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Polymeric materials are extensively utilized in a variety of biomedical applications due 

to their versatile physicochemical characteristic properties. In this study, we report that 

polymer-based amide-designed compounds with antibacterial and anticancer activities 

were employed to modify the antimicrobial characteristics of linear polymer functional 

moieties.  New moderately hydrophobic linear polymer structures, including the 

guanidine and Hydrazine hydrate derivative with hydrazide linkage or amide bond 

linkage, have been constructed and investigated in conjunction with these developments. 

The method was useful in developing PMMA derivatives from guanidine hydrochloride 

and Hydrazine monohydrate as potential antibacterial agents. Chemically modified 

compounds were characterized FT-IR, NMR, GPC, TGA&DSC, DLS and FESEM 

analysis. Preliminary biological tests have shown that polymers have a high acceptance 

level of bactericidal activity to be employed as standalone high antimicrobial 

preparations or as effective additives in composite materials. These polymeric materials 

were characterized for optimal physicochemical properties of the products that have 

been studied. Likewise, the PMMA-modified compounds were also evaluated for cell 

viability against the A549 cancer cell line. The results indicated that PMMA-G and  
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PMMA-H have higher anticancer activity in a short period of 24 hours while PMMA 

less anticancer activity. Furthermore, theAO/PI staining assay was used to test and 

fluorescence microscopy was used to confirm the apoptosis in cancer cell lines. 

 

INTRODUCTION 

In recent years, PMMA modified polymers are 

employed in various medical applications.  The 

ester group of PMMA polymer converted to amide 

linkage in  derivatization employed as a key 

structural motif in various biological activities like 

antibacterial and anticancer activities. PMMA 

modified with hydrazine monohydrate and 

guanidine hydrochloride1 results in selective 

structural and biological characteristics. Modified 

PMMA polymers are expected to possess more 

biological effectiveness compared to conventional 

biomedical polymers. Biologically important 

modified PMMA derivative with  amide and  

carbonyl group in chemical structure extensively 

used in medicine2  The presence of hydrazide 

moiety in the polymerized compounds is  

considered  in the medical field especially for 

anticancer activity. Antibacterial polymers served 

as a potential substitute for antibiotics.  To bridge 

the gap between scientific research and actual or 

potential uses, the mechanism, benefits, and 

potential clinical applications of certain 

antibacterial polymers are synthesized and 

analysed in this work. Future designers and 

developers of antibacterial medical devices are 

likely to find the information presented in this 

article to be a helpful tool.4-6  Lung cancer cell 

line were used to investigate anticancer activity for 

the modified PMMA compounds. Based on the 

survey, a comparative study of  PMMA with  

modified PMMA-H and PMMA-G is explored.  

2. Materials and methods 

Poly (methyl methacrylate), Hydrazine 

monohydrate, and Guanidine hydrochloride 

were purchased  from Sigma Aldrich. Base like 

Triethylamine is also purchased from Sigma 

Aldrich. Tetrahydrofuran (THF)  and ethanol 

were purchased chemicals and solvents from 

Rankem and analytical reagents. DMSO-d6 and 

CDCL3 were used in the NMR spectral analysis 

purchased from  Sigma Aldrich and Merck. All 

the substances were utilized without 

purification for synthesis and purification. 

2.1 Synthesis of hydrazine modified PMMA 

For the synthesis, 1g (10 mmol) of PMMA 

was taken in a 100 ml RB flask with an stirrer  

and 5 ml of THF was used to dissolve the 

starting material. After completely dissolving 

the polymer, 3ml (60mmol) hydrazine 
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monohydrate was added slowly to the reaction 

flask at the RT. After the reaction mixture was 

continuously stirred for 3 to 4 h at room 

temperature, and  reflux condition was 

continued  in an oil bath for 48h at 100 °C . 

The obtained solid was filtered, washed 

several times with ethanol, dried under 

vacuum at 50 °C for 2h, and then kept in a hot 

air oven yielding an amorphous powder that 

was denoted as PMMA-H. 

Scheme 1 

2.2Synthesis of guanidine-modified PMMA. 

PMMA was modified using guanidine in a 1:3 

ratio, PMMA (3g), was dissolved in 5 ml THF. 

Guanidine hydrochloride (1g) was separately 

dissolved in 3 ml of DMF in a test tube and then 

transferred to the reaction flask. A magnetic 

stirrer was used to obtain a uniform solution. 

Triethylamine was added (1 ml) drop wise to 

the resulting solution under stirring. The  

solution was refluxed in an oil bath at 120 °C 

for 72h.  The product formation in the reaction 

mixture was product using FTIR. The the solid 

sediment in the RB flask was washed with a 

small amount of water (three times) to remove 

unreacted quanidine. The white precipitate was 

dried under air and then under vacuum to obtain 

an amorphous powder.  

Scheme 2 

2.3 Characterization. 

FT-IR spectra were obtained on a Perkin 

Elmer spectrum Two UATR FT-IR 

spectrometer with KBr pellets containing 

modified linear polymer compound. The 

Spectra region is displayed with a resolution 

of 2 cm-1, a scanning rate of 2 mm/s, and 20 

scans in the frequency range of 4000–400 cm-

1.Especially the hydrazide group of modified 

polymer has identified and recorded the IR 

spectrum. 1H and 13C NMR spectra were 

recorded on a BRUKER-DMX advance 400 

MHz Spectrometer using CDCL3 and Dmso- 

d6 as the solvent. The chemical shift values of 

the hydrazide or amide proton and carbon in 

the modified linear polymer molecule in the 

NMR spectrum serve as confirmation. The 

particle size distribution and Zeta potential of 

PMMA derivatives was observed by using 

Dynamic Light Scattering (Malvern 

Instruments Ltd, Malvern, UK). The 

evaluation of the thermal stability of PMMA 
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and modified linear polymers used Thermo 

gravimetric analysis (TGA) was conducted 

with, TA Instruments, SETARAM, THEMYS 

ONE+, KEP technologies, Switzerland, 

thermo gravimetric analyzer. Experiments 

were carried out on 1–6 mg samples heated in 

flowing under N2 atmosphere at a heating rate 

of 5 °C/min. The temperature was employed 

as the measure for the amount of weight loss 

as a result of the volatile component's 

formation. The thermal analysis of PMMA 

and their modified derivatives were also 

carried out by using DSC 25, TA Instruments, 

and Waters Austria. The dynamic DSC run 

was recorded at a heating rate of (Ramp) 

5◦C/min under N2 atmosphere. For each 

analysis about 2-3 mg of sample is used, and 

scans were recorded in the temperature range 

RT to 350◦C. Gel permeation chromatography 

(GPC; Agilent technologies, model Agilent 

1260, US) was used to determine the samples' 

average molecular weights and molecular 

weight distribution. Tetrahydrofuran was used 

as the elution solvent, and its flow rate was 

held constant at 0.5 mL/min. using RI 

detectors and wavelength absorbance 285 nm. 

The modified PMMA linear polymer 

compounds' microstructure image was 

captured using FE-SEM, an advanced 

technique (XFlash 410, Bruker Nano GmbH 

Berlin, Germany, Esprit 1.9). 

2.4 Cell viability by MTT assay 

The Lung cancer cell lines of A549 seeded in 

96-well microplates (1 x 106 cells/well) and 

incubated at 37°C for 72 h in 5% CO2 

incubator and allowed to grow 90% 

confluence. Then the medium was replaced 

and the cells were treated with PMMA sample 

and modified basis compounds PMMA-G and 

PMMA-Hat different concentration of such as 

10, 20, 30, 40 and 50 µg/mL and incubated for 

24 h. The cells were then washed with 

phosphate-buffer saline (PBS, pH- 7.4) and 20 

μL of (MTT) solution (5 mg/mL) was added 

to each well. The plates were then stand at 

37ºC in the dark for additional 4 hr. The 

formazan crystals were dissolved in 100 μL 

DMSO and the absorbance was read 

spectrometrically at 570 nm. The percentage 

of cell viability was expressed as formula. 

  

 

 
The concentration that inhibited 50% of cell 

growth was referred as IC50 value, which was 

used as a parameter for cytotoxicity study.The 

morphological changes of untreated (control) 

and treated cells were observed under the 

FLoid Cell Imaging Thermo Fisher –

Invitrogen EVOS XL Model after 24 h and 

photographed.   

2.5 Apoptosis assay of Modified PMMA 

compounds 

Cell apoptosis was examined using 

Venugopal et al.'s (2017) protocol36. 

Acridine orange/propidium iodide (AO/PI) 

staining served as a useful method for 

identifying cell growth. Using the minimum 

inhibitory strength of modified PMMA 

identified by the MTT assay, A549 cancer 

cells were seeded in 96-well plates and 

incubated for 24h. Following treatment, 5 

μL of a fluorescent dye stain (acridine 

orange, 100 μg/mL) and 5 μL of propidium 

iodide (PI, 100 μg/mL) were added to the 

treated cells and washed with phosphate 

buffer saline. When AO dye binds to both 

viable and nonviable cells, it emits either red 

or green fluorescence; in contrast, PI emits 

only red fluorescence when it connects to 

nonviable cells. The morphological 

changes37,38 in the apoptotic nuclei 
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(intensely stained, fragmented nuclei and 

condensed chromatin) cells were observed 

Floid Cell Imaging fluorescent microscope.   

2.3.1 FTIR Spectrum 

 

Fig1a:IR spectrum of  PMMA 
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Fig 1b: IR spectrum of PMMA-G 
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Fig 1c: IR spectrum of PMMA-H 

PMMA (Figure 1a) modified with two basic 

compounds were characterized by FT-IR7. 

Asshown clearly in Figure 1b and 1c, a strong 

absorption peak at 1668 cm−1 and 1645 cm-1 

corresponding to stretching vibration of C=O bond 

is clearly observed for modified polymers, 

suggesting the formation hydrazide linkage or 

quinidine amide linkage. In the control spectrum 
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Fig 1a, the adsorption peak for C=O in the methyl 

ester bond is located at about 1732 cm−1.The 

broad peaks centered at 3317 cm-1 (Fig 1b) and 

3367 cm-1 (Fig 1c) suggest the multiple stretching 

vibrations of CO-NH and CO- NH-NHR due to H-

bonding.8-10 The absence of such a broad peak in 

the control polymer (Fig 1a) confirms the H- 

bonding in the modified polymers.   

2.3.2 NMR Spectrum 

 

Fig 2a&2b:1H and 13C NMR Spectrum of PMMA 
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Fig 2c&2d:1H and 13C NMR Spectrum of PMMA-H. 
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Fig 2e&2f:1H and 13C NMR Spectrum of PMMA-G. 
1H and 13C NMR spectral methods are used  to 

confirm the structure of the modified linear 

polymers. The corresponding  chemical shift 

values for  hydrazide (CONH-NH2) and (CONH-

*NH2) quinidine amide linkages observed in 

proton NMR. The 1H NMR of PMMA-H 

hydrazide11,12 linkage (fig 2c) showed at δ 

8.07ppm  for the N-H or amide proton, Peak value 

at δ 3.58ppm assigned for OCH3,CH2 proton 

assigned at δ 1.77ppm to 1.97ppm. Methylacrylate 

or CH3  protons value at 0.77ppm  to 1.43 ppm. 

The fig (2d) represented 13C NMR spectra 

chemical shift value of ester carbon (COOCH3) 

assigned 177.50ppm and 177.75ppm.Therefore 

amide carbon (CONH) 176.60 ppm and 176.80 

ppm. Presence of peaks at 51.82ppm, 51.89ppm  

and 54.24ppm (COOCH3). Peaks  assigned at (  ) 

carbon 44.36ppm and 44.71ppm. 13C-NMR of 

PMMA-H hydrazide linkage: 29.19, 29.49, 31.78 

ppm (CH2), 14.29, 16.57, 18.80, 22.57ppm 

(CH3).Showed (Fig 2e) 1H NMR spectrum of 

PMMA-G quanidine amide linkage13,14δ 7.93 to 

8.23ppm (CONH-NH-NH2), OCH3 protons 

cluster assigned  value 3.6 ppm,  assigned 

CH2protons 1.77 to 2.27 ppm and CH3 protons δ 

0.84 to 1.43 ppm. 13 C NMR spectrum of PMMA-

G(fig 2f) quanidine amide linkage (CDCL3)  

177.82 ppm (COOCH3), 152.58 ppm (CONH),  

assigned 51.82ppm (COOCH3), Carbon peak at δ 

( )44.56-44.89ppm, 29.68-31.83 ppm (CH2),  9.17 

to 20.59ppm (CH3).  The structural characteristics 

of  modified PMMA-H and PMMA-G  linear  

polymers were confirmed  by  1H and 13C NMR   

 

spectral studies. 

2.3.3 Particle size & Zeta potential 

 
Fig 3:DLS analysis of Particle size distribution for 

(a) PMMA, (b) PMMA-H and (c) PMMA-G 

The Z-average size distribution of PMMA and 

PMMA modified derivatives using DLS15,16 

analysis was (Fig 3a,b,c) 710 ± 10 nm (PDI 0.5), 

550 ± 10 nm (PDI 1.0), and 290 ± 10 nm (PDI 0.4) 

respectively with a negative zeta potential of -33.1, 

-25.5 and -7.2 mV, respectively.  

2.3.4 Gel permeation chromatography (GPC) 



V. Jaisankar, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 7, 2266-2285 |Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                2274 | P a g e  

  



V. Jaisankar, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 7, 2266-2285 |Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                2275 | P a g e  

Figure 4. (a) GPC chromatogram of PMMA. (b) GPC chromatogram of PMMA-H. (c) GPC 

chromatogram of PMMA-G 

GPC analysis of PMMA Weight average 

molecular weight17-20 giving 9656 (Mw) ̅ (g/mol) 

and Number average molecular weight of 9489 

(Mn) ̅ (g/mol) with polydispersity (PDI) of 1.018. 

Synthesized modified linear polymer average 

molecular weight of hydrazide21-23 (PMMA-H) 

and amide guanidine (PMMA-G) 10089 (Mw) ̅ 

(g/mol), 9691 (Mn) ̅ (g/mol) and 61528 (Mw) ̅ 

(g/mol) 58998 (Mn) ̅ (g/mol) with polydispersity 

(PDI) of 1.041 and 1.043 respectively. The 

average molecular weight of the PMMA derivative 

was observed to be higher than that of the PMMA 

from the GPC results and shown in the Table-1. 

 

Polymer 
Weight Average Molecular 

Weight,  𝑀𝑤̅̅ ̅̅ ̅ 
Number Average Molecular 

Weight,  𝑀𝑛̅̅ ̅̅  

PDI 

 

PMMA 9656 9489 1.018 

PMMA-H 10089 9691 1.043 

PMMA-G 61528 58998 1.043 

Table 1.GPC results for the PMMA and PMMA derivatives polymer.(Mw) ̅, average-weight molecular 

weight;(Mn) ̅, average-number molecular weight; PDI, polydispersity index. 

2.3.5 Differential scanning calorimetry (DSC) 

Thermal analysis techniques such as DSC 

are generally employed to analyse the 

thermal characteristics such as melting 

temperature(Tm) and  glass transition 

temperature (Tg).   The Tg depends on the 

molecular mobility of materials in 

crystalline as well as amorphous structures. 

The DSC thermo gram of (Fig 4&5) PMMA 

shows Tg at 45.44°C and an 

endothermic24,25curve ~ 84.39 °C. The Tg 

corresponding to PMMA-modified 

derivatives like quanidine amide decreases 

to Tg at 40.75°C but did not reveal DSC 

shows hydrazine Tg and the broad 

endothermic curve obtained from the graph 

at 105.64°C. Typical DSC curves of 

quanidine hydrazide heat transition of 

endothermic temperature at 123.03°C and 

220.58°C respectively.In DSCthermogram, 

the glass transition26 of modified polymers 

values is comparatively  lower than the Tg of 

the pure PMMA. All the polymers 

degradation starts from ~300°C. 

  

Figure 5 and 6. DSC curves of PMMA and PMMA derivatives at a heating rate of 5 °C/min in nitrogen. 
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The increased melting temperature of 

modified polymers is higher than PMMA. 

Data proved that modified polymers 

thermally stable than PMMA. The reason for 

phase, changes confirm by the endothermic 

temperature values of the aliphatic-modified 

hydrazide polymers compound. 

2.3.6 Thermogravimetric Analysis (TGA) 

The thermal stability of PMMA and PMMA 

modified polymers was investigated by TGA 

and  shown in Fig.7. From the thermograph 

a single-step degradation27 was observed in 

PMMA, which began at about 288 ◦C and 

finished at about 425 ◦C. It can be seen from 

the graphundergoes one major stage of 

degradation in this temperature and the value 

of the weight loss at this stage is 

94.63%.There was a negligible weight loss 

(2–4%) up to100 ◦C, which might be due to 

the moisture present on the samples. The ash 

content (at 800 ◦C) of pure PMMA was 

1.57% and total weight loss 98.43%. 

Hydrazine hydrazide PMMA-H compound, 

TGA curve showed two steps of thermal 

degradation occurred. 

Figure 7. TGA curves illustrate the thermal degradation temperature of the PMMA compared to PMMA 

modified compounds. 

First degradation temperature from 234.8◦C 

to 448.9◦C with the weight loss28 of 87.54% 

and second degradation temperature from 

471.4◦C to 573.1◦C with the weight loss of 

2.24%.Ash content 4.77% and total loss of 

mass value 95.23%.Modified PMMA 

compound like PMMA-G,TGA curve 

indicated three stage  of degradation was 

observed. First stage of decomposition 

temperature29,30 starts from 174.0◦C and 

ends at 294.2◦C with sum of weight loss 

21.18%.Second degradation steps starts 

from 335.4◦C and ends at 464.9◦C and % of 

weight loss in this stage at 18%.Third 

degradation temperature starts from 497.7◦C 

to 585.1◦C with mass loss value 1.86%.After 

decomposition residue content 51.62 

%.Total weight loss 48.38%.   

2.3.7 FE-SEM (Field emission scanning 

electron microscopy) 

The surface morphological of PMMA 

sample and after chemical modification of 

the PMMA samples in the present study 

were analyzed using FESEM analysis. 
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Figure 6. Morphological features of FE-SEM images PMMA, PMMA-G, and PMMA-H 

2.4 Antimicrobial studies 

2.4.1 Antibacterial studies 

Materials  

Standard cultures for antimicrobial assays 

were stepped up from Microbial Type 

Culture Collection (MTCC), IMTECH, 

Chandigarh, India. 

The agar well diffusion method31 was 

performed to determine the anti-microbial 

activity of the synthesized polymerized 

materials. These organisms namely Gram 

+ve (Bacillus cereus (MTCC 4079), 

Staphylococcus aureus (MTCC 737), Gram 

-ve (Escherichia coli (MTCC 1687), 

Pseudomonas aeruginosa (MTCC 1688). 

Fresh overnight (24hrs) bacterial culture 

(1x105 cells/mL) was spread evenly on the 

surface of nutrient agar with the help of 

cotton swabs. Then, with a sterile cork borer, 

holes of 6 mm were punctured. Varying 

volumes (25-75µl) of compounds were 

loaded aseptically into the holes, and the 

plate was incubated for 24 hrs. Ampicillin 

was used as the positive control 32-35. 

2.4.2 Cell viability by MTT assay 

The Lung cancer cell lines of A549 seeded 

in 96-well micro plates (1 x 106 cells/well) 

and incubated at 37°C for 24 h in 5% CO2 

incubator and allowed to grow 95% 

confluence. Then the medium was replaced 

and the cells were treated with and PMMA 

sample and modified basis compounds 

PMMA-G and PMMA-Hat different 

concentration of such as 10, 20, 30, 40 and 

50 µg/mL and incubated for 24 h. The cells 

were then washed with phosphate-buffer 

saline (PBS, pH- 7.4) and 20 μL of (MTT) 

solution (5 mg/mL) was added to each well. 

The plates were then stand at 37ºC in the 

dark for additional 4 hr. The formazan 

crystals were dissolved in 100 μL DMSO 

and the absorbance was read 

spectrometrically at 570 nm. The percentage 

of cell viability was expressed as formula. 

 

The concentration that inhibited 50% of cell 

growth was referred as IC50 value, which 

was used as a parameter for cytotoxicity 

study.The morphological changes of 

untreated (control) and treated cells were 

observed under the FLoid Cell Imaging 

Thermo Fisher –Invitrogen EVOS XL 

Model after 24 h and photographed.   

2.4.3 Apoptosis assay of Modified PMMA 

compounds 
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Cell apoptosis was examined using 

Venugopal et al.'s (2017) protocol36. 

Acridine orange/propidium iodide (AO/PI) 

staining served as a useful method for 

identifying cell growth. Using the minimum 

inhibitory strength of modified PMMA 

identified by the MTT assay, A549 cancer 

cells were seeded in 96-well plates and 

incubated for 24h. Following treatment, 5 

μL of a fluorescent dye stain (acridine 

orange, 100 μg/mL) and 5 μL of propidium 

iodide (PI, 100 μg/mL) were added to the 

treated cells and washed with phosphate 

buffer saline. When AO dye binds to both 

viable and nonviable cells, it emits either red 

or green fluorescence; in contrast, PI emits 

only red fluorescence when it connects to 

nonviable cells. The morphological 

changes37,38 in the apoptotic nuclei 

(intensely stained, fragmented nuclei and 

condensed chromatin) cells were observed 

Floid Cell Imaging fluorescent microscope.   

RESULT AND DISCUSSION  

For the purpose of characterization of modified 

PMMA derivatives,FT-IR,1H and 13C NMR 

spectra were recorded.The commercial sample 

(Sigma –Aldrich) of  PMMA was used for 

recording spectra. The proton NMR spectra (Fig 

2a) of PMMA show two ester, two methylene, and 

two methyl signals. The 13C –NMR spectrum(Fig 

2b)displays two ester signals & clusters of 13C 

signals corresponding –CH2- & -CH3groups. In 

the FT-IR spectrum (Fig 1a) of PMMA, a strong 

stretching at 1732 cm-1 confirms the presence of 

the ester group. Stretching vibrations 

corresponding to CH3 and CH2 moieties are also 

a district in the FT-IR spectrum. These spectral 

characteristics are useful to confirm the 

modification of PMMA upon reaction with 

hydrazine and quanidine. When PMMA is 

modified with NH2-NH2, in addition to the ester 

signals(at 3.58&3.80 ppm), a new signal appears 

at 8.07 ppm, corresponding to the newly formed 

amide bond(hydrazide bond). The formation of the 

hydrazide derivative of PMMA is confirmed by 

the additional 13C resonances in the range of 

176.60-177.75 ppm. The presence of a free amino 

group was also confirmed through the Ninhydrin 

Test(…development of purple color). Encouraged 

by these results, we attempted to obtain PMMA 

derivatives modified with hydrazine and quanidine 

amide, As expected, the quanidine derivative of 

PMMA showed three resonances at ~ 

7.93,8.12,8.23 ppm corresponding to newly 

formed CO-NH bond. Partial modification of 

PMMA is evident from the appearance of a singlet 

at 3.60 ppm stemming from the residual ester 

group (COOMe). The 13C NMR spectrum shows 

the presence of ester carbonyl 177.82 ppm and 

amide carbonyl 152.58 ppm moieties. Partial 

modification of PMMA by quanidine is supported 

by the FT-IR data (Fig 1b), Which shows both 

ester and amide stretching vibrations at 1732 cm-

1and 1668 cm-1, respectively. In DLS analysis, the 

modified linear polymers like hydrazide derivative 

of PMMA guanidine (PMMA-G) and hydrazine 

(PMMA-H)) showed (Figure 3) less particle size 

than the (PMMA) due to their aliphatic hydrazide 

moiety formation. The higher negative zeta 

potential denoted the strong repulsion force 

between the particles causing an amplification or 

enhancement of stability. The DLS measurement 

of PMMA was negative in charge with a zeta 

potential value higher than the PMMA 

modification compounds. For the data evidence, a 

higher zeta potential charge would lead to a long 

time storage stability of the PMMA compared to 

PMMA derivatives (Raja et al. 2015; Vara- 

davenkatesan et al. 2016).The glass transition 

temperature of unmodified pure PMMA has a 

somewhat higher value than that of modified linear 

compounds, as seen by the DSC curve in the 

graphs (Figures 5 and 6). However, the DSC graph 

was ensured by exothermic temperature, which is 
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the melting point temperature at which PMMA-G 

and PMMA-H had higher values due to modified 

compounds' phase transitions at varying 

temperatures. According to data, modified PMMA 

(PMMA-G, PMMA-H) has higher melting 

temperature corresponding to thermal stability 

than PMMA.It is evident that the PMMA and 

derivative compounds exhibited different thermal 

degradation behaviors. The modified compound's 

TGA degradation temperature starts earlier and 

higher degradation temperature corresponding to it 

is noticed in the lower and high values of ash 

content (1.57%) for PMMA and (4.77% and 

51.62%) for modified polymer (PMMA-H)is 

slightly higher and more values as (PMMA-G)  

compounds. The possible explanation for the 

higher thermal stability of the modified polymer in 

comparison with the PMMA is that, during 

thermal degradation, the polymer degrades rapidly 

and leads to the formation of hydrazide or amide 

moiety, which may be more stable in comparison 

with the PMMA.Average molecular weight of the 

PMMA derivative was observed to be higher than 

that of the PMMA from the GPC results. PMMA 

modified of two compounds average molecular 

weight confirm by the GPC data (Figure 4). The 

surface and size of the PMMA  was observed from 

the images to compare after the chemical 

polymerization of modified compounds was 

changed. This morphological  changes supported 

the biological activities of the modified PMMA-G 

and PMMA-H in the present research work. FE-

SEM39-41 images showed the morphology of 

PMMA-G and PMMA-H were smallere in  size 

and further the molecule were aggregated to each 

other in campare to  PMMA. 

3.1 Anti-bacterial activity 

Figure 7. PMMA, PMMA-G and PMMA-H treated with gram positive and gram negative bacteri
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Figure 8. Antibacterial activity of PMMA, PMMA-G, and PMMA-H 

Both the direct and indirect role occurs in a 

parallel system, making these compounds an 

excellent tool to combat the above microbes. 

This study worked to assess the efficiency of 

the synthesized polymerized materials 

towards both gram + ev and gram -ev bacteria 

with the highest concentration of 

approximately 106 CFU/mL. Among three 

compounds,PMMA was found to have the 

least effective zone of inhibition because its 

incorporating free amino and hydrazide or 

amide groups into PMMA made it possible to 

synthesize modified linear polymers with 

improved hydrophilicity, better solubility in 

aqueous media, and solubility in organic 

solvents. This modified linear polymer also 

allowed for the protonation of the free amino 

and hydrazide groups, which improved their 

antibacterial activity. Whereas PMMA-G 

linear polymer and PMMA-H provide a 

maximum zone of inhibition due to their 

hydrazide and amide moiety in the modified 

linear polymer of basic compounds. 

3.2 Anticancer activity of PMMA-modified 

compounds against A549 cell line 

The lung cancer cell line (A549) was used to 

test the PMMA standard and modified 

compounds' anticancer activity. The results 

are shown in Figure 9.The MTT assay was 

carried out by exposing A549 cells to different 

concentrations (10–50μg/mL) of PMMA std, 

PMMA-G, and PMMA-H for 24 hours. The 

treated and untreated cells were analyzed for 

morphological changes and cell viability in 

the PMMA standard and PMMA-modified 

samples.According to the results, compared to 
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untreated cells, the growth of cancer cells was 

marginally decreased by an increase in 

PMMA concentration. 

 

Figure 9.Optical microscopic images showing the apoptosis of A549 lung cancer cells treated with 

standard PMMA and the modified PMMA-G and PMMA-H. 

Figure10.The fluorescence microscopy images show the dual AO/PI staining assay-based apoptosis in 

A549 lung cancer cells. 

The results of modified compounds indicated a 

significant decrease in cancer cell proliferation 

(10–50 μg/ml) as compared to untreated cells. 

With five different concentrations of PMMA-G 

and PMMA-H, a wide range of cell viability was 

inferred.The maximum decrease in cell viability 

was witnessed at 50 μg/mL (IC50) compared to the 

PMMA standard, as inadequate cell viability was 

shown in the microscopic images (Figure 9)It is 

verifiable that the compounds PMMA-G and 

PMMA-H can kill cancer cells. 
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Figure 11.  Anticancer activity test results of 

PMMA modifies. 

According to the images, at low concentrations, 

both compounds moderately kill cancer cells, 

ranging from 10 to 50 μg/mL, (Figure 11) and at 

higher concentrations of both substances, kill 

cancer cells. In the MTT experiment, the PMMA 

showed 87% cell viability and 13% anticancer 

activity against lung cancer A549 cells.  PMMA-

G, a modified polymeric molecule, exhibited 

anticancer activity 79% of cancer cells and 21% 

of cell viability. In PMMA-H, the anticancer 

activity against cancer cells was 68%, whereas 

the cell viability was 32%. Anticancer activity is 

less for PMMA compared to PMMA-G and 

PMMA-H from the evidence for the microscopic 

image in the MTT assay result. An apoptosis 

experiment using dual AO/PI labeling was used 

to establish the anticancer activity further; the 

resulting data are displayed in Figure 10. The 

PMMA demonstrated a very less level of 

apoptosis as measured by the emission of minute 

red cells, or dead cells, as a result of poor protein 

binding, low cell affinity, and nuclear membrane 

contact. Comparing the PMMA-G and PMMA-

H to the PMMA, the apoptosis assay revealed 

greater results. Both readily attach to DNA, 

which causes chromatin condensation, DNA 

fragmentation, and a change in cell shape. 

Therefore, in comparison to the PMMA (uniform 

bright green nuclei and cytoplasm), the A549 

Lung cell line treated with these PMMA-G and 

PMMA-H generated a maximum amount of red 

fluorescence (late apoptosis or necrosis) with 

round-shaped morphology. These results suggest 

that PMMA-G and PMMA-H, both modified 

polymeric compounds, have better anticancer 

activity against cancer cells than normal cells. 

According to the modified compounds' 

anticancer effect, the hunt for alternative 

chemotherapeutic drugs may benefit from their 

contributions. 

CONCLUSION 

In this investigation, guanidine and hydrazine 

incorporated PMMA were designed and 

synthesized for biological applications. All the 

analytical-related data such as FTIR, NMR, GPC, 

thermal analysis and FESEM, etc., supported and 

confirmed the formation of amide guanidine and 

hydrazide moiety in the modified polymers. The 

antibacterial activity of these modified polymeric 

compounds was significantly better than that of the 

distinct PMMA. According to the findings, the 

surface  morphology, particle size, and 

concentration of hydrazide modification of 

PMMA derivatives have significant impact on the 

bacterial inhibitory mechanism. They are more 

effective against both gram-positive and gram-

negative bacteria.  According to the test results, the 

prepared PMMA modified polymeric materials 

possess potential anticancer capacity and implant 

for controlled drug release. 
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