
Journal Pre-proof

NIR-dye based mucoadhesive nanosystem for photothermal
therapy in breast cancer cells

Anil Jogdand, Syed Baseeruddin Alvi, P.S. Rajalakshmi, Aravind
Kumar Rengan

PII: S1011-1344(20)30351-1

DOI: https://doi.org/10.1016/j.jphotobiol.2020.111901

Reference: JPB 111901

To appear in: Journal of Photochemistry & Photobiology, B: Biology

Received date: 18 September 2019

Revised date: 27 March 2020

Accepted date: 15 May 2020

Please cite this article as: A. Jogdand, S.B. Alvi, P.S. Rajalakshmi, et al., NIR-dye

based mucoadhesive nanosystem for photothermal therapy in breast cancer cells, Journal

of Photochemistry & Photobiology, B: Biology (2020), https://doi.org/10.1016/

j.jphotobiol.2020.111901

This is a PDF file of an article that has undergone enhancements after acceptance, such

as the addition of a cover page and metadata, and formatting for readability, but it is

not yet the definitive version of record. This version will undergo additional copyediting,

typesetting and review before it is published in its final form, but we are providing this

version to give early visibility of the article. Please note that, during the production

process, errors may be discovered which could affect the content, and all legal disclaimers

that apply to the journal pertain.

© 2020 Published by Elsevier.



NIR-dye based mucoadhesive nanosystem for photothermal therapy in breast cancer cells. 

Anil Jogdand†, Syed Baseeruddin Alvi†, Rajalakshmi PS, Aravind Kumar Rengan* 
Department of Biomedical Engineering, Indian Institute of Technology Hyderabad, Telangana, 502285, India 
 
 

ARTICLES INFO 
 

 

Keywords: 

Niosome,IR 806, Mucoadhesive nanosystem, Breast cancer, Photothermal therapy. 
 
 
 

 
 
 
 
 
 
 
 
 

ABSTRACT 
 

 

 
Breast cancer is one of the leading causes of mortality in women, worldwide.                 The average 
survival rate of patients suffering from advanced breast cancer is about 27% for five years.  
Photothermal therapy employing biodegradable nanoparticle are extensively researched for enhanced 
anticancer therapy in breast cancer treatment.       In the current study, we report a chitosan based 
mucoadherant and biodegradable niosome nanoparticle entrapping near infrared (NIR) dye (IR 806) 
for the treatment of breast cancer. Niosome entrapping IR 806 (NioIR) showed encapsulation efficacy 
of about 56 ± 2 %. The prepared nanoparticles (NioIR) were further coated with chitosan (NioIR-C) 
to impart mucoadhesive property to the nanosystem. NioIR-C showed minimal degradation following 
NIR laser irradiation, thus enhancing its photothermal stability.  They also exhibited efficient 
photothermal transduction, when compared with IR  806 dye. NioIR-C were biocompatible when 
treated with normal cell lines (NIH 3T3 and L929) and showed cytotoxicity towards breast cancer cell 
lines        (MCF-7 and MDA-MB 231). When triggered with NIR laser, NioIR-C showed 
photothermal cell death (approximately 93%). The presence of chitosan coating on NioIR led to 
mucoadherence potential that further enhances the therapeutic effect on breast cancer cells when 
compared with IR 806 dye and NioIR. Thus NioIR-C can be a promising nanosystem for effective 
treatment of breast cancer using photothermal therapy.       

 
 

1. INTRODUCTION 
 
Breast carcinoma is one of the most prominent heterogeneous tumors found in women.                     It 
accounts for about 14.7 % of cancer-related deaths [1]. The various treatment modalities include surgery 
(mastectomy), chemo and radiation therapy.  All these therapies are known to exhibit various adverse 
effects[2,3]. Among the current strategies under research, Photothermal therapy (PTT) is considered as a 
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promising approach for the treatment of cancer.                      PTT employs NIR laser (650nm to 950nm) 
that has minimal interference with biological tissue, thereby achieving an increased depth of penetration 
[4]. In PTT, the nanoparticles absorb  NIR light; the absorbed light is then converted to heat which is 
employed to kill cancer cells[5]. 

The plasmon resonant nanoparticles and the NIR dyes are used for achieving an optimal photothermal 
effect. For this purpose, hydrophilic and hydrophobic dyes are extensively being researched for their 
potential therapeutic benefits [6–8]. Among hydrophilic  NIR dyes, Indocyanine Green (ICG) is an FDA 
approved contrast agent for imaging in clinical applications[9]. However, its application is limited due to 
instability in an aqueous environment, concentration dependent aggregation,  rapid degradation and 
clearance from the body[10].  
IR 806 is one of the hydrophilic negatively charged NIR dye. The sulfonate functional group on IR 806 
increases its water solubility; it also prevents dye aggregation and exhibits reduced cellular uptake[11,12]. 
According to recent literature, IR 806 dye exhibits enhanced photothermal effect when encapsulated 
within silica nanoparticles[13]. However, silica nanoparticles exhibit minimal degradation and delayed 
clearance from the body, limiting its clinical translation[14]. Hydrophobic NIR dyes are reported for 
photothermal therapy, but they are known to exhibit potential long‐ term systemic toxicity[15]. Both 
hydrophilic and hydrophobic NIR-dyes in their free state has limitations due to various reasons such as 
photobleaching, photodegradation, low bioavailability,                  non-specificity to cancer cells, etc.[16].                  
To overcome these limitations, various research groups have formulated delivery systems that are stable, 

Schematic of NioIR-C mediated photothermal therapy of breast cancer cells. 
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site-specific, and exhibit enhanced therapeutic efficacy[17,18]. The drug delivery       to cancer site is 
affected due to various factors like dense tumour-microenvironment, interstitial pressure, etc.[19,20]. 
These factors prevent the accumulation of drug at the tumor site reducing its therapeutic efficacy. Hence 
newer strategies are developed to enhance the penetration and retention of the drug via nanoparticle 
system within the tumor matrix[21].  
In breast cancer, the extracellular matrix is enriched with glycoproteins like mucins;          these 
glycoproteins are responsible for poor drug penetration and play a major role in evading immune response  
[22–24]. Inhibition of mucin expression in breast cancer models has shown to significantly enhance the 
therapeutic efficacy of the treatment [25]. The glycoproteins within the tumor matrix can be targeted by 
mucoadherant nanosystem that can enhance its localized availability and prevent its rapid clearance 
In the current study, chitosan coated biodegradable non-ionic surfactant based bilayer vesicles (Niosome) 
are used as a delivery vehicle for IR 806 dye to enhance its therapeutic outcome. 
 

2. MATERIALS AND METHODS  

2.1. Materials 

Sorbitan monopalmitate (SPAN 40), Dihexadecyl phosphate (DCP), IR 806 dye, Chitosan (low molecular 
weight) were purchased from Sigma (St. Louis, MO, USA). Cholesterol,    3-(4, 5-Dimethylthiazol-2-yl)-
2, 5-Diphenyltetrazolium Bromide (MTT). Nile red and solvents: Methanol, Chloroform, Dimethyl 
sulfoxide (DMSO),       Triton X-100 were procured from SRL chemicals, India. Phosphate buffer saline 
(PBS) pH 7.0,          Trypsin-EDTA, Dulbecco’s Modified Eagle Media(DMEM), Fetal Bovine Serum 
(FBS)      (US origin), were purchased from Hi-media Chemicals, Mumbai, India. 0.2-micron syringe 
filters were obtained from Sartorius (Carrigtwohill, Ireland). All the chemicals were used as obtained 
without any further purification. 

2.2. Cell lines and maintenance  

Human breast adenocarcinoma (MCF- 7 and     MDA-MB 231), Mouse embryonic fibroblast (NIH 3T3) 
and Murine fibroblast L929, were obtained from the Centre for Cellular and Molecular Biology (CCMB), 
Hyderabad, India. The cell lines were cultured in DMEM medium supplemented with 10% (v/v) Fetal 
bovine serum (FBS), 1% L-Glutamine, and 100 U/ml penicillin/streptomycin and were maintained          
at 37 °C in a humidified atmosphere containing             5% CO2. 

2.3. Preparation of niosomes entrapping IR 806 (NioIR) 

The niosomes were prepared by solvent injection method with minor modifications  [26–28]. Briefly, 1 
mg IR 806 dye was dissolved in 2 ml Milli-Q water. SPAN 40, Cholesterol and DCP have weighed 
accurately as mentioned in         Table S1 and dissolved into 1 ml chloroform, and the resulting solution 
was taken into a syringe and injected into a beaker containing 3 ml of                    IR 806 dye solution 
maintained at 60° C                    at 500 RPM for 1 h. Synthesized niosomes were further sonicated using 
150 W probe sonicator at 30% for 10 min and dialyzed (cut off 14000 Dalton) for 36 h to remove the 
unentrapped             IR 806 dye.  

2.4. Preparation of Chitosan coated NioIR (NioIR-C) 

Chitosan solution was prepared by dissolving chitosan in 1% acetic acid solution (3 mg/ml).    The 
chitosan coating on NioIR was obtained by dropwise addition of NioIR to chitosan solution (10:1 w/w) 
with vigorous stirring. The obtained solution was stirred for 12 h and sonicated using 150 W for 10 min 
then further dialyzed for 24 h to remove uncoated free chitosan[29,30].  

2.5. Characterization of NioIR and NioIR-C 

The absorbance and fluorescence of nanoparticles was measured by   UV Spectrophotometer       (UV-
1800, Shimadzu, Japan) and Spectrofluorophotometer (RF-6000, Shimadzu, Japan) respectively. The 
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hydrodynamic diameter, polydispersity index (PDI) and zeta potential were measured by particle size 
analyzer (Particle Sizing Systems, Inc. Santa Barbara, Calif., USA).  Surface topography and size were 
analyzed by Atomic force microscopy (Dimension Icon, Bruker). The NioIR-C were imaged by 
Transmission Electron Microscopy (TEM) (JEOL, JEM 2100, USA).  

2.6. IR 806 dye encapsulation efficiency (EE) and loading capacity (LC) Quantification 

The IR 806 dye solution (1mg/ml) was prepared in 0.1 % Triton X-100 and was further diluted to 
different concentrations (0.25, 0.5, 1, 2, 3, and        4 µg/ml). The absorbance of each dilution was 
measured by UV spectrophotometer at λ max       820 nm, and the calibration curve was plotted.            
The linear regression equation was obtained from the calibration curve of the IR 806 dye                         

(                 , R2= 0.9997). The encapsulation efficacy of synthesized NioIR was measured using UV 

spectrophotometer by dissolving it in          0.1%    of Triton X-100, which disrupts the vesicle. 
Encapsulation efficiency (EE%) of IR 806 dye in NioIR was calculated by using the formulas [31,32]                                                                

Loading capacity (LC%) of IR 806 dye was calculated by using the formula [31,32]:                                                        

 

2.7. Investigation of the laser-mediated dye degradation profile  

IR  806, NioIR and NioIR-C (5 μg/ml in water) were irradiated with 808 Laser (Shanghai Inter-Diff 
Optoelectronics Technology Ltd., Shanghai, China) (650 mW) for 100 sec. Absorption spectra were 
recorded using  UV Spectrophotometer at     10 sec. interval. Recorded absorbance v/s time was plotted 
for the respective material. 

2.8 Photothermal transduction efficacy studies  

To study the Photothermal transduction efficiency of IR  806, NioIR and NioIR-C (300 μl, 50 μg/ml) 
were taken in 96 well plates and were subjected to laser irradiation for 10 min. Phosphate buffer saline 
(PBS) was used as control. The temperature of these solutions was recorded during NIR laser irradiation 
with a thermal imaging camera. Thermal images corresponding to various time points and their respective 
temperatures were captured by the thermal camera (CHAUVIN ARNOUX, C.A. 1950 DiaCAm IR 
CAMERA IP 54 Paris, France). The temperature increment was plotted against time for all the samples. 

2.9 Mucin binding assay 

The muco-adhesive property of the NioIR and NioIR-C was studied by mucin binding assay [29]. Briefly, 
Mucin solution (1 mg/ml) was prepared   in PBS (pH 7.4) and mixed with the NioIR and NioIR-C in the 
ratio 1:1 (v/v). The mixture was incubated at 37°C for 3 h. The suspension was then centrifuged at 15,000 
rpm for 1 h, and the supernatant was collected, diluted and analyzed using UV spectrophotometer for the 
amount of unbound mucin at λ max, 205 nm.                             The concentration of free mucin was 
calculated from the mucin calibration curve. The amount of adsorbed mucin to the NioIR and NioIR-C 
was calculated by the difference between the initial amount of mucin, and the free mucin recovered from 
the supernatant. The mucoadhesive efficiency of the NioIR and NioIR-C was calculated using the below 
equation: 
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where C0 is the initial concentration of mucin and Cf is the concentration of free mucin in the supernatant. 
 
2.10 Artificial mucosa mimetic surface (AMMS) based mucoadhesive potential of NioIR-C 

To analyse the mucoadhesive potential of      NioIR-C, artificial mucosa mimetic surface(AMMS) was 
fabricated with slight modification [33]. The experiment was performed in two steps which are as follows 

2.10.1 Fabrication of Artificial                  mucosa mimetic membrane (AMMM) and sample film 
 

Eggshell membrane (ESM) was obtained by dissolving the outer calcium carbonate shell in 40% glacial 
acetic acid (v/v) and subsequently washed with distilled water. The as obtained ESM was air dried by 
placing it on a double sided adhesive tape. 100 µl of mucin solution (4%) was applied evenly on the ESM 
and air-dried to form AMMM. The sample films were prepared by drop casting 100 µg of IR 806, NioIR 
and NioIR-C in a circular disc (0.8cm) of aluminium foil and were air-dried.  

 
2.10.2 Experimental setup 

The prepared sample films were allowed to interact with the membranes for 5 min. Following the 
incubation period, the assembly was inversely placed on a 100 mm petri-dish filled with distilled water. 
The samples were placed on the petri-dish such that constant contact between the surface of the sample 
film and the distilled water was ensured throughout the experiment.                         The interaction 
between AMMM and the sample film was monitored continuously for film detachment from the 
membrane and was recorded. The images were captured at varying time intervals.  

 
2.11 Biocompatibility studies  

 
Mouse embryonic fibroblast (NIH 3T3) and Murine fibroblast (L929), are used for biocompatibility 
studies. MTT assay was performed to study the cytotoxicity of  IR  806 dye, NioIR, and NioIR-C  [34].  
In brief, cells were seeded in 96 well plate with a density of            1×104 cells/well in DMEM medium 
(100 µl) for 24 h. After 24 h incubation, media was replaced with fresh media containing (100 µl, 50 
µg/ml      IR 806 dye) IR  806, NioIR, and NioIR-C concentration. Cell viability was assessed by MTT 
assay. 

2.12 Cellular uptake of IR  806, NioIR, and NioIR-C 

To evaluate the intracellular uptake of                       IR 806, (IR  806, NioIR, NioIR-C ) in  MCF-7 cells 
were quantified using Spectrofluorophotometer [31]. The cells were seeded in 6 well plates at an 
estimated density of 1×105 cells/well. The following day, media was replaced, and IR  806 dye, NioIR, 
and              NioIR-C was added containing 50 μg/ml doses of IR 806 dye and were incubated with cells 
for 5 h. The cells were washed twice with PBS and trypsinized at the stipulated period. The cells were 
counted and later pelleted down by centrifuging    at 1200 rpm for 5 min. 1 ml of methanol was added and 
incubated for 1 h at room temperature                to extract the intracellular  IR 806 dye, IR 806 dye 
extracted in methanol was centrifuged at        10,000 rpm for 10 min at 4◦C. The supernatants were 
evaluated for fluorescence (Ex: 806 nm,               Em: 829 nm). The concentration of the IR 806 dye 
extracted was extrapolated on the standard curve (methanol) and normalized with the number of cells per 
well. 

2.13 Fluorescence imaging of intracellular uptake of Nile red (NR) encapsulated NioIR and 

NioIR-C 
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To evaluate the intracellular uptake of                  Nile Red (NR) was used as a fluorescent marker, it is 
encapsulated into NioIR and NioIR-C.         Nile Red and IR806, NioIR  (with NR),         NioIR-C  (with 
NR) in MCF-7 cells were imaged using fluorescence microscopy (Olympus CKX53) [35]. The cells were 
seeded in 6-well plates at an estimated density of 1×105 cells/well.                    The following day, media 
was replaced and         NR dye, NioIR-NR, and NioIR-NR-C was added containing 10 ng/ml doses of 
Nile Red,                   and 50 µg/ml does of IR 806 dye were incubated with cells for 5 h.  

2.14 Laser-mediated cytotoxicity studies  

Human breast adenocarcinoma MCF-7 and  MDA-MB 231 were used for laser-mediated cytotoxicity 
studies. MTT  assay was performed to evaluate the cytotoxicity of IR  806 dye, NioIR, NioIR-C [34]. In 
brief, Human breast adenocarcinoma MCF-7 and MDA-MB 231 cells were seeded separately in 96-well 
plates       (0.5×104 cells/ well) and grown in DMEM medium (100 µl) for 24 h. Following the incubation, 
the media was then replaced with fresh media containing IR  806, NioIR, and      NioIR-C (50 µg/ml, IR 
806 dye). 6 h of incubation period was given, following which, cells were irradiated with 808 nm laser 
(650 mW) for 5 min and incubated for 12 h. Cell viability was assessed by MTT assay. 

2.15 In Vitro Imaging 

2.15.1 Acridine orange (AO) and propidium iodide (PI) staining 

AO/PI staining was performed to assess the live/dead cells[36]. Briefly 0.5×104 cell/well were plated in a 
96 well plate. The cells were treated with IR  806 dye, NioIR, and NioIR-C; the treated cells were 
subjected to laser irradiation for 5 min. Following laser irradiation, the treated cells were incubated with 
AO/PI to stain live and dead cells, respectively. Fluorescence imaging was performed using a 
fluorescence microscope. 

2.15.2 Alcian blue staining 

Alcian blue staining was performed on a              90% confluent monolayer of MCF-7.  Later cells were 
serum-starved for 12 h followed by treatment of IR  806 dye, NioIR, and NioIR-C. The treated cells were 
subjected to laser irradiation for 5 min. The following day cells were fixed by using glutaraldehyde and 
stained with alcian blue. Cells were imaged using a light microscope [37,38]. 
 
3. RESULTS AND DISCUSSION 

 
Niosomes entrapping IR 806 dye (NioIR) with varying concentrations of Span 40 and cholesterol were 
prepared by solvent injection method    (Table S1). Among these formulations “F3” exhibited 
encapsulation efficacy of about      56±2%  and loading capacity of about      5.07±0.46 % as shown in 
Table S1.                          The formulation F3 was selected for further characterization based on its higher 
entrapment efficacy. The prepared niosomes (NioIR) were made to interact with chitosan (NioIR-C) for 
surface coating. The DCP embedded within the  niosome membrane interacts with chitosan resulting in a 

F ig. 1. A.  UV-Visible absorption spectra for IR 806, NioIR, and NioIR-C.; B.  Fluorescence spectrometric analysis 
in water and methanol of IR 806, NioIR, and NioIR-C. 
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uniform surface coating [29].     These nanoparticles were further subjected to spectrophotometric 
evaluation, as shown in       Fig. 1A. IR 806 dye, NioIR and NioIR-C exhibited prominent absorbance at 
799 nm.            IR  806 dye showed its characteristic peak at      799 nm and 724 nm, but when entrapped 
in niosome, a blue shift was observed from 724 nm to 672 nm. Furthermore, chitosan coating on NioIR-C 
showed a redshift of about 10 nm from 724 nm to 734 nm with an additional peak at       917 nm, 
suggesting the interaction between chitosan and IR 806 dye [39]. These nanoparticles were subjected to 
fluorescence analysis, and the results show that the fluorescence of the IR 806 dye was quenched after 
encapsulation. The fluorescence quenching could be due to the aggregation of dye in the aqueous interiors 
of the niosomes. These findings are in corroboration to the earlier reports suggesting the aggregate 
formation of cyanine based dyes when encapsulated in the liposomes [40,41]. The reduction in the 
fluorescence intensity was found to be about 1.4 and 1.7 folds in NioIR and     NioIR-C, respectively, 
when compared with IR  806 dye (Fig. 1 B). To further confirm the aggregate formation in the niosome, 
the nanoparticles entrapping IR 806 dye were disrupted in methanol. As shown in Fig. 1 B,  the 
fluorescence of the dye was recovered in all the samples; this further confirms the reversible self-
quenching of IR 806 dye in the aqueous interior of niosomes[42]. 
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The nanoparticles were subjected to size analysis and as shown in Fig. 2 A,B NioIR and NioIR-C 
exhibited the hydrodynamic diameter of about 99.5 ± 42 nm (PDI: 0.178) and 180 ± 93) nm        (PDI: 
0.305), respectively. The difference in size was attributed to the presence of chitosan on the surface of the 
nanoparticle. The surface charge analysis exhibited a significant alteration in charge from -25 ± 16 mV 
(NioIR) to 12.1± 12 mV (NioIR-C) respectively (Fig. 2 C). The charge reversal of the nanosystem further 
confirms chitosan coating on negatively charged NioIR templates. These findings are in line with earlier 

F ig. 4:  Laser mediated photothermal transduction studies 
for IR  806, NioIR, and NioIR-C. A .   line graph representing  

time v/s temp.  after laser irradiation up to  5 min.,      
B. Photographic images of IR 806, NioIR, and NioIR-C before 
and after laser irradiation; C.  IR thermal imaging of IR  806 

dye, NioIR, and NioIR-C at varying time interval.  
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reports suggesting the surface charge reversal effect[26].  
 
NioIR and NioIR-C were subjected to TEM analysis, and as shown in Fig. 3 A,B,                      Fig. S1 

A,B NioIR was found to be around    97±45 nm whereas after chitosan coating size of particle increased 
to about 141±76 nm. Moreover, the chitosan coating on the surface of the nanoparticles was observed. 
The morphology was further confirmed by AFM analysis, and as shown in Fig. 3 C,D. 

F ig. 3:  Transmission electron microscopy (TEM) imaging 

of, A .  NioIR; B.  NioIR-C.; Atomic force microscopy 
imaging (AFM)of, C.  NioIR; D.  NioIR-C. 
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In the current study, both NioIR and NioIR-C showed prominent IR 806 dye retention within the system 
leading to enhanced stability of the nanoformulation (Fig. S2 A). IR  806 dye, NioIR and NioIR-C were 
then assessed for photothermal transduction efficacy by irradiating NIR laser   (808 nm, 650 mW). A 
significant increase in the temperature was observed in all the samples. However, in IR 806 dye, the 

F ig .  5:  Mucin binding assay for  NioIR and NioIR-C.                     

A. Line graph of unbound mucin (wavelength v/s 
absorbance (a.u.). B.  Bar graph representing % bound 
mucin to NioIR and NioIR-C (*** P< 0.001). 
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temperature increment was less than 42°C (essential to cause cell death) by the end of 5 min. (Fig. 4 A). 
This reduction of photothermal transduction efficacy could be due to degradation of IR 806 dye 
(exhibited by the change in colour from              blue-green to the green of irradiated samples as shown in 
Fig. 4 B and Fig. S2, B. Whereas, in NioIR and NioIR-C, a significant enhancement of photothermal 
transduction was observed when compared with IR  806 dye. However, NioIR-C reached temperature 
beyond 45°C within 1 min of laser irradiation and was able to maintain the elevated temperature for about 
5 min of continuous laser exposure (Fig. 4 A,C).                The plausible reason for enhancing the 
photothermal effect could be due to the conversion of NIR light to heat rather than fluorescence and 
stability of IR 806 dye within NioIR-C. These findings are in agreement with the earlier literature reports 
suggesting that the light absorbed by the fluorophore (IR 806 dye) is dissipated as heat when its 
fluorescence is quenched [43].   
 
The efficacy of NioIR-C was compared with similar hydrophilic cyanine dyes like IR783 and ICG to 
assess the generality of the nanosystem.  As shown in Fig. S3 A, the NioIR 783-C and NioICG-C 
exhibited spectral changes after encapsulation in the chitosan coated niosome as seen in NioIR-C (Fig. 1 

A), suggesting the generality of the niosome system towards cyanine dye. Furthermore, similar 
fluorescence quenching was seen in NioIR 783-C and NioICG-C              (Fig. S3 B) conforming the self-
quenching as observed with NioIR-C. The photothermal transduction of NioIR783-C and NioICG-C was 
also evaluated following NIR laser irradiation, and as shown in Fig. S3 C temperature increment was 

Fig. 6 :  Artificial mucosa mimetic membrane mucoadhesion assay; A. Schematic representation of 

AMMM loaded with sample film; B. Schematic representation of AMMM with sample film placed 

inversely in water filled petri dish; C. Photographic images of experimental set up after detachment of 

sample film;   D. Bar graph for residential time of control, IR 806, NioIR, and NioIR-C. 
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F ig. 7: Biocompability studies of IR 806, NioIR and NioIR-C. 
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F ig. 8:  Quantitative intracellular uptake in MCF 7 cell line. 

A. Fluorescence spectra of IR806 dye after 5 hrs of 
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observed in both of the encapsulated cyanine dyes. 
To evaluate the mucoadhesive potential                   of nanoparticles, mucin binding assay was performed. 
Chitosan is a known mucoadherant natural polymer and presence of chitosan on niosome can significantly 
impart the mucoadhesive property to the nanosystem.         This makes them a promising nanosystem for 
the photothermal treatment of breast cancer.                 As shown in Fig. 5 A, B a significant interaction of 
mucin was observed in NioIR-C when compared with NioIR, which is evident from the decline in 
unbound mucin absorbance.                       A fivefold increase in mucin binding efficacy was seen in 
NioIR-C when compared with NioIR. 
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The mucoadhesive potential of NioIR-C was further evaluated by a modified film adhesion assay as 

F ig. 10:  Laser mediated cytotoxicity of IR  806 dye, 
NioIR and NioIR-C after 5 min of laser irradiation 

with breast cancer cell lines, A .  MCF-7,  
B.  MDA-MB 231 (*** P< 0.001) 
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F ig. 9: Fluorescence microscopy imaging for intracellular uptake of IR 806, NioIR and NioIR-C in MCF-7 cell 
line. Nile red (NR) was used as model fluorescent dye. All the scale bars were 10 µm. 
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represented in schematic Fig. 6 A, B and Fig. S4 A-C. The fabricated artificial mucosa mimetic 
membrane is enriched with mucopolysaccharides which mimic cancer tumor environment [44].  The 
result shows that there was no significant interaction of mucosa mimetic membrane with   IR dye and 
NioIR coated films (Fig. 6 C,D). whereas, in case of NioIR-C, mucoadhesive interaction of NioIR-C 
coated film to the mucosa mimetic membrane was evident beyond 24 h (approx. 1500 min). A 30-fold 
increase was seen in NioIR-C when compared with NioIR. This mucoadhesive potential analysis also 
corroborates with mucin binding assay, thus confirming the mucin binding property of      NioIR-C.  
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The biocompatibility of various niosome made up of span 20, span 40 and span 60 were evaluated on 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



NIH 3T3 cell line. All niosome exhibited biocompatibility up to 0.5 mg/ml. Span 40 niosome has 
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exhibited higher biocompatibility when compared to span 20 and 60                           (Fig. S5 A,B). The 
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biocompatibility of IR 806 dye, NioIR and NioIR-C were assessed with normal cell lines (NIH 3T3 and 
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L929). It was observed that IR  806 dye showed 86-96% viability with normal cell lines. The NioIR-C 
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and NioIR exhibited 75.45% and 61.27% cell viability with NIH 3T3 cells whereas, 97.82% and 97.36% 
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cell viability with L929 cells, respectively (Fig. 7A, B, S6). These findings were similar to the earlier 
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literature reports suggesting the varying response in cytotoxicity of L929 and NIH 3T3 cell line due to its 
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sensitivity [45,46]. It is also reported that the difference in the cytotoxicity of these two cell lines could be 

F ig. 11:   Fluorescence based live dead assay in MCF 7 cell line after localized laser mediated cytotoxicity of 

IR  806, NioIR, and NioIR-C, using acridine orange and propidium iodide (AO/PI) staining. All the scale bars 
were 50 µm. 
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due to metabolic activity [47].     L929 cell line is known to be active metabolically than NIH 3T3, thus 
exhibiting less cytotoxicity.  The chitosan coating on NioIR further aided in enhancing the 
biocompatibility of the nanosystem [48]. 
The intracellular uptake of IR 806 dye (Both in a free and encapsulated form) was evaluated in MCF-7 
cancer cell line; it was observed that within 5 h of incubation a significant amount of   IR 806 dye was 
taken up by cells in NioIR and    NioIR-C treated groups. Four and two fold increase in the uptake was 
seen in NioIR-C and NioIR, respectively, when compared with IR  806 dye (Fig. 8 A,B) [50]. The 
fluorescence microscopy analysis was also performed to evaluate the intracellular uptake of the 
nanosystem by the cancer cell lines (MCF 7).  Nile red (model dye) was added to the nanosystem to 
visualize the intracellular uptake. As shown in                              Fig. 9, cells treated with Nile red 
entrapping niosomes coated with chitosan (NioIR-C) exhibited enhance fluorescence when compared 
with only dye and (NioIR) treated cell line.       These findings are in accordance with the literature 
reports suggesting minimal uptake of sulfonated cyanine dyes by cancer cells [12].      The enhanced 
intracellular uptake of IR 806 in NioIR and NioIR-C treated groups could be attributed to nanoparticle 
mediated delivery of the dye[50,51]. The surface charge of the nanoparticle plays a major role in 
enhancing cellular uptake. The chitosan coating, due to its –NH2 bonds imparts positive charge on the 
surface of the nanoparticles enhances the uptake of nanoparticles through electrostatic interaction between 
the cell membrane and chitosan [52–56]. Hence, the higher uptake observed in the cancer cells treated 
with NioIR-C could be attributed to the presence of chitosan on the surface of the nanoparticles.  
 
IR 806, NioIR, NioIR-C were then evaluated for the photothermal mediated cytotoxicity in breast cancer 
cell lines (MCF-7 and MDA-MB 231).         As shown in Fig. 10 A,B, IR  806 dye treated group 
exhibited 71.65±3.18 % and 92.86±2.32% cell viability in MCF-7 and MDA-MB 231, respectively. In 
NioIR treated group,       40.73±3.95 % and 42±2.14 %cells were viable in MCF-7 and MDA-MB 231, 
respectively.   Whereas in NioIR-C treated group, 51.75±3.89% and 58.05±2.89 % cells remained viable 
in      MCF-7 and MDA-MB 231 cells, respectively. After 5 min of laser irradiation, a significant amount 
of cell death was observed in all the treated groups. Among all groups, NioIR-C showed a significant 
decline in cell viability to         92-96 % in both MCF-7 and MDA-MB 231 cells, followed by NioIR, 
showing 70-82 % cell death in MCF-7 and MDA-MB 231. However, the  IR  806 dye treated group 
showed 34-48 % of cell death in both MCF-7 and MDA-MB 231. 
 
The live/dead fluorescence cell imaging revealed that cells treated with IR  806 dye, NioIR and NioIR-C 
cause selective damage to cancer cells at the site of laser irradiation (Fig. 11).                      This suggested 
that encapsulation of IR 806 dye in niosome coated with chitosan significantly enhances selective 
cytotoxicity as well as improves photothermal effect in breast cancer cells. 
 

F i g. 12:  Bright field microscopic imaging after laser mediated cytotoxicity in MCF-7 cell line monolayer 
with alcian blue staining. All the scale bars were 50 µm. 
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To further assess its effect on glycoproteins (Mucin) in MCF-7 cell monolayer, cells were treated with IR  
806, NioIR and NioIR-C.                 A significant disruption of the monolayer was observed in cells 
treated with NioIR-C + Laser. This finding suggests that the NioIR-C were capable of adhering to the cell 
monolayer and inflicting localized damage upon laser irradiation (Fig. 12).  

 

4. CONCLUSIONS 

In summary, we have developed chitosan coated biodegradable non-ionic surfactant based bilayer 
vesicles (Niosome) entrapping IR 806 dye    (NioIR-C). NioIR-C enhanced photothermal transduction 
efficacy of IR 806 dye and exhibited prolonged hyperthermia, which otherwise was not observed in IR  
806 dye. NioIR-C were also found to exhibit efficient PTT and mucoadhesive potential. Thus NioIR-C 
can form an efficient nanosystem for selective killing of breast cancer cells.  
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