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ABSTRACT 

 
Recently biodegradable polymers have been used to fabricate porous 

scaffolds for three-dimensional (3-D) cell or tissue culture to regenerate tissue-

based artificial organs. Poly(DL-lactic-co-glycolic acid) (PLGA) is one of the most 

widely used biodegradable polymers since it is biocompatible and its degradation 

rate can be easily controlled by varying the copolymer ratio of lactic to glycolic acid 

.The ideal scaffold must meet several requirements to promote cellular interactions 

and tissue development, and have adequate mechanical and physical properties. 

Scaffolds of various materials have been tested for bone tissue engineering, 

including metals, ceramics, polymers (natural and synthetic), and their 

combinations. Ceramics such as hydroxyapatite (HAP) and tricalcium 

phosphate(TCP) are biomaterials with good osteoconductive and bone-bonding 

ability, but have limited application because of brittleness and a slow degradation 

rate. Using natural materials to coat the scaffolds used for tissue-engineered bone-

repair techniques is expected to increase osteoblast adhesion to the scaffold and to 

express normal physiological function. To test this hypothesis, we modifies poly(dl-

lactic-co-glycolic acid) (PLGA) substrate by coating it with natural biomaterial and 

then evaluate their effects on osteoblast /cancer cells attachment, proliferation, and 

differentiation. 

The adherence of cancerous cells to skeletal tissues which mainly consist of 

hydroxy apatite (HAp), it shows that correlation between tumors cells and hydroxy 

apatite. Therefore, it is well accepted that an efficient experimental model (in-vitro) 

which imitate the microenvironment in-vivo is of great importance for oncogenic 

research. Herein, for project we incorporates the hydroxy apatite nanoparticles into 

poly(lactic-co-glycolic acid) PLGA nanofibers to design biomimetic nanofibrous 

scaffold as an in-vitro cancer model. The surface morphologies, structure, thermal 

and mechanical properties of the incorporated PLGA/ HAp scaffold were studied or 

characterized. 
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                                      CHAPTER 1 

                                           INTRODUCTION 

1.1 INTRODUCTION TO POLYMERS 

In the past three decades, biodegradable polymers plays a critical role in 

pharmaceutical and biomedical fields (Huang et al., 2010). Despite many major 

developments in biodegradable materials, some drug delivery vehicles were found to 

induce acute inflammation (Kawazoe et al., 2009). Controlled release technology is an 

effective methodology and approach to optimize the dosage of the drug released to a 

particular site for particular duration of time (Liu et al., 2011). Tissue engineering has 

been widely studied as an attractive approach in treatment of malfunction or lost tissues 

or organs. Injectable scaffold especially hydrogels (Taguchi et al., 2005), collagen 

(Nam et al.,1999), (Spencer, et al., 2008), gelatin (A.G.Mikos et al., 1993) , chitosan 

(T.W.King., et al 2000), poly(ethylene glycol) (PEG) (King et al, 2000) are generally 

used to improve the structural continuity as well as stability. 

 

1.2 PLGA (POLY LACTIC GLYCOLIC ACID) 

Poly (lactic-co-glycolic acid (PLGA) is a polymer used for the preparation of 

scaffold which could be used for developing the bone structure as it is a biodegradable 

material polymer (Go et al., 2012). Many biomaterials used in tissue engineering 

caused immune reaction in in vivo which reduces the effectivity for generation of tissue. 

But PLGA was found to be effective as it physically interacted with melanocyte 

stimulating hormone reducing the immune response to greater extent. The effect of the 

delivery of Rifamycin by PLGA nanoparticle was also studied on maturation of dendritic 
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cells (A.Haddadi et al., 2008) and successful results have been obtained. 

Transferrin conjugate magnesium silica PLGA nanoparticles facilitate the 

transport of drug through blood brain barrier for effective treatment of brain glioma (Cui 

et al., 2013). Similar study was done to develop a poly(ether)urethane– 

Polydimethylsiloxane/fibrin-based scaffold containing poly(lactic-co-glycolic acid) 

(PLGA) nanoparticles loaded with vascular endothelial growth factor (VEGF) to 

evaluate its wound healing properties in diabetic mice (db/db) (P.Losi et al ., 2013). It 

is also found out that the novel fabricated porous PLGA/chitosan PEC microspheres 

could be used as injectable cell carriers for cartilage (J.Fang et al., 2014). 

Wound healing is a complex process that encompasses three phases: 

inflammation, proliferation and tissue remodeling. These events are driven by growth 

factors and cytokines, which are secreted at the wound site by inflammatory cells and 

other stromal cells in response to tissue injury, development of controlled-release 

systems that protect the recombinant growth factors from enzymatic degradation and 

provide sustained delivery at the wound site during healing to enhance tissue 

regeneration (J.Fang et al., 2014). PLGA is a biocompatible, biodegradable polymer 

with a history of over forty years use in medical resorbable sutures (Zolnik et al., 2007). 

Besides these examples, encapsulation of curcumin in PLGA nanoparticles could also 

increase bioavailability (U.Milano-bicocca et al., 2013). Degradation of PLGA can be 

employed for sustained drug release at desirable doses by implantation without 

surgical procedures. PLGA was selected since poly esters including poly lactic acid 

and there copolymers are the most widely used and studied class of biodegradable 

polymers for the pharmaceutical use due their biocompatibility and biodegradability 

(L.Brannon et al., 1995). Study has been done to investigate the encapsulation of the 

growth factor, BMP-2 (bone morphogenic protein within micro particles. Morphology, 

size distribution, encapsulation efficiency and release kinetics were investigated and 
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have demonstrated a sustained release of bioactive BMP-2 for tissue regeneration at 

site of damage. Several techniques have been developed for loading of drug into 

PLGA including water–oil-water(w/o/w) (Romero et al., 2013), phase separation 

(Kumar et al., 2012), Nano precipitation (Govender et al., 1999) and spray drying 

(Nikitczuk et al., 2013). The PLGA are injectable scaffolds and are biodegradable in 

nature (Hong et al., 2005). They can simultaneously act as cell micro carrier (Prior et 

al., 2000), (Ki et al., 2004), delivery vehicles for drug (Xue et al., 2006), growth factors 

(King et al., 2000) and 3D scaffold piling by spheres piling (D.H.R Kempene et al., 

2006). Fast cell proliferation can be achieved since these microspheres have large 

surface area (Y.Hong et al., 2005). The micro carriers having cells on their surfaces 

can be directly injected into the defect, pilling into a 3D scaffold in vivo to induce cell 

infiltration and tissue regeneration. The transplanted cells proliferate and differentiate 

in-situ inside the micro carrier in a normal histological condition and these micro 

carriers are not easy to handle. For these context compounding the microspheres with 

a binding agent as fibrin gel may overcome these shortcoming (Zhao et al., 2009). 

PLGA has good biocompatibility and biodegradability and is approved by the US Food 

And Drug Administration (Y.Qui et al., 2013). The specific physical and chemical 

characteristic of PLGA can be controlled by varying its composition and  molecular 

weight (T.G.Park et al., 1995). Rat mesenchymal stem cell were cultured on the 

scaffold, live/dead assay, water soluble tetrazolium-8 assay and alkaline phosphatase 

(ALP) activity was used to evaluate cell viability, proliferation and differentiation on the 

scaffold constructs. The scaffolds were implanted in the defects of distal end of 

femora’s of New Zealand white rabbits to observe the bone formation in PLGA/CPC 

scaffold. Study has been also done where PLGA scaffold embedded spatially with 

hydroxyapatite particles on pore walls were designed and fabricated by a porogen 

leaching method using hydroxyapatite coated paraffin spheres as the porogen for 
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suitable drug permeability and drug delivery. The manufacturing of 3D scaffolds 

cultivated with osteoblast for reconstructive and bone surgery will develop the field of 

bone engineering (M.Wanger et al., 2007).  

 

 

1.3 PVA (POLY VINYL ALCOHOL) 

Polyvinyl alcohols (PVOH) are a group of products that have a  similar empirical 

formula but different properties and applications depending upon their molecular 

weight and the degree of removal of the acetate groups from the polyvinyl acetate raw 

material. Polyvinyl alcohol attracted particular attention due to its plenty advantageous 

properties such as water solubility, hydrophobicity, chemical and thermal stability, and 

biocompatibility (W. Liu et al., 2012).  

1.4 CHLORAMBUCIL 

Chlorambucil 4-[p-[bis [2-chloroethyl]amino] phenyl]-butanoic acid (CHB) is a 

nitrogen mustard alkylating agent used as antineoplastic for chronic lymphocytic 

leukaemia, Hodgkin's disease, and others. Although it is less toxic than most other 

nitrogen mustards, it has been listed as a known carcinogen in the Fourth Annual 

Report on Carcinogens (NTP 85-002, 1985). (Merck Index, 11th ed). An alkylating 

drug is nothing but which the substance replaces the hydrogen group with alkyl group. 

It is used in the treatment of Chronic lymphocytic leukemia (CLL), Hodgkin’s disease, 

non-Hodgkin’s lymphoma, breast cancer, ovarian cancer, testicular cancer, 

Waldenstrom’s Macroglobulinemia, thrombocythemia, choriocarcinoma [3]. CHB is 

usually taken orally. The direct forms of CHB causes amny side effects which includes 

several allergic reaction. Person taking more than 30% of chlorambucil suffers from 

low blood counts, the RBC, WBC and platelets count may decrease temporarily, 
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resulting in risk for infection, anaemia and bleeding. Bone marrow suppression is the 

most common side effect on using chlorambucil.  

To overcome the harmful side effects and to increase the bioavailability of the 

drug, it is encapsulated in PLGA matrices from which the release of drug is at slow 

rate at prolonged time period, thereby increasing the effectiveness. Successful 

encapsulation with PLGA offers compliance and reducing discomfort, protection of the 

therapeutic compound within the body, and avoidance of peak-related side effects by 

maintaining more-constant blood levels of the drug. Here we investigate the possible 

use of PLGA and CHB composite against the Cancer cells and testing the optimum 

concentration of PLGA+CHB for the applications.  
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CHAPTER 2 

LITERATURE SURVEY 

2. LITERATURE SURVEY 

The most commonly used biodegradable synthetic polymers for three-

dimensional (3D) scaffolds in tissue engineering are saturated poly(α-hydroxy esters), 

including poly(lactic acid) (PLA) and poly(glycolic acid) (PGA), as well as poly(lactic-

co-glycolide) (PLGA) copolymers (Mano et al.2004) (Lin et al.2002) Once degraded, 

the monomeric components of each polymer are removed by natural pathways. PGA 

is converted to metabolites or eliminated by other mechanisms, and PLA can be 

cleared through the tricarboxylic acid cycle. Due to these properties PLA and PGA 

have been used in biomedical products and devices, such as degradable sutures 

which have been approved by the US Food and Drug Administration as 

reported (Jagur et al.1999) clinical application of pure PLGA for bone regeneration is 

hampered by poor osteoconductive and exhibits suboptimal mechanical properties for 

use as load-bearing applications. Therefore, PLGA is often used in combination with 

other materials, such as ceramics, bioactive glass, or it is opportunely modified in order 

to render PLGA more biomimetic and able to enhance bone regeneration  (Pan et 

al.2012). Ajioka et al. reported a simple one-step method, a direct polycondensation 

from LA and GA, carried out in the azeotropical solvent diphenyl ether, characterized 

by a high boiling point. However, this solvent introduces higher levels of complexity of 

both process control and purification of the end product, and thus the resultant 

polymers are very expensive to produce. As known from literature, the PLGA 

sequence influences dramatically the degradation rate, because random PLGA 

degrades quicker than analog-sequenced PLGAs, prepared by ring-opening 

polymerization. Recently, a new method to obtain repeating-sequence PLGA 
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copolymers with different toxicity has been proposed by Li et al. These results may be 

considered promising for the use of sequenced PLGA in biomedical applications, i.e., 

in drug delivery applications, where the drug/biomolecule kinetic release is 

dramatically influenced by the polymeric degradation rate.   The combination of 

enhanced mechanical properties, biocompatibility, and fibrous formability of the 

scaffolds is believed to have great potential for bone tissue regeneration. Different 

fibre-forming techniques were proposed in literature to fabricate micro- and nano-

fibrous composite scaffolds . Amorphous PLGA copolymers are suitable for 

biomedical applications, as provides a more homogeneous dispersion of the active 

species in the polymer matrix (Habraken et al.2006). PLGA is widely used in bone 

tissue engineering due to its suitable physico-chemical properties and biodegradability 

rate; however, compared to natural polymerssuch as collagen and chitosan which 

have numerous ionic molecular groups, the synthetic polymers have relatively few of 

these groups, making it very difficult to induce mineralization (Kawasaki et al.1998). 

Wan et al. demonstrated that appropriate oxygen plasma treatment could not only 

incorporate functional groups on PLGA surface, increasing its negative charge, but 

also could change surface topography due to etching effects. Qu et al. treated PLGA 

films and scaffolds with oxygen plasma and then incubated them in a modified SBF 

solution to obtain a bone-like apatite layer. The formation of bone-like apatite was 

enhanced by oxygen plasma treatment, allowing an increased number of negative 

charge and surface roughness. The formed apatite was similar in composition and 

structure to the natural bone mineral and enhanced the adhesion and proliferation of 

OCT-1 osteoblast-like cell when compared with neat PLGA. 
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CHAPTER 3 

 MATERIALS AND METHODS 

3.1 SYNTHESIS OF THE MICROSPHERE (BARE) 

PLGA (SIGMA) Microspheres was prepared by double emulsification method. 

Briefly, 500 mg PLGA in the ratio 50:50 was added to 8 mL of dichloromethane 

(CH2Cl2) and 1 mL of heparin. The mixed solution was emulsified by vortexing for 40 

sec. During mixing heparin was not mixed properly hence proper care was taken to 

ensure mixing. The primary solution was added drop wise using a 2G syringe into 100 

mL of 1 % of PVA aqueous solution, which was mixed for 2 minutes at 9500 rpm with a 

turbine homogenizer resulting in a secondary emulsion. To this emulsion was further 

added 100 ml of 2 % isopropanol aqueous solution which was magnetically stirred at 

for 4 hours at 300 rpm. The beads were magnetically stirred for 4 hours and centrifuged 

3 times at 2000 rpm. After complete removal of solvent by decanting the supernatant 

the beads were freeze dried for 3 hours and stored for further use.  

 Similarly, 500 mg PLGA in the ratio 50:50 was added to 8 mL of dichloromethane 

(CH2Cl2) and 1 mL of heparin along with 10 mg chlorambucil. The mixed solution was 

emulsified by vortexing for 40 sec. Then the solution is added drop by drop to PVA 

Aqueous solution. The solution was mixed for two minutes at 9500 rpm. The emulsion 

was added to 2 % isopropanol aqueous solution which was magnetically stirred at for 

4 hours at 300 rpm. The beads were magnetically stirred for 4 hours and centrifuged 

3 times at 2000 rpm. After complete removal of solvent by decanting the supernatant 

the beads were freeze dried for 3 hours and stored for further use.  
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      3.1.1 Field Emission Scanning Electron Microscopy (FESEM) 

The lyophilized samples of bare and loaded microsphere were used for SEM 

analysis. For analysis the bare and loaded microsphere were placed on carbon tube 

mounted onto a carbon tape for SEM imaging. The SEM was taken using Field 

Emission Scanning Electron Microscope (FESEM-SUPRA 55) - CARL ZEISS, 

GERMANY. 

      3.1.2 Nuclear magnetic resonance (NMR): 

The lyophilized powder was dissolved in solvent DMSO-d6 at 300 K analyzed 

with C13 and H1 NMR ULTRASHEILD 600 WB PLUS (BRUKER) for the confirmation 

of the compound. 

      3.2 IN-VITRO ANTI CANCER STUDIES 

      3.2.1 Cytotoxicity assay using THP-1 

• THP-1 cells (5×103 cells/well) were incubated with various concentrations 

(0.6- 10 µg/mL) of PLGA + Heparin. 

• The culture media were removed and the cells were incubated with 5 

mg/mL MTT in fresh medium at 37 °C for an additional 4 hrs. 

• After this period, the supernatants were removed and 100 µL DMSO was 

added to each well to dissolve the formazan crystals. 

• The plates were read on a micro plate reader at a test wavelength of 540 

nm and a reference wavelength of 650 nm. 

3.2.2   Cytotoxicity assay using MCF-7 

• Michigan cancer foundation (MCF-7) cells (5×103 cells/well) were incubated 

with various concentrations (0.6-5 µg/mL) of PLGA + Heparin and PLGA + 

Heparin + Quercetin. 
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• The culture media were removed and the cells were incubated with 5 mg/mL 

MTT in fresh medium at 37 °C for an additional 4 hrs. 

• After this period, the supernatants were removed and 100 µL DMSO was added 

to each well to dissolve the formazan crystals. 

• The plates were read on a micro plate reader at a test wavelength of 540 nm 

and a reference wavelength of 650 nm. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.RESULTS AND DISCUSSION 

4.1   FE-SEM (FIELD EMISSION SCANNING ELECTRON MICROSCOPY) 

SEM images of both the samples showed a regular spherical shape and the drug loaded 

PLGA showed high amount of porosity and the spheres were mono dispersed. The size of 

the spheres of bare PLGA was found to be 36.20 µm and drug (dcetin) PLGA was 90.16 µm. 

This result showed that it is feasible to load the drug for optimum drug delivery to the system. 

This study shows the SEM images of Chlorambucil/ PLGA micro sphere which were also 

found to be spherical and mono dispersed and was prepared by the four fluid nozzle spray. 

Here the Rifamycin loaded microsphere was used for the anti-tuberculosis activity (Katsu et 

al., 2009). Another study revealed the SEM size of the periyl alcohol – bearing PLGA micro 

particles of were 768 ± 215 nm. These particles were prepared by oil-in-water-based 

emulsion solvent evaporation technique (Farazuddinm et al., 2012). Porous and non-porous 

PLGA microspheres prepared by oil / water emulsion technique, showed that the porous 

microspheres were bigger and size had high density of pores where as the non- porogen 

microspheres were found to be smaller in size with less pores (T.Zhang et al., 2014). Studies 

on SEM images have also revealed that novel controlled release formulation for the 

anticancer drug paclitaxel in PLGA nanoparticles containing vitamin E showed the spherical 

shape with various degree of smoothness in the microsphere (Mu et al., 2003). 

  



12 
 

 

 

Figure 4.1: Scanning Electron Microscope Images of PLGA Microspheres 

        

4.2 CYTOTOXICITY ASSAY IN THP-1(MTT) 

The cytotoxicity assay was performed in THP -1(Human monocytic cell) lines for 

evaluating the toxicity of PLGA carrier the normal cell lines and to evaluate the dosage 

beyond which the carrier is toxic to the cell lines. It was found that the 80 % cells are 

viable in the range of 0.625 µg/mL to 5 µg / mL. From these range the dosage of carrier 

was decided. This study shows the cytotoxicity assay done curcumin loaded PLGA 

nanoparticles prepared by single emulsion–solvent evaporation method showed 

destruction of amyloid aggregates and no cytotoxic effect was found in the formulation as 

70 % of cells were found to be viable (A.Mathew et al., 2012). 

         

4.3 CYTOTOXICITY ASSAY (MCF-7) MTT 

The bare carrier and the drug loaded carrier were tested for their anti- cancer 

activities against the Michigan cancer foundation (MCF-7) cancer lines. In the study it    was 

found out that the carrier has very less or negligible amount of anti-cancer activity    but in 

comparison the drug loaded carrier displayed excellent anti-cancer activity by decreasing 

the cell viability to 40 % in the range of concentration of 0-2 µg /mL. 
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The inhibition concentration (IC 50) value was found in the concentration of 3.648 µg. So, 

comparing the above, cytotoxicity of carrier in normal cell lines and cytotoxicity of the 

carrier + drug in the cancer cell lines the range of 1.5 µg and 3.0 µg      concentrations was 

found to be optimum for anti-cancer activity. Studies revealed that cell viability assay in 

pancreatic cell lines treated in various concentrations of free curcumin and nanocurcumin. 

It was found that the nanocurcumin showed high cytotoxicity to IN pancreatic cell lines in 

higher concentration of 15 µM (S.Bisht et al., 2007). It is also known that the quercetin 

enhances anti-cancer activity of trichostatin. A through up regulation of p53 protein as 

Chan and co-worker have studied both in in vivo and in vitro (S.T.Chan et al., 2013). The 

PLGA- curcumin Nano formulation was targeted on to MCF-7 breast cancer cell lines by 

Verderio and group and they observed high toxicity to cancer cells showing potential anti-

cancer activity (Verderio et al., 2013). Other studies have also indicated that cell 

proliferation has decreased significantly in PLGA-curcumin formulation which was 

subjected to human colon cancer cell lines 116 in comparison to native curcumin within 

6-24 hours (Waghela et al., 2015). 

 

Figure 4.2: NMR Spectra of PLGA+ CHB 
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 Figure 4.3: CYTOTOXICITY ASSAY IN THP-1 (MTT) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4.4: CYTOXIXCITY ASSAY USING MCF-7(MTT) 
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CHAPTER 5 

SUMMARY AND CONCLUSION 

5. SUMMARY AND CONCLUSION 

In this study, the effect of chlorambucil loaded PLGA microspheres on cancer cell 

lines has been evaluated. The electron micrographs of bare and loaded microspheres 

suggest that the particles are found to have spherical shaped structures for bare 

microspheres. On the other hand, loaded PLGA microspheres shows pores on the 

surface suitable for drug delivery studies. Bare and Chlorambucil loaded microspheres 

were prepared using double emulsification and its cytotoxicity against MCF-7 cell lines 

were tested. The chlorambucil loaded PLGA showed excellent anti-cancer activities 

tested using Annexin–V FITC/PI staining. These results suggest that chlorambucil 

loaded microspheres can be potent anticancer agent and tested further on other cell 

lines for development of novel anticancer agents. 
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