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ABSTRACT

Andrographis paniculata, is a very famous herbal plant belonging
to the family Acanthaceae that has been used since ancient times.
Andrographis paniculata, is also called Kalmegh and ‘King of
Bitters'. Andrographis paniculata, has been officially mentioned in
Indian Pharmacopoeia It is a chief constituent of many Ayurvedic,
Siddha, Unani, formulations which are used in the management of
liver-related issues. It is a common herbal medicine used to treat
snake and bug bites, diabetes, dysentery, fever, and malaria,
abortifacient, cancer lytic, depurative, expectorant,
hepatoprotective, hypoglycemic, immune enhancement, laxative,
sedative, thrombolytic, vermicide, analgesic, antibacterial,
antiperiodic, antipyretic, antithrombotic, antiviral. The present
review article focuses on the pharmacological activities of
Andrographis paniculata.

Introduction

Andrographis paniculata is a well-known medicinal
plant from the Acanthaceae family that has been
utilized since antiquity. Kalmegh and 'King of

A wide variety of therapeutic plants can be found all
over the world. Many weeds in our environment are
highly effective medicinal plants that can help with a
variety of significant health issues (13,30,31,32,33).
India has long been known as a great store of natural
remedies among ancient cultures (34,48,35,36).
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Bitters' are two names for Andrographis paniculata.
Andrographis paniculata has been formally
included in the Indian Pharmacopoeia. It is a key
ingredient in many Ayurvedic, Siddha, and Unani
formulations for the treatment of liver problems (1).
It is a common herbal medicine used to treat snake
and bug bites, diabetes, dysentery, fever, and
malaria, as well as abortifacient, cancer lytic,
depurative, expectorant, hepatoprotective,
hypoglycaemic, immune enhancement, laxative,
sedative, thrombolytic, vermicide, analgesic,
antibacterial, antiperiodic, antipyretic,
antithrombotic, antiviral (5,62). Andrograpanin,
andrographolide (2.39 percent), paniculide-A,
paniculide-B, paniculide-C, 14-deoxy-11-
dehydroandrographolide, 5-hydroxy-7,8,2',3'-
tetramethoxyflavone, neoandrographolide,
paniculide-D, paniculide-E, paniculide-F (3,4,62).
The present review article focus on the pharmaco-
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-logical activities of Andrographis paniculata. There
are many species of Andrographis some of the
names are:- Andrographis paniculata; Andrographis
affinis,  Andrographis  alataa  [vahl]  Nees;
Andrographis  atropurpurea  [Dennst] Alston;
Andrographis beddomeii; Andrographis ceylanica
Nees; Andrographis ceylanica Wight, Andrographis

chendurunii; Andrographis echioides Nees;
Andrographis  elongate [Vahl]; Andrographis
explicate (C.B.Clarke) Gamble; Andrographis

glanduloosa Nees; Andrographis glomeruliflora
Bremek; Andrographis gracilis Nees; Andrographis
humifusa Wall.ex Nees; Andrographis
hygrophiloides; Andrographis lawsonii.

Pharmacological activities
Anti-inflammatory activity

Andrographolide was determined to inhibit the
inflammatory responses produced with the aid of rat
neutrophils. The N-formyl-methionyl-leucyl-
phenylalanine (fMLP)- neutrophil incited adhesion
and transmigration in a concentration-dependent
manner can be prevented by andrographolide (59).
The pre-treatment of andrographolide decreased
the H202 and 02 production which is increased by
FMLP. It also decreases the CD11 and CD18 which
are increased by FMLP. The study demonstrated
that andrographolide reduced the reactive oxygen
species (ROS) production with the help of
modulation of protein kinase C-dependent
pathway. It affected the regulation of Mac-1, which
is crucial for neutrophil adhesion and transmigration
(41). The activated kappa B was inhibited, in
humans, fibroblast COX-2 is present which is
inhibited and nitric oxide synthase (iNOS) was
suppressed (10,11,12,14,15). In mice,
andrographolide reduced the chances of peritoneal
inflammation, the peritoneal inflammation is caused
by acetic acid production. It indicated its ability to
inhibit the permeability of small blood vessels.
Eicosanoids and platelet-activating factor (PAF) are
examples of inflammatory mediators which were
also affected by the andrographolide in a manner of
dose-dependent (IC50 ~ 5 uM) (4). In mice lungs
which are infected with pathogenic influenza
viruses, H5N111 14-Deoxy-11,12-
didehydroandrographolide, inhibited the pro-
inflammatory cytokines/chemokines (TNF-a, IL-1B,
IL-6, CCL-2/MCP-1, IFN-a, IFN-B, IFN-y, MIP-1a, MIP-
1840,41,42. Figure 2 shows the role of
andrographolide as an anti-inflammatory agent.

Neuroprotective activity

RSC96 cells in the in vitro conditions, when treated
with andrographolide, show the neuroprotective
effect. The RSC96 cells are similar to rat Schwann
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cell lines. The Schwann cell lines were treated with a
different concentration range of andrographolide
i.e 0 to 5 uM by MTT assay. The dose of 0.78 and
12.5 uM of andrographolide was effective. The dose
is assayed based on the synthesis, morphology of
cells, cell proliferation, genes that are specific to
nerves. The DNA content was increased by this
assay. This assay also helps to increase the glial cells
lines, brain, ciliary which were derivatives of
neurotrophic factors and Schwann cell markers.
Andrographolide slowed down the further growth
of RSC96 cells without changing the phenotype of
Schwann cells (52,38). Andrographolide
therapeutically increased the heme oxygenase-1 i.e
HO-1 amount in astrocytes and NF-E2-related factor
2. Heme oxygenase-1 is a gene that targeted the
factor Nrf2 (transcription factor). It also protects from
oxidative stress in cellular defense (51).
Andrographolide cures the cognitive impairment in
Octodon degus. Octodon degus is a type of wild
rodent species is found in South America. Octodon
degus suffer from Alzheimer's like diseases with
age. Andrographolide treatment shows the
recovery in the transmission of synaptic basal,
learning memory, spatial memory.
Andrographolide treatment protects synaptic
proteins and reduced the maturation of amyloid-
beta aggregation and phosphorylated tau proteins
in aged Octodon degus (39). Figure3 shows the
role of andrographolide as a neuroprotective agent.

Antioxidant activity

The 50 % hydro methanolic extract of Andrographis
paniculata stops the leakage of lactate
dehydrogenase in the heart. This extract also cures
the heat of myocardial ischemic injury which is
induced by the isoproterenol. The concentration of
100 mg/ml of hydro methanol extract shows H202,
linoleate free radicals, and DPPH scavenging
activity. The leaves, stems, roots, and fruits ethanolic
extract dose 10 mg/ml of Andrographis paniculata
were studied for the antioxidant activity on
superoxide  dismutase assay, free radical
scavenging assay, and red cell hemolysis assay. Fruit
ethanolic extract shows the high DPPH scavenging
assay with 88.13% and leaf ethanolic extract shows
the antioxidant activity (37).

Anticancer Activity

Andrographolide  contains many  anticancer
activities. It stops the activity of A549 cells by
reducing P13/Akt signal and inactivating c-jun/c-Fos
and MMP-7 expression (21). Andrographolide with
a combination of conventional chemotherapeutic
agents is also used in cancer treatments for example
combination of doxorubicin with andrographolide
increase the chemosensitivity of tumor cells and
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Fig 1. Pharmacological activities of Andrographis paniculata.

Fig 2. Role of andrographolide as Anti-inflammatory.
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stop the activity of STAT3 activity (58).
Andrographolide stops the growth of in-vitro and in-
vivo DU145 cells by suppressing the IL-6 signal path
(29). Andrographolide also helps in triggering
apoptosis. Andrographolide also helpsin increasing
the cell cycle arrest (21). Andrographolide stops the
growth of prostate cancer cells and androgen
receptors. Andrographolide inhibits androgen
receptors expression at the site of a protein, mRNA
levels, transactivated targeted genes, nuclear
translocation, inhibit Hsp?0 binding on androgen
receptors, which resulted in degradation of
proteasome-mediated androgen receptors.
Andrographolide stops the growth of C4-2 cells by
decreasing the activity of androgen receptors.
Androgen targeted genes like prostate-specific
antigens i.e PSA is also inhibited by
andrographolide (60). Andrographolide dose
10mg/kilogram was found to inhibit the growth of
hepatoma tumor in vivo in xenograft species of
mice. The chip analysis of 22 miRNAs decreases in
10 miRNAs number after the treatment. The miRNAs
help in knowing that a major quantity of genes were
involved in signal pathways for example miRNAs
involved in cancer, focal adhesion, and MAPKs i.e
mitogen-activated protein kinases (23). Yan et al. in
2012 had demonstrated the cytotoxic effects in
human T-ALLi.e T-cell acute lymphoblastic leukemia
through andrographolide. The dose of 10 ug/ml of
andrographolide increases the apoptosis of Jurkat
cells by inhibiting the pathway of P13K/AKT.
Paclitaxel and Andrographolide combination show
synergistic effects against cancer. This combination
study was done against non-small cell lung cancer
i.e A549 NSCLC cells. This study involved 0.48-
60.75 nM dose of paclitaxel, 5.10-328.0 uM dose of
andrographolide is treated for 24 to 48 hours on
ROS reactive intracellular oxygen species and cell
cycle, proliferated cells, and apoptosis. 100
microgram per kilogram Andrographolide and 20
microgram per kilogram of paclitaxel show
antitumor activity on xenograft murine model. The
combination of paclitaxel and Andrographolide
have a 98 percent chance to stop the growth of odd
A549 tumor (55). Andrographolide showed an
inhibitory effect on MDA-MB-231 breast cancer
cells. The prolonged use of Andrographolide
increased the number of apoptotic cells.
Andrographolide induced the production of
extracellular reactive oxygen species i.e ROS and
MMP i.e mitochondrial membrane potential
production is reduced. The externalization of
phosphatidylserine occurred. The cells which were
treated with Andrographolide activated the caspase
3, caspase9, bax, apaf-1. Bcl-2 and Bcl-xI were
reduced Andrographolide was also used to stop
prostate cancer. Andrographolide targeted the
regulators of the cell cycle, CXCR3, and CXCR7 (27).

14-Deoxy-11,12-didehydroandrographolide
increases the production of autophagosomes and

Biological Sciences, 2022, Vol. 02(01), Page 155-165

endoplasmic reticulum (ER) vacuoles. It increases
the LC3-Il in cells of breast cancer. It makes a large
amount of cytosolic calcium concentration which
leads to the breaking of mitochondrial membrane
potential in LC3-Il cells. DDIT3 suppressed the
production of autophagosomes and endoplasmic
reticulum (ER). The autophagosomes are depended
on the transcription process. 14-DDA-increased the
stress levels of the endoplasmic reticulum (ER). Gao
et al. has demonstrated that andrographolide stops
the growth of multiple myelomas cells. It shows the
activity on nuclear factor i.e NF-kB signaling
pathway (16). Colon cancer (HT-29) can be inhibited
by the dichloromethane fraction of AP. Human
peripheral blood lymphocytes proliferation can also
be inhibited by the dichloromethane fraction of AP.
Andrographolide inhibited many cancers like
melanoma M14, central nervous system U251, lung
H522, prostate DU 145, breast NCI/AD-RES, colon
SW620 (20). The AP ethanol extract shows in vivo
and in vitro inhibitory activity on AOM i.e
azoxymethane-induced ACF i.e aberrant crypt foci
in rats. PCNA proliferating cell nuclear antigens and
beta-catenin protein were reduced by the AP
treatment (2). Andrographolide when interacted
with BAX then it protects BAX from degradation and
increases the apoptosis caused by mitochondrial-
mediated. In colorectal cancer in vivo models and in
vitro models were studied with andrographolide.
Combinational treatment of 5-Fluorouracil and
andrographolide increase the apoptosis level of
BAX and HCT116/5-fluorouracil (50).
Andrographolide methanol extract was divided into
various parts and these parts are mixed with
different solvents then these were analyzed for oral
squamous carcinoma cell lines. It also increased
caspase 3. The solvent which contains ethyl acetate
show the maximum cytotoxicity activity. 14-
deoxyandrographolide, andrographolide,
neoandrographolide, deoxyandrographiside are
present in ethyl acetate fraction (46). Andrographis
paniculata also inhibited esophageal cancer. The
water extract stops the TM4SF3 gene expression. It
also inhibited the EC-109, KYSE0520. The water
extract inhibited the pre-step of metastasis without
doing cell toxicity (56,6,7,8,28). Figure-4 shows the
activity of andrographolide in cancer cells.

Immunomodulatory Activity

The methanolic extract of Andrographis paniculata's
aerial parts and dichloromethane fraction of
chemical constituents like 14-deoxy-11-
didehydroandrographolide,12-

didehydroandrographolide, andrographolide, 14-
deoxyandrographolide are isolated from the plant.
The extract at a concentration of 1uM induced the
human peripheral blood lymphocytes i.e HPBL
proliferation by fourteen, fifteen, and seven percent.
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Fig 3. Role of andrographolide as Neuroprotective.

Fig 4. Activity of andrographolide in cancer cells.
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The  14-deoxy-11-didehydroandrographolide,12-
didehydroandrographolide, 14-
deoxyandrographolide increase the induction of IL-
2 in human peripheral blood lymphocytes i.e HPBL.
Andrographolide increased the IL-2 induction and it
can also cause toxicity in cells of HPBLs at higher
concentrations (56).

Antimicrobial Activity

The aqueous extract of Andrographis paniculata,
arabinogalactan proteins, and andrographolide
from Andrographis paniculata showed antimicrobial
activity. They showed antimicrobial activity against
Candida albicans, Escherichia coli, Pseudomonas
aeruginosa, Bacillus subtilis, and Staphylococcus
aureus. The aqueous extract of Andrographis
paniculata showed the same or synergistic effect as
arabinogalactan proteins and andrographolide
showed (43). In the disc diffusion assay, the
methanolic extract of leaves of Andrographis
paniculata with the concentration of 5 mg/disc
showed antimicrobial activity against
Staphylococcus aureus and Bacillus cereus. The
methanolic extract of leaves of Andrographis
paniculata contains 73.40 mg/g of andrographolide
in HPLC estimation which are responsible for
showing antimicrobial activity. In the cup plate agar
diffusion assay, the methanolic extract of leaves of
Andrographis paniculata showed antibacterial
activity. The extract showed antibacterial activity
against the Staphylococcus aureus, Micrococcus
luteus, Proteus mirabilis, Staphylococcus pyogenes,
Pseudomonas aeruginosa. The Pseudomonas
aeruginosa showed the lowest activity and
Staphylococcus aureus showed the highest activity
at concentration 1 mg/ml1. A bioautography study
was also done in which MeOH extract was used to
spot on bioautogram against the indicator
organisms Pseudomonas and Staphylococcus
aureus. This study helps in the isolation and
identification of 14-deoxyandrographolide and 3-O-
beta-D-glucosyl-14-deoxyandrographolide.  Both
compounds are antibacterial. Both compounds are
NMR spectra based. The hydro ethanolic extract of
Andrographis paniculata also showed antimicrobial
as well as antibiofilm activity against Salmonella
typhimurium. Salmonella typhimurium is a type of
pathogen which is developed from food. The extract
agitates and damages the membrane of Salmonella

typhimurium ~ (19).  Silver  nanoparticles  of
Andrographis paniculata showed the highest
antibacterial  activity  against  Gram-positive

Enterococcus faecalis. Silver nanoparticles and
Gram-positive Enterococcus faecalis showed a large
gap in values of zeta potential. The charge on the
surface of cells kills the cells (26). The 14-deoxy-11-
didehydroandrographolide,12-

didehydroandrographolide decreased the H1N1
influenza A virus and H5N1 influenza A virus in the
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mice. 3,19-isopropylideneandrographolide from
the diterpenoid lactone category stopped the
infection of herpes simplex virus type-1 (19).

Hepatoprotective

Chen et al. in 2000 had demonstrated that the
Andrographis paniculata ethanolic extract and
andrographolide therapeutically maintained the
amount of P-glycoprotein, UGT i.e uridine
diphosphate glucuronosyl transferases, cytochrome
P450 isoenzymes activity, and GST i.e glutathione S-
transferases in the liver of the rat. The rats were also
used to study the effect of andrographolide and
ethanolic extract on the pharmacokinetically activity
of tolbutamide. Andrographolide and the ethanolic
extract were also studied for the hypoglycaemic side
effect produced by tolbutamide in the mice which
was obese by giving them a high amount of fat diet.
The concentration of the dose of andrographolide
was 50 mg/kg per day and 2 g/kg per day
methanolic extract by the route of intragastric for
five days. Both doses were given before the
administration of the tolbutamide dose i.e 20
mg/kg. The andrographolide and ethanolic extract
decreased the amount of tolbutamide by inducing
enzymes that metabolize the drug without
damaging the hypoglycaemic  activity of
tolbutamide. Andrographolide helps in protecting
the liver cells from cell death produced by H202 by
inducing Nrf-2/HO-1 by the signaling of A2a
receptors.

Analgesic activity

Lin FL et al. in 2009 had demonstrated that the
extract of  Andrographis  paniculata  and
andrographolide showed analgesic activity (22).
Ghosh et al. in 1981 had demonstrated that the use
of Andrographis paniculata by the route of oral in
the concentration dose of 20-30 ml/kg showed the
analgesic and anti-inflammatory activity (45).

Anti-Pyretic activity

Amarayan et al. in 2003 had demonstrated that the
Andrographis paniculata when given with the
Glychrrizhia glabra, Eletherococcus senticosus and
Schisandra chinesis combination showed the
therapeutic activity against the Mediterranean fever.
The combination was in fixed and standardized
dose by double-blind and a clinical trial among two
groups of patients was done (3). Anbarasu et al. in
1999 had demonstrated that chikungunya fever can
be treated by the chooranam of Andrographis
paniculata. Mahadev et al. in 2000 has
demonstrated that the andrographolide dose in a
concentration of 300 mg/kg showed analgesic
activity in mice which were suffered from wriggle
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pain induced by acetic acid and Randall test. The
andrographolide does not respond to any analgesic
activity in the mice which was put on a hot plate. The
rats were given brewers yeast to develop fever and
raise the temperature and the antipyretic activity
was demonstrated by  administration  of
andrographolide dose at 100 mg/kg and 300
mg/kg by oral route. The antipyretic effect of
andrographolide was produced after three hours.
Andrographolide also showed anti-ulcer activity in
aspirin-induced ulcers in rats (5).

Anti-diabetic activity

The ethanolic extract of Andrographis paniculata
showed anti-diabetic activity in rats that were
diabetic by the streptozotocin. The extract also
reduced the level of glucose in the blood and the
level of triglyceride by 49.8 percent (54) in the
streptozotocin-induced diabetic rats (57).
Borhanuddin et al. in 1994 had reported the
hypoglycaemic activity of hydro extract (dose
concentration is 10 mg/kg) of Andrographis
paniculata. The extract was given to the
hyperglycaemic rabbits whose hyperglycaemic
level is induced by 2 mg/kg glucose by the oral
route (9). Koteswara Rao in 2006 had demonstrated
that the chloroform extract of roots of Andrographis
paniculata showed antihyperglycemic activity. The
extract was given to the diabetic rats whose diabetes
was induced by alloxan. Nugroho et al. in 2000 had
demonstrated that the Andrographis paniculata and
andrographolide showed antihyperlipidemic and
antidiabetic activity in the rats which were fed a fatty
diet. To increase the body weight, cholesterol in the
blood, glucose in the blood, triglycerides, and low-
density lipoproteins the rats were fed with high
fructose-containing fat for fifty-five days regularly.
The high fructose-containing fat diet contains fifteen
percent lard, five percent egg yolk, thirty-six percent
fructose. The study demonstrated that the
andrographolide can lower the glucose level in
plasma through utilizing the glucose in insulin lack
diabetic rats (54). The combination of Andrographis
paniculata and Momordica charantia showed an
antidiabetic effect in diabetic rats whose diabetes
was induced by giving alloxan (44).

Anti-platelet activity

Thisoda et al. in 2006 had demonstrated that the
extract of Andrographis paniculata contains many
anti platelets chemical components which have a
vital role in the anti-platelet activity. The chemical
components like andrographolide, 14-deoxy-11-
didehydroandrographolide, 14-deoxy-12-
didehydroandrographolide helped in the inhibition
of platelets aggregation induced by thrombin in the
time versus concentration graph. The extract of
Andrographis paniculata and its other chemical
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constituents induced Enos-NO/cyclic-GMP pathway
by reducing PLCgama2-PKC and PI3 Kinase/Akt-
MAOKSs (24) and reducing the factor that activates
platelet (25). Amroyan et al. in 1999 had
demonstrated that the platelet aggregation induced
by PAF was inhibited by the andrographolide in a
dose-dependent manner i.e 5uM. Andrographolide
exhibited activity on the cardiovascular system and
antithrombotic activity. The mechanism of action of
andrographolide differs from NSAIDS i.e non-
steroidal anti-inflammatory drugs (4).

Anti-bacterial activities

Ahmed et al. in 2012 had demonstrated that the
methanolic extract of the whole part of the plant was
used to isolate the compound named 3-O-beta-
Dglycosyl-14-deoxyandrographolide by the
bioassay-guided isolation method. The 3-O-beta-
Dglycosyl-14-deoxyandrographolide exhibited
antibacterial activity (1,47,49). There is a total of nine
strains of bacteria on which Andrographis paniculata
showed anti-bacterial activity. The strains are
Escherichia coli, Staphylococcus aureus, Salmonella
typhimurium, Shigella sonnei, Bordetella pertussis,
Legionella pneumophila, Staphylococcus pyogenes,
Staphylococcus pneumonia, Pseudomonas
aeruginosa (18,53).

Toxicity studies

The toxicity of andrographolide and other members
of the Andrographis paniculata family of chemicals
is extremely low. Mice given oral extracts of
Andrographis paniculata (10 g/kg body weight)
once a day for seven days were able to survive and
none perished. This large dose resulted in a
decrease in activity and an overall feeling of
drowsiness. These animals' hearts, kidneys, livers,
and spleens were all found to be normal. There was
no effect on growth, appetite, or stool production
when mice were administered 500 mg/kg of
Andrographis paniculata daily for 10 days. The
animals were lively, and total blood counts came
back normal. There were no adverse cardiovascular
reactions in rabbits administered intravenous
andrographolide (10 mg/kg). Heart, liver, kidney,
and spleen enzyme testing were performed was
normal. When handled correctly, andrographolides
are naturally occurring chemicals with low toxicity.
Allergic responses have been linked to the use of
Andrographis paniculata, ranging from small skin
rashes to more serious anaphylaxis, which could be
a problem at high doses. It's unclear if these
reactions are caused by Andrographis paniculata or
by other substances in herbal preparations (60,61).

Conclusions
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After analyzing all of Andrographis paniculata 's
ayurvedic and modern scientific characteristics, this
medicinal herb can be recommended to the general
public as a safe and important source of healthcare.
It has been found that Andrographis paniculata
(Kalmegh) is a therapeutically beneficial plant for
infections, fever, respiratory diseases, snake bites,
worm infections, and a variety of other ailments. Its
active phytochemical components have been linked
to a variety of medicinal benefits. According to the
study, Kalmegh has anti-inflammatory, anti-diabetic,
anti-cancerous, anti-venom, antipyretic,
hepatoprotective, and other pharmacological
properties. This plant can also be used to generate
herbal formulations for the treatment of a variety of
ailments due to the presence of various bioactive
components and a low toxicity profile. The plant is
widely cultivated in many parts of the world, and its
prominence as a medicinal plant is developing
rapidly as more and more evidence of its numerous
therapeutic applications emerges. The present
article reviews the pharmacological activities of
Kalmegh. So, more research work should be done
for the safe and effective use of Andrographis
paniculata crude drug. There are many other
species of Andrographis plant on which
pharmacological activities have not been done. So,
there is a need for more work on other species and
marketed formulations.
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