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ARTICLE INFO ABSTRACT 

 Nanoparticles with particle size capable of penetration into deep-seated body tissue 
are excellent candidates for site-specific therapeutic applications. The present work 
focuses on the synthesis, characterisation and in vitro MTT assay of novel tyrosine-
pectin-based nanoparticles against HeLa Cells. The nanoparticles were synthesized 
under ultrasonication at 75ºC employing citric acid as crosslinker and acrylamide 
as co-monomer. The synthesized tyrosine-pectin-cl-citric acid-poly(acryl amide) 
nanoparticle [(Ty-Pc-cl-CA-poly(AAm)] were characterised using techniques such 
as FT-IR, particle size analysis and FESEM to get evidence of successful 
nanoparticle synthesis. The characterization results indicated that the 
nanoparticles of size below 100nm were successfully synthesised. These 
nanoparticles were employed for anticancer study against HeLa cells and proved to 
be better cytotoxic agents than the control. They exhibited the IC50 value (µg/ml) of 
359.8 ± 0.14. 
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1.Introduction 

 
A novel class of anticancer therapies may be developed with nanotechnology. These compounds medicinal 
qualities are improved and their toxicity is decreased using nanotechnology. A nanoparticle is a tiny particle 
that can be produced artificially or organically, and depending on its intended application, it can have many 
different forms. These tiny particles have several benefits and can be utilized to deliver drugs. [1] 
Nanoparticles act as excellent particulate dispersions or solid particles sized between 10-1000 nm.[2] Drug 
dispersion, entrapment, encapsulation, or attachment to a nanoparticle matrix can all be accomplished with 
particulate dispersion or solid particles with sizes between 10 and 1000 nm.[3]Nanoparticles are used in a 
wide range of fields, including medicine and industry. These tiny carriers have special qualities as drug 
delivery systems, such as increased reactive area and the capacity to pass through bodily barriers. [4,5]With 
the emphasis now being shifted towards the use of biodegradable and biocompatible materials for varied 
applications the use of biobased materials has increased many folds. Of late these materials have been 
explored for the preparation of matrices for anticancer applications hoping they have better penetration, 
biocompatibility, lower toxicity and lower side effects than the traditional matrices.  
Pectin is one such biopolymer being explored as the material for the preparation of biocompatible 
nanoparticles or nano-composites for drug delivery and other applications. Pectin nanoparticles are being 
synthesized following varied methods. For use as glucose biosensors, pectin-coated polyaniline nanoparticles 
were created. These nanoparticles functioned as stable matrices that promoted improved enzyme 
functionalization and increased biosensing stability.[6].Pectin-based nanomaterials can be used for drug 
delivery owing to their innate stability, biodegradability and biocompatibility. These supports could act as 
devices that deliver hydrophilic and hydrophobic drugs to various organs.[7]The average size of pectin-based 
nanoparticles generated with iron oxide ions was approximately 14–17 nm for 10 weight percent of pectin, 
suggesting that these entities may find use in the future in site-specific medication delivery, even to the most 
remote areas of the human body.[8]Drug delivery using natural pectin-based nanoparticles containing 
galactose residues demonstrated active targeting of hepatocellular cancer.[9]The water solubility, stability, 
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and bioactivities of curcumin were also improved by pectin-stabilized selenium nanoparticles used for 
curcumin encapsulation.[10]. Liu et al.[11] reported on folic acid-modified pectin-based nanoparticles for dual-
targeted control in combination therapy for liver cancer. Self-assembled pectin-tannic acid nanocomplexes 
for drug delivery in pancreatic cancer with for efficient drug delivery have also been 
reported.[12]Nanoparticles based on gellan gum/pectin blends for colon-targeted delivery were prepared by 
Fabiola et. al.[13]For anti-cancer applications, negatively charged pectin nanoparticles containing paclitaxel 
demonstrated extended plasma retention and significant accumulation in the liver.[14]New hybrid 
nanoparticles that self-assembled using pectin-doxorubicin conjugates showed lessened doxorubicin adverse 
effects when used to deliver drugs in vivo.[15] Pectin is increasingly used as a vehicle for therapeutic delivery 
of nanoparticles that showed potential for various administration routes.Another important agent that has 
been explored for antimicrobial application and shows excellent promise as anticancer agent is 
tyrosine.Tyrosine had been essentially employed for skin pigmentogenesis and with time came to be studied 
for antimicrobial applications. Tyrosine-containing medications have shown promise as SARS-CoV-2 
inhibitors, and more research is advised before using them as antibacterial agents.[16]According to reports, 
tyrosine has been added to these silver nanoparticles to improve their antibacterial 
capabilities.[17]Polyacrylates based on tyrosine have strong antibacterial properties against a range of 
diseases. Natural antimicrobial peptide mimics that work well against MRSA, S. flexneri, and other 
microorganisms.[18] Tyrosine synthesized nanoparticles exhibited antibacterial activity against gram-positive 
bacteria and showed toxicity towards bacterial cell walls.[19]Tyrosine-based prodrugs have been used for 
antiviral, not antimicrobial, purposes.[20]Tyrosine derivatives have applications in preventing bacterial 
infections.[21] 
Keeping in view the wide spectrum of applications of pectin and tyrosine, tyrosine and pectin based 
nanoparticles were synthesized following a noval protocol and studied for action against HeLa cells. In order 
to aid in cancer research, the HeLa cell line was developed. Even when contrasted with other cancer cells, 
these cells multiply excessively quickly. During cell division, HeLa cells, like many other cancer cells, have an 
active form of telomerase that repeatedly duplicates telomeres. Hence these cell lines were selected for the 
anti-cancer assay.  
 

2.Experimental 
 

2.1.Materials 
Tyrosine [HIMEDIA],Ammonium Persulphate (APS) [Loba Chemie], Sodium Dodecyl Sulphate (SDS Needle 
shape extra pure 91%, MW 288.38) [Loba Chemie], Citric acid(CA) [HIMEDIA], Pectin 
[HIMEDIA],Acrylamide(AAm) [Fisher Scientific India Pvt. Ltd.], Acetone (99% MW 58.08) [Qualikems 
Fine Chem Pvt. Ltd.], Ethyl alcohol[ Qualikems Fine Chem Pvt. Ltd.] and an Ultrasonicator (Digital 
Ultrasonic Cleaner, 80W) were used as procured.  
 
2.2.Method 
30 ml of distilled water was used to solubilize 1 gm of pectin, followed by the addition of 1 gm of acrylamide 
(AAm) dissolved in a minimal amount of distilled water to the same. To create a homogeneous solution, 
0.500g of tyrosine, 0.05g of citric acid (a crosslinking agent), 0.02g of initiator APS, and 0.100g of SDS were 
added to the above mixture while it was continuously stirred on a magnetic stirrer for approximately 5–6 
minutes. Using an ultrasonicator, the homogeneous solution was ultrasonically heated at 75ºC for four hours. 
The synthesized nanoparticles thus obtained were designated as tyrosine incorporated-pectin-cl-CA-
poly(AAm) nanoparticles [(Ty-Pc-cl-CA-poly(AAm)]( Scheme 1) and were extracted through acetone and 
ethyl alcohol used in the ratio of 60:40.The extracted nanoparticles were dried in a hot air oven at 40ºC for 
36h without disturbing. Figure 1. depicts the image of the synthesized  Ty-Pc-cl-CA-poly(AAm) 
nanoparticle.  

 
3. Characterization 

 
The synthesized Ty-Pc-cl-CA-poly(AAm) nanoparticles were characterised using techniques such as Fourier 
transform infrared spectroscopy(FT-IR) and Field Emission Scanning Electron Microscopy (FESEM) to get 
evidence of successful nanoparticle synthesis. The Fourier Transform Infra-Red (FTIR) Spectra were 
reported in a wavenumber range of 400-4000 cm-1 as a KBr pellet by a FTIR spectrometer (Nicole 6700, 
Thermo-Scientific, USA). The Field Emission Scanning Electron Microscope (FESEM) images were recorded 
by ZEISS. The particle size diameter was recorded by Dynamic Light Scattering (DLS) in a Nano Zeta sizer 
instrument with a (BI-SVK92) and scattering angle of 173º at 25ºC. 
 

4. Results and Discussion 
 

The nanoparticles were characterized by (FTIR) Fourier Transform InfraRed Spectroscopy (Figure 2), 
Particle size analysis (Figure 3)and FESEM (Figure 4) which gave evidence of successful synthesis. 
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The FTIR data showed characteristic stretching frequencies that pointed towards the successful 
incorporation of tyrosine into the nanoparticle matrix(Figure 2). The stretching peaks at 3400cm-1 and 
3000cm-1 for −O-H, 2930cm-1 for −C-Hand 16050 cm-1 or −N-H are observed that all correspond to tyrosine.  
The broad band centred at 3400cm-1 arises due to the presence of −NH2 and −OH groups in the amino acid. 
The peaks observed at 1750, 1617, and 1440cm-1 correspond to the stretching modes of the −C=O, −NH2, and 
−COO− groups, respectively. The particle size analysis indicated that the nanoparticles synthesized are of size 
below 100nm (Figure 3)also supported by the FESEM (Figure 4) images. In the FESEM images, it is 
observed that the agglomerated nanoparticles are spherical and almost of the same size with average 
nanoparticle size being between 10-50nm. The results indicated that size and shape-controlled synthesis was 
achieved following this noval approach.  

 
5. Application of Synthesized Nanoparticle for Anticancer Study 

 
5.1.Materials 
Synthesized nanoparticles namely Ty-Pc-cl-CA-poly(AAm). HeLa (Immortal human cells that were taken 
from a cervical cancer, procured from NCCS Pune), Dimethyl sulphoxide (DMSO) Dulbecco's Modified Eagle 
Medium-AT149-1L-(DMEM/HIMEDIA), Fetal Bovine Serum (FBS) (HIMEDIA-RM 10432) and 1% 
antibiotic solution (Penicillin-Streptomycin-Sigma-Aldrich P0781). 
 
5.2.MTT Assay 
Cytotoxicity of the synthesised nanoparticles namely Ty-Pc-cl-CA-poly(AAm) on HeLa (Immortal human 
cells that were taken from a cervical cancer, procured from NCCS Pune) cell line was determined by MTT 
Assay[22-24]. Employing DMEM (Dulbecco's Modified Eagle Medium-AT149-1L-HIMEDIA) supplemented 
with 10% FBS (Fetal Bovine Serum - HIMEDIA-RM 10432) and 1% antibiotic solution (Penicillin-
Streptomycin-Sigma-Aldrich P0781), the cells (10000 cells/well) were grown in 96-well plates for 24 hours at 
37°C with 5% CO2. Next day cells were treated from different concentrations of the nanoparticle Ty-Pc-cl-CA-
poly(AAm) (1,10,50,100,250,500 and 1000 µl) (Figure 4). Dimethyl sulfoxide (DMSO) was used to generate 
a stock solution of the nanoparticles, which was then further diluted to get various quantities in incomplete 
cell culture medium (without FBS). The cell culture was cultured for a full day before adding MTT Solution (5 
mg/ml) and continuing for an additional two hours. Cells without MTT were referred to as Blank, and cells 
receiving no treatment were referred to as Control. After the experiment was over, the cell layer matrix was 
dissolved in 100 µl of DMSO, the culture supernatant was withdrawn, and the plate reader (Elisa, Biorad, 
USA) was used to read the results at 540 and 660 nm. IC50 was calculated by using software Graph Pad Prism 
-6. Images were captured under inverted microscope (Olympus ek2) using Camera (AmScope digital camera 
10 MP Aptima CMOS) (Figure 4). 50% inhibitory concentration (IC50) was presented as Mean ± SEM 
(Standard Error of Mean). The following formula was used to carry out the calculations: 
 
% Viable cells = (Atest / AControl) *100 
(Atest = Absorbance of test sample) 
(AControl = Absorbance of Control) 
 
5.3.Inference 
The in vitro  MTT assay for the synthesized Ty-Pc-cl-CA-poly(AAm) nanoparticles against the HeLa cell line 
when the same was exposed to different concentrations of the nanoparticles indicated that the nanoparticles 
exhibited cytotoxic activity against the cell line. The study was carried out to estimate for Ty-Pc-cl-CA-
poly(AAm) nanoparticles the 50% inhibitory concentration.  
 
An effective drug's half-maximum inhibitory concentration (IC50) is the most commonly used and 
informative metric. It provides a measure of an antagonist medication's potency in pharmacological research 
by indicating the amount of drug required to block a biological process by half. Ty-Pc-cl-CA-poly(AAm) was 
found to be cytotoxic at IC50 value (µg/ml) of 359.8 ± 0.14. That means IC50 is the concentration of Ty-Pc-cl-
CA-poly(AAm) nanoparticle formulation at which the viable cells concentration is reduced by half (Figure 
4).  
 

6. Conclusion 
 
The successful synthesis of the noval Ty-Pc-cl-CA-poly(AAm) nanoparticles was carried out following an 
innovative approach. The synthesized nanoparticles on characterization revealed the particle size lying 
between 50-100 nm with individual particles being of spherical geometry. These nonentities were 
successfully employed for cytotoxic in vitro studies against HeLa cells. They proved to exhibit excellent 
cytotoxicity against the cell lines with 50% inhibitory concentration of 359.8 ± 0.14. These nanoparticles 
show potential for application in anti-cancer studies against other carcinogenic cell lines. 
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Scheme 1: Graphical representation of the synthesis of Ty-Pc-cl-CA-poly(AAm) nanoparticles 
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Figure 1: Image of Tyrosine incorporated-Pc-cl-CA poly(AAm) Nanoparticle 
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Figure 2:  FTIR of Tyrosine incorporated-Pc-cl-CA poly(AAm) Nanoparticle 

 

 
Figure 3:  Particle size analysis  of Tyrosine incorporated-Pc-cl-CA poly(AAm) Nanoparticle 
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Figure 4:  FESEM of Tyrosine incorporated-Pc-cl-CA poly(AAm) Nanoparticle 
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Figure 4:MTT assay of the nanoparticle Ty-Pc-cl-CA-poly(AAm) against HeLa Cells. 


