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Abstract

A nanocarrier designed for cellular delivery plays a crucial role in encapsulating, safeguarding,
and efficiently transporting payloads across cell membranes, facilitating their entry into the
cytosol. Nanoparticle-based drug delivery systems (DDS) have emerged as a promising avenue
for drug therapy, leveraging nanoparticles to enhance bioavailability, controlled release, and
prolong the circulation time of drugs, thereby increasing efficiency and safety. Mesoporous
silica nanoparticles (MSN)-based carriers have garnered substantial attention due to their high
porosity, biocompatibility, and facile particle size control. In addition to porosity, incorporating
spiky nanotopography on MSNs introduces unique properties for bacteria adhesion,
intracellular delivery, and plasmid DNA (pDNA) protection. Despite their advantages, MSN-
based DDS face challenges such as low loading capacity and premature release of anticancer
drugs. Surface modification of MSN offers a promising strategy for further enhancing drug
loading, controlled release, and therapeutic efficacy. An innovative strategy involves creating
virus-mimicking nanoparticles designed to safeguard therapeutic cargo from enzymatic
degradation and premature release, all while accommodating a substantial loading capacity for
biomolecules. The concept of crafting spiky silica nanoparticles with solid spikes on their
surface, resembling viruses, is particularly fascinating. Although silica inherently lacks stimuli-
responsive properties, incorporating it with metal-organic frameworks (MOFs) like ZIF-8/ZIF-

90 can impart acid-responsive characteristics to the nanocarrier.

The primary aim of this thesis is to design non-virus-based nanocarriers that mimic nature, with
significant relevance in diverse biological applications such as drug delivery, protein delivery,
gene delivery, and antimicrobial activities. The nanocarrier system utilizing MSN for efficient
cellular delivery of therapeutic payloads, addressing challenges of low loading capacity, high

cytotoxicity and premature release through surface modification techniques.

Our results indicate a remarkable loading capacity of SNP-ZIF-90 for doxorubicin, surpassing
that of bare SNPs, attributed to the formation of Schiff base interactions. Furthermore, SNP-
ZIF-90 demonstrates acid-responsive behavior, with higher percentages of drug release at
acidic pH levels. Importantly, the developed system also facilitates the endosomal escape of
chemotherapeutic drug molecules and shows a substantial 6.5 and 3 times reduction in the half-
maximal inhibitory concentration (IC50) compared to free doxorubicin (Dox) and SNP-Dox,
respectively, indicating enhanced therapeutic efficacy. Similarly, we utilized SNP-ZIF-8 for
the delivery of mRNA, embedding SNP mesopores with 27% ZIF-8 nanocrystals while



retaining the spiky morphology. This design ensures proficient mRNA loading, provides
protection against enzymatic degradation, and induces endosomal escape. Our findings
demonstrate that SNP-ZIF-8 exhibits minimal cytotoxicity in various cell lines and superior
cellular uptake compared to ZIF-8. Additionally, in-vitro mRNA transfection rates are 1.5
times higher than those achieved with SNPs alone and show a 1.2-fold improvement over the
commercially available Lipofectamine RNAmax. Expanding the scope of synthesized
nanoparticles in treating gram-negative bacterial infections, we demonstrated that SNP-ZIF-8
loaded with the protein Lysozyme can adhere to the bacterial cell membrane through
multivalent interactions. Zinc ions released from ZIF-8 near the cell membrane increase
bacterial cell membrane permeability and reactive oxygen species (ROS) generation. The
overproduction of extracellular ROS assists in reaching Lysozyme to the inner bacterial cell
wall, lysing the peptidoglycan layer, resulting in the release of cytosol contents, and effectively
killing H. pylori. In summary, this thesis presents the design and evaluation of non-virus-based
nanocarriers, particularly SNP-ZIF-90 and SNP-ZIF-8, for efficient drug and mRNA delivery,
as well as antimicrobial activities. These nanocarriers demonstrate remarkable loading
capacities, acid-responsive behavior, and enhanced therapeutic efficacy, addressing challenges
such as low loading capacity and premature release. Future directions include further
exploration of surface modification techniques to enhance drug delivery efficiency and

expanding applications to other biological processes.



YR (Abstract in Hindi)

TeTeR FEeliad) & forg FRewire o 71 U SRR SifrepT fRreeht # Uaile 1 Tibweie
FH, JIEd T/ 3R PIAAYdDd aRagd H=A | Hga@yul HYFeT Furar 8, o
T H 3 Ta<l &1 T fAed 8 | A ur-3menfid gar fad=or yumet (Siered) gar
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1 TOTgH &R0T 3R T ¥ Ugd Rae I 990 & fo fewe foar man 8, 9y &
ST & e gaftd aifee e &1 1 THRINT @dl g1 SAd! ¥dg IR iRy
S fege aTel 31 IR aTdl TWRS! R A-IdB 0N &l R & &1 YR faRy
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| ST 3], THUAU-SIS TS UT-90 SHT-ITRGR HTER G Rid Bl &, forad st
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+ mRNA, SNP + mRNA, and SNP-ZIF-8 + mRNA for 12 hours. Bars represent mean = SD
(n=3), statistical analysis by t-tests: no significant difference (ns), ***p<0.001, **p<0.001.

Scheme 6.1. Schematic illustration of synthesis of SNP-ZIF-8 and antimicrobial activity.
Fig. 6.1. (a) XRD, and (b) FTIR spectra of SNP, ZIF-8, and SNP-ZIF-8.
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Fig. 6.2. SEM images of (a) SNP, (b) SNP-ZnO, and (c) SNP-ZIF-8. TEM images of (d) SNP,
(e) SNP-ZnO, and (f) SNP-ZIF-8. (g) HAADF-STEM image, (h) Si/Zn/N Elemental mapping
SNP-ZIF-8.

Fig. 6.3. TEM image of ZIF-8.

Fig. 6.4. (a) TGA analysis of SNP, ZIF-8, and SNP-ZIF-8. (b) BET and BJH pore size
distribution of SNP-ZIF-8.

Fig. 6.5. BET and BJH pore size distribution of (a) SNP and (b) SNP-ZnO.

Fig 6.6. DFT pore size distribution of SNP-ZIF-8.

Fig. 6.7. (a) Loading capacity of Lyz on SNP and SNP-ZIF-8. (b) Zeta potential of SNP, SNP-
ZIF-8, SNP-Lyz and SNP-ZIF-8-Lyz. (C) DLS size of SNP, SNP-ZIF-8, SNP-ZIF-8-Lyz, and
SNP-ZIF-8-Lyz. (D) Cumulative release (0-72 hours) of Lyz from SNP, and SNP-ZIF-8. Bars
represent mean + SD (n=3), statistical analysis by t-tests: no significant difference (ns),
*p<0.001.

Fig. 6.8. (a) Images of H. pylori colony plates, (b) growth of H. pylori counted by CFUs per
millilitre free lysozyme, SNP-ZIF-8, SNP-Lyz, and SNP-ZIF-8-Lyz. (c) SEM images of
nanoparticles adhered to H. pylori after incubation with SNP-ZIF-8, SNP-Lyz, and SNP-ZIF-
8-Lyz. Bars represent mean + SD (n=3), statistical analysis by t-tests: no significant difference
(ns), ****p<0.0001, ***p<0.001, **p<0.001

Fig. 6.9 (a) Confocal microscopy images of live/dead staining of H. pylori (live bacteria were
stained green and dead bacteria were stained red), (b) ratio of live/dead bacteria computed, (c)
quantification of ROS generation, and (d) H. pylori protein excretion measured by BCA assay
after treatment with free Lyz, SNP-ZIF-8, SNP-Lyz, and SNP-ZIF-8-Lyz. Bars represent mean
+ SD (n=3), statistical analysis by t-tests or one-way ANOVA test: no significant difference
(ns), ****p<0.0001, ***p<0.001, **p<0.001.

Fig. 6.10. Cell viability of Caco-2 cells incubated with varying concentrations of SNP-ZIF-8-
Lyz
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