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Abstract 
 

Green drug: Anticancer Properties of 
Clerodendrum viscosum and Curcumin 

Conjugates 
By 

Chong Sun 

Advisors: Professors Krishnaswami Raja/Jimmie Fata 

 

        This thesis aims to find potential anti-cancer drug from 

natural sources like plants. (i) The objectives are to find and 

characterize the anticancer components from the plant 

Clerodendrum viscosum. (ii) the synthesis of curcumin 

derivatives with increased solubility and amplified bioactivity. 

        Clerodendrum viscosum (Cv) is a traditional medicine plant 

in India for a long period of time employed to promote wound 

healing,  and  recently it has been found have some positive 

effects on  cervical cancer. However, there were no direct 
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molecular and biochemical evidences for that. In this thesis, we 

made aqueous extracts (Cv-ap) from the Cv by ammonium 

sulfate precipitation. It was found that this extract had 

bioactivity against Hela cells – a human cervical cancer cell line. 

Caspase-3 immuno-staining proved that the Cv-ap can induce 

Hela cells apoptosis. It is also interesting that the Cv-ap can 

inhibit the movement of the cells at lower concentration without 

inducing cells apoptosis, which means it may stop the invasion 

of the cancer cells. MTT assays showed that at lower 

concentration the Cv-ap may not only inhibit the movement of 

the cells but also inhibit proliferation of the Hela cells.         

        For the characterization of the Cv-ap, it was found that it 

had glycoproteins confirmed by SDS-PAGE staining with the 

Pro-Q emerald 300, and by binding to the concavalin A column. 

For further purification, the bio-assay guided method was used 

to purify the bioactivity components. After Cv-ap was passed 

through the column, the fraction with the most activity fraction 

was selected and followed by heating, and finally by 

precipitation with 66.7% ethanol. In the end we got the 
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bioactivity component EPHP3 fraction which has a 30 fold 

increasing activity when compared to the Cv-ap. 

        My second project aimed to overcome the difficulties 

associated with the low water/plasma solubility of the potent 

anti-oxidant, anti-inflammatory, anti-carcinogenic, anti- 

Alzheimer’s active curcumin. We have successfully synthesized 

a curcumin derivate BSA-curcumin via a one-step successfully 

synthesized. BSA-curcumin had the high solubility in water and 

good cytotoxicity to the Hela cells. 

           In conclusion, my research has characterized and 

produced novel plant derived components that have anti-cancer 

activity and may eventually be used in clinical therapies. 
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Part I 

Green Drug Development Using the Ayurvedic 
Collaboration Approach: Clerodendrum viscosum  
 

1. Background Information 
         A green drug is one which can be directly used after isolation from a 

renewable resource (plant, plants/other) after purification, one which can be 

produced with efficient chemical modification of the same or a bio-similar 

compound. It is estimated that 61% of 877 small molecule chemical entities 

approved as drugs during the period 1981-2000 can be traced to natural 

products; however only 5-15% of the ~25000 existing species of higher 

plants have been mined by western science for medicines [1]. The ancient 

medical systems such as Ayurveda, Siddha and Unani (ASU) have a 3000 

year history and employ a vast number of plants products (most of which 

have not been explored by western science) [2-4].The fact that a herb is 

already being used for the treatment of humans by the ASU medical 

systems implies that it is highly likely that the bioactive components present 

in the natural product do not adversely interact with the billions of 

chemicals present the human body (complex biochemical system) (Figure 

1).   
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        Some green drug candidates have the Xenohormetic advantage: 

Xenohormetic green drug candidate sources are based on plants which are 

widely used by a major fraction of humanity, for example resveratrol or 

curcumin have co-evolved synergistically with human biochemistry; 

thousands of years of evolutionary refinement is inbuilt in the green drug 

development model [5].  

        In the current thesis the Xenohormetic drug lead we propose to study 

is Clerodendrum viscosum (Cv) and curcumin the primary active ingredient 

in the Turmeric (the dried powdered rhizomes of Curcuma longa of the 

ginger family.  

        The set of green drug candidates based on the ASU medical systems 

benefit from the Collective Wisdom of the Species Factor (CWS): Ayurvedic 

green drug leads have had a history ~3000 years of use in humans 

resulting in a much higher probability of lack of toxicity. The possibility of 

positive bio-efficacy of an ASU green drug candidate in comparison to 

other drug development approaches is much higher because it is based on 

practical clinical use in the human complex biochemical system.  

        The current “gold standard” strategy in drug development involves the 

rational design of drug leads/focused smart libraries (keys) that bind/block 
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specific protein/ other biomolecule binding pockets (lock) based on X-ray 

crystal structures of therapeutically relevant proteins such as a Kinases. 

The LoKey approach is based on a strong biochemical foundation which 

typically involves identifying protein targets, solving the X ray crystal 

structure of the protein, locating a binding pocket in the protein which if 

blocked can inhibit it and then designing a smart library of key molecules 

which fit and block the protein along with the development of a rigorous 

assay which assesses binding. 

        At the stage at which a “Key” drug lead (which has been screened and 

selected in vitro) enters the in vivo evaluation phase in the mouse complex 

biochemical system (CBS#1) and further the human complex biochemical 

system (CBS#2), the drug lead attrition rates are very high. An explanation 

for this is afforded by Figure 2, the possibility of the drug lead “Key” binding 

one or more of the millions of other proteins and biomolecules (which span 

trillions of three dimensional shapes/binding pockets, with numerous 

functional groups) present in the CBS#1 other than the target protein is 

very high, this can result in side effects and toxicity. An example serves to 

illustrate this point: several acrylamide based Kinase inhibitors have the 

potential to form adducts with off target thiols such as glutathione. Such 

interactions on many occasions result in unwanted toxicity. These 
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possibilities are very real; certain cancer drugs which function by targeting 

tyrosine kinsases cause cardio toxicity, cardiomyocyte dysfunction and/or 

death [6]. It has been established that the interruption of certain signaling 

pathways causes this toxic side effect [6].  

        There is still another layer of complexity which exists: the mouse model 

complex biochemical system (CBS#1) is different from the human complex 

biochemical system (CBS#2); because one is dealing with two widely 

different species, this affords an explanation regarding why many drugs 

candidates that work well in the mouse model fail to perform in clinical 

trials. The recent failure of BMS-986094 (hepatitis C drug candidate) cost 

Bristol-Meyers Squibb $2.5 billion (C&EN Sept 2012). The ten fold 

decrease in inflation adjusted R&D productivity over the last sixty years 

could be partly ascribed to the inherant limitation of the Lokey approach. 

The current procedure followed by academia and the industry in 

identifying plant leads and natural products for drugs against disease also 

has its limtataions, it is an ill-defined process which can take several years 

and involve screening thousands of samples [7]. 

        Modern science has screened only 5%- 15% of higher plants for drug 

leads. To screen the rest of the 95% in a random fashion without any 
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knowledge of the correlation between a particular plant and the 

pathological conditions it can be used to treat is a Herculean task and 

represents a very inefficient strategy. Systematic collaborations between 

experts in alternative medicine and biomedical researchers can however 

overcome this severe handicap and significantly load the dice in favor of 

successful green drug discovery. The current study hinges on the 

hypothesis that an expert in Ayurveda knows the exact correlation between 

a particular plant and the specific disease it can be employed to treat 

(Figure 3). A collaborative lead from such an Ayurvedic expert serves as an 

invaluable screening process and can save decades of random searching 

and millions of dollars. To use such a lead without a proper collaborative 

arrangement is nothing less than bio-piracy. In the new drug discovery 

approach we present here the single herb lead screened/chosen by such 

an expert for the treatment of a specific pathological condition is 

investigated using standard drug discovery strategies by evaluating 

bioactivity of standardized extracts and purified components.  

     The general drug discovery and development approach proposed above 

which is referred to as the Ayurvedic collaborative approach (ACA) was 

evaluated in this benchmark study involving Clerodendrum viscosum (Cv) a 

weed commonly growing in the Indian subcontinent. Nirmalananda 
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(Ayurvedic expert) has discovered that the roots of Cv has anti-cervical 

cancer activity and has employed Cv to treat cervical cancer in humans (in 

India) for several years. 

Cervical cancer is the second most common cancer worldwide, with an 

estimated 275,000 deaths annually [8]. It is estimated that 70% of cervical 

cancer is caused by the Human papilloma virus (HPV). HPV is one of the 

most common causes of sexually transmitted disease in both men and 

women worldwide and is thought to be the most common sexually 

transmitted viral disease in the United States [31]. Papillomaviruses are 

ubiquitous and have been detected in a wide variety of animals as well as 

in humans and are specific for their respective hosts. More than 200 types 

of HPV have been recognized on the basis of DNA sequence data showing 

genomic differences. An additional 120 isolates are partially characterized 

potential new genotypes.  Eighty-five HPV genotypes are well 

characterized [32]. HPVs are grouped to high-risk and low-risk HPV types 

based on their relationship with the cervical cancer.  Low-risk HPV types 

include types 6, 11, 42, 43, and 44. High-risk HPV types include types 16, 

18, 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 70. Included in 

the high-risk group are some HPV types that are less frequently found in 

cancers but are often found in squamous intraepithelial lesions [31].  
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Most HPV infections are benign. HPV was first recognized as the cause 

of cutaneous warts on the hands and feet (Warts are areas of 

hypertrophied skin filled with keratin). The link between genital HPV 

infections and cervical cancer was first demonstrated in the early 1980s by 

Harold zur Hausen, a German virologist. Since then, the link between HPV 

and cervical squamous cell carcinoma has become well established. The 

magnitude of the association between HPV and cervical squamous cell 

carcinoma is higher than that for the association between smoking and lung 

cancer [33]. Scientists have identified about 30 HPV types that are spread 

through sexual contact and infect primarily the cervix, vagina, vulva, penis, 

and anus. Of these, four are most often found within the malignant cells of 

cervical cancers, with type 16 accounting for about half of the cases in the 

United States and Europe and types 18, 31, and 45 accounting for an 

additional 25 to 30% of cases [34]. 

 

      Most of cervical cancer can be detected by the Pap test. HPV vaccines 

have been licensed in countries like the USA, Canada, Australia and the 

European Union. In the United States, the FDA has approved two vaccines 

which are the Human Papillomavirus Quadrivalent (Types 6, 11, 16, 18) 
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Vaccine and the Human Papillomavirus Bivalent (Types 16, 18) Vaccine 

[9]. Despite the fact that cervical cancer can dramatically be reduced by 

cervical screenings and vaccinations, in 2009 11,270 women in the United 

States were diagnosed and approximately 4,070 women died of this 

disease [10]. The incidence of invasive cervical cancer has currently 

remained stable in industrialized nations. In developing countries, cervical 

cancer is the most common cancer and the leading cause of cancer related 

death among women. It is estimated that 200,000-300,000 women die from 

cervical cancer every year. Currently, chemotherapy and radiation are two 

of the major therapies for the treatment of cancer. However, the side-

effects of chemotherapy and radiation are unavoidable, due to the 

indiscriminate killing of all fast-growing cells. 

 

Genus Clerodendrum (common name glorybower) is a large group of 

evergreen trees with about 560 taxa. Most of them grow wild in tropical and 

warm areas of the world. Most of these species grows in tropical Africa, 

southern Asia, and a few in tropical parts of America such as clerodendrum 

paniculatum L [11]. The term Clerodendrum was named by Linnaeus in 

Species Plantarum in 1753 [12]. The name is derived from two Greek 

words, keros, meaning “chance” or “fate” and Dendron “a tree” [13]. 
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Adanson changed the Latin name “Clerodendrum” to its Greek name 

“Clerodendron” after a decade. The reason behind the name may be 

related to the belief that some species have healing properties while others 

are poisonous [14].  

Clerodendrum viscosum (Cv), also refered to as Clerodendrum 

infortunatum, is a perennial shrub belonging to the family lamiaceae, 

subfamily ajugoideae and sometimes classified under family verbenaceae 

(figure 4). Clerodendrum is a common Indian herb that has been used for 

medical applications for a long period of time; the tender leaf paste has 

been employed to promote wound healing. The major chemical 

components from this genus are steroids, flavonoids and phenolic 

compounds. It has been recently reported that the methanol extract from 

the leaves of Clerodendrum onfortunatum has potential anticancer 

properties [15]. Ethanolic extract of Clerodendrum infortunatum L. has been 

to exhibit have antioxidant properties [16]. In addition, it has also been 

reported that saponin isolation from the CV leaves produce analgesia in 

mice and potentiated the analgesic action of pentazocine and aspirin [17]. 

However, there are other CV bioactive components that have not been 

identified.  
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2. RATIONALE FOR RESEARCH 
 

 The primary objective of this research is to produce and employ 

clerodendrum viscosum formulations and molecules present therein as 

medicines for the prevention or cure of cervical cancer in particular. The 

first goal of our research is to evaluate whether Cv has a components 

which can inhibit the growth of the cancer or induce apoptosis of the cancer 

cells. The promising anticancer components in Cv were evaluated against 

healthy human cell lines to establish whether the bioactive components 

exhibit selective cytotoxity only towards cancerous cells. There are three 

kinds of cell death, apoptosis, necrosis and autophagy. Comparing 

necrosis, apoptosis is important since they occur as a physiological 

process to any mild cell injury and simply when cell function is finished or 

disturbed. They also occur by a predictable and coordinated pathway, so 

that cellular deletion does not involve inflammation [18][19]. In contrast, 

necrosis is difficult to prevent and always develops an inflammatory 

response and leads to death of the surrounding cells [20]. Apoptotic cells 

develop typical morphological alterations. At early stages of apoptosis, cells 

have a smaller size, showing a dense cytoplasm with thinner organelles, 

which is called shrinkage [21]. During the intermediate stage of apoptosis, 
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the cell’s membrane takes part in blebbing, which occurs when a cell is 

fragmented into apoptotic bodies. In the final stage of apoptosis cells break 

up and form apoptotic bodies [21]. Apoptosis also induces nuclear 

alterations, such as nuclear fragmentation and chromatin condensation 

[22].  

 Besides morphological alterations, there are other cellular and 

molecular markers associated to cellular apoptosis. Examples of these 

other makers are, compounds associated with cell cycle arrest, 

mitochondrial dysfunction and oxidative damage, alterations in caspase 

cascade, non-caspase proteases involvement, alterations in the Bcl-2 

protein family and alterations in membrane ion channels [18]. In this study 

we focused on the caspase cascade alterations during the death induced 

by the Cv. Caspases are families of cysteine aspartate protease that act as 

the central executers of apoptosis. Caspases exist within the cell as 

inactive pro-forms or zymogens. These zymogens can be cleaved to form 

active enzymes following the induction of apoptosis [22]. According to their 

point of entrance into the apoptotic process, caspases can be classified as 

initiators or effectors. Initiator caspase, includes caspase – 8, -9, and -10 

and effector caspase includes caspase -3, -6, and -7.  The initiator caspase 

activates the downstream effector caspase, in a cascade of events that 
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triggers a controlled and programmed cell death [23].  The caspase-3 

activity assay used in this study is highly specific for apoptosis.  Propidium 

iodide stains are also used in this research for monitoring the death of cells. 

Propidium iodide (PI) is an intercalating agent and 

a fluorescent molecule with a molecular mass of 668.4 Da, that can be 

used to stain cells. When PI is bound to nucleic acids, the fluorescence 

excitation maximum is 535 nm and the emission maximum is 617 nm. 

Excitation energy can be supplied with a xenon or mercury-arc lamp or with 

a 488 line of an argon-ion laser [24]. PI is membrane impermeable and 

generally excluded from viable cells, so it can be used to identify dead 

cells. 

Not only can an anti-cancer drug induce apoptosis, it can also slow 

the proliferation of the cancer cells. Mitochondria has essential functions in 

aerobic cells and interferences in its normal behavior is crucial in 

determining a cell’s fate [25] [26]. Dysfunction in these organelles 

imbalances the cell redox potential which induced damages in cell 

components. This damage can lead to the failure of pro-survival 

mechanisms leading to apoptosis [27]. Mitochondrial signaling cascades 

not only implicates the activation of programmed cell death, it also controls 

cellular proliferation. MTT (3-[4, 5- dimethylthiazolyl-2]-2, 5-

http://en.wikipedia.org/wiki/Intercalating_agent
http://en.wikipedia.org/wiki/Fluorescence#Biochemistry_and_medicine
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Molecular_mass
http://en.wikipedia.org/wiki/Atomic_mass_unit
http://en.wikipedia.org/wiki/Staining_(biology)
http://en.wikipedia.org/wiki/Cell_(biology)
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diphenyltetrazolium bromide) (yellow) is cleaved by mitochondrial 

dehydrogenases to formazan crystals (purple) in metabolically active cells. 

This method was used to detect viable cells or the metabolism in viable 

cells, so it can be used to measure the proliferation of cells [28]. 

 

Cancer cells divide and grow uncontrollably and much faster than 

normal cells. They can also invade nearby parts of body, by spreading and 

forming malignant tumors. A hallmark of most cancer cells is the loss of 

normal cell-to-cell interactions.  In contrast to the well-ordered arrangement 

of cells in healthy tissues, cancer cells fail to make contact with neighboring 

cells and they grow in a seemingly haphazard fashion.  This absence of 

systematic intercellular relationships, contributes to a cancer cell’s ability to 

invade normal tissues and metastasize to distant parts of the body [29]. 

Migration or invasion of cancer cells is a factor, which reduces the survival 

rate in cancer patients [30]. Stopping or slowing the migration of cancer 

cells is a promising mechanism against cancer. In this research study we 

will use microscopy to observe the migration of the cancer cells to 

determine the drug’s effects on the migration of cancer cells and compare 

them to the cells without the drug. 
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Part II 

Conjugation Strategies Towards Increasing the 
Water/Plasma Solubility and Bioactivity of Curcumin  

1. Background Information 
The synthesis of polymeric drugs and bioconjugates is a major growing 

field of interdisciplinary research with promising application in the 

development of more efficient routes for the delivery of chemotherapeutics 

[1-25]. Among the advantages of polymer drug conjugates are improved in 

vivo half-lives and improved targeting due to the Enhanced Permeability 

and Retention (EPR) effect [21-25]. The efficacy of targeted 

chemotherapeutics such as Antibody-Drug Conjugates (ADC) for cancer 

therapy hinges on the covalent attachment of a highly cytotoxic drug to 

targeting antibodies [1-10]. The typical approach is to produce conjugates 

of molecules which have been established to be too toxic to be employed 

as “stand alone” chemo-therapeutic drugs. This approach is fraught with 

danger, the possibility of the cytotoxic drug cleaving from the antibody in 

the complex biological milieu is real and consequent adverse side effects to 

healthy tissue can be catastrophic. An FDA-approved drug derived from 

this strategy failed in the clinic: Mylotarg® (a recombinant humanized 

monoclonal antibody covalently linked with the anti-tumor drug 



19 
 

Calicheamicin) was recently withdrawn from use by the FDA 

(http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm216

448.htm). Many Chemotherapeutic drugs are associated with side effects 

associated with high and indiscriminate cytotoxicity. The approach adopted 

in the current thesis hinges on a fundamentally safer strategy: we propose 

start with a non-toxic FDA GRAS (Generally Regarded as Safe) 

Nutraceutical (with promising anti-cancer properties) to produce a BSA-

nutraceutical conjugates with amplified bioactivity and minimum side effects 

to healthy tissue [25]. The cleavage of a payload in vivo from the 

nutraceutical conjugates would not result in adverse side effects because it 

would result in the release of a harmless FDA approved molecule.  

The nutraceutical we have selected for producing conjugates is 

curcumin [(1E, 6E)-1, 7-bis (4-hydroxy-3-methoxyphenyl) hepta-1,6-diene 

3,5-dione] (Scheme1) derived from Curcuma longa (Zingiberaceae – 

Ginger family). Turmeric is the yellow dried powdered rhizome derived from 

Curcuma longa, it has been used in the ancient Indian Ayurvedic system of 

medicine [26]. Both turmeric and curcumin are generally regarded as safe 

by the USFDA, over 2000 publications and 18 clinical trials support the 

tremendous potential of curcumin in treating cancer and several other 

pathological conditions (figure 5) [26-44]. Epidemiological studies have 

http://www.fda.gov/NewsEvents/
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correlated the daily intake of Turmeric with a significantly lower incidence of 

several cancers among the Southeast Asian population in comparison to 

the rate of occurrence in the United States [26, 29-31].  

 

 

Cancer is a multistep event encompassing several biochemical and 

biological processes including increased cell proliferation, angiogenesis, 

metastasis and proteins involved in these processes, diverse mechanisms 

regulating the signaling pathways involved in cancer have clearly 

established that cancer requires a broad spectrum/ diverse treatment. 

Curcumin has broad spectrum bioactivity against cancer, it works on 

multiple targets, it activates p53 (cell cycle inhibitor) and inhibits expression 

of cyclin D1 (cell cycle promoter) and epidermal growth factor receptor 

(EGF-R) (induces mitosis), nuclear factor NF-kB, activator protein AP-1, 

STAT-3, specificity protein SP-1, inhibitors of apoptosis IAP and XIAP, Bcl-

2, Bcl-xL, and also the angiogenesis-associated proteins, 

metalloproteinase MMP-9 and vascular endothelial growth factor VEGF 

[29-30]. Curcumin inhibits proliferation of almost all cancer cells while 

protecting healthy cells [29]. The exquisite selectivity of curcumin arises 
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from the fact that it interacts with thioredoxin reductase (TrxR), which is 

overexpressed in tumor cells. This interaction promotes alkylation of TrxR 

at its catalytic site, thereby converting it into an NADPH oxidase, which in 

turn results in increased production of reactive oxygen species in the tumor 

cells [32]; glutathione levels in tumor cells are generally lower than in 

normal cells. Curcumin-evokes further inhibition of glutathione and the 

ensuing superoxide formation causes apoptosis only in the tumor cells [33], 

The transcription factor NF-kB is constitutively activated in most cancer 

cells, NF-kB is strongly inhibited by curcumin which triggers apoptosis of 

these cells [34]. The cell selectivity arises from the fact that curcumin does 

not induce superoxide injury to the normal cells, which contain higher levels 

of glutathione [33].  

 

Research investigators and clinicians have been confronted with the 

poor water/plasma solubility and hence poor bioabsorption and 

bioavailability of curcumin, this severely limits its application as a drug 

candidate [35-36]. The glucuronidation of curcumin in vivo is another 

possible reason for the observation of very low plasma level curcumin. 37 

To circumvent this problem one can encapsulate curcumin in 

liposomes/nanoparticles [38-41, 42, 45], improve the aqueous solubility of 
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the molecule through covalent modification [26-28] and target curcumin to 

cancer cells [25], in the current proposal we adopt covalent modification 

and targeting strategies. It should be noted that many of the encapsulation 

strategies have resulted only in a marginal improvement in bioactivity [42]. 

A curcumin based drug candidate should be easy to synthesize, have 

improved water/plasma solubility and amplified bioactivity. 

  

2. RATIONALE FOR RESEARCH 
      The chemical structure of curcumin having an α,β-diketone unit and two 

phenolic-OH groups plays a pivotal role in its biological activity. For 

example, isomerization has been proved to have an influence on 

antioxidant activity of curcumin [53]. Thus, researchers hope to achieve 

improved biological activity of curcumin by structural modifications. 

Numerous studies dealing with the enhanced biological activity of curcumin 

derivatives and/or analogues can be found in a recent literature-review by 

Mosley et al. [54]. Although there has been considerable effort to 

synthesize curcumin derivatives, formulations, chelated conjugates etc. in 

order to make curcumin more water/plasma soluble, bioavailable and 

effective, the direct functionalization of curcumin moiety is very rare [55]. 

The development of a synthetic methodology to produce curcumin 
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conjugates with water soluble polymers and targeting proteins can 

potentially enhance the therapeutic efficacy of curcumin. Bovine serum 

albumin (BSA) is a serum albumin derivate from cow. And it is used as a 

nutrient in cell culture and less toxicity to the human. Since it is low cost 

and large produced from bovine blood, we decided use BSA to synthesis 

the water soluble curcumin. 

      Hence, we plan to develop convenient method to water soluble 

curcumin conjugates via the synthesis of novel mono-functional curcumin 

derivatives in which one of the phenolic groups of curcumin has been 

chemically modified with NHS groups.  
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Figure 1. The Big Picture Advantages, the GD strategy has a significantly high likelihood of success 
compared to the random combinatorial chemistry and the LoKey strategy. 
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Figure 2. A R&D productivity decline over the sixty years (Life Sciences R&D: Changing the Innovation 
Equation in IndiaI 2011 [Courtesy The Boston Consulting Group]). B. Pitfalls in the Current Single 
Protein binding pocket “Lock” – designer “Key” drug lead approach (LoKey) results from the 
fundamental assumption that there are no other unfavorable interactions with the mouse/human 
Complex Biochemical System (CBS): From Steps I –V it is evident that some of the millions of proteins 
and biomolecules (which span trillions of different shapes/binding pockets with numerous functional 
groups) in the mouse and human CBS other than the therapeutic target protein/other biomolecule 
can bind a LoKey drug candidate resulting in toxicity , this affords an explanation for the high drug 
lead  attrition rates.  
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Figure 3 The green drug lead (specific plant source) is chosen from the ~25000 known higher plants 
based on empirical/practical clinical experience of an Ayurvedic expert in treating a specific 
pathological condition with the green drug source. 

 

 

       Figure 4. Photograph of Clerodendrum Viscosum / Goddess Saraswathy’s plant / Peruvelum 
(arrow); this plant was photographed at Gokul, Mulayara, Trivandrum, India (June 20th 2008). 
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Figure 5. Biological activities of curcumin: Diverse activities of biologic relevance demonstrated in 
preclinical models and in human studies are shown to illustrate the potential of curcumin to treat human 
diseases. Cellular mechanisms associated with the effects observed are shown inside the arrows. AP-1, 
activator protein-1; COX, cyclooxygenase; GSH, glutathione; HO-1, heme oxygenase-1; iNOS, inducible nitric 
oxide synthase; JAK, janus kinase; LDL, low-density lipoprotein; MAPK, mitogen-activated protein kinases; 
MMP, matrix metalloproteinase; NF-ĸβ, nuclear factor-kappa B; NOS, nitric oxide synthase; ODC, ornithine 
decarboxylase; ROS, reactive oxygen species; SERCA, sarco/endoplasmic reticulum calcium ATPase; SOD, 
superoxide dismutase; TGF, transforming growth factor; TNF, tumor necrosis factor. [Adapted from 
Strimpkos and Sharma].  
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1. Introduction 

        Cervical cancer is the second most common cancer worldwide, and 

there are about 275,000 deaths annually [1]. In 2009, approximately 

11,270 American women were diagnosed with cervical cancer, from 

which, approximately 4,070 women died from the disease [2]. The 

incidence of invasive cervical cancer has remained stable in 

industrialized nations. However, in developing countries, cervical cancer 

is the most common cancer and the leading cause of the cancer death 

among women. It is estimated that 200,000-300,000 women die from 

cervical cancer every year, mostly in the poor countries. Death resulting 

from cervical cancer is particularly tragic because this type of cancer 

develops slowly and has a detectable precursor condition, carcinoma in 

situ (CIS), which is treatable [3]. 

        Currently, chemotherapy is one of the major therapies for cancer. 

However, the side-effects of chemotherapy are unavoidable, as it 

indiscriminately kills all fast-growing cells. Natural products are a rich 

source of compounds that possess anticancer bioactivity. Natural agents 

and plant products have been used as complementary medicines to 

reduce the toxicity of the chemotherapeutic drugs [4-6]. Several plant-

based components and extracts have been reported to reduce 
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proliferation and induce the apoptosis of tumor cells [7-9]. Natural 

products are therefore a promising source of potential medicinal agents 

for the treatment of cancer.    

        MTT ( (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide, a yellow tetrazole) assay is a colorimetric assay for measuring 

the cellular growth and survival [19,20]. The basis of the MTT assay is 

that the soluble tetrazolium salt (MTT) is converted to an insoluble 

purple-colored formazan product by the reduced pyridine nucleotides 

NADH and NADPH in living cells [21]. NADH/NADPH is product of the 

mitochondria respiration, a basic mitochondrial function and is important 

to maintain the survival of the cells. Therefore, we can monitor the cell 

activity by evaluating the activity of the mitochondrial. To evaluate the 

activity of the respiratory chain in vivo, it is possible to monitor the 

mitochondrial NADH, FAD, or the cytochrome oxidase oxidation-

reduction state [22]. The principle of the MTT assay is that, for most 

viable cells, mitochondrial activity is constant and thereby an increase or 

decrease in the number of viable cells is linearly related to mitochondrial 

activity [23]. The MTT assay can be used to measure the viable cells 

without the need for cell counting. The assay is also used to determine 

the cytotoxicity of the drugs at different concentration. WST (water-

http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Thiazole
http://en.wikipedia.org/wiki/Phenyl
http://en.wikipedia.org/wiki/Tetrazole
http://en.wikipedia.org/wiki/Colorimetry_(chemical_method)
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soluble tetrazolium) was developed by introducing positive or negative 

charges and hydroxyl groups to the phenyl ring of the tetrazolium salt 

that improve the soluble of the formazan. 

        Clerodendron viscosum (Cv) is a traditional Indian plant which is 

used as Herbal composition for cuts, burns and wounds [10]. There are 

no reports on Clerodendrum viscosum in Pubmed 

(www.ncbi.nlm.nih.gov/pubmed/). In this research, we produced a water 

soluble extract from the Clerodendrum viscosum root and investigated 

the anti-cancer ability of the Cv extract. The Cv extract was shown to 

induce apoptosis in Hela cells by the caspase-3 pathway. It is also 

shown that the Cv extract decreased the proliferation and motility of 

Hela cells. And the Cv extract could be digested by proteinase k and 

stained by ProQ Emerald 300 (glycoprotein specific stain), suggesting 

that the Cv extract contained glycoprotein components. 

 

2. Materials and Methods 

2.1 Plant Extract Preparation 
        Clerodendrum viscosum roots were dried in a vacuum oven at 37 

°C for 3 hours. 100g of dried root was homogenized with a blender and 

the mixture was stirred in 1000ml PBS (PH=7.4) at 4 °C for 24 hours. 

http://www.ncbi.nlm.nih.gov/pubmed/
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The residue was removed by centrifugation at 15,000 rpm/min for 15 

min and the supernatant was filtered using Fisher ScientificP2filter 

paper. The filtered fluid is treated with solid ammonium sulfate to 80% 

saturation and the solution was stirred at 4 °C overnight. The precipitate 

was collected by centrifugation at 3,000 rpm/min for 15 min and 

dissolved in deionized water. The solution was centrifuged at the 16,000 

rpm for 20 min to remove the insoluble particles, and the supernatant 

was lyophilized and stored at -20°C. 

2.2 Cell Culture 

        Hela cells were grown in DMEM/F12 (DMEM:Nutrient Mixture F-

12)  at 37°C in a humidified atmosphere and 5% CO2. Culture media 

was supplemented with 10% fetal bovine serum, and 50 U/ml penicillin. 

Cells were seeded in a 96-well plate with 5,000 cells per well overnight 

before treatment with plant extracts. Fibroblast cells were grown in 

ATCC® Primary Cell Solutions™ Media, supplemented with 5ng/ml Rh-

FGF-B, 7.5mM L-glutamine, 50ug/ml Ascorbic acid, 1ug/ml 

Hydrocortisone, 5ug/ml Rh Insulin and 2% Fetal Bovine Serum. 
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2.3 Detection of Glycoprotein 

        To investigate the composition of the extract, the extract was 

dissolved in deionized water and incubated with 20ug/ml proteinase k at 

37˚C overnight. The resulting fragments and the initial extract was 

loaded in a non-reducing SDS-PAGE(4-20% gel). Total glycoprotein was 

detected by staining of gels with ProQ Emerald 300, following 

manufacturer’s instructions (Molecular Probes, Invitrogen). Then the gel 

was washed twice with 100% methanol for 15 min. Coomassie blue was 

used to to detect the total protein.  

2.4 Binding Evaluation of Concanavalin A (con A) 

        Con A is a lectin with receptors that can specifically bind α-D-

mannosyl and α-D-glucosyl moieties in glycoproteins and glycolipids. 

The binding can be disrupted by competitive displacement by free 

glucose. This process could be detected by UV. The assay was used to 

determine the presence of mannosyl and glucosyl moieties in Cv 

extract. Con A (0.5 g) was dissolved in 2mL binding buffer (20mM tris 

pH 7.4, 0.5M NaCl, 1mM MnCl2 and 1mM CaCl2). CV Extract (10mg) 

was added to the Con A solution and stirred for 30min. Then glucose 

was added to a final concentration of 0.5M/L and stirred for 10 min. The 

http://en.wikipedia.org/wiki/Mannose
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formation of  Con A-CV aggregates (tyndall scattering observed in the 

recorded U.V spectra) and their competitive disruption by added glucose 

was observed by UV  spectroscopy (Agilent U.V spectrophotopmeter). 

2.5 Determination of Cell Proliferation of the Cv Extracts 

by WST-1 Assay 

        Hela cells were seeded in 96-well plates with culture media 

(DMEM:Nutrient Mixture F-12, 10% fetal bovine serum and 50 U/ml 

penicillin) for 24 hours at a density of 5,000 cells/well. After 24 hours the 

nutrient mixture was removed and rinsed with culture media without 

serum. Culture media without serum (negative control) and culture 

media without serum plus lyophilized extract were added into the wells. 

Hela cells were grown under 4 different concentration of extract 

(1mg/ml, 0.1mg/ml, 0.01mg/ml and 0.001mg/ml) for another 24h. The 

effect of extract on the proliferation of cells was determined by WST-1 

(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene 

disulfonate) assay according to the manufacturer's instructions[11]. 
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2.6 Determination of the Cytotoxicity of Cv to the Cervical 

Cancer Cell Line 

        The degree to which a substance is able to induce cytotoxicity can 

be measured using a standard MTT-based in vitro toxicity assay (Sigma, 

USA). The MTT assay is a colorimetric test that measures the activity of 

enzymes capable of reducing yellow MTT to purple formazan. Reduction 

primarily occurs within active mitochondria and therefore the test is a 

reflection of mitochondrial activity. Since normal mitochondrial activity 

indicates a healthy normal metabolically active cell, mitochondrial 

dysfunction points to cell toxicity and can be measured by less formazan 

production, which equates to less purple absorbance. To recover the 

insoluble purple formazan from cells a solubilization solution such as 

acidified ethanol is used. Solubilization of formazan can then be 

measured and quantified by measuring an absorbance at 570 nm using 

an automated spectrophotometer. When the amount of purple formazan 

produced by cells treated with an agent is compared with the amount of 

formazan produced by untreated control cells, the effectiveness of the 

agent in causing death, or changing metabolism of cells, can be 

deduced and a dose-response curve can be generated. 
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        We initially chose to use HeLa cells to test the effective cytotoxicity 

of the Clerodendrum viscosum extracts. The Hela cell line is a 

commonly used huma cervical cancer cell line which is often used for 

medical research involving measurements of cytotoxicity. This study was 

expanded to six kinds of cells lines. The cells were plated at 5000 cells / 

well (using a 96-well cell culture plate) and cultured for 24hrs using 

established HeLa cell culture media (Eagle's MEM with non-essential 

amino acids and Earle's BSS with 10% FBS). After 24 hours the media 

was removed and replaced with media alone or media plus lyophilized 

clerodendrum viscosum (formulation 4, see formulations section) 

redissolved in media at 3 different concentrations (2.5mg/ml, 5 mg/ml, 

10 mg/ml; w/v). Under these conditions cells were cultured for another 

24 hours followed by the MTT assay. 

2.7 Caspase-3 Immunofluorescence 

        Hela cells were seeded into the 6-wells chamber (1x105 cells/well) 

and allowed to adhere to the plate for 24 hours before treatment with the 

extracts at three different concentration (2.5, 5.0 and 10. mg/ml). They 

were fixed with paraformaldehyde solution (4%). Then the wells were 

washed twice with PBS for 1 min. PBS was removed and the wells were 

blocked with 5% bovine serum for 1 hour and rinsed with 0.5% triton-x. 
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The triton-x solution was removed and the chambers were incubated 

with cleaved caspase-3 antibody (1:200 dilution) (cell signaling) for 1 

hour at a room temperature. After washing three times with PBS, Hela 

cells were incubated with second antibody goat anti-rabbit IgG (1:10000 

dilutions) for 1 hour at a room temperature. The samples were observed 

by confocal microscopy.  

 

2.8 Viability Assay 
        Propidium iodide (PI) is a fluorescent dye which is used as a 

nucleic acid stain. Once the dye is bonded to nucleic acid, enhanced red 

fluorescence is released. PI is membrane impermeable and generally 

excluded from viable cells, thus reflecting the cell viability. Hela cells and 

primary fibroblast cells were seeded at a density of 5,000 cells per well 

in 96-well plates and allowed 24 hours for attachment to occur. Later the 

cells were treated with duplex serial dilutions of the extract (2.5, 5 and 

10mg/ml). After 8 hours of incubation PI was added into the wells at the 

concentration of 100ug/ml. Finally, cells were observed by living 

microscope imaging. The cell viability was determined using the formula: 

       Viability % = (density of the PI staining cells / density of the total 

cells) X 100 
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2.9 Cell Tracking and Motility Analysis 
        To study the effect of the extract on dynamics of Hela cells, time-

lapsed microscopy was used to record the movement of Hela cells. Hela 

cells were seeded at a density of 5,000 cells per well in 96-well plates 

and incubated for 24 hours to attachment. Later the cells were treated 

with double serial dilutions of the extract (2.5mg/ml, 1.25mg/ml and 

0.625mg/ml). Then the 96-well plate was left in an environmentally 

controlled chamber supplemented with 5% CO2. Images were captured 

every 30 min for 24 hours with a CCD camera controlled by software. 

The cell movement was analyzed based on captured image frames 

using celltrack software (the Ohio State University, USA) as previous 

described [12]. Briefly, we draw the boundary of each cell, and speed, 

area, deformation, trajectory and detailed tracking of the cells are 

computed and displayed for analysis.  

2.10  Tubulin Staining 

        Microtubules are important in mitosis and cell division and they 

have been a new target for the development of new anti-cancer drugs. 

α,β-Tubulin is the basic unit of the microtubule. As previous results have 

shown that the Cv can affect the morphology of the cells, we 
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investigated whether the roots affect the expression of tubulin. Hela cells 

were seeded into the 8-well chamber (1x105 cells/well) and allowed to 

attach for 5 h. After 24 hours the media was removed and replaced with 

media alone or media plus lyophilized Clerodendrum viscosum 

redissolved in media at 3 different concentrations (2.5mg/ml, 5 mg/ml, 

10 mg/ml; w/v). The Cv treated cells were incubated in a humidified 

environment of 5% CO2 and 37°C for 1 h. Tubulin was stained by the 

standard method (see caspase staining). 

2.11 Statistical Analysis 

        The experimental results were expressed as mean ± standard 

deviation of triple replicates. Where applicable, the data were subjected 

to one-way analysis of variance (ANOVA). P-value of ≤ 0.05 was 

regarded as significant.  

3. Results: 

3.1 Characterization of extract from the roots of 

Clerodendrum viscosum 

        The Cv extract was collected from the root of Clerodendrum viscosum 

by two steps. The first step involves  using a sodium phosphate 
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buffer(pH=7.4) to make extract from the Cv root; the following step is 

precipitation of the big hydrophobic components from Cv extracts solution 

with 80% ammonium sulfate (Cv-ap). After dissolving the precipitate with 

deionized water, it was found to have biological activity that can induce the 

cancer cells apoptosis. We also found that it contains a protein about 18 

kDa (figure 1). The protein disappeared during incubation with proteinase 

K. (figure 1). The extract also showed a positive result when staining with 

emerald 300 (figure 1), indicating that the root’s extract has glycoproteins. 

To determine the glycosylation of the extract a lectin based assay was 

employed. The lectin selected for this study was concavalin A.  Concavalin 

A can specifically bind to certain structures found in various sugars, 

glycoproteins and glycolipids, mainly internal and non-reducing terminal α-

D-mannosyl and α-D-glucosyl groups [13]. The addition of a Con A solution 

to Cv-AP results in an increased absorbance throughout the U.V spectrum 

which characteristic of Tyndall scattering resulting from the formation of 

cross linked aggregates between Con-A and Cv-ap. The Con-A-Cv-ap 

aggregate was dissolved by the addition of glucose; glucose disrupts the 

aggregates by competitively displacing Cv-ap (The U.V absorbance 

decreases throughout the U.V spectrum).  

http://en.wikipedia.org/wiki/Sugar
http://en.wikipedia.org/wiki/Mannose


46 
 

3.2 Cv Induced Cervical Cancer Cells Apoptosis 

        The morphological change associated with cell death was observed 

with normal inverted microscope. Hela cells were induced to undergo 

apoptosis with shrinkage of cells and membrane blebbing after treatment 

with 10mg/ml roots extract for 8 hours (figure 2A). 

It is important to ascertain whether the death of the Hela cells is meditated 

via activation of apoptotic pathway. The expression of apoptotic related 

protein Cleaved caspase-3 was examined by immunofluorescence. 

Cleaved caspase-3 was expressed almost in all the Hela cells after treated 

with the Cv extract of 10mg/ml. By contrast, insignificant amounts of 

cleaved caspase-3 were expressed in untreated Hela cells (figure 3). 

        Moreover, root extract induced cell death was quantified using 

propidium iodide (PI) staining and examined under fluorescence 

microscope. The presence of red coloration was due to the binding of PI to 

denatured DNA (figure 2A). Based on counting Hela cells treated with 

different concentration of root extracts together with untreated Hela cells as 

negative control, LC50 was calculated (figure 2B).  

3.3 Inhibition of the Motility of Hela Cells by Cv Extract  

        Stopping or slowing the cancer cell migration is a very important 

approach to stop the invasion of a tumor. Therefore, to know whether the 
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Cv extracts can affect cancer cell motility is essential. For this purpose we 

used a lower concentration of extract to treat Hela cells to avoid killing 

cancer cells. Time-lapsed microscopy was used to record the movement of 

the cells in real time for 24 hours.  Three different concentrations 

(2.5mg/ml, 1.25mg/ml, and 0.625mg/ml) of extract were used to treat Hela 

cells and all three different concentrations extracts impaired Hela cells 

motility by 60% compare to the Hela cells without treatment. In addition, we 

found there were no obvious motility differences among the three different 

concentration extracts (figure 4). The result shows that the Cv extract slows 

the motility of the cells instead of inducing the apoptosis of the cells at low 

concentration of the extract. 

3.4 Tubulin Degradation after Treatment with the Cv  

        The tubulin present in Hela cells underwent a change after treatment 

with Cv extract (figure 5). Tubulin can be seen in control Hela cells which 

were not treated with CV. After exposure to 10mg/ml CV extract, the cells 

round up. The amount of tubulin was diminished and shrinkage was 

observed. When the cells were treated with different concentrations of CV, 

the response elicited dose-dependent. Currently we are unable to 

determine if the change of tubulin is the result of cell shrinkage or caused 
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by depolymerization. However, the extracts can inhibit cell movement and 

proliferation by  modulating tubulin directly or indirectly. 

 

3.5 Analysis of Cv Extract for Growth Inhibitory Activity 

against Cervical Cancer Cells 

        Clerodendrum Viscosum root extracts were examined for cell growth 

inhibitory properties on Hela cell lines. Cells were treated with increasing 

concentration of CV extract over varying time period and then analyzed by 

the WST-1 assay for cell viability. When treated with 1mg/ml of rootsCv 

extract, the absorbance of Hela cells from day 0 to day 3 were almost 

identical(figure 6), which demonstrates that the Hela cells growth was 

completely inhibited at 1mg/ml concentration CV root extract, on day 3, the 

1mg/ml root extract inhibited the Hela cells growth by 50%. The root extract 

showed inhibitory bioactivity even as low as 1ug/ml, in day 3, the 1ug/ml 

root extract inhibit the cells growth by 20% (figure 6).  

 

3.6 Cytotoxicity of the Cv to Cervical Cancer Cell Lines 

        To analyze the cytotoxicity of the Cv, MTT assays were performed on 

human cervical cancer cell lines. IC50 of the different cell lines were 
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calculated (table 1). The extract worked well on all the cervical cancer cell 

lines. The lowest IC50 values were recorded as 2.66±0.38 mg/ml for the 

C33a cell line (table 1). The data confirmed the hypothesis that the extract 

has anti-cervical cancer ability. 

 

3.7 CV has Less Effect on the Normal Human Fibroblast 

Cells 

        To test the effect of Cv extract on normal cells, we used primary 

fibroblast cells and Hela cells were used as a control. After treatment with 

the 10mg/ml CV extract for 8 hr, almost all the Hela cells were dead (PI 

stained most of the cells); on the contrary, nearly no PI staining  was 

observed in primary fibroblasts indicating that Cv is non-toxic to healthy 

cells (figure 7). 

4. Discussion 

        Multiple cell signaling pathways are deregulated in cancer cells which 

are characterized by uncontrolled cell proliferation and anti-apoptotic 

features. Apoptosis (programmed cell death) occurs in normal cells if its 

damage is not repaired. Apoptosis is also a critical protective mechanism 

against carcinogenesis, eliminating damaged cells or cells proliferating 
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abnormally in response to carcinogens [14]. Therefore, induction of cell 

apoptosis selectively in cancer cells is a promising strategy to prevent and 

treat cancer. In the present research, we established that a standardized 

extract from Clerodendron viscosum which contains a glycoprotein induces 

cancer cell apoptosis with the typical morphological alterations: cell 

shrinkage, blebbing and nuclear condensation.  

        Cleavage of caspase-3 confirmed apoptosis in Hela cells [15]. 

Caspase (C: cysteine protease mechanism, aspase: ability to cleave after 

aspartic Acid) are aspartate-directed cysteine proteases that play a key role 

in the initiation and execution of apoptosis [15, 24].  The Caspases exist 

within the cell as inactive pro-forms or zymogens. These zymogens can be 

cleaved to form active enzymes, a homodimer with each monomer having 

a large (~17-21 kDa) and a small (~10-13 kDa) subunit  [16, 25, 26]. 

Components of the proteolytic mechanism, including the active site Cys 

and His residues, are harboured within the large subunit while aspartate 

(Asp) at the P1 site (P1Asp) is obscured in a cavernous pocket, expressed 

as S1 site, are derived from both the large as well as small subunits and 

the S2, S3, and S4 subsites are contributed by the small subunit and thus 

both the small as well as large subunits determine the active site [27]. The 

activation of caspases then targets their downstream molecules and 
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initiates apoptosis. Researches demonstrate that exposure of Hela cells to 

Cv root extract causes Caspase-3 activation.  

        Migration/invasion of cancer cells is a factor which reduces the 

survival rate in cancer patients [17]. Stopping or slowing the migration of 

cancer cells is a promising mechanism against cancer. In this study, we 

found that low concentration of root extract alters Hela cells motility. It 

reduces 60% motility of Hela cells at the concentration of 0.625mg/ml. 

        We also have studied the effect of Cv extract on other cervical cancer 

cell lines (Siha, ME-180, Ca Ski, C-33 A, Ms 751).  MTT assay was used to 

measure the IC50 of CV on each cervical cancer cell line. The results show 

that Cv extract had similar potent activity against all the cervical cancer cell 

lines; the IC50 ranged from 2.66mg/ml to 6.6mg/ml (table 1). This 

demonstrates that Cv extract can inhibit the growth of most of the cervical 

cancer cell lines and shows great promise for inhibiting the growth of 

cervical cancer. 

Anticancer drugs interfere with the growth of the cancer cells and cause the 

death of the cancer cells. However, most of the time, the chemotherapeutic 

drugs are so powerful that they affect the growth of the normal cells, 

causing indiscriminate cytotoxicity and many side effects; some of them 

may be very serious. For example, carboplatin (Paraplatin), which is used 
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for cancers of the ovary, head and neck, and lung, have adverse side 

effects such as decrease blood cell counts, hair loss, confusion etc [18]. In 

this research, we used primary human fibroblast cells to test if the Cv 

extract can induce cell death in healthy cells. The fibroblast cells were 

unaffected by Cv extract wheras most of the Hela cells were eliminated via 

apoptotic pathways (figure 7), which demonstrates that Cv extract is a 

promising potential anti-cancer medicine without the side effects common 

to most  anti-cancer drugs.  

        In conclusion, this study demonstrates that the roots of Cv contains 

glycoproteins and strongly inhibit the proliferation of Hela cells. High 

concentration of the root extract induces the cancer cells apoptosis through 

the caspase-3 pathway. Downstream molecules need to be evaluated in 

detail in the future. Even at a low concentration the Cv root extract can slow 

the movement of cancer cells. We also studied the effect of Cv root extract 

on normal cells (data not shown), which showed low toxicity to normal cells. 

These result confirmed the root extract is a promising anticancer agent 

against human cervical carcinoma cells. 
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Fig 1. Glycoprotein obtained from the Clerodendrum viscosum (Cv). After running a 4-20% polyacrylamide 
SDS-PAGE, proteins were stained with coomassie blue for total protein A) and Pro-Q emerald 300 dye for 
glycoprotein. B) 1 is the proteinase K digested aqueous extract of  CV. 2 is the aqueous extract of CV. C) 
effect of conA addition on the UV spectrum of the conA-extract conjugate  

 

 

 

Figure 4. Hela cells were treated with extract( 0.625-2.5 mg/ml) for 24 hours. Time-lapse 
microscopy was used to determine migration of cells at 10 minute intervals. Analysis of individual 
cell tracks was performed with celltrack software.  
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Figure 2.  A) Live cell imaging of Hela human cervical cancer cell line (control) for 8 hours following 
treatment with Cv extract (10 mg/ml). B) Hela cells seeded at 5,000 cell/well in a 96-well plate 
overnight followed by 24 h incubation with Cv extracts at 0.2 mg/ml, 0.5 mg/ml, 1 mg/ml, 2 mg/ml 
and 5 mg/ml respectively. Death measured by  Propidium iodide. The LC50 = 3.2 mg/ml 
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Figure 3. Caspase 3 activation in Hela cell lines following TNFα + CHX treatment (positive control) 
and treatment with extract.  

 

Figure 5.  Representation of the tubulin in Hela cells after addition of different concentration of CV 
extract. At the 10 mg/ml conventration  most of the tubulin  disappears. 
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 Hela(IC50) 
(mg/ml) 

siha(IC50) 
(mg/ml) 

me180(IC50) 
(mg/ml) 

caski(IC50) 
(mg/ml) 

c33a(IC50) 
(mg/ml) 

Ms 
51(IC50) 
(mg/ml) 

1 5.2 5.6 4.7 2.5 2.4 3.7 
2 5.5 5.4 4.1 3.2 2.8 4.2 
3 5.7 5.5 4.8 4.6 3.5 4.6 
4 5.8 8.7 5.1 4.7 2.8 4.5 
5 5.7 7.8 5.5 3.3 1.8 4.4 
Median 5.18 6.6 4.84 3.66 2.66 4.28 
Standard Deviation 0.24 1.54 0.51 0.95 0.62 0.35 

Table 1 Cytotoxicity of the different cervical cancer lines. 

 

 

Figure 6. Role of extract in regulate cervical cancer cell proliferation. Growth rates of the cells 
were determined by WST-1 assay. Top one: Hela cells seeded at 2,000 cells/well in a 96-well plate 
overnight followed by 1 day, 2 day, and 3day extract incubation (0.001-1 mg/ml) . Bottom graph: 
cell number after 2 days of incubation at four different extract concentrations. P<0.0001  
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Figure 7. Cv effect on the primary human fibroblast cells. Cv extracts (10 mg/ml) were treated on 

the fibroblast cells and Hela cells for 8 h and stained with PI. 
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Chapter III 

 

Purification of Clerodendrum viscosum 

 
 

 

 

 

 

 

 



61 
 

1. Introduction 
        Clerodendrum viscosum is a small shrub, it has heart shaped leaves 

and with “crown shaped” white flowers in terminal panicles which grows as 

ground cover in India. It is used to be considered as a common weed. Very 

few publications were reported on Clerodendrum viscosum if one searches 

for research concerning this plant in Pubmed 

(www.ncbi.nlm.nih.gov/pubmed/). Representative examples of research 

employing this plant or closely related ones are: (a) “Preliminary study on 

the antisnake venom activity of alcoholic root extract of Clerodendrum 

viscosum (Vent.) in naja naja venom.”[1] (b) “A neo-clerodane diterpenoid 

from Clerodendrum viscosum leaves.”[2] (c) “Herbal composition for cuts, 

burns and wounds.”[3] “The invention provides a novel herbal composition 

for treatment of cuts, burns and wounds, the composition comprising plant 

material selected from Utleria solicifolia, Jatropha curcas, Clerodendrum 

infortunatum , and Centella asiatica.”[3] (d) “Sterols of some Clerodendrum 

species (Verbenaceae): occurrence of the 24α- and 24β-epimers of 24-

ethylsterols lacking a Δ25-bond.”[4] (e) “Anthelmintic activity of leaves of 

Clerodendrum infortunatum.”[5]. 

        The utility of herbal medicines for cancer treatment and prevention is 

receiving increasing attention due to the cost and side effects of current 
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radiation or chemotherapeutic agents used for cancer patients, and the 

continuing increase in new cancer cases as well as cancer deaths [6 - 8]. 

Projections indicate that the deaths over the world from cancer will rise to 

more than 13.1 million in 2030 [9].  

        This study describes the purification and characterization of the anti-

cancer component from the Cv. Many publications have reported plant 

extract can be used as potential anti-cancer medicine [10 - 12]. Based on 

our previous study, we found the aqueous extract of Cv had the anticancer 

properties. Our goal was to purify and identify the anti-cancer components 

from Cv. We developed two different procedures to separate the active 

components. One separation method uses ammonium sulfate, the other 

uses ethanol to make an extract from CV. MTT assay was used to monitor 

the bioactive components responsible for the anticancer properties using in 

vitro bioassay guided isolation method [13]. 
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2. Materials and Methods 

2.1 Isolation of Aqueous Extract by Ammonium Sulfate 

2.1.1 Plant Materials and Preparation of Crude 
Aqueous Extract (Cv-ap). 

        Roots of the Clerodendrum viscosum was collected and stored in 

alcohol.To prepare the water soluble Cv extract, the roots were dried in a 

vacuum oven at 37 °C for 3 hours. 100g of dried Cv roots were 

homogenized with a blender into small pieces, mixed with 1000ml 

ammonium bicarbonate (0.1M) and stirred at 4 °C overnight. The roots’ 

residue is removed by centrifugation at 15,000 rpm/min for 15 min and the 

supernatant was filtered using Fisher Scientific P2 filter paper to remove 

the remaining small particles. Ammonium sulfate was added into the 

supernatant to 80% saturation and stirred at 4 °C overnight. The precipitate 

was collected by centrifugation at 3,000 rpm/min for 15 min and the pellet 

was dissolved in deionized water. The solution (Cv-ap) was centrifuged 

again at 16,000 rpm for 20 min to remove the insoluble particles, and the 

supernatant was lyophilized and stored at -20°C. The Cv-ap yield percent 

was 4.4%. 

2.1.2 Chemicals 
        Ammonium bicarbonate (99%) was obtained from GFS chemicals, Inc. 

Ammonium sulfate (enzyme grade) was bought from Fisher scientific. α-

cyano-4-hydroxycinnamic acid (4-HCCA), Trifluoroacetic acid (TFA), 

Acetonitrile (ACN), formic acid and isopropanol were purchased from 

Sigma-Aldrich. 
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2.1.3 Cell Culture 
        Hela cells were grown in DMEM/F12 (DMEM:Nutrient Mixture F-12) at 

37°C in a humidified atmosphere and 5% CO2. Culture media was 

supplemented with 10% fetal bovine serum, 50 U/ml penicillin. Cells were 

seeded in 96-well plate with 2,000 cells per well overnight before treatment 

with plant extracts.  

2.1.4 Size Exclusion FPLC (faster protein liquid 
chromatography) 

         Lyophilized Cv-ap was redissolved in 0.1 M ammonium bicarbonate 

solution. 1 ml Cv-ap solution was loaded onto a HiPrep superdex 200 

column and was separated using an Amersham Biosciences AKTA purifier 

system (GE Healthcare). The column was equilibrated with 0.1 M 

ammonium bicarbonate buffer. The fractions were eluted with 0.1M 

ammonium bicarbonate and collected using a peak fractionation system 

(figure 2B).  

2.1.5 Bioassay Guided Isolation of Bioactivity 
components from Cv 

        The fractionation of the anti-cancer components was bioassay guided. 

For each fractionated extract, cell viability assay was performed to 

determine its activity. The active fractions were purified and identified 

(figure 3). 

        The purification process is shown in figure 3A. First, Cv-ap was 

redissolved in ammonium bicarbonate (0.1M) and passed through the size 

exclusion column (superdex 200, Gel Heath). The collected four peaks (P1, 

P2, P3 and P4) were lyophilized to dryness for further bioactivity testing. 
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The peak 3 was heated at 95 degree for 1 hr, the resulting precipitate 

(HPP3) and supernatant (HP3) were collected and lyophilized to dryness. 

The HP3 was further separated into precipitate (EPHP3) and supernatant 

(ESHP3) by solvent partition method using 66% ethanol. The subfraction 

EPHP3 contains the most bioactivity components. 

2.1.6 Cell Viability Assay 
        MTT (3- (4,5-Dimethyl-thiazol-2-yl) - 2, 5-diphenyltetrazolium) assays 

were used to measure the cell viability. 2,000 Hela cells were seeded in 96 

well plates and incubated for 24 h for attachment at 37°C in a humidified 

atmosphere and 5% CO2. The cell were rinsed twice with the media without 

serum and treated the Hela cells with various concentrations of Cv-ap 

fractions. Hela cells treated with the media only was used as control. The 

Cv-ap and its fractions were dissolved in the media without the serum to 

avoid the interference of the components in serum. After incubation for 72 

hr at 37°C in a humidified atmosphere and 5% CO2, 10% MTT solution (5 

mg/ml in PBS) was added into the media and incubated for 2 hr at 37°C in 

a humidified atmosphere and 5% CO2. MTT solution was removed and 100 

µl isopropanol was added to dissolve the purple crystals. Then the 

absorbance at 570 nm and 690 nm was measured using the microplate 

reader. The absorbance at 570nm is the purple crystals absorbance and 

the absorbance at 690 nm is the absorbance of the background. The 

absorbance of the purple crystals was calculated as (Absorbance (570 nm) 

– Absorbance (690 nm)). The viability percentage of Hela cells was 

calculated as 100*(Absorbance of sample/ Absorbance control)). 
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2.1.7 SDS-PAGE and Silver Staining  
        An SDS-PAGE gel was run to measure the amount of protein in 

bioactive fractions. After MTT assays measurement, Cv-ap, P3, HP3 and 

EPHP3 were found to have bioactivity among the fractions. We run these 

four samples on 4%-20% gradient SDS-PAGE ( PAGE gel INC.)  

Protocol:  

Sample preparation 

1. A concentrated standard 10mg/ml Cv-ap (dissolved in Millipore H2O) 
solution was prepared. A range of concentrations of Cv-ap solutions  
(range from 0.3mg/ml to 5mg/ml) were made by serial dilution of the 
standard solution. 

2. The absorbance readings of 280nm of each dilute solution were 
recorded with U.V Spectroscope (Agilent 8453) 

3.  A standard curve of concentration VS absorbance was made by 
software GraphPad Prism5 (figure 1). 

4. The samples were dissolved in deionized water. The concentration of 

each sample was determined based on the standard curve and the 

concentration of each sample was adjusted to a concentration of 

2.5mg/ml. 

SDS-PAGE 

1. 4-20% gradient gel (PAGEgel INC) was prepared. 

2. 20ul of each sample was mixed with 7ul 4xbuffer (PAGEgel INC) in 

eppendorf tube and heated for 5 min at 95˚C on the heated plate. 

3. The samples were cooled in ice 

4. The SDS-PAGE was loaded and run at 150V constant. 

5. After the SDS-PAGE gel was done, the power supply was removed 

for silver staining. 
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Silver staining 

6.  The gel was washed in deionized water for 5 minutes. The water was 

removed and the process was repeated once more. 

7.  The gel was fixed in 30% ethanol:10% acetic acid solution (25ml) 

(50ml total,  30ml:15ml:5ml water:ethanol:acetic acid)  for 15 minutes. 

The solution (25ml) was replaced and fixed overnight.  

8.  The gel was washed in 10% ethanol solution (25ml) for 5 minutes. 

The solution was replaced  (25ml) and washed for another 5 minutes.  

9. The gel was washed in deionized water for 5 minutes. The water was 

removed and the process was repeated once more. 

10. Sensitizer Working Solution was prepared by mixing 1 part 

Silver Stain Sensitizer with 500 parts deionized water (mix 50μL 

Sensitizer with 25mL water).  

11. The gel was incubated in Sensitizer Working Solution for 

exactly 1 minute, then washed with two changes of deionized water 

for 1 minute each.  

12. Stain Working Solution was prepared by mixing 1 part Silver 

Stain Enhancer with 50 parts Silver Stain (0.5mL of Enhancer with 

25mL Stain).  

13. The gel was incubated in Stain Working Solution for 30 

minutes. Note: Gel may be incubated in Stain Working Solution for as 

short as 5 minutes or as long as overnight without affecting stain 

performance.  

14.  Developer Working Solution was prepared by mixing 1 part 

Silver Stain Enhancer with 50 parts Silver Stain Developer (mix 

0.5mL of Enhancer with 25mL Developer).  
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15.   A Stop Solution5% acetic acid solution was prepared. 

16.  The gel was washed quickly with two changes of deionized 

water for 20 seconds each.  

17. The Developer Working Solution was added immediately and 

incubated until protein bands appear (4-5 minutes). Note: Protein 

bands will begin to appear within 3 min and then continue to develop.  

18. When the desired band intensity was reached, Developer 

Working Solution was replaced with prepared Stop Solution (5% 

acetic acid). The gel was washed briefly, then replaced with Stop 

Solution and incubated for 10 minutes. 

2.1.8 Concanavalin  A  Affinity  Chromatography         
        The presence of a glycoprotein component in Cv-ap was confirmed 

via glycoprotein and protein specific SDS-PAGE gel analysis and by the 

fact that it binds to a Concanavalin A (Con A) column (biomolecules that 

contain mannose and glucose residues bind to Con A). After isolating 

EPHP3, we further separated it by concavalin A column (histrap 5ml, GE 

Healthcare) with Amersham Biosciences AKTA purifier system (GE 

Healthcare). EPHP3 was redissolved in binding buffer ( 20mM Tris-HCl, 

0.5M NaCl, 1mM MnCl2, 1mM CaCl2, pH 7.4). The column was equilibrated 

with 5 column volume of binding buffer. and 1 ml EPHP3 solution was 

loaded onto the column. After eluting with 5 column volume of binding 

buffer, the column was eluted further with stripping buffer buffer (0.5M 

glucose, 20mM Tris-HCl, 0.5M NaCl, pH 7.4). The eluted fraction was 

collected and removed the salt by desalting column for future bioactivity 

tests. 
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2.1.9 Matrix-assisted Laser Desorption Ionization 
(MALDI-TOF)  

        Cv-ap and fractions were redissolved in 0.1%TFA deionized water at 

the concentration of 2.5mg/ml. The Stainless steel MALDI sample plate 

was cleaned with methanol and wiped dry followed with water wash and 

wiping dry. The cleaning was repeated and dried before use. 30 ul of thin 

layer substrate solution (1 part of saturated 4-HCCA in TAW 

(0.1%:2:1)(TFA:ACN:water) + 3 parts isopropanol) was applied and spread 

on the plate. After waiting 5 minutes the excess solution was wiped off. The 

sample was diluted [1 part into 4 part of matrix solution (saturated 4-HCCA 

in FWI (3:1:2)(formic acid: water: isopropanol)]. 1 ul sample/matrix mixture 

was spotted on the plate and waited 5 min to see the crystallization form at 

the interface of matrix and sample. The excess liquid was removed by 

vacuum aspiration. Each spot was washed with 1 ul of a ice cold 0.1% TFA 

solution and the excess liquid was removed by vacuum aspiration.  MS 

experiments were performed using a MALDI- time-of-flight mass 

spectrometer (Bruker Daltonik, Bremen, Germany). The data was analyzed 

by software Moverz. 

2.1.10 Statistical Analysis 
All experimental results were presented as mean. One-way ANOVA with 

Dunnett’s multiple comparison test was used for comparisons among 

various treatment groups and lipopolysaccharide (LPS) control group. 

Results were considered statistically significant when p<0.05. 
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2.2 Isolation of the bioactivity molecules by ethanol 

2.2.1 Plant Materials 
       Roots of the Clerodendrum Viscosum were collected and stored in 

alcohol. The roots were dried in a vacuum oven at 37 °C for 3 hours before 

use. The purification process is outlined in figure 5. First step: CV roots 

were homogenized with a blender into small pieces. 85% ethanol was 

added and stirred for half an hour at room temperature. Second step: after 

centrifugation at 3,000 rpm for 30 min, the resulting supernatant was 

filtered and lyophilized (SE8). Third step: the precipitate was dried and then 

rinsed with acetone to remove the hydrophobic small molecules. Acetone 

was collected and dried (AC). Fourth step: Deionized water was added to 

the precipitate from the previous step and stirred overnight. The mixture 

was centrifuged at 3,000rpm for 30 min. To the resulting supernatant 100% 

ethanol was added  and the final concentration was adjusted to 70% 

ethanol and stirred overnight. Fifth step: the mixture was centrifuged at 

3,000rpm for 30 min, the supernatant was filtered and lyophilized (SE7), 

the pellet was dissolved in deionized water and lyophilized (PE7). 

        After the roots were dried in a vacuum oven at 37 °C for 3 hours, CV 

roots were homogenized with a blender into small pieces. Deionized water 

was added into the roots and stirred overnight at 4 degree. The mixture 

was centrifuged at 3,000rpm for 30 min and collected the supernatant. The 

supernatant was filtered by filter paper and lyophilized (water extract).   

2.2.2 MTT  Assay 
        MTT (3- (4,5-Dimethyl-thiazol-2-yl) - 2, 5-diphenyltetrazolium) assays 

were used to measure the cell viability. 5,000 Hela cells were seeded in 96 
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well plates and incubated for 24 hr for attachment at 37°C in a humidified 

atmosphere and 5% CO2. Then cell were rinsed twice with the media 

without serum, and the Hela cells were treated with various concentrations 

of ethanol extract. Hela cells treated with the media only was used as the 

control. The extracts were dissolved in the media without the serum to 

avoid the interference of the components in serum. After incubation for 24 

hr at 37°C in a humidified atmosphere and 5% CO2, 10% of MTT solution 

(5mg/ml in PBS) was added into the media and incubated for 2 hr at 37°C 

in a humidified atmosphere and 5% CO2. MTT solution was removed and 

100ul isopropanol was added to dissolve the purple crystals. Then the 

absorbance at 570nm and 690nm was measured using a microplate 

reader. The absorbance at 570nm is the purple crystals absorbance and 

the absorbance at 690nm is the absorbance of the background. The 

absorbance of the purple crystals was calculated as (Absorbance (570nm) 

– Absorbance (690nm)).  The viability percent of Hela cells was calculated 

as 100*(Absorbance sample/ Absorbance control). 

3. Result  
 

3.1 Cell viability results from the Cv-ap and its fractions 
.        The result of MTT assay of the Cv-ap and its fractions is summarized 

in table 1. Concentration of IC50 was calculated by the MTT assay. The Cv-

ap induced 50% of Hela cells death at the concentration of 0.921mg/ml. So 

we define 1 unit of specific activity as the Cv-ap IC50 concentration. The 

specific activity of the fraction is calculated as Specific activity= ( IC50 of the 

fraction / IC50 of Cv-ap). The total activity = (specific activity * percentage 
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yield). Among the downstream fractions (P1, P2, P3 and P4), P3 and P4 

have a lower IC50 compared to the crude extract Cv-ap which means they 

have a higher percentage of bioactivity components compared to the Cv-

ap. P1 had very little effect on the Hela cells. P3 fraction has is the most 

potent (lowest IC50 value). So we chose P3 for further purification and 

analysis. The component EPHP3, obtained by the purification of P3 as 

outlined in figure 3 has the lowest IC50 concentration and highest specific 

activity (specific activity= 30.7), which means the concentration of active 

components is 30 times that of the crude extract Cv-ap.  

 

3.2 SDS-PAGE gel Analysis 
         

        The concentration of each sample loaded on the gel was measured 

and determined by UV absorbance. The standard curve was made using 

Cv-ap. All samples were made at the same concentration (2.5mg/ml) 

before loading on the gel. Silver staining was used to stain the band (figure 

3D). There were three clear bands around 26 kDa in lane Cv-ap, and two 

clear bands in lane P3, one band in lane EPHP3. We could not see the 

bands in lane HP3. All the bands are around 30 kDa.  

3.3 MALDI-TOF Analysis  
        To investigate Cv-ap and fractions, we tested them by MALDI-TOF. 

The MALDI spectrum of Cv-ap (figure 4A) had multiple peaks and the 

major peak was about 25Kd, and there were additional peaks as 13kDa, 

9kDa, and 6kDa. All these peaks were also observed in the MALDI 

spectrum of P3 (figure 4B). However, the MALDI spectrum of the EPHP3 
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was a little different compared the spectrum of the Cv-ap and P3 (figure 

3C). The MALDI spectrum of the EPHP3 had four peaks at the m/z 6.9KDa, 

9.2KDa, 13.5KDa and 25KDa which was 3, 4, 6 and 11 times of the 

number 2317Da indicating that they are ions of the same protein with 

varying charges.  

3.4 MTT Assay of Ethanol Extract 
        The MTT assay result ethanol extract is summarized on table 2. The 

yield percent was calculated by 100* (weight of the extract/ weight of the 

dry roots). The IC50 was calculated by the MTT assay. There was no IC50 

data of PE7 because the PE7 have very little effect on Hela cells. IC50 of 

SE7 was lowest (1.7mg/ml) among the other ethanol extract, which means 

the SE7 had high percent of anti-Hela components compared other 

extracts. 

3.5 Cv Ethanol Eextract Effect on Normal Fibroblast Cells 
         To evaluate whether CV ethanol extract fractions effect/harm normal 

healthy cells we used the primary fibroblast cells and Hela cells were used 

as a control. Treatment with the 10mg/ml CV extract for 24 hr resulted in 

the death of most of the Hela cells (as indicated by PI staining of the cells). 

On the contrary, the treated primary fibroblast cells exhibited very little 

apoptosis (there was nearly no PI staining observed) (figure 6). 

4. Discussion 

4.1 Cv-ap and Its Fractions 
      Concentrated ammonium sulfate solutions have been shown to 

alter protein solubility. Therefore ammonium sulfate is widely used to 
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purify/precipitate proteins from aqueous solutions.  The 

macromolecules including proteins present in the aqueous root extract 

were precipitated using ammonium sulfate in accordance with figure 1. 

The fraction Cv-ap is defined as the standardized crude extract. This 

extract mostly contains macromolecules as indicated by the MALDI-TOF 

spectrum (figure 4) and SDS-PAGE (figure 3D). The major component in 

the Cv-ap fraction is approximately 25 kDa (figures 3d and 4).The 

standard marker used here is normal dual colour protein marker which 

showed the Cv-ap is around 25 kda.  However, in previous SDS-PAGE gel 

with glycoprotein standard marker, the same Cv-ap showed the 

molecular weight of about 18 Kda. The reason is because the 

hydrophilic glycan moieties can obstruct the binding of SDS, and the 

decreased hydrophobic interaction between the protein and SDS result 

in an inconsistent charge-to-mass ratio [14]. 

       The SDS-PAGE analysis of Cv-ap and downstream purified fractions 

(shown in figure 3d) clearly indicates that Cv-ap has very high molecular 

weight species (smear in the high molecular weight region of the Cv-ap 

SDS-PAGE gel lane.). P3 had less smear bands at the top and fewer 

bands around 25-30 kDa and EPHP3 had the least smear bands at the 

top and only one clear band around 30Kd. It is interesting that there are 

no bands at the HP3 whereas there are bands in EPHP3. One possible 

explanation is that although all fractions had the same absorbance 
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(used for measuring concentration), most of the absorbance come from 

the small molecules such as small peptides which cannot be seen in the 

gel. It is likely that the protein around 30 kDa is very dilute in the HP3 

sample, the precipitation step which generates the EPHP3 sample 

selectively concentrates the 30 kDa component (the small molecules 

were removed by the ethanol precipitation).  

        Cv-ap and P3 had some small peaks in their MALDI-TOF spectra 

although they have the similar major peaks as the EPHP3 (figure 4). 

These small peaks indicated that there were some other compounds in 

the Cv-ap and P3. EPHP3 had four peaks at the m/z 6.9KDa, 9.2KDa, 

13.5KDa and 25KDa which was 3, 4, 6 and 11 times of the number 2317Da 

indicating that they are ions of the same protein with varying charges 

indicating that the sample is of fairly well defined purity. 

4.2 Ethanol Extract of CV  
        The ethanol extract purification protocol is outlined in figure 5. In 

this purification protocol of the CV root, 85% ethanol was used to 

remove most of the small molecules and the hydrophobic molecules. 

Acetone was further used to remove the small and hydrophobic 

molecules. The IC50 of SE8 fraction (figure 5) was lower than that of the 

SE7 which meant that the major bioactive components were in SE7. 

However, SE7 is composed of molecules that can dissolve in 70-85% 

ethanol, which meant that bioactive components in SE7 were different 
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from the compounds in the water extract of Cv-ap (EPHP3 fraction 

figure 3).  

       The viability assay on the human primary fibroblast cells with the 

treatment of ethanol extracts indicated that the SE7 does not harm 

healthy cells wheras it has potent and selective bioactivity against 

cervical cancer cells indicating that is a promising therapeutic candidate 

against cervical cancer. 

5. Conclusions   
        In this study, the Cv extract was further purified and analyzed. The 

EPHP3 fraction (figure 3) showed 30.7 fold increase in specific activity 

compared to Cv-ap, which was also supported by the results from SDS-

PAGE analysis and MALDI-TOF spectroscopy.  However, further 

research has to be conducted to identify the structure of the bioactive 

components. These are beyond the scope of this thesis. 
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Figure 1 standard curve of Cv-ap 

 

 

 

Sample 
Concentration 
of IC50(mg/ml) 

specific 
activity* 

yield 
percent 

Total 
activity 

v-AP 0.921 1 1 100% 

P1 - - 2.67% - 
P2 2.828 0.325672 8.27% 2.6933% 
P3 0.15 6.14 28.99% 177.98% 
P4 0.439 2.09795 11.67% 24.4831% 

HP3 0.12 7.675 19.69% 151.12% 
ESHP3 1.12 0.822 14.47% 11.90% 

EPHP3 0.03 30.7 2.87% 88.11% 

Table 1. Summary of the MTT assays of the Cv-ap and its fractions.  IC50 is calculated by MTT assay. 
The specific activity is defined as the IC50 concentration of  Cv-ap. 
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Figure 2 Schematic diagram showing the method of making Cv-ap. 
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Figure 3. A: Schematic diagram showing the method for the isolation of active fractions from Cv-ap 
using bioassay guided isolation. B. FPLC file for the separation of Cv-ap by size-exclusion C. MADI-TOF 
result of the EPHP3 D. Silver staining gel of the Cv-ap and its fractions on 4-20 % gel at different stage 

of purification 

. 
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Figure 4. MALDI-TOF mass spectrum of fractions. A. Cv-ap  B.P3 
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Figure 5 Schematic diagram showing the method of making ethanol extract. 

 IC50 
(mg/ml) 

yield 
percent 

Water 
extract 

3.31 5.33% 

Se8 4 4.98% 

Se7 1.7 1.87% 

Pe7  0.37% 

Table 2. Summary of the MTT assays of the ethanol extract.  IC50 is calculated by MTT assay.  
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Figure 6.  SE7 effect on the primary human fibroblast cells. SE7 (10mg/ml) were treated on the 
fibroblast cells and Hela cells for 8 hr and stained with the PI. 
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Chapter  IV 

 

Synthesis of the Curcumin Derivates 
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1. Introduction 
       Bioconjugation involves the linkage of two or more molecules to form a 

novel complex having the combined properties of its individual components 

[1].  The covalent linkage could occur between any kinds of molecules. 

However, Most of the time, bioconjugation is coupling of small molecules to 

a protein or protein-protein conjugation. The small moleule we have 

selected for producing conjugates is curcumin [(1E, 6E)-1, 7-bis (4-

hydroxy-3-methoxyphenyl) hepta-1,6-diene 3,5-dione] (figure 2) derived 

from Curcuma longa (Zingiberaceae – Ginger family) [2].  

      Curcumin is the principal curcuminoid of Turmeric which is a yellow 

dried powdered rhizome from Curcuma longa, and has been used in the 

ancient Indian Ayurvedic system of medicine [3]. Great interesting have 

been developed in curcumin as it shows the antioxidant [4, 5], anticancer 

[6, 7], anti-inflammatory [8], anti-Alzheimer’s disease activity [9] and 

antibiotic activity [10]. The safety of eating curcumin has been established 

in clinical trials. In a trial conducted in Taiwan, volunteers were fed 8 g of 

curcumin orally without symptom of toxicity. However, only very low 

concentration of curcumin (1.77 μM) was detected in the plasma; the most 

possibility of this is that curcumin is relatively hydrophobic that leading to 

poor water solubility [11, 12]. Glucuronidation of curcumin could be another 
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explanation for the observation of very low plasma levels of the curcumin 

[13].  

       Potential bioactivity and non-toxicity have made curcumin as a good 

candidate for developing new green drug, however, the poor water/plasma 

solubility of curcumin limits its potential as a green drug candidate. Several 

strategies have been developed to overcome this problem: Liposomal 

formulations of curcumin have been developed, A curcumin-phospholipid 

complex has recently been reported, which has better hepatoprotective 

activity compared to free curcumin[14]; Polymeric micelles formulations of 

curcumin have been developed, the formulation has been evaluated in the 

mouse model: it was shown via an HPLC assay that the micellar 

formulation increased the half-life of curcumin 162-fold compared to 

unformulated curcumin [15]. Nanoparticles formed by random copolymers 

of N-vinyl-2-pyrrolidone-Nisopropyl acryl amide poly (ethylene glycol) 

monoacrylate have been loaded with curcumin to produce a water soluble 

formulation that was termed as “ Nanocurcumin” [16].  

        The chemical modification of ‘green drug candidates’ using few 

efficient reactions to produce derivatives with optimized bio-efficacy and 

pharmacokinetics is another route to green drugs [17]. Most of the 

encapsulation strategies have resulted only in a marginal improvement in 
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bioactivity [18]. Here, we adopted covalent modification and targeting 

strategies. We emphasized on generating a curcumin based drug should 

be easy to synthesize, have improved water/plasma solubility and amplified 

bioactivity. Bovine serum albumin (BSA) was chosen because of its low 

cost, less toxicity and high water solubility. 

 We developed a synthetic methodology to produce curcumin derivatives 

BSA-curcumin. At first, the curcumin was covalent attached with N-

hydroxysuccinamide (NHS) group to produce the mono-NHS curcumin 

derivate. Secondly, BSA-curcumin was synthesized by the conjugation 

process where mono-NHS curcumin was couple to BSA curcumin. The 

solubility of this conjugate was evaluated. And cell cytotoxicity was anti-

cancer bio-ability was measured by MTT assay on Hela cells and was 

compared with curcumin and its mono-function (alkyne, carboxylic acid) 

derivates.  

2. Material and method 

2.1 Chemicals 
              Curcumin, α-cyano-4-hydroxycinnamic acid (4-HCCA), Trifluoroacetic 

acid (TFA), Acetonitrile (ACN), formic acid and isopropanol were purchased 
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from Sigma-Aldrich. Curcumin mono-carboxylic acid, and curcumin mono-

alkyne were synthesized in our lab (figure 2). 

2.2 Synthesis of BSA-Curcumin Conjugate 

         BSA (1 ml, 5 mg/ml in sodium bicarbonate buffer, pH 8.5) was 

incubated with Curcumin mono-NHS  (50 mg in 100 µl DMSO) at ice (0° C)  

for 2 h, then centrifuged at 5000 rpm for 5 mins and finally dialyzed against 

PBS, pH 7.4 for 24 h to remove unreacted curcumin mono-NHS. The 

dialyzed product was characterized via FPLC, SDS-PAGE and used for 

further bioconjugation (figure 1). 

Synthetic protocol 

           Curcumin could be attached to BSA via reaction between lysine 

groups on the protein surface and novel NHS/sulfo-NHS derivatives of 

curcumin (scheme 1). 

2.3 Size exclusion FPLC 

        1 ml BSA-curcumin solution in PBS (0.1 M pH 7.4) was loaded onto a 

HiPrep superdex 200 column and was separated using an Amersham 

Biosciences AKTA purifier system (GE Healthcare). The column was 



89 
 

equilibrated with 0.1 M ammonium bicarbonate buffer. The fractions were 

eluted with 0.1 M PBS and collected using a peak fractionation system  

2.4 SDS-PAGE 

       BSA-curcumin conjugate and BSA (used as control) was running on a 

4-20% PAGE gel SDS Cassette Gel. The gel was visualized at 365 nm (UV 

region) using Odyssey imaging system, prior to protein staining with 

coomassie blue. 

2.5 Matrix-assisted Laser Desorption Ionization Time 
of Flight (MALDI-TOF)  

        The method has been described previously; briefly, BSA-curcumin and 

BSA were redissolved in 0.1%TFA deionized water at the concentration of 

2.5 mg/ml. BSA was used as control. The sample was diluted [1 part into 4 

part of matrix solution (saturated 4-HCCA in FWI (3:1:2)(formic acid: water: 

isopropanol)]. 1 µl sample/matrix mixture was spotted on the plate and 

waited for 5 min to allow the crystallization form at the interface of matrix 

and sample. The excess liquid was removed by vacuum aspiration. Each 

spot was washed with 1 µl of a ice cold 0.1% TFA solution and the excess 

liquid was removed by vacuum aspiration.  Mass Spectroscopy (MS) 

experiments were performed using a MALDI- time-of-flight mass 
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spectrometer (Bruker Daltonik, Bremen, Germany). The data was analyzed 

by software Moverz. 

2.6 MTT assay 

        Hela cells were plated in a 96-well plate at a density of 5,000 

cells/well. Cells were then incubated for 24 h at 37 degree in presence of 

5% CO2 until they were well flattened and distributed evenly in the plates. 

Cells were washed with media and then treated with various concentrations 

drug dissolved in media. Next, cells treated with drugs were further 

incubated for 24 h at 37 degree and in presence of 5% CO2. MTT solution 

(5 mg/ml dissolved in PBS) was then added to each well in an amount 

equal to 10% of the culture media volume. The MTT treated cells were then 

incubated for 2 h. After the incubation, formazan crystals in each well was 

dissolved by adding an amount of MTT solubilization solution (isopropanol-

HCL) equal to the initial culture media volume. Each well then was carefully 

mixed to form a homogeneous color by pipetting up and down several 

times. The plate was covered with aluminum foil and put in a shaker for 15 

min. Absorbance of each well was measured at 690 nm and 570 nm.  
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3. Result and Discussion 

3.1 Characterization of BSA-curcumin by FPLC and 
SDS-PAGE 

        BSA-curcumin was analysed by running it through the FPLC using a 

HiPrep superdex 200 column. 0.1 M PBS was used as running buffer.  

BSA-curcumin have absorbance at 280 nm and 430 nm while BSA only 

have strong absorbance at 280 nm (figure 3). The reason is that  BSA has 

a strong absorbance peak at 280nm and curcumin has a strong 

absorbance peak at 430nm. This demonstrates that the conjugation is 

occurred because the curcumin is hard to be dissolved in water.  The FPLC 

result also proved that the BSA-curcumin is soluble in water compared to 

the insoluble of the curcumin. It should be noted that the solubility study 

outlined above measures the direct solubility of the compounds in water 

and closely models “real life” conditions, in contrast to other experiments in 

which the compounds are first dissolved in other solvents followed by 

dilution in water.  

 

      BSA-curcumin and BSA were run in SDS-PAGE, and BSA-curcumin 

was observed at 365 nm because curcumin shows fluorescence emission 

at 365 nm. On the contrary, the BSA itself has no fluorescence and can 

only be seen under the visible light as stained by commassie blue(figure 3). 
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3.2 Characterization of BSA-curcumin by MALDI-TOF  

        MALDI-TOF method was used to determine the average number of 

surface lysine residue modifications of the BSA. Results indicate that on an 

average BSA was modified with 4~5 curcumin (Figure 4). The formation of 

the conjugation was confirmed via FPLC and SDS-PAGE (figure 3). 

 

3.3 BSA-curcumin effect on Hela cells 

        To investigate the cytotoxicity of the BSA-curcumin, we performed 

MTT assay on Hela cells with BSA-curcumin and curcumin derivate. To 

close the “real life” (aqueous environment), we dissolved BSA-curcumin, 

curcumin, Curcumin mono-carboxylic acid, and curcumin mono-alkyne 

directly in media with various concentrations (10mg/ml, 5mg/ml 2.5mg/ml 

and 1.25mg/ml).  The result showed that except BSA-curcumin, curcumin 

and its derivatives had no bioactivity against Hela cells (figure 5). The 

reason was curcumin and its derivatives were insoluble in water and cannot 

inhibit the growth of Hela cells. On the contrary, BSA-curcumin was easily 

dissolved in water, which facilitated the curcumin groups to bind to Hela 

cells and inhibit the growth of Hela cells. At the concentration of 2.5 mg/ml 
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(~36.6uM) of BSA-curcumin, only 25% Hela cells survived, while curcumin 

have less inhibit effect.  

 

 

4. Conclusion 

       The BSA-curcumin conjugate displaying curcumin in a polyvalent 

pattern is freely soluble in water and shows cytotoxicity against Hela cells, 

human cervical cancer cells, at micro molar concentrations. This data 

indicated that the BSA-curcumin conjugate can be a as potential drug 

against cancer. 
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Figure 1. Synthesis of BSA-curcumin conjugate via NHS chemistry. 

 

Figure 2. chemical structure of curcumin and its derivates 
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Scheme 1. Schematic representation to synthesize BSA-curcumin 

 

 

 

Figure 3. (Left) FPLC chromatogram of BSA-curcumin conjugate (solid line) and BSA control (dashed 
line) sample. (Right) Photographs of SDS-PAGE of BSA control sample (lane 3) and BSA-curcumin 

conjugate (lane 5). 
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Figure 4. MALDI-TOF spectrum of BSA (A) and BSA-curcumin (B).  
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Figure 5. MTT results of Curcumin derivate. A. Curve of the MTT result of curcumin and its derivates at 
different concentration. B. The MTT result of curcumin and its derivates at 2.5mg/ml. *means the 

P<0.001. 

 

 

 



100 
 

References: 

Chapter I 
 

Part I 
 [1] Newman, D.J. et. al. Natural products as sources of new drugs over the last 25 years. J Nat 
Prod. 2007 Vol 70(3):461-7 
 
[2] Valiathan, M.S. Legacy of Caraka. Orient Longman(2003) 
 
[3] Raja K.S, Balambika, R.; Dolai, S.; Shi, W.  The Concept of a Green Drug, Curcumin and it’s 
derivatives as a model system. Mini Reviews in Organic Chemistry, 2009, Vol 6, No.2.  152-158. 
 
[4] Patwardhan B, Mashelkar RA Traditional medicine-inspired approaches to drug discovery: 
can Ayurveda show the way forward?. Drug Discov Today. 2009 Aug;14(15-16):804-11. 2009  
 
[5] Howitz K.T. et. al. Xenohormesis:sensing the chemical cues of other species. Cell. 
Vol.133(3):387-91,2008. 
 
[6] Force T. et. al. Molecular mechanisms of cardiotoxicity of tyrosine kinase inhibition. Nat Rev 
Cancer. Vol.7(5):332-44, 2007. 
 
[7] Goodman, Jordan; Walsh, Vivien (2001). The Story of Taxol: Nature and Politics in the 
Pursuit of an Anti-Cancer Drug. Cambridge University Press. 
 
[8] Parkin DM, Bray F, etc. Global cancer statistics, 2002. CA cancer J Clin 2005;55:74-108 
 
[9] Cancer Advances In Focus: Cervical Cancer. National Cancer Institute. 
 
[10] Alternatives for Cervical Cancer Screening and Treatment in Low-Resource Settings: 1997 
Cervical Cancer Workshop Highlights  
 
[11] David J. Mabberley 2008. Mabberley’s Plant-book third edition (2008). Cambridge 
University Press: UK ISBN 978-0-521-82071-4  
 
[12] Anonymous. Clerodendrum. In: Carolus Linnaeus. Species Plantarum 1753; 2: 637. 
 
[13] Ravirajsinh NJadeja. Etc. Traditional uses, phytochemistry and pharmacology of 
clerodendron glandulosum Coleb- a review. Asian pacifc Journal of tropical medicine (2012) 1-6 
 
[14]Saniqrashi S, Mazumder UK, Pal D, Mishra SL. Terpenoids of Methanol extract of 
Clerodendrum onfortunatum exhibit anticancer activity against Ehrlich’s ascites carcinoma 
(EAC) in mice. Pharm Biol. 2012 Mar; 50 (3): 304-9 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=Natural%20Products%20as%20a%20source%20of%20New%20Drugs%20over%20the%20last%2025%20years
http://www.ncbi.nlm.nih.gov/pubmed?term=Natural%20Products%20as%20a%20source%20of%20New%20Drugs%20over%20the%20last%2025%20years
http://www.abebooks.com/servlet/SearchResults?an=Valiathan%2C+M.S.
http://www.ncbi.nlm.nih.gov/pubmed?term=Patwardhan%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19477288
http://www.ncbi.nlm.nih.gov/pubmed?term=Mashelkar%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=19477288
http://www.ncbi.nlm.nih.gov/pubmed/19477288
http://www.ncbi.nlm.nih.gov/pubmed/18455976
http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular%20mechanisms%20of%20cardiotoxicity%20of%20tyrosine%20kinase%20inhibition%20Nature%20Reviews%20Cancer%20
http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular%20mechanisms%20of%20cardiotoxicity%20of%20tyrosine%20kinase%20inhibition%20Nature%20Reviews%20Cancer%20


101 
 

[15]Gouthamchandra K, Mahmood R, Manjunatha H. Free radical scavenging, antioxidant 
enzymes and wound healing activities of leaves extracts from Clerodendrum infortunatum L. 
Environ Toxicol Pharmacol. 2010 Jul;30(1):11-8. Epub 2010 Mar 11. 
 
[16]Pal D, Sannigrahi S, Mazumder UK. Analgesic and anticonvulsant effects of saponin 
isolated from the leaves of Clerodendrum infortunatumLinn. in mice. Indian J Exp Biol. 2009 
Sep;47(9):743-7. 
 
[17]Ulukaya E., Acilan C., Yilmaz Y. Apoptosis: Why and how does it occur in biology? Cell 
Biochem. Funct. 2011;29:468–480. doi: 10.1002/cbf.1774.  
 
[18]Margarida Costa,1 João Costa-Rodrigues,2 Maria Helena Fernandes,2 Piedade 
Barros,3 Vitor Vasconcelos,1,4 andRosário Martins. Marine Cyanobacteria Compounds with 
Anticancer Properties: A Review on the Implication of Apoptosis. Mar Drugs. 2012 
October; 10(10): 2181–2207. 
 
[19]Han S.I., Kim Y.S., Kim T.H. Role of apoptotic and necrotic cell death under physiologic 
conditions. BMB Rep. 2008;41:1–10.  
 
[20]Elmore S. Apoptosis: A review of programmed cell death. Toxicol. Pathol. 2007;35:495–516. 
 
[21]Martins R.F., Ramos M.F., Herfindal L., Sousa J.A., Skaerven K., Vasconcelos V.M. 
Antimicrobial and cytotoxic assessment of marine cyanobacteria—Synechocystis and 
Synechococcus. Mar. Drugs.2008;6:1–11. 
 
[22]Kyoung Jin Nho, Jin Mi Chun, and Ho Kyoung Kim. Ethanol Extract of Dianthus chinensis L. 
Induces Apoptosis in Human Hepatocellular Carcinoma HepG2 Cells In Vitro. Evid Based 
Complement Alternat Med. 2012; 2012: 573527 
 
[23]Fuentes-Prior P., Salvesen G.S. The protein structures that shape caspase activity, 
specificity, activation and inhibition. Biochem J. 2004;384:201–232. doi: 10.1042/BJ20041142.  
 
[24]http://probes.invitrogen.com/media/pis/mp01304.pdf 
 
[25]Paradies, G.; Petrosillo, G.; Paradies, V.; Ruggiero, F.M. Mitochondrial dysfunction in brain 
aging: role of oxidative stress and cardiolipin. Neurochem. Int. 2011, 58, 447–457. 
 
[26]Pierre Rustin, Mitochondria, from cell death to proliferation.Nature Genetics 30, 352 - 353 
(2002) 
 
[27]Mammucari, C.; Rizzuto, R. Signaling pathways in mitochondrial dysfunction and aging. 
Mech. Ageing Dev. 2010, 131, 536–543. 
 
[28]D. Celojevic, 1 A. Petersen,1 J-O. Karlsson,2 A. Behndig,3 and M. Zetterberg Effects of 
17β-estradiol on proliferation, cell viability and intracellular redox status in native human lens 
epithelial cells. Mol Vis. 2011; 17: 1987–1996. 
 
[29]Stoops et al. [2011] ACS Chem. Biol. published online Feb. 9, DOI: 10.1021/cb100305h 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=Gouthamchandra%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21787623
http://www.ncbi.nlm.nih.gov/pubmed?term=Mahmood%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21787623
http://www.ncbi.nlm.nih.gov/pubmed?term=Manjunatha%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21787623
http://www.ncbi.nlm.nih.gov/pubmed/21787623
http://www.ncbi.nlm.nih.gov/pubmed?term=Pal%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19957887
http://www.ncbi.nlm.nih.gov/pubmed?term=Sannigrahi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19957887
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazumder%20UK%5BAuthor%5D&cauthor=true&cauthor_uid=19957887
http://www.ncbi.nlm.nih.gov/pubmed/19957887
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Costa%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Costa-Rodrigues%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Fernandes%20MH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Barros%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Barros%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Vasconcelos%20V%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Martins%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Nho%2BKJ%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Chun%2BJM%5bauth%5d
http://probes.invitrogen.com/media/pis/mp01304.pdf
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Celojevic%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Petersen%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Karlsson%20JO%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Behndig%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Zetterberg%20M%5Bauth%5D


102 
 

[30]Daniel C Vergho, Andreas Loeser, Arkadius Kocot, Martin Spahn and Hubertus Riedmiller. 
Tumor thrombus of inferior vena cava in patients with renal cell. BMC Research Notes 2012, 
5:264  carcinoma - clinical and oncological outcome of 50 patients after surgery 
 
[31]Eileen M. Burd, Human Papillomavirus and Cervical Cancer, Clin. Microbiol. Rev. January 
2003 vol. 16 no. 1 1-17 
 
[32]zur Hausen, H. 1999. Papillomaviruses in human cancers. Proc.Assoc.Am. 
Physicians 111:581-587. 
 
[33]Franco, E. L. 1995. Cancer causes revisited:human papillomavirus and cervical neoplasia. 
J. Natl. Cancer Inst. 87:779–780. 
 
[34]Harro, C. D., Y.-Y. S. Pang, R. B. S. Roden, A. Hildesheim, Z. Wang, M. J. Reynolds, T. C. 
Mast, R. Robinson, B. R. Murphy, R. A. Karron, J. Dillner, J. T. Schiller, and D. R. Lowy. 2001. 
Safety and immunogenicity trial in adult volunteers of a human papillomavirus 16 L1 virus-like 
particle vaccine. J. Natl. Cancer Inst. 93:284–292. 
 

Part II 
[1] Ehrlich, P., The Collected Papers of Paul Ehrlich. Pergamon: London, 1960. 

 
[2] Ducry, L.; Stump, B., Antibody-drug conjugates: linking cytotoxic payloads to monoclonal 

antibodies. Bioconjug Chem 2010, 21 (1), 5-13. 
 
[3] Rick, M., The next wave in Biopharmaceuticals. Chem. Eng. News 2005, pp 16-19. 
 
[4] Hata, K., Efficacy of Mylotarg for acute myeloid lukhemia. Annual Review Ketsueki 2006, 

114-123. 
 

[5] Wu, A. M.; Senter, P. D., Arming antibodies: prospects and challenges for 
immunoconjugates. Nat Biotechnol 2005, 23 (9), 1137-46. 

 
[6] Tassone, P.; Goldmacher, V. S.; Neri, P.; Gozzini, A.; Shammas, M. A.; Whiteman, K. R.; 

Hylander-Gans, L. L.; Carrasco, D. R.; Hideshima, T.; Shringarpure, R.; Shi, J.; Allam, C. K.; 
Wijdenes, J.; Venuta, S.; Munshi, N. C.; Anderson, K. C., Cytotoxic activity of the 
maytansinoid immunoconjugate B-B4-DM1 against CD138+ multiple myeloma cells. Blood 
2004, 104 (12), 3688-96. 

 
[7] Tassone, P.; Gozzini, A.; Goldmacher, V.; Shammas, M. A.; Whiteman, K. R.; Carrasco, D. 

R.; Li, C.; Allam, C. K.; Venuta, S.; Anderson, K. C.; Munshi, N. C., In vitro and in vivo 
activity of the maytansinoid immunoconjugate huN901-N2'-deacetyl-N2'-(3-mercapto-1-
oxopropyl)-maytansine against CD56+ multiple myeloma cells. Cancer Res 2004, 64 (13), 
4629-36. 

 
[8] keda, H.; Hideshima, T.; Fulciniti, M.; Lutz, R. J.; Yasui, H.; Okawa, Y.; Kiziltepe, T.; Vallet, 

S.; Pozzi, S.; Santo, L.; Perrone, G.; Tai, Y. T.; Cirstea, D.; Raje, N. S.; Uherek, C.; Dalken, 
B.; Aigner, S.; Osterroth, F.; Munshi, N.; Richardson, P.; Anderson, K. C., The monoclonal 
antibody nBT062 conjugated to cytotoxic Maytansinoids has selective cytotoxicity against 

http://cmr.asm.org/search?author1=Eileen+M.+Burd&sortspec=date&submit=Submit


103 
 

CD138-positive multiple myeloma cells in vitro and in vivo. Clin Cancer Res 2009, 15 (12), 
4028-37. 

 
[9] van Der Velden, V. H.; te Marvelde, J. G.; Hoogeveen, P. G.; Bernstein, I. D.; Houtsmuller, 

A. B.; Berger, M. S.; van Dongen, J. J., Targeting of the CD33-calicheamicin 
immunoconjugate Mylotarg (CMA-676) in acute myeloid leukemia: in vivo and in vitro 
saturation and internalization by leukemic and normal myeloid cells. Blood 2001, 97 (10), 
3197-204. 
 

[10] Law, C. L.; Cerveny, C. G.; Gordon, K. A.; Klussman, K.; Mixan, B. J.; Chace, D. F.; Meyer, 
D. L.; Doronina, S. O.; Siegall, C. B.; Francisco, J. A.; Senter, P. D.; Wahl, A. F., Efficient 
elimination of B-lineage lymphomas by anti-CD20-auristatin conjugates. Clin Cancer Res 
2004, 10 (23), 7842-51. 

[11] Hermanson, G. T., Bioconjugate Techniques. Academic Press: San Diego, California, 1996. 
 

[12] Kovar, M.; Strohalm, J.; Etrych, T.; Ulbrich, K.; Rihova, B., Star structure of antibody-
targeted HPMA copolymer-bound doxorubicin: a novel type of polymeric conjugate for 
targeted drug delivery with potent antitumor effect. Bioconjug Chem 2002, 13 (2), 206-15. 

 
[13] Dolai, S.; Shi, W.; Raja, K. S., Synthesis of Drug/Dye-Incorporated Polymer–Protein 

Hybrids. Methods in Molecular Biology Bioconjugation Protocols : Strategies and Methods  
2011, 751, 29-42. 

 
[14] Shi, W.; Dolai, S.; Averick, S.; Fernando, S. S.; Saltos, J. A.; L'Amoreaux, W.; Banerjee, P.; 

Raja, K., A General Methodology Toward Drug/Dye Incorporated Living Copolymer-Protein 
Hybrids: (NIRF Dye-Glucose) Copolymer-Avidin/BSA Conjugates as Prototypes. Bioconjug 
Chem 2009, 1595–1601. 

 
[15] Raja, K. S.; Dolai, S.; Shi, W.; Wang, Q., Bionanoparticles. In Dekker Encyclopedia of 

Nanoscience and Nanotechnology, Second Edition, Schwarz, J. A.; Contescu, C. I.; 
Putyera, K., Eds. Taylor and Francis Group: 2009; pp 386-396. 

 
[16] Raja, K. S.; Wang, Q.; Gonzalez, M. J.; Manchester, M.; Johnson, J. E.; Finn, M. G., Hybrid 

virus-polymer materials. 1. Synthesis and properties of PEG-decorated cowpea mosaic 
virus. Biomacromolecules 2003, 4 (3), 472-6. 

 
[17] Sen Gupta, S.; Raja, K. S.; Kaltgrad, E.; Strable, E.; Finn, M. G., Virus-glycopolymer 

conjugates by copper(I) catalysis of atom transfer radical polymerization and azide-alkyne 
cycloaddition. Chem Commun (Camb) 2005,  (34), 4315-7. 

 
[18] Raja, K.; McDonald, R.; Tuck, S.; Rodriguez, R.; Milley, B.; Traquina, P., One-pot synthesis, 

purification, and formulation of bionanoparticle-CpG oligodeoxynucleotide hepatitis B 
surface antigen conjugate vaccine via tangential flow filtration. Bioconjug Chem 2007, 18 
(2), 285-8. 

 
[19] Wang, Q.; Raja, K. S.; Janda, K. D.; Lin, T.; Finn, M. G., Blue fluorescent antibodies as 

reporters of steric accessibility in virus conjugates. Bioconjug Chem 2003, 14 (1), 38-43. 
 

[20] Duncan, R.; Sat, Y. N., Tumour targeting by enhanced permeability and retention (EPR) 
effect. . Ann Oncol 1998, 9, 39. 

 



104 
 

[21] Greish, K., Enhanced permeability and retention of macromolecular drugs in solid tumors: a 
royal gate for targeted anticancer nanomedicines. J Drug Target 2007, 15 (7-8), 457-64. 

[22] Iyer, A. K.; Khaled, G.; Fang, J.; Maeda, H., Exploiting the enhanced permeability and 
retention effect for tumor targeting. Drug Discov Today 2006, 11 (17-18), 812-8. 

 
[23] Maeda, H., The enhanced permeability and retention (EPR) effect in tumor vasculature: the 

key role of tumor-selective macromolecular drug targeting. Adv Enzyme Regul 2001, 41, 
189-207. 

 
[24] Muggia, F. M., Doxorubicin-polymer conjugates: further demonstration of the concept of 

enhanced permeability and retention. Clin Cancer Res 1999, 5 (1), 7-8. 
 

[25] Phyllis, L,;  Debata, P.R.; Dolai, S.;   Curcio, G.M.; , Inigo, J.D.R.; Raja, K. S.;  Banerjee, P., 
Coupling to A Cancer Cell-Specific Antibody Potentiates Tumoricidal Properties of 
Curcumin.  International Journal of Cancer Just accepted manuscript 11 Oct 2011. 

 
[26] Raja, K. S.; Balambika, R.;.; Shi, W., The concept of a green drug, curcumin and it's 

derivatives as a model system. Mini-Reviews in Organic Chemistry 2009, 6 (2), 152-158. 
 

[27] Shi, W.; Dolai, S.; Rizk, S.; Hussain, A.; Tariq, H.; Averick, S.; L'Amoreaux, W.; El ldrissi, A.; 
Banerjee, P.; Raja, K., Synthesis of monofunctional curcumin derivatives, clicked curcumin 
dimer, and a PAMAM dendrimer curcumin conjugate for therapeutic applications. Org Lett 
2007, 9 (26), 5461-4. 

 
[28] Dolai S.; Shi, W.; Corbo, C.; Sun, C.; Averick, S.; Obeysekera, D.; Farid, M.; Alonso, A.; 

Banerjee, P.; Raja, K.S.*, “Clicked ” Sugar-Curcumin Conjugate: Modulator of Amyloid-beta 
and Tau Peptide Aggregation at Ultra-low Concentrations. ACS Chemical; Neuroscience 
ASAP Article • Publication Date (Web): 13 Oct 2011. 

 
[29] Ravindran, J.; Prasad, S.; Aggarwal, B. B., Curcumin and cancer cells: how many ways can 

curry kill tumor cells selectively? AAPS Journal 2009, 11, 495-510. 
 

[30] Goel, A.; Jhurani, S.; Aggarwal, B. B., Multi-targeted therapy by curcumin: how spicy is it? 
Molecular Nutrition & Food Research 2008, 52 (9), 1010-1030. 

 
[31] Villegas, I.; Sanchez-Fidalgo, S.; Alarcon de la Lastra, C., New mechanisms and therapeutic 

potential of curcumin for colorectal cancer. Mol Nutr Food Res 2008, 52 (9), 1040-61. 
 

[32] Fang, J.; Lu, J.; Holmgren, A., Thioredoxin reductase is irreversibly modified by curcumin: a 
novel molecular mechanism for its anticancer activity. J Biol Chem 2005, 280 (26), 25284-
90. 

[33] Syng-Ai, C.; Kumari, A. L.; Khar, A., Effect of curcumin on normal and tumor cells: role of 
glutathione and bcl-2. Mol Cancer Ther 2004, 3 (9), 1101-8. 

 
[34] Aggarwal, B. B.; Sung, B., Pharmacological basis for the role of curcumin in chronic 

diseases: an age-old spice with modern targets. Trends Pharmacol Sci 2009, 30 (2), 85-94. 
 

[35] Cheng, A. L.; Hsu, C. H.; Lin, J. K.; Hsu, M. M.; Ho, Y. F.; Shen, T. S.; Ko, J. Y.; Lin, J. T.; 
Lin, B. R.; Ming-Shiang, W.; Yu, H. S.; Jee, S. H.; Chen, G. S.; Chen, T. M.; Chen, C. A.; 
Lai, M. K.; Pu, Y. S.; Pan, M. H.; Wang, Y. J.; Tsai, C. C.; Hsieh, C. Y., Phase I clinical trial 

https://xch.csi.cuny.edu/owa/redir.aspx?C=e38c7d5183984fcfb02671b127f3f08e&URL=http%3a%2f%2fpubs.acs.org.proxy.library.csi.cuny.edu%2fdoi%2fabs%2f10.1021%2fcn200088r
https://xch.csi.cuny.edu/owa/redir.aspx?C=e38c7d5183984fcfb02671b127f3f08e&URL=http%3a%2f%2fpubs.acs.org.proxy.library.csi.cuny.edu%2fdoi%2fabs%2f10.1021%2fcn200088r


105 
 

of curcumin, a chemopreventive agent, in patients with high-risk or pre-malignant lesions. 
Anticancer Res 2001, 21 (4B), 2895-900. 

 
[36] Anand, P.; Kunnumakkara, A. B.; Newman, R. A.; Aggarwal, B. B., Bioavailability of 

curcumin: problems and promises. Mol Pharm 2007, 4 (6), 807-18. 
 

[37] Pfeiffer, E.; Hoehle, S. I.; Walch, S. G.; Riess, A.; Solyom, A. M.; Metzler, M., Curcuminoids 
form reactive glucuronides in vitro. J Agric Food Chem 2007, 55 (2), 538-44. 

 
[38] Bisht, S.; Feldmann, G.; Soni, S.; Ravi, R.; Karikar, C.; Maitra, A., Polymeric nanoparticle-

encapsulated curcumin ("nanocurcumin"): a novel strategy for human cancer therapy. J 
Nanobiotechnology 2007, 5, 3. 

 
[39] Tiyaboonchai, W.; Tungpradit, W.; Plianbangchang, P., Formulation and characterization of 

curcuminoids loaded solid lipid nanoparticles. Int J Pharm 2007, 337 (1-2), 299-306. 
 

[40] Li, L.; Braiteh, F. S.; Kurzrock, R., Liposome-encapsulated curcumin: in vitro and in vivo 
effects on proliferation, apoptosis, signaling, and angiogenesis. Cancer 2005, 104 (6), 1322-
31. 

 
[41] Li, L.; Ahmed, B.; Mehta, K.; Kurzrock, R., Liposomal curcumin with and without oxaliplatin: 

effects on cell growth, apoptosis, and angiogenesis in colorectal cancer. Mol Cancer Ther 
2007, 6 (4), 1276-82. 

 
[42] Wu, W.; Shen, J.; Banerjee, P.; Zhou, S., Water-dispersible multifunctional hybrid nanogels 

for combined curcumin and photothermal therapy. Biomaterials 2011, 32 (2), 598-609. 
 

[43] Purkayastha, S.; Berliner, A.; Fernando, S. S.; Ranasinghe, B.; Ray, I.; Tariq, H.; Banerjee, 
P., Curcumin Blocks Brain Tumor Formation. Brain Res 2009. 

 
[44] Raja, K. S.; Banerjee, P.; L’Amerouex, W.; Shi, W. Novel Curcumin and Tetrahydrocurcumin 

derivatives. 2007. 
[45] Li, L.; Ahmed, B.; Mehta, K.; Kurzrock, R., Liposomal curcumin with and without oxaliplatin: 

effects on cell growth, apoptosis, and angiogenesis in colorectal cancer. Molecular Cancer 
Therapeutics 2007, 6 (4), 1276-1282. 

 
[46] Balogh, L. P., Dendrimer 101. Adv Exp Med Biol 2007, 620, 136-55. 

 
[47] Majoros, I. J.; Myc, A.; Thomas, T.; Mehta, C. B.; Baker, J. R., Jr., PAMAM dendrimer-based 

multifunctional conjugate for cancer therapy: synthesis, characterization, and functionality. 
Biomacromolecules 2006, 7 (2), 572-9. 

 
[48] Abdallah, B.; Hassan, A.; Benoist, C.; Goula, D.; Behr, J. P.; Demeneix, B. A., A powerful 

nonviral vector for in vivo gene transfer into the adult mammalian brain: polyethylenimine. 
Hum Gene Ther 1996, 7 (16), 1947-54. 

 
[49] Pardridges, W. M.; Boado, R. J.; Farrell, C. R., Brain-type Glucose Transporter (GLUT- 1) Is 

selectively localized to the Blood-Brain Barrier. Journal of Biological Chemistry 1990, 265, 
18035-18040. 

 



106 
 

[50] Ihara, N.; Schmitz, S.; Kurisawa, M.; Chung, J. E.; Uyama, H.; Kobayashi, S., Amplification 
of inhibitory activity of catechin against disease-related enzymes by conjugation on 
poly(epsilon-lysine). Biomacromolecules 2004, 5 (5), 1633-6. 

 
[51] Carlson, C. B.; Mowery, P.; Owen, R. M.; Dykhuizen, E. C.; Kiessling, L. L., Selective tumor 

cell targeting using low-affinity, multivalent interactions. . ACS Chem Biol. 2007, 2 (2), 119-
127. 

 
[52] Ohkawa, K.; Hatano, T.; Yamada, K.; Joh, K.; Takada, K.; Tsukada, Y.; Matsuda, M., Bovine 

serum albumin-doxorubicin conjugate overcomes multidrug resistance in a rat hepatoma. 
Cancer Res 1993, 53 (18), 4238-42. 

 
[53] Shen, L., and Ji, H. F. (2007) Theoretical study on physicochemical properties of curcumin. 

Spectrochim Acta A Mol Biomol Spectrosc 67, 619-23. 
 

[54] Mosley, C. A., Liotta, D. C., and Snyder, J. P. (2007) Highly active anticancer curcumin 
analogues. Adv Exp Med Biol 595, 77-103. 

 
[55] Shi, W., Dolai, S., Rizk, S., Hussain, A., Tariq, H., Averick, S., L'Amoreaux, W.,El ldrissi, A., 

Banerjee, P., and Raja, K. (2007) Synthesis of monofunctional curcumin derivatives, clicked 
curcumin dimer, and a PAMAM dendrimer curcumin conjugate for therapeutic applications. 
Org Lett 9, 5461-4. 

 

Chapter II 
[1] Parkin DM, Bray F, etc. Global cancer statistics, 2002. CA cancer J Clin 2005;55:74-108 

[2] Cancer Advances In Focus: Cervical Cancer. National Cancer Institute. 

[3] Alternatives for Cervical Cancer Screening and Treatment in Low-Resource Settings: 1997 
Cervical Cancer Workshop Highlights  

[4] Uhlenbruck G, VAN Leendert R, Schneider B, Beuth J. Reduced side-effects of adjuvant 

hormone therapy in breast cancer patients by complementary medicine. In Vivo. 2010 Sep-

Oct;24(5):799-802. 

[5] Afifi FU, Wazaify M, Jabr M, Treish E. The use of herbal preparations as complementary 

and alternative medicine (CAM) in a sample of patients with cancer in Jordan. Complement 

Ther Clin Pract. 2010 Nov;16(4):208-12. 

[6] Ahmad Z. The uses and properties of almond oil. Complement Ther Clin Pract. 2010 

Feb;16(1):10-2. Epub 2009 Jul 15. 

[7] Nho KJ, Chun JM, Kim HK. Ethanol Extract of Dianthus chinensis L. Induces Apoptosis in 
Human Hepatocellular Carcinoma HepG2 Cells In Vitro. Evid Based Complement Alternat 
Med. 2012;2012:573527. Epub 2012 May 8. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Uhlenbruck%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20952754
http://www.ncbi.nlm.nih.gov/pubmed?term=VAN%20Leendert%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20952754
http://www.ncbi.nlm.nih.gov/pubmed?term=Schneider%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20952754
http://www.ncbi.nlm.nih.gov/pubmed?term=Beuth%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20952754
http://www.ncbi.nlm.nih.gov/pubmed/20952754
http://www.ncbi.nlm.nih.gov/pubmed/20920804
http://www.ncbi.nlm.nih.gov/pubmed/20920804
http://www.ncbi.nlm.nih.gov/pubmed/20129403
http://www.ncbi.nlm.nih.gov/pubmed?term=Nho%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=22645629
http://www.ncbi.nlm.nih.gov/pubmed?term=Chun%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=22645629
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=22645629
http://www.ncbi.nlm.nih.gov/pubmed/22645629
http://www.ncbi.nlm.nih.gov/pubmed/22645629


107 
 

[8] Guo LD, Chen XJ, Hu YH, Yu ZJ, Wang D, Liu JZ. Curcumin Inhibits Proliferation and 
Induces Apoptosis of Human Colorectal Cancer Cells by Activating the Mitochondria 
Apoptotic Pathway. Phytother Res. 2012 May 25. doi: 10.1002/ptr.4731 

[9] Loganayaki N, Manian S. Antitumor activity of the methanolic extract of Ammannia baccifera 
L. against Dalton's ascites lymphoma induced ascitic and solid tumors in mice. J 
Ethnopharmacol. 2012 May 14. 

[10] Goldstein IJ, Poretz RD (1986). "Isolation, physicochemical characterization, and 
carbohydrate-binding specificity of lectins". In Goldstein IJ, Liener IE, Sharon N. The Lectins 
Properties, Functions and Applications in Biology and Medicine. San Diego: Academic. 
pp. 233–247. ISBN 0-12-449945-7. 

[11]  Ngamwongsatit P, Banada PP, Panbangred W, Bhunia AK. WST-1-based cell cytotoxicity 
assay as a substitute for MTT-based assay for rapid detection of toxigenic Bacillus species 
using CHO cell line. Journal of Microbiological Methods. 2008;73(3):211–215. 

[12] Ahmet Sacan, Hakan Ferhatosmanoglu, Huseyin Coskun; CellTrack: an open-source 

software for cell tracking and motility analysis. Bioinformatics(2008) 24 (14):1647-1649 

[13] Goldstein IJ, Poretz RD (1986). "Isolation, physicochemical characterization, and 
carbohydrate-binding specificity of lectins". In Goldstein IJ, Liener IE, Sharon N. The Lectins 
Properties, Functions and Applications in Biology and Medicine. San Diego: Academic. 
pp. 233–247. ISBN 0-12-449945-7. 

[14] Schuchmann M, Galle PR. Sensitizing to apoptosis—sharpening the medical sword. Journal 
of Hepatology. 2004;40(2):335–33 

[15] Yiwei Li, Dejuan Kong, Bin Bao, Aamir Ahmad, and Fazlul H. Sarkar. Induction of Cancer 
Cell Death by Isoflavone: The Role of Multiple Signaling Pathways. Nutrients. 2011 October; 
3(10): 877–896. 

[16] Kyoung Jin Nho, Jin Mi Chun, and Ho Kyoung Kim. Ethanol Extract of Dianthus chinensis L. 
Induces Apoptosis in Human Hepatocellular Carcinoma HepG2 Cells In Vitro. Evid Based 
Complement Alternat Med. 2012; 2012: 573527 

[17] Daniel C Vergho, Andreas Loeser, Arkadius Kocot, Martin Spahn and Hubertus Riedmiller. 
Tumor thrombus of inferior vena cava in patients with renal cell. BMC Research Notes 
2012, 5:264  carcinoma - clinical and oncological outcome of 50 patients after surgery 

[18] http://chemocare.com/chemotherapy/drug-info/Paraplatin.aspx 

[19] Mosmann, Tim (December 1983). Rapid colorimetric assay for cellular growth and survival: 
application to proliferation and cytotoxicity assays. Journal of Immunological 
Methods1982.12 65 (1–2): 55–63 

[20] P.R. Twentyman & M. Luscombe. A study of some variables in a tetrazolium dye (MTT) 
based assay for cell growth and chemosensitivity. Br. J. Cancer. 1987 (1987), 56, 279-285 

http://www.ncbi.nlm.nih.gov/pubmed/22628241
http://www.ncbi.nlm.nih.gov/pubmed/22628241
http://www.ncbi.nlm.nih.gov/pubmed/22628241
http://www.ncbi.nlm.nih.gov/pubmed/22613234
http://www.ncbi.nlm.nih.gov/pubmed/22613234
http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/0-12-449945-7
http://bioinformatics.oxfordjournals.org/search?author1=Ahmet+Sacan&sortspec=date&submit=Submit
http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/0-12-449945-7
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Li%2BY%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Kong%2BD%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Bao%2BB%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Ahmad%2BA%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Sarkar%2BFH%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Nho%2BKJ%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Chun%2BJM%5bauth%5d
http://chemocare.com/chemotherapy/drug-info/Paraplatin.aspx
http://linkinghub.elsevier.com/retrieve/pii/0022-1759(83)90303-4
http://linkinghub.elsevier.com/retrieve/pii/0022-1759(83)90303-4
http://en.wikipedia.org/w/index.php?title=Journal_of_Immunological_Methods&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Journal_of_Immunological_Methods&action=edit&redlink=1


108 
 

[21] MICHAEL V. BERRIDGE, AN S. TAN, KATHY D. McCOY, and RUI WANG *The 
Biochemical and Cellular Basis  of Cell Proliferation Assays That Use Tetrazolium 
Salts.BIOCHEMICA  1996.4 

[22] Avraham Mayevsky and Gennady G. Rogatsky. Mitochondrial function in vivo evaluated by 
NADH fluorescence: from animal models to human studies. Am J Physiol Cell Physiol. 
February 2007 vol. 292no. 2 C615-C640 

[23] van Meerloo J, Kaspers GJ, Cloos J. Cell sensitivity assays: the MTT assay. Methods Mol 
Biol. 2011;731:237-45. doi: 10.1007/978-1-61779-080-5_20. 

[24] Rajesh P. Rastogi, Richa and Rajeshwar P. Sinha.  APOPTOSIS: MOLECULAR 
MECHANISMS AND PATHOGENICITY. EXCLI Journal 2009;8:155-181  ISSN 1611-2156 

[25] Nicholson DW. Caspase structure, proteolytic substrates, and function during apoptotic cell 
death. Cell Death Differ 1999;6:1028-42. 

[26] Tait SW, Green DR. Caspase-independent cell death: leaving the set without the final cut. 
Oncogene 2008;27:6452-61. 

[27]  Earnshaw WC, Martins LM, Kaufmann SH. Mammalian caspases: structure, activation, 
substrates, and functions during apoptosis. Annu Rev Biochem 1999;68:383-424. 

 

 

Chapter III 
[1] Lobo, R.; Punitha, I. S. R.; Rajendran, K.; Shirwaikar, A.; Shirwaikar, A. Nat. Product Sci., 

2006, 12, 153-156. 

[2] Sultana, N.; Akanda, S. I.; Bhuiyan, R. A.; Bagum, S. A.; Kazi, M.; Azizul I.; Sharkar, A. M. 
Bangladesh Journal of Scientific and Industrial Research, 2005, 40, 337-341. 

[3] Pushpangadan, P.; Mehrotra, S.; Rawat, A. K. S.; Rao, C. V.; Ojha, S. K.; Aziz, I. U.S. Pat. 
Appl. Publ., 2004, US 2004121027. 

[4] Akihisa, T.; Matsubara, Y.; Ghosh, P.; Thakur, S.; Tamura, T.; Matsumoto, T. Steroids, 
1989, 53, 625-38. 

[5] Pal, D. K.; Sannigrahi, S.; Dutta, A. Indian Journal of Natural Products, 2007, 23, 22-25. 

[6] Thao T. T. Nguyen, Paul N. Shaw, Marie-Odile Parat and Amitha K. Hewavitharana. 
Anticancer activity of Carica papaya: A review. Mol. Nutr. Food Res. 2012, 00, 1–12 

[7] Otsuki, N., Dang, N. H., Kumagai, E., Kondo, A. et al., Aqueous extract of Carica papaya 
leaves exhibits anti-tumor activity and immunomodulatory effects. J. Ethnopharmacol. 2010, 
127, 760–767. 

http://ajpcell.physiology.org/search?author1=Avraham+Mayevsky&sortspec=date&submit=Submit
http://ajpcell.physiology.org/search?author1=Gennady+G.+Rogatsky&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Meerloo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21516412
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaspers%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=21516412
http://www.ncbi.nlm.nih.gov/pubmed?term=Cloos%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21516412
http://www.ncbi.nlm.nih.gov/pubmed/21516412
http://www.ncbi.nlm.nih.gov/pubmed/21516412


109 
 

[8] M. El-Mesery, M. Al-Gayyar, H. Salem, M. Darweish, and A. El-Mowafy, Chemopreventive 
and renal protective effects for docosahexaenoic acid (DHA): implications of CRP and 
lipidperoxides, Cell Division, vol. 4, article 6, 2009 

[9] WHO, Fact sheet N297, 2012. 

[10] Abdul-Wahab IR, Guilhon CC, Fernandes PD, Boylan F. Anti-nociceptive activity of 
Pereskia bleo Kunth. (Cactaceae) leaves extracts. J Ethnopharmacol. 2012 Dec 
18;144(3):741-6. doi: 10.1016/j.jep.2012.10.029. Epub 2012 Oct 23. 

[11] Arunkumar R, Nair SA, Subramoniam A. Induction of cell-specific apoptosis and protection 
of mice from cancer challenge by a steroid positive compound from Zornia diphylla (L.) 
Pers. J Pharmacol Pharmacother. 2012 Jul;3(3):233-41. doi: 10.4103/0976-500X.99420. 

[12] Ji Y, Rao Z, Cui J, Bao H, Chen C, Shu C, Gong JR. Ginsenosides extracted from 
nanoscale Chinese white ginseng enhances anticancer effect. J Nanosci Nanotechnol. 2012 
Aug;12(8):6163-7. 

[13] Patrick Kwok-Kin Lai, Judy Yuet-Wa Chan, Ling Cheng, Ching-Po Lau, Simon Quan-Bin 
Han, Ping-Chung Leung,Kwok-Pui Fung and Clara Bik-San Lau. Isolation of Anti-
inflammatory Fractions and Compounds from the Root of Astragalus membranaceus 
Phytother. Res. 2012 Jun 13. doi: 10.1002/ptr.4759 

 

Chapter IV 
[1] Hermanson, Greg: Bioconjugate Techniques. Academic Press, 1996. 

[2] Cole, G. M., Teter, B., and Frautschy, S. A. Neuroprotective effects of curcumin. Adv Exp 

Med Biol. 2007, 595, 197-212. 

[3] Raja, K. S.; Balambika, R.;.; Shi, W., The concept of a green drug, curcumin and it's 

derivatives as a model system. Mini-Reviews in Organic Chemistry 2009, 6 (2), 152-158. 

[4] Strimpakos, A. S., and Sharma, R. A. Curcumin: preventive and therapeutic properties in 

laboratory studies and clinical trials. Antioxid Redox Signal. 2008 10, 511-45. 

[5] Aggarwal, B. B., and Shishodia, S. Molecular targets of dietary agents for prevention and 

therapy of cancer. Biochem Pharmacol. 2006 71, 1397-421. 

[6] Leyon, P. V., and Kuttan, G. Studies on the role of some synthetic curcuminoid derivatives 

in the inhibition of tumour specific angiogenesis. J Exp Clin Cancer Res. 2003 22, 77-83. 

[7] Shi, W., Dolai, S., Rizk, S., Hussain, A., Tariq, H., Averick, S., L'Amoreaux, W.,El ldrissi, A., 

Banerjee, P., and Raja, K. Synthesis of monofunctionalcurcumin derivatives, clicked 

curcumin dimer, and a PAMAM dendrimer curcumin conjugate for therapeutic applications. 

Org Lett. 2007, 9, 5461-4. 

http://www.ncbi.nlm.nih.gov/pubmed/23099251
http://www.ncbi.nlm.nih.gov/pubmed/23099251
http://www.ncbi.nlm.nih.gov/pubmed/23129958
http://www.ncbi.nlm.nih.gov/pubmed/23129958
http://www.ncbi.nlm.nih.gov/pubmed/23129958
http://www.ncbi.nlm.nih.gov/pubmed/22962722
http://www.ncbi.nlm.nih.gov/pubmed/22962722


110 
 

[8] Nurfinal, A. N., Reksohadiprodjo, M. S., Timmerman, H., Jenie, U. A., Sugiyant,D., and van 

der Goot, H. Synthesis of some symmetrical curcumin derivatives and their antiinflammatory 

activity. European Journal of Medicinal Chemistry 1997, 32, 321-328. 

[9] Yang, F., Lim, G. P., Begum, A. N., Ubeda, O. J., Simmons, M. R., Ambegaokar, S. S., 

Chen, P. P., Kayed, R., Glabe, C. G., Frautschy, S. A., and Cole, G. M. (2005) Curcumin 

inhibits formation of amyloid beta oligomers and fibrils, binds plaques, and reduces amyloid 

in vivo. J Biol Chem 2005, 280, 5892-901. 

[10] Kumar, S., Narain, U., Tripathi, S., and Misra, K. (2001) Syntheses of Curcumin 

Bioconjugates and Study of Their Antibacterial Activities against beta-Lactamase-Producing 

Microorganisms. Bioconjug Chem. 2001, 12, 464-9. 

[11] Cheng, A. L., Hsu, C. H., Lin, J. K., Hsu, M. M., Ho, Y. F., Shen, T. S., Ko, J. Y., Lin, J. T., 

Lin, B. R., Ming-Shiang, W., Yu, H. S., Jee, S. H., Chen, G. S., Chen,T. M., Chen, C. A., Lai, 

M. K., Pu, Y. S., Pan, M. H., Wang, Y. J., Tsai, C. C.,and Hsieh, C. Y.  Phase I clinical trial 

of curcumin, a chemopreventiveagent, in patients with high-risk or pre-malignant lesions. 

Anticancer Res, 2001, 21,2895-900. 

[12] Anand, P., Kunnumakkara, A. B., Newman, R. A., and Aggarwal, B. B. Bioavailability of 

curcumin: problems and promises. Mol Pharm, 2007, 4, 807-18. 

[13] Pfeiffer, E., Hoehle, S. I., Walch, S. G., Riess, A., Solyom, A. M., and Metzler,M. 

Curcuminoids form reactive glucuronides in vitro. J Agric Food Chem, 2007,  55, 538-44. 19 

[14] Kumar, V., Lewis, S. A., Mutalik, S., Shenoy, D. B., Venkatesh, and Udupa, N.(2002) 

Biodegradable microspheres of curcumin for treatment of inflammation, 2002, 46, 209-17. 

[15] Ryu, E. K., Choe, Y. S., Lee, K. H., Choi, Y., and Kim, B. T. (2006) Curcumin and 

dehydrozingerone derivatives: synthesis, radiolabeling, and evaluation for beta-amyloid 

plaque imaging. J Med Chem 2006,49, 6111-9. 

[16] Raja, K. S., Balambika, R., Dolai, S., and Shi, W. (2009) The concept of a green drug, 

curcumin and it's derivatives as a model system. Mini-Reviews in Organic Chemistry, 2009, 

6, 152-158. 

[17] Wu, W.; Shen, J.; Banerjee, P.; Zhou, S., Water-dispersible multifunctional hybrid nanogels 

for combined curcumin and photothermal therapy. Biomaterials 2011, 32 (2), 598-609. 

 


	abstract.pdf
	My grateful thanks are due to my research committee members; Professor Edward J. Kennelly, (Plant sciences, Lehman College (CUNY)), Professor David Bolton, Institute for Basic Research (IBR), Professor Probal Banerjee, (Department of Chemistry...
	My special thanks are due to Mr. Edmund Jenkins, Jr, Ms. Shawon Debnath, Dr. Wei Shi, for their endless help and inspiration throughout my research career. I gratefully acknowledge my other colleagues Mr. Jose Saltos, Ms. Xin Yan, Ms. Kirmia f...

	thesis no index
	Chapter I
	Background Information and Rationale for the Research
	Part I
	Green Drug Development Using the Ayurvedic Collaboration Approach: Clerodendrum viscosum 
	1. Background Information
	2. RATIONALE FOR RESEARCH
	3. References:

	Part II
	Conjugation Strategies Towards Increasing the Water/Plasma Solubility and Bioactivity of Curcumin 
	1. Background Information
	2. RATIONALE FOR RESEARCH
	3. references

	Chapter II
	Water Extract of Clerodendrum viscosum induces apoptosis in Hela Cells
	Chapter III
	Purification of Clerodendrum viscosum
	3. Result 
	3.1 Cell viability results from the Cv-ap and its fractions
	3.2 SDS-PAGE gel Analysis
	3.3 MALDI-TOF Analysis 
	3.4 MTT Assay of Ethanol Extract
	3.5 Cv Ethanol Eextract Effect on Normal Fibroblast Cells

	4. Discussion
	4.1 Cv-ap and Its Fractions
	4.2 Ethanol Extract of CV 

	5. Conclusions  
	Chapter  IV
	Synthesis of the Curcumin Derivates
	1. Introduction
	2. Material and method
	2.1 Chemicals
	2.2 Synthesis of BSA-Curcumin Conjugate
	2.3 Size exclusion FPLC
	2.4 SDS-PAGE
	2.5 Matrix-assisted Laser Desorption Ionization Time of Flight (MALDI-TOF) 
	2.6 MTT assay

	3. Result and Discussion
	3.1 Characterization of BSA-curcumin by FPLC and SDS-PAGE
	3.2 Characterization of BSA-curcumin by MALDI-TOF 
	3.3 BSA-curcumin effect on Hela cells

	4. Conclusion
	5. References:
	References:
	Chapter I
	Part I
	Part II
	Chapter II
	Chapter III
	Chapter IV


