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Green synthesis of folic acid-conjugated gold nanoparticles with 

pectin as reducing/stabilizing agent for cancer theranostics† 

Raja Modhugoor Devendirana, Senthil kumar Chinnaiyanb, Narra Kishore Yadavb, Ganesh Kumar 

Moorthyc, Giriprasath Ramanathana, Sivakumar Singaravelua, Uma Tirichurapalli Sivagnanama*, 

Paramasivan Thirumalai Perumald* 

In the present study pectin, a natural polysaccharide was employed for the one pot aqueous synthesis of gold nanoparticles 

(GNPs). Pectin acted concurrently as both a reducing and stabilizing agent. The formation of pectin reduced GNPs (Pec-

GNPs) was confirmed by using a UV-visible spectrophotometer, with a characteristic surface plasmon resonance (SPR) 

band at 527 nm. EDS analysis proved the presence of gold in the sample. Spherical morphology and crystalline nature of the 

Pec-GNPs was demonstrated by TEM analysis. The FTIR spectrum revealed the capping of pectin on the surface of 

synthesised GNPs. Furthermore, the Pec-GNPs are found to be stable at different pH and electrolytic conditions. In vivo 

safety of the Pec-GNPs was established through zebra fish toxicity studies. Cationic drug doxorubicin was successfully 

loaded on the synthesized anionic Pec-GNPs by ionic complexation interaction. In-vitro release studies confirmed the pH 

dependent sustained release of the doxorubicin. Doxorubicin loaded Pec-GNPs exhibited enhanced in vitro cytotoxicity on 

the breast cancer cells over that of free doxorubicin, demonstrating that Pec-GNPs are efficient vehicles for the delivery of 

doxorubicin. Further Chitosan coupled with Folic acid (FA) was decorated with Pec-GNPs-DOX as a nanocarrier to 

improve the targeting and enhance the drug delivery to target cancer tissues by folic acid receptor-mediated endocytosis. It 

was concluded that the FA@Pec-GNPs-DOX were biocompatible and suitable for anti-cancer drug delivery, and were 

potentially promising as a new therapeutic system for cancer treatment. 
 

1. Introduction 

Cancer of the colon and rectum is one of the third most leading 

cancer causes 40 % of death in the world. Colon cancer cells when 

spread outside the colon or rectum to lymph nodes, they will reach to 

other lymph nodes, liver and many organs.1 However the treatment 

of colon cancer includes surgery, radiofrequency ablation, 

cryosurgery, chemotherapy, radiation therapy. Thus, effective 

treatment demands increased dose size, which may lead to extreme 

consequences. To improve this situation, pharmaceutical 

technologists have been working on metallic nanoparticles to deliver 

the drug more efficiently to the colon, where it can target the tumor 

tissues.2 

Among the variety of metal nanoparticles, gold based nanomaterials 

are most extensively studied due to their unique optical, electronic 

characteristics and excellent biocompatibility.3 GNPs have wide 

variety of biomedical applications including drug delivery, medical 

diagnosis, photothermal therapy and biosensors.4-7 GNPs 

synthesized by conventional chemical and physical methods are 

mostly not suitable for biological applications as traces of unreacted 

reagents, or unwanted by-products are present in the colloidal gold 

solution prepared by these methods.8 

Thus, recently much emphasis has been given to green synthesis 

methods in which non-toxic solvents and environmentally benign 

reducing and stabilizing agents was employed for the synthesis of 

GNPs.9, 10 Various plants,11 polymers such as gellan gum,12 

chitosan,13 starch,14 hyaluronic acid15 and gum Arabic,16 guar gum17 
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were used as reducing or stabilizing agents in the green synthesis of 

GNPs. Hydroxyl groups, hemiacetal reducing ends and other 

functionalities present in the natural polysaccharides play vital roles 

in both reduction and the stabilization of inorganic nanoparticles.18 

Moreover, GNPs stabilized using different natural polymers are 

considered to be safe and biocompatible for various pharmaceutical 

and biological applications.19 There is a continuous search for 

suitable functionalizing agents for GNPs which play a dual role as 

effective reducing agent and promising stabilising agent, within an 

unprecedented reaction step. 

Pectin (Pec) a structural plant polysaccharide contains 1, 4-linked α-

D-galacturonic acid residues and finds an intensive application in the 

field of biomedicine due to biodegradable, biocompatible, and non-

toxic characteristics.20-22 By considering the importance for green 

synthesis and realizing the potential use of pectin in drug delivery, 

we have examined the synthesis of GNPs using pectin as both 

reducing and stabilising agent.  

The use of pectin as reducing and capping agent to prepare GNPs in 

aqueous solutions is attractive as the procedure does not need the use 

of toxic chemicals and will yield GNPs that are biologically 

compatible and also suitable for drug delivery applications. Another 

major advantage of using pectin was that it will give the net anionic 

charge on the GNPs which could be exploited for easy loading of 

cationic drugs on Pectin reduced GNPs (Pec-GNPs) by simple 

electrostatic interaction. Reports are very few regarding the green 

synthesis of metal nanoparticles using pectin as both the reducing 

and stabilizing agent. For example, synthesis of iron oxide 

nanoparticles using pectin as the stabilising agent has been 

described. 23  

The GNPs using microwave-assisted irradiation provided to have 

rapid and uniform heating with increased reaction kinetics and 

significantly improved experimental efficiency of the green synthetic 

methods.24-26 

Doxorubicin (DOX) is a well-known antineoplastic drug effectively 

used for the treatment of various types of cancers.27 To improve the 

safety and therapeutic efficacy of DOX, it can be delivered using 

specially designed nanocarriers that will selectively favor its 

accumulation in the target site and limit its distribution into healthy 

tissues. 

The targeted drug delivery systems can lead to the reduction in the 

therapeutic dose of a drug and its toxic side effects. In addition, 

folate receptors (FR) were over-expressed in various human cancers, 

than most of the normal tissues.28-29 Folic acid (FA) is a commonly 

used as folate receptor ligand as it is a stable, low-cost, and poorly 

immunogenic moiety having a very high affinity for the FR.30 The 

decoration of nanocarriers with FA will improve the targeting ability 

of nanocarriers and enhance the drug delivery to target cancer tissues 

by folic acid receptor-mediated endocytosis with an intracellular 

delivery of anticancer agents than using a cell membrane marker 

which was not cell internalized.31, 32 

In the present work DOX loaded on the pectin reduced GNPs and 

further decorated with chitosan coupled folic acid for the evaluation 

of anticancer activity against colon cancer cell line through specially 

designed nanocarriers. 

2. Experimental methods 

The chloroauric acid solution, Doxorubicin hydrochloride, Pectin, , 

Chitosan (Molecular weight 150 kDa, deacetylation degree 85%), 

Folic acid, RPMI 1640 medium and 3-(4, 5- dimethylthiazol-2-yl)-2, 

5-diphenyltetrazolium bromide (MTT), EDC, was purchased from 

Sigma–Aldrich, USA and used without further purification. NIH-

3T3 fibroblasts and HT-29 colon cancer cells procured from 

National Centre for Cell Sciences (NCCS), Pune, India. E3 medium, 

a standard medium to work with Zebra fish embryos; (34.8 g NaCl, 

1.6 g KCl, 5.8 g CaCl2.2H2O, 9.78 g MgCl2.6H2O,to prepare a 60 X 

stock solution. Dissolve the given amount of salts in 2 L of water. 

Adjust the pH to 7.2 with NaOH and autoclave it. To prepare 1X 

medium, dilute 16.5 mL of the 60 X stock solution to 1 L using 

sterile water). All experiments were performed in compliance with 

Committee for the Purpose of Control and Supervision of 

Experiments on Animals guidelines (CPCSEA), and performed after 

the approval from the Institutional Animal Care and Use Committee 

(IACUC). 

Synthesis of pectin reduced gold nanoparticles 

GNPs were synthesized by reducing the 1mM HAuCl4 solution with 

0.5 % w/v aqueous pectin solution (PS) by under microwave 

irradiation. 0.5 g of pectin was dissolved in 100 mL of distilled 

water and varying volumes of PS was added to 0.2 mL of 1 mM of 

HAuCl4 solution and stirred well at room temperature. Followed by 

the microwave irradiation with the power of 700 W and heated for 8-

10 min. The reaction mixture turned red wine colour indicating the 

formation of pectin reduced GNPs (Pec-GNPs). UV- Visible 

spectroscopic analysis was performed to confirm the formation of 

GNPs. Pec-GNPs was purified by removing the excess unreacted 

pectin by repeated washing with centrifuge operated at 18000 rpm 

for 20 min and the pellet was redispersed in deionised water. ICP-

OES analysis was performed to know the concentration of gold in 

the sample.  
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Characterization techniques 

Change in color was observed in the reaction mixture and the UV–

visible spectra of the red solutions were recorded in a quartz cuvette 

with Analytica Jena UV-visible spectrophotometer, Germany. 

Morphology of the synthesized Pec-GNPs was analysed by FE-SEM 

analysis. Pec-GNPs solution was drop-cast on aluminium foil and air 

dried at 25 °C. The micrographs were taken in a Field emission 

Scanning electron microscope equipped with energy-dispersive X-

ray spectroscopy. HRTEM images were recorded using FEI Tecnai 

G2 F20 S-Twin Transmission electron microscope. For the TEM 

analysis aqueous solution of synthesized GNPs was dropped onto a 

copper grid, dried under vaccum and micrographs were taken. The 

mean particle size was measured by Photon correlation spectroscopy 

(PCS) (Malvern Instruments 3000SH, UK).The sample was diluted 

with double distilled water to an appropriate scattering intensity. The 

surface charge of Pec-GNPs was determined by measurement of zeta 

potential. The lyophilized powder of Pec-GNPs was subjected to X-

ray diffraction analysis (Seifert JSO-Debye flex 2002) at an 

operating voltageof 40 kV and a current of 30 mA with Cu Kα1 

radiation (wavelength= 1.54056 Å). FTIR analysis was performed 

for freeze-dried Pec-GNPs, polymer pectin, DOX, Pec-GNPs-DOX 

and FA@Pec-GNPs-DOX. FTIR analysis of the samples was 

performed in an ABB 3000 Fourier transform infra-red spectrometer 

between 4000 and 400 cm−1 using KBr pellet technique. 

In vitro stability studies  

0.5 mL of Pec-GNPs was incubated with 750 µL of buffers (pH 1.2, 

pH 4.5, pH 6.8 and pH 7.4), normal saline. The 0.5 mL of Pec-GNPs 

incubated with deionized water was consider as control. The samples 

were kept at 37 °C for 48 h and were analyzed by UV-spectroscopy.  

In vitro biocompatibility studies 

In vitro cytotoxicity evaluation of Pec-GNPs was performed using 

fibroblasts cells. 1 X 104 Cells at the log phase were seeded in wells 

of the cell culture platecontaining DMEM medium and were 

incubated for 24 h at 37 °C and 5 % CO2 environment. Various 

concentrations of Pec-GNPs (50, 75, 100, 125, 150 µM) were added 

to the wells containing fibroblast cells and incubated in CO2 

incubator. Each test concentration was added to the test wells in 

triplicate manner. After 24 h incubation, MTT dye solution was 

added and kept for 4 h, and the formazan crystals so formed were 

dissolved using DMSO. The intensity of purple color was measured 

by micro plate reader at 570 nm wavelength. Untreated cells were 

considered as control. 

 

 

In vivo Zebra fish toxicity studies 

Zebra fish strains are maintained in clean water tanks in a 14 h 

light:10h dark cycle and allowed for natural mating. The resulted 

zebra fish embryos were collected and washed with E3 medium.    

10 healthy embryos 6 h post-fertilization (hpf) was transferred per 

well in 96 well plates. Pec-GNPs diluted to a range of concentrations 

(200 , 450, 600, 800 and 1000 nM) were added to wells containing 

zebra fish embryos and the plates were incubated. Percentage 

hatching rate and percentage survival rate was calculated to assess 

the toxicity effects of Pec-GNPs on zebra fish embryos. Moreover 

phenotype of the zebra fish embryos at 96 hpf was also studied using 

stereo microscope to find out the developmental abnormalities to 

understand the in vivo toxicity of Pec-GNPs. 

Encapsulation efficiency 

0.5 mL of stock solution (1mg/mL) of DOX was added to 2 mL of 

Pec-GNPs solution and kept under stirring for 8 h at 4 °C. 

Percentage drug loading was calculated by indirect method. The 

unbinded DOX was removed by centrifugation process 18000 rpm 

for 15 min. Unbinded DOX in the supernatant was determined by 

UV-Visible spectrophotometrically by measuring at 485 nm. The 

percentage drug loading was calculated by using the following 

formula. 

%	Encapsulation	efficiency	

=
���	��	���	�����	�������� 	–���	��	"�������	���	��	#"$�%������

���"��	��	���	�����	�������� 

× 100									 

Folic acid conjugation on DOX-Pec-GNPs 

Folic acid (FA) (50 mg) was disloved in 10 mL of 0.1 M of NaOH 

together with EDC (molar ratio 1:1) and kept under stirring for 3 h. 

To this add, 0.5% (w/v) chitosan solution (1% acetic acid) was 

added to this mixture and allowed to stir for 24 h, followed by 

dialysis against water to remove unreacted EDC, FA from Chitosan-

FA conjugates. 10 mg of Chitosan-FA conjugate was added to Pec-

GNPs-DOX and allowed to stir for 12 h followed by centrifugation 

to form folic acid functionalised DOX loaded GNPs (FA@Pec-

GNPs-DOX). 

The percentage of modified amino groups on the chitosan was 

determined by 2, 4, 6-Trinitrobenzene sulfonic acid (TNBSA) assay 

by detecting the remnant amino group on the chitosan molecules. 

The percentage of modified amino group on the chitosan was 

calculated by the following equation 

)�������	$�%*����+�		,%- =
./0.1

./
�100  

Where It and If were the absorbable intensity of the chitosan and 

chitosan conjugated with folic acid , respectively. 
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In vitro drug release characteristics 

Briefly FA@-Pec-GNPs-DOX was taken in dialysis bag and 

immersed in 25 mL of phosphate buffer pH 7.4. The entire system 

was kept at 37 °C with continuous stirring at 50 rpm. sample was 

withdrawn at specific time intervals and DOX released was analyzed 

spectrophotometrically. Equal volume of fresh buffer was added 

every time after sample collection to maintain sink condition. The 

release studies were performed in triplicate. 

Evaluation of anti-cancer activity using HT-29 cells 

The cytotoxicity of DOX, Pec-GNPs-DOX, FA@Pec-GNPs-DOX 

on HT-29 cells was determined by conductingstandard MTT assay. 

HT-29 cells (1 × 105 cells / well) were seeded in cell culture plates 

containing in RPMI-1640 medium and incubated at 37 °C, 5 % CO2. 

Known concentrations (200, 400, 600, 800, 1000 and 1200 nM) of 

Pec-GNPs-DOX, FA@Pec-GNPs-DOX (equivalent to DOX) and 

free DOX was added to HT-29 cells and incubated. After 48 h the 

medium was removed and MTT solution was added and incubated 

for 4 h. After 4 h, DMSO was added to solubilise formazan crystals. 

The absorbance at 570 nm was measured using multiplate reader and 

cell viability was calculated. IC50 concentration (concentration 

required for the inhibition of 50 % cell population) was found out to 

understand the cytotoxic activity of FA@Pec-GNPs-DOX. Cells 

incubated at same conditions without the test samples were 

considered as control. All experiments were performed in triplicate. 

%	cell	viability =
4567859:;<	7=	><6>	?<@@

4567859:;<	7=	;7:>87@	?<@@
	× 100  

Apoptotic assay  

The HT-29 cells were plated in 96 well plates (1x104 cells/well) and 

incubated at 37 °C in a humidified atmosphere of 5 % CO2 

incubator. Free DOX, Pec-GNPs, FA@Pec-GNPs-DOX were added 

in the wells and tested for their apoptotic activity. After incubation 

10 µL of the AB/EB dye mixture (100 µg/mL of AO and 100 µg/mL 

of EB in phosphate buffer saline) was added to each well. The basic 

principle of live dead assay involves the usage of two fluorescent 

dyes acridine orange and ethidium bromide which specifically binds 

with live and dead cells, giving green and red fluorescence 

respectively. The excitation and emission maxima for acridine 

orange and ethidium bromide are 500/530, and 510/595 respectively. 

The apoptotic, necrotic and live cells were examined under the 

fluorescence microscope (OlympusCK40/U-RFLT50, Olympus, 

Japan). The experiment was performed in triplicate and the apoptotic 

cells were calculated. 

 

 

DNA fragmentation analysis 

HT-29 cells (1 × 106 cells) of log phase were seeded in to 6 well 

plates. The cells were treated with IC50 concentration of the 

FA@Pec-GNPs-DOX and incubated. At the end of incubation cells 

were harvested and collected together along with non attached cells 

for the analysis of genomic DNA. The cells were shaken and cleared 

by centrifugation at 13000 rpm for 10 min. Cells were again 

suspended in 0.5 mL of lysis buffer (50 mM Tris–HCl, 100 mM 

EDTA, 0.5 % sodium dodecyl sulfate (pH 8.0) containing              

0.1 mg/mL RNase A. After 30 min incubation at 37 °C, cells were 

treated with 1 mg/mL proteinase K for 10 min at 37 °C. DNA was 

extracted with phenol/chloroform and isoamylalcohol.DNA was 

precipitated using ethanol. By using 20 µL of TE buffer (10 mM Tris 

pH 7.5, 1 mM EDTA) DNA pellets were dissolved. By 

electrophoresis on a 1.5 % agarose gel for 1h at 80 V NA the 

samples were separated. The gel was stained with ethidium bromide, 

visualized under UV light, and photographed.  

Western blot analysis 

1×105 HT-29 cells at log phase were seeded onto 6-well plates. Cells 

were then treated with IC50 concentration of FA@Pec-GNPs-DOX 

and incubated for a period of about 48 h. After 48 h cells were 

collected by trypsinization (cell lysis buffer containing 0.05 mol/l 

Tris–HCl (pH 7.5), 0.15 M NaCl, 0.001 mol/L PMSF, 0.001 M 

EDTA (pH 8.0), 1 % Triton X-100, 0.1 % SDS, 2 µg/mL leupeptin) 

and washed 3 times with PBS, and then centrifuged at 12000 rpm for 

5 min at 4°C. The extracted protein samples (10 µg total 

protein/lane) were added in 5 times the volume of sample buffer and 

subjected to denaturation at 100◦C for 10 min, then electrophoresed 

on SDS-PAGE (8 % for Bcl-2, 15%, caspases-3, and -9, β -actin) at 

200 V for 45 min, and finally transferred on to PVDF membrane. 

The PVDF membrane was treated with PBS containing 5% skimmed 

milk at room temperature for 1h and then incubated with the primary 

antibodies anti Bcl -2 (dilution 1:2000), mouse monoclonal primary 

antibodies against anti-human Caspase 3 (1:2000), anti-human 

Caspase (1:2000), anti-humanBax (1:2000), anti Bcl 2 (1:1000), at 

37 °C for 1 h at 4 °C overnight. After being washed 3 times with 

PBS for 15 min, 10 min, and 10 min respectively, the corresponding 

secondary antibody (dilution 1:2000) was added to it and incubated 

at room temperature for 1 h. The membrane was then washed 3 

times for 15 min, 10 min, and 10 min respectively. After reacting 

with horseradish peroxidase-conjugated goat anti-mouse antibody, 

the immune complexes were visualized by using the 

chemiluminescence ECL PLUS detection reagents following the 

manufacturer’s procedure.  
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Flow cytometric analysis 

Cell cycle analysis was performed by cellular DNA content of     

HT-29 cells in the flow cytometer. HT-29 cells were grown to 

exponential phase, seeded at a density of 1 × 106 cells / six well dish, 

and treated with the IC50 concentration of FA@Pec-GNPs-DOXfor 

24 h. After treatment, the cells were collected by trypsinization, and 

fixed in ice-cold 70 % ethanol at −20 °C overnight. The cells were 

resuspended in PBS containing 1 % Triton X-100, 0.5 mg/ml of 

RNase and 4 mg/mL of PI at 37 °C for 30 min in dark room. 

Samples were analyzed for DNA content of 10000 cells per analysis 

using FACS Calibur flow cytometer, immediately after incubation 

(Becton Dickinson, San Jose, CA). The cell cycle was determined 

and analyzed using cell quest software. 

3. Results and discussion 

UV-Visible spectroscopic analysis 

The UV-Visible spectrum of the synthesized Pec-GNPs. On 

microwave irradiation, reduction of Au 3+ was visually confirmed as 

the reaction mixture finally turned to red colour within 10 min. Pec-

GNPs were formed rapidly on microwave irradiation using pectin as 

reducing and stabilizing agent. Usually the microwave assisted 

method of synthesizing metal nanoparticles was advantageous as it 

will generate uniform localized heat at the reaction sites of the 

mixture and cause homogeneous nucleation and thereby increasing 

the rate of reaction resulting in the quick reduction of metal salts.[33, 

34 The absorption spectra of Pec-GNPs were observed in the range of 

500-600 nm (characteristic surface plasmon resonance zone of 

GNPs).35 λmax was occurred at 527 nm, which corresponds to the 

GNPs SPR band. Over all the UV- visible spectral analysis 

confirmed the formation of gold nanoparticles. 

The optimum volume of PS needed for the reduction of HAuCl4 

(1mM), with their corresponding SPR was measured by UV-Visible 

spectroscopic analysis after microwave irradiation for 10 min.The  

  

Fig. 1 UV-Visible spectra of Pec-GNPs  

 

Fig. 2 (a) FE-SEM image of Pec-GNPs; (b) EDS of the Pec-GNPs 

increase in intensity of the gold SPR band is quite distinct when PS 

volume was increased. The reason behind increase in intensity of 

SPR band with the increase in PS volume is because of the fact that 

the increase in number of pectin molecules facilitated the increased 

Au3+ reduction. Moreover from the UV–Vis spectra of Pec-GNPs 

(Fig.1) it is clear that at lower pectin volumes the SPR peak was 

broader indicating the presence of GNPs with broader size 

Distribution.36 A blue shift was occurred in the SPR peak with the 

increasing volume of PS indicating the formation of smaller GNPs at 

higher volumes of PS. However, further increase in volume of PS to 

1.2 mL lead to reduction in SPR peak intensity. It was decided that 1 

mL of PSwas the optimum volume which was sufficient to reduce 

the Au3+ used in the reaction. A possible reason was that there was a 

saturation point between the pectin and HAuCl4, which implied that 

the higher volumes of pectin solution inhibited the reduction process, 

and thus decreased the particle formation. 

FE-SEM with EDS analysis 

FE-SEM of Pec-GNPs under study is shown in Fig. 2(a) and it was 

found that Pec-GNPs have spherical morphology with narrow size 

distribution. Characteristic peak corresponding to Au was appeared 

in the EDS spectrum (Fig. 2(b)) and it confirmed the presence of 

gold in the sample. Other peaks corresponding to carbon and oxygen 

might have appeared due to the pectin polymer which was present on 

the surface of the GNPs as capping agent. 

TEM analysis 

TEM images Fig. 3(a-c) synthesised by microwave irradiation 

revealed that the most of the Pec-GNPs have nearly spherical shape 

and the average size was found to be 34±8 nm. The selected area of 

electron diffraction pattern (SAED) of the Pec-GNPs showing the 

bright circular rings which corresponds to crystal lattice planes 

(111), (200), (220) and (311) of gold nano crystals (Fig. 3(d)) 

indicating that the synthesized GNPs are highly crystalline in nature. 
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Fig. 3 (a-c) TEM image of Pec-GNPs, (d) SAED pattern of Pec-GNPs  

 

Fig. 4 (a) Particle size analysis of (a) Pec-GNPs by PCS showing the nanoparticles 

size distribution; (b) FA@Pec-GNPs-DOX by PCS showing the nanoparticles size 

distribution (c) Zeta potential distribution of Pec-GNPs; (d) Zeta potential 

distribution of Doxorubicin loaded Pec-GNPs 

Particle size and Zeta Potential measurement 

Average particle size of the Pec-GNPs and FA@Pec-GNPs-DOX 

was measured by PCS and it was found to be 56.17 nm and 150.5 

nm (Fig. 4(a) and 4(b)). The particle size obtained from PCS 

analysis for Pec-GNPs and FA@Pec-GNPs-DOX was found to be  

56±3 nm and 150±4 respectively. The qualitative analysis of the size 

of the nanoparticle was done by PCS analysis and observed to have 

difference of 94 nm thickness. This corresponds to the coating of 

FA-chitosan and drug over the surface of the Pec-GNPs. The Pec-

GNPs exhibited to possess slightly bigger size PCS than TEM 

analysis (34 ± 8 nm). Samples were analyzed in dry state during 

TEM analysis whereas in PCS analysis hydrodynamic diameter of 

the nanoparticles were measured in liquid medium and therefore 

increase in particle size probably due to the swelling of hydrophilic 

pectin capped on the GNPs surface. Similar results were observed  

 

Fig. 5 XRD diffraction pattern of Pec-GNPs 

during the synthesis of GNPs using heparin,37 pullulan, 38, 39 and 

chitosan.40  

Zeta potential of the synthesized Pec-GNPs was found to be              

-30.7 mV (Fig. 4(c)) and it gives the valuable information about the 

stability of colloidal aqueous dispersions. In general colloidal 

solutions having zeta potential above +30 mV or below −30 mV are 

considered stable.41 Negative zeta potential of synthesized Pec-GNPs  

can be ascribed to the capping by anionic pectin. Accordingly it was 

understood that Pec-GNPs were highly stable. Similarly zeta 

potential of DOX-Pec-GNPs was found to be -21.3 mV (Fig. 

4(d)).The decrease in the zeta potential can be attributed to the DOX 

loading on the surface of Pec-GNPs .Earlier it was observed a slight 

reduction in zeta potential during the loading of positively charged 

DOX on anionic GNPs. 42
 

XRD Analysis 

The X-ray diffraction pattern of Pec-GNPs formed by the reduction 

of HAuCl4 with Pectin and irradiated with microwaves. The Bragg’s  

reflection peaks at 2θ =37˚, 43˚, 65˚ were predominant and can be 

indexed as (111), (200), (220) reflections of fcc structures of metallic 

gold. The results were comparable to the reported standard data 

(JCPDS file no. 04-0784) confirming that the GNPs were crystalline 

in nature (Fig. 5). 

Determination of modified amino group and FTIR spectroscopy 

The percentage of the modified amino group of the chitosan 

molecules exhibited about 58 %.43 The modified percentage of 

amino group were found to be medium and further they used for the  

preparation of FA@Pec-GNPs-DOX.  

FTIR spectrum of folic acid (Fig. 6(a)) showed characteristic IR 

bands at 1699, 1607 and 1483 cm-1 which are corresponding to the 

C=O, amino group in the pteridine ring and C=O or C=N bonds 

present in Folic acid. Similarly FTIR spectrum of chitosan (Fig. 6 

(b)) the characteristic peaks were observed at 3484 cm-1 (O-H stretch 

overlapped with N-H stretch), the absorption peaks in 1660 and  

1604 cm-1 (amide I amide II group). Significant difference is  
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Fig. 6 FT-IR spectral analysis [a] Folic acid; [b] Chitosan; [c] Folic acid conjugated 

chitosan ; [d] Doxorubicin; [e] Pectin; [f] Pectin reduced GNPs; [g] Doxorubicin 

loaded pectin reduced GNPs; [h] Folic acid funtionalized Doxorubicin loaded 

pectin reduced GNPs. 

observed between the IR spectra of chitosan and chitosan conjugate 

folic acid. It can be seen (Fig. 6 (c)). The absorption peak at 1630 

and 1026 cm-1 which belong to the vibration of C-N. The absorption 

peak of amide at 1660 cm-1 of chitosan shifts to 1630, which is 

overlapped with the absorption peak of the newly formed C-N bond 

which clearly indicates the coupling of folic acid to the chitosan.Fig. 

6(d–h) represents the FT-IR spectraof Doxorubicin, Pectin, Pec-

GNPs, Pec-GNPs-DOX and FA@Pec-GNPs-DOX respectively. 

Pectin show characteristic peaks at 3000-3600 cm−1 indicated OH 

stretching, 2939 cm−1 corresponding to CH, 1748 cm−1 indicated 

carbonyl (C=O), and 1050 cm−1 corresponding, respectively –COC– 

stretching of the galactouronic acid. Similarly some typical 

characteristic peaks of pectin were found at 881 cm−1 (pyranose 

ring), 1274 cm−1 (C–O dilatation vibration), 1453 cm−1 (–CH3 

antisymmetric deformation or the –CH2– symmetric 

deformation.42,44 Characteristic peaks of doxorubicin was found at 

3524 cm−1indicated the OH stretching, 2930 cm−1 indicated NH3+ 

stretching 1724 cm−1, 1615 cm−1, 1580 cm−1 indicated the C=O 

stretching and the peaks found at 1000-1260 cm−1 (C-O stretching of 

alcohol) and 675-900 cm−1 (out of plane O-H bending).45, 46 

Moreover presence of the characteristic peaks of pectin and 

doxorubicin with small shifts in Pec-GNPs and Pec-GNPs–DOX 

confirmed the presence of pectin and doxorubicin on the synthesized 

GNPs. Characteristic DOX- N-H group peak shifted to a higher 

value from 1615 to 1629 cm−1 confirms the interaction between 

doxorubicin and capping agent pectin. From the various literatures it 

was understood polysaccharides acts as reducing and stabilizing 

agents in the synthesis of metallic nanoparticles through different 

mechanisms.47 Hydroxyl groups and carboxyl groups which are 

abundantly present in polysaccharides play a vital role in reducing 

HAucl4 and stabilising the Au (0). Specifically the oxidation of 

hydroxyl groups to carbonyl groups cause the reduction of Au3+ to 

Au0 [54]. Moreover polysaccharides hydrolyze to some extent into 

monosaccharides, which in turn exist in cyclic and acyclic (aldehyde 

form) forms in aqueous medium. The aldehyde group may be 

responsible for the reduction of the metal ions.48 Thus at this point of 

time it can be believed that pectin (a plant polysaccharide) acted as 

excellent self-reducing and self-stabilizing agent through these one 

or more mechanisms and caused the reduction of HAucl4. But this 

observation toward different mechanisms has to be investigated 

further. 

In vitro stability studies 

The UV–Visible spectra of the Pec-GNPs incubated with different 

buffers and saline was shown in Fig. 7. There is a slight shift in the  

λ max of about 4 nm in the Pec-GNPs samples which were incubated 

with various biological buffer solutions (pH 4.5, 6.8 and 7.4) and 

normal saline. But in case of Pec-GNPs, incubated at pH 1.2 there is 

a shift in the λ max of about 8 nm with reduced peak intensity was 

observed.49 Over all the results imply that Pec-GNPs possess  

 

Fig. 7 UV–visible spectra of Pec-GNPs incubated with different buffers and saline  
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Figure 8 In-vitro biocompatibility studies showing the percentage cell viability of 

fibroblast cells incubated with Pec-GNPs. (Mean ± S.D; n=3) 

 

Fig. 9 (a) Graph representing the toxicity of Pec-GNPs in terms of hatching rate of 

larvae exposed to Pec-GNPs; (b) graph representing the toxicity of Pec-GNPs in 

terms of survival rate of larvae exposed to Pec-GNPs. (*p < 0.05; data presented 

are mean ±SD, n =3; (c). Morphologic analysis of Pec-GNPs in vivo toxicity 

remarkable in vitro stability in biological fluids at various pH and 

thus amenable to various therapeutic applications.In vitro 

biocompatibility studies 

Since the synthesised Pec-GNPs were used as drug delivery carrier 

and so it becomes mandatory to establish their cytocompatibility. In 

vitro cytotoxicity of Pec-GNPs was analysed using fibroblast cell 

line and the results were shown in Fig. 8. After treatment with Pec-

GNPs, cell proliferation was assessed by MTT assay. Upon 

treatment with Pec-GNPs (50 to 150 µM), fibroblast cells showed 

more than 90 % viability which is almost comparable to the control 

(treated with PBS buffer (pH 7.4)) cells. This reveals that the pectin 

has provided a biocompatible coating onto GNPs and made them 

highly cytocompatible. Similar results were obtained for GNPs 

synthesised using biocompatible polymers such as bovine serum 

albumin50, and glycol chitosan.51 

In vivo Zebra Fish Toxicity studies 

Zebra fish possess a high degree of homology to the human genome 

and it was considered as an inexpensive and useful in vivo model to 

evaluate the nanomaterials toxicity.52, 53  

Zebra fish embryos were employed to understand the toxic effects of 

Pec-GNPs. The mortality rate and hatching rate was expressed in the 

Fig. 9(a) and Fig. 9(b). These studies clearly state, that there is no 

noticeable toxicity effect on hatching of Zebra fish embryos due to 

Pec-GNPs. Zebra fish embryos are transparent throughout every 

developmental stage and allowing direct observation of the 

development of all internal organs.54 

Pec-GNPs treated embryos were visualised using stereo microscope 

examination to study their morphology. Malformations such as 

pericardial oedema, yolk sac oedema, bent trunk and tail deformation 

was not seen in the Zebra fish embryos (Fig. 9 (c)). Hence, this 

investigation strongly suggests that the Pec-GNPs could be highly 

appropriate for biomedical and drug delivery applications. 

Encapsulation efficiency of DOX and in vitro drug release studies  

Doxorubicin was quickly encapsulated on the Pec-GNPs at room 

temperature. The negative charge of the Pec-GNPs has been exploited 

for encapsulating the positively charged doxorubicin on the GNPs 

surface through simple ionic interaction mechanism. Percent of 

encapsulation efficiency of DOX on to Pec-GNPs was determined 

based on DOX content in the supernatant after harvesting the DOX-

encapsulated GNPs from the DOX solution. The amount of DOX 

bound on Pec-GNPs was found to be 85.56 ± 5.78 % (Fig. S1) 

Doxorubicin binding on to Pec-GNPs was further confirmed by the 

red shift happened in the SPR band towards higher wavelength from 

527 nm to 535 nm.55, 56 (Fig. 10)  

In vitro release studies were performed under different pH conditions 

(pH 7.4 and pH 5.7) to measure DOX release from FA@Pec-GNPs- 

 

Fig. 10 UV-Visible spectra of [a] Pec-GNPs and [b] DOX loaded Pec-GNPs 
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Fig. 11 In vitro release profiles of DOX from the DOX-Pec-GNPs and free DOX at 

different pH pH5.7 and 7.4 at 37 ̊C. (Mean ± S.D; n=3) 

DOX (Fig. 11). These pH conditions were selected particularly in this 

study to resemble the physiological characteristics such as blood (pH 

7.4), acidic component of the tumour microenvironment and 

endosomes/ lysosomes. 56, 57 

Thet DOX release from FA@Pec-GNPs-DOX was found to be 

slower than the release of free DOX. As shown in Fig. 11 more than 

80 % of the free Dox was released in the first 4 h but the FA@Pec-

GNPs-DOX exhibited a slow and controlled release of the drug. 

Moreover, DOX release was found to be dependent on the pH of the 

medium. At the end of 24 h, 65 % of the DOX was released at pH 

5.7, whereas it was only 32% of DOX was released at pH 7.4. Thus, 

it is evident that FA@Pec-GNPs-DOX showed much faster DOX 

release at acidic pH than at physiological pH. Relatively low amount 

of DOX release from GNPs at pH 7.4 will ensure the decreased 

toxicity of DOX to the normal tissue. In general nanoparticulate 

delivery system exhibiting pH dependent release can be exploited for 

cancer drug delivery applications as the microenvironments of 

extracellular tissues of tumours and intracellular lysosomes and 

endosomes are acidic, and this acidity could facilitate active drug 

release from pH-dependent release carriers.58, 59  

Evaluation of Anti cancer activity 

Standard MTT assay was employed to assess the anticancer activity 

of the free DOX and Pec-GNPs-DOX against HT-29 cells. Cell 

viability was calculated from the absorbance values measured at the 

end of 48 h incubation period. MTT assay results were shown in    

Fig. 12 demonstrate the free DOX and Pec-GNPs-DOX and 

FA@Pec-GNPs-DOX showed an increasing cytotoxicity against 

HT-29 cells in a dose-dependent manner. 

The IC50 value for Pec-GNPs-DOX, FA@Pec-GNPs-DOX was 

found to be 351 and 240 nM respectively while that for free DOX  

 

Fig. 12 Evaluation of Anti cancer activity in HT-29 colon cancer cells by MTT assay 

(Mean ± S.D; n=3) 

was found to be 483 nm in HT-29 cells. It can be confirmed that 

enhanced efficacy was observed with Pec-GNPs-DOX and 

FA@Pec-GNPs-DOX on the HT-29colon cancer cells as the amount 

of DOX required to achieve 50% cell growth inhibition was much 

lower in the case of Pec-GNPs-DOX and FA@Pec-GNPs-DOX than 

free DOX. The superior cytotoxic activity of nanoparticulate 

doxorubicin could be due to the difference in uptake profile between 

free DOXO, Pec-GNPs-DOX and FA@Pec-GNPs-DOX into the 

HT-29 colon cancer cells. Usually free drug molecules were 

transported into the cytoplasm of the cancer cell, by in a passive 

diffusion process, pumps, but if the drug was loaded in the suitable 

nanocarriers (Pec-GNPs) drug can enter into the cells by endocytosis 

mechanism which will result in higher cellular uptake of the 

entrapped drug molecules. This particular mechanism explains the 

enhanced cytotoxic activity of Pec-GNPs-DOX than the free DOX 

and similar effect was reported elsewhere.60 

Similarly, it can be understood that comparatively FA@Pec-GNPs-

DOX showed better anticancer activity than Pec-GNPs-DOX. In the 

case of FA@Pec-GNPs-DOX, folic acid functionalized over the 

GNPs induced the particular binding of the GNPs to the folate 

receptors which were over expressed on the HT-29 cell surface. This 

binding might have facilitated the folate receptor-mediated 

endocytosis resulting in better cellular uptake of FA@Pec-GNPs-

DOXby the HT-29 cells and thus, FA@Pec-GNPs-DOX exhibited 

superior cytotoxic activity than Pec-GNPs-DOX and free DOX. 

Therefore, it can be said that FA functionalization of the DOX-

loaded Pec-GNPs played a significant role in enhancing the 

cytotoxic effect of DOX. 61, 62 
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Fig. 13 Apoptosis assay by AO/EB staining method 

Apoptosis Assay 

Staining experiment using acridine orange (AO) and ethidium 

bromide (EB) was performed to investigate whether the cell death 

was caused by apoptosis process after the treatment with FA@Pec-  

GNPs-DOX. AO will stain both live and dead cells and it fluoresce 

green when bound to double stranded DNA in living cells and 

fluoresce red when bound to single-stranded DNA which dominates 

in dead cells. Also, EB stains only cells which have lost their 

membrane integrity and emits red fluorescence.63, 64 Viable cells will 

have undamaged DNA and nucleus and exhibit round and green 

nuclei. Late apoptotic cells will have a fragmented DNA and exhibit 

red fluorescence. Microscopic images of the cells after staining were 

shown in Fig. 13. Control cells fluoresced uniformly green after the 

staining process indicating that they are in normal state. But HT-29 

cells which were treated with FA@Pec-GNPs-DOX showed 

distinctive changes such as alteration in the shape of cells, cytoplasm 

shrinkage, contracted nucleus and condensed chromatin confirming 

the occurrence of apoptosis. Moreover, Fig. 13 clearly exhibited to 

have tremendously decreased the number of viable cells with a large 

number of later apoptotic cells (red coloured cells) were observed in 

the case of HT-29 cell population treated with FA@Pec-GNPs-

DOX. Overall the results confirm that FA@Pec-GNPs-DOX caused 

a high degree of apoptosis than the free DOX. The cell-specific 

delivery of FA@Pec-GNPs-DOX was carried out through the 

apoptosis study in two different cell lines (HT-29 and NIH 3T3 

fibroblasts cells). HT-29 cells are positive for folate receptors (FR  

 

Fig. 14 Gel electrophoresis of DNA of HT-29 cells treated with. Lane 1: 1 kb 

ladder, Lane 2: control cells, Lane 3: Pec-GNPs, Lane 4: Free drug (DOX) Lane 5: 

FA@Pec-GNPs-DOX 

Positive) and NIH 3T3 cells lack folate receptors (FR negative). It is 

usually known that folic acid coupled GNPs will have high affinity 

towards FA receptors which were expressed high on the cancer cells 

and thus deliver the drugs specifically to the cancer cells. Fig. 13 

show that FA@Pec-GNPs-DOX did not produce any significant cell 

death confirming the cell-specific delivery characteristic of the 

folate-functionalized GNPs 

DNA fragmentation assay  

DNA was extracted from DOX, Pec-GNPs and FA@-Pec-GNPs-

DOX treated HT-29 colon cancer cells, and the presence of any 

necrosis was detected by agarose gel electrophoresis. It has been 

reported that during apoptosis, fragmented DNA gets fragmented 

and give rise to a series of bands called as “DNA ladders”.65 In     

Fig. 14 Lane 1 was loaded with the 1kb ladder. Lane 2, 3, 4 and 5 

were loaded with an equal amount of DNA extracted from control 

HT-29 cells, Pec-GNPs, DOX and FA@Pec-GNPs-DOX 

respectively. DNA fragmentation was observed in the lane treated 

with DOX, and FA@Pec-GNPs-DOX indicating apoptosis in HT-29 

cells. Moreover Fig. 14 Gel electrophoresis of DNA of HT-29 cells 

treated with Lane 1: 1 kb ladder, Lane 2: control cells, Lane 3: Pec-

GNPs, Lane 4: Free drug (DOX) Lane 5: FA@Pec-GNPs-DOX was 

observed.  However, DNA fragmentation has occurred to a greater 

extent in the sample of HT-29 cells treated with FA@Pec-GNPs-

DOX than DOX revealing that FA@Pec-GNPs-DOX effectively 

caused cell death as compared to free DOX.  

Cell cycle analysis 

FACS analysis was performed to understand the effect of FA@Pec-

GNPs-DOX on the progression of the cell cycle. The Flow 

cytometry results were showed in Fig. 15. It was observed that the  
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Fig. 15 Effects of FA@Pec-GNPs-DOX on HT-29 cell cycle analysis 

 

Fig. 16 Western blot illustrating the different protein expression in apoptosis 

after treatment with DOX and FA@-Pec-GNPs-DOX. Lane 1: control, Lane 2: Pec-

GNPs, Lane 3: Free drug DOX Lane 4: FA@-Pec-GNPs-DOX 

proportion of cells was increased in the G2/M phase after treatment 

with FA@Pec-GNPs-DOX indicating that FA@Pec-GNPs-DOX 

caused cell cycle arrest at the G2/M phase in HT-29 cells.66 

Western blot analysis 

The key components of the cell cycle regulatory machinery are 

cyclins. SimilarlyCDK1-4, 6, 10, 11 have the direct role in the cell 

cycle progression.67 Cell cycle expressions of regulatory proteins 

such as cyclinD1 and cyclin E and cyclin-dependent kinases such as 

CDK2, CDK4, CDK6 that regulate the different phases of the cell 

cycle were also evaluated.  

Fig. 16 reveal that FA@Pec-GNPs-DOX treatment down-regulated 

the expression of cyclinD1 and Cyclin E. Similarly it was observed 

that there was a down-regulation of Cdk-4and Cdk-2 in HT-29 cells 

after FA@Pec-GNPs-DOX treatment. These results indicate that 

FA@Pec-GNPs-DOX caused death in HT-29 colon cancer cells by 

inducing apoptosis process. In this study, β-actin was used as a 

loading control, and it showed similar expression in all lanes. The 

expression of Bcl-2 protein, Bax protein was investigated to 

understand whether FA@Pec-GNPs-DOX caused the cell death 

through any receptor-mediated mechanism. In the present 

investigation, it was clear that FA@Pec-GNPs-DOX had induced 

down-regulation of Bcl-2 proteins and up-regulation of Bax proteins 

in HT-29 colon cancer cells. 

Caspases, a family of cysteine acid proteases, can be regarded as the 

critical factors in apoptosis68 and moreover cleaved form of PARP 

facilitates cellular disassembly and serves as a marker of apoptotic 

cells.69 In the present study cleavage of caspase 9, caspase 3 and 

PARP proteins were observed in the case of Fa@Pec-GNPs-DOX 

treated cells, and these results confirmed the occurrence of 

apoptosis. 

4. Conclusion 

In the present study pectin, a natural polysaccharide was successfully 

employed for the one pot aqueous synthesis of gold nanoparticles 

(GNPs). Pectin acted concurrently as both a reducing and stabilizing 

agent. The Pec-GNPs exhibited a characteristic surface plasmon 

resonance (SPR) band at 527 nm with spherical morphology. The 

GNPs showed better in vivo toxicity studies using Zebra fish.  

Cationic drug doxorubicin loaded on the synthesized anionic Pec-

GNPs exhibits excellent stability at different pH and electrolytic 

condition with the pH dependent sustained release of the 

doxorubicin. Folic acid was conjugated to the doxorubicin loaded 

Pec-GNPs to achieve active targeting of HT-29 colon cancer cells 

with excellent cytotoxicity.  Flow cytometry analysis revealed that 

FA@Pec-GNPs-DOX caused the death of HT-29 cells by G2/M 

phase arrest. Overall the in vitro drug release, cytotoxicity, 

therapeutic efficacy results showed that FA@Pec-GNPs-DOX could 

be a promising alternative carrier for targeting colon cancer. It can 

be expected that under in vivo due to their nano-sized FA@Pec-

GNPs-DOX will accumulate in the tumor tissue preferentially 

through the EPR (Enhanced Permeability and Retention) effect and 

folate targeting mechanism which will significantly enhance the 

efficacy of doxorubicin. 
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One pot aqueous green synthesis of gold nanoparticles (GNPs) decorated with folic acid and 

loaded with Doxorubicin suitable for anti-cancer drug delivery and were potentially 

promising as a new therapeutic system for cancer treatment. 
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