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Abstract:

Precision medicine has advanced significantly with the design and testing of liposomal carriers for the targeted
administration of small interfering RNA (siRNA) in cancer therapy. In light of the introduced exploratory information
and ends, this study focused on the creation and portrayal of cationic liposomes containing 3,4-DMA lipids for
productive siRNA transport and quality silencing in cancer cells. Liposomes were tried for size, zeta potential,
polydispersity index (PDI), and DOTAP, Chol, and PEG colipids using electrophoretic light scattering and dynamic
light scattering. In request to determine which lipoplex formulations were best at complexing with siRNA, we
contrasted them with controls made with Lipofectamine 2000. These formulations were viewed as powerful in gel
impediment and intracellular take-up in MDA-MB-231 cells. The liposomes' selectivity and biocompatibility towards
cancer cells when contrasted with ordinary HEK 293 cells were affirmed by cytotoxicity study. Remarkably, these
investigations showed how well C12-DMA liposomes containing PEG might advance the quietness of the surviving
quality, a protein related with cancer cell endurance. These results suggest that the developed formulations may find
application in targeted gene therapy, opening up new options for the development of cancer treatment strategies. In
general, this study offers encouraging perspectives on the potential of liposomal carriers as a strong platform for
targeted administration of siRNA in cancer therapy, opening the door to more efficient and individualized therapeutic
approaches.
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1.INTRODUCTION

Cancer, being one of the leading global Killers, necessitates a never-ending quest for better treatments. Small
interfering RNA (siRNA) has become a promising technology for gene silencing among the many ways since it may
specifically target and downregulate the expression of oncogenes [1]. However, a number of issues, such as low
bloodstream stability, restricted cellular uptake, and off-target effects that may cause inadvertent gene silence, make
the therapeutic application of siRNA difficult [2]. The creation of effective distribution methods that are specifically
targeted is essential to overcoming these challenges. Liposomes, which are spherical vesicles made of bilayers of
phospholipid, have drawn a lot of interest as possible siRNA delivery vehicles [3]. Their power to modify the surface,
biocompatibility, and ability to encapsulate hydrophilic and hydrophobic compounds make them excellent choices for
targeted delivery systems [4]. Liposomes can be made to specifically detect and bind to receptors overexpressed on
cancer cells by adding targeting ligands to their surface [5]. This makes it easier to target the tumor spot with sSiRNA
[6]. The therapeutic efficacy of siRNA is enhanced while minimizing its adverse effects on healthy tissues by
narrowing its focus to specific targets [7]. This study's main goal is to develop and assess liposomal carriers for the
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targeted administration of siRNA in cancer treatments. For siRNA to be released under control and with great
encapsulation efficiency and stability, liposomal formulations must be methodically optimized [8].The liposomes'
physicochemical characteristics, which include their shape, surface charge, and particle size, are carefully defined
because they are important factors that affect how well they function biologically. Moreover, liposome surface
modification using targeting ligands being investigated to improve the liposomes' selectivity for cancer cells.

1.1 Background and Importance of Cancer Therapy

As the primary cause of morbidity and death worldwide, cancer continues to be one of the most urgent health issues
[9]. Millions of new cases and fatalities from cancer are recorded each year, despite notable advances in medical
research and technology. Conventional cancer therapies, such as radiation therapy, chemotherapy, and surgery,
frequently have significant drawbacks, such as non-specific targeting, serious side effects, and the possibility of
developing resistance. These drawbacks underscore the pressing need for novel therapeutic approaches that can offer
more tailored and efficient treatment choices. Meeting this requirement is essential for raising patient survival rates
and improving the lives of people afflicted with this crippling illness. Consequently, a key area of attention in the fight
against cancer is the development of innovative, targeted, and less harmful medicines.

1.2 Potential of siRNA in Cancer Therapy

Small interfering RNA, often known as siRNA, is an essential component in the process of gene silence. It
accomplishes this by destroying messenger RNA (MRNA) molecules, which in turn prevents the creation of particular
proteins. Through the use of this technique, siRNA is able to accurately target and downregulate oncogenes. As a
result of its specificity, sSiRNA is an effective instrument for selectively reducing the expression of genes that are
associated with cancer without having an impact on healthy cells [10]. However, the therapeutic application of SIRNA
confronts a number of problems, such as its instability in the circulation, limited cellular uptake, and the danger of
off-target effects, which can result in the silencing of genes that were not meant to be silenced. Getting over these
obstacles is absolutely necessary in order to fully use the therapeutic potential of sSiRNA in the treatment of malignant
malignancy.

2. MATERIALS AND METHODS

2.1 Materials

We bought the reagents as a whole and used them straightforwardly from the jug without filtering them. Things like
fluorescent siRNA, human lasting siRNA, agarose, MTT tone, and penicillin/streptomycin hostile to microbial were
obtained from Sigma-Aldrich in St. Louis, Missouri, US of America.

Alongside diethyl decarbonate (DEP), the following synthetics were additionally obtained from Sigma: L-glutamine,
3-(4,5-dimethylthiazol-2-ly)- 2,5-diphenyl-tetrazolium bromide (MTT), and an antimicrobial arrangement including
penicillin G, streptomycin, and amphotericin B. The following ingredients were obtained completely from Avanti
Polar Lipids, Inc. of Alabama, USA: 18:1 TAP, otherwise called dioleoyl-3-trimethylammonium propane (DOTAP),
polyethylene glycol (PEG), and cholesterol (Chol). These high-performance liquid chromatography (HPLC) solvents
were bought from S.D. Fine Manufactured Synthetics Ltd. of Mumbai, India. They comprised of ethyl acidic corrosive
deduction, dichloromethane (DCM), dimethyl sulfoxide (DMSO), and sodium sulfate (Na2S0O4). These fabricated
materials were used for the reasons for the purging and workup processes.

2.2Synthesis

The combination of the specified synthetic compounds required two cycles. You may find range information and
detailed union instructions in Strengthening Materials. Complete examination of the composites was done using
Fourier transform infrared (FTIR), hydrogen-1 centers nuclear alluring resonance (13C NMR), high-resolution mass
spectroscopy (HRMS), and 1H nuclear magnetic resonance (NMR). The NMR spectra were affirmed using a Bruker
500 or 400 MHz framework (Bruker, Billerica, Mom, USA) using CDCI3 dissolvable. The outcomes were
communicated in parts per million while comparing proton NMR compound developments with tetramethyl silane at
a grouping of 0 ppm. To represent CDCI3 at 77.0 ppm, the carbon NMR compound movements were communicated
as a ppm level.

The information was addressed using compound shift, assortment (s= singlet, d= doublet, dd= doublet of doublets, t=
triplet, g= gathering of four), coupling constants (Hz), and combination.



The Exactive TM Orbitrap high-resolution mass spectrometer and Accela 600 UPLC framework were utilized by
Ferro Fisher Logical of Houston, TX, USA, to record the HRMS information. The examples' liquefying points were
estimated using a Polmon MP-96 Automelt softening point hardware, which is made by Polmon Instruments PVT
LTD in Hyderabad, India. The proteins were separated by employing silica gel (100-200 lattice) section
chromatography partition techniques. Infrared spectra were examined using an instrument made by Bruker (Billerica,
Mama, USA) called an ALPHA FTIR spectrometer. Centimeters were used for the measurements of the thin film
testing.

2.3 Plan, Method, and Spectral Information of Synthesized Cationic Lipids

2.3.1 The 3,4-DMA Lipid Synthesis Synthetic Scheme.

A grouping of synthetic cycles is utilized in the blend plan of 3,4-DMA lipid to fabricate the lipid's exceptional sub-
atomic design. Picking and setting up the right beginning materials — which could incorporate unsaturated fats or
their subsidiaries — is normally the most vital phase simultaneously. These are then exposed to a controlled response
with reagents like acyl chlorides or alkyl halides to deliver middle items. Purging techniques like recrystallization or
segment chromatography are oftentimes utilized in ensuing stages to isolate and sanitize the expected lipid item. To
check the construction and virtue of the integrated lipid, portrayal procedures including mass spectrometry and atomic
attractive reverberation (NMR) spectroscopy are fundamental. The engineered method is expected to empower further
uses of the 3,4-DMA lipid in different biomedical or specialized areas, as well as accomplishing high return while
guaranteeing reproducibility and adaptability.

2.3.2 General Synthetic Methods for 3,4-DMA Lipid Synthesis

Shows for the Advancement of 3,4-DMA Lipid. Both Figure 1(a) and Figure 1(c) show the blend of Compound C.
The $e procedure for developing medication C is displayed in Figure 1: Add (a) 1,4-DMA (1 mmol) and (b) potassium
carbonate (4 mmol) to a 250 ml round-base cup that was at that point loaded up with ethyl acidic corrosive
determination dissolvable (5 ml/gm). Mix the combination for 10 minutes at room temperature while the container
was put in a torpid (N2 gas) climate. In this manner, 3 mmol of 1-bromo alkyne chain was introduced, and the blend
was refluxed at 70°C for 48 hours. Following 48 hours, mass spectrometry was utilized to affirm the atomic weight
and slender layer chromatography (tender loving care) was utilized to evaluate the response. (c) The blend was then
weakened with water, vanished with dichloromethane, and got dried out with anhydrous sodium sulfate while under
vacuum to eliminate any leftover solvents. From that point onward, methyl iodide and potassium carbonate were
added, joined, and shaken for an entire day at room temperature. The response arrangement was inspected by tender
loving care following 48 hours, and mass spectrometry was utilized to affirm the atomic weight. The combination was
vacuum-vanished to eliminate any solvents and unreacted methyl iodide. The subsequent lipid was then separated
with dichloromethane and weakened with water prior to being dried out in anhydrous sodium sulfate. The dissolvable
had to dissipate utilizing a rotavap to create the last 3,4-DMA lipid quaternized item. The quarternized 3, 4-DMA lipid
was filtered utilizing segment chromatography with ethyl acetic acid derivation/hexane filling in as the eluent. To
depict this lipid, HRMS, IR, 13C NMR, and 1H NMR (remembered for the Benefit Data as scientific information 1.1)
were employed.

X=4; C10 DMA
X=6: C12 DMA
Xew8; C14 DMA

Figure 1: Plan for producing quaternized 3,4-DMA lipid



2.4 The Creation of Formulations and Their Optimization
2.4.1 Preparation of Liposomes

e Injectable Ethanol Process: Liposomes containing 3,4-DMA lipid, PEG, DOTAP (dioleoyl-3-
trimethylammonium propane), and cholesterol (Chol) were created using the ethanol infusion strategy.
Ethanol was utilized to break up the 3,4-DMA lipid and cholesterol or lipid and PEG/DOTAP, which were
then combined in 1:1 and 1:0.5 proportions, separately. To rapidly make liposomes, different lipid fixations
(ranging from 1 mM to 0.1 mM) were blended in with deionized water. PEG was utilized with the DOTAP-
liposome compound in a 1:0.5 proportion and cholesterol in a 1:1 proportion (compound to colipid).

e Lipoplex Formation: To construct lipoplexes, survivin siRNA was utilized. 50 ng of siRNA and 25 uM of
liposomes were used for the investigations. A ZS90 model from Malvern, UK, was utilized to evaluate the
size and zeta possibilities, with a liposome to siRNA charge proportion of 1:5. Shower sonication
(POWERSONIC 405, New Delhi, India) was utilized to prevent liposome particles from clumping in request
to ensure exact size examination.

e Gel Retardation Assay: Using a 2% agarose gel, the binding of siRNA with 3,4-DMA liposomes was
assessed. Using a 5:1 cationic lipid to siRNA proportion, 50 nanograms of siRNA were complexed with 25
puM DMA liposome in an all out volume of 20 pL. For thirty minutes, the combination was incubated on a
rotating shaker (Lab-200, Haryana, India). After the incubation period, each example got 2 uL of 6X loading
color, and electrophoresis was run for 30 minutes at 100 V. Using a GelDoc Go Framework (Bio-Rad
Research facilities, Hercules, CA, USA) with UV fluorescence identification and standard EtBr staining, the
gel was shot.

e Cell Culture and Compound Preparation: The review's cell lines were procured from CSIR-IICT
Hyderabad. Three cell lines were developed in DMEM (Himedia, Mumbai, India) enhanced with 10% fetal
bovine serum (FBS, Gibco, Grand Island, NY, USA), 1% pen-strep anti-microbial arrangement, and human
bosom cancer cell lines MDA-MB-231 and MCF7. The cells were kept in a 37°C climate with 5% CO2 and
95% mugginess. The compounds were synthesized in pure dimethyl sulfoxide (DMSQO) and weakened in
culture media, with working focuses ranging from 100 uM to 1000 uM and a stock centralization of 10 mM.

2.6 Cytotoxicity Studies.

The MTT examine was utilized to assess the treated cell lines' essentialness. 5000 cells were refined per well in 96-
well plates for the cytotoxicity tests. For 48 hours, the cells were exposed to various dosages of 3,4-DMA liposomes,
ranging from 10 uM to 1 nM. Following the treatment period, each very much was loaded up with 90 pL of new sans
serum medium and 10 pL of MTT reagent (5 mg/mL), and the plates were incubated for four hours at 37°C.
Subsequent to adding 200 pL. of DMSO to each well, the combination was incubated for ten minutes at 37°C.
Absorbance at 570 nm was estimated using a Cooperative energy H1 Crossover Multi-Mode Peruser (BioTek
Instruments, Winooski, VT, USA).

2.7 Intracellular Uptake Study

Using a 40x amplification confocal magnifying lens (model: F\V1000, M/S Olympus, India), the intracellular take-up
of siRNA by the cells was investigated. Six-well plates were cultivated with generally 10"4-10"5 cells on coverslips
covered with poly-L-lysine. Fluorescent siRNA alone, liposome + fluorescent siRNA, and Lipofectamine 2000 +
fluorescent siRNA (10 pL for 50 nM of siRNA, according to maker's instructions) were the three circumstances that
were examined. Following therapy, 4% PFA was utilized to fix the cells, and blue DAPI staining was applied for 20
minutes to highlight the cores. Red Cy5 was utilized to stamp the siRNA present in the cells. Using mounting media,
coverslips were appended to glass slides and fixed with paraffin wax.

2.8 In Vitro Gene Silencing Efficiency

Using Western blotting, the viability of quality silencing was evaluated in vitro. Proteins can be isolated with this
innovation according to their charge, size, and different properties. 105 to 2x10"5 cells were placed into each well
of six-well cell culture plates. Different ideal amounts of lipoplexes were applied to the cells, which were created by
combining 25 uM of liposome with 50 nM of siRNA at a 1:5 nitrogen/phosphate (N/P) charge proportion. Specifically,
the treatments involved:



s (A)C12: Chol (1:1) + siRNA

» (B)C12: DOTAP: Chol (1:1:1) + siRNA
» (C)C12: DOTAP (1:1) + =tRNA

+ (D) Lipofectamine 2000 + siRINA

» (E)CL12: PEG (1:0.5) + siRINA

Besides, a Lipofectamine: siRNA control was included, in which 10 pL of Lipofectamine was used for 50 nM of
siRNA. Using ImagelJ software (NIH, Bethesda, MD, USA), the thickness investigation of the Western smudge bands
was done to evaluate the results.

3. DATA ANALYSIS AND RESULTS

3.1 Zeta Potential, Particle Size, and Polydispersity Index (PDI).

A Malvern Zetasizer (model: ZS90, Malvern Panalytical, Malvern, UK) was utilized to survey the size and charge of
self-collected 3,4-DMA lipoplexes carrying siRNA. Photon connection spectroscopy and dynamic light scattering
were utilized all the while. Tables 1-3 in the Beneficial Materials contain definite outcomes for every one of the three
lipoplex formulations, along with matching size and charge diagrams in Figures S13 through S20.

Table 1: C10 3,4-DMA lipoplex size, charge, and PDI (C10 DMA liposome: siRNA).
Lipoplex Formulation | Size (nm) | PDI (%) | Zeta Potential (mV)

C10: DOTAP (1:1) 511.3 29.3 57.2
C10: DOTAP 344.8 25.7 40.6
(2:1:1)

C10: Chol (1:1) 355.1 26.8 22.2
C10: PEG (1:0.5) 419.5 27.9 26.7

Table 2: The C12 DMA liposome, often known as siRNA, has the following characteristics: size, charge, and PDI.
Lipoplex Formulation | Size (nm) | PDI (%) | Zeta Potential (mV)

C12: DOTAP (1:1) 232.8 28.5 29.4
C12 : DOTAP 277.4 22.7 51.3
(1:1:1)

C12: Chol (1:1) 311.6 26.2 28.7
C12: PEG (1:0.5) 291.8 27.8 29.5

Table 3: C14 M 3,4-DMA lipoplex size, charge, and PDI (C14 DMA liposome: siRNA).
Lipoplex Formulation | Size (nm) | PDI (%) | Zeta Potential (mV)

C14 : DOTAP (1:1) 244.9 25.9 28.3
Cl14 : DOTAP 351.0 31.9 51.2
(1:1:1)

C14: Chol (1:1) 3225 7.8 44.6
C14 : PEG (1:0.5) 3415 31.6 35.6

3.2 In Vitro Studies

3.2.1 Gel Retardation Assay

Ethanol infusion was utilized to produce cationic liposomes with C10-3,4-DMA, C12-3,4-DMA, and C14-3,4-DMA
lipids using DOTAP, Chol, and PEG as co-lipids. During the production of liposomes, the ratio of synthetic to co-
lipid was kept at 1:1. After that, these liposomes were combined with siRNA at a 5:1 charge ratio and incubated at
37°C for an hour in order to generate lipoplexes [10]. The best complex formation was achieved using C12-3,4-DMA
liposomes at 25 uM with PEG and 50 ng of siRNA at a 5:1 charge ratio, as shown in Figure 2(b). In contrast, when
50 ng of siRNA was added to C10-3,4-DMA liposomes, they were unable to form complexes at 25 pM. Similarly,
C12-3,4-DMA liposomes combined with PEG were able to successfully complex siRNA.

3.2.2 MTT Cell Cytotoxicity Assay



Additional cytotoxicity tests were carried out using C12-DMA including different colipids on MCF7, MDA-MB-231,
and HEK 293 cell lines, after gel retardation testing showed encouraging results regarding the effectiveness of complex
formation (see Figure 2). When these lipoplexes were used instead of just liposomes or siRNA, the viability of the
cells was significantly increased. As controls, MCF7, MDA-MB-231, and HEK 293 cell lines underwent further
cytotoxicity testing. Gel retardation experiments were used to determine the effective complexation of lipoplexes
containing C12-DMA and various colipids. When compared to liposomes or free siRNA alone, these complexes
showed better biocompatibility.

1 2 3

(a) (c)

Figure 2: Profiles of the gel retardation assay for sSiRNA-containing lipoplex formulations (C10, C12, C14).
3.2.3 Intracellular Uptake Result.
Figure 3 shows the intracellular uptake of sSiRNA by MDA-MB-231 cells based on confocal microscopy analysis. To
create the lipoplex, a fluorescent siRNA solution (50 nM) was complexed with a C12-DMA liposome solution (25
uM). The siRNA was labeled with Cy-5, and DAPI was utilized as a nuclear counterstain. Remarkably, siRNA was
successfully delivered into MDA-MB-231 cells at a concentration of 25 uM by the C12-DMA (1:0.5) liposomes

without the need of lipofectamine or any other lipoplex agents. This indicates that sSiRNA was not taken up by the
cells on their own.

Merge Cy-5siIRNA PAr] Bright field

Control (untreated) -.

Lipo2000 & siRNA

C12:Dot:Chol (1:1:1)
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C12:Chol (1:1)
& siRNA 5:1

C12:Dotap (1:1) &
SiRNA 5:1

CI2:PEG (10.5) &
siRNA 5:1

Figure 3: C12-DMA Cy-5siRNA Transfection Efficiency in Lipoplex vs. Lipo2000 Control on MDA-MB-231
Cells




3.2.4 Efficiency of In Vitro Gene Silencing.

The results of the Western blotting examination (refer to Figure 4) demonstrated a noteworthy decrease in survivin
levels when several lipoplexes made with C12-DMA lipid, 25 pM of Speck, cholesterol (Chol), and PEG colipids,
together with 50 nM of siRNA, were applied. In particular, MDA-MB-231 cells showed efficient inhibition of survivin
expression when exposed to the C12-DMA (1:0.5) lipoplex.

A B C D E F

BetaActin " = —— — - —
Survivin e L

Figure 4: Western Blot: B-Actin-Based C12-DMA Lipoplexes vs Controls
Table 4: Findings from investigations on the cytotoxicity of several cell lines

Samples Percent Viability Percent Viability Percent Viability
(MDA-MB231) (MCF7) (HEK 293)

siRNA (530 nm) 99.25 + 0.26 99.51 +0.19 98.71 +0.41
ClZ: DOTAFP (1:1) 80.33+0.71 88.95 + 0.41 92.44 +0.18
C12: DOTAPF 89.44 +0.18 89.71+0.18 96.51 +0.31
(1:1:1)
C12: Chol (1:1) 83.29 + 0.86 90.95 + 0.18 92.18 + 0.33
C12: PEG (1:0.5) 75.31+ 0.53 95.77 + 0.35 97.18 + 0.20
CIZ: PEG (1:0.3) + siRNA 25.18 + 0.59 32.61+0.34 89.51 + 0.29
(50 nm)

C12- Chol 4571 +0.41 51.86 + 0.44 81.77+ 0.34
(1:1:1) + siRNA (50 nm)

C12: DOT:(1:1) + siRNA (50 | 51.31£0.44 66.81 + 0.15 82.31+0.31
nm)

C12: Chol (1:1) + siRNA (50 | 58.99+0.71 72.66 +0.18 83.31+0.18
nm)

sitENA + hipofectamine 2000 | 6544 + 055 77.51+0.31 71.68 +0.19

In request to find out how well C12 (1:0.5) liposomes conveyed surviving siRNA into bosom cancer cells, we
contrasted them with Lipofectamine 2000. That's what the findings showed, in contrast with standard methods, C12-
DMA liposomes containing PEG significantly increased the viability of intracellular SiRNA administration. MTT tests
checked the particular cytotoxicity of C12 (1:0.5) liposomes towards bosom cancer cell lines (MDA-MB-231 and
MCEF-7) over ordinary kidney cells (HEK 293), regardless of troubles in unambiguous cell targeting. Western smudge
examination showed that C12-DMA liposomes stacked with DOTAP and cholesterol couldn't really diminish the
declaration of surviving, though C12-DMA lipoplexes stacked with PEG were ready to bring down surviving levels
in MDA-MB-231 cells, potentially making them more defenceless to targeted apoptotic induction. These outcomes
highlight the likely utility of C12-DMA liposomes as productive delivery vehicles for targeted siRNA in bosom cancer
therapy.

4.DISCUSSION

After 3,4-DMA lipids were synthesized, characterized, and then liposome-formulated, important information about
their potential as siRNA delivery vehicles became available. According to the results, the lipoplexes' size, zeta
potential, and polydispersity index (PDI) were all within ranges that were ideal for efficient cellular absorption. With
a size of 232.8 nm, a zeta potential of 29.4 mV, and a PDI of 28.5%, C12-DMA liposomes in particular showed ideal



properties. Stable, consistently sized lipoplexes—which are essential for effective gene delivery—have these
characteristics.
The effective complexation of siRNA with C12-DMA liposomes, especially when paired with PEG, was validated by
the gel retardation test. The optimal complex formation and stability were demonstrated by this formulation, which is
crucial for preventing siRNA degradation and guaranteeing its delivery to target cells. The lipoplexes' biocompatibility
was confirmed by the MTT cytotoxicity assay, which demonstrated that at effective concentrations, they exhibited
little toxicity towards both non-malignant (HEK 293) and carcinogenic (MCA-MB-231 and MCF7) cell lines. The
effectiveness of C12-DMA liposomes in delivering siRNA into MDA-MB-231 cells was demonstrated by intracellular
uptake assays conducted using confocal microscopy. Without the need for additional transfection agents like
Lipofectamine 2000, the exact imaging made possible by the fluorescent tagging of siRNA confirmed its significant
intracellular presence. This suggests that C12-DMA liposomes have the innate potential to promote siRNA release
and cellular penetration.
The expression of survivin was significantly downregulated in MDA-MB-231 cells treated with C12-DMA lipoplexes,
according to the results of the Western blot analysis for in vitro gene silencing efficiency. The efficacy of C12-DMA
liposomes in delivering siRNA and accomplishing gene silencing is demonstrated by this outcome, which is important
for therapeutic applications in the treatment of cancer. All things considered, the results indicate that C12-DMA
liposomes, especially when prepared with PEG, offer a potential vector for siRNA administration in cancer treatment,
combining biocompatibility, stability, and efficient gene silencing properties. To further investigate the safety and
efficacy of these formulations in vivo, additional research is necessary.
5. CONCLUSION
liposomal carriers for targeted siRNA delivery in cancer therapy have shown great promise and problems. The
development and testing of liposomal carriers for targeted siRNA delivery in cancer treatment has enhanced precision
medicine. The experimental findings and conclusions led this work to produce and characterize cationic liposomes
with 3,4-DMA lipids for cancer cell siRNA transport and gene silencing. Various lipoplex formulations were
investigated for siRNA complexation against Lipofectamine 2000 controls. MDA-MB-231 cells showed gel
retardation and intracellular absorption of various formulations. Cytotoxicity studies showed liposomes' selectivity
and biocompatibility toward cancer cells over normal HEK 293 cells. This research demonstrated that C12-DMA
liposomes with PEG can mute the surviving gene, a cancer cell survival protein. These results show that targeted gene
therapy may use the established formulations, expanding cancer treatment choices. This study suggests that liposomal
carriers could be used to target sSiRNA in cancer therapy, enabling more efficient and personalized treatments. These
findings emphasize the need of tailoring liposomal formulations for efficacy and safety, enabling targeted siRNA
delivery to improve cancer therapy outcomes.
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