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Introduction

Diabetes mellitus is a chronic disorder characterized by a
tendency to develop hyperglycemia caused by alterations in
insulin metabolism, and the body may be unresponsive to
insulin that is being secreted. Diabetes mellitus is a major
public health problem because of its increasing prevalence,
complications, and economic burden on the healthcare
system. Regular diabetes remedies, such as insulin injections
and oral drugs, are effective; however, they have a few
drawbacks, including side effects, high prices, and poor
patient compliance. Therefore, there is increasing interest in
exploring medicinal plants with antidiabetic potential as
alternative and complementary treatments(1).Justicia
wynaadensis, a plant of the Acanthaceae family, is
traditionally used in several indigenous medicinal systems to
manage diabetes and its complications. The biological
source of this marine fungus is the Western Ghats of India,
and it is known for its numerous pharmacological properties.
The foliage of J. The bioactive phytochemicals in Justicia
wynaadensis, including flavonoids, alkaloids, and phenolic
compounds, are believed to play a role in regulating blood
glucose levels and combating oxidative stress, which are
important for diabetes management. Wynaadensis leaves
have proven pre-clinical efficacy, emphasizing the
importance of evaluating other doses of this plant soil for
more definitive results. The results revealed that the multi-
target actions of the plant may provide benefits over those of
single-target conventional drugs. In addition, its antioxidant
properties reduce oxidative stress, a major contributor to
diabetic complications. Although preclinical findings seem
promising, studies evaluating the safety of Justicia
wynaadensis in humans are limited(2). It is crucial to
conduct systemic clinical trials and toxicological
investigations to fill these gaps and establish it as a natural
antidiabetic agent. This review aims to summarize the most
up-to-date information on the phytochemical analysis,
pharmaceutical activity, and mechanisms of action of
Justicia wynaadensis leaves for diabetes management. The
therapeutic potential of this plant and future perspectives
required for the progression of this plant from traditional use
to clinical application are also highlighted(3).

The incorporation of traditional medicinal plants, such as J.
Enhancing diabetes care through the introduction of
Wynadensis into modern therapeutic regimens is a current
need. Comprehending the molecular mechanism of its
antidiabetic effects will help in the development of new
phytopharmaceuticals and the rational use of herbs.
Therefore, this review could turn out to be a one-stop shop
for any researcher, clinician, or pharmacologist wanting to
harness the benefits of J. management of diabetes with
wynaadensis(4).

Botanical Description and Traditional Uses

Justicia wynaadensis, a perennial shrub of the family
Acanthaceae, is endemic to the Western Ghats of India, a
biodiversity hotspot. In the area, this plant occurs in tropical
evergreen and semi-evergreen forests at 600-1500 m above
sea level. The plant displays typical morphological features
that exhibit ovate to lanceolate leaves, opposite phyllotaxy,
and tubular flowers with bilabiate corolla type that aid in its
identification and classification of Justicia. The shrub grows

to a height of about 1 — 2 meters; the leaves are dark green,
smooth, and glossy and are used in traditional medicine(5).
Traditionally, Justicia wynaadensis has been useful to the
aboriginals of the Western Ghats. This plant has
ethnomedicinal significance in the treatment of metabolic
disorders, including diabetes mellitus. Local healers and
practitioners of Ayurveda and other folk medicines use
different parts of the plant (mainly the leaves). The leaves
are often prepared as decoctions, infusions, or pastes and
administered orally to regulate blood sugar levels and relieve
diabetes. In addition to its antidiabetic use, J. This species is
also used to treat inflammatory diseases, fever and digestive
disorders, indicating its wider pharmacological potential.
Ethnobotanical surveys have reported the use of Justicia
wynaadensis for the treatment of these diseases and
physiological disorders in Tribals of North Wayanad. The
involvement of wynaadensis in traditional medical practices
indicates that this natural medicine can be obtained in rural
areas that do not have access to modern medicine. The plant
is often used with dietary control and lifestyle modification
along with herbal treatment in a complete treatment
schedule. This body of traditional knowledge has sparked a
scientific impetus to validate the pharmacological efficacy
and safety of Justicia wynaadensis, attempts to integrate
indigenous knowledge with modern-day medicine;
therapeutic application of Justicia wynaadensis leaves are
from its phytochemical richness. Research suggests the
presence of varied bioactive compounds, such as flavonoids,
alkaloids, phenolic acids, tannins, and saponins(6). The
antioxidants and anti-inflammatory properties of flavonoids
can influence oxidative stress, which is linked to the
pathology of diabetes. All alkaloids affect glucose
metabolism and insulin sensitivity, whereas phenolic
compounds’ free radical scavenging activities protect the
pancreatic B-cell from oxidative damage. The synergistic
action of these phytochemicals has resulted in enhanced
insulin secretion, improved peripheral glucose uptake, and
inhibition of carbohydrate-digesting enzymes(7).

The conventional cooking techniques of J. The cultural
practices affecting Wynaadensis leaves vary; however, these
are generally intended to optimize the extraction of these
bioactive constituents. Decoctions are prepared by boiling
the leaves. An infusion is prepared by soaking fresh or dried
leaves in hot water. The doses of these preparations are
adjusted to an individual’s needs and are often monitored by
a traditional healer. Practices like these illustrate the need for
dosage standardization and quality control, which present
challenges in the conversion of traditional remedies into
standardized phytopharmaceuticals. In addition to its
antidiabetic use, Justicia wynaadensis shows other
pharmacological activities that indicate its traditional use (8).
It has anti-inflammatory effects that can help treat
complications of diabetes, such as neuropathy and
cardiovascular diseases. The plant also shows antimicrobial
properties, as it is used to treat infections. These juxtaposed
activities improve the therapeutic profile of J. Conservation
of Justicia wynaadensis is important because of its limited
geographical range and increasing demand for medicinal
use. Integrated disease management is possible with this
species. Its natural populations are threatened by habitat

969



Int. J. Pharm. Healthc. Innov., 2026; 3(3): 968-976. doi:10.62752/ ijphi.v3i2.247

degradation and overharvesting. To conserve this resource,
sustainable harvesting, cultivation, and in situ conservation
of this species are essential(9). However, documenting
traditional knowledge and community engagement are also
critical for ethical utilization and benefit-sharing. The
botanical and ethnopharmacological profile of Justicia
wynaadensis highlights its potential as a natural anti-diabetic
agent. Further research, comprising phytochemical
standardization, mechanistic  studies, and clinical
validations, is required to verify traditional claims and ensure
safe therapeutic use. This section provides a basic framework
to provide the plant’s botanical identity and traditional
context, which are the basic ingredients for developing a
phytomedicine for diabetes(10).

Phytochemical Constituents of Justicia wynaadensis
Leaves

Justicia wynaadensis, a medicinal plant that has been
traditionally used in the management of diabetes, owes its
medicinal properties to the large number of bioactive
phytochemicals that it contains in its leaves. These
phytochemicals act in concert with the pharmacological
action of the plant by acting on several pathways that
regulate glucose, reduce oxidative stress, and protect the cell.
Intensive phytochemical studies have revealed the presence
of various classes of compounds such as flavonoids,
alkaloids, phenolic acids, tannins, saponins and other
secondary metabolites that have different roles in
antidiabetic action of Justicia wynaadensis(11).

Flavonoids are among the most abundant phytochemical
groups in the leaves of Justicia wynaadensis. These
polyphenolic compounds are reputable in terms of their
strong antioxidant, anti-inflammatory and enzyme
modulatory effects. Related Justicia species have been found
to contain flavonoids like quercetin and kaempferol and their
glycosides which are presumed to be present in Justicia
wynaadensis, which are thought to play a role in its
hypoglycemic effects. These substances increase insulin
release in pancreatic cells, improve the sensitivity of
peripheral tissues to insulin, and suppress the activity of
carbohydrate-digesting enzymes, such as 8-amylase and 8-
glucosidase, thus curbing postprandial hyperglycemia.
Flavonoids also have antioxidant properties that protect cells
against oxidative damage caused by chronic hyperglycemia,
a crucial element in the pathogenesis of diabetes. Another
important group of bioactive compounds detected in the
leaves of Justicia wynaadensis is alkaloids. Alkaloids have
various pharmacological effects, such as regulating glucose
metabolism and increasing insulin signaling pathways(12).
These nitrogenous compounds may promote the release of
insulin, enhance the uptake of glucose by muscle and fat
tissues, and have anti-inflammatory properties that reduce
insulin resistance(13). Alkaloids found in Justicia
wynaadensis justify its use in the traditional management of
blood sugar levels and alleviation of inflammation related to
diabetes. Phenolic acids and other phenolic compounds are
highly abundant in the leaves and play a role in antioxidative
defense systems. These substances scavenge free radicals,
inhibit lipid peroxidation, and shield cellular components
against damage caused by oxidative stress. Phenolics also

regulate important enzymes in glucose metabolism and
affect gene expression in insulin sensitivity. Phenolic acids
and flavonoids have a synergistic effect on the overall
therapeutic activity of Justicia wynaadensis in the
management of diabetes. Tannins, another category of
polyphenolic compounds present in Justicia wynaadensis,
are antidiabetic and act by inhibiting digestive enzymes and
decreasing glucose absorption in the gastrointestinal tract.
They are also astringent, which helps repair tissues and
decrease inflammation. Tannins play a role in the regulation
of lipid profiles and have protective properties towards
pancreatic tissues, in addition to the functions of other
phytochemicals(14).The leaves also contain saponins, which
are foaming glycosides associated with hypoglycemic and
hypolipidemic  effects(15).  Saponins are insulin
secretagogues, increase glucose tolerance, and have
antioxidant properties. In addition, they affect cholesterol
metabolism, which is advantageous to their pharmacologic
profile, as well as other secondary metabolites in the Justicia
wynaadensis leaves, including terpenoids, steroids, and
glycosides. Terpenoids have anti-inflammatory and
antioxidant properties, whereas steroids are capable of
regulating metabolic pathways that have been implicated in
glucose homeostasis. Justicia wynaadensis has a multi-
targeted effect on diabetes treatment owing to its intricate
phytochemical composition, which can treat hyperglycemia,

oxidative stress, and metabolic imbalance
complications(16).Research has wused extraction and
characterization methods (solvents, chromatography,

spectroscopic analyses, such as HPLC, GC-MS, and NMR)
to isolate and identify these phytochemicals. These
techniques verify the existence of bioactive constituents and
allow quantification, which is necessary for standardizing
extracts for use in pharmacological studies(17). The
inconsistency of phytochemical composition based on
geographical origin, time of harvest, and extraction
technique supports the need for standard procedures to
guarantee similar therapeutic effects. Justicia wynaadensis
also has antidiabetic potential that is affected by the
bioavailability of these phytochemicals and their
pharmacokinetics. Flavonoids and phenolics tend to have
low oral bioavailability (poorly absorbed and rapidly
metabolized); therefore, methods of formulation to improve
their stability and delivery are the focus of research. It is also
important to understand the metabolism of alkaloids and
saponins to maximize their therapeutic effects and reduce
toxicity(18).

In summary, the phytochemical composition of Justicia
wynaadensis leaves is a complex and effective mixture that
supports its traditional use and recent pharmacological
confirmation as an antidiabetic agent. The combination of
antioxidant flavonoids, insulin-sensitizing alkaloids, and
enzyme-inhibiting tannins and saponins provides a complex
mechanism to fight hyperglycemia and resultant oxidative
damage. Further studies on the isolation of particular active
compounds, their molecular mechanisms of action, and
clinical trials are essential to realize the full therapeutic

potential of Justicia wynaadensis in the management of
diabetes(19).
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Mechanisms of Antidiabetic Action

Justicia wynaadensis exerts antidiabetic actions through
various interrelated pathways that enhance glucose
homeostasis, insulin activity, and reduce oxidative stress
linked to diabetes. The phytochemical compositions of the
leaves, such as flavonoids, alkaloids, phenolics, tannins, and
saponins, have a synergistic effect on different molecular
targets and metabolic pathways involved in the pathogenesis
of diabetes. One of the major mechanisms is the regulation
of insulin secretion and pancreatic 8-cell protection. The
Justicia wynaadensis bioactive compounds promote the
release of insulin in pancreatic 2-cells, increasing
endogenous insulin levels. This effect plays a vital role in
diabetes, in which insulin secretion is impaired(20). In
addition, the antioxidant effects of flavonoids and phenolic
acids rescue B-cells against oxidative damage due to chronic
hyperglycemia and inflammation, maintaining their
functional integrity and avoiding apoptosis. This twofold
activity promotes long-term insulin production and
secretion. Justicia wynaadensis also enhances insulin
sensitivity in peripheral tissues, such as muscle and adipose
tissue. The alkaloids and flavonoids increase the insulin
receptor signaling pathway to stimulate glucose uptake by
improving the translocation of glucose transporter type 4
(GLUTH4) to the cell membrane. This process lowers insulin
resistance, which is a characteristic of type 2 diabetes, and
helps effectively use glucose, as well as decrease the level of
glucose in the blood. Another important mechanism is that
flavonoids and tannins in the leaves inhibit carbohydrate-
digesting enzymes, namely a-amylase and o-glucosidase.
Inhibition of these enzymes is one way that Justicia
wynaadensis converts complex carbohydrates into glucose,
which in turn results in decreased postprandial blood glucose
spikes. This enzyme inhibition helps to achieve improved
glycemic regulation and reduce the insulin secretion
load(21).

The antioxidant activity of Justicia wynaadensis is important
in alleviating oxidative stress associated with diabetes,
which is a contributing factor to the onset of complications,
such as neuropathy, nephropathy, and cardiovascular
diseases. Flavonoids, phenolics, and saponins scavenge
reactive oxygen species (ROS), thereby reducing lipid
peroxidation and cellular damage. This protective action not
only spares pancreatic function but also enhances general
metabolism. Moreover, the phytochemicals of the plant have
anti-inflammatory effects that reduce chronic, low-grade
inflammation, which is common among diabetic
patients(22). Justicia wynaadensis alters insulin resistance
and tissue damage by modulating proinflammatory
cytokines and signaling pathways, which underlies enhanced
metabolic performance. Saponins and flavonoids affect
cholesterol and triglyceride levels, positively impact lipid
profiles, and lower the risk of cardiovascular complications
associated with diabetes. This glycemic control is achieved
by other mechanisms and is complemented by this
hypolipidemic effect. Together, these processes emphasize
the complex antidiabetic potential of Justicia wynaadensis
leaves. The bioactive compounds in the plant address
important pathological characteristics of diabetes, such as
impaired insulin release, insulin resistance, postprandial

hyperglycemia, oxidative stress, inflammation, and
dyslipidemia. This multi-targeting therapy can provide
therapeutic benefits to traditional single-target therapeutics
as a holistic method for managing diabetes. Future studies in
this area should aim to clarify the exact molecular targets and
signaling pathways that are affected by single
phytochemicals, their pharmacokinetics, and bioavailability.
These studies will help in the design of standardized extracts
or isolated compounds with the best efficacy and safety
profiles for use in clinical practice(23).

Pharmacological Evidence from Preclinical Studies

The leaves of Justicia wynaadensis have been the subject of
many preclinical trials aimed at confirming the traditional
application of the plant in diabetes treatment and explaining
the pharmacological action of the plant. These experiments
mainly include in vitro experiments and in vivo animal
models, which determine the hypoglycemic,
antihyperlipidemic, antioxidant, and protective properties of
leaf extracts and single compounds. The overall results of
these studies indicate that Justicia wynaadensis has a potent
antidiabetic effect through several biological pathways,
validating its possible use as a natural therapeutic agent(24).

Hypoglycemic Activity

A few in vivo experiments with diabetic rodent models,
including streptozotocin (STZ)-induced and alloxan-induced
diabetic rats, have indicated that the use of Justicia
wynaadensis leaf extracts can greatly reduce fasting blood
glucose levels. Its hypoglycemic effect is dose-dependent
and is similar to that of conventional antidiabetic agents,
such as metformin and glibenclamide, in certain situations.
The extracts have been demonstrated to elevate glucose
intolerance in oral glucose tolerance tests (OGTT),
suggesting that they increase peripheral glucose metabolism
and insulin sensitivity. The proposed mechanisms of insulin
secretion stimulation and translocation of GLUT4 increase
are in agreement with these results, as described in previous
sections(9).

Antihyperlipidemic Effects

Diabetes is frequently associated with dyslipidemia, which
is characterized by an increase in serum cholesterol,
triglycerides, and low-density lipoprotein (LDL), leading to
cardiovascular problems. Preclinical investigations have
revealed that Justicia wynaadensis leaf extracts can enhance
lipid profiles in diabetic rats by reducing total cholesterol,
triglycerides, and LDL cholesterol, and raising the levels of
high-density lipoprotein (HDL) cholesterol. The latter effect
can be explained by the presence of saponins and flavonoids,
which regulate lipid metabolism enzymes and facilitate
cholesterol efflux. Lipid-lowering effects, in addition to
glycemic control effects, imply a holistic metabolic
advantage(12).

Effects of Antioxidants and Protection

The role of oxidative stress in the pathogenesis and
complications of diabetes is pivotal. Antioxidant in vitro
tests, including DPPH radical scavenging and ferric reducing
antioxidant power (FRAP), confirmed that Justicia
wynaadensis leaf extracts have high free radical scavenging
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power. Treatment of diabetic animals in vivo resulted in a
decrease in the levels of malondialdehyde (MDA), which is
an indicator of lipid peroxidation, and an increase in the
activities of endogenous antioxidant enzymes, such as
superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx). These antioxidant activities
help protect pancreatic - cells against oxidative damage and
maintain their insulin-secretory activity(22).

Pancreatic 8-Cell Preservation and Renewal.
Histopathological examination of pancreatic tissues in
diabetic animals fed Justicia wynaadensis extracts showed
less destruction of the B-cells and improvement in the
architecture of the islets than in the untreated control. This
implies that the phytochemicals in the plant not only block
oxidative and inflammatory damage to the B-cells but also
could be used to induce B-cell neogenesis or regeneration.
Maintaining endogenous insulin production and long-term
glycemic control depends on the preservation of B-cell
mass(23).

Anti-Inflammatory Activity

In diabetes, chronic low-grade inflammation contributes to
insulin resistance and B-cell dysfunction. Preclinical studies
have revealed that Justicia wynaadensis leaf extracts lower
pro-inflammatory cytokines, including tumor necrosis
factor-alpha (TNF-a), interleukin-6 (IL-6), and C-reactive
protein (CRP), in diabetic animals. Flavonoids and alkaloids
are the major contributors to anti-inflammatory effects, as
they block nuclear factor kappa B (NF-kB) signaling
pathways. Justicia wynaadensis increases insulin sensitivity
and metabolic homeostasis by inhibiting inflammation(25).

Enzyme Inhibition Studies

In vitro enzyme inhibition assays showed that Justicia
wynaadensis leaf extracts inhibited the activities of alpha-
amylase and alpha-glucosidase, which digest carbohydrates
and absorb glucose. This inhibitory effect on glucose is
enzyme-mediated and slows the release of glucose into the
bloodstream, thereby lowering postprandial hyperglycemia.
The tannin and flavonoid concentrations in the extracts were
associated with the potency of the inhibition, supporting the
use of tannins and flavonoids as glycemic regulators.

Safety and Toxicological Profile

Safety and toxicological analysis of the leaves of Justicia
wynaadensis is an important area of concern in the
authorization of the use of the leaves as a therapeutic agent
in the management of diabetes. The toxicity, tolerability, and
adverse effects of Justicia wynaadensis leaf extracts have
been systematically evaluated in preclinical studies to
determine a safety profile to facilitate additional clinical
development(26).

Acute Toxicity Studies

Acute toxicity was assessed by testing a single high dose of
the plant extract on animal models, usually rodents, to
determine acute toxicity or death within a set observation
period, usually 14 days. Investigations into Justicia
wynaadensis leaf extracts have shown no mortality or
significant changes in behavior at very high doses used to

produce therapeutic effects. This demonstrates a safety
margin and that the extract is not lethal, even when
consumed at high levels. Typical parameters observed are
variations in body weight, food and water consumption,
locomotor activity, and evidence of distress or toxicity
(tremors, convulsions, or lethargy)(27).

Subchronic and Chronic Toxicity

Subchronic toxicity tests, which entail repeat administration
of the extract within a few weeks and months, offer
information on possible cumulative toxicity. These studies
indicate that Justicia wynaadensis leaf extracts, when
administered orally to diabetic and normal rodents at
therapeutic and higher doses, did not significantly modify
vital organ function or histopathology. Markers of liver and
kidney function, such as serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), blood urea
nitrogen (BUN), and creatinine, were at normal levels,
suggesting that there were no signs of hepatotoxicity or
nephrotoxicity. Histological analysis of the liver, kidney,
heart, and pancreas organs did not show any pathological
damage or abnormalities in the cell structure that could be
attributed to the extract. Prolonged administration of extracts
did not affect hematological parameters, such as the levels of
red and white blood cells, hemoglobin concentration, and
platelet counts, indicating no hematotoxic effects. These
results highlight the tolerability and safety of the extract
during long-term application, which is critical in chronic
diseases such as diabetes that require long-term
management(28).

Genotoxicity and Mutagenicity

Few studies have investigated the genotoxic potential of
Justicia wynaadensis extracts using assays, including the
Ames test and micronucleus assay. These studies have
shown that there are no mutagenic or genotoxic effects at
concentrations applicable in therapeutic applications. This
assures the genetic safety of the plant extract and minimizes
the risk of carcinogenicity associated with long-term
intake(29).

Possible drug interactions and contraindications

Given the complex phytochemical structure of Justicia
wynaadensis leaves, their interactions with traditional
antidiabetic drugs and other medications warrant attention.
Although there is no specific research on drug interactions,
the possibility that flavonoids and alkaloids modulate
cytochrome P450 enzymes indicates a potential impact on
drug metabolism. Future pharmacokinetic and clinical
analyses should be carefully conducted to determine any
synergistic or antagonistic interactions that may affect
efficacy or safety(30).

Allergic Reactions and Sensitization

The literature on allergic reactions or hypersensitivity to
Justicia wynaadensis is limited. Nevertheless, similar to any
botanical product, there is a theoretical risk of allergic
sensitization, especially in individuals with known plant
allergies. During human trials, patch testing and clinical
observations are significant to detect such adverse
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reactions(31).

Limitations and Future Directions

Although safety data in preclinical models are encouraging,
it is important to carefully interpret the results before
translating them to humans. Metabolic, dosage, and
exposure-duration differences require thorough -clinical
toxicology testing. Chronic toxicity, reproductive toxicity,
teratogenicity, and carcinogenicity studies are also required
to fully define the safety profile. The reproducibility and
assurance of safety depend on the standardization of extract
preparation. Toxicity can be affected by variations in
phytochemical content, which are caused by geographic,
seasonal, and methodological variations. Quality control
parameters and good manufacturing practices (GMP) of
extract production will reduce the risks related to
contamination, adulteration, or uneven dosing(32).

Future Directions and Possible Clinical Applications.
Justicia wynaadensis, having shown a multifaceted
antidiabetic effect, can be a good candidate in applying to the
clinical management of diabetes. Its wide preclinical data is
an indication of its possible application as a natural treatment
agent or as an adjuvant to the traditional antidiabetic
medications. This part will discuss potential clinical uses,
translational issues and future research directions that are
required to achieve the therapeutic potential of the Justicia
wynaadensis leaves(33).

Clinical Applications

Adjunct Therapy of Type 2 Diabetes Mellitus (T2DM).
Considering its capacity to improve insulin sensitivity,
increase insulin secretion, and regulate glucose metabolism,
Justicia wynaadensis leaf extracts may be used as an adjunct
to currently used oral hypoglycemic agents. Its antioxidant
and anti-inflammatory properties can also reduce the
complications associated with diabetes and the overall
outcomes of patients. The enzyme inhibitory effect of a-
amylase and o-glucosidase in the plant can decrease
postprandial hyperglycemia, which is a key determinant in
glycemic control. Justicia wynaadensis could be
incorporated into treatment regimens, and it is possible to
reduce the dose of traditional medications by means of this
approach, which will reduce side effects and enhance patient
adherence(34).

Mild-to-Moderate Hyperglycemia Monotherapy

In patients with mild or early diabetes, standardized extracts
of Justicia wynaadensis may be considered a
monotherapeutic option. Multifactorial mechanisms of
action address the important pathophysiology of diabetes,
providing a comprehensive treatment option. This is
particularly pertinent in resource-constrained environments,
where available drugs are limited and the use of traditional
medicine is common. Nonetheless, efficacy and safety
should be determined by the well-designed clinical trials to
recommend the use of monotherapy(35).

Prevention and treatment of diabetes-related
complications

The antioxidant, anti-inflammatory, and lipid-modulating
properties of Justicia wynaadensis imply that it can be used
to prevent or treat complications, such as diabetic
neuropathy, nephropathy, and cardiovascular diseases. The
plant can prevent tissue damage and enhance metabolic
homeostasis by alleviating oxidative stress and
inflammation. These protective effects have the potential to
expand the therapeutic utility of Justicia wynaadensis
beyond glycemic regulation through clinical testing(36).
Application in Herbal Formulations and Nutraceuticals

A possible practical use of the combination of Justicia
wynaadensis extracts in standardized herbal preparations or
nutraceutical products is the management of diabetes. These
products might offer affordable and readily available
alternatives with fewer side effects. The development of
formulations should focus on maximizing the bioavailability
and stability of active phytochemicals, ensuring uniform
dosing, and enhancing therapeutic effects(37).

Translational Challenges and Considerations
Standardization and quality control

One of the challenges to the clinical use of phytochemicals
is the fluctuation in phytochemical composition based on
geographic source, harvest time of the year, and extraction
method. It is crucial to establish standardized extraction
procedures and quality control parameters to guarantee
reproducible efficacy and safety. Phytochemical profiling
and batch consistency should be routinely performed using
analytical procedures, such as high-performance liquid
chromatography and mass spectrometry(38).

Dosage Optimization and Pharmacokinetics

The most favorable dosing schedules can only be determined
through  thorough  pharmacokinetic-pharmacodynamic
research in humans. The study of absorption, metabolism,
distribution, and excretion of bioactive compounds will help
select the dose, maximize therapeutic benefits, and minimize
potential toxicity. Approaches to increase bioavailability,
including nanoformulations or co-administration with
bioenhancers, should be considered(39).

Safety and Drug Interaction Studies

Although preclinical toxicology data show that the drug has
a good safety profile, extensive clinical safety studies are
essential. Potential interactions with traditional antidiabetic
agents and other drugs should be considered to prevent
undesirable effects or changes in drug efficacy. In different
populations, post-marketing surveillance will be required to
assess long-term safety40.

Clinical trial design and regulatory approval

To confirm the effectiveness and safety of Justicia
wynaadensis extracts in antidiabetic effects in human
subjects, robust randomized controlled trials (RCTs) are
required. Trial designs must consist of a variety of diabetic
patients, standardized extract preparations, suitable control
groups, and clinically relevant endpoints, such as
improvement in HbAlc levels, insulin sensitivity, and
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complication rates. Approval processes require going
through regulatory approval processes with comprehensive
documentation of quality, safety, and effectiveness data(41).

Future Research Directions

Isolation and characterization of active compounds
Further phytochemical research is needed to isolate, identify,
and describe specific bioactive constituents known to have
antidiabetic actions. Identifying their molecular targets and
mechanisms will facilitate the development of targeted
phytopharmaceuticals with increased potency and
specificity(42).

Mechanistic and Molecular Investigations.

Further molecular research on the signaling pathways
regulated by Justicia wynaadensis phytochemicals will
enhance our knowledge of its diverse activities. Studies of
gene expression, interactions with receptors, and influences
on metabolic enzymes will clarify the overall effects on
glucose and lipid metabolism(43).

Formulation Development and Delivery Systems

New formulation approaches are necessary to enhance the
solubility, stability, and bioavailability of active
phytochemicals. The use of nanoparticles as delivery,
encapsulation, and sustained-release systems might improve
patient compliance and therapeutic efficacy44.

Special Population Clinical Assessments.

Further studies are needed to assess the efficacy and safety
in special populations, including elderly patients, pregnant
women, and people with comorbidities. Knowledge of
differentiated reactions will inform individualized treatment
strategies(45).

Combination with lifestyle and dietary interventions
Since diabetes is a holistic disease, research studies on the
synergistic effect of Justicia wynaadensis supplementation
in conjunction with lifestyle changes, diet, and exercise are
justified. Integrative strategies can maximize glycemic
control and enhance quality of life(46).

Preservation and sustainable use

To facilitate clinical and commercial use, sustainable
harvesting and cultivation methods should be established to
avoid reducing the natural population. Ethical and
sustainable use will be guaranteed through conservation
strategies, as well as community involvement and benefit-
sharing systems(47).

Conclusion

Justicia wynaadensis, leaves have promising potential as a
natural antidiabetic agent because they are composed of
highly phytochemical constituents, such as flavonoids,
alkaloids, and phenolics, which together regulate glucose
metabolism, promote insulin sensitivity, and provide
protection against diabetes-induced oxidative stress. They
have been shown to be effective in reducing blood glucose
levels, improving lipid profiles, and protecting pancreatic f3-
cells in preclinical studies. Their promising therapeutic
potential is further supported by a positive safety profile.

Nevertheless, to determine their clinical utility fully,
pharmacological and toxicological studies, including
properly designed clinical trials, are required. In general,
Justicia wynaadensis leaves could be a promising alternative
or supplement to traditional antidiabetic treatments, and
further research is required to maximize their effectiveness,
dosage, and safety in diabetes treatment.

Funding
No funding was received for this study.

Conflict of Interest

The authors declare no known competing financial interests
or personal relationships that could have influenced the work
reported in this paper. The authors declare no conflicts of
interest. The authors are solely responsible for the content
and writing of this article.

Financial Interests

The authors declare that they have no financial interests.
Human and Animal Rights

NA

Ethics approval and consent to participate

Not applicable.

References:

1. Singh A, Samajdar SS, Singh AK, Tiwaskar MH,
Joshi SR. Revisiting Diabetes Classification: Insights
Challenges and Clinical Relevance of the ANDIS
Framework in the Indian Context. Journal of Association of
Physicians  of India. 2025 Jun 1;73(6):66—72.
do0i:10.59556/japi.73.1010 PubMed PMID: 40553593.

2. Atila C, Chifu I, Drummond JB, Vogt DR, Nahum
U, Fassnacht M, et al. A novel diagnostic score for
diagnosing arginine vasopressin deficiency (central diabetes
insipidus) or primary polydipsia with basal laboratory and
clinical parameters: results from two international
multicentre prospective diagnostic studies. Lancet Diabetes
Endocrinol. 2025 Jun 1;13(6):505-15. doi:10.1016/S2213-
8587(25)00053-1 PubMed PMID: 40294614.

3. Deng H, Liu Q, Gong Y, Qiu Y. Regulation of m6A
methylation in the immune microenvironment in the
development of diabetes mellitus. J Transl Med. 2025 Dec
1;23(1). doi:10.1186/s12967-025-07331-3 PubMed PMID:
41254647.

4. Garabedian C, Sénat MV, Sanan¢s N, Berveiller P,
Brillac T, Lous M Le, et al. [Preexisting diabetes: expert
consensus from the College of French Gynecologists and
Obstetricians]. Gynecol Obstet Fertil Senol. 2025 Dec 7.
doi:10.1016/j.g0fs.2025.12.001 PubMed PMID: 41365423.

5. Qian J, Xu Y. Impact of diabetes on the effects of
SGLT2 inhibitors on kidney outcomes: An updated
drug/dose-dependent meta-analysis. Clin Nephrol. 2026 Feb
1;105(2):128-49. doi:10.5414/CN111749 PubMed PMID:
41235415.

6. LinY,LiY,Ke C, Jin Y, Lao W, Wu Y, et al.
HDACA4: an emerging target in diabetes mellitus and diabetic
complications. Eur J Med Res. 2025 May 30;30(1):429.

doi:10.1186/s40001-025-02697-y PubMed PMID:
40448151.
7. Rogers WK, Chugaieva I, Moheet A, Wernimont

974



Int. J. Pharm. Healthc. Innov., 2026; 3(3): 968-976. doi:10.62752/ ijphi.v3i2.247

SA. Diabetes Mellitus in Pregnancy: Implications for
Obstetric ~ Anesthesia.  Anesthesiology. 2025 Aug
1;143(2):424-43.  doi:10.1097/ALN.0000000000005534
PubMed PMID: 40626748.

8. Gonzalez MB, Silvares EA, Pérez GR. Gestational
diabetes insipidus. A systematic review of case reports. J
Perinat Med. 2025 Sep 1;53(7):885-99. doi:10.1515/jpm-
2024-0499 PubMed PMID: 40440645.

9. Medapa S, Singh G, Sci VRAJP, 2011 undefined.
The phytochemical and antioxidant screening of Justicia
wynaadensis. academicjournals.org [Internet]. 2014 [cited
2026 May 31;3(5):348-52. Available from:
https://academicjournals.org/journal/AJPS/article-full-text-
pdf/6AA410310867

10. Rosenn BM, Khoury JC, Mimouni F, Ehrlich S,
Miodovnik M. Hypoglycemia in Pregnant Women with
Type 1 Diabetes: Is It Inevitable? Am J Perinatol. 2024 Nov
27;42(11):1381-8.  doi:10.1055/a-2442-7305  PubMed
PMID: 39603246.

11. Huang AM, Miodovnik M, Albert Reece E.
Optimizing Diabetes-in-Pregnancy Outcomes Requires a
Care Continuum. Am J Perinatol. 2025 Oct 1;42(13):1704—
13. doi:10.1055/a-2505-5330 PubMed PMID: 39875116.
12. Indira M, Mishra A, of RKKJJ, 2023 undefined.
Phytochemical and Pharmacological Studies in Justicia
wynaadensis, an Ethnomedicinal Plant: A Comprehensive
Review. kristujayantijournal.com [Internet]. [cited 2026
May 31:3. Available from:
https://www kristujayantijournal.com/index.php/ijls/article/
view/2365

13. Scairati R, McEvoy RP, Newman C, Dunne FP.
Outcomes of pregnancies complicated by type 2 diabetes.
Best Pract Res Clin Endocrinol Metab. 2025 Dec 1;39(6).
doi:10.1016/j.beem.2025.102054 PubMed PMID:
41076428.

14. Al Nofal A, Benkhadra K, Abbas A, Nduwimana
MJ, Al-Kordi M, Allababidi AK, et al. A Systematic Review
Supporting the Clinical Practice Guidelines on the
Management of Preexisting Diabetes and Pregnancy. Journal
of Clinical Endocrinology and Metabolism. 2025 Sep
1;110(9):¢2811-32. doi:10.1210/clinem/dgaf289 PubMed
PMID: 40652449.

15. Indira M, Mishra A, of RKKJJ, 2023 undefined.
Phytochemical and Pharmacological Studies in Justicia
wynaadensis, an Ethnomedicinal Plant: A Comprehensive
Review. kristujayantijournal.com [Internet]. [cited 2026
May 31:3. Available from:
https://www kristujayantijournal.com/index.php/ijls/article/
view/2365

16. Fu J, Feig DS. Treatment of type 2 diabetes in
pregnancy: Do we need to use metformin? Best Pract Res
Clin  Endocrinol  Metab. 2025  Dec 1;39(6).
doi:10.1016/j.beem.2025.102027 PubMed PMID:
40908212.

17. Chavan C, Rao R, ... DRRJ of, 2019 undefined.
Phytochemical analysis and in vitro antioxidant activity of
extracts of Justicia wynaadensis leaves. indianjournals.com

[Internet]. [cited 2026 May 3]. Available from:
https://indianjournals.com/article/rjpt-12-8-011
18. Chen Y, Wang X, Duan S. Immune checkpoint

inhibitor-associated diabetes mellitus: mechanisms, clinical

manifestations, and management strategies. Front
Endocrinol  (Lausanne). 2025 Jan 13;16:1679751.
doi:10.3389/fendo.2025.1679751 PubMed PMID:
41607457.

19. Wang G, Shen W Bin, Chen AW, Reece EA, Yang
P. Diabetes and Early Development: Epigenetics, Biological
Stress, and Aging. Am J Perinatol. 2024 Sep 27;42(8):977—
87. doi:10.1055/a-2405-1493 PubMed PMID: 39209306.
20. Brooks BM, Dove CR, Brooks BM, Brooks BM.
Understanding DREADD (Diabetes-Related Extremity
Amputation Depression and Distress). Clin Podiatr Med
Surg. 2026 Apr;43(2):211-8.
doi:10.1016/j.cpm.2025.12.008 PubMed PMID: 41856719.
21. Dsouza D, microbiology LN brazilian journal of,
2018 undefined. Antibacterial activity of 3, 3', 4'-
Trihydroxyflavone from Justicia wynaadensis against
diabetic wound and urinary tract infection. Elsevier
[Internet]. [cited 2026 May 3]. Available from:
https://www.sciencedirect.com/science/article/pii/S1517838
217300886

22. Dsouza D, microbiology LN brazilian journal of,
2018 undefined. Antibacterial activity of 3, 3', 4'-
Trihydroxyflavone from Justicia wynaadensis against
diabetic wound and urinary tract infection. Elsevier
[Internet]. [cited 2026 May 3]. Available from:
https://www.sciencedirect.com/science/article/pii/S1517838
217300886

23. Dsouza D, microbiology LN brazilian journal of,
2018 undefined. Antibacterial activity of 3, 3', 4'-
Trihydroxyflavone from Justicia wynaadensis against
diabetic wound and urinary tract infection. Elsevier
[Internet]. [cited 2026 May 3]. Available from:
https://www.sciencedirect.com/science/article/pii/S1517838
217300886

24. Dsouza D, microbiology LN brazilian journal of,
2018 undefined. Antibacterial activity of 3, 3', 4'-
Trihydroxyflavone from Justicia wynaadensis against
diabetic wound and wurinary tract infection. Elsevier
[Internet]. [cited 2026 May 3]. Available from:
https://www.sciencedirect.com/science/article/pii/S1517838
217300886

25. Chen X, Li W, Zheng J, Huang M, Wang J, Wu M.
Type 2 diabetes mediated heart failure: focus on early
recognition and clinical strategies. Front Endocrinol

(Lausanne). 2025;16:1630686.
doi:10.3389/fendo.2025.1630686 PubMed PMID:
41001676.

26. Hostnik B, Tonin G, Janez A, Klen J. Erectile

Dysfunction in Diabetes Mellitus: A Comprehensive
Narrative Review of Pathophysiology, Genetic Association
Studies and Therapeutic Approaches. Endocrinol Diabetes
Metab. 2025 Sep 1;8(5). doi:10.1002/edm2.70099 PubMed
PMID: 40960125.

27. Zhang MY, Guo YF, Lyu ZH, Mu YM, Guo QH.
[Central diabetes insipidus: diagnostic and therapeutic
advances]. Zhonghua Nei Ke Za Zhi. 2025 Nov
1;64(11):1122-6. doi:10.3760/cma.j.cn112138-20250609-
00331 PubMed PMID: 41218881.

28. Garcia-Cabrera CR, Afshari NA. Cataract surgery

975



Int. J. Pharm. Healthc. Innov., 2026; 3(3): 968-976. doi:10.62752/ ijphi.v3i2.247

in patients with diabetes mellitus: preoperative,
intraoperative, and postoperative considerations. Curr Opin

Ophthalmol. 2026 Jan 1;37(1):42-7.
doi:10.1097/1CU.0000000000001184  PubMed PMID:
41343850.

29. Murrin EM, Saad AF, Sullivan S, Miodovnik M.
The Impact of Pregestational Diabetes on Maternal
Morbidity and Mortality: Trends, Challenges, and Future
Directions. Am J Perinatol. 2025 Oct 1;42(13):1671-80.
doi:10.1055/a-2489-4539 PubMed PMID: 39592108.

30. Yingxu L, Tan X, Fangyi L. Risk factors for mild
cognitive impairment in type 2 diabetes mellitus older adult:
a systematic review and meta-analysis. J Psychiatr Res. 2025
Jun 1;186:445-57. doi:10.1016/j.jpsychires.2025.04.039
PubMed PMID: 40318537.

31. Akturk HK, Perkins BA, Dunn TC. Clinical Trials
in Diabetes: Examining the Value of Use of Continuous Dual
Glucose-Ketone Monitoring. Diabetes Technol Ther. 2025
Nov  1;27:S44-50.  doi:10.1177/15209156251390818
PubMed PMID: 41267376.

32. Halimi JM, Fauchier L, Karras A, Amouyal C,
Eladari D, Rossignol P, et al. Expert perspectives on
incorporating glucagon-like peptide-1 receptor agonist in
diabetes and chronic kidney disease: challenges and
opportunities. Eur J Prev Cardiol. 2026 Jan 1;33(1):8-18.
doi:10.1093/eurjpc/zwafd26 PubMed PMID: 40660809.

33. Duwel V, 1Jzerman RG, Painter RC, Been J V.,
Siegelaar SE. Addressing the social determinants of adverse
outcomes in pregestational diabetes. Best Pract Res Clin

Endocrinol Metab. 2025 Dec 1;39(6).
doi:10.1016/j.beem.2025.102050 PubMed PMID:
41102108.

34, Mohammadi S, Eslami M, Pourghazi F, Ejtahed
HS, Shahrestanaki E, Qorbani M, et al. Gut Microbiota-
Derived Trimethylamine N-Oxide and the Risk of Diabetes:
An Updated Systematic Review and Meta-Analysis. Obesity

Reviews. 2025 Nov 1;26(11). doi:10.1111/0br.13963
PubMed PMID: 40495402.
35. Conserva F, Pontrelli P. Special Issue “Cell Biology

in Diabetes and Diabetic Complications.” Int J Mol Sci. 2025
Dec 1;26(24). doi:10.3390/ijms262412009 PubMed PMID:
41465440.

36. Okazaki RA, Rizvi SH, Lyons R, Behrooz L,
Hamburg NM. Vascular dysfunction in diabetes and
pharmacotherapeutic opportunities: a focus on endothelial
cell health. Am J Physiol Heart Circ Physiol. 2025 Sep
1;329(3):H705-18. doi:10.1152/ajpheart.00793.2024
PubMed PMID: 40588351.

37. Xu R, Jiang L. Association of systemic immune-
inflammation index with type 2 diabetes mellitus and its
prognostic significance: a systematic review and meta-
analysis. Front Endocrinol (Lausanne). 2025;16:1572089.

doi:10.3389/fendo.2025.1572089 PubMed PMID:
41141352.
38. Sano K, Someya T, Hara K, Sagane Y, Watanabe

T, Wijesekara RGS. Effect of traditional plants in Sri Lanka
on skin keratinocyte count. Data Brief. 2018 Jun 1;18:727—
30. doi:10.1016/J.DIB.2018.03.044

39. Schwab N, Jordana X, Monreal J, Garrido X, Soler
J, Vega M, et al. Ballistic long bone fracture pattern: an

experimental study. Int J Legal Med. 2024 Jul
1;138(4):1685-700. doi:10.1007/S00414-024-03191-6
PubMed PMID: 38376570.

40. Bafor EE, Prendergast C, Wray S. Justicia flava leaf
extract potently relaxes pregnant human myometrial
contractility: a lead plant for drug discovery of new tocolytic
drugs. Exp Physiol. 2020 Dec 1;105(12):2033-7.
doi:10.1113/EP088819 PubMed PMID: 33094534.

41. Gutti U, Komati JK, Kotipalli A, Saladi RGV, Gutti
RK. Justicia adhatoda induces megakaryocyte differentiation
through mitochondrial ROS generation. Phytomedicine.

2018 Apr 1;43:135-9.
doi:10.1016/J.PHYMED.2018.04.038 PubMed PMID:
29747746.

42. Stenclova L, Wilde SB, Schwark M, Cullen JL,

McWhorter SA, Niedermeyer THJ, et al. Occurrence of
aetokthonotoxin producer in natural samples — A PCR
protocol for easy detection. Harmful Algae. 2023 Jun 1;125.

doi:10.1016/J.HAL.2023.102425 PubMed PMID:
37220978.
43, Molefe PF, Ghasemishahrestani Z, Mbele M,

Khanyile S, Farrant J, Khumalo NP, et al. African Medicinal
Plants in Cutanecous Wound Repair: A Comprehensive
Analysis of the Role of Phytochemicals. Int Wound J. 2025
Aug 1;22(8). doi:10.1111/IWJ.70742 PubMed PMID:
40820482.

44. Jin H, Yang S, Dong JX. New lignan glycosides
from Justicia procumbens. J Asian Nat Prod Res. 2017 Jan
2;19(1):1-8. doi:10.1080/10286020.2016.1241771 PubMed
PMID: 27767340.

45. Shoaib A. A systematic ethnobotanical review of
Adhatoda vasica (L.), Nees. Cell Mol Biol. 2021;67(4):248—
63. doi:10.14715/CMB/2021.67.4.28 PubMed PMID:
35809281.

46. Hemmati S, Seradj H. Justicidin B: A promising
bioactive  lignan. Molecules. 2016 Jul 1;21(7).
doi:10.3390/MOLECULES21070820 PubMed PMID:
27347906.

47. Pérez-Vasquez A, Diaz-Rojas M, Castillejos-
Ramirez E V., Pérez-Esquivel A, Montafio-Cruz Y, Rivero-
Cruz I, et al. Protein tyrosine phosphatase 1B inhibitory
activity of compounds from Justicia spicigera
(Acanthaceae). Phytochemistry. 2022 Nov  1;203.
doi:10.1016/JPHYTOCHEM.2022.113410 PubMed PMID:
36030904.

976



