
 

DESIGN OF LIPOSOMAL TOPICAL DOSAGE FORM OF 

BEXAROTENE FOR THE EFFECTIVE TREATMENT OF 

CUTANEOUS T-CELLS LYMPHOMA          

 

 

A Thesis  

Submitted in partial fulfillment of the requirements for the  

 award of the degree of  

 

 

    DOCTOR OF PHILOSOPHY  
      

in  

      Pharmaceutical Sciences 
  
 

By 

 Neelam Sharma 

           (41500166) 

                                            

 

Supervised By 

Dr. Surajpal Verma 

 

 

 

LOVELY PROFESSIONAL UNIVERSITY 

PUNJAB 

2020 
  



-i- 
 

DECLARATION 

 

 

I, declare that the thesis entitled “Design of liposomal topical dosage form of 

bexarotene for the effective treatment of cutaneous t-cells lymphoma” has been 

prepared by me under the guidance of Dr. Surajpal Verma, Associate Professor, 

School of Pharmaceutical Sciences, Lovely Professional University, Phagwara, 

Jalandhar, India. No part of this thesis has formed the basis for the award of any 

degree or fellowship previously.  

 

 

Neelam Sharma 

Research Scholar,  

School of Pharmaceutical Sciences,  

Lovely Professional University, Phagwara,  

Jalandhar, Pb., India 144 411 

 

Assistant Professor 

ASBASJSM College of Pharmacy, 

BELA (Ropar) Pb. India 140 111 

 

Date: 10/11/2020 

  



-ii- 
 

CERTIFICATE  

 

I certify that Neelam Sharma has prepared her thesis entitled “Design of liposomal 

topical dosage form of bexarotene for the effective treatment of cutaneous t-cells 

lymphoma” for the award of Ph. D. degree of Lovely Professional University, under 

my guidance. She has carried out the work at the School of Pharmaceutical Sciences, 

Lovely Professional University and Pharmaceutical Research Lab, ASBASJSM 

College of Pharmacy, BELA (Ropar).    

 

 

 

Dr. Surajpal Verma 

M. Pharm. Ph.D.,  

Associate Professor, 

School of Pharmaceutical Sciences,  

Lovely Professional University, Phagwara,  

Jalandhar, Pb. INDIA 144 411 (Upto 14/08/2020) 

 

(At present from 14/01/2021) 

Assistant Professor 

Delhi Pharmaceutical Sciences & Research University (DPSRU) 

Mehrauli-Badarpur Road,  

Puspvihar, Sector 3 New Delhi-, India110017 

 

 

 

Date: 10/11/2020            

  



-iii- 
 

ABSTRACT  

 

The cutaneous T-cell lymphoma (CTCL) is most common form of Non-Hodgkin’s 

lymphoma Bexarotene is a highly effective anticancer agent which has been proven 

for the treatment of CTCL. US-FDA in 1999 also approved the bexarotene topical gel 

for the treatment. Skin irritation, high log P value, poor aqueous solubility, low 

bioavailability, high dose, high molecular weight, short penetration properties and 

short half-life of drug make it the poor candidate for skin penetration. For that 

purpose radio therapy is recommended with bexarotene topical gel for effective 

treatment of CTCL.  So improve the drawbacks for producing more therapeutic effect 

with lesser side effects liposomal and niosomal delivery of bexarotene can formulated 

to improve the topical delivery and increases the cell membrane penetration as well as 

treatment of cutaneous T-cell lymphoma. 

The aim of the present research is to formulate bexarotene liposomes and niosomes 

and further incorporated in topical gel for improve the treatment and management of 

CTCL. 

The liposomes and niosomes were developed by optimization modeling method. The 

mathematical modeling provides easiness to get the desired product. The suggested 

formula was used to prepare the liposomes and niosomes. Similar results were 

observed as the software suggested for the optimized formulation.  

The promising liposome and niosomes further loaded in carbopol topical gel. The 

prepared topical gels were evaluated for their physical, chemical, cell apoptosis and 

biological properties. The prepared topical gels evaluations were found in the limit 

and preparations were also found stable.  

The designs of the liposomes and niosomes containing bexarotene would be an 

effective way to deliver the drug through the skin via topical gel formulation. It was 

determined from the experimental results that, when bexarotene drug was 

encapsulated in liposomes and niosomes and further incorporated into topical gel 

formulation had shown effective treatment of CTCL as compared to simple 

bexarotene topical gel. 

So, it was concluded that the promising formulations of liposomal and niosomal 

topical gel improves the treatment effectiveness of early stage CTCL which also 

provides patient compliance and convenience. 
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Chapteri- 01 iIntroduction 

1.1 CANCER DISEASE 

Cancer is a type of disease that is characterised by un-controlled cell division and the 

capacity of these cells to invade other tissues, through invasion or through 

implantation into distinct sites by metastasis. In normal cell cycle progression, growth 

regulating mechanism endeavors to keep homeostasis. The balance between 

proliferation, growth arrest, and apoptosis controls homeostasis within a cell. 

Imbalance between growth of cell and death of cells are consequences of cancer. 

Anomalies in the genetic material of the transformed cells may causes cancer.[1] The 

pharmaceutical company's interest in this field of cancer research is due toahigh 

treatment & drug icost, the need for repeatedaadministration over an prolonged 

periodaofatime and the exponential rise in the number ofacancerapatients. With 

regulatory approvals for several formulations for cancer treatment, liposomal and 

niosomal drug delivery systems are the most developed and promising dosage forms. 

Liposomes and niosomes are tiny spherical lipid vesicles with a phospholipid or 

surfactants composed bilayer membrane and also capable of encapsulating 

hydrophilic and lipophilic drugs. Several FDA approved liposomal and niosomal 

formulations like cytarabine liposomal injection (Depocyt), Doxorubicin PEGylated 

liposomal injection and Doxorubicin liposomal formulation (Doxil) are available for 

cancer treatment. Liposomal and niosomal formulations have greatest impact on 

oncology field because of their biodegradability, biocompatibility, immunogenicity 

and low toxicity. Administration through dermal route is one strategy studied by drug 

delivery specialists with the aim to improve the therapeutic efficiency of 

chemotherapy by targeting the drug directly to tumor site, especially in breast and 

skin cancers. [2,3] 

1.1.1 Pathophysiology of Cancer  

Cancer is primarily a disease of cell cycle control failure. In cancer, cells transform 

from normal to cancer cells primarily due to gene changes that govern the growth and 

differentiation of cells. Two broad groups are classified into the altered genes; 

Oncogenes (Her-2, c-Myc, etc.) and genes that inhibit tumours (p53 Rb).Oncogenes 

are responsible for the reproduction of cell and growth of cell. Second classes of 

genes are responsible to inhibit the division of cell. Cancerous transformation can 
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occur when new oncogenes are created, normal oncogenes are improperly over-

expressed or tumour suppressor genes are disabled. At various levels and through 

various mechanisms, genetic changes can occur. The addition or destruction of a 

whole chromosome structure can occur in mitosis due to some errors. The division of 

cells is a genetic mechanism in which a cell transmits its genes to two daughter cells, 

one of which is a clone of its own. Often this orderly process unexpected changes will 

happens, the genes in a cell may undergo a mutation during cell division, certain 

errors may occur in DNA replication and recombination causes cancer.  

1.1.2 Mechanism of Action of Anti-CanceraDrugs  

Theabroad mechanism ofaanti-canceradrugs specific to cells is that they can function 

during a particular phase of the cell cycle. Figure 1.1 shows the specific mechanism of 

action of different anti-cancer drugs. 

  

                                   Figure 1.1:  Effect of anti-cancer drugs on cell cycle
3 

1.2 LYMPHOMA 

Body has an immune system, which helps to fight against infection. The immune 

system is made up of organs linked by a network of tinyalymphaticavessels 

containing lymphafluids, such as the thymus, boneamarrow, ispleen, and the ilymph 

nodesi (lymphaglands). The lymphatic tissues are present in the organs like stomach, 

lungs and skin. The lymph nodes are found all over the body. These lymph nodes 

collect and sieve out anything that the body doesn't need or anything that is bad for 
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the body, asalymph fluidaflows throughathe lymphanodes. In the bone marrow, where 

red blood cells are formed, lymphocytes start to develop there. There are two primary 

lymphocyte types in the body: iB-lymphocytes(Bi-cells) and iT-lymphocytes(T-cells). 

In the boneamarrow, B-cells areamature and T-cellsamature in the thymusagland. 

Both iB-cells and iT-cells guard the body from infection after maturation. 

The most common type of blood cancer is lymphoma. Either B cells or T cells 

develop abnormally or uncontrollably in cutaneous cancer diseases. These developed 

cancerous lymphocytes, may migrate to several parts of theabody including the 

spleen, boneamarrow, lymphanodes andaother organs. In these organs they start to 

accumulate and develop tumours.[4-6] 

Dr. Thomas Hodgkin first reported lymphoma in 1832. The lymphatic system is 

mostly affected by in this type of cancer. Lymphoma can be further classified in two 

classes according to the WHO: 

A. HodgkinaLymphoma (HL) 

B. Non-HodgkinaLymphoma (NHL) 

Both Hodgkin'salymphoma and non-Hodgkin'salymphoma are a type of cancerathat 

occurs in a group called lymphocytes of white bloodacells. iLymphocytes, which 

protect the body from germs, are an integral part of our immune system. In the 

particular lymphocyte involvement is the key distinction between Hodgkin's and Non-

Hodgkin's lymphoma is. B-Lymbhocytes are found in the HL but in NHL B-

lympocyte are not present. Lymhoma with the involvement of Natural Killer ( NK ) 

Cells & T-Cells known as Non-Hodgkin Lymphoma (NHL). By observing the cancer 

cells under a microscope may easily 

differentiate between the HL & NHL. If a 

particular type of abnormalacell called a 

Reed-Sternbergacell is presenti while 

analysing the cells, then the lymphoma is 

known as Hodgkin's. Lymphoma is known as 

non-Hodgkin's if the Reed-Sternberg cells are 

not present.                                                                    

Figure 1.2:  Reed-sternberg cell
4
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1.3 CUTANEOUS iT-CELLS LYMPHOMA (CTCL) 

A type of non-Hodgkin'salymphoma is popularly known as CutaneousaT-cell 

lymphoma (CTCL). CTCL, a generalatermafor T-cellalymphomas involving theaskin, 

is oneaofatheamost prevalent forms of T-cellalymphoma. Blood, lymph nodes, and 

other internal organs may also be affected by CTCL. Dryness of skin, red rashes, 

itching on skin and swollen lymph nodes can be sign of CTCL. This condition affects 

males more often than females and usually occurs in males in their age of 40 to 60. 

The majority of CTCL patients experience only skinasymptoms. Someaearly-

stageaCTCL patients do notaprogress at all toalater-stages, whileaothers may progress 

quickly withathe canceraspreading to lymphanodes orainternalaorgans.[7] 

1.3.1 Types of Cutaneous T-cells Lymphoma 

With varied signs, findings, and treatment factors, CTCL explains several different 

conditions. Mycosis fungoide and Sézaryasyndrome are the twoamostacommon forms 

of CTCL.[8] 

A. Mycosis Fungoides (MF)  

Mycosis Fungoides is the mosticommon form of CTCL, occurs in one-half of patients 

of all CTCLs. At each stage, MF looks distinct in eachapatient, withaskinasymptoms 

that canaappear asaplaques, patchesaor tumours. Patchesaare typically smooth, 

probably iscaly, and lookalike rashes; plaquesaare darker, iraised, typicallyaitchy 

lesions that are often look like dermatitis, ieczema & ipsoriasis; andabumps that may 

or mayanot iulcerate are raised tumours. Mycosisafungoides (MF) and its variants 

include indolent subtypes, primaryacutaneous anaplasticilarge cellilymphoma, 

ilymphomatoid papulosis, subcutaneousipanniculitis-like T-cellalymphoma, and small 

or medium pleomorphicaT-cellaprimaryacutaneous CD4+lymphoma. For diagnosis of 

MF, a medical history of patient, physicaliexam and skinabiopsy are necessary. 

Lymph glands, separate blood samples and other diagnostic tests, such as a chestaX-

ray or a CT scan, areaexamined by a physician to confirm MF. [9-10] 
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B. Sézary Syndrome (SS)  

The presence of lymphomaacells in theablood is characterised for SézaryaSyndrome 

(SS). Large, thin, ired, iitchy rashesatypically appear on theaskin in the SS. In some of 

the patients, tumors and patches will also appear. Patients may also have swollen 

lymph nodes and undergo changes in their hairs, nails and eyelids. 

Sézary syndrome's aggressive subtypes include primaryacutaneous naturalakiller 

(NK)/T-cell nasal type lymphoma, CD8+ iT-cellalymphoma, γ / δ T-cellalymphoma, 

and unspecified primary cutaneous T-cell lymphoma. To assess if the cancer has 

spread to the lymphanodes oraother organs, a series of imaging tests may be required. 

A PETascan, CTascan, and/or MRIascan may be used as identification of cancer. 

1.3.2 Epidemiology 

MF, whichais nearly twice asacommon inamen as inawomen, is the most common 

form of CTCL, although blacks are twice as prevalent as whites. Children and 

adolescents are rarely affected. Depending onatheastage of theadisease, survival 

ranges fromaonly a couple of monthsatoaseveraladecades. A sustained survival with 

little morbidity is encountered by most patients, although some people experience an 

asymptomatic path with rapid spread and death. [11-13] 

1.3.3 Etiology 

Alibert first used the word mycosis fungoides in 1832. [14] He identified an unusual 

eruption of the skin which developed into mushroom-shaped tumours. Since there is 

no correlation with a fungus, MF was known to be a misnomer, and MF was rather a 

skin manifestation of lymphoma. Several theories, including sensitivity to 

environmental, genetic and infectious agents, about the aetiology of MF have been 

theorised. Subsequent research could not substantiate early epidemiological studies 

indicating aacausative effect of environmentalaexposure to persistent 

antigenicastimulation (e.g. herbicides / pesticides, synthetic chemicals & metals). [15-

17] The prevailing hypothesis is that, due to a imultitude of ifactors in aastepwise 

mechanism involvingamutations in oncogenesand some DNAarepairagenes, MF is 

likely to evolve secondary to chronic antigenic stimulation. Many infectious agents, 

including human T-cellalymphotropic virus (HTLV) I / II, humanaimmunodeficiency 
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virus (HIV), Epstein-Barravirus (EBV), icytomegalovirus (CMV), and human 

simplexavirus (HSV), have been examined for CTCL. [18] 

1.3.4 Clinical Manifestations 

Bazin identified three classicalacutaneousaphases ofaMF-patches, infiltratedaplaques, 

and tumours in 1876. Throughaeach of these stages, whichaoftenaoverlap or occur 

simultaneously, the disease can progress. Erythematousi patches or slightly raised 

plaques with a fine scale are patch-stage lesions. The lesions are often found on the 

buttocks, ithighs, and iabdomen and may be singleaoramultiple. [19] 

 

Figure 1.3: MF Patch-stage.
19

  

 

Due to epidermalahyperplasia or severe neoplasticalymphocytic destabilises, plaques 

of MF are raised. From pre-existing patches, or de-novo, these lesions can develop. 

Theyaare typically red-brownaand sharplyademarcated, butathey canacoalesce, often 

with central clearing, to form arciform, annular or serpiginous in shapes. Leonine 

facies may result in infiltrative plaques occurring on the face, and those appearingain 

hairyaareas imay induce alopeciaaoracysts. 

 

Figure 1.4: Plaques of MF on a limb.
19
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The tumour-stage MF lesions are usually mushroom-shaped tumours that 

preferentially influence the folds of the face and body. Ulceration or necrosis and 

secondary infections also occur in the lesions. 

 

Figure 1.5: MF at Tumor-stage.
19

  

Approximately 5 percent of new CTCL cases are accounted for by Sézary syndrome 

and represent the leukemic form of CTCL. The classic triad of generalised 

erythroderma, ileukaemia, and ilymphadenopathy recognises Sézary 's syndrome. 

There are malignant T cells circulating in the blood with hyperconvoluted cerebriform 

nuclei. Sézary cells in 90 percent of erythrodermal CTCL patients can be found in 

peripheral blood. 

Despite the ongoing doubt regarding the degree of peripheral blood involvement, the 

main clinical symptom of SS is widespread pruriticaerythroderma. Fever, chills, 

weight loss and malaise can be present in patients. Hepatomegaly, ionychodystrophy, 

leonineafacies, alopecia and palm oplantar keratoderma can be more 

characteristics.[20-22] 

 

Figure 1.6: SézaryaSyndrome
19
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1.3.5 Staging of CTCL 

There have been proposals for a multitude of staging schemes for MF. Bunn et al, 

1979, adopted the simplest and most widely used system, [23] incorporates the 

tumoranodemetastasis (TNM) system. This system of staging combines both clinical 

and histopathological viewpoints (Table 1.1), and a recentarevision includesablood 

staging (TNMB). The revised staging is given by WorldaHealthaOrganization and 

European Organization for Research and Treatment of Cancer (WHO-EORTC). 

Table 1.1: WHO-EORTC revision to the staging of MF and SS
23 

Classification Description 

T: Skin 

T0 Lesions clinically and/or histopathologically suggestive of CTCL 

T1 Limited plaques, papules, or eczematous patches covering <10% of skin 

surface 

T2 Generalized plaques, papules, or erythematous patches covering ≥10% of 

skin surface 

T3 Cutaneous tumors 

T4 Generalized erythroderma 

N: Lymph Nodes 

N0 No palpable lymphadenopathy, lymph node pathology negative for CTCL 

N1 Palpable lymphadenopathy; lymph node pathology negative for CTCL 

N2 No palpable lymphadenopathy, lymph node pathology positive for CTCL 

N3 Palpable lymphadenopathy, lymph node pathology positive for CTCL 

M: Viscera 

M0 No visceral organ involvement 

M1 Visceral organ involvement, pathology present 

B: Blood 

B0 Atypical circulating cells not present (<5%) 

B1 Atypical circulating cells present (≥5%) 

B2 High blood tumor burden 

Stage T N M B 

Early Stage 

IA 1 0 0 0-1 

IB 2 0 0 0-1 

IIA 1-2 1-2 0 0-1 

Advanced Stage 

IIB 3 0-2 0 0-1 

III 4 0-2 0 0-1 

IIIA 4 0-2 0 0 

IIIB 4 0-2 0 1 

IVA1 1-4 0-2 0 2 

IVA2 1-4 3 0 0-2 

IVB 1-4 0-3 1 0-2 
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1.3.6 Treatment Options 

Many factors, includingathe degree of skinainvolvement, thettype of skinalesion, and 

whether theacancer has spreadato thealymphanodes or otherainternalaorgans, are 

considered to determine the most suitable treatment for each patient. Treatmentais 

eitheraaimed atatheaskin (local) oratheawholeabody (systemic) for MF. When treating 

their disorder, many people live normal lives, and others areaableato stayain treatment 

for lengthy periodsaofatime. SinceaSézary's syndromeaisasystemic, oneainawhich 

exposure of bothabloodaand skinaisanoted, skin-directed treatments alone are 

normally not considered. To attain the best long-term benefit, medications can be 

administered alone or in combination. For earlier stage disease, Skin-Directed 

Remedies are commonly used and are evidence to help for lesions and limitedasigns. 

Topical medications like icorticosteroids, iretinoids, iimiquimod, or ichemotherapy 

also include therapies; localized ultraviolet light radiation. [24, 25] 

Among these, in patients taking previous skin treatment, bexaroteneagel (Targretin) 

and mechlorethamineagel (Valchor) have been authorised by the US-FDA as potential 

therapy for Stage 1A and 1B mycosisafungoides. Inamoreaadvanced stages of disease 

andain thoseawith earlierastage of diseaseainawhomaskin-directedatherapies didanot 

help, wereanot wellatolerated, a systemic treatment may be a good option.[25] 

Systemic remedies involve extracorporealaphotopheresis (ECP) anda single-agent or 

combined effect with chemotherapyaregimens, whichamayainclude: 

• Acitretin (Soriatane) 

• Methotrexate tablets (Trexall) 

• Bexaroteneacapsulesa(Targretin) 

• Romidepsin (Istodax)  

• Interferonsa(alpha or gamma) 

• Vorinostat (Zolinza) 
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Table 1.2: Summary of treatment options for MF/SS
25 

Therapy MF Sézary 

syndrome/ 

erythrodermic 

MF 

Comments 

Early-

stage 

disease 

Advanced-

stage 

disease 

Topical 

corticosteroids 

++++ ++ +++ Symptomatic control 

PUVA ++++ + +++ Availability may be 

restricted in nonmetropolitan 

areas 

UVB +++ + ++ More readily accessible than 

PUVA 

Topical 

chemotherapy 

+   If limited number of lesions 

Imiquimod +   If small lesions and limited 

number of lesions 

Photodynamic 

therapy 

+   If limited number of lesions; 

limited availability 

Retinoids + + + Usually second line; less 

used since bexarotene 

became available 

Bexarotene +++ +++ +++ Usually second line; can be 

used in combination with 

PUVA or IFN- α 

Interferon-α ++ +++ ++++ Second line 

HDACi + +++ ++++ Beyond second line 

Oral MTX + +++ ++ Low dose weekly 

Localized 

radiotherapy 

+ +++  If localized or large/plaques 

and tumor nodules 

TSEB + ++ + For widespread disease 

Systemic 

chemotherapy 

 ++ ++ Beyond second line 

ECP  ++++  If circulating clone 

detectable 

Autologous 

transplantation 

 + + Very selected cases 

Allogeneic 

transplantation 

 + + Very selected cases 

Denileukin diftitox  ++ ++ Beyond second line 

Alemtuzamab  + + Beyond second line; 

immunosuppressive 

 

Proteasome 

inhibitors 

 +  Under investigation 

Immunomodulatory 

agents (lenalidomide) 

 +  Under investigation 
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Combination therapies are typically reserved for when several single-agent therapies 

have not responded well to patients. Brentuximab vedotin (Adcetris), gemcitabine 

(Gemzar), pralatexate (Folotyn), and liposomal doxorubicin (Doxil) are alternatives 

for refractory disease (the disorder may not benefit from treatment), but none of these 

are officially FDA approved. Bexarotene, a new retinoid with a high retinoid X 

receptor affinity, wasarecommended for theatreatment ofapatientsawith chronic MF 

by the US-FDA in 1999. Bexarotene is also available in a 1% w/w topical gel form 

and has been shown to generate significant responses in patients with early-stage MF. 

The gel is well absorbed, however its use has been reported to cause some local skin 

irritation.[27-29] 

1.4 TOPICAL DRUG DELIVERY SYSTEM 

The skin, vagina, eye and nose are the main routes that have been commonly 

identified for topical administration of drugs. Since the skin is the biggest and easy to 

access organ of the human body, anti-cancer drugs for skin cancer and breast cancer 

are relatively easy to administer via this path. In the topical delivery of anti-cancer 

drugs via the skin, the key challenge is to increase the penetration of anti-cancer drugs 

in therapeutic efficient concentrations through stratum corneum to kill tumour cells. 

The application of the drug to the topical sites prevents the metabolism of the hepatic 

first pass, gastric pH changes and variations in plasma level, often found when a drug 

is delivered via the oral path. The epidermal region consists of the superficialalayers 

of the stratumacorneum, the special cellular structure of which provides a 

permeability obstacle to the passage of molecules > 500 Da in size, thus offering 

physical defence against invading microbes. The other benefits of the topical drug 

delivery model include the following: 

 Application and delivery with ease and convenience,  

 Highly accepted formulation by patients, 

 Topical delivery is noninvasive and painless technique,  

 Drug bioavailability may also increase, 

 Improvement in drug bioavailability, 

 Better response in pharmacological and physiological terms and 

 Least clinical toxicity and drug penetration to nonpathogenic tissue / locations. 
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Skin disorders afflict millions of people daily. Forathe localized treatmentaof 

diseases, the topical drugadelivery to the skin surface is continually being researched. 

In developing of the topical drug delivery system, however, resistance to absorption 

for most active moiety or drugs poses a major challenge. Attempts have been made to 

use drug delivery systems to ensure sufficient localizationaorapenetration ofatheadrug 

inside or via theaskin inathe formulation of topical delivery forms in order to improve 

localized and reduce systemic effects or to ensure proper percutaneous absorption. 

Liposomes, applied to the skin, can serve as a solublizing system for poorly water 

soluble drug, at a same time decreasing the adverse effect of the drug as well as 

increasing the penetration enhancer and local depot of drug. Compared to traditional 

formulations, topical liposome formulations may be moreaeffective and lessatoxic. 

[30,31] 

1.4.1 Drug Transport across the Skin 

The thickness of the dermis varies froma3-5 mm andaconsists of aamixture of 

glycosaminoglycans, saltsaand water with fibrousaproteins (collagenaandaelastin) and 

anainterfibrillaragel. Forms Iaand II ofacollagen constitute approximatelya75 percent 

of theadry weight of theadermis. The dermis embeds bloodaandalymph channels, free 

nerveaendings, hairafollicles, and sebaceousaand sweataglands. On the skin's surface, 

the hairafollicles and sweataglandsaducts openadirectly towards theaoutside.[32-34] 

The primary route ofaskin absorption is throughathe intactaepidermis, and twoamain 

pathwaysahaveabeenaidentified: theaintercellular pathway throughathe stratum 

corneum lipids and the corneocyteatranscellularapathway. The drug must be diffused 

through the intercellular lipid matrix in both cases, whichais known as the main 

determinantaof the skin's drugaabsorption. 

Drug delivery via skin involve several step: a) dosage from dissolution and drug; b) 

partitioning of drug into the stratumacorneum; c) across the stratumacorneum drug is 

diffused; d) drug partitioning into viable epidermisalayers from the stratumacorneum; 

e) diffusion across into the dermis from the viable epidermis layers, and f) absorption 

of drug by capillaryavessels, which achieves to systemicacirculation. [35] 
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Figure 1.7: Drug transport mechanism through the skin
35

 

 

Selection of drug candidates for skin permeation must be based on a variety of 

considerations, including physicochemicalaproperties, membrane drugainteractions, 

and pharmacokinetic propertiesaofadrug. The desired physicochemicalaproperties of a 

drugamolecule selectedafor topical delivery have lowamolecularaweight (<500 Da), 

high diffusion coefficient value; solubility in water as well as in oils to achieve a high 

rate of diffusion via the skin; a high but balancedapartitionacoefficient required 

because a very highapartitionacoefficients may hinder drugaclearanceafrom theaskin 

andaincrease drugaretention; andalowamelting pointa(<250 ºC), which isarelated to an 

appropriateasolubility. [36, 37] 

1.5 GELS AS TOPICAL DOSAGE FORMS 

In the late 1800s, the term 'Gel' was introduced toanameasomeasemisolidamaterial 

accordingato its physiologicalafeatures ratherathan molecularacomposition. Gels are 

described by the U.S.P. as a “semisolid system consisting of dispersion consisting of 

either small inorganic particles or large organic molecules that are enclosed by liquid 
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and interpenetrated. Gels are a cross-linked mechanism that is greatly diluted, which 

shows no flow when in the steady state.” [38-39] 

1.5.1 Classification of Gels  

Gels are classified as [40, 41]:  

1) Nature ofacolloidaphase  

  a. Inorganicagels  

  b. Organicagels  

2) Based onanature ofasolvent  

  a. Hydro-gel  

  b. Xero-gel  

c. Organo-gel  

3) Based onarheologicalaproperties  

a. Plasticagels  

  b. Pseudoplasticagels  

  c. Thixotropicagels  

4) Basedaonaphysicalanature  

  a. Elasticagel  

  b. Rigidagel 

1.5.2 Hydrogels  

Hydrogels are defined as “gels that consist of an aqueous dispersion medium that is 

gelled with a suitable hydrophilic gelling agent. By definition, hydrogels are three-

dimensional polymeric networks that are capable of imbibing high concentrations of 

water or biological fluids. In polymers forming hydrogel structures, their affinity to 

absorb water is due to the presence of hydrophilic groups such as-OH,-CONH,-

CONH2 and-SO3H.” Because of the network contributionaof theseagroups, the 

polymerais thusahydrated to varyingadegrees, dependingaonathe existence ofathe 

aqueousaenvironmentaand the compositionaof the polymer. 

Types of Hydrogels: 

  pH – Sensitive Hydrogel  

  Temperature Sensitive Hydrogel  

 Nanohydrogels  

  Glucose Sensitive Hydrogel  
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1.5.3 Organogelsi  

Organogelsamay alsoabeareferredaas oleaginousagels. Theyaare made up ofaboth 

polaraand nonpolaragroups, but the non-polar component ratio is quite high. As the 

gels appear to swell in water, they can contain 35 percent water. Organogelators are 

typically small molecules with lowamolecularaweight that haveathe abilityato thicken 

in organicasolvents. With theadiscovery andasynthesis of aavery largeanumber of 

differentamolecules, physical organogels have evolved rapidly, which can form gel at 

low concentrations with organic solvents. 

1.5.4 DesirableaProperties ofaGels  

The gellingaagentamust ideally beainert, safeaand unable to interactawith allaother 

components of theaformulation. [42-44] 

 At the time of storage, the gelling agent should form a solid-like character that 

is readily disrupted when subjected to shear. 

 It must be nonairritating, nonasticky and have an effectiveaanti-microbial 

property. 

 The ophthalmicagel may be sterile.  

 Withaana increaseaina theagel'saeffectivea crosslinkadensity, theaapparent 

viscosity ofagel strength increases. They show the mechanical properties of 

the solid state. 

1.5.5 CharacteristicsaofaGels  

A. Swellingi 

If a gellant comes in contactawith water, so these gellant absorbs a large amount of 

water and the volume may increase. This mechanism is called a swelling. As a result 

ofasolventapenetrationaintoathe matrix, this phenomenon occurs. [45]  

B. Syneresis 

On standing, several gels frequently contractaspontaneously andaexudeasome water. 

Thisaeffectais referred to asasyneresis. Asathe gellant concentration decreases, the 

degree to which syneresisaincreases.[45] 

  



 

-16- 
 

Chapteri- 01 iIntroduction 

C. Ageing 

Slow aggregation is usually shown naturally by colloidal systems. This phemomena is 

called ageing of gel. In gels, ageing allows the gelling agent to form a denser network 

progressively. [45] 

D. Structure 

Because of the existence of a networkaformed byathe interconnecting of molecules of 

the gelllant, results in the solidity ofaa gel. Theanature of the particleaand theaapplied 

shear or force, may straightening it out and reducing flow resistance. [45] 

E. Rheology 

Gellant solutions and flocculated solid dispersion are pseudoplastic in nature, are 

Non-Newtonianaflowabehaviour is followed, characterised byaa reduction in 

viscosityawith an increase inasheararate. [45] 

1.5.6 Preparation of Gel 

Gels are usually processed at room temperature on an industrial scale. However, 

before processing, few of the polymers require special care. Gels can be prepared 

using the methods like thermalachange, flocculation technology and 

chemicalareaction. [46] 

1.5.7 FormulationaDesign 

Main components of topical gels are:[47-50] 

A. Gelaformingaagent orapolymer 

 For a polymer to be used in a topical device, the following conditions should 

be met: 

 Diffusion and release must be made possible by molecular weight and 

chemical functionality. 

 The polymer should allow a large quantity of medication to be incorporated. 

 The polymer does not interfere with the drug, physically or chemically. 

 The polymer can be processed intoatheadesired product easily.Theapolymer 

mustabe stableaand mustanotadecompose in theapresence ofadrug andaother 
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excipientsaused in the formulation, at high humidity conditions, or at body 

temperature. 

 Polymersaand itsadegradation productsamustabe nontoxic. 

Gellants of Gelaformingapolymers are classified accordingly. 

a) Natural Polymers 

 i. Proteins –Collagen, Gelatin, Xanthin, Gellum Gum 

ii. Polysaccharides – Agar, Alginic acid, Sodium or potassium 

carrageenan, Tragacanth, Pectin, Guar Gum, Cassia tora 

b) Semisynthetic Polymers 

Cellulose Derivatives – Carboxymethyl cellulose Methylcellulose, 

Hydroxypropyl cellulose, Hydroxypropyl methylcellulose, 

Hydroxyethyl cellulose 

c) Synthetic Polymers 

   i. Carbomer –Carbopol -940, Carbopol -934, Carbopol -941 

ii. Poloxamer 

   iii. Polyacrylamide 

   iv. Polyvinyl Alcohol 

   v. Polyethylene and its copolymers 

d) Inorganic Substances – Aluminium Hydroxide, bentonite 

e) Surfactants – Cetosteryl alcohol, Brij-96 

 

B. Drug Substance  

In the successfuladevelopment ofaa topicalaproduct, the drugasubstance plays a very 

significant role. The following are the significant drugaproperties that influence its 

diffusionathrough gels asawellaas throughatheaskin. 
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Physicochemicalaproperties 

 The molecular weight of the drug should be lower than 500 Daltons. 

 For topical delivery, highlyaacidic oraalkaline drugs in the solutionaareanot 

suitable. 

 The drugamust be sufficiently lipophilic. 

 A pH should be 5 to 9 of a saturated aqueous solution of the drug. 

Biologicalaproperties 

 The medication does not irritate the skin. 

 Drugs that degrade or ainactivated by the hepaticafirstapass effect in the GIT 

are ideal foratopicaladelivery. 

 Under the zeroaorderareleaseaprofile of topicaladelivery, tolerance of theadrug 

does notadevelop. 

 The medication does not stimulate the skin to undergo an allergic response. 

 Drugs that need toabe given foraa longatime or that causeaadverseaeffects on 

non-targetatissue. 

C. PenetrationaEnhancer  

Penetration enhancers can increase the penetrationaofadrugsainto the skinaby 

reversibly reducing the resistance ofatheaskin barrier (also called accelerants or 

sorption promoters). Under theainfluence of aaconcentrationagradient and its 

subsequentadiffusion through the stratumacorneum and underlyingaepidermis, 

throughatheadermis, and into theabloodacirculation, percutaneous absorption involves 

theatransition of the drug molecule from theaskin surface into the stratumacorneum. 

As a passive barrier behavior of the skin resist the penetrant molecule for easy 

penetration. The stratumacorneum providesatheagreatest penetration resistanceaand in 

percutaneous absorption itaisathe rate-limitingastep. For altering the skin molecular 

structure, a penetration enhancer serves as to growing a drug's flux and is known as a 

main part of most topical formulations. Skin resistance (stratum corneum) to drug 

diffusion must be decreased inaorder toaallow drugamolecules toacross the skinaand 

toamaintain therapeuticaalevels in the bloodain order to reach and maintain 

therapeutic concentrations of the drug in the blood. Eitheraby communicating 
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withathe formulationaapplied orawith theaskinaitself, they may change theaskin's 

barrier to penetration. [51-54] 

D. Other Ingredients used in Formulation of Gels 

a. VehicleaoraSolvent 

As a solvent, water is mostly used. Co-solvents may also be usedato increaseathe 

solubilityaof theadrug in the dosageaform or toaenhance drugapenetration across the 

skin, for example Glycerol, PEG 400, etc. 

b. Buffer 

To maintain the pH of the gel, buffers can be involved in aqueous and hydroalcoholic-

based gels like phosphate and citrate buffers. 

c. Preservatives 

Preservatives addition to the gel may increases shelf-life or stability. For that purpose 

Parabens, phenolic are added in the gel in very low amount.  

d. Antioxidant: 

In order to improve the chemical stability of therapeutic agents vulnerable to 

oxidative degradation, it may be integrated into the formulation. Since most gels are 

aqueous-based, like sodiumametabisulphite, sodiumaformaldehyde sulfoxylate are 

water-solubleaantioxidants are commonly used in gel formulations. 

e. FlavorsaandaSweeteningaagents  

Flavouring agents and sweetening agents are included only in gels intended for oral 

administration. It would not be out of scope to provide specifics of concentrations for 

various gelling substances. [55-57] 

1.6 LIPOSOMES  

“Liposomes are spherical-shaped vesicles composed of one or more lipid bilayers, 

involving an aqueous compartment” as shown in Figure 1.8. Theseaareaspontaneously 

moulded; ifirst, by continuous stirring, thealipidsaare distributed inaanaaqueous 

medium, iwhich createsavesicles that can vary inasize fromananometers 

toamicronsain diameter. Thealipidamolecules consisti of headamolecules that are 
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drawnato hydrophilicamolecules andaashapeathemselves in a sucha wayi as to ipoint 

towardithe aqueousaregion, while theawater molecules repel the lipophilic tails and 

point in the opposite direction. [58] 

 

Figure 1.8: Schematic diagram of liposomes
58 

The inner layer's hydrophilic groups point at the sideaaof the intravesicularaafluid, 

withatheatails pointingaaaway fromaait. One layer's lipophilicatailsapoint towards the 

hydrocarbonatailsaof theaoutermostaalayer, formingaathe usual bilipidamembrane in 

turn.[59] 

The lipidsaathataaare often usedainathe preparationaaofaaliposomes, most of them 

biodegradable and biocompatible in nature, are phospholipids and sphingolipids. 

Thesealipids derive eitherAfromanatural sources either from syntheticasources. 

Lipids, on the other hand, are cylindrical molecular shapes that organise aqueous 

solutions into stable bilayers. Phosphatidylcholines are mostly used because of their 

stabilityaandaabilityato counteract changesainapH or changes in saltaconcentrations 

inatheaproduct or biologicalaenvironment.[60] 

Liposomes are characterizedaby theirasize (small, intermediate or large), bilayers 

availablea(unilamellar and multilamellar), acomposition and drug adelivery 

mechanisms. A singlealipid ibilayer iwith ian iaverage idiameter iranging ifrom 

25to75 inm consists of small unilamellari ivesicles. Wide unilamellar vesicles also 

consisti of a single ibilayer of lipids andaare larger ithan 75 nm in vesicle size, 

whereas imultilamellar ivesicles (MLVs) consist of several concentric bilayers of 

lipids. [Figure1.9]. 
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Figure 1.9: Types of liposomes
60 

Liposomesi are ismall, spherical-shaped artificiali vesiclesi thati cani bei formed 

fromi cholesterolaand nontoxic naturalaphospholipids. Liposomesaareapromising 

mechanisms for drugadelivery dueato theirasizeaandahydrophobic andahydrophilic 

character.[61] 

1.6.1 AdvantagesaofaLiposome  

 Liposomes have improved stability by drugaencapsulation. 

 For systemic and non-systemic administration, liposomesaareaanon-toxic, 

versatile, ibiocompatible, fully ibiodegradable, iand inon-immunogenic. 

 Liposomes decrease the encapsulated agent'satoxicity. 

 Liposomes help to minimizeaexposure  of harmfuladrugs to sensitiveatissues. 

 Provide flexibility to combine with ligands unique to the site to achieve 

successful targeting.[62] 
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1.6.2 Liposomal Delivery of Drugs to the Skin Cancer Sites 

aThealiposomal adrugadelivery asystem acurrently aprovides aa agreat aopportunity 

ato atarget amelanocytes aand aother acancerous asites ain athe askin asafely aand 

aeffectively. The aliposomes, awhich ahave aemerged aas aan aimportant amethod 

afor adelivering athe atherapeutic aagent(s), adirectly ato athe asite aof acancer, ahave 

abeen atremendously ahelpful ain aimproving athe aoverall aeffectiveness aof acare 

afor askin acancer aby adelivering ait ato athe acancer asite aand apermeating ait. aIn 

aliposomal aformulations, aincluding ahigh aMW a(molecular aweight) 

aorganometallic aand amedicinal aorganic a/ asecondary ametabolite aproducts, aa 

awide avariety aof acytotoxic aagents, adiscovered afrom aterrestrial aplants aand 

anatural asources aas awell aas asynthetic aproducts, ahave abeen atrapped. aSeveral 

aliposomal aformulations aare acurrently abeing aclinically aused ato atreat aa arange 

aof askin acancers aand amelanomas awith aenhanced acytotoxicity, adecreased 

aadverse aeffects, aand anear-precise adrug atargeting. aBy asafeguarding athe 

aphotophysical aproperties aand apreserving athe aphotodynamic afunctions aof athe 

aencapsulated aphotosensitizer awith aenhanced aefficiency aof apayload adelivery 

aphotosensitizer aas aa atherapeutic atool ain aan aalternative aapproach afor 

adifferent askin amalignancies, athe aliposomes ahave aalso abeen aknown ato abe 

aan aeffective ananocarrier afor aphotosensitizers.[63-65] 

Table 1.3:  Characteristics and advantages of liposomal delivery
64 

Factors Results Example(s) 
Solubility 

 

Improved solubility of lipophilic 

and amphiphilic 

drugs 

 

Amphotericin B, porphyrins, minoxidil, some 

peptides, and anthracyclines; hydrophilic drugs, 

such as anticancer agent doxorubicin (DOX) and 

acyclovir 

Targeting of drug 

and their 

class 

 

Passive targeting to the cells of the 

immune system, mononuclear 

phagocytic system 

Antimonials, amphotericin B, porphyrins, vaccines, 

immunomodulators, anti-inflammatory drugs, anti-

cancer, anti-infectious agents 

Release of drug 

 

Enhanced drug release, sustained 

release system of systemically or 

locally administered liposomes 

DOX, cytosine arabinoside, cortisones, biological 

proteins or peptides such as 

vasopressin 

Site-avoidance 

mechanism 

Achieved DOX and amphotericin B 

Penetration Improved penetration into tissues Corticosteroids, anesthetics, and insulin 

Clearance Rapid clearance Rapid clearance from circulation due to RES uptake 
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1.6.3 LiposomesaandaSkinaPermeability 

Skin permeability and drug penetration rates are an significant measure of the drug's 

transdermal delivery, in particular for the improvement of the deliveryaofaanti-cancer 

drugsato theasites of skin cancer. The existence and concentration of desired delivery 

atathe tumour siteaisaanotheradesign criterion foraliposomal formulation drugaload 

andaspecificityaof theasite. 

Ethosomes, micelles, and cationic liposomes have shown greater permeability on an 

experimental basis. The drug scope was demonstrated by analytical techniques 

through the ethosome and flexible stealth liposome. [66] 

1.6.4 MethodsaofaLiposomeaPreparation 

All of the liposome preparation methods include fourabasicastages[67]: 

i. Dryingaofalipids in organicasolvents. 

ii. Lipid dispersionain aqueousamedia. 

iii. Purificationaofathe resulting liposome. 

iv. Final evaluation. 

 

For liposome drugaloading, theafollowing techniques are used: 

i. Techniques for passive loading of drug. 

ii. Technique of fast loading of drug. 

 

Three different methods include passive loading techniques: 

1. Mechanical process for dispersion. 

2. Solventadispersionamethod. 

3. Method of detergentaremoval. 
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Figure 1.10: Preparation methods of liposomes
66 

A. Sonicationi 

Sonication is the mostacommonlyaused technique for SUVapreparation. iHere, either 

with a bathasonicator or a probeasonicator used for liposome prepration. Veryalow 

internalavolume, iencapsulation effectiveness, potential degradationaof phospholipids 

andacompounds toabeaencapsulated, removal ofalarge molecules, metalapollution 

fromatheatip ofatheaprobe, andatheapresence ofaMLV along withaSUV aare the main 

drawbacks of this approach.[68] 
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There are two sonication techniques: 

a) Probeasonication 

The tipaof the sonicatorais touchedadirectly intoatheadispersionaofathealiposome. In 

this method, theaenergy inputainto lipid dispersion isavery high. Theaenergy coupling 

at the tipAresults inalocal warmth; thus, the vesselamust be put into aawater / ice bath. 

About 5%aofathealipids can beade-esterifiedaduring theasonication for upto 1h. Also, 

titaniumacan sloughaoff andapollute theasolution while using probeasonicator. 

b) Bath sonication 

In a cylindrical vessel, the liposome dispersion is inserted into a bath sonicator. In this 

process, it is generally easier to monitor the temperature of lipid dispersion, in 

comparison toasonication byadispersal specifically usingatheatip. In a sterileavessel, 

differing from theaprobe systems, oraunder anainert environment, the substance being 

sonicated may be covered. 

B. LipidaFilmaHydrationaTechnique 

The lipidsamust first beadissolved andablended into an organicasolvent to ensure a 

homogeneousamixture ofalipids when preparing liposomes with a blended lipid 

composition. This procedure is generally conducted usingachloroform orachloroform: 

methanolamixtures. The aim is toaobtain a transparent lipidasolutionafor full lipid 

mixing. Usually, lipidasolutionsaare prepared with an organic solvent of 10-20 mg 

lipidaperaml, althoughahigheraconcentrations can beaused ifalipid solubilityaand 

blending are appropriate. The solvent is extracted to yield a lipid film until the lipids 

are thoroughly blended into the organic solvent. The solvent can be evaporated using 

a dry nitrogenaor argon streamain aafumeahood for small amounts of organicasolvent 

(< 1 ml). The organic solvent can be extracted by rotary evaporation for larger 

amounts, forming a thin lipidafilm on the sidesaof aaroundabottomaflask. To extract 

residualaorganicasolvent, the lipidafilm is thoroughlyadried by putting the vial or 

flask on a vacuumapumpaovernight. Ifachloroformais not used in prepration of 

liposomes, the dissolution of the lipid(s) in tertiaryabutanol or cyclohexaneaare used 

as an alternative. The lipidasolution is transferredato glass containersaand freezed by 

placing theacontainers on a dry ice blockaor by spinning theabottle in a bath of dry 
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ice-acetone oraalcohol. When using the bathatechnique, care should be taken to allow 

the container to withstand sudden temperature variations without breaking. The frozen 

lipidacake is put on a vacuumapump and lyophilized untiladry after freezing 

completely. It is possible to extract dryalipidafilms or cakes from theavacuumapump, 

tightly closeaand tap the container, and store them frozen until ready to hydrate. [69] 

 

 

 

Figure 1.11: Liposomes prepared by thin layer evaporation technique
69 

 

1.7 NIOSOMESi 

Niosomes are vesicular nanocarriers and, due to their unique advantages, have 

received a lot of attentionaas potential drugadeliveryasystems in thealast 30ayears. 

They have lamellar (bilayer) structures surroundedaby an aqueousacompartment 

composed of amphiphilicamolecules. Bothahydrophobicagroups (tails) and 

hydrophilic groups (heads) contain theseaamphiphilicamolecules, knownaas 

surfactants, and exhibitaself-assembling features, aggregatingainto a number of 

shapesasuch as micelles or into a geometric bilayeralamellar. Sorbitanaestersaand 

analogues, isugar-based, ipolyoxyethylene-based, ipolyglycerol, or icrown ether-
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based isurfactants, often iin-addition to imembrane iadditives, such ias icholesterol ior 

its iderivatives, are isurfactants that may be used as possible drug delivery systems. 

Nonionici surfactantsi arei favoured becausei they are lessi likely toi causei 

discomfort, whichi ini cationic > anionic > nonionic orderi decreases.[70] 

They are capablei of encapsulatingi both hydrophilici and lipophilici compounds 

through the special structures of niosome as vesicular systems. Hydrophilic drugs are 

normally encompassed on the bilayer surfaces in the inner aqueous core or adsorbed, 

whereas lipophilic compounds are trapped in the lipophilici domaini of the bilayersi 

by their partitioning. 

 

Figure 1.12: Schematicarepresentationaof a niosomalavesicle
70 

Thesei vesiclesi havei beeni widelyi usedi asi drugi deliveryi systemsi toi iachieve 

drugitargeting, controlledarelease, andapermeation improvement, due to their 

potentialaability to carryaaavariety ofatherapeutics. In fact, in a controlled way, 

niosome can serve as a therapeutic reservoir for the delivery of a drug to improve 

bioavailability, achieving a therapeuticaeffectaover a longeraperiodaofatime.  
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1.7.1 AdvantagesaofaNiosomes 

Niosomes have many advantages over other nanocarriers. [71]: 

 Biodegradable, ibiocompatible iand inon-immunogenic isurfactants iare iused 

to prepare niosomes. 

 The handlingaandastorage ofaniosomes doesanot requireaany special 

conditionsi because of the chemical stability ofatheir structural composition. 

 By adjusting their structuralacomposition and theaproduction process, the 

physicochemicalaproperties ofaniosomes, such as theirashape, form, ifluidity, 

and vesicle size canabe easilyacontrolled. 

 A significant amount of drug can be encapsulated in a small vesicle of 

niosomes. 

 It is possible to use niosomes to distribute labileaand responsiveadrugs. 

 Niosomesaenhance theatherapeutic overall performanceaof drugamolecules by 

delayingablood circulationaclearance and limiting theaimpact on target cells. 

 It is possible to administer the drugs via niosomes through various routes, 

isuch as ioral, iparenteral and itopical. 

 Compared to oily idosage formulations, the aqueousavehicle-

basedasuspension formulationaresults in improved patientacompliance; 

additionally, niosomaladispersion, being aqueous, may beaemulsified in a 

nonaqueousaprocess to control the rate of drugarelease. 

 Toaaachieve betterapatient iadherence, compliancei and isatisfaction and ialso 

betteraperformance than traditional oilyaformulations, niosomes have been 

used widely. 

1.7.2 NiosomeaPercutaneousaAbsorption 

When niosomes are appliedato theaskin, it isaimportant to distinguish what form of 

effect is needed, i.e. a localaeffect within theaskin or aasystemic effect followed by 

skinapermeation, as shown in Figure 1.13. 

The goal of transdermal targeting is to enter the bloodastream, and it isabecoming a 

subject ofaconcern for manyapharmaceutical researchagroups researchingadiseases 

such ias iinflammation, icancer, ipsoriasis, ialopecia, iand iacne. iThe itransdermal 

route ihas imany iadvantages iover itraditional idrug iadministration iroutes: iavoiding 
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serum ipeak iand itrough ilevels; iavoiding ifirst-pass ihepatic imetabolism iand 

gastrointestinal idegradation (pH, ienzymatic iactivity, iand ifood, ibeverage, iand 

other iorally iadministered idrug iinteractions), ileading ito ian iimprovement iin 

bioavailability iand iefficacy iof ithe idrug. The iaccessibility iof ithe iskin, ithe 

relatively iwide isurface iarea ifor iabsorption, iand ithe ifact ithat iit iis inoninvasive 

are iother ibenefits iof ithe itransdermal iroute, imaking ithe ipatient imore 

compliance.[72] 

Figure 1.13: Mechanismaofaactionaofoniosomeatransdermalaapplications
72 

“(A) drug molecules are released by niosomes;(B) niosome constituents act as penetration enhancer; 

(C) niosome adsorption and/or fusion with stratum corneum; (D) intact niosome penetration through 

the intact skin; (E) niosome penetration through hair follicles and/or pilosebaceous units.” 

 

1.7.3 TypesaofaNiosomes 

Based on the vesicleasize, niosomes can be classifiedainto threeaclasses.These are – 

 Smallaunilamellaravesicles: 0.025- 0.05 μm. 

 Multilamellaravesicles :>0.05 μm. 

 Largeaunilamellaravesicles: >0.10 μm. 
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Figure 1.14: Types of niosomes
73

A. SUV, B. MUV, C. LUV 

1.7.4 Methods of Preparation 

A. Sonication 

This method involves addition of surfactant/cholesterol in organic solvent and drug in 

aqueous solution. This aqueous solution of drug is mixed with surfactant solution and 

further homogenized for 3 minutes at a temperature of 60°C.[73] 

B. Micro fluidization 

The theory of submerged jet is followed for the formulation of niosomes. Inside the 

interaction chamber, the fluidized stream of drugs and surfactants is allowed to 

communicate at ultra-high speeds via the micro channel. The impingement of a thin 

liquid layer along a common front is structured so that within the region of niosome 

formation, the energy used by the device remains. The method resultsain greater 

uniformity, ismaller isizeaand betterireproducibility ofaniosomes.[74] 

C. HandaShakingaMethod (ThinaFilmaHydrationaTechnique) 

In the rota flask, this method requires the creation of a thin driedalayer. This process 

dissolves surfactants and cholesterol in organic solvents. Both solutions are mixed 

and, at a certain temperature, the mixture is evaporatedaunder reducedapressure to 

form aathin layer on the inner wallaof theaflask. Hydration isaacarried out iwith 

sonication to form niosomes after evaporation.[75] 
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D. Trans-membraneapHaGradientaDrugaUptakeaProcess 

This procedure utilises the technique of thin film hydration. A definite ratio of 

cholesterol and surfactant isadissolved in organicasolvents like ether orachloroform in 

this technique and evaporated to form a thin dried film under reduced pressure. By 

vortex mixing, the resulting film isahydrated with 300 mM of citricaacid (pH 4.0). 

The tiny vesicles are allowed many times to freeze and thaw and are sonicated to get 

niosomes. The aqueous drug solution is applied to the niosomal suspension above and 

is vortexed. With 1M disodium phosphate, the niosomal suspension pH is modified to 

7.0-7.2, heated to 60° C for 10aminutes to form theadesired multilamellaravesicles. 

[76] 

E. ReverseaPhaseaEvaporationaTechnique 

In this technique, a definite ratio of cholesterol and surfactant is dissolved in organic 

solvents such as ether or chloroform and evaporated under reduced pressure to form a 

thin, dried film. The resulting film isahydrated with 300 mM of citricaacid by vortex 

mixing (pH 4.0). Following the additionaof aasmall amountaofaphosphate buffer 

solution, the formedagelais further isonicated and theaorganicaphase present is 

extracted ata40 ° C, which forms high viscosity niosomes. This viscous niosome is 

diluted with a saline phosphate buffer that is maintained for 10-15 minutes at 60°C. 

[77] 

F. EtheraInjectionaMethod 

In the preparation of large unilamellar vesicles, this process is used where the definite 

ratio of cholesterol and surfactant is dissolved in organic solvents. Organic drug 

solution is applied to the above mixture and injected into the aqueous solution located 

at a magnetic stirrer maintained at 60
o
C with niosomal suspension forming continuous 

stirring.[78] 

G. MultipleaMembraneaExtrusionaMethod  

In this method surfactantaandacholesterol dissolves in organic solvent, i.e. 

chloroform. Dicetyl phosphate is then added to the organic surfactant / cholesterol 

solution, and the resulting solution isaevaporated to form a thinafilm under reduced 

pressure. The developed film is rehydrated with an aqueousaadrugaasolution. The 
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resulting suspension isaextrudedathrough a polycarbonateamembrane. This method 

can regulate the size of the niosomal formulation. [79] 

H. EmulsionaMethod 

Separately, an aqueous solution of the drug is prepared and this solution is added to 

the surfactantaandacholesterol solution dissolved in organic solvent, forming oil in the 

emulsion of water. The organic solvent is thenaevaporated, leavingathe 

aqueousaphase of niosomes dispersed.[79] 

I. LipidaInjectionaMethod 

Along with surfactants, this approach uses lipids also. The lipids and surfactants are 

dissolved, and the mixture is injected into the heated aqueous drug solution. Another 

procedure requires the addition of lipid drugs and melting. The molten solution is 

pumped into a surfactant aqueous solution that is heated to form niosomes.[80] 

J. TheaBubbleaMethod 

This is aaone-stepatechnique for niosome preparation without organic solvent use. For 

temperature control, the bubbling unit has a round-bottomedaflask with threeanecks 

positionedain a waterabath. The water-cooled reflux is placed in the first neck, the 

thermometer is placed in the second and nitrogen supply is given in the third neck. 

Niosome dispersion is prepared by adding cholesterolaandasurfactant to the pH 7.4 

phosphate buffer, which isamaintained at 70
o
C and theadispersion formed is mixed 

fora15aseconds using a high shearahomogenizer, then it is bubbledaat 70
o
C using 

nitrogenagas.[81] 

1.7.5 Factors Affecting Niosome Formation 

A. Surfactants and Additives 

For the formation of niosomal vesicles, non-ionic surfactants are used. Hydrophobic 

tail surfactants can consistaofaone oratwo groups of alkyls or perfluoroalkyls or, in 

someacases, a singleasteroidal group. Mono alkyl chain ether-typeasurfactants are 

more toxic than ester-typeasurfactants. Ester type surfactant is less stable than ether-

type surfactants when stability is taken into account, and it is because ester-related 

surfactants are converted into triglycerides and fatty acids by esterase, in-vivo. The 

alkylachainalength surfactants fromaC12 to C18aare sufficient for theapreparation of 
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niosomes. The development of niosome vesicles terminates the suitability of 

surfactants with an HLB value between 4 and 8.[82] 

B. SurfactantaandaLipid Level 

The surfactant / lipid level that is necessary for niosomal formulation is usually 

maintained between 10-30amM (1-3percent w/w). Alteration of the surfactant, water 

ratioaduring theahydration process, affects the niosomal dispersion. The total amount 

of drug encapsulated is also increased by increasing the surfactant / lipid ratio. 

C. CompositionaofaMembrane 

By adding various additives to the surfactant mixture, stabilization of niosomes can be 

achieved. The leakage of drugs from the vesicles that can be regulated by the addition 

of cholesterol is one of the key advantages of niosome formulation. Cholesterol gives 

the membrane better rigidity and thus reduces the leakage of the drug. 

D. NatureaofaEncapsulatedaDrug 

Niosomalaformulation is affected by the existence of the encapsulated medication. 

The physico-chemical features of the encapsulated drug affect the charge and the 

niosomal bilayer's rigidity. The presence of the head groups of the surfactant 

contributes to drug trapping in vesicles and induces charge increases. The charge 

formation generates the surfactant bilayer's mutual repulsion and thus increases the 

size of the vesicle. The degree of capture is also influenced by the HLB of the 

compound. 

E. TemperatureaofaHydration  

Hydration temperature determines the shapeaandasize of the niosome. Temperature 

variation affects the assemblyaofasurfactants intoavesicles, andathus affects the 

formationaof niosomal vesicles. The hydration itemperature for the formation of 

niosomes should be above the device transition itemperature of ithe igel to the iliquid 

phase. 
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F. CholesterolaContent 

The additioni of cholesteroli in the niosomali formulation increasesi thei efficacy of 

trapping andi thus provides the vesicles with rigidity. It also increases the niosomal 

vesicles' hydrodynamic diameter. The chaini order of liquidi state bilayersi is also 

increased by cholesterol and the chaini orderi of gel statei bilayersi is decreased. The 

bilayers of the gel state can be converted into a liquid state by increasing cholesterol 

concentration.[83] 

G. Charge 

The interlamellaridistanceabetweenasuccessive bilayersaincreases in the multilamellar 

vesicleastructure due to charge presence. This results in a larger total amount of 

trapped volume.[84] 

1.7.6 FactorsaAffectingaVesicleaSize, EntrapmentaEfficiency and ReleaseaRate  

A. Drug 

Drug loading in niosomes and liposomes may increases their size, apparently through 

theainteraction of the solution with the headagroups of surfactants, increases the 

charge and the reciprocal repulsion of the bilayers of surfactants, thereby increasing 

the size of the vesicles. Some drugs are attached inathealong PEGachains in 

polyoxyethyleneaglycol (PEG) coatedavesicles, thereby minimizingathe tendency to 

increase inasize. The drug's hydrophilic lipophilic balance determines the degree of 

entrapment.[85] 

B. AmountaandaTypeaofaSurfactant 

With the rise in the HLBavalue ofasurfactants such as spana85atoaspana20, the mean 

sizeaof niosomes and liposomes increasesaproportionally since the surfaceafree 

energy decreasesawith an increaseain surfactantahydrophobicity. Dependingaonathe 

temperature, the formaofalipidaorasurfactant and the presenceaof otheraelements, like 

cholesterol, theabilayer of vesicles areaeither in the so-calledaliquid state or 

inatheagel state. Alkyl chains are found in a well ordered structure in the gel state, and 

the structure of bilayers is moreadisordered in the liquidastate. Theagel-liquidaphase 

transitionatemperaturea(Tc) characterizes the surfactant and lipids. Surfactant phase 
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transitionatemperaturea(Tc) also influences theaefficiency ofatrapping, i.e. span 60, 

which has higheraTc, providesabetter entrapping. [85] 

C. CholesterolaContentsaandaCharge 

The “presence of cholesterol inaniosomes improves its performance in hydrodynamic 

diameter and trapping. In general, the cholesterol action is two folds; on the one side, 

cholesterol increases the chain order of bilayers of the gel state. The gel state is 

converted to a liquid-ordered process at a high cholesterol concentration. The increase 

in the cholesterol content of the bilayers resulted in a reduction in the rate of drug 

release and, subsequently, an increase in the rigidity of the attained bilayers. The 

presence of charge tends to increase the interlamellar gap” in the multilamellar vesicle 

structure between successive bilayers and contributes to greater total trapped 

volume.[86] 

D. MethodaofaPreparation 

Compared to the ether injection process (50-1000 nm), the hand shaking process 

shapes vesicles with a larger diameter (0.35-13 nm). It is possible to generate small 

sized niosomes and liposomes by the process of reverse phase evaporation. The 

method of microfluidization provides greater uniformity and vesicles of small sizes. 

E. ResistanceatoaOsmoticaStress 

The addition of a hypertonicasaltasolution to the niosomeaandaliposomeasuspension 

results in a decrease in diameter. In hypotonicasaltasolution, initial slow release can 

occur with mild vesicleaswelling, which may be due to mechanicalaloosening of the 

structure of the vesicles under osmotic stress.[87] 

1.7.7 Uses of Niosomes  

Generally peptide drugs have stability problem so it is difficult to formulate in the 

form of tablets, parenteral. Therefore, using niosome as a drug carrier can improve the 

stability of peptide drugs.[88-90] 

• Nowadays due to various disadvantages of oral drug delivery system, research is 

going on for transdermal drug delivery and this has achieved good response. 

Niosome as a drug carrier has good penetration capacity. Therefore, niosome can 

be used as transdermal drug delivery for various drugs. 
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• Niosomes may be used for the administration of anticancer drugs, like 5-FU, as an 

effective drug delivery method. It is also used to improve the potency of the 

medication by introducing it into the niosome. 

• Niosomal suspension displays a visible spectrum that can be superimposed on that 

of free haemoglobin, so it can be used as a haemoglobin carrier. 

• Drugs with a lowatherapeuticaindex and lowawaterasolubility can be 

iencapsulated by the niosomalasystem and this can be retained in the circulation, 

indicating continuous release action.  

• In diagnostic agents niosomal system plays an important role. 

Radiopharmaceuticals are encapsulated in the niosomes for diagnostic uses. 

 

1.8 COHERENCE BETWEEN THESIS CHAPTERS 

 The present thesis is divided in the seven chapters. First chapter gives short 

description about cancer and lymphoma, hydrogels, liposomes and niosomes. 

Second chapter includes drug review, excipient review and review on liposomes 

and niosomes. The chapter content contained research work done in the past 

which revealed the problem statement of the present research work. In the chapter 

three the aim and objectives of the thesis work is explained related to the 

treatment of CTCL. The research problem and hypothesis and methodology 

described in the chapter.  The chapter four materials and methods include the 

development of liposomes and niosomes of bexarotene drug. The design expert 

software is used for optimization of best formulation. Promised liposome and 

noisome are incorporated into topical gel. All evaluation parameters are well 

defined in the chapter. Chapter five covers the results and discussion of the 

formulated preparations. The statistical analysis is also included in the chapter. 

The discussion part interpretate and implicate the results. Chapters six summary 

and conclusion provide the important findings of research. Chapter seven consist 

the references used in the present research work. 

      

 



 

CHAPTER- 2 

Review of Literature 
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2.1 DRUG REVIEW  

Bexarotene 

Bexarotene (Targretin) belongs to synthetic retinoid class that selectively triggers the 

retinoid X receptor and shown potent antitumor action. Bexarotene is a potent anti-

neoplastic drug used for treatment of cutaneous T cell lymphoma.[91] 

IUPAC Name: 4-[1-(3, 5,5,8,8-pentamethyltetralin- 2-yl)ethenyl] benzoic acid or 

4-[1- (3,5,5,8,8-pentamethyl-5,6,7,8- tetrahydro-2-naphtalenyl)vinyl] benzene 

carboxylic acid. 

Bexarotene/CAS ID: 153559-49-0 

Structural  Formula: 

 

Figure 2.1: Chemical structure of bexarotene 

Emperical Formula:  C24H28O2 

Proprietary Name:            Targretin 

Molecular Weight :           348.478 g/mole  

Appearance:                       Off-white powder 

Solubility :                          Soluble in ethanol, DMSO, and insoluble in water. 

Category :                          Anti-cancer 

Melting point:                    230-231°C 

Elimination Half life:         7 hrs 

Dissociation cofficient(pKa): 4.2 

Partition cofficient:                6.9 

Dose:                               Capsule 75mg, Gel 1% w/v dose is 300 mg/m
2
/day 

Mechanism of Action 

Bexarotene belongs to retinoid family that activates retinoid-X-receptors (RXRs), as 

attached to the receptors retinoic acid. By so doing it brings cell differentiation and 

apoptosis and inhibits the drug resistance development. It also inhibits cancer 

metastasis because it has also antiangiogenic properties. The retinoic acid receptors 
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(RARs) regulate cell variation and propagation whereas RXRs control apoptosis. 

Bexarotene drug selectively attach with and triggers the types of retinoid-X-receptor. 

The retinoid-X-receptor classified in three subclasses; RXRα, RXRβ, RXRγ. The 

particular mechanism of action of bexarotene drug is not clear.  In the CTCL 

treatment the drug bexarotene has shown their significant action in each and every 

clinical phase of CTCL. 

Pharmacodynamics 

In-vitro studies 

The activity of bexarotene has not been explored in models of CTCL, since no pre-

clinical models exist. Therefore the mechanism of action of drug bexarotene in the 

cutaneous T-cell lymphoma (CTCL) treatment is not known clearly. However, the 

following cell systems are known to respond to RAR-active ligands: 

Promyelocytic leukaemia cell system 

In the HL-60 promyelocytic leukaemia cell system bexarotene induced markers 

consistent with the induction of apoptosis, DNA laddering and morphological 

changes. At RXR/RAR-activating concentrations bexarotene was able to hinder the 

growth and induce differentiation of the cells and was also capable of inducing 

differentiation of leukaemia cells from patients, including those with acute 

promyelocytic leukaemia (APL). When tested against the APL cell line NB4 (which 

harbours the same t (5:17) chromosomal translocation detected in the majority of APL 

patients) bexarotene at concentrations > 1 μM was able to induce cell cycle hold in 

G(1) and to induce the expression of the granulocyte diffentiation antigen CD11b on 

the cell surface. 

HBE cells 

Bexarotene inhibited transcription factor AP-1 (AP-1) activity in cultured human 

bronchial epithelial (HBE) cells. Other agents known to inhibit AP-1 activity also 

inhibited the expression of the differentiation markers. Bexarotene has   demonstrated 

to have anti-AP-1 activity mediated via RXRα. This effect may account for its ability 

to inhibit cellular proliferation. 
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Squamous cell carcinoma xenograft tumours in nude mice 

9-cis-RA suppressed the differentiated squamous phenotype with the increased 

presence of basal tumour cells; bexarotene caused no change in the highly 

differentiated phenotype of the tumour. In addition, bexarotene inhibited the growth 

of two primary human HNSCC xenograft tumours grown in nude mice, but did not 

inhibit the growth of 1483 HNSCC xenograft tumours; bexarotene was not a potent 

antiproliferative agent in these cells. 

Prostate cancer cell line (LNCaP) 

Bexarotene was ineffective at inhibiting the growth of xenograft tumours derived 

from the human prostate cancer cell line or the transplantable Dunning prostate 

tumour in the rat. 

Cultured AIDS-KS cells 

Bexarotene inhibited cellular proliferation in culture in a dose-dependent manner and 

similar to ATRA and RAR ligand. These data suggested that bexarotene may have 

inhibitory activity for AIDS-related KS cells in-vivo. 

Pharmacokinetics 

Single-dose studies (Oral administration) 

Plasma bexarotene concentration data from pharmacokinetic and toxicity studies in 

the rat and dog demonstrated that bexarotene was orally bioavailable. The increase in 

plasma AUC values appeared proportional at lower doses and less than dose-

proportional at higher doses. From oil formulations, nonmicronised bexarotene was 

30-40% bioavailable in rats and 7.5% bioavailable in dogs. Maximum plasma 

bexarotene concentrations (Cmax) generally occurred a few hours post-dose (tmax = 2 to 

4 hr). 

Intravenous administration 

Intravenous administration of bexarotene, clearance was 10 to 20 ml.min
-1

kg
-1

in the 

rat and 2 to 4 ml.min
-1

kg
-1

in the dog. I.V. kinetics in plasma appeared multiphasic in 

both species. The t½ of bexarotene was 2 to 3 hr in rats and 3 to 6 hr in dogs. 

bexarotene’s volume of distribution was close to 1 l/kg, consistent with minimal 

retention of bexarotene in the extravascular tissues.  
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Repeat dose studies 

In rats repeat dose Cmax and AUC values increased with increasing dose but were less 

than dose proportional. Plasma bexarotene concentrations in rats were almost always 

dose-dependently lower after repeated dose administration than concentrations after a 

single dose. The extent of this reduction in concentrations generally did not increase 

beyond 28 days of dosing. The magnitude of the reduction tended to be greater in 

male rats than in female rats. 

In all of the toxicity studies conducted in dogs, systemic exposure to bexarotene was 

dose-dependent. There was dose-dependent reduction in exposure associated with 

repeated dosing. In a 28 days toxicity studies in which bexarotene was administered in 

vegetable oil at 10 to 200 mg/kg/day, Cmax and AUC(0-6) values were 2-fold and 4-fold 

lower respectively on day 28 compared to day 1 at 10 mg/kg and 3-fold and 6-fold 

lower at 30 mg/kg. 

Absorption 

The oral bioavailability of bexarotene was formulation-dependent. For micronised 

drug in rat and nonmicronised drug in dog, suspensions in oil tended to provide 

greater bioavailability than suspensions containing PEG. Bioavailability of 

nonmicronised bexarotene was also significantly greater from a PEG-based solution 

formulation than that from oil- or PEG-based suspension formulations in dogs. These 

data suggested that the drug absorption is dissolution rate-limiting for bexarotene 

absorption and that bexarotene particle size reduction could enhance bioavailability.  

Distribution 

A study in rats demonstrated that drug-related radioactivity distributed essentially 

throughout the body after an oral dose of radiolabelled bexarotene. At the 4-hr time 

point, radioactivity was present in all of the 26 tissues examined. Other than organs of 

the gastro-intestinal tract, tissue-to-plasma radioactivity ratios were greatest in liver, 

kidneys and adrenals over four time points examined (4, 8, 24 and 48 hr). No 

substantial retention occurred in any tissue; less than 1% of the radioactivity remained 

in the rats at 48 hrs.  

Protein binding studies 

Bexarotene was highly protein bound (>99.9%) at concentrations present in the rat 

and dog plasma in toxicity studies. 
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Metabolism 

In the rat and dog bexarotene was metabolized primarily by P450-dependent 

oxidation and glucuronidation. Systemic exposure to these metabolites (6-or 7-

oxobexarotene and 6-or7-hydroxybexarotene) was found to be less than that to parent 

compound after both single and multiple doses.  

Excretion 

In a rat oral-dose tissue distribution study using 100 mg/kg radiolabelled bexarotene, 

>90% of the radioactive bexarotene was excreted in the faeces within 48 hours.  

Enzyme induction 

A rat study revealed that 4 days of daily, oral bexarotene treatment (600 mg/m2) 

significantly increased (by 91%) gross hepatic microsomal cytochrome P450. Levels 

of some specific cytochrome P450 isozymes decreased significantly (90% for 

CYP1A2 and 41% for CYP2C11) while others increased significantly (CYP2B1/B2 

by 28-fold, CYP3A by 8-fold and CYP4A by 71-fold). Rates of cytochrome P450 and 

glucuronyl transferase-mediated bexarotene metabolism were increased significantly 

in these microsomal preparations (by 252% and 77%, respectively), further supporting 

metabolic induction by bexarotene as a potential mechanism contributing to the 

reduction of systemic exposure after repeated dosing. 

Side Effects 

Headache, “fatigue, tiredness, nausea, dry skin, vomiting, diarrhoea, trouble sleeping 

an increase in fats in the blood (blood lipids) such as cholesterol or triglycerides 

(blood tests will detect this), an underactive thyroid (blood tests will detect this).” 

Storage 

Avoid excessive humidity, Avoid extreme Temperatures, Protect from light, Store 

between 36-77 °C 

Table 2.1 : Interaction of bexarotene with other drugs 

Drug Interaction 

Abacavir Decreased dolutegravir plasma concentrations 

Dihydrocodeine Decrease the dihydrocodeine level 

Acetohexamide Enhance insulin secretion resulting hypoglycemia 

Amlodipine Increases hepatic metabolism 
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2.2 EXCIPIENT REVIEW 

2.2.1 Cholesterol 

Cholesterol is a chemical substance that the body needs for construction of cell 

membranes and also helpful in composition of hormones like testosterone and 

estrogen. Mainly, the liver creates about 80% of the total body's cholesterol and the 

remains comes from daily diet food sources like dairy products, milk, curd, meat.[92] 

Synonyms: Cholesterin, cholesterolum 

Non-proprietary 

Names: 

BP: CholesterPhEur, Cholesterol 

Structural formula: 

 

Figure 2.2:  Chemical structure of cholesterol 

Chemical name: Cholest-5-en-3β-ol 

Chemical formula: C27H46O 

Molar mass: 386.67 g/mole 

Description: It is found in white to faintly-yellow in colour, mostly 

odourless and shiny granules. On light and air exposure 

changes its colour faint-yellow to tan colour. 

Density: 1.052 g/cm
3
 

Functional category: Emulsifying agent and emollient  

Boiling point: 360 °C  

Melting point: 148-150 °C 

Solubility:                              Soluble in benzene, acetone, ethanol and ether. 

Applications in Pharmaceutical Formulation 

Cholesterol is commonly used in topical formulations and mainly in cosmetics 

preparation, as an aemulsifying agent. It improves the aabsorbing ppower of water to 

an ointment and provides the eemollient to the skin on topical application. 

Stability and Storage 

Cholesterol is stable when stored in a well-closed air tight and amber colour container 

which protects it from light. 

  

https://www.medicinenet.com/liver_anatomy_and_function/article.htm
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2.2.2 Soybean Lecithin (1-Palmitoyl-2-linoleoylphosphatidylcholine)[92] 

Molecular formula: C42H80NO8P 

Molecular weight: 758.1 g/mol 

IUPAC name [3-hexadecanoyloxy-2-[(9Z, 12Z)–octadeca-9,12dienoyl] 

oxypropyl]2-(tri methyl azaniumyl)ethyl phosphate 

CAS number 6931-84-6 

Physical description Dry Powder; Liquid 

Color & form It is white in colour when freshly made, but changes to brown 

when comes in contact with air 

Odor Mostly odourless 

Taste Bland 

Melting point 236-237 °C   

Chemical structure 

 

Figure 2.3:  Chemical structure of syabean lecithin 

Solubility It is soluble in ether, chloroform, fatty acids and mineral oils. 

Slightly soluble in acetone; insoluble in water, vegetable oils 

and animal oils.  

Stability/Shelf life Stable under recommended storage conditions. 

pH 6.6 

Therapeutic uses Surface-Active Agents 

Uses                                                               

It is a natural originated digestible and edible surfactant and emulsifier. It is 

commonly used as emulsifier and antioxidant in foods and cosmetics; emollient and 

penetrating agent in cosmetics.  

 

Storage Conditions                       

Keep stored in the air tight container in a dry and well-ventilated place. Stored at -

20°C temperature in deep freezer. 



 

-44- 
 

Chapteri- 02 ReviewiofiLiterature 

2.2.3. Span 60[92] 

Synonym: Sorbitan stearate 

Chemical name: Sorbitan monostearate , [2- [(2R,3R,4S)-3, 4-dihydroxyoxolan-

2-yl] - 2 - hydroxyethyl]octadecanoate 

Molecular formula: C24H46O6 

Structural formula: 

 

Figure 2.4:  Chemical structure of span 60 

Molecular weight: 430.6 g/mole 

Description: Sorbitan is a non-ionic surfactant. It is white in colour, 

odourless and has waxy texture. It has wetting, dispersing and 

emulsifying properties. 

Melting point: 49-65 °C 

Density: 1.0 g/ml 

Boiling point: 579.01°C 

Solubility:      Soluble in dioxane, toluene, ether, carbon tetrachloride, 

ethanol, and methanol; insoluble in petroleum ether and 

acetone; insoluble in cold water but dispersible in warm water. 

Applications of Pharmaceutical Formulations 

Sorbitan is mostly used as an emulsifier.  It is used to prepare w/o or o/w emulsion 

and creams. Sorbitan is used in the food and phrmaceutical products industry.  

Stability and Storage Conditions 

Keep stored in air tight container at room temperature. Keep store away from 

oxidizing agents. 

  



 

-45- 
 

Chapteri- 02 ReviewiofiLiterature 

2.2.4  Span 40 [92] 

Synonyms: Sorbitan monopalmitate 

Chemical name: [(2R)- 2-[ (2R, 3R, 4S)- 3,4 – dihydroxyoxolan -2 -yl] -2-

hydroxyethyl]hexadecanoate 

Appearance:                   Yellowish brown wax 

Molecular formula:       C22H42O6 

Molecular weight:         402.57g/mole 

Chemical structure: 

 

 

Figure 2.5: Chemical structure of span 40 

Melting point:               46-47°C 

 

Flash point:                   113°C 

 

Solubility:                         

 

Soluble in ethanol, methanol, ether,  Insoluble in 

cold water but slightly soluble in warm water. 

 

Pharmaceutical Applications 

Span 40 is widely used as wetting agent, stabilizer, co-solvent and emulsifying agent.  

Span 40 is mostly used in production of food, medicines, pharmaceuticals and 

cosmetics. It also used in the preparation of inks, paints, oils and stabilizers.  
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2.2.5 Carbopol 

Carbopol “polymers are polymers of acrylic acid cross-linked with polyalkenyl ethers 

or divinyl glycol. They are produced from primary polymer particles of about 0.2 to 

6.0 µm average diameter. The flocculated agglomerates cannot be broken into the 

ultimate particles when produced. Each particle can be viewed as a network structure 

of a polymer chains inter connected with cross-linking. Carbomers were first prepared 

and patented in 1957. Since then, a number of extended release tablet formulations, 

which involve carbomer matrices, have been patented. Carbomers readily absorb 

water, get hydrated and swell. In addition to its hydrophilic nature, its cross-linked 

structure and it’s essentially insolubility in water makes carbopol a potential candidate 

for use in controlled release drug delivery system.[92]” 

Structure 

 

Figure 2.6: Chemical structure of carbopol 

Carbopol polymers “are manufactured by cross linking process . Depending upon the 

degree of cross linking and manufacturing conditions, various grades of carbopol are 

available. Each grade is having its significance for its usefulness in pharmaceutical 

dosage form.” 

Table 2.2: Grades of carbopol polymers 

 

Grades Viscosities Properties 

Carbopol-934 30K-39K 

Used in preparation of thick 

formulations like emulsions, extended 

release formulations, topical and 

transdermal  dosage forms. 

Carbopol-940 40K-60K 

Used as an emulsifying, stabilizing, 

suspending, thickening and gelling 

agent. Widely used as thickener. 

 



 

-47- 
 

Chapteri- 02 ReviewiofiLiterature 

2.2.6 Triethanolamine [92] 

Chemical name:          2,2,2-Nitrilotriethanol 

Empirical formula:    C6H15NO3 

Functional category:   Emulsifying agent, alkalizing agent 

Molecular weight:       149.9 g/mole 

 

Structure: 

 

 

Figure 2.7:  Chemical structure of triethanolamine 

Colour: clear, colourless to pale-yellow colour  

Odour: slight ammonical odour 

Acidity/alkalinity:        pH =10.5(0.1N solution) 

Boiling point:                335 °C 

Flash point:                  208 °C 

Freezing point:            21.6 °C 

Melting point:             21 °C 

Moisture content:        0.09% 

Applications 

Triethanolamine is “widely used in topical pharmaceutical formulations primarily in 

the formation of emulsions. Concentrations that are typically used for emulsification 

are 2–4% v/v of triethanolamine and 2–5 times that of fatty acids. Triethanolamine is 

also used in salt formation for injectable solutions and in topical analgesic 

preparations. It is also used in sun-screen preparations. Other general uses are as 

buffers, solvents, and polymer plasticizers, and as a humectant.” 
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2.3 REVIEW ON LIPOSOME FORMULATION 

Dong YD, et al., (2019), “described the effect of liposome size on tendency for 

accumulation in tumor tissue requires preparation of defined populations of different 

sized particles. The extent of extravasation was clearly dependent on size of the 

liposomes, with the small liposomes showing tissue distribution beyond the vascular 

area compared to the large liposomes. The use of microfluidics to prepare smaller size 

distribution liposomes compared to sonication methods was demonstrated and 

allowed preparation of different size distribution drug carriers from the same lipid 

composition.[93]” 

Guan YM et al., (2019), “prepared the liposomes of essential oil. In the experiment, 

the method for the determination of encapsulation efficiency of liposomes was 

established by ultraviolet spectrophotometer and dextran gel column. The 

encapsulation efficiency and particle size of liposomes were used as evaluation 

indexes for single factor investigation and Box-Behnken design-response surface 

method was used to optimize the design. Then the optimal formulation of volatile oil 

liposome was characterized using methyleugenol, elemin, β-asarone and α-asarone as 

index components. Finally, the in-vitro transdermal properties of liposomes were 

studied by modified Franz diffusion cell. The prepared volatile oil liposomes met the 

relevant quality requirements, providing a reference for further research on 

preparation of multi-component Chinese medicine essential oil liposomes.”[94]” 

Zhang H, (2017), “prepared liposomes by thin-film hydration method followed by 

extrusion. The method involves making a thin lipid film in a round-bottom flask by 

the removal of organic solvent. Upon the addition and agitation of the dispersion 

medium, heterogeneous liposomes are formed. Finally, after extrusion through 

polycarbonate membranes, homogeneous small liposomes were obtained.[95]” 

Yuan JJ et al., (2017), “prepared liposomes containing water-soluble HT to improve 

the bioavailability and biocompatibility of the target drug. The preparation process 

factors (temperature, mass ratio of phospholipid (PL) and cholesterol (CH), Tween-80 

volume, HT mass) were studied and response surface methodology (RSM) was 

applied to optimize the conditions. The results demonstrated that by using a 
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temperature of 63 °C, mass ratio of PL and CH 4.5:1, HT mass 5 mg and Tween-80 

volume of 6 ml, HT liposomes with an encapsulation efficiency (EE) of 45.08% were 

prepared. It was found that the particle sizes of the HT liposomes were well 

distributed in the range of 100-400 nm. Compared to free HT, prepared HT liposomes 

had better stability and a distinct slow release effect in-vitro.[96]” 

Aburai K, et al., (2011), “improved the trapping efficiency by addition of 

lipopeptides (LPs), and using a supercritical reverse-phase evaporation (SCRPE) 

process, along with incorporation of PEG-modified phospholipids to improve long-

term stability. In this study, bovine serum albumin (BSA) was used as a model drug 

substance for entrapment by liposomes. Improvements in the entrapment efficiency 

and stability of liposomes were achieved by modification with LPs and use of a 

SCRPE preparation process. The BSA-entrapment efficiency of liposomes modified 

with cationic LPs with arginine residues, as a result of their ionic interactions, was six 

times that of liposomes prepared by the Bangham method. This study therefore 

suggests that there are opportunities for the development of novel DDS carriers with 

excellent performance and which address environmental concerns.[97]” 

Liu JJ., et al., (2013), “developed and characterized a liposome delivery system co-

encapsulating two cosmeceutical ingredients, avobenzone (AVO) and arbutin (AR). 

Two different liposome preparation methods, that is, thin film hydration and reverse-

phase evaporation, were evaluated. The effects of liposome formulation and 

preparation method on particle size, entrapment efficiency (EE), and skin permeation 

rate were studied. The results of this study revealed that liposomes are a promising 

delivery system for co-encapsulated AR and AVO.[98]” 

Maalej CJ et al., (2010), “prepared liposomes of a hydrophobic (beclomethasone 

dipropionate; BDP) and a hydrophilic (cytarabine; Ara-C) drugs for administered via 

the pulmonary route. The effects of critical process and formulation parameters have 

been investigated. The drug-loaded liposomes were prepared and characterized in 

terms of size, zeta potential, encapsulation efficiency, release study, cell uptake, and 

aerodynamic behavior. Small multilamellar vesicles, with sizes ranging from about 80 
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to 170 nm, were successfully obtained. The elaborated liposomes seem to be 

promising carriers for both Ara-C and BDP pulmonary delivery.[99]” 

Niu G et al., (2010), “developed stealth liposomes (SLs), containing polyethylene 

glycol-conjugated lipid, which can form a hydro-layer around liposomes bilayer, have 

a long circulation time and hence result in enhanced drug efficiency. Doxorubicin 

(DOX), an effective anticancer drug, can be loaded into liposomes by transmembrane 

pH gradient method to get high encapsulation efficiency with high drug/lipid ratio. 

They also described the preparation of SLs via extrusion, DOX loading by 

transmembrane pH gradient method and characterization analysis, including 

phospholipid concentration, size, transmission electronic microscopy graph, 

encapsulation efficiency and in-vitro drug release.[100]” 

2.4 REVIEW ON NIOSOME FORMULATION 

Witika BA, (2019), “prepared and optimized niosomes of Nevirapine (NVP) by using 

thin layer hydration. The impact of cholesterol and surfactant content, hydration time 

and temperature on manufacture was investigated. Critical quality attributes (CQA) in 

respect of particle size (PS), entrapment efficiency (EE), polydispersity index (PDI) 

and the amount of NVP released at 48 hours was also assessed. They made  a simple, 

cheap, rapid and precise method of manufacture of NVP niosomes was developed, 

validated and optimised using DoE and RSM and the product exhibited the target 

CQA.[101]” 

Silva LD et al., (2019), “prepared niosomes from a mixture of sorbitan monostearate 

60, cholesterol, and synthesized D-α-tocopherol, polyethylene glycol 1000, succinate-

diethylene triaminepentaacetic acid (synthesis confirmed by 
1
H and 

13
C nuclear 

magnetic resonance spectroscopy). Parameters affecting the radiolabeling efficiency 

such as concentration of stannous chloride (SnCl2·H2O), pH, and incubation time 

were evaluated. In-vitro stability of radiolabeled niosomes was studied in 0.9% saline 

and human serum at 37°C for up to 8 hours. Experimental data revealed that 30 µg/ml 

of SnCl2·H2O was the optimal concentration of reducing agent required for the 

radiolabeling process. The pH and incubation time required to obtain high 

radiolabeling efficiency was pH 5 and 15 minutes, respectively. 
99m

Tc-labeled 
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niosomes exhibited high radiolabeling efficiency (>90%) and showed good in-vitro 

stability for upto 8 hours. The formulated 
99m

Tc-labeled niosomes possessed high 

radiolabeling efficacy, good stability in-vitro, and show good promise for potential 

use in nuclear imaging in the future.[102]” 

Eid RK et al., (2019), “investigated the effect of incorporation of essential oils in 

niosomes on felodipine transdermal delivery. Rigid niosomes comprising Span 60 

with cholesterol (2:1, w/w) were used with clove, eucalyptus or lemon oil being 

incorporated in the vesicles at increasing concentrations. The vesicle size and shape 

was monitored using scanning electron microscopy. The results correlated with the 

fluidizing and penetration enhancing effects of oils. The study introduced essential 

oils as potential niosomes fluidizing agents for enhanced transdermal drug 

delivery.[103]” 

Ghafelehbashi R et al., (2019), “optimized cephalexin-loaded niosomal formulations 

based on span 60 and tween 60 were prepared as a promising drug carrier system. The 

niosomal formulations were characterized using a series of techniques such as 

scanning electron microscopy, fourier transform infrared spectroscopy, dynamic light 

scattering, and zeta potential measurement. The prepared niosomes showed negligible 

cytotoxicity for HepG2 cells, measured by MTT assay. The findings of the study 

shown that the improvement of cephalexin bioavailability and prolonged drug release 

profile could be obtained by niosomal formulation as a favorable antibiotic drug 

delivery system.[104]”  

Ahad A et al., (2018), “prepared telmisartan loaded niosomes using thin film 

hydration method by varying the Span 60 and cholesterol at several molar ratios and 

characterized for vesicles size, polydispersity index, zeta potential, entrapment 

efficiency. The optimized niosomes formulation NS6 presented vesicles size of 

618.47 nm, polydispersity index of 0.86, with entrapment efficiency of 83.83% and 

possesses negative charge. Results of present study confirm the potential of developed 

niosomes as suitable carriers for improved oral delivery of telmisartan.[105]” 
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Zidan AS et al., (2017), “formulated niosomes from proniosome gels of methotrexate 

(MTX). Box-Behnken's design was employed to prepare a series of MTX proniosome 

gels of Span 40, cholesterol (Chol-X1) and Tween 20 (T20-X2). The responses 

investigated were niosomal vesicles size (Y1), MTX entrapment efficiency percent 

(EE%-Y2) and zeta potential (Y3). MTX loaded niosomes were formed immediately 

upon hydration of the proniosome gels with the employed solvents. The optimized 

formula of MTX loaded niosomes showed vesicle size of 480 nm, high EE% (55%) 

and zeta potential of -25.5 mV, at Chol and T20 concentrations of 30% and 23.6%, 

respectively, when G was employed as the solvent. Hence, G was the solvent of 

choice to prepare MTX proniosomal gels with a maintained stability and highest 

entrapment.[106]” 

Pando D et al., (2015), “formulated resveratrol (RSV) entrapped niosomes for topical 

use. Niosomes were formulated with Gelot 64 (G64) as surfactant, and two skin-

compatible unsaturated fatty acids (oleic and linoleic acids), commonly used in 

pharmaceutical formulations, as penetration enhancers. Niosomes were prepared by 

two different methods: a thin film hydration method with minor modifications 

followed by a sonication stage (TFH-S), and an ethanol injection modified method 

(EIM). Niosomes prepared with the EIM method were in the range of 299-402 nm, 

while the TFH-S method produced larger niosomes in the range of 293-496 nm. The 

EIM method, which yielded the best RSV-entrapped niosomes, seems to be the most 

suitable for scaling up.[107]” 

Zhang Y et al., (2015), “prepared Span 40-based niosomes as nanocarriers to 

improve cutaneous absorption of salidroside. The niosomal formulation with a molar 

proportion of Span 40 to cholesterol of 4:3 showed the highest transdermal flux and 

skin deposition of salidroside. The transdermal flux of the 4:3 niosomal formulation 

was significantly greater than that of the aqueous solution. Salidroside-loaded 

niosomes showed good biocompatibility with skin tissue, human epidermal immortal 

keratinocytes (HaCaT), and human embryonic skin fibroblasts (CCC-ESF).[108]” 

Bayindir ZS et al., (2015), “prepared candesartan cilexetil-loaded niosomes and 

mixed niosomes to enhance the aqueous solubility of the drug, thus improving its oral 
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bioavailability. The formulations were prepared using various types and combinations 

of surfactants, copolymers, and charge-inducing agents. The in-vitro drug release 

from niosomes was improved after niosomal entrapment compared to pure 

candesartan cilexetil. Oral drug delivery of candesartan cilexetil by Span 60/Pluronic 

P85-mixed niosomes seems feasible due to enhanced drug release and stability.[109]” 

Ramlingam N et al., (2013), “formulated ofloxacin niosomes by thin film hydration 

technique using rotary flash evaporator were evaluated for their particle size, zeta 

potential, surface morphology, entrapment efficiency, in-vitro drug release and in-

vivo pharmacokinetic studies. The designed ofloxacin niosomes with span 60 showed 

good physicochemical properties, good stability, improved pharmacokinetic 

parameters, prolonged action and improved bioavailability than the commercially 

available conventional dosage form which might be a potential carrier system to 

improve the patient compliance and reduce the side effects.[110]” 

Hasan AA et al., (2013), “prepared of metformin hydrochloride (MH) loaded 

niosomes by the reverse phase evaporation technique. Span 40 and cholesterol were 

used as polymer and Dicetyl phosphate (DCP) and 1,2-dioleoyl-3-

trimethylammonium-propane chloride salt (DOTAP) were used to obtain negatively 

and positively charged vesicles, respectively. The mean particle size ranged from 

223.5 to 384.6 nm and the MH-loaded niosomes' surface was negatively charged in 

the absence of charge inducing agents (-16.6 ± 1.4 mV) and also with DCP (-26.9 ± 

1.0 mV), while it was positively charged (+8.7 ± 1.2 mV) with DOTAP. It could be 

concluded that MH-loaded niosome is promising extended-release preparation with 

better hypoglycemic efficiency.[111]” 

Hashim F et al., (2010), “prepared ribavirin niosomes and evaluated the influence of 

niosomal encapsulation on drug liver targeting in rats. Ribavirin niosomes were 

prepared by the thin film hydration method using span 60, cholesterol, and dicetyl 

phosphate in molar ratios of (1:1:0), (4:2:0), (1:1:0.1), and (4:2:1). The prepared 

niosomes were characterized in-vitro for vesicle size, drug entrapment, drug release 

profiles and vesicular stability at refrigerator temperature. The obtained results show 

that the niosomal formulation significantly increased ribavirin liver concentration (6-
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fold) in comparison with ribavirin-free solution. Niosomes improved the efficacy of 

low doses of ribavirin and minimize its toxic side-effects at higher doses.[112]” 

2.5 REVIEW ON NANOFORMULATIONS IN TOPICAL GEL 

Shukla R et al., (2020), “assessed topical potential of ethosomes of Melatonin 

(MLT). Melatonin was encapsulated using different ratios of ethanol, soya lecithin 

and cholesterol. Prepared ethosomes were characterized for SEM, zeta potential, 

%EE, in-vitro drug release kinetics. Then, optimized formulation was incorporated in 

gel and evaluated for viscosity, pH, extrudability, homogeneity, skin irritation study, 

spreadability, in-vitro skin permeation study, flux, and stability. Ethosomes were 

spherical in structure as confirmed by SEM and zeta potential was in range of -12.4 

mV to -27.4 mV. %EE of the vesicles was in the range of 49.61-78.047%. An 

ethosomal gel was prepared by using carbopol 934 and compared with plain gel 

formulation. This research suggested that MLT loaded ethosomes can be potentially 

used as a topically drug delivery system.[113]” 

Agrawal YO et al., (2020), “Methotrexate-loaded nanostructured lipid carriers 

(MTXNLCs) were formulated and characterized to determine in-vitro drug release 

and evaluate the role of MTXNLC gel in the topical treatment of psoriasis. A solvent 

diffusion technique was employed to prepare MTXNLCs, which was optimized using 

3
2
 full factorial designs. The diameter and surface morphology of MTXNLCs was 

evaluated. MTXNLCs were integrated in 1% w/w Carbopol 934 P gel base, and in-

vitro skin deposition studies in human cadaver skin (HCS) were carried out. The 

optimized MTXNLCs were rod-shaped, with an average particle size of 253 ± 8.65 

nm, a zeta potential of -26.4±0.86 mV, and EE of 54.00±1.49%. Developed 

formulation of MTXNLC gel demonstrated better anti-psoriatic activity and also 

displayed prolonged and sustained release effect, which shows that it can be a 

promising alternative to existing MTX formulation for the treatment of 

psoriasis.[114]” 

Chandra A et al., (2019), “developed an ethosomal gel of methotrexate (MTX)-

incorporated ethosomes and salicylic acid (SA) and to evaluate and study its 

ethosomal gel potential in Imiquimod-induced psoriasis animal model to treat 
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symptoms of psoriasis. MTX-SA ethosomal gel was prepared by the cold method and 

optimized by comparing it with MTX ethosomal gel and drug solution. Particle size, 

zeta potential, entrapment efficiency, and ex-vivo study were selected as the critical 

quality checking attributes. Optimized MTX-SA exhibited a particle size of 376.04 ± 

3.47nm, EE(Entrapment efficiency) of 91.77 ± 0.02%. At the end of 24h, MTX-SA 

ethosomal gel exhibited a slow and prolonged release of MTX (26.13 ± 1.61% versus 

6.97 ± 0.06%) compared to MTX drug solution. The developed MTX-SA ethosomal 

gel formulation can be a promising alternative to existing MTX formulation in 

topically treating psoriasis.[115]” 

Albash R et al., (2019), “prepared transethosomes (TEs) for enhancing the 

transdermal delivery of Olmesartan medoxomil (OLM) to avoid its oral problems. TE 

formula were prepared utilizing full factorial design using various surfactants (SAAs) 

and different phospholipid-to-SAA ratios. The formula were characterized regarding 

their entrapment efficiency percentage (EE%), particle size (PS), polydispersity index 

(PDI), zeta potential (ZP), and the amount of drug released after 6 hours (Q6h). The 

optimum formula (TE14) had an EE% of 58.50%±1.30%, PS of 222.60±2.50 nm, PDI 

of 0.11±0.06, ZP of -20.80±0.30 mV, and Q6h of 67.40%±0.20%. Moreover, TE14 

showed superiority in dermatokinetic study when compared with drug 

suspension.[116]” 

Lac D et al., (2019), “developed a unique, stable, hydrophilic topical gel formulation 

with fully solubilized minocycline (MNC-H). Minocycline delivered in our 

hydrophilic gel remained more stable in situ, resulting in less degradation product (4-

epiminocycline) than a lipophilic formulation (MNC-L). The hydrophilic nature of 

formulation enabled 2-3 fold increase in delivery into the skin ex-vivo compared to a 

lipophilic counterpart, mostly seen in the epidermis and pilosebaceous units. The 

lipophilic formulation also appeared to be more occlusive, resulting in higher sebum 

production in minipigs, which may exacerbate acne vulgaris. These findings suggest 

that topical hydrophilic minocycline gel may provide a novel tool for topical acne 

therapy.[117]” 

Ansari H and Singh P, (2018), “developed solid lipid nanoparticles (SLN) of 

lopinavir and formulated a topical gel for improved systemic bioavailability of 
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lopinavir. SLNs were prepared using high-pressure homogenization technique and 

optimized. The nanoparticles were characterized by SEM to confirm their spherical 

shape. Differential Scanning Calorimetry (DSC) analysis was carried out to ensure the 

entrapment of drug inside the SLNs. A comparative evaluation was done between 

SLN based gel and plain gel of drug by performing ex-vivo skin permeation studies 

using Franz diffusion cell. The optimized formulation composed of Compritol 

888ATO (0.5 %) as a lipid, Poloxamer 407 (0.25 %) as a surfactant and Labrasol 

(0.25 %) as a co-surfactant gave the maximum entrapment of 69.78 % with mean 

particle size of 48.86nm. Lopinavir SLN based gel was found to have modified drug 

release pattern providing sustained release as compared to plain drug gel. This 

indicates that Lopinavir when given topically has a good potential to target the HIV as 

compared to when given orally.[118]” 

Kaur N et al., (2018), “developed and evaluated nanostructured lipid carrier based 

topical hydrogel of mometasone furoate for the treatment of psoriasis. NLCs were 

developed by microemulsion technique. The optimized formulation was characterised 

for droplet size, zeta potential, entrapment efficiency and morphology was studied 

using Transmission Electron Microscopy. Ex-vivo permeation studies were carried 

out using Wistar rat skin. The optimized formulation (F4) has droplet size of 

163.2±0.522 nm, zeta potential - 0.086±0.099 mV and entrapment efficiency of 

60.0±0.187%. Transmission electron microscopy confirmed spherical shape of 

nanostructured lipid carrier. Carbopol 940 was used to convert NLC dispersion into 

NLC based hydrogel to improve its viscosity for topical administration. Drug 

permeation studies showed prolonged drug release from the NLC based gel as 

compared to marketed formulation following Higuchi release kinetics. The prepared 

NLC based formulation has proved to be a promising carrier system for the treatment 

of psoriasis.[119]” 

Deshkar SS et al., (2018), “formulated and evaluated solid lipid nanoparticles (SLN) 

loaded gel of Dapsone (DS). These were prepared by microemulsion technique and 

evaluated for its in-vitro characteristics. The effect of DS concentration in lipid phase 

(X1), Gelucire:Precirol ratio (X2) and lipid:Smix ratio (X3) on entrapment efficiency 

(Y1) and drug release (Y2) from SLN was studied using Box-Behnken design. The 
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result of dependent variables was used to generate polynomial equations and the 

surface response and counterplots. The optimized SLN formulation was incorporated 

into the gel using 1% carbopol-934 as a gelling agent. The SLN loaded gel was 

characterized for pH, viscosity, percent drug content, in-vitro drug release and ex-vivo 

permeation through rat skin. It was concluded that DS SLN gel as a possible 

alternative to a conventional topical formulation for the treatment of acne.[120]” 

Karman M et al., (2016), “formulated, optimized and evaluate the transdermal 

potential of novel vesicular nano-invasomes, containing above anti-hypertensive 

agent. Olmesartan with β-citronellene as potential permeation enhancer were 

developed and optimized using Box-Behnken design. The physicochemical 

characteristics e.g., vesicle size, shape, entrapment efficiency and skin permeability of 

the nano-invasomes formulations were evaluated. The optimized formulation was 

further evaluated for in-vitro drug release, confocal microscopy and in-vivo 

pharmacokinetic study. The optimum nano-invasomes formulation showed vesicles 

size of 83.35±3.25nm, entrapment efficiency of 65.21±2.25%. The pharmacokinetic 

study presented that transdermal nano-invasomes formulation showed 1.15 times 

improvement in bioavailability of olmesartan with respect to the control formulation 

in Wistar rats. It was concluded that the response surface estimated by Design 

Expert(®) illustrated obvious relationship between formulation factors and response 

variables and nano-invasomes were found to be a proficient carrier system for 

transdermal delivery of olmesartan.[121]” 

Avasatthi V et al., (2016), “developed a nanogel composed of methotrexate (MTX)-

loaded nanostructured lipid carrier (MTX-NLC) and to evaluate its potential in 

imiquimod-induced psoriasis model to ameliorate symptoms of psoriasis. MTX-NLC 

nanogel was prepared by hot-homogenization method and optimized by Design of 

Experiments. Particle size, polydispersity index (PDI) and entrapment efficiency were 

selected as the critical quality attributes. Antipsoriatic potential of MTX-NLC nanogel 

was evaluated by Psoriatic Area and Severity Index (PASI) score and 

histopathological examination in the imiquimod-induced psoriasis model. Optimized 

MTX-NLC exhibited particle size of 278 ± 10 nm, PDI of 0.231 ± 0.05 and EE of 

22.29 ± 1.23%. At the end of 48 hr, MTX-NLC gel exhibited slow and prolonged 
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release of MTX (47.32 ± 0.94% versus 94.23 ± 0.79%) compared to MTX gel. The 

developed MTX-NLC gel formulation can be a promising alternative to existing MTX 

formulation in treating psoriasis.[122]” 

Asthana GS et al., (2016), “investigated the delivery potential of Etodolac (ETD) 

containing topical niosomal gel. Niosomal formulations were prepared by thin film 

hydration method at various ratios of cholesterol and Span 60 and were evaluated 

with respect to particle size, shape, entrapment efficiency, and in-vitro characteristics. 

Mean particle size of niosomal formulation was found to be in the range of 2 μm to 4 

μm. Niosomal formulation N2 (1: 1) ratio of cholesterol and surfactant displayed good 

entrapment efficiency (96.72%). TEM analyses showed that niosomal formulation 

was spherical in shape. Niosomal formulation (N2) displayed high percentage of drug 

release after 24 hr (94.91) at (1:1) ratio of cholesterol:surfactant. The present study 

suggested that topical niosomal gel formulations provide sustained and prolonged 

delivery of drug.[123]” 

Rajnikanth PS and Chellian J, (2016), “developed a nanostructured lipid carrier 

(NLC)-based hydrogel of 5-fluorouracil (5-FU). Precirol
®
 ATO 5 and Labrasol

®
 were 

selected as the solid and liquid lipid phases, respectively. Poloxamer 188 and 

Solutol
®
 HS15 were selected as surfactants. The developed lipid formulations were 

dispersed in 1% Carbopol
®
 934 gel medium in order to maintain the topical 

application consistency. The average size, zeta potential, and polydispersity index for 

the 5-FU-NLC were found to be 208.32±8.21 nm, -21.82±0.40 mV, and 0.352±0.060, 

respectively. Transmission electron microscopy study revealed that 5-FU-NLC was 

<200 nm in size, with a spherical shape. In-vitro drug permeation studies showed a 

release pattern with initial burst followed by sustained release, and the rate of 5-FU 

permeation was significantly improved for 5-FU-NLC gel (10.27±1.82 μg/cm
2
/hr) as 

compared with plain 5-FU gel (2.85±1.12 μg/cm
2
/hr). These results show that the 

prepared 5-FU-loaded NLC has high potential to improve the penetration of 5-FU 

through the stratum corneum, with enormous retention and with minimal skin 

irritation, which is the prerequisite for topically applied formulations.[124]” 

Aggarwal G et al., (2016), “formulated tazarotene nanosponge and niosomes based 

gel for topical application. Nanosponge and niosomes of tazarotene were prepared by 
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emulsion solvent evaporation technique and thin film hydration method respectively. 

The prepared formulations were characterized for drug content, morphology, size 

distribution, PDI, viscosity, % swelling and in-vitro permeation. The nanosponge and 

niosome formulations were incorporated into carbomer 940 (gel matrix) to convert 

them into nanosponge and niosome based gel. The gel formulations were subjected to 

drug content determination, pH determination, spreadability, viscosity, rheological 

behaviour. The study showed that nanosponge and niosome based gel formulation can 

be a possible alternative to conventional formulations of tazarotene with enhanced 

bioavailability and skin retention characteristics for topical application.[125]” 

Nagaich U and Gulati N, (2016), “nanostructured lipid carrier (NLC)-based gel was 

developed for clobetasol propionate (CP). The characterizations of the prepared NLC 

formulation were assessed by means of SEM, particle size distribution, zeta potential 

analysis, drug entrapment efficiency and in-vitro drug release studies to select the 

optimized NLC formulation. The optimized NLC formulation encompasses particle 

size of 137.9 nm with -20.5 mV zeta potential and 0.224 polydispersity index which 

indicates good stability of NLC dispersion. NLC formulation showed a good 

entrapment efficiency of 78.5 % ± 0.03 with cumulative in-vitro release 85.42 % up to 

24 hr. The optimized NLC formulation was suitably gelled and characterized for 

rheology, drug content, ex-vivo drug permeation studies, and drug release kinetics 

studies. The anti-inflammatory activity of NLC gel via paw oedema technique showed 

a rapid onset of action, as well as a prolonged duration of action as compared with the 

marketed gel.[126]” 

Khurana S et al., (2013), “developed nanostructured lipid carriers (NLC) based gel 

for of meloxicam (MLX). NLC gel containing MLX was prepared and characterized 

for particle size, polydispersity, zeta potential, pH, rheology, entrapment efficiency, 

occlusion factor, and thermal behaviour. In-vitro drug release, in-vitro skin 

permeation and deposition studies were carried out. MLX-NLC gel demonstrated 

sustained release and enhanced the skin permeation and deposition of meloxicam 

especially into the dermis in comparison to meloxicam gel (control). The results 

suggest that NLC gel could be a promising carrier for the transdermal delivery of 

meloxicam.[127]” 
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Dasgupta S et al., (2013), “solid lipid nanoparticle gel formulations of the 

dispersions were compared with the marketed gel of aceclofenac. The SLNs were 

prepared by high speed homogenization and ultra-sonication method with fixed 

amount of aceclofenac (10%) and pluronic F68 (1.5%). The particle size, zeta 

potential and span concentration of developed formulations was found to be within 

the range of 123 nm to 323 nm, -12.4 to -18.5 and 0.42 to 0.86 respectively as the 

lipid concentration was increased from 7.5% to 40%. The highest entrapment 

efficiency was found to be 75% with the formulation having lipid concentration of 

30% and 0.85% of phospholipon 90G. The drug release of SLN gel formulations was 

better controlled as compare to SLN dispersions. The results indicated the superiority 

of SLN based formulations for topical delivery of aceclofenac.[128]” 

Patel D, et al., (2012), “prepared nanostructured lipid carriers (NLC)-based topical 

gel of aceclofenac for the treatment of inflammation and allied conditions. NLCs were 

prepared by melt-emulsification, low-temperature solidification, and high-speed 

homogenization methods. Characterization of the NLC dispersion was carried out 

through particle size analysis, scanning electron microscopy (SEM), differential 

scanning calorimetry (DSC), and an in-vitro release study. The anti-inflammatory 

effect of the NLC gel was assessed by the rat paw edema technique and compared to 

marketed aceclofenac gel. The NLC dispersions exhibited d(90%) between 233 nm 

and 286 nm. All of the NLC showed high entrapment efficiency ranging from 67% to 

82%. The particle size of NLC was further confirmed by the SEM study. The anti-

inflammatory activity of NLC gel showed a rapid onset of action, as well as a 

prolonged duration of action as compared with the marketed gel.[129]” 

Labouta HI and El-Khosrdagui LK, (2010), “polymethacrylate microparticles 

(MPs) incorporating verapamil hydrochloride (VRP) as a model hydrophilic drug 

using Eudragit RS100 and Eudragit L100 were prepared for the formulation of a 

composite topical gel. The effect of initial drug loading, polymer composition, 

particularly the proportion of Eudragit L100 as an interacting polymer component and 

the HLB of the dispersing agent on MPs characteristics was investigated. MPs 

showed high % incorporation efficiency and % yield. Composition of the hybrid 

polymer matrix was a main determinant of MPs characteristics, particularly drug 

release. The developed MPs gel showed controlled VRP release and reduced skin 

retention compared to a free drug gel.[130] 
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3.1 RATIONALE OF THE STUDY 

The cutaneous T-cell lymphoma (CTCL) is most common form of Non-Hodgkin’s 

lymphoma that involves in the skin, blood, lymph nodes and other internal organs. In 

early stage of disease only skin symptoms are observed which includes itching, skin 

dryness, rashes and enlargement of lymph nodes. Various epidemiological studies 

have proven that CTCL disease is promoted or triggered by environmental and 

external exposure too. Bexarotene is a highly effective anticancer agent which has 

been proven for the treatment of CTCL. Third generation selective retinoid X-receptor 

agonist drug bexarotene activates the retinoid receptor thereby prompting cell 

proliferation, differentiation of cells and apoptosis that mechanism to be found helpful 

in CTCL treatment. US-FDA in 1999 also approved the bexarotene topical gel for the 

treatment. The previous studies and literature reveals that there are certain limitations 

to use the drug direct on skin. Some of them related to skin irritation, low 

bioavailability, high dose, high molecular weight, short penetration properties and 

short half-life of drug. For that purpose in addition radio therapy is also recommended 

with bexarotene topical gel for effective treatment of CTCL.  However, the topical 

delivery of bexarotene obstructs due to its high log P value (6.9) and poor aqueous 

solubility. So, it is difficult to penetrate the different layer of skin and produces local 

and systematic effect. For improvement in the drawbacks of present dosage form may 

easily cover-up by using nanotechnology dosage form. These dosage form are more 

therapeutic effect with less side effects. Now a day’s industry is also focus on the 

nano-formulations. The present research work may meet the industrial needs.  

3.2 AIM OF THE STUDY 

The aim of the research is to formulate liposome and noisome of bexarotene. The 

promised liposomes and noisome are incorporated in topical gel for improvement the 

treatment and management of CTCL. 

3.3 OBJECTIVES OF THE STUDY 

 Analytical methods development and validation bexarotene drug. 

 Development of liposomes and niosomes by using optimization modeling 

techniques. 

 Incorporation of the optimized liposomes and niosomes in topical gel. 

 In-vitro and ex-vivo characterization of developed topical gel. 

 Determination of cytotoxicity and cell apoptosis on CTCL specified cell lines. 

 Skin irritation studies of promising topical gels. 

 Stability study of developed formulation.  



 

CHAPTER- 4 
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4.1 MATERIALS USED 

                             Table 4.1: Materials used in research work 

S. No. Name Company 

1.  Acetone  S. D. Fine Chemicals Ltd., India 

2.  Acetonitrile Merk, India 

3.  Bexarotene Apicore Pharmaceuticals Pvt. Ltd, Gujarat 

4.  Carbopol 934 Lubrizol Pvt. Ltd., India 

5.  Carbopol 940 Lubrizol Pvt. Ltd., India 

6.  Cellophane membrane, MTT Himedia, India 

7.  Chloroform  Loba Chemicals Ltd., India 

8.  Cholesterol Himedia, India 

9.  Di-Sodium hydrogen phosphate, S. D. Fine Chemicals Ltd., India 

10.  Ethanol Finar Ltd., India  

11.  Methanol Finar Ltd., India  

12.  n- octanol Merk, India 

13.  Phospholipon 100S Himedia, India 

14.  Phospholipon 90H Himedia, India 

15.  Potassium dihydrogen phosphate S. D. Fine Chemicals Ltd., India 

16.  Soya phosphatidylcholine Himedia, India 

17.  Span 40 Loba Chemicals Ltd., India 

18.  Span 60 Loba Chemicals Ltd., India 

19.  Triethanolamine Merk, India 
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4.2 EQUIPMENTS USED 

                             Table 4.2: Equipments used in research work 

S.No. Name Company 

1.  Brook field viscometer DV-E, Brook Field, USA 

2.  24 and 96 Well Plates  Corning Incorporated, Corning NY, USA  

3.  Diffusion cell apparatus Orchid Scientific and Innovative, India 

4.  Digital weighing balance Shimadzu, Japan 

5.  DSC instrument SDT-Q600® TA Instruments, Tokyo, Japan 

6.  Elisa plate reader  APR4 Microplate Reader, Germany  

7.  FE-SEM  SEM, LEO43 SVP, Cambridge  

8.  FTIR apparatus ALPHA FTIR, Bruker, Germany 

9.  Homogeniser  IKA, Germany 

10.  Hot air oven Narang Scientific Works, India 

11.  HPLC Shimadzu, Japan 

12.  Humidity chamber Narang Scientific Works, India 

13.  Incubator  Narang Scientific Works, India 

14.  Magnetic stirrer Remi’s Equipment Pvt. Ltd., India 

15.  Melting point apparatus Remi’s Equipment Pvt. Ltd., India 

16.  Optical microscope  Motic, Xiamen, China  

17.  Particle size analyzer Malvern, UK 

18.  pH meter Equiptronics, India 

19.  Rotary evaporator Heildolph Pvt.Ltd. Germany 

20.  Sonicator (bath) PCI Analytics, India 

21.  TEM  Hitachi, H-7650,japan 

22.  UV spectrophotometer Shimadzu, Japan 

23.  Vortex mixer Remi’s Equipment Pvt. Ltd., India 

24.  XRD instrument Malvern, UK 

25.  Zeta potential analyser Malvern, UK 
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4.3 PREFORMULATION STUDIES 

Before the formulation of any dosage forms from a new drug or combination of drugs, 

a contender drug should come across a phase known as a preformulation. 

Preformulation is a physiochemical depiction of the solid and liquid properties of the 

chemical compounds. Preformulation testing incorporates all examinations approved 

on the new medicinal compound with a specific extreme objective to create valuable 

information for succeeding formulation of biopharmaceutically sensible and stable 

dosage forms. 

The preformulation studies should not be completed on a checklist basis. Rather, drug 

and polymers are closely investigated for their physiochemical characterization to find 

out the compatibility to each other. The preformulation stage provides a basic 

knowledge about applicant polymers and drugs. The choice made on the data 

generated during this stage can profoundly affect the resulting improvement of 

compounds. Accordingly, it is crucial that the preformulation sought to be executed 

carefully as possible to empower reasonable choices to be made.  

4.3.1 Physical Appearance 

The organoleptic characters of the drug were noted by using sensible organ 

observations. The drug was characterized for its color, odor, taste and surface 

morphology.  

4.3.2 Melting Point Determination 

Two techniques were used to evaluate the melting point of bexarotene.  

A. Capillary Fusion Method 

 Melting point (MP) of the bexarotene was evaluated by taking small quantity of 

bexarotene in a one sided closed glass capillary tube and positioned in the MP 

apparatus and the temperature at which bexarotene start to melts was noted in 

triplicate. 

B. Differential Scanning Colorimetry (DSC) 

DSC has been widely utilized thermal method in pharmaceutical drug excipients 

compatibility assessment. DSC is a fast and simple analytical tool for evaluating any 

physical or chemical interactions occurs between excipients and drug of the 

formulation stage. The sample (4 mg of bexarotene) was put in aluminum crucibles of 
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DSC/TG equipment (SDT-Q600, T A Instruments, Japan). The temperature with a 

increasing heating rate of 10ºC/min was used in range of 20–400 ºC, [131,132]
 

4.3.3 Fourier Transform Infrared Spectral Assignment 

Infrared spectroscopy of any chemical entity or drug provides information about the 

functional groups available on the individual chemical entity. The infrared spectral 

assignment of bexarotene was carried out using FTIR spectrophotometer analytical 

tool. The FTIR spectra (ALPHA FTIR, Bruker, Germany) acquired for the pure drug 

bexarotene and for the mixtures with polymers were obtained in a scan range of 

4000–400 cm
-1

.[133] 

Approximately 0.2 gm of drug or drug-excipient sample was put on the scanner for 

scanning. The major functional groups were identified by their significant peaks 

observed in the spectra. The obtained IR spectra of the sample was compared with 

reference spectra to identify the peaks.[134] 

4.3.4 X-ray Diffraction Studies  

X-ray diffraction (XRD) is a simple and fast analytical tool primarily utilized to 

identify the nature of compound (amorphous or crystalline) and provides the 

dimensions of unit cell. [134,135] 

Samples analyzed included pure drug bexarotene and drug-polymer mixtures. The 

samples were sensibly put in the sample holder and kept at 5 rpm during the analyses 

of samples. 

4.3.5 Solubility Studies
 

The solubility may defined as a “the maximum quantity of solute that can dissolve in 

a certain quantity of solvent or quantity of solution (mixture of two or more solvent) 

at a specified temperature. In the other words the solubility can also define as the 

ability of one substance to form a solution with another substance.” 

Factors which may affect the solubility of drug molecule are their particle size, 

polymorph stage, nature of solute and temperature. [136-138] 

A. Qualitative Solubility of Bexarotene  

The solubility studies was carried out in various solvents like purified water, DMSO, 

ethanol, chloroform, vegetable oils and phosphate buffer (pH 7.4). Bexarotene was 
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added into distinct glass test tubes, which may contain solvent (10 ml). The entire 

glass tubes were shaken on temperature regulated waterbath shaker for 5-10 min. 

Then the solubility of bexarotene was examined visually.  

B. Quantitative Solubility of Bexarotene 

The quantitative solubility studies of bexarotene in different solvents were determined 

by an equilibrium solubility method. Various solvents used in study were purified 

water, DMSO, ethanol, chloroform; vegetable oils and PBS (pH 7.4).   

The method followed as: 

10mg of drug was placed in screwi capped glass tubes 

↓ 

10ml of different solvents were added, in each glass tubes 

↓ 

Glass tubes were kept in water bath with shaking at 37°C for 24 hr 

↓ 

Drug was added to the glass tubes, if required, to obtain saturated solution 

↓ 

After shaking for 24 hr the mixture was filtered 

↓ 

Drug in the supernatant solution was determined spectrophotometriacally at the 

absorption maxima 

4.3.6 Absorption Maxima (λmax) Determination in UV Spectoscopy 

When solution of the organic molecules was exposed to UV-light region, these 

molecules may absorb the light at specific wavelength. At this, particular wavelength 

molecule was shown the electronic transitions. The molecule absorbs some light and 

remain light will be transmitted. For determining the absorption maxima (λmax), 

scanning was carried out in the UV-vis range of 200-400 nm. A standard solution of 

bexarotene (100µg/ml) was developed by idissolving 10mg of bexarotene in 100 ml 

methanol. This solution after dilution (05µg/ml) was examined in the wavelength 

range of 200-400 nm and the absorption maxima were determined 

spectrophotometrically by Shimadzu 1700 spectrophotometer. The scanned 

absorption maxima (λmax) values recorded.[139]
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4.3.7 Calibration Curve Preparation 

The standard curve of bexarotene was developed in different media [Distilled water 

and ethanol; PBS (pH 7.4)]. Accurately weighed bexarotene (50mg) was dissolved in 

media solution (500 ml) which produced a stock solution of 1000µg/ml. From this 

developed stock solution, quantity of 0.1 to 1.0 ml were taken in a volumetric flask 

(10 ml) and diluted by media upto 10ml. The resulting aliquots had a concentration 

range of 1to10µg/ml. Then these samples were analyzed at fixed wavelength of 

264nm spectrophotometrically. For calculation of statistical parameters computer 

program (Microsoft Excel) was used.[140] 

4.3.8 Partition Coefficient 

For passive transportation of drug through the cell membrane is influenced by the 

lipophillicity of a drug molecule. Specific and sufficient lihophillicity value is 

required for entering of drug molecule through cell membrane; if the value is high 

then drug molecule trapped in the cell membrane and not diffused to blood stream and 

if the value is at lower side then difficult to cross the cell membrane.  

The lipohillicity is determined by the partition coffecient of the drug. An oil/water 

partition coefficient (Ko/w) is determined to evaluate the property of drug penetration 

into the cell membrane. The partition coefficient of Bexarotene was evaluated in oil 

phase (n-octanol) and water phase (PBS pH 7.4) (1:1) system by using a glass 

separating funnel.
 
Partition coefficient of bexarotene was estimated as the ratio of 

amount of bexarotene in oil and water phase as shown in the equation. Bexarotene (10 

mg) was precisely weighed and taken in the glass stopper vials. The bexarotene drug 

was mixed with 2 immiscible phases, oil (n-octanol) phase and water phase (PBS pH 

7.4). These glass vials were put in the waterbath shaking apparatus for a day. The 

mixture was shaken until equilibrium was attained. The phase separation was done in 

a separating funnel. The lower side solution of bexarotene in water phase (PBS pH 

7.4). The amount of bexarotene was estimated in obtained sample after dilution with 

PBS pH 7.4. This diluted sample was analyzed by using UV-Vis 

spectrophotometrically at 264 nm after filtration through 0.5µ filter. [136, 141]  

The partition coefficient was estimated as:  

   
  
  

 

Where, PC = Partition Coefficient;  

oCo = Concentration of odrug in n-octanol iphase;  iCw = Concentration of idrug in idistilled water” 
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4.3.9 HPLC Analysis  

A. Determination of Retention Time by HPLC 

The drug molecules in optimized mobile phase showed the characteristic retention 

time under standard set of conditions e.g. column, temperature and flow rate. The 

0.002%w/v solution of bexarotene drug in mobilei phase (Acetonitrilei: iAmmonium 

acetatei buffer) (75:25). The mobile phase was passed via C-18 column at the fixed 

flow rate of 0.02ml/min for period of 16 minutes. The retention time was recorded at 

which highest peak was observed.[142] 

B. Preparation of Calibration Curve of Bexarotene 

Bexarotene (2mg) drug was firstly liquefied in a smallest quantity of HPLC grade 

methanol. A stock solution of bexarotene drug (10 µg/ml) was prepared by diluting 

the methanolic solution of bexarotene by mobile phase (Acetonitrile: Ammonium 

acetate buffer) (75:25) From this stock solution, samples of 1, 2, 3 ……,10 ml were 

taken out in a volumetric flasks (10 ml) and diluted with mobile phase upto 10 ml. 

This provides a bexarotene solution iconcentration range of 10-100 µg/ml. In HPLC 

analysis the small amount (20 μL) of prepared samples were injected into the port. 

The calibration curve of bexarotene was prepared between an area under curve of 

peak obtained at specific retention time and concentration of bexarotene solution.  

4.3.10 Development of HPLC Method 

A. Instrumentation 

Analysis was performed by Shimadzu binary RP-HPLC (LC-20AD) system; 

Analytical column was LC Solution C18, 250 mm × 4.6 mm, with a Rheodyne 

injector (20 μL) loop was used for sample injection. LC Solution software was used in 

the method development. The imobile phase (Acetonitrilei and Ammoniumi Acetatei 

Buffer) in the ratio of 75:25 was developed and used as binary phase mobile solvent 

system. The mobile phase and sample solutions were degassed by 1.5 LH ultrasonic 

bath sonicator and filtered through a 0.45 μm membrane before use. The identification 

of compound was established by comparing the retention time of test and standard. 

Chromatography was performed in an ambient environment maintained at 

20±1ºC.[143] 
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B. Development of Stock Solution of Bexarotene 

A standard stock solution (1000 µg/ml) of the bexarotene drug was developed by 

dissolving bexarotene drug (10 mg) in volumetric flask (10 ml) containing mobile 

phase (5 ml). The prepared stock solution was sonicated for 15 min and then diluted 

with mobile phase upto 10ml. The working stock solution (100µg/ml) was devloped 

from stock solution (1000µg/ml) of the bexarotene by withdrawn 1ml aliquot of this 

solution and further diluted with mobile phase. [144] 

C. in Validation Studies Calculations 

Percentage recovery was estimated by following formula: 

 

           
[         ]      
[         ]        

       

Percentage relative standard deviation (%RSD) was estimated as  

 

       
                  

       
       

D. Method Development  

In the bexarotene analysis method design, appropriate chromatographic conditions 

were used. Methodical studies on different factors/conditions have been undertaken 

for development of a method. At a time one factor was changed and other parameters 

kept constant to study the effect of particular factor on method development. 

Table 4.3: Optimized chromatographic conditions for estimation bexarotene 

Chromatographic Mode Chromatographic Condition 

HPLC System Shimadzu binary RP-HPLC (LC-20AD) system 

Data Processor LC solution 

Detector Photo Diode Array Detector 

Column LC-Solution C18 column  

Mobilei Phasei  Acetonitrilei and Ammonium Acetate Buffer (75:25) 

Mobile phase pH 4.1 

Column Temperature Ambient 

Wavelength (nm) 264 

Injection Volume (µl) 20  

Flow Rate (ml/min) 1.0 
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E. Linearity (Calibration Curve)  

When sample concentration was plotted against the peak area forms a calibration 

curve also known as linearity. Mainly the peak area find proportional to the sample 

concentration.  From the lower concentration to upper concentration in which the 

peak observes in linearity known as the range. Linearity, accuracy, precision and 

other validation parameters always performed in the range of analyte concentration.  

The ICH guidelines also identify the specified range for the validation of parameters 

which lies between 80–120% of the standard analyte concentration. 

Linearity was evaluated by developing working stock solutions of bexarotene (100 

µg/ml) in different concentration levels. 20 µl of prepared analyte concentration was 

introduced in triplicate into the RP-HPLC system. The responsesi were recorded at 

264nm. From the chromatograms, the highest peak areas were taken and linearity 

curves were prepared between mean peak areas and analyte concentration. The 

calibrationi curvei was plotted between an analyte concentrationi rangei of 10-100 

µg/ml for bexarotene drug. The regressions equation (y=mx+c) and regression 

coefficient (r
2
) were estimated. [145] 

F. Determination of LOD & LOQ 

According to the ICH guidelines, the limiti ofi detectioni (LOD) and the limiti ofi 

quantificationi (LOQ) for the bexarotene were estimated by using the ration of signal-

v/s-noise. The equations used were:[146] 

 

             ⁄                                    ⁄  

 Where, σ = Standardi deviationi of the response, S = Slopei of the standardcurve accuracy  

 

G. Accuracy  

The accuracy of the developed method was confirmed by determining the nearness of 

the true value to the observed measured value. Accuracy of method was evaluated 

from the recovery of bexarotene from spiked solutions. Known amount of working 

stock solution of bexarotene were utilized at 50, 100, 150 percent level to 60 µg/ml 

sample solution of bexarotene. 
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H. Precision 

Precision is known as “the degree of repeatability of an analytical method under 

normal operational conditions. Precision of the method was performed as Intra-day 

precision and Inter-day precision.” Precision of the developed method was estimated 

through computing % RSD of three developed concentration of 100% target 

concentration of bexarotene. The recommended % RSD is NMT 2.0% of target 

concentration. Precision of method was assessed by repeatability (intraday) and 

intermediate precision (interday) in triplicate analysis of the working stock analytes 

(30, 60 and 90 µg/ml) of bexarotene drug.  

I. Robustness  

Robustness is the analysis of sensitivity of method by done some minor alterations in 

the experimental factors/conditions. For the evaluation of robustness of method 

bexarotene concentration 60µg/ml was utilized. The alter in flow rate of mobile phase 

(0.98 & 1.02 ml/min), alter in wavelength (detection) (262 & 264nm), alter in 

proportion of mobile phase components (70:30 & 80:20) and alter in pH of mobile 

phase (3.9 & 4.3) were studied to evaluate robustness of analytical method. The 

triplicate injections of analyte were injected and changes in retention time and mean 

peak area were observed and %RSD was computed.  

J. Ruggedness  

Ruggedness is an important validation parameter of developed analytical method. In 

this environmental conditions may alter (change of working laboratory or RP-HPLC 

system) or change of working analytical person. To determine ruggedness of the 

method, two different working analysts executed the assay method of bexarotene drug 

in same conditions. To evaluate the ruggedness triplicates of working stock solution 

(60µg/ml) of bexarotene were used by another person to determine the person to 

person variation. 

4.4 DRUG-POLYMER COMPATIBILITY STUDIES 

While designing liposomes, niosomes or gel, it was imperative to give consideration 

to the compatibility of drug and polymer used within the systems. It was therefore 

necessary to confirm the interaction between polymer and drug under experimental 
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conditions (40+5
0
C and 75+5%RH) for a month. At the regular intervals the physical 

changes like discoloration, liquefaction and clumping of material were. The infrared 

absorption spectra of 4 week aged physical mixture of polymer and bexarotene are 

run between 400-4000 cm
-1

. The FTIR spectra of mixture of polymers and bexarotene 

drug (1:1) were used to determine the compatibility with each other.[147] 

4.5 DEVELOPMENT OF LIPOSOMES 

4.5.1 Preparation of Liposomes 

Liposomes of bexarotene were developed by using thin film hydration method in  

rotaryi evaporatori (Heidolph Instruments, Germany). Firstly, the drug was mixed in 

mixture of chloroformi and ethanol blend in the ratio of (3:2). The thin film formed by 

using mechanical dispersion of bexarotene, different phospholipids like phospholipon 

90H , phospholipon 100S, soya phosphatidylcholine (1-4% w/v) and cholesteroli (1 % 

w/v) were mixed in chloroformi in a RBF (250 ml) as given in Table 4.4. The organic 

solvents were removed by rotating evaporator under reduced pressure to create a thin 

film around the inside surface of flask at 50ºC and 90 rpm. For removal of residual 

solvent the prepared films were subjected to vacuum for 1h. The dried film was then 

hydrated with Phosphate buffer pH 7.2 for 30 min. The ready mixture was vortexed, 

and sonicated in bath sonicator (Ultra Sonic, India) for 15 min. and prepared solution 

of liposome was stored in refrigerator for further evaluations.[148] The precautions 

were taken regarding temperature, solvent/excipient content and stirring time and 

speed of rotatory evaporator to ensure the reproducibility of dosage form.
 

 

Figure 4.1: Rotary evaporator used for preparation of dried film 
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Table 4.4: Composition of liposome formulation of bexarotene 

Form.  

Code 

Lipid(% w/w) Cholesterol 

(% w/w) 

Drug  

(% w/w) Phospholipon  

90H 

Soya PC 

(Himedia 35%) 

Phospholipion 

100S 

LIPO F1 1 - - 1 1 

LIPO F2 2 - - 1 1 

LIPO F3 3 - - 1 1 

LIPO F4 4 - - 1 1 

LIPO F5 - 1 - 1 1 

LIPO F6 - 2 - 1 1 

LIPO F7 - 3 - 1 1 

LIPO F8 - 4 - 1 1 

LIPO F9 - - 1 1 1 

LIPO F10 - - 2 1 1 

LIPO F11 - - 3 1 1 

LIPO F12 - - 4 1 1 

 

4.5.2 Characterization of Liposomes 

A. Particle Size Determination 

Dynamic light scattering method was employed to determine the particle size of 

bexarotene liposomes. The liposomes suspension was diluted with water (10 times, 

milliQ®). This diluted liposome suspension was put in cell of zeta sizer (Malvern 

Zetasizer NanoZS90, UK) and particle size was determined according to standard 

operating procedure. The temperature of cell was kept fixed on 25°C and three values 

were obtained at scattering angle of 175°.[149]
 

B. Zeta Potential Determination  

Polydispersity index was determined by zeta potential which could be a measure of 

uniformity. Sample for zeta potential determination was prepared similarly as the 

sample prepared for determination of particle size. The sample was then examined 

three times from -200 mV to +200mV.[150]
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C. Morphological Evaluation  

Surface morphology of liposomes was evaluated by using transmissioni electroni 

microscopyi (TEM) JEM 2100 (Hitachi, H-7650, Japan). The dilute liposomali 

dispersioni was fixed on the copperi grids (formvar®) for morphological studies. 

Diluted liposome suspension was stained with solution of uranyl acetate (2%w/v) for 

proper imaging of samples.[151]
 

 

Figure 4.2: Transmission electron microscope (Hitachi, H-7650, Japan)  
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E. Drug Loading and Entrapment Efficiency 

For estimation of entrapment efficiency (%EE) the ultrafiltration centrifugation 

method was applied. The 2 mL formulation was centrifuged at the rate of 10000 RPM 

for 30 minutes utilizing cooling centrifuge AmiconUltra-4 (Ultracel-10) centrifugal 

filter (Merck Millipore Ltd., Germany). Both pellet and supernatant were collected 

and the amount of free drug within the supernatant liquid was determined utilizing 

RP-HPLC assay method. The entrapment efficiency in liposomes was calculated as 

                         
     

  
     

Where, Ct = Total drug concentration, Cr = Free drug concentration. 

F. In-vitro Drug Release
 
 

Dialysis method was employed to study the iin-vitro drug releasei of drug from 

liposomes. Ten milliliter of the bexarotene liposomes were placed in a dialysis bag 

(SpectraPor S/P 2 dialysis membrane, 12K–14K molecular weight), which was dipped in 

40mL dialysis medium (PHB, pH 7.4). The temperature was set at 37°C and stirring rate 

kept constant at 50 rpm. Aliquots of two milliliter of release medium were withdrawn for 

analysis at one hour interval and changed with fresh medium. Drug release studies were 

continued for 12 hours. The obtained samples were analyzed by using RP-HPLC 

method.[152]
 

4.5.3 Optimization of Liposomes  

For preparation of bexarotene liposomes various lipids were screened in preliminary 

studies. These include PL-100S, PL-90H and SPC. The parameters kept fixed such as 

sonication time, cholesterol-lipid ratio and drug loading during the experiment. 

Bexarotene liposomes were optimized by using Response Surface Methodology by 3
2 

full factorial design methods. The two factors at three level design was employed for 

making a second-orderi polynomiali models (quadratic) using Design Expert 

11(Version Trial; Stat-Ease Inc, Minneapolis, Minnesota) software. Total nine 

formulations as shown in Table 4.5 were developed according to experimental design. 

The selected independent variables were amount of phospholipon-100S (X1) and time 

for rotation (X2). The entrapment efficiency (%) and vesicle size (nm) were selected 

as dependent variables.[153] 
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Table 4.5: Design matrix 3
2
 factorial design for bexarotene liposomes 

Batch X1: 

Amount of 

Phospholipon-

100S (%w/w) 

X2: 

Time of 

Rotation 

(Minutes) 

Y1 

Entrapment 

Efficiency (%) 

Y1 

Vesicle Size  

(nm) 

L1 -1 -1 60.34±1.33 170.92±10.32 

L2 -1 0 65.13±1.24 182.45±10.56 

L3 -1 +1 63.16±2.23 176.84±15.52 

L4 0 -1 78.34±2.34 242.56±16.25 

L5 0 0 81.25±2.48 213.24±13.33 

L6 0 +1 79.46±2.89 225.28±25.49 

L7 +1 -1 86.52±3.79 620.46±16.49 

L8 +1 0 89.96±2.32 639.27±18.33 

L9 +1 +1 90.56±3.49 656.59±25.33 

Coded Value -1  (Low) 0 (Intermediate) +1 (High) 

X1 Amount of 

Phospholipon-100S 

(%w/w) 

1 2 3 

X2 Time of Rotation 

(Minutes) 
10 15 20 

 

The responses were calculated by using interactive and polynomial terms of the 

mathematical model.  

 Y = b0 + b1X1 + b2X2 + b11X1X1 + b22X2X2 + b12X1X2 

In the equation, Y denotes the dependenti variable, b0 is the arithmetici mean. b1 and 

b2  were coefficient for the factor X1 and X2. Optimized formulation was validated and 

analysis of variance (ANOVA) was used to analyses the results. ANOVA was applied 

to find out the significance of factors.[154] 

A. Check Point Batches 

The check point batches were developed and matched with values obtained from the 

software utilizing the equations of the model validity. Check point batches were 
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prepared and evaluated for percent entrapmenti efficiencyi and vesiclei size. The 

predicted value and observed values were compared residual value was determined 

(Table 4.6 & 5.17) 

B. Optimized Batch 

Final optimized Bexarotene liposome batch FL1, was prepared as per the suggested 

quantity of X1 and X2 factors which was set targeted for entrapment efficiency (85%) 

and vesicle size (625 nm) shown in Table 5.17. The method of preparation of the 

liposome was same as mentioned in previous. 

Table 4.6: Check point batches and optimized batch of bexarotene liposomes 

Form. Code Lipid(% w/w) 

Phospholipion 

100S 

Rotation Time 

(Minutes) 

LC1 -0.5 (1.5) -0.5 (12.5) 

LC2 -0.5 (1.5) 0.5 (17.5) 

LC3 0.5 (2.5) -0.5 (12.5) 

LC4 0.5 (2.5) 0.5 (17.5) 

FL1  1.0 (3.0) 0.1 (~15.5) 

 

4.6 DEVELOPMENT OF NIOSOMES 

4.6.1 Preparation of Niosomes 

Niosomes of bexarotene were developed by using thin film hydration method in 

rotary evaporatori (Heidolph Instruments, Germany). First the, drug was dissolved in 

mixture of chloroform and ethanol blend in the ratio of (3:2). The thin film formed by 

using mechanical dispersion of bexarotene, different surfactants like span 60, tween 

60 and tween 80 (1-3% w/v) and cholesterol (1 % w/v) were mixed in chloroform in a 

250 ml round bottom flask (RBF) as given in Table 4.7. The organic solvents were 

removed by rotating evaporator under reduced pressure to create a thin film around 

the inside surface of flask at 50ºC and 90 rpm. For removal of residual solvent the 

prepared films were subjected to vacuum for 1h. Then, the dried film was hydrated 

with Phosphate buffer pH 7.2 for 30 min. The ready mixture was vortexed, and 

sonicated in bath sonicator (Ultra Sonic, India) for 15 min. and prepared solution of 

niosome was stored in refrigerator for further evaluations.[148]
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Table 4.7: Composition of niosome formulation of bexarotene 

Form.  

Code 

Surfactant (% w/w) Cholesterol 

(% w/w) 

Drug  

(% w/w) 
Span 60 Tween 80 Tween 60 

NIO F1 1 - - 1 1 

NIO F2 2 - - 1 1 

NIO F3 3 - - 1 1 

NIO F4 - 1 - 1 1 

NIO F5 - 2 - 1 1 

NIO F6 - 3 - 1 1 

NIO F7 - - 1 1 1 

NIO F8 - - 2 1 1 

NIO F9 - - 3 1 1 

 

4.6.2 Characterization of Niosomes 

A. Particle Size Determination 

Dynamic light scattering method was employed to determine the particle size of 

bexarotene niosome. The niosome suspension was diluted with water (10 times, 

milliQ®). This diluted niosome suspension was put in cell of zeta sizer (Malvern 

Zetasizer NanoZS90, UK) and particle size was determined according to standard 

operating procedure. The temperature of cell was kept fixed on 25°C and three values 

were obtained at scattering angle of 175°.[149] 

B. Zeta Potential Determination  

Polydispersity index of prepared niosomes were determined by using zeta potential 

which could be a measure of uniformity. Sample for zeta potential determination was 

prepared similarly as the sample prepared for determination of particle size. The 

sample was then examined three times from -200 mV to +200mV.[150] 

C. Morphological Evaluation  

Surface morphology of niosomes was evaluated by using transmissioni electroni 

microscopyi (TEM) JEM 2100 (Hitachi, H-7650, Japan). The dilute niosome 

dispersion was fixed on the copper grids (formvar®) for morphological studies. 

Diluted niosome suspension was stained with solution of uranyl acetate (2%w/v) for 

proper imaging of samples.[151] 
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E. Drug Loading & Entrapment Efficiency  

Entrapment efficiency of developed niosomes were evaluated by the ultrafiltration 

centrifugation method. The 2 ml of niosome suspension formulation was centrifuged 

at the rate of 10000 RPM for 30 minutes utilizing cooling centrifuge AmiconUltra-4 

(Ultracel-10) centrifugal filter (Merck Millipore Ltd., Germany).
 
 Both pellet and 

supernatant were collected and the amount of free drug within the supernatant liquid 

was determined utilizing RP-HPLC assay method. The entrapment efficiency in 

niosomes was calculated as 

                       
     

  
     

Where, Ct = Total drug concentration, Cr = Free drug concentration. 

F. In-vitro Drug Release
 
 

Dialysis method was employed to study the iin-vitro drug releasei of drug from 

niosomes. Ten milliliter of the bexarotene niosomes were placed in a dialysis bag 

(SpectraPor S/P 2 dialysis membrane, 12K–14K molecular weight), which was dipped in 

40ml dialysis medium (PHB, pH 7.4). The temperature was set at 37°C and stirringi rate 

kept constant at 50rpm. Samples of two milliliter of release medium were withdrawn for 

analysis at one hour interval and changed with fresh medium. Drug release studies were 

continued for 12 hours. The obtained samples were analyzed by using RP-HPLC 

method.[152]
 

4.6.3 Optimization of Niosomes 

For preparation of bexarotene niosomes various surfactants were screened in 

preliminary studies. These include span-60, tween-60 and tween-80. The parameters 

kept fixed such as sonication time, cholesterol-surfactant ratio and drug loading 

during the experiment. Bexarotene niosomes were optimized by using Response 

Surface Methodology by 3
2 

full factorial design methods. The two factors at three 

level design was employed for making a quadratic second-order polynomial models 

using Design Expert-11(Trial-Version; Stat-Ease Inc, Minneapolis, Minnesota) 

software. Total nine formulations as shown in Table 4.8 were prepared according to 

experimental design. The selected independenti variablesi werei amounti of ispan-60 
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(X1) and time for rotation (X2). The entrapment efficiency (%) and vesicle size (nm) 

were selected as dependent variables.[153] 

 

Table 4.8: Design matrix 3
2
 factorial design for bexarotene niosomes 

Batch X1: 

Amount of  

Span 60 (%w/w) 

X2: 

Time of 

Rotation 

(Minutes) 

Y1 

Entrapment 

Efficiency (%) 

Y1 

Vesicle Size  

(nm) 

N1 -1 -1 71.68±2.56 665.87±11.67 

N2 -1 0 93.76±1.24 569.98±10.56 

N3 -1 +1 82.90±3.73 440.16±13.88 

N4 0 -1 68. 26±1.33 749.33±10.65 

N5 0 0 71.98±3.56 612.36±14.45 

N6 0 +1 65.44±5.29 580.03±21.99 

N7 +1 -1 74.31±2.24 892.27±16.33 

N8 +1 0 69.09±7.56 772.45±10.51 

N9 +1 +1 90.56±3.49 672.05±18.30 

Coded Value -1  (Low) 0 (Intermediate) +1 (High) 

X1 Amount of Span 60 

(%w/w) 
1 2 3 

X2 Time of Rotation 

(Minutes) 
10 15 20 

 

The responses were calculated by using interactive and polynomial terms of the 

mathematical model.  

 Y = b0 + b1X1 + b2X2 + b11X1X1 + b22X2X2 + b12X1X2 

In the equation, Y denotes the idependent ivariable, b0 is the iarithmetic imean. b1 and 

b2 were coefficient for the factor X1 and X2. Optimized formulation was validated and 

analysis of variance (ANOVA) was used to analyses the results. ANOVA was applied 

to find out the significance of factors.[154] 
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A. Check Point Batches 

The check point batches for niosome formulations were developed and matched with 

values obtained from the software utilizing the equations of the model validity. Check 

point batches were prepared and evaluated for percent ientrapment iefficiency & 

vesiclei size. The predicted value and observed values were compared residual value 

was determined. (Table 4.9 & 5.20).  

B. Optimized Batch 

Final optimized bexarotene niosome batch FN1, was prepared as per the suggested 

quantity of X1 and X2 factors which was set targeted for entrapment efficiency (85%) 

and vesicle size (625 nm) shown in Table 5.20. The method of preparation of the 

liposome was same as mentioned in previous. 

Table 4.9: Check point batches and optimized batch of bexarotene niosomes 

Form. Code Surfactant (% w/w) 

Span 60 

Rotation Time 

(Minutes) 

NC1 -0.5 (1.5) -0.5 (12.5) 

NC2 -0.5 (1.5) 0.5 (17.5) 

NC3 0.5 (2.5) -0.5 (12.5) 

NC4 0.5 (2.5) 0.5 (17.5) 

FN1 -1.0 (1.0) 0.1 (~15.5) 

 

4.7 DEVELOPMENT OF TOPICAL GEL 

4.7.1 Preparation of Topical Gel  

For the preparation of liposomal and niosomal gel, firstly the carbopol 934P (0.5 to 

1.75% w/w) was splashed in distilled water (Table 4.10). The gel was formed by 

swelling and hydration for 3-4 hr. The acidic nature of carbopol suspension (pH 3.1) 

was neutralized altered to pH 7.4 by using of triethanolamine for crosslinking and gel 

formation. Then isopropylalcohol, propyl paraben and methyl paraben were added 

and blended with gel base. The liposomal suspension (FL1) or niosomal suspension 

(FN1) was blended with this carbopol gel base by mechanical blending at speed of 

1000-1500 RPM for 1 hr to make the liposomal and niosomal gel dispersion.[155]
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Table 4.10: Formulation of topical gel 

Ingredients Formulation Code 

G1 LG2 NG3 

Drug in Simple Liposomes Niosomes 

Drug (% w/w) 1 1 1 

Carbopol 934 (% w/w) 1.5 1.5 1.5 

Propylene Glycol (ml) 2 2 2 

Ethanol (ml) 5 5 5 

Triethanolamine (ml) q.s. to neutralize the gel base  

Water (upto ml) 100 100 100 

 

4.7.2 Characterization of Topical Gel 

The topical gels were characterized for its physical and chemical characters like: 

A. Visual examination 

The prepared topical gels were checked for their physical activities like color, 

transparency, purity, uniformity and separation of phase.[156] 

B. pH of topical gel 

The pH of the prepared topical gels were evaluated by using digital pH meter. The 

topical gel was dissolved in triple distilled water and the electrode of pH meter was 

plunged inside the topical gel solution and the pH was recorded until the constant 

reading achieved.[157] 

C. Extrudability estimation 

To degree the extrudability was determined by using a closed aluminum collapsible tube 

filled with prepared topical gel was squeezed immovably at the creased conclusion and a 

holder was associated to expect any roll-back of topical gel. The aluminum collapsible 

tube mouth was opened by removing of cap and the topical gel was removed out from 

aluminum collapsible tube. The extrudability estimation was observed by the easiness in 

comes out of topical gel from the tube.[158] 

D. Spreadability 

Parallel plate method was used to determine the spreadability of prepared topical gel. 

Topical gel (1 gm) was put on a transparent glass slide and another transparent slide 

of glass was put upon the slide which containing topical gel. Initially, spreaded topical 
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gel diameter was recorded by the weight of glass slide only.  After the stress given by 

weight ranging from 5g to 100g for 30 seconds time interval to the topical gel, the 

spread diameter was calculated in after addition of each weight. [158]  

Spreadability was estimated by given formula:  

      
 

 
 

where, “S” is ispreadability, “m” is iweight tied to upperi slidesi (20g), “l” is ilength 

of the iglass islide (7.5 cm), “t”is timei taken in s.  

E. Consistency 

Viscosity of prepared topical gel was determined with the help of Brookfieldi 

viscometeri (S-62, LVDV-E) at the room temperature (25 ºC) at fixed rotation speed of 

12 RPM. 

F. Drug content 

Drug content of prepared topical gel was estimated by shaken 100 gm of topical gel with 

adequate quantity of methanol to extract the bexarotene and then estimated by utilizing 

RP-HPLC method.. 

G. Drug release study by In-vitro methods 

The in-vitro diffusion of drug from prepared topical gel and plain drug loaded topical 

gel was examined utilizing Franz diffusion cell apparatus kept at 37±1
0
C. The actual 

permeation diameter of the diffusion cell apparatus was 2.30 cm
2
. The receptor 

compartment consist 6.5 ml phosphate buffer (pH 7.4), and stirred at 100 rpm. 

Cellophane membrane (MW;12K–14K dalton) was fixed between the compartments 

of the donor and the receptor. Formulation was placed in the donor compartment. The 

aliquots were taken from the Franz diffusion cell at different time intervals and after 

each sampling the diffusion media already kept at 37±1
0
C was exchanged into the 

receptor compartment.[159] 

H. Drug deposition study 

The rodent skin which was used in skin permeation studies was carefully expelled. 

Skin was washed with methanol and distilled water (1:1) combinations for eliminating 
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traces of drug formulation in outer part of skin portion. The washed skin was divided 

into small portions by cutting and dipped in 10 ml volume of 0.05% trypsin solution. 

Sample tests were put on mechanical stirrer for 24h at 100 rotations per minutes and 

37±1
0
C. Samples were analyzed after filtration by using RP-HPLC method. [160]

 

4.8 SKIN IRRITATION STUDY 

The designed protocol for animal studies was approved by IAEC (PBRI/IAEC/PN-

19016). The animals were subdivided into 7 groups of 36 animals (Table 4.11). 

Animals of Group I served as control group, Animals of Group II received five 

minute ultraviolet light exposure two times in a day and served as irradiated control 

group. The test group III received drug free gel topically. The test groups IV and V 

received both UV radiations and drug free liposomal and niosomal topical gel. Test 

group VI and VII received both UV radiations and bexarotene loaded liposomal 

(LG2) and niosomal (NG3) topical gels, respectively. The treatment was provided to 

animals four hour prior to ultraviolet radiation exposure as per the protocol 

guidelines. All the animals were kept in a locally prepared wooden ultraviolet 

simulator or chamber. Ultraviolet lamp (300W Waton® bulb, Germany) was fixed 

inside on a top of chamber so the animals received radiations from the distance of 40 

cm. The bulb produces the full spectrum of ultraviolet radiation from 260 - 400 nm. 

Ultraviolet radiation exposure was controlled by exposure time. The animals were 

treated for a month to study the changes obtained on dorsal skin [161, 162]  

Table 4.11: Protocol design for skin irritation studies 

Group Treatment Dose No. of 

Animals 

Group-I Control  - 03 

Group-II UV treated  - 03 

Group-III UV treated + Drug free gel topically 50 mg/cm
2
 06 

Group-IV UV + Drug free Liposomal gel topically 50 mg/cm
2
 06 

Group-V UV + Drug free Niosomal gel topically 50 mg/cm
2
 06 

Group-VI UV + Drug Liposomal gel topically 50 mg/cm
2
 06 

Group-VII UV + Drug Niosomal gel topically 50 mg/cm
2
 06 

 

4.9 IN-VITRO CELL PROLIFERATION STUDIES 

A well-developed MTT assay was used to assess the iproliferative ability of icells 

itreated with bexarotene loaded topical gel and bexarotene loaded liposomal and 
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niosomal topical gel. Around 5×10
3 

Hut78 cells per well were inoculated in 96 well 

format.  Serum medium RPMI was changed serum free RPMI medium after one day 

incubation period. After completion of a day, cells were treated with bexarotene loaded 

topical gel and bexarotene loaded liposomal (LG2) and niosomal topical gel (NG3) at 

gradient concentrations ranging from 0-150μM/mL in PBS (pH 7.4) for three days. In 

the last of treatment, 5mg/mL MTT was added in ieach iwell, and the plates were 

incubatedi at 37°C in dark for 5h. The formazan product was then mixed in 100μl of 

DMSO after removingi the mediumi or eachi well content. [163] 

4.10 STABILITY STUDIES  

In the development of new dosage form stability or shelf life of prepared product always 

take place on a priority.  The effectiveness, quality and safety are only ensured by the 

stability studies of formulations. Assurance of quality product is only determined by the 

stability studies. The level of acceptance any product is governed by the quality after 

spending some time.  

4.10.1 Stability Studies Protocol 

The stability study of optimized topical gel dosage form was implemented according to 

ICH and WHO guidelines. The optimized bexarotene simple topical gel (G1), 

bexarotene liposomal topical gel (LG2) and bexarotene niosomal topical gel (NG3) were 

placed in an air tight wide mouth container and stored at room temperature (25±2°C & 

60±5% RH), and accelerated temperature (40±2°C & 75±5% RH) for 90 days and tested 

for appearance, pH, viscosity, and drug content.[164] 
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5.1 PREFORMULATION STUDIES 

5.1.1 Physical Appearance 

Physical appearance of bexarotene was examined for its organoleptic properties like 

 

Color: White      Odor: Odorless.   State: Crystalline Powder 

 

5.1.2 Determination of Melting Point  

Melting point of the bexarotene was evaluated by capillary fusion methods, and the 

temperature was observed between 230-231
o
C which is concordant with the Jean-

Claude Bradley open melting point dataset and US national library of medicines at 

230
0
 C. Melting point of the bexarotene was also evaluated by DSC. The thermograph 

of bexarotene was confirmed that melting point was 224
0
C (Figure 5.1). 

Table 5.1: Melting point determination of bexarotene 

Sample Reference Melting 

Point   ( 
0
C) 

Observed Melting 

Point ( 
0
C) 

Observed DSC  

Range ( 
0
C) 

Bexarotene 230 230-231 218-235 (224
0
C) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: DSC thermograph of bexarotene (A) Reference
91

 (B) Sample 
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5.1.3 Fourier-Transform Infrared Spectral Assignment 

The FTIR spectrum of the bexarotene was determined for its identification. For 

carrying out FTIR, a sample of approximately 2 mg was kept in FTIR spectrometer 

(ALPHA FTIR, Bruker, Germany) and the spectrum is recorded. The observed peaks 

were compared with the reference spectrum (Figure 5.2). 

(A) 

  

 

 

 

 

 

 

 

 

 

(B)  

 

 

 

 

 

 

Figure 5.2: FTIR spectrum of bexarotene (A) Reference
91

 (B) Sample 

5.1.4 X-ray Powder Diffraction (XRPD)  

X-ray diffraction (XRD) is a simple and fast analytical tool primarily utilized to 

identify the nature of compound (amorphous or crystalline) and provides the 

dimensions of unit cell. The XRD graph of bexarotene (Figure 5.3) shown sharp 

specific peaks notably at 2𝜃diffraction angles of 160,19
0
 & 23

0
 proved that bexarotene 

was available in crystallinei form.  
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Figure 5.3: XRD spectrum of bexarotene drug 

5.1.5 Solubility Studies 

A. Qualitative Solubility of Bexarotene  

The qualitative solubility was carried out in different solvents like purified water, 

DMSO, ethanol, chloroform, vegetable oils and phosphatei bufferi (pH 7.4). The 

results were obtained by visual inspection of solution (Table 5.2). 

 Table 5.2: Qualitative solubility data of bexarotene 

Solvents Solubility 

Purified water - 

0.1 N HCl - 

Vegetable oils + 

Phosphate buffer (pH 7.4) + 

Ethanol ++ 

DMSO ++ 

Chloroform ++ 

*(-) practically insoluble, (+) slightly soluble, (++) soluble 
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B. Quantitative Solubility of Bexarotene in Different Solvents 

A small amount of the drug was put in screw capped glass tubes and dissolved in 

solvent (10 ml). These screw capped glass tubes were kept in waterbath shaker for 

one day at room temperature (25
o
C). The concentration of drug solubilized was 

examined by UV spectrophotometric method. The quantitative solubility shown that 

drug bexarotene was highly soluble in DMSO, chloroform, and ethanol. In vegetable 

oils 0.1 N HCl bexarotene was found slightly soluble. Bexarotene was found 

practically insolublei in water. 

Table 5.3: Quantitative solubility data of bexarotene 

Solvents Quantitative Solubility  

(mg/ml) 

Distilled water - 

0.1 N HCl 0.09 mg/ml 

Vegetable Oils 2.13 mg/ml 

Phosphate buffer (pH 7.4) 2.10 mg/ml 

DMSO 10.02 mg/ ml 

Ethanol 09.05 mg/ml 

Chloroform 12.51 mg/ml 

 

5.1.6 Ultraviolet Absorption Maxima (λmax) Determination 

The UV-absorption maxima (λmax) of bexarotene (05µg/ml) in the different solvents 

were found 264 nm and 305 nm which were concordant with the Clarke Analysis. 

 

Table 5.4: Absorption Maxima (λmax) of bexarotene in different solution 

Solvents Absorption Maxima λmax 

(nm) 

Distilled water 264, 304 

Ethanol 264 

Phosphate buffer (pH 7.4) 264 
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5.1.7 Preparation of Calibration Curve 

50 mg of bexarotene was solubilized in 50 ml of Distilled water / Ethanol/ Phosphate 

buffer (pH 7.4) (1000μg/ml) (A small portion of ethanol 1-2 mL was used as co-

solvent in case of distilled water and Phosphate buffer). Aliquots of 1-10µg/mL 

bexarotene were prepared in same dissolving solvent. Absorbance is estimated by 

UV-Visible spectrophotometer at 264 nm. 

 

Table 5.5: Calibration data of bexarotene drug in different solvent 

Bexarotene 

Conc. 

(μg/mL) 

Absorbance ( at 264 nm) 

In Distilled Water In Ethanol In Phosphate Buffer  

(pH 7.4) 

0 0 0 0 

1 0.062 0.072 0.091 

2 0.134 0.139 0.183 

3 0.246 0.243 0.268 

4 0.322 0.318 0.386 

5 0.417 0.405 0.498 

6 0.524 0.511 0.587 

7 0.612 0.613 0.684 

8 0.734 0.709 0.781 

9 0.815 0.808 0.895 

10 0.937 0.912 0.996 

Equation  y = 0.0942x - 0.0356 y = 0.0925x - 0.032 y = 0.1001x - 0.0127 

R
2 

Value 0.9969 0.9966 0.9992 
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Figure 5.4: Calibration curve of bexarotene drug in  

A) Distilled Water B) Ethanol C) Phosphate Buffer 

(B) 

(C) 
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5.1.8 Partition Coefficient 

Partition coefficient of bexarotene was estimated as ratio of bexarotene amount 

present in oil (n-octanol) phase and water phase (PBS pH 7.4). The partition 

coefficient value was calculated and compared with literature value and is reported in 

Table 5.6. 

Table 5.6:  Partition coefficient of bexarotene 

 

5.1.9 HPLC Analysis   

A. Determination of Retention Time by HPLC 

The retention time of drug bexarotene in acetonitrile and ammonium acetate buffer 

solution was in between 7 to 9 minutes. 

 

Figure 5.5: Retention time of bexarotene drug 

 Method Used  Experimental Value Literature Value 

n-octanol:  PBS pH 7.4 6.9±0.1 6.9 
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Figure 5.6: Chromatogram of bexarotene standard solution 

5.1.10 Development of HPLC Method 

RP-HPLC method has been developed and validated for assay of Bexarotene as per 

ICH guideline. 

A.  Linearity 

The calibration curve of bexarotene was developed in the rangei of 10-100µg/ml. It 

shows the linear correlation coefficient(r) 0.998. LOD valuei of 0.01 µg/ml and LOQ 

valuei of 0.03µg/ml, suggest that the developed method was reliable and sensitive. 

Table5.7: Calibration curve data of bexarotene by HPLC 

Concentration of Bexarotene 

(µg/ml) 

Mean Peak Area 

10 5635 

20 10489 

30 16239 

40 22106 

50 27394 

60 32848 

70 38129 

80 42559 

90 47128 

100 51866 
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Table 5.8: Linearity data for bexarotene 

Parameters Results 

Detection Wavelength (nm) 264 

Beer’s Law Range  (µg/ml) 10-100 

Regression Coefficient (r) 0.998 

Regression Equation (y=mx+c) 523.6x + 579.6 

Slope 523.6 

Intercept 579.6 

Limit of Quantification  (µg/ml) 0.03 

Limit of Detection  (µg/ml) 0.01 

  

          

Figure 5.7: Calibration curve of bexarotene drug by HPLC 

B. Accuracy 

Accuracyi of the developed methodi is determined by comparisoni with bexarotene 

reference standard and from recovery data of spiked samples for 50%, 100%, 150% 

levels and average recovery of 99-100% is desirable to each level as per ICH 

Guideline. The percent recovery results (Table 5.9) were found in the limit. 

 

Table 5.9: Accuracy data for bexarotene 

Percentage 

Level of 

Standard 

Peak 

Area 

SD %RSD Amount of 

Standard 

(µg/ml) 

%Recovery 

Spike Found 

50 16182 65.744 0.406 30 29.495 98.319 

100 32792 61.857 0.188 60 61.451 102.411 

150 47179 114.7359 0.243189 90 89.129 99.032 
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C. Precision 

Precisioni of the developed methodi was validated by analysis of the repeatabilityi of 

proposed method. Interday and intraday precision of the method was verified. The 

resultsi are shown in Table 5.10 and 5.11 which shows high precision of the 

developed method. 

Table 5.10: Precision intraday data for bexarotene 

Concentration 

Levels 

Low Medium High 

Concentration 

(µg/ml) 
30 60 90 

Peak 

Area 

Injection 1 16236 32735 47312 

Injection 2 16109 32858 47108 

Injection 3 16202 32785 47119 

Average Peak Area 16182 32793 47180 

SD 65.744 61.857 114.736 

%RSD 0.4063 0.1886 0.2432 

 

Table 5.11: Precision interday data for bexarotene 

Concentration 

Levels 
Low Medium High 

Concentration 

(µg/ml) 
30 60 90 

Peak 

Area 

Day 1 16183 32792 47179 

Day 2 16452 32616 47642 

Day 3 16438 33328 47875 

Average Peak Area 16358 32912 47565 

SD 151.428 371.419 354.277 

%RSD 0.925 1.128 0.744 

 

D.  Robustness 

Robustnessi of the methodi was carriedi out by making slight deliberate changes in 

mobile phase flow rate (±0.2 ml/min), detection wavelength (±2 nm), composition of 

mobile phase (ratio) and mobile phase pH of (±0.2). The %RSD of the robustness 

determination was observed less than 2%, which indicate that the method is robust to 

deliberate the changes. The validation data for robustness is summarized in Table 

5.12. 
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E. Ruggedness 

The ruggedness of the method was determined by estimating %RSD of Bexarotene 

standard solution by two different analysts of different days. %RSD of the 

preparation was found to be 0.30 to 1.10%. This proves that there is no variation in 

day to day and intrapersonal variation. 

Table 5.13: Ruggedness data for bexarotene 

Analyst Amount of 

Standard 

(µg/ml) 

Avg. 

Peak 

Area 

% Drug 

Found 

SD %RSD 

I 60 32180 60.122 0.185 0.308976 

II 60 32558 60.987 0.671 1.101054 

 

5.2 DRUG-POLYMER COMPATIBILITY STUDIES 

Compatibility study of drug and polymer was performed to ensure that drug is not 

interacting with the polymer used under experimental conditions (40±2
0
C and 75±5% 

RH) for four weeks. No interaction was seen between drug and polymer. The obtained 

IR spectra of polymer and drug mixtures showed all the substantial peaks of 

functional groups which present in the standard FT-IR spectra of bexarotene moiety.  

Table 5.14: Drug-polymer interactions 

Mixture Physical Changes IR Peaks (cm
-1

) 

Week 

1 

Week 

2 

Week 

3 

Week 

4 

Drug _ _ _ _ 

C-H stretch = 2921.13  

C=C  stretch (Alkene)  = 1604.07  

C=O stretch = 1681.65  

O-H = 3393.38  

C=C aromatic stretch = 1456.29  

Drug + 

Cholesterol 
_ _ _ _ 

2927.63 , 1604.70,  1676.99,  

1459.26, 3077.51  

Drug + 

surfactant 
_ _ _ _ 

2924.07 , 1605.64 , 1679.82  

3364.01, 1453.30 

Drug + 

Carbopol 

934 

_ _ _ _ 

2919.16, 1603.56, 1671.82,  

1459.62, 3012.19 
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Figure 5.8: FTIR spectra of bexarotene with cholesterol, poloxamer and carbapol 
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5.3 DEVELOPMENT OF LIPOSOMES 

Liposomes were developed by thini filmi hydrationi method by using three lipids 

phospholipon 90H, phospholipon 100S and soya phosphatidylcholine. Prepared 

liposome’s vesicle size was found in the range of 182 to 995nm. Liposomes prepared 

using Phospholipon 100S (182.4±2.4 nm, 0.123) shown smalleri sizei and size 

distributioni and PDI (0.116) wheni comparedi to phospholipon 90H (835.5 ±5.4nm, 

0.519), soya phosphatidylcholine (779.3±3.7 nm, 0.579) as showni in Table 5.15. 

Table 5.15: Evaluationi of liposomes 

Form.  

Code 

Visual  

Appearance 
Shape 

Vesicle 

size (nm) 
EE (%) PDI 

LIPO F1 
Rough layer 

formation 
Vesicular 

835.5 

±5.4 

61.1 

±2.1 
0.519 

LIPO F2 
Rough layer 

formation 
Vesicular 

901.3 

±6.8 

72.3 

±2.8 
0.573 

LIPO F3 
Rough layer 

formation 
Vesicular 

983.5 

±8.2 

82.1 

±3.8 
0.641 

LIPO F4 
Rough layer 

formation 
Vesicular 

995.4 

±9.3 

73.3 

±6.5 
0.654 

LIPO F5 
Rough layer 

formation 
Vesicular 

779.3 

±3.7 

61.1 

±1.9 
0.522 

LIPO F6 
Rough layer 

formation 
Vesicular 

895.4 

±4.8 

69.3 

±2.8 
0.571 

LIPO F7 
Rough layer 

formation 
Vesicular 

885.4 

±8.3 

71.2 

±2.5 
0.481 

LIPO F8 
Rough layer 

formation 
Vesicular 

991.4 

±7.4 

83.5 

±2.6 
0.594 

LIPO F9 
Smooth layer 

formation 
Vesicular 

182.4 

±2.4 

65.1 

±1.5 
0.123 

LIPO F10 
Smooth layer 

formation 
Vesicular 

213.2 

±2.9 

81.2 

±1.8 
0.271 

LIPO F11 
Smooth layer 

formation 
Vesicular 

639.2 

±3.6 

89.9 

±1.9 
0.116 

LIPO F12 
Smooth layer 

formation 
Vesicular 

715.2 

±3.7 

74.2 

±2.4 
0.317 

   

Liposomes with phospholipon 100S shown lower PDI values indicating smaller size 

distribution compared to others. Further to smaller size of liposomal formulations 

prepared by Phospholipon 100S also exhibited higher drug loading (L11, 89.9 ±1.9%) 

compared to other formulations. The higher vesicle size of the formulated preparation 

is due to high concentration of polymer, stirring time of rotation and less evaporation 
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rate. Proper check of evaporation rate, temperature and stirring speed may give 

positive results 

5.3.1 Optimization of Liposomes 

The liposomes have stabilized by using the cholesterol in their structure. Rigidity 

improves and leakage of drug from bi-lipid layer prevent by the use of cholesterol. It 

also reduces the flexibility of the liposomes which increases the stability. The 

entrapment efficiency have improved due to prevention in leakage and flexibility. The 

cholesterol-lipid ratio was optimized for 1:1, 1:2, 1:3 and 1:4. It was witnessed that by 

increasing the amount of cholesterol and lipid the percent entrapment efficiency of 

drug was increased gradually. The vesicle size and PDI has also increased as the ratio 

of cholesterol-lipid was increased. In the preliminary studies it was found that if %EE 

is >85% then there is no effect of sonication time. Hence sonication time was 

optimized to 15 minutes on the basis of results of vesicle size, PDI and %EE.  

A 3
2
 full factorial design was employed in the optimization of liposome development. 

In the used design two factors are evaluated, each at three levels. All nine possible 

combinations were performed in experimental trial. The amount of Phospholipon-

100S (X1) and the time for rotation (X2) were selected as independent variables. The 

entrapment efficiency (%) and vesicle size (nm) were selected as dependent variables. 

ANOVA was applied to detect insignificant factors. Fit of model was dependent upon 

the lower p value, high F value, high level of adjusted R
2
 and predicted R

2
 (Table 

5.16).  From the data of entrapment efficiency (%) of the factorial formulations L1 to 

L9, polynomial equation for entrapment efficiency (%) has been derived using Design 

Expert 11 software. The coefficients for entrapment efficiency (%)  (Y1) and Vesicle 

Size (nm) (Y2) of the factorial formulations are shown in Table 5.16. In case of 

entrapment efficiency (%)  (Y1) the positive sign for coefficients of X1 indicate that 

as the amount of Phospholipon-100S increases, entrapment efficiency (%) increases. 

The negative sign for coefficients of the time for rotation (X2), indicate that as the 

time increases, entrapment efficiency (%) decreases. 

In case of vesicle size (nm) (Y2) the positive sign for coefficients X1 and X2  indicate 

that as the concentration of Phospholipon-100S and the time for rotation (X2), 

increases, Vesicle Size (nm) increases.  
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Table 5.16: ANOVA response and coefficient table for independent variables 

 Y1 Y2 

Entrapment Efficiency (%) Vesicle Size (nm) 

ANOVA Response 

F Value 20.71 188.24 

P Value 0.0156 0.0006 

R
2
 0.9718 0.9968 

Adjusted R
2
 0.9249 0.9915 

Predicted R
2
 0.6687 0.9663 

Adeq Precision 14.13 39.2413 

Coefficients 

b0 73.222 376.333 

b1 9.833 196 

b2 -10.833 76.5 

b12 -0.25 20 

b11 2.166 49 

b22 -0.833 -12.5 

Validity of the optimization model was verified by using four extra design check 

point formulations (LC1 to LC4) and determining their entrapment efficiency (%) and 

vesicle size (nm). The nearness of the predicted and observed values for (LC1 to LC4) 

in the method indicated by low value of percent residual value so it was valid that  

derived equation for the dependent variable entrapment efficiency (%) and Vesicle 

Size (nm) (Table 5.17). The software generated contour plots of response surface 

optimization method for the dependent variable are shown in Figure 5.9 (A & B) 

respectively.  

Table 5.17: Check point batches and optimized batch 

Form. 

Code 

Lipid(% w/w) 

Phospholipion 

100S 

Rotation 

Time 

(min) 

Entrapment Efficiency (%) Vesicle Size (nm) 

Predicted 

Value 

Observed 

Value 

% 

Residual  

Value  

Predicted 

Value 

Observed 

Value 

% 

Residual  

Value 

LC1 1.5 12.5 73.99 74.23 

±12.35 

0.32 254.20 248.12 

±12.39 

2.45 

LC2 1.5 17.5 63.28 61.26 

±6.31 

3.29 320.78 333.10 

±18.21 

3.69 

LC3 2.5 12.5 83.95 86.91 

±11.25 

3.40 440.20 448.31 

±15.28 

1.80 

LC4 2.5 17.5 72.99 75.84 

±10.56 

3.75 526.70 551.45 

±19.84 

4.48 

FL1 3 15.5 84.99 89.9 

±1.9 

4.67 623.26 639.2 

±4.9 

2.49 
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Figure 5.9: Contour plots indicating the relationship between the factors A and B 

on the response variables, (A) entrapment efficiency (%) (B) vesicle size (nm) 

 

The optimized batch (FL1) was prepared for the entrapment efficiency (85%) and 

vesicle size (625 nm). The software suggest the amount of Phospholipon-100S (3 

%w/w) and time of rotation (15.5 minutes) to get optimized results. Here, very low 

deviation was observed in predicted value and observed value. Average particle size 

of optimized batch (FL1) was found below 639nm and PDI was found below the 

wanted value of 0.15 (Figure 5.11). Zeta potential of optimized formulation was 

observed to be -19.3 mV (Figure 5.12). TEM results showed the lamellarity and 

morphology of optimized bexarotene liposomes. (Figure 5.13). 

 

Figure 5.10: Optimized bexarotene liposome formulation (FL1) 
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Figure 5.11: Particle size of optimized bexarotene liposome formulation (FL1) 

 

Figure 5.12: Zeta potential of optimized bexarotene liposome formulation (FL1) 
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Figure 5.13: TEM of optimized bexarotene liposome formulation (FL1) 

 

For release studies of bexarotene drug solution and bexarotene liposome formulation 

the withdrawn samples from dialysis apparatus were dilute and analyzed. For the drug 

solution dialysis, complete release was perceived within 11h (Figure 5.14) whereas 

from the liposome formulation drug release was found in controlled manner and 60% 

of drug was released within 12 h.  

 

Figure 5.14: In vitro dialysis of pure bexarotene and liposome formulation 
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5.4 DEVELOPMENT OF NIOSOMES 

Niosomes were developed by using thini filmi hydration technique by utilizing three 

surfactants span 60, tween 60 and tween 80. The vesicle sizes of prepared niosomes 

were found in range of 570 to 783 nm. Niosomes prepared using Span 60 (569.8±8.6 

nm, 0.328) shown smalleri size and size distribution and PDI when compared to 

Tween 60  (615.6±8.5 nm, 0.592), Tween 80 (671.8±5.8 nm, 0.548) as shown in 

Table 5.18. 

Table 5.18: Evaluation of niosomes 

Form.  

Code 

Visual  

Appearance 
Shape 

Vesicle 

size (nm) 
EE (%) PDI 

NIO F1 Smooth texture Spherical 769.5±12.7 82.6±1.4 0.411 

NIO F2 Smooth texture Spherical 651.7±11.7 89.3±1.9 0.429 

NIO F3 Smooth texture Spherical 569.8±8.6 93.6±1.6 0.328 

NIO F4 Smooth texture Spherical 816.7±12.5 72.1±0.9 0.531 

NIO F5 Smooth texture Spherical 782.5±11.6 79.2±0.8 0.492 

NIO F6 Smooth texture Spherical 671.8±5.8 81.4±1.3 0.548 

NIO F7 Smooth texture Spherical 782.7±10.6 71.6±1.1 0.492 

NIO F8 Smooth texture Spherical 671.9±9.5 74.9±1.9 0.422 

NIO F9 Smooth texture Spherical 615.6±8.5 79.4±1.3 0.592 

 

Niosomes with Span 60 shown lower PDI values indicating smaller size distribution 

compared to others. Further to lower particle size, niosomal formulations containing 

span-60 also shown higher % EE (N3, 93.6±1.6) compared to other formulations.  

A 3
2
 full factorial design was employed in the optimization of niosomes development. 

In the used design two factors are evaluated, each at three levels. All nine possible 

combinations were performed in experimental trial. The amount of span-60 (X1) and 

the time for rotation (X2) were selected as independent variables. The entrapment 

efficiency (%) and vesicle size (nm) were selected as dependent variables. ANOVA 

was applied to detect insignificant factors. Fit of model was dependent upon the lower 

p value, high F value, high level of adjusted R
2
 and predicted R

2
 (Table 5.19).  From 

the data of entrapment efficiency (%) of the factorial formulations OL1 to OL9, 

polynomial equation for entrapment efficiency (%) has been derived using Design 
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Expert 11 software. The coefficients for entrapment efficiency (%)  (Y1) and Vesicle 

Size (nm) (Y2) of the factorial formulations are shown in Table 5.19. In case of 

entrapment efficiency (%)  (Y1) the positive sign for coefficients of X1 indicate that 

as the amount of span-60 increases, entrapment efficiency (%) increases. The negative 

sign for coefficients of the time for rotation (X2), indicate that as the time increases, 

entrapment efficiency (%) decreases. 

In case of vesicle size (nm) (Y2) the positive sign for coefficients X1 and X2  indicate 

that as the concentration of Span-60 and the time for rotation (X2), increases, vesicle 

size (nm) increases.  

Table 5.19: ANOVA response and coefficient table for independent variables 

 Y1 Y2 

Entrapment Efficiency (%) Vesicle Size (nm) 

ANOVA Response 

F Value 6.663 31.81 

P Value 0.0006 0.0084 

R
2
 0.9762 0.9815 

Adjusted R
2
 0.9875 0.9505 

Predicted R
2
 0.6687 0.9216 

Adeq Precision 12.2654 39.2413 

Coefficients 

b0 70.39 673.23 

b1 -2.40 110.13 

b2 4.11 -102.54 

b12 1.26 1.37 

b11 11.82 21.56 

b22 -2.75 15.02 

 

Validity of the optimization model was verified by using four extra design check 

point niosome formulations (NC1 to NC4) and determining their entrapment 

efficiency (%) and vesicle size (nm). The nearness of the predicted and observed 

values for (NC1 to NC4) in the method indicated by low value of percent residual 

value so it was valid that  derived equation for the dependent variable entrapment 

efficiency (%) and Vesicle Size (nm) (Table 5.20). The software generated contour 

plots of response surface optimization method for the dependent variable are shown in 

Figure 5.15 (A & B) respectively.  
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Table 5.20: Check point batches and optimized batch 

 

 

Figure 5.15: Contour plots indicating the relationship between the factors A and B 

on the response variables, (A) entrapment efficiency (%) (B) vesicle size (nm) 

The optimized batch (FN1) was prepared for the entrapment efficiency (85%) and 

vesicle size (565 nm). The software suggest the amount of span-60 (1 %w/w) and 

time of rotation (15.5 minutes) to get optimized results. Here, very low deviation was 

observed in predicted value and observed value. Average particle size of optimized 

batch (FN1) was found below 570 nm and PDI was found below the wanted value of 

0.328 (Figure 5.17). Zeta potential of optimized formulation was observed to be -19.3 

mV (Figure 5.18). TEM results showed the lamellarity and morphology of optimized 

bexarotene niosomes. (Figure 5.19). 

Form. 

Code 

Amount of 

Span 60 

(%w/w) 

Time of 

Rotation 

(Minutes) 

Entrapment Efficiency (%) Vesicle Size (nm) 

Predicted 

Value 

Observed 

Value 

% 

Residual  

Value  

Predicted 

Value 

Observed 

Value 

% 

Residual  

Value 

NC1 
1.5 12.5 72.12 74.87 

±6.13 3.81 
642.91 650.12 

±10.11 1.12 

NC2 
1.5 17.5 75.60 76.21 

±2.42 0.80 
539.69 541.88 

±12.49 0.40 

NC3 
2.5 12.5 69.09 66.91 

±10.25 0.31 
752.36 748.09 

±11.07 0.56 

NC4 
2.5 17.5 73.83 75.11 

±9.03 0.17 
650.50 651.32 

±9.14 0.12 

FN1 1 15.5 84.12 85.6 

±1.3 

1.75 564.58 569.9 

±3.1 

0.94 
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Figure 5.16: Optimized bexarotene niosome formulation (FN1) 

 

 

 

Figure 5.17: Particle size of optimized bexarotene niosome formulation (FN1) 
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Figure 5.18: Zeta potential of optimized bexarotene niosome formulation (FN1) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.19: TEM of optimized bexarotene niosome formulation (FN1) 

For release studies of bexarotene drug solution and bexarotene niosome formulation 

the withdrawn samples from dialysis apparatus were dilute and analyzed. For the drug 

solution dialysis, complete release was perceived within 11h (Figure 5.20) whereas 

from the niosome formulation drug release was found in controlled manner and 70% 

of drug was released within 12 h.  
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Figure 5.20: In vitro dialysis of pure bexarotene and niosome formulation 

 

5.5 DEVELOPMENT OF TOPICAL GEL  

5.5.1 Characterization of Topical Gel 

The liposomal and niosomal topical gel formulations were evaluated for quality control 

parameters like pH, extrudability, viscosity and drug content. The pH of liposomal and 

niosomal were found to be in range of 6.7to 6.8, which similar to the pH of skin and this 

reveals that topical gel was non-irritant to the skin. All the formulations were tested for 

extrudability to evaluate the ease with the formulation came out of the collapsible tube. 

Optimized formulation (LG2) and (NG3) showed better extrudability. The viscosity of 

final batches of drug loaded topical gel, liposomal and niosomal topical gel formulations 

were 4508.4±231, 4286.9±112, 4128.3±301 respectively and shows good viscous nature 

like other colloidal dispersions for good retention of drug on affected area. The 

spreadibility of optimized batch of drug loaded gel, liposomal and niosomal gel 

formulations were 4.8 ±0.32, 4.6 ±0.24 and 4.6 ±0.31 respectively. And it means it’s 

good enough in consistency for easily application. Drug content in the formulation was 

determined for check how much drug loaded in nano-vesicular system and fulfill the aim 

of preparing these system for controlled and targeted delivery of drug so by determine 

the drug content of dosage forms and the values were 99.07 ±2.6, 93.78 ±1.4, 96.81 ±1.2 

0

10

20

30

40

50

60

70

80

90

100

0 1 2 3 4 5 6 7 8 9 10 11 12

C
u

m
m

u
la

ti
ve

 %
 D

ru
g 

R
e

le
as

e
d

 

Time (Hour) 

Pure Drug FN1-Optimized Niosomes



 

-111- 
 

Chapteri- 05 Resultsi & Discussioni   

respectively and its represent that the method of preparation was suitable for vesicular 

system.  

Table 5.21: Characterization of topical gel 

Code Appearance Homogeneity Grittiness Extrudability Spreadibility 

(cm) 

pH Viscosity 

(cps) 

Drug 

Content 

(%) 

G1 Non greasy, 

Homogenous 
+ - *** 4.8 

±0.32 
6.8 

±0.1 

4508.4 

±231 

99.07 

±2.6 

LG2 Non greasy, 

Homogenous 
+ - *** 4.6 

±0.24 
6.8 

±0.2 

4286.9 

±112 

93.78 

±1.4 

NG3 Non greasy, 

Homogenous 
+ - *** 4.6 

±0.31 
6.7 

±0.3 

4128.3 

±301 

96.81 

±1.2 

“ +” implies presence; “-” implies absence; “***” implies excellent 

5.5.2 Skin Permeation and Deposition Studies 

The drug permeation data was fittedi and comparedi with all formulations. From the 

bexarotene topical gel (G1) the entire drug was diffused within 10h whereas for 

liposome formulation (LG2) 70% and in niosomal topical gel (NG3) 60% of 

bexarotene was diffused in sustained and controlled manner in time period of 12 h. In 

case of bexarotene diffused from liposomal gel was observed that the more than 50% 

and in case of niosomal topical gel 46% drug diffused through the cellophane 

imembrane in time period of 8h. Same results were observed in ex-vivo permeation 

models the liposomal and niosomal topical gel same as shown in in-vitro diffusion 

studies. These results demonstrate that the drug was diffused in a sustained or 

controlled manner for an extendedi periodi of time which is essential for CTCL where 

one or two applications a day found sufficient thus improvingi patienti compliancei.  

Drug diposition studies were performed to determine the penetrative properties of 

topical gel formulation; the dermal uptake was carried out using the extent of drug 

was deposited in the skin, diffused from skin was calculated. It was observed that in 

formulation LG2 and NG3 shown 32% and 40% respectively restoration of drug in 

skin. It shows that the high concentration of drug was available in skin for a long time 

period for local application of the drug in effective management of CTCL. 

  



 

-112- 
 

Chapteri- 05 Resultsi & Discussioni   

 

Figure 5.21: Drug permeation studies through topical gel 

 

Table 5.22: Skin permeation and deposition studies 

  G1 LG2 NG3 

Drug Permeated 75.06±5.05 51.45±4.18 46.76±5.01 

Drug Deposited in Skin 8.25±.86 31.29±7.45 39.87±2.74 

Drug Remain in Gel 16.59±5.11 14.25±3.16 12.35±4.02 

 

 

Figure 5.22: Drug diposition studies through topical gel 
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5.6 SKIN IRRITATION STUDIES  

The liposomal topical gel (LG2) and niosomal topical gel (NG3) is topically applied 

and used with UV radiations for more effective treatment and management of CTCL. 

The skin irritation studies were observed under the UV light exposure. It was found 

that the liposomal gel reduces the wrinkle score on the skin. The results clears that the 

gel does not produce any irritation to skin while in the presence of the UV light (Table 

5.23). 

Table 5.23: Data for skin irritation studies 

Values are expressed as MEAN±SD One way Anova followed by Bonferroni test,  
*P<0.050 significant and NSP<0.050 non significant compared to the UV treated group. 

 

5.7 IN-VITRO CELL PROLIFERATION STUDIES 

Minimum inhibitory concentration (MIC) of optimized drug loaded gel, liposomal and 

niosomal topical gel formulation cytotoxic activity were evaluated using the normal 

MTT celli viabilityiassay and the outcomes of MTT cell viability method depicted IC50 

value of IC 50: > 150 μg/ml, IC50: 128 μg/ml*, IC50: 109 μg/ml*by drug loaded 

gel, liposomal gel and niosomal gel formulation against Hut 78 cell line associated with 

CTCL respectively. In comparison, drug loaded gel, liposomal gel, and niosomal gel of 

bexarotene showed the value of IC 50: > 150 μg/ml, IC50: 128 μg/ml*, IC 50: 109  

μg/ml* reveals that amount of drug needed for prevent cell line proliferation is 

maximum by bexarotene loaded gel than other  nano-vesicular formulations as shown in 

Table 5.25. The absorbance was observed at 263 nm by using a plateireader (BioRad). 

ANOVA Test was employed to find the statically significance of the observed value. 

  

Treatment Dose No. of Animals Wrinkle Score 

Control  - 03 0±0 

UV treated   03 2.91±0.116* 

UV treated + Drug free gel topically 50 mg/cm
2
 06 2.83±0.408

NS
 

UV + Drug free Liposomal gel topically 50 mg/cm
2
 06 2.33±0.516

NS
 

UV + Drug free Niosomal gel topically 50 mg/cm
2
 06 2.50±0.548

NS
 

UV + Drug Liposomal gel topically 50 mg/cm
2
 06 2.28±0.753

 NS
 

UV + Drug Niosomal gel topically 50 mg/cm
2
 06 2.17±0.816

 NS
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Table 5.24: In vitro cell proliferation studies 

Concentration 

(µg/ml) 

% Cell Viability 

G1 LG2 NG3 

0 99.1±0.08 98.6±0.9 99.3±0.02 

50 96.4±2.1 95.6±3.6 95.8±2.3 

70 90.6±3.4 85.3±4.5 82.6±4.6 

90 86.8±4.5 71.9±3.9 68.5±5.2 

110 73.7±3.7 54.3±4.1 51.6±3.9 

130 64.9±3.9 48.3±1.2 42.9±1.5 

150 55.2±2.7 33.4±1.7 30.1±3.7 

 IC 50: > 150 

μg/ml 

IC50: 128 

μg/ml* 

IC50: 109  

μg/ml* 

n=6, StatTM Software, P<0.05 (*implies Significant Changes Observed) 

 

 

Figure 5.23: Plot of In vitro cell proliferation assay 
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On statistical analysis of obtained data multiple comparisons were calculated by using 

one-way analysis of variance (ANOVA) by on Graph Pad In StatTM software 

(GraphPadiSoftware, Inc., La Jolla, iCA). Statistical significance was measured at a 

level of p<0.05.  

 

5.8 STABILITY STUDIES 

The promising formulations G1, LG2 and NG3 were kept for 90 days for stability 

studies. The topical gels were stored at room temperature (25±2°C and 60±5% RH), 

and accelerated temperature (40±2°C and 75±5% RH) for physiochemical parameters 

like color, odor, viscosity, pH and drug content. Evaluations were done in triplicate 

with samples of 30g each. The result of stability study is shown in table 5.25 and 5.26. 

The visual appearance of the drug loaded gel, liposomal topical gel, and niosomal 

topical gel of bexarotene  formulation did not changed and it did not showed any sign 

of physiochemical instability, such as phaseiseparation or cracking or bleeding of the 

topical gel base during theientire timeiofistudy. There was no significantidifference 

was observed in any parameter. So, it was concluded that prepared topical gels were 

found stable for more than two years.  

Table 5.25: Stability studies at room temperature for topical gel formulations 

Code 

Before 
After 90 Days 

25±2°C and 60±5% RH 

Appearance pH 
Viscosity 

(cps) 

Drug 

Content 

(%) 

Appearance pH 

Viscosit

y 

(cps) 

Drug Content 

(%) 

G1 
Transparent, 

Homogeneous 

6.8 

±0.1 

4508.4 

±231 

99.07 

±2.6 

Transparent, 

Homogeneous 

6.7 

±0.1 

4479.4 

±221 

98.67 

±1.7 

LG2 
Transparent 

Homogeneous 

6.8 

±0.2 

4286.9 

±112 

93.78 

±1.4 

Transparent 

Homogeneous 

6.8 

±0.3 

4197.7 

±353 

93.55 

±2.2 

NG3 
Transparent 

Homogeneous 

6.7 

±0.3 

4128.3 

±301 

96.81 

±1.2 

Transparent 

Homogeneous 

6.8 

±0.3 

4065.9 

±282 

96.57 

±1.1 

 

 

 

 



 

-116- 
 

Chapteri- 05 Resultsi & Discussioni   

Table 5.26: Stability studies at 40
0
C /75% RH for topical gel formulations 

Code 

Before 
After 90 Days 

40±2°C and 75±5% RH 

Appearance pH 
Viscosity 

(cps) 

Drug 

Content 

(%) 

Appearance pH 
Viscosity 

(cps) 

Drug 

Content 

(%) 

G1 
Transparent, 

Homogeneous 

6.8 

±0.1 

4508.4 

±231 

99.07 

±2.6 

Transparent, 

Homogeneous 

6.8 

±0.2 

4671.8 

±119 

98.88 

±2.1 

LG2 
Transparent 

Homogeneous 

6.8 

±0.2 

4286.9 

±112 

93.78 

±1.4 

Transparent 

Homogeneous 

6.7 

±0.2 

4311.8 

±265 

93.66 

±1.6 

NG3 
Transparent 

Homogeneous 

6.7 

±0.3 

4128.3 

±301 

96.81 

±1.2 

Transparent 

Homogeneous 

6.7 

±0.2 

4267.8 

±241 

96.48 

±2.5 
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The objective of present research was to develop topical gel of bexarotene for the 

management and treatment of CTCL. For this purpose the bexarotene drug was 

loaded into the liposome and niosome formulations for long lasting effect and 

improved treatment of CTCL. CTCL is the utmost form of Non-Hodgkin lymphoma 

which involves in the skin, blood, lymph node and other organs. Bexarotene is an 

most effective anti-cancer drug for the management and treatment of CTCL. USFDA 

approved the bexarotene drug in the year 1999 for the treatment of early stages of 

CTCL. The topical delivery of bexarotene obstructs due to its high log P value and 

poor aqueous solubility, low bioavailability, high dose, high molecular weight and 

short half-life, which makes it difficult to penetrate the skin easily. Liposomal and 

niosomal delivery of bexarotene can improve the topical delivery and increases the 

penetration through the skin, which finally improves the treatment of CTCL.  

The complete research work was presented in six chapters such as introduction, 

literature review, aim and objective, material and methods, result and discussion & 

summary and conclusion. In the preformulation studies, bexarotene was characterize 

for its physical and chemical properties. The obtained sample of bexarotene drug was 

white in color, odorless and free-flowing crystalline powder. The melting point of 

bexarotene was found to be 230-231˚C. The drug was found soluble in chloroform, 

methanol and DMSO and insoluble in water. The quantitative estimation of drug was 

established by UV-Visible spectroscopy and HPLC method. In UV-spectroscopy the 

absorption maxima (λmax) was observed at 264 nm. Linearity was absorbed in the 

from 0-10 µg/ml for the bexarotene drug. A novel simple and rapid RP-HPLC 

method has been developed and validated for estimation of bexarotene. The 

developed method was validated as per guidelines of ICH. RP-HPLC was derived out 

on a Shimadzu binary C18 column (250mm x 4.6mm, 5μm) with a mobile phase of 

Acetonitrile and Ammonium Acetate Buffer (pH 4.1) in the ratio of 75:25 v/v. The 

retention time is 7.0 minutes for Bexarotene. Linearity was found in the range of 10 

to 100μg/ml with correlation coefficient of 0.998, which was very near to one. The 

percent recoveries found were observed in the range of 85.33-101.87%. The method 

was found to be linear and suitable in the specified range for the assay of drug. 

Accuracy of the method was established. The method also found to be specific, 
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robust, stable and precise. Hence the developed method was proved, validated and 

can be used for bexarotene sample analysis. 

In drug polymer compatibility studies samples were taken in the ratio of 1:1 (drug: 

polymer) and kept at 40 ± 2 ˚C and 75 ± 5 % RH for period of 4 weeks and examined 

for physical and chemical changes. FTIR spectroscopy was carried out to obtain drug-

polymer interaction studies. There were no physical and chemical changes observed 

in physical evaluation and FTIR analysis. It concludes that the drug and polymers 

were found compatible with each other and found suitable for designing of dosage 

forms.  

The liposome and niosome formulations were formulated by using thin film hydration 

method. In the preparation of liposome and niosome following steps were taken  

1. Preparation of preliminary trial batches:  

2. Optimization of liposomes and niosomes. 

3. Preparation of optimized liposome and niosomes. 

4. Evaluation of prepared liposomes and niosomes.  

Three lipids (Phospholipon-90H, Soya-PC, Phospholipon-100S) in different 

concentrations were screened in preliminary trial batches preparation of liposomes 

and three surfactants (Span 60, Span 80 and Tween 60) were used in niosomes 

preliminary trial batches preparation. Additionally rotation time was also studied as 

main effect of formulation of liposomes and niosomes. On the basis of the physical 

evaluations optimum concentration of lipid or surfactant and rotation time was 

screened out and fit to next step.  

The evaluation summarized that liposomes prepared by using Phospholipon-100S and 

niosomes with Span 60 shown best results than other lipids and surfactants 

respectively. In second step, 3
2
 full factorial designs were employed to optimize the 

liposome and niosome formulations. The lipid or surfactant concentration and time of 

rotation were used as an independent factor while percent entrapment efficiency and 

vesicle size were used as dependent factors. The final formulation was optimized for 
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85% entrapment efficiency and 625 nm vesicle size (in liposome formulation) and in 

the case of niosome formulation 85% entrapment efficiency and 565 nm vesicle size.  

The predicted liposomal formulation (FL1) and niosomal formulation (FN1) by the 

design expert software also had shown similar particle size and percent entrapment 

efficiency when evaluated experimentally. TEM was used to determine the surface 

structure, lamellarity and morphology of bexarotene liposome(FL1) and niosome 

(FN1). In- vitro drug release studies proved that the bexarotene was released from 

liposomes and niosomes for an extended period of time in sustained manner which 

was essential for effective treatment of CTCL.  

Then the optimized formulation of liposomes (FL1) and niosomes (FN1) were 

incorporated in carbopol topical gel. These topical gels were evaluated for their visual 

examination, pH, extrudability, spreadability, in-vitro drug permeation studies and for 

drug diposition studies. Liposomal and niosomal topical gel fulfill all the evaluation 

parameters and had shown high drug permeation and diposition in skin as compare to 

simple topical gel (G1) formulation.  

In skin irritation studies it was found that liposomal and niosomal topical gel 

formulations were effective to reduce the wrinkles on the mice skin in the presence of 

UV light radiation. Standard MTT cell viability assay was used to evaluate the 

cytotoxic activity of prepared topical gel. The Hut-78 cell lines were used in in-vitro 

cell proliferation studies. It was found that low MIC value was found in niosomal 

topical gel (IC50 -109 µg/ml) than liposomal topical gel (IC50 – 128 µg/ml) and 

simple topical gel (IC50 - >150 µg/ml).  

The optimized topical gel formulations were kept for stability studies at accelerated 

stressed condition and room temperature for a period of 3 months. No significant 

changes were observed before and after evaluation in appearance, pH, viscosity and 

drug content in liposomal and niosomal topical gel. The close similarity between the 

before and after evaluation results, it was concluded that the prepared formulations 

were found stable for more than 2 years. 

The designs of the liposomes and niosomes containing bexarotene would be an 

effective way to deliver the drug through the skin via topical gel formulation. It was 
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determined from the above results that, when bexarotene drug was encapsulated in 

liposomes and niosomes and further incorporated into topical gel formulation had 

shown effective treatment of CTCL as compared to simple bexarotene topical gel. 

As a drug carrier system for topical treatment, liposomes and niosomes have noted to 

be superior over conventional topical dosage form. These novel formulations product 

fulfills the need of patient convenience and compliance.  In future, the in vivo 

evaluations in CTCL patients may be evaluated for the exact pharmacokinetics and 

pharmcodynamic properties of the future formulations. In vitro and in vivo 

correlations may also establish for future changes in dosage form. Pilot plant batches 

may also prepared to transfer the formula to industrial scale. Patent on the present 

research work is filed and also published on 06 December 2019. 

So, it was concluded that the promising formulations of liposomal and niosomal 

topical gel improves the treatment effectiveness of early stage CTCL which also 

provides patient compliance and convenience. 
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