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treatment of p(NAG-b-A) and p(NAG-Ac-NAE) at 25 and 250 μg mL-1 in 

RAW264.7 cells. After sqRT-PCR, the amplicon was separated on 2% agarose 

gel. Densitometry analysis was performed using FIJI software and represented in 

graphs. 
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Figure 3.3. 1 Theoretical bioactivity scores of random arrangements of N-acryloyl 

glycine, acrylamide and cross linked structures categorized into: (1) linear 

homopolymer (G1 to G11), (2) linear hetropolymer (GA series), (3) cross-linked 

homopolymer (D1 to D6), and (4) cross-linked hetropolymer (D7 to D25). Series 

1: protease inhibitor, Series 2: GPCR ligand, Series 3: Ion channel modulator, 

Series 4: Kinase inhibitor, Series 5: Nuclear receptor ligand, and Series 6- enzyme 

inhibitor. 
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Figure 3.3. 2 Ground state HOMO, and excited state LUMO and energy band gap 

of (a) homopolymer of n-acryloyl glycine, (b) Linear hetro-polymer of N-

acryloylglycine and acrylamide and (c) cross-linked monomeric to hexameric unit 

of p(NAG-co-Ac) polymer. (d) Molecular orbital of glycine in HOMO to LUMO 

energy transfer, (e) molecular orbital of N-acryloyl glycine in HOMO to LUMO 

energy transfer, and (f) D4 and D22, D6 and D7 
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Figure 3.3. 3 3D protein structure of heparanase (7PRT) depicting the catalytic 

domains and heparin binding domains HBDI, HBDII and HBDIII. Docking poses 

a complex of (b) Cyclophellitol, and (c) Roneparstat with 7PRT. 
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Figure 3.3. 4 Docking poses for complex of (i) Glycine, (ii) N-acryloylglycine, 

(iii) G2, (iv) GA1, (v) AA, (vi)GA4, (vii)D2 and (viii) D24 with 7PRT 
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Figure 3.3. 5 Docking poses for complex for (ix) D4, (x) D21, (xi) D22, (xii) D18, 

(xiii) G6, (xiv) GA17, (xv) D5 and (xvi) D20 with 7PRT 
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Figure 3.3. 6 Morphology, mass swelling ratio and degradation behavior of poly-

[(N-acryloylglycine)-co-(acrylamide)] hydrogel in different enzymatic solutions. 

(a) FESEM micrograph of p(NAG-co-Ac), (b) particle size distribution obtained 

from Figure 3.3.1(a). (c) Mass swelling ratio of p(NAG-co-Ac) in PBS and 

different enzymatic solution lysozyme, proteinase K and collagenase I at the 

concentration 100 μg mL-1 of enzyme, (d-i) FESEM micrograph of degraded 

p(NAG-co-Ac) at 15th day and particle size distribution using respective 

micrograph (d-e) p(NAG-co-Ac) in PBS, (f-g). p(NAG-co-Ac) in 100 μg mL-1 

lysozyme, (h-i) p(NAG-co-Ac) in 100 μg mL-1 proteinase K. 
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Figure 3.3. 7 MTT assay represents the cell viability results on (a) L929 (b) HEK 

293 (c) HepG2 (d) MCF7 (e) A549 (f) MDA-MB-231 and (g) LN229 cell lines 

treated with different concentrations of glycine (red), N-acryloyl glycine (blue) 

and p(NAG-co-Ac) hydrogel (green) 

181 

Figure 3.3. 8 (a) Live and dead assay studied via AO/PI staining of MDA-MB-231 

cell lines treated with glycine, N-acryloylglycine and p(NAG-co-Ac) hydrogel, 

and (b) hemolysis percentage in treatment with p(NAG-co-Ac) hydrogel 

182 

Figure 3.3. 9The in vitro wound scratch assay results obtained using LN229 

glioblastoma cells by applying different concentrations (50 μg mL-1, 100 μg mL-1 

and 250 μg mL-1) of samples. Results obtained for (a) glycine, (b) N-acryloyl 

glycine, (c) p(NAG-co-Ac) and (d) migration. The inhibition was measured in 

terms of wound closer percentage observed at 24 and 48 hrs 

184 

Figure 3.3. 10 The in-vitro wound scratch assay using MDA-MB-231 triple 

negative breast cancer cell line (TNBC) by applying different concentrations (50 

μg mL-1, 100 μg mL-1 and 250 μg mL-1) of (a) glycine, (b) N-acryloylglycine, 

(c) p(NAG-co-Ac) and (d) migration. The inhibition was measured in terms of 

wound closer percentage observed at 24 and 48 hours. 
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Figure 3.3. 11(a) Flow cytometry based quantitative analysis (using Annexin V/PI 

assay) of apoptotic and necrotic cell death induced by glycine, N-acryloylglycine 

and p(NAG-co-Ac) hydrogel and compared to the untreated reference control. (b-

e) Intracellular ROS generation induced by (b) glycine at 50 and 500 μg mL-1, (c) 

N-acryloylglycine 50 and 500 μg mL-1, (d) p(NAG-co-Ac) hydrogel 50 and 500 
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μg mL-1, and (e) comparison of intracellular ROS generation between Figure 

3.3.11 b, c, and d. 

Figure 3.3. 12 Comparison of anti-antigenic effect of N-acryloylglycine and 

p(NAG-co-Ac) hydrogel.  (a) In ovo CEA assay, in the presence of p(NAG-co-Ac) 

restricted the vascular sprouting (marked as black arrow) in dose dependent 

manner compared to N-acryloyl glycine. The change in vessel area, total number 

of junctions, junction density, total vessel length and average vessel length 

changed with dosing of: (b-f) N-acryloylglycine and (g-k) dosing of p(NAG-co-

Ac) hydrogel as shown in time dependent manner with statistical significance 

level of p<0.05. 
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Figure 3.3. 13 Heparanase inhibitory activity of glycine, n-acryloyl and p(NAG-b-

Ac) 

191 

Figure 3.4. 1 FTIR spectra of (a) N-acryloyl phenylalanine methyl ester monomer, 

(b) N-acryloyl leucine methyl ester monomer, (c) poly (N-acryloyl phenylalanine 

methyl ester) NPs (p(NAPA)NP), poly(N-acryloyl Leucine methyl ester) NP 

p(LME), and poly[(N-acryloyl phenylalanine methyl ester)-co-(N-acryloyl 

Leucine methyl ester)] NP (p(NAPA-co-LEM)NP).(d) UV-Vis spectra of p(LME), 

p(NAPA) and p(NAPA-co-LEM) NPs. 

212 

Figure 3.4. 2(c) MALDI-ToF spectra of   p(NAPA-co-LEM)NPs 213 

Figure 3.4. 3 Morphological characteristics of (a-e) p(NAPA), (f-j) p(LME) and 

(k-o)  p(NAPA-co-LEM)NP. Figure (a, f and k) represent low magnification TEM 

macrographs. Figures (b,g and l) represent HRTEM macrographs of respective 

polymeric nanoparticles. Figures (c, h and m) represent the XRD of particles with 

SAED pattern obtain from HRTEM of respective polymer. Figures (d, i and n) 

show the particle size distribution of nanoparticles obtained from HRTEM 

micrographs and Figures (e, j and o) represent the pore size distribution of the 

obtained particles. 

215 

Figure 3.4. 4 Zeta potential of (a) p(NAPA), (b) p(LME) and (d)  p(NAPA-co-

LEM) NPs 
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Figure 3.4. 5 Thermogravimetric analysis (TGA) and Differential Scanning 

Calorimetry (DSC) of (a-b) p(NAPA), (c-d) p(LME) and (e-f) p(NAPA-co-LME) 

NPs 

217 

Figure 3.4. 6 Comparative Heaparanse inhibitory activity of p(NAPA), p(LME) 

and p(NAPA-co-LME) NPs. 

218 

Figure 3.4. 7 siRNA encapsulation and serum stability. Figs. (a-c) represent the 

siRNA encapsulation in p(NAPA), p(LME) and p(NAPA-co-LME) NPs, where 

‘M’  represent 100 bp ladder, ‘S’ represents the naked duplex siRNA, ps, ls, and 

pls- represent supernatant siRNA of different concentration  of 20μM (≈200ng) 

siRNA, 10μM (≈100ng)  siRNA and 5 μM (≈50ng)  siRNA with respective type of 

nanoparticle; es, el and pl- represent the encapsulated siRNA in p(NAPA)NP, 

p(NALE) NP and p(NAPA-co-NALE) NP, lane 4, 5, 6 of each gel of a, b and c 

represent supernatant obtained after siRNA encapsulation and lane 7, 8 and 9 

represent encapsulated particle. Figs. d-g represent the serum stability: (d) naked 

duplex siPOR2A, (e) naked 5-base-assymetric-Cy3-siPOLR2A, (f) p(NAPA-co-

LME)-co-siPOLR2A and (g) p(NAPA-co-LME)-co-(5b(A)Cy3-siPOLR2A) 

complex at different time interval lane 1-100bp ladder, lane 2-7 different time 

interval 0, 3, 6, 12, 24 and 48 h. 
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Figure 3.4. 8 Cell Viability of p(NAPA-co-LME) NPs and p(NAPA-co-LME)-co-

siPOLR2A complex: (a) treatment with different concentrations of p(NAPA-co-

LME) particles to normal cell line PC12, HepG2 and L929 and cell viability (b) 

cytotoxicity of cancer cell in response to p(NAPA-co-LME) particles, (c) MDA-

MB 231 cell viability in response to paclitaxel(ptx) and p(NAPA-co-LME) +PTX 

NPs, (d) MDA-MB-231 cell viability in response to the siPOLR2A (loaded and 

naked siRNA) and (e) MDA-MB-231 cell viability in response to different 

combinations of siRNA: Drug and co-loaded particles. 
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Figure 3.4. 9 Western blot of POLR2A (217 kDa) (a) silencing with 5b(A)Cy3-

siPOLR2A and (b) silencing with duplex siPOLR2A 
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Figure 3.4. 10 Figure 3.9.10 Cellular Internalization mechanism and 

endolysosomal escape. Fig (a-f): show flow cytometry based cellular uptake of 

NP, Fig (c), cellular uptake in response to the different inhibitors, (d) 

chloropramazin, (e) amilroid and (f) Nystatin. Figs. (g-h) confocal microscopic 
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images of LAT1 mediated internalization of P(NAPA-co-LME)-5b(A)Cy3-

siPOLR2A at 2 hours and 6 hours. (I and J) endolysozomal escape. 

S3.1. 1 FTIR Spectrum of N-acryloylglycine (NAG) monomer. 239 

S3.1. 2 1H NMR and 13C NMR  (a) 1H NMR of N-acryloylglycine monomer 

and(b) 13C NMR of N-acryloylglycine monomer. Fig. S2(a) shows the H1 NMR 

(DMSO-d6) spectrum of NAG with the corresponding chemical shifts (ẟ in ppm): 

12.5 (O─H of carboxylic acid), 8.4 (N─H of 2° amine), 6.1(═C─H2), 6.3 (cis) and 

5.6 (trans) of (H2C═CH2), 3.4 for H2O and 2.5 for DMSO-d6. 13C-NMR (Fig. 

S3.1.2(b)) spectrum confirmed the presence of 5 carbon moiety with the 

corresponding chemical shift at 175 ppm (─COOH), 165 ppm (O═C─NH-R), 125 

ppm (─HC-NH), 132 ppm (C═C) and 40 ppm band of DMSO-d6. 

240 

S3.1. 3. FTIR Spectrum of poly(N-acryloylglycine-acrylamide) co-polymeric 

hydrogel. 

241 

S3.1. 4. (a) H1 NMR of p(NAG-b-A) hydrogel and (b) C13 NMR of p(NAG-b-

A)nanohydrogel. 
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S3.1. 5(a). Solubility test of the p(NAG-b-A) hydrogel in different solvents at 

room temperature. 

243 

S3.1. 6. Thermal stability and heat flow shown in Fig.(a) represents TGA of 

p(NAG-b-A) co-polymeric hydrogel and Fig. (b) represents DSC plot of p(NAG-

b-A) hydrogel. 
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S3.1. 7. (a) XRD pattern of NAG and (b) XRD pattern of p(NAG-b-A). 245 

S3.1. 8. (a) Size distribution of p(NAG-b-A) hydrogel NPs and (b) zeta potential 

(ζ) of p(NAG-b-A) hydrogel in water measured through DLS at room temperature. 

245 

S3.1. 9.  Show the actin filament stabilization in primary neuron cultured on Fig. 

(a) poly (l) lysine coated slide (control) and on Fig. (b) p(NAG-b-A) hydrogel. All 

fluorescent microscopy images were acquired at 10X and cells were stained with 

the Hoechst 33258 and immunolabeled with Phalloidin. Images show the merged 

(Hoechst 33258 + F-actin) and bright field (merged) images. 
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S3.1. 10. Figure shows the 3D orientation of the longer neurite growth on the 2D 

substrate (Figs. a-f) (for A-group). Figs (g-l) show the neurite growth in longer 

and deep penetration depth of p(NAG-b-A) hydrogel on 14th Day of culture (B-

group sample). Figs. (a) and (g) are for Hoechst 33258 staining of nucleus of 

neurons, Figs. (b) and (h) for the beta tubulin III immunolabeled hippocampal 

neurons, Fig. (c) and (i) Phalloidin (red) immunolabeled hippocampal neuron; 

Figs.  (d) and (j) represent the merged images of immunolabeled hippocampal 

neurons; Figs. (e) and (k) show the bright field images of hippocampal neurons 

and Figs. (f) and (l) show the merged 3D images of bright field and 

immunolabeled stained neurons, respectively. 
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S3.1. 11 FTIR and Raman shift of untreated and H2O2 treated p(NAG-b-A) 

hydrogel 

248 

S3.2 1. (a) FTIR spectra of N-acryloylglycine, (b) N-acryloylglutamic acid, (c) 

poly [ (N-acryloylglycine)-b-(acrylamide)] (d) poly(N-acryloylglycine)-co-

(acrylamide)-co-(N-acryloylglutamate) co-polymeric hydrogel. 

251 

S3.2 2. (A) 1H NMR of N-acryloylglutamate monomer and (B) 13C NMR of N-

acryloylglycine monomer 
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S3.2 3. (A) 1H NMR of p(NAG-Ac-NAE) nanohydrogel and (B) 13C NMR of 

p(NAG-Ac-NAE)) nanohydrogel. 
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S3.2 4. (a) TGA and (b) DSC of the poly(N-acryloylglycine)-co-(acrylamide)-co-

(N-acryloylglutamate) hydrogel. 

254 

S3.2 5. Shows the MALDI-TOF spectrum of p(NAG-Ac-NAE) hydrogel 255 

S3.2 6. Biodegradation behavior of [p(NAG-Ac-NAE)] without replacing media, 

studied in PBS (pH 7.4) and in presence of different enzymes. 

255 

S3.2 7. (a) Size distribution and (b) zeta potential of p(NAG-Ac-NAE) hydrogel, 

studied in PBS (pH 7.4) 

256 

S3.2 8. (a) Cell viability of HUVEC cells in treatment of p(NAG-b-A) hydrogel, 

(b-e) Anti-angiogenic property of p(NAG-b-A) hydrogel. (a) Vessel area (%) vs 

Time, (b) Total number of junctions (%) vs Time, (c) Junction density (%) vs time 

and (d) Total Vessel length (%) vs time. 
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