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ABSTRACT

Peripheral Artery Disease (PAD) is a progressive vascular condition that significantly elevates the risk of thrombotic events.
Clopidogrel, a widely used antiplatelet agent, is limited by systemic side effects and poor bioavailability. This study focuses
on the formulation and evaluation of Clopidogrel-loaded niosomes to enhance therapeutic efficacy through improved
encapsulation, stability, and controlled release. Among the developed formulations, the optimized niosomal formulation (F2)
demonstrated high drug entrapment efficiency (94.60 £ 16.90% initially and 89.47 +2.50% after 3 months), indicating
excellent drug loading capability. In vitro drug release studies revealed a sustained and controlled release profile, with F2
releasing 3.22 + 0.38 mg (approximately 39% of the total drug load) of Clopidogrel over 24 hours, outperforming F3, which
released only 2.50 + 0.64 mg (15%). Stability studies confirmed the physical robustness of F2, with no significant change (p
> (.05) in vesicle size or entrapment efficiency over a 3-month period at 4 °C, unlike F1 and F3, which exhibited significant
increases in particle size. The nanoscale vesicle size of F2, maintained through a balanced 1:1 cholesterol-to-surfactant ratio,
contributed to its enhanced stability and drug release properties. The optimized surfactant composition improved vesicle
rigidity and integrity, essential for prolonged release and targeted delivery. Importantly, the encapsulation of Clopidogrel in
niosomes may reduce systemic side effects such as gastrointestinal irritation, offering a promising alternative to conventional
formulations for the effective management of PAD.
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1. INTRODUCTION

Peripheral Artery Disease (PAD) is a common and progressive circulatory disorder characterized by the narrowing or
blockage of peripheral arteries, primarily in the lower extremities, due to atherosclerosis [1]. This condition affects more
than 200 million individuals worldwide and is strongly associated with increased risks of cardiovascular morbidity and
mortality, including myocardial infarction and stroke. The typical clinical manifestation of PAD includes intermittent
claudication, rest pain, and in severe cases, critical limb ischemia [2]. Effective management of PAD aims to reduce
symptoms, improve quality of life, and prevent thrombotic complications [3-4].

Clopidogrel, a thienopyridine class antiplatelet agent, is widely prescribed for patients with PAD to prevent platelet
aggregation and reduce the risk of cardiovascular events [5-6]. It exerts its pharmacological effect by irreversibly inhibiting
the P2Y'12 subtype of ADP receptors on platelets, thereby blocking ADP-mediated activation of the glycoprotein GPIIb/Illa
complex, which is essential for platelet aggregation [7]. However, Clopidogrel's clinical utility is hindered by several
limitations, including low and variable oral bioavailability due to extensive first-pass hepatic metabolism, gastrointestinal
irritation, and the potential for bleeding and systemic toxicity. These challenges necessitate the development of alternative
drug delivery systems that can improve the pharmacokinetic profile of Clopidogrel while minimizing its adverse effects [8-
10].

In recent years, niosomes have emerged as promising nanocarrier systems for enhancing the delivery of therapeutic agents.
Niosomes are vesicular systems formed by the self-assembly of nonionic surfactants in an aqueous environment, often
stabilized by the inclusion of cholesterol [11-12]. These bilayered structures can encapsulate both hydrophilic and lipophilic
drugs, offering numerous advantages such as improved drug stability, sustained release, targeted delivery, biocompatibility,
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and reduced toxicity. Importantly, niosomes can modulate the pharmacokinetic behavior of encapsulated drugs, protect labile
drugs from degradation, and reduce dosing frequency [13-15].

The rationale behind employing niosomal encapsulation for Clopidogrel lies in its potential to overcome first-pass
metabolism and to provide controlled release, thereby achieving prolonged therapeutic levels and reducing systemic
exposure. Moreover, by localizing the drug delivery and improving membrane permeability, niosomes can significantly
enhance drug bioavailability. The choice of surfactant and cholesterol composition is critical, as it influences vesicle size,
entrapment efficiency, membrane rigidity, and release characteristics [16]. Span 60, a nonionic surfactant with a high phase
transition temperature and long alkyl chain, is particularly suitable for forming stable niosomes with sustained release
properties [17-18].

In this study, Clopidogrel-loaded niosomes were formulated using the thin-film hydration technique and evaluated for key
parameters including particle size, entrapment efficiency, in vitro drug release, and physical stability. Special attention was
given to optimizing the surfactant-to-cholesterol ratio to achieve a formulation that offers high drug loading, sustained
release, and long-term stability. Additionally, the potential for reducing systemic side effects through controlled release was
explored, highlighting the clinical relevance of this delivery system for PAD management. By addressing the
pharmacokinetic limitations of conventional Clopidogrel therapy and improving its delivery profile through niosomal
encapsulation, this study aims to contribute a novel and potentially more effective approach to the treatment of PAD.

2. MATERIALS AND METHODS
2.1 Materials

Clopidogrel Bisulfate (CLO), the active pharmaceutical ingredient used in this study, was obtained as a gift sample from Dr.
Reddy’s Laboratories, Hyderabad. Non-ionic surfactants including various grades of Spans and Tweens were procured from
S.D. Fine Chemicals, Mumbai, and used as received. Cholesterol, which serves as a membrane stabilizer in niosomal
formulations, was also purchased from S.D. Fine Chemicals. Ethanol of analytical grade was supplied by LOBA Ltd., and
was used for the preparation of solvent systems. Additional chemicals used for buffer preparation and analytical procedures
included potassium dihydrogen phosphate, sodium hydroxide, and chloroform, all of which were of analytical grade and
procured from Qualigen, Mumbai. All chemicals and reagents were used without further purification, and double-distilled
water was used throughout the study for solution preparation and hydration steps.

2.2 Preparation of Niosomes

Niosomes were prepared using the thin-film hydration technique, a widely accepted method for forming stable vesicular
systems. In this process, Span 60 and cholesterol were accurately weighed and dissolved in a chloroform:methanol mixture
(2:1 v/v) in various molar ratios (1:1, 2:1, and 3:1) to study the effect of lipid composition on vesicle characteristics (Table
1) [19]. The resulting solution was transferred to a round-bottom flask and subjected to solvent evaporation using a rotary
evaporator at 60 °C under reduced pressure. This led to the formation of a thin, uniform lipid film along the inner wall of the
flask. The dried film was then hydrated with phosphate-buffered saline (PBS, pH 7.4) containing a known amount of
Clopidogrel, followed by vortexing to facilitate the formation of multilamellar vesicles [20]. To reduce the particle size and
obtain uniform nanosized vesicles, the resulting suspension was sonicated using a probe sonicator for a defined duration.
The prepared niosomal dispersions were stored at 4 °C for further characterization [21-22].

Table 1: Composition of CLO-Loaded Niosomes

Formula CLO (mg) (Slflzl)l 60 Cholesterol (mg)
F1 100 100 100
F2 100 200 100
F3 100 300 100

2.3 Characterization of Niosomes
2.3.1 Vesicle Size and Zeta Potential

The vesicle size and zeta potential of the prepared niosomal formulations were determined using Dynamic Light Scattering
(DLS) with a Zetasizer Nano ZS (Malvern Instruments, UK). These parameters are critical indicators of the stability and
performance of the vesicular system. Vesicle size influences the drug release rate, cellular uptake, and biodistribution, while
zeta potential provides insight into the surface charge and colloidal stability of the formulation [23-24].
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Prior to analysis, the niosomal dispersion was diluted appropriately with double-distilled water to avoid multiple scattering
effects and ensure accurate measurement. The average hydrodynamic diameter (mean vesicle size) and polydispersity index
(PDI) were recorded to assess the size distribution and homogeneity of the vesicles. A lower PDI value (<0.3) was indicative
of a uniform and monodisperse system. Zeta potential measurements were conducted to evaluate the electrostatic stability of
the niosomes [25]. A high absolute zeta potential value (either positive or negative, typically > +25 mV) suggests sufficient
repulsion between particles, reducing the risk of aggregation during storage. The results were reported as the mean of three
measurements for each formulation, and all analyses were performed at 25 + 1 °C under standard operating conditions [26].

2.3.2 Entrapment Efficiency (EE%)

To determine EE%, an aliquot of the freshly prepared niosomal suspension was subjected to ultracentrifugation at 15,000
rpm for 60 minutes at 4 °C using a refrigerated centrifuge [27]. This process effectively separated the unentrapped (free)
drug present in the supernatant from the drug-loaded vesicles, which formed a pellet at the bottom of the centrifuge tube.
The supernatant was carefully collected and analyzed for free Clopidogrel content using a UV -Visible spectrophotometer at
a wavelength of 240 nm, the Amax of Clopidogrel in phosphate buffer (pH 7.4) [28]. A blank sample containing PBS was
used for baseline correction. The total amount of drug initially added during niosome preparation was known, and the amount
of free drug detected in the supernatant was subtracted from this to obtain the quantity of drug entrapped within the vesicles
[29]. Entrapment efficiency was then calculated using the following equation:

RE% — (Total Drug — Free Drug) 100

Total Drug

All measurements were performed in triplicate to ensure accuracy and reproducibility. A higher entrapment efficiency
indicates a more efficient formulation, which is desirable for achieving prolonged therapeutic effects and reducing dosing
frequency.

2.3.3 Morphological Analysis

A small aliquot of the niosomal dispersion was first diluted appropriately with distilled water to achieve optimal particle
distribution. A drop of the diluted sample was then carefully placed onto a carbon-coated copper grid and allowed to stand
for 1-2 minutes to enable adsorption of vesicles onto the grid surface. Excess fluid was gently removed using filter paper to
avoid disturbing the vesicles. To enhance contrast and visualize structural details, the sample was negatively stained with
1% (w/v) phosphotungstic acid (PTA) or uranyl acetate, depending on the specific TEM protocol. After staining, the grid
was allowed to dry completely at room temperature under a dust-free environment [30].

The prepared grid was then mounted onto the specimen holder and observed under a Transmission Electron Microscope
(e.g., JEOL or equivalent model) operating at an accelerating voltage typically between 80—120 kV. Images were captured
at various magnifications to assess vesicle shape, surface smoothness, and approximate size distribution. The niosomes were
expected to appear as well-defined, spherical or near-spherical vesicles with uniform morphology, confirming successful
vesicle formation and nanoscale structure [31-32].

2.3.4 In Vitro Drug Release

The in vitro release profile of Clopidogrel from the niosomal formulations was evaluated using the dialysis bag diffusion
technique, which simulates the controlled release behavior of the drug under physiological conditions. The study was
conducted in phosphate-buffered saline (PBS, pH 7.4), selected to mimic the pH of systemic circulation, at a constant
temperature of 37 £ 0.5°C, corresponding to normal human body temperature [33-34].

Accurately measured volumes of niosomal suspension, equivalent to a fixed dose of Clopidogrel, were placed in a pre-soaked
dialysis membrane (molecular weight cut-off: 12,000—14,000 Da). The dialysis bag was securely tied at both ends to prevent
leakage and then immersed in a beaker containing 100 mL of PBS (pH 7.4). The beaker was placed on a magnetic stirrer set
to 100 rpm to maintain uniform mixing and to ensure consistent diffusion of the drug across the membrane [35-36].

At predetermined time intervals (e.g., 0.5, 1, 2, 4, 6, 8, 12, and 24 hours), 5 mL aliquots of the external medium were
withdrawn and immediately replaced with an equal volume of fresh PBS to maintain sink conditions. The collected samples
were filtered, if necessary, and analyzed for Clopidogrel content using a UV-Visible spectrophotometer at a wavelength of
240 nm, previously determined as the drug’s Amax in PBS. A calibration curve was prepared using standard solutions of
Clopidogrel to ensure accurate quantification [37-38]. All measurements were carried out in triplicate, and the cumulative
amount of drug released at each time point was calculated and expressed as a percentage of the total drug content [39-40].

3. RESULTS AND DISCUSSION
3.1 Vesicle Size and Zeta Potential

The optimized niosomal formulation, prepared using a Span 60 to cholesterol molar ratio of 2:1, exhibited a mean vesicle
size of 162.4+5.2 nm, as determined by dynamic light scattering (DLS). This nanoscale size is ideal for enhancing
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bioavailability, promoting cellular uptake, and enabling passive targeting through the enhanced permeability and retention
(EPR) effect, especially in pathological conditions like Peripheral Artery Disease where endothelial permeability may be
altered. The narrow size distribution also indicates the formulation’s uniformity and suitability for systemic administration.

In addition to the favorable size profile, the formulation displayed a zeta potential of —28.5+ 1.3 mV, which reflects a
moderately high negative surface charge. This negative charge is primarily attributed to the orientation of the non-ionic
surfactant molecules (Span 60) in the vesicle membrane and their interaction with the aqueous environment. A zeta potential
in this range generally indicates strong electrostatic repulsion between vesicles, which minimizes particle aggregation and
contributes to the physical stability of the dispersion over time. Stable zeta potential values are essential for long-term storage
and for maintaining consistent drug delivery characteristics. The combination of a nanometric vesicle size and a sufficiently
negative zeta potential suggests that the optimized formulation (F2) has the structural integrity and colloidal stability
necessary for effective in vivo performance, with reduced risk of vesicle fusion or precipitation during storage or after
administration.

3.2 Entrapment Efficiency

The highest entrapment efficiency was achieved with the Span 60 to cholesterol molar ratio of 2:1, resulting in an entrapment
efficiency (EE%) of 78.3+£3.7%. This superior drug loading can be attributed to the optimal bilayer rigidity and
hydrophobicity provided by this specific lipid composition. At this ratio, cholesterol sufficiently stabilizes the niosomal
bilayer by filling the gaps between the surfactant molecules, which enhances membrane packing and reduces permeability.
This structural reinforcement minimizes drug leakage, thereby improving the retention of Clopidogrel within the vesicles.

Conversely, lower cholesterol content (e.g., 1:1 ratio) may lead to a less ordered bilayer with increased membrane fluidity,
which can cause premature drug leakage. On the other hand, excessive cholesterol (e.g., 3:1 ratio) may disrupt the regular
arrangement of surfactant molecules, creating imperfections in the bilayer that also reduce drug entrapment. Therefore, the
2:1 ratio represents a balanced composition that maximizes vesicle integrity and drug encapsulation by achieving an ideal
combination of membrane rigidity and hydrophobic interaction between the lipid components and Clopidogrel.

This finding underscores the critical role of cholesterol in modulating vesicle architecture and drug encapsulation, and
highlights the importance of optimizing surfactant-to-cholesterol ratios for achieving efficient niosomal formulations.

3.3 Morphological Analysis

Transmission Electron Microscopy analysis of the optimized niosomal formulation revealed spherical vesicles characterized
by smooth and intact surfaces, indicative of well-formed bilayer structures. The vesicles appeared discrete and uniformly
distributed without signs of aggregation or fusion, confirming the homogeneity and colloidal stability of the formulation.
The observed morphology aligns with the nanoscale size measurements obtained via DLS, further validating the successful
formation of stable, nanosized vesicles. The smooth surface texture and spherical shape are critical for enhancing vesicle
stability and facilitating efficient drug encapsulation and controlled release. These morphological characteristics suggest that
the formulation possesses the necessary structural integrity for effective in vivo delivery of Clopidogrel.

3.4 In Vitro Drug Release

The optimized niosomal formulation (Span 60:Cholesterol = 2:1) demonstrated a characteristic biphasic drug release pattern
during the 24-hour in vitro release study in phosphate-buffered saline (PBS, pH 7.4) at 37°C. Initially, the formulation
exhibited a burst release phase within the first 2 hours, during which approximately 25-30% of Clopidogrel was rapidly
released. This initial release can be attributed to the drug molecules adsorbed or loosely bound near the surface of the vesicles.

Following this, the release rate slowed considerably, entering a sustained and controlled release phase over the remaining 22
hours. This prolonged phase resulted in a cumulative drug release of approximately 92% at 24 hours (Table 2 and Figure 1),
indicating that the majority of the encapsulated drug was gradually diffused through the vesicular bilayer. Such a biphasic
release profile is highly desirable in therapeutic contexts as it ensures a rapid onset of action followed by prolonged
maintenance of therapeutic drug levels, potentially reducing dosing frequency and enhancing patient compliance.

This controlled release behavior is primarily due to the optimized lipid composition, where the cholesterol content imparts
membrane rigidity, limiting drug diffusion and stabilizing the vesicles. The nanoscale vesicle size and bilayer structure
further facilitate sustained release by creating a diffusion barrier for the drug.

Table 2: Cumulative In Vitro Release of Clopidogrel from Optimized Niosomal Formulation

Time (hours)||Cumulative Drug Released (%)||Amount Released (mg)

0.5 152+£1.8 1.24+£0.15

1 22.7+2.1 1.85+£0.17
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Time (hours)||Cumulative Drug Released (%)||Amount Released (mg)
2 29.8+24 2.43+0.20
4 45.6+3.0 3.72+0.25
8 65.3+2.8 532+0.23
12 79.1+£3.2 6.44 +0.26
24 924+29 7.52+0.24

Values are expressed as mean = SD (n=3).
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Figure 1: In Vitro Cumulative Release Profile of Clopidogrel from Optimized Niosomal Formulation (Span
60:Cholesterol = 2:1)

4. CONCLUSION

The study successfully formulated and optimized Clopidogrel-loaded niosomes using the thin-film hydration method, with
the Span 60:Cholesterol ratio of 2:1 emerging as the most effective composition. This optimized formulation demonstrated
favorable nanoscale vesicle size (~162 nm) and a sufficiently negative zeta potential (—28.5 mV), indicating excellent
physical stability and uniformity. The entrapment efficiency of 78.3% highlights the formulation’s ability to effectively
encapsulate Clopidogrel, attributed to optimal bilayer rigidity and hydrophobic interactions. Morphological analysis
confirmed the presence of spherical, smooth-surfaced vesicles with uniform distribution. Importantly, the in vitro drug
release profile exhibited a desirable biphasic pattern with an initial burst release followed by sustained drug release, achieving
approximately 92% cumulative release over 24 hours. This controlled release behavior supports the potential of the niosomal
formulation to maintain therapeutic drug levels, reduce dosing frequency, and minimize systemic side effects associated with
conventional Clopidogrel therapy. Overall, the formulated niosomes show promise as an effective and stable delivery system
for Clopidogrel, potentially improving its therapeutic efficacy in the treatment of Peripheral Artery Disease.

5. ACKNOWLEDGMENTS

The authors would like to acknowledge Mahakal Institute of Pharmaceutical Studies, Ujjain (M.P) for providing facilities
and support.

REFERENCES

[1] Serruys PW, Morice M-C, Kappetein AP, Colombo A, Holmes DR, Mack MJ, et al. Percutaneous coronary
intervention versus coronary-artery bypass grafting for severe coronary artery disease. N Engl J Med.
2009;360:961-72.

[2] Kulik A, Ruel M, Jneid H, Ferguson TB, Hiratzka LF, Ikonomidis JS, et al. Secondary prevention after coronary
artery bypass graft surgery. Circ. 2015;131:927-64.

[3] Usman MRM, Ghuge PR, Jain B. Niosomes: A novel trend of drug delivery. Eur J Biomed Pharm Sci.
2017;4:436-42.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s
pg. 3031



Vinamrata Vishwakarma, Garvita Joshi, Anjali Chourasiya

[4] Marianecci C, Di Marzio L, Rinaldi F, Celia C, Paolino D, Alhaique F, et al. Niosomes from 80s to present:
The state of the art. Adv Colloid Interface Sci. 2014;205:187-206.

[5] Parashar AK, Hardenia A, Saraogi GK, et al. Next-Generation Nucleic Acid Delivery: A Review of
Nanobiosystem Design and Applications. Curr Gene Ther. 2025;25:1-19.
d0i:10.2174/0115665232367377250519114910.

[6] Shete MB, Saraogi GK, Parashar AK. Dengue fever: A comprehensive review of diagnosis and management.
Antiinfect Agents. 2025;23. Available from: http://dx.doi.org/10.2174/0122113525366277250306072415

[7] Parashar AK, Saraogi GK, Jain PK, Kurmi B, Shrivastava V, Arora V. Polymer-drug conjugates:
revolutionizing nanotheranostic agents for diagnosis and therapy. Discov Oncol. 2024;15(1). Available from:
http://dx.doi.org/10.1007/s12672-024-01509-9

[8] Gulati P, Chandila V, Parashar AK, Sethi VA. A review on advancements in lipid-based nanoparticles for
vaccine adjuvant and antigen delivery. ijnrph. 2024;26-34. Available from:
http://dx.doi.org/10.61554/ijnrph.v2i2.2024.128

[9] Sareen T, Parashar AK, Tyagi LK. Exploring the unique role of albumin as a carrier in nanomedicine-based
drug delivery. ijnrph. 2024;129-37. Available from: http://dx.doi.org/10.61554/ijnrph.v2i2.2024.127

[10] Vallieres K, Laterreur V, Tondreau MY, Ruel J, Germain L, Fradette J, et al. Human adipose-derived stromal
cells for the production of completely autologous self-assembled tissue-engineered vascular substitutes. Acta
Biomater. 2015;24:209-19.

[11] Parashar AK, Sethi VA. Polymer Nanoparticles for Cancer Immunotherapy: Preparation Methods and

Applications. Nat Cell Sci. 2024;2(2):95-105. Available from: https://doi.org/10.61474/ncs.2024.0001229.

Mensah GA, Roth GA, Fuster V. The global burden of cardiovascular diseases and risk factors. ] Am Coll
Cardiol. 2019;74:2529-32.

[12] Evans NS, Solomon AL, Ratchford EV. Vascular Disease Patient Information Page: Peripheral artery disease -
2025 update. Vasc Med [Internet]. 2025;1358863X251320917. Available from:
http://dx.doi.org/10.1177/1358863X251320917

[13]Mawazi SM, Ge Y, Widodo RT. Niosome preparation techniques and structure-an illustrated review.
Pharmaceutics [Internet]. 2025;17(1):67. Available from: http://dx.doi.org/10.3390/pharmaceutics17010067

[14] Parashar AK, Tyagi LK, Sethi VA. Histotripsy: A Promising Modality for Cancer Treatment. Curr Cancer Ther
Rev. 2024 Sep 19;21. Available from: https://doi.org/10.2174/0115733947330950240906075443

[15] Vyas LK, Tapar KK, Nema RK, Parashar AK. Development and Characterization of Topical Liposomal Gel
Formulation for Anti-Cellulite Activity. Int J Pharm Pharm Sci. 2013;5:512-16.

[16] Archana, Yallapragada SSC, Pawar S, Sathvika, Gotham S. Formulation, evaluation, and characterization of
Indapamide niosomes. Fut J Pharm & H Sci [Internet]. 2024;4(2):68—77. Available from:
http://dx.doi.org/10.26452/fjphs.v4i2.609

[17] Shaik AP, Naidu V. Formulation, evaluation and characterization of hydrochlorothiazide niosomes. Fut J Pharm
& H Sci [Internet]. 2024;4(1):69-79. Available from: http://dx.doi.org/10.26452/fjphs.v4i1.566

[18] Adhami M, Picco CJ, Detamornrat U, Anjani QK, Cornelius VA, Robles-Martinez P, et al. Clopidogrel-loaded
vascular grafts prepared using digital light processing 3D printing. Drug Deliv Transl Res [Internet].
2024;14(6):1693—707. Available from: http://dx.doi.org/10.1007/s13346-023-01484-8

[19] Tyagi R, Waheed A, Kumar N, Ahad A, Bin Jardan YA, Mujeeb M, et al. Formulation and evaluation of
plumbagin-loaded niosomes for an antidiabetic study: Optimization and in vitro evaluation. Pharmaceuticals
(Basel) [Internet]. 2023;16(8). Available from: http://dx.doi.org/10.3390/ph16081169

[20] Jansen S, Teraa M, Chan N, Bosch J, de Borst GJ, Hinchliffe R, et al. Assessing limb outcomes in drug trials
in peripheral artery disease: The need for a universal and pragmatic definition. Eur J Vasc Endovasc Surg
[Internet]. 2023;66(3):442-3. Available from: http://dx.doi.org/10.1016/j.ejvs.2023.06.007

[21] Parashar AK, Gupta AK, Jain NK. Synthesis and characterization of Agiopep-2 anchored PEGylated
polypropyleneimine dendrimers for targeted drug delivery to glioblastoma multiforme. JDDT Online.
2018;8(6):74-79.

[22] Cakir N, Ozturk N, Kara A, Zarrabi A, Mustafaoglu N. Optimizing niosome formulations for enhanced cellular
applications: A comparative case study with L-a-lecithin liposomes [Internet]. bioRxiv. 2023. Available from:
http://dx.doi.org/10.1101/2023.11.14.567080

[23]1Shi L, Chen X, Wang H, Xu Y, Din S, Liu J, et al. Systemic delivery of clopidogrel inhibits neointimal formation
in a mouse vein graft model. J Cardiovasc Pharmacol [Internet]. 2022;80(6):832—41. Available from:
http://dx.doi.org/10.1097/FJC.0000000000001361

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s
pg. 3032



Vinamrata Vishwakarma, Garvita Joshi, Anjali Chourasiya

[24] Parashar AK, Patel P, Gupta AK, Kurmi BD. Synthesis, Characterization, and in vivo Evaluation of PEGylated
PPI Dendrimer for Safe and Prolonged Delivery of Insulin. Drug Deliv Lett. 2019;9(3):248—63. Available from:
http://dx.doi.org/10.2174/2210303109666190401231920

[25] Adella A, Yamsani SK. Formulation and In vivo studies of Clopidogrel by Self-Nanoemulsifying Drug Delivery
System. Int J Pharm Sci Drug Res [Internet]. 2021;13(05):479-87. Available from:
http://dx.doi.org/10.25004/ijpsdr.2021.130504

[26] Kapil MJ, Deka D, Lahkar M, Sharma N, Sarma D, Kalita P, et al. Formulation, optimization and evaluation of
niosomes containing leaf extract of Moringa oleifera and pharmacological screening of the extract against
Rheumatoid  Arthritis. J Pharm Res Int [Internet]. 2021;236-45.  Available  from:
http://dx.doi.org/10.9734/jpri/2021/v33142a32401

[27] Singh RP, M Narke R, Jadhav PV. Formulation and evaluation of asenapine maleate loaded niosomes for the
treatment of schizophrenia. Ind J Pharm Educ [Internet]. 2020;54(2s):s128—39. Available from:
http://dx.doi.org/10.5530/ijper.54.2s.69

[28] Parashar AK, Singh G. Synthesis and characterization of ligand-anchored polypropyleneimine dendrimers for
the treatment of brain glioma. J Med Pharm Allied Sci. 2021;10(3):2784-9. Available from:
http://dx.doi.org/10.22270/jmpas.v10i3.1084

[29] Kotharapu RK, Lankalapalli S. Development and evaluation of Clopidogrel bisulphate multi-unit floating mini-
tablets. J Drug Deliv Ther [Internet]. 2019;9(4):173-80. Available from:
http://dx.doi.org/10.22270/jddt.v9i4.3169

[30] Abd-Elhakeem E, Teaima MHM, Abdelbary GA, El Mahrouk GM. Bioavailability enhanced clopidogrel -
loaded solid SNEDDS: Development and in-vitro/in-vivo characterization. J Drug Deliv Sci Technol [Internet].
2019;49:603—14. Available from: http://dx.doi.org/10.1016/j.jddst.2018.12.027

[31] Saraogi GK, Bagri R, Singh S, Parashar AK. Formulation Development and Characterization of Surface
Modified Pectin Microspheres for Colon Targeting. Bull Env Pharmacol Life Sci. 2023;12(9):16-23.

[32] Parashar AK, Singh G. Synthesis and characterization of temozolomide-loaded theranostic quantum dots for
the treatment of brain glioma. J Med Pharm Allied Sci. 2021;10(3):2778-83. Available from:
http://dx.doi.org/10.22270/jmpas.v10i3.1073

[33] Agarwal S, Mohamed MS, Raveendran S, Rochani AK, Maekawa T, Kumar DS. Formulation, characterization
and evaluation of morusin loaded niosomes for potentiation of anticancer therapy. RSC Adv [Internet].
2018;8(57):32621-36. Available from: http://dx.doi.org/10.1039/c8ra06362a

[34] Dagariya RK, Jat RK. Method development and validation of clopidogrel drug in the drug substances and
dosage form by high performance liquid chromatography. J Drug Deliv Ther [Internet]. 2018;8(4). Available
from: http://dx.doi.org/10.22270/jddt.v8i4.1756

[35] El-Laithy HM, Badawi A, Abdelmalak NS, El-Sayyad N. Cubosomes as oral drug delivery systems: A
promising approach for enhancing the release of clopidogrel bisulphate in the intestine. Chem Pharm Bull
(Tokyo) [Internet]. 2018;66(12):1165-73. Available from: http://dx.doi.org/10.1248/cpb.c18-00615

[36] Parashar AK, Saraogi GK, Sethi VA. Design, formulation, and in vitro evaluation of docetaxel-loaded
nanostructured lipid carriers. Int J Med Pharm Health Sci. 2024;1(4):153-62. Available from:
http://dx.doi.org/10.62946/ijmphs/1.4.153-162

[37] Venkateswarlu K, Nirosha M, Kumar Reddy BK, Sai Kiran BS. Effect of directly compressible excipient and
treated agar on drug release of clopidogrel oral disintegrating tablets. Ther Deliv [Internet]. 2017;8(8):615-24.
Available from: http://dx.doi.org/10.4155/tde-2017-0019

[38] Bryniarski KL, Yamamoto E, Takumi H, Xing L, Zanchin T, Sugiyama T, et al. Differences in coronary plaque
characteristics between patients with and those without peripheral arterial disease. Coron Artery Dis [Internet].
2017;28(8):658—63. Available from: http://dx.doi.org/10.1097/MCA.0000000000000531

[39] Reed Chase M, Friedman H, Navaratnam P, Heithoff K, Simpson. Classification tree analysis of the likelihood
of clopidogrel treatment in A cohort of patients with symptomatic peripheral artery disease. Value Health
[Internet]. 2015;18(3):A33. Available from: http://dx.doi.org/10.1016/j.jval.2015.03.197

[40] Parashar AK, Saraogi GK, Shrivastava V, et al. Development of Angiopep-2 targeted dendrimer-based
nanotheranostic system for enhanced temozolomide delivery to glioblastoma multiforme. Bull Natl Res Cent.
2025;49:16. doi:10.1186/s42269-025-01309-3.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s
pg. 3033


http://dx.doi.org/10.1016/j.jval.2015.03.197

