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ABSTRACT:

Metabolic disorders, including obesity, diabetes mellitus, dyslipidemia, and metabolic syndrome, are increasingly
prevalent worldwide due to sedentary lifestyles, poor dietary habits, and genetic predispositions. Conventional
pharmacological therapies, although effective, are often associated with adverse effects and long-term safety concerns.
This has led to growing scientific interest in herbal extracts as potential therapeutic alternatives or adjuncts in
managing metabolic dysfunction. Herbal plants contain bioactive phytochemicals such as flavonoids, alkaloids,
terpenoids, saponins, and polyphenols that exhibit antioxidant, anti-inflammatory, insulin-sensitizing, and lipid-
lowering properties. Extracts from Curcuma longa, Camellia sinensis, Gymnema sylvestre, Nigella sativa, Trigonella
foenum-graecum, and Garcinia cambogia have shown promising activity in regulating glucose homeostasis,
improving lipid metabolism, enhancing mitochondrial function, and reducing adipogenesis. Preclinical and clinical
evidence suggests that these botanicals may help restore metabolic balance with fewer side effects compared to
synthetic drugs. However, variations in extraction methods, standardization, dosage, and bioavailability remain
significant challenges. This review highlights the pharmacological potential of herbal extracts in treating metabolic
disorders and emphasizes the need for further well-designed clinical studies to establish their efficacy, safety, and
therapeutic applications.
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INTRODUCTION: mmol/L) in women, or using medication to lower
HDL-C, For a patient with a history of hypertension,
(4) blood pressure (BP) >130 mmHg systolic blood
pressure (SBP) or >85 mmHg diastolic blood pressure
(DBP) or being on antihypertensive medication
treatment; and (5) fasting plasma glucose (FPG) >100
mg/dL or being on medication for high glucose.[3]

Each metabolic risk factor is linked to the others, and
when taken as a whole, the risk factors increase the

The complicated condition known as metabolic
syndrome is made up of central obesity,
hyperglycemia, hypertension, and hyperlipidemia.[1]
Since the World Health Organization (WHO) initially
established metabolic syndrome in 1998, the diagnosis
criteria have changed. The American Heart
Association/National Heart Lung and Blood Institute

(AHA/NHLBI) criteria are used in the most widely
recognized definition. [2]

The AHA/NHLBI states that when three or more of
the following five criteria are satisfied, metabolic
syndrome is officially diagnosed. (1) waist
circumference (WC) of at least 102 cm for males and
88 cm for women,; (2) triglycerides (TG) of at least 150
mg/dL (1.7 mmol/L) or receiving medication for
increased triglycerides; (3) having a high density
lipoprotein cholesterol (HDL-C) of less than 40 mg/dL
(1.03 mmol/L) in men and less than 50 mg/dL (1.3
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chance of atherosclerotic heart disease.[4] The two
primary underlying risk factors for metabolic
syndrome are insulin resistance and abdominal
obesity.[5] Therefore, the aim of managing metabolic
syndrome is to avoid atherosclerotic cardiovascular
disease by reducing insulin resistance and waist
circumference. Clinically, each patient's condition is
taken into consideration while prescribing a
medication for hyperglycemia, hypertension, and
hyperlipidemia.[6]

Page: 1036



Role of Standardized Herbal Extracts in Regulating Metabolic D1ysfunctions: An Evidence-Based
Assessment

For hundreds of years, a variety of illnesses have been
treated with herbal extracts and other distinct
compounds, and they are currently being investigated
once more as potential remedies for metabolic
disorders. These kinds of medications must be made
using pharmacological techniques in order to address
these illnesses. By using computer techniques, you can
determine the pharmacological activity of an extract or
metabolite and generate preliminary hypotheses
regarding potential targets and mechanisms. Knowing
the molecular mechanisms underlying metabolic
illnesses and the potential advantages of herbal
medications, including herbal medical products, could
provide us with crucial insights into novel therapeutic
targets and treatment approaches.[7] In addition to
being used for centuries to treat a variety of ailments,
herbal medicines have shown promise in the treatment
of metabolic diseases. Pharmacological approaches
are essential for identifying and evaluating the
potential of herbal medicines as therapies for various
illnesses.[8] The term "lifestyle disorders" refers to
changes in a population's metabolic profile that are
closely associated with their everyday activities.[9]

The primary causes of lifestyle diseases are
disorganized food habits, neglected exercise regimens,
and other lifestyle factors. The obesity epidemic has
led to an increase in metabolic syndrome. The medical
condition known as metabolic syndrome is marked by
insulin resistance, abdominal obesity, and The primary
causes of lifestyle diseases are disorganized food
habits, neglected exercise regimens, and other lifestyle
factors. The obesity epidemic has led to an increase in
metabolic syndrome. According to the World Health
Organization, metabolic syndrome is a medical
disease marked by abdominal obesity, insulin
resistance, hypertension, and hyperlipidemia. Other
names for Syndrome X include. such as resistance to
insulin. Co-occurring conditions include
prothrombotic illnesses, proinflammatory states,
nonalcoholic fatty liver disease, and reproductive
problems.[10]

Diabetes is a chronic metabolic disease that
significantly lowers a patient's socioeconomic status.
Over the past few decades, diabetes has become more
common in some wealthy nations. According to
predictions from the International Diabetes Federation
(IDF), the number of persons with diabetes might
increase by 693 million by 2045 if adequate treatment
methods are not implemented.[11] Over the past few
decades, diabetes has become much more common,
and this trend is predicted to continue. These specific
issues, together with cancer, respiratory issues, and
cardiovascular repercussions, are directly responsible
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for 80% of all deaths caused by NCDs (preventable
diseases).[12]

A metabolic disease linked to the metabolism of
proteins, lipids, and carbohydrates is type 2 diabetes.
Insulin resistance or deficiency comes next. Among
the characteristic signs and symptoms of diabetes
mellitus include thirst, polyuria, blurred eyesight, and
weight loss.[13]

The global obesity and diabetes epidemics are
connected to this rise. The metabolic syndrome raises
the risk of diabetes and cardiovascular disease, thus
finding ways to stop the impending global epidemic is
essential.[ 14]

Diabetes
mellitus

Hypertension

Metabolic
disorder

Hyperlipidemia
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Figure 1: Types Of Metabolic Disorder

Role of Herbal Medicine in the Prevention and
Treatment of Metabolic Syndrome

Diabetes mellitus is a common metabolic disorder
affecting millions worldwide. It occurs due to low
insulin production or reduced insulin action. Although
many synthetic drugs exist, none can completely cure
diabetes, and long-term use may cause side effects.
Therefore, safer and more affordable treatments are
needed. Herbal medicine has been used for centuries
and is gaining importance in modern healthcare. The
WHO reports that out of 21,000 medicinal plants used
globally, about 400 have potential benefits in
managing diabetes. [15]

Many herbs and their bioactive compounds, including
those developed using nanotechnology, show potential
in treating metabolic syndrome. Researchers and
clinicians are exploring safe, effective, and alternative
herbal therapies for this growing health problem.
Herbal medicines have been found to support weight
loss and reduce body fat. Several preclinical and
clinical studies also report that herbal treatments can
help manage diabetes, control obesity, and reduce
inflammation and oxidative stress. [16]

Medicinal plants offer a simple, affordable, and
natural alternative for managing metabolic disorders.
Herbal medicines can reduce gluconeogenesis,
inflammation, and oxidative stress while improving
insulin secretion and cardiovascular health. Many
plant extracts are proposed as effective treatments for
diabetes and its related complications. Nanostructured
formulations of these herbal extracts may further
enhance their anti-diabetic effects by improving their
absorption and bioavailability. [17]

Despite the potential for major adverse effects from
continuous use of some synthetic compounds, there is
still a demand for accessible, nontoxic medications.
Traditional treatments have a long history of being
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thought of as being very successful. These are
frequently utilized all throughout the world,
demonstrating the growing importance of herbs in
cutting-edge, contemporary medicine. Low side
effects are one of the key advantages of herbal
medicines, It has prompted a plethora of scientists to
work on cutting-edge compounds for diabetic
treatment. Numerous herbal substances are currently
undergoing various phases of clinical investigation for
their potential to treat diabetes and avoid its effects.
(18]

Herbs used for Metabolic Disorder:

Berberine (from Berberis species, Coptis, etc.) —
improves glycemic control, lipids and insulin
sensitivity, proposed mechanism includes AMPK
activation and modulation of gut microbiota. Meta-
analyses and systematic reviews of randomized trials
support benefits for type 2 diabetes and metabolic-
syndrome markers.[30]

Curcumin (turmeric, Curcuma longa) — anti-
inflammatory and antioxidant effects; randomized
trials and meta-analyses report modest improvements
in some metabolic-syndrome components (insulin
resistance, lipids, inflammatory markers) when given
as standardized curcuminoid preparations.[31]

Green tea catechins / EGCG — evidence from
clinical trials and controlled studies that green-tea
extracts may improve lipid profile, hepatic steatosis
markers and weight-related outcomes; effects are
modest and dose-dependent.

Bitter melon (Momordica charantia) — traditional
antidiabetic herb; reviews and trials report glucose-
lowering effects and possible benefits for obesity-
related outcomes, though study quality and
formulations vary.[32]

Cinnamon (Cinnamomum spp.) — several
randomized trials and meta-analyses show
improvements in fasting glucose and some lipid
markers in people with insulin resistance / type 2
diabetes or metabolic syndrome, though results vary
by dose and cinnamon type.

Fenugreek (Trigonella foenum-graecum) — seeds
contain soluble fiber and saponins; randomized studies
show reductions in fasting glucose and improvements
in lipid profile and glycemic indices in type-2 diabetic
subjects.[33]

Techniques used for extraction of herbal extract:

1.Cold maceration (simple, conventional):
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Purpose:  extraction of  heat-sensitive  or
water/organic-soluble constituents when simplicity is
needed.

Equipment: glass/jacketed stainless tanks, stirrer,
filtration setup, container for soak.

Step-by-step:

e  Weigh dried powdered plant (e.g., 100 g).

e Choose solvent (e.g., 70% ethanol for broad
polarity). Typical solid:solvent (w/v) 1:5 to
1:20 depending on solubility.

e Place powder into container; add solvent to
achieve the ratio.

e Agitate occasionally or keep static; macerate
at room temperature for 24-72 h (can be
longer for tough matrices).

e  After maceration, filter (Whatman / muslin)
or decant; press marc (plant residue) to
recover more liquid.

e Optionally repeat extraction on marc 1-2
times to maximize yield; combine filtrates.

e Concentrate combined filtrates by rotary
evaporation under reduced pressure (if
organic solvent) and then dry (spray-dry or
lyophilize) as needed.[24]

2.Percolation (continuous cold extraction):

Purpose: faster, standardized cold extraction for
tinctures / liquid extracts.

Equipment: percolator (glass/stainless), regulator
faucets, packing tools.

Procedure (stepwise):

1. Coarsely powder plant material (optimal
particle size larger than for maceration;
typically 0.5-2 mm).

2. Moisten and “macerate” the plant bed briefly

with solvent (to swell material) for 4—12 h.

Pack the percolator uniformly (avoid voids).

Add solvent to top to flood the bed.

5. Allow percolation: collect percolate slowly at
defined flow rate (e.g., 1-3 bed volumes/day)
until desired volume or strength is reached.

6. Stop when percolate strength drops below
specification; combine and concentrate as
required.[25]

B~ W

3.Soxhlet extraction (hot continuous extraction):
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Purpose: exhaustive extraction with a refluxing
solvent — good when targets are not heat-sensitive.

Equipment: Soxhlet extractor, round-bottom flask,
reflux condenser, heating mantle.

Step-by-step:

1. Place powdered sample (e.g., 20-50 g) in
cellulose thimble and insert into Soxhlet
chamber.

2. Add solvent (e.g., 250-500 mL) to round
bottom flask. Choose solvent based on target
polarity.

3. Heat to reflux; solvent vapor condenses and
percolates through thimble; siphons back into
flask repeatedly.

4. Continue cycles for 4-8 hours (or until
siphoned solvent becomes nearly colourless /
extraction is complete).

5. Cool, remove solvent by rotary evaporation,
and dry residue. [26]

4.Hot percolation / Reflux extraction (decoction,
soxhlet alternative):

Use: for decoctions (aqueous extraction of roots,
barks) or reflux with organic solvents.

Procedure: similar to Soxhlet but with direct boiling
in a reflux flask containing the plant material (often in
a basket). Typical times 30 min—3 h depending on
matrix. For decoction (traditional): simmer plant in
water for 15—60 min, cool, filter.[27]

5.Ultrasound-assisted  extraction (UAE) —
modern, widely used:

Cavitation from ultrasound disrupts cells and speeds
mass transfer — faster, uses less solvent and lower
temperature. Widely reviewed.

Equipment: ultrasonic bath or probe (sonicator),
temperature control, vessel.

Steps:

1. Prepare plant powder and choose solvent
(e.g., 50-80% ethanol for polyphenols).
Typical solid: solvent 1:10-1:20.

2. Place mixture in sonication vessel. If using
probe, submerge tip but avoid touching
vessel walls.
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3. Set ultrasound parameters: frequency 20—40
kHz (bath) or probe 20 kHz; power depends
on device (e.g., 100400 W for probe).

4. Maintain temperature — often <40 °C to
avoid degradation (use cooling jacket or ice
bath).

5. Sonicate for 5-30 minutes (many optimized
protocols find 10-20 min suffices). Shorter
than maceration.

6. Filter, concentrate and dry as usual.[28]

Key optimization variables: time, power, solvent,
S/L ratio, temperature — optimize by small factorial
experiments or RSM.

6.Microwave-assisted extraction (MAE):

Principle: microwaves heat polar solvents and plant
water rapidly, increasing extraction kinetics and cell
rupture. Reviewed widely.

Equipment: laboratory microwave extractor or
modified closed/open microwave oven with reflux,
temperature/pressure control.

Procedure:

1. Mix powdered plant + solvent in microwave
vessel. Typical S/L 1:10. Use microwave-
transparent vessels.

2. Choose solvent (polar solvents absorb
microwaves better; water/ethanol mixtures
common).

3. Program microwave: power (e.g., 200-600
W), time short: 30 s—10 min depending on
matrix and power; some methods use pulsed
irradiation.

4. Cool and filter; remove solvent under
reduced pressure.

7.Pressurized Liquid Extraction / Accelerated
Solvent Extraction (PLE / ASE)

Principle: high temp & pressure increase solvent
diffusivity and solubility without boiling; short
extraction times.

Equipment: ASE instrument, high-pressure vessels.
Procedure (typical):

1. Pack dry sample into extraction cell with
dispersant (celite) if needed.
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2. Set solvent, temperature (e.g., 50-150 °C)
and pressure (e.g., 1015 MPa) and static
time (5-20 min).

3. Collect extract; repeat cycles as needed. [29]

8. Enzyme-assisted extraction (EAE):

Enzymes (cellulase, pectinase, hemicelluloses)
degrade cell walls releasing bound compounds — used

especially for pectic fruits, glycosides,
polysaccharides.
Procedure:

1. Pre-treat biomass with buffer at enzyme
optimal pH & temperature (e.g., 40-50 °C).

2. Add enzyme (units per g dry matter defined
by supplie r) and incubate 30 min—4 h with
gentle agitation.

3. Stop enzyme (heat inactivate), filter and
extract remaining actives by solvent or
continue aqueous extraction.

9.Supercritical fluid extraction (SFE, often CO:):

Principle: supercritical ~CO: is  tunable
(pressure/temp) and good for nonpolar compounds
(essential oils, lipids). Co-solvents (ethanol) expand
polarity range. Reviewed widely.

Equipment: high-pressure extraction vessel, CO:
pumps, separators, heat exchangers.

Stepwise:

1. Dry, mill material to appropriate size. Pack
extraction vessel.

2. Set CO: flow, temperature (e.g., 35-60 °C)
and pressure (100—400 bar). Typical starting:
200-300 bar and 40 °C.

3. Add co-solvent (ethanol) if extracting more
polar compounds (e.g., 5-15%).

4. Extract for defined time (30-240 min) with
continuous or batch operation.

5. Collect extract in separators where pressure
drops and CO: reverts to gas (recovered).

10.Hydrodistillation / Steam distillation (essential
oils):
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Purpose: volatile oil extraction (menthol, eucalyptol,
etc.)

Procedure: steam passes through plant material;
volatiles vaporize with steam, condensed and
separated (oil/water) by decantation or Florentine
separator. Clevenger apparatus used at lab scale.

Concentration & drying of extracts:

After extraction you usually have a solvent containing
actives — now convert to stable extract:

Common steps:

1. Filtration / Clarification — remove solids
(filter, centrifuge).

2. Solvent removal — rotary evaporator
(reduced pressure) for organic solvents;
vacuum concentrators for aqueous extracts.
Monitor bath temperature to protect actives.

3. Defatting / Partitioning (optional) —
partition with hexane, chloroform, ethyl
acetate to fractionate by polarity.

4. Drying:

e Spray drying — converts liquid extract into
powder with carrier matrix (maltodextrin,
gum arabic) — good for aqueous ethanolic
extracts; optimized inlet/outlet temps to
avoid degradation.

e Freeze-drying (lyophilization) — best for
thermolabile/polar extracts but expensive.

e Vacuum oven drying — for less heat-
sensitive extracts.

5. Standardize & blend — adjust to a declared

marker content by addition of excipient or
blending batches. [28]

Dosage Forms and Formulations of Herbal
Extracts used in Treating Metabolic Disorders

1) Capsules / Tablets (Powder + extract)

(wet/dry granulation — tablet compression or
encapsulation):

1. [Extraction: prepare standardized extract
(e.g., hydroalcoholic 70% EtOH or water) by
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maceration/reflux/soxhlet; concentrate under
reduced pressure to a viscous extract; spray-
dry or freeze-dry to get dry extract powder.

2. Blending: mix extract powder with
excipients (diluents like microcrystalline
cellulose, disintegrants like croscarmellose,
lubricants like magnesium stearate).

3.  Granulation (optional; for  tablet
compressibility): wet granulate using binder
(e.g., PVP in water/ethanol), dry (tray or fluid
bed), sieve to uniform granule size.

4. Compression/Encapsulation: compress
granules into tablets (apply coating if needed)
or fill into hard gelatin/HPMC capsules.

5. Quality control: assay content uniformity,
disintegration, dissolution, moisture,
microbial limits.

2) Liquid extracts, syrups & tinctures

1. Extraction: macerate plant material in
suitable solvent (ethanol/water ratios chosen
for target phytochemicals).

2. Filtration & concentration: filter and
concentrate. For syrups, dissolve concentrate
in vehicle (sucrose or non-sugar syrup base)
and add preservatives/stabilizers.

3. Standardization: adjust to a defined marker
compound  concentration (HPLC  or
spectrophotometric assay).

4. Packaging: amber bottles, with labelling for
dose

3) Teas / Decoctions

1. Selection & drying of plant parts; grind to
coarse powder.

2. Standard brew: typical decoction (e.g., 5—
10 g plant material boiled in 200-500 mL
water for 10-30 min, cooled, filtered).

3. Dose standardization by measuring key
marker(s) per cup (usually done in clinical
studies to report mg of marker per serving)

4) Suspensions / Emulsions (oral)

1. Extract solubility assessment (determine if
oil or water soluble).

2. Formulate as oil-in-water emulsion
(surfactant like polysorbate 80 plus co-
surfactant) or a suspension with viscosity
modifier (xanthan gum) and suspending
agents (sodium carboxymethylcellulose).

3. Homogenize (high shear) and fill; perform
stability and microbial tests.

Page: 1041



Role of Standardized Herbal Extracts in Regulating Metabolic D1ysfunctions: An Evidence-Based
Assessment

5) Phytosomes / Liposomes / Nanoparticles
(Enhanced Delivery)

1. Complexation: mix standardized extract or
isolated phytoconstituent (e.g., quercetin,
silymarin) with phosphatidylcholine in
organic solvent; evaporate solvent to get
complex.

2. Hydration: hydrate the dried complex with
aqueous buffer to form vesicular structures
(for  liposomes) or convert into
nanosuspension.

3. Size reduction: sonication / high-pressure
homogenization to desired nanosize.

4. Characterization: particle size, zeta
potential, entrapment efficiency, in vitro
release.

6) Transdermal Patches / Gels

1. Extract solubility & permeation enhancer
selection (e.g., oleic acid, ethanol).

2. Prepare gel matrix (carbomer, HPMC) or
polymeric backing for patches with matrix
loading of extract/nanosystem.

3. Cast & dry to form patch; punch into sizes;
test in vitro permeation (Franz cell) and
adhesion.

7) Buccal / Sublingual Films

1. Film casting using mucoadhesive polymers
(e.g., HPMC, chitosan) containing
dissolved/exfoliated extract or nanoparticle.

2. Drying and cut into doses; test
mucoadhesion and dissolution. Useful when
first-pass metabolism is an issue.

Marketed Herbal Products in India

1.BGR-34 — An Ayurvedic anti-diabetic pill,
launched in India for type-2 diabetes.

2.Divyamadhunashini Vati — A polyherbal
formulation containing herbs like Gymnema
Sylvestre, Karela, Neem, Amla etc., claimed to
help with blood sugar regulation.

3.Syndrex — Contains germinated fenugreek
seed extract.

4.Diayback Tablets — Herbal anti-diabetic
tablets containing Gymnema Sylvestre (Gudmar),
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Momordica Charantia (Karela), Pterocarpus
marsupium (Vijaysar), etc.

5.Madhumehari Granules (Baidyanath) —
Traditional polyherbal granules for blood sugar.

6.Anti-Diabetic Herbal Capsules (generic) —
Many smaller herbal manufacturers (e.g.
“Streamline”) produce capsules combining herbs
like fenugreek, Karela, Gudmar, Jamun, etc.

7.Kapiva Diabetes — As per a review listing
marketed products.

CONCLUSION:

Herbal extracts play an increasingly important role in
the management of metabolic disorders such as
diabetes, obesity, dyslipidemia, and metabolic
syndrome. Their therapeutic potential comes from
bioactive compounds like flavonoids, alkaloids,
terpenoids, and polyphenols, which act on multiple
targets including insulin regulation, glucose uptake,
lipid metabolism, appetite control, and oxidative stress
reduction. Clinical and experimental studies
consistently show that plants such as Gymnema
sylvestre, Momordica charantia, Tinospora cordifolia,
Trigonella foenum-graecum, Cinnamomum verum,
and  Berberis  aristata  exhibit  significant
antihyperglycemic, antihyperlipidemic, and anti-
obesity effects. Herbal formulations are widely
available in diverse dosage forms—tablets, capsules,
syrups, powders, teas, granules, and advanced nano
formulations allowing better patient compliance and
improved bioavailability. While the therapeutic
promise is strong, challenges remain in terms of
standardization, variability in extract quality, and
limited large-scale clinical trials. Overall, herbal
extracts offer a valuable and holistic therapeutic
strategy for managing metabolic disorders. With
proper standardization, scientific validation, and
integration into modern healthcare, they can serve as
effective, natural, and safer alternatives or adjuncts to
conventional therapy.
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