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Glucosamine anchored cancer targeted nano-vesicular drug delivery
system of doxorubicin

Smita Pawar and Pradeep Vavia

Department of Pharmaceutical Sciences and Technology, Institute of Chemical Technology, Mumbai, India

Abstract

Background: Efficacy of an anticancer drug is challenged by severe adverse effects persuaded
by the drug itself; hence designing a tumour targeted delivery system is chosen as an objective
of this research work.
Purpose: We propose, glucose transporter targeting ligand, i.e. synthesised N-lauryl glucosa-
mine (NLG) anchored doxorubicin (DOX) in niosomal formulation.
Methods: Synthesised NLG was incorporated into niosomal formulation of DOX using Span
60 as surfactant, cholesterol as membrane stabilizer and dicetyl phosphate (DCP) as stabilizer.
Results: The formulation was stable with particle size of 110 ± 5 nm, zeta potential �30 ± 5 mV
and entrapment efficiency approximately 95%. DSC and XRD pattern of freeze-dried
formulation demonstrated encapsulation of DOX in niosomal formulation. Cytotoxicity of
targeted niosomal formulation (IC50¼ 0.830 ppm) was higher than non-targeted niosomal
formulation (IC50¼ 1.369 ppm) against B6F10 melanoma cell lines. In vitro cellular internaliza-
tion revealed that targeted niosomal formulation was internalised more efficiently with higher
cellular retention by cancer cells compared to the non-targeted niosomal formulation and free
DOX. In vitro receptor binding and docking study of targeted niosomal formulation had shown
the comparative association potential with glucose receptor.
Conclusion: NLG anchored niosomal formulation of DOX with enhanced cytotoxicity, intern-
alization and receptor binding potential has implication in targeted cancer therapy.
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Introduction

Till date, chemotherapy is a commonly used approach for

the treatment of cancer [1]. However, chemotherapy is

having many limitations owing to poor physicochemical

properties, such as hydrophobicity/hydrophilicity, short half-

life, instability or the toxicity related to normal healthy

tissues or organs [2]. Doxorubicin (DOX), an anthracycline

antibiotic, has a broad spectrum anticancer potential against

wide range of tumours [3]. However, effective delivery of

DOX to tumour target is extremely a challenging task,

because of short distribution half-life, resistance, intolerance,

severe side effects and high systemic toxicity to normal

healthy tissue cells, especially cardio-toxicity [4]. Therefore,

targeted drug delivery systems have become thirst area of

researchers to overcome these challenges. Nanocarrier-based

drug delivery system is a promising approach for targeted

drug delivery to tumour tissue, since it offers sustained

release of drug over a longer period of time, reduces

systemic toxicity, enhances targeting by a mechanism called

‘‘enhance permeation and retention’’ (EPR) effect, improves

the pharmacokinetic and therapeutic performance of the

drug [5–7]. Nanocarrier drug delivery system enhances drug

targeting to tumour tissue by passive targeting mechanism.

Nanocarriers accumulate easily to the leaky vasculature of

tumour and achieve higher residence due to the absence of

lymphatic drainage [8]. Furthermore, nanocarriers functio-

nalized with targeting ligand can lead to preferential

localization of anticancer agent into cancerous cells which

ultimately improve the specificity, therapeutic index and

reduce systemic toxicity [9,10]. There are various nanocar-

rier drug delivery systems studied to deliver anticancer

agents, such as polymer conjugate [11], polymeric micelles

[12], polymeric nanoparticles [13], nanosponges [14],

niosomes [15] and liposomes [16]. Liposomes are most

widely explored for anticancer formulation and are very well

accepted approach; however, liposomes have some reserva-

tions, viz storage stability (mainly oxidation of phospholipid)

and leakage of entrapped drugs. In addition to that,

liposomes are made up of synthetic phospholipids which

are usually expensive and on the other hand, natural

phospholipid shows a variable degree of purity [17]. A

promising alternative approach to replace liposome is the use
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of liposome-like vesicular system made up of non-ionic

surfactants, ‘‘niosomes’’. Niosomes have wide applications in

topical, oral and systemic delivery. A number of in vivo

protocols supported that non-ionic surfactant vesicles, nio-

somes behave like liposomes, by extending the circulation of

encapsulated drugs, by improving organ drug distribution and

its metabolic protection [18]. However, niosomes show some

advantages over liposomes, for instance, low cost, signifi-

cantly higher chemical stability (with respect to oxidation)

and low drug leakage [19]. The specificity of niosome

towards cancerous cells has to be enhanced to increase

efficacy and reduce the systemic toxicity associated with

anticancer agents. Many studies have been reported pertain-

ing to the delivery of chemotherapeutic agents at the targeted

sites exploring various ligands, such as sugars, fatty acids,

peptides, monoclonal antibodies, folic acid and transferrin

[20]. Cancer cells have different physiology compared to the

normal cells. The cancerous cells are in hypoxic conditions

due to the absence of blood supply to tumour tissue which

leads to modification in metabolic pathways for instance, by

inhibiting the oxygen-dependent process of mitochondrial

oxidative phosphorylation (OXPHOS) [21]. Hypoxia co-

operates for adenine triphosphate (ATP) generation, thus

mainly relies on glycolysis as an energy source. Increase in

glycolysis causes an instant availability of ATP at the cost of

large quantities of glucose, leading to lactic acid production.

This causes the significantly increase in demand of glucose in

tumour cells as more than 200-times greater than that of

normal cells, it is termed as ‘‘Warburg effect’’ [22]. As a

result, the HIF-1a/HIF-1b complex activates the transcription

of genes encoding glucose transporters (GLUTs) and glyco-

lytic pathway enzymes. This leads to overexpression of

GLUTs in tumour tissue including lung, breast, prostate,

melanoma, gastric, etc. to facilitate the uptake of glucose

across the phospholipid membrane and into the cell [23].

Thus, designing targeted drug delivery system exploring

glucosamine, a glucose sugar as a targeting ligand is very

innovative and promising approach. Earlier study was pub-

lished based on designing of polymer drug conjugate system

using glucosamine as targeting ligand and demonstrated

promising results for anticancer activity [20]. Present work is

focused on synthesis and evaluation of fatty acid derivative of

glucosamine by N-hydroxy succinimide (NHS) activation of

glucosamine and subsequently conjugation with fatty acid by

EDC.HCL. Further, we have demonstrated design, develop-

ment and in vitro evaluation of targeted niosomes of DOX

anchoring fatty acid derivative of glucosamine as a targeting

moiety for enhanced cellular delivery and anticancer activity.

We have proposed targeted niosomal delivery of DOX

consisting of non-ionic surfactant-based niosomes as a

carrier, DOX as an anticancer drug and glucosamine as a

targeting ligand/penetration enhancer. In addition, compara-

tive cellular localization dynamics of DOX solution and

targeted niosomal formulation of DOX were evaluated.

In vitro cytotoxicity of the niosomal formulation was

studied and compared using B6F10 skin melanoma cancer

cells. Finally, glucose receptor targeting approach

was justified with in vitro fluorescence study and in silico

docking study of synthesised targeting ligand anchored

niosomes of DOX.

Materials and methods

Materials

DOX was procured as a gift sample by RPG Life sciences,

India. Span 60, Tween 80 and cholesterol were procured from

S. D. Fine Chemicals, India. D-Glucosamine sulphate, dicetyl

phosphate (DCP), N-(3-dimethylaminopropyl)-N-ethylcarbo-

diimide HCl (EDC.HCl) and N,N-diisopropyl-ethylamine,

4-(methylamino) pyridine (DMAP) were procured from

SigmaAldrich, India. Concanavallin A was purchased from

SRL, India. Dialysis membrane of molecular weight cut off

10–12 kDa was purchased from Hi-media, India. B6F10 skin

melanoma was procured from ATCC. Sulforohdamine (SRB)

was purchased from Invitrogen, India. All other chemicals

and solvents were of analytical grade purchased from S. D.

Fine Chemicals, India and used without purification.

Synthesis of N-lauryl-glucosamine (NLG)

NLG was synthesised by two steps process, such as first

formation of NHS (N-hydroxy succinimide)-ester of lauric

acid and then reaction of NHS activated lauric acid with

glucosamine (NLG) [24].

NHS-ester of lauric acid

Briefly, NHS-activated lauric acid was synthesised by the

addition of lauric acid (10 mM) into solution of NHS (12 mM)

in dry ethyl acetate (40 ml). Dicyclohexylcarbodimide (DCC)

(15 mM) was then added to form highly unstable activated

intermediate and the reaction mixture was left to incubate

overnight at room temperature and reaction was monitored by

thin layer chromatography (TLC) (chloroform:diethyl ether,

8:2). The precipitated form of dicyclohexylurea was separated

by filtration and solvent was removed under reduced pressure

to yield white crystalline powder. The product was further

purified by repeated recrystallization from ethanol.

N-lauryl-glucosamine (NLG)

Glucosamine (10 mM) was dissolved into DMSO (30 ml) with

triethylamine (0.1 ml). Lauric acid NHS ester (10 mM)

dissolved in chloroform was added to the above solution.

The reaction mixture was stirred for a 48-h period at room

temperature. After this, chloroform was removed at reduced

pressure. NLG was then precipitated with water and recovered

on a sintered glass filter. The resulting powder was purified

by washing repeatedly with water and chloroform. It was then

dried at 40 �C. The reaction was monitored by TLC

(butanol:acetic acid:water; 3:1:1). The purified sample was

characterized for Fourier transform infrared spectroscopy

(FTIR), mass, nuclear magnetic resonance (NMR), melting

point, etc.

Preparation of niosomes

Different methods and surfactants were tried to formulate

niosomal drug delivery system.

Thin film hydration

Niosomes were prepared from two different components,

namely the non-ionic surfactants, such as Span�, Tween�,
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DCP and cholesterol. The mixture was placed in a 100 ml

round bottom flask and dissolved in chloroform. The organic

solvent (chloroform) was removed under vacuum using a

rotary evaporator (Buchi Rotavapor R-114, Buchi,

Switzerland) at a rotation speed of 150 rpm with the flask

being partially immersed in a water bath previously adjusted

to 40 �C. After 1 h, the rotary evaporator was switched off, the

negative pressure was released and the flask was detached.

A thin film of dry surfactant/cholesterol mixture was seen

on the inner surfaces of the flask. The dry film was hydrated

with DOX containing phosphate buffer saline (PBS, pH 7.4)

(10 ml; 55–60 �C) followed by hand-shaking for 10 min.

The niosomal suspension was left overnight to ensure

complete hydration of surfactant molecules and proper

formation of niosomes. The various surfactants were screened

with respect to stability, entrapment efficiency and particle

size of niosomes.

Ethanol injection

Briefly, weighed quantities of the surfactants (Span�,

Tween�), cholesterol (in different molar ratios viz. 1:1,

1.5:1, 1:1.5, 2:1 and 1:2) and DCP were dissolved in ethanol

at 45–50 �C. DOX was dissolved in PBS (pH 7.4). DOX

solution was heated and maintained up to 60 �C by using a

water bath. The above ethanolic solution was then added

rapidly (5 ml/min) to the heated DOX solution with the help

of needle (gauge size 26) and syringe with stirring

(1000 rpm). As the ethanol gets evaporated, turbid red colored

mixture was formed. The trace of ethanol was then removed

under vacuum in a rotary evaporator at 50 �C. The whole

preparation method was performed at 60 �C, which is higher

than the gel–liquid transition temperature (Tc) of surfactants.

The resulted niosomal suspension was left to mature overnight

at 4 �C and stored at refrigerator temperature for further

studies. Initially, different surfactants were identified and

screened for their vesicle forming ability and afterwards,

DOX-loaded niosomal formulation was optimized on the basis

of the effect of cholesterol and DOX loading on niosomes

size, stability and entrapment efficiency. The targeted

niosomes using NLG (TAR DoxNio) was prepared using

the protocol same as above, with the addition of NLG into

ethanolic mixture of surfactant and cholesterol. The resulted

dispersion was subjected to ultracentrifuge at 35 000 rpm at

20 �C for 1 h to get pellets of niosomes. The resulted niosomes

were subjected to freeze drying using trehalose (1:10) as

cryoprotectant.

Particle size and zeta potential

The average particle size, size distribution and zeta

potential of niosomal formulation were measured using

Zetasizer (Malvern Instruments, Malvern, Worcestershire,

UK). Freshly prepared targeted and non-targeted DOX-

niosomes were diluted with Milli-Q water, and freeze-dried

niosomes were reconstituted in Milli-Q water with sonic-

ation. The stability and integrity of niosomal structure were

studied by calculating the ratio of mean particle size (Sf) of

niosomal formulation after reconstitution of freeze-dried

samples and the initial mean particle size of niosomes (Si)

before freeze-drying.

Entrapment efficiency

For determination of DOX entrapment, niosomal suspension

was ultra-centrifuged (Thermo Sorwall WX Ultra, Marietta,

OH) at 35 000 rpm at 20 �C for 1 h. The supernatant was

separated and settled pellets were washed with Milli Q water

to completely remove the free DOX. The amount of entrapped

DOX was determined by rupturing of the vesicles by

treatment with isopropyl alcohol. The DOX content was

determined by high-performance liquid chromatography

(HPLC) using a Hypersil ODS-5 column with a mobile

phase consisting of 0.05 mol/l potassium dihydrogen phos-

phate–acetonitrile (65:35, v/v) at a flow rate of 1.0 ml/min,

and DOX was detected at kmax 230 nm. The percentage of

drug entrapped was calculated from the ratio of the DOX in

the vesicles to the total amount of DOX in the aqueous

suspension.

Stability of DOX-niosomes

The niosomal DOX dispersion was subjected to stability study

at 4 and 25 �C and particle size, zeta potential and entrapment

efficiency were monitored. The DOX leakage, zeta potential

and particle size were evaluated at 0 and 15 days.

Morphology of niosomes

The morphological examination of niosome was performed

using environmental-scanning electron microscope (ESEM)

(JEOL JSM-840 SEM HITACHI, Japan). Very dilute suspen-

sion of niosome vesicles in distilled water was mounted on

adhesive carbon tape and dried at room temperature; they

were coated with platinum under vacuum and examined on

microscope.

XRD and DSC

The freeze-dried non-targeted DOX-loaded niosomes (NTAR

NioDOX) and NLG anchored TAR NioDOX were subjected

to X-ray diffractometer (XRD) and differential scanning

calorimetry (DSC) analysis for evaluation of encapsulation of

DOX into vesicular core of niosomes. DSC for pure drug and

niosomal lyophilized samples was performed with Pyris 6

DSC (Perkin Elmer, Waltham, MA) instrument under a pure

nitrogen flux with a heating rate of 10 �C/min in the

temperature range from 40 to 250 �C. Each sample was

accurately weighted (1–2 mg) in an aluminium pan and then

crimped and sealed. Blank aluminium pan was used as

reference for analysis. XRD analysis, analytical X-ray

diffractometer (Model - Xpert PRO MPD, Make:

Panalytical, Netherland) with a Cu Kalpha line as a source

of radiation was used. The conditions used for analysis were

40 kV voltage, 30 mA current and a scanning rate of 0.02�/m
in over a 2� range of 2��40�.

In vitro drug release

In vitro release studies of targeted and non-targeted niosomes

loaded with DOX were performed using a dialysis membrane

(dialysis cellulose membrane, molecular-weight cut-off

10–12 KDa, Merck Millipore, India) [25]. The dialysis

membrane was pre-treated with PBS (pH 7.4) for 1 h to

ensure its wetting and sealing. Drug-loaded niosomal

DOI: 10.3109/1061186X.2015.1055572 NLG anchored niosomal formulation of DOX 3
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suspensions (2 ml) in PBS pH 7.4 were placed in dialysis tube.

This latter was immersed into 50 ml of PBS (pH 7.4) release

medium at 100 rpm and temperature 37 �C. At predetermined

time intervals, aliquot samples of release medium were

withdrawn and replaced with equal volume of fresh release

medium. The drug concentrations in the release medium were

measured by using HPLC analysis, as described above in

section ‘‘Entrapment efficiency’’ under ‘‘Materials and

methods’’.

In vitro hemolysis study

In vitro hemolysis is the most important and preferable

method for the assessment of parenteral safety of formulation

[26]. Freshly collected human blood was centrifuged to

separate RBCs. The separated RBCs were washed thrice with

PBS. Various concentrations of DOX from DOX solution,

NTAR NioDOX and TAR NioDOX in the range of 5–200mg/ml

were mixed with 200 ml of RBCs solution and the final

mixture volume was made upto 1 ml with PBS. The deionized

water and PBS were used as positive and negative control,

respectively. The reaction mixture was kept at 37 �C for 1 h.

After completion of the reaction, mixture was centrifuged at

5000 rpm for 5 min and supernatant was analysed at 540 nm.

PBS was used as the negative control and the detergent,

sodium lauryl sulfate (SLS) was used as positive control

(100% hemoglobin release). The % hemolysis was calculated

from Equation (1)

%Haemolysis¼

absorbance of test samples

�absorbance of negative control

� �

absorbance of positive control

�absorbance of negative control

� �� 100

ð1Þ

In vitro cell line study

B6F10 cell lines were cultured in 96-well plate (cell count:

2� 105 cells/ml) using DEME culture medium with 10%

foetal bovine serum. These cells were incubated in culture

medium with increasing concentrations of DOX, NTAR

NioDOX and TAR NioDOX. After 48 h of growth, cells were

fixed by 100ml of cold 10% w/v trichloroacetic acid and kept

it for 4 h at 4 �C. The 96-well plate was washed three to four

times with distilled water and excess water was wiped with

tissue paper. Furthermore, 96-well plate was air dried at room

temperature. A 100 ml of 0.057% w/v SRB solution was

injected to each well and incubated at room temperature for

30 min and subsequently 96-well plate was rinsed off with 1%

v/v acetic acid solution four times to remove unbound dye.

Afterwards, 200 ml of 10 mM Trisbases (pH 10.5) was added

to each well and incubate on shaker for 5 min to solubilised

protein bound dye and the absorbance was measured at kmax

of 510 nm on an ELISA plate reader [27].

In vitro receptor binding by fluorescence

The underlining principle of the present study is fluorescence

quenching of lectin [concanavallin A (CON A)] upon

association with carbohydrates. CON A has maximum

absorption at 280 nm and fluorescence emission wavelength

at 332 nm [28]. According to earlier studies, the fluorescence

analysis was considered as the potential, sensitive and

accurate technique to study molecular interaction including

protein and carbohydrate association [29]. The study was

focused to derive association and dissociation potential of

NLG and NLG anchored NioDOX with CON A. Stock

solution of CON A (1 ug/ml) in PBS (pH 7.4) was prepared.

The study was conducted at human body temperature, i.e.

37 �C. The fluorescence spectra of CON A was recorded with

absorption at 280 nm and emission at 300–500 nm using

fluorescence spectrophotometer at slit width of 2.5 and 5.

Furthermore, the increasing concentration of NLG and NLG

anchored NioDOX was added into CON A solution and the

corresponding fluorescence spectrum was recorded. The

resultant data were further processed by Chipman method

[30] and binding as well as dissociation constant was derived.

The plot of log[C]f versus log{(DF)/(Fc � F1)} offered Ka

value as abscissa intercept and slope as number of binding site

for lectin–analyte interaction according to Equation (2),

where [C]f is the free analyte concentration. The dissociation

constant was calculated as inverse of Ka value

log½ðF0�FcÞ=ðFc �F1Þ� ¼ log Kaþ log ½C�t� ½P�t DF

F1

� �� �

ð2Þ

In silico docking study

It is very important to understand the in vivo binding potential

of ligands to specific receptors. To analyse the receptor

binding potential, molecular flexible docking studies were

performed by the grid-based ligand docking with energies

(Glide) [31–33]. The computational program was run within

Maestro [33] and a graphical user interface by Schrödinger,

LLC, New York, NY. CON A, representative of glucose

transporter receptor, is a homotetramer. The 3D structure of

CON A for carbohydrate recognition domain was downloaded

from Protein Data Bank (PDB code 5CN A, 10 of resolution)

(http://www.rcsb.org/pdb/explore/jmol.do?structureId=5CNA

&bionumber=1). Before performing docking analysis of

ligands, structural defects within imported protein structure

were corrected and generated by protein preparation wizard

using Maestro. All crystallographic water molecules, other

than the molecules forming coordinate bonds were removed.

Further, protein structure was relieved from any strain and

was fine-tuned using OPLS 2005 force field. The respective

ligands including N-acetyl glucosamine and NLG structures

were constructed using the 2D Sketcher in Maestro. 3D

conformation of ligand with minimum energy was generated

with the help of LigPrep [34], using OPLS 2005 force field.

The grid, i.e. a virtual box having a default length of 10 Å,

was generated to limit the docking process to handle within

the grid space.

In vitro cellular internalization

B6F10 skin melanoma cancer cells were seeded in 96-well

plates at a density of 2� 105 cells per well and incubated

overnight at 37 �C. After attaining to confluence by cell, cell

monolayers were washed with DEME media and incubated

4 S. Pawar & P. Vavia J Drug Target, Early Online: 1–12
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with test samples as DOX, NTAR NioDOX and TAR

NioDOX. All test samples were diluted with DEME media

and adjusted to 10 ppm DOX or DOX equivalent concentra-

tion. Cells were treated with test samples at 37 �C for 0.5,

1 and 2 h. Cells were washed twice with ice-cold PBS (pH

7.4) and lysed with PBS containing 0.5% sodium lauryl

sulphate at 37 �C for 30 min. DOX concentrations in cell

lysates were measured by HPLC as described above in section

‘‘Entrapment efficiency’’ under ‘‘Materials and methods’’.

Result and discussion

Synthesis of N-lauryl glucosamine

The synthesis of NLG is schematically represented in

Figure 1.

1HNMR

1HNMR spectra of N-hydroxy succinimide of lauric acid and

NLG were recorded on 500 MHz spectrophotometer using

CDCL3 and DMSO-d6 solvent, respectively. A typical
1HNMR spectrum of N-hydroxy succinimide of lauric acid

and NLG is shown in Figure 2(A) and (B). The peaks at d 0.91

(3H, s, CH3, lauryl), 1.29 (CH3–CH2, lauryl), 2.18 (CH2–C00)

2.85 (–CH, NHS) have indicated the formation of NHS ester

of lauric acid (Figure 2A). Figure 2(B) confirms the

formation of NLG, as retention of lauric acid characteristic

peak and additional peak of sugar (3–4.5) and amide

hydrogen (6.14).

FTIR

A comparative FTIR spectrum of lauric acid, NHS ester of

lauric acid and NLG is represented in Figure 3. Lauric acid

has characteristics carbonyl C–O stretch at 1700 cm�1.

However, in case of NHS ester of lauric acid, the amide

C–O stretch is observed at 1648 cm�1 and in case of NLG, the

ester C–O stretch is observed at 1750 cm�1. Thus, all the

characteristic peaks are supporting the synthesis of NLG.

Mass spectroscopy and melting point

The mass of lauric acid is reported as 200 and melting point

as 43 �C. Mass spectrometry data of NHS ester of lauric acid

show a sharp peak at 285.29 (M+�OH) and NLG reveals one

main peak corresponding to the mass ion 362 (100%, M+)

and further minor peaks of (M+�OH) and 388 (M++OH)

(Figure 4). These results indicate that NLG was successfully

synthesised. From the DSC thermogram, the melting point of

the synthesised NHS ester and NLG was observed to be 75

and 198 �C, respectively (Figure 5).

DOX-niosomes

Niosomes were prepared by thin film hydration method and

ethanol injection method. However, ethanol injection has

given higher drug entrapment with minimum particle size as

compared to thin film hydration method (data not given).

DOX niosomes and NLG anchored DOX-niosomes were

formulated using Span 60 as surfactant, cholesterol as bilayer

membrane stabilizer and DCP as charge stabilizer. Span 60

has given highest drug entrapment than Tween 80. The

highest drug entrapment achieved using Span 60 may be due

to solid property, low hydrophilic-lipophilic balance (HLB)

(4.7), i.e. high hydrophobicity and high phase transition

temperature [35]. Thus, hydrophobic portion of DOX may

have high affinity for hydrophobic core of Span 60. The

optimized formula and processing conditions for the niosomes

are given in Table 1. The optimized formulation was stable in

liquid dispersion and solid freeze-dried form with respect to

particle size, drug content and entrapment.

Particle size and zeta potential

An ideal nano-carrier system for targeting cancer tumour cell

should possess particle size below 200 nm to avoid reticulo-

endothelial system and passively target cancerous tissue

through EPR effect [36]. Particle size of optimized formulation

was observed to be 110 ± 5 nm with poly dispersability index

(PDI) 0.256. Developed formulation was further diluted with

PBS (pH 7.4) as 1:100 and particle size was measured as

105 ± 4 nm with PDI 0.202. Hence, it justifies a non-significant

impact of dilution on particle size, suggesting the stability of

the developed formulation. Freeze-dried sample (5% w/w

trehalose) has shown particle size around 130 ± 4 nm with PDI

0.265. Thus, ratio of particle size (Sf) of niosomal formulation

after reconstitution of freeze-dried samples and initial particle

size of niosomes (Si) before freeze-drying was found to be 1.20.

The value near to 1 suggests the good redispersion capacity.

Zeta potential is another important index for the stability of

a colloid system, such as niosomal formulation. Higher value

of zeta potential indicates high electric charge on the surface

of drug-loaded niosomes, which will result in strong repulsive

Figure 1. Synthesis scheme of N-lauryl glucosamine.
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forces among the particles to prevent aggregation and setting

of nanoparticles, eventually contributing to the stability of

nano-dispersion. Zeta potential of the blank and drug-loaded

niosomal formulation was observed to be �40 ± 5 and

�30 ± 3 mV, respectively. Negative zeta potential of nio-

somes may be due to the presence of terminal phosphate

groups of DCP [35].

Entrapment efficiency

Due to unique closed bilayer structure and physicochemical

properties of niosomes, different types of functional compo-

nents can be encapsulated into the interior of niosomes or

incorporated into the surfactant bilayer membrane or adhered

to the vesicles [37]. Entrapment efficiency, a prime important

parameter in niosome drug delivery system, is closely related

to the niosome preparation method and formulation. The

entrapment of DOX-niosomes was found to be nearly 90% as

quantified by HPLC analysis. The entrapment efficiency

increased as concentration of Span 60 was increased and

decreased as concentration of DOX was increased. Increasing

concentration of Span 60 resulted in more space to hold and

entrap DOX. On the other hand, as the concentration of DOX

increases, due to less space in vesicular core or bilayer region

resulted in less entrapment of DOX. Thus, optimized drug

loading was 15% with respect to surfactant load.

Figure 2. 1H NMR of NHS-ester of lauric acid (A) and NLG (B) by using CDCl3 and DMSO, respectively.
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Stability

The stability of niosomal dispersion is of vital importance

from efficacy preview. The formulation was observed to be

stable with minimal variation in particle size, zeta potential

and entrapment of niosomal DOX formulation in comparison

with initial formulation at two different temperature condi-

tions (Table 2). Higher zeta potential and low particle size of

DOX niosomes had resulted good stability.

Morphology of niosomes

The environmental SEM micrograph of DOX-niosomes is

shown in Figure 6. Micrograph reveals that nanoparticles

were found be spherical in nature with particle size below

200 nm and no aggregation of particles. Electrostatic repul-

sion force between the negatively charged DCP chains on the

surface of niosomes could be probably the reason for stable

structural morphology of niosomes. The particle size as

estimated by the ESEM was in good agreement with that

determined by the Zetasizer. In previous section ‘‘Particle

size and zeta potential’’, the observed particle size was below

200 nm.

DSC and XRD analysis of niosomes

Figure 7(A) shows DSC thermogram of DOX niosomes along

with individual component. The DOX-niosomes and NLG

anchored DOX-niosomes have shown absence of sharp

endothermic peak of DOX at 220 �C temperature. DSC

thermogram had shown uniform entrapment of DOX into the

vesicles of niosomes. These results were further confirmed by

XRD analysis. Figure 7(B) shows XRD pattern of blank

niosomes, DOX, NTAR NioDOX and TAR NioDOX.

Figure 4. Mass spectra of NHS-ester of lauric
acid (A) and N-lauryl glucosamine (NLG)
(B) by electrospray ionization-mass spectro-
scopy (ESI-MS).

Figure 5. DSC thermogram of NHS-ester of lauric acid and N-lauryl
glucosamine (NLG) is showing melting point around 75 and 198 �C,
respectively.

Figure 3. FTIR of lauric acid, NHS-ester of lauric acid and NLG.

DOI: 10.3109/1061186X.2015.1055572 NLG anchored niosomal formulation of DOX 7

D
ow

nl
oa

de
d 

by
 [

] 
at

 2
2:

28
 1

3 
Ju

ly
 2

01
5 



However, XRD patterns of freeze-dried niosomes have not

shown a sharp peak, indicating encapsulation of DOX. Thus,

XRD pattern confirms a uniform entrapment of DOX into the

vesicular core of niosomes.

In vitro drug release

In vitro drug release study was performed in phosphate buffer

solution (pH 7.4) at 37 �C. The cumulative percentage of

DOX released from DOX solution, DOX-niosomes and NLG

anchored DOX-niosomes as a function of time is shown in

Figure 8. Figure 8 confirms slow and sustained release of

DOX-nisomes. Besides, the drug release rate from NLG

anchored DOX-niosomes are slightly higher than DOX-

niosomes, which can be attributed to the hydrophilic nature

of glucosamine and this distinct feature would help in long

circulation of drug-loaded niosomes [38].

In vitro hemolysis study

In vitro hemolysis assay gives a quantitative indication of the

damage caused by nanoparticles to red blood cells. The

hemolytic ability of free DOX and DOX-loaded niosomes is

shown in Figure 9. The result signifies the hemocompatibility

of niosomes for parenteral drug delivery applications.

Moreover, niosomal system had shown less than 15% of

lysis in the whole experimental concentration range of DOX

(5–200 mg/ml). Hemolytic potential of DOX diminished due

to encapsulation of DOX into niosomal vesicle core and

subsequently, the absence of direct contact of DOX with red

blood cells. Thus, the results suggested that developed

niosomal formulation of DOX possesses wide safety margin

for parenteral administration.

In vitro cytotoxicity

The cytotoxic effects of DOX-loaded niosomes and free DOX

on B6F10 skin melanoma cancer cells were evaluated using

the SRB assay (Figure 10). IC50 value of niosomal formula-

tion of DOX and free DOX is given in Table 3. Targeted and

non-targeted niosomes without drug did not show any

significant cytotoxic effect on the B6F10 skin melanoma

cancer cells. Cell viability remained above 95%, confirming

the non-toxic and biocompatible nature of niosomes. Drug-

loaded TAR NioDOX and free DOX have exerted a similar

cytotoxic effect but it is clearly superior to NTAR NioDOX.

As free DOX enters into the cells by simple diffusion

mechanism, while niosomal DOX enters through endocytosis

and showed sustained released of DOX from niosomes,

resulting in a reduced cytotoxicity. However, since TAR

NioDOX has glucosamine as a targeting ligand, glucosamine

would increase cellular uptake of this nanocarrier through

glucose transporter protein which specifically binds to

glucose sugars [39,40]. In addition to that, hydrophilic

nature of glucosamine may have contributed to improve

cellular internalization [38] and subsequently, similar cyto-

toxicity profile as free DOX.

In vitro receptor binding assay

In vitro cytotoxicity study had justified targeting potential of

developed TARNio formulation of DOX. In addition to that, it

is very essential to support finding with receptor interaction

of glucosamine anchored niosomes with CON A, lectin

having specific binding potential with glucose sugar like

glucosamine [41]. CON A has auto fluorescence at excitation

wavelength of 280 nm with emission wavelength of 320 nm.

It was observed that incubation of glucosamine anchored

Figure 6. Environmental SEM micrograph of DOX-loaded niosomes.

Table 2. Stability studies of niosomal dispersion at 4 and 25 �C with respect to particle size, zeta potential and entrapment efficiency for period of 15
days.

Particle size (nm) Zeta potential (mV) Entrapment efficiency (%)

Formulation Initial 4 �C 25 �C Initial 4 �C 25 �C Initial 4 �C 25 �C

NTAR NioDOX 105 108 112 �30 �28 �34 96 92 90
TAR NioDOX 110 115 120 �28 �31 �26 94 92 91

Table 1. Optimized formulation and processing conditions for the
preparation of niosomal formulation by ethanol injection method.

Formulation
ingredients

NTAR
NioDOX

(mg)

TAR
NioDOX

(mg) Processing conditions

Span 60 106 106
Cholesterol 85 85 Temp.: 60–65 �C
Dicetyl phosphate 8 8 RPM: 500 rpm
DOX 15 15 Addition rate:
NLG – 10 5 ml/min
Ethanol 3 ml 3 ml Needle size: 26 guage
PBS buffer pH 7.4 10 ml 10 ml
Trehalose 20 20
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niosomal formulation with CON A resulted in quenching of

fluorescence. The resulted quenching of fluorescence was

further subjected to chipman equation to calculate binding

constant of glucosamine with lectin. The binding constant,

dissociation constant and number of binding sites are given

in Table 4. The result had implicated the promising

interaction potential of glucosamine anchored niosomes

with CON A. The binding constant and number of binding

sites are found to be comparable to free glucosamine. Hence,

the study indicates that the synthesised conjugate has retained

Figure 7. DSC thermogram (A) and XRD
pattern (B) of freeze dried niosomal formu-
lations of DOX in comparison with DOX.

Figure 8. In vitro release profile of NTAR NioDOX and TAR NioDOX
in pH 7.4 PBS buffer.

Figure 9. In vitro % hemolysis of DOX, NTAR NioDOX and TAR
NioDOX on RBCs.
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binding association potential with glucose receptors and can

be endocytosised through receptor–ligand interaction.

In vitro cellular uptake

Figure 11 illustrates uptake profiles of DOX by B6F10 skin

tumour cells treated with DOX and DOX formulations, all

containing 10 ppm (17.2 mM) DOX at 0.5, 1 and 2 h time

interval. After 2 h, the cellular level of DOX in tumour cell

has reached maximum in case of TAR niosome as compare to

NTAR niosome and free DOX. In case of DOX solution,

initially uptake of DOX was very rapid and reached at higher

concentration within 0.5 h, but uptake was reduced during

next 2 h. However, targeted niosomal formulation has shown

higher uptake with respect to time than non-targeted

niosomes. Outflow of DOX from cells would be mediated

by Pgp or other proteins, which are responsible for nuclear-

cytoplasmic trafficking and compartmentalization of drugs

[42]. However, in case of niosomal formulation, higher

concentration into cells may be due to availability of different

form of DOX. It is reported that higher concentration of DOX

resulted in aggregation or molecular stacking and formation

of dimeric form of DOX [43–45]. This phenomenon would

explain lack of a cytotoxic advantage for glucosamine-

targeted niosomal DOX over free DOX regardless of higher

drug accumulation into the cells. It ultimately leads to the

unavailability of DOX to be as a substrate for p-gp efflux.

Above finding signifies that glucosamine anchored niosomes

are showing receptor mediated internalization of niosomes

via glucose transporter proteins which further enhances the

cellular internalization of DOX than non-targeted niosomes

[46–48].

In silico docking study

Docking analysis offers a complete understanding of ligand

receptor binding based on physicochemical parameters. The

active binding site for Con A could be easily located on the

surface of the H1 subunit. Figure 12 shows optimized docked

position of D-mannose at the active binding site and the

interaction illustration of D-mannose with ConA. Following

docking into the active site, the ligands were studied on the

basis of their Glide score (or G score) and Emodel scores [48].

The Glide score is defined as an experimental measuring

function that analyses the ligand binding free energy. It is the

collective measure of electrostatic and van der Waals

interactions [49]. Model energy score (Emodel) is sum of

the energy grid score, the binding affinity and the internal

strain energy (in flexible docking) of the model. Therefore,

the Emodel is a major function in selecting best-docked

position for each ligand, which is then studied according to

their Glide score. The Glide score and Emodel scores of NAG

and NLG are demonstrated in Table 5. The NLG and NAG

ligands showed approximately similar score compared to the

known ligand D-mannose and formed similar type of

interactions with the active sites. All the ligands maintained

the hydrophobic interaction of TYR 100 and ALA 207 with

either of C3, C4, C5 or C6 atoms of monomer and are shown

in Figure 12. D-mannose demonstrated six hydrogen bonds.

Similarly, NAG and NLG also exhibited five hydrogen

bonds, comparable to D-mannose. Docking study exhibited

Figure 11. In vitro cellular uptake of DOX, NTAR NioDOX and TAR
NioDOX against B6F10 skin melanoma cell line at 0.5, 1 and 2 h.

Figure 10. In vitro cytotoxicity of DOX, NTAR NioDOX and TAR
NioDOX against B6F10 skin melanoma cell line by SRB assay.

Table 4. In vitro receptor binding potential and number of binding sites
of NLG and NLG anchored niosomes as TAR NioDOX using CON A,
lectin as model receptor protein.

Parameters
N-Acetyl

Glucosamine NLG TAR NioDOX

Association constant (Ka)
(M)

3.36� 104 3.20� 104 3.12� 104

Dissociation constant (Kd)
(M�1)

2.94� 10�5 3.12� 10�5 3.20� 10�5

Number of binding sites
(N)

3.68 3.22 3.17

Table 3. Cytotoxicity of free DOX drug, NTAR NioDOX and TAR
NioDOX B6F10 skin melanoma cell line in vitro.

Formulation IC50 (mM) of DOX equivalent

DOX. HCl solution 0.785*
NTAR NioDOX 1.369*
TAR NioDOX 0.830

*p50.005 using ANOVA.
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the significant binding affinity of NAG and NLG towards

Con A. Thus, with comparable glide score, Emodel scores,

hydrogen binding and hydrophobic interaction of NLG, a

synthesised targeting ligand proves the high possibility to

target the glucose transporter receptors. Docking could

definitely help in the preliminary screening of ligands for

glucose receptor targeting.

Conclusion

Fatty acid derivative of glucosamine anchored nano-

niosomal formulation of DOX is formulated with high

entrapment efficiency and stability. In vitro cytotoxicity

demonstrated higher cytotoxicity by targeted niosomal

formulation compared to free DOX and non-targeted

formulation. Cellular internalization study supports higher

cellular internalization and retention of targeted niosomal

formulation. In addition to that, accessibility of this targeting

ligand to glucose specific lectin Con A is also presented by

fluorescence spectroscopy and docking study. Offshoots of

our findings offers an attractive and promising approach for

delivering DOX into tumour cells, which is insensitive to

Pgp-mediated drug efflux and more effective than free DOX

and non-targeted niosomal DOX. Hence, the designed

glucosylated targeted niosomal drug delivery can serve as

promising approach for anticancer therapy.
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Figure 12. Docking analysis of standard (D-mannose), N-acetyl glucosamine and NLG with CON A.

Table 5. Docking results of various ligands in the original Con A crystal
structure using Glide-XP.

Component
Glide score
(kCal/mol)

Emodel
(kCal/mol)

Mannose (validation) �6.599813 �52.073
N-acetyl glucosamine (NAG) �5.309765 �42.9791
N-lauryl glucosamine (NLG) �4.581725 �41.948
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