Kiran S, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 10, 2676-2688 | Review

INTERNATIONAL JOURNAL OF ———

PHARMACEUTICAL SCIENCES  4pen ﬁ%& ACCESS
[ISSN: 0975-4725; CODEN(USA): 1JPS00] Noc?

Journal Homepage: https://www.ijpsjournal.com

Review Article

A Critical Review of Momordica Charantia, Curcuma longa & Gymnema
sylvestre Polyherbal Systems For Diabetes Management

Kiran S*, Adarsha C Y, Lohith C, Shashwath N P, Darshan M, M Mallikarjuna

Gouda

Prasanna College of Pharmacy, Belthangady, Dakshina Kannada, Karnataka - 574214

ARTICLE INFO

ABSTRACT

Published: 16 Oct 2026
Keywords:

Polyherbal, Antidiabetic,
Momordica charantia,
Curcuma longa, Gymnema
sylvestre, Capsules,
Standardization,
Phytochemistry.

DOI:
10.5281/zenodo.23424504

Diabetes mellitus remains a major global health challenge, driving interest in polyherbal
formulations as cost effective, multi target therapeutic options. Gymnema sylvestre,
Curcuma longa, and Momordica charantia are widely used antidiabetic botanicals with
complementary mechanisms of action. This narrative review critically examines the
phytochemistry, pharmacological evidence, and formulation evaluation strategies
relevant to developing polyherbal antidiabetic capsules containing these three plants.
Key bioactive constituents, including gymnemic acids, curcuminoids, and charantin
together with cucurbitanes, modulate glucose homeostasis by enhancing insulin
secretion and sensitivity, inhibiting carbohydrate hydrolyzing enzymes, and acting
through antioxidant and anti inflammatory pathways. Preclinical investigations
consistently report hypoglycaemic and organ protective effects, while clinical studies
support their adjunctive use in type 2 diabetes, although extract standardization and
dosing regimens vary considerably. Encapsulation improves patient compliance,
protects labile herbal actives, and allows flexible dosing, but demands careful control of
moisture, powder flow, content uniformity, and marker based standardization.
Recommended quality assessments comprise weight variation, disintegration,
dissolution, microbial limits, heavy metal testing, and stability studies supported by
HPLC/HPTLC fingerprinting of marker compounds. Polyherbal capsules combining M.
charantia, C. longa, and G. sylvestre are both scientifically rational and
pharmaceutically viable, provided that rigorous standardization, quality control, and
safety evaluation are implemented. Robust clinical trials and bioavailability studies are
required to confirm therapeutic benefit and optimize dosing schedules.

INTRODUCTION

Diabetes mellitus represents a substantial and
escalating global health burden. According to the
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International Diabetes Federation, over half a
billion adults were affected by diabetes in 2024,
and current projections suggest a sharp increase in
prevalence by 2050. A considerable share of these
cases remains undiagnosed or poorly controlled,
leading to microvascular and macrovascular
complications and imposing heavy economic and
societal costs on healthcare systems, especially in
low- and middle-income countries. Although
several classes of antidiabetic medications are
available, issues such as secondary treatment
failure, adverse effects, high costs, and the
requirement for lifelong therapy have maintained
interest in complementary approaches, including
medicinal plants polyherbal
formulations[1,2,3].

and

Herbal medicines have been employed for
centuries in traditional systems such as Ayurveda
to manage “Prameha” (diabetes), and numerous
botanicals are now being evaluated for their
influence on glucose homeostasis, insulin
sensitivity, and diabetes-related complications.
Among these, Momordica charantia L. (bitter
melon), Curcuma longa L. (turmeric), and
Gymnema sylvestre (gurmar) are three of the most
extensively researched antidiabetic plants. M.
charantia contains several bioactive constituents,
including charantin, cucurbitane-type
triterpenoids, flavonoids, and polysaccharides,
which have been reported to enhance peripheral
glucose uptake through upregulation of GLUT4,
suppress hepatic gluconeogenesis, and modulate
intestinal glucose absorption by affecting SGLT1
and o-glucosidase activity. Both preclinical and
clinical investigations indicate that M. charantia
can reduce fasting blood glucose and HbAlc
levels, while also exerting favorable effects on
lipid parameters and  oxidative  stress

markers[1,3,4].
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Curcuma longa exerts its antidiabetic activity
mainly through polyphenolic
particularly curcumin, which enhance insulin
sensitivity, help preserve B-cell function, and
mitigate chronic inflammation and oxidative stress
by modulating AMPK, PI3K/Akt, and PPARy
signaling pathways. Randomized controlled trials
and mechanistic studies have shown that curcumin

curcuminoids,

supplementation in individuals with type 2
diabetes or prediabetes can lower fasting glucose,
HbAlc, and markers of insulin resistance.
Gymnema sylvestre, which is rich in gymnemic
acids and related saponins, has been reported to
promote regeneration of pancreatic islet cells,
stimulate insulin release, reduce intestinal glucose
absorption, and inhibit a-glucosidase activity,
thereby attenuating postprandial hyperglycemia.
Collectively, these three botanicals act on
complementary aspects of type 2 diabetes
pathophysiology, namely insulin secretion and
signaling, hepatic glucose production, intestinal
carbohydrate digestion, and oxidative/
inflammatory stress, offering a robust scientific
basis for their inclusion in a single polyherbal

formulation[1,5,6].

Polyherbal formulations are gaining attention as
multi-target, cost-effective therapeutic strategies
that may provide synergistic effects and a more
favorable safety profile compared with single-herb
preparations  or  synthetic = monotherapies.
Nevertheless, their conversion into reliable dosage
forms depends on rigorous standardization, careful
selection of the delivery system, and thorough
quality assessment. Oral capsules are especially
suited for polyherbal powders and
standardized extracts, as they enhance patient
compliance, protect labile phytoconstituents, and
allow flexible dosing; however, they also require

well

strict control of moisture, powder flow, content
uniformity, and stability. Accordingly, this review
seeks to critically evaluate the phytochemical
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profiles, pharmacological data, and formulation
and evaluation approaches pertinent to developing
polyherbal antidiabetic containing
and

capsules

Curcuma longa,
Gymnema sylvestre, with particular focus on
standardization, quality control, and the
translational gaps that must be resolved to support
clinical adoption[1,2,7].

Momordica charantia,

BOTANICAL PROFILES
PHYTOCHEMISTRY

AND

Momordica charantia L. (Cucurbitaceae)

Momordica charantia L. (bitter melon, karela) is a
tropical vine whose fruits, leaves, and seeds are
extensively employed in Ayurveda and other
traditional systems for managing
(diabetes) and related metabolic
disorders. Its antidiabetic activity is ascribed to a
complex array of secondary metabolites, notably

medical
“Prameha”

cucurbitane-type triterpenoid glycosides and
steroidal saponins[8,9].

Charantin, a mixture of sterol glucosides
(B-sitosterol-p-D-glucoside and

stigmasterol--D-glucoside), is the most widely
cited marker compound for M. charantia and is
frequently used to standardize extracts owing to its
hypoglycaemic activity. Recent HPLC-based
quantification across different genotypes has
reported charantin contents of approximately 31—
39 ng/g fresh weight in high-accumulating lines,
highlighting clear genotype-dependent variability
and supporting the feasibility of marker-based
standardization. Beyond charantin, M. charantia

contains numerous momordicosides,
karavilosides, and related cucurbitane
triterpenoids, together with flavonoids (e.g.,

quercetin, rutin), phenolic acids (e.g., p-coumaric
acid), and polysaccharides that contribute to
antioxidant, anti-inflammatory, and
glucose-lowering activities. Collectively, these
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constituents influence key pathways involved in
glucose homeostasis, including promotion of
peripheral glucose uptake, inhibition of hepatic
gluconeogenesis, and suppression of intestinal
carbohydrate-digesting enzymes[8,9,10].

Curcuma longa L. (Zingiberaceae)

Curcuma longa L. (turmeric) is a perennial
rhizomatous herb that is widely used both as a
culinary spice and as a medicinal plant in
Ayurveda and other traditional systems. The
rhizome constitutes the principal medicinal part
and is traditionally employed for inflammatory,
metabolic, and hepatic conditions, including
diabetes. Its phytochemical profile is dominated
by non-volatile curcuminoids along with a volatile
turmerone-type

essential oil rich n

sesquiterpenes[11]

Curcuminoids serve as the principal marker
compounds for the identification and quality
control of C. longa. The major curcuminoid,
curcumin (diferuloylmethane),
constitutes about 60—-75% of the total curcuminoid
fraction,  with  demethoxycurcumin  and
bisdemethoxycurcumin  present in  smaller
proportions. International standards for turmeric

generally

used as a spice typically specify a minimum total
curcuminoid content of approximately 2%,
whereas dried rhizomes commonly contain 3—5%
(w/w) total curcuminoids, varying with genotype,
geographical origin, and processing conditions.
Curcumin and related curcuminoids display
pleiotropic biological activities, such as enhancing
insulin sensitivity, preserving -cell function, and

mitigating  oxidative  stress and  chronic
inflammation through modulation of AMPK,
PI3K/Akt, NF-xB, and PPARy signaling

pathways. These mechanisms help explain the
reductions in fasting glucose, HbAlc, and markers
of insulin resistance observed in preclinical and
clinical studies of curcumin supplementation in
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individuals  with diabetes and

prediabetes[12,13]

type 2

Gymnema sylvestre (Retz.) (Apocynaceae)

Gymnema sylvestre (gurmar, “sugar destroyer”) is
a woody climbing shrub indigenous to India and
other tropical regions. Its leaves are traditionally
employed in the management of diabetes, obesity,
and dyslipidemia. The plant’s antidiabetic activity
is mainly ascribed to a group of triterpenoid
saponins known as gymnemic acids, together with
related and other
phytoconstituents.

gymnemasaponins

Gymnemic acids consist of multiple analogues
(commonly designated as gymnemic acids [-V
derivatives)  that
gymnemagenin aglycone backbone with varying
acyl substitutions. These compounds underlie the
characteristic ability of G. sylvestre to suppress
sweet taste perception and to inhibit intestinal
glucose absorption. In addition to gymnemic acids,
the leaves contain flavonoids, phenolic acids,

and related share a

anthraquinones, and other saponins that contribute
to antioxidant and anti-inflammatory activities.
From a pharmacological perspective, gymnemic
acids have been reported to stimulate insulin
secretion, promote regeneration of pancreatic islet
cells, inhibit a-glucosidase activity, and reduce
postprandial hyperglycemia, thereby
complementing the mechanisms of M. charantia
and C. longa within a polyherbal antidiabetic
formulation. Recent studies have also isolated
individual gymnemic acid analogues (e.g.,
gymnemic acid-III) using preparative HPLC,
highlighting the feasibility of marker-based
standardization for quality control
purposes[13,14,15].

ﬁi&lﬁ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

PHARMACOLOGICAL EVIDENCE:

Momordica charantia: preclinical and clinical
evidence

Preclinical investigations consistently show that
M. charantia extracts and isolated constituents
lower blood glucose via multiple mechanisms,
including promotion of peripheral glucose uptake,
inhibition of hepatic gluconeogenesis, modulation
of insulin signaling, suppression  of
carbohydrate-digesting
streptozotocin-induced and high-fat diet-induced
diabetic models, bitter gourd preparations have
been reported to improve fasting glucose levels,

and
enzymes. In

oral glucose tolerance, and lipid profiles, while
also reducing markers of oxidative stress[9,10,16].

Clinical evidence, although heterogeneous with
respect to plant part, extract type, and dosing
regimen, supports a modest yet statistically
significant  glucose-lowering effect of M.
charantia. A 2024 systematic review and
meta-analysis of randomized controlled trials
(RCTs) in type 2 diabetes mellitus (T2DM),
assessed using the GRADE approach, reported
that M. charantia supplementation significantly
reduced fasting blood glucose (FBG), postprandial
glucose (PPG), and HbAIlc compared with
placebo. Pooled data from eight RCTs (n = 423)
yielded  weighted mean  differences of
approximately —0.85 mmol/L for FBG and
—0.38% for HbAlc, with more consistent effects
observed in trials lasting >12 weeks. In another
recent RCT involving 50 patients with T2DM, 12
weeks of treatment with standardized bitter gourd
extract capsules (1000 mg/day) significantly
lowered oxidative stress (as reflected by reduced
malondialdehyde levels) and increased superoxide
dismutase activity, indicating antioxidant benefits
in addition to glycemic improvements. Safety data
across trials suggest good tolerability, with
predominantly mild gastrointestinal complaints
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and no serious adverse events attributed to M.
charantia[17,18,19,20].

Curcuma longa (curcumin): preclinical and
clinical evidence

Preclinical studies indicate that curcumin and C.
longa extracts enhance insulin sensitivity, protect
B-cells, and mitigate inflammation and oxidative
stress through modulation of AMPK, PI3K/Akt,
NF-xB, and PPARYy signaling pathways. These
mechanistic effects are reflected in clinically
relevant improvements in both glycemic and
inflammatory markers[13].

An umbrella review and updated meta-analyses
published in 2023, evaluating C. longa
supplementation in adults with T2DM,
prediabetes, and metabolic syndrome, reported
significant reductions in fasting blood glucose
(mean difference = —8.1 mg/dL) and HbAlc (=
—0.13%) compared with placebo or standard care.
More recent randomized controlled trials further
support these observations: a 2024 study in older
adults with prediabetes demonstrated that daily
administration of 80 mg curcumin for 12 weeks
significantly lowered HbAlc relative to placebo,
indicating a potential benefit in early stages of
glucose dysregulation[22].

In patients with T2DM, 12 weeks of curcumin

supplementation significantly reduced FBG,
HbAlc, and C-reactive protein levels, indicating
concurrent antihyperglycemic and

anti-inflammatory effects. Another randomized
controlled trial conducted in 2025 in T2DM
patients with diabetic sensorimotor
polyneuropathy reported that
(1500 mg/day for 14 weeks) ameliorated
neuropathy severity and improved
cardiometabolic risk markers, although changes in
HbAlc and FBG were not statistically significant

nano-curcumin

several

across all subgroups. Taken together, clinical
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evidence suggests that curcumin is most beneficial
as an adjunctive therapy in early dysglycemia and
in individuals with heightened inflammatory
status, with a favorable safety and tolerability
profile[23,24,25].

Gymnema sylvestre: preclinical and clinical
evidence

Preclinical investigations demonstrate that G.
sylvestre extracts and gymnemic acids enhance
insulin secretion, promote [-cell regeneration,
inhibit intestinal glucose absorption, and suppress
a-glucosidase activity. Network pharmacology
and molecular docking studies have identified
AKTI, PPARG, TNF, and IL-1p as key molecular
targets, with gymnemic acid I exhibiting strong
binding affinity to AKT1 and stable interactions in
molecular  dynamics  simulations, thereby
supporting a multi-target antidiabetic mechanism
of action[26, 27, 28].

Clinical evidence, although more limited
compared with M. charantia and curcumin, is
encouraging. A 2025 study combining in vitro and
clinical work reported that 45 days of
supplementation with G. sylvestre leaf extract (2
g/day) in human subjects significantly improved
anthropometric and glycemic parameters, while
cellular models showed enhanced glucose uptake
and secretion. Earlier trials
standardized G. sylvestre extracts (e.g., Om Santal
Adivasi fraction, 1 g/day for 60 days) in patients

insulin using

with T2DM demonstrated reductions in fasting
and postprandial blood glucose levels, along with
increases in serum insulin and C-peptide,
consistent with an insulinotropic effect. A 2026
mechanistic review further summarized clinical
findings indicating that standardized G. sylvestre
extracts improve glycemic control and modulate
lipid metabolism, with additional benefits on
oxidative stress and inflammation that are relevant
to diabetic complications. Safety profiles are
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generally favorable, with mild gastrointestinal
symptoms being the most frequently reported
adverse effects[26,28,29].

Rationale for capsule dosage form

Oral delivery continues to be the most preferred
route for antidiabetic therapy owing to its
convenience, cost-effectiveness, and high patient
compliance. In the of  polyherbal
formulations, the selection of an appropriate
dosage form must balance ease of administration,
protection of labile phytoconstituents, dosing
flexibility, and scalability of manufacturing.
Among the available oral dosage forms, hard

case

gelatin or HPMC capsules provide several
advantages for combinations of herbal powders
and standardized extracts, such as those derived
from Momordica charantia, Curcuma longa, and

Gymnema sylvestre[30,31,32].

Capsules allow direct filling of blended herbal
powders or granulated extracts without subjecting
the material to high compression forces, which is
advantageous when handling hygroscopic,
fibrous, or poorly compressible plant materials.
This is especially relevant for M. charantia fruit
powders, C. longa rhizome powders/extracts, and
G. sylvestre leaf powders, which may display
variable flow properties, moisture uptake, and
compressibility  depending on  processing
conditions. Encapsulation also offers superior
protection against moisture, light, and oxygen
compared with uncoated tablets or loose powders,
thereby helping to preserve labile constituents
such as curcuminoids, gymnemic acids, and
cucurbitane triterpenoids[30,31,33,34].

From a patient-centric perspective, capsules are
easy to swallow, effectively mask the bitter taste
and strong odor associated with bitter gourd and
gurmar, and permit flexible dosing through
adjustment of fill weight and capsule size.

),.f. Ry
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Polyherbal capsules further enhance adherence by
combining multiple botanicals into a single unit,
thereby reducing pill burden compared with
consuming individual herbal products. Regulatory
and quality frameworks for herbal capsules are
well established, with clear requirements for
identification, assay
compounds, microbial limits, heavy-metal testing,
and stability evaluation, facilitating alignment
with both AYUSH and modern pharmaceutical
standards[30,35,36].

botanical of marker

However, formulating polyherbal blends into
capsules also poses several challenges, including
control of moisture content, achievement of
uniform fill weight, prevention of segregation
among components with differing particle sizes
and densities, and maintenance of chemical
stability of key marker compounds throughout the
product’s shelf life. These issues can be addressed
through appropriate drying and sieving steps,
incorporation of glidants and lubricants (e.g.,
colloidal silicon dioxide, magnesium stearate), and
selection of moisture-resistant capsule shells such
as HPMC. Overall, capsules constitute a
scientifically and pharmaceutically sound dosage
form for a standardized polyherbal antidiabetic
product combining M. charantia, C. longa, and G.
sylvestre, provided that formulation design and

quality control measures are rigorously
applied[30,32,34].
Formulation  design  considerations for
polyherbal capsules

Developing a robust polyherbal capsule containing

Momordica charantia, Curcuma longa, and
Gymnema sylvestre demands careful control of
raw material quality, selection of extracts and
powders, choice of excipients, and implementation
of marker-based standardization. Herbal powders
and extracts frequently exhibit hygroscopicity,

poor flow properties, and batch-to-batch
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appropriate excipients to achieve satisfactory flow

can compromise capsule fill uniformity, stability, characteristics, moisture control, and dosing
and therapeutic consistency. A  rational precision, supported by validated analytical
formulation  strategy  therefore  integrates methods for charantin, curcuminoids, and
standardized extracts (targeting key marker gymnemic acids[33,37].

compounds) with processed powders

and

Table 1. Extract versus powder: implications for polyherbal antidiabetic capsules [35,37,38]

Aspect Dried herbal powder Standardized dry extract
Phytochemical Variable; depends on plant source and Better control via marker quantification
control season (e.g., curcumin, gymnemic acids)

Dose precision

Less precise; requires larger fill

weights

More precise; smaller fill for same marker
dose.

Flow &
compressibility

Often poor; fibrous, irregular particles

May be hygroscopic, gummy, cohesive.

Moisture sensitivity

Moderate; depends on drying and

particle size

Often higher; amorphous extracts absorb
moisture.

Manufacturing ease

Simple milling/sieving; may need

granulation

May require co-processing with excipients.

Best use in PHF

As bulk filler, to improve flow and

reduce cost

To fix marker content and biological
activity.

Table 2. Common challenges in polyherbal capsule formulation and practical solutions[38,39,40]

Challenge Why it occurs in herbal blends Practical mitigation strategies
Hygroscopicity & Amorphous extracts; sugars, Vacuum/tray/freeze drying; co-processing with
stickiness saponins, polysaccharides anhydrous lactose, MCC, mannitol.
Poor flow & Wide particle size distribution; | Milling + sieving; use of glidants (colloidal SiOs,
segregation different densities talc); optimize lubricant (Mg stearate).
Moisture uptake & High water activity in humid Moisture-resistant HPMC capsules; desiccant in
caking conditions primary packaging; controlled humidity storage.
Marker degradation Heat, light, oxygen, moisture Opaque/blister packaging; antioxidants; stability-
over time affect curcuminoids, etc. indicating assays (HPLC/HPTLC).
Dose variability Natural variation in plant Use standardized extracts; set specification
between batches material ranges for markers; fingerprinting.

Evaluation parameters:

Quality evaluation of polyherbal antidiabetic

capsules containing Momordica charantia,
Curcuma longa, and Gymnema sylvestre should
adopt an integrated framework consistent with
WHO guidelines for herbal medicines, the Indian
Pharmacopoeia (IP), and the Ayurvedic
Pharmacopoeia of India (API). This encompasses
pre-formulation characterization of raw materials,
in-process controls during blending and capsule
filling, and comprehensive testing of the finished
product for identity, purity, potency, and stability.
ey
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Critical tests include physicochemical parameters
(weight content
disintegration, dissolution), safety-related limits
(microbial contamination, heavy metals, pesticide

variation, uniformity,

residues), and marker-based assays using validated
HPLC/HPTLC methods for charantin,
curcuminoids, and gymnemic acids. Stability
studies conducted under accelerated and long-term
conditions, designed in accordance with ICH Q1A
principles, ensure that critical quality attributes
and marker contents remain within specified limits
throughout the product’s shelf life[41,42,43].
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Table 3: Quality control testing framework for polyherbal antidiabetic capsules[44-47]

Stage Tests / Parameters Purpose / Rationale
Raw Botanical identification (macroscopic, Confirm identity of M. charantia, C. longa,
material microscopic, DNA/barcoding where feasible) | G. sylvestre; prevent substitution/adulteration
testing Physicochemical: moisture, total ash, acid- Assess purity, drying quality, and extractable
insoluble ash, alcohol- and water-soluble matter as per API/IP
extractive values
Contaminants: heavy metals (Pb, As, Cd, Hg), Ensure safety; comply with WHO/IP limits
pesticide residues, aflatoxins
Marker assay: charantin, curcuminoids, Establish baseline potency and batch
gymnemic acids (HPLC/HPTLC) consistency
In-process Blend uniformity, particle size distribution, Ensure homogeneity and good flow for
controls flow properties (angle of repose, Carr’s index) consistent capsule fill
Moisture content of blend Prevent caking, microbial growth, and
marker degradation
Fill weight check during capsule filling Monitor content uniformity in real time
Finished Description (colour, odour, appearance), Verify compliance with pharmacopeial limits
product average fill weight, weight variation for capsules
tests Content uniformity (assay of markers in Confirm dose consistency across capsules
individual capsules or composite sample)
Disintegration time (capsules) Ensure timely release of herbal contents in
GI tract
Dissolution / drug release (if applicable; e.g., Assess in vitro performance; support
curcuminoids in biorelevant media) bioavailability claims
Microbial limits: total aerobic count, Ensure microbiological safety as per
yeast/mold, absence of specified pathogens WHO/IP
(e.g., E. coli, S. aureus)
Heavy metals, pesticide residues (finished Final safety check on the dosage form
product, if not fully covered by raw material
testing)
Marker-based assay (charantin, curcuminoids, | Confirm potency and standardization of final
gymnemic acids) by validated HPLC/HPTLC capsules
Stability Accelerated (e.g., 40 °C/75% RH) and long- Evaluate physical, chemical, and
studies term (e.g., 30 °C/65% RH) as per ICH/WHO microbiological stability over shelf life
Periodic testing: appearance, moisture, marker Detect degradation, moisture uptake, or
assay, microbial limits contamination during storage

Acceptance criteria

a) Weight variation: Capsules should comply
with IP/USP limits for weight variation based ~ ©)
on average fill weight (e.g., £7.5% to £10%
for typical herbal fills)[43].

b) Content uniformity: Assay of each marker

(charantin, total curcuminoids, gymnemic  d)
acids) within 90-110% of label claim for

i ARy
B
R
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composite sample; tighter limits (e.g., 95—
105%) if clinically justified[44].

Disintegration time: Capsules should
disintegrate within 30 minutes in purified
water at 37 = 2 °C, unless modified release is
intended[45].

Microbial limits: Total aerobic microbial
count and total combined yeasts/molds count
within WHO/IP specified limits for oral
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herbal  products; specified pathogens
absent[45].
e) Heavy metals: Lead, arsenic, cadmium,

mercury below WHO/IP/AYUSH permissible
limits (e.g., Pb < 10 ppm, As <3 ppm, Cd <
0.3 ppm, Hg < 0.1 ppm, or as per national
regulation)[48].

f) Pesticide residues: Below maximum residue
limits (MRLs) as per WHO and national
guidelines[42].

g) Marker assay: Each batch must meet

predefined specifications for charantin, total
and gymnemic  acids,
validated HPLC/HPTLC

curcuminoids,
supported by
methods.

h) Stability: No significant change in
appearance, moisture, microbial limits, or
marker content (e.g., <5-10% degradation)
over the proposed shelf life under specified
storage conditions[43].

Critical appraisal and research gaps

The current literature on Momordica charantia,
Curcuma longa, and Gymnema sylvestre offers
strong preclinical evidence and emerging clinical
data supporting their antidiabetic potential via
complementary ~ mechanisms.  Nevertheless,
several critical gaps hinder the translation of this
evidence into well-characterized polyherbal
capsule products[49].

First, most clinical trials have examined single
botanicals or non-standardized mixtures, with
substantial heterogeneity in extract type, dosage,
treatment duration, and outcome measures. Direct
clinical evidence for this specific triple
combination in a defined capsule formulation is
currently unavailable, and no large-scale,
long-duration randomized controlled trials have

ﬁi&lﬁ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

evaluated efficacy, safety, and herb—drug
interaction profiles in patients with type 2 diabetes

receiving standard therapy[48,50].

Second, although marker-based standardization
using charantin, curcuminoids, and gymnemic
acids is analytically achievable, few studies have
reported batch-to-batch phytochemical
fingerprinting in conjunction with
outcomes, making it challenging to correlate
specific phytoconstituent profiles with efficacy
and safety[51,52].

clinical

Third, formulation  research frequently
concentrates on proof-of-concept preparation and
basic physicochemical evaluation, with limited
information on bioavailability, food effects, and
pharmacokinetic interactions of the combined
extract system.

Fourth, safety data are encouraging but remain
incomplete, particularly concerning long-term use,
special populations (pregnancy, elderly, and
patients with renal or hepatic impairment), and
interactions  with
antidiabetic

medications[45,47].

commonly
and

prescribed
cardiovascular

Finally, there is a need for reproducible, clinically
relevant biofilm and metabolic disease models,
along with well-designed in vivo and human
studies, to establish such polyherbal capsules as
safety-evaluated antimicrobial or metabolic
adjuvants rather than substitutes for standard
therapy[48].

Bridging these gaps will demand integrated efforts
that combine rigorous phytochemical
standardization, robust formulation and stability
studies, and adequately powered clinical trials
with clearly = defined  endpoints and
pharmacovigilance.
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CONCLUSION
Polyherbal capsules combining Momordica
charantia, Curcuma longa, and Gymnema

sylvestre represent a scientifically rational and
pharmaceutically viable strategy for the adjunctive
management of type 2 diabetes. Preclinical and
emerging supports
complementary mechanisms of action directed at
insulin secretion, insulin sensitivity, intestinal
glucose absorption, and oxidative—inflammatory
pathways. Nevertheless, variability in extract
standardization, limited clinical data on this
specific triple combination, and incomplete

clinical evidence

long-term safety and interaction profiles remain
major Future should
prioritize well-designed randomized controlled
trials using chemically characterized preparations,
underpinned by rigorous quality control, stability
evaluation, and pharmacovigilance. = Such
standardized polyherbal capsules could function as
safety-evaluated metabolic adjuvants, rather than

constraints. research

substitutes for established antidiabetic therapies.
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