, p21 gene expression study was 

performed to  support the cell cycle arrest observed in both cell lines  

when treated with fucosterol acetate and turbiconol.   

p21 gene expression results are shown in Fig.  4.9. Expression 

level of p21 in A549 cell lines were not clearly affected. This 

observation is consistent with the magnitude of cell arrest for A549 

cell cycle. When Hep G2 were treated with fucosterol acetate and 

turbiconol, expression of p21 was modified as inferred from 

variation in the  band width of the gene. In this case intensity of band 

width was increased when compared to blank. These results confirm 

G0/G1 cell phase arrest in Hep G2 cell cycle.  

 

Figure 4.9  Expression of p21 in A549 and HepG2 cell lines. (I) 

corresponds to control, (II) corresponds to fucosterol 

acetate and (III) corresponds to turbiconol. 
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On the basis of observation made by Lukas and coworkers in 

1994, G0/G1 phase cell arrest can also be linked to inhibition of   

phosphorylation at multiple sites and reducing the pace of C-Ab1 

functions, resulting from malfunctioning of cyclin D1 expression. 

Researchers have identified numerous cyclin/CDK complexes and 

their role in cell cycle progression. However, D1/CDK4/6 and cyclin 

B1/CDK1 are of great significance as the former controls G1/S 

transition  and the later regulate G2/M  transition (Lew et al., 1991, 

Galaktionov & Beach, 1991). 

Evidence for the promotion of programmed cell death 

(apoptosis) in cancer cells are available in various literature (Hassan et 

al., 2014). Basic mechanism of apoptosis induction by sterols is shown 

in Fig.  4.10. These are reports which mainly highlight the potential of 

anticancer compounds to participate in cell cycle to induce G1, S, or 

G2/M phase arrest with relation to their selectivity (Gallagher, 2007; 

Boesze-Battaglia et al., 2009; Zhao et al., 2011). Many researchers 

have observed the down regulation of  CDK2 found with cyclin E and 

CDK inhibitors, when treated with cancer suppressing compounds in 

normal progression of  G1 to S phase (Guadagno & Newport, 1996). 

Cell arrest at G2/M phase is also suggested by various researchers as 

major pathway for the initiation of apoptosis by phytosterols. G2/M 

cell cycle arrest results mainly from inappropriate cdc2 activation and 

hence, is used in combination with chemotherapy and radiation 

treatment methods (Awad et al., 2005). 
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Figure 4.10  Proposed mechanism of anti-cancer activity shown by 

phytosterols. 

Phytosterols mainly work through the activation of caspase 

enzyme by inactivating the Bcl-2 pathway in the cell cycle. Park et al. 

(2007) reported the activation of pro-apoptosis enzymes MAPK, 

through reducing the expression of Bcl -2 protein. Moon et al. (2007) 

proposed  a mechanism for the activation of caspase using phytosterols 

which develops extracellular signals complimentary to the pathways of 

mitochondria. Potential to initiate endoreduplication and apoptosis  by 

phytosterols through modifying phosphatidylino sito1-3 Kinase /Akt 

and ERk independent pathway is an important strategy used to 

suppress the cell proliferation (Woyengo et at., 2009). 

During the progression of cell cycle from G1 to S phase, 

following cyclins D-CDK,D-CDK6 and E-CDK2  are activated along 
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with pRB phosphorylation (Li et al., 2012). Deactivation of pRB, 

through hyperphosphorylation disable their normal functioning and 

initiate the dissociation of E2F  transcription factor from PRB, 

leading to the inactivation of vital pathways during different stages 

of cell cycle, from G1 to S. CDK  inhibitors consisting of a group of  

proteins are found to be negatively regulating the CDK activity. A 

protein identified as P21 WAF1/C p1 is found to be a major down 

regulation of CDK activity through blocking the active site of cyclin 

E-CDK 2 complexes. This blocking of active cycles results in the 

hypophosporylation of  pRB, consequently leading the halting of cell 

cycle transition from G1-S phase.  

4.4 Conclusions  

On the basis of examinations carried out in Hep G2 and A549 

cell lines, a positive feedback regarding the potential of fucosterol 

acetate and turbiconol for the treatment of lung and liver cancer were 

obtained. Potential of fucosterol acetate and turbiconol to selectively 

induce apoptosis and G0/G1 cell cycle arrest in Hep G2 were 

identified. However, only fucosterol acetate induced G0/G1 cell 

cycle arrest  in A549 human cancer cell lines.  On the other hand 

G2/M phase cell cycle arrest was observed in A549 cell lines when 

treated with turbiconol. G2/M arrest facilitate the cells, particularly 

p53 deficient cells, to sensitize cells towards chemotherapy and 

radiation. Hence, turbiconol seems particularly useful in this case as 



Chapter 4 

192 

it induces G2/M arrest in A549. These results strongly supports the  

chemotherapeutic prospective of fucosterol acetate and turbiconol in 

developing safe treatment methods. 
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Thesis entitled “Anticancer Potential of Sterols Isolated from 

Turbinaria conoides Against Lung and Liver Cancer”, is exploring 

the cytotoxic potential of sterols isolated from a brown seaweed 

Turbinaria conoides. Various cytotoxic studies have identified the 

potential of sterols from Turbinaria conoides to suppress the 

proliferation of malignant cells effectively. However, their potential 

and mechanism of action to suppress lung and liver cancer are not 

studied so far in detail. Considering these facts, this brown sea weed, 

which are abundant along the shorelines of Arabian Sea and Bay of 

Bengal, is a promising source for developing safe drug combinations 

and hence needs immediate attention. The data generated in this 

study can be used for developing safe drug combinations to cure lung 

and liver cancer effectively without long and short term side effects. 

Globally the cancer cases are increasing at an alarming rate, 

mainly due to changing life style and food habits. Even though 

significant amount of research are going on to contain this dread full 

disease, treatment methods developed are only partially successful in 

preventing their advancement and lead to serious side effects in some 

instances to lack of specificity. In this perspective, chemicals derived 
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from various natural sources due to their potential to destroy malignant 

cells by specifically targeting the affected region have gained 

significance in the treatment of cancer. As far as anticancer-lead 

compounds are concerned, unique chemical moieties in marine floras 

are least explored for their cytotoxic potential and are under-

represented in current pharmacopoeia. 

Collaborative efforts of researchers from various disciplines 

(natural product and medicinal chemistry) have made foundation for 

screening of therapeutically active products coast effectively from 

complex matrix and simultaneous mixture ingredient analysis. And in 

this case, SRB viability assay of lipid fractions collected from 

Turbinaria conoides against A549 and HEP G2 cell line, and their 

composition analysis using GCMS, revealed that fractions were not 

just bioactive, they seem as a pool of secondary metabolites in which 

probability of finding potent cytotoxic agents are high. Based on the 

SRB assay, third neutral fraction was the most active fraction and on 

the basis of GC-MS characterization, it was presumed that prominent 

cytotoxic activity shown by this fraction is an outcome of collective 

action of various sterol molecules identified in it. Further, selective 

extraction and chromatographic technique can be applied effectively 

to isolate and characterize bioactive molecule from the lipid fraction 

dominated with sterol.  
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In this study two sterols have been identified from Turbinaria 

conoides. One of the sterol have been identified as stigmasta-5, 

24(28)-dien-3β-ol, acetate (fucosterol acetate) and other as 27 ethyl 

27methyl-stigmasta-5, 24
1
(24

2
), 25-triene-3β-ol (Turbiconol). The 

structure of these  compound were determined using  high resolution 

mass spectroscopy (FABMS),  GC-MS, 1D (proton NMR, C-13 

NMR, DEPT) and 2D NMR (H-H COSY, HSQC, and HMBC) 

melting point, UV-Vis spectroscopy, specific rotation and  FTIR. 

Oxygenated sterols such as 24ɛ-hydroperoxy-24-vinylcholesterol, 29-

hydroperoxystigmasta-5,24(28)-dien-3β-ol, 24-ethylcholesta-4,24(28)-

dien-3-one, 24ɛ-hydroperoxy-24-ethylcholesta-4,28(29)-dien-3-one, 

24- ethylcholesta-4,24(28)-dien-3,6-dione, 24ɛ -hydroperoxy-24-

ethylcholesta-4,28(29)-dien-3,6-dione, 6β- hydroxy-24-ethylcholesta-

4,24(28)-dien-3-one , and 24 ɛ -hydroperoxy-6β-hydroxy-24-

ethylcholesta-4,- 28(29)-dien-3-one along with fucosterol, 

14,15,18,20-diepoxyturbinarin and 3,6,17-trihydroxy-stigmasta-

4,7,24(28)-triene have been previously reported Turbinaria conoides. 

In this context  turbiconol reported in this work have not been isolated 

from  Turbinaria conoides, Turbinaria sp. or any other natural 

sources. Therefore this compound is a latest compound to the list of 

sterols identified in Turbinaria conoides and is found to be a novel 

compound. 

Anti-proliferative potential of phycosterols isolated from 

Turbinaria conoides against Hep G2 and A549 cancer cell lines are 
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reveled using multiple cytotoxicity assays (MTT, Neutal Red, LDH).  

Potential of sterol molecule to induce early and late apoptotic events 

on cancer cells under investigation were confirmed using double 

staining. The impact of test compound on   cell cycle is vital while 

evaluating the theraputical activity of compounds as uncontrolled cell 

division is the root cause of any cell acquiring malignancy and provide 

a better insight into the interactions occurring at molecular level. 

Particularly, chromosomal translocations or other genetic alterations 

that directly affect the function of critical cell cycle proteins such as 

cyclins as well as tumor suppressors, eg., p53. Here, evaluation of cell 

cycle distribution by flowcytometry and p21gene expression study 

strongly support apoptosis induced anti-proliferative potential of 

sterols. Against Hep G2, both fucosterol acetate and turbiconol 

selectively induced  apoptosis and G0/G1 cell cycle arrest. Whereas 

G2/M phase cell cycle arrest was observed in A549 cell lines when 

treated with turbiconol and fucosterol acetate induced G0/G1 cell 

cycle arrest  in A549 human cancer cell lines.  

Hence, these results advocates  sterols in dietary inclusion and 

in drug combination for developing cell cycle and cell division 

targets for limiting cancer cell proliferation, as an important strategy, 

to modulate signaling pathways leading to cell cycle regulation or 

directly alter cell cycle regulatory molecules in prevention and 

treatment of cancer. Overall, aim of the study was achieved. 

However, there are still more sterol compounds in this fraction of 
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extract that need to be identified. Isolation of these sterols and its 

structural characterization and bio-assays might provide a useful 

solution to problems faced by humans in the treatment of cancer and 

other ailments.  

………..……….. 
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Appendix I 

Notes 

 Bcl2 (B-cell lymphoma 2) is a regulator proteins that regulate 

cell death. 

 cDNA (complementary DNA)  is a double-stranded DNA 

synthesized from a messenger RNA (mRNA).  

 E-CDK2 is a protein which modulates multiple cellular 

processes by phosphorylating numerous downstream proteins.  

 HMG-CoA reductase controls the enzyme activity in 

mevalonate pathway, which controls the metabolism of 

cholesterol and other isoprenoids. 

 Myc (c-Myc) is a gene that codes for the regulation of 

transcription factor. 

 NPC1L1 (Niemann-Pick C1-Like 1) is a gene associated with 

Nieman Pick disease.  

 p38 MAPK  (P38 mitogen-activated protein kinases) are a 

group of mitogen-activated protein kinases. These classes of 

proteins respond quickly to stress stimuli, particularly 

https://en.wikipedia.org/wiki/Mitogen-activated_protein_kinase
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 ultravioletirradiation, heat  shock,  and osmotic shock, and 

are associated with cell differentiation, apoptosis  and 

autophagy. 

 p21 is a potent cyclin-dependent kinase inhibitor (CKI). This 

protein inhibits the activity of cyclin-CDK2, -CDK1, and -

CDK4/6 complexes through bonding with these complexes 

 and thereby regulate the progression of cell cycle  at G1 and S 

phase. 

 G0 is the resting phase in cell cycle where the cell devision 

has stopped. 

 G1 (Gap 1), this phase in cell cycle make sure that every 

thing is in order for synthesis of DNA. And size of the cells 

increases in Gap 1. 

 S (Synthesis), in this phase of cell cycle replication of DNA 

occurs. 

 G2 (Gap 2) is the check point which make sure that 

everything is prepared to enter the M(mitosis) phase and 

divide. Growth of cell will progress through the gap between 

DNA synthesis and mitosis. 

 M (Mitosis), is a stage in cell cycle were the growth of cell 

stops and cellular energy is mainly used for the orderly 

division into two daughter cells. 

https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Osmotic
https://en.wikipedia.org/wiki/Apoptosis
https://en.wikipedia.org/wiki/Cyclin-dependent_kinase_inhibitor
https://en.wikipedia.org/wiki/Cyclin
https://en.wikipedia.org/wiki/Cyclin-dependent_kinase_2
https://en.wikipedia.org/wiki/Cyclin-dependent_kinase_1
https://en.wikipedia.org/wiki/Cyclin-dependent_kinase_4
https://en.wikipedia.org/wiki/Cyclin-dependent_kinase_4
https://en.wikipedia.org/wiki/Cell_cycle
https://en.wikipedia.org/wiki/Cell_cycle_checkpoint#G1_.28Restriction.29_Checkpoint
https://en.wikipedia.org/wiki/S_phase
https://en.wikipedia.org/wiki/S_phase
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Appendix II 

 

Figure I Mass spectra of fucosterol. 

 

Figure II Developed TLC plate visualized in UV chamber after 

phosphoric acid staining, and bright spot corresponds to 

fucosterol acetate. 
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Figure IX  Developed TLC plate after phosphoric acid staining, 

and spot corresponds to turbiconol. 
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