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Abstract 
 
This thesis describes the cytotoxicity and phytochemical screening of 16 selected 

medicinal plants collected from the tidal forests of the coastal Sundarban and locations 

within the Khulna district of Bangladesh. The selected plants were successively 

extracted with n-hexane, dichloromethane, methanol and water. The methanol and 

aqueous extracts were then screened for cytotoxic activity (MTT assay) against one 

normal mouse fibroblast and three human cancer cell lines (gastric, colon and breast 

cancer). The results supported some of the traditional uses and reported cytotoxic 

activity for some of these plants. It identified some plant extracts (Hygrophila 

auriculata, Hibiscus tiliaceous and Limnophila indica) with selective cytotoxic activity 

to cancer cells (IC50 1.1 - 1.6 mg/mL) but non-toxic to normal mouse fibroblast cells. 

Some extracts (Acrostichum aureum, Ammannia baccifera, Argemone mexicana, 

Limnophila indica, Clerodendron inerme, Cynometra ramiflora and Xylocarpus 

moluccensis) showed low cytotoxicity against mouse fibroblast (IC50 > 2.5 mg/mL) but 

selective potent toxicity against cancer cells (IC50 0.2 - 2.3 mg/mL). Four extracts 

(Adiantum caudatum, Hibiscus tiliaceous and Blumea lacera) showed cytotoxic activity 

against all the cell lines tested in the study. The methanolic and aqueous extracts of B. 

lacera were identified as having the most potent cytotoxic activity against all cell lines 

with IC50 0.01 - 0.08 mg/mL. 
 

Reversed-phase analytical HPLC profiling of all extracts was carried out with extracts, 

demonstrating low toxicity against normal mouse fibroblast cells, but selective high 

toxicity against the three cancerous cell lines (A. aureum and A. baccifera) and highest 

toxicity against all the cell lines (B. lacera). Extracts from these plants were further 

investigated by LC-MS. 
 

A. aureum was then selected and further investigated with one compound subsequently 

being isolated from n-hexane fraction and twelve compounds from the methanolic 

fraction. Three compounds were identified as novel natural products, namely (2'S-

methylhexyl) (2''S-methyl-5''-acetylpentyl) phthalate (1), (2R, 3S)-sulfated pterosin C (2) 

and (2S, 3S)-sulfated pterosin C (5).  
 

Eight compounds (3, 4, 6, 7, 9, 10, 11 and 13) were isolated for the first time from A. 

aureum, including one phthalate, namely di-(2-methylheptyl) phthalate (3), two 
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sesquiterpenes, (2S, 3S)-pterosin C (4) and (2R)-pterosin P (7), a known long chain 

hydrocarbon, tetracosane (6), three known flavonoids qercetin-3-O-β-D-glucosyl-

(6→1)-α-L-rhamnoside (9), quercetin-3-O-α-L-rhamnoside (10) and quercetin-3-O-α-L-

rhamnosyl-7-O-β-D-glucoside (11), and an asperphenamate derivative, patriscabratine 

(13). The remaining two known flavonoids quercetin-3-O-β-D-glucoside (8) and 

kaempferol (12) had been isolated previously from A. aureum.   
 

The cytotoxic activity of compounds 1 - 13 was assessed against one mouse fibroblast 

(NIH3T3) and four human carcinoma cell lines, including one gastric (AGS), one colon 

(HT-29) and two breast (MDA-MB-231 and MCF-7) cancer cell lines. Of the 13 

compounds tested, five compounds (3, 4, 5, 6 and 13) showed cytotoxic activity. Di-(2-

methylheptyl) phthalate (3) and (2S, 3S)-sulfated pterosin C (5) showed the most potent 

cytotoxicity (IC50 7.5 - 73.1 µg/mL) against all tested cell lines. Both the compounds 

showed highest toxicity against AGS gastric cancer cells with IC50 values 20.8 and 7.5 

µg/mL for 3 and 5, respectively. Patriscabratine (13) showed promising selective 

cytotoxicity against gastric (AGS) (IC50 59.3 µg/mL) and breast cancer (MDA-MB-231 

and MCF-7) (IC50 31- 87 µg/mL) cell lines but no toxicity against normal mouse 

fibroblast cells. Tetracosane (6) showed potent cytotoxic activity against the colon 

cancer (HT-29) cell line (IC50 43.5 µg/mL). (2S, 3S)-pterosin C (4) showed mild toxicity 

(IC50 451 - 550 µg/mL) against different cancer cell lines.  
 

The apoptosis- and necrosis-inducing potential of 3, 5, 6 and 13 on human gastric 

cancer (AGS) cells was evaluated using a double staining Annexin V-FITC and PI assay. 

All these compounds induced apoptosis of AGS cells in a time-dependent manner and 

were comparable to cycloheximide. Di-(2-methylheptyl) phthalate (3) showed the 

highest early apoptosis (AV+/PI-) (23 - 34 %) and late apoptosis (or necrosis) (AV+/PI+) 

(1 – 7 %) than all other compounds at a concentration of 40 µg/mL. (2S, 3S)-sulfated 

pterosin C (5) induced apoptosis (AV+/PI- : 13 - 28 %) at the lowest concentration (15 

µg/mL). Tetracosane (6) and patriscabratine (13) induced apoptosis of AGS cells to a 

similar extent in both 24 and 48 hr treatment periods (AV+/PI-) (17 - 25 %). This flow 

cytometry study confirmed for the first time that the cytotoxic activity of these 

compounds is due to their apoptosis-inducing potential. However, further study is 

needed to elucidate the actual molecular mechanisms of apoptosis induced by these 

compounds.               
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1.1 Drug discovery from natural sources 

For thousands of years natural products have been playing an important role throughout 

the world in providing medicinal care and a source of new therapeutic agents (Pezzuto, 

1997). Medicines from natural sources such as morphine, quinine, and digitoxin are 

used worldwide for preventing and treating human diseases. It is reported that natural 

products and related drugs are used to treat 87 % of all human diseases, including, 

cancer, bacterial infection, parasitic infection and immune diseases (Young-Won et al., 

2006). A report states that from 1981 to 2006 about 28 % of all new chemical entities 

launched onto the market were natural products or their derivatives (Newman & Cragg, 

2007). The existence of an extensive biological and ecological diversity of natural 

products makes it possible that natural products provide novel templates for future drug 

design and structural modifications to produce potentially more active and safer drugs. 

In addition, traditional and historic information on natural products can provide 

guidance for drug discovery (Gordon et al., 2005).   

 

1.2 Secondary metabolites 

Terrestrial plants, marine organisms, micro-organisms, and fungi are rich sources of 

novel bioactive, structurally diverse compounds. Most biologically active natural 

products are secondary metabolites, which are organic compounds with complex 

structures. Plants, marine organisms, micro-organisms and fungi synthesize and 

accumulate secondary metabolites such as polysaccharides, alkaloids, terpenoids, 

polyketides, glycosides, tannins and volatile oils. These metabolites are not directly 

involved in normal growth, primary metabolism, development or reproduction of 

organisms but improve survival of the organisms (such as defence or pollination) 

(Williams et al., 1989, Mulabagal et al., 2004). These metabolites often possess 

biological activity and can be potential curative agents in various diseases. Table 1.1 

shows some secondary metabolites from natural sources with their pharmacological 

activities.  
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Table 1.1: Selected secondary metabolites with their pharmacological activity (Janet & 
Writer, 2001, Ghani, 2003, Lindequist et al., 2005) 
 
Natural Source Compound(s) Product Class Pharmacological Action 

Papaver somniferum 
(Plant)  

Morphine Alkaloid Analgesic 

Digitalis purpurea 
(Plant) 

Digitoxin Glycosides Cardiotonic 

Streptomyces verticillus 
(Microfungi) 

Bleomycin Glycopeptide Anti-cancer 

Ganoderma lucidum 
(Mushroom) 

Ganoderiol F Triterpene Anti-viral 

Ecteinascidia turbinata 
(Marine tunicate) 

Ecteinascidin-743 Tetrahydroiso- 
quinolone alkaloid 

Anti-cancer 

 
1.3 Medicinal plants  

1.3.1 Ethnobotanical leads in drug discovery  

Ethnobotany is the study of the relationship between people and plants, which includes 

the study of plants as food, cosmetics, medicines or alternative methods for healing 

(FAO, 2004). Plants that possess therapeutic properties and exert beneficial 

pharmacological effects on humans and animals are designated as medicinal plants 

(Ghani, 2003). Medicinal properties of plants were not discovered by scientific data, but 

usually revealed through careful observation, trial and error, and accidental discovery. 

From the early steps of human civilisation the use of medicinal plants has been recorded 

in various parts of the world, especially in India, China and other Asian countries. 

About 2000 plant species including their  medicinal properties are listed in the Materia 

Medica of traditional medicine in the Asian subcontinent (Ghani, 2003). Medicinal uses 

of plants play an important role in providing primary health care services to people in 

rural areas. A report from 2004 states that about 80 % of the population in third world 

countries rely on traditional medicines, mainly plant drugs, for their primary health care 

needs, whereas, the percentage of people using traditional medicines in developed 

countries, such as Germany, USA, Australia and France, lies between 40 - 50 % (FAO, 

2004). With the advancement of ethnopharmacological research, people have been able 

to use traditional knowledge and understand the science of bioactive constituents 

present in traditional medicinal plants. For example, the anti-malarial drug quinine was 

discovered from the bark of Cinchona offcinalis, a plant which had long been used by 

indigenous Amazonian people for the treatment of fevers. Moreover the analgesic, 
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morphine was discovered from opium poppy seeds, a plant which was already used in 

ancient Mesopotamia for pain (Cragg & Newman, 2001). However, in some cases the 

ethnopharmacological data was poorly defined by folklore and the traditional user. For 

example, vinca alkaloids, vincristine and vinblastine are potent plant-derived anti-

cancer drugs isolated from Catharanthus roseus, a plant which was used by various 

cultures for the treatment of diabetes (Cragg & Newman, 2001). From another report, it 

is found that the plant Catharanthus roseus  was originally endemic to Madagascar, but 

the samples used for the discovery of vinca alkaloids were collected from Jamaica and 

the Philippines (Cragg & Newman, 2005). It is therefore not always possible to predict 

that the activity of the isolated compounds will match with the ethnopharmacological 

records of use, and therefore additional and unexpected activities may be detected. Thus 

screening methods against a variety of targets are highly desirable when searching for 

novel bioactive compounds from natural sources.    

 

1.3.2 Pharmaceutical lead compounds derived from plants 

Plants contain a wide range of secondary metabolites that can possess varied biological 

activities and therefore can be regarded as useful sources of medicinal or 

pharmaceutical products. Plants have been used for therapeutic purposes throughout 

human history and many modern pharmaceuticals were derived from plants. In 1805, 

morphine was the first recorded pharmacologically active compound which had been 

isolated from the plant Papaver somniferum. The discovery of morphine initiated an era 

wherein drugs from plants began to be purified, studied, and administered in precise 

dosages. Recently there has been growing interest in alternative therapies and the 

therapeutic use of natural products, especially in plant derived drugs and near about 25 

% of prescribed drugs in the world originate from plants (Alongi, 2001). Table 1.2 lists 

some selected commonly used drugs which are derived from plant sources. 
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     Table 1.2: Selected drugs derived from plant sources (Mans et al., 2000) 

Plant Source Name of Drug(s) Pharmacological Use 

Filipendula ulmaria Aspirin Analgesic, Anti-inflammatory 

Datura stramonium Hyoscyamine Anti-cholinergic 

Papaver somniferum Morphine Analgesics 

Digitalis purpurea Digitoxin Cardiotonic 

Cinchona officinalis Quinine Anti-malarial 

Coptis japonica Berberine Anti-bacterial 

Catharanthus roseus Vincristine and Vinblastine Anti-cancer 

Rauwolfia serpentina Reserpine Anti-hypertensive 

Atropa belladona Atropine Pupil dilator 

Camellia sinensis Caffeine Stimulant 

 
Natural products from plants often serve as model compounds for the design and 

synthesis or semi-synthesis of new pharmaceuticals, because compounds from plants 

often have poor bioactivity/high toxicity or have large and complex structures which are 

difficult to synthesis on a commercial scale or have poor solubility and as a result fail 

development as drug candidates. Therefore, further modifications of these structures 

(either addition or deletion of groups) are often needed to optimize their physical 

properties and bioactivity for therapeutic use (Oprea et al., 2001). For example, salicin 

derived from the bark of Salix alba, was modified into aspirin then used world wide as a 

potent pain killer and anti-coagulant (McRae et al., 2007). Another example are opiates, 

such as morphine and codeine from Papaver somniferum were model substrates for the 

development of the analgesics meperidine (Demerol), pentazocine (Talwin) and 

propoxyphene (Darvon) (Balandrin et al., 1985). Etoposide, another semi-synthetic anti-

neoplastic agent derived from Podophyllum peltatum is an approved chemotherapeutic 

agent used in different cancer conditions, whereas, docetaxel a semi-synthetic derivative 

of paclitaxel (derived from Taxus brevifolia) is used in the treatment of breast and lung 

cancer (Balandrin et al., 1985, Cragg & Newman, 2005) (Figure 1.1). Irinotecan, an 

FDA approved (1994) semi-synthetic analogue of the plant natural product 

camptothecin (Camptotheca acuminata), is currently under phase III clinical trials (in 

combination with other drugs) for the treatment of  colon cancer (Steven et al., 2010).  

Therefore, plant natural products still represent an unparalleled reservoir of molecular 
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diversity for drug discovery and will continue to be an important source and models for 

lead pharmaceuticals. Advanced separation, characterization and bioassay screening 

technologies will serve to enhance the continued usefulness of higher plants as a 

renewable resource of potential lead therapeutics.  
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Figure 1.1: Examples of some pharmaceutical lead structures derived from plants 
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1.4 Cancer  

According to the National Cancer Institute (NCI), USA, “Cancer is a term used for 

diseases in which abnormal cells divide without control and are able to invade other 

tissues” (Figure 1.2). There are more than 100 different types of cancer and they are 

named according to their origin of initiation. Cancer can be grouped as carcinoma 

(begins in the skin), sarcoma (begins in bone, cartilage, fat, muscle, blood vessels, or 

other connective tissue), leukaemia (starts in blood-forming tissue), lymphoma and 

myeloma (begin in the immune cells) and central nervous system cancers (begin in the 

tissues of the brain and spinal cord) (NCI, 2010).  

 

 

 

 

 

 

 

 

                     Figure 1.2: Development of cancerous cells (NCI, 2010) 

 

Cancer is a leading cause of death around the world. According to WHO 2010 statistics, 

“each year over 12 million people are diagnosed with cancer and it kills more people 

than AIDS, malaria, and TB combined”. They also estimate that nearly 84 million 

people will die of cancer between 2005 and 2015 without intervention. Lung, stomach, 

liver, colon and breast cancer cause the most cancer related deaths each year. More than 

70 % of all cancer related deaths occurred in low- and middle-income countries (WHO, 

2010). The most frequent types of cancer worldwide are lung, stomach, liver, colorectal, 

oesophagus, prostate (among men) and breast, lung, stomach, colorectal, cervical 

(among women). It was estimated that, approximately 1,529,560 new cases of cancer 
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were diagnosed and 569,490 cancer related deaths occurred in USA in 2010 (NCI, 

2010). In Australia cancer now causes the biggest burden of disease, having replaced 

cardiovascular disease around the turn of the century. The 2010 AIHW (Australian 

Institute of Health and Welfare) report projected that the number of new cases of cancer 

in 2010 will be around 115,000, a 10 % increase to 2006.  By the age of 75, 1 in 3 

Australian men and 1 in 4 women will have been diagnosed with cancer at some stage 

in their life. Prostate cancer was the most common type of newly diagnosed cancer 

among men, while breast cancer was the most common among women (AIHW, 2010). 

There are no reliable statistics of cancer prevalence in Bangladesh, however, one report 

stated that according to WHO statistics 167 new cases of cancer occur per 100,000 

population per year (Ahmed, 2006).  
 

The treatment of cancer currently includes surgical removal of the tumour, radiotherapy, 

chemoradiotherapy, chemotherapy and targeted therapy. WHO reported that 30 % of the 

deaths from cancer can be preventable if measures such as, no tobacco use, a healthy 

diet, regular exercise, limited alcohol use and protection against cancer-causing 

infections, are being taken (WHO, 2010). The use of anti-cancer drugs (chemotherapy), 

is often more beneficial when used in conjunction with radiation therapy or surgery. 

Cytotoxic drugs are the mainstay of cancer chemotherapy and it is therefore important 

to discover novel cytotoxic agents with diverse activity and toxicity (Guilbaud et al., 

2001). The main class of anti-cancer drugs that exist today are alkylating agents, anti-

tumour antibiotics, anti-metabolites, spindle poisons and kinase inhibitors.  A number of 

plant derived anti-cancer drugs are currently in use in the treatment of cancer such as 

vincristine, vinblastine, etoposide, teniposide, paclitaxel (taxol®), docetaxel (taxotere®), 

camptothecin, homoharringtonine and elliptinium (Mans et al., 2000, Cragg & 

Newman, 2005, Mohammad, 2006). Cancers are capable of developing resistance to the 

drugs used in chemotherapy, this coupled with an increased cancer-related death rate 

means that there is an ever increasing demand for new anti-cancer agents.  

 

1.4.1 Gastric cancer 

Cancers that form in tissues lining the stomach are known as gastric cancers. In 2010 

the WHO estimated that, worldwide approximately 803,000 deaths from gastric cancer 

occurred per year (WHO, 2010). In 2010, in the USA around 21, 000 new cases of 
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gastric cancer were diagnosed and 10,570 deaths occurred from gastric cancer (NCI, 

2010). Gastric cancer is more common than esophageal cancer in Western countries and 

gastric cancer occurs more frequently in men than women, with the incidence rate 

increasing with age. Low vegetable and fruit intake, high salt, nitrates, smoked and 

pickled foods can also increase the risk of gastric cancer. Helicobacter pylori infections 

are linked to gastric cancers and H. pylori considered as class I carcinogen (Charles et 

al., 2010). Adenocarcinoma is the predominant form of gastric cancer with 95 % of 

gastric cancer cases being diagnosed as adenocarcinoma. Treatment of gastric cancer 

relies primarily on surgical resection, although chemotherapy now has a better role as an 

adjunct to surgery. Interestingly, a phase III clinical trial of mitomycin and doxifluridine 

with or without intraperitoneal cisplatin showed potentially curative results in gastric 

cancer patients. Paclitaxel, which is derived from plant sources, is currently being used 

as a chemoradiation therapy for gastric cancers in a phase II clinical trial (Schwartz et 

al., 2009, Charles et al., 2010). Another recent phase II trial of bevacizumab (avastin) 

with docetaxel (taxotere®, a semi-synthetic analogue of paclitaxel), cisplatin and 5-

fluorouracil reported highly successful responses against gastric cancers in patients 

(Charles et al., 2010).  

 

1.4.2 Breast cancer 

Breast cancer is cancer of breast tissue especially of the ducts and lobules. It is one of 

the most common cancers in the world and represents approximately 7 % of total cancer 

related mortality. It occurs in both men and women, but male breast cancer is rare. In 

2010, the WHO estimated that about 519,000  deaths around the world resulted from 

breast cancers (WHO, 2010). In the USA in 2010, 207,090 new cases of breast cancer 

were diagnosed in women and 1,970 cases in men. In the same year in the USA, about 

39,840 women and 390 men died due to breast cancer (NCI, 2010). The AIHW reported 

in 2010 that 2,680 women died from breast cancer (AIHW, 2010). Genetic, hormonal, 

environmental and nutritional influences are the leading factors associated with the 

development of breast cancer. The risk of development of breast cancer increases with 

age and is common in women aged between 30 to 40 years of age. Five types of therapy 

are currently available and being used for breast cancer treatment such as surgery, 

radiation, chemotherapy, hormone therapy and targeted therapy. Hormone therapy with 
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tamoxifen is a common therapy for patients with early stages of breast cancer and those 

with metastatic breast cancer. In contrast, hormone therapy with an aromatase inhibitor 

is given to some postmenopausal women who have hormone-dependent breast cancer 

(Lori et al., 2010, NCI, 2010). Recently another report demonstrated that natural 

vitamin D supplementation improved breast cancer-specific survival (Lori et al., 2010).  

 

1.4.3 Colon cancer 

Colon cancer is cancer of the colon tissues and most are adenocarcinoma. Worldwide 

approximately 639,000 deaths occur from colon cancer per year according to WHO 

statistics in 2010 (WHO, 2010). It is also a major health problem in Western countries. 

In the USA in 2010, about 102,900 new cases of colon cancer were identified and 

51,370 deaths were recorded from colorectal cancer in 2010 (NCI, 2010). In Australia, 

the Australians Health 2010 report identified colon cancer as the second highest cause 

of death in 2007 (AIHW, 2010). Men have a higher incidence of colon cancer than 

women and 90 % of all new colorectal cancer patients are aged over 50 years of age. 

NSAIDs can inhibit colorectal carcinogenesis by reducing endogenous prostaglandin 

production and numerous combinations of chemotherapeutic drugs (5-FU, leucovorin, 

oxaliplatin, capecitabine and irinotecan) are currently being using in clinical phase II 

trials (Steven et al., 2010).   

 
1.5 Limitations of current cancer chemotherapy  

Cancer is the result of uncontrolled cell growth and is characterized by the 

dysregulation of cell signalling pathways at multiple steps (Amin & Sleem, 2007). 

Despite significant progress in understanding the molecular factors underlying the 

development of cancer with its prevention, diagnosis and management and the 

improvement of response rate with new drugs, long-term survival is still disappointing 

for most common cancer patients (Apolone et al., 2005). The treatment for cancer 

involves mainly surgery of the tumour, radiotherapy and chemotherapy. Chemotherapy 

of cancer uses drugs to destroy the cancerous cells. This works by destroying or slowing 

the growth of cancerous cells or stoping the cancerous cells from spreading (NCI, 

2010). During the last 40 years, small organic molecules derived from natural sources 
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have provided a number of useful cancer chemotherapeutic drugs (Kinghorn et al., 

2009). 
 

The main drawback of chemotherapy as a cancer treatment is the lack of specific 

targeting and localized delivery of the anti-cancer drugs. The non-specific mode of 

action of current anti-cancer drugs can harm both healthy cells and cancerous cells due 

to toxicity. Damage to healthy cells in different organs to those being targeted may 

cause side effects including hair loss, bone marrow suppression, cardiotoxicity, 

neurotoxicity, intestinal problems and inhibition of the immune system (NCI, 2010). In 

addition, rapid elimination and widespread distribution of the chemotherapeutic drugs 

into non-targeted organs and tissues requires the administration of a drug in large 

quantities, which is often not economical and is complicated due to non-specific 

toxicity. The vicious large dose and the associated toxicity is a major limitation of 

current cancer chemotherapy and in many cases, the patient succumbs to the ill effects 

of the drugs toxicity far earlier than the tumour burden.  
 

Another shortcoming of cancer chemotherapy is that the cancerous cells can undergo 

mutation and are then capable of becoming resistant to the chemotherapy drugs 

(Kintzios, 2004). Drug resistance to anti-cancer drugs may be due to the prevention of 

drugs from entering the cancerous cells, drugs being pumped out of cells, drugs being 

enzymatically inactivated, mutation or altered expression of the target, and defects in 

apoptosis, senescence, and repair mechanisms (Komarova & Wodarz, 2005). The lack 

of safety, drug resistance and the high cost of mono-targeted therapies have encouraged 

alternative approaches for the treatment of cancers (Amin & Sleem, 2007). Therefore it 

is imperative that novel anti-cancer agents with diverse activity and specific-toxicity are 

discovered.  

 

1.6 Higher plants as a source of novel anti-cancer compounds 

The great chemical diversity of plants is a promising source of novel lead compounds 

that is still relatively unexplored. Between 1940 and 2006, 155 small molecules were 

developed as anti-tumour agents, of which 47 % were either of natural origin or directly 

derived from natural sources (Newman & Cragg, 2007). Plants play a significant role in 

the treatment of cancer and discovering of novel anti-cancer agents from plant flora has 
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been constantly growing. Over 3000 species of plants have been reported to have anti-

cancer properties (Graham et al., 2000). The National Cancer Institute, USA, has 

collected about 35,000 plant samples from 20 countries and has screened around 

114,000 extracts for anti-cancer activity (Mohammad, 2006). The global market for 

plant-derived drugs was estimated in 2005 at US $18 billion and this figure is expected  

to grow to US $26 billion by 2011, when cancer treatment is expected to become the 

largest medical application of plant derived drugs (Market-Research, 2006). Examples 

of well known anti-cancer drugs derived from plants are: vincristine and vinblastine 

from Catharanthus roseus, taxol from the bark of Taxus brevifolia, etoposide from 

Podophyllum peltatum and camptothecin, irinotecan and topotecan from Camptotheca 

acuminata (Table 1.3, Figure 1.3) (Mans et al., 2000). There are also a number of other 

plant-derived agents developed that are now in various stages of clinical trials (Table 

1.4 and Figure 1.4). 

 

Table 1.3: Selected anti-cancer drugs derived from plant sources currently in use (Mans 
et al., 2000) 
 

Plant Source Anti-cancer Drug(s) 

Catharanthus roseus Vinblastine, Vincristine 

Taxus brevifolia Taxol 

Podophyllum peltatum Etoposide 

Camptotheca acuminata Camptothecin, Irinotecan, Topotecan 

 
 
 
Table 1.4: Selected anti-cancer compounds derived from plants currently in clinical 
trials (Mans et al., 2000) 
 

Plant Source Anti-cancer Compound(s) 

Harringtonia cephalataxus Homoharringtonine 

Ipomoeca batatas 4-Ipomeanol 

Bleekeria vitensis Elliptinium 

Amoora rohiutka Flavopiridol 
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Figure 1.3: Anti-cancer drugs derived from plant sources as mentioned in Table 1.3 
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Figure 1.4: Anti-cancer compounds derived from plant sources as mentioned in Table 
1.4 
 

 

1.7 Bangladeshi medicinal plants  

1.7.1 Plants traditionally used in folk medicine of Bangladesh 

Bangladesh has a rich and prestigious heritage of herbal medicines among South Asian 

countries (Ghani, 2003). More than 500 species of medicinal plants are estimated as 

growing in Bangladesh and people of the country have long depended on them for their 

primary health care needs. The traditional medicinal use of Bangladeshi plants is the 

result of a long history of trial and error. Currently about 250 medicinal plants are used 

in the preparation of medicines in Bangladesh by old traditional preparation methods 

(Ghani, 2003). These preparations have not undergone proper standardization, quality 

control, chemical, pharmacological and toxicological  evaluation of the bioactive 

component(s) which is essential for the quality use of such plant preparations (Ghani, 

2003). Traditional records and ecological diversity indicate that Bangladeshi plants 

represent an exciting resource for possible lead structures in drug design. In drug 
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discovery, traditional information on the therapeutic use of plants could give important 

and exciting results (Ríos & Recio, 2005).  

 

1.7.2 Plants from mangrove origin 

The term mangrove is used to designate an intertidal wetland ecosystem which has a 

special association with animals and plants which proliferate luxuriantly in the coastal 

areas and rivers. Mangroves are also designated as halophytic (salt loving) and salt 

resistant marine tidal forests, which consists of trees, shrubs, palms, epiphytes, ferns, 

grasses and are associated together in stands of groves (Premanthan et al., 1999, 

Bandaranayake, 2002). Mangrove and mangrove associates have long been widely used 

medicinal and non-medicinal purposes throughout the world. Plants of mangrove origin 

have been a source of several bioactive compounds and have been used in folklore 

medicines. There are reports of extracts from plants of mangrove origin to have proven 

activity against human, animal and plant pathogens. The diversity in activity of these 

plants could be due to the peculiar environment (high moisture, large tidal difference, 

high salinity, an abundance of living organisms and insects, etc.) in which they exist, 

producing stressful conditions, which might change their morphology, physiognomy 

and biosynthetic pathways to survive (Bandaranayake, 2002). Several novel bioactive 

chemical structures belonging to diverse chemical classes have been characterized from 

mangroves, and therefore, they have clinical, toxicological and economic importance 

(Ravikumar et al., 2010).  
 

Bangladesh has the largest single block of Sundarban mangrove forests in the world, 

which is a globally significant ecosystem rich in plant biodiversity (Pasha & Siddiqui, 

2003, Ahmed et al., 2010a). Literally the name Sundarban is derived from the Sundari 

trees (Heritiera fomes) (bengali “Sundari” meaning “beautiful”) which are found in 

large numbers in this region (Wangensteen et al., 2008). The Sundarban is located in the 

Ganges-Brahmaputra Delta near the Bay of Bengal and covers 10,000 km2 in total, 

6,000 km2  in Bangladesh and 4,000 km2 in India (Ahmed et al., 2010a). A total of 245 

genera and 334 plant species were recorded in Sundarban mangrove forests in 1903 

(Ahmed et al., 2010a). Many of these Sundarban mangrove species have been used in 

traditional medicines, but the scientific information about the biological effects of these 

plants and active substances is scarce and poorly documented. Many of these plant 



 15 

extracts have been found to possess anti-bacterial (Uddin et al., 2008, Wangensteen et 

al., 2009), anti-oxidant (Uddin et al., 2004, Sadhu et al., 2006, Ahmed et al., 2007, 

Nusrat et al., 2008), anti-nociceptive (Uddin et al., 2005b, Uddin et al., 2006b, Ahmed 

et al., 2007), anti-diarrhoeal (Uddin et al., 2005a, Rouf et al., 2007), 

neuropharmacological (Uddin et al., 2006a, Sarker et al., 2007) and anti-cancer activity 

(Uddin et al., 2007, Sadhu et al., 2008, Ahmed et al., 2010b). A number of bioactive 

constituents have also been isolated from plants of mangrove origin that posses anti-

cancer (Ali & Bashir, 1998, Perera et al., 2001, Han et al., 2007a, Yin et al., 2007, Shen 

et al., 2009, Tian et al., 2009), anti-microbial (Rojas Hernandez & Coto Perez, 1978, 

Vadlapudi & Naidu, 2009, Abeysinghe, 2010, Ravikumar et al., 2010), anti-viral 

(Premanthan et al., 1999), anti-HIV (Premanathan et al., 1996), insecticidal (Ishibashi et 

al., 1993, Miki et al., 1994), anti-inflammatory (Mani Senthil Kumar et al., 2008) and 

anti-oxidant activity (Berenguer et al., 2006, Li et al., 2007, Owen et al., 2007, 

Suganthy et al., 2009). However, the chemistry, bioactivity and efficacy of these 

mangrove plants and their constituents remain underexplored.  

 

1.7.3 Bangladeshi plants investigated in this study 

In this study, 16 plants, including 7 mangrove species (Acrostichum aureum, Aegiceras 

corniculatum, Bruguiera gymnorrhiza, Cynometra ramiflora, Hibiscus tiliaceous, 

Pandanus foetidus, and Xylocarpus moluccensis) were collected from tidal forests in the 

coastal Sundarban and other locations in the Khulna district of Bangladesh to screen 

them for possible cytotoxic activity and isolate novel anti-cancer compounds. Except 

for C. ramiflora, all of these plants have been used in the traditional medicine of 

Bangladesh for the treatment of various diseases such as cancer, inflammation or 

infectious diseases (Table 1.5) (Yusuf et al., 1994, Ghani, 2003, Momtaz, 2008).  
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Table 1.5: List of selected Bangladeshi medicinal plants with their traditional uses (Yusuf et al., 1994, Ghani, 2003, Momtaz, 2008) 

Plant Species Family Local Name Voucher Traditional Uses** 

Acrostichum aureum Pteridaceae Tiger fern DACB 31538 R- rheumatism, treatment wounds and boils; L- used to stop bleeding 
Adiantum caudatum Adiantaceae Mayurshikha DACB 31268 L- expectorant, anti-pyretic, diabetes, skin disease; WP- anti-bacterial, 

hypoglycaemic 
Aegiceras corniculatum Myrsinaceae Kholisha DACB 31584 B- fish poison, asthma, diabetes and rheumatism 
Ammannia baccifera  Lythraceae Jangli mendi NA* L- rheumatism, skin diseases, ring worm, and fever 
Argemone mexicana Papaveraceae Shialkata DACB 30213 L- anti-fungal, antiviral, anthelmintic, syphilitic infection, dysentery 
Blumea lacera Compositae Kukursunga DACB 30550 L- astringent, stimulant, anthelmintic, anti-microbial, anti-inflammatory and 

diuretic 
Bruguiera gymnorrhiza Rhizophoraceae Kankra DACB 31386 B- astringent, diarrhoea, stops bleeding; L- blood pressure 
Clerodendron inerme Verbenaceae Bon Jui DACB 31537 AP- hypotensive, fever; R- rheumatism, cancer prevention (India) 
Cynometra ramiflora Liguminosae Kucha NA None reported 
Ficus religiosa Moraceae Pan Bot DACB 32004 B- anti-bacterial, astringent, diarrhoea, dysentery, gonorrhoea, anti-protozoal, 

antiviral and ulcers; L- skin disease 
Hibiscus tiliaceous Malvaceae Bhola DACB 31539 L- fever, coughs and dry throat; F- bronchitis, ear infections, dysentery, chest 

congestion 
Hygrophila auriculata Acanthaceae Talmakna DACB 31257 S- tonic, diarrhoea, dysentery, urinary discharge, gonorrhoea, diuretic, 

hepatoprotective; L- inflammation, rheumatism; AP- anti-neoplastic 
Limnophila indica Scrophulariaceae Karpur DACB 31536 AP- anti-septic, with coconut oil is used in elephantiasis, fever; WP- dysentery. 
Mollugo pentaphylla Molluginaceae Khetpapra NA L- anti-septic, used in digestion, relieve ear ache, spermicidal and anti-fungal 
Pandanus foetidus Pandanaceae Kewa kata DACB 31541 WP- leprosy, small pox, syphilis, scabies, and heart and brain diseases; L- 

spadix and diabetes 
Xylocarpus moluccensis Meliaceae Passur DACB 31540 B- astringent, febrifuge, dysentery, diarrhoea; F- cure for elephantiasis and 

swelling of the breasts; S- itch 
*NA = Not Available; **AP = Aerial parts, B = Bark, F = Flowers, L = Leaves, R = roots, S = Seeds, WP = Whole plant 
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Only limited research has been performed on these plants to evaluate their bioactivities 

(Table 1.6). In previous studies using extracts from A. aureum, A. corniculatum, A. 

baccifera, H. auriculata, B. gymnorrhiza, C. inerme, B. lacera, H. tiliaceous and A. 

mexicana cytotoxic, NFκ-B inhibition or cytoprotective activities have been observed 

(Chiang et al., 2004a, Lambertini et al., 2004, Dai et al., 2005, Lampronti et al., 2005, 

Chen et al., 2006, Xu & Long, 2006, Owen et al., 2007, Rosa et al., 2007, Manoharan et 

al., 2008, Ye et al., 2008). Other activities including anti-inflammatory (i.e. C. inerme, 

M. pentaphylla, F. religiosa, and A. corniculatum) anti-oxidant (H. auriculata, B. 

gymnorrhiza, L. indica, F. religiosa, A. mexicana, A. corniculatum, A. aureum, B. 

lacera, X. moluccensis and H. tiliaceous) and anti-bacterial (A. aureum, A. 

corniculatum, A. baccifera, A. caudatum, A. Mexicana, F. religiosa, M. pentaphylla, B. 

lacera, B. gymnorrhiza, F. religiosa and X. moluccensis) has also been reported (see 

Table 1.6).  
 

The majority of plant-based natural products are phenolic compounds (Leland et al., 

2006), although anti-cancer activity has been associated with a variety of classes, such 

as polyphenols, flavonoids and catechins (Park et al., 2004). A number of flavonoids 

and polyphenols have previously been isolated from different parts of H. auriculata, L. 

indica, B. gymnorrhiza, C. inerme, B. lacera, H. tiliaceous, X. moluccensis and A. 

corniculatum (Bheemasankara et al., 1977, Ghosh et al., 1985, Laakso et al., 1989, 

Agarwal et al., 1995, Bandaranayake, 2002, Ghani, 2003, Pandey et al., 2005, Uddin et 

al., 2005a, Zhang et al., 2005b, Reddy et al., 2007, Feng et al., 2008), which may be 

responsible for their reported cytotoxic activity (Table 1.6). However, additional classes 

of compounds have also been isolated from these plants, such as sterols, organic acids, 

diterpenes, terpenoids, limonoids, tannins, oils and other different polyphenolic 

compounds. Table 1.6 lists all previously isolated compounds from these plants as 

reported in the literature. Interestingly, no alkaloids, lectins or polysaccharides have 

been isolated to date from these plants, except an alkaloid from A. mexicana (Chang et 

al., 2003a). From the view point of traditional records, ecological, chemical diversity 

and literature study, Bangladeshi plants represent an exciting resource for possible 

bioactive compounds. The present research project is aimed to investigate the cytotoxic 

activity of some additional selected Bangladeshi plant species, followed by isolation of 

novel bioactive anti-cancer compounds.  
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Table 1.6: List of selected Bangladeshi medicinal plants with their reported pharmacological and phytochemical activities 

Plant Species Pharmacological 
Activity 
 

Previously Isolated Compound(s) References 

Acrostichum aureum 
 

Anti-oxidant 
Anti-bacterial 
Anti-implantation 
Cytotoxic 
Tyrosinase inhibitory 
 

Ponasterone A; Pterosterone; Kaempferol; Quercetin; Gallic acid; 
Daucosterol; Lupeol; Friedelin; β-Sitosterol; Stigmasterol; 
Campesterol; Tetracosanoic acid; Ursolic acid; Quercetin 3-O-β-D-
glucoside; 4-(3,4-Dihydroxyphenyl)-2-butanone; 

(Tanaka et al., 1981, Prakash et al., 
1985, Dai et al., 2005, Mei et al., 
2006, Lai et al., 2009) 

Adiantum caudatum  Anti-microbial Fernene; Isoadiantone; 3α-Hydroxy-4α-methoxyfilicane; 19α-
Hydroxyferna-7,9(11)-diene; β-Sitosterol-glucoside; Filic-3-ene; 
Quercetin-3-O-glucoside; 9-Norhopan-22-ol,16-hentriacontanone; 
8α-Hydroxyfernan-25,7 β-olide. 
 

(Singh et al., 1975, Khosa et al., 
1978, Gupta et al., 1990, Tsuzuki et 
al., 2001, Singh et al., 2008) 
 

Aegiceras corniculatum  Anti-oxidant 
Anti-fungal 
Anti-inflammatory 
Cytotoxic 
Fish poison 
Tyrosinase inhibitory 

α-Spinasterol; Oleanolic acid; Quercetin; Palmitic acid; n-
Dotriacontyl alc.; Protoprimulagenin A; Gallic acid Me-ester; 
Lupeol; Embelinone; Syringic acid; Fucosterol; Stigmasterol-3-O-
β-D-glucopyranoside; Falcarindiol; Corniculatonin; 16α,28-
Dihydroxy-3-oxo-12-oleanene; 5-O-Methylembelin; p-
Hydroxyphenethyl anisate; Di-octyl phthalate; 1-Hentriacontanol; 
2-Dehydroxy-5-O-methylembelin; 1,5-Dihydroxy-3-methoxy-7-
methylanthraquinone; 2-Methoxy-3-nonylresorcinol; Isorhamnetin; 
1,3,5-trihydroxy-7-methylanthraquinone; 5-O-Methylembelin; α-
Spinasterol-3-O-β-D-glucopyranoside; 3-Undecylresorcinol; 16α-
Hydroxy-13,28-epoxyoleanan-3-one; n-Tetratriacontanol; 
Isorhamnetin-3-O-rhamnofuranosyl-glucopyranoside; Stigmasterol; 
5-O-Ethylembelin, 2-O-Acetyl-5-O-methylembelin; Aegicerin; 3,7-
dihydroxy-2,5-diundecylnaphthoquinone; Resveratrol; 2,7-
Dihydroxy-8-methoxy-3,6-diundecyldibenzofuran-1,4-dione;  2,8-
Dihydroxy-7-methoxy-3,9-diundecyldibenzofuran-1,4-dione; 10-
Hydroxy-4-O-methyl-2,11-diundecylgomphilactone. 
 

(Gomez et al., 1989, Wahidullah et 
al., 2002, Xu et al., 2004, Zhang et 
al., 2005a, Zhang et al., 2005b, Wang 
et al., 2006, Zhang et al., 2007, 
Agoramoorthy et al., 2008, Banerjee 
et al., 2008, Roome et al., 2008, Xu 
& Long, 2009) 

Ammannia baccifera Anti-microbial 
Anti-pyretic 
Anti-urolithic 
Cytotoxic 

1,4-Naphthoquinone; 4-Hydroxy-1-tetralone; Hentriacontane; 
Dotriacontanol; 1,30-Triacontanediol; β-Sitosterol-β-D-glucoside; 
Ellagic acid; Quercetin; Betulinic acid; Lupeol. 

(Thakkar et al., 1986, Prasad et al., 
1994, Deeseenthum et al., 2000, Dash 
et al., 2008) 
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Table 1.6: List of selected Bangladeshi medicinal plants with their reported pharmacological and phytochemical activities (continued Table 1.6) 
 

Plant Species Pharmacological 
Activity 
 

Previously Isolated Compound(s) References 

Argemone mexicana Anti-oxidant 
Anti-fungal 
Anti-microbial 
Anti-histaminic 
Anti-malarial 
Anti-acetylcholine  
Anti-HIV 
Apoptosis 
Cytotoxic 
Genotoxic 
Hepatotoxic 
Molluscidal 
Reproductive toxic  
 

Jatrorrhizine; Columbamine; Arabinogalactan-Protein;  
Dehydrocorydalmine; Oxyberberine; DL-tetrahydrocoptisine; 
Dihydrocoptisine; 8-Methoxydihydrosanguinarine; 3-
Oxoprotopine; Pancorine; N-Demethyloxysanguinarine; 
Reticuline; Argemexicaine A-B; 1,2,3,4-Tetrahydro-1-(2-
hydroxymethyl-3,4-dimethoxyphenylmethyl)-6,7-
methylenedioxyisoquinoline; Higenamine; Cheilanthifoline; 
Protopine; Nor-sanguinarine; Poly (esteramide) resins; 6-
Acetonyl dihydrosanguinarine; Reticuline; Thalifoline; 
Acetonyl reframidine; Muramine; Mexicanic acid; sn-Glycerol-
1-eicosa-9,12-dienoate-2-almitoleate-3-linoleate; α-
Allocryptopine; Berberine; Coptisine; Isorhamnetin 3-
glucoside; β-Amyrin; Cysteine; Phenylalanine; β-Sitosterol; 
Oxyhydrastinine; Allocryptopine;   Dihydrosanguinarine; 
Chelerythrine: Norchelerythrine;  Benzophenanthridine; 
Cryptopine; β-Scoulerine methohydroxide, α- and β-Stylopine 
methohydroxides; Sanguinarine; Chelerythrine; Isorhamnetin 3-
glucoside; Isorhametin 3,7-diglucoside 
 

(Bose et al., 1963, Krishnamurti et al., 
1965, Haisova & Slavik, 1975, Doepke 
et al., 1976, Bhardwaj et al., 1982, 
Hussain et al., 1983, Sukumar et al., 
1984, Pathak et al., 1985, Abou-Donia 
& El-Din, 1986, Dinda & Banerjee, 
1987, Saleh et al., 1987, Nakkady & 
Shamma, 1988, Mannari & Raval, 
1995, Singh & Singh, 1999, Tripathi et 
al., 1999, Chang et al., 2003a, Chang et 
al., 2003b, Adjobimey et al., 2004, 
Ansari et al., 2004, Ansari et al., 2006, 
Choy et al., 2008, Bhalke et al., 2009, 
Singh et al., 2009, Babu et al., 2010, 
Bhattacharjee et al., 2010, Osho et al., 
2010, Singh et al., 2010a, Singh et al., 
2010b, Singh et al., 2010c, Singh et al., 
2010d, Tamboli et al., 2010) 

Blumea lacera Anti-oxidant 
Anti-bacterial 
Anti-viral 
Cytotoxic 
NF-κB inhibitory 
 

α-Pinene-7β-O-β-D-2,6-diacetylglucopyranoside; Campesterol; 
5,4'-Dihydroxy-6,7,3'-trimethoxyflavone; 3,5,4'-Trihydroxy-
6,7,3'-trimethoxyflavone; β-Caryophyllene; 19α-Hydroxyurs-
12-ene-24,28-dioate 3-O-β-D-Xylopyranoside; Phenol 
glycoside; α-Humulene; E-β-Farnesene; 5-Hydroxy-3,6,7,3',4'-
pentamethoxyflavone; 5,3',4'-Trihydroxy-3,6,7-
trimethoxyflavone. 

(Pal et al., 1972, Rao et al., 1977, 
Laakso et al., 1989, Agarwal et al., 
1995, Le et al., 2003, Chiang et al., 
2004a, Ragasa et al., 2007, Nam & Jae, 
2009, Shahwar et al., 2010) 

 
 
 
 

 



 20 

 Table 1.6: List of selected Bangladeshi medicinal plants with their reported pharmacological and phytochemical activities (continued Table 1.6) 

Plant Species Pharmacological 
Activity 
 

Previously Isolated Compound(s) References 

Bruguiera gymnorrhiza  Anti-oxidant,  
Anti-microbial, 
Mosquito  
larvicidal activity 

Polydisulfides; Brugnanin A; Bruguierol A-D; 2,3-Dimethoxy-
5-propylphenol; Bruguiesulfurol; 4-Hydroxydithiolane 1-
oxides;  Isobrugierol; Bruguierins A-C; ent-8(14)-Pimarene-
15R,16-diol; ent-8(14)-Pimarene-1α,15R,16-triol; 
(5R,9S,10R,13S,15S)-ent-8(14)-Pimarene-1-oxo-15R,16-diol; 
ent-kaur-16-en-13-Hydroxy-19-al; 5(S)-Isopimar-7-en-15,16-
diol;  ent-kaur-16-en-13,19-diol; Methyl-ent-kaur-9(11)-en-
13,17-epoxy-16-hydroxy-19-oate; 1β,15(R)-ent-Pimar-8(14)-
en-1,15,16-triol; Gramrione; 2,3-Dimethoxy-5-propylphenol. 
 

(Thangam & Kathiresan, 1991, Raihan, 
1994, Subrahmanyam et al., 1999, Han 
et al., 2004, Han et al., 2005a, Han et 
al., 2005b, Homhual et al., 2006a, 
Homhual et al., 2006b, Han et al., 
2007b, Banerjee et al., 2008, Shang & 
Long, 2008, Huang et al., 2009) 

Clerodendron inerme Anti-arthritic  
Anti-hemolytic 
Anti-inflammatory 
Anti-plasmodial 
Anti-feedent 
Protective activity  

Apigenin; Apigenin-7-O-glucoside; Luteolin; Luteolin-7-O-
glucoside; Kaempferol; Scopoletin; Steroidal glycoside; 
Inerminosides A-D, A1; Clerodendrin B-C; 15-Methoxy-14,15-
dihydro-3-epicaryoptin; Cleroinermin; Clerodermic acid; 4α-
Methylsterol; Verbascoside; Hydroxy-7,4'-dimethoxyflavone; 
Salvigenin; Acacetin; Royleanone; Dehydroroyleanone; 
Neolignans 

(Spencer & Flippen-Anderson, 1981, 
Singh & Prakash, 1983, Somasundaram 
& Sadique, 1985, Somasundaram & 
Sadique, 1986, Fauvel et al., 1989, 
Raha et al., 1989, Achari et al., 1990, 
Akihisa et al., 1990, Achari et al., 1991, 
Raha et al., 1991, Rao et al., 1993, 
Calis et al., 1994a, Calis et al., 1994b, 
El-Shamy et al., 1996, Atta-ur-Rahman 
et al., 1997, Rajalingam et al., 2008, 
Somasundaram & Edwards, 2009) 
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 Table 1.6: List of selected Bangladeshi medicinal plants with their reported pharmacological and phytochemical activities (continued Table 1.6) 

Plant Species Pharmacological 
Activity 

Previously Isolated Compound(s) References 

Cynometra ramiflora None reported None reported - 
Ficus religiosa  Anti-oxidant 

Anti-amnesic 
Anti-bacterial 
Anti-diabetic  
Anti-convulsant 
Anti-inflammatory 
Acetylcholin- 
esterase inhibitory 
Ovicidal  
 

Megastigmane glycoside; Bergapten; Bergaptol (Swami & Bisht, 1996, Balaji 
& Kalyanasundaram, 2002, 
Dwivedi & Venugopalan, 
2002, Aqil & Ahmad, 2007, 
Sharma & Gupta, 2007, 
Vinutha et al., 2007, Jung 
Hyo et al., 2008, Cam et al., 
2009, Kirana et al., 2009, 
Singh & Goel Rajesh, 2009, 
Sultana et al., 2009, Kaur et 
al., 2010, Pandit et al., 2010) 

Hibiscus tiliaceous Anti-oxidant 
Anti-bacterial 
Anti-mutagenic 
Tyrosinase-
inhibitory  

(20E)-22-Hydroxynigrum-20-en-3-one; Friedelin; 21β-Hydroxynigrum-
22(29)-en-3-one; Hibiscusin; 21β-Hydroxynigrum-22(29)-en-3-one; 
Vanillic acid; 12-Oleanen-3β-ol; 20(29)-Lupen-3β,28-diol; 3β-Hydroxy-
12-oleanen-28-oic acid; Scopoletin; Cucurbita-5,23-dien-3β,25-diol; p-
Hydroxybenzoic acid; Syringic acid; p-Hydroxybenzaldehyde; N-Trans-
feruloyltyramine; N-cis-Feruloyltyramine; β–Sitosterol; Stigmasterol; 27-
oic-3-oxo-28-Friedelanoic acid; Hibiscones A-D; Hibiscoquinones A-D; 
Kaempferol-3-O-D-galactoside; Quercetin-3-O-β-D-galactoside; p-
Coumaric acid; 7-Glucoside of gossypetin; 3-glycoside of gossypetin. 

(Nair et al., 1961, Ali et al., 
1980, Masuda et al., 2005, 
Chen et al., 2006, Li et al., 
2006, Rosa et al., 2006, 
Odukoya et al., 2007, Rosa et 
al., 2007, Durmic et al., 2008, 
Feng et al., 2008, Kumar et 
al., 2008, Desai et al., 2010) 

Hygrophila auriculata Anti-oxidant 
Anti-tumour 
Anti-diabetic  
Diuretic 
Hepatoprotective 
 

NR (Singh & Handa, 1995, 
Lampronti et al., 2005, 
Vijayakumar et al., 2005, 
Sawadogo et al., 2006, 
Shanmugasundaram & 
Venkataraman, 2006, 
Vijayakumar et al., 2006, 
Surveswaran et al., 2007, 
Swamy et al., 2007, Raj et 
al., 2010) 
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Table 1.6: List of selected Bangladeshi medicinal plants with their reported pharmacological and phytochemical activities (continued Table 1.6) 

Plant Species Pharmacological 
Activity 

Previously Isolated Compound(s) References 

Limnophila indica  Anti-oxidant 5,6-Dihydroxy-7,8,4'-trimethoxy flavone; 5,2'-Dihydroxy-
8,3',4'-trimethoxyflavone; 5-Hydroxy-7,2'-dimethoxyflavone; 
5,2'-Dihydroxy-7,8-dimethoxyflavone; β–Sitosterol; (2S)-
5,7,3',4'-Tetramethoxyflavanone; 5,7,2',5'-
Tetramethoxyflavone; 7-O-Methylwogonin; Skullcapflavone-
I; 5-Hydroxy-7,2'-dimethoxyflavone;  5,8-Dihydroxy-6,7,4'-
trimethoxyflavone; 3',4'-Ethyl-enedioxy-5-hydroxy-3-(1-
hydroxy-1-methylethyl)-6,7-dimethyl-5'-methoxyflavone-8-
carboxylic acid;  5-Hydroxy-6,8-dimethoxy-3',4'-
methylenedioxyflavone.  
 

(Mukherjee et al., 1998, Brahmachari et 
al., 2003, Brahmachari et al., 2004, 
Reddy et al., 2007, Brahmachari et al., 
2008, Brahmachari et al., 2009) 

Mollugo pentaphylla Anti-bacterial 
Anti-inflammatory 
Anti-fungal  
Hepatoprotective 
Spermicidal 
 

5,25-Stigmastadienol; Oleanolic acid; α-Spinasterol- β-D-
glucoside; Stigmasterol-β-D-glucoside; Daucosterol; 
Kaempferol; Vitexin-7-O-β-D-glucoside; β–Sitosterol; 
Oleanolic acid; Mollugogenols A-B; L-rhamnopyranosyl-D-
glucopyranosylmollugenol A; Apigenin-8-C-glucoside; 
Eriodictyol; Apigenidin-5-O-glucoside; Pelargonidin-3,5-di-
O-glucoside; Di-C-pentosylflavones. 
 

(Chopin et al., 1982, Sing et al., 1982, 
Jha et al., 1984, Hamburger et al., 1989, 
Rajasekaran et al., 1993, Lin et al., 
2002, Kim et al., 2008, Liu et al., 
2009a, Sharma & Sharma, 2010) 

Pandanus foetidus Neuropharmacological None reported  (Uddin et al., 2006a) 

Xylocarpus moluccensis Anti-bacterial 
Anti-leishmanial 
Anti-diarrhoeal 
Insecticidal 
Neuropharmacological 
 

Godavarins A-J; Xyloccensins A-Y; Mexicanolide; 6-Deoxy-
3-detigloyl-swietenine acetate; Fissinolide; Me-3-β-Acetoxy-
1-oxomeliaca-8; 14-Dienoate; Me-3-β-Acetoxy-1-
oxomeliaca-8; 4-Dienoate (18), Xylolimonoid A;  
Xylomexicanolides A- B; Moluccensins A-M;  Aryl keto 
acid. 

(Connolly et al., 1976, Taylor, 1983, 
Bercich et al., 1998, Fuchino et al., 
2005, Uddin et al., 2005a, Roy et al., 
2006, Sarker et al., 2007, Li et al., 
2009c, Li et al., 2010, Li & Wu, 2010, 
Pudhom et al., 2010, Wu et al., 2010a, 
Zhang et al., 2010) 
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1.8 The Bangladeshi medicinal plant Acrostichum aureum  

In the present study, following the cytotoxic and phytochemical screening of selected 

Bangladeshi medicinal plants, A. aureum was selected for further investigation in to the 

isolation of bioactive novel anti-cancer compounds. A. aureum is a fern and belongs to 

the Pteridaceae family.  

 

1.8.1 The Pteridaceae family 

The Pteridaceae are one of the largest fern families under the order of polypodiales 

(Natural Resources Conservation Service, 2010). The monophyletic Pteridaceae 

comprises roughly 10 % of extant fern diversity and occupies a broad range of 

ecological niches, including, terrestrial, epiphytic, xeric-adapted rupestral, sub-

cosmopolitan and even aquatic species (Eric et al., 2007). The family consists of over 

50 genera and more than 1000 species (Alan et al., 2006, Eric et al., 2007). Members of 

this family have long- to short-creeping rhizomes, bearing scales, blades (monomorphic 

or dimorphic), lacking a true indusium, often protected by the reflexed segment margin, 

or sporangia along the veins and spores that are globose or tetrahedral (Alan et al., 

2006). Pteridaceae comprises of five monophyletic groups including, Parkeriaceae, or 

Parkerioideae (comprises of Acrostichum and Ceratopteris genera), Adiantaceae, or 

Adiantoideae (comprises of Adiantum genus), Cryptogrammaceae (comprises of  

Coniogramme, Cryptogramma, and Llavea genera), Sinopteridaceae, or 

Cheilanthoideae (comprises of Argyrochosma, Aspidotis, Astrolepis, Pellaea and 

Cheilanthes genera), and Pteridaceae or Pteridoideae, (comprises of Pteris and 

Onychium genera) (Alan et al., 2006).  
 

Pteridaceae is a family with most of its members being widely distributed around the 

world, especially in the temperate and warm areas. Ferns of Pteridaceae family have 

been reported to contain as major components flavonoids (including chalcones, 

dihydrochalcones, flavanones, dihydroflavonols, flavones and flavonols) (Murakami et 

al., 1980a, Wollenweber, 1989, Wollenweber & Schneider, 2000), sesquiterpenes and 

sesquiterpene glycosides (including indane-1-one type sesquiterpenes called pterosins 

and pterosides) and diterpenoids (including ent-kaurane, ent-kauran-19-oic acids) 

(Murakami & Saiki, 1989), carotenoids (including β-carotene, β-cryptoxanthin, lutein 

epoxide, zeaxanthin) (Czeczuga, 1985), triterpenoids and hydrocarbons (Kamaya et al., 
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1991). An illudane-type sesquiterpene glycoside called ptaquiloside was found to be 

responsible for bovine bracken poisoning from bracken fern of the Pteridaceae family 

species (Saito et al., 1990, Natori, 1991, Castillo et al., 1998). Another sesquiterpenoid 

isolated from the Pteridaceae family was hypoloside, which has the same co-structure as 

ptaquiloside (Nagao et al., 1989) (see Figure 1.5).  
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      Figure 1.5: Sesquiterpene glycosides isolated from the Pteridaceae family species 

 

1.8.2 The genus Acrostichum L. 

Acrostichum L. is a diverse genus in the monophyletic group of parkerioideae in the 

Pteridaceae family (Alan et al., 2006). It consists of more than 363 species, subspecies, 

varieties, forms, and cultivars (ZipcodeZoo, 2010). The plant species are terrestrial or 

subaquatic ferns of medium to large size, and are found in fresh or saltwater habitats. 

The stems are erect or creeping, the leaves are reddish, rhizomes are woody and short, 

blades are leathery (Croft, 2010, ZipcodeZoo, 2010). Plants of this genus grow 

worldwide in warm and tropical regions (ZipcodeZoo, 2010). Three species of this 

genus (A. aureum, A. danaeifolium and A. speciosum) called leather ferns or leather 

swamp ferns, grow mostly in mangrove areas and can tolerate saline soils but can also 

grow in freshwater swamps and marshes (Peter & Sivasothi, 1999, Michael, 2010).  
 

So far, only A. aureum (see Section 1.8.2.4) and A. speciosum species of the genus of 

Acrostichum have been evaluated for phytochemical and pharmacological study. A 

carbohydrate called pinitol was the only isolated compounds reported from A. 
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speciosum (Popp, 1984) and but no pharmacological study reported to-date on this 

species (Figure 1.6).  

 
OHHO

HO

HO OH

O

Pinitol  
Figure 1.6: Only pinitol isolated from the plant A.  speciosum 

 

1.8.2.1 Acrostichum aureum L. 

Species name: Acrostichum aureum, Linnaeus  

English name: Leather fern, swamp fern, mangrove fern  (Hill, 2006) 

Local name:  Tiger Fern, Hodo (Zafrul, 2000) 

Order: Polypodials 

Family: Pteridaceae 

 

1.8.2.2 Botany and habitat of A. aureum 

Acrostichum aureum is a mangrove fern that occurs all over Southeast Asia, America 

and Africa and other tropical and subtropical areas worldwide (Zafrul, 2000, Hill et al., 

2005, Momtaz, 2008). In Bangladesh, it is found in the Sundarban and other coastal 

belts. It is named ‘Tiger fern” because it provides a suitable hiding place for the famous 

carnivorous Royal Bengal Tiger of the Sundarban (Zafrul, 2000).   
 

The Plant is erect rhizometous, about 4 cm in thickness, gradually thickening below, 

with pinnate fronds, stipes and fronds together each up to 3 m in height. The leaftlets 

are oblong and blunt, showing a distinctive red colour when young. No sori are present 

as in other ferns, rather sporangia are distributed over of the entire underside of 

reproductive pinnae. The pinnae are numerous and simple. The sporangia are brick red 

to rust red in colour, with spores measuring 37 - 72 µm in diameter (Zafrul, 2000, Hill, 

2006, Momtaz, 2008) (Figure 1.7).  
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1.8.2.3 Traditional medicinal uses of A. aureum 

In Southeast Asian countries, preparations from rhizomes and leaves are used to cure 

wounds, ulcers and boils, while leaves are also used to stop bleeding (Yusuf et al., 

1994, Momtaz, 2008). In China, the rhizome is used to treat worm infections (Momtaz, 

2008). In Fiji the plant is used to treat asthma, constipation, elephantiasis, febrifuge, 

chest pain and used by Fijian women to promote healthy pregnancy (Coambie & Ash, 

1994). Young leaves and fiddleheads are edible raw or cooked. The native people of 

Costa Rica use leaves as emollients, whereas, the Cuna people (Panama and Colombia) 

use the young fiddleheads to extract fish bones from the throat and as a medicinal bath 

for infants (Natural Resources Conservation Service, 2010).  
 

 

A C 

D B 

Figure 1.7: Acrostichum aureum in the Sundarban of Bangladesh. A and B represent the 
whole plant of A. aureum whereas, C and D represent the leaves  
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1.8.2.4 Previous pharmacological and phytochemical studies of A. aureum 

To-date only three reports are published regarding the pharmacological assessment of A. 

aureum (Table 1.7). A leaf extract of Japanese A. aureum showed strong anti-oxidant 

and tyrosinase inhibiting activity (Lai et al., 2009), while a Hainan (China) A. aureum 

crude extract showed potent anti-tumour activity against HeLa (human cervical cancer) 

cell line with an IC50 of 6.3 µg/mL (Dai et al., 2005). A number of isolated compounds 

from a Chinese A. aureum sample, kaempferol, quercetin, ponasterone A, pterosterone 

and 4-(3,4-dihydroxyphenyl)-2-butanone, tested against a murine melanoma B16 cell 

line, however no toxicity was found for the isolated compounds (Mei et al., 2006) 

(Table 1.7).  
 

A total of 19 compounds have been isolated so far from the A. aureum, including 

flavonoids, flavonoidal glycosides, sterols, triterpenes, phenolic acids, long chain fatty 

acids and hydrocarbons (Table 1.7 and Figure 1.8).  
 

Table 1.7: Previously pharmacological activities and compounds isolated from A. 
aureum 
 

Pharmacological Activity* Compound/ Extract Reference 
Anti-oxidant, tyrosinase 
inhibition 

Crude extract (Lai et al., 2009) 

- β-Sitosterol   (Srivastava et al., 1963, 
Sultana et al., 1986) 

- Campesterol   (Sultana et al., 1986) 
Non-cytotoxic (B16) Daucosterol (Mei et al., 2006) 
Non-cytotoxic (B16) 3,4-Dihydroxyphenyl-2-butanone (Mei et al., 2006) 
- Friedelin   (Sultana et al., 1986) 
- Gallic acid (Sultana et al., 1986) 
- Heptacosane   (Sultana et al., 1986) 
- Hexacosane   (Sultana et al., 1986) 
Non-cytotoxic (B16) Kaempferol (Mei et al., 2006) 
- Lupeol   (Sultana et al., 1986) 
Non-cytotoxic (B16) Ponasterone A   (Mei et al., 2006) 
- Pentacosane   (Sultana et al., 1986) 
Non-cytotoxic (B16) Pterosterone (Mei et al., 2006) 
Non-cytotoxic (B16) Quercetin   (Mei et al., 2006) 
- Quercetin 3-O-D-glucoside (Nobutoshi et al., 1981) 
- Stigmasterol   (Sultana et al., 1986) 
- Tetracosanoic acid   (Sultana et al., 1986) 
- Ursolic acid   (Srivastava et al., 1963, 

Sultana et al., 1986) 
Cytotoxic (HeLa) Crude extract (Dai et al., 2005) 
*B16: Murine melanoma cells; HeLA: Human cervical cancer 
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                   Figure 1.8: Previously isolated compounds from A. aureum 
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Figure 1.8 (Continued): Previously isolated compounds from A. aureum 
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1.9 Significance of the project 

Cancer is a major health problem in both developed and developing countries and is 

therefore a major economic burden (Brown et al., 2001, Mohammad, 2006, NCI, 2010). 

In 2009, the National Institutes of Health, USA, estimated that the 2008 overall annual 

costs associated with cancer was $228.1 billion in USA (ACS, 2010). About 13 % of all 

deaths are caused by cancer, although the considerable progress in the early diagnosis, 

surgery and treatment of cancers have been made (Dunham, 2008). The WHO in 2010 

stated that worldwide, “each year over 12 million people are diagnosed with cancer and 

about 84 million people will die of cancer between 2005 and 2015 without intervention” 

(WHO, 2010). Researchers are focusing on identifying potent and effective compounds 

for the treatment of cancer, as current anti-cancer drug treatments are well short of ideal 

(Houghton et al., 2007, Wing-Yan Li et al., 2007). Although new strategies in cancer 

prevention, diagnosis, and treatment, such as gene therapy and cancer vaccines are 

emerging, new lead structures useful for the development of selective anti-cancer drugs 

are still desired. A large number of agents are available which are cytotoxic, but only a 

small number of compounds have been developed further into a potent anti-cancer drug. 

New lead structures are urgently needed as conventional chemotherapeutic drugs are 

mostly non-selective, thus affecting healthy and cancerous cells. Therefore, there is 

great potential to search for new anti-cancer drugs, delivering more effective and 

selective treatments of cancer.  
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1.10 Aims of the project 

This PhD project “Isolation and Structural Elucidation of Novel Anti-Cancer 

Compounds from Bangladeshi Medicinal Plants” was aimed at the;  

 

1. Validation of a MTT assay for anti-cancer screening. 

2. Screening of selected Bangladeshi medicinal plant extracts for their anti-cancer 

potential using the MTT assay. 

3. LC-MS metabolic profiling of selected active plant extracts. 

4. Isolation of pure compound(s) from the selected active plant extracts.   

5. Elucidation of the structure of isolated compound(s). 

6. Determination of cytotoxicity potential of isolated compound(s). 

7. Determination of apoptosis- and necrosis-inducing potential of selected 

cytotoxic isolated compound(s). 
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2.1 Solutions and reagents 

2.1.1 Solvents for analytical and chromatographic purposes 

Analytical grade solvents were used for all purposes in this study except HPLC, where 

HPLC grade solvents were used in chromatographic isolation of compounds. Analytical 

grade solvents were fractionally distilled before use to remove any trace impurities 

including plasticizers. All solvents were kept in well-ventilated storage areas at 22 oC 

and transferred into 500 mL solvent bottles for routine use. Halogenated and non-

halogenated solvents were stored separately. MilliQ water was used for all purposes. 

Analytical grade n-hexane (2.5 L), dichloromethane (2.5 L), ethanol (2.5 L), methanol 

(2.5 L) and HPLC grade methanol (2.5 L) were purchased from Merck Pty Ltd., 

Germany. Analytical grade trifluoroacetic acid was purchased from Sigma-Aldrich, 

Germany.   

 

2.1.2 Solutions used in cell culture and bioassay 

Solutions and reagents listed below were used for cell culture and bioassays:  
 
    Phosphate buffered saline (PBS) 

PBS (1000 mL) was prepared as below and autoclaved at 121 oC for 20 min (ES315 

vertical autoclave, Tomy Seiko, USA) before use. For cell culture the PBS was 

supplemented with EDTA to gain a concentration 0.5 M EDTA.  
 

 
Chemicals Molecular 

Formula 
Molar Mass  
(g/ mol) 

Concentration 
(mM) 

Weight  
(g/L) 

Sodium chloride NaCl 58.44 137.00 8.01 
Potassium chloride KCl 74.55 2.70 0.20 
Di-sodium mono-hydrogen phosphate Na2HPO4 141.96 7.90 1.12 
Potassium di-hydrogen phosphate KH2PO4 136.09 1.50 0.20 
 

 Ethylene diamine tetra-acetic acid (EDTA) solution 

A total of 36.53 g of EDTA (Sigma-Aldrich, USA) was dissolved in MilliQ water to 

prepare 250 mL of 0.5 M EDTA. The solution was autoclaved at 121 oC for 20 min 

(ES315 vertical autoclave, Tomy Seiko, USA) before use.  
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 PBS-EDTA solution 

PBS-EDTA was prepared using 10 mL of sterile 0.5 M EDTA solution added to 990 

mL of sterile PBS (pH 7.4). The solution was mixed thoroughly then stored at 4 oC. 
 

 New born calf serum (NBCS) 

NBCS (500 mL) was purchased from Gibco Invitrogen, Australia, of which 50 mL 

aliquots were stored at -20 oC. 
 

 L-Glutamine 

L-Glutamine (200 mM, 100 mL) was purchased from Gibco Invitrogen, Japan, of which 

5 mL aliquots were stored at -20 oC. 
 

 Advanced Dulbecco’s modified Eagle’s medium (Advanced DMEM) 

Advanced DMEM was purchased from Gibco Invitrogen, USA. The medium was 

supplemented to contain 10 % newborn calf serum (i.e. 50 mL) and 2 mM L-glutamine 

(i.e. 5 mL) for cultivation and stored at 4 oC. 
 

 Trypsin-EDTA 0.25 %  

Trypsin 0.25 % v/v containing 0.02 % v/v EDTA was purchased from SAFC 

Bioscience, USA, and stored as 5 mL aliquots at -20 oC.  
 

 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) solution 

MTT (1 g) was purchased from Sigma-Aldrich, Germany. A 1 mg/mL solution of MTT 

was prepared by dissolving 50 mg of MTT in 50 mL of PBS. A further 0.5 mg/mL 

solution of MTT was prepared by a 1:2 dilution of 1 mg/mL MTT solution. All the 

solutions were stored at -20 oC.  
 

 Dimethyl sulfoxide (DMSO) solution 

A 6 % v/v DMSO solution was prepared by adding 3 mL DMSO (Sigma-Aldrich, 

Germany) to 47 mL of MilliQ water. Twenty five microliters of this solution was used 

in the MTT assay which equals to 0.75 % DMSO in the assays (1.5 µL DMSO).    
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 Annexin V - Fluorescein isothiocyanate (Annexin V-FITC) 

Annexin V-FITC (500 µL, 20 µg/mL in Tris-NaCl) was purchased from BD Bioscience, 

NJ, USA, and stored at 4 oC. Five µL (0.1 µg) of Annexin V solution was used in each 

test of the Annexin V- FITC staining assay. 
 

 Propidium iodide (PI) 

Propidium iodide (2 mL, 50 µg/mL in binding buffer) was purchased from BD 

Bioscience, NJ, USA, and stored at 4 oC. Five µL of PI solution was used in each 

Annexin V-FITC staining assay. 
 

 Annexin V binding buffer 

Annexin V binding buffer (10x, 0.1 M Heps/NaOH, 1.4 M NaCl, 25 mM CaCl2) was 

purchased from BD Bioscience, NJ, USA. For a 1 x working solution, diluted 1 part of 

the 10 x binding buffer by adding 9 parts of distilled water. Five hundred microliters of 

binding buffer solution was used in each Annexin V-FITC staining assay. 

 

2.1.3 Solvents used for NMR analysis 

For NMR analysis, deuterated (99.9 %) solvents were purchased from Sigma-Aldrich, 

Germany, and used as is (see Table 2.1). Solvent shifts (in ppm) were used as the 

reference.  

 

Table 2.1: Deuterated solvents used in NMR experiments  

Solvent 1H shift(s) 
(ppm) 
(multiplicity) 

13C shift(s) 
(ppm) 
(multiplicity) 
 

Peak for trace  
water (ppm) 

Deuterated methanol (CD3OD) 3.30 (5) 49.05 (7) 4.78 

Deuterated chloroform (CDCl3) 7.24 (1) 77.00 (1) 1.50 

Deuterated DMSO ((CD3)2SO) 2.50 (5) 39.43 (5) 3.30 
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2.2 Bangladeshi plant material and extraction 

2.2.1 Plant collection and drying 

Between March 2006 and May 2007, 16 plants (Table 2.2) were collected from the tidal 

forest in the coastal Sundarbans (a swamp region in the Ganges delta) and other 

locations in the Khulna district of Bangladesh. The plant materials were shade-dried and 

plant samples were identified by the Bangladesh National Herbarium, Dhaka, 

Bangladesh. A specimen representing each collection has been deposited in the 

Bangladesh National Herbarium, Dhaka, Bangladesh (Table 2.2).  

 

 Table 2.2: Name and voucher numbers of collected Bangladeshi medicinal plants 

Plant Species Family Local Name Plant 
Part* 

Voucher No. 

Acrostichum aureum Pteridaceae Tiger fern WP DACB 31538 
Adiantum caudatum Adiantaceae Mayurshikha L DACB 31268 
Aegiceras corniculatum Myrsinaceae Kholisha B DACB 31584 
Ammannia baccifera  Lythraceae Jangli mendi L NA** 
Argemone mexicana Papaveraceae Shialkata L DACB 30213 
Blumea lacera Compositae Kukursunga L DACB 30550 
Bruguiera gymnorrhiza Rhizophoraceae Kankra L DACB 31386 
Clerodendron inerme Verbenaceae Bon Jui L DACB 31537 
Cynometra ramiflora Liguminosae Kucha B NA 
Ficus religiosa Moraceae Pan Bot L DACB 32004 
Hibiscus tiliaceous Malvaceae Bhola L DACB 31539 
Hygrophila auriculata Acanthaceae Talmakna S DACB 31257 
Limnophila indica Scrophulariaceae Karpur L DACB 31536 
Mollugo pentaphylla Molluginaceae Khetpapra L NA 
Pandanus foetidus Pandanaceae Kewa kata L DACB 31541 
Xylocarpus moluccensis Meliaceae Passur P DACB 31540 

   *B = Bark, L = Leaves, S = Seeds, P = Pneumatophore, WP = Whole plant; **NA- not available 

 

2.2.2 Extraction of Bangladeshi plants 

A small-scale extraction of each collected Bangladeshi plant was carried out using a 

Soxhlet apparatus. Therefore, dried plant material was ground into coarse powders and 

(50 - 200 g) successively Soxhlet extracted using n-hexane, dichloromethane, methanol 
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and MilliQ water (Figure 2.1). Following the plant extraction, extracts were filtered and 

the solvent evaporated using rotary evaporation followed by freeze-drying.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3 Chromatographic techniques 

2.3.1 SPE fractionation of extracts 

SPE (Solid Phase Extraction) fractionation of 500 mg of crude methanolic extract was 

carried out using reversed-phase (RP) C-18 SPE columns (Alltech, 60 mL, 10 g High 

Capacity C-18). The extracts were eluted with a water/methanol stepwise gradient. The 

amount of extract represented 5 % load of RP-silica.  

 

Dried plant material  

n-Hexane Extract Plant Residue 

Dichloromethane 
Extract 

Plant Residue 

Methanol Extract Plant Residue 

Water Extract Plant Residue 

n- Hexane  

MilliQ water 

Methanol 

Dichloromethane 

Figure 2.1: Extraction flow chart of Bangladeshi medicinal plants 
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2.3.2 Analytical HPLC 

Chromatographic profiling, small scale separation for methods development and purity 

assessment of isolated compounds from each fraction of A. aureum was performed 

using a Varian ProStar HPLC system (Varian Inc., Walnut Creek, CA, USA). This 

consisted of a 210 Binary pump, 410 AutoSampler and 335 diode array detector (DAD) 

monitoring 190 to 400 nm. Chromatographic analysis of each fraction was achieved 

using a Luna or Aqua 5µm reverse-phase C-18 (250 x 4.6 mm) analytical column with 

linear gradient of methanol and water (both containing 0.05 % TFA) as mobile phase. 

The flow rate was maintained at 1 mL/min and the column temperature was set at 40 oC. 

The Star Work Station Software v 6.41 was used to control the auto-sampler, gradient 

settings, DAD and data acquisition. The purity of each peak was determined by 

assessing the sharpness of the peak and the detected UV profile (PDA) using Poly View 

2000 - Diode Array Spectral Processing software. 

 

2.3.3 LC-MS 

The metabolic profiling of plant extracts was achieved using Liquid Chromatography – 

Mass Spectroscopy (LC-MS). An Agilent 1100 series HPLC system (Agilent 

Technologies, Inc., USA) equipped with binary pumps, degasser, auto-sampler and 

diode array detector (DAD) monitoring absorbances between 190 to 400 nm, was used 

to generate a chromatographic profile of plant extracts. An Aqua 5 µm C-18 (250 x 4.6 

mm) reversed-phase analytical column was used as a stationary phase in the 

chromatographic analysis. A linear gradient of 10 - 90 % methanol in water, with both 

methanol and water containing 0.05 % TFA was applied in the LC-MS analysis of each 

extract with a flow rate of 1 mL/min for 45 min, and a column temperature of 40 oC. 

Instruments 1 (online) software was used to control the auto-sampler, gradient settings, 

DAD and data acquisition. 
 

A Bruker esquire Series 3000 mass spectrometer (LR-MS) (Bruker Daltonik GmbH, 

Bremen, Germany) coupled with on-line LC as described above was used to acquire 

mass spectra of each plant extract. For the LC-MS screening of crude plant extracts, an 

atomic pressure chemical ionization (APCI) interface was used with positive ionization 

voltages scanning at 100 - 1200 amu. The capillary voltage was 4000 V, nebulizer 

pressure 60 psi, drying gas flow rate 5.0 L/min at 350 oC with a vaporiser temperature 
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of 395 oC (Figure 2.2). Esquire Control software was used to control the LC and MS 

data acquisition. 

 

 

Figure 2.2: MS parameter settings used for LC-MS analysis of plant extracts 

 

2.3.4 Preparative and Semi-preparative HPLC 

The isolation of compounds from each fraction of A. aureum was preformed using a 

Waters Semi-preparative HPLC system (Waters Corp., Milford, MA 01757, USA) 

comprising a Waters 600E multi-solvent delivery pump, Waters delta 600 manual 

sample injector, and a Waters 2487 dual wavelength absorbance detector monitoring 

between 210 and 280 nm. The MassLynx Software v 4.0 was used to control the 

gradient settings, DAD and data acquisition. Isolation of compounds from each fraction 

was achieved manually using an Aqua 5 µm reversed-phase C-18 (250 x 10 mm) semi-

preparative or Luna 5 µm reversed-phase C-18 (150 x 21.2 mm) preparative column 

with a gradient of methanol and water (both containing 0.05 % TFA) as the mobile 

phase. Collected peaks (manually) from the semi-preparative HPLC were further 

analysed by analytical HPLC to confirm their purity. The analytical HPLC method 

(flow rate) was converted to the semi-preparative scale using the below formula to 

optimize the separation and purity of the compounds.  
 

F2 = F1 x (L2/L1) x (r2/r1) 
 

where, F2 = semi-preparative HPLC flow rate, F1 = analytical HPLC flow rate, r2 = 

diameter of semi-preparative column, r1 = diameter of analytical column, L2 = semi-

preparative column length and L1 = analytical column length.  
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2.4 Structural elucidation 

Principally, NMR and mass spectroscopy were carried out to achieve structural 

elucidation of isolated compounds. UV and IR spectroscopy, melting point 

determination, optical oration and circular dichroism analysis were also performed 

when needed for physical characterization and structural elucidation of isolated 

compounds.   

  

2.4.1 UV-visible spectroscopy 

UV spectroscopy was used for the preliminary identification of compounds, particularly 

for the identification of the presence of phenolic groups or conjugated double bonds. 

Compounds initial UV profiles were obtained on the analytical HPLC using the PDA 

detector and these profiles were confirmed with a Shimadzu BioSpec-mini (A115247) 

UV-Visible spectrophotometer (Shimadzu Corporation, Japan). Molar extinction co-

efficients for each compound were calculated using the below formula: 

 

ε = A / (c x l)  

 

where, ε = molar extinction co-efficient, A = absorbance at the particular wavelength, c 

=  molar concentration, l = path length (1 cm). 

 

2.4.2 IR spectroscopy 

IR spectroscopy was further used to confirm any functional groups present in the 

isolated compounds. IR spectra were recorded with a Bruker Optics ALPHA 

QuickSnapTM (A220/D-01) FT-IR spectrophotometer with OPUS spectroscopy 

software. A solid sample of each compound was cast onto the diamond ATR-crystal 

plate and scanned from 4000 to 375 cm-1 with 64 - 100 scans for analysis. Resulting 

peaks were compared to published data of functional groups.   

 

2.4.3 Mass spectrometry 

Positive- and negative-ion electrospray mass spectra (ESI-MS) and atomic pressure 

chemical ionization mass spectra (APCI-MS) were obtained on a Bruker Daltonics 

esquire Series 3000 mass spectrometer (LR-MS) (Bruker Daltonik GmbH, Bremen, 
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Germany) with esquire Control software using a cone voltage of 4000 V with the source 

maintained at 250 oC. For ESI-MS and APCI-MS spectra, samples were dissolved (0.4 

mg/mL) in methanol:water (1:1) and injected at a flow rate of 0.04 mL/min.  High-

resolution electrospray ionization mass spectrometry (HR-ESI-MS) was performed on a 

Bruker Daltonics Apex III 4.7 e Fourier Transform mass spectrometer, fitted with an 

Apollo API source, at The Eskitis Institute for Cell and Molecular Therapies, Griffith 

University.    

 

2.4.4 Optical rotation 

Compounds were dissolved in a suitable solvent (e.g. methanol, chloroform) and the 

optical rotation of each sample measured at 25 oC in a JASCO automatic polarimeter P-

1010 series (JASCO Corporation, Tokyo, Japan) at the sodium wavelength, 589 nm, 

using Spectra Manager software. The solvent without the sample was used as a blank 

and the sample cell (50 mm) was subsequently dried prior to taking the sample reading. 

The specific rotation [α] of a compound in degrees (o) at a specified temperature (T) and 

a wavelength (λ) is determined by the following formula: 

 

 

where, α = measured optical rotation, c = concentration (g/100 mL), l = length of the 

sample cell (mm).  

 

2.4.5 Melting point (MP) determination 

The melting point of compound 6 was determined with a SANYO Gallenkamp melting 

point apparatus (SANYO, UK), and was uncorrected.  

 

2.4.6 Circular dichroism (CD)   

The CD spectra of compounds were recorded at 300 - 380 nm in methanol with a 

JASCO J-715 CD spectrometer (JASCO Corporation, Tokyo, Japan) according to the 

procedure of Kuroyanagi et al. 1979 (Kuroyanagi et al., 1979b). The CD spectrum was 

processed according to Hu et al., (2005) using ACDP v 2.6 software. The molar 

ellipticity (θ) was calculated using the formula below:  

 

[α]T 
λ 

 = (α / c x l) x 10000 
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(θ) = (100 θ / c x l) x 1000 degrees 

 

where, (θ) = molar ellipticity, θ = CD readout value in millidegrees, c = concentration 

(moles/L), l = cell length (cm). The solvent alone was used as a blank and the sample 

cell (0.1 cm) was subsequently dried prior to taking sample readings. 

 

2.4.7 NMR spectroscopy 

The structures of compounds were elucidated principally by 1D and 2D (homonuclear 

and heteronuclear) NMR spectroscopy. 1D NMR experiments including 1H and 13C 

NMR were used to locate atom positions and fragment units. Further 2D NMR 

experiments including COSY, HSQC, HMBC, NOESY and ROSEY were carried out 

on more complex molecules for accurate assignments of proton and carbon chemical 

shifts. NMR spectra were recorded on a Bruker Avance 300.13 MHz spectrometer (300 

and 75 MHz, respectively) or a Bruker Avance 600.13 MHz (600 and 150 MHz, 

respectively) spectrometer coupled with Topspin 2.1 acquisition software. Samples 

were dissolved in 500 - 600 µL of suitable deuterated solvent (see Table 2.1). NMR 

experiments on samples with very little mass were carried out using Shigemi NMR 

tubes (100 - 200 µL sample) (Sigma-Aldrich Ltd). Signals are recorded in chemical 

shifts (δ) and expressed in parts per million (ppm), with coupling constants (J) 

calculated in Hertz (Hz).  

 

2.4.7.1 1H NMR 

In this project, 1H NMR data was recorded for all isolated compounds and was used as a 

primary source of structural information. The chemical shifts and integration indicated 

the number and type of protons present in each molecule, whereas, the multiplicity and 

coupling constants gave an indication of the adjacent protons. The purity of the 

compounds was also determined from 1H NMR spectra.    

 

2.4.7.2 13C (Jmod) NMR and DEPT 
13C (Jmod) spectral data was also recorded for all isolated compounds, to determine the 

number and types of carbons present in each molecule. In the spectra, quaternary and 
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methylene carbon signals appeared in the positive phase, while methyl and methine 

signals were evident in the negative phase of the spectra.  
 

Distortionless Enhancement by Polarization Transfer (DEPT) was performed on 

selected compounds. The DEPT pulse sequence experiment transforms CH signal 

multiplicity and spin-spin coupling information into a phase relationship. In the DEPT 

spectrum, CH3 and CH signals are directed towards the positive phase of the spectrum 

and CH2 signals to the negative phase of the spectrum. The number of quaternary 

carbons present in the molecule was determined by comparison of the 13C (Jmod) with 

the relevant DEPT spectrum.  

 

2.4.7.3 Correlation spectroscopy (COSY) 

COSY spectral data was recorded for all compounds. Cross-peaks were generated from 

the 1H - 1H nuclei that share a mutual scalar coupling and normally evidenced for a 

geminal (2J) and vicinal (3J) couplings connectivity. This information provided the 1H – 
1H connectivity for the analysed compound.  

 

2.4.7.4 Heteronuclear single quantum coherence (HSQC) 

2D HSQC experiments were performed on all compounds. These experiments were 

used to identify one-bond (1J) 1H - 13C connectivities. Cross-peaks were generated from 

proton-carbon nuclei that are directly connected to each other through a single bond.  

 

2.4.7.5 Heteronuclear multiple bond coherence (HMBC) 

HMBC spectral data was recorded for selected compounds, to detect long range 2 to 3 

bond 1H - 13C couplings. Certain 4-bond cross-peaks were also observed in the HMBC 

experiments as a weaker intensity signal than that for the 2 and 3 bond cross-peaks. This 

experiment provided important structural information which helped to elucidate selected 

complex structures. It also provided information regarding connectivity between 

structural fragments (Williams & Fleming, 2008).  

 

2.4.7.6 Nuclear overhauser enhancement spectroscopy (NOESY) 

NOESY experiments were recorded for selected compounds, and provided cross-peaks 

for NOE (Nuclear Overhauser Enhancement) correlations between respective protons, 
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due to mutual dipolar relaxation of protons in close spatial relationships. The 

information indicated through space relationships and provided important information 

on fragment connectivities.  

 

2.4.7.7 Rotating frame overhauser enhancement spectroscopy (ROESY) 

ROESY experiments were recorded on selected compounds, and generated cross-peaks 

that represent NOE effects but use a slightly different pulse sequence to the NOESY 

experiment. The ROESY experiment has an advantage over NOESY by seeing cross-

peaks regardless of molecular weight, although the interpretation is similar to that for 

the NOESY experiment. 

 

2.5 Cell lines  

In this project, one normal mouse fibroblast and five human cancer cell lines were used 

in the bioassays to assess cytotoxicity in-vitro (Table 2.3, Figure 2.3). All cell lines 

were purchased from American Type Culture Collection (ATCC, USA) and were 

cultured in supplemented advanced Dulbecco’s modified Eagle’s medium (Advance 

DMEM).  

 

Table 2.3: List of cell line used, their origin and type of cells 

Cell line ATCC No. Origin Type Growth 

NIH/3T3 CRL-1658 Mouse Swiss Albino 
Embryo 

Fibroblast Adherent 

AGS CRL-1739 Human Stomach Adenocarcinoma Adherent 
HT-29 HTB-38 Human Colon Adenocarcinoma Adherent 
MDA-MB-435S HTB-129 Human Breast* Ductal carcinoma Adherent 
MDA-MB-231 HTB-26 Human Breast Adenocarcinoma Adherent 
MCF-7 HTB-22 Human Breast Adenocarcinoma Adherent 

* The origin of MDA-MB-435 cell line was a matter of debate. It was later confirmed that the source was M14 
melanoma by  Rae et al., (2007).  
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Figure 2.3: Cell lines used for bioassays (Source: ATCC, USA) 
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2.6 Cell culture 

2.6.1 Resuscitation of cells 

Frozen cells were thawed and added to 10 mL supplemented advanced DMEM medium. 

The cell suspension was centrifuged at 2,000 rpm (Eppendorf-5810 R, Germany) for 5 

minutes. The supernatant was removed and cells were resuspended in 5 mL fresh 

supplemented advanced DMEM medium. The cell suspension was then transferred into 

a 25 cm2 – flask and incubated at 37 oC with 5 % CO2.  

 

2.6.2 Subculturing of cells 

Once cells were attached and 80 % confluence was reached in a 25 cm2- flask, the cells 

were subcultured. Briefly, the medium was removed and the cell layer rinsed with 5 mL 

of PBS-EDTA solution to remove all traces of medium. Then 1 mL 0.25 % trypsin-

EDTA solution (SAFC Bioscience, USA) was added to the flask. The flask was placed 

back into the incubator (Heraeus, BB15, Germany) for 5 - 10 minutes to ensure 

complete detachment of cells. About 300 µL of cell suspension was transferred into a 75 

cm2 – flasks containing 10 mL of supplemented Advanced DMEM medium. The flasks 

were incubated at 37 oC with 5 % CO2.  The medium was changed when necessary, 

usually 2 - 3 days.   

 

2.6.3 Cell harvesting and storage 

The medium was removed from the 75 cm2- flask and the cells were washed with PBS-

EDTA buffer solution. The cells were then tripsinised with 2.5 mL of 0.25 % trypsin-

EDTA solution and detached. The cell suspension was placed in a 50 mL falcon tube 

and centrifuged for 3 min at 1000 rpm (Eppendorf-5810 R, Germany). The supernatant 

was removed and the cell suspension was either used for further assays or storage. For 

storage, the cells were resuspended with 1.5 mL supplemented advanced DMEM 

medium containing 5 % (v/v) DMSO into cryovials. The vials were then transferred to -

-80 oC freezer or to liquid nitrogen for longer storage.  
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2.6.4 Cell counting 

Cells were counted using an Improved Neubauer Hemacytometer (Figure 2.4). Trypan 

blue is adsorbed by non-viable cells and was used to help count the viable cells which 

remain light in colour.   
 

 

 

 

 

 

 
 

 

Figure 2.4: Improved Neubauer Hemacytometer counting chamber 

 

Cells were harvested as described earlier in section 2.6.3 and a uniform cell suspension 

was prepared. A 20 µL cell suspension was diluted (1:4) by adding 60 µL of trypan blue 

solution. About 10 µL of coloured cell suspension in trypan blue was applied onto the 

counting chamber. The cells of each of the four corners and the central square (total 5 

squares) were counted. The cells per millilitre were calculated using the below formula. 
 

 

 

 
2.7 MTT assay 

The MTT [3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] colorimetric 

assay in 96-well plates by Popiolkiewicz et al., (2005), with minor modifications, was 

used to screen the cytotoxic potential of selected Bangladeshi medicinal plant extracts. 

Briefly, the cells were seeded in 96-well plates (1.0 x 104 to 3.5 x 104 cells/well) in 150 

µL of medium and incubated at 37 o C with 5 % CO2 for 24 hr.  Following cell 

attachment and 80 % confluence, the cells were treated with different concentrations of 

(Total number of cells counted in 5 squares x 4) 

5 
x 104 cells/mL Cells/mL = 
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plant extracts (see Section 2.9.1) for a further 24 to 48 hr. The assays were performed in 

triplicates. MilliQ water and dimethylsulfoxide (DMSO) (0.75 - 1 %) served as the 

negative control for water and methanol extracts, respectively, while 25 % DMSO 

served as the positive control. Following 24 hr incubation, the supernatant was 

removed, the cells were washed with phosphate-buffered saline (PBS), pH 7.4 and a 

mixture of 150 µL of supplemented advanced DMEM (without serum) and 50 µL of 

MTT in PBS solution (0.5 - 1.0 mg/mL) was added to each well. Following incubation 

for 2 hrs at 37  oC with 5 % CO2 a purple formazan product was produced. DMSO was 

then added (100 - 125 µL) followed by incubating the plates for another 45 min at room 

temperature to dissolve the formazan. The absorbance was measured with a 

spectrophotometric microplate reader (Wallac 1420 Multilabel counter, PerkinElmer) at 

a wavelength of 560 nm. The optical density was a measure of the density of live cells. 

The percentage of cytotoxic activity was calculated using the following formula: 

 
 
 

  

The negative control contains all components including vehicle/solvent (H2O or 0.75 % 

DMSO) of the test sample without test compounds. Whereas the positive control 

contains all components including 25 % DMSO without test compounds.  

 

2.8 Annexin V-FITC/PI apoptosis measurement 

FITC Annexin V apoptosis assay by  Jason et al., (2008) with minor modification, was 

used to measure apoptosis of the isolated cytotoxic compounds from A. aureum against 

a human gastric adenocarcinoma (AGS) cell line. Briefly, cells were seeded in a 6-well 

plate at a density of 40 x 104 cells/well in 1.5 mL of Advanced DMEM medium and 

incubated at 37 °C with 5 % CO2 for 24 hr. The following day, cells were treated with 

different isolated cytotoxic compounds at different concentrations (40, 15, 500 and 100 

µg/mL for compounds 3, 5, 6 and 13, respectively) for 24 and 48 hr (see Section 2.9.3). 

Following, the treatment period of incubation, the supernatant was removed and 

collected (in order to collect non-adherent and dead cells) in a 15 mL falcon tube. Cells 

were rinsed with 2 mL of ice-cold PBS and each time the PBS wash was collected into 

 
( OD of negative control 

%  of cytotoxic activity = 
OD of test sample 

x 100 %. 100 - ) 
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the 15 mL falcon tube already containing the supernatant collected. The attached cells in 

the culture plate were trypsinised (400 µL in each plate) very rapidly (in order to reduce 

false Annexin V+ staining). The trypsinised cell suspension was added to the falcon tube 

containing the PBS washes and centrifuged for 10 minutes at 2000 rpm to pellet the 

cells. The supernatant was removed and 4 mL of cold PBS was added to each tube. The 

cells were vortexed briefly and centrifuged again for 10 minutes at 2000 rpm. The 

supernatant was removed and the cells were resuspended in 1 x binding buffer (100 µl). 

The cell suspension was then transferred to a 5 mL culture tube and 5 µL of staining 

solutions (FITC Annexin V and PI) was added, followed by incubation for 15 min in the 

dark at room temperature. The cell suspension was diluted by adding 400 µL of 1 x 

binding buffer to each tube and analysed within 1 hr using the BD FACSCalibur Flow 

Cytometer (BD Bioscience, USA) and data recorded by using BD CellQuestTM Pro 

software. The assay was carried out as two separate experiments and each experiment 

performed in triplicate. Cells with no treatment served as a negative control and 

cycloheximide (150 µg/mL) served as a positive control. The solvent (2 % DMSO) 

effect was subtracted from the test sample.  

 

2.9 Test sample preparation 

2.9.1 Plant extract solutions for cytotoxicity screening  

The cytotoxicity screening of Bangladeshi plant extracts was carried out in a 96-well 

plate at four different selected concentrations for cytotoxicity screening (2.5, 0.25, 0.025 

and 0.0025 mg/mL). The total volume of each well was 200 µL, which consisted of 150 

µL cell suspension and 25 µL of test sample solution, plus 25 µL of PBS. To achieve 

2.5 mg/mL extract assay concentration, 20 mg/mL of extract solution was prepared by 

dissolving 100 mg of dried extract in 5 mL of solvent (MilliQ water for water extracts 

and 6 % DMSO for methanol extracts), then 25 µL of this extract solution (0.5 mg/25 

µL) was added to each well. Other concentrations were prepared by serial dilution of the 

20 mg/mL extract solution.  
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2.9.2 Preparation of solutions of isolated compounds from Acrostichum aureum for 

cytotoxic activity 

The cytotoxic activity of compounds isolated from A. aureum was carried out in a 96-

well plate at five different concentrations (100, 10, 1, 0.1 and 0.01 µg/mL). The total 

volume of each well was 200 µL, which consisted of 150 µL cell suspension, 25 µL of 

test sample solution plus 25 µL of PBS. To achieve 100 μg/mL assay concentration, 0.8 

mg/mL of pure compound solution was prepared by dissolving 1.0 mg of pure 

compound in 5 mL of solvent (16 % DMSO in MilliQ water). Twenty five microliters 

of this pure compound solution (20 μg/25 µL) was then added to each well, which 

represented 100 µg/mL concentration of pure compound containing 2 % DMSO. Other 

concentrations were prepared by serial dilution of the 0.8 mg/mL stock solutions. 

Cycloheximide, a known cytotoxic drug, was used as a positive control and tested at 

100, 10, 1, 0.1 and 0.01 µg/mL concentrations, whereas, 2 % DMSO served as a 

negative control (vehicle) in the assay.    

 

2.9.3 Preparation of solutions of cytotoxic compounds isolated from Acrostichum 

aureum for flow cytometry 

Identified cytotoxic compounds were further characterized for their ability to induce 

apoptosis- and necrosis- in AGS gastric cancer cells by flow cytometry using an 

Annexin V-FITC/PI staining assay. The assay was carried out in a 6-well plate at a 

concentration of approximately double the IC50 of each compound (except compound 

6). For compound 6, the assay was performed at its IC50 concentration, as this was 

already a high value. The total volume of each well was 2 mL, which consisted of 1.5 

mL cell suspension, 250 µL of test sample solution plus, 250 µL of PBS.  
 

Compound 3 was tested at a 40 µg/mL (IC50 20.8 µg/mL) concentration and was 

prepared by dissolving 240 µg of compound 3 in 750 µL of solvent (16 % DMSO in 

MilliQ water), then 250 µL of this solution was added to each well, producing 40 µg/mL 

in the assay.  
 

Compound 5 was tested at a 15 µg/mL concentration (IC50 7.5 µg/mL) and was prepared 

by dissolving 90 µg of compound 5 in 750 µL of solvent (16 % DMSO in MilliQ 
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water), then 250 µL of this solution was added to each well, producing 15 µg/mL in the 

assay.  
 

Compound 6 was tested at a 500 µg/mL (IC50 515.7 µg/mL) and was prepared by 

dissolving 3 mg of compound 6 in 750 µL of solvent (16 % DMSO in MilliQ water), 

then 250 µL of this solution was added to each well, producing 500 µg/mL in the assay.  
 

Compound 13 was tested at a 100 µg/mL (IC50 59.3 µg/mL) and was prepared by 

dissolving 600 µg of compound 13 in 750 µL of solvent (16 % DMSO in MilliQ water), 

then 250 µL of this solution was added to each well, producing 100 µg/mL in the assay.  

 

2.9.4 Cell preparation for MTT and flow cytometry assays 

For the determination of cytotoxic activity using the MTT assay, 1.0 x 104 to 3.5 x 104 

cells were suspended in 150 µL of growth medium and seeded into a 96-well plate. For 

flow cytometry studies using the Annexin V-FITC/PI assay, 40 x 104 AGS gastric 

cancer cells were suspended in 1.5 mL of growth medium and seeded into a 6-well 

plate.  

 

2.10 Calculation of IC50 

IC50 (50 % inhibition of cell growth) was calculated by using Probit analysis software 

(LdP Line software, USA) (Baker, 2010). 
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3.1 Background 

3.1.1 Cytotoxic activity screening  

Searching for new bioactive novel natural products against a chosen target usually 

involves screening of a large number of extracts. Despite the availability of different 

approaches for the discovery of new therapeutics, natural products still remain one of 

the best sources of new structural leads, and plants are potentially an important source 

for novel therapeutic drugs (Hostettmann, 1997, Littleton et al., 2005).   

 

Cancer has become one of the chief causes of death throughout the civilized world and 

is now recognized as one of the main public health problems. Chemotherapy is the use 

of cytotoxic drugs to damage or kill malignant cells (Sloane, 2002) and cytotoxic 

activity studies have been used to evaluate the potential of anti-cancer compounds 

(Wing-Yan Li et al., 2007). Therefore, screening of medicinal plants for cytotoxic 

activity is important for the discovery of novel anti-cancer compounds (Cepleanu et al., 

1994, Kalaivani et al., 2010). Over the last 50 years cell based screening methods have 

been used as a major approach in detecting potential anti-cancer agents (Houghton et 

al., 2007). These screening models provide important preliminary data to select plant 

extracts with potential anti-cancer properties (Kaileh et al., 2007).  
 

The colorimetric assay using MTT is one of the common method, widely used to assess 

the cytotoxic activity (Kumar & Das, 1996, Anthony & Robert, 2002).  The MTT [3-

(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide] assay was first described 

by Mosmann, (1983) and is now widely used to quantitate cell proliferation and 

cytotoxicity based on the cellular ability to maintain metabolic function and growth 

(mitochondrial activity) (Florian et al., 1999). The basic principle of the assay is based 

on the reduction of the yellow MTT dye by cellular mitochondrial dehydrogenases 

(present only in viable cells) into insoluble intracellular purple MTT formazan crystals. 

The formazan crystals are then extracted using a suitable solubilising solvent (e.g. 

DMSO) which can then be quantified spectrophotometrically. This spectrophotometric 

quantification then gives a direct indication of the number of surviving cells, from 

which the percentage of cell death can be calculated (Kumar & Das, 1996) The number 

of surviving cells is directly proportional to the level of formazan product produced.  
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With the aim to discover novel bioactive anti-cancer compounds, 16 medicinal plants 

were collected from tidal forests in the coastal Sundarban (a swamp region in the 

Ganges delta) and other locations in the Khulna district of Bangladesh to screen for 

possible cytotoxic activity. These plants have been used in traditional Bangladeshi 

medicine for the treatment of various diseases, such as cancer, inflammation and 

infectious diseases. 

 

3.1.2 Phytochemical screening  

Metabolic profiling of plant extracts involves the detailed analysis of their chemical 

composition by techniques such as LC-MS (Liquid chromatography - mass 

spectroscopy), GC-MS (Gas chromatography-mass spectroscopy), CE-MS (Capillary 

electrophoresis - mass spectroscopy) (Halket et al., 2005). LC-MS analysis of plant 

extract is a rapidly developing approach for the analysis of plant secondary metabolites 

(Schliemann et al., 2008, Mohn et al., 2009).  It provides information on absolute or 

relative amounts of metabolites present in the extract, as well as putative identification 

of predominant secondary metabolites. This allows detection of chemically varied 

bioactive molecules and unknown compounds, as well as assessing the possibility of 

their isolation (Torras-Claveria et al., 2009). The UV spectra of natural products 

obtained from on-line LC-UV can give useful information regarding the type or class of 

constituents  and the mass spectra can give information on the molecular weight as well 

as the structure of the analytes (Wolfender & Hostettmann, 1995).  
 

About 200,000 different metabolites are estimated to occur in plants and of these only 

10,000 are known compounds (Fiehn et al., 2000). Metabolic profiling of plant extracts 

provides information on the chemical composition of extracts, with known and 

unknown spectra leading to the isolation and spectroscopic identification of new natural 

bioactive compounds (Berkov et al., 2008).  LC-MS profiling is more powerful for 

discovering biochemical diversity in plant constituents than the classical approach of 

phytochemical isolation or bio-activity guided isolation (Berkov et al., 2008, Torras-

Claveria et al., 2009). Because these classical techniques are time- and solvent- 

consuming, they require substantial quantities of raw material, manpower and often 

result in the isolation of known bioactive compounds (Dittmann et al., 2004). LC-MS 
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profiling allows for rapid identification and assessment of the likelihood of isolation of 

novel compounds from a large number of plant samples.  
 

With the aim of isolating bioactive novel anti-cancer compounds from Bangladeshi 

medicinal plants, cytotoxic-activity screening, followed by LC and LC-APCI-MS 

(Liquid chromatography-atmospheric pressure chemical ionization-mass spectrometry) 

phytochemical screening of extracts was carried out. The LC-MS profile was analysed 

by comparing literature data in terms of UV profile and mass of compounds as well as 

assessment of the ease of isolation of the compounds from the extracts.   

 

3.2 Results and Discussions 

3.2.1 Cytotoxic activity screening  

3.2.1.1 Extraction yields of Bangladeshi plants 

For the cytotoxic activity screening of selected Bangladeshi plants, the dried ground 

plant material (50 - 200 g) was successively extracted in n-hexane, dichloromethane, 

methanol and MilliQ-water (solvents of decreasing lipophilicity) using a Soxhlet 

apparatus. Plant extracts were then filtered and the solvent evaporated under reduced 

pressure, followed by freeze-drying. The extraction yields of Bangladeshi plants are 

summarized in Table 3.1. On average, the lowest extraction yield was obtained with n-

hexane, then dichloromethane, methanol and water (Table 3.1). The extraction of C. 

inerme leaf gave very low yields for all four solvents (0.33 %, 0.12 %, 0.71 % and 1.61 

% using n-hexane, dichloromethane, methanol and MilliQ water, respectively), whereas, 

B. lacera leaf extraction gave relatively high yields with all four solvents (4.25 %, 1.24 

%, 15.41 % and 16.15 % using n-hexane, dichloromethane, methanol and MilliQ water, 

respectively). From the results in Table 3.1, it can be seen that the polar solvents 

(methanol + water) gave much higher % yields in the extractions than the non-polar 

solvents (n-hexane + dichloromethane), indicating that the plant extracts have a greater 

abundance of polar over non-polar compounds.  
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Table 3.1: Extraction yields of Bangladeshi plants 

Mass of Extract (g)  
(% of yield) 

Name of the Plant Mass of 
Plant 
Powder (g) n-Hexane 

(H) 
Dichloromethane 
(D) 

Methanol 
(M) 

Water  
(W) 
 

Acrostichum aureum 46.6 0.28   
(0.60 %) 

0.24   
(0.51 %) 

0.30   
(0.64 %) 

1.37   
(2.94 %) 
 

Adiantum caudatum 25.5 1.17   
(4.60 %) 

0.44   
(1.73 %) 

2.84  
(11.14 %) 

2.05   
(8.04 %) 
 

Aegiceras corniculatum 189.0 0.70 
(0.30 %) 

0.42 
(0.22 %) 

12.09 
(6.39 %) 

2.61 
(1.40 %) 
 

Ammannia baccifera 55.0 1.44 
(2.62 %) 

1.32 
(2.39 %) 

11.09 
(20.16 %) 

2.34 
(4.25 %) 
 

Argenone mexicana 46.0 1.15 
(2.50 %) 

0.70 
(1.52 %) 

2.43  
(5.28 %) 

5.00  
(10.86 %) 
 

Blumea lacera 51.0 2.17  
(4.25 %) 

0.63  
(1.24 %) 

7.86  
(15.41 %) 

8.24  
(16.15 %) 
 

Bruguiera gymnorrhiza 72.6 2.69  
(3.71 %) 

0.44   
(0.61 %) 

3.21  
(4.42 %) 

1.56   
(2.15 %) 
 

Clerodendron inerme 49.7 0.33  
(0.66 %) 

0.12  
(0.24 %) 

0.71  
(1.43 %) 

1.61   
(3.24 %) 
 

Cynometra ramiflora 60.0 0.55 
(0.92 %) 

0.26  
(0.43 %) 

3.70 
(6.16 %) 

1.75  
(2.91 %) 
 

Ficus religiosa 73.0 1.67  
(2.28 %) 

1.52  
(2.08 %) 

1.02  
(1.40 %) 

0.97  
(1.33 %) 
 

Hibiscus tiliaceous 142.0 2.78  
(1.95 %) 

2.42 
(1.70 %) 

6.88 
(4.84 %) 

8.44 
(5.94 %) 
 

Hygrophila auriculata 94.0 0.36  
(0.37 %) 

0.29   
(0.31 %) 

0.48  
(0.51 %) 

4.10  
(4.36 %) 
 

Limnophila indica 50.2 2.08  
(4.14 %) 

0.79   
(1.58 %) 

5.59 
(11.14 %) 

2.53  
(5.04 %) 
 

Mollugo pentaphylla 51.0 0.29 
(0.57 %) 

0.49 
(0.96 %) 

3.17 
(6.22 %) 

2.03 
(3.97 %) 
 

Pandanus foetidus 40.0  0.58 
(1.44 %) 

0.19  
(0.46 %) 

2.28  
(5.70 %) 

1.78  
(4.45 %) 
 

Xylocarpus moluccensis 42.0 0.23  
(0.54 %) 

0.22 
(0.52 %) 

8.43  
(20.07 %) 

2.27  
(5.42 %) 
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3.2.1.2 MTT assay validation 

In the present study, the MTT assay was adopted to evaluate the cytotoxic activity of 

generated Bangladeshi medicinal plant extracts against one normal mouse fibroblast and 

three different human cancer cell lines. Prior to use for screening, the MTT assay was 

validated in terms of the cell concentration necessary for seeding of cell lines, time for 

cell attachment, concentration of MTT, duration of cell incubation with MTT and 

volume of DMSO required to ensure reproducibility of results. 
 

Three different human cancer cell lines (AGS, HT-29 and MDA-MB-435S) and one 

normal mouse fibroblast cell (NIH3T3) line were used in this study. All four cell lines 

were seeded at different concentrations in 96-well plates and the degree of confluency 

was observed after 24 hr. Following 24 hr incubation of mouse fibroblast cells and 

MDA-MB-435S cells at 2.5 x 104 cells/well, showed 80 - 90 % confluency, whereas 

AGS gastric cancer and HT-29 colon cancer cells showed 80 - 90 % confluence after 24 

hr incubation at 3 x 104 and 3.5 x 104 cells/well of seeding concentrations, respectively. 

Cell number also adjusted later for 48 hr incubation for all the cell lines used in this 

study.  
 

For optimization of the concentration of MTT in the assay, different concentrations of 

MTT were used with different volumes of DMSO (solubilising solvent) against all the 

cell lines.  At 1.0 mg/mL concentration of MTT plus 125 µL of DMSO, the normal 

mouse fibroblast (NIH/3T3) cells gave reproducible absorbance readings, whereas the 

three cancer cells showed reproducible absorbance readings at 0.5 mg/mL of MTT with 

100 µL DMSO. 
 

The optimum incubation time for the formation of the formazan product from the MTT 

solution was found to be 2 hr. No further significant changes were evidenced even after 

a further 16 hr of incubation.   
 

The detection of the formazan product following dissolution of cells in DMSO was 

taken at different time intervals and determined to be best (< 1.0 AU) sensitivity of 

microplate reader between 45 min to 1 hr following the addition of DMSO.  
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3.2.1.3 Cell sensitivity to DMSO  

DMSO was used to redissolve the methanolic extracts (test sample) of the Bangladeshi 

plant samples. In order to test the influence of DMSO on cell growth, the MTT assay 

was performed with different concentrations of DMSO. The results showed that DMSO 

has no to very low effect (0 - 20 % growth inhibition) on cell growth at < 1 % DMSO 

against all tested cell lines. However, DMSO showed moderate to high cytotoxic 

activity (20 - 88 % growth inhibition) between 2 to 5 % DMSO against all four cell 

lines (Figure 3.1). The results in Figure 3.1 were produced from two independent 

experiments, each experiment was performed in triplicate.  

 

 
 
 

 

 

 

 

 

 

 

 

 

3.2.1.4 Cytotoxic activity of Bangladeshi plant extracts 

In this study, a total of 32 extracts (methanolic and aqueous) representing 16 

Bangladeshi medicinal plants belonging to 16 different plant families have been 

screened for cytotoxic activity against one normal mouse fibroblast and three human 

cancer cell lines. The cytotoxic activities of the methanolic and aqueous extracts of the 

plants are summarized in Table 3.2.  
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Figure 3.1: Effect of DMSO on growth of different cell lines used for cytotoxicity 
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Table 3.2: Cytotoxic activity (IC50) of Bangladeshi plant extracts 

Cytotoxic Activity (IC50)c 

(mg/ mL) 
Species Name Part 

Useda 
Extractb Yields 

(%) 
NIH/3T3 AGS HT-29 MDA-MB-435S 

M 0.64 >2.50 1.02 >2.50 >2.50 Acrostichum aureum WP 
W 2.94 >2.50 >2.50 >2.50 >2.50 
M 11.14 1.88 1.75 1.48 1.23 Adiantum caudatum L 
W 8.04 >2.50 >2.50 >2.50 >2.50 
M 6.39 0.02 >2.50 0.33 0.66 Aegiceras corniculatum B 
W 1.40 >2.50 1.68 NC 1.91 
M 5.28 >2.50 >2.50 >2.50 1.82 Argemone mexicana L 
W 10.90 >2.50 >2.50 >2.50 >2.50 
M 20.16 >2.50 0.55 0.59 0.91 Ammannia baccifera L 
W 4.25 >2.50 >2.50 >2.50 >2.50 
M 15.41 0.01 0.03 0.07 0.08 Blumea lacera L 
W 16.15 0.67 0.99 0.48 0.39 
M 4.42 NC >2.50 >2.50 >2.50 Bruguiera gymnorrhiza L 
W 2.15 >2.50 >2.50 >2.50 1.38 
M 1.43 >2.50 2.38 >2.50 >2.50 Clerodendron inerme L 
W 3.24 >2.50 >2.50 >2.50 >2.50 
M 6.16 >2.50 >2.50 1.79 2.35 Cynometra ramiflora B 
W 2.91 >2.50 >2.50 >2.50 >2.50 
M 1.14 1.01 2.16 >2.50 >2.50 Ficus religiosa L 
W 1.33 >2.50 NC >2.50 >2.50 
M 4.84 NC 2.50 >2.50 1.14 Hibiscus tiliaceous L 
W 5.94 1.11 0.25 0.80 1.09 

M 0.51 NC >2.50 >2.50 1.58 Hygrophila auriculata S 

W 4.36 >2.50 >2.50 0.22 1.40 

M 11.14 >2.50 >2.50 2.19 1.24 Limnophila indica L 

W 5.04 NC 2.24 NC 1.25 

M 6.22 >2.50 >2.50 >2.50 >2.50 Mollugo pentaphylla WP 

W 3.97 >2.50 >2.50 NC >2.50 

M 5.70 >2.50 NC >2.50 >2.50 Pandanus foetidus L 

W 4.45 NC >2.50 >2.50 >2.50 

M 20.07 >2.50 0.62 >2.50 1.08 Xylocarpus moluccensis P 

W 5.42 >2.50 >2.50 >2.50 1.78 
aB= Bark, L= Leaves, S= Seeds, WP= Whole plant, P= Pneumatophore; bM= Methanolic extract, W= Aqueous extract; 
cNC = No cytotoxicity at a concentration up to 2.5 mg/mL; IC50 (50 % inhibition of cell growth) calculated by probit 
analysis software (LdP Line software, USA), data was generated from two independent experiments, each experiment 
performed in triplicates. 
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Some plant extracts showed low or no toxicity against normal mouse fibroblasts, but 

selective cytotoxicity against cancer cells, whereas others showed high cytotoxicity 

against all cell lines or were not cytotoxic against any of the cell lines tested. It is worth 

noting that IC50 values between 1 - 2 mg/mL, while somewhat high, still point subtly 

towards selective activity. These “high” values are likely due to very low concentrations 

of compounds of interest, which would be considerably enriched upon fractionation. 

 

3.2.1.4.1 Selective cancer cell cytotoxic activity 

Importantly, among the 32 extracts tested, 3 extracts, namely the methanolic extract of 

H. auriculata and H. tiliaceous, as well as the aqueous extract of L. indica showed no 

evident cytotoxicity against normal mouse fibroblast cells, but selective cytotoxicity, 

particularly against MDA-MB-435S cancer cells (IC50 1.1 - 1.6 mg/mL). Seven 

methanolic extracts (A. aureum, A. mexicana, A. baccifera, C. inerme, C. ramiflora, L. 

indica, X. moluccensis) and four aqueous extracts (A. corniculatum, B. gymnorrhiza, H. 

auriculata, X. moluccensis) showed low toxicity (IC50 > 2.5 mg/mL) against mouse 

fibroblasts but selective cytotoxicity against different cancer cell lines. For example, the 

methanolic extract from A. baccifera leaves displayed selective cancer cell line 

cytotoxicity with IC50 values of 0.55, 0.59 and 0.91 mg/mL against gastric, colon and 

breast cancer cells, respectively. Similarly, the methanolic extract from the 

pneumatophore of X. moluccensis showed IC50 values of 0.62 and 1.08 mg/mL against 

gastric and breast cancer cells, respectively. The methanolic extract of A. aureum 

showed selective cytotoxicity against AGS gastric cancer cells with an IC50 value 1.0 

mg/mL. In fact, this extract showed the most potent selective cytotoxicity among all the 

extracts assayed that showed low toxicity against mouse fibroblasts but selective 

cytotoxicity against different cancer cell lines. Interestingly, in one study cytotoxic 

activity against HeLa cells has been reported for A. aureum (Dai et al., 2005). 

Moreover, the aqueous seed extract from H. auriculata displayed selective cancer cell 

cytotoxicity with an IC50 value of 0.22 mg/mL against colon cancer cells. Interestingly, 

the aqueous extract from the seeds of H. auriculata, has previously been used as a 

traditional anti-cancer treatment (Ghani, 2003). Except cytotoxic activity, other in-vitro 

studies on the antioxidant (aerial parts), hepatoprotective (aqueous root extract), anti-
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tumour (petroleum ether root extract) and NFκ-B inhibition (Lampronti et al., 2005, 

Shanmugasundaram & Venkataraman, 2006) for extracts of H. auriculata have been 

reported.  
 

C. inerme is used for cancer prevention in the Indian traditional medical system 

(Manoharan et al., 2008). Also, extracts of C. inerme have reported cytoprotective 

activity on oral squamous cells from 7,12-dimethylbenz-[a]-anthracene (DMBA) 

induced carcinogenesis (Manoharan et al., 2008). Not surprisingly therefore, our study 

did not detect any significant cytotoxic effects of extracts from C. inerme. 
 

The methanolic extract of A. corniculatum showed very high cytotoxic activity against 

normal, colon and breast cancer cells with IC50 values ranging from 0.02 to 0.66 

mg/mL, but very low cytotoxicity against gastric cancer cells. Interestingly, the plant A. 

corniculatum has been used traditionally as a fish poison (Bandaranayake, 2002), and 

one cytotoxic compound, 5-O-methylembelin, has been isolated before from this plant 

which showed in-vitro cytotoxicity against the HL-60, Bel (7402), U937 and HeLa cell 

lines (Xu et al., 2004).  
 

Methanolic extracts of B. gymnorrhiza previously reported cytoprotective activity on 

bovine aortal endothelial cells (BAEC) against oxidized Low Density Lipoprotein 

(LDL) induced cytotoxicity (Owen et al., 2007). Moreover, the petroleum ether extract 

(flowers) of B. gymnorrhiza has shown inhibitory activity for NFκ-B and COX-2 

(Homhual et al., 2006a). In our study, aqueous and methanolic extracts of B. 

gymnorrhiza leaves showed low to no cytotoxicity against all cell lines, apart from the 

water extract, which displayed moderate selective cytotoxicity (IC50 1.38 mg/mL) 

against MDA-MB-435S cancer cells.  
 

X. moluccensis has been used traditionally in the treatment of swollen breasts (Ghani, 

2003). More specific information is unfortunately unavailable, however, swollen breasts 

are usually a consequence of, hormonal changes, inflammation, benign or cancerous 

growth. Although it may not be directly related, it is interesting to note that in our study 

both extracts of X. moluccensis displayed moderate cytotoxic activity against MDA-

MB-435S carcinoma cells. 
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3.2.1.4.2 High non-selective cytotoxic activity 

Four extracts showed cytotoxic activity against all tested cell lines including the normal 

cell line. The methanolic extract of A. caudatum leaves displayed moderate cytotoxicity 

(IC50 1.23 - 1.88 mg/mL), whereas, the aqueous extract from H. tiliaceous leaves 

showed significantly lower IC50 values, especially against gastric (IC50 0.25 mg/mL) and 

colon cancer cells (IC50 0.80 mg/mL). However, the methanolic extract from B. lacera 

leaves showed the highest cytotoxicity (IC50 0.01 - 0.08 mg/mL) against all tested cell 

lines among all extracts tested in this study. Neither of these plants have previously 

been used as anti-cancer treatments in traditional Bangladeshi medicine, although, a hot 

aqueous extract of B. lacera has been reported to elicit cytotoxic activity against K562 

cells (Human erythromyeloblastoid leukaemia cells) (Chiang et al., 2004a). 

 

3.2.1.4.3 Low or no cytotoxic activity 

It should also be noted that 9 of the 16 aqueous Bangladeshi plant extracts showed no or 

very low cytotoxic activity against normal or cancer cell lines tested, whereas this is the 

case for only 3 of the 16 methanolic extracts. The low cytotoxic potential of the aqueous 

extracts is of great significance for their traditional use in the treatment of various 

disorders other than cancer.  

 

3.2.2 Phytochemical screening of Bangladeshi plant extracts 

3.2.2.1 LC-MS analysis and selection of promising extracts for further 

phytochemical investigation 

The chemical profiles of selected Bangladeshi medicinal plant extracts (soxhlet) were 

analysed by reversed-phase HPLC. In addition, a small scale methanolic extract of each 

plant material was also analysed via LC analysis in order to obtain the complete 

chemical spectrum of each plant and for comparison between the successive extracts (n-

hexane, dichloromethane, methanol and water extract) and the crude methanolic extract. 

The crude methanolic extracts were generated from dried ground plant material (5 g) 

and extracted by maceration with methanol (15 mL) overnight with continuous stirring. 

For the chromatographic analysis each extract was prepared as 10 mg/mL solution in 

methanol.  
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A total of 80 extracts generated from 16 Bangladeshi plants including 16 crude cold 

methanolic extracts (64 soxhlet extracts plus 16 cold extracts) were analysed by 

reversed-phase analytical HPLC. The HPLC profiles of all 80 extracts were compared 

with regard to their ease of separation of constituents, relative amount of major 

compounds present and possible classes of compounds present (through UV profile).  
 

In plant natural product discovery, the determination and confirmation of known and 

novel compound structures is a key task. The development of routine HPLC-MS has 

greatly eased this task (Louden et al., 2001). In this study MS spectra of extracts were 

obtained following reversed-phase HPLC separation.  
 

The Agilent HPLC (series 1000) system used in this study consisted of an Aqua 5 µm 

C-18 (250 x 4.6 mm) reversed-phase analytical column (flow rate 1 mL/min) equipped 

with diode array detector (DAD) monitoring the range 190 to 400 nm using a 10 - 90 % 

solvent gradient of methanol in water for 45 minutes (0 min, 10 % methanol; 30 min, 90 

% methanol; 35 min, 90 % methanol; 45 min, 10 % methanol). Trifluoroacetic acid 

(TFA) was added (0.05 %) to the mobile phase of the HPLC solvent system to suppress 

potential on-column ionic dissociation of phytocompounds (Chiang et al., 2004b).  
 

A BRUKER esquire series 5.0 ion-trap mass spectrometer (Bruker Daltonics GmbH, 

Bremen, Germany) was coupled to the output of the LC system as described above to 

acquire mass spectra of each plant extract analysed. Atmospheric pressure chemical 

ionization (APCI) interfaces was used in the positive mode on the mass spectrometer. 

LC analysis as per the method described above was carried out on each extract to 

identify extracts with more obvious major components that could relatively easily be 

separated. The identified extracts were then further analysed by MS. 
 

A total of three plant extracts were selected based on ease of separation for further 

analysis with LC-MS. The MS data were then used to analyse the chemical profile of 

the selected plant extracts and to identify the predominant secondary metabolites 

present in each extract. Extracts for further investigation into the isolation of novel anti-

cancer compounds were selected based on their cytotoxic activity, LC-MS profile, 

previously published research work and the amount of plant material available. 

 



 62 

The crude methanolic extract of A. aureum was selected for further investigation. 

Primary selection of A. aureum was based on (i) the HPLC profile indicated that the 

major components of the extracts could be easily separated (Figure 3.2), (ii) the MS 

spectra indicated different compound classes that are not previously isolated and 

reported from this species (Table 3.3, Figure 3.3), (iii) low number of published articles 

on this species (see Chapter 1, Table 1.7), (iv) sufficient quantity of plant material was 

available for further study and (v) the methanolic extract of this plant showed potent 

selective cytotoxicity to the AGS gastric cancer cell line but low toxicity against normal 

mouse fibroblast cells in the initial screening (see Table 3.2).  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.2: HPLC profile of the crude methanolic (CM) extract of A. aureum 

 

The chromatogram of A. aureum in Figure 3.2 demonstrated that the major peaks eluted 

between 15 min (50 % methanol) and 30 min (90 % methanol) indicating that the 

compounds were medium to non-polar. They showed absorptions at all wavelengths 

(210, 254, 280 and 360 nm) monitored in the study. 
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Figure 3.3: LC-APCI-MS spectra of the crude methanolic extract (CM) of A. aureum 
 

Table 3.3: Previously isolated compounds from A. aureum  

Compound(s) M.F.*  M.W.** Reference 
β-Sitosterol   C29 H50O 414 (Srivastava et al., 1963, 

Sultana et al., 1986) 
Campesterol   C28 H48O 400 (Sultana et al., 1986) 
Daucosterol C35 H60O6 576 (Mei et al., 2006) 
3,4-Dihydroxyphenyl-2-butanone C10H12O3 180 (Mei et al., 2006) 
Friedelin   C30 H50O  426 (Sultana et al., 1986) 
Gallic acid C7 H6O5 170 (Sultana et al., 1986) 
Heptacosane   C27 H56  380 (Sultana et al., 1986) 
Hexacosane   C26 H54  366 (Sultana et al., 1986) 
Kaempferol C15H10O6 286 (Mei et al., 2006) 
Lupeol   C30 H50O 426 (Sultana et al., 1986) 
Ponasterone A   C27 H44O6 464 (Mei et al., 2006) 
Pentacosane   C25 H52  352 (Sultana et al., 1986) 
Pterosterone C27 H44O7 480  
Quercetin   C15 H10O7 302 (Mei et al., 2006) 
Quercetin 3-O-D-glucoside C21 H20O12  464 (Nobutoshi et al., 1981) 
Stigmasterol   C29 H48O 412 (Sultana et al., 1986) 
Tetracosanoic acid   C30 H50O 426 (Sultana et al., 1986) 
Ursolic acid   C30 H48O3 456 (Srivastava et al., 1963, 

Sultana et al., 1986) 
  *M.F.: Molecular Formula; **M.W.: Molecular Weight (amu). 
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The methanolic extract of A. baccifera was identified for further study as it showed high 

and selective cytotoxic activity against all cancer cell lines tested but low toxicity 

against normal mouse fibroblast cell line (Table 3.2). The MS spectra indicated different 

compound classes present than the previously isolated compounds (Table 3.4, Figure 

3.4 and 3.5) along with limited research have been published on this species (see 

Chapter 1, Table 1.6).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.4: HPLC profile of the crude methanolic extract of A. baccifera 

 

The chromatogram A. baccifera in Figure 3.4 demonstrated that a small number of 

peaks, with major peaks eluting between 10 min (36 % methanol) and 30 min (90 % 

methanol) is indicating that compounds were of high to low polarity. Absorption was 

detected at all wavelengths monitored in the study.   
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Figure 3.5: LC-APCI-MS spectra of the crude methanolic extract (CM) of A. baccifera 
 
 

 

 

Table 3.4: Previously isolated compounds from A. baccifera 

Compound(s) M.F.*  M.W.** References 
Betulinic acid 
 

C30 H48 O3  456 (Thakkar et al., 1986) 
Dotriacontanol 
 

C32 H66 O  466 (Thakkar et al., 1986) 
Ellagic acid  
 

C14 H6 O8 302 (Thakkar et al., 1986) 
Hentriacontane 
 

C31 H64  436 (Thakkar et al., 1986) 
4-Hydroxy-1-tetralone 
 

C10 H10 O2  162 (Deeseenthum et al., 2000) 
Lupeol 
 

C30 H50 O  426 (Thakkar et al., 1986) 
1,4-Naphthoquinone 
 

C10 H6 O2  158 (Deeseenthum et al., 2000) 
Quercetin 
 

C15 H10 O7 302 (Thakkar et al., 1986) 
β-Sitosterol-D-glucoside 
 

C35 H60 O6  576 (Thakkar et al., 1986) 
1,30-Triacontanediol C30 H62 O2  454 (Thakkar et al., 1986) 

*M.F.: Molecular Formula; **M.W.: Molecular Weight (amu) 
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The methanolic extract of B. lacera was identified as priority 3 because it showed the 

highest non-selective cytotoxic activity in this study (Table 3.2). It was selected for 

further investigation although a number of compounds had been isolated previously 

from this plant species (Table 3.5, Figure 3.6 and 3.7).  
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Figure 3.6: HPLC profile of the crude methanolic extract of B. lacera 
 

The chromatogram of B. lacera in Figure 3.6 demonstrated that the major peaks eluted 

within 22 min (68 % methanol) indicating that the compounds were medium to high 

polarity. They showed absorptions at all monitored wavelengths (210, 254, 280 and 360 

nm).  

 

 

 

 

 

 

 

 

CM of B. lacera  
210 nm 
 
 
 
 
 
254 nm 
 
 
 
 
 
280 nm 
 
 
 
 
 
360 nm 



 67 

            
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 3.7: LC-APCI-MS spectra of the crude methanolic extract (CM) of B. lacera 
 
 
 
Table 3.5: Previously isolated compounds from B. lacerea 

Compound(s) M.F.*  M.W.** References 
Benzenemethanol C7 H8 O  108 (Ganesh et al., 2004) 
Campesterol C28 H48 O  400 (Pal et al., 1972) 
Caryophyllene oxide C15 H24 O  220 (Le et al., 2003) 
Caryophyllene C15 H24  204 (Le et al., 2003) 
28-Dioate 3-O-D-xylopyranoside C19 H28 O6  352 (Agarwal et al., 1995)
5,4'-Dihydroxy-6,7,3'-trimethoxy- flavone C18 H16 O7  344 (Ragasa et al., 2007) 
Fenchone  C10 H16 O  152 (Baslas & 

Deshapande, 1950) 
19-Hydroxyurs-12-ene-24, C32 H50 O6  530 (Agarwal et al., 1995)
5-Hydroxy-3,6,7,3',4'-pentamethoxy flavone,  C20 H20 O8  388 (Rao et al., 1977) 
2-Isoprenyl-5-isopropylphenol 4-O-D-
xylopyranoside 

C37 H58 O10 662 (Agarwal et al., 1995)

Pinene-7-O-D-2,6-diacetylgluco-pyranoside  C20 H30 O8  398 (Ragasa et al., 2007) 
1-Methyl-2-(1-methylethyl)benzene C10 H14  134 (Ganesh et al., 2004) 
3,5,4'-Trihydroxy-6,7,3'-trimethoxy-flavone C18 H16 O8  360 (Ragasa et al., 2007) 
1,7,7-Trimethylbicyclo[2,2,1]heptan-2-one C10 H16 O  152 (Ganesh et al., 2004) 
Thymol hydroquinone di-Me ether C10 H14 O  150 (Le et al., 2003) 
Thymoquinol di-Me ether C11 H16 O  164 (Laakso et al., 1989) 
5,3',4'-Trihydroxy-3,6,7-trimethoxy flavone C18 H16 O8  360 (Rao et al., 1977) 

*M.F: Molecular Formula; **M.W: Molecular Weight (amu)
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3.2.2.2 LC-MS assessment of Acrostichum aureum extracts 

In this study A. aureum was selected for investigate further.  Metabolic profiling of A. 

aureum was carried out in order to identify novel compounds for isolation. The crude 

methanolic extract of the whole plant of A. aureum was fractionated between n-hexane 

and methanol, then the two generated fractions were analysed by LC-APCI-MS using 

the general standard gradient method as described in section 3.2.2.1. The reversed-phase 

HPLC chromatographic profile of the crude methanolic extract, hexane fraction and the 

methanolic fraction of A. aureum are shown in Figure 3.8, which demonstrated that the 

peaks were distributed in each fraction according to their polarity.  
 

Acrostichum aureum is a mangrove fern belonging to the family of Pteridaceae, collected 

from the Bangladeshi Sundarban forests. Very few compounds have been isolated and 

identified previously from this plant species (see Table 3.3). Among the isolated 

compounds, some of the compounds (daucosterol, 3,4-dihydroxyphenyl-2-butanone, 

kaempferol, pterosterone, panasterone A and quercetin) have been tested for cytotoxic 

activity and found non-active against B16 melanoma cell line (Mei et al., 2006), 

however, the crude extract of this species showed cytotoxicity activity against HeLa 

cancer cell line (Dai et al., 2005). A number of bioactive flavonoids, sesquiterpenes, 

diterpenes, triterpenes and carotenoids have been isolated from different species of this 

family (see Chapter 1, Section 1.6.1). The compounds or the class of compounds present 

in each fraction (Table 3.6) was identified by comparison of UV and mass spectral data 

(Figure 3.9, 3.10 and 3.11) with literature data (Table 3.3). 
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Figure 3.8: HPLC chromatograms of (A) crude methanolic extract, (B) hexane fraction 
and (C) methanolic fraction of A. aureum at 210, 254, 280 and 360 nm  
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Figures 3.9 and 3.10 indicate the UV profile of the predominant compounds (peaks) 

present in the hexane and methanolic fractions. The UV spectra of the peaks in the n-

hexane fraction (HF) at RT 26.6, 27.9, 29.9 and 32.9 min showed similar UV profiles 

with a λmax values at 210, 260 and 310 nm indicating structurally related phenolic 

compounds (Figure 3.9 A-D) (Harborne, 1998).  The UV spectra of the peaks in the 

methanolic fraction (MF) at RT 18.9, 19.7, 20.5, 23.3 and 26.8 min indicated these 

components as being flavonoids with a absorption maxima (λmax)  at 210, 260 and 360 

nm (Figure 3.10, C-G) (Harborne, 1998). The peaks at Rt 29.94 min (Figure 3.10, H) of 

the methanolic fraction showed no major absorption indicating either fatty acid or long 

chain hydrocarbon (no chromophore) (Harborne, 1998).  Literature study also supported 

that this species contain flavonoids, long chain fatty acids and hydrocarbons (Table 3.3).  
 
 

 
 

 

Figure 3.9: UV spectra of the compounds (peaks at RT 26.6, 27.9, 29.9 and 32.9 min) of 
the hexane fraction (HF) of A. aureum 
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Figure 3.10: UV spectra of the compounds (peaks at RT 15.3, 16.57, 18.9, 19.7, 20.5, 
23.3, 26.8 and 29.9 min) of the methanolic fraction (MF) of A. aureum 
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Figure 3.11 represents the APCI-MS (positive mode) spectrum of hexane (HF) and 

methanolic fractions (MF). All compounds identified in the HF and MF are presented in 

Table 3.6. Some of the compounds in the extracts (e.g. stigmasterol, daucosterol, 

quercetin, kaempferol and dihydroxyphenyl-2-butanone) were identified by comparison 

to literature MS data.  Quite a number of compounds could not be identified. The peaks 

at RT 20.2, 21.1 min (peak no. 15, 17 in Table 3.6) of the methanolic fraction were 

identified as pterosin type compounds from the LR-MS m/z 235.0 ion. Literature states 

that pterosin (M.W. 234 amu) is a common sesquiterpene in the Pteridaceae family 

(Murakami & Saiki, 1989). There are no reports on the isolation of pterosin from A. 

aureum to date. These unknown constituents of A. aureum were further investigated.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.11: LC-APCI-MS spectra (positive mode) of hexane (HF) and methanolic 
fraction (MF) of A. aureum

APCI-MS spectra of hexane fraction 
(positive mode) 

APCI-MS spectra of methanolic 
fraction (positive mode) 
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Table 3.6: Compounds identified from hexane (HF) and methanolic fraction (MF) of A. aureum 

Peak RT (min) λ max (nm) APCI+ (m/z) Mass (amu) Assignment* Reference 
Hexane Fraction (HF) 
1 21.1 210, 260, 310 235.0 [M+H]+ 234.0 Pterosin (Kuraishi et al., 1985) 
2 24.3 210, 260, 330 231.0 [M+H]+ 230.0 NI* - 
3 25.9 226, 284 257.1 [M+H]+ 256.0 NI - 
4 26.6 220, 260, 310 219.0 [M+H]+ 218.0 NI - 
5 27.9 220, 250, 310 217.0 [M+H]+ 216.0 NI - 
6 29.9 210, 260 445.0 [M+H]+ 444.0 NI - 
7 31.9 210 507.1 [M+Na]+ 484.1 NI - 
8 32.1 210 413.0 [M+H]+ 412.0 Stigmasterol   (Sultana et al., 1986) 
9 32.9 210, 260, 310 337.0 [M+H]+ 336.0 NI - 
10 33.6 205 429.0 [M+H]+ 428.0 NI - 
11 34.1 280 577.4 [M+H]+ 576.0 Daucosterol (Mei et al., 2006) 
Methanolic Fraction (MF) 
1 3.1 210 175.9 [M+H]+ 175.0 NI - 
2 3.9 210 201.0 [M+H]+ 200.0 NI - 
3 10.2 210, 260, 280 279.0 [M+H]+ 278.0 NI - 
4 11.2 210 291.0  [M+H]+ 290.0 NI - 
5 11.6 210, 260 249.0 [M+H]+ 248.0 NI - 
6 14.7 210, 260 385.1 [M+H]+ 384.0 NI - 
7 15.3 210, 260 358.7 [M+H]+ 357.7 NI - 
8 16.0 210 301.0 [M+H]+ 300.0 NI - 
9 16.5 210, 260, 310 265.0 [M+H]+ 264.0 NI - 
10 17.0 210 377.2 [M+H]+ 376.2 NI - 
11 18.0 210, 260, 320 485.0 [M+H]+ 484.0 NI - 
12 18.8 210, 260, 360 303.0 [M+H]+ 302.0 Quercetin (Mei et al., 2006) 
13 18.9 210, 260, 360 303.0 [M+H]+ 302.0 Quercetin (Mei et al., 2006) 
14 19.7 210, 260, 360 287.0 [M+H]+ 286.0 Kaempferol (Mei et al., 2006) 
15 20.2 210, 260 235.0 [M+H]+ 234.0 Pterosin (Kuraishi et al., 1985) 
16 20.5 210, 260, 260 287.0 [M+H]+ 286.0 Kaempferol (Mei et al., 2006) 
17 21.1 210, 260, 310 235.0 [M+H]+ 234.0 Pterosin (Kuraishi et al., 1985) 
18 21.6 210 510.9 [M+H]+ 509.0 NI - 
19 22.3 210, 260, 360 287.0 [M+H]+ 286.0 Kaempferol (Mei et al., 2006) 
20 22.8 210, 260 523.0 [M+H]+ 522.0 NI - 
21 23.3 210, 260, 360 625.0 [M+H]+ 624.0 NI - 
22 24.3 210, 260, 310 181.0 [M+H]+ 179.0 Dihydroxyphenyl-2-butanone (Mei et al., 2006) 
23 25.6 210, 260 429.0 [M+H]+ 428.0 NI - 
24 26.2 210, 260 461.8 [M+H]+ 460.8 NI - 
25 26.8 210, 260 513.0 [M+H]+ 512.0 NI - 
26 28.2 210 540.1 [M+H]+ 539.0 NI - 
27 29.9 210 445.1 [M+H]+ 444.1 NI - 
28 32.9 210 237.0 [M+H]+ 236.0 NI - 
29 34.9 210 413.0 [M+H]+ 412.0 Stigmasterol   (Sultana et al., 1986) 
 *NI= Not identified 
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3.3 Summary  

Drug discovery from natural sources such as plants, animals and micro-organisms 

provide a basis for the isolation of unique and potentially potent bioactive compounds 

(Cooper, 2008). In this study, sixteen Bangladeshi medicinal plants were successively 

extracted with n-hexane, dichloromethane, methanol and water. Methanolic and water 

extracts only were assayed because n-hexane and dichloromethane extracts would 

require using high percentages of DMSO. This would be toxic for the tested cell lines. 

The methanolic and aqueous extracts were screened for cytotoxic activity against one 

normal mouse fibroblasts and three human cancer cell lines using the MTT assay. This 

is the first time that aqueous and methanolic extracts from the 16 listed Bangladeshi 

plants have been screened against human gastric, colon and breast cancer cell lines. The 

results supported some of the traditional uses (H. auriculata and X. moluccensis) and 

previously reported cytotoxic activity (A. aureum, A. corniculatum, A. baccifera and B. 

lacera) of these plants. This study also identified some plant extracts (H. auriculata, H. 

tiliaceous and L. indica) with selective cytotoxic activity (IC50 1.1 - 1.6 mg/mL) to 

cancer cells but non-toxic to mouse fibroblast cells. Similarly, some extracts (A. 

aureum, A. baccifera, A. mexicana, L. indica, C. inerme, C. ramiflora and X. 

moluccensis) were identified with low cytotoxicity (IC50 > 2.5 mg/mL) against mouse 

fibroblasts but showed selective potent toxicity (IC50 0.2 - 2.3 mg/mL) against cancer 

cells. The extracts from B. lacera were identified as the most cytotoxic (IC50 0.01 - 0.08 

mg/mL) extracts against all cell lines among all extracts tested in this study. This study 

provides an important basis for further investigation into the isolation, characterisation 

and mechanism of action of the cytotoxic compounds present in active extracts of 

selected Bangladeshi medicinal plants.  
 

Following the preliminary cytotoxic screening and identifying some potent cytotoxic 

Bangladeshi plant extracts, a chromatographic profiling was carried out by reversed-

phase HPLC of all extracts and some selected extracts were further analysed by LC-MS. 

Acrostichum aureum was selected for further investigation based on its 

chromatographic profile, LC-MS data, bioactivity, literature study and amount of raw 

material available. Then, the crude methanolic extract of A. aureum further fractionated 

with hexane and methanol. The LC-MS analysis of the hexane (HF) and methanolic 

(MF) fractions were able to identify some of the components in the fractions (e.g., 
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daucosterol, dihydroxyphenyl-2-butanone, kaempferol, pterosins, quercetin and 

stigmasterol) by comparison to literature MS data. Pterosin was a new class of 

compounds identified for the first time from A. aureum to date. Quite a number of 

compounds could not be identified. These constituents were further investigated and 

could be the source of new lead structures in drug design to combat cancer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

 

CHAPTER 4 

Isolation of Compounds from Acrostichum aureum 
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4.1 Background 

Over 248,000 species of higher plants have been identified and about 12,000 plants 

have been known to possess medicinal properties. Less than 10 % of all plants have 

been investigated in terms of phytochemical and pharmacological aspect (Nyiredy, 

2004). There has been growing interest in research on compounds of natural origin and 

new techniques have been implemented for isolation and purification of bioactive 

constituents from natural sources (Sinha et al., 2008). Separation of plant constituents 

involves extractions, purification and chromatography. Extraction of plant material is 

the first steps on the separation pathway providing possibility for the preliminary 

purifications of extracts, which can be separated further by various chromatographic 

methods. Solid phase extraction (SPE) is widely employed as an alternative method to 

liquid-liquid extraction aiming at the separation, purification and concentration of 

bioactive compounds. The important application of SPE is the fractionation of the crude 

extract into different compounds or groups of compounds by eluting the extract with 

different solvents for further chromatographic separations (Skalicka-Wozniak et al., 

2008).  
 

Now a day, HPLC is the most powerful and preferred technique for the analysis, 

isolation, purification, and quantification of bioactive natural products because of its 

simplicity, sensitivity, precision and selectivity (Sinha et al., 2008, Skalicka-Wozniak et 

al., 2008). HPLC coupled with DAD is employed as a sensitive method for the 

acquisition of UV spectra of eluting peaks, which are used to identify and characterise 

the extract constituents. The efficiency of HPLC analysis depends on the selection of 

mobile phase and the stationary phase. The stationary phase facilitates separation by 

adsorption, partition, ion-exchange, or size-exclusion principles (Nyiredy, 2004). The 

most widely used stationary phase is C18 reversed-phase (RP), and acidified 

water/acetonitrile or water/methanol are usually being employed as mobile phases 

(Skalicka-Wozniak et al., 2008). C18 stationary phase is less polar than the mobile phase 

and the separation of plant constituents take place according to their polarity.  
 

In this project, the crude methanolic extract of A. aureum was considered for further 

investigation into the isolation of novel anti-cancer compounds. For the isolation of 

constituents from A. aureum methods were developed, using analytical RP-HPLC. The 
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crude methanolic extract was fractionated between methanol and n-hexane. The 

methanolic fraction was further fractionated with C-18 SPE cartridges. The methanolic 

fraction and sub-fractions were tested for cytotoxic activity against three different 

human cancer cell lines and one normal mouse fibroblast cell line. The isolation and 

purification of compounds were carried out from an active and non-active fraction of A. 

aureum using reversed-phase HPLC (Figure 4.1). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Cpd = Compound, NI = Not investigated 
 

Figure 4.1: Isolation overview of A. aureum 
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4.2 Results and Discussions 

4.2.1 Partitioning and SPE fractionation of Acrostichum aureum extract 

Whole plant material of A. aureum (150 g) was extracted with methanol (1 L) by 

soaking it overnight with continuous stirring. The extract was then filtered and the 

residue was further extracted three times with methanol (each 1L) for 1hr under 

sonication. All four extracts were combined and the solvent was evaporated at 36 οC 

under vacuum (rotary evaporator and freeze dryer) to give 7.57 g (5.04 % w/w) extract.  
 

The crude methanolic extract of A. aureum was partitioned between n-hexane and 

methanol using a separating funnel. The methanolic fraction (MF) of A. aureum was 

further fractionated into four fractions using reverse-phase SPE columns (Alltech, 60 

mL, 10 g High Capacity C-18). SPE columns were first pre-conditioned with 3 bed 

volumes (BV) of methanol (180 mL) and then equilibrated using 3 BV of water (180 

mL). A sample of A. aureum methanolic fraction (MF) (500 mg, 5 % load of RP-silica) 

was first dissolved in 1 BV (60 mL) of the starting mobile phase and loaded onto the 

SPE column. The extract was then eluted with water/methanol using the following 

stepwise gradient (Table 4.1)  

 
              Table 4.1: Water/Methanol gradient for SPE fractionation 

Fraction Solvent Volume (mL) 

SPE1 100 % Water 180  

SPE2 20 % MeOH/Water 180 

SPE3 40 % MeOH/Water 180 

SPE4 100 % MeOH 180 

 
Methanol was removed from fractions by rotary evaporator while water was removed 

by freeze-drying. The mass of each fraction was then recorded and yields calculated 

(Table 4.2). 
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   Table 4.2: Fractionation of A. aureum 

Extract (g) Partition 
/Fractionation 

Fraction / 
Sub-Fraction 

 

Mass (g) 

n-Hexane (HF) 0.80 Crude Methanolic extract (7.57) Solvent-Solvent 
(n-hexane:MeOH) Methanol (MF) 6.70 

 
SPE1 (100:0) 2.05 
SPE2 (80:20) 0.70 
SPE3 (60:40) 0.42 

Methanolic fraction (6.70) SPE C-18 column 
(H2O:MeOH) 

SPE4 (0:100) 0.60 
 
4.2.2 Cytotoxic activity studies of Acrostichum aureum  

An MTT assay (Popiolkiewicz et al., 2005) was performed to evaluate the cytotoxicity 

of each SPE (1 - 4) fraction using 3 different human cancer cell lines and one normal 

mouse fibroblast cell line. The assay was performed at a concentration of 250 µg/mL of 

each fraction, which was a 10 x lower concentration than at which the methanolic 

extract was previously tested for cytotoxic activity. The activity was found to be 

concentrated in the SPE3 and SPE4 fractions (Table 4.3).  SPE1 and SPE2 fractions 

showed low to no (< 10 %) activity against both cancer and mouse fibroblast cell lines. 

SPE3 and SPE4 were found most (> 75 %) active against the AGS gastric cancer cell 

line. However, SPE4 was also active (> 40 %) against all cell lines tested in the assay.  

 

Table 4.3: Cytotoxic activity of SPE fractions of A. aureum 

 % Cytotoxic Activity ± SD* 

Sample** (Conc.) NIH3T3 AGS HT29 MDA-MB-231 

CME (2.5 mg/mL) 77.0±6.9 88.2±7.3 88.9±13.0 88.2±27.2 

 MF (2.5 mg/mL) 89.4±2.8 91.4±4.2 91.1±4.1 93.7±12.2 

SPE1 (250 µg/mL) 2.0±0.1 0.0±0.3 6.5±1.2 9.6±0.3 

SPE2 (250 µg/mL) 0.0±0.1 0.0±0.1 0.0±0.9 2.5±0.1 

SPE3(250 µg/mL) 89.2±4.4 75.4±17.8 6.2±0.7 34.6±5.3 

SPE4 (250 µg/mL) 55.2±4.2 81.2±26.5 40.0±6.0 80.9±7.2 
* Results are Mean ± standard deviation (SD) and each experiment was performed in triplicates. **CME = Crude 
Methanolic Extract; MF = Methanolic Fraction; SPE1 = Solid phase extraction fraction 1; SPE2 = Solid phase 
extraction fraction 2; SPE3 = Solid phase extraction fraction 3; SPE4 = Solid phase extraction fraction 4.  
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4.2.3 Analytical HPLC method development for the separation of Acrostichum 

aureum fractions 

A good analytical High Pressure Liquid Chromatography (HPLC) separation is usually 

a prerequisite for successful preparative HPLC for the separation of compounds 

(Hostettmann et al., 1998). The phytochemical profile of all A. aureum SPE fractions 

were analysed by  reversed-phase Varian HPLC and the chromatogram was monitored 

between 190 to 400 nm at a flow rate of 1 mL/min (10 mg/mL, injected 10 µL) using 

the following method (Table 4.4). Figure 4.2 and 4.3 represented below the 

chromatograms of methanolic fraction (MF) and its SPE sub-fractions (SPE1-4), which 

were monitored at 210 and 280 nm, respectively. 
 

  Table 4.4: General analytical HPLC solvent screening method  

Time (min) % Water % Methanol 

0 90 10 
60 10 90 
65 10 90 
70 90 10 
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Figure 4.2: Analytical HPLC chromatograms of MF and SPE fractions of A. aureum at 
210 nm 
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The analytical HPLC chromatograms (general solvent method) demonstrated that the 

compounds in the extracts were distributed with good separation amongst the fractions 

according to their polarity (Figure 4.2 and 4.3). The chromatogram of the SPE1 fraction 

shows that all major visualised compounds elute within 6 minutes indicating that this 

fraction contains highly polar compounds or salts which elute with a high percentage of 

water. The 1H NMR of this fraction confirmed the fraction contained mainly salts (no 

proton peaks appeared).  
 

The chromatographic profile of the SPE2 and SPE3 fractions were overlapped between 

15 – 26.5 min, although the chromatogram of the SPE2 fraction indicates the presence 

of more compounds with high to medium polarity. For both fractions all major 

components eluted within 30 min (55 % methanol), with the SPE2 fraction revealing 6 

and the SPE3 fraction revealing 4 major peaks (absorption > 100 mAU) at 210 nm 

(Table 4.5). Interestingly, the SPE3 fraction had shown significant cytotoxic activity, 

MF 
 
 
 
 
SPE1 
 
 
 
SPE2 
 
 
 
 
SPE3 
 
 
 
SPE4 

Figure 4.3: Analytical HPLC chromatograms of MF and SPE fractions of A. aureum at 
280 nm 
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whereas, SPE2 was almost inactive. This indicated that that the common peaks in both 

the fractions might be inactive compounds (Table 4.3). 

According to the chromatogram of SPE4 the major components eluted between 30 to 50 

minutes indicating that these compounds were of medium to low polarity (Table 4.5). 

However, some small peaks still eluted after 50 minutes (Figure 4.2 and 4.3). This 

fraction was the most active amongst all of the fractions tested.  
 

Considering the major peaks of each SPE fraction, analytical HPLC using different 

gradient systems of methanol and water was performed. This served for the 

development of a method for semi-prep HPLC in order to separate the major peaks of 

the fractions.   
 

Table 4.5: Retention times of major peaks in SPE fractions of A. aureum run by 
reversed-phase analytical HPLC (detection at 210 and 280 nm) 
 

Fraction Elution Time 
(min) 

Peaks Number Retention Time (min) 

SPE1 0 - 6.0 None 
 

-- 

1 7.6 
2 9.3 
3 14.5 
4 24.9 
5 25.3 

SPE2 0 - 26.3 

6 
 

26.3 

1 22.1 
2 23.0 
3 25.4 
4 26.3 

SPE3 14 - 28.5 

5 
 

28.5 

1 29.4 
2 30.0 
3 30.4 
4 32.6 
5 38.7 
6 40.1 

SPE4 29 - 65 

7 46.3 
 
The phytochemical profile of the n-hexane fraction of A. aureum was also analysed 

using the same method and conditions as those outlined for the SPE fractions above. 

The HPLC profile of the hexane fraction showed two major peaks at 210 nm in the non-
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polar region of the elution profile, one at 27.9 min and the other at 32.9 min (Figure 

4.4). At 280 and 254 nm these compounds were also detected, but with lower intensities 

(Figure 4.4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

4.2.4 Semi-preparative HPLC separation of compounds from Acrostichum aureum 

fractions  

The isolation of compounds from each fraction of A. aureum were preformed with a 

Waters Semi-preparative HPLC system using either an Aqua 5 µm reverse-phase C-18 

(250 x 10 mm) semi-preparative or Luna 5 µm reverse-phase C-18 (150 x 21.2 mm) 

preparative column with a gradient system of solvent A (10 % MeOH in water with 

0.05 % TFA) and solvent B (90 % MeOH in water with 0.05 % TFA). The absorbance 

was detection at 210 and 280 nm. The analytical methods were converted to semi-

preparative HPLC methods by adjusting the flow rate and sample load using a 

conversion formula described in Chapter 2, Section 2.3.4. Purity of the collected peaks 

from the semi-preparative HPLC was confirmed by analytical HPLC analysis of each 

peak, using the standard HPLC analysis method described in section 4.2.3.  
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Figure 4.4: Analytical HPLC chromatogram of the HF fraction of A. aureum 
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HPLC chromatographic isolation of HF (n-hexane fraction) fraction of A. aureum was 

performed on an Aqua 5 µm reverse-phase C-18 (250 x 10 mm) semi-preparative 

column. The mobile phase was a linear gradient of 50 - 100 % solvent B (90 % MeOH 

in H2O with 0.05 % TFA) (Figure 4.5). The HF fraction (330 mg, injection 

concentration 30 mg/200 µL) dissolved in MeOH was loaded onto the column, then 

fractionated at a flow rate of 3 mL/ min. Four major peaks (RT 23.07, 25.84, 41.10 and 

68.45 min) were collected and their purity was analysed by analytical HPLC. However, 

only one compound (1) (6.3 mg) (RT 68.45 min) was further characterized and its 

structure elucidated because the yields of other peaks were low (0.5 - 2.0 mg) and still 

impure that they needed more purification (Figure 4.5). The peak at 41.10 appeared as a 

large peak and a large yield was expected, however, when analysing the peak at a 

different wavelength (280 nm), it showed lower intensities.  

 

 

 

 

 

 

 

 
 

 

 
 

 

 

Figure 4.5: Semi-preparative HPLC chromatogram of HF fraction at 210 nm 
 

The isolation of compounds from SPE2 fraction of A. aureum was also performed on an 

Aqua 5 µm reverse-phase C-18 (250 x 10 mm) semi-preparative column. A total of 423 

mg of SPE2 fraction was fractionated (injection concentration 25 mg/ 200 µL in MeOH) 

at a flow rate of 3 mL/ min with a gradient system of solvent A (90 % water in methanol 

with 0.05 % TFA) to solvent B (90 % methanol in water with 0.05 % TFA) (gradient 

marked on Figure 4.6). Subsequently, two major compounds were isolated from 13 sub-

Cpd 1 



 85 

fractions of SPE2 (2 and 3). Compounds 2 (RT 95.99 min) yielded 1.5 mg and 3 (RT 

168.0 min) yielded 8.0 mg (Figure 4.6). The purity of these compounds was analysed by 

analytical HPLC using the standard analytical HPLC method (see Section 4.2.3). Other 

sub-fractions of peaks were collected but these were impure and the yield was too low 

to repurify.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compounds in the SPE3 fraction were separated (339 mg, injection 40 mg/ 200 µL) on 

semi-preparative Aqua 5 µm reverse-phase C-18 (250 x 10 mm) column at a flow rate 

of 3 mL/min with a gradient system of 0 min, 0 % B (i.e, 100 % A); 20 min 10 % B; 90 

min, 30 % B; 100 min, 30 % B; 120 min 40 % B; 130 min, 100 % B; 150 min, 100 % B 

and 160 min, 0 % B (gradient marked in Figure 4.7). A total of 10 major sub-fractions 

were collected through semi-preparative fractionation of SPE3 (Figure 4.7). Out of 

these, compound 4 (10.0 mg) and 5 (9.0 mg) were purified further using semi-

preparative HPLC from the sub-fraction 4 and 5, respectively. Another compound (6) 

(40.0 mg) was crystallized (white soap-like) from sub-fraction 10 of the SPE3 fraction. 

The purity of all compounds was determined using the standard analytical HPLC 

method. Isolation of compounds identified in other sub fractions of SPE3 was not 

carried out due to impurities and the yield was too low to repurify.    

Cpd 3 

Cpd 2 

   Figure 4.6: Semi-preparative HPLC chromatogram of SPE2 fraction of A. aureum at 210 nm 
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The isolation of compounds from SPE4 fraction of A. aureum was performed on a Luna 

5 µm reverse-phase C-18 (150 x 21.20 mm) preparative column. A total of 404.2 mg of 

SPE4 fraction was fractionated (injection concentration 64 mg/200 µL in MeOH) at a 

flow rate 13 mL/min using a gradient system of  solvent A (85 % water in methanol 

with 0.05 % TFA) to  solvent B (85 % methanol in water with 0.05 % TFA) (gradient 

marked in Figure 4.8). The peaks were collected as sub-fractions where the middle parts 

were assumed as pure. The collected peak was further re-purified using semi-

preparative RP-HPLC and their purity was confirmed by analytical HPLC using the 

standard analytical HPLC method (see Section 4.2.3). Seven major compounds were 

isolated from three peaks at RT 44.8, 70.9 and 151.0 min. The Peak at RT 44.8 min 

revealed compounds 7, 8, and 9 (2.0, 5.0 and 20.0 mg, respectively) and the peak with a 

RT of 70.9 min yielded compounds 10 (0.6 mg), as well as a mixture (2.9 mg) of two 

compounds (11 and 12). The peak at RT 151.0 min was isolated as compound 13 (9.0 

mg). Unfortunately, isolation of compounds identified in other peaks of SPE4 was not 

carried out due to impurities and the remaining mass was too lower to repurify.    
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Figure 4.7: Semi-preparative HPLC chromatogram of SPE3 fraction of A. aureum at 210 nm 
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Figure 4.8: Preparative HPLC chromatogram of SPE4 fraction of A. aureum at 210 nm 

 

4.3 Summary 

A total of 13 compounds were isolated and purified from the crude methanolic extract 

of A. aureum (Table 4.6). 
 

  Table 4.6: Compounds isolated from the crude methanolic extract of A. aureum  

Fraction Mass 
(mg) 

No. Mass 
(mg) 

Novel/ 
Known 

Reported from 
this plant 

 

n-Hexane (HF) 
 

330.0 1 6.3 Novel No 
 

MeOH (MF)  
2 1.5 Novel No SPE2 423.0 
3 8.0 Known No 

 

4 10.0 Known No 
5 9.0 Novel No 

SPE3 339.0 

6 40.0 Known No 
 

7 2.0 Known No 
8 20.0 Known Yes 
9 5.0 Known No 

10 0.6 Known No 
11 Known No 
12 

2.9 
Known Yes 

SPE4 404.0 

13 9.0 Known No 

Cpd 10, 11 and 12 

Cpd 13 

Cpd 7, 8 and 9 
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Phytochemical investigation of the n-hexane fraction (HF) partitioned from the crude 

methanolic extract of A. aureum led to the isolation of compound 1 (6.0 mg). Isolation 

and purification of 1 was achieved with semi-preparative RP-HPLC and its UV profile 

λmax 206 and 222 nm was observed. Compound 1 was identified as a novel natural 

product (see Chapter 5).  
 

Fractionation of the methanolic fraction (MF) partitioned from the crude methanolic 

extract of A. aureum produced 4 sub-fractions (SPE 1-4) from which 12 compounds 

were isolated. Initial separation was achieved using SPE (reverse-phase C-18) 

fractionation followed by semi-preparative RP-HPLC.  
 

Fractions SPE1 and SPE2 were determined to be inactive in the MTT bioassay. 

Separation of SPE2 led to the isolation of compounds 2 (1.5 mg) and 3 (8.0 mg). The 

UV profile revealed λmax at 219, 261, 305 nm for compound 2 and 206, 223 nm for 

compound 3. Compound 2 was identified as a novel natural product whereas, 3 was a 

known structure, but was isolated for the first time from A. aureum (see Chapter 5).  
 

SPE3 and SPE4 showed significant cytotoxic activity in the MTT bioassay. Separation 

of SPE3 led to isolation of compounds 4 (10.0 mg), 5 (9.0 mg) and 6 (40.0 mg). The 

UV profile showed λmax at 219, 261 and 305 nm for compounds 4 and 5. Compound 5 

was identified as a novel natural product, whereas, 4 and 6 were known structures, but 

were isolated for the first time from A. aureum (see Chapter 5).  
 

Separation of SPE4 fraction led to the isolation of seven compounds 7 - 13, including 

compounds 11 and 12 as a mixture. Compounds 7 (2.0 mg) had a similar UV profile to 

2, 4 and 5 and was identified as a known compound, but was isolated for the first time 

from A. aureum. Compound 2 and 5 as well as compound 4 and 7 were identified as 

isomers to each other. Compounds 8 (20.0 mg), 9 (5.0 mg), 10 (0.6 mg) and 11 and 12 

(2.9 mg) were identified as known flavonoids and the UV profile detected λmax at 210, 

255 and 353 nm. Compounds 8 and 12 had been isolated before form this plant species 

but compounds 9, 10 and 11 were isolated for the first time from A. aureum. The UV 

profile of compound 13 (9.0 mg) showed λmax at 212 and 340 nm and it was identified as 

a known structure, but isolated for the first time isolated from A. aureum (see Chapter 

5). 
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 Structural Elucidation of Compounds Isolated 
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5.1 Background 

Since the 1970’s 1D and 2D NMR experiments have been used to elucidate the 

structure of natural products (Mann et al., 1994). The structures of all compounds 

isolated from the crude methanolic extract of A. aureum were elucidated using 1D and 

2D NMR techniques as well as mass spectroscopy. Two dimensional NMR techniques 

utilized were COSY, HSQC, HSQC-TOCSY, HMBC, ROESY and NOESY 

experiments (see Chapter 2, Section 2.4.7). Structural characterization was also 

confirmed by analysis of other physical properties, such as, UV profile, extinction co-

efficient, optical rotation and melting point.  
 

In this project, reversed-phase HPLC separation of n-hexane (HF) and methanolic SPE 

fractions derived from the crude methanolic extract (CM) of A. aureum yielded a total 

of 13 compounds (see Chapter 4, Section 4.2.4). Out of these 13 compounds, compound 

1 was isolated from the HF fraction and 12 other compounds (2 - 13) were isolated from 

methanolic SPE fractions. Compounds 2 and 3 were obtained from SPE2 fraction and 

compounds 4, 5 and 6 from the SPE3 fraction. SPE4 fraction yielded a total of 7 

compounds (7 - 13) (Figure 5.1).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Compounds isolated from A. aureum 

Reversed-phase HPLC separation 
using water:methanol gradient 

Nil 2-3 4-6 7-13 1 

Sub-fractionation by 
Solid Phase extraction 
(SPE) C-18 cartridge 

Reversed-phase HPLC (C-18) separation using water:methanol gradient 

  SPE1    SPE2                    SPE3                SPE4                
 

n-Hexane Fraction (HF) Methanolic Fraction (MF) 

Crude methanolic (CM) extract of Acrostichum aureum 
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5.2 Results and Discussions 

5.2.1 Phthalic acid ester derivatives 1 and 3 

5.2.1.1 Structural characterization of compound 1  

Reversed-phase HPLC separation of the n-hexane fraction (HF) partitioned from the 

whole plant CM extract of A. aureum yielded compound 1 as a whitish semi-solid. The 

structure of 1 was elucidated by NMR and MS data. 1H and 13C NMR spectra along 

with correlation experiments (COSY, HSQC, HMBC and HSQC-TOCSY) were 

recorded (CDCl3). LR-ESI-MS, HR-ESI-MS, UV and IR data were also recorded. In the 

UV spectrum the λmax (extinction co-efficient; log ε) (in CHCl3) values were found to be 

239.6 nm (3.08) and 273.2 nm (2.51), which indicated the presence of a phthalic acid 

ester (Ayranci & Bayram, 2005). The IR spectrum indicated the presence of an aromatic 

system (1627, 1400, 829 and 702 cm−1) and an ester moiety (1729 and 1262 cm−1) 

which were clearly supported by 1H and 13C NMR data. The IR spectrum demonstrated 

that there were no hydroxyl groups present in the molecule. The HR-ESI-MS positive-

ion mode data showed a quasi-molecular ion peak [M+Na]+ at m/z 429.23472 

suggesting a molecular ion m/z 406.23554 and thus a molecular formula of C23H34O6 

(DBE=7). The optical rotation of the compound was              = + 34.4 (c 0.45, CHCl3). 
 

The 1H NMR spectrum (Figure 5.2) of 1 indicated two multiplets (2 x 2H) downfield at 

7.70 and 7.52 ppm corresponding to two aromatic proton signals. Two doublets (2 x 

3H) and one triplet (3H) at 0.92, 0.86 and 0.89 ppm, respectively, were also present. 

Also, one singlet (3H) at 3.64 ppm, two doublets of doublets (2 x 2H) at 4.20 and 4.19 

ppm, one triplet (2H) at 2.30, one multiplet (2H) at 1.64 ppm and one multiplet (2 x 1H) 

at 1.68 ppm were evident. The 1H NMR spectrum also indicated additional methylene 

(CH2) signals in the region of 1.28 - 1.63 ppm. There were also two olefinic protons at 

5.32 ppm and one methylene signal at 1.99 ppm appearing as small signals with 

inconsistent integrals and these were considered to be impurities.  
 

The 13C Jmod NMR (Figure 5.3) and DEPT (see Appendix i) confirmed 17 different 

types of carbons, including two carbonyl carbons, two aromatic methines, one aromatic 

quaternary, four methyls, seven methylenes and one methine. In the HSQC spectrum all 

the carbon signals were identified and corresponded as above. The 13C NMR spectrum 

[α]25 
D 
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also indicated additional methylene signals (4 x CH2) between 29.72 - 27.25 ppm. 

These corresponded to impurities (methylenes) as mentioned above. 

 

 
Figure 5.2: 1H NMR (300 MHz, CDCl3) spectrum of 1 

 
 

 

 
Figure 5.3: 13C NMR (Jmod, 300 MHz, CDCl3) spectrum of 1 



 92 

In the 1H NMR spectrum, the aromatic protons were symmetrical multiplets, each 2H at 

δH 7.70 and δH 7.52 protons on C-3/C-6 and C-4/C-5 of a benzene ring. This indicates a 

symmetrical substitution pattern, which was supported by the UV and IR profile which 

indicated the presence of an aromatic ring with similar ester substitution pattern such as 

in a phthalic acid ester (Ayranci & Bayram, 2005). The presence of a double doublet at 

δH 4.24 (2H, dd, J = 14.7, 5.7 Hz) and δ 4.14 (2H, dd, J = 14.7, 6.0 Hz) indicated two 

oxymethylene groups adjacent to a methine group. These methylenes indicated a 

common ester branch from an aromatic ring as in a phthalic acid ester (Singh et al., 

2006).  This indicated compound 1 was a phthalic acid ester derivative containing two 

side chains. The spectrum exhibited a 3H (CH3) triplet at δH 0.89 (J = 7.2 Hz) next to a 

methylene group of one side chain. Two doublets (2 x 3H, CH3) at δH 0.92 (J = 7.2 Hz) 

and 0.86 (J = 7.2 Hz) were also evident for two methyl groups next to two methine 

groups. A singlet at δH 3.64 (3H) is assigned to a methoxy (OCH3) and was evident as 

an indication of a carboxylate ester group of one side chain.  A downfield methylene 

(2H) triplet at δH 2.30 (J = 7.5 Hz) indicated the presence of one carboxylate ester group 

(Watson, 2007). This indicated that one of the two chains contained a carboxylate ester 

group. A 10 H multiplet at δH 1.28 - 1.64 was evident and was assigned to 5 methylenes 

of the side chains. Also, a 2H multiplet was observed at δH 1.68 and assigned as two 

methine protons on the two side chains (Table 5.1). The 1H NMR data and by 

comparison to previously published data, it is indicated that 1 was a phthalic acid ester 

derivative (Singh et al., 2006, Rameshthangam & Ramasamy, 2007).  
 

The 13C NMR and DEPT experiments supported the 1H NMR data above. Whereby a 

carbonyl carbon (assigned as C-1/C-8) was present at δC 167.5 and also three different 

aromatic carbons C-2/C-7, C-3/C-6 and C-4/C-5 were seen at δ 132.4, 128.8 and 130.9, 

respectively (Figures 5.3, 5.4, Table 5.1). The oxymethylene carbons (assigned as C-

1'/C-1'') were both evident at δC 68.7 and the methine carbons (assigned as C-2'/C-2'') 

evident at δC 38.7. Two methyls (doublets) were evident at δC 14.1 and 14.0, 

respectively, along with another methyl (triplet) at 10.9 ppm. A methoxy carbon (-

OCH3) was evident at δC 51.2, along with other methylene carbons between δC 22.7-

31.9 as identified from the Jmod experiment (Table 5.1, Figure 5.4).  
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Figure 5.4: Structure of 1 

 

 Table 5.1: 1H and 13C NMR (300 MHz) data of compound 1 (in CDCl3) 

Carbon No. δ C δ H (multiplicity, J, Hz) 
1/ 8 167.5 - 
2/ 7 132.4 - 
3/ 6 128.8 7.70 (2H, m) 
4/ 5 130.9 7.52 (2H, m) 
1' 68.7 4.20 (2H, dd, 14.7, 5.7)* 
2' 38.7 1.68 (1H, m) 
3' 23.7 1.44 (2H, m) 
4' 31.9 1.28 (2H, m) 
5' 22.7 1.32 (2H, m) 
6' 14.0 0.89 (3H, t, 7.2) 
7' 10.9 0.92 (3H, d, 7.2) 
1'' 68.7 4.19 (2H, dd, 14.7, 6.0)* 
2'' 38.7 1.68 (1H, m) 
3'' 30.1 1.37 (2H, m) 
4'' 25.0 1.64 (2H, m) 
5'' 34.1 2.30 (2H, t, 7.5) 
6'' 174.3 - 
7'' 51.2 3.64 (3H, s) 
8'' 14.1 0.86 (3H, d, 7.2) 

 *Interchangeable assignment 

 

The chirality of the C-2' and C-2'' centres can be elucidated with the help of 1H NMR 

(Kasai et al., 1986), whereby a combination of R, S or S, R would be present if the 

primary methylene protons on C-1' and C-1'' appear as a 2H doublet. In contrast, either 

an R, R or S, S configuration would be present if the methylene (C-1' and C-1'') proton 

signals appear as a pair of double doublets (1H each), i.e. the two protons of the C-1' 

and C-1'' methylene are non-equivalent. For compound 1 a pair of double doublets (J = 

14.7, 5.7 Hz and J = 14.7, 6.0 Hz) were observed, which indicated either R, R or S, S 

were present. The coupling values of the C-2'/C-2'' methyl  (J = 7.2 Hz) are similar to 

the known compound di (2-S-methyl heptyl) phthalate (J = 6.5 Hz) which is S,S in 
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configuration (Singh et al., 2006). This data indicated that compound 1 also has an S,S 

configuration (Figure 5.4).  
 

In the HMBC experiment (Figure 5.5), the aromatic proton at δH 7.7 (H-3/H-6) showed 

cross-peaks to aromatic carbons at δC 132.4 (C-2/C-7) and 130.9 (C-4/C-5), and a cross-

peak to the carbonyl carbon at δC 167.5 (C-1/C-8). The other aromatic proton at δH 7.52 

(H-4/H-5) showed cross-peaks to aromatic carbons at δC 128.8 (C-3/C-6), 132.4 (C-2/C-

7), indicating the attachment of the phthalate carbonyls (C=O) to C-2 and C-7 at 132.4 

ppm. Both oxymethylene protons at δH 4.2 (C-1'/C-1'') showed cross-peaks to the 

carbonyl carbons at δC 167.5 (C-1/C-8) and to the methine carbon at δC 38.7 (C-2'/C-2''), 

although these correlations are only shown on one chain for clarity. These correlations 

confirmed that both the ester chains started with methylene groups and are connected 

with a methine group. In the HSQC-TOCSY experiment, the oxymethylenes showed 

cross-peaks to methyl carbons at δC 10.9 (C-7') and 14.1 (C-8''), which indicated that the 

attachment of these methylene groups to the methine carbons at C-2'/C-2'' occurs on 

both the side chains. This was further confirmed by the HMBC correlations of the 

methyl proton at δH 0.92 (H-7') to the methine carbon at δC 38.7 (C-2') and the 

methylene carbon at δC 23.7 (C-3') and also the corresponding, methyl carbon at δH 0.86 

(H-8'') to methine carbon δC 38.7 (C-2'') and methylene carbon at δC 30.1 (C-3'') (Figure 

5.6).  
 

Additionally, the methylene proton δH 1.64 (H-4'') showed cross-peaks to methylene 

carbons at δC 30.1 (C-3'') and 34.1 (C-5'') and also a carbonyl carbon at δC 174.3 (C-6''). 

The methoxy methyl at δH 3.64 (H-7'') also showed a cross-peak to a carbonyl at δC 

174.3 (C-6''). This established the presence of an acetyl group in one side chain and 

indicated the chain was 2''-S-methyl-5''-acetylpentyl. On the other hand, the methyl at 

δH 0.89 (H-6') showed an HMBC cross-peak to a methylene at 22.7 (C-5') indicating 

that the other side chain contains a terminal methyl group. The HMBC cross-peaks of 

protons at δH 3.64 (H-4') to the methylene carbons at 22.7 (C-5') and δC 23.7 (C-3') 

established the other side chain was 2'-S-methylhexyl. The overall structure was further 

confirmed by COSY, HSQC, and HSQC-TOCSY experiments (see Appendix i). The 

HPLC chromatographic profile (210 nm) showed the presence of approximately 5% 

impurities (by area) and this was evidenced in the 1H NMR spectrum (Figure 5.2), 
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where, the integral for the methylene protons (1.3-1.5 ppm) was higher than the 

expected for compound 1. Peaks at 1.99 (-CH2) and 5.34 (CH=CH) ppm showed no 

other correlations with the molecule in the HMBC or HSQC-TOCSY experiments. The 

HR-ESI-MS indicated the molecular weight of 1 to be 406.23554 amu. The correlations, 

other experimental data and reported literature on similar compounds indicated that 

compound 1 was the novel structure (2'-S-methylhexyl) (2''-S-methyl-5''-acetylpentyl) 

phthalate. 
 

 
Figure 5.5: HMBC (600 MHz, CDCl3) spectrum of 1 
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Figure 5.6: Key HMBC correlations observed in 1 
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5.2.1.2 Structural characterization of compound 3  

Compound 3 was isolated as a whitish semi-solid by reversed-phase HPLC separation 

of the SPE2 fraction of the CM extract of A. aureum. The λmax (log ε) values of 

compound 3 (in CHCl3) were 239.6 nm (3.54), 275.6 nm (3.0). These values were 

similar to those obtained for compound 1 and also indicated the presence of a phthalic 

acid ester (Ayranci & Bayram, 2005). The IR spectrum showed absorption bands at 

2914, 2849, 1726, 1468, 1250, 1121, 1068, 840, 787 cm−1, a profile which also 

indicated the presence of a phthalic acid ester (Singh et al., 2006). The structure of 3 

was elucidated with the help of NMR and MS data and confirmed by comparison to 

published data (Singh et al., 2006).  The mass spectrum (LR-ESI-MS, positive mode) of 

3 gave a quasi-molecular ion peak [M+Na]+ at m/z 413.0 suggesting a molecular ion of 

m/z 390.0 and thus a molecular formula C24H38O4 (DBE = 6). The base peak at m/z 277 

is formed, it is proposed due to the loss of a long alkyl chain (C8 H17) from the 

molecular ion at m/z 390. The peak at m/z 166 indicated the loss of the long chain of 

phthalic acid ester as in some species (Singh et al., 2006, Rameshthangam & 

Ramasamy, 2007). The optical rotation of the compound was          = + 1.4 (c 0.616, 

CHCl3). 
 

The 1H NMR spectrum (Figure 5.7) of 3 indicated two multiplets (2 x 2H) of downfield 

signals at 7.71 and 7.53 ppm corresponding to two aromatic proton signals for C-3/C-6 

and C-4/C-5 of a benzene ring. One doublet (2 x3H) and one triplet (2 x 3H) at 0.92 and 

0.87 ppm, respectively were also present. Also, two doublets of doublets (2 x 2H, CH2) 

at 4.20 and 4.19 ppm and one multiplet (2 x 1H) at 1.68 ppm were detected. The 1H 

NMR spectrum also indicated additional 8 methylenes (8 x 2H) signals in the region of 

1.19-1.47 ppm.  
 

The 13C Jmod NMR (Figure 5.8) confirmed 12 different types of carbons including one 

carbonyl carbon, two aromatic methines, one aromatic quaternary, two methyls, five 

methylenes and one aliphatic methine. In the HSQC spectrum (see Appendix iii) all the 

carbon signals were identified and corresponded as above.  

 

 

 

[α]25 
D 
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Figure 5.7: 1H NMR (600 MHz, CDCl3) spectrum of 3 

 

 

 

 

 
Figure 5.8: 13C NMR (Jmod, 300 MHz, CD3OD) spectrum of 3 

 
In the 1H NMR spectrum, the aromatic protons were symmetrical multiplets, each 2H at 

δH 7.71 and δH 7.53, indicates a symmetrical substitution pattern as in compound 1 and 

was further supported by the UV and IR profiles which indicated these two positions 

were substituted with similar groups such as in a phthalic acid ester (Ayranci & 

Bayram, 2005). The presence of two double doublets at δH 4.20 (2H, dd, J = 11.1, 6.0 
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Hz) and δ 4.19 (2H, dd, J = 11.1, 5.7 Hz) indicated two oxymethylene groups (C-1' and 

C-1'') adjacent to a methine group. This methylene indicated a common ester branch 

from the aromatic ring as in compound 1 (also a phthalic acid ester) (Singh et al., 2006).  

This indicated compound 3 was a phthalic acid ester derivative containing two side 

chains. A 2H multiplet was observed at δ 1.68 and assigned as two methine protons of 

the two side chains (C-2' and C-2''). A doublet (2 x 3H, CH3) at δH 0.92 (J = 7.5 Hz) 

was evident for two methyl groups next to two methine groups. These two methyls are 

indicated as being secondary methyl groups of C-2' and C-2'' as in compound 1. The 

spectrum exhibited two methyl (2 x 3H, CH3) triplets at δH 0.87 (J = 7.5 Hz) next to a 

methylene group, indicating terminal methyl groups for the two side chains. A 16H 

multiplet at δH 1.19-1.47 was observed and assigned to 8 methylenes of the side chains 

(see Table 5.2, Figure 5.9).  
 

The chirality of the C-2' and C-2'' centres was elucidated with the help of 1H NMR as 

described in compound 1. Compound 3 showed a pair of double doublets (J = 11.1, 6.0 

Hz and J = 11.1, 5.7 Hz) for C-1' and C-1'' methylene protons, which indicated either R, 

R or S, S were present. The coupling values of the C-2'/C-2'' methyl (J = 7.5 Hz) are 

similar to compound 1 (J = 7.2 Hz) which is assigned as having a S, S configuration. 

This data indicated that compound 3 also has a S, S configuration.  
 

The 13C NMR experiment supported the 1H NMR data above. A carbonyl carbon (C-

1/C-8) was present at δC 169.4 and also three different aromatic carbons C-2/C-7, C-

3/C-6 and C-4/C-5 at δC 133.6, 132.4 and 129.8, respectively (Figure 5.8). The 

oxymethylene carbons (C-1'/C-1'') were both evident at δC 69.1 and the methine carbons 

(C-2'/C-2'') evident at δC 40.1. The branched methyls (C-8'/C-8'') and terminal methyl 

carbons (C-7'/C-7'') were evident at δC 11.4 and 14.4, respectively. The other methylene 

carbons were evident at δC 31.6 (C-3'/C-3''), 30.1 (C-4'/C-4''), 24.9 (C-5'/C-5'') and 24.0 

(C-6'/C-6''). The placement of protons and carbons were confirmed by COSY and 

HSQC experiments. On the basis of these results and by comparison to previously 

published data (Table 5.2), compound 3 was identified as a known phthalate ester, di-

(2-S-methylheptyl) phthalate (Singh et al., 2006, Rameshthangam & Ramasamy, 2007). 
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Figure 5.9: Structure of compound 3 

 
Table 5.2: 1H NMR data of 3 (600 MHz, in CDCl3) compared with published data for 
di-(2-S-methyl heptyl) phthalate (300 MHz, in CDCl3) (Singh et al., 2006) 

 

 Compound 3 di-(2-S-methyl heptyl) phthalate 
Position δC δH (multiplicity, J, Hz) δH (multiplicity, J, Hz) 
1/8 169.4 - - 
2/7 133.6 - - 
3/6 132.4 7.71 (2H, m) 7.72 (2H, m) 
4/5 129.8 7.53 (2H, m) 7.56 (2H, m) 
1' 69.1 4.20 (2H, dd, 11.1, 6.0)* 4.28 (2H, dd, 9.6, 5.8) * 
2' 40.1 1.68 (1H, m) 1.67 (1H, m) 
3' 31.6 
4' 30.1 
5' 24.9 
6' 24.0 

1.19-1.47 (8H, m) 1.26-1.35 (8H, m) 

7' 14.4 0.87 (3H, t, 7.5) 0.86 (3H, t, 6.5) 
8' 11.4 0.92 (3H, d, 7.5) 0.96 (3H, d, 6.5) 
1'' 69.1 4.19 (2H, dd, 11.1, 5.7) * 4.21 (2H, dd, 9.6, 5.8) * 
2'' 40.1 1.68 (1H, m) 1.67 (1H, m) 
3'' 31.6 
4'' 30.1 
5'' 24.9 
6'' 24.0 

1.19-1.47 (8H, m) 1.26-1.35 (8H, m) 

7'' 14.4 0.87 (3H, t, 7.5) 0.86 (3H, t, 6.5) 
8'' 11.4 0.92 (3H, t, 7.5) 0.96 (3H, d, 6.5) 

*Interchangeable assignment 
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5.2.1.3 Literature review of phthalic acid ester derivatives isolated from natural 

sources 

Esters of phthalic acid (1,2-benzenedicarboxylic acid) such as di-(2-ethylhexyl) 

phthalate, di-butyl phthalate, di-isononyl phthalate, di-isodecyl phthalate are 

petrochemicals routinely used as plasticizers or solvents in a variety of industrial 

purposes (Lampen et al., 2003). These compounds can be found in soils, sediments, 

terrestrial and marine waters, human fatty foods and also living organisms, including 

humans and animals (Graham, 1973, Albro et al., 1981, Namikoshi et al., 2006, 

Matsumoto et al., 2008). These compounds are also used as active sludge components 

for culturing of microbes as they are a source of carbon and energy (Liang et al., 2010, 

Wu et al., 2010b). A number of phthalic acid esters have been isolated from plants, 

microbes, and marine algas (Figure 5.10, Table 5.3).  
 

      Table 5.3: Phthalic acid ester derivatives isolated from natural sources 

Phthalate 
Ester* 

Plant Species** References 

Stenoloma chusana (P) (Luo et al., 2009) 
Albizia lucidior  (P) (Wang et al., 2005) 
Areca catechu (P) (Begum et al., 1989) 

DEHP 

Corynebacterium diptheriae (B) (Leite et al., 1978) 
 

Undaria pinnatifida (A) (Namikoshi et al., 2006) 
Laminaria japonica (A) (Namikoshi et al., 2006) 

DEHP 

Ulva sp. (A) 
 

(Namikoshi et al., 2006) 

Phyllanthus niruni  (P) (Singh et al., 1986) DMHP 
Phyllanthus urinaria (P) (Satyan et al., 1995) 

 

Evodia rutaecarpa (P) (Zhao & Yang, 2008) DBP 
Albizia lucidior  (P) (Wang et al., 2005) 

 Undaria pinnatifida (A) (Namikoshi et al., 2006) 
 Laminaria japonica (A) (Namikoshi et al., 2006) 
 Ulva sp. (A) 

 
(Namikoshi et al., 2006) 

Entodon okamurae  (P) (Zhang et al., 2003) Iso-DBP 
Epicoccum sp. (F) (Wang et al., 2009a) 

 

DENP Acanthophora spicifera (A) (Wahidulla & De Souza, 1995) 
 

DEP Streptomyces sp. (B) (Ivanova et al., 2001) 
 

DOP Mentha longifolia (P) (Al-Mutabagani et al., 2004) 
*DEHP = di-(2-ethylhexyl) phthalate, DBP = di-butyl phthalate, Iso-DBP =  Isodi- butyl phthalate, DMHP = di-(2,5-
dimethylhexyl) pthalate, DENP = di-(2-ethylnonyl) phthalate, DEP = di-ethyl phthalate, DOP = di-octyl phthalate. 
**Source: P = plant, A = Algae, B = Bacterium, F = Fungus. 
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Figure 5.10: Some phthalic acid ester derivatives isolated from natural sources 

(Wahidulla et al., 1998, Lampen et al., 2003, Namikoshi et al., 2006) 

 
However, it has not been confirmed to date, whether plants or organisms can produce 

these  compounds or whether their presence is due to contamination during the 

separation process or the result of accumulation from the environment (Graham, 1973, 

Namikoshi et al., 2006). Di-(2-ethylhexyl) phthalate, di-(2-methylheptyl) phthalate and 

di-butyl phthalate are the common phthalic acid ester derivatives isolated from plants 

(Cakir et al., 2003, Wang et al., 2005, Singh et al., 2006, Zhao & Yang, 2008, Luo et 

al., 2009) and marine alga (Namikoshi et al., 2006) (Table 5.3 and 5.4).  
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Table 5.4: Previously reported plant sources of di-(2-methylheptyl) phthalate (3) 

Plant Species References 
Phellinus linteus 
 

(Jeong et al., 2008) 
 

Poncirus trifoliata 
 

(Xu et al., 2008) 
 

Penaeus monodon (Rameshthangam & Ramasamy, 2007) 
 

Arundina graminifolia 
 

(Liu et al., 2007) 
 

Phellodendron amurense (Lee et al., 2007) 
 

Cinnamomum cassia (Jung et al., 2007) 
 

Pongamia pinnata (Ramasamy & Rameshthangam, 2007) 
 

Ajuga bracteosa (Singh et al., 2006) 
 

Lantana camara (Ren et al., 2006) 
 

Poncirus trifoliata (Son et al., 2005) 
 

Hypericum hyssopifolium (Cakir et al., 2003) 
 

 
Interestingly, di-(2S-methylheptyl) phthalate (3) is not a petrochemical  used in the 

chemical industry (Namikoshi et al., 2006, http://www.phthalates.com/chains, 2010), 

and has only been isolated  from plants to date (Table 5.4). A report by Sing et al, 

(2006) is the only indication of di-(2S-methylheptyl) phthalate’s stereochemistry as 

‘S,S’ configuration, but other physical properties (e.g. extinction coefficient, optical 

rotation, melting point, etc.) are not mentioned in the report (Singh et al., 2006). This is 

the first report of the isolation and full physical characterization of 3 in the genus 

Acrostichum or its family Pteridaceae. Compound 1 isolated in this work is identified 

(2'S-methylhexyl) (2''S-methyl-5''-acetylpentyl) phthalate, a novel phthalic acid ester.   

 

5.2.1.4 Proposed biosynthetic pathway of phthalic acid esters 

A number of phthalic acid esters have been isolated from plants, microbes, and marine 

algae, but there are no reports to date on their biosynthetic pathway in plants. It is also 

not confirmed that plants or organisms can and do produce these compounds, although 

there are reports indicating the formation of di-butyl phthalate by soil bacterium in a 

glucose medium (Miyoshi et al., 1974). As stated above di-(2S-methylheptyl) phthalate 

(3) has been isolated before from different plant species (Cakir et al., 2003, Ren et al., 

2006, Liu et al., 2007, Jeong et al., 2008) and was not considered to be from a 

petrochemical  source (Namikoshi et al., 2006, http://www.phthalates.com/chains, 

2010). These above studies indicated that plants produce these groups of compounds. 
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From the structure of phthalic acid esters it is proposed that shikimic acid is an 

intermediate for the biosynthetic pathway of phthalate. Although, Miyoshi et al., 

(Miyoshi et al., 1974) suggested that the carbon skeleton of phthalic acid could not be 

derived from shikimic acid or any of its precursors, however, he did propose that it 

could be formed from polyketide (Figure 5.11).  

 

 

R

COOH

O

O

O

R

COOH

O

OH

O

R

COOH

O

O

[H] [-H2O] [H]

R

COOH

O

OH

[-H2O]

R

COOH

HOOC

R

R = COOH, Phthalic acid

Polyketide

O

 

Figure 5.11:  The Miyoshi et al proposed biosynthesis of phthalic acid (Miyoshi et al., 
1974) 
 

It is considered that in plants, polyketide biosynthesis is a common primary metabolic 

pathway, and that it is synthesized primarily by condensation of acetyl Co-A and 

malonyl Co-A (Miyoshi et al., 1974, Cseke & Kaufman, 1998). Acetyl Co-A can be 

produced from pyruvic acid, which in turn is formed from the glycolysis of 

carbohydrates (Cseke & Kaufman, 1998). Whereas, malonyl Co-A can be created from 

acetyl Co-A (Figure 5.12). The polyketide chain can be biosynthesized from six acetyl-

CoA units joined in a head-to-tail fashion by Claisen condensation reactions as depicted 

in Figure 5.13 (Dewick, 2009). 
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                         Figure 5.12: Malonyl-CoA biosynthesis (Dewick, 2009) 
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Figure 5.13: Polyketide biosynthesis by sequential Claisen reactions (Dewick, 2009) 

 

The biosynthetic pathway of compound 3 is proposed below incorporating Miyoshi et 

al’s condensation of polyketide to form a phthalic acid which could then be followed by 

esterification of phthalic acid producing phthalic acid ester (compound 3). Compound 3 

could be selectively enzymatic oxidized at the terminal end of one of the fatty acyl 

chains (Dewick, 2009), which could then undergo an esterification reaction to produce 

an ester at the end of one chain, and produce compound 1 (see Figure 5.14). 
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Figure 5.14:  The proposed biogenesis of phthalic acid esters (1 and 3) from polyketide, 
fatty acids and SAM (S-adenosyl methionine) 
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5.2.2 Indane-1-one derivatives 2, 4, 5 and 7 

5.2.2.1 Structural characterization of compound 2  

Compound 2 was isolated as light yellow crystalline needles from the SPE2 fraction of 

the MF extracts of A. aureum using reversed-phase HPLC. The structure of compound 2 

was elucidated by NMR, MS data and by comparison to previously published data. The 

λmax (log ε) values of 2 (in MeOH) were 340.5 nm (2.26), 289.0 nm (3.0), 256.5 nm 

(3.71) and 215.5 nm (4.17). The IR spectrum showed major absorption bands at 3366 

cm-1 (OH), 1688 cm-1 (C=O) and 1599 cm-1 (aromatic C=C), which are characteristic 

for pterosin type compounds (Wij & Rangaswami, 1977, Kuraishi et al., 1985, 

Kovganko et al., 2004). Other IR absorption bands at 1203, 1075, 897, 573 cm-1 were 

also evidenced. The HR-ESI-MS negative mode data showed a quasi-molecular ion 

peak [M-H]- at m/z 313.07212 suggesting a molecular ion at m/z 314.08241 and thus a 

molecular formula of C14H18O6S (DBE=8). The optical rotation of the compound was  

            = + 10.84 (c 0.214, MeOH). 
 

The 1H NMR spectrum (Figure 5.15) of 2 indicated one singlet (1H) downfield at 7.35 

ppm, corresponding to an aromatic proton, one doublet (1H) and two triplets (2 x 2H) at 

5.07, 3.99 and 3.17 ppm, respectively. Two singlets (2 x 3H) and one doublet (3H) were 

evident at 2.66, 2.49 and 1.10 ppm, respectively, indicating three methyl groups. The 1H 

NMR spectrum also indicated a methine (1 H) multiplet signal at 2.71 ppm. All the 1H 

NMR data of 2 indicated a penta-substituted benzene ring with an aromatic proton 

signal at δH 7.35 (1H, s). The two coupled methylene groups at δH 3.99 (2H, t, J = 7.8 

Hz) and δH 3.17 (2H, t, J = 7.8 Hz) are indicated as being attached to the aromatic ring 

as an ethylene chain. The doublet methine group at δH 5.07 (1H, d, J = 6.3 Hz) was 

indicated as being next to another methine group and connected to an electronegative 

group. The 1H NMR also indicated that two methyl groups were attached to the 

aromatic system at δH 2.49 (3H, s, H-12) and δH 2.66 (3H, s, H-15) and also that one 

alkyl methyl group at δH 1.10 (3H, d, J = 7.5 Hz. H-11) was attached via an adjoining 

ring to the aromatic ring. These signals indicated the presence of a C14 pterosin 

sesquiterpene structure (Fukuoka et al., 1983, Kuraishi et al., 1985, Qin et al., 2006).  

 

 

[α]25 
D 
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Figure 5.15: 1H NMR (300 MHz, CD3OD) spectrum of 2 

 

The 13C Jmod NMR (Figure 5.16, Table 5.5) spectrum of 2 showed 14 different types of 

carbon signals, including one signal under the CD3OD solvent peak at 49.4 ppm. The 

experiment identified one carbonyl carbon, five aromatic quaternary carbons, one 

aromatic methine, two methylenes, two methines and three methyls. The carbon signals 

also indicated a penta-substituted aromatic ring, including a low-field signal at 208.2 

ppm (C=O) as assigned for C-1 in the pterosin sesquiterpene skeleton (Fukuoka et al., 

1983). The five quaternary aromatic carbons were evident at δC 146.6 (C-5), 137.7 (C-

6), 138.4 (C-7), 132.6 (C-8), 154.4 (C-9) and one methine aromatic carbon was at δC 

126.8 ppm.  Two methines appeared at δC 49.4 (C-2) and 70.3 (C-3), three methyls 

appeared at δC 10.6 (C-11), 14.0 (C-15) and 21.4 (C-12) ppm. The two methylene 

carbon signals appeared at δC 29.8 (C-13) and δC 67.1 (C-14). The methylene signal for 

C-14 was greater than +6 ppm further down field in comparison to the hydroxyethyl 

carbons in the pterosin sesquiterpene skeleton (Table 5.5, Figure 5.17) (Fukuoka et al., 

1983, Qin et al., 2006). This indicated that an electronegative group was present on the 

terminal carbon (C-14). The assignments of the 13C NMR signals were confirmed with 

2D NMR experiments (HSQC and HMBC). 
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Figure 5.16: 13C NMR (Jmod, 600 MHz, CD3OD) spectrum of 2 
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             Figure 5.17: Structure of compound 2 

 
Table 5.5: 1H (300 MHz) and 13C (600 MHz) NMR data for compound 2 (in CD3OD) 

Position δC δH (multiplicity, J, Hz) 
1 208.2 - 
2 49.4 2.71 (1H, m) 
3 70.3 5.07 (1H, d, 6.3) 
4 126.8 7.35 (1H, s) 
5 146.6 - 
6 137.7 - 
7 138.4 - 
8 132.6 - 
9 154.4 - 
11 10.6 1.10 (3H, d, 7.5) 
12 21.4 2.49 (3H, s) 
13 29.8 3.17 (2H, t, 7.8) 
14 67.1 3.99 (2H, t, 7.8) 
15 14.0 2.66 (3H, s) 
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In the HMBC experiment (Figures 5.18 and 5.19), the aromatic proton at δH 7.35 (H-4) 

showed cross-peaks to aromatic carbons at δC 132.2 (C-8) and 137.7 (C-6), the C-12 

methyl carbon at δC 21.4 and the C-3 methine carbon at δC 70.3. The methyl protons at 

δH 1.10 (H-11) showed cross-peaks to the C-1 carbonyl carbon at δC 208.2, the methine 

carbons at δC 49.4 (C-2) and 70.3 (C-3), whereas, the methyl protons at δH 2.49 (H-12) 

showed cross-peaks to three aromatic carbons at δC 126.8 (C-4), 146.6 (C-5) and 137.7 

(C-6). This indicates that the methyl at δH 1.10 (H-11) was next to the C-1 carbonyl 

carbon and the methyl at δH 2.49 (H-12) was attached to C-5 of the aromatic ring. The 

other methyl protons at δH 2.66 (H-15) showed cross-peaks to two aromatic carbons at 

δC 138.4 (C-7) and 132.2 (C-8). The methylene protons at δH 3.17 (H-13) showed cross-

peaks to C-14 at δC 67.1, C-6 and C-5 aromatic carbons 137.7 and 146.6, respectively. 

The methylene protons at δH 3.99 (H-14) showed cross-peaks to C-13 at δC 29.8 and the 

C-6 aromatic carbon at 137.7, which established the connectivity of the ethylene chain 

to the aromatic ring at C-6 position. The methine proton at δH 5.07 (H-3) showed only 

one cross-peak to the methine carbon at δC 49.4 (C-2), whereas, the methine proton at 

δH 2.71 (H-2) showed cross-peaks to the methine carbon at δC 70.3 (C-3) and a methyl 

carbon at δC 10.6 (C-11). These indicated that these two methines were adjacent to each 

other and the C-11 methyl was attached to C-2. The downfield chemical shift of the 

methine proton at δH 5.07 indicated it was attached to a hydroxyl group, which was also 

confirmed by the IR spectra. The COSY experiment (see Appendix ii) supported the 

HMBC correlations (Figure 5.19).  
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Figure 5.18: HMBC (600 MHz, CD3OD) spectrum of 2 
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Figure 5.19: Key HMBC correlations observed in 2 

 
On the basis of the above NMR data and by comparison to previously published data, 

compound 2 was identified as having a pterosin C type structure. However, there was a 

significant difference between the molecular mass of compound 2 (M.W. 314 amu) and 

pterosin C (M.W. 234 amu) (Kuroyanagi et al., 1974, Kuroyanagi et al., 1979a, 

Fukuoka et al., 1983). The mass difference between these two compounds (80 amu) 

strongly suggested that the hydroxyl group in pterosin C, had been replaced with a 

sulfate moiety (-SO4), which is a common group in marine natural products (Jensen & 

Ragan, 1978, McKee et al., 1994) and consistent with this, our plant A. aureum is a 
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marine mangrove fern. Further, the IR bands at 1203, 1075, 897, 573 cm-1 and the 13C 

NMR shift for C-14 in compound 2 which was evidenced +6 ppm down field relative to 

the C-14 in pterosin C, confirmed the presence of a sulfate group in the molecule 

(Cabassi et al., 1978, Fukuoka et al., 1983, Pogorevc & Faber, 2002, Carvalho et al., 

2006). Based on the above results, the structure of compound 2 was confirmed as a 

novel pterosin which we have named sulphated pterosin C.  
 

Compound 2 has two chiral centres at C-2 and C-3, where a methyl group and a 

hydroxyl group are substituted, respectively. The structural confirmation of 2 was 

established by comparison of the 1H NMR coupling values at H-3 and H-11, optical 

rotation and the CD spectra of the published pterosin C data with data obtained from 2. 

The cis-like (2S, 3R or 2R, 3S) pterosin C can be easily distinguished by their NMR 

spectra from the trans-like (2R, 3R or 2S, 3S) pterosin C. For cis-like (2R, 3S or 2S, 3R)-

pterosin C, the H-11 and H-3 protons appear as doublets at δH 1.17/ 1.16 (J = 7.0/ 7.5 

Hz) and 5.07/ 5.13 (J = 7.0/ 6.8 Hz), respectively, but for trans-like (2R, 3R or 2S, 3S)-

pterosin C, H-11 and H-3 protons appear as doublets at δH 1.26/ 1.24 (J = 8.0 Hz) and at 

δH 4.59/ 4.57 (J = 3.8/ 4.0 Hz), respectively (Kuroyanagi et al., 1979a, Ng & McMorris, 

1984, Kuraishi et al., 1985) (Table 5.20). In compound 2, the protons at H-3 and H-11 

appeared as doublets at δH 5.09 (1H, d, J = 6.3 Hz) and 1.10 (3H, d, J = 7.5 Hz), 

respectively, which was different to that published for (2S, 3S) and (2R, 3R)-pterosin C 

(H-3: δH 4.57/ 4.59, J = 4.0/ 3.8 Hz; H-11: δH 1.24/ 1.26, J = 8.0/ 8.0 Hz, respectively) 

but very close to (2R, 3S)-pterosin C (H-3: δH 5.07, J = 7.0 Hz; H-11: δH 1.17, J = 7.0 

Hz, respectively) (Table 5.6, Figure 5.20). This indicated that compound 2 is not a 

trans-like but rather a cis-like configuration and appears to be in the (2R, 3S) 

configuration.  
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Figure 5.20: H-11 methyl and H-3 proton chemical shifts, plus coupling values of 
trans-like and cis-like pterosin C (Kuroyanagi et al., 1979a, Ng & McMorris, 1984, 
Kuraishi et al., 1985) 
 
The optical rotation of 2 was a positive value ([α]D = +10.8o) and is similar to (2S, 3S)-

pterosin C ([α]D = +65o) (Wij & Rangaswami, 1977, Kuroyanagi et al., 1979a), but 

opposite to the (2R, 3R) and (2S, 3R)-pterosin C values ([α]D = -65o and -37.1o , 

respectively) (Kuroyanagi et al., 1979a, Kuraishi et al., 1985) (Table 5.6).  

 

Table 5.6: Comparison of some physical parameters of published pterosin C derivatives 
and compound 2 (Kuroyanagi et al., 1979b, Kuroyanagi et al., 1979a, Ng & McMorris, 
1984, Kuraishi et al., 1985) 
 

Compound δH for H-3 (J )  δH for H-11 (J ) [α]D [θ]maxima (nm) 

(2S, 3S)-Pterosin C 4.57 (1H, d, 4.0 Hz) 1.24 (3H, d,8.0 Hz) +65.3o +24488 o(328) 
 

(2R, 3R)-Pterosin C 4.59 (1H, d, 3.8 Hz) 1.26 (3H, d,8.0 Hz) -65.3o  -17200 o  (325) 
 

(2S, 3R)-Pterosin C 5.13 (1H, d, 6.8 Hz) 1.16 (3H, d,7.5 Hz) -37.1o -20415 o (330) 
 

(2R, 3S)-Pterosin C 5.07 (1H, d,7.0 Hz) 1.17 (3H, d,7.0 Hz) NR* NR 
 

Compound 2 5.09 (1H, d, 6.3 Hz) 1.10 (3H, d,7.5 Hz) +10.8o +8599 o (328) 
*NR = Not reported 
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The optical rotation value for 2 is different to that published, and indicated that the 

configuration in 2 was different to that of the published structures. Further confirmation 

of this was obtained in comparing the CD spectra. Kuroyanagi and his group published 

(Kuroyanagi et al., 1979b) CD spectra for different pterosin C configurations including 

S and R configurations at wavelengths between 300-350 nm in MeOH, CHCl3 and 

cylohexane. They demonstrated that (2S, 3S)-pterosin C, including its epimer at the C-2 

position i.e. (2R, 3S)-pterosin C exhibited strong positive Cotton effects near about 325 

nm in MeOH, whereas, (2R, 3R)-pterosin C, including (2S, 3R)-compounds exhibited 

strong negative Cotton effects (Table 5.6). It is reported that the sign of the CD-spectra 

for these types of compounds depends mainly on the configuration at the C-3 position 

(3S showed positive and 3R showed negative Cotton effects) regardless of the 

configurations at C-2 and the solvent (Kuroyanagi et al., 1979b). The CD spectra of 2 

was recorded at 300-380 nm in MeOH according to the procedure of Kuroyanagi et al. 

1979 (Kuroyanagi et al., 1979b) and a positive Cotton effect ([θ]maxima = +8599 degree, 

c = 0.021, MeOH ) at λmax 328.4 nm was observed (Figure 5.21). The CD data of 2 

indicated that the C-3 position was a 3S configuration.  Therefore, on the basis of the 

above data, it is concluded that compound 2 is the novel compound (2R, 3S)-sulfated 

pterosin C.  

 

 

 
Figure 5.21: CD spectra of 2 (300 - 380 nm in MeOH) 
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5.2.2.2 Structural characterization of compound 4 

Compound 4 was isolated from SPE3 fraction of the CM extract of A. aureum as light 

yellow crystalline needles using reversed-phase HPLC. The structure of 4 was 

elucidated principally by NMR, MS and comparison to published literature data. The 

λmax (log ε) values of compound 4 (in MeOH) were similar to that of compound 2 (336.4 

nm (3.74), 284.4 nm (3.40), 257.2 nm (4.05) and 217.0 nm (4.42). The IR spectrum 

showed major absorption bands at 3368 cm-1 (OH), 1675 cm-1 (C=O) and 1597 cm-1 

(aromatic C=C), which are characteristic of pterosin type compounds (Wij & 

Rangaswami, 1977, Kuraishi et al., 1985, Kovganko et al., 2004). The HR-ESI-MS 

positive mode data showed a quasi-molecular ion peak [M+H] + at m/z 235.13292 

suggesting a molecular ion at m/z 234.12560 and thus a molecular formula of C14H18O3 

(DBE=6). The optical rotation of 4 was          = +66 o (c 0.533, MeOH). 
 

The 1H NMR spectrum (Figure 5.22) of 4 indicated a singlet (1H) downfield at δH 7.34, 

corresponding to an aromatic proton, one doublet (1H) and two triplets (2 x 2H) at 4.60, 

3.63 and 2.99 ppm, respectively. Two singlets (2 x 3H) and one doublet (3H) were 

evident at 2.65, 2.46 and 1.30 ppm, respectively, indicating three methyl groups. The 1H 

NMR spectrum also indicated a methine (1H) multiplet at 2.45 ppm. All the 1H NMR 

data of 4 indicated a penta-substituted benzene ring with an aromatic proton at δH 7.34 

as in compound 2. The two coupled methylene groups at δH 3.63 (2H, t, J = 7.5 and 8.1 

Hz) and δH 2.99 (2H, t, J = 8.1 and 7.5 Hz) are indicated as being attached to the 

aromatic ring as an ethylene chain. The doublet methine group at δH 4.60 (1H, d, J = 4.2 

Hz) is indicated as being next to a methine group and attached to a electronegative 

group. The 1H NMR also indicated that two methyl groups were attached to the 

aromatic system at δH 2.46 (3H, s) and δH 2.65 (3H, s) and one alkyl methyl group at δH 

1.30 (3H, d, J = 7.2 Hz) was attached to an adjoining ring to the aromatic ring. These 

signals indicated the presence of a C14 pterosin sesquiterpene structure (Fukuoka et al., 

1983, Kuraishi et al., 1985, Qin et al., 2006)  
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Figure 5.22: 1H NMR (300 MHz, CD3OD) spectrum of 4 

 

The 13C Jmod NMR (Figure 5.23, Table 5.7) spectrum of 4 showed 14 different types of 

carbon signals, including one carbonyl carbon, five aromatic quaternary carbons, one 

aromatic methine, two methylenes, two methines and three methyls. The carbon signals 

demonstrated a penta-substituted aromatic ring including a down-field signal at δC 207.6 

ppm (C=O) as assigned for C-1 in the pterosin sesquiterpene skeleton (Fukuoka et al., 

1983). Five quaternary aromatic carbons were evident at δC 146.0 (C-5), 137.8 (C-6), 

138.2 (C-7), 132.0 (C-8) and 154.0 (C-9). Another aromatic methine carbon was evident 

at δC 125.6 (C-4). Two methines were evident at δC 54.7 (C-2) and 75.9 (C-3) and three 

methyl were evident at δC 13.3 (C-11), 14.1 (C-15) and 21.0 (C-12) ppm. Two 

methylene carbon signals were evident at δC 33.0 (C-13) and δC 61.0 (C-14). The C-14 

methylene carbon shift was different to the shift observed for the corresponding C-14 of 

compound 2, but very similar to the hydroxyethyl carbons (C-14) of the pterosin 

sesquiterpene skeleton (Figure 5.24) (Fukuoka et al., 1983, Qin et al., 2006) . 
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Figure 5.23: 13C NMR (Jmod, 300 MHz, CD3OD) spectrum of 4 
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Figure 5.24: Structure of compound 4 

 
 

    Table 5.7: 1H and 13C NMR data for compound 4 (300 MHz, in CD3OD) 

Position δC δH (multiplicity, J, Hz) 
1 207.6 - 
2 57.7 2.45 (1H, m) 
3 75.9 4.60 (1H, d, 4.2) 
4 125.6 7.34 (1H, s) 
5 146.0 - 
6 137.8 - 
7 138.2 - 
8 132.0 - 
9 154.0 - 
11 13.3 1.30 (3H, d, 7.2) 
12 21.0 2.46 (3H, s) 
13 33.0 2.99 (2H, t, 8.1, 7.5) 
14 61.0 3.63 (2H, t, 7.5, 8.1) 
15 14.1 2.65 (3H, s) 
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In the HMBC experiment (Figure 5.25 and 5.26), the aromatic proton at δH 7.34 (H-4) 

showed cross-peaks to aromatic carbons at δC 132.0 (C-8) and 137.8 (C-6), to a methyl 

carbon at δC 21.0 (C-12) and a methine carbon at δC 75.9 (C-3). The methyl protons at 

δH 1.30 (H-11) showed cross-peaks to a carbonyl at δC 207.6 (C-1), methine carbons at 

δC 57.7 (C-2) and 75.9 (C-3). The methyl protons at δH 2.46 (H-12) showed correlations 

to three aromatic carbons at δC 125.6 (C-4), 146.0 (C-5) and 137.8 (C-6). This indicated 

that the methyl at δH 1.30 was next to the carbonyl carbon (C-1) and that the methyl at 

δH 2.46 (H-12) is attached to C-5 of the aromatic ring. The other aromatic methyl 

protons at δH 2.65 (H-15) showed correlations to two aromatic carbons at δC 138.2 (C-7) 

and 132.0 (C-8). The methylene proton at δH 2.99 (H-13) showed cross-peaks to 

methylene carbons at δC 61.0 (C-14), aromatic carbons at δC 137.8 (C-6) and 146.0 (C-

5), whereas methylene protons at δH 3.63 (H-14) showed cross-peaks to methylene 

carbon at δC 33.0 (C-13) and an aromatic carbon at δC 137.8 (C-6). These established 

the connectivity of the hydroxyethyl chain to the aromatic ring at C-6. The methine 

proton at δH 4.60 (H-3) showed cross-peaks to a methine carbon at δC 57.7 (C-2), 

methyl carbon at δC 13.3 (C-11) and an aromatic carbon at δC 154.0 (C-9), whereas, the 

other methine proton at δH 2.45 (H-2) showed cross-peaks to a methine carbon at δC 

75.9 (C-3) and a methyl carbon at δC 13.3 (C-11). This indicated that these two 

methines were adjacent to each other and that the C-11 methyl is attached to C-2. The 

downfield chemical shift of the methine proton at δH 4.60 indicated its attachment to a 

hydroxyl group which was further confirmed by the IR spectra. The COSY experiment 

(see Appendix iv) supported the correlation data of the HMBC experiment.  
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Figure 5.25: HMBC (300 MHz, CD3OD) spectrum of 4 
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Figure 5.26: Key HMBC correlations observed in 4 

 

On the basis of the above results and by comparison to previously published data, 

compound 4 was identified as having a pterosin C type structure (Wij & Rangaswami, 

1977, Kuroyanagi et al., 1979b, Kuroyanagi et al., 1979a). The structural confirmation 

of 4 (C-2 and C-3 position) was established by comparison of the 1H NMR coupling 

values of H-3 and H-11, optical rotation and the cotton effect of CD spectra of the 

published pterosin C data with the data obtained from 4, as described for compound 2. 

The chemical shifts and coupling values of protons at H-3 (4.60, d, J = 4.2 Hz) and H-

11 (1.30, d, J = 7.2 Hz) for 4 were very similar to that of (2S, 3S)-pterosin C (H-3: 4.57, 

d, J = 4.0 Hz; and H-11: 1.24, d, J = 8.0 Hz) (Table 5.8) (Kuraishi et al., 1985). The 
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optical rotation of 4 was ([α]D = +66 o) being essentially identical to (2S, 3S)-pterosin C 

([α]D = +65.3 o) (Wij & Rangaswami, 1977, Kuroyanagi et al., 1979a). The CD spectra 

of 4 was performed in the range 300 - 380 nm in MeOH according to Kuroyanagi et al. 

1979 (Kuroyanagi et al., 1979b) and evidenced a positive Cotton effect ([θ]maxima = 

+9306 degree, c = 0.003, MeOH) at λmax at 328 nm (Table 5.8, Figure 5.27). The CD 

data of 4 gave a positive cotton effect, at the same λmax (328 nm) as did (2S, 3S)-pterosin 

C (Kuroyanagi et al., 1979b), although the value was lower than the published value. 

This variation is attributed to experimental error in determining the concentration of the 

sample. On the basis of these comparisons, compound 4 was identified as the known 

compound (2S, 3S)-pterosin C. 
 

 

 
Figure 5.27: CD spectrum of 4 (300 - 380 nm in MeOH) 

 
Table 5.8: Comparison of some physical parameters of compound 4 with (2S, 3S)-
pterosin C (Kuroyanagi et al., 1979b, Kuraishi et al., 1985) 
 

Compound δH for H-3 (J )  δH for H-11 (J ) [α]D [θ]maxima (nm) 

(2S, 3S)-Pterosin C 4.57 (1H, d, 4.0 Hz) 1.24 (3H, d, 8.0 Hz) +65.3o +24488 o(328) 
 

Compound 4 4.60 (1H, d, 4.2 Hz) 1.30 (3H, d, 7.2 Hz) +66.0o +9306 o (328) 
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5.2.2.3 Structural characterization of compound 5  

Compound 5 was isolated from SPE3 fraction of the CM extract of A. aureum as a light 

yellow crystalline needles following reversed-phase HPLC. The structure of 5 was 

elucidated principally by NMR, MS and by comparison to published data. The λmax (log 

ε) values of compound 5 (in MeOH) were similar to that of compound 2 (339.6 nm 

(3.4), 300.2 nm (3.6), 249.8 nm (4.2) and 215.2 nm (4.4)). The IR spectrum of 5 was 

also similar to compound 2  and showed major absorption bands at 3366 cm-1 (OH), 

1688 cm-1 (C=O) and 1599 cm-1 (for aromatic C=C), which are characteristic of pterosin 

type compounds, in addition to bands at 1203, 1075, 897, 573 cm-1 indicating the 

presence of a sulfate moiety (Wij & Rangaswami, 1977, Kuraishi et al., 1985, 

Kovganko et al., 2004).  The HR-ESI-MS negative mode data showed a quasi-

molecular ion peak [M-H]- at m/z 313.07243 suggesting a molecular ion at m/z 

314.08241, and thus a molecular formula of C14H18O6S (DBE=8). The optical rotation 

of compound 5 was                = + 22.81 (c 0.53, MeOH).  
 

The 1H NMR spectrum (Figure 5.28) of 5 indicated one singlet (1H) downfield at 7.25 

ppm, corresponding to aromatic proton, one doublet (1H) and two triplets (2 x 2H) at 

4.58, 3.97 and 3.07 ppm, respectively. Two singlets (2 x 3H) and one doublet (3H) were 

evident at 2.56, 2.39 and 1.30 ppm, respectively, indicating three methyl groups. The 1H 

NMR spectrum also indicated a methine (1H) multiplet at 2.34 ppm. The 1H NMR data 

indicated a penta-substituted benzene ring with an aromatic proton at δH 7.25 (1H, s) as 

in compound 2 and 4. The two coupled methylene groups at δH 3.97 (2H, t, J = 7.8 Hz) 

and δH 3.07 (2H, t, J = 7.8 Hz) are indicated as being attached to the aromatic ring as 

sulfated ethylene group as in compound 2 (coupling and chemical shift are same as in 2, 

see Table 5.5). The doublet for the methine group at δH 4.58 (1H, d, J = 4.2 Hz) is 

indicated as being next to a methine group at δH 2.34 (1H, m) as in compound 2 and 4. 

The 1H NMR also indicated that two methyl groups were attached to the aromatic 

system at δH 2.39 (3H, s, H-12) and δH 2.56 (3H, s, H-15) and one alkyl methyl group at 

δH 1.30 (3H, d, J = 7.2 Hz, H-11) was attached to an adjoining ring to the aromatic ring. 

These signals indicated the presence of a C14 pterosin sesquiterpene structure (Fukuoka 

et al., 1983, Kuraishi et al., 1985, Qin et al., 2006).  

[α]25 
D 



 121 

 
Figure 5.28: 1H NMR (300 MHz, CD3OD) spectrum of 5 

 

The 13C NMR (Figure 5.29, Table 5.9) spectrum of 5 showed 14 different types of 

carbon signals, including one carbonyl carbon, five aromatic quaternary carbons, one 

aromatic methine, two methylenes, two methines and three methyls. The carbon signals 

indicated a penta-substituted aromatic ring, including a down-field signal at δC 208.2 

ppm (C=O) assigned to C-1 in a pterosin sesquiterpene skeleton (Fukuoka et al., 1983). 

The five quaternary aromatic carbons were evident at δC 146.2 (C-5), 137.4 (C-6), 138.2 

(C-7), 131.0 (C-8) and 154.8 (C-9), along with a methine aromatic carbon at δC 126.8 

(C-4).  Two methine carbons were evident at δC 54.7 (C-2) and 75.9 (C-3), three 

methyls at δC 13.3 (C-11), 14.1 (C-15) and 21.4 (C-12) ppm. Two methylene carbon 

signals were evident at δC 29.7 (C-13) and δC 67.2 (C-14). The large down-field 

chemical shift in C-14 indicated the attachment of a sulfate group as in compound 2 

(Figure 5.30). The assignments of the 13C NMR signals were confirmed with 2D NMR 

experiments (HSQC and HMBC). 
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Figure 5.29: 13C NMR (Jmod, 300 MHz, CD3OD) spectrum of 5 
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      Figure 5.30: Structure of compound 5 

 

    Table 5.9: 1H and 13C NMR data of compound 5 (300 MHz, in CD3OD) 

Carbon No. δC δH (multiplicity, J, Hz) 
1 209.2 - 
2 54.7 2.34 (1H, m) 
3 75.9 4.58 (1H, d, 4.2) 
4 125.7 7.25 (1H, s) 
5 146.2 - 
6 137.4 - 
7 138.2 - 
8 131.0 - 
9 154.8 - 
11 13.3 1.30 (3H, d, 7.2) 
12 21.4 2.39 (3H, s) 
13 29.7 3.07 (2H, t, 7.8) 
14 67.2 3.97 (2H, t, 7.8) 
15 14.1 2.56 (3H, s) 
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In the HMBC experiment (Figure 5.31 and 5.32), the aromatic proton at δH 7.25 (H-4) 

showed cross-peaks to aromatic carbons at δC 131.0 (C-8) and 137.4 (C-6), to a methyl 

carbon at δC 21.4 (C-12) and a methine carbon at δC 75.9 (C-3). The methyl protons at 

δH 1.30 (H-11) showed cross-peaks to the carbonyl at δC 209.2 (C-1) and methine 

carbons at δC 54.7 (C-2) and 75.9 (C-3), whereas, methyl protons at δH 2.39 (H-12) 

showed correlations to three aromatic carbons at δC 125.7 (C-4), 146.2 (C-5) and 137.4 

(C-6). This indicates that the methyl at δH 1.30 is located next to the carbonyl carbon 

(C-1) and the methyl at δH 2.39 is attached to C-5 on the aromatic ring. The aromatic 

methyl at δH 2.56 (H-15) showed correlations to two aromatic carbons at δC 138.2 (C-7) 

and 131.0 (C-8). The methylene protons at δH 3.07 (H-13) showed cross-peaks to the 

methylene at δC 67.2 (C-14), aromatic carbon δC 137.4 (C-6) and 146.2 (C-5), whereas 

methylene protons at δH 3.97 (H-14) showed cross-peaks to the methylene at δC 29.7 (C-

13) and an aromatic carbon at δC 137.4 (C-6). These established the connectivity of 

sulfated-ethylene to the aromatic ring at the C-6 position. The methine proton at δH 4.58 

(H-3) showed cross-peaks to the methyl carbon at δC 13.3 (C-11) and an aromatic 

carbon at δC 154.8 (C-9), whereas, the other methine proton at δH 2.34 (H-2) showed 

cross-peaks to the methine carbon at δC 75.9 (C-3) and a methyl carbon at δC 13.3 (C-

11). These indicated that these two methines were adjacent to each other and that the C-

11 methyl is attached to the C-2 position. The downfield chemical shift of methine 

proton at δH 4.58 (δC 75.9) indicated it was attached to a hydroxyl group as in 

compounds 2 and 4, which was also confirmed by the IR spectra. The COSY 

experiment (see Appendix v) supported the correlation data of the HMBC. 
 

The above NMR data indicated that the structure of compound 5 is closely related to 2. 

The molecular weight of compounds 5 was 314 amu and was 80 amu higher than 

pterosin C (M.W. 234 amu), indicated the presence of a sulfate group (-SO4) in 

compound 5 as in compound 2. Furthermore, the IR (bands at 1203,1075, 897, 573 cm-) 

and 13C NMR data (C-14 chemical shift evident to down field by +6 ppm than in 

comparison to C-14 on pterosin C) also confirmed the presence of the sulfate group 

(Cabassi et al., 1978, Fukuoka et al., 1983, Pogorevc & Faber, 2002, Carvalho et al., 

2006).  
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Figure 5.31: HMBC (300 MHz, CD3OD) spectrum of 5 
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Figure 5.32: Key HMBC correlations observed in 5 

 

The structural confirmation of 5 (C-2 and C-3 positions) was further established by 

comparing the 1H NMR coupling constants of H-3 and the CD spectra with published 

pterosin C data. The chemical shifts and coupling values of proton at H-3 (4.58, J = 4.2 

Hz) for compound 5 was very similar to that of published (2S, 3S)-pterosin C (4.57, J = 

4.0 Hz) and compound 4 (4.60, J = 4.2 Hz), but different to compound 2 (5.09, J = 6.3 

Hz) (Table 5.10).  
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Table 5.10: Comparison of some physical parameters of published pterosin C 
derivatives and compounds 2, 4 and 5 (Kuroyanagi et al., 1979b, Kuroyanagi et al., 
1979a, Ng & McMorris, 1984, Kuraishi et al., 1985) 
 
 

Compound δH for H-3 (J )  δH for H-11 (J ) [α]D [θ]maxima (nm) 

(2S, 3S)-Pterosin C 4.57 (1H, d, 4.0 Hz) 1.24 (3H, d,  8.0 Hz) +65.3o  +24488 o (328) 
(2R, 3R)-Pterosin C 4.59 (1H, d, 3.8 Hz) 1.26 (3H, d,  8.0 Hz) -65.3o  -17200 o  (325) 
(2S, 3R)-Pterosin C 5.13 (1H, d,  6.8 Hz) 1.16 (3H, d,  7.5 Hz) -37.1 o -20415 o (330) 
(2R, 3S)-Pterosin C 5.07 (1H, d,  7.0 Hz) 1.17 (3H, d,  7.0 Hz) NR* NR 
Compound 2 5.09 (1H, d,  6.3 Hz) 1.10 (3H, d,  7.5 Hz) + 10.8 o +8599 o (328) 
Compound 4 4.60 (1H, d,  4.2 Hz) 1.30 (3H, d,  7.2 Hz) + 66.0 o +9306 o (328) 
Compound 5 4.58 (1H, d,  4.2 Hz) 1.30 (3H, d,  7.2 Hz) + 22.8 o +4890 o (329) 

*NR = Not reported 

 

This indicated that compound 5 was not a cis-like (2S, 3R or 2R, 3S) configuration as in 

2 but rather a trans-like (2R, 3R or 2S, 3S) configuration as in 4. The CD spectra of 5 

was performed over the 300-380 nm range in MeOH according to Kuroyanagi et al. 

1979 (Kuroyanagi et al., 1979b) and evidenced a positive cotton effect ([θ]maxima = 

+4890 degree, c = 0.003, MeOH) at λmax at 329 nm (Figure 5.33). The positive cotton 

effect CD data of 5 indicated that the C-3 position was a S configuration as described in 

compound 2 (see Section 5.2.2.1). On the basis of the above results and by comparison 

with previously published data of pterosin C and compounds 2 and 4, compound 5 was 

identified as a novel natural product (2S, 3S)-sulfated pterosin C (Wij & Rangaswami, 

1977, Kuroyanagi et al., 1979b, Kuroyanagi et al., 1979a).  

 

 
Figure 5.33: CD spectrum of 5 (300 - 380 nm in MeOH) 
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5.2.2.4 Structural characterization of compound 7  

Compound 7 was isolated from SPE4 fraction of the CM extract of A. aureum as light 

yellow crystalline needles following reversed-phase HPLC. The structure of 7 was 

elucidated principally by NMR, MS and by comparison to published data. The λmax (log 

ε) values of compound 7 (in MeOH) were 339.8 nm (3.1), 305.2 nm (3.4), 255.6 nm 

(3.9) and 215.0 nm (4.2). The IR spectrum of 7 was similar to 4  and showed major 

absorption bands at 3367 cm-1 (OH), 1675 cm-1 (C=O) and 1597 cm-1 (aromatic C=C), 

which are characteristic for pterosin type compounds (Wij & Rangaswami, 1977, 

Kuraishi et al., 1985, Kovganko et al., 2004).  The HR-ESI-MS positive mode data 

showed a quasi-molecular ion peak [M+Na] + at m/z 257.11487 suggesting a molecular 

ion at m/z 234.12560 and thus a molecular formula of C14H18O3 (DBE=6). The optical 

rotation of the compound was          = - 7.75 (c 0.27, MeOH).  
 

The 1H NMR spectrum (Figure 5.34) of 7 indicated one singlet at δH 7.41 (1H, s), 

corresponding to an aromatic proton, one singlet (2H, s) and two triplets (2 x 2H, t) at 

δH 4.74, 3.66 and 3.0, respectively. One singlet (3H, s) and one doublet (3H, s) at δH 

2.64 and 1.24, respectively, indicating two methyl groups. The spectrum also indicated 

two multiplets at δH 3.30 (2H, m) and 2.63 (1H, m), respectively. The methylene signal 

at 3.30 (2H, m) was evident under the CD3OD solvent peak. The two coupled 

methylene groups at δH 3.66 (2H, t, J = 7.2, 7.8 Hz) and 3.0 (2H, t, J = 7.8, 7.2 Hz) are 

indicated as being attached to the aromatic ring as an hydroxyethylene chain as in 

compound 4. The methylene group at δH 4.74 (2H, s) indicated a hydroxymethylene 

group attached to an aromatic ring. The 1H NMR spectrum also indicated that one 

methyl group was attached to the aromatic ring at δH 2.64 (3H, s) and one alkyl methyl 

group at δH 1.24 (3H, d, J = 7.5 Hz) was attached to an adjoining ring to the aromatic 

ring. These signals indicated the presence of a C14 pterosin sesquiterpene structure as in 

compound 2, 4 and 5 (Fukuoka et al., 1983, Kuraishi et al., 1985, Qin et al., 2006).  
 

[α]25 
D 



 127 

 
Figure 5.34: 1H NMR (300 MHz, CD3OD) spectrum of 7 

 

The 13C Jmod NMR (Figure 5.35, Table 5.11) spectrum of 7 showed 14 different types 

of carbon signals, including one carbonyl carbon, five aromatic quaternary carbons, one 

aromatic methine, four methylenes, one methine and two methyls. The carbon signals 

confirmed a penta-substituted aromatic ring including a down-field signal at δC 212.0 

ppm assigned as C-1 carbonyl in a pterosin sesquiterpene skeleton (Fukuoka et al., 

1983). The five quaternary aromatic carbons were evident at δC 148.5 (C-5), 135.7 (C-

6), 138.7 (C-7), 133.8 (C-8) and 154.4 (C-9). The aromatic methine carbon was evident 

at δC 124.4 (C-4) and a non-aromatic methine carbon at δC 43.9 (C-2). The two methyls 

were present at δC 16.8 (C-11) and 13.7 (C-15) ppm. Four methylene carbon signals 

were present at δC 34.9 (C-3), 63.5 (C-12), 32.0 (C-13) and 62.1 (C-14). The methylene 

signals at C-12 and C-14 were very similar to those for hydroxymethylene and 

compound 4 or other hydroxyethylene carbons of the pterosin sesquiterpene skeleton 

(Fukuoka et al., 1983, Qin et al., 2006). This indicates that a hydroxyl group was 

attached to C-12 and C-14 positions of compound 7 (Figure 3.36). The assignments of 

the 13C NMR signals were confirmed with 2D NMR experiments (HSQC and HMBC).  
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Figure 5.35: 13C NMR (Jmod, 300 MHz, CD3OD) spectrum of 7 
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Figure 5.36: Structure of compound 7 
 

 
    Table 5.11: 1H and 13C NMR data of compound 7 (300 MHz, in CD3OD) 

Carbon no. δC δH (multiplicity, J, Hz) 
1 212.0 - 
2 43.9 2.63 (1H, m) 
3 34.9 3.30 (2H, m) 
4 124.4 7.41 (1H, s) 
5 148.5 - 
6 135.7 - 
7 138.7 - 
8 133.8 - 
9 154.4 - 
11 16.8 1.24 (3H, d, J  = 7.5) 
12 63.5 4.74 (2H, s) 
13 32.0 3.00 (2H, t, J  = 7.8, 7.2) 
14 62.1 3.66 (2H, t, J  = 7.2, 7.8) 
15 13.69 2.64 (3H, s) 
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In the HMBC experiment (Figure 5.37 and 5.38), the aromatic proton at δH 7.41 (H-4) 

showed cross-peaks to aromatic carbons at δC 133.8 (C-8) and 135.7 (C-6), hydroxyl-

methylene carbon at δC 63.5 (C-12) and a methylene carbon at δC 34.9 (C-3). The 

methyl protons at δH 1.24 (H-11) showed cross-peaks to carbonyl carbon at δC 212.0 (C-

1), methine carbon at δC 43.9 (C-2) and the methylene carbon at δC 34.9 (C-3).  The 

hydroxyl-methylene protons at δH 4.74 (H-12) showed cross-peaks to three aromatic 

carbons at δC 124.4 (C-4), 148.5 (C-5) and 135.7 (C-6), indicating attachment to the 

aromatic ring at C-5. The aromatic methyl protons at δH 2.64 (H-15) showed 

correlations to three aromatic carbons at δC 135.7 (C-6), 138.7 (C-7) and 133.8 (C-8). 

The methylene protons at δH 3.0 (H-13) showed correlation to C-14 (δC 62.1) and three 

aromatic carbons C-6 (δC 135.7), C-7 (δC 138.7) and C-5 (δC 148.5), whereas, the 

methylene protons at δH 3.66 (H-14) showed cross-peaks to C-13 (δC 32.0) and an 

aromatic carbon C-6 (δC 135.7), indicating the connectivity of hydroxyl-ethylene to the 

aromatic ring at C-6 position. The methylene protons at δH 3.30 (H-3) showed cross-

peaks to methine carbon at δC 43.9 (C-2), methyl carbon at δC 16.8 (C-11) and three 

aromatic carbons at δC 124.4 (C-4), 154.4 (C-9) and 133.8 (C-8) (Figure 5.38). The 

methine proton at δH 2.63 (H-2) showed correlations to C-11 (δC 16.8) and C-9 (δC 

154.4). The correlations and NMR data were consistent with published data for pterosin 

P (Ouyang et al., 2010) and on this basis compound 7 was identified as either 2R or 2S-

pterosin P.   

 

 

 

 

 

 

  

 

Figure 5.37: HMBC (300 MHz, CD3OD) spectrum of 7 
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Figure 5.38: Key HMBC correlations observed in 7 

 

Compound 7 has one chiral centre at C-2 position, where a methyl group (C-11) is 

substituted. The absolute configuration of 7 at C-2 was established by comparing the 

optical rotation and the CD spectra with published pterosin P data. The optical rotation 

of 7 was a negative value ([α]D = -7.75o), which was opposite to that of 2S-pterosin P 

(([α]D = +6.8o) (Kuraishi et al., 1985), indicating the alternate configuration. Further 

confirmation was established in their CD spectra. The CD spectra of compound 7 was 

performed over the range of 300-380 nm in MeOH according to Kuroyanagi et al. 1979 

(Kuroyanagi et al., 1979b) and evidenced a positive cotton effect ([θ]maxima = +637 

degrees, c = 0.021, MeOH) at λmax at 332 nm (Figure 5.39). The CD data of 7 was 

opposite in sign to that of 2S-pterosin P ([θ]327 = - 4150 ) (Kuroyanagi et al., 1979b). 

From this result and by comparison to published data, compound 7 was identified as the 

known compound 2R-pterosin P (Kuroyanagi et al., 1979b, Kuraishi et al., 1985, 

Ouyang et al., 2010).  

 

 
Figure 5.39: CD spectra of 7 (300 - 380 nm in MeOH) 
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5.2.2.5 Pterosins isolated from natural sources 

Pterosins are a large group of sesquiterpenes and nor-sesquiterpenes first isolated from 

bracken fern, Pteridium aquilinum var. latiusculum in Japan (Fukuoka et al., 1983, Ng 

& McMorris, 1984). The structure of pterosin was established as derivatives of 2,5,7-

trimethyl-indan-1-one. There are other indan-3-one and indan-1-ol type sesquiterpenes 

also isolated from other plant species. The norsesquiterpene glucoside named 

ptaquiloside, a potent carcinogen, responsible for bracken fern poisoning, was first 

recognized over 30 years ago (Saito et al., 1989, Potter & Baird, 2000). Ptaquiloside is 

very unstable to acid, base, light and heat and forms an unstable conjugated di-enone 

which transforms to pterosin B and 1-indanone derivatives (Figure: 5.40) (Ng & 

McMorris, 1984, Saito et al., 1989).  
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Figure 5.40: Conversion of ptaquiloside into pterosins 
 

Pterosins are widely distributed in ferns and are also present in certain Basidomycetes 

fungi (e.g. Clitocybe illudens, Fomes annosus and Fomitopsis insularis) (McMorris & 

Anchel, 1965, Ng et al., 1987). So far about 20 different pterosins and pterosides have 

been isolated from Pteridium aquilinum var. latiusculum and more than 20 others from 

other ferns (Figure 5.41) (Fukuoka et al., 1983, Potter & Baird, 2000). 

Chemotaxonomical studies of the family Pteridaceae has proven that pterosins and their 

derivatives are the major constituents of this family (Saito et al., 1990). The bracken 

fern Pteridium aquilinum var. latiusculum (Pteridaceae) and others such as Pteris 

cretica, Pteris inaequalis, Pteris multifida, Pteris semipinnata, Dennstaedtia scabra, 

Hypolepis punctata and Microlepia strigosa are the most common ferns from which a 

number of pterosins and their derivatives have been isolated (Table 5.12) (Yatskievych, 

2010). Interestingly, the majority of isolation work has been carried out on Japanese, 



 132 

Chinese, Korean and Taiwanese species (Kobayashi et al., 1975, Fukuoka et al., 1978, 

Tanaka et al., 1978, Tanaka et al., 1981, Murakami et al., 1985, Saito et al., 1989, Chen 

et al., 2008a, Ouyang et al., 2010). Pteridium esculentum and Cheilanthes sieberi grow 

in Australia and New Zealand are reported to contain pterosin B and G (Agnew & 

Lauren, 1991, Fletcher et al., 2010). Pteris wallichiana, another species from India, 

reportedly possesses pterosin B, C and pteroside C (Sengupta et al., 1976, Wij & 

Rangaswami, 1977). However, there are no reports to-date regarding the isolation of 

pterosins or their derivatives from the species of A. aureum. To our best knowledge, this 

study reports on the isolation of pterosins from this fern for the first time.  
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        Figure 5.41: Structure of selected pterosins and pterosides isolated from ferns 
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Table 5.12: Reported distribution of pterosins and their derivatives 

Plant Species Pterosin(s)/ Pteroside(s) References 
Pteridium aquilinum var. 
latiusculum 

Pterosins A-P, Z, Acetylpterosin C, Pterosides A-
C, P 

(Fukuoka et al., 1972, Kuroyanagi et al., 1974, Saito et al., 1975, 
Fukuoka et al., 1978, Zhang et al., 2004, Chen et al., 2008b) 

Pteris bella 11-Hydroxypterosin C,T,  Pteroside Q (Tanaka et al., 1982b) 
Pteridium caudatum L. Pterosides A2, Z (Castillo et al., 2003) 
Pteris cretica Pterosins A, B, C, F, S (Saito et al., 1989) 
Pityrogramma calomelanos Pterosins B, Z (Bardouille & Cox, 1977, Bardouille et al., 1978) 
Pteris dactylina Pterosins S, Pterosin S-3-caffeoyl-glucose (Murakami et al., 1985) 
Pteris dispar Pterosides C (Saito et al., 1989) 
Pteris ensiformis Pterosin B, Pteroside L (Chen et al., 2008a) 
Ptderidum esculentum Pterosins B, G (Agnew & Lauren, 1991, Fletcher et al., 2010) 
Pteris excelsa Pterosins B, O (Saito et al., 1989) 
Pteris formosana Pterosins B, Z (Murakami et al., 1978, Kumar et al., 2001) 
Pteris fauriei Pterosins W, X (Murakami et al., 1976b) 
Pteris inaequalis var. aequata Pterosins C, Acetylpterosin C (Murakami et al., 1975d) 
Pteris inaequalis Pterosins B, O, Pteroside S, T, U, X (Kobayashi et al., 1975, Murakami et al., 1976b) 
Ptris kiuschiuensis Pterosins Q, S, T, U (Murakami et al., 1975b) 
Pteris livida Pterosins C, S (Tanaka et al., 1981) 
Pteris multifida Poir. Pterosins C, P, Pterosides A, C, L (Qin et al., 2006, Ge et al., 2008, Harinantenaina et al., 2008, Ouyang 

et al., 2008, Wang et al., 2008, Ouyang et al., 2010) 
Pteris oshimensis Pterosin Q, Pterosides C, Q (Murakami et al., 1974, Murakami et al., 1975c) 
Pteris podophylla Pterosin G (Tanaka et al., 1981) 
Pteris ryukyuensis Pterosins B, C, J, Q (Tanaka et al., 1978) 
Pteris semipinnata Pterosins B, C, Norpterosin C, Pteroside C  (Zhan et al., 2009, Jin et al., 2010) 
Pteris setulo-costulata Isohistopterosin A, Pterosin Y (Murakami et al., 1980b) 
Pteris tremula Pterosins B, F, J (Saito et al., 1989) 
Pteris wallichiana Pterosins B, C (Sengupta et al., 1976) 
Cheilanthes farinose Pteroside B (Kumar et al., 2001) 
Comogramme japonica Pterosins O, X, Y (Saito et al., 1989) 
Dennstaedtia scabra Pterosins A, F, K, V (Murakami et al., 1975a, Li et al., 2009b) 
Dennstaedtia wilfordii Dennestropterosin (Murakami et al., 1980c) 
Histopteris incisa Pterosin Q, Pteroside Q (Murakami et al., 1974) 
Hypolepis punctata Pterosins D, K, Pterosides D, L (Murakami et al., 1976a) 
Microsorium fortunei Pterosin A (Zhou et al., 2009a) 
Microlepia speluncae Pterosin D, Pteroside D (Kuraishi et al., 1985) 
Microlepia strigosa Pterosins B, C, D, E, L, O (Saito et al., 1989) 
Onychium japonicum Pterosin M, Pteroside M (Akabori et al., 1980) 
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5.2.2.6 Proposed biosynthetic pathway of pterosins 

Pterosins are a large group of biologically active sesquiterpene derivatives. The 

structure of pterosins was established as derivatives of 2,5,7-trimethyl-indan-1-one. The 

major pterosins were believed to be produced via the same biosynthetic pathway as 

ptaquilosin (Saito et al., 1989, Curtis et al., 1995). It is reported that the structures of the 

pterosins could be derived from farnesyl pyrophosphate via the same protoilludane 

precursor which was proposed for the basidiomycete metabolite illudin-M in 1965 by 

McMorries (McMorris & Anchel, 1965, Ng & McMorris, 1984, Padwa et al., 1996). In 

1976, Hikino and his colleagues further confirmed the biosynthesis of pterosides in 

bracken fern as following the biogenesis pathway of sesquiterpenes via the mevalonate 

pathway involving farnesyl pyrophosphate (Hikino et al., 1976) (Figure 5.42). In plants 

sesquiterpenes are biosynthesized via the mevalonate pathway (Dewick, 2009). Farnesyl 

pyrophosphate, the initial precursor of pterosin biosynthesis, is produced by the addition 

of a C5 isopentenyl diphosphate (IPP) to geranyl diphosphate (GPP), through an 

extension GPP synthease reaction (Figure 5.43). It is established  that plants can 

synthesize GPP through the mevalonate pathway, where isoprene (IPP) is the basic 

precursor to form GPP (Figure 5.44) (Dewick, 2009).  
 

There are no reports found to-date regarding the isolation of sulfated pterosin, although 

sulfate is a common group in marine natural products (Jensen & Ragan, 1978, McKee et 

al., 1994). Interestingly, A. aureum is a marine mangrove fern in the family of 

Pteridaceae and it is reported that the sulfate (SO4
2-) group can be added to the hydroxyl 

group of organic molecules in plants by a simple sulfation reaction with the aid of 

sulfotransferase enzymes (Leustek & Saito, 1999). Here we propose the biosynthesis of 

sulfated pterosin by a simple sulphation reaction of the hydroxyl group of pterosins via 

the mevalonate-farnesyl pyrophosphate pathway (Figure 5.43).  
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Figure 5.42: Biosynthesis of pterosins and their derivatives from farnesyl 

pyrophosphate as proposed by McMorris & Anchel (1965), Hikino et al. (1976) and 

Leustek & Saito (1999). 
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5.2.3 Flavonoids 8, 9, 10, 11 and 12 

5.2.3.1 Structural characterization of compound 8  

Compound 8 was isolated from SPE4 fraction of the CM extract of A. aureum as a 

yellowish powder using reversed-phase HPLC. The structure of 8 was elucidated 

principally by NMR, MS and by comparison to previously reported data. The IR 

spectrum of 8 (in MeOH) showed the presence of carbonyl (1650 cm-1) and hydroxyl 

(3172 cm-1) functional groups, along with C-H (2919 cm-1) and C=C (1010-1194 cm-1). 

The LR-ESI-MS negative mode data of 8 showed a quasi-molecular ion peak [M-H]- at 

m/z 462.9 with a fragment [M-162-H]- at m/z 300.7, suggesting a molecular ion of m/z 

463.9. The fragment [M-162-H]- at m/z 300.7 indicated the aglycone following the loss 

of a hexose sugar unit. 
 

The 1H NMR spectrum (Figure 5.45) of 8 showed the presence of two types of aromatic 

protons. One type of protons showed highly-shielded meta coupling in the region of δH 

6.20 - 6.38 ppm (H-6 and H-8 in ring-A).  The other aromatic protons (ring-B) indicated 

a 1’,3’,4’- substituted system. In the 1H NMR spectrum, two broad singlets at δH 6.20 

(1H) and 6.38 (1H) ppm were evident for the protons of H-6 and H-8 of ring-A, 

respectively. Three protons of the 1’,3’,4’- substituted ring-B were evident at δH  6.87 

(1H, d, J = 7.7 Hz, H-5’), 7.59 (1H, d, J = 7.7 Hz, H-6’) and 7.70 (1H, br. s, H-2’), 

respectively. The 1H NMR data and by comparison to previously published data, 

indicated quercetin was the aglycone component of 8 (Matsuura et al., 2002). The 1H 

NMR data also indicated one hexose sugar with an anomeric proton doublet at δH 5.27 

(1H, d, J = 7.2 Hz, H-1”), along with two methylene protons (H-6”) of the sugar unit at 

δH 3.69 (1H, d, J = 11.7 Hz, H-6a”) and 3.59 (1H, dd, J = 11.4, 5.2 Hz, H-6b”), and four 

oxymethines were evident between δH 3.23 – 3.47 (4H, m) (H-2”- 5”).  The proton 

signals of the hexose sugar unit were consistent with the published data for β-D-glucose, 

which indicated its presence with the aglycone moiety (Sharaf et al., 2000, Matsuura et 

al., 2002).  
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Figure 5.45: 1H NMR (300 MHz, CD3OD) spectrum of 8 

 

The 13C Jmod NMR spectrum (Table 5.13) showed a total of 21 different carbon signals 

of which 15 were attributed to an aglycone and 6 to a single sugar unit, which indicated 

that compound 8 had a core structure typical for flavonoid mono-glycosides. The 

compound showed a carbonyl carbon signal at δC 179.6 ppm with the other carbons in 

the region of δC 95.0 – 166.0 ppm. The observed carbon signals of the aglycone 

component correspond to that has been reported for quercetin (Andersen & Markham, 

2006). The chemical shift of C-3 indicated the substitution of a hydroxyl group with a 

glucose (Glc) unit (Manguro et al., 2003). This was further supported by HMBC 

correlations of the anomeric Glc proton to C-3 (Figure 5.47). The carbonyl carbon was 

evident at δC 179.6 (C-4) and the five oxygen-bearing aromatic quaternary carbons at δC 

163.7 (C-5), 166.0 (C-7), 158.4 (C-9), 145.8 (C-3’) and 149.8 (C-4’). The anomeric 

carbon (C-1”) appeared at δC 104.2 and other oxymethine carbons at δC 75.7 (C-2”), 

78.4 (C-3”), 71.2 (C-4”) and 78.1 (C-5”), respectively. The C-6” methylene carbon in 

the sugar unit was evident at δC 62.5 and indicated there was no substitution at C-6” 

(Sharaf et al., 2000).  
 

The MS (molecular ion at m/z 463.9), 1H and the 13C NMR data of compound 8, 

confirmed a molecular formula of C21H20O12 (DBE = 12). The fragment [M-162-H]- at 

m/z 300.7 indicated the loss of β-D-glucose from the aglycone. The fragmentation 
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patterns and the above NMR data of compound 8 suggested the glycosylation patterns 

as quercetin-O-glucoside flavonoid (Figure 5.46) (Kachlicki et al., 2008). 
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     Figure 5.46: Structure of compound 8 
 
 

Table 5.13: 1H and 13C NMR data of compound 8 (300 MHz, in CD3OD) compared 
with published 1H NMR data for quercetin 3-O-β-D-glucoside (270 MHz, in CD3OD)  
(Matsuura et al., 2002) 
 

 Compound 8 Quercetin 3-O-β-D-glucoside 
Position δC δH (multiplicity, J, Hz) δH (multiplicity, J, Hz)  
2 158.7 - - 
3 135.6 - - 
4 179.6 - - 
5 163.7 - - 
6 99.8 6.20 (1H, br. s) 6.09 (1H, br. s) 
7 166.0 - - 
8 95.0 6.38 (1H, br. s) 6.28 (1H, br. s) 
9 158.4 - - 
10 105.0 - - 
1’ 123.0 - - 
2’ 117.0 7.70 (1H, br. s) 7.60 (1H, br. s) 
3’ 145.8 - - 
4’ 149.8 - - 
5’ 115.9 6.87 (1H, d, 7.7) 6.71 (1H, d, 8.6) 
6’ 123.2 7.59 (1H, d, 7.7) 7.48 (1H, d, 8.6) 
3-O- β-D-glucose   
1” 104.2 5.27 (1H, d, 7.2) 5.15 (1H, d, 7.3) 
2”  75.7 
3” 78.4 
4” 71.2 
5” 78.1 

3.23 - 3.47 (4H, m) 3.00-3.40 (4H, m) 

6” 62.5 3.69 (1H, d, 11.7) and   
3.59 (1H, dd, 11.7, 5.2) 

3.60 (1H, d, 11.9) and  
3.47 (1H, dd, 11.9, 5.1) 
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In the HMBC spectrum (see Appendix viii), the protons at δH 6.20 (H-6) and 6.38 (H-8) 

showed cross-peaks to quaternary carbons at δC 163.7 (C-5), 166.0 (C-7), 105.0 (C-10) 

and δC 158.4 (C-9), 166.0 (C-7), 105.0 (C-10) respectively. The protons at δH 6.20 (H-6) 

and 6.38 (H-8) also showed cross-peaks to methine carbons on ring-A at δC 95.0 (C-8) 

and 99.8 (C-6), respectively. The protons at δH 7.70 (H-2’) and 6.87 (H-5’) of ring-B 

showed cross-peaks to two oxygen-bearing carbons at δC 145.8 (C-3’) and δC 149.8 (C-

4’) establishing the presence of two OH substituent’s at C-3’ and C-4’ on the B-ring. 

Protons at δH 7.70 (H-2’) and 7.59 (H-6’) also showed cross-peaks to another oxygen-

bearing carbon at 158.7 (C-2), which established the connectivity of the B-ring with the 

C-ring in the aglycone. The proton at δH 7.59 (H-6’) also showed cross-peaks to a 

methine carbon at δC 115.9 (C-5’) and a quaternary carbon at 149.8 (C-4’), whereas, the 

proton at δH 6.87 (H-5’) showed cross-peaks to a methine carbon at δC 123.2 (C-6’). The 

position of attachment of the glycosidic moiety to the aglycone was confirmed by a 

cross-peak for the anomeric C-1” proton at δH 5.27 to C-3 (δC 135.6) on the C-ring 

(Figure 5.47). On the basis of these results and by comparison with previously 

published data, compound 8 was confirmed as quercetin-3-O-β-D-glucoside or 

hyperoside (Matsuura et al., 2002).  
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5.2.3.2 Structural characterization of compound 9  

Compound 9 was isolated from SPE4 fraction of the CM extract of A. aureum as a 

yellowish powder using reversed-phase HPLC. The LR-ESI-MS negative mode data of 

9 showed a quasi-molecular ion peak [M-H]- at m/z 609.1 with a  fragment [M-146-162-

H]- at m/z 301.0 suggesting a molecular ion of m/z 610.1. The small peak at m/z 301.0 

[M-146-162-H]- indicated the aglycone following the loss of one 6-deoxy hexose and 

one hexose sugar unit (146 amu for 6-deoxy hexose and 162 amu for one hexose sugar) 

(Cuyckens et al., 2001).  
 

The 1H NMR spectrum (Figure 5.48) of 9 showed the presence of two types of aromatic 

protons as in compound 8. Protons showing highly-shielded meta couplings were 

evidenced at δH 6.20 and 6.40 ppm as doublets (H-6 and H-8 in ring-A, respectively).  

The other aromatic protons (ring-B) indicated a 1’,3’,4’- substituted system. The 1H 

NMR also indicated the presence of two sugar units with two anomeric protons at δH 

4.54 and 5.30 ppm, respectively. The 1H NMR of compound 9 revealed an A ring 

identical to that of compound 8, with the presence of  two protons at  δH 6.20 (1H, d, J = 

2.1) and 6.40 (1H, d, J = 2.1) ppm assigned as H-6 and H-8 of the A-ring, respectively. 

The substitution pattern of the B-ring was indicated as a 1’,3’,4’- substitution, because 

of the presence of three protons at δH 6.90 (1H, d, J = 8.4 Hz, H-5’), 7.64 (1H, dd, J = 

8.4, 2.2 Hz, H-6’) and 7.70 (1H, d, J = 2.2, H-2’), respectively. The 1H NMR data and 

by comparison to published data, indicated that quercetin was also the aglycone of 9 

(Andersen & Markham, 2006, Abdullah et al., 2008). In the 1H NMR two anomeric 

signals were evident at δH 5.30 (1H, d, J = 7.4 Hz, H-1”) and 4.54 (1H, d, J = 1.5 Hz, H-

1”’), indicating a diglycoside. The coupling constant of 7.4 Hz for H-1” indicated a 

anomeric proton with a β-configuration, while a coupling of J = 1.5 Hz for the H-1”’ 

indicated a anomeric proton with an α-configuration (Sharaf et al., 2000). The methyl 

doublet at δH 1.15 (J = 6 Hz), indicated a rhamnose and was consistent with a rutinosyl 

moiety in compound 9 (Mabry et al., 1970, Abdullah et al., 2008). Eight oxymethines 

and one oxymethylene peak for glucose and rhamnose were evident as multiplets 

between at δH 3.21-3.90 (10H, m) (H-2” to H-6” and H-2”’to H-5”’) along with the 

CD3OD solvent peaks.   
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Figure 5.48: 1H NMR (300 MHz, CD3OD) spectrum of 9 

 

The 13C Jmod NMR spectrum (Table 5.14) showed a total of 27 different signals of 

which 15 were attributed to the aglycone and 12 to two sugar units, which indicated that 

compound 9 was a disaccharide derivative of a flavonoid. The compound showed a 

carbonyl carbon signal at δC 180.0 ppm, with other carbons of the aglycone in the region 

of δC 94.7 - 164.5 ppm. The above data suggested that compound 9 had a core structure 

typical of flavonoid glycosides (Andersen & Markham, 2006) . The signals from the 

aglycone part of 9 corresponded well to that of aglycone of rutin (Lallemand & Duteil, 

1977, Markham et al., 1978, Manguro et al., 2003, Andersen & Markham, 2006, 

Abdullah et al., 2008). A sugar was indicated as being attached at the C-3 hydroxyl of 

quercetin because a change in chemical shift at C-3 (δC 135.6 ppm) was evident on the 

aglycone in comparison to quercetin (Fossen et al., 1999, Manguro et al., 2003). This 

was further supported by HMBC correlations of the anomeric proton H-1” (glucose) to 

C-3. A carbonyl carbon was evident at δC 180.0 (C-4) and five oxygen-bearing aromatic 

quaternary carbons were seen at δC 161.6 (C-5), 164.5 (C-7), 157.0 (C-9), 144.5 (C3’) 

and 149.4 (C-4’). The anomeric carbon of glucose (C-1”) was evident at δC 104.2. The 

oxymethine carbons of glucose were evident at δC 75.7 (C-2”), 77.2 (C-3”), 71.2 (C-4”) 
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and 78.4 (C-5”), respectively. The methylene carbon of glucose (C-6”) appeared at δC 

68.5 ppm (+6 ppm downfield compared to the C-6” of the monosaccharide of glucose) 

indicated that the glucose was substituted at C-6” with the 6-deoxy hexose sugar unit 

(Sharaf et al., 2000). In 13C NMR the anomeric proton (C-1”’) of rhamnose was evident 

at 103.3 ppm and the oxymethine carbons and methyl carbon of rhamnose were evident 

at δC 70.6 (C-2”’), 70.6 (C-3”’), 71.2 (C-4”’), 69.9 (C-5”’) and 16.6 (C-6”’), which 

corresponded well to that of published rutinosyl moiety and also supported by the 1H 

NMR data (Manguro et al., 2003, Abdullah et al., 2008) (Table 5.14). This clearly 

indicated that a β-glucosyl (6→1)-α-rhamnoside moiety was present in compound 9.  
 

The above MS (molecular ion at m/z 610.1), 1H and 13C NMR data confirmed 

compound 9, as having a molecular formula of C27H30O16 (DBE = 13). The MS 

fragmentation patterns of compound 9 further supported quercetin-3-O-glucosyl-

rhamnoside (rutin) flavonoid structure (Cuyckens et al., 2001) (Figure 5.49 and 5.50).  
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Figure 5.49: Fragmentation pattern of 9  
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Figure 5.50: Structure of compound 9 

 
Table 5.14: 1H and 13C NMR data of compound 9 (300 MHz, in CD3OD) compared 
with published 1H NMR data for rutin (500 MHz, in CD3OD) (Abdullah et al., 2008) 
 

  Compound 9 Rutin 
Position δC δH (multiplicity, J, Hz) δH (multiplicity, J, Hz) 
2 157.5 - - 
3 135.6 - - 
4 180.0 - - 
5 161.6 - - 
6 99.9 6.20 (1H, d, 2.1) 6.11 (1H,d, 2.0) 
7 164.5 - - 
8 94.7 6.40 (1H, d, 2.1) 6.28 (1H, d, 2.0) 
9 157.0 - - 
10 104.7 - - 
1’ 123.2 - - 
2’ 116.4 7.70 (1H, d, 2.2) 7.66 (1H, d, 2.2) 
3’ 144.5 - - 
4’ 149.4 - - 
5’ 115.3 6.90 (1H, d, 8.4) 6.85 (1H, d, 8.4) 
6’ 122.6 7.64 (1H, dd, 8.4, 2.2) 7.63 (1H, dd, 8.4, 2.2) 
3-O-β-D-glucose  
1” 104.2 5.30 (1H, d, 7.4) 5.05 (1H, d, 7.8) 
2” 75.7 3.21-3.90 (6H, m) 3.35-3.83 (6H, m) 
3” 77.2   
4” 71.2   
5” 78.4   
6” 68.5   
(6→1)-O-α-L-rhamnose  
1”’ 103.3 4.54 (1H, d, 1.5) 5.10 (1H, d, 1.9) 
2”’ 70.6 3.21-3.90 (4H, m) 3.35-3.83 (4H, m) 
3”’ 70.6   
4”’ 71.2   
5”’ 69.9   
6”” 16.5 1.15 (3H, d, 6.2) 1.13 (3H, d, 6.2) 
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In the HMBC experiment of compound 9 (see Appendix ix), all the C-H correlations 

seen for the aglycone quercetin were also seen for compound 8.  The proton at δH 6.20 

(H-6) showed cross-peaks to the quaternary carbons at δC 161.6 (C-5), 164.5 (C-7) and 

104.7 (C-10) while the H-8 proton at δH 6.40 showed cross-peaks to carbons at δC 157.0 

(C-9), 164.5 (C-7) and 104.7 (C-10). The protons at δH 7.70 (H-2’) and 6.90 (H-5’) 

showed cross-peaks to two oxygen-bearing carbons at δC 144.5 (C-3’) and δC 149.4 (C-

4’) confirming the presence of two OH substituents at C-3’ and C-4’ on the B-ring. 

Protons at δH 7.70 (H-2’) and 7.64 (H-6’) showed cross-peaks to an oxygen-bearing 

carbon at 157.5 (C-2) which established the connectivity between ring-B and ring-C in 

the aglycone. The position of attachment of glycosidic moiety to the aglycone was 

confirmed by a cross-peak linking the anomeric proton at δH 5.30 (C-1”) to C-3 (δC 

135.6) on the C-ring (Figure 5.51). The anomeric proton of rhamnose at δH 4.54 (C-1”’) 

showed a cross-peak to the methylene carbon (C-6”) of glucose at δC 68.5, which 

established a glucosyl-(6→1)-α-rhamnose connectivity (Figure 5.51). The 1H and 13C 

data supported all of the correlations. On the basis of these results and by comparison 

with previously published data, compound 9 was identified as the known quercetin-3-O-

β-D-glucosyl-(6→1)-α-L-rhamnoside or rutin (Lallemand & Duteil, 1977, Abdullah et 

al., 2008). 
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5.2.3.3 Structural characterization of compound 10  

Compound 10 was isolated from SPE4 fraction of the CM extract of A. aureum as a 

yellowish powder using reversed-phase HPLC. The LR-ESI-MS negative mode data of 

compound 10 showed a quasi-molecular ion peak [M-H]- at m/z 446.9 with a fragment 

[M-146-H]- at m/z 300.7, suggesting a molecular ion m/z 447.9. The peak at m/z 300.7 

[M-146-H]-  indicated aglycone following the loss of 6-deoxy hexose sugar unit.  
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The 1H NMR (Figure 5.52) of compound 10 revealed an A ring identical to that of 

compounds 8 and 9, with the presence of  two protons  at δH 6.19 (1H, d,  J =2.0) and 

6.39 (1H, d, J =2.0) ppm assigned as H-6 and H-8, respectively. The substitution pattern 

of the B-ring was indicated as 1’,3’,4’-substitution because of the presence of three 

protons at δH  6.91 (1H, d, J = 8.2 Hz, H-5’), 7.31 (1H, dd, J = 2.0, 8.2 Hz, H-6’) and 

7.33 (1H, d, J = 2.1 Hz, H-2’), respectively. The 1H NMR of 10 accounted for the 

aglycone as quercetin by comparison to 8, 9 and published data (Iorizzi et al., 2001). 

The 1H NMR also indicated that 10 was a monoglycoside, because of a single anomeric 

peak (H-1”) at δH 5.33 (1H, d, J = 1.3 Hz). The chemical shift and coupling constant 

values of H-1” indicated a rhamnose unit with an α-configuration (Sharaf et al., 2000, 

Manguro et al., 2003). The methyl (H-6”) of rhamnose was evident at δH 0.94 (3H, d, J 

= 6.0 Hz) and by comparison to published data the presence of the rhamnosyl unit in 

compound 10 was confirmed (Mabry et al., 1970, Iorizzi et al., 2001) (Table 5.15).  The 

oxymethine peaks of H-2” and H-3” of rhamnose were evident at δH 4.20 (1H, dd, J = 

1.4, 3.3 Hz) and 3.70 (1H, dd, J = 3.3, 9.3 Hz), respectively. Other proton signals of the 

rhamnose unit were evidenced as multiplets between δH 3.33-3.54 (2H, m) for H-4” and 

H-5”.  

 

 
Figure 5.52: 1H NMR (300 MHz, CD3OD) spectrum of 10 
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The 13C Jmod NMR spectrum (Table 5.15) of 10, showed a total of 21 different signals, 

of which 15 were attributed to the aglycone and 6 to one sugar unit, indicating 

compound 10 was a monosaccharide derivative of quercetin. The aglycone (quercetin) 

signals correlated well to that of compounds 8 and 9 as well as with the published data 

of quercetin (Lallemand & Duteil, 1977, Markham et al., 1978, Iorizzi et al., 2001, 

Andersen & Markham, 2006). Glycosidic attachment in 10 was indicated at C-3 

because a change in chemical shift on the aglycone at C-3 (δC 134.8 ppm) in 

comparison to quercetin (Fossen et al., 1999, Manguro et al., 2003). This was further 

supported by an HMBC correlation from the anomeric proton H-1” to C-3. A carbonyl 

carbon was evident at δC 179.5 (C-4), along with five aromatic oxygen-bearing 

quaternary carbons at δC 161.8 (C-5), 164.5 (C-7), 157.2 (C-9), 145.0 (C-3’) and 148.4 

(C-4’). The anomeric carbon of rhamnose (C-1”) appeared at δC 102.6 ppm, while the 

oxymethine carbons and methyl carbon of rhamnose were evident at δC 70.5 (C-2”), 

70.6 (C-3”), 71.8 (C-4”), 67.6 (C-5”) and 16.2 (C-6”), respectively.  
 

The above MS (molecular ion at m/z 447.9), 1H and 13C NMR data confirmed 

compound 10, has a molecular formula of C21H20O11 (DBE = 12). The MS 

fragmentation patterns of compound 10 further supported the glycosylation pattern as 

quercetin-O-rhamnoside flavonoid (Figure 5.53) (Manguro et al., 2003).  
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Figure 5.53: Structure of compound 10 
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Table 5.15: 1H and 13C NMR data of compound 10 (in CD3OD) compared with 
published 1H NMR data for quercetin-3-O-α-L-rhamnoside (500 MHz, in CD3OD)  
(Iorizzi et al., 2001) 

 

 Compound 10 Quercetin-3-O-α-L-rhamnoside 
Position δC δH (multiplicity, J, Hz) δH (multiplicity, J, Hz) 
2 157.9 - - 
3 134.8 - - 
4 179.5 - - 
5 161.8 - - 
6 98.5 6.19 (1H, d, 2.0) 6.23 (1H,d, 1.6) 
7 164.5 - - 
8 93.4 6.39 (1H, d, 2.0) 6.40 (1H, d, 1.6) 
9 157.2 - - 
10 104.4 - - 
1’ 121.5 - - 
2’ 115.5 7.33 (1H, d, 2.1) 7.36 (1H, d, 1.6) 
3’ 145.0 - - 
4’ 148.4 - - 
5’ 115.4 6.91 (1H, d, 8.2) 6.94 (1H, d, 8.0) 
6’ 121.4 7.31 (1H, dd, 8.2, 2.1) 7.34 (1H, dd, 8.0, 1.6) 
3-O- α-L-rhamnose  
1” 102.6 5.33 (1H, d, 1.3) 5.37 (1H, br.s) 
2” 70.5 4.20 (1H, dd, 1.4, 3.3) 4.25 (1H, br.d, 3.2) 
3” 70.6 3.75 (1H, dd, 3.3, 9.3) 3.77 (1H, dd, 3.2, 9.4) 
4” 71.8 
5” 67.8 

3.33 - 3.54 (2H, m) 3.36 - 3.43 (2H, m) 

6” 16.2 0.94 (3H, d, 6.0) 0.96 (3H, d, 6.2) 
 

In the HMBC experiment (see Appendix x) on compound 10, all C-H correlations seen 

for compounds 8 and 9 were evidenced for 10. The protons at δH 6.19 (H-6) and 6.39 

(H-8) showed cross-peaks to the quaternary carbons at δC 161.8 (C-5), 164.5 (C-7), 

104.4 (C-10) and δC 157.2 (C-9), 164.5 (C-7), 104.4 (C-10), respectively. The protons at 

δH 7.33 (H-2’) and 6.91 (H-5’) showed cross-peaks to two aromatic oxygen-bearing 

carbons at δC 145.0 (C-3’) and δC 148.4 (C-4’) establishing the presence of two OH 

substituents at C-3’ and C-4’ on the B-ring. Protons at δH 7.33 (H-2’) and 7.31 (H-6’) 

also showed cross-peaks to another oxygen-bearing carbon at 157.9 (C-2), which 

established the connectivity between ring-B and ring-C in the aglycone. The position of 

attachment of the glycosidic moiety to the aglycone was confirmed by a cross-peak 

from the C-1” anomeric proton at δH 5.33 to C-3 (δC 134.8) on the C-ring (Figure 5.54). 

The 1H and 13C NMR data supported all of these correlations. On the basis of these 

results and by comparison with previously published data, compound 10 was identified 
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as the known compound quercetin-3-O-α-L-rhamnoside (Markham et al., 1978, Fossen 

et al., 1999, Iorizzi et al., 2001).  
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Figure 5.54: Key HMBC correlations observed in compound 10 

 
5.2.3.4 Structural characterization of compounds 11 and 12  

Compounds 11 and 12 were isolated as a mixture from SPE4 fraction of the CM extract 

of A. aureum as yellowish powder using reversed-phase HPLC. The structures of the 

compounds were elucidated principally by NMR, MS and by comparison to the 

published literature. The IR spectrum showed the presence of carbonyl (1650 cm-1) and 

hydroxyl (3249 cm-1) groups, along with C-H and C=C due to absorptions at 2916 cm-1 

and 1058-1172 cm-1, respectively. The LR-ESI-MS negative mode data of 11 and 12 

showed a major quasi-molecular ion peak [M-H]- at m/z 609.2 for 11 and a minor peak 

at m/z 284.8 for 12. The MS data of compound 11 suggested a molecular ion at m/z 

610.0, whereas, compound 12, a molecular ion at m/z 285.8. Further MS-MS 

fragmentation of the peak at m/z 609.2 of 11 revealed two additional fragments as [M-

162-H]- at m/z 447.2 (loss of hexose sugar)  and [M-162-147-1]- at m/z 300.1 (loss of 6-

deoxy hexose) (Manguro et al., 2003). But the fragmentation of 11 did not correspond 

to that of compound 9 or data about rutinoside in the literature (Cuyckens et al., 2001).  
 

The 1H NMR (Figure 5.55) of the mixture revealed two compounds 11 and 12 in a ratio 

of 3:2. 1H NMR also showed the presence of a ring structure identical to that in 

compounds 8, 9 and 10 and identified as ring-A. Ring-B was evident as 1’,3’,4’-

substitution for compound 11 and 1’,4’-substitution for compound 12.  
 

Compound 11 showed the presence of two protons at δH 6.19 (1H, br. s) and 6.39 (1H, 

d, 1.7 Hz) ppm, as did compound 12 at δH 6.19 (1H, br. s) and 6.37 (1H, d, 1.7 Hz), 

these were assigned as H-6 and H-8 for ring-A, respectively by HSQC experiment. The 
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1H NMR signals between 11 and 12 differed in the substitution pattern of the rings 

identified as a B-ring. Compound 11 indicated a 1’,3’,4’-substitution pattern because of 

the presence of three protons at δH 6.87 (1H, d, 8.2 Hz), 7.28 (1H, dd, 2.0, 8.2 Hz) and 

7.32 (1H, d, 2.0 Hz) for H-5’, H-6’ and H-2’, respectively and their respective coupling 

constants. In contrast, 12 showed a 1’,4’-para substitution pattern with signals at δH 8.06 

(2H, d, 8.8 Hz) and 6.89 (2H, d, 8.8 Hz) for H-2’/6’ and H-3’/5’ protons respectively. 

The 1H NMR data and comparison to compound 8, 9, 10 and published data indicated 

that the aglycone of 11 was quercetin and 12 was kaempferol (Lallemand & Duteil, 

1977, Markham et al., 1978, Andersen & Markham, 2006, Xiao et al., 2006, Imperato, 

2008). Two anomeric proton signals were evident in the 1H NMR, one was evident at δH 

5.33 (1H, d, J = 1.1 Hz, H-1”) and the other one at δH 5.26 (1H, d, J = 7.1 Hz, H-1’”). 

By comparing the chemical shift and coupling constant values to the published data, the 

anomeric proton at δH 5.33 (J = 1.1 Hz) was identified as a rhamnose sugar unit in an α-

configuration, whereas the anomeric proton at δH 5.26 (J = 7.1 Hz) was identified as a 

D-glucose unit in a β-configuration (Sharaf et al., 2000, Manguro et al., 2003). The 

methyl (H-6”) doublet at δH 0.93 (3H, d, J = 6.0 Hz) confirmed the presence of a 

rhamnosyl moiety (Mabry et al., 1970).  The oxymethine peaks of H-2” and H-3” of 

rhamnose appeared at δH 4.2 (1H, br. s Hz) and 3.7 (1H, dd, J = 3.0, 9.2 Hz), 

respectively. Two other proton signals of rhamnose were observed as multiplets 

between δH 3.33-3.54 (2H, m) for H-4” and H-5”, along with the CD3OD solvent peak. 

The oxymethines (4H) and oxymethylene (2H) protons of the glucose moiety were 

observed as multiplets between at δH 3.20-3.66 (H-2”’ to H-6”’).  
 

In the13C Jmod NMR spectrum (Table 5.16), a total of 33 different signals were found 

and among these, 12 were attributed to two sugar units. 13C NMR signals indicating two 

rings (ring A and ring C) of the aglycone part of 11 and 12 correlated well to that of 

compound 8 and 9 as well as with published data for quercetin and kaempferol, 

respectively (Lallemand & Duteil, 1977, Markham et al., 1978, Andersen & Markham, 

2006, Xiao et al., 2006). Carbon signal differences between the aglycone part of 

compounds 11 and 12 was evidenced in the B-rings. The substitutions at C-3’and C-4’ 

(δC 146.0 and 149.0 ppm) on ring-B were seen for 11 but only at C-4’ (δC 161.6 ppm) 

on ring-B in 12.  The anomeric carbon of rhamnose (C-1”) was evident at δC 103.6 ppm 

and glucose (C-1’”) at 104.0 ppm. The oxymethine carbons and methyl carbon of 
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rhamnose were evident at δC 71.9 (C-2”), 71.9 (C-3”), 72.1 (C-4”), 71.3 (C-5”) and 17.6 

(C-6”). Whereby, the oxymethine carbons of glucose were evident at δC 75.7 (C-2”’), 

78.0 (C-3”’), 71.9 (C-4”’), and 78.4 (C-5”’) and the oxymethylene protons of glucose 

were observed at δC  62.6 (C-6””), indicating that an un-substituted  glucose moiety was 

present (Sharaf et al., 2000). In the HSQC spectrum all the carbon signals were 

identified and corresponded as above.  

 

 
Figure 5.55: 1H NMR (300 MHz, CD3OD) spectrum of 11 and 12 mixture 

 

The above MS (molecular ion at m/z 610.0), 1H and 13C NMR data of compound 11 

suggesting a molecular formula of C27H30O16 (DBE = 13). The MS-MS fragmentation 

of the peak at m/z 609.2 of 11 also revealed two additional fragments as [M-162-H]- at 

m/z 447.2 and [M-162-147-H]- at m/z 300.1 indicating the loss of glucose (hexose) and 

rhamnose (6-deoxy hexose) sugar unit, further supported the glycosylation pattern of 11 

and indicated that both the sugar units linked to different hydroxyls of the quercetin 

because both fragments [M-162-H]- (at m/z 447.2) and [M-162-147-H]- (at m/z 300.1) 

were observed in the MS spectra (Mar et al., 2004) (Figure 5.56 and 5.57). The MS (a 

molecular ion at m/z 285.8.), 1H and 13C NMR data of compound 12, confirmed a 

molecular formula of C15H10O6 (DBE = 11), indicating compound 12 as kaempferol 

structure (Figure 5.56).  
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Figure 5.56: Structure of compounds 11 and 12 
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Figure 5.57: Fragmentation pattern of 11 
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Table 5.16: 1H and 13C NMR (300 MHz) data for 11 and 12 (in CD3OD) 

 Compound 11 Compound 12 
Position δH (multiplicity, J, Hz) δC δH  (multiplicity, J, Hz) δC 
2 - 159.0 - 157.9 
3 - 135.4 - 135.4 
4 - 179.0 - 179.0 
5 - 163.1 - 163.6 
6 6.19 (1H, br. s) 99.95 6.19 (1H, br. s) 99.9 
7  166.2                                                                                                                                              166.2 
8 6.39 (1H, d, 1.7) 94.7 6.37 (1H, d, 1.7) 94.7 
9 - 158.5                         - 158.5 
10 - 105.6 - 105.6 
1’ - 123.0 - 122.7 
2’ 7.32 (1H, d, 2.0) 116.9                                                          8.06 (2H, d, 8.8) 132.3 
3’ - 146.0 6.89 (2H, d, 8.8) 116.1 
4’ - 149.0 - 161.6 
5’ 6.87 (1H,d, 8.2) 116.1 6.89 (2H, d, 8.8) 116.1 
6’ 7.28 (1H, dd, 2.0, 8.2) 122.8 8.06 (2H, d, 8.8) 132.3 
3-O-rhamnose    
1” 5.33 (1H, d,1.1) 103.6 - - 
2” 4.2 (1H, br. s) 71.9 - - 
3” 3.7 (1H, dd,3.0, 9.2) 71.9 - - 
4” 72.1 - - 
5” 

3.33-3.54 (2H, m) 
71.3 - - 

6” 0.93 (3H, d, 6.0) 17.6 - - 
7-O-glucose    
1”’ 5.26 (1H, d,7.1) 104.0 - - 
2”’ 75.7 - - 
3”’ 78.0 - - 
4”’ 71.9 - - 
5”’ 78.4 - - 
6”’ 

3.20-3.66 (6H, m) 

62.6 - - 
 

In the HMBC experiment (see Appendix xi), all the C-H correlations seen for ring-A 

and ring-C of the aglycone of compounds 8 and 9 were also evidenced for compound 11 

and 12. In compound 12, the protons at δH 8.06 (H-2’/6’) of ring-B showed cross-peaks 

to an oxygen-bearing carbon at δH 157.9 (C-2). This established the connectivity 

between ring-B and ring-C of compound 12. In contrast, in 11, the protons at δH 7.32 

(H-2’) and 7.28 (H-6’) of ring-B showed cross-peaks to another oxygen-bearing carbon 

at δH 159.0 (C-2), indicating the connectivity of ring-B to ring-C of compound 11. The 

above correlations clearly demonstrated that there were two different aglycones, one for 

compound 11 and other for 12 (Figure 5.58). 
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In compound 12, the protons at δH 8.06 (H-2’/6’) and 6.89 (H-3’/5’) of ring-B also 

showed cross-peaks to an aromatic oxygen-bearing carbon at δC 161.6 (C-4’) 

establishing the presence of one OH substituent’s at C-4’ on the B-ring. The protons at 

δH 8.06 (H-2’/6’) of ring-B (12) showed cross-peaks to carbon at δC 132.3 (C-6’/2’), 

whereas, the proton at δH 6.89 (H-3’/5’) of ring-B (12) showed cross-peaks to carbons at 

δC 122.7 (C-1’) and 116.1 (C-5’/3’) (Figure 5.58).  
 

In compound 11, the protons at δH 7.32 (H-2’) and 6.87 (H-5’) of ring-B showed cross-

peaks to two aromatic oxygen-bearing carbons at δC 146.0 (C-3’) and 149.0 (C-4’) 

confirming the presence of two OH substituents at C-3’ and C-4’ on the B-ring of 

compound 11. Other C-H correlations seen for ring-B of the aglycone of compounds 8 

and 9 were also observed for compound 11. The connectivity of sugar units to the 

aglycone part in compound 11 were confirmed through the HMBC experiments. The 

attachment of the rhamnose moiety to quercetin in 11 was established by a cross-peak 

from the anomeric proton at δH 5.33 (H-1”) to C-3 (δC 135.4) on the C-ring (Figure 

5.58). However, the anomeric proton of glucose at 5.27 (H-1”’) did not show a cross-

peak to either the quercetin aglycone part or the rhamnose sugar unit of 11. In the 

ROESY and NOESY 2D experiments (see Appendix xi), the anomeric proton at 5.27 

(H-1”’) for glucose showed a correlation with the proton of 6.37 (H-8) of ring-A in 11 

indicating the attachment of the glucose unit at C-7 of ring-A. The 1H and 13C NMR 

data also supported these correlations. On the basis of these results and by comparison 

with the previously published data, compound 11 was identified as quercetin-3-O-α-L-

rhamnosyl-7-O-β-D-glucoside and 12 was identified as kaempferol (Xiao et al., 2006, 

Imperato, 2008). 
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5.2.4 Asperphenamate derivative 13 

5.2.4.1 Structural characterization of compound 13 

Compound 13 was isolated from SPE4 fraction of the CM extract of A. aureum as 

yellowish white crystals needles following reversed-phase HPLC. The structure of 

compound 13 was elucidated principally by NMR, MS and by comparison with 

previously published data. The λmax (log ε) values of 13 (in MeOH) were found to be 

339.4 nm (3.06), 309.0 nm (3.15) and 200.2 nm (4.19). The LR-ESI-MS positive mode 

data showed a quasi-molecular ion peak [M+Na] + at m/z 467.0 suggesting a molecular 

ion at m/z 444.0. The optical rotation of the compound was        = - 10.1 (c 0.316, 

MeOH). 
 

The 1H NMR spectrum (Figure 5.59, Table 5.17) of compound 13 showed the presence 

of three mono-substituted phenyl groups at δH 7.24 - 7.33 (5H, m, H-2 - H-6, phenyl A), 

7.07 (2H, m, for H-2’ and H-6’, phenyl B), 7.18 (2H, m, for H-3’ and H-5’, phenyl B), 

7.15 (1H, m, for H-4’, phenyl B), 7.72 (2H, m, for H-2’’ and H-6”, phenyl C), 7.43 (2H, 

m, for H-3” and H-5”, phenyl C) and 7.52 (1H, m for H-4”, phenyl C).  Two secondary 

amine protons (2 x NH) were evident at δH 6.77 (1H, d, 7.5 Hz) and 5.94 (1H, d, 8.7 Hz) 

[α]25 
D 

Figure 5.58: Key HMBC (→) and ROESY (↔) correlations observed in 11 and 12 
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for NH-10 and NH-10’ respectively. The spectrum exhibited two AB methylene (2 x 

2H) systems at δH 3.23 (1H, dd, 13.5, 6.0 Hz, H-7a) and 3.03 (1H, dd, 13.5, 8.4 Hz, H-

7b) as well as δH 3.94 (1H, dd, 11.1, 4.8 Hz, H-9’a) and 3.82 (1H, dd, 11.1, 4.2 Hz, H-

9’b), respectively. Two methine protons were evident as multiplets at 4.77 (1H, m, H-8) 

and 4.36 (1H, m, H-8’). The spectrum also evidenced another methylene multiplet at δH 

2.78 (2H, m, H-7’) and a methyl group singlet at δH 2.04 (3H, s, C-12’).   

 
 

 
Figure 5.59: 1H NMR (300 MHz, CDCl3) spectrum of 13 

 

The 13C NMR spectrum (Figure 5.60, Table 5.17) of 13 indicated a total of 21 different 

types of carbon signals which included one methyl group (δC 20.8, C-12’), three 

methylenes (δC 39.0, 38.5, 66.1 for C-7, C-7’ and C-9’, respectively), two methine 

groups (δC 56.7, 51.6 for C-8 and C-8’) and nine aromatic methines. The nine aromatic 

methine carbon signals were evident for a total of 15 aromatic methine carbons because 

C-2/C-6 and C-3/C-5 of each aromatic ring had the same carbon chemical shifts and 

were observed between δC 127.5-132.8 ppm (see Table 5.17). Six quaternary carbons 

were also identified and three were confirmed as aromatic quaternary carbons (δC 138.5, 

138.9, 135.2 for C-1, C-1’ and C-1”, respectively), indicating that all the aromatic rings 

(A, B and C) were mono-substituted. Three carbonyls were evident at δC 173.3 (C-9), 

172.6 (C-11’) and 167.1(C-7”) ppm. The MS, proton and carbon NMR data of 13 
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confirmed the molecular formula of C27H28O4N2 (DBE = 15) and matched with the 

published data of patriscabratine (Figure 5.61, Table 5.17) (Xiao et al., 2002). 

 

 

 
Figure 5.60: 13C NMR (J mod, 300 MHz, CD3OD) spectrum of 13 
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Figure 5.61: Structure of compound 13 
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Table 5.17: 1H (300 MHz, in CDCl3) and 13C NMR (300 MHz, in CD3OD) data of 13 
compared with published data for patriscabratine (500 and 125 MHz, in CDCl3) (Xiao 
et al., 2002) 

 

 Compound 13 Patriscabratine* 
Position δH (multiplicity, J , Hz) δC δH (multiplicity, J , Hz) δC 
1 - 138.5 - 136.6 
2/6 130.4 129.3 
3/5 129.4 128.8 
4 

7.24-7.33 (2H, m) 
7.24-7.33 (2H, m) 
7.24-7.33 (1H, m) 127.5 

7.20-7.32 (2H, m) 
7.20-7.32 (2H, m) 
7.20-7.32 (1H, m) 127.1 

7 3.23 (1Ha, dd, 13.5, 6.0) 
3.03 (1Hb, dd, 13.5, 8.4) 

39.0 3.22 (1Ha, dd, 13.5, 5.7) 
3.06 (1Hb, dd, 13.5, 8.5) 

38.4 

8 4.77 (1H, m) 56.7 4.75 (1H, m) 55.0 
9 - 173.3 - 170.2 
10 6.77 (1H, d, 7.5) - 6.72 (1H, d, 7.8) - 
1’ - 138.9 - 136.7 
2’/6’ 7.07 (2H, m) 130.3 7.07 (1H, m) 129.1 
3’/5’ 7.18 (2H, m) 129.5 7.16 (1H, m) 128.6 
4’ 7.15 (1H, m) 127.5 7.14 (1H, m) 126.7 
7’ 2.78 (2H, m) 38.5 2.75 (2H, m) 37.4 
8’ 4.36 (1H, m) 51.6 4.35 (1H, m) 49.4 
9’ 3.94 (1Ha, dd, 11.1, 4.8) 

3.82 (1Hb, dd, 11.1, 4.2) 
66.1 3.93 (1Ha, dd, 11.2, 4.8) 

3.82 (1Hb, dd, 11.2, 4.3) 
64.6 

10’ 5.94 (1H, d, 8.7) - 5.91 (1H, d, 7.8) - 
11’ - 172.6 - 170.8 
12’ 2.04 (3H, s) 20.8 2.03 (3H, s) 20.8 
1” - 135.2 - 133.6 
2”/6” 7.72 (2H, m) 127.8 7.71 (1H, m) 127.0 
3”/5” 7.43 (2H, m) 128.5 7.44 (1H, m) 128.6 
4” 7.52 (1H, m) 132.8 7.53 (1H, m) 131.9 
7” - 167.1  170.0 

 
In the HMBC experiment (see Appendix xiii), cross-peaks were observed for the 

methylene (H-7) protons at δH 3.23 to δC 138.5 (C-1), 130.4 (C-2/ C-6), 56.7 (C-8) and 

173.3 (C-9), whereas, the methylene protons (H-7’) at δH 2.78 showed cross-peaks to δC 

138.9 (C-1’), 130.3 (C-2’/6’), 51.6 (C-8’) and 66.1 (C-9’) establishing connectivity 

between two different protons of the molecule. Further correlations were observed 

between the aromatic protons (H2”/ H-6”) at δH 7.72 to 135.2 (C-1”), 128.5 (C-3”/ C-

5”) and a carbonyl carbon at 167.1 (C-7”). The cross-peaks between the methyl protons 

(H-12’) at δH 2.04 to carbonyl carbon at 172.6 (C-11’) established the attachment of the 

acetyl moiety in compound 13. The methine proton (H-8) at δH 4.77 showed cross-peaks 

to the carbonyl carbons at 173.3 (C-9) and 167.1 (C-7”), which indicated the 

connectivity between these two groups. In contrast, the methine proton at (H-8’) δH 4.36 
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showed a cross-peak to the other carbonyl carbon at 172.6 (C-11’), indicating the 

connectivity of phenyl (ring-B) of the alkyl group to the acetamido group via C-8’. 

Correlations between the primary amine protons (H-10/ H-10’) and other carbons were 

not observed because these exchangeable protons were exchanged with the solvent 

CD3OD.  The correlations between the phenyl-B alkyl group and the other phenyl alkyl 

groups (phenyl-A or phenyl-C systems) were also not observed in the HMBC 

experiment, but the chemical shift of the methylene protons (H-9’) at δH 3.94 (δC 66.1) 

indicated that an oxymethylene group was present next to a carboxylate (C-9) group 

(Watson, 2007). This indicated the connectivity between the phenyl-A alkyl group and 

the phenyl-B alkyl group via C-9 and C-9’. The 1H, 13C NMR, 1H-1H COSY and 

published data also supported all of the HMBC correlations (Figure 5.62). On the basis 

of these results and by comparison with previously published data, compound 13 was 

identified as patriscabratine (Gu et al., 2002, Xiao et al., 2002). 

 

 

 

 

 

 

 

 

 

 

 

5.2.4.2 Patriscabratine isolated from natural sources 

Patriscabratine (13) is an analogue of asperphenamate and is known as α-acetylamino-

phenylpropyl α-benzoylamino-phenylpropanoate, first isolated from an ethanolic extract 

of Patrinia scabra bunge (Gu et al., 2002). Patriscabratine is limited in natural 

abundance and to-date only 7 reports exist on the isolation of patriscabratine (Table 

5.18), although, asperphenamate has been isolated before from different natural sources 

(Pomini et al., 2006, Yuan et al., 2010). There are no reports regarding the isolation of 

patriscabratine from the species of A. aureum including its family Pteridaceae. One 
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Figure 5.62: Key HMBC correlations observed in compound 13 
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article reports on the isolation of asperphenamate from a Bangladeshi species of Lucas 

spera (Ahmed et al., 2010a). This is the first report on the isolation and characterization 

of patriscabratine from A. aureum, including its family Pteridaceae.  
 

 Table 5.18: Previously reported plant sources of patriscabratine 

Plant species (Family) Reference 
Brassaiopsis glomerulata (Araliaceae)  (Balunas et al., 2009) 
Fissistigma capitatum (Annonaceae) (Nguyen et al., 2005) 
Gastrodia elata  (Orchidaceae) (Xiao et al., 2002) 
Impatiens pritzellii (Balsaminaceae) (Zhao et al., 2005) 
Patrinia scabra (Valerianaceae) (Gu et al., 2002) 
Rabdosia rubescens (Labiatae) (Lu et al., 2008) 
Streptocaulon griffithii (Asclepiadaceae) (Zhou et al., 2009b) 
Total synthesis (Yuan et al., 2010) 
 
5.2.5 Long chain hydrocarbon 6 

5.2.5.1 Structural characterization of compound 6  

Compound 6 was isolated from SPE3 fraction of the CM extract of A. aureum as a 

white semi-solid crystalline material following reversed-phase HPLC. The structure of 6 

was elucidated principally by NMR, MS, melting point and by comparison to published 

data. The IR spectrum showed major absorption bands at 2915, 2848, 1470, 1067, 718 

cm-1 indicating a hydrocarbon compound.  The of LR-ESI-MS positive mode data 

showed a quasi-molecular ion peak [M+Na]+ at m/z 361.0 suggesting a molecular ion at 

m/z 338.0. The melting point for 6 was measured to be 51.5 - 52.0 οC.  
 

The 1H NMR spectrum (Figure 5.63) of 6, evidenced only two signals, one large singlet 

at δH 1.28 (44H) and the other a small triplet at δH 0.91 (6H, 6.0, 7.2 Hz).  These two 

signals indicated compound 6 contained only two different types of protons. The singlet 

at δH 1.28 indicated 22 methylene protons, whereas, the triplet at δH 0.91 indicated two 

methyl groups.  
 

In the 13C NMR spectrum (Figure 5.64) of 6, five different carbon signals were 

observed. One methyl carbon signal appeared at δC 14.9 (C-1/24) indicating two 

terminal methyl groups. Another four methylene carbon signals were exhibited at δC 

24.2 (C-2/23), 33.5 (C-3/22), 30.9 (C-4/21) and a large peak at δC 31.1 (C-5 to C-20). 

The large carbon signal indicated the numerous methylene groups (16 x 1C). The MS 
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(molecular ion at m/z 338.0), 1H and 13C NMR data of 6, confirmed a molecular formula 

of C24H50 (DBE = 0). The IR, MS and melting point data along with the 1H and 13C 

NMR data were consistent with the published data of n-tetracosane (Figure 5.65, Table 

5.19) (Schuette et al., 1953, Kinugasa et al., 2010, Yamaji et al., 2010).  
 

 
Figure 5.63: 1H NMR (300 MHz, CD3OD) spectrum of 6 

 

 
Figure 5.64: 13C NMR (Jmod, 300 MHz, CD3OD) spectrum of 6 
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Figure 5.65: Structure of 6 

 

Table 5.19: 1H and 13C NMR (300 MHz, CD3OD) data of 6 compared with published 
data for n- tetracosane (90 and 25.16 MHz, in CDCl3) (Yamaji et al., 2010) 

\ 

 Compound 6 Tetracosane 
Position δH (multiplicity, J , Hz) δC δH (multiplicity, J , Hz) δC 
1/ 24 0.91 (6H, t, 6.0, 7.2 Hz) 14.9 0.88 (6H, m) 14.1 
2/ 23 24.1 22.7 
3/ 22 33.5 32.0 
4/ 21 30.9 29.5 
5 - 20 

1.28 (44H, s) 

31.1 

1.26 (44H, s) 

29.7 
 

In the COSY 2D experiment (Figure 5.66 and 5.67), the methyl protons at δH 0.91 

showed a cross-peak to the methylene protons at δH 1.28. The methylene protons 

showed no correlation with other protons, which indicated that they were all identical 

(Figure 5.66). An HSQC experiment (see Appendix vi) also supported the NMR data. 

On the basis of all the above results (IR, MS, MP, 1H, 13C NMR) and from comparison 

with previously published data, compound 6 was identified as n-tetracosane (Yamaji et 

al., 2010). 
 

 
                          Figure 5.66: COSY (300 MHz, CD3OD) spectrum of 6 
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CH3

CH3  
Figure 5.67: Structure of 6 with its key COSY correlations 

 

5.2.5.2 Tetracosane isolated from natural sources 

It has long been known that long chain hydrocarbons are common in plants and other 

eukaryotic organisms like fungi, bacteria and animals. In plants, long chain alkanes are 

found in the cuticle and epicuticular wax as a mixture of constituents (Baker, 1982). In 

fact, they are reported to be present in different parts of many plant species. In plants, 

these alkanes act as protection against water and mineral loss, bacterial and fungal 

infections, and harmful insects.  Some organisms use these hydrocarbons as a carbon 

and energy source (Tanaka et al., 1982a). It is reported that these long chain alkanes 

might be produced in plants via decarboxylation of fatty acids 6 (Schuette et al., 1953).   
 

Literature studies have shown that hydro-distillation is the common technique used to 

extract the volatile oils from different plant species where tetracosane has been 

identified by GC/MS as a common constituent (Table 5.20). To-date there is one report 

regarding the isolation of tetracosane from natural Ouricuri Wax and Oat Oil (Schuette 

et al., 1953). Synthetic tetracosane is now available in pure form on a commercial scale. 

This is first report of the isolation of tetracosane from the whole plant of A. aureum.  

 
 
 
 
 
 
 
 



 166 

 Table 5.20: Previously reported plant extracts where tetracosane has been identified by 
GC/MS  

 

Plant species Plant part* References 
Allium ursinum Fl (Ivanova et al., 2009) 
Anethum graveolens   Fl (Amin & Sleem, 2007) 
Anredera cordifolia  AP (Zeid et al., 2007) 
Astragalus corniculatus  L, Fl, Fr (Krasteva et al., 2008) 
Averrhoa carambola  L, S (Tadros & Sleem, 2004) 
Balanites aegyptiaca  Fr (Al Ashaal et al., 2010) 
Calycotome villosa L (Loy et al., 2001) 
Codium fragile NA (Koz et al., 2009) 
Comptonia peregrine  NA (Sylvestre et al., 2007) 
Cupressus sempervirens L (Ibrahim et al., 2009) 
Cynanchum stauntonii NA (Yang et al., 2005) 
Delonix regia L (Abou Zeid, 2002) 
Descurainia sophia  AP (Mohamed & Mahrous, 2009) 
Dracocephalum heterophyllum  NA (Lu & Tian, 1999) 
Duranta repens.   NA (Abou-Setta et al., 2007) 
Genista numidica  AP (Lograda et al., 2009) 
Genista saharae AP (Lograda et al., 2009) 
Hibiscus micranthus L, S (Jain et al., 1997) 
Hyssopus angustifolius  AP (Saeedi & Morteza-Semnani, 2009) 
Ixora parviflora Vahi.  Fl (Gonaid, 2006) 
Jatropha curcas L (Wang et al., 2009b) 
Limonium echioides Fl (Romeilah, 2009) 
Lonicera japonica Fl (El-Kashoury et al., 2007) 
Matricaria chamomilla  Fl (Romeilah, 2009) 
Macfadyena unguis-cati  AP (Aboutabl et al., 2006) 
Moringa peregrina AP (Elbatran et al., 2005) 
Myrmekioderma granulata AP (Mishra et al., 2009) 
Parkinsonia aculeata  AP (El-Alfy et al., 2008) 
Pelargonium zonale  L, Fl (Hamed, 2007) 
Pongamia pinnata  Fl (El-Shabrawy et al., 2007) 
Phyllanthus emblica L Fr (Liu et al., 2009b) 
Salvia sclarea Fl (Hayet et al., 2007) 
Salvia bracteata AP (Cardile et al., 2009) 
Satureja montana  AP (Cavar et al., 2008) 
Satureja subspicata AP (Cavar et al., 2008) 
Schinopsis lorentzio  L, Fr (Azzam, 2004) 
Schinopsis balansae L, Fr (Azzam, 2004) 
Senna surattensis  L (El-Sawi & Sleem, 2009) 
Senecio stabianus NA (Tundis et al., 2009) 
Spiranthes sinensis  R (Tezuka et al., 1989) 
Suaeda fructicosa  Fl (Saidana et al., 2008) 
Teucrium flavum  AP (Menichini et al., 2009) 
Tipuana tipu  L, P (Kansoh et al., 2009) 
Trachyrhamphus serratus NA (Wang et al., 2007b) 
Viscum album  L  (Cebovic et al., 2008) 

   *AP: Aerial parts; Fl: Flowers; Fr: Fruits; L: Leaves; P: Pods; S: Stem; NA: Not available;  
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5.3 Summary 

Acrostichum aureum is a mangrove fern belonging to the family of Pteridaceae, and was 

collected from the Bangladeshi Sundarban forests. Limited research has been published 

on this plant species, although extensive research has been reported with other species 

of this family. In this project, the crude methanolic extract (CM) of A. aureum showed 

cytotoxic activity against a number of cancer cell lines. The extract was fractionated 

between n-hexane (HF) and methanol (MF). The MF fraction was further sub-

fractionated using SPE C-18 cartridges. The sub-fractions were further fractionated and 

pure constituents isolated using reversed-phase HPLC. A total of 13 compounds 

including phthalic acid esters (1 and 3), sesquiterpenes (2, 4, 5 and 7), a long chain 

hydrocarbon (6), flavonoids (8, 9, 10, 11 and 12), and an asperphenamate analogue (13) 

were isolated from n-hexane and different SPE fractions of this plant (Table 5.21, 

Figure 5.68).  Three compounds were identified as novel natural products (1, 2 and 5) 

and eleven compounds (1, 2, 3, 4, 5, 6, 7, 9, 10, 11 and 13) were isolated for the first 

time from A. aureum (Table 5.21).  
 

The structures of compounds 1 and 3 were assigned as (2'S-methylhexyl) (2''S-methyl-

5''-acetylpentyl) phthalate and di-(2-methylheptyl) phthalate, respectively. Compound 1 

was isolated as a novel compound, whereas, compound 3 was a known compound 

isolated for the first time from A. aureum.  
 

The structures of compounds 2, 4, 5 and 7 were assigned as (2R, 3S)-sulfated pterosin 

C, (2S, 3S)-pterosin C, (2S, 3S)-sulfated pterosin C and (2R)-pterosin P, respectively. 

Compounds 2 and 5 are novel compounds. Compounds 4 and 7 were known compounds 

and isolated for the first time from A. aureum.  
 

The structure of compound 6 was assigned as a known long chain hydrocarbon, 

tetracosane. This is the first time, it was isolatied and characterized from A. aureum.  
 

A total of five known flavonoids (8, 9, 10, 11 and 12) were isolated from A. aureum. 

The structures of 9, 10 and 11 were assigned as quercetin-3-O-β-D-glucosyl (6→1)-α-L-

rhamnoside, quercetin-3-O-α-L-rhamnoside and quercetin-3-O-α-L-rhamnosyl-7-O-β-

D-glucoside, respectively, and are identified for the first time from A. aureum. 
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Compound 8 and 12 were isolated before from A. aureum and assigned as quercetin-3-

O-β-D-glucoside and kaempferol, respectively.  
 

An asperphenamate derivative (13) assigned as patriscabratine, is the first report of its 

occurrence in A. aureum.  
 

All compounds isolated have been tested for their cytotoxic activity and these results are 

discussed in Chapter 6. 

 
Table 5.21: List of compounds isolated form A. aureum 

Compound 
No. 

Compound Name Previous isolation  
from A. aureum 

Novelty 

1 (2'S-methylhexyl) (2''S-methyl-5''-
acetylpentyl) phthalate 
 

No Novel 

2 (2R, 3S)-sulfated pterosin C 
 

No Novel 

3 Di-(2-methylheptyl) phthalate 
 

No Known 

4 (2S, 3S)-Pterosin C 
 

No Known 

5 (2S, 3S)-sulfated pterosin C  
 

No Novel 

6 Tetracosane 
 

No Known 

7 (2R)-Pterosin P 
 

No Known 

8 Quercetin-3-O-β-D-glucoside 
 

Yes Known 

9 Quercetin-3-O-β-D-glucosyl 
(6→1)-α-L-rhamnoside 
 

No Known 

10 Quercetin-3-O-α-L-rhamnoside 
 

No Known 

11 Quercetin-3-O-α-L-rhamnosyl-7-
O-β-D-glucoside 
 

No Known 

12 Kaempferol 
 

Yes Known 

13 Patriscabratine No Known 
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Figure 5.68: Compounds isolated from A. aureum 
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CHAPTER 6 

Evaluation of Cytotoxic Activity of Compounds 

Isolated from Acrostichum aureum 
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6.1 Background 

6.1.1 Cytotoxic activity of isolated pure compounds 

Cancer is a major public health problem in both developed and developing countries 

and plant derived agents have been used for the treatment of different diseases including 

cancer for thousand of years (Mohammad, 2006). Searching for novel anti-cancer 

compounds from plants is an ongoing process and it was not until the 1950s that the 

evaluation  of crude plant extracts for their cytotoxic activity began (Mans et al., 2000). 

Due to intensive screening and further evaluation of more than 120,000 plant extracts 

for anti-cancer activity, a number of plant derived anti-cancer drugs are currently used 

in the treatment of cancer such as vincristine, vinblastine, toposide, teniposide, 

paclitaxel (taxol®), docetaxel (taxotere®), camptothecin, homoharringtonine and 

elliptinium (Mans et al., 2000, Cragg & Newman, 2005, Mohammad, 2006). These 

plant derived anti-cancer drugs are currently used against different cancer conditions 

and they act by different mechanisms.  For example,  vincristine and vinblastine act as 

an inhibitor of tubulin polymerization (Mans et al., 2000, Stapleton et al., 2004), 

taxanes act by promoting tubulin stabilization (Cragg & Boyd, 1996), camptothecin acts 

as an inhibitor of DNA topoisomerase I and homoharringtonine acts by inhibition of 

DNA polymerase α, all resulting in growth inhibition of rapidly proliferating cells 

(Mans et al., 2000). The major considerations in a drug discovery program are the 

evaluation of the potency of drugs and the knowledge of the molecular mechanism of 

action (Kenakin et al., 2006). Current anti-cancer drugs are alkylating agents, 

antibiotics, anti-metabolites, spindle poisons and kinase inhibitors, which exerts mainly 

cytotoxicity through different mechanisms of action. The main draw back of these 

chemotherapeutic agents is the lack of targeted and specific action. The non-specific 

mode of action causes toxicity on healthy cells. Therefore, it is important to discover 

novel cytotoxic agents with diverse of activity and low toxicity on healthy cells than 

current existing anti-cancer agents (Guilbaud et al., 2001). Moreover, cancer cells can 

easily undergo mutation and are capable of becoming resistant to the drugs used in the 

chemotherapy. The toxicity, non-specificity, drug resistance and often high cost of 

mono-targeted therapies have encouraged the search for novel anti-cancer 

chemotherapeutic agents (Amin & Sleem, 2007). In this study, a total of 13 compounds 

comprises five different chemical classes have been isolated from A. aureum and were 
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tested for their cytotoxic activity against four human cancer cell line and one normal 

mouse fibroblast cell line.  

 

6.1.2 Apoptosis and necrosis investigations of anti-cancer compounds 

Proliferation of cells involves many physiological and pathophysiological processes 

including growth, healing, repair, hypertrophy, hyperplasia and the development of 

tumours. Apoptosis or programmed cell death, plays a fundamental role in many normal 

biological processes (including embryonic development as well as in the maintenance of 

tissue homeostasis) as well as several disease states (Wyllie et al., 1980, Kutuk & 

Basaga, 2006). Imbalance between cell proliferation and apoptosis is one mechanism 

that can lead to the development of cancer (Yaacob et al., 2010). The apoptotic process 

has characteristic morphological features, including loss of membrane asymmetry and 

attachment, cell shrinkage, chromatin condensation and chromosomal DNA 

fragmentation (Elmore, 2007).  
 

Necrosis is an additional mechanism in which cells die, and is considered to be a toxic 

process whereby the cell follows an energy-independent mode of death. The 

characteristics of necrotic cell death involves cell swelling, chromatin digestion, and 

disruption of the plasma and organelle membranes (Elmore, 2007).  
 

Loss of plasma membrane of the cell surface is one of the earliest features of the 

apoptotic process (Ziegler & Groscurth, 2004). In apoptotic cells, the membrane 

phospholipid phosphatidylserine (PS) is translocated from the inner to the outer leaflet 

of the plasma membrane and exposing PS to the external cellular environment (Vermes 

et al., 2000, Michiko et al., 2002). A number of assays for the determination of 

apoptosis are described in the literature. Among them flow-cytometry assays using 

double-staining fluorescein isothiocyanate (FITC)-labelled Annexin V and Propidium 

iodide (PI) is one of the suitable method for the detection of apoptosis and necrosis at 

the same time (Sládek et al., 2001).  Annexin V is a 35-36 kDa Ca2+ dependent 

phospholipid-binding protein that has a high affinity for PS, and binds to cells with 

exposed PS (Raynal & Pollard, 1994). Annexin V can conjugate to fluorochromes 

including FITC (Homburg et al., 1995, Vermes et al., 1995). This Annexin V-FITC 

conjugate has high affinity for PS and thus serves as a sensitive probe for flow 
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cytometric analysis of cells that are undergoing apoptosis (Vermes et al., 1995). Since 

externalization of PS occurs in the earlier stages of apoptosis, Annexin V- FITC 

staining can identify apoptosis at an earlier stage than assays based on nuclear changes 

such as DNA fragmentation (Haeraud et al., 2000). Propidium iodide (PI) staining 

solution used with Annexin V-FITC can assess the plasma membrane integrity. PI is a 

fluorescent vital dye that stains DNA (Nicoletti et al., 1991, Lecoeur, 2002). It does not 

cross the plasma membrane of cells that are viable or in the early stages of apoptosis 

because they maintain their plasma membrane integrity (Overbeeke et al., 1998, 

Lachaud et al., 2004). In contrast those cells in the late stages of apoptosis or already 

dead have lost plasma membrane integrity and are permeable to PI, which then binds to 

cell’s DNA and emits fluorescents light primarily at wavelengths between 580 and 650 

nm. The intensity of the fluorescence can be used to quantities the amount of DNA 

(Lecoeur, 2002) (Figure 6.1). Translocation of PS to the external cell surface also occurs 

during necrosis. Annexin V-FITC is used in conjunction with a dye Propidium iodide 

(PI) to distinguish apoptotic cells  (AV+/PI-) from necrotic cells (AV+/PI+) and viable 

cells (AV-/PI-) (Figure 6.1) (Guchelaar et al., 1998, Annexin V-FITC: Technical Data 

Sheet, 2010).  

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6.1: Detection of apoptosis by Annexin V-FITC and PI staining assay using a 
flow cytometer. The live cells have cell membrane integrity and are therefore AV-/PI-. 
Early apoptotic cells alter their cell membrane asymmetry causing PS to be translocated 
from cytoplasmic face to external face and are AV+/PI-. In the late apoptotic cells the 
plasma membrane lost integrity and are permeable to PI and AV+/PI+ (adapted from 
http://www.imgenex.com). 

                   Live Cell                     Apoptotic Cell        Late Apoptotic Cell  
                                                                                      or Necrotic Cell 
 
 
 
 
 
 
 
 
 
 
 
                        AV-/PI-                           AV+/PI-                       AV+/PI+ 
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Traditional anti-cancer agents have focused on the inhibition of proliferation of cancer 

cells, but the current point of view has altered to not only block the proliferation but 

also to induce apoptosis (Guchelaar et al., 1998, Yaacob et al., 2010). Compounds with 

potent anti-proliferative activity and apoptosis-inducing potential are promising new 

anti-cancer agents (Guchelaar et al., 1998). An anti-cancer drug can induce apoptosis or 

necrosis depending on the mechanism of cytotoxicity, drug concentration, duration of 

exposure and the biological status of the target cells (Guchelaar et al., 1998). In the 

current study, the apoptosis- and necrosis-inducing potential of compounds di-(2-

methylheptyl) phthalate (3), (2S, 3S)-sulfated pterosin C (5), tetracosane (6)  and 

patriscabratine (13) on AGS gastric cancer cells using FITC-labelled Annexin V and 

Propidium iodide was examined (see Chapter 2, Section 2.8). The assay provides 

quantitative information of percentage of viable, apoptotic and necrotic cells in relation 

to the time of exposure of these cytotoxic compounds at a specified concentration. The 

results of flow cytometry using Annexin V-FITC and PI were presented as percentage 

of  Annexin V+/PI- or Annexin V+/PI+ to indicate the status of apoptosis and necrosis 

induced by the test compounds as Nomenclature Committee on Cell Death (NCCD) 

recommended  (Kroemer et al., 2005). 

 

6.2 Results and Discussions 

6.2.1 Cytotoxic activity of compounds isolated from Acrostichum aureum  

A total of 13 compounds including phthalic acid esters, sesquiterpenes, flavonoids, 

asperphenamate derivative and a long chain hydrocarbon have been isolated from 

different fractions of A. aureum. The isolated compounds were tested for their cytotoxic 

potential against a normal mouse fibroblast (NIH 3T3) cell line and four human cancer 

cell lines including one gastric adenocarcinoma (AGS), one colon adenocarcinoma (HT-

29) and two breast ductal carcinoma (MCF-7 and MDA-MB-231) cell lines, using the 

MTT assay (see Chapter 2, Section 2.7). Among the two breast cancer cell lines used in 

this study, one (MCF-7) is estrogen receptor (ER)-dependent and the other one is an 

ER-independent (MDA-MB-231) breast cancer cell line (Yaacob et al., 2010).  
 

The cytotoxicity assays of isolated pure compounds were performed at different 

concentrations (100, 10, 0.1 and 0.01 µg/mL) for an 48 hr treatment period to assess 

their cytotoxic effects on these cells. The cytotoxic activity of the isolated pure 



 174 

compounds is summarized in Table 6.1. Of the 13 compounds tested, only five 

compounds did show cytotoxic activity at the concentrations tested. (2S, 3S)-Sulfated 

pterosin C (5) showed the most toxicity with the lowest IC50 values (7.5 – 49.8 µg/mL) 

overall, including against the normal mouse fibroblast cell line. Patriscabratine (13) 

showed interesting selective cytotoxicity against gastric (AGS, IC50 59.3 µg/mL) and 

breast cancer cell lines (MDA-MB-231 and MCF-7; IC50 31.0 and 87.6 µg/mL, 

respectively), and no cytotoxicity against normal mouse fibroblasts and HT-29 colon 

cancer cell lines. Di-(2-methylheptyl) phthalate (3) showed non-selective cytotoxicity 

with an IC50 value between 20.8 – 73.1 µg/mL. (2S, 3S)-Pterosin C (4) and tetracosane 

(6) showed the least cytotoxic activity among these five cytotoxic compounds and both 

compounds were non-toxic to the MCF-7 breast cancer cell line. However, tetracosane 

(6) showed lower IC50 value (43.5 µg/mL) against the HT-29 colon cancer cell line, 

whereas compound 4 showed no cytotoxicity against colon cancer cells. The cytotoxic 

activity of (2S, 3S)-sulfated pterosin C (5) against AGS gastric cancer cells was 

approximately seven times lower, but three times higher for MCF-7 breast cancer cells 

than the known cytotoxic compound cycloheximide. However, the overall cytotoxic 

activity of these five cytotoxic compounds was lower than cycloheximide (see Table 6.1 

and Table in appendix xiii).  

 



 175 

 Table 6.1: Cytotoxic activity (IC50) of compounds isolated from A. aureum  

Cytotoxic Activity (IC50 )* 

(µg/ mL) 

Compound  

No. 
Name of Compound(s) Compound Class 

NIH 3T3 AGS HT-29 MDA-MB-231 MCF-7 

1 (2'S-methylhexyl) (2''S-methyl-5''-
acetylpentyl) phthalate 
 

Phthalic acid ester NT NT NT NT NT 

2 (2R, 3S)-sulfated pterosin C  
 

Sesquiterpene  NT NT NT NT NT 
3 Di-(2-methylheptyl) phthalate 

 
Phthalic acid ester 54.2 20.8 48.2 37.8 73.1 

4 (2S, 3S)-Pterosin C 
 

Sesquiterpene 451.7 483.6 NT 550.3 NT 

5 (2S, 3S)-sulfated pterosin C 
 

Sesquiterpene 14.7 7.5 21.6 49.8 20.2 
6 Tetracosane 

 
Hydrocarbon 349.9 515.7 43.5 363.8 NT 

7 (2R)-Pterosin P 
 

Sesquiterpene NT NT NT NT NT 
8 Quercetin-3-O-β-D-glucoside 

 
Flavonoid NT NT NT NT NT 

9 Quercetin-3-O-β-D-glucosyl (6→1)-
α-L-rhamnoside or Rutin 
 

Flavonoid NT NT NT NT NT 

10 Quercetin-3-O-α-L-rhamnoside 
 

Flavonoid NT NT NT NT NT 
11/12 Quercetin-3-O-α-L-rhamnosyl-7-O-

β-D-glucoside and Kaempferol 
 

Flavonoid NT NT NT NT NT 

13 Patriscabratine Asperphenamate 
analogue 

NT 59.3 NT 31.0 87.6 

Cycloheximide - - 0.3 1.0 3.6 0.4 61.3 
* NT = No toxicity at the tested concentration; IC50  (inhibition of cell growth 50 %) calculated by probit analysis software (LdP Line software, USA), data was generated by experiment 
performed in triplicates.
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(2'S-Methylhexyl) (2''S-methyl-5''-acetylpentyl) phthalate (1) and di-(2-methylheptyl) 

phthalate (3), isolated for the first time from A. aureum, are phthalic acid ester 

derivatives (see Chapter 5, Section 5.2.1). Phthalic acid esters are reported to exhibit 

reproductive and hepatic toxicity (Lampen et al., 2003, Matsumoto et al., 2008). Very 

few phthalic acid ester derivatives have been isolated from plant sources. Di-(2-

methylheptyl) phthalate (3) is a known phthalate ester and has been previously isolated 

from different plant species with bioactivity (Namikoshi et al., 2006) (see Chapter 5, 

Section 5.2.1.3). For example, di-(2-methylheptyl) phthalate (3) has been reported to 

have anti-viral, anti-bacterial, anti-melanogenesis, peroxynitrite scavenger and anti-

oxidant activity (Cakir et al., 2003, Jung et al., 2007, Ramasamy & Rameshthangam, 

2007, Jeong et al., 2008). Previously only one article reported cytotoxic activity of di-

(2-ethylhexyl) phthalate and di-butyl phthalate isolated from A. lucidior against a 

myelogenous leukaemia cell line (Wang et al., 2005). (2'S-methylhexyl) (2''S-methyl-

5''-acetylpentyl) phthalate (1) is a novel phthalate ester and demonstrated no toxicity 

against both normal and tumour cell lines used in this cytotoxicity study, whereas di-(2-

methylheptyl) phthalate (3) showed potent non-selective cytotoxicity against both 

normal and cancer cell lines, including both breast cancer cell lines (MDA-MB-231 and 

MCF-7).  
 

MCF-7 cells are  estrogens receptor (ER)-dependent and carry wild type tumour 

suppressor p53 gene, while MDA-MB-231 is an p53 mutant aggressive ER-independent 

breast cancer cell line (Yaacob et al., 2010). Estrogen is an important regulator of 

mammary gland and can play vital role in the development of breast cancer. Drugs that 

act as ER antagonists (e.g. tamoxifen, fulvestrant) are widely used in the treatment of 

ER-positive breast cancers but ER-negative breast cancers cannot be controlled by 

hormone therapy and therefore, it is difficult treat (Moggs et al., 2005). The cytotoxic 

activity of di-(2-methylheptyl) phthalate (3) is independent of whether the cell express 

ER or not, and has potential advantage over ER-dependent anti-cancer compounds, 

which can act against only ER-positive but not ER-negative breast cancer cells. The 

cytotoxicity of di-(2-methylheptyl) phthalate (3) was slightly higher against hormone-

independent MDA-MB-231 cells than hormone-dependent MCF-7 cells (IC50 37.8 vs. 

73.1 µg/mL, respectively). No report has been found to-date in the literature regarding 

the cytotoxic or anti-cancer activity of di-(2-methylheptyl) phthalate (3). Thus, this is 
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the first report of cytotoxic activity for di-(2-methylheptyl) phthalate (3) against the 

tested cell lines. Interestingly, one study reported that some phthalates (environmental 

plasticizer) including butyl benzyl phthalate (BBP), di-(n-butyl) phthalate (DBP), and 

di-(2-ethylhexyl) phthalate (DEHP) increased cell proliferation in MCF-7, but not in 

MDA-MB-231 cells (Young et al., 2004). In our study di-(2-methylheptyl) phthalate (3) 

showed different results (anti-proliferative for both MCF-7 and MDA-MB-231 breast 

cancer cells) than these plasticizers, which indicated that although di-(2-methylheptyl) 

phthalate (3) has structural similarities to plasticizer, but has opposite effects.     
 

In this study, a total of four pterosins, compounds 2, 4, 5 and 7, were isolated for the 

first time from A. aureum  and among these, (2R, 3S)-sulfated pterosin C (2)  and (2S, 

3S)-sulfated pterosin C (5) were identified as novel natural products. Only compounds 4 

and 5 showed cytotoxic activity in the MTT cytotoxicity screening (Table 6.1). 

Compound 4 was identified as a known pterosin, (2S, 3S)-pterosin C, whereas, 

compound 5 was elucidated as a novel pterosin, (2S, 3S)-sulfated pterosin C. 

Interestingly, (2S, 3S)-pterosin C (4) showed significantly lower cytotoxicity against all 

cell lines tested in this study than (2S, 3S)-sulfated pterosin C (5), which demonstrated 

the most potent cytotoxicity amongst all the compounds tested. 
 

During the last 35 years, pterosins and their derivatives were reported to have different 

biological activities, establishing them as a large group of biologically active 

sesquiterpenes (Table 6.2). These are a common class of compounds in ferns of 

Pteridaceae family (Murakami et al., 1980a, Murakami & Saiki, 1989, Nagao et al., 

1989). Bracken fern poisoning was first reported in 1965 by Evans and Mason and other 

reports confirmed that ingestion of this plant by cattle causes a number of diseases 

including bladder and intestinal cancer (Potter & Baird, 2000). Not only animals are 

affected by bracken fern poisoning but also humans. Humans can be exposed to bracken 

fern poisoning through eating the plant, physical contact with it or its spores, and 

ingestion of milk from affected animals feeding on the bracken (Potter & Baird, 2000).  
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Table 6.2: Pharmacological activity of pterosins and their derivatives 

Compound(s) Pharmacological Activity References 
Ptaquiloside Bladder and intestinal 

carcinogen and causes pyrexia, 
ulceration, pannyeloid bone-
marrow damage and petechelial 
haemorrhages in farm animals 
 

(Potter & Baird, 2000) 

Pterosin A Cytotoxic (Hep G2 cells) 
 

(Ge et al., 2008) 

Pterosin B Cytotoxic (HL60 cells), 
stimulant of lymphocyte 
proliferation, anti-microbial, 
toxic on urchin embryos and 
ciliate  
 

(Kobayashi et al., 1975, 
Kobayashi & Koshimizu, 
1980, Kumar et al., 2001, 
Chen et al., 2008) 

Pteroside C Cytotoxic (KB cells) (Harinantenaina et al., 2008)
 

(2R, 3R)-Pteroside L Cytotoxic (HL60 cells) 
 

(Chen et al., 2008a) 

(2S, 3S)-Pterosin C-3-
O-coumaroyl-glucoside 
 

Cytotoxic (HepG2 cells) 
 
 

(Ge et al., 2008) 

(2R, 3S)-Pterosin C-3-
O-coumaroyl-glucoside 
 

Cytotoxic (HepG2 cells) (Ge et al., 2008) 

Pterosin P Growth inhibitor of rat prostatic 
epithelial cells 
 

(Qin et al., 2006) 

Pterosin S and  
Pteroside S 
 

Neoplasm inhibitor 
 

(Yamaguchi et al., 1988) 

Pterosins F, H, I, V Toxic of urchin embryos  
 

(Kobayashi & Koshimizu, 
1980) 

Pterosin O Anti-microbial, toxic on urchin 
embryos and ciliate 

(Kobayashi et al., 1975, 
Kobayashi & Koshimizu, 
1980) 
 

Pterosin Z Smooth muscle relaxant, toxic 
on urchin embryos and ciliate 

(Kobayashi & Koshimizu, 
1980, Sheridan et al., 1999) 

 

In the present study, (2S, 3S)-pterosin C (4) showed cytotoxic activity only against AGS 

gastric and MDA-MB-231 breast cancer cell lines with IC50 values of 483.6 and 550.3 

µg/mL, respectively. An interesting finding was that MCF-7 breast cancer cells were not 

sensitive to (2S, 3S)-pterosin C (4) but MDA-MB-231 breast cancer cells were, 

although the given activity was very low (IC50 550.3 µg/mL). There are no reports to-

date regarding the cytotoxic activity of (2S, 3S)-pterosin C (4), however, (2S, 3S)-

pterosin C-3-O-coumaroyl-glucoside and (2R, 3S)-pterosin C-3-O-coumaroyl-glucoside 
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have been reported to have cytotoxic activity against HepG2 cell line (Ge et al., 2008) 

(Table 6.2). 
 

(2S, 3S)-Sulfated pterosin C (5), the most active of the 13 isolated compounds, showed 

the lowest IC50 (7.5 µg/mL) against AGS gastric cancer cells among all the tested cell 

lines, indicating (2S, 3S)-sulfated pterosin C (5) is quite toxic to AGS cells, although to 

a lesser degree than cycloheximide (IC50 1.0 µg/mL). However, the toxicity for (2S, 3S)-

sulfated pterosin C (5) against MCF-7 cells (IC50 20.2 µg/mL) was three times higher 

than the cytotoxic compound cycloheximide (IC50 61.3 µg/mL). Interestingly, there is 

no report about pterosins causing cytotoxicity against gastric cancer cells but one report 

indicated that the longer the duration of residence of people in the areas of dense 

bracken fern growth, the greater the risk of dying of gastric cancer, as it has been proven 

that bracken components cause gastric cancer in humans (Villalobos-Salazar, 1985). 

Ptaquiloside was identified as the main carcinogenic component in bracken (Niwa et al., 

1983). However, pterosin are believed to be produced from ptaquiloside in acidic or 

basic conditions (Saito et al., 1989). Earlier reports state that bracken poisoning is not 

due to pterosins (Yoshihira et al., 1978, Evans et al., 1983), however, there are many 

recent reports about the cytotoxic activity of pterosins or pterosides in-vitro (Table 6.2).  
 

In contrast to (2S, 3S)-pterosin C (4), (2S, 3S)-sulfated pterosin C (5) showed potent 

cytotoxic activity against both the MDA-MB-231 and MCF-7 breast cancer cell lines 

(IC50 20.2 and 49.8 µg/mL, respectively). This indicates that, similar to di-(2-

methylheptyl) phthalate (3), the cytotoxic activity of compound 5 is independent of 

whether the cell express ER or not, and has potential advantage over ER-dependent anti-

cancer compounds.  
 

The structural difference between (2S, 3S)-pterosin C (4) and (2S, 3S)-sulfated pterosin 

C (5) is a sulfate group at the hydroxyethylene chain (C-14 position). Given that the 

recorded cytotoxicity for (2S, 3S)-pterosin C (4) was much lower (IC50 483.6 – 550.3 

µg/mL) than (2S, 3S)-sulfated pterosin C (5) (IC50 7.5 - 49.8 µg/mL), which indicates 

that the structural difference (a sulfate group) may contributes to the cytotoxic activity. 

A literature review demonstrated that the presence of a sulfate group in some molecules 

(such as holothurin, chondroitin, cictyodendrins A−E, laminarin, sokotrasterol sulfate 

etc.) is important for their biological activity (Warabi et al., 2003, Zou et al., 2004, 
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Bhakuni & R., 2005, Murphy et al., 2006, Valdimir et al., 2008). For example, the 

sulfate group in holothurioid triterpene glycoside, isolated from sea cucumbers 

(Holothurioidea), at C-4 position of the first xylose residue increases the anti-fungal, 

anti-tumour and cytotoxic activity of the compound through increasing the 

membranolytic action, whereas the absence of the sulfate group decreases the activity 

(Anisimov et al., 1978, Haug et al., 2002, Valdimir et al., 2008).  
 

Compound 2 also identified as a novel pterosin C, (2R, 3S)-sulfated pterosin C, has the 

same structure as compound 5 ((2S, 3S)-sulfated pterosin C) apart from one 

conformational differences at C-2 position. Compound (2) showed no cytotoxic activity 

against any of the tested cell lines which, indicates that not only the sulfate group but 

also the configuration at C-2 position of pterosin C is important for cytotoxic activity 

against these cell lines. 
 

Compound 7 was identified as the known 2R-pterosin P compound and showed no 

cytotoxicity against all the tested cell lines. Similarly, 2R-pterosin P isolated recently 

from P. multifida was not toxic against A549 (human lung epithelial adenocarcinoma), 

LoVo (human colon carcinoma), PANC-1 (human pancreatic carcinoma), and NCI-

H446 (human lung carcinoma) cell lines (Ouyang et al., 2010). However, 2S-pterosin P 

did have growth inhibitory activity on rat prostatic epithelial cells (Qin et al., 2006). 

This is the fist report of the isolation of pterosin type compounds from A. aureum, 

including two novel pterosins, and their cytotoxic activity against normal mouse 

fibroblasts and four human cancer cell lines.  
 

Compound 6 was isolated as a known long chain hydrocarbon, tetracosane, for the first 

time from A. aureum. Tetracosane (6) showed interesting selective potent cytotoxicity 

against colon cancer cells (IC50 43.5 µg/mL) and mild cytotoxic activity against other 

cancer cells (AGS and MDA-MB-231) and the normal mouse fibroblast cells. Similar to 

(2S, 3S)-pterosin C (4), tetracosane (6) also showed selective toxicity to the MDA-MB-

231 breast cancer cells and no toxicity against MCF-7 breast cancer cells. Interestingly, 

although, tetracosane has been identified as a component in many volatile oils from 

plants, to-date no reports state any pharmacological activity of tetracosane itself, while a 

variety of pharmacological activities, including cytotoxicity, have been reported for the 

volatile oils containing tetracosane (see Table 6.3 and 6.4). Thus, this study is the first 
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report on the isolation of tetracosane from A. aureum and its first cytotoxicity 

evaluation.  

 

Table 6.3: List of cell lines used for cytotoxic activity assessment of different plant oils 
in which tetracosane has been identified by GC/MS  
 
Cell Line (IC50 , µg/mL)* References 
SKW-3 (24), DOHH-2 (>100), K-562 and LAMA-84 
(>100), 5637 (>100) 
 

(Krasteva et al., 2008) 

HEPG-2 (NA), U251 (NA**) 
 

(Tadros & Sleem, 2004) 
U-251 (10.9), HEPG-2 (11.3), H-460 (5.28) 
 

(Al Ashaal et al., 2010) 
VERO (NA) 
 

(Loy et al., 2001) 
A-549 (66), DLD-1 ( 46.0) 
 

(Sylvestre et al., 2007) 
HEPG-2 (7.6), U-251 (7.9) 
 

(El-Kashoury et al., 2007) 
 

HL-60 and NB-4 (~75) 
 

(Romeilah, 2009) 
HEPG-2 (7.5) 
 

(Hamed, 2007) 
HEPG-2 (NA) 
 

(Hayet et al., 2007) 
M-14 ((>200),  
 

(Cardile et al., 2009) 
HELA (NA), U-251 (NA) 
 

(Azzam, 2004) 
HELA (NA), U-251 (NA) 
 

(Azzam, 2004) 
ACHN (>100), LNCaP (71.1), C-32 (62.7), MCF-7 (87.2) 
 

(Tundis et al., 2009) 
Hela-S3 (NA) 
 

(Tezuka et al., 1989) 
Caco2 (>200), C-32 (>200), COR-L23 (104) 
 

(Menichini et al., 2009) 
HELA (5.3), MCF-7 (4.5), HCT-116 (4.5) 
 

(Kansoh et al., 2009) 
BEL-7402 (NA), HL-60 (NA), A-546 (NA) 
 

(Wang et al., 2007b) 
EAC (NA) 
 

(Cebovic et al., 2008) 
A-549 (25-30) (Kouassi et al., 2010) 
*ACHN: Renal adenocarcinoma; A-546: Lung carcinoma; A549: Human alveolar epithelial carcinoma; BEL-7402: 
Liver carcinoma; C-32 : Amelanotic melanoma; Caco2: Human colon adenocarcinoma; COR-L23: Human lung 
carcinoma; DLD-1: Colon adenocarcinoma; DOHH-2: Non-Hodgkin lymphoma; EAC: Ehrlich ascites carcinoma; 
H460: Human lung carcinoma; Hela-S3 : Human epithelial adenocarcinoma; HEPG2: Human liver carcinoma; HELA: 
Human cervix carcinoma; HL60 and NB4: Human promyelocytic leukaemia cells; HCT116: Human colon carcinoma; 
K-562 and LAMA-84: Chronic myeloid leukaemia; LNCaP: Hormone-dependent prostate carcinoma;  MCF-7: 
Human breast adenocarcinoma; M-14: Human melanoma cells; SKW-3: T-cell leukaemia; U251: Human Brain 
carcinoma; VERO: Monkey kidney cells; 5637: Urinary bladder carcinoma-derived. **NA: Not available; 
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Table 6.4: List of previously reported pharmacological activities (except cytotoxic 
activity) of plant oils in which tetracosane has been identified by GC/MS  
 

Activity References 
Anti-bacterial, anti-fungal (Ivanova et al., 2009) 

 

Anti-mutagenic (Al Ashaal et al., 2010) 
 

Anti-oxidant, anti-bacterial (Koz et al., 2009) 
 

Anti-influenza (Yang et al., 2005) 
 

Analgesic, anti-pyretic, anti-inflammatory (Mohamed & Mahrous, 2009) 
 

Anti-viral (Abou-Setta et al., 2007) 
 

Anti-asthmatic, anti-coughing,  disinfectant  (Lu & Tian, 1999) 
 

Anti-bacterial (Lograda et al., 2009) 
 

Anti-bacterial (Lograda et al., 2009) 
 

Anti-bacterial (Saeedi & Morteza-Semnani, 2009) 
 

Anti-oxidant (Romeilah, 2009) 
 

Anti-oxidant (Romeilah, 2009) 
 

Analgesic (Aboutabl et al., 2006) 
 

Analgesic, anti-ulcer (Elbatran et al., 2005) 
 

Anti-bacterial (Mishra et al., 2009) 
 

Analgesic, anti-pyretic, anti-inflammatory, 
anti-ulcer and anti-diabetic 
 

(El-Shabrawy et al., 2007) 
 

Anti-bacterial, anti-fungal 
 

(Liu et al., 2009b) 
Anti-oxidant, anti-bacterial 
 

(Cavar et al., 2008) 
Anti-oxidant, anti-bacterial 
 

(Cavar et al., 2008) 
Anti-hyperlipidimic, anti-hyperglycemic 
 

(El-Sawi & Sleem, 2009) 
Anti-bacterial, anti-fungal (Saidana et al., 2008) 

   
 

Flavonoids are a common class of compounds naturally occurring in plants which  

possess a variety of biological activities (Pietta et al., 2003). A total of five known 

flavonoids (8, 9, 10, 11 and 12) including one mixture of two compounds, isolated from 

the active SPE4 fraction of A. aureum, were tested for cytotoxic activity. None of them 

showed any cytotoxic activity against any of the tested cell lines. Quercetin-3-O-β-D-

glucoside (8) has been reported to have low cytotoxic activity against MCF-7 cells but 

so far there have been no reports regarding its cytotoxicity against gastric (AGS), colon 

(HT-29) or ER-independent breast (MDA-MB-231) cancer cell lines (Wang et al., 

2007a, Razavi et al., 2009). There are also no reports regarding the cytotoxic activity of 

quercetin-3-O-α-L-rhamnoside (10) against AGS, HT-29, MDA-MB-231 and MCF-7 

cell lines.  However, a number of articles report on the cytotoxic activity of quercetin-3-
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O-rhamnoside (10) against other cancer cell lines and showed low cytotoxicity 

(Cimanga et al., 2006).  
 

Literature studies have revealed that a flavonoid glycoside is less active than its 

aglycone alone (Khatab et al., 2005, Tasdemir et al., 2006). For example, quercetin is 

reported to have potent cytotoxic activity, whereas its glycoside requires higher 

concentrations to exhibit cytotoxic activity in-vitro. This indicates that a free 3-OH 

group on the aglycone is important for its cytotoxic activity.  
 

One report stated the cytotoxic activity of rutin (9) where it showed low toxicity against 

MCF-7, HT-29 and MDA-MB-231 cell lines (>100 µM) (Cordero et al., 2003, Li et al., 

2009a), but no reports discuss its cytotoxic activity against the AGS cell line. In our 

study rutin (9) also showed no toxicity against AGS, HT-29, MCF-7 and MDA-MB-231 

cell lines.  
 

Kamepferol (12) is active against a number of cell lines including the breast cancer cell 

lines (MCF-7 and MDA-MB-231) (Kong et al., 2010, Hakimuddin et al., 2004). In this 

study a mixture of kaempferol and quercetin-3-O-rhamnosyl-7-O-glucoside (11) was 

tested for cytotoxic activity but it showed no cytotoxic activity against all the tested cell 

lines. Interestingly, quercetin and kaempferol previously isolated from this plant species 

also found it to be non-toxic to B16 murine melanoma cells (Mei et al., 2006).   
 

To-date no data exist about the cytotoxicity of quercetin-3-O-rhamnosyl-7-O-glucoside 

(11). This study is the first one that evaluated the cytotoxic activity of this compound. 

Flavonoid glycosides are potent anti-oxidants and can play a major role in protection of 

oxidative stress and free radical scavenging activity (Aviram, 2004). The potential anti-

cancer properties of flavonoids involve a number of factors which protect against the 

development of malignant tumours by inhibiting the metabolic activation of 

carcinogens, protection of DNA from oxidative damage, regulation of cell cycle 

progression and apoptosis in cancer cells (Loizzo et al., 2009, Razavi et al., 2009). 
 

Compound 13 was identified as the asperphenamate derivative, patriscabratine. It 

showed no toxicity against normal mouse fibroblast cells but selective and reasonably 

high cytotoxicity against AGS gastric and both breast cancer (MDA-MB-231, MCF-7) 

cell lines (IC50 31 - 87 µg/mL). Patriscabratine (13) showed slightly higher cytotoxic 
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activity against ER-independent MDA-MB-231 than ER-dependent MCF-7 breast 

cancer cells, indicating that the cytotoxic activity of patriscabratine (13) may be 

influenced by the cell ability to express ER. Previous research demonstrated that 

synthetic patriscabratine has cytotoxic activity against breast carcinoma cell lines (T47D 

and MDA-MB-231) (Yuan et al., 2010), however, the IC50 value for MDA-MB-231 was 

higher (IC50 >100 µM) than in our study (IC50 31.0 µg/mL equivalent to 69.8 µM). 

Patriscabratine is a compound in low abundance in nature and not surprising therefore, 

this is the only report to-date on its biological activity.  
 

6.2.2 Flow cytometry studies 

6.2.2.1 Validation of Annexin V-FITC/PI staining assay by cycloheximide 

Initially, the method assessing the apoptosis- or necrosis-inducing potential of the 

identified cytotoxic compounds was validated in terms of cell seeding concentration, 

time of cell attachment, the effect of vehicles used for dissolving test compounds and 

incubation time to ensure the reproducibility of the results. The assay was validated 

using the known potent cytotoxic compound cycloheximide. Human gastric 

adenocarcinoma (AGS) cells were treated with cycloheximide at a concentration of 150 

µg/mL for 24, 48 and 72 hr and the effects of cycloheximide were observed under a 

microscope (40 x magnifications) (Figure 6.2).  

 

 

  

 

 

 

 

 

 

 
 
 
 
 

A 

D C 

B 

Figure 6.2: Effects of cycloheximide (150 µg/mL) on AGS gastric cancer cells 
following 24, 48 and 72 hr incubation. A: No treatment group; B: Treatment with 
cycloheximide for 24 hr; C: Treatment with cycloheximide for 48; D: Treatment with 
cycloheximide for 72 hr.    
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Flow cytometry analysis was performed to determine the degree of apoptosis induced 

by cycloheximide and to validate the Annexin V-FITC/PI assay.  Figure 6.3 represents 

the percentage of AV+/PI- and AV+/PI+ of cycloheximide on AGS cells at different time 

intervals. A histogram plot demonstrates the treatment of AGS cells with cycloheximide 

at 24, 48 and 72 hr (Figure 6.4). The data represent two independent experiments and 

each experiment was performed in triplicate. The effects of vehicle (2 % DMSO) were 

subtracted from the cycloheximide results.   

 

 

 

 

 

 

 

 

 

 
Figure 6.3: Results of flow cytometry of the AGS cell line with and without treatment 
of cycloheximide. A: showing AV+/PI- (early apoptosis) for 24, 48 and 72 hr treatment; 
B: showing AV+/PI+ (late apoptosis or necrosis) for 24, 48 and 72 hr treatment.  
 
 
As shown in Figure 6.3, the percentage of early apoptosis (AV+/PI-) (13.2 % and 19.3 % 

for 24 and 48 hr, respectively) was not increased further after 48 hr of treatment. This is 

in contrast to late apoptosis or necrosis (AV+/PI+), which was significantly increased 

from 0.1 % to 18 % following the treatment for 24, 48 and 72 hr (Figure 6.3). The value 

of AV+/PI- (early apoptosis) changed in a time-dependent manner between 24 hr to 48 

hr of incubation but did not increase further after this treatment, indicating that 

cycloheximide induces early apoptosis on AGS cells within 48 hr. The value of AV+/PI+ 

(late apoptosis or necrosis) was increased with time and the rate of change was faster 

than for AV+/PI-, indicating that after 24 hr treatment of cycloheximide the AGS cells 

started dying (necrosis) (Figure 6.2). The value of AV+/PI- and AV+/PI+ was almost 

equal (18.4 % and 18.0 %, respectively) after 72 hr treatment and the results were 

reproducible. 
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Figure 6.4: Histogram plot of AGS cells with and without treatment of cycloheximide 
at 150 µg/mL after 24, 48 and 72 hr incubation (time labelled) (10,000 cells counted). 
M1 indicates viable cells (AV-) and M2 indicates apoptotic cells (AV+) analysed by 
flow cytometry.  
 
Cycloheximide is a well-known protein synthesis inhibitor that acts specifically on the 

60S subunit of eukaryotic ribosome and synergistically increases tumour necrosis 

factor-α (TNF-α) cytotoxicity (Alessenko et al., 1997, Clotworthy & Traynor, 2006). 

There is no report to-date on cycloheximide regarding its apoptosis- and necrosis-

inducing potential on AGS cells. However, a number of reports demonstrate that 
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cycloheximide can cause apoptosis in different cancer cell lines (Alessenko et al., 1997, 

Pajak et al., 2005, Ding et al., 2007, Jiang et al., 2008). The mechanism of apoptosis is 

not fully understood and can be cell type and/or inhibitor specific, but regardless of the 

mechanism it is used as a positive control for cell death. The results of the flow 

cytometry data using cycloheximide supports previous studies of apoptosis-inducing 

potential of cycloheximide and validated the method for further study of cytotoxic 

compounds isolated from A. aureum.  

 

6.2.2.2 Determination of apoptosis- and necrosis-inducing potential of compounds 

3, 5, 6 and 13 

The cytotoxic activity study of the isolated compounds from A. aureum demonstrated 

that compounds 3, 5, 6 and 13 were active against different selective carcinoma cell 

lines and displayed toxicity against AGS gastric cancer cells (see Table 6.1). It has been 

reported that a variety of cytotoxic anti-cancer drugs can induce apoptosis at low doses 

but the same stimuli can result in necrosis at higher doses (Elmore, 2007). In the current 

study, the apoptosis- and necrosis-inducing potential of these compounds were 

investigated on AGS gastric cancer cells at a concentration of approximately double of 

IC50 of each compound (except compound 6) for 24 and 48 hr of incubation to 

determine if the mechanism of cytotoxicity involves apoptosis or not. The tested 

concentrations were 40, 15, 100 µg/mL for di-(2-methylheptyl) phthalate (3), (2S, 3S)-

sulfated pterosin C (5), patriscabratine (13), respectively. For tetracosane (6), the assay 

was performed with approximate its IC50 concentration (500 µg/mL) because the IC50 

was a high value (515.7 µg/mL) against AGS cell line. The concentration of positive 

control, cycloheximide was used at 150 µg/mL in the assay to confirm the inducing 

apoptosis of AGS cells.  
 

In order to determine the apoptosis- and necrosis-inducing potential of these 

compounds, the AGS gastric cancer cells were treated with these compounds for 24 and 

48 hr, and the effects of these compounds on this cells were observed (40 x 

magnifications) (Figure 6.5) and flow cytometry measurements were performed using 

Annexin V-FITC and PI staining assay (Figure 6.6, 6.7 and 6.8).  
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      Figure 6.5: Microscopic views (40 x magnifications) of AGS gastric cancer cells with and without treatment of the isolated cytotoxic 
compounds from A. aureum after 24 and 48 hr incubation
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Figure 6.6 represent the histogram plot, recorded for compounds 3, 5, 6 and 13 for 24 hr 

treatment of AGS cells.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 
 
 

Figure 6.6: Histogram plot of AGS cells with and without treatment of compounds, di-

(2-methylheptyl) phthalate (3, at 40 µg/mL), (2S, 3S)-sulfated pterosin C (5, at 15 

µg/mL), tetracosane (6, at 500 µg/mL) and patriscabratine (13, at 100 µg/mL), isolated 

from A. aureum after 24 hr incubation (10,000 cells counted). M1 indicates viable cells 

(AV-) and M2 indicates apoptotic cells (AV+) analysed by flow cytometer.  
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Figure 6.7 represent the histogram plot, recorded for compounds 3, 5, 6 and 13 for 48 hr 

treatment of AGS cells.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 6.7: Histogram plot of AGS cells with and without treatment of compounds, di-

(2-methylheptyl) phthalate (3, at 40 µg/mL), (2S, 3S)-sulfated pterosin C (5, at 15 

µg/mL), tetracosane (6, at 500 µg/mL) and patriscabratine (13, at 100 µg/mL), isolated 

from A. aureum after 48 hr incubation (10,000 cells counted). M1 indicates viable cells 

(AV-) and M2 indicates apoptotic cells (AV+) analysed by flow cytometer.  
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Figure 6.8 shows the percentage of AV+/PI- (early apoptosis) and AV+/PI+ (late 

apoptosis or necrosis) for 24 and 48 hr treatment of AGS cells with di-(2-methylheptyl) 

phthalate (3), (2S, 3S)-sulfated pterosin C (5), tetracosane (6) and patriscabratine (13).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.8: Flow cytometry results of AGS cells following with and without treatment 

of compounds, di-(2-methylheptyl) phthalate (3, at 40 µg/mL), (2S, 3S)-sulfated 

pterosin C (5, at 15 µg/mL), tetracosane (6, at 500 µg/mL) and patriscabratine (13, at 

100 µg/mL), isolated from A. aureum after 24 and 48 hr incubation. A and B represents 

AV+/PI- (early apoptosis) and C and D represent AV+/PI+ (late apoptosis or necrosis) 

for 24 and 48 hr treatment, respectively.  
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Treatment of AGS cells with di-(2-methylheptyl) phthalate (3) was performed at 40 

µg/mL and it showed increased AV+/PI- values from 23.1 % to 33.8 % for 24 to 48 hr 

treatment. The AV+/PI+ values were 1.0 % and 7.13 % for 24 and 48 hr treatment, 

respectively (Figure 6.8). The rate of change of early phase apoptotic cells (AV+/PI-) 

was more prominent than late apoptotic cells (AV+/PI+) and increased with time. This 

indicates that di-(2-methylheptyl) phthalate (3) induces apoptosis of AGS cells in time-

dependent manner. Di-(2-methylheptyl) phthalate (3) showed the highest apoptotic 

inducing potential (% of AV+/PI- value) on AGS cells among all the compounds tested 

in this study and was comparable to the known cytotoxic drug, cycloheximide (150 

µg/mL). Additionally, the concentration of di-(2-methylheptyl) phthalate (3) used (40 

µg/mL) in this study was 3.75 x lower than cycloheximide. Di-(2-methylheptyl) 

phthalate (3) was identified as a phthalic acid ester, di-(2-methylheptyl) phthalate, and 

there is no literature regarding its apoptotic-inducing potential. There are also no reports 

regarding other phthalic acid esters ability to induce apoptosis in cancer cell lines. 

Interestingly, some reports mention di-(2-ethylhexyl) phthalate (DEHP) and mono-(2-

ethylhexyl) phthalate (MEHP) can induce spermatogenic cell apoptosis in guinea pigs at 

prepubertal stage in-vitro and in-vivo (Awal et al., 2004, 2005). This indicates that 

phthalic acid ester might have apoptosis inducing potential on other cells and supports 

the findings of this present work. This is the first report on cytotoxicity and apoptosis 

inducing potential of di-(2-methylheptyl) phthalate (3).  
 

(2S, 3S)-Sulfated pterosin C (5), showed 13.4 % and 28.4 % early apoptosis (AV+/PI-) 

of AGS cells for 24 and 48 hr treatment at 15 µg/mL concentration. The percentage of 

AV+/PI- was significantly increased from 24 hr treatment to 48 hr treatment of AGS 

cells but the percentage increasing of late apoptosis or necrosis (AV+/PI+) was not 

prominent from 24 hr (0.2 %) to 48 hr treatment (2.76 %). Both the early apoptosis 

(AV+/PI-) and late apoptosis or necrosis (AV+/PI+) values were lower (for 5 at 15 

µg/mL) than di-(2-methylheptyl) phthalate (3) (at 40 µg/mL), but higher than 

cycloheximide (at 150 µg/mL) for 24 and 48 hr treatment. At 24 hr treatment the 

AV+/PI- value of (2S, 3S)-sulfated pterosin C (5) was lower than tetracosane (6) (at 500 

µg/mL) and patriscabratine (13) (at 100 µg/mL), but at 48 hr treatment AV+/PI- value 

was higher than these two compounds. The AV+/PI+ values (both for 24 and 48 hr) of 

(2S, 3S)-sulfated pterosin C (5) were lower than tetracosane (6) and patriscabratine (13) 
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(Figure 6.8). The results indicated that although the % of AV+/PI- values of (2S, 3S)-

sulfated pterosin C (5) were lower than di-(2-methylheptyl) phthalate (3), but this 

compound was the most potent than all others compounds and was highly comparable 

to cycloheximide.  
 

The above results demonstrated that (2S, 3S)-sulfated pterosin C (5) induces apoptosis 

of AGS cells at a very low concentration and that induced apoptosis was time-

dependent. (2S, 3S)-Sulfated pterosin C (5) was identified as a novel pterosin derivative 

and this is the first investigation of the cytotoxic and apoptotic potential of this 

compound. Literature  reports that molecules containing a cyclopropane ring, such as 

ptaquiloside (bracken fern poisoning constituent) or the illudins, which react with thiol 

nucleophiles such as cysteine, may act as cysteine-protease inhibitors, affecting the 

complex process of apoptosis giving either carcinogenic or anti-tumour activity without 

direct reaction with DNA (Potter & Baird, 2000). Another compound named CC-1065, 

a highly cytotoxic antibiotic which contains a cyclopropane ring and was isolated from 

Steptomyces zelensis, has significant cytotoxicity and anti-tumour activity by DNA 

cleavage through formation of alkyladenine adducts of adenine residue by cyclopropane 

ring (Kushida et al., 1994, Hanka et al., 1978). Pterosins are represented by ptaquiloside 

and are the characteristic constituents of the fern family (Takahashi et al., 2004). On the 

other hand, illudin-series compounds were reported as precursors of pterosins (Chen et 

al., 2008b). Compound 5 is a (2S, 3S)-sulfated pterosin C and contains a cyclopropane 

ring in its structure. In the cytotoxicity study (2S, 3S)-sulfated pterosin C (5) showed 

potent cytotoxic activity (IC50 7.5 µg/mL) and significantly induced apoptosis of AGS 

cells indicating potent anti-cancer activity. The mechanism of apoptosis of compound 5 

are not clear but it could be possible that it is due to its cyclopropane ring which causes 

DNA cleavage similar to ptaquiloside or illudin and other cyclopropane ring containing 

compounds. Further studies are required to investigate the mechanism of apoptosis 

activity in AGS cells.  
 

Tetracosane (6) and patriscabratine (13), showed quite similar results in flow cytometry 

analysis for both 24 and 48 hr treatment periods at a concentration of 500 and 100 

µg/mL, respectively. Both the AV+/PI- and AV+/PI+ values of these compounds were 

increased from 24 hr treatment period to 48 hr treatment period. This indicates that 
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apoptosis increases in a time-dependent manner. The value of AV+/PI- of tetracosane (6)  

increased from 16.7 % to 22.4 % up to 48 hr treatment, whereas, patriscabratine (13) 

showed 17.7 % to 25.42 % up to 48 hr of treatment of AGS cells. The change of 

AV+/PI+ values were lower than AV+/PI- values and reached up to approximately 6 % in 

48 hr treatment. However, the concentration of tetracosane (6) was the highest (500 

µg/mL) which was 3.3 x higher than cycloheximide, indicating that tetracosane can 

induce apoptosis at higher concentration and is less potent than cycloheximide and other 

compounds tested. The results of patriscabratine (13) at 100 µg/mL indicated that 

apoptosis inducing potential was comparable to tetracosane (6) (500 µg/mL) and the 

positive control, cycloheximide (150 µg/mL) but less potent than (2S, 3S)-sulfated 

pterosin C (5) (15 µg/mL) and di-(2-methylheptyl) phthalate (3) (40 µg/mL). The above 

data indicate that tetracosane (6) and patriscabratine (13) induce apoptosis of AGS cells 

in a time-dependent manner at a concentration of 500 and 100 µg/mL, respectively.  
 

Tetracosane (6) was identified as a long chain hydrocarbon and no reports to-date on its 

apoptotic potential in human cancer cell lines. Additionally, this is the first report of 

isolation and apoptotic inducing potential of tetracosane on AGS cells. One report 

mentions that the root extract of R. sativus induced apoptosis against different human 

cancer cell lines and tetracosane was identified as a component of the extract (Beevi et 

al., 2010). For patriscabratine (13), no reports exists to-date regarding its apoptotic 

activity. There are some reports of cytotoxic activity of asperphenamate and 

patriscabratine but there is no data regarding the mode of cytotoxicity. This is the first 

report of patriscabratine 13 inducing apoptosis in AGS cells.  
 

Apoptosis can be induced in response to many external stimuli (extrinsic pathway) 

including activation of cell surface receptors such as Fas, TNFR1 (tumour necrosis 

factor 1), TRAIL-R1 (TNF-related apoptosis-inducing ligand receptor 1), TRAIL-R2, 

p75-NGER (p75-nerve growth factor receptor) and others (Wajnat, 2003, Elmore, 2007, 

Blackwell et al., 2009). The extrinsic pathway also involves the activation of caspase- 

(3 or 8) and may cleave Bcl-2 protein family members or activate caspase-9 

(Hengartner & Horvitz, 1994, Kutuk & Basaga, 2006). The second mitochondrial 

pathway of apoptosis (intrinsic pathway) also involves the stimulation of death signals 

through Bcl-2 family members and coordinate caspase activation through the release of 
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cytochrome c from the mitochondria (Rich et al., 1999, Philippe et al., 2003, Kutuk & 

Basaga, 2006). The third pathway of activating apoptosis is the involvement of 

endoplasmic reticulum, where apoptosis results by localization of caspase-12 to the 

endoplasmic reticulum and activated by endoplasmic reticulum stress, including 

calcium homeostasis and excess proteins accumulation in endoplasmic reticulum 

(Welihinda et al., 1999, Nakagawa et al., 2000). The ability of the cytotoxic compounds 

to induce apoptosis- and necrosis was performed in this study but the mechanism of cell 

death is not clear yet. Further research is required to elucidate the molecular pathway of 

activation of apoptosis of compounds di-(2-methylheptyl) phthalate (3), (2S, 3S)-

sulfated pterosin C (5), tetracosane (6) and patriscabratine (13). 

 

6.3 Summary  

The cytotoxic activity of compounds 1 - 13 including a mixture 11/12, isolated from 

different fraction of A. aureum, were assessed against normal mouse fibroblast 

(NIH3T3) and four human carcinoma cell lines including one gastric (AGS), one colon 

(HT-29) and two breast (MDA-MB-231 and MCF-7) cancer cell lines.  
 

A phthalic acid ester, di-(2-methylheptyl) phthalate (3), and a sesquiterpene, (2S, 3S)-

sulfated pterosin C (5), showed the most potent cytotoxicity against all tested cell lines 

in this study. In contrast to (2S, 3S)-sulfated pterosin C (5), di-(2-methylheptyl) 

phthalate (3) has higher or equal IC50 against all cell lines except for MDA-MB-231 

cells. Di-(2-methylheptyl) phthalate (3) was more potent against hormone-independent 

breast cancer cells (MDA-MB-231, IC50 37.8 µg/mL), whereas, (2S, 3S)-sulfated 

pterosin C (5) was more active against hormone-dependent cancer cells (MCF-7, IC50 

20.2 µg/mL). The later activity was comparable to the known cytotoxic compound 

cycloheximide (IC50 61.3 µg/mL). Overall, (2S, 3S)-sulfated pterosin C (5) showed the 

most potent cytotoxic activity against all the tested cell including the IC50 value being 

the lowest (7.5 µg/mL) against AGS gastric cancer cells in comparison to all 

compounds tested in this study.  
 

Compound 13 (patriscabratine) showed promising selective cytotoxicity against AGS 

gastric (IC50 59.3 µg/mL) and breast (MDA-MB-231 and MCF-7) cancer (IC50 31 and 
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87 µg/mL) cell lines but no toxicity against normal mouse fibroblasts and colon cancer 

cells.  
 

(2S, 3S)-Pterosin C (4) and tetracosane (6) showed only mild cytotoxic activity (IC50 

350 - 550 µg/mL ) against different cancer cell lines except against the colon cancer 

cells. Tetracosane (6) showed potent cytotoxic activity against the colon cancer (HT-29) 

cell line (IC50 43.5 µg/mL), whereas (2S, 3S)-Pterosin C (4) showed no activity against 

this cell line. Both of the compounds showed selective toxicity against MDA-MB-231 

breast cancer cells (IC50 363.8 and 550.3 µg/mL, for 6 and 4, respectively) but no 

toxicity against MCF-7 breast cancer cells, indicating their cytotoxic activity was 

dependent of whether the cell express ER or not.  
 

All the flavonoids (8 - 12) showed no cytotoxic activity against all tested cell lines 

which support the current literature. 
 

The apoptosis- and necrosis-inducing potential of compounds 3, 5, 6 and 13 on human 

gastric adenocarcinoma (AGS) cells was evaluated by double staining Annexin V-FITC 

and PI by flow cytometry. All of the compounds induced apoptosis in AGS cells in a 

time-dependent manner at a certain concentration and were comparable to 

cycloheximide.  
 

Di-(2-methylheptyl) phthalate (3), showed the highest early apoptosis (AV+/PI-) and late 

apoptosis (or necrosis) (AV+/PI+) than all other compounds tested in this study. (2S, 

3S)-sulfated pterosin C (5), showed lower late apoptotic or necrotic cells (AV+/PI+) in 

comparison to other compounds in both 24 and 48 hr treatment period. However, (2S, 

3S)-sulfated pterosin C (5) showed higher early apoptosis (AV+/PI-) than tetracosane (6) 

and patriscabratine (13). (2S, 3S)-Sulfated pterosin C (5) showed the most potent 

apoptosis inducing potential than all other compounds tested in this study including 

cycloheximide. Tetracosane (6) and patriscabratine (13) induced apoptosis of AGS cells 

in a similar extent in both 24 and 48 hr treatment period but patriscabratine (13) was 

more potent than tetracosane (6). From the above results it is confirmed that the 

cytotoxic activity of these compounds is due to their apoptosis-inducing potential. This 

study is the first report for these compounds (3, 5, 6 and 13) causing apoptosis in AGS 

cells. 



 

 

 

 

 

 

 

CHAPTER 7 

Conclusion and Future Directions 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 197 

7.1 Conclusion  

The aim of this PhD project was to isolate and characterise novel bioactive anti-cancer 

compounds from Bangladeshi medicinal plants, then determine their mechanism of 

action. To fulfill this aim, sixteen Bangladeshi plants including seven mangrove species 

were collected from the tidal forests in the coastal Sundarban (a swamp region in the 

Ganges delta) and other locations within the Khulna district of Bangladesh, then 

screened for possible cytotoxic activity (MTT assay) against three human cancer cell 

lines and one normal mouse fibroblast cell line. The results of this screening study 

supported some of the traditional uses and reported cytotoxic activity for some of these 

plants. The study identified plant extracts which showed selective cytotoxic activity 

towards cancerous cells but were non toxic to normal mouse fibroblasts, along with 

extracts demonstrating potent cytotoxic activity to all the cell lines tested in the study. 

Overall, this study provides an important basis for further investigation into the 

isolation, characterisation and mechanism of action of the cytotoxic compounds present 

in active extracts of selected Bangladeshi medicinal plants.  
 

Phytochemical profiling of all extracts was also performed, using reversed-phase 

HPLC. Based on bioactivity and HPLC chromatographic profile, selected plant extracts 

were further analysed by LC-MS to conduct the metabolic profiling of these extracts. 

The LC-MS data indicated the class and type of compounds (by comparison to 

previously reported compounds from these plants) present in each extract. Based on the 

cytotoxic activity, LC-MS profile and amount of raw material available, A. aureum was 

selected for further investigation; to isolate bioactive anti-cancer compounds.  
 

Acrostichum aureum is a mangrove fern found in the Bangladeshi Sundarban forests 

and belongs to the family of Pteridaceae. Limited research work has been published on 

this plant species, although extensive research has been performed with other species of 

this family. This phytochemical investigation of A. aureum led to the isolation of 13 

compounds. Of the 13 compounds isolated, one compound (1) was isolated from the 

hexane fraction (HF) and the other 12 compounds (2 - 13) were isolated from the 

methanolic fractions of A. aureum. Namely phthalic acid ester derivatives: (2'S-

methylhexyl) (2''S-methyl-5''-acetylpentyl) phthalate (1) and di-(2-methylheptyl) 

phthalate (3); sesquiterpenes: (2R, 3S)-sulfated pterosin C (2), (2S, 3S)-pterosin C (4), 
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(2S, 3S)-sulfated pterosin C (5) and (2R)-pterosin P (7); flavonoids: quercetin-3-O-β-D-

glucoside (8), quercetin-3-O-β-D-glucosyl (6→1)-α-L-rhamnoside (9), quercetin-3-O-α-

L-rhamnoside (10), quercetin-3-O-α-L-rhamnosyl-7-O-β-D-glucoside (11), and 

kaempferol (12); asperphenamate derivatives: patriscabratine (13); and a long chain 

hydrocarbon (6): tetracosane. Three compounds were identified as novel natural 

products (1, 2 and 5) and eleven compounds (1, 2, 3, 4, 6, 7, 9, 10, 11 and 13) were 

isolated for the first time from A. aureum. The three novel compounds, plus the known 

10 other compounds isolated belonging to five different chemical classes of compounds, 

demonstrate that this species has diverse biosynthetic pathways. Except for the phthalic 

acid ester derivatives, all the isolated classes of compounds were in good agreement 

with previous reports on the biosystematics of Pteridaceae and the species A. aureum. 

Previous studies have confirmed that plants can synthesize phthalic acid ester 

derivatives and a biosynthetic pathway has been proposed for the synthesis of phthalic 

acid ester in this thesis. It is apparent that these compounds were isolated from the plant 

and are not a plasticizer contaminant.  
 

All thirteen isolated compounds were further studied to ascertain their cytotoxicity 

potential against selected human cancer cell lines and a normal mouse fibroblast cell 

line. Di-(2-methylheptyl) phthalate (3), and (2S, 3S)-sulfated pterosin C (5) 

demonstrated potent cytotoxic activity against the three human cancer cell lines (IC50 

7.5 – 73.1 µg/mL). Interestingly, (2S, 3S)-sulfated pterosin C (5) showed potent 

cytotoxicity (IC50 7.5 - 49.8 µg/mL), whereas, (2R, 3S)-sulfated pterosin C (2) showed 

no activity in the assay, indicating the stereochemistry at C-2 being responsible for the 

difference in their bioactivity. Additionally, (2S, 3S)-pterosin C (4) showed mild 

cytotoxicity in the assay, but with the addition of a sulfate group (compound 5) 

demonstrate highly potent cytotoxicity. It would therefore be interesting to see whether 

the addition of sulfate group in other pterosin derivatives with and without the changing 

the stereochemistry can be beneficial for developing promising anti-cancer agents.  
 

Patriscabratine (13) and tetracosane (6) are known compounds but to-date there are no 

reports regarding their isolation from A. aureum or about their cytotoxic activity 

potential. In this study, both compounds showed cytotoxicity against selective human 

cancer cell lines. Patriscabratine was non-toxic to normal mouse fibroblast cells and 
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showed selective potent cytotoxicity against gastric (AGS) and breast (MDA-MB-231 

and MCF-7) cancer cell lines.  
 

To investigate the mechanism of the cytotoxicity, the apoptosis- and necrosis-inducing 

potential of 3, 5, 6 and 13 on human gastric cancer (AGS) cells was evaluated using 

double staining Annexin V-FITC and PI assay. All these compounds induced apoptosis 

on AGS cells in a time-dependent manner and were comparable to cycloheximide. Di-

(2-methylheptyl) phthalate (3) showed highest early apoptosis (AV+/PI-) (23 - 34 %) 

and late apoptosis (or necrosis) (AV+/PI+) (1 – 7 %) than all other compounds at a 

concentration of 40 µg/mL. (2S, 3S)-Sulfated pterosin C (5) induced apoptosis (AV+/PI-: 

13 - 28 %) at the lowest concentration (15 µg/mL) and was comparable to tetracosane 

(6) (500 µg/mL) and patriscabratine (13) (100 µg/mL). Tetracosane (6) and 

patriscabratine (13) induced apoptosis of AGS cells quite similar extent in both 24 and 

48 hr treatment period (AV+/PI-) (17 - 25 %). This flow cytometry study confirmed for 

the first time that cytotoxic activity of these compounds is due to their apoptosis-

inducing potential.  
 

This PhD project was focused on advancing the understanding and knowledge about the 

chemistry and pharmacology of phytochemicals in the field of drug discovery for cancer 

chemotherapy through the isolation and structural elucidation of novel anti-cancer 

compounds from selected Bangladeshi plants. The identification of 13 compounds in A. 

aureum, including three novel compounds, with four of these showed potent 

cytotoxicity against different human cancer cells and induced apoptosis on AGS cells 

has made a notable contribution to the discovery of plant-derived novel compounds 

with anti-cancer potential.  
 

Acrostichum aureum is found in different places throughout the world with numerous 

people using this plant for medicinal (e.g. used in ulcer, asthma, constipation, healthy 

pregnancy etc.) and non-medicinal (as a vegetable food) purposes. With the new 

knowledge that potent cytotoxic compounds are present in this plant (di-(2-

methylheptyl) phthalate, (2S, 3S)-sulfated pterosin C, tetracosane and patriscabratine), it 

is desirable to include some toxicity warning to prevent toxicity through ingestion of the 

plant through further in vivo toxicity testing.   
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This PhD project has provided some important outcomes in the field of natural product 

discovery with the isolation of a wide range of secondary metabolites including three 

novel compounds in which one compound (5) possesses promising cytotoxic activity. It 

represents a potential novel lead structure for the development of promising new anti-

cancer drugs.  
 

Finally the research work in this thesis has further demonstrated that, Bangladeshi 

plants are an exciting source of interesting bioactive secondary metabolites and are a 

rich resource for ongoing anti-cancer drug discovery research in the future.  

 

7.2 Future directions 

Future research will be focused on: 

 Performing additional cytotoxic activity study of di-(2-methylheptyl) phthalate 

(3), (2S, 3S)-sulfated pterosin C (5), tetracosane (6) and patriscabratine (13) 

against other human cancer cell lines. 

 Further work is required to determine the molecular mechanisms of induction of 

apoptosis of di-(2-methylheptyl) phthalate (3), (2S, 3S)-sulfated pterosin C (5), 

tetracosane (6) and patriscabratine (13).  

 Further toxicity studies (in vivo and in vitro) need to be done before any further 

exploitation of their biological activity is carried out  

 Evaluation of therapeutic potential of isolated compounds di-(2-methylheptyl) 

phthalate (3), (2S, 3S)-sulfated pterosin C (5), tetracosane (6) and patriscabratine 

(13) and investigation of structure activity relationship (SAR) of these 

compounds.  
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Appendix i 

Spectroscopic data of compound 1 

 

 
Spectrum A1.1: DEPT (300 MHz, CDCl3) spectrum of compound 1 

 
 

 
Spectrum A1.2: COSY (300 MHz, CDCl3) spectrum of compound 1 
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Spectrum A1.3: HSQC (Jmod, 300 MHz, CDCl3) spectrum of compound 1 

 
 

 
Spectrum A1.4: HSQC-TOCSY NMR (600 MHz, CDCl3) spectrum of compound 1 
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Appendix ii 

Spectroscopic data of compound 2 

 
 

 
 

Spectrum A2.1: IR spectrum of compound 2 
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Spectrum A2.2: COSY (300 MHz, CD3OD) spectrum of compound 2 
 
 
 
 
 
 

 
 

Spectrum A2.3: HSQC (300 MHz, CD3OD) spectrum of compound 2 



 246 

Appendix iii 

Spectroscopic data of compound 3 

 

 
 

Spectrum A3.1: HSQC (300 MHz, CD3OD) spectrum of compound 3 
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Appendix iv 

Spectroscopic data of compound 4 
 

 
Spectrum A4.1: IR spectrum of compound 4 
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Spectrum A4.2: COSY (300 MHz, CD3OD) spectrum of compound4 
 
 
 
 

 
Spectrum A4.3: HSQC (300 MHz, CD3OD) spectrum of compound 4 
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Appendix v 

Spectroscopic data of compound 5 

 

                                    Spectrum A5.1: IR spectrum of compound 5 
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Spectrum A5.2: COSY (300 MHz, CD3OD) spectrum of compound 5 

 

 
 

Spectrum A5.3: HSQC (300 MHz, CD3OD) spectrum of compound 5 

 

 

 



 251 

Appendix vi 

Spectroscopic data of compound 6 

 
 

 
 

Spectrum A6.1: IR spectrum of compound 6 
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Spectrum A6.2: HSQC (300 MHz, CD3OD) spectrum of compound 6 
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Appendix vii 

Spectroscopic data of compound 7 

 

 

Spectrum A7.1: IR spectrum of compound 7 
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Spectrum A7.2: COSY (300 MHz, CD3OD) spectrum of compound 7 

 

 

 
 

Spectrum A7.3: HSQC (300 MHz, CD3OD) spectrum of compound 7 
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Appendix viii 

Spectroscopic data of compound 8 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Spectrum A8.1: IR spectrum of compound 8 
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Spectrum A8.2: 13C NMR (300 MHz, CD3OD) spectrum of compound 8 

 
 
 

 
Spectrum A8.3:  COSY (300 MHz, CD3OD) spectrum of compound 8 
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Spectrum A8.4: HSQC (300 MHz, CD3OD) spectrum of compound 8 
 

 

 
 

Spectrum A8.5: HMBC (300 MHz, CD3OD) spectrum of compound 8 
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Appendix ix 

Spectroscopic data of compound 9 
 

 
 

Spectrum A9.1: 13C NMR (300 MHz, CD3OD) spectrum of compound 9 
 

 
Spectrum A9.2: COSY (300 MHz, CD3OD) spectrum of compound 9 
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Spectrum A9.3: HSQC (300 MHz, CD3OD) spectrum of compound 9 

 

 

 
 

Spectrum A9.4: HMBC (300 MHz, CD3OD) spectrum of compound 9 
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Appendix x 

Spectroscopic data of compound 10 

 
Spectrum A10.1: 13C NMR (600 MHz, CD3OD) spectrum of compound 10 

 

 
Spectrum A10.2: HMBC (600 MHz, CD3OD) spectrum of compound 10 
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Appendix xi 

Spectroscopic data of compound 11 and 12 

 

 
 

Spectrum A11.1: IR spectrum of compound 11 and 12 mixture 
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Spectrum A11.2: COSY (300 MHz, CD3OD) spectrum of 11 and 12 mixture 

 

 
 

Spectrum A11.3: HSQC (300 MHz, CD3OD) spectrum of 11 and 12 mixture 
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Spectrum A11.4: HMBC (300 MHz, CD3OD) spectrum of 11 and 12 mixture 

 

 

 

 
Spectrum A11.5: ROESY (600 MHz, CD3OD) spectrum of 11 and 12 mixture 
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Spectrum A11.6: NOESY (600 MHz, CD3OD) spectrum of 11 and 12 mixture 
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Appendix xii 

Spectroscopic data of compound 13 

 

 
 

Spectrum A12.1: COSY (300 MHz, CD3OD) spectrum of compound 13 
 

 
Spectrum A12.2: HSQC (300 MHz, CD3OD) spectrum of compound 13 
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Spectrum A12.3: HMBC (300 MHz, CD3OD) spectrum of compound 13
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Appendix xiii: Cytotoxic activity (IC50) of compounds isolated from A. aureum  

Cytotoxic Activity (IC50 )* 

(µM) 

Compound  

No. 
Name of Compound(s) Compound Class 

NIH 3T3 AGS HT-29 MDA-MB-231 MCF-7 

1 (2'S-methylhexyl) (2''S-methyl-5''-
acetylpentyl) phthalate 
 

Phthalic acid ester NT NT NT NT NT 

2 (2R, 3S)-sulfated pterosin C  
 

Sesquiterpene  NT NT NT NT NT 
3 Di-(2-methylheptyl) phthalate 

 
Phthalic acid ester 139.0 53.6 123.6 97.0 187.5 

4 (2S, 3S)-Pterosin C 
 

Sesquiterpene >250 >250 NT >250 NT 

5 (2S, 3S)-sulfated pterosin C 
 

Sesquiterpene 46.8 23.9 68.8 158.6 64.4 
6 Tetracosane 

 
Hydrocarbon >250 >250 128.7 >250 NT 

7 (2R)-Pterosin P 
 

Sesquiterpene NT NT NT NT NT 
8 Quercetin-3-O-β-D-glucoside 

 
Flavonoid NT NT NT NT NT 

9 Quercetin-3-O-β-D-glucosyl (6→1)-
α-L-rhamnoside or Rutin 
 

Flavonoid NT NT NT NT NT 

10 Quercetin-3-O-α-L-rhamnoside 
 

Flavonoid NT NT NT NT NT 
11/12 Quercetin-3-O-α-L-rhamnosyl-7-O-

β-D-glucoside and Kaempferol 
 

Flavonoid NT NT NT NT NT 

13 Patriscabratine Asperphenamate 
analogue 

NT 133.6 NT 69.8 197.3 

Cycloheximide - - 1.1 3.6 12.8 1.2 218.2 
* NT = No toxicity at the tested concentration; IC50  (inhibition of cell growth 50 %) calculated by probit analysis software (LdP Line software, USA), data was generated by experiment 
performed in triplicates. 
 


