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ABSTRACT

immunomodulatory.

Andrographis paniculata (Burm.f.) Nees, commonly known as the "King of Bitters,” is a widely recognized
medicinal herb in traditional systems such as Ayurveda, Traditional Chinese Medicine, and Siddha. Native to
South and Southeast Asia, it has attracted growing scientific interest for its broad-spectrum pharmacological
activities. Its major bioactive constituent, andrographolide, along with other diterpene lactones, flavonoids, and
alkaloids, supports its potent anti-inflammatory, antioxidant, antimicrobial, antiviral, immunomodulatory, and
anticancer properties. Recent studies have validated its efficacy against multidrug-resistant pathogens, respiratory
infections, and as an adjunct therapy in COVID-19. Additionally, A. paniculata demonstrates significant benefits in
managing chronic inflammatory conditions, metabolic disorders, and hepatocellular injuries. This review critically
summarizes the phytochemistry, pharmacological activities, and therapeutic applications related to A. paniculata.
It also highlights future research directions necessary to fully realize the clinical potential of this versatile
medicinal plant and ensure its standardized and safe utilization.
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INTRODUCTION

Andrographis paniculata (Burm.f.) Nees, commonly
referred to as the “King of Bitters,” is a prominent
medicinal herb extensively used in traditional systems of
medicine such as Avyurveda, Traditional Chinese
Medicine (TCM), and Siddha. Native to South and
Southeast Asia, particularly India, Sri Lanka, and China,
the plant has gained significant scientific interest over
the past decade due to its broad pharmacological
potential. The primary bioactive compound found in A.
paniculata is andrographolide, a diterpene lactone known
for its diverse therapeutic properties including anti-
inflammatory, antiviral, antioxidant, immunomodulatory,
and anticancer effects (Akbar, 2020; Singh et al., 2021).

Recent investigations have increasingly focused on
validating the traditional uses of A. paniculata with
modern pharmacological evidence. A review by
Mekonnen et al. (2022) highlighted the plant's
effectiveness against a range of microbial pathogens,
including multi-drug resistant strains, suggesting a potent
antimicrobial spectrum. Additionally, its antiviral
potential has been explored in the context of respiratory
tract infections, dengue fever, and more recently, as an
adjunct treatment in COVID-19, where it was shown to
reduce symptom severity and duration in mild to
moderate cases (Coon & Ernst, 2020; Panraksa et al.,
2021).

The plant's immunomodulatory activity has also received
attention, with studies indicating its ability to enhance
immune responses through regulation of cytokine
production and lymphocyte proliferation (Kumar et al.,
2023). Furthermore, its application in chronic diseases
has been investigated; for instance, randomized
controlled trials have demonstrated that standardized A.
paniculata extracts significantly reduce symptoms of
rheumatoid arthritis and osteoarthritis (Chandran et al.,
2019). Its  hepatoprotective, anti-diabetic, and
cardioprotective effects have also been substantiated
through various in vivo and in vitro models (Ahsan et al.,
2022; Zhang et al., 2023).

Despite the wealth of evidence supporting its
pharmacological activities, clinical application remains
limited by the poor solubility and bioavailability of
andrographolide. To overcome these barriers, recent
efforts have focused on nanotechnology-based drug
delivery systems. Nanoparticles, liposomes, and
phytosomes have been developed to enhance the
delivery, stability, and efficacy of A. paniculata extracts,
leading to promising results in preclinical and early
clinical studies (Wang et al., 2021; Algahtani et al.,
2023).

Considering  its  broad-spectrum  pharmacological
activities and recent progress in formulation
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technologies, Andrographis paniculata stands out as a
valuable choice for the development of innovative
therapeutic agents. To effectively translate its traditional
medicinal uses into scientifically validated clinical
applications,  sustained interdisciplinary  research
encompassing  phytochemistry, pharmacology, and
nanotechnology is crucial so as to optimize its
therapeutic efficacy and ensuring safe, standardized use.

Phytochemical
paniculata
The extensive and varied phytochemical content of
Andrographis paniculata is primarily responsible for its
pharmacological actions. Due to its high concentration of
alkaloids, flavonoids, and diterpene lactones, this
medicinal plant is especially well-known for its many
therapeutic benefits (Akbar, 2011). According to
Jarukamjorn and Nemoto (2008), andrographolide, a
labdane diterpenoid, is the most well-researched of these
and is thought to be the main bioactive component
responsible  for the plant's anti-inflammatory,
immunomodulatory, hepatoprotective, and anticancer
properties. Lactone and hydroxyl groups, which are
essential to andrographolide's biological actions, are
found in its three-ring structure.

Composition  of  Andrographis

Apart from andrographolide, additional significant
diterpene lactones found in A. paniculata include
andrograpanin, neoandrographolide, and 14-deoxy-
11,12-didehydroandrographolide. According to Misra et
al. (2007) and Lim et al. (2012), these substances have a
variety of biological effects and frequently work in
concert to increase the plant's overall pharmacological
efficacy. Further enhancing its anti-inflammatory and
antioxidant qualities include flavonoids such luteolin,
apigenin, and 7-O-methylwogonin (Gupta et al., 2004).

Additionally, reports of minor phytoconstituents
including polyphenols and sterols as well as alkaloids
like andrographidine point to a complex interaction
between several chemicals that mediate the health
advantages of A. paniculata (Rajagopal et al., 2003).
These bioactive components have been identified and
quantified through recent phytochemical investigations
employing cutting-edge methods such as HPLC, LC-MS,
and NMR spectroscopy, confirming their use in
therapeutic applications. It is thought that the synergistic
interactions between these many phytochemicals
increase A. paniculata’s effectiveness, giving it a viable
option for the creation of multi-targeted treatments for a
variety of illnesses, such as cancer and chronic
inflammatory diseases.

Therapeutic properties of andrographis paniculata

The "King of Bitters,” Andrographis paniculata
(Acanthaceae), is a common medicinal herb used in
Chinese, Unani, and traditional Ayurvedic medicine. Its
bioactive diterpenoid lactones, particularly
andrographolide, and flavonoids are predominantly
responsible for the substantial study that has validated its

medicinal potential during the last ten years. According
to Chandrasekaran et al. (2018), these phytoconstituents
have a number of pharmacological effects, such as
hepatoprotective (Thakur et al., 2019),
immunomodulatory  (Subramanian et al., 2020),
antimicrobial (Chong et al., 2020), antioxidant (Nanduri
et al., 2017), anti-inflammatory (Roy et al., 2021; Tang
et al., 2019), and antidiabetic effects.

Immunomodulatory and
properties

Andrographis paniculata's anti-inflammatory properties
have been thoroughly investigated in both in vitro and in
vivo inflammatory models. The primary bioactive
component of the plant, andrographolide, has
demonstrated strong anti-inflammatory properties mainly
by blocking important pro-inflammatory cytokines, such
as interleukin-1 beta (IL-1p), tumour necrosis factor-
alpha (TNF-a), and interleukin-6 (IL-6), by altering the
nuclear factor-kappa B (NF-kB) signalling pathway (Roy

Anti-inflammatory

et al., 2021; Dai et al, 2019). Andrographolide
efficiently lowers the transcription of several
inflammatory genes by blocking the nuclear
translocation of NF-xB, which attenuates the

inflammatory cascade. Prostaglandins and nitric oxide,
two important mediators in the pathophysiology of
inflammation, are also significantly reduced when
andrographolide  suppresses the  expression  of
cyclooxygenase-2 (COX-2) and inducible nitric oxide
synthase (iNOS) (Tang et al., 2019; Banerjee et al.,
2020). According to Misra et al. (2020), this suppression
is thought to help reduce the symptoms of inflammatory
illnesses such asthma, colitis, and arthritis.

The immunomodulatory qualities of A. paniculata are
further supported by clinical research. According to
randomised controlled trials, standardised extracts
promote a more controlled immune response without
causing significant side effects by increasing T-cell
proliferation, upregulating the cytotoxic activity of
natural killer (NK) cells, and altering the Th1/Th2
cytokine balance (Subramanian et al., 2020; Poolsup et
al., 2004; Coon and Ernst, 2004). Furthermore, a meta-
analysis of herbal remedies for upper respiratory tract
infections emphasised how A. paniculata works to
activate the immune system, reducing the length and
intensity of symptoms (Hu et al., 2017). According to
latest research, andrographolide may also affect
inflammasome pathways, specifically the NLRP3
inflammasome, which would add another level of
complexity to its immunomodulatory and anti-
inflammatory properties (Zhao et al., 2021). All of these
results point to A. paniculata as a viable option for the
creation of innovative anti-inflammatory medications
that also have the advantage of immune system
modulation.

Antimicrobial and Antiviral properties
The broad-spectrum antibacterial and antiviral properties
of Andrographis paniculata are well known, mostly due
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to its abundant phytochemical makeup. Numerous
investigations have verified its effectiveness against a
range of diseases, including as viruses, fungi, and
bacteria, both Gram-positive and Gram-negative. The
bioactive component andrographolide has shown strong
antibacterial activity. Andrographolide has been shown
in vitro to efficiently suppress the development of
opportunistic  fungal pathogen Candida albicans,
Escherichia coli, and Staphylococcus aureus (Chong et
al., 2020). The suggested processes include modifying
microbial enzyme activity, inhibiting the creation of
proteins and nucleic acids, and disrupting the integrity of
the microbial cell wall.

It has been demonstrated that A. paniculata has
significant antiviral qualities in addition to its ability to
combat bacterial and fungal infections. According to
Panraksa et al. (2017), andrographolide and other
components are thought to obstruct viral entrance,
replication, and protein synthesis. Research has indicated
broad-spectrum potential by reporting antiviral action
against viruses like the hepatitis C virus, dengue virus,
influenza virus, and herpes simplex virus (Jayakumar et
al., 2013).

A. paniculata's antiviral properties garnered a lot of
interest during the COVID-19 epidemic. A. paniculata
extract's use as an adjuvant therapy was supported by a
Thai randomised controlled experiment that showed that
giving it to patients with mild COVID-19 symptoms
significantly decreased the duration of symptoms and
lowered viral load when compared to a placebo
(Rattanapisit et al., 2021). By inhibiting the major
protease (Mpro), a crucial enzyme needed for viral
replication, andrographolide prevents SARS-CoV-2
replication, according to additional in vitro studies
(Phumiamorn et al., 2022). According to the research
literature, A. paniculata has a lot of potential as a natural
antiviral and antibacterial agent. Its potential for
incorporation into treatment regimens is highlighted by
its broad-spectrum action and favourable safety profile,
particularly in light of newly developing infectious
illnesses.

Antioxidant and Hepatoprotective properties

The aetiology of many chronic diseases, including as
cancer, diabetes, neurodegeneration, and cardiovascular
problems, is mostly attributed to oxidative stress, which
is defined by an imbalance between the body's
antioxidant defence systems and the creation of reactive
oxygen species (ROS). Andrographis paniculata is a
promising option for reducing damage caused by
oxidative stress because of its strong antioxidant
qualities.

Glutathione (GSH), superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPx) are
examples of natural antioxidant enzymes that are

research (Nanduri et al., 2017). At the same time,
oxidative damage indicators like malondialdehyde
(MDA) are dramatically decreased by treatment with A.
paniculata extracts, suggesting a reduction in lipid
peroxidation (Islam et al., 2021).

The hepatoprotective characteristics of the plant are very
well related to these antioxidant activities. Hepatotoxic
substances that cause oxidative damage to liver tissues,
such as ethanol, carbon tetrachloride (CCl,), and
paracetamol (acetaminophen), result in inflammation,
necrosis, and fibrosis. Preclinical research has shown that
by preserving the structural integrity of hepatic cells,
lowering serum liver enzyme levels (AST, ALT), and
preserving normal liver histology, A. paniculata
administration can successfully prevent or mitigate liver
damage brought on by these toxicants (Thakur et al.,
2019; Panthong et al., 2023).

The Nrf2 (nuclear factor erythroid 2-related factor 2)

signalling system, a crucial regulator of cellular
antioxidant  responses, may be activated by
andrographolide, according to recent mechanistic
research. The transcriptional overexpression of

antioxidant genes results from Nrf2 activation, which
increases cellular resistance to oxidative damage (Wang
et al., 2022). Furthermore, by modifying pathways like
MAPK and NF-xB, andrographolide has been
demonstrated to prevent oxidative stress-induced
apoptosis, hence enhancing liver protection. As an
antioxidant and hepatoprotective agent, A. paniculata has
significant therapeutic promise that calls for additional
clinical research to confirm its effectiveness and safety in
human populations.

Antidiabetic and Cardioprotective potential

Many studies have examined Andrographis paniculata's
hypoglycemic action in preclinical and clinical contexts,
emphasising the plant's potential for treating diabetes
mellitus and associated metabolic diseases. By mainly
altering the AMP-activated protein kinase (AMPK)
signalling pathway, andrographolide, a crucial bioactive
component, has been demonstrated to increase insulin
sensitivity and lower fasting blood glucose levels
(Chandrasekaran et al., 2018). In order to improve
peripheral tissue glucose uptake, suppress hepatic
gluconeogenesis, and encourage lipid oxidation all of
which contribute to overall glycaemic control AMPK
activation is essential.

Purified andrographolide or extract from A. paniculata
has been shown to significantly lower insulin resistance
indicators, glycated haemoglobin (HbAlc), and blood
glucose in diabetic animal models (Gautam et al., 2022).
Furthermore, A. paniculata seems to enhance its
antidiabetic efficacy by modulating important enzymes
involved in glucose metabolism, including glucose-6-
phosphatase and glucokinase. In addition to its ability to

increased by A. paniculata and its main bioactive decrease Dblood sugar, A. paniculata has strong
component, andrographolide, according to experimental cardioprotective  properties. Oxidative stress and
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dyslipidaemia, two conditions that significantly increase
the risk of cardiovascular disease, are frequently
associated with metabolic syndrome and diabetes.
According to studies, taking andrographolide causes
higher levels of high-density lipoprotein cholesterol
(HDL-C) and a notable decrease in serum lipid profiles,
such as total cholesterol, triglycerides, and low-density
lipoprotein cholesterol (LDL-C) (Liu et al., 2022; Zhang
etal., 2023).

By reducing lipid peroxidation, lowering inflammatory
cytokine levels (including TNF-o and IL-6), and
maintaining mitochondrial function, andrographolide
also has anti-inflammatory and antioxidant actions in
cardiac tissues, limiting myocardial damage (Wang et al.,
2021). According to mechanistic understanding, these
protective benefits are achieved by endothelial function
improvement, NF-kB pathway suppression, and
Nrf2/HO-1 pathway modification.

A. paniculata is a promising supplemental medication for
the management of type 2 diabetes, metabolic syndrome,
and cardiovascular disorders because of its dual effects
of preserving cardiac tissues and improving metabolic
parameters. However, more extensive, carefully planned
clinical studies are required to confirm its effectiveness
and improve human dosage regimens.

Anti-cancer properties

According to new research, Andrographis paniculata and
its main bioactive ingredients andrographolide in
particular have strong anticancer properties against a
range of cancers. Numerous cancer cell lines, including
those from the breast, lung, prostate, colorectal, and
pancreatic regions, have been shown to be susceptible to
cytotoxic effects in preclinical research. A. paniculata's
anticancer mechanisms are complex and include
important biological processes like cell cycle arrest,
angiogenesis inhibition, apoptosis induction, and
suppression of tumor-promoting signalling pathways like
PI3K/Akt, JAK/STAT, and NF-«xB (Dai et al., 2020; Yan
et al., 2022).

One important mechanism by which andrographolide has
its anticancer effects is through inducing apoptosis. It
does this by downregulating anti-apoptotic proteins (like
Bcl-2) and upregulating pro-apoptotic proteins (like Bax
and caspase-3) to activate both intrinsic (mitochondrial)
and extrinsic (death receptor-mediated) apoptotic
pathways (Sun et al, 2022). Furthermore,
andrographolide has been demonstrated to suppress the
proliferation of cancer cells by causing cell cycle arrest
at either the GO/G1 or G2/M phases, depending on the
type of cancer. An additional crucial anticancer
mechanism is anti-angiogenic action. New blood vessel
creation, or angiogenesis, is necessary for tumour growth
and metastasis. By preventing endothelial cell migration
and tube formation, as well as by downregulating the
production of vascular endothelial growth factor

(VEGF), andrographolide inhibits angiogenesis (Wang et
al., 2023).

Its antiproliferative actions are further enhanced by the
inhibition of oncogenic signalling pathways such
JAK/STAT3 and PI3K/Akt/mTOR. These pathways,
which encourage survival, proliferation, and immune
evasion, are frequently hyperactivated in malignancies.
Andrographolide decreases tumour growth by making
cancer cells more susceptible to apoptosis by blocking
certain signalling cascades. Notwithstanding these
encouraging results, it is crucial to remember that the
bulk of the available data comes from animal models and
in vitro studies. There are currently few clinical studies
on A. paniculata's anticancer effectiveness and safety in
people. Therefore, to validate these findings and
investigate A. paniculata’'s complete therapeutic potential
as an anticancer drug, carefully planned clinical trials are
very much needed.

CONCLUSION

One particularly promising medicinal plant with a wide
range of therapeutic uses is Andrographis paniculata
(Burm.f.) Nees. Its bioactive compounds, especially
andrographolide, have strong anti-inflammatory,
antioxidant, antimicrobial, antiviral, immunomodulatory,
hepatoprotective, hypoglycemic, cardioprotective, and
anticancer properties, which are backed by both
conventional wisdom and an increasing amount of
contemporary pharmacological evidence. Because of
these actions, A. paniculata is positioned as a promising
choice for the treatment and prevention of a number of
inflammatory, metabolic, neoplastic, and infectious
illnesses.

However, obstacles such poor water solubility, restricted
bioavailability, and inconsistent quality of herbal
preparations prevent its widespread clinical acceptance,
even in the face of promising preclinical and clinical
results. Recent developments in delivery techniques
based on nanotechnology have showed promise in
getting around these restrictions and improving the
stability and therapeutic effectiveness of extracts from A.
paniculata.

For the plant's therapeutic potential to be completely
realised, future multidisciplinary research  must
concentrate on standardised extraction techniques, well
planned clinical trials, and creative formulation
techniques. With continued research, A. paniculata may
play a major role in the creation of multi-targeted, safe,
and efficient treatments for a variety of contemporary
health issues.
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