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1. INTRODUCTION  

1.1 Cancer 

 1.1.1 Introduction  
Cancer is an ailment described by uncontrolled increase and spread of anomalous 

types of the body's own cells. Malignancy is a class of malady in which a group of 

cells presents uncontrolled development (division beyond as far as possible), incur-

sion (intrusion on and decimation of nearby tissues) and infrequently metastasis 

(spread to different areas in the body by means of lymph or blood). Oncology is the 

branch of health science dealing with the prevention, study, diagnosis and manage-

ment of cancer. Malignancy may influence individuals at all ages, even babies, yet the 

danger of most mixed bags increment with age.[1, 2] 

1.1.2 Origin 

All cancers start in cells, the body's fundamental unit of life. To comprehend tumor, it 

is important to recognize what happens when typical cells get to be malignancy cells. 

The body is comprised of numerous sorts of cells. These cells develop and divide in a 

controlled manner to deliver more cells as they are expected to keep the body sound. 

At the point when cell get to be old or harmed, they pass on and are supplanted with 

new cells. In some cases this 

efficient procedure turns out 

badly. The hereditary material 

(DNA) of a cell can get to be 

harmed or changed, delivering 

transformations that influence 

typical cell development and 

division. At the point when this 

happens, cells don't undergo the 

apoptosis when they ought to be 

and new cells produced when the 

body does not require them. The 

additional cells may shape a 

mass of tissue known as a tu-

mor.
[3, 4]

 

Figure 1.1: Origin of cancer 
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1.1.3 Types  

There are several types of the cancers, based on the body parts affected and the nature 

of the tissue affected 

1. Neoplasm: A medical term for cancer or tumor i.e. relatively autonomous 

growth of tissue, this leads to abnormal growth or mass of tissue which may be a 

benign or malignant in nature. 

2. Carcinoma: A cancer that arises from ectoderm or endoderm at tissue (Ecto-

derm involves skin and nerve tissue. Endoderm involves intestinal tissue and or-

gan).  

3. Sarcoma: A cancer arises from mesoderm tissue. (mesoderm involves bone, 

muscles, cartilage etc.)  

4. Teraloma: A cancer arises from cells of ectoderm, endoderm or mesoderm. 

5. Cancer of blood: There are two types of blood cancer, leukemia i.e. WBC 

count more than 10
5
 to 10

6
 per mm

3 
(normal 7500 mm

3
) and polycythemia i.e. 

increase in RBC count. 
 

 

The rapid uncontrolled growth of cancerous cells is known as malignant tumor. 

These cells can then invade & destroy healthy tissues including organs[5]. The 

comparison between benign and malignant type of the cancer is given in Table 

1.1
 

Table 1.1: Comparison of benign and malignant cancer 

Benign Malignant 

Generally encapsulated 

( Not invasive ) 

Slow growing 

Do not metastasize 

Do not interfere with health 

E.g. 

Fibromma - of fibrous tissue 

Lymphoma - of fat 

Osteoma - of bone 

Not encapsulated 

(invasive ) 

Rapidly growing 

Metastasize 

Detrimental to health and life 

E.g. 

Sarcoma and 

Carcinoma 
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1.1.4 Pathophysiology 

Malignancies are brought on by a progression of mutations. Every mutation modifies 

the performance of the cell.  

Hereditary changes can happen at numerous levels, from addition or loss of whole 

chromosomes to a transformation influencing a solitary DNA nucleotide. There are 

two general types of genes, which are influenced by these progressions.  

Oncogenes may be ordinary genes, which are expressed at improperly abnormal 

states. Articulation of these genes advances the threatening phenotype of tumor cells.  

Tumor suppressor genes are genes, which repress cell division, survival or different 

properties of tumor cells. Tumor silencer genes are frequently crippled by malignancy 

causing DNA changes normally. Changes in numerous genes altogether are responsi-

ble to change an ordinary cell into malignant cell.
[3, 4]

 This mechanism involving on-

cogenes as well as tumor suppressor gene is shown in Figure 1.2 

 

 

Figure 1.2: Mechanism of cancer 

http://en.wikipedia.org/wiki/File:Cancer_requires_multiple_mutations_from_NIHen.png
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1.1.5 Symptoms  

Symptoms of tumor spreading rely on upon the area at which the tumor is located. 

Cancer symptoms can be partitioned into three categories:
[6]

 

1. Confined symptoms 

Abnormal knots or swelling, Hemorrhage and Jaundice 

2. Symptoms of metastasis (spreading) 

Engorged lymph nodes, coughing of blood, abnormally enlarged liver, bone ag-

ony, crack of influenced bones and neurological symptoms. 

3. Systemic symptoms 

Weight reduction, loss of hunger, weakness, extreme sweating specially at night 

and iron deficiency.  

1.1.6 Risk factors  

Following are the factors, which enhance the risk of cancer 
[7-9]

 

1. Mutation by chemical carcinogens: chemicals causing mutation, including al-

cohol and tobacco uncontrolled proliferation 

2. Exposure to radiation for prolonged period 

3. Viral or bacterial infection 

4. Some of the virus species are in charge of 15% of human malignancies around 

the world, such viruses are, human T-lymphotropic virus, hepatitis B and hep-

atitis C virus and human papilloma virus. 

5. Hormonal irregular characteristics, for instance: Estrogen disparity in females 

6. Immune system dysfunction 

7. HIV is responsible for various types of cancer, counting kapopsi’s sarcoma, 

non Hodgkin’s lymphoma. 

8. Hepatitis B and Hepatitis C can cause liver cancer. 

9. Epstein Barr virus can cause Hodgkin’s lymphoma, which is a cancer of lym-

phatic system. 

10. Risk factors include smoking, obesity, poor diet, lack of exercise and prolong 

exposure to sunlight.  

1.1.7 Prevention  

Preventing the cancer can be characterized as dynamic measures to diminish the oc-

currence of tumor. This can be refined by maintaining a strategic distance from can-
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cer-causing agents or modifying their digestion, seeking after a way of life or eating 

regimen that adjusts cancer bringing variables and/or medicinal intercession, for ex-

ample, drug prophylaxis, treatment of premalignant sores.
[10, 11] 

1.1.8 Diagnosis   

Numbers of techniques are used for cancer diagnosis, which include
[12]

, 

1. Blood test: Some cancer cells release protein in blood. Such blood sample can 

be tested for cancer detection. 

2. X-rays: By taking X-ray of particular organ, cancer can be diagnosed. 

3. MRI: Magnetic Resonance (Scan) Imaging is a newer technique to take photog-

raphy of various organs by different angles. 

4. CT Scan: Computerized Tomography also can be used for cancer diagnosis. 

5. Endoscopy: By endoscopy we can diagnose the cancer of bowel. 

6. Biopsy: It means surgical removal of a small piece of affected tissue is done and 

tested it for presence of cancerous cell.  

1.1.9 Treatment 

Cancer can be treated by surgery, chemotherapy, radiation therapy, immunotherapy, 

monoclonal antibody therapy or other methods. The choice of therapy depends upon 

the location of and grade of the tumor and the stage of the disease, as well as the gen-

eral state of the patient. 

The treatment of cancer include
[13, 14]

,  

1. Surgery – Surgical removal of cancerous tumors 

2. Chemotherapy – Using various anticancer agents 

3. Radiotherapy – By using X-rays, radium 

4. Hormonal therapy – Hormones deactivate cancerous cell functioning. 

5. Monoclonal antibody therapy – A dose of readymade monoclonal antibody is 

given at targeted organ to increase immunity, so also called as targeted thera-

py. 

6. Immunotherapy – Immunity of patient can be increased by administering vari-

ous immunomodulators. 

7. Angiogenesis inhibitor therapy 

8. Alternative and complementary therapies 
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1.1.10 Chemotherapy  

Almost all chemotherapeutic agents currently available work to kill cancer by affect-

ing DNA synthesis or function, a process that occur through the cell cycle. 

The major categories of chemotherapeutic agents are given in Table 1.2
[14]

 

 

Table 1.2: classification of drugs used for cancer treatment 

A) Drug acting specifically on cells (Cytotoxic medications) 

1. Alkylating specialists 

a) Nitrogen mustards  Ifosfamide , Mechlorethamine, Capecitabine 

b) Ethylenimine  Thio-TEPA  

c) Alkyl sulfonate  Busulfan, Treosulfan.  

d) Nitrosourea  Carmustine, Lomustine, Estramustine  

e) Triazine  Dacarbazine 

2) Antimetabolites  

a) Folate antagonist  Methotrexate 

b) Purine antagonist  6-Mercaptopurine,6-Thioguanine, Azathioprine  

c) Pyrimidine antagonist  Capecitabine, 5-Flurouracil (5-FU), Cytarabine 

3) Vinca alkaloids  Vincristine, Vinblastine  

4) Taxanes  Paclitaxel, Docitaxel  

5) Epipodophylotoxin  Etoposide   

6) Camptothecin analogues  Topotecan, Irinotecan  

7) Antibiotics  Actinomycin-D, Daunorubicin, Mithramycin, Dox-

orubicin, Bleomycin, Mitomycin  

8) Miscellaneous Hydroxyurea, Procarbazine, Cisplatin 

B) Drug altering hormonal meilieu  

1) Glucocorticoids  Prednisolone  

2) Estrogen  Fosfestrol, Ethinylestradiol  

3) Antiestrogen  Tamoxifen  

4) Aantiandrogen  Flutamide  

5) 5-α reductase inhibitor  Finasteride  

6) GnRH analogues  Naferelin, Gosrelin  
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1.1.11 Drawbacks of chemotherapy  

1.1.11.1 Short term negative side effects  

Loss of hair and eyebrows, loss of appetite, having food taste peculiar, mouth sores, 

nausea, vomiting, loose stools or constipation (due to less food intake), fatigue, men-

tal fogginess and inability to resist infections. Another short term disadvantage is that 

treatment is time-consuming.
[14]

 

1.1.11.2 Long term side effects 

Infertility, heart problems, damage to the central nervous system or damage to vital 

organs such as the lungs or liver. Another disadvantage is the cost, which many health 

insurance companies will not entirely pay for.
[14] 

To overcome of these side effects there are nanoparticles is one of the beneficial 

method. when nanoparticles are conjugated with folic acid these can be used as tar-

geted drug delivery system and it will not affect the normal cell of the body so there is 

reduction of side effects and beneficial for target drug delivery system.
[14]
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1.2 Colorectal cancer 

1.2.1 Introduction 

Colorectal cancer also regarded as rectal cancer, bowel cancer or colon cancer, is the 

advancement of the cancer growth at a location of colon and/or rectum i.e. regions of 

the large intestine. It is because of the strange development of cells that can attack or 

spread to different parts of the body.
[15]

 Development of the colon cancer from the 

polyps to advanced stage cancer is shown in Figure 1.3 

 

Figure 1.3: Colon cancer and its stage progression 

1.2.2 Signs and symptoms 

The manifestations of bowel malignancy rely upon two things, first is the area of the 

cancer in the bowel, and second is the metastatic nature of the cancer that means if 

cancer is spreaded to the other organs or not. The exemplary cautioning signs include 

exacerbating stool, blood in stool, reduced stool thickness, and nausea or vomiting in 

someone more than 50 years of age, while bleeding in bowel or anemia are high haz-

ard highlights in those beyond 50 years old. Other generally portrayed side effects in-

cluding weight reduction and change in bowel functioning are generally the concern if 

related with bleeding.
[16-18]

 

1.2.3 Cause 

More than 70-90% of colorectal malignancy happens in individuals with next to zero 

hereditary danger. Other danger elements incorporates more established age, male 

sex, high admission of fat, liquor or red meat, overweight, smoking and an absence of 
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physical activity. Roughly, around 10% cases are connected to deficient physical ac-

tivity. The danger for liquor seems to increment at more prominent than one beverage 

for each day. A relationship has been found between the measures of liquid taken in, 

premalignant adenomatous polyps and bowel cancer with no less than 4-5 cups of wa-

ter, just about 1250mL, associated to lower rates.
[15, 19-21]

 

1.2.4 Pathogenesis 

Colon malignancy is arising from the inner cell layers of the colon and/or rectum, in 

most of the cases, because of the mutation of the WNT signaling pathway, which is 

found to rise the signaling action artificially. Intestinal crypt stem cell is the usual 

place where the mutation is most probably occurs.
[22]

 The most frequent mutation in 

all colorectal malignancy is the APC gene, which delivers the APC protein. This APC 

protein inhibits the amassing of β-catenin protein; without APC, β-catenin aggregates 

to abnormal states and moves into the nucleus, ties to DNA, and initiates the expres-

sion of genes that are critical for stem cell replenishment and transformation yet when 

improperly transcribed at abnormal states can bring about malignancy. While APC 

gene undergoes the mutation in majority of cases of the bowel tumor, a few malig-

nancy have expanded β-catenin on account of changes in β-catenin (CTNNB1) which 

inhibits its disintegration, or they have mutation(s) in different genes which produces 

some related protein to APC, for example, AXIN2, AXIN1, NDK1 or TCF72.
[23-25]

 

Past the imperfections in the signaling pathway of WNT-APC-β-catenin, it is also re-

quired for some other gene as well for the cell to end up transforming in the cancer 

state. The p53 protein, expressed by the TP53 gene, regularly screens cell division and 

executes cells in the events that they have WNT pathway imperfections. In the end, a 

cell line gains a change in the TP53 gene and change the tissue from a initial epithelial 

cancer into an intrusive epithelial cell malignancy. However, there is also some in-

stance when p53 gene does not undergo the mutation, but rather another gene express 

the defensive protein named BAX. 
[26, 27]

 

TGF-β and DCC are some of the other routinely deleted-deactivated proteins causing 

the colon cancer. In more than 50% of the bowel cancer TGF-β is found to be in-

volved by undergoing deactivation mutation, while on the other hand DCC protein 

may not be mutated to become deactivated when other downstream protein known as 
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SMAD is mutated. In colon tumor from the DCC concern, its mainly a deletion of 

DCC gene in its chromosome fragment.
[28, 29]

 

Over expression of the oncogenes cause the colorectal cancer. Case in point, KRAS, 

RAF, and PI3K proteins expressing genes. Expressed proteins of such oncogenes or-

dinarily signal the cell to separate and divide in response to the growth factors. Now, 

when these genes are overexpressed as a result of the mutation, resulting vastly pro-

duced protein product can cause the intense cell expansion which ultimately lead to 

the colon cancer. The sequential mutation can also be a significant, with an essential 

KRAS mutation that usually cause a self-restricting hyperplastic or marginal progres-

sion, yet in the event that happening past an APC mutation it frequently advances to 

cancer.
[30, 31]

 PTEN, a tumor silencer, ordinarily restrains PI3K, however it may un-

dergoes mutation sometimes and hence get deactivated.
[26, 32]

 

Broad, genome-level investigation has uncovered that colorectal cancers are evidently 

distinct into two types of malignancy i.e. hypermutated and non-hypermutated.
[33]

 Be-

sides the mutation in oncogene and some deactivation, depicted for the above men-

tioned genes, non-hypermutated specimens additionally possess mutated gene 

FAM123B, SOX9, ARID1A, CTNNB1 and ATM. Hypermutated cancers, while ad-

vancing through a different types of genetic actions, show mutated forms of BRAF, 

ACVR2A, MSH3, TGFBR2, SLC9A9, MSH6 and TCF7L2
[34, 35]

. Basic activity along 

with these genes, between both cancer sets, is their association in TGF-β and WNT 

signaling pathways, which thus brings about expanded action of MYC, a focal player 

in bowel tumor.
[33]

 

1.2.5 Diagnosis 

Colon tumor is diagnosed by means of examining a doubtful colon location for possi-

ble tumor advancement normally carried out while colonoscopy or sigmoidoscopy, 

based on the area of a progression. A CT scan of the torso, belly and pelvis then usu-

ally determines the degree of malignancy. Additional important imaging test, for ex-

ample, PET and MRI may also be utilized as a part of specific cases. Then after colo-

rectal tumor staging is done on the basis of TNM system. This TNM system is estab-

lished by determining degree of spreading of early cancer, and, involvement of lymph 

nodes if any with its location, and the degree of metastasis.
[26, 36]
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Investigation outcome of tissue taken from a biopsy or surgery are reported and used 

for the establishing the microscopic level cell characteristics. A pathology report usu-

ally contains information of type and grade of cell. The most widely recognized colon 

malignancy is adenocarcinoma which represents 98% of cases.
[37]

 Remaining unusual 

forms of the colorectal cancer incorporate lymphoma and squamous cell carcinoma. 

1.2.6 Prevention 

Colon malignancy can be made more preventable, through frequent checkup and 

healthy improvement in lifestyle.
[37]

 

1.2.6.1 Lifestyle 

Current dietary suggestions as a prophylactic measure of colorectal malignancy incor-

porate expanding the utilization of whole grains, fruits and vegetables, and decreasing 

the consumption of meat.
[38, 39]

 Though the proof of advantage of fiber and vegetables 

is inadequate,
[39]

 exercise can reasonably diminish the danger of colon cancer.
[40]

 

1.2.6.2 Medication 

Celecoxib and aspirin seems to diminish the danger of colon cancer who are more 

prone to it,
[10]

 though, it is not suggested in those at normal risk.
[41]

 There is condi-

tional confirmation for calcium supplementation yet it is not adequate to make a pro-

posal.
[42, 43]

 It is observed that the blood concentration and consumption of vitamin D 

is concerned with a quite a retarded danger of colon malignancy.
[42, 43]

 

1.2.7 Management 

The management of colon tumor can be targeted for either complete treatment or pal-

liative care. The selection between these two relies upon different variables, including 

the individual's wellbeing and preferences, and the phase of developed cancer.
[44]

 re-

moving the tumor tissue by surgery is the prime choice if colorectal tumor is diag-

nosed in initial stage. Nevertheless, if the cancer is in metastasis phase and hence al-

ready spreaded in different organs, then the surgery will no longer be the choice. Such 

advanced colon tumor can reoccur if removed by surgery, therefore management is 

then targeted for palliative care only, to ease symptoms brought about by the tumor, to 

make the individual suffer from pain as less as possible.
[15, 45]
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1.2.7.1 Surgery 

An individual with restricted tumor, removing the tumor with surgery is the usual 

treatment, for the purpose of a complete cure. Open laparotomy or in some cases lapa-

roscopy is the way to do this. This option of surgically removing the tumor can also 

be chosen even if the metastasis is established but limited to liver or lung only. Usual-

ly before performing a surgery, chemotherapy is utilized to reduce a tumor mass, in 

advanced to uproot it. Lungs and liver are the two places where there is maximum 

possibility of the reoccurrence of the colon cancer.
[15, 46]

 

1.2.7.2 Chemotherapy 

In colorectal cancer, surgery may or may not be accompanied with a chemotherapy. 

This choice to include chemotherapy before the surgical removal of the colorectal tu-

mor relies on upon the phase of the malignancy. 

Chemotherapy is not given with a surgery in stage I colorectal carcinoma. The part of 

chemotherapy in Stage II colorectal cancer is far from being obviously true, and is 

typically not offered unless danger elements, for example, T4 tumor or insufficient 

lymph node detected. Additionally it is also realized that the patients who is having 

mutated mismatch repair gene do not profit by chemotherapy. However, for stage III 

and Stage IV colorectal malignancy, chemotherapy is an indispensable piece of treat-

ment.
[15, 47]

 

In the event that malignancy has spread to the lymph nodes or far off organs, which is 

the situation with stage III and stage IV colorectal cancer individually, including 

chemotherapy of oxaliplatin, capecitabine or fluorouracil enhance the probabability of 

better recovery and well being. If the lymph nodes are not contaminated with colorec-

tal metastasis, the advantages of chemotherapy are disputable. On the off chance that 

the colorectal cancer is broadly metastatic and hence incurable, palliative care will 

then be the only choice. In this scenario, various distinctive chemotherapeutic drugs 

may be employed.
[48]

 Chemotherapy drugs for this condition may incorporate 

irinotecan, capecitabine, oxaliplatin, fluorouracil and tegafur-uracil.
[49]

 The medica-

tions capecitabine and fluorouracil are exchangeable, with capecitabine used through 

oral route while fluorouracil being used through intravenous route. Bevacizumab, an 

anti angiogenic agent is frequently included as first line treatment. Cetuximab and 
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panitumumab are the two another class of medications utilized as a part of the second 

line therapy which inhibits the receptors of epidermal growth factors.
[50, 51]

 

The essential contrast in the way to deal with low stage rectal tumor is the fuse of ra-

diation treatment. Regularly, it is utilized as a part of conjunction with chemotherapy 

in a neoadjuvant style to empower surgical resection, so that at last as colostomy is 

not required. On the other hand, it may not be conceivable in low lying tumors, 

where, a eternal colostomy often needed.
[15, 52]

 

1.2.7.3 Radiation therapy 

Though radiation together with chemotherapy may be helpful for rectal malignancy, 

its utilization in colon tumor is not normally practiced because of the susceptibility of 

the colon as well as rectum to radiation.
[53]

 Radiotherapy can also be utilized, as 

chemotherapy can be, in neoadjuvant and adjuvant setting for a few phases of colorec-

tal tumor.
[54]
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1.3 Targeted Drug Delivery System 

1.3.1 Introduction  

Paul Ehrlich has coined this drug delivery system as the Magic Bullet. This kind of 

delivery will not only ensure the site specificity but also mitigate the toxicity of drug 

to non-target sites.  

Targeted drug delivery is considered as a method in which drug-carrier complex, de-

livers drug to the pre-selected cell in a specific manner.  

The drug should reach the target cell(s) with the maximum concentration or with 

maximum effect. This can be achieved by protecting the drug from the bio-

environment en-route to the specific cell.
[55]

 

1.3.2 Different concept of targeting the drug to the target site 

Different concepts of targeting the drug molecules to a predefined specific location in 

body incorporates Active targeting, Passive targeting,
 
Inverse targeting, Physical tar-

geting, Ligand mediated targeting, Dual targeting, Combination targeting and Double 

targeting, as elaborated following.
[55]

 

1.3.2.1 Passive Targeting 

Systemic flow is usually portrayed as passive approach of drug transport. Vectoring 

of drug at predefined site happens due to the body's common reaction to the physico-

chemical qualities of a drug or drug-vector complex. It utilizes the characteristic 

course of bio-dissemination of the vector, and hence it amasses in the target site.
 [55]

 

1.3.2.2 Inverse Targeting 

It is utilized to bypass the passive uptake of the colloidal transporters by 

reticuloendothelial system, which causes the aversion of biodistribution tendency of a 

carrier; therefore, this concept is regarded as the inverse targeting. This kind of target-

ing is obtained by injecting large amount of blank colloidal carriers or macromole-

cules. This leads to the blockade of the RES and due to this impairment of the host 

defense system takes place. Some other appropriate approach is to modify the vectors, 

like modifying its surface charge, hydrophilicity, surface rigidity, composition and 

size of vectors for preferred biofate.
 [55]
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1.3.2.3 Active Targeting 

For this kind of targeting modification of the carriers is done to get the required bio-

fate.  

Active targeting can be further categorized as per following
[55]

 

Organ compartmentalization known as first order targeting 

Cellular targeting known as second order targeting 

Intracellular targeting known as third order targeting 

Organ compartmentalization 

Sometimes, dissemination of the drug-carrier complex is very confined to the capil-

lary network of a preferred site, tissue or organ. This sort of vectoring can be feasible 

in lymphatics, plural hole, peritoneal hole, lungs, cerebral ventricles, joints, eyes, and 

so forth. High scale liposomes of 10 µm are quickly eliminated by means of automatic 

filtration of lungs, and scale underneath 150 nm is evacuated by tissue macrophag-

es.
[55]

 

Cellular targeting 

Vectoring the drug to a particular cell sort, for example, cancer cells while preventing 

its delivery to the healthy cells is known as the cellular or second order targeting. 
[55]

 

Intracellular targeting 

It involves the vectoring the drug to the predefined intracellular regions of the aimed 

cells. Gene delivery of drug to the nucleolus, Ligand-mediated entry of a drug com-

plex into a cell by endocytosis and lysosomal degradation of carrier followed by the 

release of drug intracellularly are some of the examples of intracellular targeting.
 [55]

 

1.3.2.4 Ligand Mediated Targeting 

Ligands possess particular affinity to the drug carrier. Specific uptake mechanism can 

be helpful in attaining the ligand mediated targeting, for example, receptor mediated 

uptake of natural low density lipoproteins particles and synthetic lipid microemulsions 

of apoproteins coated moderately reconstituted LDL particles, where conjugated 

apoprotein play the role of ligand for LDL receptors expressed in the body.
 [55]
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1.3.2.5 Physical Targeting 

Specific drug delivery designed and checked at the outer level with the assistance of 

physical means is regarded as a physical targeting. Qualities of the bio-environment 

are utilized either to guide the transporter to a specific area or to bring about particular 

arrival of its substance. Illustration is that of a temperature touchy liposomes, which 

were produced and targeted to carcinoma cells, the arrival of the drug from the lipo-

somes in the region of the tumor is brought by the serum segments generally the lipo-

proteins, causing the liberation of the encapsulated drug when phase transits.
 [55]

  

1.3.2.6 Dual Targeting 

In dual targeting concept, that type of the drug vectoring agent is selected which is 

having anticancer activity itself as well besides the drug. In this manner there is a col-

laborations of an anticancer impact of the entrapped anticancer drug as well as the en-

trapping carrier.
[55]

  

1.3.2.7 Double Targeting 

In double targeting approach, appropriate blend is optimized between control of site 

and the time of drug release. In the first place, the medication is discharged locally at 

the predefined destinations and the selectivity is expanded by amplification of the spa-

tial selectivity. Therefore this merging of two concepts together and thus making it 

twofold, is regarded as double targeting.
 [55]

 This concept is illustrated in Figure 1.4 

1.3.2.8 Combination Targeting 

Combination targeting is designed with transporters, polymers and targeting substance 

with specific structure that could pave the way of drug to pre-aimed sites. For an ex-

ample, proteins and peptides can be merged with some polymers, for example, poly-

saccharides as a way of modifying them, so that its physical attributes can be adjusted 

and hence can be made suitable for focusing to the particular compartments, organs or 

their tissues.
[55]

 

1.3.2.9 Folate Targeting 

The folic acid vitamin enters the cells through a carrier protein, termed as the reduced 

folate carrier, or via receptor mediated endocytosis facilitated by the folate receptor 

(FR).
 [55]
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1.3.3 Advantages and disadvantages of targeted drug delivery system 

Following are the various possible advantages and disadvantages of the targeted drug 

delivery systems 
[55]

 

1.3.3.1 Advantages 

Advantages of the targeted drug delivery systems includes Improved therapeutic in-

dex, Reduction in dose, Decreased side effect, Decreased toxicity, and Selective 

treatment of disease  

1.3.3.2 Disadvantages 

There are also some disadvantages of the targeted drug delivery systems like, Equip-

ment are usually costly, technology itself is still in the development stage, and long-

term effect of the targeted drug delivery system is not clear. 

  

Controlled release of drug 

Sustained release 

Stimuli responsive release 

Self regulating release 

Drug targeting 

Active targeting 

Passive targeting 

 

Double 
Targeting 

 

Figure 1.4: Double targeting 
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1.4 Nanoparticles 

Solid particles can be regarded as nanoparticles when their size ranges from 10 to 

1000 nm. Nanoparticles comprise of micromolecular resources within which drug is 

entangled, dispersed, encapsulated, attached or adsorbed.
[56, 57]

  

1.4.1 Nanospheres and Nanocapsules 

Nanoparticles can be of two types i.e. Nanospheres and Nanocapsules. 

 

 

 

 

 

 

 

1.4.1.1 Nanospheres 

Nanospheres are having a uniform lattice structure within which drug is entangled and 

scattered.
[58]

 

1.4.1.2 Nanocapsules  

In nanocapsules type, drug is  encapsulated at the central void of vesicular structure 

consisting of an internal center encompassed by a polymeric film. For this situation 

drug is normally in dissolved form in the inward center, yet might likewise be ad-

sorbed to the inner shell surface.
[58]

  

 

Figure 1.6: Morphology of nanosphere and nanocapsule 

Nanoparticles 

Nanospheres Nanoencapsules 

Figure 1.5: Types of nanoparticles 
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1.4.2 The polymers for nanoparticles fabrication 

Natural as well as some synthetic polymers are utilized in nanoparticles formulation 

1.4.2.1 Natural Hydrophilic Polymers 

Some of the frequently used natural hydrophilic polymers are given in Table 1.3
[59]

 

Table 1.3: Natural Hydrophilic Polymers 

Proteins Polysaccharides 

Gelatin 

Albumin 

Lectins 

Legumin 

Viciline 

Alginate 

Dextran 

Chitosan 

Agarsoe 

Pullulan 

   
 

1.4.2.2 Synthetic Hydrophobic Polymer 

Synthetic polymer used in drug targeting are either pre-polymerized or polymerized in 

process. Some of the frequently used synthetic hydrophobic polymers are given in 

Table 1.4
[59]

 

Table 1.4: Synthetic Hydrophilic Polymers 

Pre-polymerized Polymerized in process 

Poly (ε - caprolactone) 

Poly (lactic acid) 

Poly(lactide-co-glycolide) 

Polystyrene 

Poly(isobutylcynoacrylates) 

Poly (butylcynoacrylates) 

Polyhexylcyanoacrylates 

Poly (methacrylate) 

  

1.4.3 Methods for Preparation of Nanoparticles 

1.4.3.1 Cross-linkage of Amphiphilic Macromolecules  

Amphiphilic macromolecules, poly-saccharides and proteins can be utilized in nano-

particles formulation. Formulation is usually conducted in two steps initially; the ac-

cumulation of amphiphiles took after by stabilization, by either chemical cross-linking 

or heat denaturation. This process may occur in biphasic o/w or w/o type dispersed 
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system. The high temperature used in the original method restricts the application of 

method to heat sensitive drugs. As an alternative to heat stabilization method a chemi-

cal cross linking agent, usually gultaraldehyde, is incorporated in to the system. 

Though the heat borne drawbacks are obviated, yet a need to remove residual cross-

linking agent makes the method cumbersome.
[60]

 

1.4.3.2 Solvent Evaporation 

By precise RPM, solvent evaporation technique can produce a particles ranging from 

few nanometers to micrometers with good percentage entrapment of the hydrophobic 

drug. Initially the polymer and the drug is dissolved in an organic solvent and then 

after in aqueous solution, the resultant drug-polymer solution is emulsified using suit-

able stabilizer. Size of the globules can be reduced by elevated sheer stress, aqueous 

suspension of nanoparticles is obtained by evaporating the organic layer under 

vaccum, followed by the separation of nanoparticles, and then lyophilizer dries parti-

cles.
[59]

 

1.4.3.3 Double Emulsion 

Solvent evaporation method can be used when the drug is hyphilic, so  formulation of 

nanoparticles involving a hydrophilic drug, an alternative method of solvent evapora-

tion was established known as double emulsion method in order to get better percent-

age entrapment. In this method, prepared nanoparticles are separated from the suspen-

sion form by vigorous centrifugation and freeze-drying. As this method involves the 

dissolving the drug in aqueous phase, this method is considered as suitable one for 

porteinous molecules as they are soluble more in aqueous solvent. For an example 

bovine serum albumin was successfully entrapped into a nanoparticle prepared using 

Poly (lactide-co-glycolide). Initially bovine serum albumin (a protein in nature) is dis-

solved in aqueous solvent and PLGA was dissolved in organic solvent using a 

Sonicator and then both solution were mixed together to get a w/o emulsion. Then 

after this emulsion was transferred to the aqueous polyvinyl alcohol solution to obtain 

a double emulsion. Then, organic phase was evaporated by stirring at lower pressure 

to get nanoparticles.
[59]

 

1.4.3.4 Emulsion-Diffusion-Evaporation 

This technique uses both diffusion as well as evaporation together in nanoparticles 

formulation. First, while continuous stirring organic solution of a polymer is trans-
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ferred into aqueous solvent to produce an emulsion. Suitable emulsifying agent is 

used which are adsorbed at the interface of the emulsion. Droplet size of the internal 

phase is narrowed by using Sonicator. Then after water is added to this emulsion 

which makes the emulsion unstable and shift the organic phase to aqueous phase. This 

transition creates the super saturation at interface leading to the precipitation of the 

particles of nano range. During the precipitation, organic layer is evaporated by heat-

ing at 40
o
C.

[59, 60]
 

1.4.3.5 Dispersion Polymerization 

Ionic gelation 

In this method, chitosan is dissolved in an aqueous acidic solution to obtain the cation 

of chitosan. This solution is then added drop wise under constant stirring to a poly an-

ionic tripolyphosphate (TPP) solution. Due to complexation between oppositely 

charged species, chitosan undergoes ionic gelation and precipitates to form spherical 

particles. Solution, then aggregation and then followed by opalescent suspension hap-

pens in sequence after which chitosan-TPP nanoparticles are produced which are sep-

arated later on by using centrifugation at 12000 rpm and then particles are dried by 

lyophilization.
[59]

 

Emulsion cross-linkage technique 

In this strategy, first the chitosan solution prepared in aqueous solvent is emulsified in 

organic solvent to produce the w/o emulsion using appropriate emulsifying agent. 

Globules are made rigid by adding cross linkers and then produced particles are sepa-

rated by filtration followed by washing for few times. Here, size of the particles pro-

duced by this method depends upon two parameters, first, size of the hardened glob-

ules and the RPM. The downside of this technique includes time consuming proce-

dure and additionally utilization of  cross-linkers, which may perhaps actuate interac-

tion with drug; on the other hand, complete evacuation of un-responded cross-linkers 

may be troublesome in this procedure.
[60]

 

Interfacial polymerization  

The preformed polymer phase is transformed to an embryonic sheath. A polymer that 

eventually become core of nanoparticles and drug molecule to be loaded are dissolved 

in a volatile solvent. The solution is poured in to a non solvent for both polymer and 

core phase. The polymer phase is separated as a coacervate phase at o/w interface.
[59] 
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Interfacial complexation 

The method is based on the process of microencapsulation introduced by Lin and Sun, 

1969. In case of nanoparticles preparation, aqueous polyelectrolyte solution is careful-

ly dissolved in reverse micelles in an apolar bulk phase with the help of an appropri-

ate surfactant. Subsequently competing polyelectrolyte is added to the bulk, which 

allows a layer of insoluble polyelectrolyte complex to coacervate at the interface.
[61] 

1.4.3.6 Polymer Precipitation Methods 

Spray-drying 

In spray-drying method, initially chitosan solution is prepared using acetic acid; and 

then drug is dissolved in chitosan solution. Then after, cross-linker is added to the fi-

nal solution; which is then passed through the very fine nozzle as an atomized hot air 

torrent. This ultrafine spraying cause the formation of micro sized globules. During 

the same atomization, solvent fade away and leads to development of fine and dried 

particles. Various factors like force at atomization, stream rate of spraying, nozzle 

size, cross-linking intensity and temperature of inlet air governs the particle size.
[59, 60]

 

Salting-out method 

In salting out method, polymer is dissolved in acetone as it is an organic solvent and 

miscible with water plus also due to its pharmaceutical acknowledgment with respect 

to lethality. The technique uses salt saturated water as a solvent to prepare a solution 

of polyvinyl alcohol and then this aqueous phase is mix with the acetone. In spite of 

the fact that acetone is miscible with water in all proportions, the high salt concentra-

tion avoids the miscibility of both phase. Then after both phase is emulsified using 

suitable emulsifying agent. After emulsification, pure water is added to the emulsion 

in specific amount, thus bringing about the nanoparticles building up because of the 

shifting of acetone in water phase.
[60, 61]

 

Solvent Displacement/ Nanoprecipitation 

In this strategy polymer solution, solution of lipophilic surfactant and drug solution 

are mixed together in a water miscible solvent and afterward under stirring; it is trans-

ferred to the solvent that contains the dissolved stabilizer. This results in the nanopar-

ticles development because of a quick diffusion of solvent. Hydrophilic drugs are hav-

ing a little interaction with the polymer in this method as compared to the lipophilic 
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drug, hence lipophilic drug can give more entrapment, while in case of hydrophilic, 

drug shift from polymer solution to continuous phase. Many authors have reported the 

usefulness of this method in different aspect, for example, PLGA nanoparticles of 

proteins and peptides were produced and it was reported to have a quite better bioa-

vailability of proteins and peptides by this method.
[55, 60, 61]

 

1.4.4 Characterization of Nanoparticles 

There are many parameters which must be evaluated in order to characterize the pre-

pared nanoparticles, as mentioned in Table 1.5 
[62]

 

Table 1.5: Characterization of Nanoparticles 

1.4.5 Advantages of nanoparticles 

Advantages provided by nanoparticles over other conventional formulations includes 

targeted delivery of the drug, Protection of drug from degradation, Decrease of unde-

sired side effects, Improvement in the bioavailability of the drug, more stability, im-

proved patient compliance.
[62]

 

Characteristics  Evaluation techniques 

Molecular  Weight  Gel permeation chromatography  

Particle size 

Coulter  counter  

Photon  correlation  spectroscopy  

Scanning  electron  microscopy  

Transmission  electron  microscopy  

Crystal nature  

Differential Scanning Calorimetry 

X-ray diffraction 

DTA  

Density Helium compression pyncnometry 

Lipophilicity  
Contact angle measurement  

Hydrophobic interaction chromatography 

Electrical charge 

Electrophoresis 

Amplitude-weighted phase structure determi-

nation  

Laser Doppler anemometry  

Surface element analysis X-ray photoelectron spectroscopy  

Surface properties   Static secondary-ion mass spectrometry 
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1.4.6 Pharmaceutical aspects of Nanoparticles 

Despite such advantages, some factors about nanoparticle should also be in considera-

tion, like, it should be free from potential toxic impurities, it should be easy to store 

and administer nanoparticles, and it should also be sterile if parenteral use is advocat-

ed.
[63]
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1.5 Cell line 

1.5.1 Introduction  

A cell line is a populace of cells from an evolved organism that would regularly not 

multiply uncertainly but rather, because of genetic transformation, have avoided ordi-

nary cell proliferation and rather can continue experiencing vigorous division. The 

cells in this manner can be developed for extended time in-vitro. The genetic trans-

formations needed for making the cells undying can happen normally or be purpose-

fully actuated for exploratory purposes. Undying cell lines are an essential part for 

exploration into the natural chemistry and cell science of evolved organisms. Cell 

lines have likewise discovered uses in biotechnology.
[64]

 

Stem cells ought not to be mistaken for cell lines, as stem cells can likewise partition 

uncertainly, yet frame an ordinary part of the advancement of a multicellular living 

being. 

1.5.2 Relation to natural biology and pathology 

Many different undying cell lines are available, some of them are ordinary cell lines 

means cell lines those are developed from stem cells. Other cell lines are derived from 

the cancerous cells, known as cancer cell line. Somatic cell that typically cannot split, 

but because of some mutation, loose the control of the ordinary cell cycle, prompting 

unrestrained multiplication – this is how cancer develops. Cell lines have experienced 

comparative genetic transformations (mutations) permitting a cell sort that would reg-

ularly not have the capacity to be multiplied in-vitro. The birthplaces of some unfad-

ing cell lines, for instance MCF-7 human cells, are from actually happening tu-

mors.
[65]

 

1.5.3 Role and uses 

Cell lines are generally utilized as a straightforward model for more complicated bio-

logical systems, for instance, an investigation of biochemistry and cell science of 

mammalian cells. The vital benefit of utilizing an unfading cell line for exploration is 

its everlasting existence; the cells can be developed for indefinite times in artificial 

nutritional media. This improves investigation of the science of cells that might some 

way or another have a restricted lifetime.
[66]
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Cell lines can likewise be cloned as well, offering ascent to a clonal masses that can, 

therefore, be grown unlimited number of times. This permits an investigation to be 

rehashed ordinarily on genetically indistinguishable cells that is required for replica-

ble exploratory research. On the other hand, conducting an investigation on normal 

cells from multiple tissue donors does not have this favorable position.
[66]

  

Cell lines poses numerous scopes in biotechnology where they are a financially savvy 

method for developing cells like those found in a evolved living being in-vitro. The 

cells are utilized for a wide mixed bag of objectives, from testing harmfulness of new 

drugs to  rDNA based synthesis of protein products of eukaryotic origin.
[66]

 

1.5.4 Limitations 

As cell lines frequently start from a natural cells or tissue which have experienced 

genetical changes to end up becoming an immortal, this phenomena can modify the 

cell-biology and therefore must be thought seriously about, in any investigation.
[66]

 

1.5.5 Methods for generating cell lines 

There are many different approach for creating cell lines:
[67]

 

1. Isolation of cancer cells from a naturally happening malignancy. This is the 

first strategy for establishing a cell line. Major illustrations incorporate human 

MCF-7 cells, derived from a breast cancer. 

2. Spontaneous or provoked arbitrary mutations to make some of the cells im-

mortal, and then separating the cells that have the capacity to undergo division 

in uncontrolled manner 

3. Injecting a viral gene e.g. the adenovirus E1 that deregulates the cell cycle, 

same viral gene was utilized to mutate and produce the HEK 293 cell line.  

4. Artificially forcing the expression of some vital proteins needed, for instance 

telomerase that inhibits degradation of chromosome closures in the course of 

DNA replication in eukaryotes  

5. Hybridoma technique, very popular and frequently used for the production of 

monoclonal antibodies synthesizing B-lymphocyte cell lines, which is pro-

duced by blending them with a myeloma cells. 
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1.5.6 Examples of cell lines 

There are a numerous cell lines available for diverse research purpose, each with di-

verse characteristics. The cell sort they were derived from or are most similar in na-

ture usually categorizes cell line. 
[69]

 

1. HT-29 cells –  Cell line derived from colon cancer of human origin 

2. MCF-7 cells – Cell line derived from breast cancer of human origin 

3. HeLa cells – a greatly widely explored human cell line derived from a cervical 

cancer, most likely from epithelial cells 

4. Vero cells – a non-cancerous normal cell line derived from the African green 

monkey’s kidney cells 

5. HEK 293 cells – developed from prematurely ended human fetal cells and mu-

tation causing virus 

6. A549 cells – developed from the tumor of a malignant patient 

7. 3T3 – Cell line derived from a mouse fibroblast developed by a natural muta-

tion in cultured mouse embryo tissue 

8. Jurkat – a human cell line isolated from a leukemia patient of T lymphocyte 

lineage 

9. F11 Cells - a rat neuronal cell line derived from the dorsal root ganglia 

1.5.7 HT-29 cell line 

HT-29 is a adenocarcinoma cell line derived from colorectal cancer of human origin. 

HT-29 cell extensively express the folate receptors, which can be target by the folate 

conjugated nanoparticulate drug delivery system.
[68]

 

5-fluorouracil, capecitabine and oxaliplatin, are the standard drugs of choice for the 

treatment of colorectal cancer. HT-29 cell line was derived from middle aged Cauca-

sian lady with colorectal adenocarcinoma in 1964.
[69]

 

Besides the use of a HT-29 cell line as a xenograft tumor model intended for colorec-

tal adenocarcinoma, it is likewise utilized to study absorption, transport, and discharge 

by colorectal cells as an in-vitro model. Under standard culture conditions, these cells 

grow as a nonpolarized, undifferentiated multilayer. Altering culture conditions or 

treating the cells with various inducers, however, results in a differentiated and polar-

ized morphology, characterized by the redistribution of membrane antigens and de-

velopment of an apical brush-border membrane.
[70]
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1.5.8 MCF-7 cell line 

MCF-7 is a breast cancer cell line isolated in 1970 from a 69-year-old Caucasian 

woman. MCF-7 cells do not express folate receptors extensively. MCF-7 stands for 

Michigan Cancer Foundation-7, an institute in Detroit at where the cell line was de-

veloped by Herbert Soule and co-workers in 1973.
[71]

 Institute is now renamed as the 

Barbara Ann Karmanos Cancer Institute. 

Before the discovery of MCF-7 cell line, it was impractical for cancer scientists to get 

a mammary cells that was equipped to stay alive for couple of months.
[72]

 Frances 

Mallon passed away in 1970, a breast cancer patient, whose cells were wellspring of 

quite a bit of current information about breast cancer.
[73, 74]

 She was working as a nun 

in the convent of Immaculate Heart of Mary in Monroe, Michigan as Sister Catherine 

Frances when a breast cancer cells were isolated from her cancer. 

MCF-7 , T-47D and MDA-MB-231 are the three breast cancer cell line that occupies 

more than 65% of all research literatures specifying the breast cancer cell lines.
[75, 76]

 

1.5.9 Vero cell line 

Vero cell line is non-cancerous normal cell line derived from the, Chlorocebus spe-

cies, African green monkey’s kidney cells. Yasumura and Kawakita established the 

lineage at the Chiba University in Chiba, Japan on 27 March 1962. The first cell line 

was named "Vero" after a condensing of “verda reno”, which signifies "green kidney" 

in Esperanto, additionally Vero itself signifies "truth" in Esperanto.
[77]

 

Vero cells are utilized for different reasons, as given below:
[78]

 

1. Detecting E. coli toxin, which was initially regarded as "Vero toxin" after vero 

cell line, and later called "Shiga-like toxin" because of its likeness to Shiga 

toxin detached from Shigella dysenteriae  

2. Vero cells also used as a host environment for the cultivation of virus; for in-

stance, to determine whether the replication is occurring or not in the presence 

of a investigational drug 

3. Vero cells are also used as a host cell for eukaryotic parasites, extraordinarily 

of the trypanosomatids 
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2. RATIONALE AND OBJECTIVE 

2.1 Rationale of research work 
 

Currently there are many drugs with different dosage forms are available in the mar-

ket for the chemotherapy of cancer, but the prime concern about the anticancer drug is 

their potent side effects. This problem with anticancer drugs is because of the unfor-

tunate fact that they do not only affect the cancerous cells but also affects the normal 

cells, which in turn responsible for their side effects. This happens due to non-specific 

targeting to cancerous cells and hence other normal cells get affected. 

 

To overcome of this problem, Targeting of drugs specifically to the cancerous tissue 

is an important approach. There are many different newer formulation are being ex-

ploited now a days to address this problem, amongst which, nanoparticles conjugated 

with some targeting moiety have been getting much attention for effective cancer tar-

geting. 

 

Folate receptors (FRs) are over expressed on epithelial cancers of the ovary, mamma-

ry gland, colon, lung, prostate, nose, throat, and brain. FRs are also over expressed on 

malignant tumors, combining with glycosyl phosphatidylinositol (GPI) as a mem-

brane glycoprotein situated at the surface of cancer cells. FRs exhibit limited expres-

sion on healthy cells but are often present in large numbers on cancer cells. 

 

Thus, FRs represents an important target for tumor-specific delivery of anticancer 

drugs. Therefore, controlling the attachment of the ligand, folic acid (FA), chitosan 

nanoparticles constitutes an important step for FR-mediated targeted delivery of chi-

tosan nanoparticles for anticancer drugs.  

 

Therefore folic acid conjugated chitosan nanoparticles were envisioned to target the 

capecitabine drug to the colon cancer. The CS-NPs also help to provide sustained re-

lease, decrease the dose and frequency of dosing, reduce side effects of cancer treat-

ments.  
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2.2 Objective 

The main objective of this research work was:  

To prepare and optimize capecitabine loaded folic acid conjugated chitosan nanopar-

ticles to target the drug delivery to colon- cancer cells to reduce the side effects of the 

capecitabine
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3. REVIEW OF LITERATURE 

Agnihotri SA et al. have prepared the capecitabine-loaded semi-interpenetrating net-

work hydrogel microspheres of chitosan-poly(ethylene oxide-g-acrylamide) by emul-

sion crosslinking using glutaraldehyde. Poly(ethylene oxide) was grafted with poly-

acrylamide by free radical polymerization using ceric ammonium nitrate as a redox 

initiator. Capecitabine, an anticancer drug, was successfully loaded into microspheres 

by changing experimental variables such as grafting ratio of the graft copolymer, ratio 

of the graft copolymer to chitosan, amount of crosslinking agent and percentage of 

drug loading in order to optimize process variables on drug encapsulation efficiency, 

release rates, size and morphology of the microspheres. 
[79]

 

Cassidy J et al. have analyzed two different capecitabine tablet formulation and 

compared the bioequivalence for investigating the impact of various parameters on 

bioavailability of capecitabine and its metabolites. Studied parameters were surface 

area of body, sex, age and elimination of creatinine. They have found that these fac-

tors was not having any noteworthy impact on the pharmacokinetics of capecitabine 

or its metabolites.
[80]

 

Cassidy J et al. have assessed the security profile of capecitabine utilizing infor-

mation from an expansive, all around portrayed populace of patients with metastatic 

colorectal malignancy treated in two stage III studies. They have observed that the 

Capecitabine showed a less toxicity as compared to 5-fluorouracil and leucovorin, 

with notably fewer cases of the inflamed mouth mucus, loose motion, nausea, hair 

loss and reduced neutrophil counts which ultimately cause the less incidents of 

neutropenic fever/sepsis and hospital admissions.
[81]

 

Weitman SD et al. have studied some epithelial cells in-vitro, that a membrane-

bound folate receptor initiates the process for cell accumulation of 5-

methyltetrahydrofolic acid. This receptor was found to be GP38, an overexpressed, 

glycosyl-phosphatidylinositol anchored glycoprotein, recognized by two monoclonal 

antibodies, designated MOv18 and MOv19. Choroid plexus consistently had the larg-

est amount of folate receptor. Other tissues containing substantial amounts of receptor 

included lung, thyroid, and kidney. The liver, intestines, muscle, cerebellum, cere-

brum, and spinal cord were immunologically nonreactive. It was also also demon-
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strate that 4 of 6 brain tumors overexpress the folate receptor. These reveal the limited 

normal tissue distribution of the folate receptor, a cell surface protein that may be a 

useful immunological or pharmacological target for the development of selective can-

cer therapy.
[82]

 

Zhenqing H et al. have designed the chitosan nanoparticles and then conjugated them 

with two ligand i.e. folic acid and methoxy polyethylene glycol, in order to deliver the 

anticancer drug in extended manner specifically to the malignant cells only. First they 

have developed the chitosan nanoparticles through the merged principles of two 

method chemical cross-linking and ionic gelation, and then they have conjugated the 

nanoparticles first with folic acid and then with methoxy polyethylene glycol. It was 

observed that expanded measures of nanoparticles conjugated with only folic acid or 

both ligand were amassed within malignant cells as compared to the non conjugated 

nanoparticles or those nanoparticles which was conjugated with only methoxy poly-

ethylene glycol. These outcomes recommend that either of the ligand is important for 

conjugation for significantly delayed drug release as well as drug targeting to malig-

nant cells only.
[83]

 

Yang SJ et al have prepared a folic acid conjugated chitosan nanoparticle as a suita-

ble vehicle for carrying 5-aminolaevulinic acid (5-ALA) to enhance the detection of 

colorectal cancer cells in-vivo after a short-term uptake period. Chitosan can be suc-

cessfully conjugated with folic acid to produce folic acid−chitosan conjugate, which is 

then loaded with 5-ALA to create nanoparticles (fCNA). They have demonstrated that 

fCNA can be taken up more easily by HT29 and Caco-2 cell lines after short-term up-

take period, most likely via receptor-mediated endocytosis, and the PpIX accumulates 

in cancer cells as a function of the folate receptor expression and the folic acid modi-

fication. Therefore, the folic acid−chitosan conjugate appears to be an ideal vector for 

colorectal-specific delivery of 5-ALA for fluorescent endoscopic detection.
[84]

 

Yang SJ et al. have encapsulated indigo carmine into chitosan nanoparticles (CNIC) 

by the ionic gelation to increase the retention time on intestine surface, and conjugat-

ed folic acid with chitosan nanoparticles (fCNIC) to target specifically adenomatous 

polyps. They have shown that the folic acid conjugation could serve as an ideal vector 

for a colon-specific targeting system. According to this concept, they have designed a 
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novel detection system to enhance the accuracy of endoscopic diagnosis for colorectal 

cancer.
[84]

 

Sahu SK et al. have prepared a doxorubicin nanoparticles by using carboxymethyl 

chitosan. They have chemically linked the prepared nanoparticle with the bifunctional 

2,2′-(ethylenedioxy)-bis-(ethylamine) by first conjugating nanoparticles with folic ac-

id. They have shown that the nanoparticle can efficiently deliver the drug specifically 

to the cancer tissue. Based on the outcome they have concluded that the folic acid-

driven cancer targeting drastically enhances the selective internalization of the NPs by 

cancer cells and hence force the malignant cells to the die.
[85]

 

Li P et al. have prepared the chitosan nanoparticles conjugated with folic acid, there-

by creating more promising nanoparticles because the basic functions of chitosan na-

noparticles are preserved and additionally folic acid have provided the cancer target-

ing feature. They have studied the selective internalization of the folic acid conjugated 

nanoparticles using fluorescent microscopy by employing HT-29 cells, a colon cancer 

cell line. Based on the outcome they have concluded that the folic acid-driven cancer 

targeting drastically enhances the selective internalization of the NPs by cancer cells 

and hence force the malignant cells to the die.
[86]

 

Dube D et al. have prepared folate conjugates (PNIPAM-NH−FA) of a copolymer 

of N-isopropylacrylamide (NIPAM) and amino-N‘-ethylenedioxy-

bis(ethylacrylamide) by an efficient synthesis leading to random grafting, via a short 

dioxyethylene spacer, of ∼7 folic acid residues per macromolecule. The cellular up-

take of the copolymer was found to be temperature dependent and was competitively 

decreased by free folic acid, indicating that the polymer uptake is mediated specifical-

ly by the folate receptor.
[87]

 

Wu K et al. have assessed the effect of folic acid supplementation on recurrent colo-

rectal adenoma. Their results do not support an overall protective effect of folic acid 

supplementation on adenoma recurrence. Folic acid supplementation may be benefi-

cial among those with lower folate concentrations at baseline.
[88]

 

Li Q et al. have prepared the nanoparticles of 10-hydroxycamptothecin to vector the 

drug to malignant tissue. Initially they have done the micronization of the drug, and 

then human serum albumin was conjugated with folic acid. Finally, they have pre-
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pared the 10-hydroxycamptothecinloaded folic acid conjugated human serum albumin 

nanoparticles using merged principles of NP-coated method and desolvation tech-

nique. They have observed that the prepared folic acid linked nanoparticles exhibits 

much more efficiency in internalizing the drug in SGC7901 cells than non-linked na-

noparticles. From this outcome, they concluded that both the method used in combi-

nation is efficient for nanoparticle fabrication specifically for poorly water soluble 

drug. finally they have concluded their work with the outcome that the prepared na-

noparticles serves as a efficient drug transporters for vectoring the drug within the 

malignant tissue.
[89]

 

Yong-Zhong D et al. have developed, by employing a 1-ethyl-3-(3-

dimethylaminopropyl) carbodiimide-coupling reaction, stearic acid embedded chi-

tosan micelles conjugated with folic acid, aimed for a gene delivery within a prede-

termined cells through receptors attribution. Micelle/pDNA composite structure pro-

duce when micelles interact with the plasmid DNA, as chitosan carries the positive 

charge and DNA possess the negative charges. They have observed the enhanced de-

livery of micelle/pDNA composite within the folate receptors bearing celss, so they 

conclude that this plasmid DNA delivery efficiency was happening through the endo-

cytosis process accompanied by folate receptor of the concerned cells.
[90]

 

Wang F et al. have prepared a new biocompatiable PTX loaded folic acid conjugated 

deoxycholic acid-o-carboxymethylated chitosan micelles. It was observed that ex-

panded measures of chitosan micelles conjugated with folic acid were highly amassed 

within malignant cells as compared to the non conjugated micelles. These outcomes 

recommend that folic acid mediated drug delivery can significantly target malignant 

cells.
[91]

 

Zu Y et al. have developed the chitosan nanoparticles loaded with Oligomycin-A and 

conjugated with folic acid to vector the anticancer drug to the leukemia to solve the 

issues of drug delivery to healthy cells and the drug’s lipophilicity. The prepared na-

noparticles have shown the satisfactory extension in the release profile of the drug. 

They have concluded that FA-Oli-CSNPs can serve as essential drug transporter to 

vector the drug leukemia cells.
[92]
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Reddy JA et al. have reviewed that trans-membrane folate receptor (FR) is overpopu-

lated on an extensive variety of human carcinomas, for example, those starting in ova-

ry, bosom, endometrium, lung, cerebrum and kidney. Folic acid is a high fondness 

ligand of the folate receptors that holds its receptor tying properties when linked to 

other substances. Hence, folic acid mediated innovation has effectively been em-

ployed for the conveyance of radio-imaging and therapeutic drugs, protein toxins, 

MRI contrast agents, gene transfer vectors, liposomes, antisense oligonucleotides, and 

immunotherapeutic drugs and ribozymes to folate receptors expressing tumors. These 

folate-conjugated formulations have delivered significant improvements in vectoring 

the drug within malignant cell over their non-folate version. Henceforth, it is confi-

dent that this cancer specific vectoring will prompt upgrades in the wellbeing and ad-

equacy of concerned anti neoplastic drugs. In this manner, the center of this review 

was to highlight the present status of folate-mediated innovation with specific accen-

tuation on the late advances in this area and also conceivable way of upcoming ad-

vancement.
[93]

 

Pirollo KF et al. have reviewed that incorporation of a tumor-focusing drugs in 

nanoparticulate drug delivery can builds its in-vivo performance. On the other hand, 

the pharmacokinetics and biodistribution of such nanoparticles is not clearly under-

stood. A few latest articles suggest that tumor-focusing ligands work essentially to 

increment intracellular uptake of the nanoparticles and don't impact amassing at tumor 

tissue. Then again, different reports show that they do assume a part in the amassing 

in the cancer cells. One distinction may be the vicinity or lack of poly-[ethylene gly-

col] (PEG) in the nanoparticles and its effect on the upgraded penetration and mainte-

nance impact. Further studies are obviously expected completely clarify the impact of 

carriers on tumor-focusing, systemic conveyance of nanoparticles.
[94]

 

Sonvico F et al. have reviewed that, in the most recent years folate mediated drug de-

livery has risen as a standout amongst the most encouraging methodology in particu-

lar tumor targeting the drugs. Regardless of this developing scenario, a portion of the 

cell models routinely utilized to explore folate-mediated drug formulation need exact 

portrayal. Besides, in view of the variability of the folate receptor expression in-vivo, 

it ought to be imperative to assess the bearers in a circumstance of expanding expres-

sion levels. The point of this concern is to display an in vitro model, comprising of 
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three diverse cell lines HeLa, MCF7 and KB 3-1 cells, in which the conditions 

prompting a strong and steady over-population of the folate receptor have been re-

solved and the amount of receptor present at the surface of the cells evaluated. The 

chsosen cell lines express different measures of the protein, from a non-noticeable 

level in MCF7 cell to an abnormal state of over-expression rate in KB cells, bringing 

about an intriguing scope of conditions helpful for the examination of folate-mediated 

carriers.
[95]

 

Yonghua Z et al. have examined that cell film related folate receptors are discretely 

overpopulated in certain human tumors. The high liking of folic acid for folate recep-

tors gives a special chance to utilize folic acid as a carrier to convey anticancer agents 

to malignant cells. They have prepared folate-grafted liposomes bearing pteroyl-γ-

glutamate-cysteine-polyethylene glycol (PEG)- distearoyl phosphatidyl ethanolamine 

(DSPE) for vectoring the drugs and also genes to tumor cells that shows the over ex-

pression of folate receptors. Calcein or doxorubicin loaded folate-grafted liposomes 

were developed by altered method to increase yield, using pteroyl-γ-glutamate-

cysteine-PEG-DSPE as vectoring unit together with non-targeted liposomes with 

PEG-DSPE. Outcome of a calcein uptake and doxorubicin cytotoxicity in human co-

lon cancer Caco-2 cells and human cervical cancer HeLa-IU1 cells shown that folate-

grafted liposomes were more effective in tumor specific drug delivery which is show-

ing a more folate receptor expression.
[96]

 

Hilgenbrink AR et al. have surveyed that, Folate mediated drug targeting has devel-

oped as an new approach for the therapy and imaging of numerous carcinomas and 

inflammatory disorders. Because of its little sub-atomic size and high tying partiality 

for cell surface folate receptors (FR), folate conjugates can convey a mixed bag of 

small molecules to pathologic cells without bringing about damage to ordinary tis-

sues. Compounds that have been effectively conveyed to folate receptors displaying 

cells, to date, include nanoparticles, immune stimulants, protein toxins, chemothera-

peutic agents, imaging agents and liposomes. They have compiled the utilizations of 

folic acid as a cancer-targeting vector and highlight the different strategies being cre-

ated for conveyance of anticancer drugs and imaging agents to folate receptors dis-

playing cells.
[97]
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Turek JJ et al. have demonstrated that proteins conjugated to folic acid may get in-

ternalized in cells by means of endocytosis once they tie to trans-membrane folate re-

ceptors. They have prepared bovine serum albumin-colloidal gold conjugated with 

folic acid and studied its uptake using KB cells to determine its intracellular accumu-

lation. From the result they have conclude that the folic acid have specific role in de-

livering and then internalizing drug in folate receptors positive cancer tissue.
[98]

 

Yingjuan L et al. have explored that, the folate receptor represents a valuable focus 

for tumor-particular drug targeting, essentially on the grounds of three things. First, 

folate receptors are overexpressed in different human malignancy, for examples can-

cer of the ovary, kidney, brain, bosom, lung and myeloid cells; second, folate receptor 

in healthy tissues are expressed at extremely lower rate and third, folate receptor ex-

pression seems to increment as the stage of carcinoma advances. Subsequently, tu-

mors that are most hard to treat by traditional routines may be most effectively fo-

cused with folate-connected therapeutics. Folate-intervened macromolecular vector-

ing in-vivo has, be that as it may, yielded just blended results, to a great extent in light 

of issues with macromolecule entrance of carcinomas. Nevertheless, noticeable illus-

trations do exist where folate mediated approach has altogether enhanced the result of 

a macromolecule-based treatment, prompting complete cure of rigid tumors in nu-

merous cases.
[99]

 

Lee RJ et al. have developed targeted delivery of drugs to folate receptor-positive 

tumor cells by coupling   to high affinity ligands, folic acid. Then they found that the 

small size, convenient availability, simple conjugation chemistry, and presumed lack 

of immunogenicity of folic acid make it an ideal ligands for targeted delivery to tu-

mors.
[100] 

Zhang L et al. have formulated the bovine serum albumin nanoparticles (BSANPs) 

by a coacervation method and chemical cross-linking with glutaraldehyde. Further-

more, the BSANPs were reacted with the activated folic acid to conjugate folate via 

amino groups of the BSANPs, to improve their intracellular uptake to target cells. The 

levels of folate-conjugated BSANPs were higher than those of BSANPs and saturable. 

The association of folate-conjugated BSANPs to SKOV3 cells was inhibited by an 

excess amount of folic acid, suggesting that the binding and/or uptake were mediated 

by the folate receptor. Then he implied that the folate-conjugated BSANPs might be 
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useful as a drug carrier system to deliver drugs into the cells expressing folate recep-

tor.
[101] 

Mumper RJ et al. have formulated folic acid conjugated nanoparticles by using 

Emulsifying wax and polyoxyl-2-stearyl ether (Brij 72) which containing high con-

centrations of gadolinium hexanedione (GdH) (0-/3 mg) have been engineered from 

oil-in-water micro emulsion templates. Then they found that GdH entrapment and cell 

uptake were optimized and suggested that engineered folate -coated nanoparticles 

may serve as effective carrier systems for Gd-NCT of tumors.
[102] 

Low PS et al have reviewed that folic acid displays multiple desirable characteristics 

for use in the targeting of cytotoxic drugs and imaging agents to cancer tissue. The 

use of folate and hope fully many additional targeting ligands yet to be discovered, 

the prospect of therapy without toxicity.
[103] 

Chen QI et al has developed bifunctional NPs (BF-NPs), which were based on 

PLGA–PEG and modified with folic acid and cell penetrating peptide R7 simultane-

ously. BF-NPs loaded with vincristine sulfate (VCR) were prepared via the water–oil–

water emulsion solvent evaporation method. The studies also revealed that BF-NPs 

were more potent than those of the NPs merely modified by folic acid. The results 

demonstrated that BF-NPs could be a potential vehicle for delivering chemotherapeu-

tic agents such as VCR and breast cancer therapy.
[104] 

Li P et al. have summarized drug delivery using nanoparticles (NPs) as carriers for 

small and large molecules. Targeting delivery of drugs to the diseased lesions is one 

of the most important aspects of drug delivery system. They have been used in-vivo to 

protect the drug entity in the systemic circulation, restrict access of the drug to the 

chosen sites and to deliver the drug at a controlled and sustained rate to the site of ac-

tion. Various polymers have been used in the formulation of nanoparticles for drug 

delivery research to increase therapeutic benefit, while minimizing side effects. They 

have summarised the most outstanding contributions in the field of protein nanoparti-

cles used as drug delivery systems. Methods of preparation of protein nanoparticles, 

characterization, drug loading, release and their applications in delivery of drug mole-

cules and therapeutic genes are considered.
[105] 
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Nesalin AJ et al. had formulated flutamide nanoparticles, a substituted anilide, is a 

potent anti-androgenic used in the treatment of prostate carcinoma having short bio-

logical half-life of 5-6 hrs which is good for the formulation of sustained release dos-

age form. The nanoparticles of Flutamide were formulated using chitosan polymer by 

ionic gelation technique. From the drug release studies it was observed that nanoparti-

cles prepared with chitosan in the core: coat ratio 1:4 gives better sustained release for 

about 12 hrs as compared to other formulations.
[106] 

Bennett A et al have summarized targeted drug therapy or ‘‘smart’’ drug delivery, 

potentially combined with simultaneous imaging modalities to monitor the delivery of 

drugs to specific tissues. The potential to deliver active chemotherapeutic drugs in the 

vicinity or directly within specific tumors via receptor-mediated pathways, and to im-

age tumors with nanoparticles has been conceptually and experimentally shown for 

several classes of nanoparticles. Nanoparticles functionalized with the vitamin folic 

acid are of particular interest, as varieties of malignant tumors are known to overex-

press the folate receptor. They have summarized several nanoparticle architectures 

with improved retention time, administration route; biocompatibility, absorption, and 

clearance are being proposed and are in late stage clinical development. Their review 

highlights some of the most important concepts related to nanoparticles and folate-

mediated drug delivery and imaging in cancer research.
[107] 

Li J et al have prepared a magnetic iron oxide nanoparticles conjugated with folic 

acid to detect the cancer in-vivo using magnetic resonance imaging. They have turned 

out with the outcomes that the folic acid conjugated magnetic iron oxide nanoparticles 

can be utilized as an effective nano-scale probe for magnetic resonance imaging of 

malignant cells in-vitro and a xenografted tumor model in-vivo by means of a dynam-

ic folic acid mediated pathway.
[108] 

Mumper RJ et al have studied the cell uptake, biodistribution and tumor retention of 

folate-coated and PEG-coated gadolinium (Gd) nanoparticles. Gd is a potential agent 

for neutron capture therapy (NCT) of tumors. They have found that both folate-coated 

and PEG-coated nanoparticles had comparable tumor accumulation. However, the cell 

uptake and tumor retention of folate-coated nanoparticles was significantly enhanced 

over PEG-coated nanoparticles. Thus, the benefits of folate ligand coating were to fa-

cilitate tumor cell internalization and retention of Gd-nanoparticles in the tumor tis-
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sue. They have concluded that engineered nanoparticles may have potential in tumor-

targeted delivery of Gd thereby enhancing the therapeutic success of NCT.
[109] 

Ma Y et al have studied the biodistribution profile of the PLGA nanoparticles with 

dual surface modifications of PEG and folic acid (FA) in mice xenografted with 

MDA-MB-231 human breast cancer cells with high expression of folate receptor 

(FR); and to illustrate that the modified nanoparticles can target the loaded 

indocyanine green (ICG) to the tumor with high FR expression. They have found that 

ICG concentration in plasma from the DM-NP group was significantly higher than the 

NM-NP group. Therefore they have Concluded that the accumulation of DM-NP into 

the tumor was significantly higher than NM-NP due to the long circulation and FR-

mediated uptake.
[110] 

Du Z et al have synthesized and characterised folate-poly(ethylene glycol) and poly(-

benzyl l-glutamate) diblock copolymer (FEG) and than used it for the preparation of 

Paclitaxel (PTX)-loaded FEG micelles. They have found that the FITC-labeled FEG 

micelles were selectively transported to the folate receptor positive [FR(+)] HepG-2 

cells, but not the FR(−) A549 cells. This results suggested that FEG micelles could be 

transported into FR(+) HepG-2 cells by a FR-mediated endocytosis. There for they 

have concluded FEG micelles as a promising carrier for targeted delivery of hydro-

phobic anticancer drug, such as PTX.
[111] 

Paolino D et al have utilized folic acid molecules as crucial cancer targeting vector 

for tumor specific delivery of prepared supramolecular vesicular aggregates (SVAs), 

fabricated by self-assembling liposomes and polyasparthydrazide co-polymers. They 

have grafted the MCF-7 cells to NOD-SCID mice to generate breast cancer animal 

model and then they have used this model to evaluate the cancer specificity of SVAs. 

From the outcome they have concluded that supramolecular systems can be used as 

novel drug delivery system prepared through self-assembling liposomes and biocom-

patible polymers to be conceivably utilized for cancer therapy.
[112] 

Lin J et al have prepared pluronic F127 self-assembled; polyacrylic acid-bound iron 

oxides (PAAIO) micelles conjugated with folic acid and investigated its drug delivery 

and the MRI properties. They have utilized lipophilic color Nile red typified into the 

hydrophobic poly(propylene oxide) slot of PF127 as a model medication and as a flu-



Chapter 3                                                                                                                            Review of Literature 

Department of Pharmacy, SV  41 

 

orescent agent with the end goal of magnetic resonance imaging and as bearers for 

drug delivery. Utilizing a flow cytometry, laser confocal scanning microscopy, and 

atomic absorption spectroscopy they have studied FA–PF127–PAAIO, together with a 

targeting ligand, shows a increased subcellular internalization into KB cells.
[113]

 

Li J et al prepared a magnetic iron oxide nanoparticles conjugated with folic acid to 

detect the cancer in-vivo using magnetic resonance imaging. They have turned out 

with the outcomes that the folic acid conjugated magnetic iron oxide nanoparticles 

can be utilized as an effective nano-scale probe for magnetic resonance imaging of 

malignant cells in-vitro and a xenografted tumor model in-vivo by means of a dynam-

ic folic acid mediated pathway.
[108] 

Khoee S et al have synthesized a novel nanocarrier based on methacrylated 

poly(lactic-co-glycolic acid) (mPLGA) as a lipophilic domain, acrylated methoxy 

poly(ethylene glycol) (aMPEG) as hydrophilic part and N-2-[(tert-

butoxycarbonyl)amino] ethyl methacrylamide (Boc-AEMA) as pH-responsive seg-

ment. They have produced amphiphilic brushlike copolymer by radical polymeriza-

tion of the above-mentioned three modified monomers, from which targeted copoly-

mer was produced through the reaction with activated folic acid. Using this targeteg 

polymer they have produced a quercetin-loaded nanoparticles using nanoprecipitation 

method. Dynamic light scattering (DLS) analysis showed that the produced nanopar-

ticles had nanometric size (<100 nm) and low polydispersity in size at different pHs. 

Higuchi and KorsmeyerePeppas models were applied to evaluate release mechanisms 

and kinetics.
[114] 

Majd MH et al have synthesized tamoxifen (TMX) loaded folic acid (FA) armed 

Fe3O4 NPs to target the folate receptor (FR) positive cancer cells. The engineered 

MNPs were further characterized and examined in the human breast cancer MCF-7 

cells that express FR. Fluorescence microcopy and flow cytometry analyses revealed 

substantial interaction of Fe3O4-APSPEG- FA-TMX NPs with the FR-positive MCF-7 

cells. Cytotoxicity analysis resulted in significant growth inhibition in MCF-7 cells 

treated with Fe3O4-APS-PEG-FA-TMX NPs. Based on these findings, they have con-

cluded TMX loaded FA-armed PEGylated MNPs as a novel multifunctional 

nanomedicine/theranostic for concurrent targeting, imaging and therapy of the FR-

positive cancer cells.
[115] 
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Song H et al have been prepared doxorubicin loaded folic acid-chitosan conjugated 

nanoparticles (FA-CS NPs) and evaluated their targeting specificity on tumor cells  by 

ionic cross linking method, and folic acid (FA) was conjugated with CS NPs by elec-

trostatic interaction. They have observed that, FA-CS NPs Compared with the non-

conjugated CS NPs showed much higher cell uptaking ability due to the known 

folate-receptor mediated endocytosis. Therefore they have concluded FA-CS NPs as a 

potential way to enhance efficiency of antitumor drug by folate receptor mediated tar-

geting delivery.
[116] 

Hejazi R et al. have reviewed the feasibility of chitosan as a polymer for novel drug 

delivery system. Chitosan, a natural polymer obtained by alkaline deacetylation of 

chitin, is non-toxic, biocompatible, and biodegradable. These properties make chi-

tosan a good candidate for the development of conventional and novel gastrointestinal 

(GI) drug and gene delivery systems. They have summarized the recent applications 

of chitosan in oral and/or buccal delivery, stomach-specific drug delivery, intestinal 

delivery, and colon-specific drug delivery. Based on numerous research papers thay 

have concluded a chitosan to be a promising material for GI drug and gene delivery 

applications as many derivatives and formulations are being examined.
[117]

 

Tian XX et al. have prepared the chitosan nanoparticles of PS4A, a proteoglycans, 

with considerable immunological and antineoplastic activity, isolated from the Myco-

bacterium vaccae. They have found that chitosan nanoparticles, readily prepared 

without the use of organic solvents, are a suitable vehicle for the delivery of these 

immunostimulants from M. vaccae; the formulations might find application as 

antitumour agents.
[118]

 

Janes KA et al. have fabricated and assessed chitosan nanoparticles as vectors for the 

anthracycline drug, doxorubicin (DOX). By confocal studies, they have found that 

DOX was not discharged in the cell medium but rather entered the cells while remain-

ing attached to the nanoparticles. Along these lines they have finished up the chitosan 

nano-particles as a practical approach to capture the fundamental medication DOX 

and to convey it into the cells in its dynamic structure.
[119]

 

Katas H et al. have explored chitosan nanoparticles as a siRNA vector due to its ad-

vantages such as low toxicity, biodegradability and biocompatibility, by two methods 
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of ionic cross-linking, simple complexation and ionic gelation using sodium 

tripolyphosphate (TPP). They have found chitosan–TPP nanoparticles with entrapped 

siRNA to be better vectors as siRNA delivery vehicles compared to chitosan–siRNA 

complexes possibly due to their high binding capacity and loading efficiency. There-

fore they have concluded that chitosan–TPP nanoparticles are potential vector candi-

dates for safer and cost-effective siRNA delivery.
[120]

 

Qi L et al. have prepared chitosan nanoparticles by ionic gelation of chitosan with 

tripolyphosphate anions, to evaluate the in-vitro antibacterial activity of chitosan na-

noparticles and copper-loaded nanoparticles against various microorganisms. The an-

tibacterial activity of chitosan nanoparticles and copper-loaded nanoparticles 

against E. coli, S. choleraesuis, S. typhimurium, and S. aureus was evaluated by calcu-

lation of minimum inhibitory concentration (MIC) and minimum bactericidal concen-

tration (MBC). Results show that chitosan nanoparticles and copper-loaded nanoparti-

cles could inhibit the growth of various bacteria tested. Their MIC values were less 

than 0.25 μg/mL, and the MBC values of nanoparticles reached 1 μg/mL.
[121]

 

Luo Y et al. have prepared the selenite-loaded chitosan (CS) nanoparticles using 

tripolyphosphate (TPP) as a cross-linking agent with or without zein (a water insolu-

ble corn protein) coating, to obtain selenite supplement formulations with low toxicity 

and improved antioxidant property. They have found that chitosan nanoparticles have 

successfully sustained the release of the selenite, while zein coating on chitosan nano-

particles were found to enhance the encapsulation efficiency and release time of sele-

nite drastically. Moreover, due to high antioxidant activity of CS, the in-

vitro antioxidant properties of selenite-loaded CS/TPP nanoparticles were significant-

ly enhanced, compared with pure selenite.
[122]

 

Dung TH et al. have prepared and investigated antisense oligonucleotide loaded chi-

tosan nanoparticles for the release of oligonucleotide. From the results they have sug-

gested that the sustained release of oligonucleotide from chitosan nanoparticles may 

be suitable for the local therapeutic application in periodontal diseases.
[123]

 

Gan Q et al. have fabricated chitosan nanoparticles, via different preparation proto-

cols to explore the polyionic coacervation fabrication process, and associated pro-

cessing conditions so that the drug encapsulation and subsequent release can be sys-
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tematically and predictably manipulated. In that study they have found that the 

polyionic coacervation process for fabricating protein loaded chitosan nanoparticles 

offers simple preparation conditions and a clear processing window for manipulation 

of physiochemical properties of the nanoparticles (e.g., size and surface charge), 

which can be conditioned to exert control over protein encapsulation efficiency and 

subsequent release profile.
[124]

 

Wang SL et al. have used chitosan nanoparticle-mediated delivery of a shRNA-

expressing vector to inhibit TGFB1 expression in the human rhabdomyosarcoma cell 

line RD. Knockdown of TGFB1 by shRNA resulted in a decrease in RD cell 

growth in-vitro and tumorigenicity in nude mice. The efficiency of TGFB1 gene si-

lencing varied with the selection of targeting sites. These data suggest that chitosan 

nanoparticle-mediated delivery of an shRNA produces efficient TGFB1 knockdown 

in rhabdomyosarcoma cells and may be a method of choice for shRNA delivery for 

gene therapy.
[125]

 

Lopez-Leon T et al. have prepared the nanogel particles of chitosan by ionic cross-

linking with tripolyphosphate (TPP). They have found that the nanoparticle show 

good swelling property, depending on the pH, which can be controlled to release the 

drug at desired rate.
[126]

 

Nasti A et al. have studied the influence of a number of orthogonal factors (pH, con-

centrations, ratios of components, different methods of mixing) in the preparation of 

chitosan/triphosphate (TPP) nanoparticles and in their coating with hyaluronic acid 

(HA). They have aimed this study for the minimisation of size polydispersity, the 

maximisation of zeta potential and long-term stability, and at the control over average 

nanoparticle size. They have found that HA-coating was beneficial in the reduction of 

toxicity and suggested that the uncoated chitosan/TPP nanoparticles had toxic effects 

following internalisation rather than membrane disruption.
[127]

 

Wu Y et al. have prepared the ammonium glycyrrhizinate-loaded chitosan nanoparti-

cles by ionic gelation of chitosan with tripolyphosphate anions (TPP). They have ob-

served that nanoparticles have good ammonium glycyrrhizinate loading efficiency. 

The encapsulation efficiency was decreasing with the increase of ammonium 

glycyrrhizinate concentration and chitosan concentration. The introduction of PEG 
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was also observed to decrease significantly the positive charge of particle surface. Fi-

nally they have come up with the conclusion that chitosan can complex TPP to form 

stable cationic nanoparticles for subsequent ammonium glycyrrhizinate loading.
[128]

 

Berthold A et al. have prepared the chitosan microspheres by a novel precipitation 

process using sodium sulfate as precipitant. After preparation, they have investigated 

the loading property with various anti-inflammatory drugs. Drug liberation was tested 

in-vitro using side-by-side diffusion cells with a dialysis membrane made of cellulose 

acetate. They have found that the highest loading was achieved with prednisolone so-

dium phosphate (PSP) and the adsorbed drug was present in an amorphous form. 

They have also observed that the drug release from the microspheres was dependent 

on the drug-polymer ratio.
[129]
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5. MATERIAL AND METHODS 

5.1 Materials and Instruments 

The following drug, excipients, chemicals, media, cell-lines, glasswares and instru-

ments were used for the formulation and evaluation of FA-CS-NPs. 

5.1.1 Materials 

Drug, various excipients and reagents used in the study are given in Table 5.1 

Table 5.1: List of drug, excipients and reagents 

Sr. 

No. 
Materials Suppliers / Manufacturer 

 Drug 

1.  Capecitabine Gift sample from sun 

pharma.Vadodara 

 Excipients  

2.  Chitosan Balaji drugs, Surat 

3.  Sodium tripolyphosphate Krishna chemicals, Vadodara 

4.  Acetic acid Aatur Instu chem., Vadodara 

5.  Sodium hydroxide Suvidhan Laboratories, Baroda 

6.  Folic acid Suvidhan Laboratories, Baroda 

 Reagents 

7.  Trypan blue Hyclone, Lot no: JRH27098, 100 ml 

8.  Triton X MP Biomedicals, Lot No: 8009H 

9.  DMSO cell culture grade MP Biomedicals, Lot No: R20759 

10.  
10000 U/ml Penicillin G,  

10000 μg/ml Streptomycin,  

25 μg/ml Amphotericin B 

Hyclone, Lot no: JRM28184, 100 ml 

11.  EDTA  MP Biomedicals, Lot No: 6941H 

12.  Rhodamine B HiMedia 

13.  0.25% Trypsin 1X Invitrogen, Lot No: 1376596 

14.  
DPBS/modified 1X 

(Dulbecoo’s phosphate buffer 

saline) 

Hyclone, Lot No: ASA28462, 100 ml 

15.  
HBSS –1X (Hank’s Balanced 

Salt solution) 
Hyclone, Lot no:ARL27892, 500 ml 
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5.1.2 Nutritional Media 

Various cell culture media used in the study are given in Table 5.2 

Table 5.2: List of Nutritional Media 

Sr. 

No. 
Media Source 

1.  
DMEM (Dulbecoos Modified Eagels 

medium, low glucose with glutamine) 

US Biological, Lot No: 

L7020976 

2.  RPMI1640 (with L-glutamine) Hyclone, Lot no: ARB25753A 

3.  
FBS (Fetal Bovine Serum, South Ameri-

can origin, 500 ml) 
Bioclot, Lot No:07310 

4.  Fluid thioglycolate media (FTGM) HiMedia, Lot No: M059374 

5.  Tryptone Soya broth (TSB) HiMedia, Lot No: M043461 

 

5.1.3 Cell line 

Various cell lines for in vitro study used in the research work are given in Table 5.3 

Table 5.3: List of cell line 

Sr. 

No. 
Cell line Type Origin  Species Source 

1.  VERO 
Normal  

(non-cancerous) 
Kidney  

African green 

monkey 
NCCS, Pune 

2.  HT-29 cancerous Colon  Human  NCCS, Pune 

3.  MCF-7 cancerous Breast  Human  NCCS, Pune 

 

5.1.4 Cell- proliferation kit 

1. Cell proliferation kit (MTT), 2500 tests, (Roche, Lot No: 13363700) 

 

5.1.5 Glasswares and plastic wares 

Important glasswares and plastic wares, apart from the common and routinely used, 

are given in Table 5.4 
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Table 5.4: List of glasswares and plastic wares 

Sr. 

No. 
Glasswares/plastic wares 

1.  96-well microtiter plate (Flat Bottom, U Bottom, V Bottom) 

2.  
Tissue culture flasks (25 cm

2
 T Flask vented and non-vented, 75 cm

2
 T Flask 

vented, 150 cm
2
 T Flask vented) 

3.  Falcon tubes (15ml, 50ml) 

4.  Cryotubes (2ml) 

5.  Cell scrapper 

6.  Micro tips (Blue 1000μl, Yellow 200μl, White 10 μl) (Volex) 

7.  Reagent bottles (100ml, 250 ml, 500 ml, 1000 ml) 

8.  Haemocytometer 

5.1.6 Instruments 

Various important instruments and equipments used in the study are given in Table 

5.5 

Table 5.5: List of Instruments 

Sr.No. Equipments Source 

1.  Electronic Balance Ohaus corporation, pine brook, NJ,USA 

2.  Magnetic stirrer Remi Service Pvt Ltd,Mumbai,India 

3.  Mechanical stirrer MAC, mumbai 

4.  Sonicator  MAC, mumbai 

5.  Cooling centrifuge Remi Service Pvt Ltd,Mumbai,India 

6.  FT-IR Spectrophotometer Shimadzu Corporation, Japan 

7.  UV – Visible Spectrometer UV-1800,Shimadzu Corporation, japan 

8.  Lyophilizer  Macro scientific works 

9.  Scanning electron microscope Model-JSM-5610LV, JEOL 

10.  Zeta-sizer Malvern instrument LTD,UK 

11.  Stability chamber Macro scientific work PVT LTD,Delhi 

12.  Fluorescence inverted micrscope Leica DM IL, Germany 

13.  Biosafety cabinet class-II Esco, Singapore 

14.  Cytotoxic safety cabinet Esco, Singapore 

15.  CO2 incubator  RS Biotech, mini galaxy A, Scotland 
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16.  Deep freezer Dairei, Denmark 

17.  ELISA plate reader Thermo, USA 

18.  Micropipettes  Eppendorff, Germany 

19.  RO water system Millipore, USA 

20.  Electronic water bath Genie, India 
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5.2 Drug profile 

5.2.1 Capecitabine 

Capecitabine (Xeloda, Roche) is an orally-administered chemotherapeutic agent used 

in the treatment of numerous cancers. Capecitabine is a prodrug, that is enzymatically 

converted to 5-fluorouracil (5-FU) in the body.
[130, 131]

 

5.2.1.1 Medical uses 

It is used in the treatment of the following cancers
[132, 133]

 

a. Colorectal cancer (either as neoadjuvant therapy with radiation, adjuvant ther-

apy or for metastatic cases) 

b. Breast cancer (metastatic or as monotherapy/ combo therapy; this is licensed 

as a second-line treatment in the UK)  

c. Gastric cancer (off-label in the US; this is a licensed indication in the UK) 

d. Oesophageal cancer (off-label in the US) 

5.2.1.2 Adverse effects  

Following are some common adverse effect of capecitabine
[134]

 Appetite loss 

 Diarrhea 

 Vomiting 

 Nausea 

 Stomatitis 

 Fatigue 

 Weakness 

 Hand-foot syn-

drome 

 Oedema 

 Fever 

 Pain 

 Headache 

 Hair loss 

 Dermatitis 

 Indigestion 

 Shortness of breath 

 Eye irritation

5.2.1.3 Contraindications 

Capecitabine is contraindicated in the following conditions
[135]

 

a. History of hypersensitivity to fluorouracil, capecitabine or any of its excipients 

b. Patients with Dihydropyrimidine dehydrogenase (DPD) deficiency 

c. Pregnancy and lactation 

d. Patients with pre-existing blood dyscrasias 

e. Patients with severe hepatic impairment or severe renal impairment 

f. Treatment with sorivudine or its chemically related analogues, such as 

brivudine 
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5.2.1.4 Drug interactions 

Drugs which are known to interact with capecitabine include
[130-132]

 

a. Sorivudine or its analogues, such as, brivudine 

b. Allopurinol as it decreases the efficacy of 5-FU. 

c. CYP2C9 substrates, including, warfarin and other coumarin-derivatives anti-

coagulants 

d. Phenytoin, as it increases the plasma concentrations of phenytoin. 

e. Calcium folinate may enhance the therapeutic effects of capecitabine by 

means of synergising with its metabolite, 5-FU. It may also induce more se-

vere diarrhoea by means of this synergy. 

5.2.1.5 Systematic (IUPAC) name 

Pentyl [1- (3, 4 - dihydroxy - 5 – methyltetrahydrofuran – 2 – yl) – 5 – fluoro -2 – oxo 

- 1H - pyrimidin – 4 – yl] carbamate
[130]

 

5.2.1.6 Chemical structure 

Chemical structure of capecitabine is given in Figure 5.1
[131]

  

 

 

 

 

5.2.1.7 Pharmacokinetic parameters, Chemical data and Clinical data  

Pharmacokinetic parameters, Chemical data and clinical data is given in Table 5.6, 

Table 5.7 and Table 5.8 respectively 
[130-132, 136]

 

Table 5.6: Pharmacokinetic parameters of capecitabine 

Pharmacokinetic  

Parameter 

Value 

Absorption Readily absorbed through the GI tract (~70%) 

Metabolism Hepatic, to 5'-deoxy-5-fluorocytidine (5'-DFCR), 5'-

deoxy-5-fluorouridine (5'-DFUR) (inactive); neo-

Figure 5.1: Chemical structure of capecitabine 

http://en.wikipedia.org/wiki/International_Union_of_Pure_and_Applied_Chemistry_nomenclature
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plastic tissue, 5'-DFUR to active fluorouracil 

BCS class Class-I 

Protein binding < 60% (mainly albumin) 

Solubility Soluble in water (26mg/ml), ethanol (207mg/ml), 

methanol (40mg/ml), DMF (14mg/ml), DMSO 

(72mg/ml) at 25
o
C 

Bioavailability Extensive  

Half-life 38–45 minutes 

Excretion Renal (95.5%), faecal (2.6%) 

pK value pKa:5.41, pKb:1.75 

Affected organisms Humans and other mammals 

 

Table 5.7: Chemical data of capecitabine  

Chemical data Value 

Formula C15H22FN3O6
 
 

Mol. mass 359.35 g/mol 

Melting point 115-120
o
C 

 

Table 5.8: Clinical data of capecitabine 

Clinical data Value 

Brand name  Xeloda (Roche) 

Routes oral 

5.2.1.8 Mechanism of action 

Capecitabine is metabolized to 5-FU which in turn is a thymidylate synthase inhibitor, 

hence inhibiting the synthesis of thymidine monophosphate (ThMP), the active form 

of thymidine which is required for the de novo synthesis of DNA and RNA during 

gene expression.
[130-132, 135]

 

5.2.1.9 Pharmacodynemics 

Capecitabine is a fluoropyrimidine carbamate with antineoplastic activity indicated 

for the treatment of metastatic breast cancer and colon cancer. It is an orally adminis-

tered systemic prodrug that has little pharmacologic activity until it is converted to 

fluorouracil by enzymes that are expressed in higher concentrations in many tumors. 

http://en.wikipedia.org/wiki/Excretion
http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Molecular_mass
http://en.wikipedia.org/wiki/Route_of_administration
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Fluorouracil it then metabolized both normal and tumor cells to 5-fluoro-2′-

deoxyuridine 5′-monophosphate (FdUMP) and 5-fluorouridine triphosphate 

(FUTP).
[130-132, 135]

 

5.3 Excipients profile 

5.3.1 Chitosan 

Chitosan is a sugar that is obtained from the hard outer skeleton of shelfish, including 

crab, lobster and shrimp. Some people apply chitosan directly to their gums to treat 

inflammation that can lead to tooth loss (periodontitis), or chew gum that contains 

chitosan to prevent “cavities” (dental caries). In an effort to help “donor tissue” re-

build itself, plastic surgeons sometimes apply chitosan directly to places from which 

they have taken tissue to be used elsewhere. In pharmaceutical manufacturing, chi-

tosan is used as a filler in tablets; as a carrier in controlled release drug; to improve 

the way certain drug dissolve; and to make bitter tastes in solutions taken by 

mouth.
[137] 

5.3.1.1 Chemical formula  

C6H11NO4X2 
[137, 138]

 

5.3.1.2 Molecular weight 

3800g/mol to 20,000 g/mol 
[137]

 

5.3.1.3 Chemical structure 

Chemical structure of chitosan is given in Figure 5.2
[124]

 

 

 

 

 

5.3.1.4 Chemical IUPAC name 

Poly [(1,4)-N-acetyl-D-glucose-2-amine)] 

Figure 5.2: Chemical structure of chitosan 
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5.3.1.5 Physical nature  

Bright white, odorless powder 

5.3.1.6 Solubility 

Water-soluble and a bioadhesive which readily binds to negatively charged surfaces 

such as mucosal membranes.
[137, 139]

 

5.3.1.7 Hydrophobicity 

 -1.8 

5.3.1.8 Dissociation constant  

 6.5 

5.3.1.9 Melting point 

270-274
o
C 

5.3.1.10 Uses 

Patients with kidney failure who are on long term hemodialysis. When taken by these 

patients, chitosan may reduse high cholesterol; help to correct anemia; and improve 

physical strength, appetite and sleep. Treating periodontistis, a dental condition. Ap-

plying chitosan ascorbate directly to the gums seems to help in the treatment of perio-

dontitis. Helping to remake tissue after plastic surgery. Applying N-carboxybutyl chi-

tosan directly seems to help donor site tissue rebuild in plastic surgery.
[137] 

5.3.1.11 Adverse effect 

When taken by mouth, it might cause mild stomach upset, constipation or gas. Not 

enough is known about the use of chitosan during pregnancy and breast-feeding. Stay 

on the safe side and avoid use.
[137-139]

 

5.3.2 Sodium tripolyphosphate 

Sodium triphosphate (STP, sometimes STPP or sodium tripolyphosphate or TPP) is 

an inorganic compound with formula Na5P3O10. It is the sodium salt of the 

polyphosphatepenta-anion, which is the conjugate base of triphosphoric acid. it is 

produced on a large scale as a component  of many domestic and industrial products, 
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especially detergents. Environmental problems associated with eutrophication are at-

tributed to its widespread use.
[138, 139] 

5.3.2.1 Chemical formula 

Na5P3O10 

5.3.2.2 Physical nature 

White powder
 

5.3.2.3 Chemical structure 

Chemical structure of the TPP is shown in Figure 5.3 

 

 

5.3.2.4 Solubility 

It is soluble in  water 14.5 g/100ml (25
o
C) 

5.3.2.5 Melting point  

622-625
o
C 

5.3.2.6 Uses  

STTP is a preservative for seafood, meats, poultry and animal feeds. 

5.3.2.7 Adverse effect  

The toxicity of polyphosphates is low, as the lowest LD50 after oral administration is 

>1,000 mg/kg body weight. No mutagenic or carcinogenic effects nor reproductive 

effects have been noted. Salts of polyphosphate anions are moderately irritating to 

skin and mucous memberane because they are mildly alkaline.
[138, 139] 

5.3.4 Folic acid 

Folate and folic acid derive their names from the Latin word  folium, which means 

"leaf". Folate occurs naturally in many foods and, among plants, are especially plenti-

ful in dark green leafy vegetables. Folic acid is itself not biologically active, but its 

Figure 5.3: Chemical structure of TPP 



Chapter 5                                                                                                                        Materials and Methods 

Department of Pharmacy, SV  57 

 

biological importance is due to tetrahydrofolate and other derivatives after its conver-

sion to dihydrofolic acid in the liver.
[140] 

5.3.4.1 Chemical formula 

C19H19N7O6 
[103]

 

5.3.4.2 Physical nature 

Yellowish to orange crystalline powder
[140]

 

5.3.4.3 Chemical structure 

Chemical structure of the folic acid is given in Figure 5.4
[84]

 

 

 

 

 

5.3.4.4 Solubility 

soluble in dilute acids and alkaline solutions
[140, 141]

 

5.3.4.5 Use 

Folic acid is used for preventing and treating low blood levels of folic acid (folic acid 

deficiency), as well as its complications, including anemia and the inability of the 

bowel to absorb nutrients properly. Also used for other conditions commonly associ-

ated with folic acid deficiency, including liver disease, alcoholism, and kidney dialy-

sis. Some people use folic acid to prevent colon cancer or cervical cancer. It is also 

used to prevent heart disease and stroke. Folic acid is used for memory loss, age-

related hearing loss, reducing signs of aging, weak bones (osteoporosis), sleep prob-

lems, depression, muscle pain, AIDS. Some people apply folic acid directly to the 

gum for treating gum infection.
[140]

 

  

Figure 5.4: Chemical structure of folic acid 
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5.4 Methodology 

5.4.1 Preformulation study  

It is the first step in rational development of dosage forms of drug substance. 

Preformulation testing is defined as an investigation of physical and chemical proper-

ties of a drug substance alone and when combined with excipients. The overall objec-

tive of preformulation testing is to generate information useful to the formulator in 

developing stable and bioavailable dosage forms that can be mass-produced. 

Following preformulation studies were carried out
 

5.4.1.1 Color, odor, taste and appearance 

The drug was evaluated for its color, odor and taste. 

5.4.1.2 Melting point determination 

Melting point of the drug sample was determined by capillary method using melting 

point apparatus.   

5.4.1.3 Determination of λmax of capecitabine 

Stock solution (1000μg/ml) of capecitabine in Phosphate buffer pH 7.4 was prepared. 

This solution was appropriately diluted with the same solvent to obtain stock solution 

of (100μg/ml). The resultant solution was scanned in the range of 200 nm – 400 nm in 

UV-Visible spectrophotometer. It showed λmax 240 nm in phosphate buffer pH 7.4 for 

capecitabine. In the same way  λmax was also determined in water and 1%v/v acetic 

acid as a requirement to assess the solubility of capecitabine in later stage. 

5.4.1.4 Determination of λmax of  folic acid 

Stock solution (1000μg/ml) of folic acid in Phosphate buffer pH 7.4 was prepared. 

This solution was appropriately diluted with the same solvent to obtain stock solution 

of (100μg/ml). The resultant solution was scanned in the range of 200 nm – 400 nm in 

UV-Visible spectrophotometer. It showed λmax 283 nm in phosphate buffer pH 7.4 for 

folic acid.    

5.4.1.5 Determination of calibration curve  

Spectrophotometric analysis of capecitabine and folic acid was carried out on double 

beam UV-spectrophotometer (UV-1800, shimazdu, japan). 



Chapter 5                                                                                                                        Materials and Methods 

Department of Pharmacy, SV  59 

 

Standard calibration curve of capecitabine in water 

Capecitabine (25 mg) was dissolved in 25 ml distilled water in volumetric flask to ob-

tain a stock solution of 1000 μg/ml concentration. From the stock solution 10ml of 

solution diluted with 100 ml water to obtain 100μg/ml. This solution (100 μg/ml) was 

further diluted with water to obtain solution of 5 to 40 μg/ml. Absorbance of each ali-

quots was measured at 240nm using UV-Visible spectrophotometer and water was 

taken as blank. The standard curve was generated for the entire range from 5 to 40 

μg/ml. 

Standard calibration curve of capecitabine in Phosphate buffer pH 7.4 

Capecitabine (25 mg) was dissolved in 25 ml phosphate buffer pH 7.4, in volumetric 

flask, to obtain a stock solution of 1000 μg/ml concentration. From the stock solution 

10ml of solution diluted with 100ml to obtain 100μg/ml. This solution (100 μg/ml) 

was further diluted with phosphate buffer pH 7.4 to obtain solution of 5 to 40 μg/ml. 

Absorbance of each solution was measured at 240 nm using UV-Visible spectropho-

tometer and phosphate buffer pH 7.4 was taken as blank. The standard curve was gen-

erated for the entire range from 5 to 40 μg/ml.  

5.4.1.6 Solubility study 

Solubility of the drug was determined by saturation equilibrium method. Excess quan-

tity of capecitabine was added in to the 10ml volumetric flask and then volume was 

made up to 10ml mark with water, and then mixture was place in incubator shaker 

overnight, to get saturated solution of drug in water. Next day, undissolved drug was 

separated from the solution by filtering the mixture from whatman filter paper. Super-

natant was diluted appropriately with water and the absorbance was determined using 

UV-visible spectrophotometer at 240 nm, where water was used as a reference sol-

vent. Concentration of the drug was calculated from the standard calibration curve of 

drug taken in water. Using same method, solubility of capecitabine was also deter-

mined in phosphate buffer saline solution pH 7.4 and 1% v/v acetic acid. 

5.4.1.7 Standard calibration curve of folic acid in Phosphate buffer pH 7.4 

Folic acid (10 mg) was dissolved in 10 ml 20%w/v NaOH solution, in volumetric 

flask, to obtain a stock solution of 1000 μg/ml concentration. This stock solution was 

diluted with phosphate buffer pH 7.4 and volume was made up to 100 ml, to obtain 
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100μg/ml concentration. This solution (100 μg/ml) was further diluted with phosphate 

buffer pH 7.4 to obtain solution of 4 to 20 μg/ml. Absorbance of each solution was 

measured at 283 nm using UV-Visible spectrophotometer and phosphate buffer pH 

7.4 was taken as blank. The standard curve was generated for the entire range from 05 

to 40 μg/ml.  

5.4.1.8 Drug – Excipients compatibility study 

Infrared spectra of pure drug, polymer, as well as for combination of drug-polymer 

were taken by KBr pellet technique and were recorded in the range of 4000 – 400cm
-1 

by using FT-IR Spectrophotometer Shimadzu.
 
 

5.5 Formulation of CS-NPs 

5.5.1 Method of preparation 

Chitosan nanoparticles were prepared by ionic cross linking of chitosan solution with 

TPP anions. Chitosan was dissolved in 50ml aqueous solution of acetic acid (1% v/v) 

to prepare various concentrations (0.5mg/ml, 1mg/ml, 1.5mg/ml). Under magnetic 

stirring at room temperature, 0.5 mg/ml, 0.75 mg/ml, and 1.0 mg/ml concentration of 

20 ml TPP aqueous solution was added dropwise using syringe needle into chitosan 

solution containing 25 mg of capecitabine. pH was adjusted to 6.0 by adding 0.1 N 

NaOH. The stirring was continued for about 30 minutes. The resultant nanoparticles 

suspensions were centrifuged at 12000 rpm for 30 minutes. Particles get settled down 

and separated from clear supernatant. The Particles obtained after centrifugation were 

finally freeze dried and stored in air tight close container. The formation of the nano-

particles was because of the interaction between the negative groups of the TPP and 

the positively charged amino groups of chitosan (ionic gelation).
[83, 92, 116]

 

5.5.2 Factorial Designs 

Formulation were prepared by applying 3
2 

full factorial design. Chitosan and TPP 

concentration were considered as dependent variable whereas amount of drug, 

strength of acetic acid solution and stirring speed was kept constant throughout for-

mulation process. Factorial design for the preparation of CS-NPs is given in Table 5.9 
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Table 5.9:  Factorial design 

Factor   Level 

Low Medium High 

X1 0.5mg/ml 01mg/ml 1.5mg/ml 

X2 0.5mg/ml 0.75mg/ml 01mg/ml 

Factorial levels -1 0 +1 

X1- concentration of chitosan in 1%v/v Acetic Acid; X2 -concentration of TPP in wa-

ter. Amount of drug (capecitabine) was kept constant (25mg). 

5.5.3 Formulation codes for CS-NPs 

Levels of both the variables for each batch of the CS-NPs are shown in Table 5.10 

Table 5.10: Formulation codes for CS-NPs 

 

 

 

 

 

 

 

5.6 Characterization of CS-NPs 

5.6.1 Percentage Yield  

The yield of production of nanoparticles of various batches were calculated using the 

weight of the final product after drying with respect to the initial total weight of the 

drug and polymer used for preparation of nanoparticles and percent production yield 

were calculated as per the formula mentioned below. 

 

        
               

                
     

 

5.6.2 Drug entrapment efficiency 

First of all the prepared chitosan nanoparticles were separated from supernatant by 

centrifugation at 12000 RPM for 30 minutes, by using a REMI cooling centrifuge. 

Then, the nanoparticles pellets and supernatant was separated. Amount of the free 

drug present in supernatant was analyzed by appropriately diluting supernatant in wa-

Batch Code X1 X2 

CS-NPs -1 −1 −1 

CS-NPs -2 −1 0 

CS-NPs -3 −1 +1 

CS-NPs -4 0 −1 

CS-NPs -5 0 0 

CS-NPs -6 0 +1 

CS-NPs -7 +1 −1 

CS-NPs -8 +1 0 

CS-NPs -9 +1 +1 
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ter and absorbance was taken against water as a blank on UV-Visible Spectrophotom-

eter at 240nm. To find out percentage entrapment following equation was used. 

                  
                                     

                
     

5.6.3 Percentage Drug content 

%  Drug content was calculated using following equation 

                
                               

                    
     

 

5.6.4 In-vitro drug release 

In-vitro drug release from all 09 batches of CS-NPs was carried out by dialysis bag 

diffusion method. A 4–5 cm long portion of the dialysis bag was made into a dialysis 

sac by folding and tying up one end of the bag with thread. It was then filled up with 

phosphate-buffer pH 7.4 and examined for the leaks. The sac was then emptied and 

NPs dispersion (equivalent to 10 mg drug) was accurately transferred into sac which 

served as the donor compartments. The sac was once again examined for leak and 

then suspended in the glass beakers containing 50 ml phosphate-buffer pH 7.4, which 

become the receptor compartment. Aliquots were taken at 1,2,3,4,5,6,7,8 12, 24 and 

48 hours and analyzed spectrophotometrically at 240 nm. Fresh buffer was used to 

replenish the receptor compartment at each time to maintain sink condition. 

5.7 Optimization of CS-NPs 

Optimization of the prepared 09 batches of CS-NPs was done by considering the ef-

fect of variables and interaction between them, on the percentage entrapment efficien-

cy as a response, as follows. 

5.7.1 Interaction between the factors 

The statistical evaluation of all the obtained results data was carried out by analysis of 

variance (ANOVA) using Microsoft Excel Version-2007. The significant factors in 

the equations were selected for conducting the regression analysis. The terms of full 

model having non-significant p value (> 0.05) have negligible contribution in obtain-

ing dependent variables and thus neglected. The equations represent the quantitative 

effect of the formulation variables on responses. 
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5.7.2 Construction of contour plots 

Two-dimensional and three-dimensional contour plots were constructed using reduced 

polynomial equation. Contour plots were used to find out the appropriate combination 

of the both variables giving the maximum percentage entrapment of the drug. Contour 

plots were constructed by using sigma plot version 11.0 (Systat software Inc.). 

5.7.3 Evaluation of model / Check point analysis 

In order to assess the reliability of the model, a checkpoint analysis was done to con-

firm the effect of the independent variables on the dependent variables. Any two val-

ues of the independent variables were selected from the contour graph and the re-

sponses were estimated by using the equations and experimental procedure, and then 

both these values, predicted and experimental, were compared and difference was 

recorded as a percentage error.  

5.8 Evaluation of optimized CS-NPs 

Optimized CS-NPs-8 was further evaluated for particle size, size distribution, zeta 

potential, FTIR study, DSC study, SEM and drug release kinetics 

5.8.1 Particle size and zeta potential 

The particle size distribution of the nanoparticle reflects its penetration efficiency dur-

ing tissue transportation, because less the size better is the penetration. A narrow par-

ticle size distribution also contributes to the better stability as particles of similar size 

intends less to aggregate. Zeta potential of nanoparticles reflects the electric potential 

of particles and is used to characterize the surface charge properties and to determine 

whether the charged particle is encapsulated within the center or adsorbed on to the 

surface of nanoparticles. The particle size and zeta potential of NPs was recorded us-

ing Malvern particle size analyzer. CS-NPs batch optimized using the response % en-

trapment and In-Vitro drug release were subjected to particles size distribution and 

zeta potential analysis. This study was carried out at Parul University, Vadodara. 

5.8.2 Scanning Electron Microscopy (SEM) 

Scanning Electron Microscopy is a technique that produce largely magnified image 

by using electrons instead of light to form an image. Electron gun produces a beam of 

electrons which follows the vertical path through the microscope between electro-
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magnetic field and lenses towards the sample due to which electron and X-rays are 

ejected from sample. The surface morphology of Capecitabine loaded optimized CS-

NPs-8 were determined using scanning electron microscope (SEM). This study was 

carried out at M S University, Vadodara. 

5.8.3 FT-IR study 

Infrared spectra of optimized batch of CS-NPs was taken by KBr pellet technique and 

were recorded in the range of 4000 – 400cm
-1 

by using FT-IR Spectrophotometer 

(Shimadzu) and then it was compared with the spectra of capecitabine alone to check 

whether the drug is interacting with the excipients or not.
 
 

5.8.4 Differential Scanning Calorimetry 

Thermogram of pure drug capecitabine and optimized batch of CS-NPs were obtained 

by using Differential scanning calorimeter. Then after, both the thermograms ob-

tained, were compared with each other to confirm about the interaction between the 

capecitabine and excipients, weather it is happening or not, in optimized CS-NPs.  It 

was carried out at S.K. Patel College of Pharmacy, Kherva, Mehsana. 

5.8.5 Drug release kinetics 

In order to investigate the mechanism of drug release from an optimized CS-NPs for-

mulation, the release data obtained from in-vitro release studies were fitted to various 

kinetics equations. The kinetics models used were a zero order equation (Qt = Q0 – 

K0t), first order equation (lnQt = lnQ0 – Kt), and Higuchi‘s equation (Qt = Kht1/2). 

Where Qt is the percent of drug released at time t, Q0 is the initial amount of drug 

present in optimized CS-NPs and K0, K and Kh were constant of the equation of zero 

order, first order and Higuchi model respectively.  

5.9 Conjugation of folic acid to optimized CS-NPs  

CS-NPs-8 was found to be optimized one and it was used in the conjugation of folic 

acid on chitosan nanoparticles 

5.9.1 Method of preparation 

Folic acid conjugated CS-NPs (FA-CS-NPs) were prepared by applying 3
3 

full facto-

rial design. Varying amount of folic acid was dissolved in 10mL 20%w/v aqueous 

solution of sodium hydroxide and dropped into 10mL phosphate buffer suspension 
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(pH 7.4) containing 20mg of optimized Chitosan nanoparticles, CS-NPs-8, under var-

ying stirring speed, using mechanical stirrer, for different duration of time. The col-

lected products were centrifuged at 10000 rpm for 20 min, nanoparticles were separat-

ed and freeze-dried.
[116]

 

Mechanism of folic acid conjugation with nanoparticles is given in Figure 5.5 

 

 

5.9.2 Factorial design 

Formulation were prepared by applying 3
3 

full factorial design. Folic acid amount, 

RPM and reaction time considered as dependent variable. Factorial design for the 

preparation of  FA-CS-NPs is given in Table 5.11 

 

Table 5.11: Factorial designs 

Factor   Level 

Low Medium High 

X1 (Amount of folic acid) 2.5mg 5.0mg 7.5mg 

X2 (RPM) 500 700 900 

X3 (Reaction time) 10 20 30 

Factorial levels -1 0 +1 

Amount of CS-NPs was kept constant (20mg). 

 

  

Figure 5.5: Mechanism of folic acid conjugation with nanoparticles 
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5.9.3 Formulation codes for FA-CS-NPs 

Levels of each three the variables for all batches of the FA-CS-NPs are shown in Ta-

ble 5.12 

Table 5.12: Formulation codes for FA-CS-NPs 

Batch Code X1 X2 X3 

FA-CS-NPs -1 −1 −1 −1 

FA-CS-NPs -2 −1 −1 0 

FA-CS-NPs -3 −1 −1 +1 

FA-CS-NPs -4 −1 0 −1 

FA-CS-NPs -5 −1 0 0 

FA-CS-NPs -6 −1 0 +1 

FA-CS-NPs -7 −1 +1 −1 

FA-CS-NPs -8 −1 +1 0 

FA-CS-NPs -9 −1 +1 +1 

FA-CS-NPs -10 0 −1 −1 

FA-CS-NPs -11 0 −1 0 

FA-CS-NPs -12 0 −1 +1 

FA-CS-NPs -13 0 0 −1 

FA-CS-NPs -14 0 0 0 

FA-CS-NPs -15 0 0 +1 

FA-CS-NPs -16 0 +1 −1 

FA-CS-NPs -17 0 +1 0 

FA-CS-NPs -18 0 +1 +1 

FA-CS-NPs -19 +1 −1 −1 

FA-CS-NPs -20 +1 −1 0 

FA-CS-NPs -21 +1 −1 +1 

FA-CS-NPs -22 +1 0 −1 

FA-CS-NPs -23 +1 0 0 

FA-CS-NPs -24 +1 0 +1 

FA-CS-NPs -25 +1 +1 −1 

FA-CS-NPs -26 +1 +1 0 

FA-CS-NPs -27 +1 +1 +1 

 

5.10 Characterization of FA-CS-NPs 

5.10.1 Percentage Yield  

The yield of production of FA-CS-NPs of all 27 batches were calculated using the 

weight of the final product, after drying, with respect to the initial total weight of the 

drug and excipients used for conjugation of the folic acid to the optimized CS-NPs 

and percent yield was calculated as per the formula mentioned below. 
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5.10.2 Percentage folic acid conjugation efficiency  

First of all the prepared folic acid conjugated CS-NPs were separated by centrifuga-

tion at 10000 RPM for 20 minutes, by using a REMI cooling centrifuge. Then, the 

FA-CS-NPs pellets and supernatant was separated. 

Supernatant was appropriately diluting phosphate buffer pH 7.4 and absorbance was 

taken against phosphate buffer pH 7.4 as a blank on UV-Visible Spectrophotometer at 

283nm to determine concentration of free folic acid.  Percentage entrapment was cal-

culated using following equation was used. 

 

                         
                                 

              
     

5.10.3 Percentage folic acid loading 

% FA loading was calculated using following equation 

                      
                       

                         
     

5.10.4 In-Vitro drug release 

In-Vitro drug release from all the prepared 27 batches of FA-CS-NPs was carried out 

by dialysis bag diffusion method. A 4–5 cm long portion of the dialysis bag was made 

into a dialysis sac by folding and tying up one end of the bag with thread. It was then 

filled up with phosphate-buffer pH 7.4 and examined for the leaks. The sac was then 

emptied and FA-CS-NPs dispersion (equivalent to 10 mg drug) was accurately trans-

ferred into sac which served as the donor compartments. The sac was once again ex-

amined for leak and then suspended in the glass beaker containing 50 ml phosphate-

buffer pH 7.4, which become the receptor compartment. Aliquots were taken at 1, 2, 

3, 4, 5, 6, 7, 8, 12, 24, 48 and 72 hours and analyzed spectrophotometrically at 240 

nm. Fresh buffer was used to replenish the receptor compartment at each time to 

maintain sink condition. 

5.11 Optimization of FA-CS-NPs 

Optimization of the prepared FA-CS-NPs was done by considering the effect of vari-

ables and interaction between them, on the percentage folic acid conjugation as a re-

sponse, as follows. 
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5.11.1 Interaction between the factors 

The statistical evaluation of all the obtained results data was carried out by analysis of 

variance (ANOVA) using Microsoft Excel Version-2007. The significant factors in 

the equations were selected for conducting the regression analysis. The terms of full 

model having non-significant p value (> 0.05) have negligible contribution in obtain-

ing dependent variables and thus neglected. The equations represent the quantitative 

effect of the formulation variables on responses. 

5.11.2 Construction of contour plots 

Two-dimensional and three-dimensional contour plots were constructed using reduced 

polynomial equation. Initially variable-1 was kept constant at level -1 and first con-

tour plot was constructed by varying the levels of variable-2 and variable-3. Then af-

ter another two contour plots were made by keeping the variable constant at level 0 

and level +1 respectively. In the same way another three contour plots were construct-

ed by keeping the level of variable-2 constant at -1, 0 and +1 respectively. Finally, 

another three contour plot were constructed by keeping the level of variable-3 con-

stant at -1, 0 and +1 respectively. These 09 Contour plots were used to find out the 

appropriate combination of the all three variables giving the maximum percentage 

folic acid conjugation. Contour plots were constructed by using sigma plot version 

11.0 (Systat software Inc.). 

5.11.3 Evaluation of model / Check point analysis 

In order to assess the reliability of the model, a checkpoint analysis was done to con-

firm the effect of the independent variables on response. Any three values of the inde-

pendent variables were selected from the contour graph and the responses were esti-

mated by using the equations and experimental procedure, and then both these values, 

predicted and experimental, were compared and difference was recorded as a percent-

age error.  

5.12 Evaluation of optimized FA-CS-NPs 

Optimized CS-NPs-8 was further evaluated for particle size, size distribution, zeta 

potential, FTIR study, DSC study, SEM and drug release kinetics 
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5.12.1 Particle size distribution and zeta potential 

The particle size distribution of the nanoparticle reflects its penetration efficiency dur-

ing tissue transportation, because less the size better is the penetration. A narrow par-

ticle size distribution also contributes to the better stability as particles of similar size 

intends less to aggregate. Zeta potential of nanoparticles reflects the electric potential 

of particles and is used to characterize the surface charge properties and to determine 

whether the charged particle is encapsulated within the center or adsorbed on to the 

surface of nanoparticles. The particle size and zeta potential of Optimized FA-CS-NPs 

was assessed using Malvern particle size analyzer. This study was carried out at Parul 

University, Vadodara. 

5.12.2 Scanning Electron Microscopy (SEM) 

Scanning Electron Microscopy is a technique that produce largely magnified image 

by using electrons instead of light to form an image. Electron gun produces a beam of 

electrons which follows the vertical path through the microscope between electro-

magnetic field and lenses towards the sample due to which electron and X-rays are 

ejected from sample. The surface morphology of capecitabine loaded optimized FA-

CS-NPs were determined using scanning electron microscope (SEM). This study was 

carried out at M S University, Vadodara. 

5.12.3 FT-IR study 

Infrared spectra of optimized batch of FA-CS-NPs was taken by KBr pellet technique 

and were recorded in the range of 4000 – 400cm
-1 

by using FT-IR Spectrophotometer 

(Shimadzu) and then it was compared with the spectra of capecitabine alone to check 

whether the drug is interacting with the excipients or not.
 
 

5.12.4 Differential Scanning  Clorimetry 

Thermogram of pure drug capecitabine and optimized batch of FA-CS-NPs were ob-

tained by using Differential scanning calorimeter. Then after, both the thermograms 

obtained, were compared with each other to confirm about the interaction between the 

capecitabine and excipients, weather it is happening or not, in optimized FA-CS-NPs.  

It was carried out at S.K. Patel College of Pharmacy, Kherva, Mehsana. 
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5.12.5 Drug release kinetics 

In order to investigate the mechanism of drug release from an optimized FA-CS-NPs 

formulation, the release data obtained from in-vitro release studies were fitted to vari-

ous kinetics equations. The kinetics models used were a zero order equation (Qt = Q0 

– K0t), first order equation (lnQt = lnQ0 – Kt), and Higuchi‘s equation (Qt = Kht1/2). 

Where Qt is the percent of drug released at time t, Q0 is the initial amount of drug pre-

sent in optimized FA-CS-NPs and K0, K and Kh were constant of the equation of zero 

order, first order and Higuchi model respectively.  

5.13 In-Vitro cell viability assay  

5.13.1 Characterization of cell lines and culture media 

Characterization is essential, not only when deriving new lines, but also when a cell 

line is obtained from a cell bank or other laboratory. Cultures were examined under an 

inverted phase microscope before start of experiments and frequent assessments are 

made of the viability of the cell population throughout the experimental periods.
[64-66, 

78]
 

5.13.1.1 Testing for Microbial Contamination 

The two methods were used to check for bacterial and fungal contamination. Detec-

tion carried out using special media like Fluid thiogycolate media (TGM) and 

Tryptone Soya broth (TSB) and direct observation using Grams stain. 

Contamination by bacteria, yeast or fungi was detected by an increase in turbidity of 

the medium and/or a decrease in pH (yellow in media containing phenol red as a pH 

indicator). Cells were inspected daily for presence or absence of microbial growth.  

Protocol 

1. Cell lines were cultured in the absence of antibiotics prior to testing using 

25cm
2
 non-vented T flask.  

2. In case of adherent cell line, attached cells were bringing in to into suspension 

using a cell scraper. Suspension cell lines were tested directly. 

3. 1.5ml test sample (Cells) were Inoculated in to two separate test tubes of each 

containing Thioglycollate Medium (TGM) and Tryptone Soya broth (TSB). 

4. 0.1ml E.Coli, 0.1ml B. subtilis and 0.1ml C. sporogenes inoculated in to 

separate test tubes (duplicate) containing (TGM) and (TSB) t as positive 
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controls where as two separate test tubes of each containing (TGM) and (TSB) 

un-inoculated as negative controls.
[78]

 

Broths were incubated as follows:  

a. For TSB, one broth of each pair were incubated  at 32ºC the other at 22ºC for 

4 days  

b. For TGM, one broth of each pair were incubated at 32ºC the other at 22ºC for 

4 days  

c. For the TGM inoculated with C.sporogenes incubate at 32ºC for 4 days 

d. Test and Control broths were examined for turbidity after 4 days. 

5.13.1.2 Criteria for a Validity of results 

If control broths show evidence of bacteria and fungi within 4 days of incubation in 

all positive control broths and the negative control broths show no evidence of bacte-

ria and fungi. 

Criteria for a Positive Result  

Test broths containing bacteria or fungi show turbidity. 

Criteria for a Negative Result 

Test broths should be clear and show no evidence of turbidity.  

5.13.2 Preparation of media 

5.13.2.1 Preparation of DMEM 

10.7gm of DMEM powder was added in 1litre of distilled water and then it was stir 

continuously until clear solution formed. To this, NaHCo3 was added to maintain pH 

7.0-7.2 and then solution was filtered using membrane filtration assembly. It was 

Stored in reservoir bottle under room temperature. 

5.13.2.2 Preparation of the Trypsin dilution  

5ml of Trypsin solution was pipette out in to 50ml falcon tube containing 45ml of 

PBS using 10ml pipette. 

5.13.3 Determination of cell viability, density and PDT 

The quantification of cellular growth, including proliferation and viability, has be-

come an essential tool for working on cell-based studies.  
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5.13.3.1 Cell viability by Trypan Blue Dye Exclusion Method 

The viability of cells was determined by the Trypan Blue dye exclusion method. It 

takes advantage of the ability of healthy cells with uncompromised cytoplasmic 

membrane integrity to exclude dyes such as trypan blue.
[78]

 

Haemocytometer Cell Counts 

1. Hemocytometer and cover slip were cleaned and wiped with 70% alcohol. 

Than cover slip were placed on haemocytometer.  

2. In separate 2ml centrifuge tube, cell suspension (cells in culture media) was 

added. Than two fold dilution of reaction mixture was prepared by mixing ali-

quot of 0.1 ml cell suspensions with 0.1 ml trypan blue.  

3. Afterwards 0.1ml of Cell suspension was then placed in to chamber of haemo-

cytometer. 

4. By using a Lieca inverted microscope, numbers of cells were counted in 1mm
2
 

area with use of 10X objective. 

5. Viable and non-viable cells were counted in both halves of the chamber
[78]

 

Calculations 

 (1)  Total number of viable cells = A X BX C X 10
4
 

 (2)  Total dead cell count = A X B X D X 10
4
   Where, 

  A = Vol. of cell solution (ml) 

  B = Dilution factor in trypan blue 

  C = Mean number of unstained cells 

  D = Mean number of dead/stained cells 

10
4
 = Conversion of 0.1 mm

3
 to ml 

 (3)  Total cell count = Viable cell count + dead cell count 

% viability = (Viable cell count/Total cell count) X 100 

5.13.3.2 Cell density 

It was particularly important in case of adherent cell line like MCF-7, HT-29 and 

VERO. It was calculated by following equation: 

[No. of cells /well or flask] / [surface area of well or flask] 
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5.13.3.3 Population doubling time (PDT) 

It is the time expressed in hours, taken for cell number to double and is reciprocal of 

the multiplication rate. (1/r) 

N
H
= no. of cells harvested at the end of growth period that is t2 

N
I
 = no. of cells inoculated at time t1= 0 

Number of generation (n) = 3.32 (logN
H
 ― logN

I
) 

PDT = total time elapsed/no. of generations = 1/r 

5.13.3.4 Multiplication rate (r) 

 No. of generation that occurs per unit time and is usually expressed as population 

doubling in 24 hours. 

r = 3.32 (logN
H
 ― logN

I
)/t2-t1. 

5.13.4 Subculturing /Passaging of cell lines 

MCF-7, HT-29 and VERO are adherent cell line, which were subcultured as per fol-

lowing protocol.  

1. All the reagents and cell lines were bring at room temperature before start of 

sub culture which include FBS, DMEM, EDTA –Trypsin solution (Trypsin-

EDTA made by diluting the stock 1/10 by adding PBS only) and antibiotics. 

Cell line was handled under cytotoxicity cabinet to prevent cross contamina-

tion of cell lines. 

2. Cells were subcultured when they were about 80-90% confluence. 

3. Cells were washed with 0.1 ml DPBS- EDTA solution (1mM EDTA) per cm
2 

of flask. The monolayer adhere to flask was gently rinsed by rocking the flask 

back and forth. 

4. After 5 minutes, aspirate offs the excess PBS-EDTA from the flask. 

5. To the above flask, 0.1-0.2 ml trypsin /cm
2
 was added until the entire 

monolayer was covered, than flask was incubate for 3-5 min at room 

temperature to detach the cells from monolayer. 

6. Cells were dispersed into a single cell suspension by pippeting the cell 

solution up and down. These Cells were added in to media flask ( DMEM + 

BSS) containing FBS in it (FBS inactivates the trypsin, which was why it had 

to be rinsed off with DPBS-EDTA initially) 
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7. Cells were counted by haemocytometer and diluted to the appropriate 

concentration for seeding. Finally, the appropriate volume of cell suspension 

were added in to a new flask containing medium along with 1% antibiotic 

solution and Place flask in 5 % CO2 incubator at 37
o
C.

[78]
 

This splitting/passage was repeated every 3-4 days, so that they were not diluted too 

much or overgrown. 

5.13.5 Design of 96-well plate 

Design of the 96-well plate framed for the in-vitro viability assay is shown in Figure 

5.6 

Where, PC= positive control (cells + media; no drug),  

             NC=Negative control (only complete media; no cells; no drug) 

 

5.13.6 Experimental setup 

5.13.6.1 Cell Lines and Culture Medium 

MCF-7, HT-29 and VERO cell cultures, used in these experiments, were purchased 

from National Centre for Cell Science (NCCS), Pune. Stock cells of these cell lines 

were cultured in DMEM, supplemented with 10% FBS (fetal bovine serum). Along 

with media, cells were also supplemented with 5% HBSS, penicillin, streptomycin 

and Amphotericin-B (MP Biomedicals, Lot No: R23253, Hyclone, Lot no: 

JRM28184), in a humidified atmosphere of 5% CO2 at 37°C until confluence attain. 

The cells were dissociated with 0.2% trypsin, 0.02% EDTA in phosphate buffer saline 

solution. The stock cultures were grown initially in 25 cm
2
 tissue culture flasks, than 
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Figure 5.6: Plate design 
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in 75 cm
2 

and finally in 150 cm
2
 tissue culture flask and all cytotoxicity experiments 

were carried out in 96 well microtitre plates. 5 X 10
4
 cells/well were added in to each 

well of 96 well plate. It was calculated as follow. 

5.13.6.2 Calculation for number of cells in 96-well plates 

For this, number of cells required for 100 wells ≈96 well, was calculated 

No. of cells/well x 100 

= 5 x 10
4
 x 100 

= 5 x 10
6
 cells/plate 

Total volume of media for 100 wells 

= volume of media/well x 100 

= 100 µl x 100 

= 10 ml 

Therefore, 5 X 10
6
 cells in 10ml of medium is required for one plate, and then re-

quired volume of cell suspension was added in to each wells. 

5.13.6.3 Design of experiment 

Cell lines in exponential growth phase were washed, trypsinized and re-suspended in 

complete culture media. Cells were seeded at 5x10
4 

cells/well in 96 well microtitre 

plate and incubated for 72 hr during which a partial monolayer forms. The cells were 

then exposed to various concentrations of the test compounds, as indicated in plate 

design. Control wells were filled only with maintenance medium. The plates were in-

cubated at 37 °C in a humidified incubator with 5% CO2 for a period of 72 h. Mor-

phological changes of drug treated cells were examined using an inverted microscope 

at different time intervals and compared with the cells serving as control. At the end 

of 72h, cellular viability was determined using MTT assay. 

5.13.7 Screening of test compounds by MTT assay 

1. Cells were preincubated at a concentration of 1× 10
6
 cells/ml in culture medium, 

taken in T flask, for 3 h at 37°C and 6.5% CO2. 

2. Cells were seeded at a concentration of 5× 10
4
 cells/well in 100 µl culture medium 

and various amounts of nanoparticles (final drug concentration varying 10-100 

µg/ml) were added into microplates (tissue culture grade, 96 wells, flat bottom). 

3. Cell cultures were incubated for 24 h at 37°C and 6.5% CO2. 
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4. 10 µl MTT labeling mixture was added and incubate for 4 h at 37°C and 6.5% 

CO2. 

5. The formazan crystals that formed were solubilized by adding 150 µl 

solubilization solution (isopropanol containing 0.01N HCl)  each well and incubat-

ed for overnight 

6. Number of viable cells in each well was determined from the absorbance at 570 

nm in a 96-well plate reader.
[78, 83, 89, 101, 116]

 

5.13.7.1 Data interpretation 

Absorbance values that are lower than the control cells indicate a reduction in the rate 

of cell proliferation. Conversely, a higher absorbance indicates an increase in cell pro-

liferation.  

After 72hr, the cytotoxicity data was evaluated by determining absorbance and calcu-

lating the correspondent chemical concentrations. Linear regression analysis with 

95% confidence limit and R
2
 were used to define dose-response curves and to com-

pute the concentration of test compounds required, to reduce absorbance of the 

formazan by 50% (IC50). 

Percentage cell growth inhibition or percentage cytotoxicity was calculated by follow-

ing formula 

% viability = (AT-AB) / (AC-AB) X 100 

Where, 

AT=Absorbance of treated cells (drug) 

AB=Absorbance of blank (only media) 

AC=Absorbance of control (untreated) 

There by,  

% cytotoxicity = 100 - % cell survival 
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5.14 In-vitro cell uptaking assay 

In-vitro cell uptake assay was done by fluorescent microscopy by labeling the nano-

particles with fluorescent dye, rhodamine B, as given below. 

5.14.1 Labeling of rhodamine B to FA-CS-NPs 

Five milligrams of rhodamine B isothiocyanate was dissolved in 1 ml of DMSO. 

Rhodamine B solution, 200µl, was added to 1 ml of 10 mg/ ml CS-NPs and FA-CS-

NPs separately, and then 1 ml of 2M pH 9.0 Na2CO3/NaHCO3 buffer was added to 

the mixtures, which was kept for 12 h at 4°C under dark condition, and the mixture 

was dialyzed against distilled water to remove the free rhodamine B.
[83]

 

Mechanism of rhodamine B labeling to NPs is given in Figure 5.7. 

 

Figure 5.7: Mechanism of rhodamine B labeling to CS-NPs 

5.14.2 Assay protocol 

Cell uptaking of the nanoparticles by various cell-lines was done to analyze the cancer 

targeting of the drug by folic acid conjugated chitosan nanoparticles. Same procedure 

was used to evaluate the colon-cancer targeting ability of optimized CS-NPs and FA-

CS-NPs, as given below
[78, 83, 89-91, 101, 116]

 

1. HT-29, VERO and MCF-7 cells were incubated separately in 6-well plate at 

37
o
C and 5% CO2.  

2. After 24 h, rhodamine B labeled optimized CS-NPs-8 and FA-CS-NPs-12 

were added into the medium and incubated with cells, separately.  

3. The cells were then harvested by trypsinization and centrifuged at 1,000 rpm 

for 05 min at 4°C.  

4. Finally, the cells were resuspended in 500μl of PBS and stored on ice until 

analysis 

5. The fluorescence intensity was measured using confocal laser scanning mi-

croscopy. 
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5.15 Stability study 

5.15.1 Stability study of optimized CS-NPs 

The stability study was carried out for Capecitabine loaded optimized CS-NPs as per 

ICH guidelines. Nanoparticles of the optimized batch were placed in screw capped 

glass container and stored at various ICH storage condition which are 25
0 

C ± 2
0
C 

(60%± 5%RH) and 40
0 
C ± 2

0
C (75%± 5%RH)  for a period of 90 days. The samples 

were analyzed for physical appearance, percentage drug content and drug release 

study at regular interval of 15 days. 

5.15.2 Stability study of optimized FA-CS-NPs 

The stability study was carried out for Capecitabine loaded optimized FA-CS-NPs as 

per ICH guidelines. FA-CS-NPs of the optimized batch were placed in screw capped 

glass container and stored at various ICH storage condition which are 25
0 

C ± 2
0
C 

(60%± 5%RH) and 40
0 
C ± 2

0
C (75%± 5%RH)  for a period of 90 days. The samples 

were analyzed for physical appearance, percentage drug content and drug release 

study at regular interval of 15 days. 
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6. RESULTS  

6.1 Preformulation study 

Various preformulation parameters were evaluated before formulation of the nanopar-

ticles and the results were as per following 

6.1.1 Physical nature of drug 

Color, odor and appearance are the primary criteria to check the authenticity of any 

drug or excipients. A result of such parameters for capecitabine is given in Table 6.1. 

Table 6.1: Color, Odor and Appearance of capecitabine 

Sr No. Parameter observations 

1 Color White 

2 Odor Odorless 

3 Appearance Crystalline powder 

6.1.2 Solubility of capecitabine in water 

Solubility of capecitabine was evaluated in water, phosphate buffer solution pH 7.4 

and 1% v/v acetic acid and the result is given in Table 6.2. 

Table 6.2: solubility of capecitabine in various solvents 

Sr No. Solvent Solubility Terms 

1 Water 25±0.19 mg/ml sparingly soluble 

2  1% v/v acetic acid  28.24±0.08 mg/ml sparingly soluble 

3  Phosphate buffer solution pH-7.4  31.21±0.11 mg/ml sparingly soluble 

6.1.3 Melting point of capecitabine 

Melting point of capecitabine was determined for its authenticity and purity, and the 

result is given in Table 6.3. 

Table 6.3: Melting point of capecitabine 

Reported Melting Point Observed Melting Point 

115-120
0
C 117 - 121

0
C 

6.1.4  λmax of capecitabine and folic acid 

Wavelength for the maximum absorbance (λmax) was determined for capecitabine as 

well as folic acid using spectrophotometer and the result of the same is given in Table 

6.4 

Table 6.4: λmax of capecitabine and folic acid 

Chemical λmax (nm) 

Capecitabine (in PBS pH 7.4) 240 

Capecitabine (in 1% v/v acetic acid) 243 

Capecitabine (in Water) 240 

Folic acid 283 
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6.1.5 Calibration curve of capecitabine 

Calibration curve of the capecitabine in water was evaluated in triplicate using spec-

trophotometer at λmax 240nm. Data of the same is given in Table 6.5 and graph of the 

calibration curve is given in Figure 6.1 

Table 6.5: Calibration curve of capecitabine in water at λmax 240 nm 

Sr. 

No. 

Conc. 

(µg/ml) 

Absorbance 
Mean ± SD 

I II III 

1 5 0.098 0.099 0.098 0.098±0.000577 

2 10 0.193 0.195 0.194 0.194±0.001 

3 20 0.411 0.411 0.413 0.412±0.001155 

4 30 0.709 0.703 0.71 0.707±0.003786 

5 40 0.968 0.97 0.96 0.966±0.005292 

n=3 

 

 

 

n=3 

Figure 6.1: Calibration curve of capecitabine in water at λmax 240 nm 

Calibration curve of the capecitabine in phosphate buffer solution-pH 7.4 was evalu-

ated in triplicate using spectrophotometer at λmax 240nm. Data of the same is given 

in Table 6.6 and graph of the calibration curve is given in Figure 6.2 
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Table 6.6: Calibration curve of capecitabine in PBS pH 7.4 at λmax 240 nm 

Sr. 

No. 

Conc. 

(µg/ml) 

Absorbance 
Mean ± SD 

I II III 

1 5 0.105 0.099 0.101 0.101±0.003055 

2 10 0.199 0.201 0.196 0.198±0.002517 

3 20 0.438 0.441 0.435 0.438±0.003 

4 30 0.724 0.72 0.728 0.724±0.004 

5 40 0.987 0.99 0.985 0.987±0.002517 

n=3  

 

 

 

n=3 

Figure 6.2: Calibration curve of capecitabine in Phosphate Buffer Solution pH 7.4 at λmax 240 nm 
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6.1.6 Calibration curve of folic acid in pH buffer 7.4 

Calibration curve of folic acid in phosphate buffer solution-pH 7.4 was evaluated in 

triplicate using spectrophotometer at λmax 283nm. Data of the same is given in Table 

6.7 and graph of the calibration curve is given in Figure 6.3 

 

Table 6.7: Calibration curve of folic acid in PBS pH 7.4 at λmax 283nm 

Sr. 

No. 

Conc. 

(µg/ml) 

Absorbance Mean(±SD)* 

I II III 

1 4 0.251 0.250 0.252 0.251±0.001 
2 8 0.507 0.506 0.505 0.506±0.0011 
3 12 0.666 0.667 0.667 0.667±0.002 
4 16 0.897 0.898 0.897 0.897±0.0011 
5 20 1.139 1.139 1.138 1.139±0.015 

n=3 

 

 

 

n=3 

Figure 6.3: Calibration curve of folic acid in phosphate buffer saline solution pH 7.4 at λmax 283 nm 
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6.1.7 FT-IR studies 

FT-IR study was carried out to evaluate the compatibility of capecitabine with excipi-

ents. For this purpose the IR spectra of alone capecitabine, alone chitosan, alone TPP, 

alone folic acid and then mixture of all these were taken, which are given in Figure 

6.4, Figure 6.5, Figure 6.6, Figure 6.7 and Figure 6.8 respectively. 

 

6.1.7.1 Capecitabine 

 

Figure 6.4: FT-IR Spectrum of capecitabine in range 4000 to 400 cm-1 
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6.1.7.2 Chitosan 

 

Figure 6.5: FT-IR Spectrum of Chitosan in range 4000 to 400 cm-1 

6.1.7.3 TPP 

 

Figure 6.6: FT-IR Spectrum of TPP in range 4000 to 400 cm-1 
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6.1.7.4 Folic acid 

 

Figure 6.7: FT-IR Spectrum of folic acid in range 4000 to 400 cm-1 

6.1.7.5 Mixture of capecitabine + chitosan + TPP + folic acid 

 

Figure 6.8: FT-IR Spectrum of mixture of capecitabine + chitosan + TPP + folic acid in range 4000 to 400 cm-1 
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6.2 Characterization of CS-NPs 

6.2.1 % yield, % entrapment efficiency (EE) and % drug content   

Data for the % yield, % entrapment efficiency (EE) and % drug content are given in 

Table 6.8 and graphically represented in Figure 6.9, Figure 6.10 and Figure 6.11 re-

spectively 

Table 6.8: Data of % yield, % entrapment efficiency (EE) and % drug content of capecitabine CS-NPs 

*
n=3 

 

 

 

 

Figure 6.9: Column diagram for % yield of CS-NPs 
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Batch No. %Yield %EE %Drug content 

CS-NPs -1 69.6±1.4 45.7±1.5 25.18±0.62 

CS-NPs -2 66.38±1.21 57.94±1.25 27.2±0.76 

CS-NPs -3 62.07±0.95 52.9±1.023 24.85±.54 

CS-NPs -4 65.2±2.06 63.01±2.53 27.56±0.91 

CS-NPs -5 70.1±1.3 80.15±1.32 28.67±1.04 

CS-NPs -6 73.9±0.96 76.57±2.5 25.87±0.82 

CS-NPs -7 54.17±2.5 60.39±2.21 24.66±0.85 

CS-NPs -8 69.64±1.11 85.74±2.36 29.9±0.91 

CS-NPs -9 70.06±0.93 81.19±3.21 23.03±0.43 
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Figure 6.10: Column diagram for % Entrapment efficiency of capecitabine in CS-NPs 

 

 

Figure 6.11: Column diagram for % drug content in CS-NPs 
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Drug release from the chitosan nanoparticles was evaluated by in-vitro diffusion study 

and its drug release data of all 09 batches are given in Table 6.9 and Table 6.10.  Per-

centage cumulative drug release profile against time is graphically represented in Fig-

ure 6.12 for batches CS-NPs-1 to 3, Figure 6.13 for batches CS-NPs-4 to 6 and Figure 
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Table 6.9:  Release profile of CS-NPs-1 to CS-NPs-5 batches. 

Time 

(hrs) 

%CDR 

CS-NPs-1 CS-NPs-2 CS-NPs-3 CS-NPs-4 CS-NPs-5 

0 0 0 0 0 0 

1 5.5±0.57 11.2±0.41 5.8±0.45 3.5±0.61 6.8±0.32 

2 7.1±0.92 18.9±0.56 7.1±0.71 4.5±0.82 11.6±0.64 

3 9.3±0.97 25.1±0.65 9.9±0.91 6.21±0.91 13.9±1.15 

4 13.01±1.01 31.7±1.06 13.9±0.95 8.1±0.96 31.2±0.86 

5 14.08±1.53 36.1±1.11 16.7±1.02 11.4±1.04 38.6±1.1 

6 18.2±1.87 41.9±2.1 19.6±1.15 25.9±1.7 45.22±1.5 

7 23.4±2.08 45.4±2.05 25.4±2.1 39.06±1.31 52.6±1.61 

8 36.8±1.26 52.1±1.57 32.7±2.11 47.4±2.28 59.7±2.4 

12 53.01±1.58 62.02±2.01 56.7±1.71 67.27±2.2 70.12±1.38 

24 73.29±2.01 74.04±2.13 77.72±1.97 81.09±1.72 85.17±1.65 

48 73.5±2.15 74.8±2.20 78.9±2.15 82.11±2.11 85.7±2.15 
  *

n=3 

 

Table 6.10: Release profile of CS-NPs-6 to CS-NPs-9 batches 

Time 

(hrs) 

%CDR 

CS-NPs-6 CS-NPs-7 CS-NPs-8 CS-NPs-9 

0 0 0 0 0 

1 2.7±0.21 1.4±1.1 1.1±1.2 2.1±0.83 

2 6.52±0.64 3.43±0.51 5.7±1.15 3.76±1.15 

3 9.07±0.82 4.53±0.65 8.9±1.1 5.97±0.95 

4 12.57±0.95 13.14±0.84 16.47±0.94 11.98±1.1 

5 27.32±1.6 17.13±1.31 19.2±0.86 22.37±0.92 

6 40.67±1.38 21.12±1.15 28.9±1.4 35.47±1.11 

7 51.87±2.2 29.68±1.6 39.4±2.2 49.77±2.3 

8 61.67±1.2 45.7±2.15 51.27±2.1 56.9±2.05 

12 70.77±2.04 71.23±2.3 69.1±1.2 72.6±2.2 

24 87.34±1.82 90.31±2.21 93.48±2.06 87.36±1.85 

48 88.12±1.4 90.93±2.6 94.4±2.15 87.2±1.3 

n=3 
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Figure 6.12: In-Vitro drug release profile of batch CS-NPs-1 to CS-NPs-3 

 

 

Figure 6.13: In-Vitro drug release profile of batch CS-NPs-4 to CS-NPs-6 

 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 10 20 30 40 50 60 

%
 C

D
R

 

Time (hr) 

CS-NPs-1 

CS-NPs-2 

CS-NPs-3 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

0 10 20 30 40 50 60 

%
 C

D
R

 

Time (hr) 

CS-NPs-4 

CS-NPs-5 

CS-NPs-6 



Chapter 6                                                                                                                                                        Results 

Department of Pharmacy, SV  90 

 

 

 

Figure 6.14: In-Vitro drug release profile of batch CS-NPs-7 to CS-NPs-9 
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6.3 Optimization of CS-NPs 

6.3.1 Interaction between the factors 

Various batches of CS-NPs with experimental entrapment efficiency along with inter-

action factors are presented in Table 6.11 and P-values of all these interaction factors 

obtained by the ANOVA of response surface quadratic model is given in Table 6.12 

 
Table 6.11: Various batches of CS-NPs with experimental percentage entrapment efficiency along 
with interaction factors  

Batch No. X1 X2 (X1)
2
 (X2)

2
 X1X2 %EE 

CS-NPs -1 -1 -1 1 1 1 45.6 

CS-NPs -2 -1 0 1 0 0 57.94 

CS-NPs -3 -1 1 1 1 -1 52.9 

CS-NPs -4 0 -1 0 1 0 63.01 

CS-NPs -5 0 0 0 0 0 80.15 

CS-NPs -6 0 1 0 1 1 76.57 

CS-NPs -7 1 -1 1 1 -1 60.39 

CS-NPs -8 1 0 1 0 0 85.74 

CS-NPs -9 1 1 1 1 1 81.19 

 
 
 

Table 6.12: Analysis of variance for response surface quadratic model 

 
Coefficients Standard Error P-value 

Intercept 80.12 1.83 0.000026 

X1 11.81 0.99 0.0013 

X2 6.43 1.01 0.0078 

(X1)
2
 -8.26 1.76 0.0182 

(X2)
2
 -11.85 1.73 0.0063 

X1X2 3.07 1.15 0.0756 

 

 

From the above Table 6.12 full polynomial equation was derived as per follows 

% EE=80.12 + 11.81X1 + 6.43X2 - 8.26(X1)
2
 - 11.85(X2)

2
 + 3.07X1X2 

 

Then after, interaction factor showing P-value more than 0.05 was omitted and re-

duced surface quadratic model was obtained by regression analysis as shown in Table 

6.13  
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Table 6.13: Analysis of variance for response surface reduced quadratic model 

 
Coefficients Standard Error P-value 

Intercept 80.80 2.88 9.58E-06 

X1 11.81 1.58 0.0017 

X2 6.94 1.58 0.0117 

(X1)
2
 -9.28 2.73 0.0273 

(X2)
2
 -11.33 2.73 0.0143 

 

From above Table 6.13  reduced polynomial equation was derived as per follows 

% EE=80.80 + 11.81X1 + 6.94X2 - 9.28(X1)
2
 – 11.33(X2)

2
 

Predicted values of % EE of CS-NPs by response surface reduced quadratic model 

was compared with the real experimental value of all 09 batches of CS-NPs to calcu-

late the difference in terms of % error, as shown in Table 6.14 

Table 6.14: Experimental versus predicted values of % entrapment efficiency of CS-NPs by response surface 
reduced quadratic model 

Batch Experimental %EE Predicted %EE Residuals % Error 

CS-NPs -1 45.6 44.84 0.76 1.69 

CS-NPs -2 57.94 60.04 -2.10 -3.50 

CS-NPs -3 52.9 51.56 1.34 2.61 

CS-NPs -4 63.01 61.84 1.17 1.89 

CS-NPs -5 80.15 80.12 0.03 0.04 

CS-NPs -6 76.57 77.78 -1.20 -1.55 

CS-NPs -7 60.39 62.32 -1.93 -3.10 

CS-NPs -8 85.74 83.67 2.07 2.47 

CS-NPs -9 81.19 81.33 -0.14 -0.17 

 

Finally, results of ANOVA of full and reduced quadratic model was compared, as 

summarized in Table 6.15, to calculate the F value as per calculation given below. 

Then this calculated F value was compared with the table value of F value to know 

whether the effect of interaction factor on response is significant or not, and also to 

justify the omission of non-significant interaction factor while obtaining the reduced 

surface quadratic model. 
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Table 6.15: Results of ANOVA of full model and reduced model 

  
df SS MS F R

2
 

Regression 
FM 5 1597.83 319.57 54.28 0.989 

RM 4 1555.84 388.96 26.08 0.963 

Residual 
FM 3 17.66 5.89 

  
RM 4 59.65 14.91 

  
df – degree of freedom, SS – sum of squares, MS – mean sum of squares, FM – full model, 

RM – reduced model 

 

SSE2-SSE1=59.65-17.66=41.99  

No. of terms omitted is during the reduced model = 01  

MS of Error of FM=5.89 

 

             

           
                                   

                 
 

 

 

           
 
    

      

 

Therefore, F value (Calculated) = 7.13, and from the table of F value, it was found 

to be, F value (Tabulated) = 11.35. 

Hence, F calculated < F tabulated 
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6.3.2 Construction of contour plots 

2D contour plot and 3D response surface plot of CS-NPs is given in Figure 6.15 and 

Figure 6.16 respectively 
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Figure 6.15: 2D Contour plot of CS-NPs for the effect of variables on the % 
EE response 

Figure 6.16: 3D plot of CS-NPs for the effect of variables on the % EE response 
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6.3.3 Evaluation of model / Check point analysis 

Result of the check point analysis of the CS-NPs is summarized in Table 6.16 

Table 6.16: Check point analysis of CS-NPs from the contour plot 

Test batches Response 
Factors 

Predicted value 
Experimental 

value 

%  

Error X1 X2 

Batch 1 % EE 1.5 0.75 85.74 84.29 1.69 

Batch 2 % EE 1.5 0.76 85.95 83.82 2.48 

Batch 3 % EE 1.5 0.77 86.29 84.75 1.78 
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6.4 Evaluation of Optimized CS-NPs 

6.4.1 Particle size distribution and zeta potential 

Optimized chitosan nanoparticle CS-NPs-8 was analyzed for its size, size distribution 

and electrical charge that they carry, using a Malvern particle size analyzer. Result is 

given in Figure 6.17 and Figure 6.18 respectively.  

 
Figure 6.17: Particle size distribution of CS-NPs-8 
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Figure 6.18: Zeta potential of CS-NPs-8 
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6.4.2 Scanning Electron microscopy 

Surface morphology of optmized chitosan nanoparticles, CS-NPs-8, was evaluated by 

scanning electron microscopy, and the result of the same is given in Figure 6.19. 

   

 

 

 

 

 

 

 

 

Figure 6.19: Scanning electron microscopic photograph of CS-NPs-8 

6.4.3 FT-IR study 

In the optimized chitosan nanoparticle, CS-NPs-8, compatibility of capecitabine with 

excipients was evaluated by taking the FT-IR spectra of CS-NPs-8, and compared it 

with the FT-IR spectrum of capecitabine. This comparison is given in Figure 6.20 

 

Figure 6.20: Comparison of FT-IR Spectrum of capecitabine and CS-NPs-8 in range 4000 to 400 cm-1 
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6.4.4 Differential scanning calorimetry 

Optimized chitosan nanoparticle, CS-NPs-8, were subjected to the differential scan-

ning calorimetry to make the final confirmation about the compatibility of 

capecitabine with excipients by taking the DSC thermogram of CS-NPs-8, and com-

pared it with the DSC thermogram of capecitabine. This comparison is given in Fig-

ure 6.21 

 

 

 
Figure 6.21: DSC thermogram of capecitabine and optimized CS-NPs-8 

  

Capecitabine 

CS-NPs-8 
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6.4.5 Drug release kinetics 

Correlation coefficient of zero order, first order and higuchi model of drug release ki-

netics from optimized CS-NPs-8 is summarized in Table 6.17 

Table 6.17: Drug release kinetics for an optimized formulation CS-NPs-8 

Optimized formulation 

(CS-NPs-8) 

Release kinetic model 

Zero order First order Higuchi model 

R
2
 R

2
 R

2
 

0.733 0.869 0.874 

 

Drug release from optimized CS-NPs-8 as per the zero order, first order and higuchi 

model of the release kinetics are graphically represented in Figure 6.22, Figure 6.23 

and Figure 6.24  respectively. 
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Figure 6.22: Zero order drug release kinetics of CS-NPs-8 

Figure 6.23: First order drug release kinetics of CS-NPs-8 
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Figure 6.24: Higuchi model of drug release kinetics of CS-NPs-8 



Chapter 6                                                                                                                                                        Results 

Department of Pharmacy, SV  102 

 

6.5 Characterization of FA-CS-NPs 

6.5.1 % yield, % conjugation efficiency and % folic acid loading 

Data for the % yield, % folic acid conjugation efficiency (CE) and % folic acid load-

ing are given in Table 6.18 and graphically represented in Figure 6.25, Figure 6.26 

and Figure 6.27 respectively 

Table 6.18: % Yield, % Conjugation efficiency, and % FA loading of FA-CS-NPs 

Batch No. % Yield % CE % FA Loading 

FA-CS-NPs-1 78.03±1.56 61.53±1.23 6.97±0.32 

FA-CS-NPs-2 90.18±1.63 73.86±1.48 8.48±0.55 

FA-CS-NPs-3 80.35±.81 87.78±0.96 7.91±0.15 

FA-CS-NPs-4 88.19±2.28 68.39±2.17 6.15±0.28 

FA-CS-NPs-5 79.17±0.97 70.64±1.41 7.39±0.34 

FA-CS-NPs-6 93.13±1.73 62.19±1.64 9.31±0.54 

FA-CS-NPs-7 87.65±2.51 51.59±2.03 8.49±0.25 

FA-CS-NPs-8 88.74±1.55 68.17±1.36 6.82±0.31 

FA-CS-NPs-9 81.28±1.65 59.27±1.59 8.97±0.41 

FA-CS-NPs-10 88.06±2.22 63.94±2.33 13.91±0.63 

FA-CS-NPs-11 82.12±1.68 78.38±1.57 16.25±0.74 

FA-CS-NPs-12 95.23±0.81 91.23±0.82 18.57±1.03 

FA-CS-NPs-13 86.73±2.47 69.81±1.20 14.75±0.58 

FA-CS-NPs-14 80.09±1.60 64.45±1.47 13.92±0.72 

FA-CS-NPs-15 93.27±2.03 85.17±1.70 17.7±0.80 

FA-CS-NPs-16 85.71±1.42 55.33±2.11 12.19±0.40 

FA-CS-NPs-17 89.37±1.57 69.76±1.40 11.28±0.69 

FA-CS-NPs-18 75.82±1.67 70.11±1.60 16.66±0.76 

FA-CS-NPs-19 79.63±2.19 52.57±0.85 14.02±0.64 

FA-CS-NPs-20 73.27±2.33 45.23±2.02 15.93±0.72 

FA-CS-NPs-21 76.89±1.48 64.48±3.29 16.13±0.87 

FA-CS-NPs-22 77.47±1.10 48.79±0.82 13.32±0.61 

FA-CS-NPs-23 81.95±2.28 41.47±0.97 10.22±0.65 

FA-CS-NPs-24 75.37±1.41 62.41±1.85 15.9±0.36 

FA-CS-NPs-25 75.74±2.03 38.19±0.76 12.11±0.45 

FA-CS-NPs-26 79.28±1.17 44.79±2.90 13.09±0.60 

FA-CS-NPs-27 70.99±2.32 59.53±1.19 16.36±0.83 

n=3 
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Figure 6.25: Column diagram for % yield of FA- CS-NPs 

 

 

Figure 6.26: Column diagram for % Conjugation efficiency of folic acid in FA-CS-NPs 
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Figure 6.27: Column diagram for % FA loading in FA-CS-NPs 

 

6.5.2 In-Vitro Diffusion of capecitabine from FA-CS-NPs 

Drug release from the folic acid conjugated chitosan nanoparticles was evaluated by 

in-vitro diffusion study and its drug release data of all 27 batches is given in Table 

6.19, Table 6.20, Table 6.21, Table 6.22, Table 6.23 and Table 6.24. Percentage cu-

mulative drug release profile against time is graphically represented in Figure 6.28 for 

batches FA-CS-NPs-1 to 3, Figure 6.29 for batches FA-CS-NPs-4 to 6, Figure 6.30 

for batches FA-CS-NPs-7 to 9, Figure 6.31 for batches FA-CS-NPs-10 to 12, Figure 

6.32 for batches FA-CS-NPs-13 to 15, Figure 6.33 for batches FA-CS-NPs-16 to 18 , 

Figure 6.34 for batches FA-CS-NPs-19 to 21, Figure 6.35 for batches FA-CS-NPs-22 

to 24, and Figure 6.36 for batches FA-CS-NPs-25 to 27. 
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Table 6.19: Release profile of FA-CS-NPs-1 to 5 

Time 

(hrs) 

%CDR 

FA-CS-NPs-1 FA-CS-NPs-2 FA-CS-NPs-3 FA-CS-NPs-4 FA-CS-NPs-5 

0 0 0 0 0 0 

1 0 0 0 0 0 

2 2.89±0.92 2.08±0.56 2.29±0.71 3.24±0.82 2.41±0.64 

3 6.02±0.97 5.31±0.65 5.79±0.91 6.63±0.91 5.82±1.15 

4 13.31±1.01 12.47±1.06 12.93±0.95 14.78±0.96 13.12±0.86 

5 25.12±1.53 24.18±1.11 24.67±1.02 25.56±1.04 24.85±1.1 

6 32.23±1.87 31.24±2.1 31.85±1.15 33.47±1.7 32.09±1.5 

7 41.31±2.08 40.51±2.05 41.02±2.1 42.85±1.31 41.16±1.61 

8 49.08±1.26 48.14±1.57 48.76±2.11 50.38±2.28 48.89±2.4 

12 72.77±1.58 71.63±2.01 72.11±1.71 74.26±2.2 72.36±1.38 

24 85.91±1.74 84.72±1.83 85.06±1.68 86.52±1.95 85.27±1.43 

48 91.85±2.013 90.75±2.13 91.18±1.97 92.63±1.72 91.47±1.65 

72 92.67±2.15 91.83±2.2 92.28±2.15 93.21±2.11 92.55±2.15 

     n=3 

Table 6.20: Release profile of FA-CS-NPs-6 to 10 

Time 

(hrs) 

%CDR 

FA-CS-NPs-6 FA-CS-NPs-7 FA-CS-NPs-8 FA-CS-NPs-9 FA-CS-NPs-10 

0 0 0 0 0 0 

1 0 0 0 0 0 

2 1.05±0.64 1.99±0.51 2.94±1.15 1.46±1.15 0 

3 4.28±0.82 5.22±0.65 6.13±1.1 4.69±0.95 1.59±1.1 

4 11.44±0.95 12.38±0.84 13.64±0.94 11.85±1.1 8.75±1.14 

5 23.15±1.6 24.09±1.31 25.23±0.86 23.56±0.92 20.46±1.66 

6 30.21±1.38 31.15±1.15 32.68±1.4 30.62±1.11 27.52±2 

7 39.48±2.2 40.42±1.6 41.79±2.2 39.89±2.3 36.79±2.21 

8 47.11±1.2 48.05±2.15 49.67±2.1 47.52±2.05 44.42±1.39 

12 70.6±2.04 71.54±2.3 73.35±1.2 71.01±2.2 67.91±1.71 

24 83.69±2.11 84.63±1.85 86.11±1.76 84.1±2.1 81±1.87 

48 89.72±1.82 90.66±2.21 92.25±2.06 90.13±1.85 87.03±2.143 

72 90.8±1.4 91.74±2.6 93.17±2.15 91.21±1.3 88.11±2.28 

    n=3 
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Table 6.21:  Release profile of FA-CS-NPs-11 to 15 

Time 

(hrs) 

%CDR 

FA-CS-NPs-11 FA-CS-NPs-12 FA-CS-NPs-13 FA-CS-NPs-14 FA-CS-NPs-15 

0 0 0 0 0 0 

1 0 0 0 0 0 

2 0 0 0 0 0 

3 2.34±0.78 1.21±1.04 1.25±1.04 1.55±1.28 1.54±0.95 

4 6.71±1.19 3.58±1.08 8.41±1.09 8.71±0.99 3.74±1.08 

5 11.39±1.24 8.84±1.15 20.12±1.17 20.42±1.23 9.34±1.73 

6 19.68±2.23 16.75±1.28 27.18±1.83 27.48±1.63 17.63±1.51 

7 29.56±2.18 25.49±2.23 36.45±1.44 36.75±1.74 25.89±2.33 

8 40.71±1.7 37.31±2.24 44.08±2.41 44.38±2.53 37.92±1.33 

12 58.16±2.14 52.56±1.84 67.57±2.33 67.87±1.51 53.31±2.17 

24 78.32±1.96 71.32±1.81 80.66±2.08 80.96±1.56 71.79±2.24 

48 91.25±2.26 90.36±2.1 86.69±1.85 86.99±1.78 90.72±1.95 

72 93.33±2.33 92.47±2.28 87.77±2.24 88.07±2.28 92.46±1.53 

    n=3 

 

Table 6.22:  Release profile of FA-CS-NPs-16 to 20 

Time 

(hrs) 

%CDR 

FA-CS-NPs-16 FA-CS-NPs-17 FA-CS-NPs-18 FA-CS-NPs-19 FA-CS-NPs-20 

0 0 0 0 0 0 

1 0 0 0 0 0 

2 0 0.12±0.1 0 0 0 

3 2.89±0.78 3.35±1.23 2.12±1.08 1.42±0.84 2.45±0.52 

4 10.05±0.97 10.51±1.07 6.25±1.23 8.58±0.88 7.25±0.93 

5 21.76±1.44 22.22±0.99 10.28±1.05 20.29±1.4 11.58±0.98 

6 28.82±1.28 29.28±1.53 18.54±1.24 27.35±1.74 21.34±1.97 

7 38.09±1.73 38.55±2.33 29.37±2.43 36.62±1.95 30.68±1.92 

8 45.72±2.28 46.18±2.23 40.49±2.18 44.25±1.13 40.95±1.44 

12 69.21±2.43 69.67±1.33 58.28±2.33 67.74±1.45 58.39±1.88 

24 82.3±1.98 82.76±1.89 78.65±2.23 80.83±1.61 80.26±1.7 

48 88.33±2.34 88.79±2.19 88.79±1.98 86.86±1.883 90.13±2 

72 89.41±2.73 89.87±2.28 91.21±1.43 87.94±2.02 93.41±2.07 

 n=3 
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Table 6.23:  Release profile of from FA-CS-NPs-21 to 25 

Time 

(hrs) 

%CDR 

FA-CS-NPs-21 FA-CS-NPs-22 FA-CS-NPs-23 FA-CS-NPs-24 FA-CS-NPs-25 

0 0 0 0 0 0 

1 0 0 0 0 0 

2 0 0 0.65±0.51 0 0 

3 2.27±0.78 1.96±0.78 3.88±1.02 2.53±0.69 3.01±0.52 

4 6.81±0.82 9.12±0.83 11.04±0.73 7.37±0.82 10.17±0.71 

5 11.12±0.89 20.83±0.91 22.75±0.97 11.74±1.47 21.88±1.18 

6 19.26±1.02 27.89±1.57 29.81±1.37 21.69±1.25 28.94±1.02 

7 28.43±1.97 37.16±1.18 39.08±1.48 30.91±2.07 38.21±1.47 

8 41.58±1.98 44.79±2.15 46.71±2.27 41.24±1.07 45.84±2.02 

12 57.79±1.58 68.28±2.07 70.2±1.25 58.72±1.91 69.33±2.17 

24 78.34±1.55 81.37±1.82 83.29±1.3 80.83±1.98 82.42±1.72 

48 89.11±1.84 87.4±1.59 89.32±1.52 90.57±1.69 88.45±2.08 

72 92.46±2.02 88.48±1.98 90.4±2.02 93.45±1.27 89.53±2.47 

 n=3 

Table 6.24: Release profile of FA-CS-NPs-26 and 27 

Time 

(hrs) 

%CDR 

FA-CS-NPs-26 FA-CS-NPs-27 

0 0 0 

1 0 0 

2 0 0 

3 2.15±0.97 2.36±0.82 

4 9.31±0.81 7.31±0.97 

5 21.02±0.73 11.42±0.79 

6 28.08±1.27 20.89±0.98 

7 37.35±2.07 29.57±2.17 

8 44.98±1.97 40.75±1.92 

12 68.47±1.07 57.62±2.07 

24 81.56±1.63 79.24±1.97 

48 87.59±1.93 91.54±1.72 

72 88.67±2.02 92.78±1.17 

n=3 
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Figure 6.28: In-Vitro drug release profile of batch FA-CS-NPs-1 to 3 

 

 

Figure 6.29: In-Vitro drug release profile of batch FA-CS-NPs-4 to 6 
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Figure 6.30: In-Vitro drug release profile of batch FA-CS-NPs-7 to 9 

 

 

Figure 6.31: In-Vitro drug release profile of batch FA-CS-NPs-10 to 12 
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Figure 6.32: In-Vitro drug release profile of batch FA-CS-NPs-13 to 15 

 

 

Figure 6.33: In-Vitro drug release profile of batch FA-CS-NPs-16 to 18 
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Figure 6.34: In-Vitro drug release profile of batch FA-CS-NPs-19 to 21 

 

 

 

Figure 6.35: In-Vitro drug release profile of batch FA-CS-NPs-22 to 24 
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Figure 6.36: In-Vitro drug release profile of batch FA-CS-NPs-25 to 27 
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6.6 Optimization of FA-CS-NPs 

6.6.1 Interaction between the factors 

Various batches of FA-CS-NPs with experimental conjugation efficiency along with 

interaction factors are presented in Table 6.25 and P-values of all these interaction 

factors obtained by the ANOVA of response surface quadratic model is given in Ta-

ble 6.26 

 
Table 6.25: Various batches of FA-CS-NPs with experimental % folic acid conjugation efficiency (%CE) along 
with all interaction factors 

Batch No. X1 X2 X3 (X1)
2
 (X2)

2
 (X3)

2
 X1X2 X2X3 X1X3 X1X2X3 %CE 

FA-CS-NPs-1 -1 -1 -1 1 1 1 1 1 1 -1 61.53 

FA-CS-NPs-2 -1 -1 0 1 1 0 1 0 0 0 73.86 

FA-CS-NPs-3 -1 -1 1 1 1 1 1 -1 -1 1 87.78 

FA-CS-NPs-4 -1 0 -1 1 0 1 0 1 0 0 68.39 

FA-CS-NPs-5 -1 0 0 1 0 0 0 0 0 0 70.64 

FA-CS-NPs-6 -1 0 1 1 0 1 0 -1 0 0 62.19 

FA-CS-NPs-7 -1 1 -1 1 1 1 -1 1 -1 1 51.59 

FA-CS-NPs-8 -1 1 0 1 1 0 -1 0 0 0 68.17 

FA-CS-NPs-9 -1 1 1 1 1 1 -1 -1 1 -1 59.27 

FA-CS-NPs-10 0 -1 -1 0 1 1 0 0 1 0 63.94 

FA-CS-NPs-11 0 -1 0 0 1 0 0 0 0 0 78.38 

FA-CS-NPs-12 0 -1 1 0 1 1 0 0 -1 0 91.23 

FA-CS-NPs-13 0 0 -1 0 0 1 0 0 0 0 69.81 

FA-CS-NPs-14 0 0 0 0 0 0 0 0 0 0 64.45 

FA-CS-NPs-15 0 0 1 0 0 1 0 0 0 0 85.17 

FA-CS-NPs-16 0 1 -1 0 1 1 0 0 -1 0 55.33 

FA-CS-NPs-17 0 1 0 0 1 0 0 0 0 0 69.76 

FA-CS-NPs-18 0 1 1 0 1 1 0 0 1 0 70.11 

FA-CS-NPs-19 1 -1 -1 1 1 1 -1 -1 1 1 52.57 

FA-CS-NPs-20 1 -1 0 1 1 0 -1 0 0 0 45.23 

FA-CS-NPs-21 1 -1 1 1 1 1 -1 1 -1 -1 64.48 

FA-CS-NPs-22 1 0 -1 1 0 1 0 -1 0 0 48.79 

FA-CS-NPs-23 1 0 0 1 0 0 0 0 0 0 41.47 

FA-CS-NPs-24 1 0 1 1 0 1 0 1 0 0 62.41 

FA-CS-NPs-25 1 1 -1 1 1 1 1 -1 -1 -1 38.19 

FA-CS-NPs-26 1 1 0 1 1 0 1 0 0 0 44.79 

FA-CS-NPs-27 1 1 1 1 1 1 1 1 1 1 59.53 
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Table 6.26: Analysis of variance for response surface quadratic model 

 
Coefficients Standard Error P-value 

Intercept 70.99 3.52 8.43E-13 

X
1
 -8.11 1.63 0.0001 

X
2
 -5.68 1.63 0.0031 

X
3
 7.34 1.63 0.0004 

(X
1
)

2

  -13.08 2.82 0.0003 

(X
2
)

2

  -0.61 2.82 0.8328 

(X
3
)

2

  2.16 2.82 0.4561 

X
1
X

2
  2.03 2.00 0.3240 

X
2
X

3
  1.60 2.00 0.4359 

X
1
X

3
  -1.80 2.00 0.3794 

X
1
X

2
X

3
  3.50 2.44 0.1714 

 

 

From the above Table 6.26, full polynomial equation was derived as per follows 

% EE = 70.99 - 8.11X1 - 5.68X2 + 7.34X3 - 13.08(X1)
2
 - 0.61(X2)

2
 + 2.16(X3)

2
 + 

2.03X1X2 + 1.6X2X3 - 1.8X1X3 + 3.5X1X2X3 

Then after, interaction factor showing P-value more than 0.05 was omitted (shown in 

shadowed cells) and reduced surface quadratic model was obtained by regression 

analysis as shown in Table 6.27 

Table 6.27: Analysis of variance for response surface reduced quadratic model 

 
Coefficients Standard Error P-value 

Intercept 72.02 2.26  6.67E-20 

X
1
 -8.10  1.59  4.42E-05 

X
2
 -5.68  1.59  0.0018  

X
3
 7.33  1.59  0.00014  

(X
1
)

2 

 -13.08  2.76  0.0001  

 

From above Table 6.27 reduced polynomial equation was derived as per follows 

% EE = 72.02 - 8.1X1 - 5.68X2 + 7.33X3 - 13.08(X1)
2
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Predicted values of % EE of FA-CS-NPs by response surface reduced quadratic mod-

el was compared with the real experimental value of all 27 batches of FA-CS-NPs to 

calculate the difference in terms of % error, as shown in Table 6.28. 

Table 6.28: Experimental versus predicted values of % folic acid conjugation efficiency (%CE) of CS-NPs by re-
sponse surface reduced quadratic model 

Batch Experimental %CE Predicted %CE Residuals % Error 

FA-CS-NPs-1 61.53 60.95 -0.61 -0.95 

FA-CS-NPs-2 73.86 74.04 0.18 0.25 

FA-CS-NPs-3 87.78 89.14 1.23 1.55 

FA-CS-NPs-4 68.39 69.98 1.39 2.33 

FA-CS-NPs-5 70.64 71.25 0.57 0.86 

FA-CS-NPs-6 62.19 60.56 -1.95 -2.63 

FA-CS-NPs-7 51.59 51.22 -0.39 -0.72 

FA-CS-NPs-8 68.17 69.38 1.09 1.78 

FA-CS-NPs-9 59.27 57.97 -1.51 -2.20 

FA-CS-NPs-10 63.94 63.00 -1.03 -1.46 

FA-CS-NPs-11 78.38 78.49 0.11 0.14 

FA-CS-NPs-12 91.23 92.30 0.99 1.17 

FA-CS-NPs-13 69.81 70.70 0.82 1.27 

FA-CS-NPs-14 64.45 63.36 -1.21 -1.68 

FA-CS-NPs-15 85.17 86.17 0.93 1.17 

FA-CS-NPs-16 55.33 54.78 -0.5 -1.00 

FA-CS-NPs-17 69.76 70.34 0.54 0.83 

FA-CS-NPs-18 70.11 69.57 -0.57 -0.78 

FA-CS-NPs-19 52.57 53.15 0.54 1.11 

FA-CS-NPs-20 45.23 43.78 -1.81 -3.20 

FA-CS-NPs-21 64.48 64.58 0.11 0.16 

FA-CS-NPs-22 48.79 49.74 0.84 1.95 

FA-CS-NPs-23 41.47 40.25 -1.51 -2.95 

FA-CS-NPs-24 62.41 63.14 0.68 1.17 

FA-CS-NPs-25 38.19 38.25 0.06 0.16 

FA-CS-NPs-26 44.79 44.73 -0.05 -0.13 

FA-CS-NPs-27 59.53 60.81 1.12 2.15 

 

Finally, results of ANOVA of full and reduced quadratic model was compared, as 

summarized in Table 6.29, to calculate the F value as per calculation given below. 

Then after, this calculated F value was compared with the table value of F value to 

know whether the effect of interaction factor on response is significant or not, and al-

so to justify the omission of non-significant interaction factor while obtaining the re-

duced surface quadratic model. 



Chapter 6                                                                                                                                                        Results 

Department of Pharmacy, SV  116 

 

Table 6.29: Results of ANOVA of full model and reduced model 

  
df SS MS F R

2
 

Regression 
FM 10 4007.01 400.71 8.38 0.84 

RM 4 3759.83 939.96 20.43 0.79 

Residual 
FM 16 764.81 47.81 

  
RM 22 1011.98 45.99 

  
df – degree of freedom, SS – sum of squares, MS – mean sum of squares, FM – full model, 

RM – reduced model 

SSE2-SSE1=1011.98-764.81=247.17  

No. of terms omitted while obtaining a reduced model were 06  

MS of Error of FM=47.81 

             

           
                                   

                 
 

 

 

              
 

     
      

Therefore, F value (Calculated) = 0.86, and from the table of F value, it was found to 

be, F value (Tabulated) = 3.48. 

Hence, F calculated < F tabulated 

6.6.2 Construction of contour plots 

2D contour plot and 3D response surface plot of FA-CS-NPs for the effect of varia-

bles, folic acid amount and RPM, on the response, % folic acid conjugation, when 

third variable reaction time was kept constant at level -1, 0 and +1 is given in Figure 

6.37, Figure 6.39 and Figure 6.41  respectively. While 3D response surface plot for 

the same is given in Figure 6.38, Figure 6.40 and Figure 6.42 respectively. 

In the same way three 2D contour plots was constructed by keeping the variable RPM 

constant at -1, 0, and +1 as shown in Figure 6.43, Figure 6.45 and Figure 6.47 respec-

tively. While 3D response surface plot for the same is given in Figure 6.44, Figure 

6.46 and Figure 6.48 respectively. 

Finally, three 2D contour plots was constructed by keeping the variable folic acid 

amount constant at -1, 0, and +1 as shown in Figure 6.49, Figure 6.51 and Figure 6.53 

respectively. While 3D response surface plot for the same is given in Figure 6.50, 

Figure 6.52 and Figure 6.54 respectively. 
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Figure 6.37: 2D Contour plot of FA-CS-NPs for the effect of variables, folic acid amount and RPM, on the re-
sponse, % folic acid conjugation, when third variable reaction time was kept constant at level (-1) 
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Figure 6.38: 3D surface response plot of FA-CS-NPs for the effect of variables, folic acid amount and RPM, on 
the response, % folic acid conjugation, when third variable reaction time was kept constant at level (-1) 
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Figure 6.39: 2D Contour plot of FA-CS-NPs for the effect of variables, folic acid amount and RPM, on the re-
sponse, % folic acid conjugation, when third variable reaction time was kept constant at level (0) 
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Figure 6.40: 3D surface response plot of FA-CS-NPs for the effect of variables, folic acid amount and RPM, on 
the response, % folic acid conjugation, when third variable reaction time was kept constant at level (0) 

  



Chapter 6                                                                                                                                                        Results 

Department of Pharmacy, SV  119 

 

 

% Folic acid conjugation

60

70

70

70

70

65

65

65

65

85

85

85

85

85

80

80

80

80

80

75

75

75

75

75

75

90

70

70

70

65

65

65
60

Folic acid (mg)

3 4 5 6 7

R
P

M

500

550

600

650

700

750

800

850

900

 
Figure 6.41: 2D Contour plot of FA-CS-NPs for the effect of variables, folic acid amount and RPM, on the re-
sponse, % folic acid conjugation, when third variable reaction time was kept constant at level (+1) 
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Figure 6.42: 3D surface response plot of FA-CS-NPs for the effect of variables, folic acid amount and RPM, on 
the response, % folic acid conjugation, when third variable reaction time was kept constant at level (+1) 
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Figure 6.43: 2D Contour plot of FA-CS-NPs for the effect of variables, folic acid amount and reaction time, on 
the response, % folic acid conjugation, when third variable RPM was kept constant at level (-1) 
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Figure 6.44: 3D surface response plot of FA-CS-NPs for the effect of variables, folic acid amount and reaction 
time, on the response, % folic acid conjugation, when third variable RPM was kept constant at level (-1) 
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Figure 6.45: 2D Contour plot of FA-CS-NPs for the effect of variables, folic acid amount and reaction time, on 
the response, % folic acid conjugation, when third variable RPM was kept constant at level (0) 
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Figure 6.46: 3D surface response plot of FA-CS-NPs for the effect of variables, folic acid amount and reaction 
time, on the response, % folic acid conjugation, when third variable RPM was kept constant at level (0) 
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Figure 6.47: 2D Contour plot of FA-CS-NPs for the effect of variables, folic acid amount and reaction time, on 
the response, % folic acid conjugation, when third variable RPM was kept constant at level (+1) 
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Figure 6.48: 3D surface response plot of FA-CS-NPs for the effect of variables, folic acid amount and reaction 
time, on the response, % folic acid conjugation, when third variable RPM was kept constant at level (+1)  
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Figure 6.49: 2D Contour plot of FA-CS-NPs for the effect of variables, reaction time and RPM, on the response, 
% folic acid conjugation, when third variable folic acid amount was kept constant at level (-1) 

40

50

60

70

80

90

500
550

600
650

700
750

800
850

900

10
15

20
25

%
 F

o
li
c
 a

c
id

 c
o
n
ju

g
a
ti
o
n

RPM

Reaction time (min)

40 

50 

60 

70 

80 

90 

 

Figure 6.50: 3D surface response plot of FA-CS-NPs for the effect of variables, reaction time and RPM, on the 
response, % folic acid conjugation, when third variable folic acid amount was kept constant at level (-1)  



Chapter 6                                                                                                                                                        Results 

Department of Pharmacy, SV  124 

 

 

% Folic acid conjugation

70

70

70

65

65

60

85

85

80

80

80

75

75

75

75

65

65

65

70

70

70

90

65

RPM

500 550 600 650 700 750 800 850 900

R
e
a
c
ti
o
n
 t
im

e
 (

m
in

)

10

15

20

25

30

 
Figure 6.51: 2D Contour plot of FA-CS-NPs for the effect of variables, reaction time and RPM, on the response, 
% folic acid conjugation, when third variable folic acid amount was kept constant at level (0) 
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Figure 6.52: 3D surface response plot of FA-CS-NPs for the effect of variables, reaction time and RPM, on the 
response, % folic acid conjugation, when third variable folic acid amount was kept constant at level (0) 
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Figure 6.53: 2D Contour plot of FA-CS-NPs for the effect of variables, reaction time and RPM, on the response, 
% folic acid conjugation, when third variable folic acid amount was kept constant at level (+1) 
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Figure 6.54: 3D surface response plot of FA-CS-NPs for the effect of variables, reaction time and RPM, on the 
response, % folic acid conjugation, when third variable folic acid amount was kept constant at level (+1) 
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6.6.3 Evaluation of model / Check point analysis 

Result of the check point analysis for the FA-CS-NPs is summarized in Table 6.30 

Table 6.30: Check point analysis of FA-CS-NPs from the contour plot 

Test batches Response 
Factors Predicted  

value 

Experimental 

value 

% 

Error X1 X2 X3 

Batch 1 % CE 5mg 500 30 92.26 90.79 1.96 

Batch 2 % CE 5mg 500 29 91.48 89.32 2.36 

Batch 3 % CE 5mg 500 28 90.23 88.57 1.84 
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6.7 Evaluation of optimized FA-CS-NPs-12 

6.7.1 Particle size distribution and zeta potential of FA-CS-NPs 

Folic acid conjugated chitosan nanoparticle was analyzed for its size, size distribution 

and electrical charge that they carry, using a Malvern particle size analyzer. Result of 

the same for batch FA-CS-NPs-12 is given in Figure 6.55 and Figure 6.56 respective-

ly.  

 

  

 

 

  

Figure 6.55: Particle size distribution of FA-CS-NPs-12 
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Figure 6.56: Zeta potential distribution of FA-CS-NPs-12 
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6.7.2 Scanning Electron Microscopy 

surface morphology of optimized  folic acid conjugated chitosan nanoparticle, FA-

CS-NPs-12, was evaluated by scanning electron microscopy, and the result of the 

same is given in Figure 6.57. 

 

   

 

 

 

 

 

 

 

 

6.7.3 FT-IR study 

In optimized  folic acid conjugated chitosan nanoparticle, FA-CS-NPs-12, compatibil-

ity of capecitabine with excipients was evaluated by taking the FT-IR spectra of FA-

CS-NPs-12, and then it was compared with the FT-IR spectra of capecitabine alone, 

as given in Figure 6.58. 

 

Figure 6.58: FT-IR Spectrum of capecitabine and optimized FA-CS-NPs-12 in range 4000 to 400 cm-1 

Figure 6.57: SEM photograph of folic acid conjugated na-
noparticles, FA-CS-NPs-12 
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6.7.4 Differential scanning calorimetry 

Optimized chitosan nanoparticle, FA-CS-NPs-12, were subjected to the differential 

scanning calorimetry to make the final confirmation about the compatibility of 

capecitabine with excipients by taking the DSC thermogram of FA-CS-NPs-12, and 

compared it with the DSC thermogram of capecitabine. This comparison is given in 

Figure 6.59 

 

 
Figure 6.59: DSC thermogram of capecitabine and FA-CS-NPs-12 

  

Capecitabine 

FA-CS-NPs-12 



Chapter 6                                                                                                                                                        Results 

Department of Pharmacy, SV  131 

 

6.7.5 Drug release kinetics 

Correlation coefficient of zero order, first order and higuchi model of drug release ki-

netics from optimized FA-CS-NPs-12 is summarized in Table 6.31 

Table 6.31: Drug release kinetics for an optimized formulation FA-CS-NPs-12 

Optimized formulation 

(FA-CS-NPs-12) 

Release kinetic model 

Zero order First order Higuchi model 

R
2
 R

2
 R

2
 

0.795 0.950 0.902 

 

Drug release from optimized FA-CS-NPs-12 as per the zero order, first order and hi-

guchi model of the release kinetics are graphically represented in Figure 6.60, Figure 

6.61 and Figure 6.62  respectively. 

     

Figure 6.61: First order drug release kinetics of FA-CS-NPs-12 
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Figure 6.60: Zero order drug release kinetics of FA-CS-NPs-12 

y = -0.0177x + 1.9933 
R² = 0.9508 

0 

0.5 

1 

1.5 

2 

2.5 

0 20 40 60 80 

Lo
g 

(1
0

0
 -

 %
 C

D
R

) 

time (hr) 

First order drug release kinetics of FA-CS-NPs-12 



Chapter 6                                                                                                                                                        Results 

Department of Pharmacy, SV  132 

 

 

  

y = 13.918x - 12.152 
R² = 0.9028 

0 

20 

40 

60 

80 

100 

120 

0 2 4 6 8 10 

%
 C

D
R

 

square root of time (hr) 

Higuchi model of release kinetics of FA-CS-NPs-12 

Figure 6.62: Higuchi model of drug release kinetics of FA-CS-NPs-12 
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6.8 In-vitro cell viability assay 

Capecitabine loaded as well as blank FA-CS-NPs, capecitabine alone, and 

capecitabine loaded CS-NPs were evaluated for its efficacy to inhibit the growth of 

three different cell lines, HT-29, Vero, and MCF-7; and the outcome of this study is 

given in Table 6.32, Table 6.33 and Table 6.34 respectively. These percentage inhi-

bition data is graphically represented in Figure 6.63. 

6.8.1 Percentage inhibition of HT-29 cell line  

Table 6.32: Percentage inhibition of HT-29 cell line 

Concentration 

of capecitabine 

FA-CS-

NPs 
Capecitabine 

Blank FA-CS-

NPs 
CS-NPs 

100µg/ml 72.01 50.37 -4.83 52.58 

80µg/ml 55.77 37.97 -13.88 35.79 

60µg/ml 44.17 27.51 -16.22 27.33 

40µg/ml 17.71 -5.59 -9.10 9.43 

20µg/ml -1.90 1.32 -0.33 2.55 

10µg/ml 8.14 7.23 -1.82 2.15 

 

6.8.2 Percentage inhibition of Vero cell line  

Table 6.33: Percentage inhibition of Vero cell line 

Concentration 

of capecitabine 

FA-CS-

NPs 
Capecitabine 

Blank FA-CS-

NPs 
CS-NPs 

100µg/ml 2.49 2.36 -1.59 1.28 

80µg/ml -11.80 -13.56 -8.10 -14.29 

60µg/ml -16.17 -9.78 -6.69 -13.95 

40µg/ml -13.22 -13.40 -8.45 -7.61 

20µg/ml -3.28 -6.12 -5.52 -10.18 

10µg/ml -5.45 -7.65 -4.44 -8.33 

 

6.8.3 Percentage inhibition of MCF-7 cell line  

Table 6.34: Percentage inhibition of MCF-7 cell line 

Concentration 

of capecitabine 

FA-CS-

NPs 
Capecitabine 

Blank FA-CS-

NPs 
CS-NPs 

100µg/ml 9.84 18.67 -3.86 7.97 

80µg/ml -7.97 -13.03 -7.29 -13.21 

60µg/ml -9.82 -13.40 -7.91 -18.51 

40µg/ml -15.15 -15.22 -11.71 -22.97 

20µg/ml -3.46 -11.16 -7.14 -23.11 

10µg/ml -16.20 -16.08 -8.17 -24.68 
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6.9 In-vitro cell uptake study 

In-vitro cell uptake study was performed to evaluate the folate receptor mediated cell-

internalization of optimized folic acid conjugated nanoparticles, FA-CS-NPs-12. Re-

sult of this study is given in Figure 6.64. 
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Figure 6.63: % inhibition of HT-29, Vero and MCF-7 cell line by various nanoparticles and capecitabine 

Figure 6.64: Fluorescent microscopy of A) FA-CS-NPs-12 and B) CS-NPs-8 in HT-29 cell; and C) 
FA-CS-NPs-12 and D) CS-NPs-8 in MCF-7 cells 
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6.10 Stability Study 

6.10.1 Change in Physical appearance and % Drug content of optimized CS-NPs-8 

Change in physical appearance and % drug content of optimized chitosan nanoparti-

cle, CS-NPs-8 was analyzed for the periods of 90 day to check its stability. Data of 

this study for CS-NPs-8 is given in Table 6.35. 

Table 6.35: Stability studies of CS-NPs-8 

 

  

Storage  

condition 

Tested after time 

(days) 

Physical  

appearance 

% Drug  

content 

25
o
C ± 2

o
C  

 (60%± 

5%RH) 

0 

15 

30 

45 

60 

75 

90 

No change 

No change 

No change 

No change 

No change 

No change 

No change 

29.74±0.025 

29.68±0.011 

29.42±0.015 

29.28±0.012 

29.12±0.031 

28.78±0.059 

28.29±0.042 

40
o
C ± 2

o
C  

(75%± 

5%RH) 

0 

15 

30 

45 

60 

75 

90 

No change 

No change 

No change 

No change 

No change 

No change 

No change 

29.74±0.025 

29.32±0.022 

29.09±0.061 

28.68±0.052 

28.32±0.042 

28.11±0.034 

27.79±0.037 
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6.10.2 Change in Physical appearance and % Drug content of optimized FA-CS-

NPs-12 

Change in physical appearance and % drug content of folic acid cojugated chitosan 

nanoparticle was analyzed for the periods of 90 day to check its stability. Data of this 

study for FA-CS-NPs-12 is given in Table 6.36. 

Table 6.36: Stability studies of FA-CS-NPs-12 

n=3 

 

 

  

Storage  

condition 

Tested after time 

(days) 

Physical ap-

pearance 

% Drug  

content 

25
o
C ± 2

o
C 

 (60%± 

5%RH) 

0 

15 

30 

45 

60 

75 

90 

No change 

No change 

No change 

No change 

No change 

No change 

No change 

27.74±0.014 

27.65±0.023 

27.39±0.031 

27.26±0.026 

27.09±0.040 

26.69±0.033 

26.21±0.017 

40
o
C ± 2

o
C  

(75%± 

5%RH) 

0 

15 

30 

45 

60 

75 

90 

No change 

No change 

No change 

No change 

No change 

No change 

No change 

27.74±0.025 

27.32±0.064 

27.09±0.057 

26.68±0.044 

26.32±0.028 

26.11±0.059 

25.79±0.035 
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6.10.3 In-Vitro drug release profile of CS-NPs-8 

Percentage cumulative drug release was also studied for the purpose of stability eval-

uation of optimized chitosan nanoparticle, CS-NPs-8. % CDR was evaluated at the 

interval of 15 days, up to the 90 days. Result of this study for CS-NPs-8 stored at 

25
o
C ± 2

o
C is given in Table 6.37, and for CS-NPs-8 stored at 40

o
C ± 2

o
C is given in 

Table 6.38. These data are represented graphically in Figure 6.65. 

Table 6.37: Release profile of CS-NPs-8 during stability studies at 25oC ± 2oC and 60%± 5 % RH 

  

Time 

(hrs) 

% CDR 

Initial 15 days 30 days 45 days 60 days 75 days 90 days 

0 0 0 0 0 0 0 0 

1 1.1±0.57 1.04±0.21 0.98±0.31 0.91±0.23 0.85±0.34 0.79±0.44 0.73±0.36 

2 5.7±0.92 5.36±0.65 5.12±0.84 4.89±0.71 4.65±0.78 4.41±0.97 4.17±0.84 

3 8.9±0.97 8.64±0.86 8.37±0.93 8.11±0.62 7.85±0.99 7.59±1.06 7.32±0.75 

4 16.47±1.01 16.18±0.94 15.89±1.02 15.59±0.85 15.30±1.07 15.01±1.15 14.72±0.98 

5 19.2±1.53 18.97±1.13 18.75±1.07 18.52±1.32 18.29±1.26 18.07±1.2 17.84±1.45 

6 28.9±1.87 28.40±1.4 27.90±1.62 27.41±1.37 26.91±1.53 26.41±1.75 25.91±1.5 

7 39.4±2.08 38.90±2.2 38.41±2.31 37.91±1.74 37.41±2.33 36.92±2.44 36.42±1.87 

8 51.27±1.26 50.65±2.11 50.02±2.9 49.40±2.21 48.78±2.24 48.16±3.03 47.53±2.34 

12 69.1±1.58 68.48±1.87 67.86±2.46 67.24±2.65 66.62±2 66.00±2.59 65.38±2.78 

24 93.48±2.013 92.61±2.15 91.74±2.91 90.88±2.76 90.01±2.28 89.14±3.04 88.27±2.89 

48 94.4±2.15 93.47±2.27 92.54±2.78 91.62±2.83 90.69±2.4 89.76±2.91 88.83±2.96 

n=3 

 

Table 6.38: Release profile of CS-NPs-8 during stability studies at 40oC ± 2oC and 75% ± 5% RH 

  

Time 

(hrs) 

% CDR 

Initial 15 days 30 days 45 days 60 days 75 days 90 days 

0 0 0 0 0 0 0 0 

1 1.1±0.57 1.00±0.37 0.91±0.35 0.81±0.28 0.71±0.26 0.62±0.22 0.52±0.18 

2 5.7±0.92 5.28±0.75 4.96±0.88 4.64±0.64 4.32±0.79 4.00±0.74 3.67±0.62 

3 8.9±0.97 8.52±0.66 8.14±0.97 7.76±0.55 7.38±0.88 7.00±0.95 6.62±0.83 

4 16.47±1.01 15.98±0.89 15.49±1.06 15.00±0.78 14.51±0.97 14.02±1.03 13.52±0.91 

5 19.2±1.53 18.77±1.36 18.35±1.11 17.92±1.25 17.50±1.02 17.07±1.22 16.64±1.10 

6 28.9±1.87 28.14±1.41 27.37±1.66 26.61±1.30 25.84±1.57 25.08±1.49 24.31±1.37 

7 39.4±2.08 38.74±1.78 38.08±2.35 37.42±1.67 36.76±2.26 36.10±2.29 35.44±2.17 

8 51.27±1.26 50.44±2.25 49.60±2.94 48.77±2.14 47.94±2.85 47.11±2.20 46.27±2.08 

12 69.1±1.58 68.18±2.69 67.26±2.5 66.34±2.58 65.42±2.41 64.50±1.96 63.58±1.84 

24 93.48±2.013 92.30±2.80 91.12±2.95 89.93±2.69 88.75±2.86 87.57±2.24 86.39±2.12 

48 94.4±2.15 93.15±2.87 91.89±2.82 90.64±2.76 89.38±2.73 88.13±2.36 86.87±2.24 

n=3 
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Figure 6.65: Comparison of in-vitro drug release profile of CS-NPs-8 before and after storage for 90 days, at 25o 
C ± 2oC and 40o C ± 2oC 
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6.10.4 In-Vitro drug release profile of FA-CS-NPs-12 

Percentage cumulative drug release was also studied for optimized  folic acid conju-

gated chitosan nanoparticle, FA-CS-NPs-12 for the purpose of stability evaluation. 

Percentage CDR was evaluated at the interval of 15 days, up to the 90 days. Result of 

this study for FA-CS-NPs-12 stored at 25
o
C ± 2

o
C is given in Table 6.39, and for FA-

CS-NPs-12 stored at 40
o
C ± 2

o
C is given in Table 6.40. These data are represented 

graphically in Figure 6.66. 

Table 6.39: Release profile of FA-CS-NPs-12 during stability studies at 25oC ± 2oC and 60% ± 5% RH 

  

Time 

(hrs) 

% CDR 

Initial 15 days 30 days 45 days 60 days 75 days 90 days 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 

3 1.21±0.54 1.21±0.39 1.18±0.95 1.16±0.58 1.09±0.43 0.95±0.38 0.91±0.52 

4 3.58±1.09 3.4±0.99 3.37±1.08 3.34±0.97 3.26±1.07 3.19±1.23 3.06±0.93 

5 8.84±1.17 8.66±1.23 8.63±1.73 8.08±1.44 7.67±0.99 7.18±1.05 6.74±0.98 

6 16.75±1.83 16.45±1.63 16.42±1.51 15.94±1.28 15.82±1.53 15.73±1.05 15.59±1.97 

7 25.49±1.44 25.34±1.74 25.29±2.33 25.17±1.73 25.09±2.33 24.73±1.24 24.46±1.92 

8 37.31±2.41 37.27±2.53 37.14±1.33 37.03±2.28 36.93±2.23 36.31±2.43 35.75±1.44 

12 52.56±2.33 52.46±1.51 52.23±2.17 52.18±2.43 51.94±1.33 51.13±2.18 50.68±1.88 

24 71.32±2.08 71.21±1.5 71.18±2.24 71.05±1.98 70.94±1.89 70.12±2.33 69.46±1.70 

48 90.36±1.85 90.23±1.78 90.11±1.95 89.96±2.34 89.67±2.19 89.09±1.98 88.29±2.00 

72 92.47±2.24 92.32±2.28 92.19±2.53 92.03±2.73 91.73±2.28 91.34±2.43 90.72±2.07 

n=3  

Table 6.40: Release profile of FA-CS-NPs-12 during stability studies at 40oC ± 2oC and 75% ± 5% RH 

  

Time 

(hrs) 

% CDR 

Initial 15 days 30 days 45 days 60 days 75 days 90 days 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 

3 1.21±0.54 1.12±0.83 0.93±0.83 0.83±0.91 0.82±0.91 0.76±0.65 0.72±0.82 

4 3.58±1.09 3.31±0.8 3.24±1.19 3.12±0.96 2.94±0.96 2.57±0.86 2.38±0.95 

5 8.84±1.17 8.57±1.43 8.19±1.11 7.83±1.04 7.42±1.04 6.93±1.1 6.49±1.6 

6 16.75±1.83 16.36±1.77 15.93±2.10 15.57±1.7 15.25±1.7 14.76±1.5 14.22±1.38 

7 25.49±1.44 25.15±1.98 24.82±2.15 24.39±1.31 24.11±1.31 23.91±1.61 22.47±2.2 

8 37.31±2.41 37.08±1.26 36.84±1.98 36.57±2.28 36.07±2.28 35.81±2.4 34.74±1.2 

12 52.56±2.33 52.17±1.48 51.91±2.37 51.38±2.2 50.03±2.2 49.49±1.38 48.18±2.04 

24 71.32±2.08 71.12±1.60 70.82±2.09 70.63±1.95 70.05±1.95 68.74±1.43 67.23±2.11 

48 90.36±1.85 89.95±2.01 89.37±2.23 89.09±1.72 88.31±1.72 87.05±1.65 86.07±1.82 

72 92.47±2.24 92.03±2.05 91.49±2.20 91.03±2.11 90.28±2.11 89.11±2.15 87.64±2.40 

n=3 
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Figure 6.66: Comparison of in-vitro drug release profile of FA-CS-NPs-12 before and after storage for 90 days, at 
25o C ± 2oC and 40o C ± 2oC  
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7. DISCUSSION 

The research work emphasis on fabrication of folic acid conjugated chitosan nanopar-

ticle for targeting the capecitabine to the colon cancer. Initially capecitabine loaded 

chitosan-TPP nanoparticles were prepared using ionic gelation method, and then op-

timized nanoparticles were conjugated with the folic acid. The result obtained in this 

study indicates that, capecitabine can be effectively loaded in chitosan nanoparticle 

system, resulting in formulation that considerably sustain the release rate of drug, and 

precisely targeting the drug only to the folate-receptor expressing colon cancer cells 

and not to the normal healthy cells, thus  contributing to reduced dose and  toxicity of 

the drug. 

7.1 Preformulation study 

Before development of formulation, it is necessary to perform the preformulation 

study for drug molecule to develop optimized formulation with required characteris-

tics.  

Preformulation can be defined as investigation of physical and chemical properties of 

drug substance alone and when combined with excipients. Preformulation studies are 

the first step in the rational development of dosage form of a drug substance. The ob-

jectives of preformulation studies are to develop a portfolio of information about the 

drug substance, so that this information is useful to develop formulation. 

Preformulation investigations are designed to identify those physicochemical proper-

ties and excipients that may influence the formulation design, method of manufacture, 

and pharmacokinetic-biopharmaceutical properties of the resulting product. Follow-

ings studies were performed for the drug and excipients used for the formulation de-

velopment. 

In Preformulation study, all the characteristics of drug were observed like physical 

appearance, melting point, solubility in different solvents and compatibility study with 

other excipients used for the formulation development. To estimate the drug amount 

in the formulation and % CDR, maximum wavelength i.e. λmax and linearity curve 

were determined in various solvents used in the study by UV spectrophotometric 

technique and plotted.  
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7.1.1 Physical nature of capecitabine 

Physical nature of capecitabine like color, odor, and appearance was observed physi-

cally. The drug was found to be white, odorless and free flowing powder, which 

serves as a primary identification of drug (Table 6.1). 

7.1.2 Melting point determination 

Melting point is a good indication of purity of the sample since the presence of rela-

tively small amount of impurity can be detected by a lowering as well as widening in 

the melting point range. Melting point for the drug was determined by capillary 

method using melting point testing apparatus. It found in the range of 117 ˚C – 121 

˚C, which was similar as reported melting point for the drug capecitabine in the litera-

ture. Henceforth, it may indicate that the drug sample does not contain any impurity   

(Table 6.3). 

7.1.3 Solubility analysis 

Solubility of capecitabine was determined by saturation equilibrium method with wa-

ter. Solubility of capecitabine in various solvents like distilled water, aqueous acetic 

acid (1 % v/v), and in phosphate buffer pH 7.4 was found to be 25.12±0.19 mg/ml, 

28.24±0.08 mg/ml and 31.21 ± 0.11 mg/ml respectively. It indicates that capecitabine 

is sparingly soluble in each of the solvents used as per the terminology defined in In-

dian Pharmacopoeia for the solubility. It was noted that this much solubility in dis-

tilled water, aqueous acetic acid and in phosphate buffer was sufficient to estimate it 

in the formulation as well as for drug release study. Solubility of the capecitabine in 

distilled water was found to be similar as per reported solubility (Table 6.2).  

7.1.4 Determination of λmax of capecitabine 

First step in development of UV spectroscopic method is screening of each compo-

nent expected to present in drug sample prepared for estimation of drug content in 

formulation and in diffusion media over UV range. Excipients should not interfere 

with drug peak at absorption maxima (λmax) of drug and if any excipients interfere 

with drug peak then method should be modified accordingly. The λmax of drug 

acapecitabine having concentration 10 µg/ml was found to be 240 nm in each solvent 

i.e. in distilled water, phosphate buffer pH 7.4 and in aqueous acetic acid (1% v/v) 

while screened over entire UV range 200 – 400 nm. So, 240 nm was used as wave-
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length for estimation of drug amount present in formulation and drug release from 

CS-NPs and FA-CS-NPs (Table 6.4). 

7.1.5 Calibration curve of the capecitabine 

Before determining the calibration curve, stability of the capecitabine in each solvent 

i.e. in distilled water, phosphate buffer pH 7.4 and aqueous acetic acid was ascer-

tained by observing the changes in the absorbance of the solution at the analytical 

wavelength over a period of 48 hr at room temperature. It was observed that no 

change in λmax and absorbance over period of 48 hr proves that drug was stable in 

each solvent for the period of 48 hr. 

The calibration curve for the drug capecitabine were taken in distilled water and 

phosphate buffer pH 7.4 at 240 nm absorption maxima using UV – Visible spectro-

photometer. It was found that drug was giving the linearity in concentration range of 5 

– 40 µg/ml in each solvent. The regression value (R
2
) for distilled water and phos-

phate buffer pH 7.4 was found to be 0.995 and 0.997 respectively. It indicates that the 

calibration curve obtained in each solvent was linear in the range of prepared concen-

trations of drug (Table 6.5, Table 6.6, Figure 6.1, and Figure 6.2). 

7.1.6 Determination of λmax of folic acid 

Folic acid is used as a colon cancer targeting carrier, conjugated on chitosan nanopar-

ticles. λmax of folic acid was required to be determined because on a later stage of 

folic acid conjugation on chitosan nanoparticles, % conjugation was calculated by in-

direct method through determining the folic acid concentration present in the superna-

tant. Therefore calibration of folic acid in phosphate buffer solution was a necessary 

step for which λmax determination was inevitable.  

The λmax of folic acid having concentration 10 µg/ml was found to be 283 nm in 

phosphate buffer pH 7.4 while screened over entire UV range 200 – 400 nm. So, 283 

nm was used as wavelength for estimation of folic acid amount present in supernatant 

to calculate the % conjugation of the folic acid after fabrication of folic acid conjugat-

ed chitosan nanoparticles (Table 6.4). 

7.1.7 Calibration curve of the folic acid 

The calibration curve for the folic acid was taken in phosphate buffer solution pH 7.4 

at 283 nm absorption maxima using UV – Visible spectrophotometer. It was found 
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that folic acid was giving the linearity in concentration range of 4 – 20 µg/ml. The 

regression value (R
2
) was found to be 0.995. It indicates that the calibration curve ob-

tained in phosphate buffer solution pH 7.4 was linear in the range of prepared concen-

trations of folic acid (Table 6.7 and Figure 6.3). 

7.1.8 Compatibility study 

Compatibility of capecitabine with excipients used in nanoparticle formulation was 

analyzed by FTIR spectroscopy. The spectra of drug alone and in combination with 

other excipients as physical mixture used for the formulation development were taken 

in the wavelength region of 4000–400 cm
−1

. All spectras were compared with the 

spectrum of drug to check any interaction was there or not in between drug molecule 

and excipients. No major changes were observed in the functional groups peak for 

capecitabine in any spectra when compared it with spectrum of pure drug. So, it was 

considered that there was no any interaction takes place in between drug and excipi-

ents used for the formulation development and they were compatible with drug 

(Figure 6.4, Figure 6.5, Figure 6.6, Figure 6.7 and Figure 6.8). 

7.2 Formulation of chitosan nanoparticles 

There are numbers of methods reported for preparation of nanoparticles. From these, 

ionotropic gelation method was selected for the present study as it could be feasible 

and easy to formulate nanoparticles at laboratory scale with small particle size and 

high entrapment efficiency 

Chitosan nanoparticles were prepared by ionic gelation method. 1% v/v acetic acid 

solvent was used to dissolve drug and polymer. The amount of drug was kept constant 

while the concentration of chitosan and TPP was varied. During the trial batches it 

was founded that the concentration of chitosan lower than 0.5mg/ml was not able to 

entrap the drug while concentration exceeding 1.5mg/ml was not showing any appar-

ent rise in percentage drug entrapment. In the same way for TPP, the effective range 

of concentration was found to be 0.5mg/ml to 1mg/ml. Therefore using these range of 

chitosan and TPP concentration range 09 batches was formulated by varying the chi-

tosan and TPP concentration within the above mentioned range using 3
2
 full factorial 

design (Table 5.9 and Table 5.10). 
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7.3 Characterization of chitosan nanoparticles 

% Entrapment Efficiency, % yield, % drug content and % CDR of each batch was 

evaluated and from the results of the of %EE and % CDR CS-NPs was optimized us-

ing the contour plots and response surface quadratic mode, done by regression analy-

sis. CS-NPs-8 was found to be optimized batch and then it was further subjected to 

particle size analysis, surface morphology by SEM, FT-IR study, DSC study, Drug 

release kinetics, In-vitro cell viability assay,  In-vitro cell uptake assay and stability 

study. 

7.3.1 Percentage yield 

The percentage yield for each formulated batches was found to be in the range of 

54.17±2.5 to 73.9±0.96. It was observed that production yield was varied with change 

in concentration of chitosan or sodium TPP. Batch CS-NPs-6 shows the maximum 

production yield containing 1 mg/ml chitosan concentration and 1 mg/ml sodium TPP 

concentration. It was also found that, the formulation containing similar concentration 

of chitosan and sodium TPP were gave higher yield as compared to other formulation 

batches (Table 6.8 and Figure 6.9). 

7.3.2 Entrapment efficiency 

Entrapment efficiency was determined for all 09 batches and it was obtained in the 

range of 45 to 85%. The maximum entrapment was in batch CS-NPs-8, 85.74±2.36. 

This may be because of optimum concentration of chitosan as well as of TPP. Initially  

as concentration of TPP increases, the entrapment was also found to be increasing up 

to certain limit, but as concentration further increases, the entrapment was decreasing. 

This suggest that at lower level TPP is not sufficient enough to crosslink all chitosan 

used, and at higher concentration TPP might be causing the over cross linking which 

is reducing the entrapment.  For chitosan, higher level was observed to cause maxi-

mum entrapment, which suggests that the 1:3 capecitabine chitosan ratio is optimum 

(Table 6.8 and Figure 6.10). 

7.3.3Ppercentage drug content 

Percentage drug content was determined for all nine batches, and were obtained in the 

range from 23.03±0.43 to 29.9±0.91. It was required to determine to perform the in-

vitro drug release study as an equivalent amount of drug can be calculated from per-

centage drug content (Table 6.8 and Figure 6.11). 
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7.3.4 In –vitro drug release studies 

The In-Vitro drug release of drug capecitabine from all the nanoparticles batches was 

carried out by using dialysis method in phosphate buffer pH 7.4 for 48 hrs. The cumu-

lative percentage release of capecitabine from the prepared nanoparticles was ob-

tained from 73.5±2.15 to 94.4±2.15. Highest drug release found in CS-NPs-8 might 

be because of the better through entrapment of the drug in chitosan network within 

nanoparticle, because the same batch also exhibits the maximum drug entrapment. 

These outcome suggest that the 1.5mg/ml and 0.75mg/ml concentration of the chi-

tosan and TPP respectively can be concluded as a optimum in order to get the maxi-

mum possible capecitabine entrapment and more percentage drug release with ex-

tended time (Table 6.9, Table 6.10, Figure 6.12, Figure 6.13 and Figure 6.14). 

7.4 Optimization of chitosan nanoparticles 

The popular method in the development and optimization of the drug delivery system 

is response surface methodology (RSM). Depending on the principles of design of 

experiments, the methodology involves the use of various types of experimental de-

signs, generation of polynomial mathematical equations and plotting the response 

over the experimental domain to choose the optimum formulation. A full factorial sta-

tistical design is one type of RSM. It specifies the required experimental runs and 

consumes less time and thus provides a far more efficient and cost-effective technique 

than the conventional techniques of formulation and optimization of dosage forms. 

Based on obtained result for characterization of nanoparticle, it was found that change 

in the concentration of chitosan and sodium TPP has higher influence on entrapment 

efficiency. Thus, a 3
2
 full factorial design was employed in optimizing the formula. 

The concentration of chitosan (X1) and concentration of sod TPP (X2) were taken as 

the independent variables whereas the entrapment efficiency was taken as the depend-

ent variable. 

7.4.1 Fitting the model to the data 

Entrapment efficiency was obtained by conducting systematic experiments at various 

levels and was subjected to regression analysis. All the responses observed for 09 

formulations prepared were simultaneously fitted to linear, quadratic and cubic mod-

els manually and the responses were evaluated using the data analysis feature of Mi-
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crosoft Excel 2007. It was found that the best-fitted model was quadratic model. Thus 

a polynomial equation of the full model was obtained. The entrapment efficiency for 

the all prepared 09 batches showed a variation in the range of 45.6±1.5% to 

85.74±2.36 %. 

Non-significant terms, showing the P-values > 0.05 were rejected and reduced model 

was obtained and regression of the reduced model was carried out. Significance of 

each coefficient was established by P value. Lower the magnitude of the P value, 

more significant is the corresponding coefficient. 

Based on the P value, X1, X2, (X1)
2
, and (X2)

2
 factors were found to be significant 

while the factor X1X2 was found to be insignificant. In addition, the F value was ob-

tained from the full and reduced models. As the calculated F value was found to be 

less than the tabular F value, it can be concluded that the neglected terms do not sig-

nificantly contribute in the prediction of the entrapment efficiency using reduced pol-

ynomial equation. The value of the coefficient of X1 was found to be greatest. From 

this, it was concluded that X1 is the factor that affects the entrapment efficiency max-

imum.   

The determination coefficient R
2
 gives an excellent idea about the goodness of the fit 

of the model. The R
2
 values for the full and the reduced model ware found to be 0.989 

and 0.963 respectively. From this, we can conclude that above 90% of the variations 

are explained by the model. Lastly, high values of the correlation coefficient for the 

full model and the reduced model implies a very good correlation between the select-

ed independent variables (Table 6.11 to Table 6.15). 

7.4.2 Contour plots and response surface analysis 

Two-dimensional contour plots and three dimensional response surface plots were 

prepared for the response ‘percentage entrapment efficiency’. It was found that as the 

values of chitosan and TPP were low, the entrapment was also low. But an increase in 

the concentrations also increased the entrapment efficiency. This was further con-

firmed by plotting response surface plots that depicted the same results. Thus from the 

plots a range was established for the independent variables. It was found that when 

chitosan is taken in the range of 1.4 – 1.5 mg/ml and sodium TPP was taken in the 

range of 0.7 – 0.8mg/ml, satisfactory entrapment can be achieved. However maxi-
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mum entrapment could be achieved at 0.75mg/ml sodium TPP solution and 1.5 mg/ml 

chitosan concentration that represent the batch CS-NPs-8, and same batch has also 

given maximum drug release after 48hr, there for batch CS-NPs-8 was concluded as a 

optimized batch (Figure 6.15 and Figure 6.16). 

7.4.3 Check point analysis 

From the two-dimensional contour plots, prepared for the response ‘percentage en-

trapment efficiency’, any three random points was selected and predicted percentage 

EE at that selected chitosan concentration and TPP concentration was noted. Percent-

age EE was also obtained experimentally by preparing the three different batches of 

CA-NPs using the three randomly selected levels of chitosan and TPP concentration. 

Then after difference between predicted and experimental percentage EE was calcu-

lated to obtain the percentage error. It was found that none of these three batch shows 

% error more than ±5%, which suggest the reliability of predicted values of the select-

ed response ‘% EE’ from the contour plots (Table 6.16). 

7.5 Evaluation of optimized chitosan nanoparticles 

7.5.1 Particle size analysis 

Particle size determination was done by using Malvern particle analyzer instrument 

for the optimized batch CS-NPs-8. Average particle size was found to be 87.23 nm 

with maximum intensity and volume. This much reduced particles sized nanoparticle 

can serve better internalization in colon cancer cells hence better effect of 

capecitabine against colon cancer. From this data, it could be said that the nanoparti-

cles has been formed successfully by using ionic cross linking method (Figure 6.17). 

7.5.2 Polydispersibility index (PDI) 

Particles with the less PDI has more uniform size distribution which can help prevent-

ing the aggregation resulting in better stability of nanoparticles, because in broad size 

distribution, smaller particles can adhere to the larger particle and hence can lead to 

the aggregation. PDI of the optimized chitosan nanoparticles, CS-NPs-8 was found to 

be 0.113, which is quite a narrow size distribution and contributes to the stability of 

nanoparticles (Figure 6.17). 



Chapter 7                                                                                                                                                 Discussion 

Department of Pharmacy, SV  149 

 

7.5.3 Zeta potential 

As Zeta Potential is an important tool for prediction of long term stability and under-

standing the state of the nanoparticle surface. The value greater than + 25 mV or less 

than – 25 mV have high degree of stability. Zeta potential of the optimized chitosan 

nanoparticles, CS-NPs-8 was found to be -35.9 mV which suggests that CS-NPs-8 can 

remain stable without undergoing an aggregation (Figure 6.18). 

7.5.4 Scanning Electron Microscopy (SEM) 

The surface morphology of optimized formulation CS-NPs-8 was studied using scan-

ning electron microscopy. SEM is an instrument that produces largely magnified im-

age by using electrons instead of light. Electron gun produces a beam of electrons, 

which follows the vertical path through the microscope between electromagnetic 

fields and lenses towards the sample due to which electrons, and X-rays are ejected 

from sample. The particle shape was found to be fairly spherical structure with 

smooth surface (Figure 6.19). 

7.5.5 FT-IR study 

Compatibility of capecitabine with excipients within the optimized chitosan nanopar-

ticles, CS-NPs-8 was analyzed by FTIR spectroscopy. The spectra of drug alone and 

CS-NPs-8 were taken in the wavelength region of 4000–400 cm
−1

. All spectras were 

compared with the spectrum of drug to check any interaction was there or not in be-

tween drug molecule and excipients. No major changes were observed in the func-

tional groups peak for capecitabine in any spectra of CS-NPs-8 when compared it 

with spectrum of pure drug. So, it was considered that there was no interactions in 

between drug and excipients present in the CS-NPs (Figure 6.20). 

7.5.6 Differential scanning calorimetry 

Differential scanning calorimetry is widely used in thermal analysis to monitor endo-

thermic processes (melting, solid-solid phase transitions and chemical degradation) as 

well as exothermic processes (crystallization and oxidative decomposition). It could 

be extremely useful since it indicates the existence of possible drug-excipients or ex-

cipient-excipient interactions in formulation. Thermogram of pure drug capecitabine 

shows an endothermic peak at 123.81 ºC which indicates the purity of the drug as the 

reported melting point of the capecitabine was 123.27 ºC. The thermogram of an op-
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timized CS-NPs-8 shows two endothermic peaks at 120.17 ºC and 82.36 ºC. In this, 

endothermic peak at 120.17 ºC indicates the presence of drug and its stability into the 

CS-NPs-8 (Figure 6.21). 

7.5.7 Drug release kinetics 

The in-vitro release profile of an optimized CS-NPs-8 were fitted in various kinetic 

dissolution models like zero order, first order and Higuchi respectively. As indicated 

by higher R
2
 values, the drug release from optimized formulation follows first order 

release and Higuchi model. Since it was confirmed as Higuchi model, the release 

mechanism was swelling and diffusion controlled (Figure 6.22, Figure 6.23 and Fig-

ure 6.24). 

7.6 Formulation of FA-CS-NPs  

The optimized chitosan nanoparticles CS-NPs-8 were conjugated with folic acid. 

However, conjugation between CS-NPs and FA was due to the fact that cationic ami-

no group of chitosan had strong electrostatic interaction with anionic carboxyl group 

of FA. Three variables were selected to apply the 3
3 
factorial design for the statistical 

evaluation of effect of all variables on the various parameters of the FA-CS-NPs. 

Range of the each of three variables was identified by preparing and analyzing the 

various trial batches at different random levels of all three variable. As a result of such 

trial study, range of the variable ‘folic acid concentration’ was found to be 2.5mg to 

7.5mg per 20mg of chitosan nanoparticles. Range for the variable ‘RPM’ was found 

to be 10 to 30 rpm while the range for the variable ‘reaction time’ was found to be 10 

to 30 minutes (Table 5.11 and Table 5.12). 

7.7 Characterization of FA-CS-NPs  

7.7.1 Percentage conjugation 

Percentage conjugation was determined for all 27 batches and it was obtained in the 

range of 38.19±0.76 to 91.23±0.82%. The maximum folic acid conjugation was in 

batch FA-CS-NPs-12, 91.23±0.82%. This suggest that the optimum value for the var-

iable folic acid concentration was found to be 5mg per 20mg of chitosan nanoparti-

cles, while for RPM variable it was found to be 500rpm and for reaction time variable 

it was found to be 30 minutes (Table 6.18 and Figure 6.26). 
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7.7.2 In –vitro drug release studies  

The In-Vitro drug release of drug capecitabine from the various folic acid conjugated 

nanoparticles formulations was carried out by using dialysis method in phosphate 

buffer pH 7.4 for 72 hrs. The cumulative percentage release of capecitabine from the 

prepared nanoparticle batch FA-CS-NPs-12 was found to be 92.47±2.28. The drug 

moved through inside pores in nanoparticles slowly and fell into the medium by diffu-

sion. FA-CS NPs suggested that they had potential as a long-lasting and effective drug 

delivery system (Table 6.19 to Table 6.24, Figure 6.28 to Figure 6.36). 

7.8 Optimization of FA-CS-NPs  

The popular method in the development and optimization of the drug delivery system 

is response surface methodology (RSM). Depending on the principles of design of 

experiments, the methodology involves the use of various types of experimental de-

signs, generation of polynomial mathematical equations and plotting the response 

over the experimental domain to choose the optimum formulation. A full factorial sta-

tistical design is one type of RSM. It specifies the required experimental runs and 

consumes less time and thus provides a far more efficient and cost-effective technique 

than the conventional techniques of formulation and optimization of dosage forms. 

Based on obtained result for characterization of folic acid conjugated chitosan nano-

particle, it was found that change in the folic acid ratio, RPM and reaction time has 

higher influence on conjugation efficiency. Thus, a 3
3
 full factorial design was em-

ployed in optimizing the formula. The amount of folic acid (X1), RPM (X2) and reac-

tion time (X3) were taken as the independent variables whereas the cojugation effi-

ciency was taken as the dependent variable. 

7.8.1 Fitting the model to the data 

conjugation efficiency was obtained by conducting systematic experiments at various 

levels and was subjected to regression analysis. All the responses observed for all 27 

formulations prepared were simultaneously fitted to linear, quadratic and cubic mod-

els manually and the responses were evaluated using the data analysis feature of Mi-

crosoft Excel 2007. It was found that the best-fitted model was quadratic model. Thus 

a polynomial equation of the full model was obtained. The conjugation efficiency for 
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the all prepared 27 batches showed a variation in the range of 38.19±0.76% to 

91.23±0.82 %. 

Non-significant terms, showing the P-value > 0.05 were rejected, and reduced model 

was obtained and regression of the reduced model was carried out. Significance of 

each coefficient was established by P value. Lower the magnitude of the P value, 

more significant is the corresponding coefficient. 

Based on the P value, X1, X2, X3 and (X1)
2
 factors were found to be significant while 

all other factors were found to be insignificant. In addition, the F value was obtained 

from the full and reduced models. As the calculated F value was found to be less than 

the tabular F value, it can be concluded that the neglected terms do not significantly 

contribute in the prediction of the conjugation efficiency using reduced polynomial 

equation.  

The determination coefficient R
2
 gives an excellent idea about the goodness of the fit 

of the model. The R
2
 values for the full and the reduced model ware found to be 0.839 

and 0.788 respectively. From this, we can conclude that above 80% of the variations 

are explained by the model. Lastly, high values of the correlation coefficient for the 

full model and the reduced model implies a very good correlation between the select-

ed independent variables (Table 6.25 to Table 6.29). 

7.8.2 Contour plots and response surface analysis 

Total 09 two-dimensional contour plots and 09 three-dimensional response surface 

plots were prepared for the response ‘percentage conjugation efficiency’. By compar-

ing all these contour plots with each other, the common area in which there was a 

maximum percentage conjugation was obtained. A common zone where a maximum 

conjugation can obtained was representing the 5mg folic acid/20mg of CS-NPs-8, 500 

RPM and 30 minutes of reaction time that represent the batch FA-CS-NPs-12, and 

same batch has also given maximum drug release amongst other batches after 72hr, 

there for batch FA-CS-NPs-12 was concluded as a optimized batch (Figure 6.37 to 

Figure 6.54). 

7.8.3 Check point analysis 

From the various two-dimensional contour plots, prepared for the response ‘percent-

age conjugation efficiency’, any three random points was selected and predicted per-
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centage conjugation at that selected levels of all three variables were noted. Percent-

age conjugation was also obtained experimentally by preparing the three different 

batches of FA-CA-NPs using the three randomly selected points from contour plots. 

Then after difference between predicted and experimental percentage conjugation was 

calculated to obtain the percentage error. It was found that none of these three batch 

shows % error more than ±5%, which suggest the reliability of predicted values of the 

selected response ‘% conjugation’ from the contour plots (Table 6.30). 

7.9 Evaluation of optimized FA-CS-NPs  

7.9.1 Particle size analysis 

Particle size determination was done by using Malvern particle analyzer instrument 

for the optimized batch of folic acid conjugated chitosan nanoparticles, FA-CS-NPs-

12. Average Particle size was found to be 121.9 nm with maximum intensity and vol-

ume, while average particle size of CS-NPs-9 was observed 87.23. Hence, particles 

size was observed to be slightly increasing when folic acid was conjugated on opti-

mized CS-NPs, that is because of the peripheral conjugation of folic acid surrounding 

the particle surface. Much reduced sized nanoparticle can serve better internalization 

in colon cancer cells hence better effect of capecitabine against colon cancer (Figure 

6.55). 

7.9.2 Polydispersibility index (PDI) 

Particles with the less PDI has more uniform size distribution which can help prevent-

ing the aggregation resulting in better stability of nanoparticles, because in broad size 

distribution, smaller particles can adhere to the larger particle and hence can lead to 

the aggregation. PDI of the optimized folic acid conjugated chitosan nanoparticles, 

FA-CS-NPs-12 was found to be 0.124, which is quite a narrow size distribution and 

contributes to the stability of nanoparticles (Figure 6.55). 

7.9.3 Zeta potential 

As Zeta Potential is an important tool for prediction of long term stability and under-

standing the state of the nanoparticle surface. The value greater than + 25 mV or less 

than – 25 mV have high degree of stability. Zeta potential of the optimized folic acid 

conjugated chitosan nanoparticles, FA-CS-NPs-12 was found to be -30.9 mV which 
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suggests that FA-CS-NPs-12 can remain stable without undergoing an aggregation 

(Figure 6.56). 

7.9.4 Scanning Electron Eicroscopy (SEM) 

The surface morphology of optimized formulation FA-CS-NPs-12 was studied using 

scanning electron microscopy. SEM is an instrument that produces largely magnified 

image by using electrons instead of light. Electron gun produces a beam of electrons, 

which follows the vertical path through the microscope between electromagnetic 

fields and lenses towards the sample due to which electrons, and X-rays are ejected 

from sample. The particle shape was not found complete spherical and smooth surface 

as found in CS-NPs. This can because of the irregular conjugation of the folic acid on 

the surface of the chitosan nanoparticle during  the conjugation process (Figure 6.57). 

7.9.5 FT-IR study 

Compatibility of capecitabine with excipients within the optimized folic acid conju-

gated chitosan nanoparticle, FACS-NPs-12 was analyzed by FTIR spectroscopy. The 

spectra of drug alone and FA-CS-NPs-12 were taken in the wavelength region of 

4000–400 cm
−1

. All spectras were compared with the spectrum of drug to check any 

interaction was there or not in between drug molecule and excipients. No major 

changes were observed in the functional groups peak for capecitabine in any spectra 

of FA-CS-NPs-12 when compared it with spectrum of pure drug. So, it was consid-

ered that there was no interactions in between drug and excipients present in the FA-

CS-NPs (Figure 6.58). 

7.9.6 Differential scanning calorimetry 

Differential scanning calorimetry is widely used in thermal analysis to monitor endo-

thermic processes (melting, solid-solid phase transitions and chemical degradation) as 

well as exothermic processes (crystallization and oxidative decomposition). It could 

be extremely useful since it indicates the existence of possible drug-excipients or ex-

cipient-excipient interactions in formulation. Thermogram of pure drug capecitabine 

shows an endothermic peak at 123.81 ºC which indicates the purity of the drug as the 

reported melting point of the capecitabine was 123.27 ºC. The thermogram of an op-

timized FA-CS-NPs-12 shows two endothermic peaks at 131.28 ºC and 85.31 ºC. In 
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this, endothermic peak at 131.28 ºC indicates the presence of drug and its stability 

within the FA-CS-NPs-12 (Figure 6.59). 

7.9.7 Drug release kinetics 

The in-vitro release profile of an optimized FA-CS-NPs-12 was fitted in various ki-

netic dissolution models like zero order, first order and Higuchi respectively. As indi-

cated by higher R
2
 values, the drug release from optimized formulation follows first 

order release and Higuchi model. Since it was confirmed as Higuchi model, the re-

lease mechanism was swelling and diffusion controlled (Figure 6.60, Figure 6.61 and 

Figure 6.62). 

7.10 In-vitro cell viability assay  

Capecitabine loaded FA-CS-NPs was accessed for its anti-cancer activity in-vitro 

against two cancer cell lines HT-29, a human colon cancer cell line and MCF-7, hu-

man breast cancer cell line; while its cytotoxic effect was evaluated by using normal 

cell line VERO. FA-CS-NPs have shown good anti cancer activity against HT-29 cell 

line but not shown against MCF-7 and VERO, which reflects its colon specificity be-

cause of the fact that the colon cancer cells over express the folate receptor unlike the 

MCF-7 and VERO cell line (Figure 6.63). 

7.11 In-vitro cell uptake study 

In-Vitro cell uptake study shows that, when rhodamine labeled CS-NPs-8 and FA-CS-

NPs-12 were mixed with the two different cancer cell lines HT-29 and MCF-7 sepa-

rately, CS-NPs-8 were not been internalized within any of the cancer cell line, while 

FA-CS-NPs were found highly accumulated inside the HT-29 but fails to gain entry in 

MCF-7 cells. These results shows that the FA-CS-NPs were getting internalized only 

within the HT-29 cancer cell line because its expressing the folate receptors while 

MCF-7 cancer cell line is not expressing the folate receptor that much, therefore FA-

CS-NPs couldn’t gain the entry in MCF-7 as intensely as they have in HT-29 cell line. 

These outcomes suggest that the folate receptors positive colon cancer can be success-

fully targeted by folic acid conjugated nanoparticle of anticancer drug (Figure 6.64). 
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7.12 Stability studies 

The optimized formulation CS-NPs-8 and FA-CS-NPs-12 was subjected to stability 

studies at various ICH storage conditions i.e. 25 ºC ± 2 oC/60 ± 5 % RH and 40 ºC ± 

2oC/75 ± 5 % RH for a period of 90 days. The formulation was evaluated for physical 

appearance, drug content and in-vitro drug release study at regular interval of 15 days. 

No major changes were observed in physical appearance, drug content and in-vitro 

drug release profile when stored at room temperature. Also, at 40 ºC ± 2oC/75 ± 5 % 

RH storage condition, no major changes were observed in physical appearance as well 

as in drug content, while very minor decline were observed in in-vitro release data at 

the end of 90 days study. It indicates that the formulation were stable at various ICH 

storage condition for longer period (Table 6.35 to Table 6.40). 
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8. CONCLUSION 

Colorectal cancer is a disease originating from the epithelial cells, lining the colon or 

rectum of the gastrointestinal tract. Capecitabine is one of the choices for the treat-

ment of colon cancer. Generally, capecitabine is given in the form of tablet dosage 

form which has many disadvantages like, delivery of the drug to the healthy cells as 

well which must not happen, poor patient compliance, larger drug dose etc. Therefore, 

to target the capecitabine with suitable novel drug delivery system at specific site of 

action in controlled manner is thought to be beneficial approach.  

From research literature, it was found that certain cancer express folate receptors on 

the cell surface and these receptors are over expressed on colon cancer cells. To sup-

port this, preparation and optimization of folic acid-targeted capecitabine loaded na-

noparticles as a delivery system for the effective treatment of colon cancer, was the 

goal of this study. For that purpose, chitosan nanoparticles have been prepared by us-

ing ionic gelation method which was, later on, conjugated with folic acid as a target-

ing carrier. 

In chitosan nanoparticle formulation, some parameters such as chitosan concentration 

and sodium TPP concentration have been studied as they affect the percentage en-

trapment efficiency. 3
2
 full factorial design was used to statistically optimize parame-

ters and evaluate the main effects of these individual variables on the percentage en-

trapment, particle size and drug release. The particle size was found to be ~87 nm, 

spherical in shape. IR spectra have confirmed that there was no any interaction be-

tween drug and excipients. From the result, it was concluded that concentration of 

chitosan, 1.5mg/ml and sodium TPP, 1.5mg/ml were found to be optimum for the 

preparation of optimized chitosan nanoparticles. 

The developed and optimized chitosan nanoparticles were conjugated with folic acid 

as a targeting tool. This conjugation was carried out using 3
3 
factorial design to statis-

tically optimize three parameters i.e. concentration of folic acid, rpm and reaction 

time; and evaluate the main effects of these individual variables on the percentage fo-

lic acid conjugation. Drug loaded folic acid conjugated chitosan nanoparticles were 

also evaluated for particle size analysis, compatibility and SEM study. it confirms the 

conjugation of folic acid as increased particle size ~ 122 nm was observed. 
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In-vitro cytotoxicity study was carried out using two cancer cell line, folate receptor 

positive colon cancer cell line HT-29 and folate receptor negative breast cancer cell 

line MCF-7. From the results of in-vitro cytotoxicity study, it was concluded that 

capecitabine loaded formulations were highly effective on colon cancer cell line HT-

29 and not on the MCF-7 cell line which lacks the folate receptors expression. The 

FA-CS-NPs formulation were readily taken by HT-29 cell while non-cojugated CS-

NPs were not getting internalized with much intensity as compared to folic acid con-

jugated CS-NPs which indicates that the FA-CS-NPs have good potential as a carrier 

for the targeting and releases the drug capecitabine in controlled manner. 

Finally, capecitabine loaded folic acid-conjugated colon-targeted chitosan nanoparti-

cles, was successfully developed and optimized which can specifically target the co-

lon cancer cells with less side effects and improved efficacy. 
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ABSTRACT 

The goal of this study was to develop and optimize the Capecitabine loaded chitosan nanoparticles 

(CS-NPs)for improved colon cancer therapy, by enhancedsurface area, sustained drug release, 

reduced dose and hence, most importantly, reduced toxicity. Capecitabine loaded Chitosan 

nanoparticles were prepared by 3
2
 full factorial designs, using ionotropic gelation method by cross-

linking of chitosan (CS) with sodium tripolyphosphate (TPP). CS-NPs were prepared by dissolving 

chitosan in 1% (w/v) acetic acid solution under magnetic stirring at room temperature. The CS 

solution was diluted with deionized water to produce different concentration. The capecitabine was 

dissolved in CS solution using sonication and aqueous TPP solution was added drop wise using 

syringe to the mixture with moderate stirring for 30 min. The prepared nanoparticles were 

characterized by FT-IR spectroscopy and DSC to confirm the cross linking reaction between CS 

and cross-linking agent. From the % entrapment of capecitabine, nanoparticles were optimized 

using regression analysis, contour plots and check point analysis.Particle size of the optimized 

batch (CS-NPs-8) was found to be 87 nm. The Polydispersity index of the nanoparticles was found 

to be 0.113. The nanoparticles formed were spherical in shape with high zeta potentials, -35mV. In 

vitro release studies in phosphate buffer saline (pH 7.4) showed an initial burst effect and followed 

by a slow drug release. The drug release followed first order kinetics and was found to be diffusion 

controlled. Optimized formulation was also showing more % inhibition than drug alone in In-vitro 

anticancer study. From the accelerated study of optimized batch, it was found to be stable.  

Keywords: Capecitabine, Colon cancer, Chitosan-TPP nanoparticles, HT-29. 
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INTRODUCTION 

Nanotechnology is the designing of practical frameworks at molecular or nano scale
1
. Particles are 

considered as nanoparticleswhen one dimension is 100 nanometers or less in size
2
. The properties 

of numerous common materials change when framed from nanoparticles. This is commonly in 

light of the fact that nanoparticles have a more prominent surface area per weight than bigger 

particles; this makes them be more receptive to certain molecules. It is conceivable that 

medications as nanoparticles may give better solubility, prompting better absorption
3
. Additionally, 

medications may be contained inside of a molecular transporter, either to shield them from 

stomach acids or to control the drug release to a particular focused area, diminishing the 

probability of side effects. Nanoparticular drug delivery systems are submicron-sized particles (3-

200 nm), devices, or systems that can be made, utilizing an assortment of materials including 

polymers (polymeric nanoparticles, micelles, or dendrimers), lipids (liposomes), virus (viral 

nanoparticles), and even organometallic compound (nanotubes). Capecitabine (Figure 1) is an pro-

drug that is changed over to fluorouracil in the body tissues taking after the oral route. It is broadly 

utilized as a part of the treatment of metastatic colorectal growth and breast malignancy, since it is 

promptly ingested from the gastrointestinal tract. The prescribed every day dosage is huge, i.e., 

1500 mg/m
2
 and it has a short disposal half-life of 0.5–1h

4
. The unwanted impacts with 

capecitabine incorporate bone-marrow dipression, cardiotoxicity, looseness of the bowels, sickness 

and retching, stomatitis, dermatitis, and so on. Subsequently, preparing capecitabine as a controlled 

release (CR) medication would give more noteworthy or more in vitro and in vivo antitumor 

movement, in this way decreasing its harmful effects. Specifically, particular favorable 

circumstances of multi-particulate formulation, for example, microspheres, beads, and so forth., 

over other routinedosage form like tablets and capsules have been talked about before
5
. 

Nevertheless, the principle target of any CR dosage form is to get formulation that would permit 

the drg to stay in therapeutic window as far as possible. The improvement of such pharmaceutical 

structures can be accomplished by utilizing particular biocompatible polymers. Among numerous 

such polymers, hydrogels have been broadly utilized for creating CR devices. Subsequently, it 

would be of enthusiasm to pick such polymers that have suitable chemical composition, 

physicochemical nature, biodegradability, chemical stability, mechanical properties, drug release 

qualities, coveted pharmaceutical dosage form and route of administration
6
. Chitosan [poly (β-(1 

→ 4)-2-amino-2-deoxy-D-glucose)] is a deacetylated derivative of chitin, which is a naturally 

occurring polysaccharide, found abundantly in marine crustaceans, insects and fungi
7
. Chitosan is a 
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cationic, biocompatible and biodegradable polymer having many biomedical applications. 

Chitosan has many advantages, particularly in developing micro/nanoparticles. These include, its 

ability to control the release of active agents, it avoids the use of hazardous organic solvents while 

fabricating particles formulating dosage form, it is soluble in aqueous acidic solution, it is a linear 

polyamine containing number of free amine groups that are readily available for crosslinking, its 

cationic nature allows for ionic crosslinking with multivalent anions, it has muco-adhesive 

character, which increases the residual time at the site of absorption and so on. Chitosan has been 

extensively studied as a carrier for many drugs
8
, proteins and gels for the entrapment of cells or 

antigens
9
 in pharmaceutical industries. 

 

Figure 1: Chemical structure of Capecitabine 

MATERIAL AND METHODS 

Chitosan (CS, Deacetylation degree of 95% and molecular weight of 80 kDa), Tripolyphosphate 

(TPP) waspurchased from Balaji drugs (Surat). Capecitabine was obtained as a gift sample from 

Sun Pharma Research and Analysis Center (Vadodara). All other materials and reagents used in the 

study were analytical grade. 

Preparation of Capecitabine Nanoparticles  

Chitosan nanoparticles were prepared, by 3
2
 factorial design, by ionic cross linking of chitosan 

solution with TPP anions. Chitosan was dissolved in 50ml aqueous solution of acetic acid (1% v/v) 

to prepare various concentrations (0.5mg/ml, 1mg/ml, 1.5mg/ml). Under magnetic stirring at room 

temperature, 0.5 mg/ml, 0.75 mg/ml, and 1.0 mg/ml concentration of 20 ml TPP aqueous solution 

was added drop wise using syringe needle into chitosan solution containing 25 mg of capecitabine. 

pH was adjusted to 6.0 by adding 0.1 N NaOH. The stirring was continued for about 30 minutes. 

The resultant nanoparticles suspensions were centrifuged at 12000 rpm for 30 minutes. Particles 

were settled down and separated from clear supernatant. The Particles obtained after centrifugation 

were finally freeze dried and stored in air tight close container. The formation of the nanoparticles 
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was because of the interaction be-tween the negative groups of the TPP and the positively charged 

amino groups of chitosan (ionic gelation)
 10, 11

 (Table 1). 

Table 1: 3
2
 Factorial Design of Chitosan Nanoparticles 

Batch Capecitabine (mg) Chitosan in 1% v/v acetic acid 

(mg/50ml) 

TPP in water (mg/20ml) 

CS-NPs -1  25  25  10  

CS-NPs -2  25  25  15  

CS-NPs -3  25  25  20  

CS-NPs -4  25  50  10  

CS-NPs -5  25  50  15  

CS-NPs -6  25  50  20  

CS-NPs -7  25  75  10  

CS-NPs -8  25  75  15  

CS-NPs -9  25  75  20  

Solubility Studies  

Solubility of the drug was determined by saturation equilibrium method. Excess quantity of 

capecitabine was added in to the 10ml volumetric flask and then volume was made up to 10ml 

mark with water, and then mixture was place in incubator shaker overnight, to get saturated 

solution of drug. Next day, undissolved drug was separated from the solution by filtering the 

mixture from whatman filter paper. Supernatant was diluted appropriately with water and the 

absorbance was determined using UV-visible spectrophotometer. Concentration of the drug was 

calculated from the standard calibration curve of drug taken in water at 240 nm. 

Characterization  

Capecitabinecontent  

Estimation of drug content was done as per the method reported earlier
12

. Nanoparticles of known 

weights were soaked in 50ml of water for 30 mints and sonicated using a probe sonicator for 15 

mints to break the nanoparticles and facilitate extraction of the drug. The whole solution was 

centrifuged using a centrifuge to remove the polymeric debris and polymeric debris was washed 

twice with fresh solvent (water) to extract any adhered drug. The clear supernatant solution was 

analyzed for capecitabine content by UV spectrophotometer (Shimadzu 1800) at λmax value of 

240 nm. The complete extraction of drug was confirmed by repeating the extraction process on the 

already extractedpolymeric debris.  

Entrapment efficiency 

At the end of the formation of nanoparticles, it was separatedfrom medium by centrifugation at 

12000 RPM for 30 minutes. Then, the nanoparticles pellets and supernatant was separated. Then 

after, supernatant was appropriately diluted in water and absorbance was taken against water as a 
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reference on UV-Visible Spectrophotometer at 240nm. Percentage entrapment was calculatedusing 

following formula.  

                 
                                

              
     

In-vitro drug release  

In vitro release study of capecitabine from nanoparticles was carried out in PBS medium, 

according to a reported procedure
12

. A 4-5 cm long portion of the dialysis bag was made into a 

dialysis sac by folding and tying up one end of the bag with thread. It was then filled up with 

phosphate-buffer pH 7.4 and examined for the leaks. The sac was then emptied and NPs dispersion 

(equivalent to 10 mg drug) was accurately transferred into sac which served as the donor 

compartments. The sac was once again examined for leak and then suspended in the glass beakers 

containing 50 ml phosphate-buffer pH 7.4, which become the receptor compartment. Aliquots 

were taken at 1,2,3,4,5,6,7,8 12, 24, 48 and 72 hours and analyzed spectrophotometrically at 240 

nm. Fresh buffer was used to replenish the receptor compartment at each time to maintain sink 

condition. 

Particle size  

The average particle size of nanoparticles was measured using a Malvern particle size analyser
8
. 

Zeta potential 

Particle charge is a stability determining parameter in aqueous nanoparticles it is measured by 

electrophoresis and expressed as electrophoretic mobility (or) converted to the zeta potential (mV). 

Zeta potential was measured with a combination of laser Doppler velocimetry and phase analysis 

light scattering (Malvern instruments UK). A Smoluchowsky constant F (Ka) of 1.5 was used to 

calculate zeta potential values from the electrophoretic mobility
9
.  

Polydispersity index  

The polydispersity index was determined using non-invasive back scatter technology which allows 

samples measurement in the range of 0.6 nm - 6 μm, freshly prepared capecitabine nanoparticles 

(800 μl) was placed in a folded capillary cell without dilution. The measurement was carried out 

using 4MW He-Ne laser as light source at a fixed angle of 173
o
C the parameters were used for the 

experiments like medium temperature 25
o
C.  

Fourier transformer infrared spectroscopy  

FT-IR spectra was taken to identify changes in chemical structure of the capecitabine nanoparticle. 

The samples were first lyophilized in freeze drier, and then grounded into homogeneous powders. 
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The spectra were acquired at 400–4000cm
−1

 wave numbers with a 4cm−1 resolution utilizing a 

Shimadzu FT-IR spectrophotometer. 

Differential scanning calorimetry 

Differential scanning calorimetry (Shimadzu DSC-60) analysis was performed using an automatic 

thermal analyzer. Aluminum pans were employed in the experiments for all samples and an empty 

pan, prepared in the same manner, was used as a reference. Samples of 3 mg were weighted 

directly into the aluminum pan which was firmly crimped around the lid to provide an adequate 

seal. The thermal analyses were conducted from ambient temperature to 300
o
C at a pre-

programmed heating rate of 10
o
C per min. 

Scanning electron microscopy 

The morphology of optimizedCS-NPs-8 nanoparticles was examined by scanning electron 

microscopy (SEM) operated at an acceleration voltage of 10 kV. The samples were attached to 

aluminum stubs with double side adhesive carbon tape then gold coated and examined using a 

scanning electron microscope (Leo 1430 VPGermany). 

MTT assay 

Capecitabine, blank CS-NPs and capecitabine loaded CS-NPs was evaluated for its anti-colon 

cancer activity by using three different cell lines; HT-29, MCF-7 and Vero.Cells were preincubated 

at a concentration of 1×106 cells/ml in culture medium, taken in T flask, for 3 h at 37°C and 6.5% 

CO2. Then after cells were seeded at a concentration of 5×104 cells/well in 100µl culture medium 

and various amounts of compound (final concentration e.g. 100µM - 0.005µM) were added into 

microplates (tissue culture grade, 96 wells, flat bottom). Then cell cultures were incubated for 24 h 

at 37°C and 6.5% CO2 after which 10 µl MTT labeling mixture was added and incubatefurther for 

4 h at 37°C and 6.5% CO2. Then in the last the formazan crystals that formed were solubilized by 

adding 150 µl solubilization solution (isopropanol containing 0.01N HCl)in each well and 

incubated for overnight and number of viable cells in each well was determined from the 

absorbance at 570 nm in a plate reader. 

Statistical analysis 

Data were expressed as means of three separateexperiments, and were compared by analysis of 

variance(ANOVA). A p-value <0.05 was considered statisticallysignificant in all cases. 

Stability study 

The stability study was carried out for Capecitabine loaded CS NPs and FA conjugated CS NPs as 

per ICH guidelines. Nanoparticles of the optimized formulation were placed in screw capped glass 

container and stored at various ICH storage condition which are 250 C ± 20C (60%± 5%RH) and 
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400 C ± 20C (75%± 5%RH)  for a period of 90 days. The samples were analyzed for physical 

appearance and for the entrapement efficiency at regular interval of 15 days. Drug release was 

performed after 90 days. 

RESULTS AND DISCUSSIONS  

CS (Chitosan) nanoparticles can easily be prepared upon the incorporation of TPP solution to the 

CS solution under magnetic stirring, since the creation of nanoparticles depends mainly on the 

evolved ionic interaction of CS with TPP that eventually leads to the reduction of aqueous 

solubility of CS. The ratio between CS and TPP is critical and controls the size and the size 

distribution of the nanoparticles. The size characteristics have been found to affect the biological 

performance of CS nanoparticles. For this reason before the drug encapsulation into CS 

nanoparticles, the effect of CS/TPP ratio on the size characteristics of the nanoparticles was studied 

in order to find the optimum ratio that result to nanoparticles of low size and narrow size 

distribution.  

Solubility  

The solubility of capecitabine in water was found to be 25.32±0.12mg/ml which is very nearer to 

reported solubility of capecitabine. The standard calibration curve of the capecitabine was obtained 

by plotting the concentration from 5, 10, 20, 30 and 40μg/ml against its respective absorbance at 

240nm (Figure 2). 

 

Figure 2: Calibration Curve of Capecitabine in Phosphate Buffer Solution pH 7.4 
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Table 2: Calibration Curve of Capecitabine in PBS pH 7.4 at λmax 240 nm 

Sr. No. Conc. (µg/ml) Absorbance Mean ± SD 

I II III 

1 5 0.105 0.099 0.101 0.101±0.003 

2 10 0.199 0.201 0.196 0.198±0.002 

3 20 0.438 0.441 0.435 0.438±0.003 

4 30 0.724 0.72 0.728 0.724±0.004 

5 40 0.987 0.99 0.985 0.987±0.002 

n=3 

Encapsulation efficiency and drug loading  

The encapsulation efficiency and drug loading of capecitabine nanoparticles was measured using 

U.V spectroscopy. Entrapment efficiency was determined for all 09 batches and it was obtained in 

the range of 45 to 85%. The maximum entrapmentwas in batch CS-NPs-8, 85.74±2.36.This may be 

because of optimum concentration of chitosan as well as of TPP. Initially as concentration of TPP 

increases, the entrapment was also found to be increasing up to certain limit,but as concentration 

further increases, the entrapment was decreasing. This suggest that at lower level TPP is not 

sufficient enough to crosslink all chitosan used, and at higher concentration TPP might be causing 

the over cross linking which is reducing the entrapment. For chitosan, higher level was observed to 

cause maximum entrapment, which suggests that the 1:3 capecitabine chitosan ratio is 

optimum(Table 3 and figure 3). 

 

Figure 3: % Entrapment efficiency of capecitabine CS-NPs 
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Table 3. Data of % yield, % entrapment efficiency (EE) and % drug loading of capecitabine 

CS-NPs 

Batch No. %Yield %EE %Drug Loading 

CS-NPs -1 69.6±1.4 45.6±1.5 25.18±0.62 

CS-NPs -2 66.38±1.21 57.94±1.25 27.2±0.76 

CS-NPs -3 62.07±0.95 52.9±1.023 24.85±.54 

CS-NPs -4 65.2±2.06 63.01±2.53 27.56±0.91 

CS-NPs -5 70.1±1.3 80.15±1.32 28.67±1.04 

CS-NPs -6 73.9±0.96 76.57±2.5 25.87±0.82 

CS-NPs -7 54.17±2.5 60.39±2.21 24.66±0.85 

CS-NPs -8 69.64±1.11 85.74±2.36 29.9±0.91 

CS-NPs -9 70.06±0.93 81.19±3.21 23.03±0.43 

n=3 

Optimization of formulation 

Prepared chitosan nanoparticles were optimized by plotting the contour plots by considering the 

%EE as a response. Contour plot was drawn by Sigmaplot version 11.0. From the plot it was 

observed that the maximum entrapment ~85% was attributed to the +1 level of chitosan and 0 level 

of TPP variables, which represents the batch CS-NPs-8 (Figure 4). 

 

Figure 4: 2D and 3D Contour plots of variables on %EE 
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bioactivities of nanoparticles. Small nanoparticles have a higher intracellular uptake than large 
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uptake and intracellular trafficking of nanoparticles
13

, it is possible to enhance the mucoadhesive 

properties of CS nanoparticles by decreasing its particle size, and thus to improve mucosal uptake 

of capecitabine-loaded nanoparticles. Average particle size distribution of CS-NPs-8 was found to 

be 87.23nm which quite good as per the nano perspective of the formulation and PDI was found to 

be 0.113 which shows that the optimized nanoparticles were exhibiting narrow size distribution 

which drastically reduce the possibility of the aggregation of the nanoparticles (Figure 5). 

 

Figure 5: Particle size distribution of optimized formulation CS-NPs-8 

Zeta potential 

Sufficient zeta potential must exist at the surface of the nanoparticles in order to prevent the 

aggregation during the storage period. Zeta potential of the optimized bath CS-NPs-8 was analysed 

and was found to be -35.9mV which is sufficient enough to work as repulsion force between 

particles so that the stability of the nanoparticles will not be affected and particles will not 

undergoe the aggregation (Figure 6). Zeta potential is another key parameters contributing to 

various nutritional properties of CS nanoparticles. It has been well documented that CS possesses 

mucoadhesive properties, due to molecular attractive forces formed by an electrostatic interaction 

between positively charged CS and negatively charged mucosal surfaces. Since most tumor cell 

membranes are negatively charged, CS nanoparticles have recently been studied to develop tumor-

specific delivery of anticancer drugs. 
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Figure 6: Zeta potential distribution of optimized formulation CS-NPs-8 

Fourier transformer infrared spectroscopy 

The intermolecular interaction between drug and excipients in nanoparticles was characterized by 

FT-IR.. first the FT-IR spectra of the capecitabine alone was taken and then the FT-IR spectra of 

the optimized formulation was taken and then both spectra was compared for the presence of the 

all the characteristic peaks of the capecitabine. From the comparison it was revealed that the 

capecitabine is not interacting with the chitosan or TPP as all the characteristic peaks of the drug 

was preserved in the formulation CS-NPs-8 (Figure 7). 

 

Figure 7: FTIR spectra of Capecitabine and CS-NPs-8 

Capecitabine 

CS-NPs-8 
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Differential scanning calorimetry 

DSC thermogram of capecitabine exhibited a single endothermic peak at 123
o
C, which 

corresponded to its intrinsic melting points. similarly, melting peak of capecitabine was identified 

in the DSC curves obtained from CS-NPs-8. The presence of phase transitions owing to 

capecitabine in the DSC analysis is evidence that capecitabine is physically compatible within the 

nanoparticles and exhibited thecrystalline state(Figure 8). 

 

Figure 8: DSC thermogram of Capecitabine and CS-NPs-8 

Scanning electron microscopy 

Figure 9 represents the morphologies of the nanoparticles observed on SEM. It could be seen that 

all nanoparticles were regular spheres with smooth surface (diameters <100 nm). 

 

Figure 9: SEM of CS-NPs-8 

In-vitro drug release of Capecitabine chitosan coated nanoparticles  

The cumulative percentage release of capecitabine from the prepared nanoparticles was obtained 

from 73.5±2.15 to 94.4±2.15 up to the 48 hours of duration.Highest drug release found in CS-NPs-

8 might be because of the better through entrapment of the drug in chitosan network within 

nanoparticle. From the result of the drug release kinetic model drug release was found to be 

following first order and diffusion controlled. Initially the burst release was observed up to the 

Capecitabin
e 

CS-NPs-
8 
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period of 8h and then after slow and gradual release was observed and after 48h the release was 

observed becoming linear(Figure 10). 

 

Figure 10: % cumulative drug release of CS-NPs 

MTT assay 

From the result of the MTT assay it was observed that the capecitabine loaded CS-NPs-8 was 

showing almost 50% more inhibition than the capecitabine alone in both the cancer cell line HT-29 

and MCF-7, which is because of the nano size of the particles enabling the more ingestion the drug 

within the cells. However, growth inhibition was less in MCF-7 as compared to the HT-29 cell line 

which shows the better effect of drug in colon cancer than breast cancer. None of the samples have 

shown any cytotoxicity to the normal cell line Vero. This outcome suggest that the chitosan 

nanoparticles can be an important way to potentiate the anticancer effect in colon cancer (Figure 

11). 

 

Figure 11: % inhibition of the cell growth by capecitabine and CS-NPs 
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CONCLUSION  

Capecitabine loaded CS nanoparticles were successfully prepared under mild conditions by cross-

linked with tripolyphosphate (TPP). The nanoparticles formulation of capecitabine was 

successfully optimized based on entrapment efficiency(85%) and sustain drug release up to 48h 

(92%), and optimized batch CS-NPs-8 was found to be having 87nm particle size, minimum 

Polydispersity (0.113), sufficient zeta potential (-35.9mV), spherical shape, and smooth surface 

and physical compatibility of drug in nanoparticles. Results from the stability studies at 25°C/60 ± 

5% RH and 40°C/70 ± 5% RH indicated good stability of the optimized formulation as there was 

no significant change in the physical appearance, drug content and drug release. MTT assay shows 

the 50% rise in the anticancer activity of capecitabine as in chitosan nanoparticle form. So it can be 

concluded that the chitosan nanoparticles can be effectively used to drastically increase the anti 

cancer potency of the capecitabine in colon cancer in order to reduce its dose and hence its side 

effects. 
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