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Abstract: The study finds the design, cytotoxicity, and tumor-targeted drug delivery of 5Fluorouracil 

encapsulated in pH-sensitive guar gum grafted polymer. Cancer targeting 5FU loaded GG grafted p(HEMA) 

conjugated riboflavin thin-film (GG-g-P(HEMA)-RF) was successfully fabricated from guar gum, 2-hydroxy 

ethyl methacrylate, and riboflavin targeting agents using N, N-methylene bis acrylamide as a crosslinking agent 

in the presence of tetramethylethylenediamminne (TEMED) initiator Ammonium persulfate act as a catalyst. FT-

IR and XRD spectroscopy techniques were used to analyze the structural features of the GG-g-P(HEMA)-RF. The 

results of SEM revealed that the carrier is of uniform rod shape, with a low porosity index and outstanding 

performance in phrases of 5FU encapsulation and extended-release ability. Targeted drug delivery strategies have 

received special attention from the scientific world due to advantages such as more effective therapy and reduction 

of side effects. Cytotoxicity effects of 5FU loaded GG-g-P(HEMA)-RF against Ehrlich Ascites Carcinoma (EAC) 

cells in vitro were investigated at different concentrations (0, 25, 50, 100, and 150 μg/mL) using trypan blue 

exclusion assay. The MTT cytotoxic assay investigated cell viability against EAC experimental models and 

implied the excellent biocompatibility of the carrier. The results revealed the anti-proliferative effect along with 

molecular signaling of apoptosis and generated reactive oxygen species (ROS) in Ehrlich Ascites Carcinoma cell 

lines. The morphological changes of apoptosis were evident in EAC cells and were observed using optical 

microscopy after staining. DPPH free radical scavenging assay was carried out to determine the radical scavenging 

activity of the 5FU loaded and unloaded GG-g-P(HEMA)-RF. The 5FU loaded GG-g-P(HEMA)-RF with DNA 

interaction was examined by electronic and spectroscopic fluorescence methods. 
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1. Introduction 

Nanomedicine is a modern field of science that manipulates pharmaceuticals and 

nanoscience. It uses organic and inorganic materials, such as polymeric and metallic structures 

in the nanoscale. It is also known as nanoparticles (a group with NP) and tends to enhance the 

efficiency of biomedical applications [1]. Cancer is one of the most destructive diseases that 

involve uncontrolled cell growth. Conventional cancer treatments have strong side effects, 

leading scientists to seek a safer treatment option from nanocarrier [2]. The development of 

nanocarrier structure can improve the therapeutic index of the drug, targeted oriented delivery, 
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and controlled release of the drug to the cancer site. It also enhances the drug's pharmaceutical 

properties such as stability, solubility, and circulating half-life. [3]. 5-FU is a commonly used 

cancer drug, and 5-FU resistance may develop due to impaired drug uptake, target alterations, 

activation of DNA repair pathways, and resistance to apoptosis. The effectiveness of 5-FU 

against cancer can be enhanced by entrapping 5-FU in polymer-based nanoparticles to reduce 

non-selective exposure and side effects, increasing the circulation half-life and overcoming 

drug resistance [4]. Polymeric nanoparticles have been found useful and attractive because of 

biocompatibility, non-toxicity, functional groups, biodegradability, and good absorbent [5, 7].  

Guar gum has rich antibacterial properties and has been used in biomedicine as an 

effective natural polymer [8]. GG-based drug carrier systems have improved attention for the 

delivery of different therapeutic agents via different administration routes for attaining 

controlled and sustained drug release [9]. GG offers an effective and safe drug delivery due to 

its natural occurrence, availability, biocompatibility, biodegradability, and simple preparation 

techniques [10, 12]. Mucoadhesive properties and antioxidant nature of guar gum are safe for 

oral consumption; thus, in the pharmaceutical field, it is used as an agent for binding, 

thickening, suspending, stabilizing, emulsifier, and suitable material for drug delivery system. 

The high hydrophilic nature, gelling property, enzymatic degradation, strong interaction with 

tissue, and broad regulatory acceptance of guar gum have prolonged the release and controlled 

delivery of the drug [13, 14]. 2-Hydroxyethylmethacrylate (HEMA) is a commercially 

available, water-soluble monomer which can be easily polymerized and copolymerized. The 

polymerization of HEMA in aqueous media, where HEMA is not only the monomer but also a 

co-solvent, has the characteristics of dispersion polymerization. Thus, the reaction system is 

homogenous before starting the chain growth and becomes heterogeneous as the polymer 

precipitates with the increase in the conversion [15]. The co-polymers based on HEMA have 

good hemocompatibility and biocompatibility, and are nontoxic and hydrophilic, which are 

desirable for applications in medicine [16, 17]. Targeted drug delivery can help enhance 

permeability and overcome conventional administration routes' drawbacks [18]. The efficiency 

of the drug and its target ability were governed by the interactions between the carrier surface 

groups and the receptors of the plasma membrane. Drug targeting can be accomplished with 

the aid of pH-dependent release and receptor targeting. Such a designed targeted drug delivery 

system also offers the advantage of drugs used in low doses with reduced side effects that 

ultimately improve patient compliance [19]. The ability of Polymer combined Riboflavin is an 

effective drug delivery carrier and a therapeutic entity that enhances biological effects in cancer 

cells [20]. Riboflavin functions an essential role in complications of metabolic reactions that 

become nutrients for cellular functions and development. It maintains growth in the retinal 

cells. It also acts as a transporter across the blood-retinal barrier and is used for retinal 

abnormality instances to overcome the occurrence of riboflavin deficiency [21, 22].  

The present in vitro study indicated that polymeric succeeded in producing amazing 

potential anti-tumor cytotoxicity and anti-proliferative effects on EAC cells. The pH-sensitive 

gaur gum grafted HEMA polymers have many functional groups and become ionized 

according to the response of pH change. Guar gum-grafted polymers have efficient 

biocompatibility and have control of proper drug release [23]. The synthesis and evaluation of 

an in vitro cancer drug delivery system based on the concept of pH and ionic interaction to 

improve penetration, controlled drug release and drug targeting with the loading of the co-

polymers have been demonstrated. The anti-cancer drug delivery system was limited to 

development using guar gum with a combination of hydroxyethyl methacrylate polymer. The 
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possibility of the formation of GG-HEMA polymerization of the biodegradable system was 

demonstrated with a new combination of natural biodegradable thin-film. The drug loading 

ability and release properties were investigated under different physiological conditions, and 

the cytotoxicity effect with cellular uptake and apoptosis was studied on the EAC cancer cell 

line. 

2. Materials and Methods 

2.1. Materials. 

5Fluorouracil, ethanol, deionized water, toluene, 2-hydroxy ethyl methacrylate, N, N’-

methylenebisacrylamide (NHS), tetramethylethylenediammine (TEMED) 

initiator,  Ammonium persulfate (APS), Dimethylsulfoxide (DMSO), phosphate-buffered 

saline (PBS) solutions purchased from Sigma-Aldrich, India. Guar gum and glutathione were 

bought from Himedia Laboratories Pvt. Ltd, Mumbai, India. Stannous octoate (Sn(Oct)2) and 

riboflavin (RB) were purchased from Sisco Research Laboratories. Methyl thiazolyl 

diphenyltetrazolium bromide (MTT), diphenyl picryl hydrazyl (DPPH), methanol, and ethanol 

were purchased from Alpha lab supplies, Thermo Fisher Brand, Madurai, Tamil Nadu, India. 

Figure 1 demonstrates the schematic diagram of various step syntheses of pH-sensitive GG-g-

P(HEMA)-RF thin-film. 

2.2. Synthesis of riboflavin-glutathione (Rf-GHS) targeting ligand. 

Rf-GHS targeting ligand was fabricated by a condensation reaction, as reported 

previously, with slight modifications [24]. Equimolar riboflavin and glutathione were mixed in 

deionized water using the Dean-Stark apparatus. Further added 0.1-ml Sn(Oct)2 drop-wise, and 

the mixture was heated at 120oC for 24 hours to reflux the mixture with continuous stirring to 

remove the water. Then, the mixture was cooled down at room temperature. Finally, the 

precipitate was filtered using No.1 Whatman filter paper and dried up in a vacuum at room 

temperature. 

2.3. Synthesis of 5FU loaded and unloaded pH-responsive nanofilm. 

GG-g-P(HEMA)-RF thin-film was prepared by free radical polymerization. First, a 

known amount of guar gum was dissolved in water with stirring for 30 min. Added 0.02ml 2-

hydroxy ethyl methacrylate (HEMA) stirred for 1 h until a clear solution was obtained and then 

further added 0.3mg N, N’-methylenebisacrylamide (MBA), 0.2mg APS, and 0.1ml TEMED 

with continuous stirring for 3hrs to form a colloidal solution, adding 0.2mg of the targeting 

ligand Rf-GHS. The obtained product was purified by dialysis membrane method and dried at 

room temperature for 48hrs to get a thin film. 5FU encapsulated GG-g-P(HEMA)-RF thin-film 

was prepared with the above same procedures till to the preparation of ligand Rf-GHS. An 

addition of 10mg of 5fluorouracil was added to the above reaction mixture and stirred for 24hrs 

at room temperature to form a thin film. Then, the thin film was purified by the dialysis 

membrane method and dried at room temperature for 48hrs. 
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Figure 1. Schematic diagram of the synthesis of pH-sensitive polymeric thin-film. 

3. Results and Discussion 

3.1. Physicochemical characterization. 

FTIR Spectrometer was used to evaluate the chemical composition and 

functionalization of the prepared novel thin-film by using KBr pellet-making method, and the 

spectrum was observed with the help of an FTIR spectrometer (FTIR- 8400S 

spectrophotometer from Shimadzu, International, Co. Ltd, Tokyo, Japan) at the range of 4000 

– 400cm-1. The crystalline nature of the samples was calculated by Philips 1710 X-ray 

diffractometer (Philips Electronic Instruments, Mahwah, New Jersey) with a copper target 

(Cu). A nickel filter at a voltage level of 40KV and an mA current with Kal, λ= 1.54056 Å was 

used to get the XRD patterns. The particle size thin-film was evaluated at 25℃ in a Zetasizer 

instrument (Malvern instruments DTS Ver.4.10) aptly equipped with a He-Ne laser at 633 nm 

as a source of light in room temperature. The morphology and the particle size of the newly 
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prepared thin film were investigated by Scanning electron microscopy. The images were 

observed with the help of an electron microscope (VEGA3SB, TESCAN, and Czech). 

3.2. Biological study. 

3.2.1 Antioxidant activity. 

The radical scavenging activity was evaluated by using diphenylpicrylhydrazyl (DPPH) 

free radical scavenging assay method. DPPH radical is a commonly used substrate for fast 

evaluation of antioxidant activity due to its stability in the radical form and simplicity of the 

assay. The principle of this assay is the color change of DPPH solution from purple to yellow 

[25]. The DPPH free radical absorbance was examined by UV- Visible absorption with the 

help of a Shimadzu-1600, Japan spectrophotometer in the range of 200–800 nm. The 10mm of 

DPPH free radical and samples were dissolved in DMSO. The addition of samples with the 

increase of quantity from 10 to 100mm into DPPH was scavenged, and the percentage of the 

radical scavenging activity of the prepared samples was calculated using the below formula 

[26]. 

RSA (%) =
 (C)– (E) 

(C)
 X 100 

where C is the absorbance of control and E is the absorbance of samples. 

3.2.2. Encapsulation Efficiency (EE) and Loading Capacity (LC). 

The encapsulation efficiency and the loading capacity of pH-responsive novel 

polymeric thin-film were appraised by mixing 5FU in pH-sensitive novel polymeric thin-film 

[17]. The encapsulation efficiencies were calculated with the help of an ultracentrifugation 

method. 5FU loaded thin-film was stirred for 24hrs at 37oC. The dispersion was centrifuged at 

3500 rpm for 30min to separate un-reacted 5FU, and the supernatant was determined using 

UV–visible spectrophotometer (Shimadzu-1600, Japan) at 273 nm. The encapsulation 

efficiency of 5FU in pH-sensitive novel polymeric thin-film was estimated by the below 

equation [27]: 

Encapsulation Efficiency (%) =
 (Ao)– (A) 

(Ao)
 X 100 

where the total amount of drug (Ao), Free amount of drug (A), and Weight of dried nanocarrier 

(wt) 10mg of 5FU loaded thin-film were completely dispersed in 10ml of DMSO and then 

sonicated for an hour. 5FU concentration in the prepared samples was examined with the help 

of UV–Visible spectrophotometer (Shimadzu-1600, Japan) at 269nm, after a centrifugal 

process. The encapsulation efficiency of 5FU in pH-sensitive novel polymeric thin-film was 

calculated by the below equation [28, 29] 

Loading Capacity (%) =
(Ao)– (A) 

(Wt) 
 X 100 

3.2.3. Cell culture and cell viability. 

The EAC tumor cells were cultured at 37 °C, 5% CO2 in complete culture media 

(CCM), (Eagles Minimum Essential media, supplemented with 10% fetal calf serum, 1% L-

glutamine, and 1% penicillin-streptomycin-fungizone) until 90% confluent. Once confluent, 
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the cells were gathered by trypsinization and used for further studies. The WST-1 assay was 

utilized to investigate the cell viability of the synthesized sample [30]. The tumor cell lines 

were placed in 96-well plates at 1 X 104 /well and incubated thoroughly overnight at 37°C with 

5% CO2. After that, the cells were incubated for the next 24 h with various concentrations of 

5FU loaded and unloaded pH-responsive novel polymeric nanofilm (50–150 μg/mL). 50 μl, 

2mg/ml WST-1 solution was added to each well plate and incubated for 24 h. After that, the 

supernatant was removed and added with 100-μl DMSO to each well plate and incubated for 1 

h at 37°C. Finally, the absorbance intensity was determined using a spectrophotometer (Bio-

Tek μQuant) at 450 nm. The viable cell percentage was measured, and a dose-response curve 

was generated from which the IC50 value was extrapolated [31, 32]. 

3.3. Characterization. 

3.3.1. FTIR. 

The characteristic IR bands were observed for the 5FU loaded and unloaded nanofilm 

(Figure 2). The peaks were observed at the frequency of 3100 - 3500 cm-1. The spectra confirm 

the presence of (OH & NH) groups due to overlapping and intermolecular interaction between 

these groups, the broad nature of the spectra is seen [29]. A peak for the stretching frequency 

and bending vibration of the C-H bond is also observed at 2370 cm-1and 807 cm-1. In GG-g-

P(HEMA), peaks at 2921 cm-1and 2630 cm-1 in the spectrum are due to the presence of methyl 

(-CH3) and methylene (-CH2) groups and their asymmetric stretching vibrations [14, 16]. High 

peak intensity is observed at 1775 cm-1, confirming the presence of the carbonyl group of 2-

hydroxyethylmethacrylate in the GG grafted polymeric chain with conjugate riboflavin [29]. 

The peak at the frequency of 1113 cm-1 is due to the formation of a new bond (-C-O-C-) through 

the -OH group of GG [14]. 

 
Figure 2. FTIR spectrum (a) unloaded thin film; (b) 5FU loaded thin film. 

3.3.2. XRD analysis. 

The X-ray diffraction analysis was used to determine the physical form of newly 

fabricated GG-g-P(HEMA)-Rf thin-film like amorphous or crystalline. Figure 3 demonstrates 

the crystalline peaks of both loaded and unloaded 5FU thin films. The crude guar gum and 

HEMA single and co-polymers are amorphous at the peaks 2θ=20-23o. These are previously 
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reported [31, 32]. After conjugation with the targeting ligand riboflavin-glutathione, the nature 

of crystallinity was largely increased. The characteristic features of unloaded GG-g-P(HEMA)-

Rf thin-film shows the diffraction peaks 2θ=17.94o, 20.17o, 21.07o, 26.89o, 29.34o, 31.13o, 

35.84o, 39.18o, 43.23o, 47.69o, 50.60o, 55.09o, 57.78o, and 63.60o respectively. 5FU loaded GG-

g-P(HEMA)-Rf thin-film shows the diffraction peaks 2θ= 12.78o, 18.82o, 21.07o, 25.31o, 

26.67o, 29.12o, 31.13o, 34.94o, 37.17o, 38.31o, 39.42o, 50.90o, 53.51o, and 58.22o respectively. 

The loss of some newly formed peaks confirms that 5FU strongly interacted with GG-g-

P(HEMA)-Rf thin-film. After loading 5FU, the crystallinity developed compared to GG-g-

P(HEMA) Rf thin-film. 

 

 
Figure 3. XRD spectrum (a) unloaded thin-film; (b) 5FU loaded thin-film. 

3.3.3. Particle size analysis. 

The particle sizes of unloaded and loaded 5FU thin-film were 232.1 nm and 614 nm, as 

shown in Figure 4. After loading of 5FU molecule with GG-g-P(HEMA)-Rf surface, the 

particle size was enlarged. The PDI for the polymer-based nanocarrier before and after loading 

with 5FU was 0.693 and 0.322, correspondingly. 

 
Figure 4. Particle size analysis spectrum (a) unloaded thin-film; (b) 5FU loaded thin-film. 

3.3.4. SEM analysis. 

Figure 5 shows the SEM image of the prepared 5FU loaded and unloaded GG-g-

P(HEMA)-RF thin-film. The prepared 5FU loaded GG-g-P(HEMA)-RF thin-film shows a rod-

shaped porous network. It is seen that the samples are uniform with well-defined morphology 
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of each particle. After loading of 5fluorouracil, the surface of 5FU loaded GG-g-P(HEMA)-

RF thin-film was too smooth, and 5FU was present in a spherical shape. The scanning electron 

microscopy image confirmed the successful encapsulation of 5FU in GG-g-P(HEMA)-RF thin-

film [33, 34]. 

 
Figure 5. SEM Image (a) unloaded thin-film; (b) 5FU loaded thin-film. 

3.4. Biological applications. 

3.4.1. Antioxidant activity. 

The radical scavenging activity of 5FU loaded and unloaded GG-g-P(HEMA)-RF thin-

film was examined using a radical scavenging assay free from DPPH. The sample 

concentrations were mixed with diphenylpicrylhydrazyl reagent and incubated for 30min under 

dark conditions. After the incubation, the absorbance peak of 521 nm was recorded. The 5FU 

loaded and unloaded thin-film RSA activity was evaluated using various sample 

concentrations, and the increase in the sample concentration enhanced the antioxidant activity 

[35, 36]. Figure 6 shows diphenylpicrylhydrazyl radical scavenging of a maximum level of 

60.17% and 55.34% at 450 mg/ml for both 5FU loaded and unloaded thin-film, and a minimum 

of 9.50% and 13.99% 5FU unloaded and loaded thin-film at 50mg/ml. The studies prove the 

good antioxidant activity of 5FU loaded and unloaded thin-film. 

 

 
Figure 6. Antioxidant efficiency (a) unloaded thin-film; (b) 5FU loaded thin-film; (c) percentage of radical 

scavenging efficiency. 

3.4.2. Drug release efficiency. 

The UV-Visible spectrum of 5FU loaded GG-g-P(HEMA)-RF thin-film shows the 5FU 

absorbance peak at 273 nm. The encapsulation efficiency and loading capacity of 5FU loaded 

GG-g-P(HEMA)-RF thin-film was obtained at 36.64% and 75.12%. The results indicate a high 

amount of drug was successfully encapsulated on 5FU loaded GG-g-P(HEMA)-RF thin-film. 

The drug release rates of 5FU loaded GG-g-P(HEMA)-RF thin-film were explored at three 
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physiological pH (2.8, 5.5 & 7.4) levels at room temperature, and the results are assumed in 

Figure 7. UV-Visible spectroscopy analysis recorded a sustained 5FU-drug release nature of 

5FU loaded GG-g-P(HEMA)-RF thin-film [37–39]. At 30hrs investigations, a maximum of 

43.37% of the 5FU release rate was observed in acidic pH 2.8. The physically interacting 5FU 

molecule was cleavable under acidic conditions. 5FU loaded GG-g-P(HEMA)-RF thin-film is 

an efficient drug delivery carrier system for biomedical applications on an acidic medium. 

Figure 7 shows the 5FU loaded GG-g-P(HEMA)-RF thin-film drug release pattern. The release 

rate of 5FU at pH-5.5 is 38.17%, and pH-7.4 is 30.36% drug release with the 30hrs intervals. 

Finally, the acidic condition was the most suitable environment for releasing drugs in cancer 

cells. 

 
Figure 7. Percentage of releasing efficiency of unloaded and 5FU loaded thin-film. 

3.4.3. MTT assay. 

The in-vitro cell viability of 5FU loaded GG-g-P(HEMA)-RF thin-film was determined 

using standard and EAC tumor cell lines with varying concentrations of (0-150 μg/ml). The 

cytotoxic behavior of the samples is given in Figure 9. The cytotoxic activity increased with 

an increase in the concentration of 5FU loaded GG-g-P(HEMA)-RF thin-film. After 24 h 

incubation period, clear cell death in both cell lines was observed. 5FU unloaded GG-g-

P(HEMA)-RF thin-film-treated EAC tumor cell line exhibited less cytotoxic effects, which 

proved that the prepared nanocarrier has good biocompatible nature in the normal cell line. 

Further, 5FU loaded GG-g-P(HEMA)-RF thin-film shows minimal cell death in cell lines. 

Finally, the IC50 values for both normal and cancer cell lines treated with 5FU loaded and 

unloaded GG-g-P(HEMA)-RF thin-film were examined at 70 µg/ml and 80 µg/ml. 

3.4.4. Cell viability. 

Cell Viability of 5FU loaded GG-g-P(HEMA)-RF thin-film was investigated with the 

help of a trypan blue assay. The viable cells have a normal cell membrane. Hence, the dye 

cannot pass into the cells, whereas; the cell membrane is damaged in the dead cell, facilitating 

the dye from entering inside the cell. The stained dead cells were counted using an inverted 

light microscope [41, 42]. In Figure 8, the quantitative results show that a low concentration of 

25 µg/ml of loaded nanocarrier increases the EAC cell viability by 58%. Whereas the (25, 50, 

100 & 150) treated EAC cells showed a significant decrease in cell viability ranging from 55 

to 45%. IC50 Drug concentration inhibits 50% cellular growth following 24 h of drug exposure. 
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The 5FU loaded and unloaded GG-g-P(HEMA)-RF activity was seen to increase with less 

toxicity value. The above observations indicate the synthesized 5FU loaded and unloaded GG-

g-P(HEMA)-RF has favorable anti-cancer activity on cancer cell lines with low toxicity upon 

the normal cells. 

 

Figure 8. Cell Viability of prepared thin film. 

3.4.5. Apoptosis assay. 

The cell death via Apoptosis or Necrosis in human EAC carcinoma cells caused by 5FU 

loaded GG-g-P(HEMA)-RF treated cells were stained and observed the cell image by 

fluorescence microscope. The cytotoxicity of the nanoparticles was calculated using 

dimethylthiazoldiphenyltetrazolium bromide assay with EAC carcinoma cell lines. The 

potential activity of the nanoparticle in terms of IC50 was evaluated against a set of human 

cancer cells and a normal cell line, namely EAC cell lines using a colorimetric (MTT) assay. 

In the study, the cell lines were treated with the 5FU-loaded GG-g-P(HEMA)-RF nanoparticles 

at a concentration of (0–150 µg/ml) for 24 h [43, 44]. The cell inhibition against EAC cancer 

cells, expressed as IC50 values, was estimated and summarized. It reveals the cytotoxic 

behavior of the 5FU loaded GG-g-P(HEMA)-RF in the cell lines and their considerable 

activity. This suggests that the toxic nature of the 5FU-loaded GG-g-P(HEMA)-RF is less on 

normal cells and acts particularly on cancer cells. The 5FU loaded GG-g-P(HEMA)-RF showed 

better activity from the data. This work demonstrates the phenomenal anti-cancer activity of 

the 5FU-loaded GG-g-P(HEMA)-RF with an IC50 value of 80µg/ml. This results-oriented to 

the past research works, indicated that 5FU loaded GG-g-P(HEMA)-RF is biocompatible and 

has potential anti-cancer activity. The results of nuclear staining indicate the initiation of 

apoptosis followed by necrosis in EAC carcinoma cells by 5FU loaded GG-g-P(HEMA)-

RF[45, 46]. When 5FU loaded GG-g-P(HEMA)-RF concentration increases, the cell viability 

decreases, and apoptosis increases compared to the control group. Therefore, the staining 

process was performed to examine the occurrence of apoptosis in EAC carcinoma cells treated 

with 5FU loaded GG-g-P(HEMA)-RF and compared with the untreated cells. 

 

https://doi.org/10.33263/BRIAC133.285
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC133.285  

https://biointerfaceresearch.com/ 11 of 16 

 

 
Figure 9. (a) Smear showing matured EAC control cells (for 24 h) with definite cell wall and structure without 

degeneration; (b) EAC tumor cells treated with the positive control (50 μM) for 24 h; (c) EAC tumor cells treated 

with 5FU loaded thin-film (25 μM) for 24 h; (d) EAC tumor cells treated with 5FU loaded thin-film (50 μM)  for 

24 h; (e) EAC tumor cells treated with 5FU loaded thin-film (100μM)  for 24 h; (f) 5FU loaded thin-film (150 

μM) (for 24 h) treated with EAC cells showing degenerative changes like membrane blebbing, vacuolated 

cytoplasm and low staining intensity with the complete destruction of cells. 

3.4.6. DNA binding studies. 

The development of DNA technology using functional nucleic acids is increasingly 

attractive, and the functional DNA binds with metal ions, proteins, small molecules, and cells. 

The interfacing DNA with nanoparticle probes was based on the surface plasmon resonance, 

magnetic resonance signal, and fluorescence quenching. DNA absorption in nanoparticles is 

robustly influenced by nucleotide property. The first property is charge changeability. The 

second property is hydrophobicity, and the third property is absorption ability. The binding 

mechanism of DNA with nanoparticles and the interaction studies are usually carried out by 

different methods like Electronic absorption spectroscopy, Spectrofluorescence, colorimetry, 

and viscometry. In interaction studies, various types of interactions present in nanoparticles in 

DNA are more important. There are four types of interactions available. They are electrostatic 

binding, groove binding, intercalation binding hydrophobic interactions, and hydrogen bonding 

interaction. This research work has used Electronic absorption spectroscopy and 

Spectrofluorometric methods to find the interaction of DNA with the application of 5FU loaded 

GG-g-P(HEMA)-RF thin-film [47]. Figure 10 shows the DNA interaction of prepared 5FU-

loaded thin film. 

3.4.6.1. Electronic absorption spectroscopy. 

The Electronic absorption spectroscopy method is the most common method for finding 

the interaction of DNA with nanoparticles using the tris HCl/NaCl buffer solution of CT-DNA 

in the 260-300nm range. The absorption spectra and the constant nanoparticle concentration 

with increasing DNA concentration [48]. The hyperchromic shift of the absorption spectrum 

observed the electrostatic intercalation binding present in DNA with 5FU loaded GG-g-

P(HEMA)-RF thin film. The binding constant and percentage of chromium are calculated and 

given in table 1. The intrinsic binding constant of DNA with 5FU loaded GG-g-P(HEMA)-RF 

thin-film is 1.28x103 and 10.29% hyperchromic. 
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Figure 10. DNA interaction of prepared 5FU loaded thin-film (a) Electronic absorption spectroscopy method; 

(b) spectrofluorometric methods. 

3.4.6.2. Spectrofluorometric methods. 

The competitive binding or fluorescence studies of DNA with 5FU loaded GG-g-

P(HEMA)-RF thin-film were analyzed with a spectrofluorometer's help. The intensity of 

fluorescent ethidium bromide (EB) in DNA increases the intercalative interaction of DNA. 

Then, EB fluorescence intensity is quenched by adding 5FU loaded GG-g-P(HEMA)-RF thin-

film, owing to the replacement of EB [49]. The quenching constant is estimated using the 

Sterne-Volmer equation. Ksv values of 5FU loaded GG-g-P(HEMA)-RF thin-film is 1.67x103. 

The Ksv values obtained from the prepared compounds indicate that 5FU loaded GG-g-

P(HEMA)-RF thin-film has beneficial CT-DNA binding activity. 

Table 1. Absorption spectral data and binding parameters of 5FU loaded GG-g-P(HEMA)-RF thin film. 

⅄max (nm) 
    ⅄max 

(nm) 

Percentage of 

hyperchromism 

Kb 

(m-1) 

Ksv 

(l mol-1) 

KQ 

(l mol-1 

S-1) 

Ka 

(l mol-1) 
n 

free bound 

279.16 276.85 2.31 10.29 1.28x103 1.67x103 1.67x108 6.43x105 1.5442 

4. Conclusions 

The thin film produced by the hydrophilic polymers Guar Gum and hydroxyethyl 

methacrylate is effective due to its bioavailability, biocompatibility, pH and thermosensitivity, 

fast disintegration, potential mechanical strength, less toxic, good permeability, and efficiency 

for drug release. The novel thin-film has exposed new chances for researchers to develop an 

effective anti-cancer nanomaterial with safety and biocompatibility. A novel pH-sensitive 5FU 

loaded and unloaded GG-g-P(HEMA)-RF thin film has been created with the help of free 

radical polymerization methods. Different characterization techniques such as FTIR, XRD, and 

SEM confirmed the fabricated thin film. The anti-cancer drug 5fluorouracil successfully 

interacted with this material. The release efficiency of thin film-carrying drug molecules (5FU) 

was examined at different pH levels 2.8, 5.5, and 7.4. Despite the lower release at pH of 7.4 

(30%), and increased drug release of 60% was obtained at a 2.8 pH level. The efficiency of the 

prepared pH-responsive 5FU loaded GG-g-P(HEMA)-RF thin-film was tested through the 

dialysis method and proved sustainable drug release. In vitro toxicity assay, apoptosis 

evaluation, and uptake experiments were performed on EAC cancer cell line, which showed a 

time dependency cellular entrance, enhanced cytotoxicity, and apoptosis induction by the 5FU 

loaded GG-g-P(HEMA)-RF thin film. The DNA binding constant value of 5FU loaded GG-g-

P(HEMA)-RF with CT-DNA was also observed by UV-Visible spectroscopy with a result of 

a b 
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1.28x105mol-1. The binding parameters and quenching constants were observed by 

spectroscopic fluorescence methods having Ksv=1.67x103, kq=1.67x108, Ka=6.43x105, 

n=1.5442. The pH-responsive behavior, anti-proliferative activity, and apoptosis induction in 

cancer cells were the noticeable features of the developed 5FU loaded GG-g-P(HEMA)-RF 

thin-film, which introduced this formulation as an ideal nanocarrier in anti-cancer drug 

delivery. 
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