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Abstract

Andrographis paniculata (Kalmegh) has emerged as a promising medicinal plant with significant therapeutic potential in
diabetes management. The present review aims to systematically analyze the phytochemical constituents and
pharmacological mechanisms underlying its antidiabetic activity. A comprehensive literature search was conducted
using major scientific databases, and relevant experimental and preclinical studies were included based on predefined
criteria. The findings indicate that Andrographis paniculata is rich in bioactive compounds, particularly diterpenoid
lactones such as andrographolide, along with flavonoids and phenolic compounds that contribute to its pharmacological
properties. Experimental evidence demonstrates that the plant exhibits significant hypoglycemic effects through multiple
mechanisms, including stimulation of insulin secretion, enhancement of peripheral glucose uptake and inhibition of
carbohydrate-metabolizing enzymes such as o-amylase and o-glucosidase. Additionally, its antioxidant and anti-
inflammatory activities play a crucial role in protecting pancreatic B-cells and improving insulin sensitivity.
Comparative analysis suggests that the efficacy of Andrographis paniculata is comparable to standard antidiabetic agents
in certain experimental models, with relatively fewer adverse effects. However, the majority of available evidence is
derived from preclinical studies, highlighting the need for well-designed clinical trials. Overall, the review supports the
potential of Andrographis paniculata as a multi-targeted, plant-based therapeutic agent for diabetes management.
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Introduction

Diabetes mellitus is a chronic metabolic disorder
characterized by persistent hyperglycemia resulting
from defects in insulin secretion, insulin action or both
(1). The global burden of diabetes has increased
dramatically over recent decades, emerging as a major
public health concern. It is estimated that the
prevalence of diabetes will continue to rise
significantly, particularly in developing countries such
as India, where rapid urbanization, lifestyle changes
and dietary transitions have contributed to the growing
incidence (2). Prolonged hyperglycemia is associated
with severe complications including cardiovascular
diseases, nephropathy, neuropathy and retinopathy,
thereby increasing morbidity and mortality (3).
Conventional antidiabetic therapies, although effective
in glycemic control, are often associated with
limitations such as adverse side effects, high cost and
reduced long-term efficacy (4). These challenges have
prompted increasing interest in alternative therapeutic
approaches, particularly those derived from medicinal
plants. Herbal medicines have been traditionally
utilized for diabetes management due to their
accessibility, cost-effectiveness and multi-targeted
mechanisms of action (5). In recent years, considerable
scientific attention has been directed toward validating
the antidiabetic potential of plant-based compounds
through systematic phytochemical and pharmacological
investigations (6). Among various medicinal plants,
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Andrographis paniculata (Kalmegh) has gained
considerable attention owing to its wide range of
therapeutic properties. It is extensively used in
traditional systems of medicine, especially Ayurveda,
and is known for its anti-inflammatory, antioxidant,
hepatoprotective and immunomodulatory activities (7).
The plant contains several bioactive constituents,
particularly ~ diterpenoid  lactones such  as
andrographolide, which are considered responsible for
its pharmacological actions (8).

Emerging evidence suggests that Andrographis
paniculata exhibits significant antidiabetic activity
through multiple mechanisms, including stimulation of
insulin secretion, enhancement of glucose uptake and
regulation of oxidative stress pathways (9). Several
experimental and preclinical studies have demonstrated
its efficacy in reducing blood glucose levels and
improving metabolic parameters (10). However, despite
the expanding body of literature, a comprehensive
synthesis of its phytochemical constituents and
pharmacological mechanisms related to antidiabetic
activity remains limited. Therefore, the present review
aims to critically examine the phytochemical profile
and pharmacological evidence underlying the
antidiabetic effects of Andrographis paniculata, with
particular emphasis on its mechanisms of action and
potential role in diabetes management.

Method
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Literature search strategy

A comprehensive literature search was conducted to
collect relevant studies on the antidiabetic potential of
Andrographis  paniculata.  Electronic  databases
including PubMed, Scopus, Web of Science and
Google Scholar were systematically searched for
articles published up to 2025. The search was
performed using combinations of keywords such as
“Andrographis paniculata”, “Kalmegh”, “antidiabetic
activity”, “phytochemistry”, “andrographolide” and
“pharmacological mechanisms”. Boolean operators
(AND, OR) were used to refine the search results.
Reference lists of selected articles were also screened
to identify additional relevant studies.

Inclusion and exclusion criteria

Studies were included based on the following criteria:
(i) research articles reporting phytochemical
constituents of  Andrographis  paniculata, (i)
experimental studies (in vitro, in vivo or clinical)
evaluating its antidiabetic activity, and (iii) articles
published in peer-reviewed journals in English. Review

information and cross-referencing. Studies lacking
sufficient methodological details, duplicate
publications and articles not directly related to
antidiabetic activity were excluded.

Data extraction and analysis

Relevant data from the selected studies were
systematically  extracted, including details of
phytochemical composition, type of extract,
experimental model, dosage, duration of treatment and
observed antidiabetic effects. Information regarding
mechanisms of action such as insulin secretion, glucose
uptake, enzyme inhibition and antioxidant activity was
also compiled. The extracted data were qualitatively
analyzed and synthesized to provide a comprehensive
understanding of the pharmacological potential of
Andrographis paniculata.

Study selection process

The study selection process followed a structured
approach. A structured study selection process was
followed based on PRISMA guidelines to ensure
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transparency and minimize bias.

Figure 1: PRISMA flow diagram showing study selection process

Initially, titles and abstracts were screened to remove
irrelevant studies. Full-text articles of potentially
relevant studies were then assessed for eligibility based
on the predefined criteria. Only studies meeting the
inclusion criteria were considered for final analysis.
The selection process was conducted to ensure
reliability and minimize bias in the review (11).

Results

The analysis of selected studies revealed that
Andrographis paniculata is rich in diverse bioactive
phytoconstituents, predominantly diterpenoid lactones,
flavonoids, alkaloids and polyphenolic compounds.
Among these, andrographolide has been identified as
the principal active compound responsible for most of
the pharmacological activities (8). Other important
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diterpenoids such as neoandrographolide,
deoxyandrographolide and andrograpanin have also

Table 1: Phytochemical Constituents of Androgra

been reported to contribute to its therapeutic potential

().

his paniculata and Their Biological Roles

Phytochemical Key Compounds MaJ.OF Biological Relevance to Diabetes

Class Activity

Diterpenoid Andrographolide, Neoandrographolide,| Anti-inflammatory, Enhances insulin secretion

lactones Deoxyandrographolide hypoglycemic and sensitivity

Flavonoids Luteolin, Apigenin Antioxidant Reduces oxidative stress and
B-cell damage

Phenolic Polyphenols Free radical scavenging Protecj[s . against  diabetic

compounds complications

Alkaloids 'Various minor compounds Metabolic regulation Supports glucose metabolism

Glycosides Andrographis glycosides Cellular protection Improves metabolic balance

Flavonoids and phenolic compounds present in the
plant exhibit significant antioxidant properties, which
play a crucial role in mitigating oxidative stress
associated with diabetes (6). The presence of these
compounds indicates that the plant possesses a multi-
component system capable of exerting synergistic
pharmacological effects. Variations in phytochemical
composition have been observed depending on
geographical origin, extraction methods and plant parts
used, which may influence the biological activity (7).

Antidiabetic Activity: Experimental Evidence

A substantial number of in vitro and in vivo studies
have demonstrated the antidiabetic potential of
Andrographis paniculata. Experimental studies using
animal models have reported significant reductions in
blood glucose levels following administration of plant
extracts and isolated compounds (9). These effects
were found to be comparable to standard antidiabetic
drugs in certain studies, suggesting its therapeutic
relevance

Table 2: Summary of Experimental Studies on Antidiabetic Activity

,?,t;)dey Model Used Extract Type Dose Range (Key Findings
In vivo Streptozotocin-induced diabetic Ethanolic extract 100400 Significant reduction in blood glucose
rats mg/kg
Invivo  |Alloxan-induced diabetic mice |Aqueous extract 200-500 Improved lipid profile and glycogen
mg/kg storage
In vitro  |[Enzyme inhibition assay Methanolic extract ~ [Variable Strong a-glucosidase inhibition
In vivo Diabetic rat model Andrographohde >0-150 Enhanced B-cell protection
isolate mg/kg
In vitro  |Cell line studies Crude extract Variable Increased glucose uptake

In vitro investigations have shown that extracts of
Andrographis paniculata exhibit inhibitory activity
against carbohydrate-metabolizing enzymes such as a-
amylase and a-glucosidase, thereby reducing
postprandial ~ hyperglycemia  (10).  Additionally,
improvements in lipid profiles, glycogen content and
body weight have been reported in treated diabetic
models, indicating broader metabolic benefits (9).
Some studies have also highlighted the role of
andrographolide in improving pancreatic [-cell
function and protecting against cellular damage
induced by hyperglycemia (9). These findings

collectively support the potential of the plant as a
natural antidiabetic agent with multi-targeted effects.

Mechanisms of Antidiabetic Action

The pharmacological mechanisms underlying the
antidiabetic activity of Andrographis paniculata are
complex and involve multiple pathways. One of the
primary mechanisms includes the enhancement of
insulin secretion and sensitivity, which contributes to
improved glucose homeostasis (9). The plant extracts
have also been shown to promote glucose uptake in
peripheral tissues, thereby reducing circulating glucose
levels.

Table 3: Mechanisms of Antidiabetic Action

Mechanism Target Site Mode of Action Outcome

[nsulin secretion Pancreatic -cells Stimulates insulin release Reduced blood glucose

enhancement

Glucose uptake enhancement Muscle and  adipose Imp roves GLUT  transporter Better glucose utilization
tissue activity

Enzyme inhibition Digestive system Inhibits  o-amylase @ &  o-|Reduced postprandial
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Mechanism Target Site Mode of Action Outcome

glucosidase glucose
Antioxidant activity Cellular level Neutralizes ROS Protects B-cells
Anti-inflammatory effect Systemic Reduces inflammatory cytokines |Improves insulin sensitivity

Another significant mechanism involves the inhibition
of key digestive enzymes such as a-glucosidase and a-
amylase, which delays carbohydrate digestion and
absorption (10). This effect is particularly beneficial in
controlling postprandial blood glucose spikes.
Furthermore, antioxidant activity plays a crucial role by
reducing oxidative stress and preventing damage to
pancreatic B-cells (6). Anti-inflammatory effects of the
plant have also been reported, which may contribute to
improved insulin signaling and reduced insulin
resistance (8). The combined action of these
mechanisms highlights the potential of Andrographis

paniculata as a multi-functional therapeutic agent in
diabetes management.

Comparative efficacy and therapeutic relevance
Comparative analysis of the reviewed studies indicates
that Andrographis paniculata exhibits significant
antidiabetic activity across different experimental
models. The efficacy of the plant extracts is influenced
by factors such as dosage, duration of treatment and
type of extract used. In several studies, higher doses of
extracts showed more pronounced hypoglycemic
effects, although dose optimization remains essential to
ensure safety and efficacy (9).

Table 4: Comparative Efficacy with Conventional Antidiabetic Drugs

Parameter Andrographis paniculata Conventional Drugs
Blood glucose reduction Moderate to high High

Mechanism Multi-targeted Mostly single-target
Side effects Minimal (reported) Moderate to high
Cost Low High

Long-term safety Needs validation Established

Clinical evidence Limited Extensive

When compared to conventional antidiabetic drugs, the
plant demonstrates moderate to strong efficacy with
fewer reported side effects, suggesting its potential as
an adjunct or alternative therapy (4). However, the
majority of evidence is derived from preclinical
studies, and there is a relative lack of well-designed
clinical trials to confirm its therapeutic applicability in
humans. Overall, the findings suggest that
Andrographis  paniculata possesses considerable
potential for diabetes management, although further
research is required to validate its clinical effectiveness
and standardize its use.

Discussion

The present review highlights the significant
antidiabetic potential of Andrographis paniculata,
supported by its rich phytochemical composition and
multi-targeted  pharmacological actions. The
predominance of diterpenoid lactones, particularly
andrographolide, appears to play a central role in
mediating its biological effects. These findings are
consistent with earlier reports that identified
andrographolide as a key bioactive compound
responsible for diverse therapeutic activities, including
glycemic regulation and metabolic modulation (8). The
presence of flavonoids and phenolic compounds further
enhances its therapeutic value by contributing

antioxidant  properties, which are crucial in
counteracting oxidative stress associated with diabetes
(6). The experimental evidence reviewed in this study
demonstrates that Andrographis paniculata exhibits
considerable hypoglycemic activity across various in
vitro and in vivo models. The observed reduction in
blood glucose levels, along with improvements in lipid
profiles and glycogen storage, suggests a
comprehensive metabolic regulatory effect. Similar
findings have been reported in previous studies, where
plant-derived compounds were shown to improve
insulin sensitivity and glucose utilization (9). The
enzyme inhibitory activity against a-amylase and a-
glucosidase further supports its role in controlling
postprandial hyperglycemia, a key factor in diabetes
management (10). The mechanisms underlying the
antidiabetic effects of Andrographis paniculata appear
to be multifactorial. Enhancement of insulin secretion,
increased peripheral glucose uptake and inhibition of
carbohydrate-digesting enzymes collectively contribute
to its glucose-lowering effect. In addition, its
antioxidant and anti-inflammatory properties play a
supportive role by protecting pancreatic B-cells and
improving insulin signaling pathways. This multi-
mechanistic  action aligns with the current
understanding that effective diabetes management
requires targeting multiple metabolic pathways
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simultaneously (3). Such a broad spectrum of activity
distinguishes herbal therapeutics from single-target
synthetic drugs. The multi-targeted antidiabetic action

of Andrographis paniculata can be summarized through
interconnected pharmacological pathways.

Andrographis Paniculata

Bioactive Compound

Inslulin /Glucose Uptake

Reduced Blood Glucose

Despite these promising findings, certain limitations
must be acknowledged. A major proportion of the
available evidence is derived from preclinical studies,
with limited clinical validation in human subjects.
Variability in extraction methods, dosage and
experimental models across studies also poses
challenges in standardizing the therapeutic application
of Andrographis paniculata. Similar concerns have
been highlighted in earlier research on plant-based
antidiabetic agents, emphasizing the need for rigorous
clinical trials and standardization protocols (4).
Furthermore, while the plant demonstrates relatively
fewer adverse effects compared to conventional drugs,
comprehensive safety evaluations and long-term
toxicity studies are still required. The integration of
phytochemical  standardization = with  advanced
pharmacological and clinical investigations could
enhance the reliability and reproducibility of findings.

Overall, the evidence suggests that Andrographis
paniculata holds considerable promise as a natural
antidiabetic agent. However, future research should
focus on well-designed clinical trials, dose optimization
and mechanistic studies at the molecular level to
establish its efficacy and safety in human populations.

Conclusion

The present review demonstrates that Andrographis
paniculata possesses significant antidiabetic potential,
supported by its diverse phytochemical composition
and multi-targeted pharmacological actions. The
presence of bioactive compounds, particularly
andrographolide and related diterpenoids, contributes
to its ability to regulate blood glucose levels, enhance
insulin activity and mitigate oxidative stress.
Experimental evidence indicates that the plant exhibits
promising  hypoglycemic  effects along  with
improvements in associated metabolic parameters. The
findings further suggest that the antidiabetic activity of
Andrographis paniculata is mediated through multiple
mechanisms, including enzyme inhibition, antioxidant
defense and modulation of insulin secretion and
sensitivity. This multi-mechanistic approach highlights
its potential as an effective therapeutic agent in diabetes
management. However, despite encouraging preclinical
evidence, the lack of well-structured clinical studies
limits its direct application in human populations.
Therefore, future research should focus on conducting
large-scale clinical trials, standardization of extracts

and detailed molecular investigations to validate its
efficacy and safety. The integration of traditional
knowledge with modern scientific approaches may
facilitate the development of novel plant-based
antidiabetic formulations.
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