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ABSTRACT

This study focuses on the formulation and assessment of a sustained-release nutraceutical tablet incorporating extracts
of Moringa oleifera and Trigonella foenum-graccum (fenugreek), using naturally derived polymers. Both plant
materials are widely recognized for their nutritional richness and therapeutic potential, particularly in supporting
metabolic health and glycemic control. The objective was to design a tablet capable of releasing bioactive constituents
in a controlled manner over an extended period, thereby improving efficacy and patient compliance. Tablets were
prepared by employing suitable granulation techniques, with natural polymers such as gum-based or polysaccharide
matrices serving as release-retarding agents. The formulated batches were evaluated for pre-compression parameters
(flow properties, bulk density) and post-compression characteristics including hardness, friability, weight variation, and
drug content uniformity. In vitro dissolution studies were conducted to examine the release profile of active constituents
over time. The results indicated that the optimized formulation exhibited satisfactory physical properties and a
consistent, prolonged release pattern, following diffusion-controlled kinetics. The use of natural polymers proved
effective in modulating the release rate while maintaining tablet integrity. This study demonstrates the potential of
combining Moringa oleifera and fenugreek in a sustained-release nutraceutical dosage form, offering a promising
approach for long-term dietary supplementation and therapeutic support.

Keywords: Moringa oleifera, Fenugreek, Sustained release, Nutraceutical tablet, Natural polymers, Controlled drug
delivery, In vitro dissolution, Herbal formulation.

INTRODUCTION hypoglycemic, hypolipidemic, and digestive

In recent years, there has been a growing shift toward
nutraceutical-based formulations as complementary
approaches to maintaining health and preventing
chronic disorders. Nutraceuticals derived from plant
sources are valued for their safety, nutritional
benefits, and therapeutic potential. Among these,
Moringa oleifera and Trigonella foenum-graecum
(fenugreek) have attracted considerable attention due
to their rich phytochemical composition and wide
range of biological activities. Moringa oleifera, often
referred to as the “miracle tree,” is abundant in
vitamins, minerals, amino acids, and antioxidants,
while fenugreek seeds are known for their

properties. Despite their benefits, conventional
dosage forms of herbal products often require
frequent administration due to rapid release and short
duration of action. This can lead to reduced patient
compliance and fluctuations in therapeutic
Sustained-release  drug delivery

systems offer a practical solution by controlling the

effectiveness.

release of active constituents over an extended period,
thereby maintaining consistent plasma levels and
minimizing dosing frequency.[1]

Natural polymers have emerged as promising
excipients in the development of sustained-release
formulations because of their biodegradability,
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biocompatibility, low  toxicity, and cost-
effectiveness. Polymers such as gums, mucilage, and
other plant-derived materials can effectively regulate
drug release by forming matrices that control the
diffusion of active compounds. The present study
aims to develop and evaluate a sustained-release
nutraceutical tablet containing Moringa oleifera and
fenugreek using natural polymers. By combining the
therapeutic potential of these plant materials with an
advanced delivery system, this work seeks to enhance
the efficacy, stability, and patient acceptability of
herbal nutraceutical formulations.[2]

Overview of Key Ingredients:

The formulation of a sustained-release nutraceutical
tablet in this study is centered on two primary herbal
ingredients—Moringa oleifera and Trigonella
Joenum-graecum (fenugreek)—along with selected
natural polymers that regulate the release of active
constituents. Each component plays a distinct role in
enhancing the therapeutic performance and stability

of the dosage form.

1. Moringa oleifera

Fig 1. Moringa Oleifera

Moringa oleifera is a nutrient-dense plant widely
recognized for its diverse pharmacological properties.
It contains essential vitamins (A, C, and E), minerals
(calcium, potassium, and iron), amino acids, and
bioactive compounds such as flavonoids and
phenolics. These constituents contribute to its
antioxidant, anti-inflammatory, and antidiabetic
effects. In nutraceutical formulations, moringa extract

supports metabolic balance, boosts immunity, and
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helps reduce oxidative stress, making it a valuable
core ingredient.[3]

2. Trigonella foenum-graecum (Fenugreek)

Fenugreek seeds are rich in dietary fiber, alkaloids,
saponins, and mucilage. One of its key components,
galactomannan, plays a crucial role in controlling
blood glucose levels by slowing carbohydrate
absorption. Fenugreek also exhibits lipid-lowering,
digestive, and anti-inflammatory properties. Its
natural mucilage content additionally contributes to
matrix formation in tablet formulations, aiding in
sustained drug release.

Fig 2. Fenugreek

3. Natural Polymers

Natural polymers are incorporated as release-
retarding agents in the formulation. Common
examples include gums (such as guar gum or xanthan
gum), pectin, and other  plant-derived
polysaccharides. These polymers are biodegradable,
non-toxic, and compatible with herbal actives. They
function by forming a gel-like matrix upon hydration,
which controls the diffusion of active ingredients and
prolongs their release. This ensures a steady and
controlled delivery of bioactive compounds over
time.[5]

4. Excipients

In addition to active ingredients and polymers,
standard pharmaceutical excipients are used to ensure
proper tablet formation and stability. These may
include binders (to provide cohesion), lubricants (to
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reduce friction during compression), and fillers (to
achieve the desired tablet size and weight). Though
inactive, these components are essential for
maintaining the quality and manufacturability of the
final product.

Overall, the combination of Moringa oleifera,
fenugreek, and natural polymers creates a synergistic
system that supports sustained therapeutic action
while maintaining safety and efficacy in nutraceutical
delivery.[7]

Rationale for Combination:

e Moringa oleifera and Trigonella foenum-graecum
(fenugreek) provide complementary therapeutic
effects, enhancing overall efficacy.

e Both ingredients are known for supporting
metabolic health, particularly in regulating blood
glucose and lipid levels.

e Moringa oleifera offers rich nutritional value
(vitamins, minerals, antioxidants) that helps
reduce oxidative stress and improve general
health.

e Fenugreek contains galactomannan, fiber, and
saponins, which contribute to delayed glucose
absorption and improved insulin sensitivity.

e The combination creates a synergistic effect,
delivering broader health benefits than individual
use.

e Fenugreek’s natural mucilage aids in matrix
formation, supporting sustained drug release.

e Natural polymers further enhance controlled and
prolonged release of active constituents.[11]

e Sustained-release formulation helps maintain

steady levels of bioactives, avoiding fluctuations.

e Reduced dosing frequency leads to better patient
compliance.

e Overall, the combination ensures a balanced,
effective, and stable nutraceutical formulation.
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Sustained Release Drug Delivery System:

A sustained release drug delivery system is designed
to release active ingredients gradually over an
extended period, rather than delivering them all at
once. This approach helps maintain a consistent level
of bioactive compounds in the body, improving
therapeutic effectiveness and reducing the need for
frequent dosing. It is particularly useful in
nutraceutical and herbal
prolonged action is desirable.

formulations where

In conventional dosage forms, active constituents are
released rapidly after administration, which may lead
to fluctuations in their concentration—often resulting
in reduced efficacy or the need for repeated intake.
Sustained release systems overcome this limitation by
controlling the rate of release, ensuring a steady and
prolonged therapeutic effect.[13]

These systems typically rely on matrix-forming
agents, such as natural polymers, which regulate the
diffusion of active ingredients. When the tablet comes
into contact with gastrointestinal fluids, the polymer
hydrates and forms a gel-like barrier around the
tablet. This barrier slows down the penetration of
fluids and the outward diffusion of the active
compounds, thereby extending the release over time.

Key Advantages:

e Maintains uniform levels of active constituents in
the body

e Reduces dosing frequency, improving patient
compliance

e Minimizes side effects caused by sudden release
or high concentrations

o Enhances stability and bioavailability of herbal
actives

e Provides prolonged therapeutic action
Application in Nutraceuticals:

In the case of herbal ingredients like Moringa oleifera
and Trigonella foenum-graecum, a sustained release
system ensures continuous delivery of beneficial
phytochemicals. This is especially important for
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managing chronic conditions such as metabolic
disorders, where consistent support over time is more
effective than short-term action. Overall, sustained
release drug delivery systems represent an advanced
and efficient approach to improving the performance
and acceptability of nutraceutical formulations.[17]

Natural Polymers in Sustained Release (SR)
Formulation:

Natural polymers play a central role in the design of
sustained-release (SR) formulations, particularly in
nutraceutical and herbal drug delivery systems. These
polymers, derived from plant, microbial, or natural
sources, are widely preferred due to their safety,
biodegradability, and compatibility with bioactive
compounds. In SR formulations, natural polymers
function primarily as matrix-forming agents. When
exposed to gastrointestinal fluids, they absorb water
and swell to form a viscous gel layer around the
tablet. This gel barrier controls the penetration of
fluids into the core and regulates the outward
diffusion of active ingredients, thereby ensuring a
gradual and prolonged release profile.[19]

Commonly Used Natural Polymers:

e Guar gum: A plant-derived polysaccharide
known for its high swelling capacity and ability to
retard drug release.

e Xanthan gum: A microbial polysaccharide that
forms a stable gel matrix, offering controlled and
consistent release.

e Pectin: A naturally occurring polymer with good
gel-forming ability, often used in combination
with other polymers.

¢ Sodium alginate: Extracted from seaweed, it
provides effective release control through gel
formation in aqueous environments.

o Fenugreek mucilage:
Trigonella foenum-graecum, it contributes to
matrix formation and enhances sustained release
behavior.

Naturally present in

Mechanism of Action:
¢ Hydration of polymer upon contact with fluids
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¢ Swelling and gel layer formation

o Diffusion of active constituents through the gel
matrix

¢ Gradual erosion of the polymer, contributing to
controlled release[23]

Advantages of Natural Polymers:

¢ Biodegradable and biocompatible

¢ Non-toxic and environmentally friendly

e Cost-effective and easily available

o Suitable for herbal and nutraceutical formulations
e Capable of modifying drug release effectively
Role in the Present Formulation:

In formulations containing Moringa oleifera and
Trigonella foenum-graecum, natural polymers not
only regulate the release of phytoconstituents but also
enhance the stability and integrity of the tablet. Their
interaction with plant-based actives
ensures a consistent and prolonged therapeutic effect.
Overall, natural polymers provide an efficient and

synergistic

sustainable approach to achieving controlled drug
delivery  in  sustained-release = nutraceutical
systems.[29]

Formulation Development:

The development of a sustained-release nutraceutical
tablet containing Moringa oleifera and Trigonella
foenum-graecum (fenugreek) involves a systematic
and
The
formulation process is designed to optimize both the

approach to ensure uniformity, stability,

controlled release of active constituents.

physicochemical properties of the powder blend and
the performance of the final compressed tablet.

1. Selection of Ingredients
standardized extracts of

e Active ingredients:

Moringa oleifera and fenugreek
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e Natural polymers: selected based on swelling
ability and release-retarding properties (e.g.,
gums, mucilage)

e Excipients: binders, diluents, lubricants, and
glidants to aid processing and tablet integrity

2. Preformulation Studies

e Evaluation of physical properties such as particle
size, bulk density, tapped density, and flow
characteristics

e Compatibility studies between active ingredients
and polymers to ensure stability

e Determination of moisture content and

compressibility index[31]
3. Method of Preparation

e Wet granulation method is commonly employed
to improve flow and compressibility

oBlending of active ingredients with natural
polymers and diluents

o Preparation of binder solution (often using natural
or aqueous binders)

o Granulation of the powder mixture
oDrying of granules at controlled temperature
o Sieving to obtain uniform granule size

oAddition of lubricants and glidants before

compression
4. Tablet Compression

e Granules are compressed using a tablet punching
machine

e Parameters such as compression force and punch
size are optimized to achieve desired hardness and
thickness

5. Optimization of Formulation

¢ Different batches are prepared by varying the
concentration of natural polymers
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¢ Each batch is evaluated to identify the formulation
that provides the best sustained-release profile

6. Evaluation Parameters

e Pre-compression: angle of repose, bulk density,
Carr’s index

e Post-compression: hardness, friability, weight
variation, thickness, and drug content uniformity

e In vitro dissolution studies to assess release
kinetics and duration

7. Final Selection

¢ The optimized formulation is selected based on its
ability to provide controlled, prolonged release
along with acceptable physical characteristics[35]

Overall, the formulation development process
ensures that the combination of Moringa oleifera,
fenugreek, and natural polymers results in a stable,
effective, and sustained-release nutraceutical tablet
suitable for long-term use.

Evaluation Parameters:

The
tablets containing Moringa oleifera and Trigonella

formulated sustained-release nutraceutical
foenum-graecum are evaluated through a series of
standard pre-compression and post-compression tests
to ensure quality, uniformity, and controlled release

performance.[34]
1. Pre-Compression Parameters:

These tests are performed on powder blend or
granules before compression:

I. Angle of Repose: Assesses flow properties of the
powder; lower values indicate better flow.

II. Bulk Density: Determines the mass of powder per
unit volume before tapping.

III. Tapped Density: Measures the powder density
after mechanical tapping.

IV. Carr’s Index: Indicates compressibility and flow
behavior of the blend.
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V. Hausner’s Ratio: Evaluates flow characteristics;
values close to 1 indicate good flow.

2. Post-Compression Parameters:
These tests are conducted on finished tablets:

I. Weight Variation: Ensures uniform distribution of
drug and excipients in each tablet.

I. Hardness (Crushing Strength): Measures
mechanical strength and ability to withstand

handling.

IIL Friability: Assesses tablet resistance to abrasion
and breakage during handling.

IV. Thickness and Diameter: Ensures uniformity in
tablet dimensions.

V. Drug Content Uniformity: Confirms consistent
distribution of active ingredients in each tablet.

VI. Disintegration Time (if applicable): Evaluates the
time taken for tablets to break down, although SR
tablets expected to show controlled
disintegration.

arc

3. In Vitro Dissolution Studies:

e Performed using suitable dissolution apparatus to
evaluate the release of active constituents over time.

e Samples are withdrawn at predetermined intervals
and analyzed for drug content.

e The release profile helps determine the sustained-
release behavior and kinetics (e.g., zero order, first
order, or diffusion-controlled release).[33]

4. Stability Studies:

different and

humidity conditions as per guidelines.

e Conducted under temperature

o Evaluates physical and chemical stability over time.

e Ensures that the formulation maintains its integrity
and release profile during storage.

5. Release Kinetics Analysis:
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e Data from dissolution studies are fitted into
mathematical models to understand the mechanism
of drug release.

¢ Common models include Higuchi, Korsmeyer—
Peppas, and zero-order kinetics.

Overall, these evaluation parameters ensure that the
formulated nutraceutical tablets meet required quality
consistent,  sustained

standards and provide

therapeutic performance.[32]
Release Kinetics & Mechanism:

The release kinetics and mechanism of a sustained-
release nutraceutical tablet describe how the active
constituents of Moringa oleifera and Trigonella
foenum-graecum are released over time and the
underlying processes controlling this release.
Understanding these factors is essential to ensure
consistent therapeutic performance and predictable
drug delivery.

1. Mechanism of Drug Release:

In matrix-based sustained-release systems using
natural polymers, the release of bioactive compounds
generally occurs through a combination of the
following processes:

Swelling: Upon contact with gastrointestinal fluids,
natural polymers absorb water and swell, forming a
gel-like barrier around the tablet.

Diffusion: Active constituents gradually diffuse
through the hydrated gel layer into the surrounding
medium.

Erosion: The outer polymer layer slowly erodes
over time, contributing to further release of
entrapped compounds.

Matrix relaxation: The polymer network relaxes
and expands, facilitating controlled movement of
drug molecules.

The overall mechanism is typically a combination of
diffusion and erosion, rather than a single process.

2. Release Kinetics Models:
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To analyze the release behavior, in vitro dissolution
data are fitted into various kinetic models:[30]

e  Zero-order Kinetics:
o Drug release occurs at a constant rate over time

o Ideal for sustained and controlled delivery
systems

e  First-order Kinetics:

o Release rate depends on the concentration of the
active ingredient remaining in the tablet

¢  Higuchi model:

o Describes drug release as a diffusion process
based on square root of time

o Commonly observed in matrix tablets using
natural polymers

e  Korsmeyer—Peppas model:
o  Used to identify the mechanism of release

o The diffusion exponent (n value) indicates
whether release is Fickian diffusion, non-Fickian
(anomalous), or erosion-controlled

3. Expected Behavior in the Present Formulation:

For the Moringa oleifera and fenugreek-based
formulation:

e Release is generally non-Fickian (anomalous
transport) due to combined swelling and erosion
of natural polymers

e The system is expected to follow Higuchi and
Korsmeyer—Peppas models predominantly

e Controlled release is achieved over an extended
period, ensuring gradual
Phytoconstituents[28]

availability  of

N

. Significance:

Maintains steady therapeutic levels of bioactive
compounds
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¢ Reduces dosing frequency
e Improves patient compliance

e Enhances overall efficacy of the nutraceutical
formulation

Overall, the release kinetics demonstrate that natural
polymer-based matrix tablets effectively regulate the
delivery of herbal actives through a predictable and
sustained mechanism.

Stability Studies:

Stability studies are a crucial part of the development
of sustained-release nutraceutical tablets containing
Moringa oleifera and Trigonella foenum-graecum
(fenugreek). These studies ensure that the formulation
maintains its physical, chemical, and functional
properties over time under different environmental
conditions.

1. Objective of Stability Studies:
e To evaluate the shelf life of the formulation

e To ensure maintenance of drug content and release
profile

e To assess any physical or chemical degradation
during storage

e To confirm product safety, efficacy, and quality
over time[27]

2. Storage Conditions:

Stability testing is generally conducted as per
standard guidelines under different conditions:

o Accelerated conditions: Higher temperature and
humidity to simulate long-term effects in a shorter
time

e Long-term conditions: Normal
conditions to evaluate real-time stability

storage
¢ Intermediate conditions: Used when significant
changes are observed under accelerated testing

3. Parameters Evaluated:
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o Physical appearance: Checks for color change,
odor, cracking, or surface defects

e Hardness and friability: Ensures mechanical
strength remains unchanged

e Weight variation: Confirms consistency of tablet
mass over time

e Drug content uniformity: Ensures active

ingredient stability and uniform distribution

¢ In vitro dissolution profile: Evaluates whether
the sustained-release behavior is maintained

e Moisture content: Monitors water absorption that
may affect stability

¢ Disintegration and integrity: Ensures tablets
retain structural performance[26]

4. Possible Stability Issues:

Moisture absorption leading to tablet softening

Polymer degradation affecting release rate

Loss of potency of herbal actives due to oxidation

Changes in dissolution pattern over time

N

. Significance in the Present Formulation:

In formulations containing natural polymers and
herbal extracts, stability studies are especially
important because plant-derived compounds may be
to environmental conditions. The
combination of Moringa oleifera and fenugreek must

sensitive

retain its antioxidant and metabolic benefits
throughout  storage to ensure therapeutic
effectiveness.

6. Outcome Expectation:

A stable formulation should show:

¢ No significant change in physical appearance
e Consistent drug content

e Maintained sustained-release profile
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¢ Acceptable mechanical properties throughout shelf
life

Overall, stability studies confirm that the developed
nutraceutical tablet remains effective, safe, and
reliable over its intended storage period.[25]

Challenges in Herbal Sustained-Release (SR)
Formulation:

1. Variability in Herbal Raw Materials:

Herbal materials are natural products, so their
composition is not fixed like synthetic drugs.

The amount of active compounds (like flavonoids in
moringa or saponins in fenugreek) changes based on
climate, soil type, rainfall, harvesting time, and
storage conditions.

Even the same plant grown in different regions can
show significant phytochemical variation.

This creates inconsistency in therapeutic effect and
release behavior, because SR systems depend on
predictable drug loading.

For example, a batch with lower active content may
release insufficient therapeutic dose even if the
tablet formulation is identical.

2. Standardization of Extracts:

Standardization means ensuring every batch contains
a fixed amount of active marker compounds.

o Herbal hundreds  of
phytochemicals, but only some are responsible for

extracts contain

activity. Identifying and quantifying them is
difficult.

e Unlike synthetic drugs, there is often no single
defined active molecule, making quality control
complex.

e Without standardization, tablets may show
variable efficacy and inconsistent release profiles.

e Techniques like HPLC or spectrophotometry are
used, but they increase cost and complexity.[24]
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3. Compatibility Issues:

Compatibility refers to how well herbal extracts
interact with excipients and polymers.

e Herbal compounds may react with polymers like
gums or mucilage, causing chemical degradation
or physical instability.

e For example, phenolic compounds may oxidize or
bind strongly with polysaccharides, altering
release behavior.

e Such interactions can lead to unexpected drug
release rates, reduced stability, or tablet
discoloration.

e Preformulation studies (like FTIR and DSC) are
required to detect these issues early.

4. Complex Release Behavior:
Herbal formulations are chemically diverse.

active
and

A single extract contains
compounds with different
molecular sizes.

multiple
solubility

¢ Some compounds dissolve quickly, while others
diffuse slowly through the polymer matrix.

e This leads to multi-phase release patterns instead
of a single controlled curve.

e As a result, achieving uniform sustained release
becomes more complicated compared to single-
drug formulations.

5. Stability Concerns:
Many plant compounds are chemically unstable.

e Heat, light, oxygen, and moisture can degrade
phytochemicals like flavonoids and alkaloids.

e Oxidation may reduce antioxidant activity of
moringa or alter fenugreek’s bioactivity.

¢ During storage, natural polymers may also absorb
moisture, affecting tablet hardness and release
rate.
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o This makes stability testing critical to ensure long
shelf life.[22]

6. Poor Flow and Compressibility of Extracts:

Powder flow 1is essential for uniform tablet

production.

Herbal powders are often light, fluffy, and
irregular in shape, leading to poor flow.

o This causes problems like uneven die filling and
weight variation during compression.

e Many herbal extracts also lack good
compressibility, meaning they do not form strong

tablets easily.

e To overcome this, granulation techniques and
binders are required.

7. Polymer Selection and Optimization:

Natural polymers control the release rate, so their
selection is very important.

e Different polymers swell, erode, or gel at
different rates.

e Ifpolymer concentration is too high, it can create
an overly dense barrier, delaying drug release
excessively.

e If too low, the tablet may release drug too
quickly, losing sustained effect.

e Therefore, multiple trial batches are needed to
find the optimal polymer type and concentration
for balanced release.[21]

8. Regulatory and Quality Control Challenges:

Herbal formulations face stricter uncertainty in
regulation.

o Unlike synthetic drugs, herbal products may lack
well-defined pharmacopoeial standards.

e Ensuring consistent quality across batches is
difficult due to raw material variability.
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e Regulatory authorities require proof of safety,
efficacy, and reproducibility, which is harder for
complex plant mixtures.

e This increases documentation and validation
requirements.

9. Scale-Up Difficulties:

Scaling from laboratory to industrial production is not
straightforward.

e In small batches, mixing and compression are
uniform, but in large-scale production, mixing
efficiency may change.

¢ Changes in equipment size can alter granule size
distribution and compression force, affecting
release kinetics.

e Even small differences can change swelling
behavior of polymers, leading to different
dissolution profiles.

e Therefore, process validation is essential during
scale-up.

Recent Advances & Research Trends:

In recent years, the field of herbal sustained-release
(SR) drug delivery systems has expanded rapidly due
to increasing interest in natural, safe, and long-acting
therapeutic formulations. Researchers are focusing on
improving the performance of herbal nutraceuticals
like Moringa oleifera and fenugreek by integrating
with

technologies.[20]

them advanced pharmaceutical

1. Use of Advanced Natural Polymer-Based
Systems:

¢ Natural polymers such as guar gum, xanthan gum,
alginate, and plant mucilage are increasingly used
as matrix-forming agents.

e These materials provide biodegradable and eco-
friendly controlled release systems.

e Recent studies show that plant mucilage can
effectively replace synthetic polymers in SR
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formulations while maintaining good drug release
control.

2. Nanotechnology in Herbal Drug Delivery:

e Nanocarriers such as nanoparticles, liposomes,
and phytosomes are being used to improve
herbal drug delivery.

e These systems enhance bioavailability, stability,
and absorption of plant phytochemicals.

e Nanotechnology helps overcome problems like
poor solubility and low permeability of herbal
compounds. [18]

3. Improved Bioavailability Approaches:

e Herbal compounds often show low absorption in
the body.

e Modern delivery systems such as lipid-based
carriers and phytosomes improve transport
across biological membranes.

e This leads to better therapeutic efficiency at
lower doses.

4. Combination Therapy Using Herbal Synergy:

e Research is focusing on combining multiple
herbal drugs (like moringa and fenugreek) for
synergistic therapeutic effects.

e Such
regulation,
inflammatory response.

combinations  improve  metabolic

antioxidant activity, and anti-

e Multi-herb systems are also being studied for
chronic diseases like diabetes and obesity using
computational methods.

5. Controlled Release and Kinetic Optimization:

e Recent formulations aim for near zero-order or
diffusion-controlled release for better
consistency.

e Studies show that natural polymer matrices can
achieve sustained release for 12-24 hours,
improving patient compliance.
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6. Green and Sustainable Pharmaceutical

Approaches:

e There is a strong shift toward eco-friendly and
biodegradable drug delivery systems.

e Natural polymers reduce dependence on synthetic
materials and align with green pharmacy
principles.

e This approach also reduces environmental impact
and production cost.[16]

2

. Computational and Mechanistic Research:

e Modern research uses network pharmacology and
bioinformatics tools to wunderstand herbal
mechanisms.

e These methods help identify how multiple
phytochemicals interact with biological targets.

e This supports the scientific validation of

traditional herbal combinations.

Pharmacological Synergism of Moringa oleifera
and Fenugreek (Trigonella foenum-graecum)

Pharmacological synergism occurs when two agents
work together in a way that their combined effect is
greater than their individual effects. In the case of
Moringa oleifera and fenugreek, this synergy is
especially important in managing diabetes, metabolic
syndrome, oxidative stress, and cardiovascular
disorders, because both plants act on multiple

biological pathways simultaneously.[15]

1. Synergism in Blood Glucose Regulation (Most
Important Effect):

Fenugreek action:
Fenugreek seeds contain:

e Soluble fiber (galactomannan) — forms a
viscous gel in the intestine

e  4-hydroxyisoleucine — stimulates insulin

secretion

e  Saponins — slow glucose absorption

.’ JOURNAL OF PHARMACEUTICAL SCIENCES

Sachin Walunj, J. Pharm. Sci., 2026 2(6), 329-344 [Research

Mechanism:

e Slows down and

absorption

digestion carbohydrate

e Reduces post-meal blood glucose spikes
e Improves insulin sensitivity over time
Moringa action:

Moringa oleifera contains:

¢ Flavonoids (quercetin, kaempferol)

¢ Isothiocyanates

e Polyphenols

Mechanism:

Enhances insulin signaling pathways

Improves glucose uptake in peripheral tissues

from oxidative

Protects pancreatic
damage[14]

B-cells

Synergistic effect:
When combined:

e Fenugreek controls glucose entry into blood
(intestinal level)

e Moringa improves glucose utilization (cellular
level)

e  Result: multi-level glucose control

This dual mechanism provides more stable and
sustained glycemic regulation, which is
effective than either herb alone.

more

2. Enhanced Antioxidant Defense System:
Moringa contribution:

e Extremely rich in vitamin C, vitamin E, beta-
carotene, and polyphenols

o Strong free radical scavenger
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Fenugreek contribution:

e Contains flavonoids and alkaloids with moderate
antioxidant activity[12]

Combined effect:
e Broader spectrum of antioxidant compounds

o Neutralization of different types of free radicals
(ROS, RNS)

e Protection of tissues from oxidative stress
Outcome:

e Reduces complications of diabetes such as nerve
damage, kidney stress, and vascular injury

3. Lipid Metabolism
Protection:

and Cardiovascular

Fenugreek mechanism:
o High fiber binds bile acids in the intestine

e Forces body to use cholesterol to produce new
bile acids

LDL
triglycerides

e Reduces (“bad  cholesterol”) and

Moringa mechanism:

e Improves liver enzyme activity involved in fat
metabolism

¢ Reduces fat accumulation in blood vessels
¢ Inhibits lipid peroxidation
Synergistic outcome:
¢ Strong reduction in cholesterol levels
e Improved HDL/LDL balance

e Lower risk of atherosclerosis and

hypertension[10]

4. Anti-Inflammatory Synergy:
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Chronic inflammation is a key factor in diabetes and
metabolic disorders.

Moringa:

e Inhibits inflammatory mediators like TNF-a, IL-6,
and COX enzymes

¢ Reduces oxidative stress-induced inflammation
Fenugreek:

e Saponins reduce inflammatory signaling pathways
* Soothes gastrointestinal and systemic inflammation
Combined effect:

e Strong suppression of inflammatory markers

¢ Reduced tissue damage in long-term metabolic
disease

e Improved insulin sensitivity due to lower

inflammation levels[9]
5. Digestive and Metabolic Regulation:
Fenugreek role:
¢ High mucilage content slows gastric emptying
e Improves satiety and reduces overeating
¢ Enhances bowel movement and gut health
Moringa role:

e Provides essential micronutrients that support
metabolism

e Improves enzyme activity in digestion
Synergy:

¢ Better nutrient absorption

e Controlled digestion rate

e Improved metabolic
balance

efficiency and energy

6. Synergy in Sustained-Release Formulation:
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Beyond biological effects, synergy also exists at the
formulation level:

Fenugreek advantages:
Natural mucilage acts as a gel-forming matrix

Helps slow down drug diffusion

Moringa advantages:

Provides stable that release

gradually[8]

phytochemicals

Combined effect in SR tablet:

(@)

Fenugreek forms the controlled-release matrix

Moringa acts as the active therapeutic agent
released slowly

Results in:
Extended release duration
Stable plasma concentration of phytochemicals
Improved therapeutic consistency
7. Overall Clinical Significance:

The combination provides a multi-target therapeutic
approach:

¢ Controls blood sugar from multiple pathways
¢ Reduces oxidative stress and inflammation
e Improves lipid profile and heart health
e Supports digestion and metabolism
This makes the combination especially useful for:
» Type 2 diabetes
e Metabolic syndrome
e Obesity-related disorders

e Long-term preventive healthcare[6]
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Polymer Selection Criteria in Sustained Release
(SR) Tablets:

The selection of a suitable polymer is one of the most
critical steps in the development of sustained-release
tablets. Polymers control the rate, mechanism, and
duration of drug release, especially in matrix systems
like herbal nutraceutical tablets containing Moringa
oleifera and fenugreek. Choosing the wrong polymer
can lead to dose dumping, incomplete release, or
instability.

Below are the key criteria explained in detail:

1. Swelling Ability:

A good SR polymer should absorb water and
swell properly after ingestion.

e Swelling forms a gel layer around the tablet,
which controls drug diffusion.

e If swelling is too low — drug releases too
quickly.

e If swelling is too high — drug release may
become excessively slow or incomplete.

Ideal polymers show controlled, moderate swelling
behavior.

2. Matrix Forming Capacity:

The polymer must be able to form a stable and
coherent matrix structure when compressed.

e This matrix traps the drug and releases it
gradually.

e Weak matrix formation leads to tablet erosion
and uncontrolled release.

Strong gel-forming polymers uniform

sustained release.[4]

ensure

3. Biocompatibility and Safety:

e Polymers must be non-toxic, non-irritant, and
safe for long-term use.

e This is especially important in nutraceutical
formulations intended for daily consumption.
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e Natural polymers are preferred due to better
acceptance in herbal systems.

Safe polymers ensure no adverse biological effects.
4. Chemical Compatibility:

e The polymer must not react with active herbal
compounds like:

oflavonoids (moringa)
osaponins and alkaloids (fenugreek)

e Incompatibility may lead to
discoloration, or reduced potency.

degradation,

Compatible polymers maintain stability and efficacy
of actives.[12]

5. Controlled Release Capability:

e The main function is to regulate drug diffusion
over time.

e Polymer should
patterns such as:

support predictable release

o diffusion-controlled
o erosion-controlled
o swelling-controlled

Ideal polymers provide consistent and reproducible
release kinetics.

6. Hydrophilicity/Hydrophobic Balance:

e Hydrophilic polymers swell easily and promote
gel formation.

¢ Hydrophobic polymers slow water penetration.
A balanced property is preferred for:

¢ controlled hydration

e steady drug diffusion

e prevention of dose dumping

7. Mechanical Strength:
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e Polymer must provide good tablet hardness
and integrity.

e It should withstand:
o compression force during manufacturing

o handling stress

transport

during packaging and
Strong mechanical properties prevent tablet breakage
and dose variation.

8. Reproducibility and Batch Consistency:

e Polymer behavior must remain consistent across
batches.[16]

e Variability can affect:
o swelling rate

o gel formation

o release profile

Reliable polymers ensure uniform quality and
performance.

9. Cost and Availability:

e Polymers should be:

oeasily available

ocost-effective

osuitable for large-scale production

Natural polymers are often preferred in nutraceuticals
due to low cost and eco-friendliness.

10. Regulatory Acceptability:

e The polymer should be approved or widely
accepted in pharmaceutical/nutraceutical use.

o Natural polymers often have better acceptance in
herbal formulations.

Ensures smooth regulatory approval and market
compliance.[31]
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CONCLUSION:

The development of a sustained-release nutraceutical
tablet incorporating Moringa oleifera and Trigonella
foenum-graecum using natural polymers represents
an effective approach to improving the therapeutic
performance of herbal formulations. The study
highlights that both plant extracts possess significant
pharmacological activities, particularly in managing
metabolic disorders through antioxidant, antidiabetic,
anti-inflammatory, and lipid-lowering effects. The
use of natural polymers such as gums and mucilage
plays a key role in controlling the release of active
constituents by forming a hydrated gel matrix,
thereby ensuring a gradual and sustained drug release
profile. This helps maintain consistent plasma levels
of bioactive compounds, reduces dosing frequency,
and enhances patient compliance. Overall, the
formulation demonstrates that combining synergistic
herbal ingredients with a well-designed sustained-
release system can provide a stable, efficient, and
patient-friendly nutraceutical product. The approach
also supports the of eco-friendly and
biocompatible excipients, making it suitable for long-
term health management applications.

use
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