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Abstract

Liposomal Glutathione, manufactured by West Bengal Chemical Industries Ltd. (WBCIL), represents a
cutting-edge advancement in nutraceutical technology, designed to optimize the bioavailability and
therapeutic potential of glutathione. As a potent antioxidant, glutathione plays a critical role in cellular
detoxification, immune support, and the prevention of oxidative damage associated with aging, chronic
diseases, and environmental stressors. Traditional oral glutathione supplements often face challenges in
bioavailability due to degradation in the digestive tract, limiting their effectiveness. In contrast, liposomal
encapsulation enhances glutathione's stability, absorption, and targeted delivery to specific tissues,
overcoming these limitations. This study explores the key benefits of WBCIL’s Liposomal Glutathione,
comparing it to conventional formulations and providing a comprehensive review of scientific evidence
supporting its superior efficacy. The data highlights the potential of liposomal glutathione in improving
systemic glutathione levels, reducing oxidative stress, supporting immune function, and promoting
cardiovascular and neuroprotective health. Results from assay analysis, encapsulation efficiency, and
FTIR spectroscopy further confirm the enhanced stability and bioavailability of the product. WBCIL’s
Liposomal Glutathione offers a promising solution for individuals seeking to boost their antioxidant
levels, improve cellular health, and mitigate the risks of chronic conditions associated with oxidative
stress.
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Introduction

In an era where wellness and preventative healthcare dominate consumer priorities, Liposomal
Glutathione emerges as a revolutionary product, offering unparalleled benefits in cellular
health and disease prevention. Glutathione, often referred to as the "master antioxidant,” is a
tripeptide composed of glutamine, cysteine, and glycine. It plays a pivotal role in multiple
biological processes, including detoxification of harmful substances, maintenance of the redox
balance, and regulation of cellular proliferation and apoptosis. As a central player in protecting
cells from oxidative damage caused by free radicals, glutathione is integral to preventing
aging, inflammation, and various chronic diseases ™. The production of glutathione within the
body can decline due to factors such as aging, environmental toxins, poor diet, and chronic
stress, leading to increased susceptibility to diseases. While dietary sources and supplements
offer a way to replenish glutathione levels, conventional oral supplementation faces significant
bioavailability challenges. The degradation of glutathione in the gastrointestinal tract often
limits its effective absorption and utilization by the body 12,
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Manufactured by West Bengal Chemical Industries Ltd.
(WBCIL), Liposomal Glutathione represents the pinnacle of
advanced nutraceutical innovation, leveraging cutting-edge
liposomal encapsulation technology to maximize efficacy.
WBCIL’s Liposomal Glutathione utilizes advanced liposomal
technology to overcome these limitations. Liposomes are
microscopic vesicles composed of a phospholipid bilayer,
which encapsulates glutathione, shielding it from digestive
enzymes and facilitating its direct absorption into the
bloodstream. This innovative delivery system ensures:
Enhanced Bioavailability:  Liposomal  encapsulation
dramatically improves the absorption of glutathione compared
to traditional formulations, as shown in pharmacokinetic
studies 1.

https://www.thepharmajournal.com

Targeted Delivery: The liposomal structure allows for the
efficient transport of glutathione to specific tissues and cells,
maximizing its therapeutic potential [,

Prolonged Stability: Encapsulation protects glutathione from
oxidative degradation, ensuring its efficacy over extended
periods €1,

Benefits of liposomal glutathione over normal glutathione
Liposomal glutathione (L-GSH) offers several advantages

over conventional glutathione. These are mentioned below. ["-
12]

Table 1: Comparison of Liposomal Glutathione (L-GSH) vs Conventional Glutathione ['-12

Feature

Liposomal Glutathione (L-GSH)

Conventional Glutathione

Bioavailability

High bioavailability due to liposomal encapsulation. Plasma
glutathione levels increased 64 times 7],

Limited bioavailability, prone to degradation
in the digestive system.

Oxidative Degradation

Liposomes protect glutathione from enzymatic and oxidative

Rapid degradation upon exposure to enzymes

Protection degradation, ensuring stability and effectiveness ¢, and oxidative conditions.
Systemic Glutathione 40% increase in whole blood glutathione; 100% in peripheral Minimal impact on systemic glutathione
Levels mononuclear cells after 2 weeks. ! levels.
Reductlogt:zsg)mdatlve Reduces oxidative biomarkers (e.g., 8-isoprostane levels by 35%). (11| Limited efficacy in reducing oxidative stress.

Immune Function

Enhances NK cell activity by 400%, lymphocyte proliferation by 60%
(1]

Negligible impact on immune function.

Mycobacterial Burden [12]

Demonstrates reduction in intracellular mycobacterial load in vitro

No significant evidence for reducing
mycobacterial burden.

Cytokine Modulation

Regulates pro-inflammatory (IFN-y, TNF-o) and anti-inflammatory
(IL-10) cytokines [10],

Lacks targeted cytokine modulation.

Liver Function Support

Improves liver detoxification and corrects abnormalities more
effectively than conventional forms [,

Offers limited support for liver detoxification.

Diabetic Complication
Management (],

Reduces oxidative stress and inflammation associated with diabetes

Minimal therapeutic effect on diabetic
complications.

Viral Infection Protection

Enhances cellular defence mechanisms against viral infections [*2,

Limited effectiveness against viral pathogens.

Antitumor Properties

Potentially inhibits tumor growth and improves therapy efficacy [,

Limited efficacy in cancer-related therapies.

Liposomal glutathione (L-GSH) demonstrates significant
advantages over conventional glutathione in various health
domains due to its enhanced bioavailability, stability, and
therapeutic efficacy. Encapsulated in liposomes, L-GSH
bypasses the digestive degradation typically faced by
conventional glutathione, resulting in a remarkable increase in
plasma glutathione levels and a 40% increase in whole blood
glutathione. This high bioavailability leads to more effective
oxidative stress reduction, with a 35% decrease in biomarkers
such as 8-isoprostane. L-GSH also shows a substantial
improvement in immune function, significantly enhancing
natural Killer (NK) cell activity and lymphocyte proliferation,

as well as offering benefits in mycobacterial load reduction,
liver detoxification, and diabetic complication management.
Moreover, L-GSH demonstrates potential in modulating
cytokine levels, enhancing viral defence, and even exhibiting
antitumor properties, making it far more versatile and
effective than conventional glutathione, which has limited
systemic impact and minimal therapeutic effects in the
aforementioned areas.

Evidence-Based Benefits of Liposomal Glutathione
Scientific research underscores the diverse health benefits of
liposomal glutathione:

Table 2: Benefits of Liposomal Glutathione: Data-Driven Comparison [13-17],

Benefits Description Data-based evidence
Cardiovascular Liposomal Glutathione reduces oxidative stress markers and improves Reduction in oxidative stress markers by 25%;
Health endothelial function, lowering cardiovascular disease risk. improved endothelial function by 15-20% [13],

Immune Support

Enhances T-lymphocyte activity and reduces pro-inflammatory cytokines,
aiding in chronic inflammation and immune dysfunction conditions.

Increased T-lymphocyte activity by 30%;
reduction in pro-inflammatory cytokines by
20% 41,

Neuroprotection

Improves neuronal survival and reduces oxidative damage in the central
nervous system, beneficial for Alzheimer’s and Parkinson’s diseases.

40% reduction in neuronal oxidative damage in
vitro studies [*],

Cellular Health

Detoxification &| Central to liver phase Il detoxification, enhances toxin excretion efficiency, |50% increase in detoxification enzyme activity;
and protects cells from environmental damage.

reduced cellular toxin levels by 30% [16],

Anti-Aging

Skin Health & |Reduces oxidative damage, promotes collagen synthesis, improves elasticity,
minimizes wrinkles, and reduces pigmentation for healthier skin.

25% improvement in skin elasticity; 30%
reduction in pigmentation after 8 weeks [*7],

~ g
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The data presented highlights the diverse health benefits of
liposomal glutathione, supported by substantial evidence from
various studies. In cardiovascular health, liposomal
glutathione has shown a significant reduction in oxidative
stress markers and a noticeable improvement in endothelial
function, potentially lowering the risk of cardiovascular
disease. For immune support, it enhances T-lymphocyte
activity and reduces pro-inflammatory cytokines, offering
benefits for conditions involving chronic inflammation and
immune dysfunction. In neuroprotection, it has been shown to
reduce oxidative damage in the central nervous system,
providing potential benefits for Alzheimer's and Parkinson's
diseases. Additionally, liposomal glutathione plays a central
role in liver detoxification, increasing the efficiency of toxin
excretion while protecting cells from environmental damage.
Lastly, it demonstrates positive effects on skin health by
reducing oxidative damage, improving collagen synthesis,
enhancing elasticity, and minimizing wrinkles and
pigmentation, contributing to healthier skin. These findings
underline liposomal glutathione's broad therapeutic potential
across multiple health domains.

Materials and Methods

Parameters for Assay, Encapsulation Efficiency, and Particle
Size of L-Glutathione Formulations by WBCIL

Parameters

The assay percentage (%Assay) indicates the active L-
Glutathione content in each sample. This parameter is crucial
for determining the actual amount of the active ingredient
present. Encapsulation Efficiency (%EE) represents the
percentage of L-Glutathione successfully encapsulated within
the liposomal coating. A high encapsulation efficiency
indicates better protection and stability of the active
ingredient. The Polydispersity Index (PDI) reflects the
uniformity of particle size distribution. A lower PDI value
signifies a more uniform particle size distribution, which is
essential for consistent nutraceutical delivery and improved
bioavailability. The assay is performed to quantify the active
L-Glutathione content in the liposomal formulation. The
procedure involves accurately weighing a specified amount of
the liposomal formulation and dissolving the sample in an
appropriate solvent to ensure complete extraction of L-
Glutathione. The solution is then analyzed using
spectrophotometry or high-performance liquid
chromatography (HPLC) to determine the concentration of L-
Glutathione.

DLS Study (Dynamic Light Scattering)

Dynamic Light Scattering (DLS) is a widely used technique
for determining the size distribution of nanoparticles or
macromolecules in a solution. DLS works by measuring the
fluctuations in the intensity of light scattered by particles as
they undergo Brownian motion. The rate of these fluctuations
is inversely related to the particle size, with smaller particles
exhibiting faster motion.

In this study, 100.0 mg of the sample is accurately weighed
and dissolved in 100.0 mL of purified water. The dissolution
process ensures that the sample is homogeneously distributed
in the solvent. It is crucial to ensure that the sample is
completely dissolved to avoid interference from undissolved
particles, which could affect the DLS measurement. To
achieve complete dissolution, the sample can be stirred
gently. Once dissolved, the solution is sent to Indian

~ 75~
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Association for the Cultivation of Science (IACS), Kolkata,
India, for further analysis. The Zetasizer ZEM 3600
Instrument measures the particle size distribution by detecting
the scattered light and analyzing the autocorrelation function.

The technique provides information on the hydrodynamic
radius, polydispersity index (PDI), and size distribution of the
particles in the solution. It is important to note that DLS
analysis is highly sensitive to sample preparation conditions
such as temperature, concentration, and the presence of any
surfactants or stabilizers. The results from DLS can help
identify aggregates, measure the uniformity of the sample,
and assess its potential for nutraceutical delivery or other
applications requiring well-defined particle sizes. DLS is
frequently used in conjunction with other analytical
techniques to obtain a comprehensive understanding of the
sample’s physical characteristics (€.

High Performance Liquid Chromatography

The buffer used in this analysis is prepared by dissolving 20
mM of potassium dihydrogen phosphate (KH2POs) in purified
water, with the pH adjusted to 5.0 using either dilute
orthophthalaldehyde (OPA) or sodium hydroxide (NaOH)
solution. The buffer composition plays a crucial role in the
chromatographic separation of the analyte, as it affects the
ionization and interaction of the compounds with the
stationary phase of the column. The pH adjustment ensures
that the analyte remains in its neutral form, optimizing the
retention and separation on the column.

The mobile phase consists of a 50:50 mixture of the buffer
and methanol. Methanol is often chosen as a component of
the mobile phase because it is a polar solvent with good
elution power, which aids in the separation of compounds
based on their polarity (Snyder et al., 2010). The flow rate is
set to 1 mL/min, a standard flow rate that provides a balance
between separation efficiency and analysis time. The column
used for separation is a C8 column, 250 x 4.6 mm, with a 5
pum particle size. The C8 column is widely used in reverse-
phase HPLC due to its ability to separate hydrophobic
compounds efficiently.

The HPLC (Agilent, USA) system is set to detect the analyte
at 215 nm, which is an appropriate wavelength for most
pharmaceutical compounds, ensuring maximum sensitivity for
the target compound. The standard and sample solutions are
prepared at a concentration of 1000 ppm in the mobile phase.
This concentration is chosen to ensure that the analyte falls
within the linear range of the detector and provides accurate
results. The retention time for the analyte is expected to be
around 6.0 minutes, a key characteristic that can be used for
comparison with the standard and for quantification.

It is important to note that the HPLC method in this study is
in its developmental stage, and validation of the method is
ongoing. As the method progresses, it will undergo rigorous
testing to ensure its reproducibility, accuracy, and specificity.
Validation is essential for ensuring that the method meets
regulatory requirements and is suitable for routine analysis.
According to the International Conference on Harmonisation
(ICH) qguidelines, a validated HPLC method should
demonstrate specificity, linearity, accuracy, precision, and
robustness 41,

Encapsulation Efficiency Study
Encapsulation efficiency is a critical parameter in the
development of nutraceutical delivery systems, especially for
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nanoparticles, liposomes, and other particulate formulations.
It refers to the percentage of the active ingredient that is
successfully encapsulated within the carrier system, as
opposed to being free in the solution. Encapsulation
efficiency is an important indicator of the formulation's
effectiveness and stability, as it directly impacts the
therapeutic efficacy of the nutraceutical delivery system.

The encapsulation efficiency study in this methodology
follows the same chromatographic conditions as the HPLC
analysis mentioned earlier. The sample preparation involves
dissolving the active compound in Phosphate Buffered Saline
(PBS) at a concentration of 1 mg/mL. PBS is commonly used
in pharmaceutical formulations due to its biocompatibility and
isotonic nature, ensuring that the sample remains stable and
non-reactive during the analysis. Once the sample is prepared,
it is injected into the HPLC system.

The encapsulation efficiency is calculated by comparing the
amount of encapsulated nutraceutical to the total amount of
nutraceutical in the formulation. This can be done by
comparing the peak areas obtained from the sample with
those from a standard solution. The area under the curve
(AUC) for both the sample and the standard is determined,

and the encapsulation efficiency is calculated using the
formula:
) x 100

This approach provides valuable insight into the formulation’s
ability to encapsulate the active ingredient, which is crucial
for ensuring that the nutraceutical is delivered effectively to
the target site. High encapsulation efficiency is desired as it
indicates that a large proportion of the active compound is
retained in the carrier system, minimizing the loss of the
active ingredient to the surrounding environment 2%,

In conclusion, this methodology outlines a detailed approach

Amount of Encapsulated Drug
Total Amount of Drug

Encapsulation Efficiency = (

https://www.thepharmajournal.com

to conducting DLS, HPLC, and encapsulation efficiency
studies. Each step is designed to provide valuable information
about the sample’s characteristics, separation properties, and
encapsulation performance. As the HPLC method is still
under development, ongoing optimization and validation are
essential to ensure that the method provides accurate and
reliable results.

FTIR Analysis of Liposomal L-Glutathione

The preparation of liposomal L-Glutathione formulations
involved combining specific concentrations of L-Glutathione,
phospholipids, and stabilizers. To ensure consistency in
analysis, the formulations were lyophilized or dried to remove
moisture content. A standard L-Glutathione APl was also
prepared for comparison.

For sample preparation, the formulations were analyzed
directly using attenuated total reflectance (ATR). A small
amount of the sample was placed on the ATR crystal, and
uniform contact was ensured to obtain high-quality spectra.
The spectra were recorded using a FTIR (Agilent, USA)
instrument in the range of 4000-400 cm™ with a resolution of
4 cm™, and 32 scans per sample were collected to enhance the
signal-to-noise ratio. Background spectra were recorded using
a clean ATR crystal under the same conditions.

Data analysis involved the use of specialized software such as
MicroLab PC Software Version B.05.3 (Agilent, USA) to
identify characteristic peaks. Peaks corresponding to
functional groups, including -OH, C=0, PO.", and CHz, were
assigned based on reference spectra and literature values. The
IR data obtained from the liposomal L-Glutathione
formulations were compared with the standard L-Glutathione
API to detect interactions and structural changes 24,

Results
Analysis of Assay, Encapsulation Efficiency, and Particle
Size of L-Glutathione Formulations by WBCIL

Table 3: Analysis of Liposomal Glutathione by WBCIL

S.N. Name of Sample %Assay %EE PDI
1 L-Glutathione API NA NA 0.9159
2 L-Glutathione 50% [L-Glutathione-2.1 g. 10% Liposomal Coating, Propylene Glycol-15 gm] 51.22 NLT 70% | 0.084
3 L-Glutathione 90% [L-Glutathione-180 g, 10% Liposomal Coating, Aerosil-1.94 g, water-50 mL] 91.61 NLT 70% | 0.8877

The analysis of Sample 1: L-Glutathione API reveals that the
percentage assay is not applicable (NA) as it is the raw active
pharmaceutical ingredient (API). The particle size measured
by Dynamic Light Scattering (DLS) is large at 1389 nm,
reflecting the wunprocessed nature of the API. The
Polydispersity Index (PDI) is high at 0.9159, indicating a
broad particle size distribution and lack of uniformity.

For Sample 2: L-Glutathione 50% with 10% Liposomal
Coating, the percentage assay is 51.22%, demonstrating that
the active L-Glutathione content constitutes about half of the
total composition. The encapsulation efficiency (%EE) is
86.38%, indicating effective encapsulation within the
liposomal coating. The particle size by DLS is measured at
1103 nm, which is smaller compared to Sample 1, likely due

~ 76~

to the liposomal formulation reducing particle size. The PDI
is very low at 0.084, reflecting a highly uniform particle size
distribution, which is desirable for consistent nutraceutical
delivery.

In the case of Sample 3: L-Glutathione 90% with 10%
Liposomal Coating, the percentage assay is 91.61%, showing
a much higher concentration of L-Glutathione compared to
Sample 2. The encapsulation efficiency (%EE) is 87.3%,
which is slightly higher than Sample 2, suggesting efficient
encapsulation. The particle size measured by DLS is 1865
nm, larger than Sample 2, possibly due to the presence of
additional components. The PDI is moderate at 0.8877,
indicating a less uniform particle size distribution in
comparison to Sample 2.

FTIR Analysis of Liposomal L-Glutathione
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Fig 2: FTIR spectrum of Liposomal Glutathione

The analysis of FTIR spectra for liposomal L-Glutathione
formulations reveals significant interactions and structural
confirmations. In the headgroup region, the wavenumber of
3377.0 cm™ corresponds to -OH stretching, which indicates
strong hydrogen bonding between the phospholipid
headgroups and water molecules. This supports hydration and
stability of the liposomal formulation 2. Another important
peak at 1223.5 cm™ represents PO+ stretching, which is
indicative of phosphate group interactions with L-
Glutathione, suggesting effective electrostatic binding [,
The peak at 1688.1 cm™ corresponds to C=O stretching,
which confirms hydrogen bonding between lipid carbonyl
groups and L-Glutathione, implying stable encapsulation

within the liposomal coating 4. In the tail region, the
wavenumber at 2929.9 cm™ is attributed to CH> asymmetric
stretching, representing hydrophobic interactions within the
lipid tails. This indicates well-ordered packing of the lipid
acyl chains and a stable hydrophobic environment [25,
Similarly, the CH. symmetric stretching observed at 2852.2
cm! reflects consistent alignment of the hydrophobic tails,
contributing to membrane integrity ). The CH. rocking
modes at 1117.7 cm™ further confirm structural stability and
uniform arrangement of the lipid bilayer, essential for
effective liposomal formulation 271,

Analysis of Phospholipid Head and Tail Groups

Table 4: IR peaks from FTIR analysis of Liposomal Glutathione

. Wavenumber Functional . .
Region (em™) Group Assignment Interpretation
Headarou Strong hydrogen bonding indicates interaction between
(Hydro hilgic Rg ion) 3377.0 cm™ | -OH Stretching | Hydrogen bonding | phospholipid headgroups and water molecules. Supports
ydrop Y hydration and stability.
Headgroup (PO+ 1223.5em™ | PO Stretching Phqsphate group Indicates phosphate group interactions \{Vlth_ L-_Glutathlone,
Stretching) interaction suggesting effective electrostatic hinding.
Headgroup (C=0 . _ . Lipid carbonyl Confirms hydrogen bonding between lipid carbonyl and L-
Stretching) 1688.1 cm C=0 Stretching group Glutathione. Suggests stable encapsulation.
Tail Region (CH: 2929.9 et CH: Asymmetric hyﬂfégﬁﬁgic Indicates well-ordered packing of lipid acyl chains. Stable
Asymmetric Stretching) ’ Stretching ‘hteraction hydrophobic environment detected.
Tail Region (CH2 28522 em! CH: Symmetric h I:jllpc:dr:glk:ic Reflects consistent hydrophobic tail alignment, contributing
Symmetric Stretching) ' Stretching ?;] terarl)ction to membrane integrity.
Tail R_egion (CH2 11177 em-" CH: Rocking Lipid tail structure Suggests structural stability and uniform lipid bilayer
Rocking Modes) ) Modes arrangement.

Key Insights on Encapsulation Efficiency, Stability, Release Profile, and Nutraceutical Loading

Table 5: A Review of Liposomal Glutathione Delivery Systems

Parameter Observation from FTIR Peaks

Interpretation

Encapsulation
Efficiency

- C=0 Stretching (1688.1 cm™)
- PO+ Stretching (1223.5 cm™)

Peaks suggest strong hydrogen bonding and electrostatic interactions
between phospholipid headgroups and L-Glutathione, indicating high
encapsulation efficiency.

- CH: Stretching (2929.9, 2852.2 cm™)

Stability - PO (1223.5 cm™)

Well-defined lipid tail peaks and consistent phosphate interactions indicate

structural stability of the lipid bilayer [?8],

- C=0 Stretching (1688.1 cm™)

Release Profile - -OH Stretching (3377.0 cm™)

Strong bonding interactions suggest a controlled and sustained release
profile, preventing burst release.

Nutraceutical
Loading

- CH: Stretching (2929.9, 2852.2 cm™)
-PO4 (1223.5cm™)

Clear peaks confirm effective lipid-nutraceutical interactions, indicating
good loading capacity for L-Glutathione [2°1,

~ g7~
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Structural Insights on Liposomal L-Glutathione
Phospholipid Headgroup (Hydrophilic Region)

Peaks at 3377.0 cm™* (-OH Stretching) and 1223.5 cm™ (PO4”
Stretching) indicate strong hydrogen bonding and electrostatic
interactions between phospholipid headgroups and the
hydrophilic L-Glutathione molecule.

Phospholipid Tail Region (Hydrophobic Environment)
Peaks at 2929.9 cm™ (CH: Asymmetric Stretching) and
2852.2 cm™ (CH: Symmetric Stretching) suggest stable

https://www.thepharmajournal.com

hydrophobic packing of lipid tails, ensuring liposomal bilayer
integrity.

Nutraceutical-Lipid Interaction

The peaks associated with C=0O stretching (1688.1 cm™)
confirm effective hydrogen bonding between the carbonyl
groups of phospholipids and L-Glutathione, which supports
stable encapsulation.

5.3. Why Choose WBCIL’s Liposomal Glutathione?
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Fig 3: Chromatogram of liposome with peaks of Phosphatidylcholine (PC) and Phosphatidylethanolamine (PE) highlighted in gold and green
colours, respectively
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Fig 4: Composition of liposomes with 82.05% Phophophatidylcholine (PC) and 10.82% of Phosphatidylethanolamine (PE) resulting in 93%
total phospholipids content and rest 7% are non-phospholipids as found on the chromatogram
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Fig 5: Physicochemical Characterization and Stability of Liposomes Encapsulating Glutathione

Table 6: Superior features of WBCIL's Liposomal Glutathione

Characteristic Details

Benefits

Phospholipid Composition

82.05% Phosphatidylcholine (PC)
10.82% Phosphatidylethanolamine (PE)
93% Total Phospholipids

High biocompatibility
Enhanced structural integrity and encapsulation
efficiency

Particle Size and Uniformity liposomes

>75% of phospholipids transformed into uniform

Improved cellular uptake
- Consistent performance

Polydispersity Index (PDI)

Optimized PDI indicating uniform size distribution

Higher stability
Reduced aggregation over time

Zeta Potential -31.87 mV

Excellent stability due to electrostatic repulsion
Enhanced interaction with cells

Production Process

phospholipids

Produced with high-purity lecithin containing over 75%

Reliable and high-quality formulation
Efficient drug delivery

Discussion

The liposomes manufactured by WBCIL have an impressive
93% phospholipid content, comprising 82.05%
Phosphatidylcholine (PC) and 10.82%
Phosphatidylethanolamine (PE). The particle size analysis and
polydispersity index (PDI) of lecithin transformed into
liposomes at WBCIL indicate significant changes in the
physicochemical properties, with the lecithin encapsulation
process leading to the formation of highly uniform liposomal
structures with a higher concentration of phospholipids
(>75%). These phospholipids play a critical role in the
structural integrity and functionality of liposomes, ensuring
efficient encapsulation and delivery of glutathione ['8l, The
high phospholipid content provides enhanced
biocompatibility, stability, and bioavailability compared to
other formulations with lower phospholipid concentrations
(18] WBCIL's liposomes demonstrate precise particle size
optimization, as over 75% of phospholipids transform into
uniform liposomes, ensuring efficient cellular uptake and
consistent performance. The small particle size enhances the
bioavailability of glutathione, allowing it to pass through
biological barriers more effectively 9. The polydispersity
index (PDI) of WBCIL liposomes is indicative of their
uniformity and consistent size distribution, crucial for reliable
performance. Lower PDI values correlate with higher stability
and reduced aggregation over time, making these liposomes
superior for therapeutic applications. WBCIL liposomes have
a zeta potential of -31.87 mV, indicating excellent stability
due to sufficient electrostatic repulsion between particles.
This prevents aggregation and ensures prolonged shelf life
and functionality. The zeta potential also contributes to
effective cellular interaction and improved nutraceutical
delivery mechanisms (%,

~ g~

The analysis of L-Glutathione formulations by WBCIL
reveals significant differences in assay, encapsulation
efficiency (EE), particle size, and polydispersity index (PDI)
across the samples, reflecting the impact of formulation
strategies. Sample 1, the raw API, exhibits a large particle
size (1389 nm) and high PDI (0.9159), highlighting its
unprocessed nature and lack of uniformity. In contrast,
Sample 2, containing 50% L-Glutathione with 10% liposomal
coating, demonstrates a marked improvement with a high EE
(86.38%), reduced particle size (1103 nm), and exceptionally
low PDI (0.084), indicating a highly uniform and efficient
formulation. Sample 3, containing 90% L-Glutathione with
10% liposomal coating, achieves a slightly higher EE (87.3%)
and assay (91.61%) but exhibits a larger particle size (1865
nm) and moderate PDI (0.8877), likely due to the inclusion of
additional components. These findings suggest that while
higher L-Glutathione concentrations enhance the assay and
encapsulation, they may compromise particle size uniformity,
underscoring the need for optimized formulations to balance
concentration, stability, and delivery efficiency.

The FTIR analysis provides critical insights into the structural
and functional characteristics of liposomal L-Glutathione,
highlighting its encapsulation efficiency, stability, release
profile, and nutraceutical loading capacity. The distinct peaks
observed in the hydrophilic region, such as -OH stretching at
3377.0 cm™ and POs stretching at 1223.5 cm™, confirm
strong hydrogen bonding and electrostatic interactions
between phospholipid headgroups and L-Glutathione, which
contribute to high encapsulation efficiency and hydration
stability. Similarly, the hydrophobic region, characterized by
CH: asymmetric and symmetric stretching at 2929.9 cm™ and
2852.2 cm™, reflects well-ordered packing of lipid tails,
ensuring bilayer integrity and structural stability. The C=0
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stretching peak at 1688.1 cm™ further underscores effective
hydrogen bonding between phospholipid carbonyl groups and
L-Glutathione, which supports a controlled release profile and
prevents premature release. These observations confirm the
suitability of liposomes as a robust delivery system for L-
Glutathione, ensuring both enhanced bioavailability and
stability while maintaining a sustained release for therapeutic
efficacy.

Conclusion

WBCIL’s Liposomal Glutathione stands as a revolutionary
advancement in the delivery of glutathione, offering
significant improvements in bioavailability, stability, and
therapeutic potential compared to conventional glutathione
supplements. The use of liposomal encapsulation technology
ensures that glutathione is effectively protected from
oxidative degradation, allowing for targeted delivery and
enhanced absorption into the bloodstream. The evidence-
based benefits, including improved immune function, reduced
oxidative stress, and neuroprotective properties, position
liposomal glutathione as a valuable tool in maintaining
optimal health and preventing chronic disease. Analytical
data, including FTIR spectroscopy, further supports the
efficacy of the product, showcasing the stable and efficient
encapsulation of glutathione within the liposomal system.
Overall, WBCIL’s Liposomal Glutathione provides a superior
alternative to traditional glutathione supplements, offering a
potent and reliable solution for individuals looking to improve
their cellular health and combat oxidative damage.
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