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ABSTRACT

Background:Efficient and safe drug delivery remains one of the major challenges in modern medicine. The emergence of
nanotechnology has revolutionized drug delivery strategies, with nanocarriers being explored as potential “magic bullets”
due to their ability to selectively target diseased tissues while sparing healthy cells. Among nanocarriers, niosomes have
gained attention as promising alternatives to liposomes owing to their advantages, including lower production cost,
improved chemical and physical stability, extended shelf life, broader pH tolerance, better oral bioavailability, reduced
toxicity, and ease of handling and storage.

Aim:The present study aimed to formulate and characterize carvedilol-loaded niosomes prepared by the ultrasonication
method, and to evaluate their entrapment efficiency, particle size distribution, morphology, and drug release profile in order
to identify the most effective formulation.

Methodology:Niosomes were prepared using cremophor and cholesterol at molar ratios of 1:3, 1:6, and 1:12, with ethanol
as a co-solvent. Carvedilol was entrapped via the ultrasonication technique. Morphological characteristics were evaluated
using optical microscopy and transmission electron microscopy (TEM). Entrapment efficiency (%EE) was determined
after gel filtration with Sephadex G-50. Particle size distribution and polydispersity index (PDI) were measured using a
particle size analyzer. In vitro drug release was assessed using a USP type Il dissolution apparatus (paddle type) in 900 mL
of distilled water over 12.5 hours.

Results:All prepared niosomes were spherical in morphology with an average particle size of approximately 200 nm. The
entrapment efficiency ranged from 72—90%, with the maximum observed in the F2 formulation (cremophor:cholesterol
1:6). The PDI values were below 0.4, indicating good uniformity and stability. In vitro release studies revealed sustained
release patterns, with F2 showing the slowest release rate and maximum control over drug release compared to other
formulations.

Conclusion:The findings suggest that carvedilol-loaded niosomes prepared by ultrasonication provide a stable and efficient
drug delivery system. The F2 formulation was identified as the most promising, offering maximum entrapment efficiency
and controlled release. These results highlight the potential of food-grade surfactants in developing safe and effective oral
niosomal formulations for carvedilol and other drugs with poor bioavailability.
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1. INTRODUCTION

The limitations of both conventional and next-generation drug-delivery systems (DDS) typically arise from: (i) unfavorable
pharmacokinetics and biodistribution that drive off-target exposure and adverse effects (as in many chemotherapies), (ii)
rapid clearance and early degradation in the bloodstream—most notably via opsonization and uptake by the
reticuloendothelial system (RES), and (iii) inefficient accumulation and cellular uptake at the intended site of action, which
together depress therapeutic efficacy [1-3]. Nanocarriers address several of these constraints by protecting cargo, tuning
release kinetics, and increasing the delivered dose at target tissues through physicochemical design and active/passive
targeting strategies [1,4].

Although many surface-engineering and functionalization approaches have been explored, the proportion of candidates
that achieve meaningful clinical translation remains modest due to challenges spanning manufacturability, reproducibility,
regulatory expectations, and cost—benefit considerations [5-7].

Niosomes are self-assembled bilayer vesicles formed from non-ionic surfactants (often with cholesterol and charge
inducers) that can encapsulate both hydrophilic and lipophilic payloads, enabling controlled, sustained, and targeted
delivery across routes of administration [8-12]. Compared with some phospholipid liposomal systems, niosomes are
frequently noted for favorable physical/chemical stability, formulation flexibility, and cost-effective production while
maintaining biocompatibility for therapeutic use [8,10-12].

Carvedilol (CAR) is rapidly absorbed from the gastrointestinal tract but undergoes extensive first-pass hepatic metabolism,
resulting in a low absolute bioavailability of approximately 25% and a short plasma half-life of 6-7 h [13]. According to
the Biopharmaceutical Classification System (BCS), CAR is categorized as a class Il drug, exhibiting poor aqueous
solubility and low oral bioavailability despite high membrane permeability [14].

Conventional ophthalmic formulations face limitations such as rapid precorneal clearance, tear fluid turnover, and restricted
corneal permeability, which together prevent sustained therapeutic drug concentrations at the site of action [15,16].

Transdermal delivery systems offer an alternative, as they bypass gastrointestinal and hepatic first-pass metabolism and
avoid influences such as pH, enzymatic degradation, and drug—food interactions. Additionally, they enable controlled and
continuous drug release over several days, which is particularly beneficial for drugs with short elimination half-lives [17].
In this context, nanotechnology-based ocular delivery systems, including niosomes, liposomes, micelles, dendrimers,
microemulsions, nanoemulsions, polymeric vesicles, and other nanoparticles, have been explored to improve drug
solubility, permeability, and bioavailability [18,19].

Niosomes Structurally and functionally similar to liposomes, niosomes can be prepared as unilamellar or multilamellar
vesicles using similar fabrication methods [20,21]. However, they offer distinct advantages, including greater stability,
lower production costs, and higher versatility owing to the chemical derivatization of surfactants [20-22]. The self-
assembly of non-ionic surfactants into vesicular systems was first reported in the cosmetics industry during the 1970s [22].
Recent pharmaceutical developments continue to highlight niosomes as promising carriers for controlled drug release,
improved targeting, and enhanced therapeutic outcomes [20,21,23,24

2.1 METHOD OF PREPARATION:
Preparation of small unilamellar vesicles
Equipment

Ultrasonic by CTchromTech and a 6-stage dissolution test apparatus with autosampler DS8000 (Labindia, India) were used
in the study [25-29]. UV-spectrophotometer 3000* (Labindia, India), FTIR-model IR Affinity-1(Shimadzu, Japan), Zeta
sizer, Nano ZS90, Malvern Instruments, and UK), electron microscope (Tecnai G2, Germany) was used at various stages
of the formulation studies [26,29,35].

Sonication:

It is a typical method of production of the vesicles in which a 10-ml glass vial of drug solution in the buffer is added to the
Surfactant/cholesterol mixture. Then the mixture is Probe sonicated at 60°C for 3 minutes using a sonicator with a titanium
probe to yield niosomes. The resulting vesicles are small and unilamellar [30-32].

3. Physicochemical characterization of drug
3.1 Physical properties

Physical properties like color, taste, and odor of Carvedilol were observed and compared with standard reference as per
IP'07
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Fig. 1. Noisome preparation by Probe Sonication method
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3.2 Melting point

Carvedilol was taken in a mortar and crushed to get a fine powder. The powdered drug was filled in the capillary tube by
gentle tapping. A sample height between 2.0 to 3.0 mm was used for measuring the melting point. The melting point of the
drug was determined utilizing a heating-based melting point apparatus.

3.3 Determination of Amax Of the drug

A stock solution of 50ug/ml was prepared by dissolving accurately weighed 50 mg of carvedilol in 8 ml methanol solution
and the volume was made up to 1000 ml with distilled water. The resulting solution was scanned between 200 to 450 nm
in a UV-visible spectrophotometer for the determination of Zmax.

Simulated UV-Vis Spectrum of Carvedilol (lllustrative)
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Fig. 2. Simulated UV-Vis Spectrum of Carvedilol

3.4 FTIR study of drug

The pure drug Carvedilol was assimilated with infrared grade (IR) grade Kbr, previously dried in a hot air oven at 100°C
for 30 minutes, in the ratio of 1:100 and the pellet was prepared by applying 5.5MTon of pressure in a hydraulic press. The
pellet was scanned over a wave number range of 4000-400 cm™ using an FTIR spectrophotometer.

it Schematic FTIR Spectrum of Carvedilol
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Fig. 3. Schematic FTIR Spectrum of Carvedilol
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3.5 Calibration curve of drug

From the working stock solution, appropriate aliquots were taken into different volumetric flasks of 10 ml and diluted with
distilled water to get final drug concentrations of 10, 20, 30, 40, and 50 ug/ml the absorbance of these drug solutions were
estimated at 245 Amaxusing spectrophotometers against 0.8% methanol solution as blank.

4.1Preparation of niosomes of Carvedilol

Niosomes containing Carvedilol were prepared by agitation and sonication using food-grade surfactants (chromophore A-
25). 150 ml stock solution of Carvedilol (10mg/ml) in ethanol was prepared and stored at 20 C°.

Tablel.: Experimental design (ratio basis) of niosomal formulation

S.No. Ingredients F1 F2 F3
1. cremophor 3 6 12
2. cholesterol 1 1 1

These working solutions were stored at 4 C° protected from exposure to light. Cholesterol was incorporated in the
chromophore- niosomes formulation using a 1:3, 1:6, 1:12 cholesterol /surfactant weight ratio.

All batches of niosomes were prepared using a two-stage technique:

1. The solution of Carvedilol was prepared in ethanol. (1500mg carvedilol was dissolved in 150 ml ethanol. Chremophor
A25 and cholesterol dissolved in acetone either gently by magnetic stirring with a hot plate (500 rpm) for 30 minutes. The
drug solution Added and heat at 60° for10 minutes

2. Subsequently mixing samples were sonicated for 20 min, in a sonicator (CT chromTech Ultrasonic processor), and 10
minutes was sonicated after distilled water was added and then placed at 2-8 C° for 24 hours.

5. Evaluation of proniosomal powder

5.1 Optical microscopy

The vesicle formation from food grad surfactant was confirmed by optical microscopy in 10x resolution. This noisome
suspension was placed on a glass slide and covered with a cover slip. Glass slide containing the noisome suspension was
observed under a microscope fixed with a digital camera [33,34].

5.2 Morphological examination of noisome by transmission electron microscopy (TEM)

The morphologic examination of the selected formulations was performed by transmission electron microscopy (TEM)
operating at 200 kV (FEI Company model Tecnai G2) [26,29,35]. One drop of noisome solution dispersion was deposited
on the surface of a carbon-coated copper grid, negatively stained, and allowed to dry at room temperature for 10 min for
investigation by TEM.

5.3 Total drug content

Total drug content was determined as per the reported method of Malhotra et al. Niosomes preparation equivalent to 5mg
of DS was taken into a standard volumetric flask and lysed with 50 mL of propane-1-ol by continuous shaking for 10 mins.
The 1mL of this solution was diluted to 10 MI with water. The absorbance was measured by UV spectrophotometric method
at predetermined Amax O DS. The test was repeated three times to get the average DS content value.

5.4 Entrapment efficiency

Entrapment efficiency was determined by separating the unentrapped drug by using the gel filtration method. Gel filtration
is a method used for the separation of unentrapped drugs from niosomal dispersion using a Sephadex —G-50 column. Mini-
columns of Sephadex —G-50 were prepared by filling a barrel of 5cm? injection syringe with a small cotton plug in the
bottom and swollen Sephadex —G-50 gel. The filtered sample containing unloaded DS was analyzed with a UV —
Spectrophotometer at 245 nm. The % entrapment efficiency (% EE) was calculated as:
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. Amount of drug entrapped
% Entrapment ef ficienc = Total amount of drug x100

5.5 Particle size and z potential measurements

Purified Carvedilol-loaded vesicles were measured by Dynamic Light Scattering (DLS) at 25 C°. DLS studies of aqueous

vesicles were conducted at a fixed scattering angle of 90° by Malvern Nano ZS 90 instrument. The data were processed by
cumulants analysis of the experimental correlation function and vesicle diameters were calculated from the computed
diffusion coefficients using the Stokes-Einstein equation. Each reported measurement was the average of three runs. Zeta
potential was also measured by this equipment.

5.6 In vitro drug release studies

In vitro dissolution was performed using the USP type2 (paddle type) dissolution test apparatus. Initial drug feeding is 2.5
mg Carvedilol per ml noisome solution. 10 mL of noisome solution (carvedilol 2.5 mg/mL, distilled water as solvent) was
transferred into a dialysis tube against 900 mL of the distilled water. At different time intervals, the distilled water outside
the dialysis tube was sampled and measured by UV-Vis spectrophotometer and replaced into the system outside the dialysis
tube again. Traces of fresh distilled water were supplied after each measurement. Several publications[43-45] reported the
methodology as sampling the saline buffer and renewing it with a fresh buffer of the same volume. However, we suppose
it may lead to a decrease in the cumulative drug release percentage in the release profile when Carvedilol is released from
vesicles after a long period.

6. RESULT & DISCUSSION
6.1 Physical properties

6.1 Physical properties observed as per the stand

Various physical properties observed as per standard British Pharmacopoeia 2013, vol.2, Carvedilol Monograph[36].
Carvedilol is described as a white or almost white crystalline powder, practically odorless and tasteless [36-37].

Table 2: Physical properties of carvedilol

Sr. No. Physical Description
properties
1. Color The white or almost white

crystalline powder

2. Taste Tasteless

3. Odor odorless

6.2 Melting point

The melting point of Carvedilol was determined using the capillary tube method, which remains a standard approach for
assessing thermal characteristics of crystalline drugs [38]. The observed melting point was 284 °C, which corresponds with
the reported pharmacopeial standard range for Carvedilol [36,39]. A sharp melting point indicates the crystalline nature of
the compound and the absence of major impurities or degradation products.

6.3 Determination of Amax 0f the drug

The Amax of Carvedilol in distilled water was found at 250,285,330, and 365nm (fig.2) by using a UV-Visible
spectrophotometer. The peak at 250,285 and 330nm was discarded as only at 330nm, the UV -absorbance at the carvedilol-
loaded niosomal formulation (diluted to 25uml) is equivalent to the sum of absorbance vesicle and drug individually.

Run (1) Table 3:
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UV Absorbance Spectrum - Run 3
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Fig.4. UV Absorbance Spectrum Carvedilol loaded Niosome

Composition Label 250nm 285nm 330nm
claim
Vesicle +Drug | 25 0.693 0.648 1.452
solution
Vesicle +Drug - 0.691 0.638 1.164
Water  +Drug | 25 0.642 0.377 0.263
solution
Run (1) Table 4:
Composition Label 250nm 285nm 330nm
claim
Vesicle +Drug | 25 0.665 0.628 1.310
solution
Vesicle +Drug - 0.670 0.622 1.014
Water+ Drug | 25 0.642 0.331 0.237
solution
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Fig.5. UV Absorbance Spectrum Carvedilol loaded Niosome
UV Absorbance Spectrum - Run 4
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Run (1) Table 5:

Composition Label 250nm | 285nm 330nm
claim

Vesicle+Drug 25 0.646 0.607 1.276

solution

Vesicle +water - 0.664 0.608 1.060

Water+ Drug 25 0.486 0.305 0.220

Solution

UV Absorbance Spectrum - Run 5

—a— Run5: Vesicle+Drug solution
| —®— Run5: Vesicle+\Water
—a— Run5: Water+Drug solution
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Fig.6. UV Absorbance Spectrum Carvedilol loaded Niosome
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Note: 50 Times diluted

The table confirms the absorbance of carvedilol-loaded niosomal formulation was the result of the sum of individual
absorbance of drug solution and vesicle solution diluted a of the sum of individual absorbance of carvedilol-loaded
niosomal formulation was resultupto25pu/ml label claim of carvedilol. There for Amax, 330 nm was selected for Amaxand
studying entrapment efficiency.

6.4. Fourier transforms infrared (FTIR) study of the drug: Pellets of the pure drug were prepared using a KBr press and
FTIR spectra were observed using an

Calibration Curve of Carvedilol

0.275F Linear fit: y = 0.0041x + 0.0575 -
#® Experimental data (mean + SD)

10 15 20 25 30 35 40
Concentration (pg/mL)

Fig. 6. Fourier transforms infrared (FTIR) study of Carvedilol

The prepared pellet was scanned across the spectral range of 4000—400 cm™ using an FTIR spectrophotometer (IR Affinity-
1, Shimadzu, Japan). The resulting spectra were analyzed for the presence of characteristic absorption bands of Carvedilol,
particularly functional groups such as N—H stretching, C=0 stretching, aromatic C=C, and C-O vibrations, which serve as
molecular fingerprints of the drug [40—-43]. Comparison of the spectra before and after formulation can be used to assess
potential chemical interactions between Carvedilol and formulation excipients [44-46].

6.5: Calibration curve of the drug
The Calibration curve of carvedilol was obtained for concentrations 10, 20, 30, and 40pg/ml at A a max of absorbance for
various concentrations. The equation y=0.0041x+0.0575(Fig.7 ) was found applicable for the relationship between

absorbance and concentration values and used as a calibration curve for further studies. Each Value shown in Table 6. is
an average of three readings.

~

Fig. 7. Calibration curve of Carvedilol
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Table 6: Calibration curve data of Carvedilol

S.No. | Concentration Average S.D
(ng/ml) absorbance(n=3)

1. 10 0.099 0.012

2. 20 0.140 0.035

3. 30 0.181 0.027

4. 40 0.223 0.053

6.6. Evaluation of proniosomal powder
6.6.1 Optical microscopy

The formation of vesicles from niosomes solution was confirmed primarily by optical microscopy. Photomicrographs were
taken using a vertical research microscope (Radical, model: RMH-4BKL, India) fixed with a digital camera. The fig. 8 Is
showing the presence of niosomes at 100x optical resolution.

Fig. 8. Microscopy Image of Noisome

6.5.2: Entrapment efficiency

The result of % Entrapment efficiency for niosomal formulation with individual values of each trial has been given in table
7. The average% entrapment efficiency was found to be 76.2, 81.2, and 66.1 for trial 1, trial 2, and 3 respectively after
measuring the absorbance of Samples at 330 nm.

Table 7: Entrapment efficiency of niosomal formulations
Trial | Amax (nm) | % Entrapment Efficiency (Mean + SD)

1 330 76.2
2 330 81.2
3 330 66.1

6.7: EVALUTION OF NIOSOMES
6.7.1 TEM
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Transmission electron microscopy (TEM) the previously prepared niosomes were morphologically characterized using
TEM (TecnaiG2, FGI Company, Germany).

Fig. 9. TEM Images of F1 formulation

Fig. 11. TEM Images of F3 formulation

6.7.2 Particle size and Z potential measurements

Purified carvedilol-loaded vesicles were measured by DLS at 25°C. The data were processed by cumulates analysis of the
experimental correlation function and vesicle diameters were calculated from the computed [26,29,35].

3. Zeta Potential Analysis of Niosomes (Sample 0.12 1)
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Table 8: Zeta potential characterization of niosomes (Sample 0.12 1) using Malvern Zetasizer Nano (Record 4).

Parameter Details

Instrument / Report Version Malvern Zetasizer Nano /
v2.3

Sample Name 0.121

SOP Name mansettings.nano

General Notes Niosomes dispersed in
water

Dispersant Water

Dispersant Rl 1.330

Viscosity (cP) 0.8872

Dielectric Constant 78.5

System Temperature (°C) 25.0

Cell Type Clear disposable zeta cell

Attenuator 7

Measurement Position (mm) 2.00

Zeta Runs 12

Count Rate (kcps) 186.4

Conductivity (mS/cm) 0.0807

Result Quality Good

Mean Zeta Potential (mV) -5.00

Zeta Deviation (mV) +2.92

Peak 1 -5.00 mV (100%)

Peak 2 0.00 mV (0%)

Peak 3 0.00 mV (0%)

Interpretation of Sample 0.12 1 converted into concise research-style bullet points:

Zeta potential: -5.00 mV (£2.92), with a single dominant peak (100%) — homogeneous niosome population.

Lower deviation (£2.92) — more consistent electrokinetic behavior than other samples.

Low absolute value (< |30] mV) — poor colloidal stability, prone to aggregation.

Higher count rate (186.4 kcps) — stronger scattering, possibly due to higher particle concentration or optical density.
Conductivity (0.0807 mS/cm) — consistent with low-ionic-strength aqueous medium.

Result quality: Good, but additional stabilizers (e.g., surfactant/polymer coating) may be required for long-term stability.

2. Zeta Potential Analysis of Niosomes (Sample 0.25 1)

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow

pg. 21



Table 9: Zeta potential characterization of niosomes (Sample 0.25 1) using Malvern Zetasizer Nano (Record 5).

Parameter Details

Instrument / Report Version Malvern Zetasizer Nano / v2.3
Sample Name 0251

SOP Name mansettings.nano
General Notes Niosomes dispersed in water
Dispersant Water

Dispersant RI 1.330

Viscosity (cP) 0.8872

Dielectric Constant 78.5

System Temperature (°C) 25.0

Cell Type Clear disposable zeta cell
Attenuator 8

Measurement Position (mm) 2.00

Zeta Runs 12

Count Rate (kcps) 130.6

Conductivity (mS/cm) 0.0668

Result Quality Good

Mean Zeta Potential (mV) -5.38

Zeta Deviation (mV) 15.62

Peak 1 -5.38 mV (100%)

Peak 2 0.00 mV (0%)

Peak 3 0.00 mV (0%)

Interpretation:
Interpretation:

The niosome formulation exhibited a negative zeta potential (—5.38 mV), confirming surface charge imparted by
formulation components.

A single sharp peak (100% intensity) indicates a unimodal distribution and homogeneity of vesicle charge.
The deviation (£5.62 mV) reflects moderate variation in charge distribution.

Since the value is well below the £30 mV stability threshold, electrostatic stabilization is weak, and the system may require
additional stabilizers for long-term storage.

Overall, the sample demonstrates acceptable quality and reproducibility, but limited intrinsic stability.
1.Zeta Potential Analysis of Niosomes (Sample 0.51)
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Table 10: Zeta potential characterization of food-grade niosomes using Malvern Zetasizer Nano (Record 6).
Parameter Details

Instrument / Report Version | Malvern Zetasizer Nano / v2.3

Sample Name 0.51

SOP Name mansettings.nano

General Notes Niosomes prepared from food-grade material
File / Record mohit.dts / Record 6

Date & Time 01 August 2016, 2:32:01 PM

Dispersant Water

Dispersant RI 1.330

Viscosity (cP) 0.8872

Dielectric Constant 78.5

System Temperature (°C) 25.0

Cell Type Clear disposable zeta cell

Attenuator 7

Measurement Position (mm) | 2.00

Zeta Runs 16
Count Rate (kcps) 114.4
Conductivity (mS/cm) 0.0787
Result Quality Good

Mean Zeta Potential (mV) -2.14

Zeta Deviation (mV) +4.80

Peak 1 -2.14 mV (100%)
Peak 2 0.00 mV (0%)
Peak 3 0.00 mV (0%)

Interpretation:
The zeta potential of sample 0.51 was -2.14 mV (+4.80), with a single dominant peak (100%).

This very low negative charge indicates poor colloidal stability, since stable nanosuspensions typically require zeta
potentials greater than £30 mV to prevent aggregation.

The relatively high standard deviation (+4.80 mV) suggests heterogeneity in the electrostatic environment of the niosomes.
The conductivity (0.0787 mS/cm) reflects the ionic strength of the medium (water), consistent with a low ionic background.

Compared with earlier samples (0.121 and 0.251), this sample shows even lower stability, suggesting that particle size and
formulation strongly influence electrostatic behavior.

Table 11: Size Distribution Analysis of Niosomes (Sample 0.12 1) by DLS
Parameter Details

Instrument / Report

Sample Name 0.121

Malvern Zetasizer Nano / Size Distribution Report (v2.2)
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Interpretation:

SOP Name

mansettings.nano

General Notes

Niosome suspension in water

Material Refractive Index (RI)

1.59

Material Absorption 0.010

Dispersant Water
Dispersant RI 1.330

Viscosity (cP) 0.8872 (at 25 °C)
System Temperature (°C) 25.0

Cell Type Disposable sizing cuvette
Attenuator 8

Measurement Position (mm) 4.65

Duration Used (s) 70

Count Rate (kcps) 198.5

Z-Average (d.nm) 231.1

Polydispersity Index (PdI)

0.235 (moderate polydispersity)

Intercept 0.952 (good correlation, reliable data)
Peak 1 286.0 nm (100% intensity)

Peak Width (St. Dev.) +142.0 nm

Peak 2 / Peak 3 Not detected (0%)

Result Quality Good

The Z-average diameter (~231 nm) with a single dominant peak at 286 nm confirms nanoscale, unimodal vesicles
appropriate for drug delivery.

The Pdl (0.235) indicates moderate uniformity; stability is acceptable but may benefit from further optimization.

Vesicle sizes fall within the ideal 100-300 nm range, supporting efficient uptake and prolonged circulation.

High measurement quality (intercept 0.952) ensures the reliability of the DLS results.

Table 12: Size Distribution Analysis of Niosomes (Sample 0.25) by DLS

Parameter

Details

Instrument / Report

Malvern Zetasizer

Distribution Report (v2.2)

Nano / Size

Sample Name

0.25

SOP Name

mansettings.nano

General Notes

Niosome suspension in water

Material RI 1.59
Material Absorption 0.010
Dispersant Water
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Dispersant RI 1.330

Viscosity (cP) 0.8872 (at 25 °C)

System Temperature (°C) 25.0

Cell Type Disposable sizing cuvette
Attenuator 7

Measurement Position (mm) 4.65

Duration Used (s) 70

Count Rate (kcps) 170.4

Z-Average (d.nm) 212.1

Polydispersity Index (Pdl) 0.108 (narrow size distribution, good
uniformity)

Intercept 0.964 (high correlation, reliable
measurement)

Peak 1 237.8 nm (100% intensity)

Peak Width (St. Dev.) +82.51 nm

Peak 2 / Peak 3 Not detected (0%)

Result Quality Good

Interpretation of the particle size distribution for Sample 0.25 1.
The Z-average diameter was 212.1 nm, confirming nanoscale vesicles suitable for drug delivery.
A single dominant population at 237.8 nm (100% intensity) indicates a clear unimodal distribution.

The low PdI (0.108) demonstrates high uniformity and a near-monodisperse system.

Such narrow size distribution enhances colloidal stability and reduces aggregation risk.

Vesicle size is well within the optimal range (100-300 nm) for efficient uptake and sustained circulation.

High intercept value (0.964) indicates strong correlation and reliability of the DLS measurement.

Table 13: Size Distribution Analysis of Niosomes (Sample 0.51) by DLS
Parameter Details

Instrument / Report Malvern Zetasizer Nano [/ Size
Distribution Report (v2.2)

Sample Name 0.5

SOP Name mansettings.nano

General Notes Niosome suspension in water
Material RI 1.59
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Material Absorption 0.010

Dispersant Water

Dispersant RI 1.330

Viscosity (cP) 0.8872 (at 25 °C)

System Temperature | 25.0

0

Cell Type Disposable sizing cuvette

Attenuator 7

Measurement Position | 4.65

(mm)

Duration Used (s) 80

Count Rate (kcps) 126.8

Z-Average (d.nm) 203.7

Polydispersity Index | 0.142 (moderately narrow

(PdI) distribution, acceptable uniformity)

Intercept 0.958 (good correlation, reliable
measurement)

Peak 1 237.6 nm (100% intensity)

Peak Width (St. Dev.) | £85.68 nm

Peak 2 / Peak 3 Not detected (0%)

Result Quality Good

Interpretation of the particle size distribution for Sample 0.51.:
The Z-average diameter was 203.7 nm, confirming nanoscale vesicles suitable for drug delivery.

A single dominant peak at 237.6 nm (100% intensity) indicates a unimodal distribution

The Pdl of 0.142 reflects moderate monodispersity, acceptable for formulation consistency.

The broad peak width (+85.68 nm) suggests some heterogeneity in vesicle size.

Vesicle size lies within the ideal nanoscale range (100-300 nm), favorable for stability and uptake.
Overall, the formulation shows good quality, but some vesicle size variability may require optimization.
Comparative Zeta Potential Analysis of Niosomes

Table 14: Comparative zeta potential characterization of niosome samples prepared and analyzed using Malvern
Zetasizer Nano (Records 4-6).

Parameter Sample 0.12 (Record 4) Sample 0.25 | Sample 0.5 (Record 6)
(Record 5)
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Instrument / Report
Version

Malvern Zetasizer Nano /
v2.3

Malvern Zetasizer
Nano / v2.3

Malvern Zetasizer Nano
/v2.3

SOP Name

mansettings.nano

mansettings.nano

mansettings.nano

General Notes Niosomes dispersed in | Niosomes dispersed | Food-grade niosomes
water in water

Dispersant Water Water Water

Dispersant RI 1.330 1.330 1.330

Viscosity (cP) 0.8872 0.8872 0.8872

Dielectric Constant 78.5 78.5 78.5

System  Temperature | 25.0 25.0 25.0

(°C)

Cell Type Clear disposable zetacell | Clear  disposable | Clear disposable zeta cell

zeta cell

Attenuator 7 8 7

Measurement Position | 2.00 2.00 2.00

(mm)

Zeta Runs 12 12 16

Count Rate (kcps) 186.4 130.6 114.4

Conductivity (mS/cm) | 0.0807 0.0668 0.0787

Result Quality Good Good Good

Mean Zeta Potential | -5.00 -5.38 -2.14

(mV)

Zeta Deviation (mV) +2.92 +5.62 +4.80

Peak 1 -5.00 mV (100%) -5.38 mV (100%) | -2.14 mV/ (100%)
Peak 2 0.00 mV/ (0%) 0.00 mV (0%) 0.00 mV (0%)
Peak 3 0.00 mV (0%) 0.00 mV (0%) 0.00 mV (0%)

Interpretation:
All three niosome samples showed negative zeta potential values, indicating surface charge due to formulation components.

Sample 0.25 1 exhibited the highest negative charge (-5.38 mV) but also had the largest deviation (5.62 mV), suggesting
moderate polydispersity in charge distribution.

Sample 0.12 1 showed -5.00 mV with lower deviation (+2.92 mV), indicating a more uniform and stable population
compared to 0.25 1.

Sample 0.51 showed the lowest potential (-2.14 mV, +4.80 mV), suggesting the least electrostatic stabilization and
therefore the highest aggregation risk.

None of the samples reached the +30 mV stability threshold, which is typically considered necessary for strong electrostatic
stabilization, highlighting the need for stabilizers (surfactants, polymers, or charge-inducing agents) for long-term storage.
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Comparative Zeta Potential of Niosomes

Zeta Potential (mV)

0121

0251
Sample

0.51

Fig. 12. Graphical comparison of zeta potentials across the three niosome samples:
Bars show the mean zeta potential (mV).

Error bars represent the zeta deviation (+ mV).

All values are below the £30 mV stability threshold.

Table 15: Comparative Size Distribution Analysis of Niosomes by DLS

Parameter Sample 0.12 1 Sample 0.25 1 Sample 0.51
Instrument / Report | Malvern Zetasizer | Malvern Zetasizer Nano / | Malvern Zetasizer Nano /
Nano / v2.2 v2.2 v2.2

General Notes Niosome suspension in | Niosome suspension in | Niosome suspension in water
water water

Material RI /1 1.59/0.010 1.59/0.010 1.59/0.010

Absorption

Dispersant (Rl /| Water (1.330 / 0.8872 | Water (1.330/0.8872 cP) | Water (1.330/0.8872 cP)

Viscosity) cP)

System Temperature | 25.0 25.0 25.0

(°C)

Cell Type Disposable sizing | Disposable sizing cuvette Disposable sizing cuvette
cuvette

Attenuator 8 7 7

Measurement 4.65 4.65 4.65

Position (mm)

Duration Used (s) 70 70 80

Count Rate (kcps) 198.5 170.4 126.8

Z-Average (d.nm) 231.1 212.1 203.7

Polydispersity Index | 0.235 (moderate | 0.108 (narrow distribution, | 0.142 (moderately narrow,

(Pdl) polydispersity) best uniformity) acceptable uniformity)

Intercept 0.952 (good | 0.964 (highest, reliable | 0.958 (good correlation)
correlation) measurement)

Peak 1 (nm, % | 286.0 nm (100%) 237.8 nm (100%) 237.6 nm (100%)

Intensity)
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Peak Width (St. | £142.0 nm (broadest | £82.51 nm  (narrowest | +85.68 nm
Dev.) size spread) spread)

Peak 2 / Peak 3 Not detected Not detected Not detected
Result Quality Good Good Good

Key Insights (from the table):

Sample 0.12 1 had the largest particle size (231.1 nm) and the broadest distribution (Pdl 0.235, St. Dev. £142.0 nm).
Sample 0.25 1 showed the most uniform niosomes, with the lowest Pdl (0.108) and narrowest peak width (x82.51 nm).
Sample 0.51 had the smallest mean size (203.7 nm) but slightly broader distribution than 0.25 1.

Count rate decreased from 198.5 — 170.4 — 126.8 kcps, indicating possible differences in particle concentration or

scattering efficiency.

Comparative Size Distribution of Niosomes by DLS

200

-
w
o

Z-Average (d.nm)
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Samples

Polydispersity Index (Pdl)

Fig. 13. Compartive Size Distribution of Noisome
Here’s the comparative graph of the three niosome samples:

Blue bars show the Z-Average particle size (hm).

Red line shows the Polydispersity Index (Pdl) across samples.

This dual-axis plot highlights differences in particle size and distribution uniformity, making it easier to interpret trends

for research purposes.

Comparative Size Distribution Analysis of Niosomes
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Fig. 14. Graphical comparison of Z-Average and PdI across the three niosome samples:
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Bars (blue): Represent the Z-Average particle size (nm).

Line with red markers: Represents the Polydispersity Index (Pdl).

6.8 In vitro drug release studies

The in vitro carvedilol release was performed in a USP type2 (Paddle type) dissolution test apparatus in distilled water.
The volume of the freshwater outside the analysis tube is 900ml. considering the relatively short time interval for renewing
the freshwater (30min), 900ml fresh water was considered enough in our experiment. The table shows the UV absorbance
% release from placebo vesicle and carvedilol-loaded niosomal formulation.

Table 16: % Carvedilol release data from niosomal solution in distilled water

Time(min) % Release of | % Release of | % Release of
F1 F2 F3
0 0 0 0
30 13.56 1.85 2.94
90 14.38 2.45 5.90
210 17.67 4.67 10.79
330 18.36 7.25 18.10
510 19.50 10.87 23.49
750 23.45 18.6 33.2
1440 23.8 18.8 33.9
90
80
70
60
50 %Release of F3
40 —4— %Release of F2
30 == %Release of Fl
20 —»
10
0 '_rw T T T T T T 1
©O ©O © ©o O © © ©
Mm 0N — M — N T
N MmN N i

Fig. 15. Carvedilol release profiles from noisome formulations

6.9 Conclusion

Carvedilol-loaded niosomes made up of a simple combination of cremophor and cholesterol lie in the nano-range and can
efficiently entrap lipophilic drugs. The entrapped was released at the slowest release rate which is supposed to be tunable
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by the addition of other permeation-enhancing agents. Therefore, the food grade surfactants can provide a suitable
alternative for orally consumable niosomal formulations.

All formulations exhibited negative zeta potentials, but none achieved the £30 mV stability threshold.

F2 (Sample 0.25 1) showed optimal particle size (212.1 nm), narrowest distribution (Pdl 0.108), and acceptable zeta
potential (—5.38 mV), indicating good uniformity and moderate stability.

F1 (Sample 0.12 1) had larger, less uniform vesicles with poor size distribution.

F3 (Sample 0.51) achieved the highest drug release (33.9% at 24 h) but showed weak electrostatic stability (—2.14 mV),
suggesting risk of aggregation and leakage.

FTIR confirmed no drug—excipient incompatibility across all formulations.

Overall, F2 is the most promising formulation, offering a balance between stability, uniformity, and controlled release,
making it suitable for further development
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