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Abstract: Andrographis paniculata (Burm.f.) Nees has been used as a traditional medicine in Asian
countries, especially China, India, Vietnam, Malaysia, and Indonesia. This herbaceous plant extract
contains active compounds with multiple biological activities against various diseases, including the
flu, colds, fever, diabetes, hypertension, and cancer. Several isolated compounds from A. paniculata,
such as andrographolide and its analogs, have attracted much interest for their potential treatment
against several virus infections, including SARS-CoV-2. The mechanisms of action in inhibiting viral
infections can be categorized into several types, including regulating the viral entry stage, gene
replication, and the formation of mature functional proteins. The efficacy of andrographolide as
an antiviral candidate was further investigated since the phytoconstituents of A. paniculata exhibit
various physicochemical characteristics, including low solubility and low bioavailability. A discussion
on the delivery systems of these active compounds could accelerate their development for commercial
applications as antiviral drugs. This study critically reviewed the current antiviral development
based on andrographolide and its derivative compounds, especially on their mechanism of action as
antiviral drugs and drug delivery systems.

Keywords: Andrographis paniculata; andrographolide; antivirals; mechanism of action; drug delivery
system

1. Introduction

Andrographis paniculata (Burm.f.) Nees is a herbaceous plant of the family Acanthaceae
and is commonly known as “Chiretta” [1], “King of Bitters” or “Kalmegh” [2]. It has been
used as a traditional medicine in Asian countries, such as China, India, Vietnam, Malaysia,
and Indonesia. It is regarded as a safe and non-toxic medicine in traditional Chinese
medicine (TCM) [3]. Usually, the aerial parts, roots, or leaves of A. paniculata are used as
powders, infusions, or decoctions. A. paniculata has an excellent potency among medicinal
plants due to its broad spectrum of biological activities related to the treatment of infectious
and degenerative diseases. Clinical studies of standardized commercial A. paniculata
extracts were shown to have excellent efficacy. For instance, KalmColdTM was clinically
shown to have an efficacy that is 2.1 times higher than that of a placebo (p-value ≤ 0.05)
at reducing symptoms of upper respiratory tract infections in 223 patients [1]. A placebo-
controlled double-blind study of Kan JangTM showed better efficacy of A. paniculata extracts
than a placebo for reducing clinical symptoms among 59 common cold patients [4]. This
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evidence indicates that A. paniculata has a high market value, either in the form of its parts
or standard compounds (e.g., 5 USD kg−1 and 100,000 USD kg−1 for good-quality dried
leaves and andrographolide, respectively) [5].

The biological activities of A. paniculata could be associated with the presence of
approximately 142 secondary metabolites in this plant’s tissues, including entalabdane
diterpenoids, flavonoids, quinic acid derivatives, xanthones, rare noriridoids, steroids,
and other compounds [5,6]. Most of them are extracted from the aerial parts, leaves, and
whole parts of the plant, while some are obtained from the roots (Figure 1). Among the
identified compounds, andrographolide and its derivatives, including neoandrographolide,
14-deoxy-11,12-dehydroandrographolide, and isoandrographolide, contribute the main re-
ported pharmacological activities [2]. Andrographolide is used in many fields of medicine,
including as an anticancer [7], antimicrobial [8,9], antioxidant [10], anti-inflammatory [11],
antiviral [3,12,13], antidiabetic [14] and wound-healing agent [15]. Meanwhile, 14-deoxy-
11,12-didehydroandrographolide exhibits antifungal, antiviral, and anticancer activities.
Moreover, isoandrogrpaholide suppressed tumors and inhibited pro-inflammatory media-
tors (NO, IL-1β, and IL-6) and allergic mediators (LTB4 and histamine) [16,17]. Further-
more, neoandrographolide acts as an antiviral, anti-inflammatory, hepatoprotective, and
antiradical agent [18,19].

Nowadays, the coronavirus disease 2019 (COVID-19) pandemic, caused by a severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, has transformed the
philosophy of drug discovery into “one drug, multi-target” instead of “one drug, one target” [2].
Due to COVID-19, much attention has been given to active biological compounds with
potential antiviral activities. Many of them (both synthetic and natural substances) are
being explored to gain in-depth information on their potential action against SARS-CoV-2.
However, repurposing natural phytomolecules in medicinal plants has been regarded as an
ideal (and the most economical) method of finding drug components of interest as quickly
as possible [20].

Andrographis paniculata extract and some of its active compounds were reported to
possess antiviral activities. For instance, andrographolide protects against deoxyribonu-
cleic acid (DNA) viruses (e.g., Epstein–Barr (EB) virus and herpes simplex virus 1 (HSV-
1)) and ribonucleic acid viruses (e.g., human immunodeficiency virus (HIV), influenza
virus A, hepatitis C, dengue virus, and Japanese encephalitis virus (JEV)) [21]. An in
silico study showed that andrographolide possessed potential inhibitors of SARS-CoV-
2’s main protease [17,19,20]. In addition, 14-deoxy-11,12-dehydroandrographolide was
effective in inhibiting the influenza A virus, HSV-1, and HIV replication. Moreover, 14-
deoxyandrographolide exhibits antiviral activity to protect against human papillomavirus
(HPV), HIV, and HSV-1 [22].

The efficacy of andrographolide (and its analogs) as an antiviral candidate requires
further investigation. Although several reports and reviews have discussed their antiviral
properties [2,3,23], the information on their mechanism of action and the understanding
of their physicochemical characteristics are still limited. For example, despite its poten-
tial antiviral activity, the use of andrographolide is limited due to its low solubility in
aqueous extracts, bitter taste, low stability in the gastrointestinal tract, and low bioavailabil-
ity [24–26]. Thus, the dosage form of andrographolide and its derived compounds should
be carefully considered when designing treatments.

Investigating the drug delivery systems of these phytoconstituents of A. paniculata has
become a popular research topic recently. Several papers have reviewed the antiviral activ-
ity of andrographolide and its derivatives (see, for example, the work of Gupta et al. [21],
Jiang et al [3], and Reshi and Yong [27]. However, discussing the antiviral activities of an-
drographolide and its derivatives, combined with the delivery system of andrographolide,
is a more interesting topic. This is because it provides insights into how the pharmacolog-
ical activities of andrographolide and its derivatives can be optimized when applied to
biological systems.
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Figure 1. The compounds contained in A. paniculata, divided into four parts: whole plant, aerial plant, leaves, and roots. The
whole plant comprises all parts of the plant. The aerial part is that which is directly exposed to the atmosphere, including
stems, twigs, leaves, and flowers.

Therefore, this review discusses the current state of using these two aspects of an-
drographolide and its analog compounds to develop antiviral drugs. The main purpose
of this review was to present correlations between the physicochemical characteristics of
these phytochemicals of A. paniculata with their antiviral activity and delivery systems as
drugs. In this way, this review is expected to provide insight into how to accelerate the
development of an antiviral drug based on andrographolide and/or its analog compounds

2. Literature Search Strategy

A systematic search was conducted through several databases (PubMed, Elsevier,
American Chemical Society, Google Scholar, MDPI, Springer, and SciFinder) to compile
articles published from 2010 to 2021 that contained terms such as “andrographolide and its
derivatives”, “Andrographis paniculata”, “antiviral activities”, “mechanism of action”, and
“delivery systems” in their titles and abstracts.

The searches generated 52 articles containing reports of the effects of andrographolide
and its derivatives against influenza, herpes simplex, hepatitis, HIV, and SARS-CoV-2,
as well as their mechanisms of action. Another 24 articles referring to andrographolide
delivery systems were also found. Further searches for information about antivirus activity,
mechanism of action, and delivery system were carried out with more specific keywords
using the same sources.
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3. Phytomolecules of Andrographis Paniculate
3.1. Andrographolide

As the main component of A. paniculata, andrographolide is an ent-labdane diterpenoid
with a chemical formula of C20H30O5 (Figure 2) and a molecular weight of 350.45 g/mol.
Andrographolide is a colorless crystalline solid plate with a melting point of 205–210 ◦C.
The ultraviolet spectra in methanol and ethanol ranged from 223 to 224 nm (λmax) [28,29].
Andrographolide is easily dissolved in methanol, ethanol, pyridine, acetic acid, and acetone
but only slightly dissolves in ether and water. Although it can be isolated using water-
based solvents, it has a low solubility (46 mg L−1) in water, resulting in low bioavailability
in living systems [30,31].

Figure 2. Chemical structures of the main components of A. paniculata.

3.2. Neoandrographolide

Neoandrographolide can be found in the whole plant. It is isolated by methanol,
ethanol, and acetone solvents. Neoandrographolide has a chemical formula of C26H40O8
(Figure 2) and a molecular weight of 480.59 g/mol. It forms a long colorless needle crystal
and has a melting point of 167–168 ◦C. Specific optical rotations are −48◦ (pyridine) and
−45◦ (absolute methanol). The UV spectrum showed that the maximum lambda (λmax) is
240 nm in a methanol solvent [32]. Neoandrographolide is soluble in methanol, ethanol,
acetone, and pyridine but only slightly soluble in chloroform and water. In addition, it is
insoluble in ether and petroleum ether [33,34].

3.3. 14-Deoxyandrographolide

Another major compound of A. paniculata is 14-deoxyandrographolide. 14-Deoxyand-
rographolide has been isolated from leaves, the aerial part, and the whole plant of A. paniculata
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with methanol, ethanol, ethyl acetate, and ethanol-water. It forms a colorless cylindrical
crystal with a melting point of 170 ◦C. 14-Deoxyandrographolide showed a UV spectrum at
238 nm (λmax in methanol). Its chemical formula is C20H30O4 (Figure 2) and its molecular
weight is 334.44 g/mol [35–37].

3.4. Isoandrographolide

Isoandrographolide is a minor diterpenoid lactone that is isolated from A. paniculata.
Isoandrographolide has the same chemical formula as andrographolide (C20H30O5) but
it has a different geometry (Figure 2). Isoandrographolide forms a colorless prism with
a melting point of 198–200 ◦C. Isoandrographolide has been isolated from the aerial part,
leaves, and roots of A. paniculata with different solvents, including methanol, ethanol, and
ethyl acetate [38,39].

3.5. 14-Deoxy-11,12-didehydroandrographolide

14-Deoxy-11,12-didehydroandroandrographolide is another major compound that is
found in A. paniculata. It can be found in all parts of the plant but is predominantly found
in the leaves. 14-Deoxy-11,12-didehydroandroandrographolide has a chemical formula of
C20H28O4 and it forms a white crystal with a melting point of 204–205 ◦C. It showed UV
spectra at 252 nm in a methanol solution [38,40,41].

4. Antiviral Activity

Viruses are small infectious agents that can only reproduce in living host cells; they
are believed to have co-existed with living things since the beginning of life [40]. In the
last two years, a new virus that infects the respiratory tract emerged, namely, the novel
coronavirus SARS-CoV-2 (Severe acute respiratory syndrome coronavirus 2), which caused
new diseases called COVID-19 and showed symptoms that was similar to SARS-CoV
infection. The new virus has infected 232.72 million people and killed 4.76 million people
worldwide as of 29 September 2021 [41].

The life journey of a virus that continues to mutate has caused viral infections to
become resistant to several drugs and, thus, become the focus of the world’s health issues.
Herbal plant-based medicine has made a significant contribution to developments in
the medical sector, one of which is A. paniculata. The main component of this plant is
andrographolide, which exhibits a broad range of antiviral activity. An evaluation of
the potential of A. paniculata and its main components as antiviral agents will provide
new insights into antiviral drug discovery. The antiviral activities of A. paniculata was
summarized in Table 1, including their anti-dengue, anti-influenza, anti-HIV, anti-herpes
simplex and anti SARS-CoV-2.

4.1. Anti-Dengue Virus

Dengue virus is a threat that continues to affect humans and has become endemic
in several countries for decades. Dengue virus spreads through Aedes aegypti and Aedes
albopictus mosquitoes [42]. Dengue virus causes self-limiting febrile illness, dengue hem-
orrhagic fever, and dengue shock syndrome [43]. Treatments for dengue disease are still
limited. The search for drugs that are based on natural ingredients is a surefire method for
fighting dengue disease.

One of the herbal plants that have been tested for its anti-dengue activity was A.
paniculata, with andrographolide as the main component. Andrographolide was reported
to reduce cell infection and suppress dengue virus (DENV) production [44]. In its inhibitory
phase, andrographolide suppresses viral production in the post-infection phase and reduces
viral infections. At the stage of virus entry, andrographolide administration did not show
significant inhibition on the HepG2 and Hela cell lines, meaning that andrographolide did
not inhibit or prevent the dengue virus from infecting cells [45].

Furthermore, during its inhibition process, andrographolide upregulates heme oxygen-
ase-1 (HO-1). HO-1 is an inducible enzyme in the heme catabolic pathway that can protect
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against the oxidative stress that is caused by the formation of reactive oxygen species
(ROS) in DENV’s infection process. HO-1 induction can also inhibit protein synthesis
and RNA replication in DENV serotypes 1–4. On the other hand, the overexpression of
HO-1 degrades heme to form biliverdin, carbon monoxide (CO), and Fe3+, leading to
the production of cytoprotective agents. However, in this case, only biliverdin acts as a
cytoprotective agent against DENV because it inhibits DENV NS2B/NS3 protease activity,
thus preventing DENV from replicating [46].

In the assay of andrographolide activity as an anti-DENV agent on several cell lines,
approximately 15.62 µg/mL as a minimum non-toxic dose of andrographolide showed
97.23% inhibition against DENV2 on the C6/36 cell line [13]. Moreover, andrographolide
reduced cell infection and virus production with 50% effective concentrations (EC50) on
DENV2 of 21.304 µM and 22.739 µM for HepG2 and HeLa cell lines, respectively [45]. In
addition, the methanolic extract from A. paniculata inhibited DENV in the Vero E6 cell line
with an IC50 value of 20 µg/mL [47].

4.2. Anti-Influenza a Virus

Influenza A virus (IAV) attacks the respiratory system of humans and birds. IAV
increases the population of cytokines that cause inflammation in the respiratory tract (espe-
cially in the alveolar compartment), acute respiratory syndrome, and even death [48,49].
Patients with IAV infection can transmit the virus through the air, as the viral replication
process occurs in epithelial cells in the lower and upper respiratory tract [50].

Research on A. paniculata and its main component (andrographolide, which protects
against influenza) was carried out. Andrographolide inhibits IAV during the gene replica-
tion and functionally mature protein phases. However, 14-deoxy-11,12-didehydroandrog-
rapholide, the second major component of A. paniculata, can inhibit the virus during the en-
try phase. In addition, both andrographolide and 14-deoxy-11,12-didehydroandrographo-
lide reduced the expression of pro-inflammatory cytokines and chemokines that are caused
by infection and eventually reduced the lung pathology caused by IAV (H1N1, H5N1, and
H9N2) [3].

IAV has two surface glycoproteins: hemagglutinin (HA) and neuraminidase (NA). HA
binds to sialic acid receptors on host cells, causing infection, while NA cleaves the receptor
to be released from host cells. Molecular docking was carried out by Raja et al. [51], who
showed that andrographolide binds to HA and NA by forming five or three hydrogen
bonds, respectively (Figure 3). The binding indicates that andrographolide can interact
with the proteins that are used by viruses during infection [51,52].

Meanwhile, via its inhibitory mechanism, 14-deoxy-11,12-didehydroandrographolide
strongly inhibits H5N1 replication by reducing nucleoprotein (NP) mRNA, NP, and NS1
proteins. 14-Deoxy-11,12-didehydroandrographolide also effectively suppresses the nu-
clear export of viral ribonucleoprotein (vRNP) complexes during cell replication [53]. A
decrease in the rate of cell replication causes a significant decrease in the expression of
pro-inflammatory cytokines/chemokines.

In addition to inhibiting viral replication and production, andrographolide and 14-
deoxy-11,12-didehydroandrographolide decrease inflammation by suppressing the prolif-
eration of cytokines (TNF-α, IL-6, IL-8, IFN-α, IL-1β, and IFN-β) and chemokines (CXCL-
10 and CCL-2) that are induced by IAV virus infection. They do this through several
mechanisms, including inhibiting the NF- κ B signaling pathway, which plays a crucial
role in cytokine expression. In other cases, both andrographolide and 14-deoxy-11,12-
didehydroandrographolide downregulate the Janus kinase/signal transducer and tran-
scription (JAK/STAT) activation signals that are stimulated by IAV. Within the JAK/STAT
signaling pathway (induced by IFNs), hundreds of interferon-stimulated genes (ISGs) are
upregulated [54]. This pathway is also a critical signaling pathway for inflammation in the
lungs [55,56].

The results presented by Yu et al. [57] show that andrographolide exhibited 43.90 ± 2.49%
viral inhibition activity by 250 µg/mL on a human bronchial epithelial cell line (16HBE) [57].
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In addition, the IC50 values of 14-deoxy-11,12-didehydroandrographolide for reducing
the cytopathic effect (CPE) that is caused by IAV infection were 5 ± 1 and 38 ± 1 µg/mL,
in A549 and MDCK cells, respectively. On the other hand, 14-α-lipoyl andrographolide
(AL-1), which is an andrographolide derivative, exerts robust anti-IAV activity with EC50
values of 8.4 µM (H9N2), 15.2 µM (H5N1), and 7.2 µM (H1N1) on the MDCK cell line [58].

Figure 3. The processes by which IAV invades the host cell and andrographolide and 14-deoxy-11,12-
didehydroandrographolide (DAP) inhibit IAV replication and prevent IAV invasion. Andrographolide treatment inhibits
viral invasion by binding with HA and NA so that the sialic acid receptor cannot bind to HA or NA. 14-Deoxy-11,12-
didehydroandrographolide (DAP) treatment inhibits viral production by suppressing the NP, NP1, mRNA, and nuclear
export through the inner cells. Andrographolide and DAP need to be distributed and penetrate the cell to inhibit viral
invasions and production after oral administration.

4.3. Anti-HIV

HIV is a member of the Retroviridae family. HIV is spherical with a diameter of 120 nm.
It attacks macrophage cells, such as monocytes, dendritic cells (DCs), and microglial cells.
HIV infection in the immune system can lead to acquired immunodeficiency syndrome
(AIDS), which causes a weakening of the immune system leads to various diseases that
quickly attack the patient’s body. HIV can infect host cells when the glycoprotein gp120,
which acts as the hand of HIV, binds to the CD4 receptor of the host cell. However, the
infection does not occur quickly because the coreceptors on the surface of T cells, namely,
C-X-C receptor 4 (CXCR4) and C-C receptor 5 (CCR5), must take part in the process
(Figure 4) [59].

Sixteen Chinese herbal medicines, including andrographolide, were analyzed in vitro
and in vivo for their ability to downregulate CXCR4 and CCR5 coreceptors in T cells. A
70% ethanolic extract of A. paniculata significantly downregulated the CXCR4 and CCR5
promoters with an EC50 value of 5.49 µg/mL. A. paniculata can also suppress cell fusion
and decrease p24 antigen (p24 antigen levels were correlated with the proportion of
immunological failure). Clinical trials using human T cells showed a decrease in CXCR4
and CCR5 levels from 35 to 10% and 25 to 10%, respectively, via flow cytometry after
administering A. paniculata extract [60].
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Figure 4. The process of HIV invasion into the host cell and andrographolide’s inhibition of virus infection. Andro-
grapholide suppresses the CXCR4 and CCR5 receptors to prevent HIV from entering the cell. Meanwhile, 14-deoxy-11,12-
didehydroandrographolide (DAP) binds to gp120 in HIV to reduce the virus’s interaction with the cell receptor (CD4)
because the active site of the viruses is blocked by DAP [3].

In the same year, the main component of A. paniculata, namely, andrographolide,
was found to inhibit gp120-mediated cell fusion in HL2/3 cells with an IC50 value of
0.59 M. Molecular modeling results show that andrographolide binds to the V3 loop of
gp120. The andrographolide binding indicates that it could be an HIV infection prevention
agent [61]. In addition, andrographolide and 14-deoxy-11,12-didehydroandrographolide
showed good anti-HIV activity with EC50 values of 49.0 and 56.8 µg/mL, respectively [62].

4.4. Anti-Herpes Simplex

The herpes virus belongs to the Herpesviridae family, with herpes simplex being the
most common virus found in humans. Herpes simplex virus (HSV) attacks the skin and
mucosal epithelial cells. People infected with HSV get blisters on the skin and mucous
membranes in the mouth, lips, genitals, and throat. In the eye area, HSV infection causes
conjunctivitis, keratitis, iridocyclitis, and acute retinal necrosis. HSV infection is usually
treated with acyclovir (ACV), but recently, HSV has become resistant to ACV [21,63]. New
drug candidates are needed for treating HSV to overcome the mutated virus.

Andrographolide and its derivatives exhibit anti-HSV activity. Andrographolide,
neoandrographolide, and 14-deoxy-11,12-didehydroandrographolide showed virucidal
activity in HSV-1 without showing significant cytotoxic effects at virucidal concentrations
(IC50 values of 8.28, 7.97, and 11.1 µg/mL, respectively) [64]. In addition, andrographolide
and 14-deoxyandrographolide inhibit the viral entry stage and suppress viral production
during the replication stage by interfering with early gene expression through glycoproteins
C and D, which are produced by the early gene [65].

Another type of herpes virus is the Epstein–Barr virus (EBV). In the early stages of its
lytic cycle, EBV requires BRLF1 and BZLF1, which are immediate–early genes that encode
transcription factors Zta and Rta. Both of these transcription factors have important roles
in shaping lytic gene sets, thereby affecting the encoding of antigen (EA-D) and DNA
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polymerase [66]. Therefore, inhibiting the formation of transcription of these factors can
suppress the rate of virus production because the reproductive cycle is disrupted.

An ethanol extract of A. paniculata (EEAP) and andrographolide (25 and 5 µg/mL,
respectively) significantly inhibited the expression of EBV lytic proteins, Rta, Zta, and
EA-D during the viral lytic cycle in P3HR1 cells [67]. Thus, the mechanism of inhibition
of the EEAP and andrographolide against EBV was to inhibit BRLF1 and BZLF1, thereby
stopping the lytic cycle of EBV (Figure 5).

Table 1. Antiviral activities of chemical compound and extract from A. paniculata.

Antivirals
A. paniculata

(Extract and Chemical
Compounds)

Cell Target Inhibition Activity Ref.

Anti-dengue

Andrographolide C6/C3 cell line 97.23% viral inhibition using
15.62 µg/mL [13]

Andrographolide HepG2 and HeLa cells
Reduce cell infection and viral
production with EC50 values of

21.304 and 22.739 µM, respectively
[45]

Methanolic extract Vero E6 Inhibits DENV with an IC50 value
of 20 µg/mL [47]

Anti-influenza

Andrographolide
Human bronchial
epithelial cell line

(16HBE)

43.90 ± 2.49% viral inhibition by
250 µg/mL [57]

14-Deoxy-11,12-
didehydroandrographolide A549 and MDCK cells

Reduce cytopathic effect (CPE)
with IC50 values of 5 ± 1 and
38 ± 1 µg/mL, respectively

[58]

Anti-HIV

Ethanolic extract Human T cell Downregulate CXCR4 and CCR5
with an EC50 value of 5.49 µg/mL [60]

Andrographolide
HL2/3 cell Inhibits gp120-mediated cell

fusion with an IC50 value of 0.59 M [61]

MT2 cell Inhibits the p24 antigen with an
EC50 value of 49.0 µg/mL [62]

14-Deoxy-11,12-
didehydroandrographolide MT2 cell Inhibits the p24 antigen with an

EC50 value of 56.8 µg/mL [62]

Anti-herpes simplex

Andrographolide Vero cell Inhibits the cytocidal effect with
an IC50 value of 8.28 µg/mL

[64]
Neoandrographolide Vero cell Inhibits the cytocidal effect with

an IC50 value of 7.97µg/mL
14-Deoxy-11,12-

didehydroandrographolide Vero cell Inhibits the cytocidal effect with
an IC50 value of 11.1 µg/mL

Anti-SARS-CoV-2

Ethanolic extract Calu-3 cell Inhibits viral production with an
IC50 value of 0.036 µg/mL [68]

Andrographolide

Inhibits viral production and
suppresses the main protease

(Mpro) activity with IC50 values of
0.034 and 15.05 ± 1.58 µM,

respectively.

[68,69]
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Figure 5. The process that takes place in host cells that are infected by EBV. Andrographolides inhibit BRLF1 and BZLF1,
which are required to conduct transcription factors RTA and ZTA. RTA and ZTA are important for completing DNA
replication.

4.5. Anti-SARS-CoV-2

SARS-CoV-2 has caused a pandemic that includes almost all countries around the
world. It attacks the respiratory organs and spreads very quickly. The search for drugs is
still ongoing because this virus is likely to continue to co-exist with humans. Several meth-
ods have been used to search for SARS-CoV-2 drugs, including in silico (computational)
approaches and in vitro studies [20].

One way to inhibit SARS-CoV-2 is to inhibit the main protease (Mpro), 3C-like pro-
teinases (3CLpro), and papain-like protease (PLpro). These non-structural proteins are viral
proteases that are crucial to the production of functional polyproteins, which are needed
for viral RNA replication and transcription. In addition, SARS-CoV-2 requires cellular
receptor angiotensin-converting enzyme 2 (ACE2) to enter the host cell. By inhibiting the
formation of non-structural proteins from SARS-CoV-2, the replication or production of the
virus can be suppressed. In addition, blocking the ACE2 receptor on the host cell prevents
the virus from penetrating the cell [68–71].

So far, in silico research has identified the main enzyme of SARS-CoV-2, a spiked
glycoprotein, and a cell receptor. The spike glycoprotein in SARS-CoV acts as a viral anti-
gen that is responsible for binding to host receptors, internalizing the virus, and inducing
strong humoral and cellular immune responses in humans during infection [70,72]. The
ACE 2 receptor and spiked glycoprotein have Moldock scores of 99.354 and 98.80 kcal/mol,
respectively [71]. Meanwhile, molecular docking with the Glide module showed that andro-
grapholide has a binding affinity for the main protease SARS-CoV-2, with a Glide score of
6.26 [73]. In addition, four main components of A. paniculata, namely andrographolide, 14-
deoxy-11,12-didehydroandrographolide, neoandrographolide, and 14-deoxyandrograph-
olide, have the potential to protect against the 3-chymotrypsin-like protease (3CLpro), spike,
RNA-dependent RNA polymerase (RdRp), and papain-like protease (PLpro) of the virus,
which is responsible for replication, transcription, and host cell recognition [74,75].
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Recently, in vitro assays of Calu-3 cells infected with SARS-CoV-2 have shown that
A. paniculata and andrographolide significantly inhibited the production of infectious
virions with an IC50 of 0.036 µg/mL and 0.034 M, respectively [68]. Subsequently, andro-
grapholide suppressed the main protease (Mpro) activity of SARS-CoV-2 and SARS-CoV via
a cleavage assay, yielding IC50 values of 15.05 ± 1.58 and 5.00 ± 0.67 µM, respectively [69].

5. Delivery System

The use of andrographolide as a therapeutic agent, especially as an antiviral agent,
is still limited. However, in vitro andrographolide has potential as an agent for treating
various types of diseases [3,9,11,12]. Furthermore, this potential is limited to in vitro tests.
Its application to living things will be much different considering the shortcomings of
andrographolide. Andrographolide has an α,β-unsaturated γ-lactone ring connected to the
decalin ring through unsaturated C2 (Figure 2) [26]. It impacts the solubility of water and
has poor oral absorption and low bioavailability because it is not stable under the acidic or
alkaline conditions of the digestive system [26]. The low bioavailability of andrographolide
significantly interferes with the performance of andrographolide to treat diseases. The
absorption process of andrographolide will also be disrupted such that the concentration
of andrographolide in the blood is insufficient to achieve optimal treatment activity.

The primary purpose of using a delivery system is to increase the bioavailability of
andrographolide and provide a time-release effect on the absorption process to extend the
half-life of andrographolide in the blood [76]. The application of drugs that do not use a
carrier yields a short half-life since the body absorbs the drug component according to its
ability when it enters the body. Generally, the drug compound that is not absorbed will be
excreted through the excretory channel [77]. Therefore, several researchers have modified
the use of andrographolide in the delivery system. The types of drug delivery system of
andrographolide reviewed in this study are summarized in Table 2, including microsphere,
microemulsion, liposome, noisome, and nanoparticles, as well as their biocompatibility
aspects.

5.1. Microsphere

A microsphere is a spherical microparticle with sizes ranging from 1–1000 µm. Mi-
croscale particles are widely used as adsorbents because of their high surface area and high
surface-to-volume ratio. Based on its ability as an adsorbent, the microsphere can absorb
drug compounds and be used as a drug carrier [78–80]. Microspheres formulated with
polylactic co-glycolic acid (PLGA) can be used as a delivery medium for andrographolide.

PLGA is a biodegradable polymer that is frequently used for developing microspheres.
Andrographolide-loaded microspheres formulated with PLGA and prepared using the
solvent emulsion evaporation method can provide a sustained time-release effect on
andrographolide, increasing its bioavailability.

In-vitro test results show that an andrographolide-loaded PLGA microsphere with a
diameter of 53.18 ± 2.11 µm can sustain release for up to nine days. An andrographolide-
loaded microsphere achieves a maximum plasma concentration (Cmax) of 28.44 ± 3.76 ng/mL
at a maximum time (tmax) of 23.73 ± 2.25 h, presenting a half-life (t1/2) of 24.84 ± 3.01 h.
In contrast, pure andrographolide reaches its highest concentration at the beginning of
administration (less than an hour) and drops immediately after the next hour. Its half-life
is only 0.054 ± 0.008 h [81]. The release time of andrographolide can be long due to its
dissolution mechanism through the polymer’s diffusion and the polymer layer’s erosion
on the microsphere [82].

However, an andrographolide-loaded microsphere still has a few drawbacks. For
instance, removing the organic solvent through microsphere preparation is difficult because
it can lead to toxicity in normal cells if not carried out thoroughly.
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5.2. Microemulsion

A microemulsion is a dispersion of oil, water, and surfactant that forms an isotropic
and thermodynamically stable system. Microemulsions have domain diameters ranging
from 10–100 nm [83]. The microemulsion method can increase the bioavailability of oral
drugs because it combines oil, water, and surfactant systems (Figure 6). The solubility of
the drug compound increases because it can dissolve in two fused systems: water (polar)
and oil (non-polar) [84]. This solubility in two fused systems is necessary to overcome the
low bioavailability of andrographolide when it is administered orally.

Figure 6. The preparation process that is used to create an andrographolide-loaded microemulsion.

The process of loading andrographolide into microemulsions during its application
was studied by several researchers. Du et al. [85] used alcohol (co-surfactant), Tween 80
(surfactant), isopropyl myristate (oil), and aqua bides (water) as microemulsion agents. In
addition, Sermkaew et al. [86] used capryol, cremphor, and labrasol, while Syukri et al. [87]
used capryol, Tween 20, and polyethene glycol (PEG) 400 as microemulsion agents. The
particle sizes range from 10–25 nm. The solubility of andrographolide in the microemulsion
increased significantly and it was stabilized across time, temperature, and different gravity
states while its bioavailability increased.

An in vivo study by Syukri et al. [87] showed that using an andrographolide-loaded
microemulsion enhances andrographolide’s bioavailability compared to free andrographo-
lide. The areas under the curve (AUCs) of free andrographolide and andrographolide-
loaded microemulsion were 3.72 ± 0.3 and 4.70 ± 0.19, respectively, and the Cmax values
were 1.53 ± 0.14 and 1.99 ± 0.20 µg/mL, respectively [87]. On the other hand, the lethal
dose (LD50) of andrographolide-microemulsion was found to be 138.36 mg/kg, which is
266 times the daily oral dose for adult Kunming mice (0.52 mg/kg). With the increase in
solubility and bioavailability, the drug dose will be reduced, which means that the toxic
effects of oral drug use can be eliminated [85].

5.3. Liposomes

Another method that is used to increase the effectiveness with which drugs penetrate
cell membranes and their solubility is to use liposomes as the drug delivery system. Lipo-
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somes are artificial vesicles that consist of a lipid bilayer membrane (Figure 7). Liposomes
can be prepared with phosphatidylethanolamine (PDEA), cholesterol, dicetyl phosphate
(DCP), and andrographolide with a molar ratio of 7:1:1:1 using chloroform and methanol
(2:1 v/v) as solvents via the thin-film hydration method [88]. In addition, liposomes can be
prepared with andrographolide using the same method with soybean phosphatidylcholine
(SPC), cholesterol, and DSPE-PEG2000-Mal with a molar ratio of 25:11:0.7 and dissolved in
chloroform.

Figure 7. The preparation and delivery of andrographolide-loaded liposomes and niosomes.

After that, andrographolide was added and dissolved in ethanol at a ratio of
1:20 (w/w) [89]. Andro- grapholide encapsulated with the liposomal system showed
increased accumulation in tumor tissue and deep intratumoral penetration rates [90].
Andrographolide-loaded liposomes showed a higher cytotoxicity effect than free andro-
grapholide. The apoptosis rates of the lung cancer cells were 39.9, 45.3, and 69% for the
free combo drugs (doxorubicin and andrographolide), DSPE-PEG2000-modified liposome
(Lipo-PEG), and cell-penetrating peptides-modified liposome (Lipo-CPP), respectively [89].

5.4. Niosomes

Niosomes provide a relatively new method that is used as the drug delivery system.
The purpose of using niosomes to encapsulate drug compounds is to increase drug bioavail-
ability and improve tissue distribution [91]. Niosomes are vesicles that are formed from
non-ionic surfactants consisting of a hydrophilic head and a hydrophobic tail (Figure 7).
Loading andrographolide into a niosome can improve its bioavailability and tissue distri-
bution. Andrographolide-loaded niosomes were prepared via a film hydration/sonication
method using Span 60 (50 mg), cholesterol (7.35 mg), and andrographolide (5 mg) [92].
They were then hydrated with 20% propylene glycol and sonicated to reduce the particle
size [92,93] to 206 nm, which can be used for targeting the liver (drugs for targeting the
liver must be approximately 200 nm in size) [94].
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The obtained andrographolide niosome has an encapsulation efficacy of 72.36% and a
drug loading ratio of 5.90%. The encapsulation of andrographolide into the niosome can
reach most of the body tissues analyzed by HPLC. Niosome facilitates the distribution of
andrographolide throughout the tissue. In addition, the niosome facilitates cell penetration
because it has a bilayer membrane with the same properties as the cell membrane (Figure 7).
Therefore, andrographolide is suitable for its intended use [92].

On the other hand, the toxicity of the drugs was reduced because they were encap-
sulated [92]. However, the drawback of this method is related to the low drug loading
ratio, meaning that it still requires high doses. In addition, both free andrographolide and
andrographolide-loaded niosomes had no significant difference in their activity against
hepatocellular carcinoma (HCC). The blank niosome had no toxicity effect, but the IC50
values of free andrographolide and andrographolide-loaded niosomes are 25.2 and 25.0 µM,
respectively [92]. Compared to the liposome, the niosome did not significantly increase
the activity of andrographolide, whereas the liposome increased the activity of andro-
grapholide and doxorubicin compared to the free andrographolide. However, niosome
application can increase the bioavailability of andrographolide in biological systems

5.5. Nanoparticles

The drawback of the niosome system, namely, the low drug loading ratio, can be
overcome by using nanoparticles for drug delivery [95,96]. The synthesis of nanoparticles
as an andrographolide delivery system was carried out using solid lipid nanoparticles
(SLN) with Compritol 888 ATO as the solid lipid and Brij 78 as the surfactant, followed by
emulsification, evaporation, and solidification processes [97,98]. In addition, nanoparticles
made from polymers were also carried out for the andrographolide delivery system, in this
case, PLGA (poly(lactic-co-glycolic) acid), which was prepared using the single emulsion
evaporation method (Figure 8) [99,100].

Table 2. The andrographolide delivery system.

Type of Drug Delivery Formulation Method Biocompatibility Aspects Ref

Microsphere
PLGA (polylactic

co-glycolic acid) and
andrographolide

Emulsion solvent
evaporation

Prolonged release (up to
nine days)

Increases the half-life of
andrographolide

[84,85]

Microemulsion

Alcohol, Tween 80,
isopropyl myristate, water,

and andrographolide
Spheronization technique

Increases the solubility
Stabilized over time,

temperatures, and different
gravity states

Low acute oral toxicity

[85]

Capryol, cremphor,
labrasol, and A. paniculata

extract

Extrusion/spheronization
technique

Slow release of
andrographolide

Increases the oral absorption
[86]

Capryol, Tween 20, PEG
(polyethene glycol) 400,

and andrographolide
Spheronization technique

Increases the stability, and
improves the andrographolide

bioavailability
[87]

Liposome

Phosphatidylethanolamine
(PDEA), cholesterol, and
dicetyl phosphate (DCP)

Thin-film hydration
method

Higher cytotoxic effect
Increases the accumulation in

tumor tissue
[88]

Soybean
phosphatidylcholine (SPC),

cholesterol, and
DSPE-PEG2000-Mal

Increases the solubility of
andrographolide [89]

Niosome
Span 60 (50 mg),

cholesterol (7.35 mg), and
andrographolide (5 mg)

Film
hydration/sonication

method

Increases the andrographolide
absorption

Reduce toxicity
[92,93]
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Table 2. Cont.

Type of Drug Delivery Formulation Method Biocompatibility Aspects Ref

Nanoparticles

Compritol 888 ATO, Brij 78,
and andrographolide

Emulsion/evapo-
ration/solidifying

Expands the tissue distribution
Excellent physical and

chemical stability during
storage

Slow-release effect

[97,98]

PLGA
(poly(lactic-co-glycolic)

acid) and andrographolide
Emulsion evaporation Slow-release effect [99,100]

Figure 8. The creation and activation process of andrographolide-loaded nanoparticles. Nanoparticles produce a time-
release effect of andrographolide via passive diffusion between andrographolide and the cytoplasm.

SLN has a high encapsulation efficiency (92%) and a 262–278 nm particle size. The
use of nanoparticles can also expand tissue distribution, which reaches the blood–brain
barrier [97]. Andrographolide-loaded nanoparticles exhibit high physical and chemical
stability. Storage within a month in lyophilized powder or an aqueous dispersion at 4 and
25 ◦C showed no significant changes in particle size, polydispersity index (PDI), or zeta
potential value.

In addition, andrographolide that is embedded in nanoparticles can produce a slow-
release effect because the dissolution system refers to the diffusion and dissolution of
andrographolide from the nanoparticle matrix. Andrographolide-loaded nanoparticles
showed a slower release rate than the solution form of andrographolide but a faster release
rate than the suspension form [97,101].

6. Conclusions

Andrographis paniculata has been widely used throughout the world as an antiviral
drug. Its mechanisms of action in inhibiting viral infection can be categorized into several
categories, including regulating the viral entry stage, viral gene replication, and the forma-
tion of mature functional proteins. In addition, andrographolide suppresses the induction
of cytokines and chemokines to prevent inflammation that can damage cells. To achieve
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entry into the host cell and have a pharmacological effect, andrographolide must have
a high bioavailability and be thermodynamically stable. However, andrographolide has
several shortcomings, including low bioavailability, solubility, and stability. Drug delivery
development is the most effective way to overcome the unwanted pharmacological effects
of bioactive substances from natural products, including their low solubility and stability.
Suitable carriers that protect drugs from rapid degradation are essential components of
drug delivery systems. Drug delivery systems are also designed to provide prolonged
drug distribution with effective and precise kinetics over extended periods.

This review confirms that incorporating andrographolide into various delivery sys-
tems has unique characteristics, benefits, and drawbacks. In general, they are stable,
exhibit increased activity, and prolong the drug’s lifetime. The use of microspheres and
microemulsions as andrographolide drug delivery carriers is suitable for oral drug admin-
istration. The advantages of this delivery approach include improved absorption after oral
administration.

Liposome and niosome vesicles are identified in this review as versatile carriers
with numerous advantages, including easy encapsulation for hydrophilic and hydropho-
bic drugs, increased bioavailability, and extended drug lifetimes. In addition, the use
of niosomes can improve the bioavailability of andrographolide in biological systems
compared to liposomes. Andrographolide-loaded nanoparticles provided a high drug
loading capacity and showed higher stability after long storage times. Using various types
of drug delivery systems for natural compounds will expand the range of herbal drug
developments.

7. Future Prospects

Delivery systems based on andrographolide (and its derivatives) have not been stud-
ied comprehensively, even though it exhibits a wide range of pharmacological effects,
including antiviral, anticancer, anti-diabetic, anti-hypertension, and wound-healing effects.
Delivery systems of andrographolide and its derivatives is an interesting research topic be-
cause this natural product has the same shortcomings as other natural products, including
its low bioavailability and stability. Thus, studies on delivery systems of andrographolide
and its derivatives are urgently needed to overcome the shortcomings of the application of
this natural compound.

Author Contributions: All authors contributed equally to the study’s conception and design. The
material preparation and conceptualization of the idea and analysis were performed by S.P.A., S.I.R.,
A.R. and M.Y.P. Literature data were collected by S.P.A., J.A.P., A.B., F.I., F.U. and A.A. The first
draft was written by S.P.A. and all authors commented on it. S.I.R. organized the explanation of the
mechanism of action, while A.R. organized the explanation of the delivery system. A.B and M.Y.P.
contributed to the final version of the manuscript. M.Y.P. supervised the project. All authors have
read and agreed to the published version of the manuscript.

Funding: Financial support was provided by the Indonesia Endowment Fund for Education (LPDP),
with the Grant No B-4547/IPH/KS.02.04/VII/2020.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Saxena, R.C.; Singh, R.; Kumar, P.; Yadav, S.C.; Negi, M.P.S.; Saxena, V.S.; Joshua, A.J.; Vijayabalaji, V.; Goudar, K.S.; Venkatesh-

warlu, K.; et al. A randomized double blind placebo controlled clinical evaluation of extract of Andrographis paniculata
(KalmColdTM) in patients with uncomplicated upper respiratory tract infection. Phytomedicine 2010, 17, 178–185. [CrossRef]
[PubMed]

http://doi.org/10.1016/j.phymed.2009.12.001
http://www.ncbi.nlm.nih.gov/pubmed/20092985


Pharmaceuticals 2021, 14, 1102 17 of 20

2. Hossain, S.; Urbi, Z.; Karuniawati, H.; Mohiuddin, R.B.; Moh Qrimida, A.; Allzrag, A.M.M.; Ming, L.C.; Pagano, E.; Capasso, R.
Andrographis paniculata (Burm. f.) Wall. ex Nees: An Updated Review of Phytochemistry, Antimicrobial Pharmacology, and
Clinical Safety and Efficacy. Life 2021, 11, 348. [CrossRef] [PubMed]

3. Jiang, M.; Sheng, F.; Zhang, Z.; Ma, X.; Gao, T.; Fu, C.; Li, P. Andrographis paniculata (Burm.f.) Nees and its major constituent
andrographolide as potential antiviral agents. J. Ethnopharmacol. 2021, 272, 113954. [CrossRef]

4. Hancke, J.; Burgos, R.; Caceres, D.; Wikman, G. A double-blind study with a new monodrug Kan Jang: Decrease of symptoms
and improvement in the recovery from common colds. Phyther. Res. 1995, 9, 559–562. [CrossRef]

5. Hossain, M.S.; Urbi, Z.; Phang, I.C. Auxin increased adventitious root development in the medicinal plant Andrographis
paniculata (Burm. f.) Wall. ex Nees. Agron. J. 2021, 113, 3222–3231. [CrossRef]

6. Lim, X.Y.; Chan, J.S.W.; Tan, T.Y.C.; Teh, B.P.; Mohd Abd Razak, M.R.; Mohamad, S.; Syed Mohamed, A.F. Andrographis paniculata
(Burm. F.) Wall. Ex Nees, Andrographolide, and Andrographolide Analogues as SARS-CoV-2 Antivirals? A Rapid Review. Nat.
Prod. Commun. 2021, 16, 1934578X2110166. [CrossRef]

7. Suriyo, T.; Chotirat, S.; Rangkadilok, N.; Pholphana, N.; Satayavivad, J. Interactive effects of Andrographis paniculata extracts
and cancer chemotherapeutic 5-Fluorouracil on cytochrome P450s expression in human hepatocellular carcinoma HepG2 cells. J.
Herb. Med. 2021, 26. [CrossRef]

8. Banerjee, M.; Parai, D.; Chattopadhyay, S.; Mukherjee, S.K. Andrographolide: Antibacterial activity against common bacteria of
human health concern and possible mechanism of action. Folia Microbiol. 2017, 62, 237–244. [CrossRef]

9. Murugan, K.; Selvanayaki, K.; Al-Sohaibani, S. Antibiofilm activity of Andrographis paniculata against cystic fibrosis clinical
isolate Pseudomonas aeruginosa. World J. Microbiol. Biotechnol. 2011, 27, 1661–1668. [CrossRef]

10. Rao, P.R.; Rathod, V.K. Rapid extraction of andrographolide from Andrographis paniculata Nees by three phase partitioning and
determination of its antioxidant activity. Biocatal. Agric. Biotechnol. 2015, 4, 586–593. [CrossRef]

11. Dai, Y.; Chen, S.-R.; Chai, L.; Zhao, J.; Wang, Y.; Wang, Y. Overview of pharmacological activities of Andrographis paniculata and
its major compound andrographolide. Crit. Rev. Food Sci. Nutr. 2019, 59, S17–S29. [CrossRef] [PubMed]

12. Pongtuluran, O.B.; Rofaani, E.; Churiyah; Tarwadi. Antiviral and Immunostimulant Activities of Andrographis paniculata.
HAYATI J. Biosci. 2015, 22, 67–72. [CrossRef]

13. Kaushik, S.; Dar, L.; Kaushik, S.; Yadav, J.P. Identification and characterization of new potent inhibitors of dengue virus NS5
proteinase from Andrographis paniculata supercritical extracts on in animal cell culture and in silico approaches. J. Ethnopharmacol.
2021, 267, 113541. [CrossRef] [PubMed]

14. Imani, S.F.; Khairani, A.A.; Arbianti, R.; Utami, T.S.; Hermansyah, H. The effect of fermentation time and sonication temperatures
on extraction process of bitter leaves (Andrographis Paniculata) against antidiabetic activity through α-Glucosidase enzyme
inhibition test. AIP Conf. Proc. 2020, 2255. [CrossRef]

15. Jamaludin, R.; Mohd, N.; Safazliana, R.; Sulong, R.; Yaakob, H. Journal of Drug Delivery Science and Technology Andrographis
paniculata -loaded niosome for wound healing application: Characterisation and in vivo analyses. J. Drug Deliv. Sci. Technol.
2021, 63, 102427. [CrossRef]

16. Chandrasekaran, C.V.; Thiyagarajan, P.; Deepak, H.B.; Agarwal, A. In vitro modulation of LPS/calcimycin induced inflammatory
and allergic mediators by pure compounds of Andrographis paniculata (King of bitters) extract. Int. Immunopharmacol. 2011, 11,
79–84. [CrossRef] [PubMed]

17. Chao, W.W.; Kuo, Y.H.; Lin, B.I.F. Anti-inflammatory activity of new compounds from andrographis paniculata by nf-κb
transactivation inhibition. J. Agric. Food Chem. 2010, 58, 2505–2512. [CrossRef]

18. Zhang, J.; Sun, Y.; Zhong, L.Y.; Yu, N.N.; Ouyang, L.; Fang, R.D.; Wang, Y.; He, Q.Y. Structure-based discovery of neoan-
drographolide as a novel inhibitor of Rab5 to suppress cancer growth. Comput. Struct. Biotechnol. J. 2020, 18, 3936–3946.
[CrossRef]

19. Wang, Y.; Chen, L.; Zhao, F.; Liu, Z.; Li, J.; Qiu, F. Microbial transformation of neoandrographolide by Mucor spinosus (AS 3.2450).
J. Mol. Catal. B Enzym. 2011, 68, 13. [CrossRef]

20. Enmozhi, S.K.; Raja, K.; Sebastine, I.; Joseph, J. Andrographolide as a potential inhibitor of SARS-CoV-2 main protease: An in
silico approach. J. Biomol. Struct. Dyn. 2020, 39, 1–7. [CrossRef]

21. Gupta, S.; Mishra, K.P.; Ganju, L. Broad-spectrum antiviral properties of andrographolide. Arch. Virol. 2017, 162, 611–623.
[CrossRef]

22. Ekalaksananan, T.; Sookmai, W.; Fangkham, S.; Pientong, C.; Aromdee, C.; Seubsasana, S.; Kongyingyoes, B. Activity of
andrographolide and its derivatives on HPV16 pseudovirus infection and viral oncogene expression in cervical carcinoma cells.
Nutr. Cancer 2015, 67, 687–696. [CrossRef]

23. Kumar, S.; Singh, B.; Bajpai, V. Andrographis paniculata (Burm.f.) Nees: Traditional uses, phytochemistry, pharmacological
properties and quality control/quality assurance. J. Ethnopharmacol. 2021, 275, 114054. [CrossRef]

24. Panossian, A.; Hovhannisyan, A.; Mamikonyan, G.; Abrahamian, H.; Hambardzumyan, E.; Gabrielian, E.; Goukasova, G.;
Wikman, G.; Wagner, H. Pharmacokinetic and oral bioavailability of andrographolide from Andrographis paniculata fixed
combination Kan Jang in rats and human. Phytomedicine 2000, 7, 351–364. [CrossRef]

25. Pandey, G.; Rao, C. Andrographolide: Its pharmacology, natural bioavailability and current approaches to increase its content in
andrographispaniculata. Int. J. Complement. Altern. Med. 2018, 11. [CrossRef]

http://doi.org/10.3390/life11040348
http://www.ncbi.nlm.nih.gov/pubmed/33923529
http://doi.org/10.1016/j.jep.2021.113954
http://doi.org/10.1002/ptr.2650090804
http://doi.org/10.1002/agj2.20745
http://doi.org/10.1177/1934578X211016610
http://doi.org/10.1016/j.hermed.2021.100421
http://doi.org/10.1007/s12223-017-0496-9
http://doi.org/10.1007/s11274-010-0620-3
http://doi.org/10.1016/j.bcab.2015.08.016
http://doi.org/10.1080/10408398.2018.1501657
http://www.ncbi.nlm.nih.gov/pubmed/30040451
http://doi.org/10.4308/hjb.22.2.67
http://doi.org/10.1016/j.jep.2020.113541
http://www.ncbi.nlm.nih.gov/pubmed/33152438
http://doi.org/10.1063/5.0015260
http://doi.org/10.1016/j.jddst.2021.102427
http://doi.org/10.1016/j.intimp.2010.10.009
http://www.ncbi.nlm.nih.gov/pubmed/21034865
http://doi.org/10.1021/jf903629j
http://doi.org/10.1016/j.csbj.2020.11.033
http://doi.org/10.1016/j.molcata.2011.08.020
http://doi.org/10.1080/07391102.2020.1760136
http://doi.org/10.1007/s00705-016-3166-3
http://doi.org/10.1080/01635581.2015.1019630
http://doi.org/10.1016/j.jep.2021.114054
http://doi.org/10.1016/S0944-7113(00)80054-9
http://doi.org/10.15406/ijcam.2018.11.00425


Pharmaceuticals 2021, 14, 1102 18 of 20

26. Malarvizhi, K. A Review on the Various Drug Delivery Systems of Andrographolide. Phytopharm. Drug Deliv. Approaches 2019,
2–13. [CrossRef]

27. Reshi, L.; Chi-yong, W. Andrographolide as a potent and promising antiviral agent. Chin. J. Nat. Med. 2020, 18, 760–769.
[CrossRef]

28. Du, Q.; Jerz, G.; Winterhalter, P. S eparation of andrographolide and neoandrographolide from the leaves of Andrographis
paniculata using high-speed counter-current chromatography. J. Chromatogr. A 2003, 984, 147–151. [CrossRef]

29. Shrivastava, N.; Varma, A.; Padh, H. Andrographolide: A new plant-derived antineoplastic entity on horizon. Evid.-Based
Complement. Altern. Med. 2011.

30. Suresh, K.; Goud, N.R.; Nangia, A. Andrographolide: Solving chemical instability and poor solubility by means of cocrystals.
Chem. Asian J. 2013, 8, 3032–3041. [CrossRef]

31. Wongkittipong, R.; Prat, L.; Damronglerd, S.; Gourdon, C. Solid-liquid extraction of andrographolide from plants-experimental
study, kinetic reaction and model. Sep. Purif. Technol. 2004, 40, 147–154. [CrossRef]

32. Al-Amin, M.; Islam, M.M.; Siddiqi, M.M.A.; Akter, S.; Ahmed, S.; Haque, M.M.; Sultana, N.; Chowdhury, A.S. Neoandro-
grapholide Isolated from Leaves of Adhatoda vasica Nees. Dhaka Univ. J. Sci. 2012, 60, 1–3. [CrossRef]

33. Gong, N.-B.; Du, L.-D.; Lu, Y. Neoandrographolide. In Natural Small Molecule Drugs from Plants; Springer: Singapore, 2018;
pp. 427–431.

34. Batkhuu, J.; Hattori, K.; Takano, F.; Fushiya, S.; Oshiman, K.; Fujimiya, Y. Suppression of NO Production in Activated Macrophages
in Vitro and ex Vivo by Neoandrographolide Isolated from Andrographis paniculata. Biol. Pharm. Bull. 2002, 25, 1169–1174.
[CrossRef] [PubMed]

35. Bhattacharyya, K.; Kar, T.; Bocelli, G.; Cantoni, A.; Pramanick, S.; Banerjee, S.; Mukhopadhyay, S. Redetermination of 14-
deoxyandrographolide. Acta Crystallogr. Sect. E Struct. Rep. Online 2005, 61, o2743–o2745. [CrossRef]

36. Rashid, P.T.; Ahmed, M.; Rahaman, M.M.; Muhit, M.A. 14-Deoxyandrographolide Isolated from Andrographis paniculata (Burm.
f) Nees Growing in Bangladesh and its Antimicrobial Properties. Dhaka Univ. J. Pharm. Sci. 2018, 17, 265–267. [CrossRef]

37. Kulyal, P.; Tiwari, U.K.; Shukla, A.; Gaur, A.K. Chemical constituents isolated from Andrographis paniculata. Indian J. Chem. Sect.
B Org. Med. Chem. 2010, 49, 356–359. [CrossRef]

38. Pramanick, S.; Banerjee, S.; Achari, B.; Das, B.; Sen, A.K.; Mukhopadhyay, S.; Neuman, A.; Prangé, T. Andropanolide and
Isoandrographolide, Minor Diterpenoids from Andrographis paniculata: Structure and X-ray Crystallographic Analysis. J. Nat.
Prod. 2006, 69, 403–405. [CrossRef] [PubMed]

39. Hossain, M.S.; Urbi, Z.; Sule, A.; Rahman, K.M.H. Andrographis paniculata (Burm. f.) Wall. ex Nees: A Review of Ethnobotany,
Phytochemistry, and Pharmacology. Sci. World J. 2014, 2014, 1–28. [CrossRef] [PubMed]

40. Berliner, A.J.; Mochizuki, T.; Stedman, K.M. Astrovirology: Viruses at Large in the Universe. Astrobiology 2018, 18, 207–223.
[CrossRef]

41. Dong, E.; Du, H.; Gardner, L. An interactive web-based dashboard to track COVID-19 in real time. Lancet Infect. Dis. 2020, 20,
533–534. [CrossRef]

42. Halstead, S.B. Dengue Virus–Mosquito Interactions. Annu. Rev. Entomol. 2008, 53, 273–291. [CrossRef]
43. Rajput, R. Indian Thyroid Society: Glimpse into thyroid research from India and way forward. Thyroid Res. Pract. 2020, 17, 1.

[CrossRef]
44. Paemanee, A.; Hitakarun, A.; Wintachai, P.; Roytrakul, S.; Smith, D.R. A proteomic analysis of the anti-dengue virus activity of

andrographolide. Biomed. Pharmacother. 2019, 109, 322–332. [CrossRef] [PubMed]
45. Panraksa, P.; Ramphan, S.; Khongwichit, S.; Smith, D.R. Activity of andrographolide against dengue virus. Antiviral Res. 2017,

139, 69–78. [CrossRef] [PubMed]
46. Tseng, C.K.; Lin, C.K.; Wu, Y.H.; Chen, Y.H.; Chen, W.C.; Young, K.C.; Lee, J.C. Human heme oxygenase 1 is a potential host cell

factor against dengue virus replication. Sci. Rep. 2016, 6, 1–16. [CrossRef] [PubMed]
47. Tang, L.I.; Ling, A.P.; Koh, R.Y.; Chye, S.M.; Voon, K.G. Screening of anti-dengue activity in methanolic extracts of medicinal

plants. BMC Complement. Altern. Med. 2012, 12, 485. [CrossRef]
48. Herold, S.; Becker, C.; Ridge, K.M.; Budinger, G.R.S. Influenza virus-induced lung injury: Pathogenesis and implications for

treatment. Eur. Respir. J. 2015, 45, 1463–1478. [CrossRef]
49. Snelgrove, R.J.; Godlee, A.; Hussell, T. Airway immune homeostasis and implications for influenza-induced inflammation. Trends

Immunol. 2011, 32, 328–334. [CrossRef]
50. Lindsley, W.G.; Noti, J.D.; Blachere, F.M.; Thewlis, R.E.; Martin, S.B.; Othumpangat, S.; Noorbakhsh, B.; Goldsmith, W.T.; Vishnu,

A.; Palmer, J.E.; et al. Viable Influenza A Virus in Airborne Particles from Human Coughs. J. Occup. Environ. Hyg. 2015, 12,
107–113. [CrossRef] [PubMed]

51. Raja, K.; Prabahar, A.; Selvakumar, S.; Raja, T.K. In Silico Analysis to Compare the Effectiveness of Assorted Drugs Prescribed for
Swine flu in Diverse Medicine Systems. Indian J. Pharm. Sci. 2014, 76, 10–18.

52. Seniya, C.; Shrivastava, S.; Singh, S.K.; Khan, G.J. Analyzing the interaction of a herbal compound Andrographolide from
Andrographis paniculata as a folklore against swine flu (H1N1). Asian Pacific J. Trop. Dis. 2014, 4, S624–S630. [CrossRef]

53. Cai, W.; Li, Y.; Chen, S.; Wang, M.; Zhang, A.; Zhou, H.; Chen, H.; Jin, M. 14-Deoxy-11,12-dehydroandrographolide exerts
anti-influenza A virus activity and inhibits replication of H5N1 virus by restraining nuclear export of viral ribonucleoprotein
complexes. Antiviral Res. 2015, 118, 82–92. [CrossRef]

http://doi.org/10.29290/pdda.1.5.2019.2-13
http://doi.org/10.1016/S1875-5364(20)60016-4
http://doi.org/10.1016/S0021-9673(02)01831-9
http://doi.org/10.1002/asia.201300859
http://doi.org/10.1016/j.seppur.2004.02.002
http://doi.org/10.3329/dujs.v60i1.10326
http://doi.org/10.1248/bpb.25.1169
http://www.ncbi.nlm.nih.gov/pubmed/12230111
http://doi.org/10.1107/S1600536805023378
http://doi.org/10.3329/dujps.v17i2.39185
http://doi.org/10.1002/chin.201029197
http://doi.org/10.1021/np050211n
http://www.ncbi.nlm.nih.gov/pubmed/16562845
http://doi.org/10.1155/2014/274905
http://www.ncbi.nlm.nih.gov/pubmed/25950015
http://doi.org/10.1089/ast.2017.1649
http://doi.org/10.1016/S1473-3099(20)30120-1
http://doi.org/10.1146/annurev.ento.53.103106.093326
http://doi.org/10.4103/trp.trp_27_20
http://doi.org/10.1016/j.biopha.2018.10.054
http://www.ncbi.nlm.nih.gov/pubmed/30396090
http://doi.org/10.1016/j.antiviral.2016.12.014
http://www.ncbi.nlm.nih.gov/pubmed/28034742
http://doi.org/10.1038/srep32176
http://www.ncbi.nlm.nih.gov/pubmed/27553177
http://doi.org/10.1186/1472-6882-12-3
http://doi.org/10.1183/09031936.00186214
http://doi.org/10.1016/j.it.2011.04.006
http://doi.org/10.1080/15459624.2014.973113
http://www.ncbi.nlm.nih.gov/pubmed/25523206
http://doi.org/10.1016/S2222-1808(14)60692-7
http://doi.org/10.1016/j.antiviral.2015.03.008


Pharmaceuticals 2021, 14, 1102 19 of 20

54. Verweij, M.C.; Wellish, M.; Whitmer, T.; Malouli, D.; Lapel, M.; Jonjić, S.; Haas, J.G.; DeFilippis, V.R.; Mahalingam, R.; Früh,
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