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Abstract: Dengue fever, a mosquito-borne viral infectious disease caused by the dengue virus, is a
significant global health concern, especially in tropical and subtropical regions. Despite preventive
efforts, Sri Lanka faces recurring dengue outbreaks, with the Western province being the most affected.
Current treatments primarily focus on supportive care, as specific antiviral therapies remain elusive.
This review presents an overview of dengue, its clinical presentations, the dengue burden in Sri
Lanka, and the potential of Sri Lankan medicinal plants used in traditional medicine for treating
dengue. Several plants, such as Munronia pinnata, Azardirachta indica, Cissampelos pareira L., Carica
papaya, Zingiber officinale, Curcuma longa, and Bambusa vulgaris, show antiviral properties against
dengue. The utilization of these medicinal plants in dengue treatment could offer a promising avenue
for further research and drug development.
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1. Introduction
1.1. Dengue

Dengue fever is a mosquito-borne viral infectious disease that has become a major
public health concern internationally. The genome of the dengue virus is a positive single
strand of RNA. It belongs to the genus Flavivirus of the family Flaviviridae. The dengue virus
contains a lipid envelop, three structural proteins, and seven nonstructural proteins [1].
Dengue fever is common in humid, warm, tropical climates and is transmitted by mosquitos,
mainly by female Aedes aegypti and to a lesser extent by female Aedes albopictus [2]. These
two species of mosquitoes live in tropical, subtropical, and hot climates. They have an
aquatic phase and a terrestrial phase in their life cycle. Their eggs, larvae, and pupae
belong to the aquatic phase, and the adult mosquitoes belong to the terrestrial phase.
Dengue-vector Aedes mosquitoes are container breeders, and they lay eggs in a vast variety
of natural and artificial wet containers. The water has to be clear and unpolluted. Unless
the eggs come into contact with water and hatch, mosquito eggs can remain viable for
up to 8 months depending on the environmental conditions [3]. Dengue is believed to be
caused by four different serotypes (DENV-1 DENV-2, DENV-3, and DENV-4), which are
genetically similar due to sharing 65% of their genome [4].

1.2. Clinical Presentation of Dengue

The clinical presentation of dengue infection may vary from asymptomatic to severe
illness and can include dengue hemorrhagic fever (DHF) or dengue shock syndrome (DSS).
This may even lead to death if not properly managed [5].

Symptomatic infection may present as:
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e Undifferentiated febrile illness, in which the absence of clinical features and the
diagnosis can only be conducted based on serology or virology.

e  Dengue fever, which is considered a mild illness even though massive bleeding may
be associated; deaths are rarely reported.

e  DHE in which there is increasing vascular permeability seen even though the febrile-
phase clinical presentations are similar to those of dengue fever.

e  DSS, in which the clinical presentations are similar to DHF, but the patient develops
shock because of severe plasma leakage.

e  Unusual dengue, or expanded dengue syndrome, in which patients show severe organ
involvement associated with dengue infection and which may be associated with
complications of prolonged shock, co-infections, or co-morbidities [6].

The severity of a dengue infection can be higher when people experience a second
attack of the infection. Secondary infection is caused by a different serotype of the virus
that can pose a significant health risk due to the phenomena of antibody-dependent en-
hancement (ADE). Contracting the infection with a single serotype confers immunity only
to that serotype. When non-neutralizing antibodies developed during the initial infection
connect to the virus during a later infection with a different serotype, ADE occurs. Rather
than neutralizing the virus, these antibodies allow it to enter into cells, hence increasing the
infection and contributing to more severe outcomes, such as dengue DHF or DSS [7-11].

1.3. Dengue Burden in Sri Lanka

Dengue fever is endemic in Sri Lanka, and the first serologically confirmed dengue
patient was reported in 1962 [12]. In the recent past, Sri Lanka, India, Indonesia, Myanmar,
and Thailand rank among the world’s 30 most highly endemic countries. In Sri Lanka,
dengue infection has a seasonal transmission pattern. It contains two peaks, mostly during
monsoon rain periods such as June—-July and October-December, with the majority of cases
occurring during the June—July monsoon season. At present, dengue cases are reported
from almost all districts of Sri Lanka, with the highest case rate reported in the Western
Province, which includes the districts of Colombo, Gampaha, and Kaluthara [13]. DHF
became endemic in Sri Lanka in 1989, and since then, despite preventive and control
activities, the number of dengue fever cases has increased markedly with each epidemic.
Since the 1990s, progressively large dengue epidemics have occurred with severe DHF
cases. The largest dengue epidemic in Sri Lanka was reported in 2017, with 186,101 cases
and 440 deaths, along with a huge economic and social burden. In 2020, 31,162 suspected
dengue cases were reported to the Epidemiology Unit of Ministry of Health of Sri Lanka [14].
In 2021, there were 25,067 dengue cases, and in 2022, there were 66,608. In 2023, there
had been 66,476 dengue cases reported to the National Dengue Control Unit as of 15th of
October [15-17].

Sri Lanka is a low-middle-income country. Its population is approximately 22 million
with an annual per capita income of around USD 4000. In 2018, the yearly per capita
healthcare expenditure was USD 157 [18]. The economic cost of dengue in Sri Lanka is
complex. Reductions in labor efficiency resulting from prolonged illness and caregiving
obligations lead to productivity losses, which in turn affect the economy as a whole [19].
Healthcare services, hospitalizations, and prescriptions are expensive, putting a strain on
both individuals and the wider economy. Dengue prevention initiatives, such as vector
control, public health campaigns, and other preventive interventions, all contribute to
the disease’s economic cost. Hospitals, particularly in high-burden areas like the Western
Province, may struggle with resource allocations, leading to an overburdened healthcare in-
frastructure. Dengue outbreaks can strain public health infrastructure, leading to increased
demand for healthcare services, hospital beds, and medical personnel. This strain impacts
dengue patients, but it also affects the entire efficacy and effectiveness of the healthcare
system, which jeopardizes the delivery of healthcare for other medical requirements [20].
The 2017 outbreak, with its high case count, resulted in significant economic losses affecting
a variety of sectors. According to a 2020 study in Sri Lanka, the 2029 age group had the
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greatest dengue incidence rate, followed closely by the 10-19 age range, with no discernible
gender difference. These age groups mostly comprise young working adults, students in
higher education, and secondary school pupils. This age distribution is consistent with
patterns reported in Southeast Asia, where older schoolchildren are at a higher risk of
clinical disease [21,22]. Furthermore, according to previous literature, the majority of
personnel-related costs recorded were reported as 79% for dengue control activities and
46% for hospitalizations out of all total costs. The per capita cost of the dengue control
campaign was determined to be USD 0.42. The average cost of a hospitalization ranged
from USD 216 to USD 609 for pediatric patients and from USD 196 to USD 866 for adult
cases, depending on disease severity and treatment settings. These amounts focus on the
financial allocation for controlling dengue and managing hospitalizations, offering useful
insight into the economic elements of dengue-related expenditure in Sri Lanka [23].

1.4. Unveiling Current Treatment Options and Vaccine Prospects for Dengue

Dengue fever is a self-limited disease, and if it is not managed properly, it can even
result in death through the development of DHF/DSS. Due to a lack of a suitable animal
model that can outline the main features of human dengue disease, the pathogenesis of
dengue infection remains poorly understood [24]. In the present situation, there is no
specific antiviral therapy or treatment available for dengue fever. Several attempts have
been made throughout the years to identify a specific antiviral medication for dengue
infection. In such attempts, some investigational antiviral medications and techniques
showed promise in preclinical investigations; however, their efficacy in human trials was
limited. For example, a medicine known as chloroquine, which was previously used
to treat malaria, showed antiviral activity against dengue in laboratory conditions but
failed to show significant clinical advantages in human studies [25]. Further, balapiravir
is an antiviral medication that was once thought to be a viable treatment for dengue.
It acts as a nucleotide analogue, preventing dengue virus multiplication. Clinical trials
were carried out to assess its efficacy, particularly in adult dengue patients; however, the
results were not as encouraging as had been envisaged. Balapiravir did not fulfill the
primary end point for efficacy in treating dengue in a randomized, double-blind, placebo-
controlled trial [26]. As such, vigilant monitoring with supportive care is the principal
course of treatment at present [27]. The clinical symptoms of dengue are usually managed
by monitoring fluid balance and blood-clotting parameters with the administration of
electrolyte supplements [28]. Studies have reported that when compared to the early
infection phase, there is higher level of viremia in patients with severe dengue infection.
This has led to the hypothesis that reducing viral load in blood via antiviral therapy in
early stage of infection may reduce the severity of clinical conditions [29]. Despite the
intensive effort of various researchers, to date there is no commercially available, effective
therapy against all serotypes of dengue [30]. Efforts to develop antiviral drugs using
phytochemicals and synthetic compounds are still ongoing [31].

At the present time, there is also a great deal of research on the development of
a dengue vaccine. However, developing a successful vaccine for this disease has been
extremely challenging. This is because a prospective vaccine needs to strike a balance
between the virus’s pathogenicity and the immunogenicity it elicits. In order to prevent
dengue fever from getting worse after another infection, a vaccine must also be secure and
offer total, long-lasting protection against all four serotypes. Up to now, there are five types
of dengue vaccines that have been developed around the world: live attenuated vaccines,
inactivated vaccines, recombinant subunit vaccines, viral-vectored vaccines, and DNA
vaccines. Out of these, few vaccines and vaccine candidates have been developed against
the virus that are currently used on humans. For instance, Dengvaxia, the first-ever vaccine
against the dengue virus, was developed by the pharmaceutical company Sanofi Pasteur. It
is a live attenuated vaccine that is recommended for children and adults aged 9 to 45 years
who live in endemic areas and previously had dengue verified in a laboratory. Initially, it
was approved for use in around 20 countries, and it was first licensed in Mexico in 2015.
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However, lately it has been banned in some countries due to ADE [32]. The most recent
registered dengue vaccine is QDENGA (TAK-003) by Takeda, a pharmaceutical company
based in Japan. It is also a live attenuated vaccine that was first licensed in Mexico in 2022.
This vaccine can be used on individuals between 4 and 60 years of age. To date, QDENGA
remains safe and free from ADE [33]. The National Institute of Allergy and Infectious
Diseases (NIAID) developed the TV003 and TV005 dengue vaccine candidates. These
are also live attenuated, tetravalent vaccines, and they currently are in clinical trials [34].
There are a number of other dengue vaccine candidates in clinical development. They
are DSV4, which was developed by the International Centre for Genetic Engineering and
Biotechnology (ICGEB), India; and Butantan-DV, which was developed by the Butantan
Institute [35-37].

While conventional medicines and vaccines may have limitations in efficiently com-
bating dengue, a promising alternative lies in the realm of medicinal plants. Even though
these natural remedies can effectively treat dengue symptoms, they may be utilized as an
alternate treatment for dengue. Medicinal plants have the potential benefit of being widely
available, as they are frequently locally sourced and easily cultivated. This is consistent
with traditional medicine practices, which rely on readily available resources. Furthermore,
sustainable medicinal plant gathering and cultivation can help to conserve biodiversity.
However, to assure the dependability of these alternative therapeutics, difficulties such
as the standardization of herbal formulations, quality control, and scientific validation of
efficacy must be addressed [38]. The integration of traditional knowledge with modern
scientific approaches, as well as community engagement, can enhance the accessibility and
sustainability of using medicinal plants as an alternative therapy for dengue infection [39].

2. Methodology

A comprehensive search of the literature was conducted using the following databases
and sources: Google Scholar, PubMed (US National Library of Medicine, Bethesda, MD,
USA), Elsevier, ScienceDirect, Scopus, and Web of Science during the period of 15 January
to 15 October 2023. The World Health Organization’s official website was also used to
gather a number of facts and figures. The following medical subject headings and keywords
were included in the search: “Traditional medicine”, “Sri Lanka”, “Dengue”, “Anti-dengue
activity”, “Anti-viral activity”, “Herbal extracts”, and “Biological compounds having anti-
dengue activity”. The following inclusion criteria were used: studies published in the
English language (1997 to 2023) focusing mainly on traditional medicine practices and
its potential anti-dengue activity, antiviral activity, microbial activity, clinical trials, case
studies, and laboratory research. The following exclusion criteria were used: studies that
were not related to traditional medicine, non-English publications, and publications older
than 1997 or irrelevant to antiviral or microbial activity. The extraction of details was
conducted using titles, author names, publication years, study designs, methodologies,
anti-dengue and antiviral activities, and dosages and administrative methods of agents.
This review discusses seven plant species used in Sri Lanka for the treatment of dengue.

2.1. Use of Medicinal Plants for the Treatment of Dengue Fever

Over 200 years ago, the isolation of morphine, the very first pharmacologically active
compound, from the poppy plant (Papaver somniferum) initiated a whole new era wherein
drugs can be purified from plants [40]. Nature has always been a rich source of ingredients
that are beneficial in treating human health conditions [41]. Beginning with the earliest
human civilizations, herbal medicinal formulae have been crucial as therapeutic agents.
Compounds with medicinal value from natural products such as plants were isolated
and characterized initially in the 19th century [42]. Despite neglecting them decades,
scientists and researchers are now paying attention to natural products as potential drug
candidates [43]. More than 80% of the population of the developing world depends
on natural products as medicines because of their time-tested efficacy, safety, and cost-
effectiveness. During the last 30 years, up to 50% of the approved drugs were derived
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either directly or indirectly from natural products [28,42]. Over the past decade, plant-
based medicines and related products have piqued the interest of the global market. Even
though this interest and recognition can vary majorly from country to country, plant-based
medicines are valued for their medicinal and economic benefits. Currently, international
agencies and governments have directed their attention to investing in research based on
traditional herbal medicine products [44].

The Sri Lankan traditional medicine practice “Deshiya Chikithsa/Hela Wedakama”
dates back thousands of years. It has been playing a vital role in the cultural heritage of the
country, providing healthcare to a major part of the population (to around 60-70% of the
rural population) [45]. “Deshiya Chikithsa” is native to Sri Lanka and is the earliest system
of medicine present in the country, even preceding the emergence of Ayurveda. According
to the World Health Organization, there were around 20,353 registered Ayurvedic physi-
cians and 8000 traditional practitioners in Sri Lanka in 2019. Most of the traditional medical
practitioners are descendants of well-reputed family lines who engage in public healthcare
with secret formulae and practices to cure diseases [44]. In traditional medicine, crude
drugs are mostly parts of plants with medicinal values. The stem, root, wood, bark, flowers,
leaves, fruits, seeds, and sometimes the whole plant is used to create medicinal formulae.
Further, many plants are often used in combination with other plant sources as polyherbal
formulae to treat various diseases on the island. Utilizing a blend of plants as opposed
to single plants is more efficient and has a wider range of therapeutic applications [46].
There are nearly 30 different plant species reported in the literature that are claimed to
have the potential to fight dengue and are used against the disease globally. Some of
them are Alternanthera philoxeroides, Carica papaya, Andrographis paniculata, Azadirachta in-
dica, Cladosiphon okamuranu, Euphorbia hirta, Zingiber purpureum, and Momordica charantia,
where Carica papaya and Euphorbia hirta are the most commonly used plants throughout
the world [47]. Active compounds found in the extracts of these plants, such as tannins,
saponins, alkaloids, polysaccharides, phenols, and flavones, are reported to have antiviral
activity [48].

This review focuses on a number of medicinal plants in Sri Lankan traditional medicine
formulae with antiviral properties that are most often used to treat dengue viral fever in
Sri Lanka.

2.2. Munronia pinnata
Kingdom—Plantae
Division—Magnoliophyta
Class—Magnoliopsida
Order—Sapindales
Family—Simaroubaceae
Genus—Munronia
Species—Munronia pinnata [49]

Munronia pinnata (Figure 1) is called “Bim-khohomba” in Sinhalese and “Nila-vempu”
in Tamil [50]. In Sri Lanka, it is naturally found in dry, intermediate, and wet ecosystem
zones. Due to overutilization of the wild population of the plant, it is currently considered
an endangered plant in Sri Lanka [51]. It is 10-50 cm tall with a stem that is usually
unbranched. This plant has a short stem and compound leaves that hover on a hard stem.
Around 3, 5, 7, 9, or 11 leaflets can be found on a leaf. Its seeds are yellowish-gray in
color [52].

7
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Figure 1. Munronia pinnata plant [53].

A study was conducted in Sri Lanka in 2023 using the aqueous extract of the whole
plant of Munronia pinnata to determine the anti-dengue activity. An MTT assay (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) was used to determine the maximum
nontoxic dose (125 ug/mL) and 50% cytotoxic concentration (CCsp) (428.9 £ 21.55 pg/mL).
The cell metabolic activity was measured using the MTT assay, which served as a gauge for
cell viability, proliferation, and cytotoxicity. Further, a plaque-reduction test was also used
to calculate the half-maximum inhibitory concentration (ICsp). This test can be used to test
the activity of a potential antiviral treatment. The results of the above study revealed that
this plant can inhibit DENV-1, DENV-2, and DENV-4 but not the DENV-3 serotype [54].
Furthermore, beta-caryophyllene, an active biological compound (Table 1) found in the
plant, was reported to have a high binding affinity to dengue viral proteins during an in
silico study conducted by Pajaro and colleagues [55].

Table 1. Chemical structures with antiviral activity in plants.

Plant Name

Chemical Compound Present in the Plant

Structure of the Compound

Reference

Munronia pinnata

beta-Caryophyllene

[56]
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Table 1. Cont.

Plant Name Chemical Compound Present in the Plant Structure of the Compound Reference
Munronia pinnata Ganoderiol F (571
Azadirachta indica Gedunin [58]

8-(alpha,beta-Dimethylallyl) (Pongamol) [58]
Cissampelos pareira L. Cycleanine [59]
Laudanosine [59]
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Table 1. Cont.

Plant Name Chemical Compound Present in the Plant Structure of the Compound Reference
Corytuberine [59]
Zingiber officinale Myrcenol [59]
2-Heptanol [59]
Carica papaya 1’-OH-gamma-carotene [59]
glucoside/(Carotenoids B-G) “10)
Y
I
S Y ]j
Carpaine [60]
Curcuma longa Curcumin [61]
Myrtenol [59]
CH,
CH,
e
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Table 1. Cont.

Plant Name Chemical Compound Present in the Plant Structure of the Compound Reference
(-)-beta-Curcumene [59]
HyC CH,
HCy,
CH,
Bambusa vulgaris Stigmasterol [59]

Taxiphyllin [59]

beta-Sitosterol [59]

Another study reported that beta-caryophyllene is a potent inhibitor of nonstructural
proteinl (NS1) protein levels in the early stages of the infection, confirming that Munronia
pinnata could inhibit the early stages of the DENYV life cycle [62]. Moreover, according to
prior literature, a triterpenoid named Ganoderiol F, an active biological compound (Table 1)
in Munronia pinnata, has shown antiviral activity against the human immunodeficiency
virus (HIV) through inhibiting HIV-1 protease [57]. This compound has shown similar activ-
ity when it was isolated from fruiting bodies of Ganoderma lucidum as well, and it has shown
significant inhibitory activity against HIV-1 protease [63]. Recent research has demonstrated
that beta-caryophyllene works as a naturally cannabinoid ligand. The cannabinoid system
modulates numerous signaling pathways and mediates immune/inflammatory responses.
Beta-caryophyllene produces therapeutic effects by activating cannabinoid type 2. Acti-
vated cannabinoids interact and crosstalk with peroxisome proliferator-activated receptors
(PPARs). PPARs inhibit the replication of numerous viruses such as HIV, hepatitis B,
hepatitis C viruses, and interestingly, the dengue virus as well. For instance, the PPARy
antagonist GW9662 has provided protection against dengue virus infection by inhibiting
the viral load [64]. At the same time, PPARs have also been reported to reduce morbidity
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and mortality in influenza A virus infections [56]. In addition to antiviral activity, this plant
has been shown to have antibacterial and antifungal properties as well [65].

2.3. Azadirachta indica
Kingdom—Plantae
Division—Angiospermae
Class—Eudicots
Order—Sapindales
Family—Meliaceae
Genus—Azardirachta
Species—Azadirachta indica [49]

Azadirachta indica (Figure 2) is called as “Khohomba” in Sinhalese and “Vempu/Vembu/
Veppa” in Tamil [50]. Azadirachta indica can tolerate temperatures up to 50 °C, but it cannot
tolerate the cold. Temperatures below 4 °C can kill the tree. It is well known for its ability to
tolerate adversely dry environmental conditions, and the plant can survive in dry periods
lasting seven to eight months. It can grow in infertile, rocky, and dry soils. However,
salty or clayey and muddy soil are unsuitable for the plant. It can grow to a height of
15-20 m [66,67]. This plant is commonly found in many Sri Lankan household gardens.
A computational experiment conducted in 2020 in India reported that small molecules of
Azadirachta indica can potentially be useful against the dengue virus. The study analyzed
the effect of small molecules of Azadirachta indica against the dengue virus by studying
the molecular binding at the structural level. Gedunin and Pongamol (Table 1), two active
biological compounds present in this plant, have shown strong interactions with important
viral proteins. As such, these compounds are able to inhibit the receptor sites on the
surface of human cells, where the DENV virus can be prevented from entering the body,
and they leave no open receptor sites for DENV binding to occur [58]. Another study
conducted in India reported that the crude aqueous extract of the leaf of the plant showed
significant inhibitory activity against the dengue virus in vitro and in vivo; the maximum
nontoxic concentration against C6/36 cells was 1.897 mg/mL, while for suckling mice, it
was 120-30 mg/mL. A lack of clinical symptoms and a virus-specific amplicon have been
observed in suckling mice pups that were infected with the dengue virus when they were
inoculated with the leaf extract [68,69]. All the above studies have validated the efficacy
of Azadirachta indica leaves in fighting the dengue virus. Further, the antiviral activities
of aqueous extracts of Azadirachta indica have demonstrated effectiveness against a wide
spectrum of viruses, such as the fowlpox, smallpox, polio, and herpes simplex viruses.
Furthermore, the measles, Chikungunya, and vaccina viruses have also shown significant
inhibition by aqueous extracts of Azadirachta indica [67]. A study conducted in 2016 using an
ethanol extract of Azadirachta indica revealed that it had significant antiviral activity against
the virus, which causes foot-and-mouth disease [70]. As a common practice in Sri Lanka,
the leaves of this plant are used in several ways, such as during bathing when a person is
infected with a viral infection such as chicken pox or measles, in almost every household.
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Figure 2. Azadirachta indica plant [53].

2.4. Cissampelos pareira L.
Kingdom—Plantae
Division—Magnoliophyta
Class—Magnoliopsida
Order—Ranunculales
Family—Menispermaceae
Genus—Cissampelos
Species—Cissampelos pareira [49]

Cissampelos pareira L. (Figure 3), also known as “Diyamiththa” in Sinhalese and “Ap-
patta/Ponmucuttai” in Tamil, is a widely distributed plant in Asia. It is a woody twiner
with leaves that are 2.5 to 6 cm long and 2 to 7 cm wide [50,71]. A study reported inhibition
of dengue virus replication in MCEF-7 breast cancer cells by using the whole-plant extract
of Cissampelos pareira L. The inhibition was shown to be dependent on estrogen receptor
1. Pyrimidine metabolism is notable among the pathways that this plant downregulates.
Moreover, it has been noted that pyrimidine analogues inhibit a variety of viruses. As
such, this plant extract may work by altering this route to prevent dengue virus infection in
MCE-7 cells [72]. A further study conducted in 2015 by Sood and colleagues showed that a
methanolic extract of the aerial part of this plant was able to inhibit all four DENV serotypes.
The extract exhibited a dose-dependent inhibitory effect on NS1 antigen secretion, in which
it was possible that the extract influenced the synthesis and release of NS1 antigen. The
same study also proved that Cissampelos pareira L. extract exhibited a dose-dependent
efficacy in the in vivo mouse model AG129, which is a promising dengue model. These
mice are genetically engineered to lack functional interferon o/ 3 and vy receptors, which
makes them highly susceptible to dengue virus infection. These researchers have patented
the anti-dengue activity of this plant, and they have also developed a promising phar-
maceutical candidate named “Cipa” that comprises Cissampelos pareira L. extracts [73,74].
Furthermore, a study has revealed that Cissampelos pareira L. has a high selective potential
as an antibacterial, antifungal, and antituberculosis agent [75].
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Figure 3. Cissampelos pareira L. plant [53].

2.5. Carica papaya
Kingdom—Plantae
Division—Angiospermae
Class—Eudicots
Order—Caricacea
Family—Caricaceae
Genus—Carica
Species—Carica papaya [49]

Carica papaya (Figure 4), also known as “Gas-labu/Paepol” in Sinhalese and “Pap-
pali/Pappayi” in Tamil, is a sparsely branched tree with spirally arranged leaves that may
grow up to 5-10 m in height. This plant grows in tropical climates and is well known for
its tasty fruit. It is very frequently found in many household gardens in Sri Lanka. Carica
papaya leaves are known to have multiple chemical compounds that have anti-inflammatory
and antioxidant properties. It is also believed to contain bioactive compounds that may help
increase platelet production or prevent platelet destruction. Many research studies have
been conducted with this plant and its anti-dengue activity [60]. A study conducted in 2016
by Zunjar and colleagues revealed that leaves of Carica papaya have many pharmacological
and therapeutic potentials in the treatment of dengue fever. According to the researchers,
Carica papaya leaf extract has immunomodulatory activities and can elevate the platelet
count in dengue-infected patients. This was due to the antithrombocytopenic efficacy of
the Carica papaya L. leaf alkaloid extract and the bioactive component carpaine (Table 1)
that was extracted from the leaves. They further reported that Carica papaya leaf extract
has the ability to reduce the production and expression of various cytokines such as IL-2,
IL-4, IL-5, eotaxin, NF-kB, iNOS, and TNF-«x. These factors are vital to the immune system
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and are crucial in coordinating the body’s defense against pathogens. Maintaining good
health requires these components to be used in a balanced and coordinated manner [60,76].
A study conducted in Sri Lanka in 2012 tested the in vitro erythrocyte membrane stabi-
lization capability of Carica papaya leaf extract on dengue-infected individuals’ blood. The
researchers reported that a freshly prepared extract (37.5 ug/mL) significantly inhibited
the hemolysis of red cells, suggesting a potential therapeutic effect on disease processes
that cause destabilization of biological membranes, such as dengue [77]. There are also a
number of studies conducted with humans. Venugopal (2018) found that patients treated
with papaya leaf extract (1100 mg three times daily for five days) had an early increase
in platelet count and a shorter average length of hospital stay. Patients treated with the
extract had an average hospital stay of 5.42 days, while patients in the control group had an
average hospital stay of 7.2 days. Additionally, the control group required more platelets
from blood transfusions than the treated group. Furthermore, another study carried out in
2019 on dengue-infected children and teenagers aged 1 to 16 years reported that adminis-
tration of Carica papaya leaf extracts showed an increasing trend in the platelet count. Carica
papaya leaf extract was given three times a day for five days in the proper dosage forms of
tablets (1100 mg) for children over 12 years old, syrup (275 mg/5 mL) at 10 mL for children
between 6 to 12 years and 5 mL for children under 6 years old. The change was faster
in the test group compared to the control group, who only received the supportive care
given to dengue patients [78]. Moreover, a study conducted in India reported that Carica
papaya leaf extracts significantly increased the platelet count in dengue-infected individuals
without any side effects. They used a capsule made from Carica papaya leaf extracts in
dengue patients at 500 mg once daily with supportive care for consecutive 5 days [79].

Figure 4. Carica papaya plant [53].
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2.6. Zingiber officinale

Kingdom—~Plantae
Division—Angiospermae
Class—Monocots
Order—Zingiberales
Family—Zingiberaceae
Genus—Zingiber
Species—Zingiber officinale [49]

Zingiber officinale (Figure 5), which is believed to be native to India, is commercially
and widely grown in South and Southeast Asia, Africa, the Caribbean, Latin America, and
Australia [80,81]. It is called “Inguru” in Sinhalese and “Injzi/Chukku” in Tamil. It is
widely grown throughout much of Sri Lanka. The rhizome is mainly used in traditional
medicine and is also used for day-to-day culinary purposes in the country. A study
conducted in 2015 demonstrated that an aqueous extract of Zingiber officinale rthizomes
regulated plasma leakage in dengue virus infection by inhibiting the expression and activity
of the matrix metalloproteinases MMP-2 and MMP-9, which play key roles in promoting
vascular permeability leading to hypovolemic shock in DHF and DSS. At the same time,
a Zingiber officinale extract upregulated the expression of the metalloproteinase tissue
inhibitors TIMP-1 and TIMP-2, which regulate matrix metaloproteinases. The above study
also reported a strong dose-dependent modulatory activity of an aqueous extract of Zingiber
officinale on the gene expression of TIMP-1 and TIMP-2 metaloproteinases [82]. Another
study conducted in 2020 illustrated excellent anti-Chikungunya activity. This study was
conducted using an aqueous extract of Zingiber officinale rhizomes on cell cultures infected
with the Chikungunya virus [83].

Figure 5. Zingiber officinale plant [53].
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2.7. Curcuma longa

Kingdom—~Plantae
Division—Angiospermae
Class—Monocots
Order—Zingiberales
Family—Zingiberaceae
Genus—Curcuma
Species—Curcuma longa [49]

Curcuma longa (Figure 6) is called “Kaha” in Sinhalese and “Mancal/Manjal” in Tamil.
Its rhizome is used for traditional medicinal purposes and culinary purposes in Sri Lanka
and in most South Asian countries. The main active compound in Curcuma longa is curcumin
(Table 1), which is reported to have outstanding antiviral activity against many viruses,
such as the dengue virus, Epstein—Barr virus, and HIV [84,85]. Antiviral activity against
the influenza virus (H;N; and H¢IN1) and the herpes simplex virus types 1 and 2 (HSV-1
and -2) has also been reported [61]. A study conducted in 2017 reported results for both
in vitro and in vivo experiments. They found an ICsy of 17.91 pg/mL for the Curcuma
longa extract, while they found a CCs value of 85.4 pug/mL against Huh-7 it-1 cells (a
hepatocellular carcinoma cell line), with a selectivity index of 4.8 showing dengue viral
inhibition at high concentrations of the extract. Further, an extract of Curcuma longa at a dose
of 0.147 mg/mL showed antiviral effects against DENV-2 and a reduced viremia period in
mice in the in vivo study [86]. Furthermore, another study reported that curcumin inhibited
the production of viral particles in a dose-dependent manner in BHK-21 cells, which are
derived from hamster kidneys infected with the DENV-2 serotype, with a selective index of
2.56. The authors suggested that this inhibition may not be due to a direct effect on viral
production but rather to the effects of curcumin on various cellular systems such as the
ubiquitin—proteasome system or the cytoskeleton’s actin filaments, leading to apoptosis
or programmed cell death [84]. Further, EGYVIR, an immunomodulatory herbal extract
created by a group of scientists from Egypt using Curcuma longa, proved to have potent
antiviral activity against the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
in research conducted in 2020 using Huh-7 cells [87].

Figure 6. Curcuma longa plant [53].
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2.8. Bambusa vulgaris

Kingdom—~Plantae
Division—Angiospermae
Class—Monocots
Order—Poales
Family—Poaceae
Genus—Bambusa
Species—Bambusa vulgaris [49]

Bambusa vulgaris (Figure 7) is called “Una” in Sinhalese and “Moongil” in Tamil [88].
Bamboo is classified according to the species, type, and variety. Bamboo is basically divided
into two groups: herbaceous and woody bamboo. Bambusa vulgaris is a woody bamboo. The
fastest-growing plant in the world is also the bamboo tree [89]. At present, this plant is the
most widely cultivated bamboo type throughout the subtropics and tropics. It grows well in
areas with permanent humid conditions, like riverbanks and lakesides. A study conducted
in Sri Lanka on patients infected with the dengue virus revealed that bamboo extract
effectively controlled signs and symptoms in the patients when they were administered one
dose per day regardless of the length and severity of the disease. Platelet count elevation
and an increase in the hematocrit count have been observed within 48 h after starting the
treatment [90]. Another experiment conducted in 2009 in Nigeria revealed that the measles
virus was susceptible to the ethanol extract of Bambusa vulgaris in vitro, but the same extract
was not effective against the yellow fever virus and poliovirus type 1 [91]. Stigmaterol
(Table 1) is an active biological compound present in bamboo. A study conducted in 2014
by Erine and colleagues reported that two synthetic stigmasterol derivatives were found
to exhibit significant antiviral activity against HSV-1 replication and spreading in human
epithelial cells derived from ocular tissues. In all cases, both compounds prevented HSV-1
multiplication when added after infection and virus propagation [92].

Figure 7. Bambusa vulgaris plant [53].

3. Conclusions and Recommendations

This review sheds light on the rich traditional knowledge of medicinal plants in Sri
Lanka; specifically, their relevance in the context of managing dengue fever. The findings
highlight the usage of seven plants in local traditional medicine practices, showing the
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intimate connection that communities have with their natural environment. The use
of medicinal plants is firmly rooted in traditional healthcare systems around the world,
providing a varied array of therapeutic chemicals. However, geographic, cultural, and
ecological factors influence the accessibility and sustainability of these therapies [93,94].
Thus, this review emphasizes the need for sustainable practices in harvesting and utilizing
medicinal plants to ensure the preservation of biodiversity and the long-term availability
of these resources. As medicinal plant remedies gain acceptance, concerns regarding their
competitiveness with pharmaceutical agents also arise. The pharmaceutical industry’s
commitment to rigorous testing, standardization, and regulatory approval highlights
conventional medications’ efficacy and safety. Medicinal plants, on the other hand, may face
difficulties in meeting these demanding criteria [93,95,96]. Nevertheless, recognizing the
importance of medicinal plants in traditional medicine in the overall healthcare landscape
can contribute to the development of complementary and integrative approaches for
managing dengue fever and other health challenges, which may help to reduce the overload
in a clinical setting.

In traditional Sri Lankan medicinal practice, medicinal formulae contain more than
one medicinal plant in their content. This polyherbal formulae will act in a synergetic man-
ner that increases the effectiveness of the therapies while at the same time diminishes their
side effects. Some of these formulations have been practiced for years, and they provide
excellent information regarding potential safe and effective drugs that can be used in the
clinic. Nevertheless, the promising aspects of certain medicinal plants in combating dengue
fever symptoms lie in their demonstrated ability to alleviate fever, reduce inflammation,
decrease the viral load, increase platelet counts, and enhance the overall immune response
in a patient. A comprehensive amount of research has been conducted on plants and their
antiviral activities, but it is crucial to approach these findings with a balanced perspective.
As such, further research is warranted to scientifically validate the efficacy and safety of
these traditional remedies to establish a bridge between traditional knowledge and mod-
ern medicine. Collaborative efforts between traditional healers, scientists, and healthcare
professionals can facilitate the integration of valuable insights from traditional medicine
into evidence-based healthcare practices. In the broader context, this review contributes to
the growing body of knowledge that explores the potential of medicinal plants as comple-
mentary or alternative treatments for viral diseases. It encourages a holistic perspective
that values both traditional wisdom and scientific rigor, fostering a collaborative approach
for the benefit of public health.

Author Contributions: Conceptualization, ] K.H. and A.LK.; methodology, ]. K.H.; software, ] K.H.;
validation, ]. K.H.; resources, ] K.H.; data curation, ].K.H.; writing—original draft preparation, ] K.H.;
writing—review and editing, ] K.H. and A.LK; visualization, N.K., C.L.G. and A.LK.; project ad-
ministration, A.LK,; funding acquisition, A.LK. All authors have read and agreed to the published
version of the manuscript.

Funding: We would like to thank General Sir John Kotelawala Defence University, Ratmalana, Sri
Lanka (grant number KDU/RG/2021/CARE/008) for the funding that was provided to AIK to fund
a MPhil research project, and The APC was also funded by General Sir John Kotelawala Defence
University, Ratmalana, Sri Lanka.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

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

1. Schaefer, T.; Panda, P.; Wolford, R. Dengue Fever; National Center for Biotechnology Information: Bethesda, MD, USA, 2021.
2. WHO. Dengue and Severe Dengue; World Health Organization: Geneva, Switzerland, 2022.



Microbiol. Res. 2024, 15 485

10.
11.

12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

Soares-Pinheiro, V.; Dasso-Pinheiro, W.; Trindade-Bezerra, ].M.; Tadei, W. Eggs viability of Aedes aegypti Linnaeus (Diptera,
Culicidae) under different environmental and storage conditions in Manaus, Amazonas, Brazil. Braz. J. Biol. 2017, 77, 396—401.
[CrossRef] [PubMed]

Mustafa, M.; Rasotgi, V.; Jain, S.; Gupta, V. Discovery of fifth serotype of dengue virus (DENV-5): A new public health dilemma
in dengue control. Med. |. Armed Forces India 2015, 71, 67-70. [CrossRef] [PubMed]

Kalayanarooj, S. Clinical Manifestations and Management of Dengue/DHF/DSS. Trop. Med. Health 2011, 39, 83-87. [CrossRef]
[PubMed]

WHO. Comprehensive Guideline for Prevention and Control of Dengue and Dengue Haemorrhagic Fever. Revised and Expanded Edition;
WHO Regional Office for South-East Asia: New Delhi, India, 2011.

Katzelnick, L.; Harris, E. Immune correlates of protection for dengue: State of the art and research agenda. Vaccine 2017, 35,
4659-4669. [CrossRef] [PubMed]

WHO. Dengue: Guidelines for Diagnosis, Treatment, Prevention, and Control; World Health Organization: Geneva, Switzerland, 2009.
Halstead, S. Neutralization and antibody-dependent enhancement of dengue viruses. Adv. Virus Res. 2003, 60, 421-467. [PubMed]
Gubler, D. Dengue and Dengue Hemorrhagic Fever. Clin. Microbiol. Rev. 1998, 11, 480-496. [CrossRef]

Centers for Disease Control and Prevention. Viral Hemorrhagic Fevers (VHFs); U.S. Department of Health and Human Services:
Washington, DC, USA, 2021.

Vitarana, T.; Jayakuru, W.; Withane, N. Historical Account of Dengue Haemorrhagic Fever in Sri Lanka. Dengue Bull. 1997, 21,
117-118.

Epidemiology Unit. Disease Surveillance; Ministry of Health: Colombo, Sri Lanka, 2022.

Nadugala, M.; Jeewandara, C.; Jadi, R.; Malavige, G.; de Silva, A.; Premaratne, P.; Goonasekara, C. Natural immunogenic
propertiesof bioinformatically predicted linearB cell epitopes of dengue envelopeand pre membrane proteins. BMC Immunol.
2021, 22, 71. [CrossRef]

National Dengue Control Unit. Dengue; National Dengue Control Unit, Ministry of Health: Colombo, Sri Lanka, 2023.
Epidemiology Unit. Disease Surveillance; Ministry of Health: Colombo, Sri Lanka, 2023.

Ministry of Health and Indigenous Medical Services. Annual Health Bulletin; Ministry of Health and Indigenous Medical Services:
Colombo, Sri Lanka, 2017.

World Bank. Sri Lanka Open Datasets; World Bank: Washington, DC, USA, 2021.

Undurraga, E.; Betancourt-Cravioto, M.; Ramos-Castafieda, J.; Martinez-Vega, R.; Méndez-Galvan, J.; Gubler, D.; Guzmén, M;
Halstead, S.; Harris, E.; Kuri-Morales, P.; et al. Economic and Disease Burden of Dengue in Mexico. PLOS Neglected Trop. Dis.
2015, 9, 3. [CrossRef]

Halasa, Y.; Shepard, D.; Zcng, W. Economic Cost of Dengue in Puerto Rico. Am. J. Trop. Med. Hygin 2012, 86, 745-752. [CrossRef]
Thai, K,; Nishiura, H.; Hoang, P; Tran, N.; Phan, G.; Le, H.; Tran, B.; Nguyen, N.; de Vries, P. Age-Specificity of Clinical Dengue
during Primary and Secondary Infections. PLOS Neglected Trop. Dis. 2011, 5, 6. [CrossRef] [PubMed]

Tissera, H.; Jayamanne, B.; Raut, R; Janaki, S.; Tozan, Y.; Samaraweera, P; Liyanage, P.; Ghouse, A.; Rodrigo, C.; Silva, A.d.; et al.
Severe Dengue Epidemic, Sri Lanka, 2017. Emerg. Infect. Dis. 2020, 26, 682-691. [CrossRef] [PubMed]

Thalagala, N.; Tissera, H.; Palihawadana, P; Amarasinghe, A.; Ambagahawita, A.; Wilder-Smith, A.; Shepard, D.; Tozan, Y. Costs
of Dengue Control Activities and Hospitalizations in the Public Health Sector during an Epidemic Year in Urban Sri Lanka. PLOS
Neglected Trop. Dis. 2016, 10, €0004466. [CrossRef] [PubMed]

Low, J.G.; Ooi, E.E.; Vasudevan, S.G. Current Status of Dengue Therapeutics Research and Development. |. Infect. Dis. 2017, 215,
96-102. [CrossRef] [PubMed]

Tricou, V.; Minh, N.N.; Van, T.P; Lee, S.J.; Farrar, J.; Wills, B.; Tran, H.T.; Simmons, C.P. A randomized controlled trial of
chloroquine for the treatment of dengue in Vietnamese adults. PLoS Neglected Trop. Dis. 2010, 4, 8. [CrossRef] [PubMed]
Nguyen, N.M.; Tran, C.N.; Phung, L.K.; Duong, K.T.; Huynh, H.1.A; Farrar, J.; Nguyen, Q.T.; Tran, H.T.; Nguyen, C.V.; Merson, L.;
et al. A randomized, double-blind placebo controlled trial of balapiravir, a polymerase inhibitor, in adult dengue patients. J.
Infect. Dis. 2013, 207, 1442-1450. [CrossRef] [PubMed]

Perng, K.; Chokephaibulkit, G.C. Challenges for the formulation of a universal vaccine against dengue. SAGE J. 2013, 238,
566-578.

Perera, S.D.; Jayawardena, U.A ; Jayasinghe, C.D. Potential Use of Euphorbia hirta for Dengue: A Systematic Review of Scientific
Evidence. Hindawi ]. Trop. Med. 2018, 2018, 2048530.

Chan, C.Y;; Ooi, E.E. Dengue: An update on treatment options. Future Microbiol. 2015, 10, 12. [CrossRef]

Nedjadi, T.; El-Kafrawy, S.; Sohrab, S.S.; Despres, P.; Damanhouri, G.; Azhar, E. Tackling dengue fever: Current status and
Challenges. Virol. J. 2015, 12, 212. [CrossRef]

Jasamai, M.; Boon, Y.W.; Sakulpanich, A.; Jaleel, A. Current Prevention and Potential Treatment Options for Dengue Infection. J.
Pharm. 2019, 22, 440-456. [CrossRef] [PubMed]

Shukla, R.; Ramasamy, V.; Shanmugam, R.K.; Ahuja, R.; Khanna, N. Antibody-Dependent Enhancement: A Challenge for
Developing a Safe Dengue Vaccine. Front. Cell. Infect. Microbiol. 2020, 10, 572681. [CrossRef] [PubMed]


https://doi.org/10.1590/1519-6984.19815
https://www.ncbi.nlm.nih.gov/pubmed/27533732
https://doi.org/10.1016/j.mjafi.2014.09.011
https://www.ncbi.nlm.nih.gov/pubmed/25609867
https://doi.org/10.2149/tmh.2011-S10
https://www.ncbi.nlm.nih.gov/pubmed/22500140
https://doi.org/10.1016/j.vaccine.2017.07.045
https://www.ncbi.nlm.nih.gov/pubmed/28757058
https://www.ncbi.nlm.nih.gov/pubmed/14689700
https://doi.org/10.1128/CMR.11.3.480
https://doi.org/10.1186/s12865-021-00462-4
https://doi.org/10.1371/journal.pntd.0003547
https://doi.org/10.4269/ajtmh.2012.11-0784
https://doi.org/10.1371/journal.pntd.0001180
https://www.ncbi.nlm.nih.gov/pubmed/21713018
https://doi.org/10.3201/eid2604.190435
https://www.ncbi.nlm.nih.gov/pubmed/32186490
https://doi.org/10.1371/journal.pntd.0004466
https://www.ncbi.nlm.nih.gov/pubmed/26910907
https://doi.org/10.1093/infdis/jiw423
https://www.ncbi.nlm.nih.gov/pubmed/28403438
https://doi.org/10.1371/journal.pntd.0000785
https://www.ncbi.nlm.nih.gov/pubmed/20706626
https://doi.org/10.1093/infdis/jis470
https://www.ncbi.nlm.nih.gov/pubmed/22807519
https://doi.org/10.2217/fmb.15.105
https://doi.org/10.1186/s12985-015-0444-8
https://doi.org/10.18433/jpps30216
https://www.ncbi.nlm.nih.gov/pubmed/31539321
https://doi.org/10.3389/fcimb.2020.572681
https://www.ncbi.nlm.nih.gov/pubmed/33194810

Microbiol. Res. 2024, 15 486

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.
47.

48.
49.
50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Takeda Pharmaceuticals. Takeda’s QDENGA® (Dengue Tetravalent Vaccine [Live, Attenuated]) Approved in Indonesia for Use
Regardless of Prior Dengue Exposure. 2022. Available online: https://www.takeda.com/newsroom/newsreleases /2022 / takedas-
qdenga-dengue-tetravalent-vaccine-live-attenuated-approved-in-indonesia-for-use-regardless-of-prior-dengue-exposure/ (ac-
cessed on 16 September 2023).

Kariyawasam, R.; Lachman, M.; Mansuri, S.; Chakrabarti, S.; Boggild, A.K. A dengue vaccine whirlwind update. Ther. Adv. Infect.
Dis. 2023, 10, 1-6. [CrossRef] [PubMed]

Nivarthi, U.K,; Swanstrom, J.; Delacruz, M.].; Patel, B.; Durbin, A.P.; Whitehead, S.S.; Kirkpatrick, B.D.; Pierce, K.K; Diehl, S.A;
Katzelnick, L.; et al. A tetravalent live attenuated dengue virus vaccine stimulates balanced immunity to multiple serotypes in
humans. Nat. Commun. 2021, 12, 1102. [CrossRef]

Kallas, E.G.; Precioso, A.R.; Palacios, R.; Thomé, B.; Braga, P.E.; Vanni, T.; Campos, L.M.A.; Ferrari, L.; Mondini, G.; da Graca
Salomao, M; et al. Safety and immunogenicity of the tetravalent, live-attenuated dengue vaccine Butantan-DV in adultsin Brazil:
A two-step, double-blind, randomised placebo-controlled phase 2 trial. Lancet Infect. Dis. 2020, 20, 839-850. [CrossRef]

Khanna, N.; Swaminathan, S. Dengue vaccine development: Global and Indian scenarios. Int. J. Infect. Dis. 2018, 84S, S80-S86.
Farnworth, N.F,; Fabricant, D.S. The Value of Plants Used in Traditional Medicine for Drug Discovery. Environ. Health Perspect.
2001, 109, 69-75.

Patwardhan, B.; Vaidya, A.; Chorghade, M.; Joshi, S. Reverse Pharmacology and Systems Approaches for Drug Discovery and
Development. Curr. Bioact. Compd. 2008, 4, 201-212. [CrossRef]

Li, ].W,; Vederas, J.C. Drug Discovery and Natural Products:End of an Era or an Endless Frontier? Science 2009, 325, 161-165.
[CrossRef]

Proestos, C. The Benifits of Plant Extracts for Human Health. Foods 2020, 9, 1653. [CrossRef]

Veerasham, C. Natural products derived from plants as a source of drugs. J. Adv. Pharm. Technol. Res. 2012, 3, 200-201. [CrossRef]
[PubMed]

Jayasinghe, S.; Bandara, B.M.R.; Wickramasinghe, A.; Karunarathna, D.N.; Wijesundara, D.S.A.; Karunarathna, V. The importance
of harnessing the rich diversity of Sri Lankan flora for their medicinal value. Ceylon J. Sci. 2017, 46, 3-13. [CrossRef]

WHO Regional Office for South-East Asia. A Review of Traditional Medicine Research in Sri Lanka: 2015-2019; WHO Regional Office
for South-East Asia: New Delhi, India, 2021.

Kuruppu, A.L; Paranagama, P,; De Silva, R. Anticancer potential of natural products: A review focussing on Sri Lankan plants.
Front. Biosci. 2019, 11, 161-177. [CrossRef] [PubMed]

Petrovska, B.B. Historical review of medicinal plants’ usage. Pharmacogn. Rev. 2012, 6, 5-11. [CrossRef] [PubMed]

Saleh, M.5.M.; Kamisah, Y. Potential Medicinal Plants for the Treatment of Dengue Fever and Severe Acute Respiratory Syndrome-
Coronavirus. Biomolecules 2021, 11, 42. [CrossRef] [PubMed]

Hemalika, D.; Chandrika, U.G. Anti-dengue effects of medicinal plants: A review. Int. |. Herb. Med. 2020, 6, 50-56. [CrossRef]
The Plant List. Version 1.1. 2013. Available online: http:/ /www.theplantlist.org/ (accessed on 10 April 2023).
Dharmawardana, C. Botanical Names Sinhala Names Chandra Dharmawardana. 2011. Available online: https://dh-web.org/
place.names/sinhala?bot.html (accessed on 20 March 2023).

Hapuarachchi, S.D.; Suresh, T.S.; Senerath, W.T.P.S.K. Preliminary Phytochemical Analysis of Methanol and Chloroform Extracts
of Crude Whole Plant and Dried Callus cultures of Munronia pinnata. Planta Medica 2013, 81, 79. [CrossRef]

Institute of Ayurweda and Alternative Medicine. Ayurvedic Medicinal Plants of Sri Lanka Compendium; Barberyn Ayurveda
Resort: Beruwala, Sri Lanka, 2013; Available online: http:/ /www.instituteofayurveda.org/english/index.htm (accessed on 15
January 2024).

Ayurvedic Medicinal Plants of Sri Lanka, Barberyn Ayurveda Resort and the University of Ruhuna. Ayurvedic Medicinal Plants
of Sri Lanka Compendium; Sri Lanka, 2008. Available online: http://www.instituteofayurveda.org/plants/copyright.htm
(accessed on 15 January 2024).

Jayasekara, K.G.; Soysa, P.; Suresh, T.S.; Goonasekara, C.L.; Gunasekera, K.M. In Vitro Dengue Virus Inhibition by Aqueous
Extracts of Aegle marmelos, Munronia pinnata and Psidium guajava. Alternatives to Laboratory Animals. Altern. Lab. Anim. 2023, 51,
136-143. [CrossRef]

Pajaro-Castro, N.; Flechas, M.C.; Ocazionez, R.; Stashenko, E.; Olivero-Verbel, ]. Potential interaction of components from essential
oils with dengue virus proteins. Boletin Latinoam Caribe Plantas Med. Aromdticas 2015, 14, 141-155.

Jha, N.K,; Sharma, C.; Hashiesh, H.M.; Arunachalam, S.; Meeran, M.N.; Javed, H.; Patil, C.R.; Goyal, S.N.; Ojha, S. 3-
Caryophyllene, A Natural Dietary CB2 Receptor Selective Cannabinoid can be a Candidate to Target the Trinity of Infection,
Immunity, and Inflammation in COVID-19. Front. Pharmacol. 2021, 12, 590201. [CrossRef]

Sato, N.; Zhang, Q.; Ma, C.M.; Hattori, M. Anti-human Immunodeficiency Virus-1 Protease Activity of New Lanostane-Type
Triterpenoids from Ganoderma sinense. Chem. Pharm. Bull. 2009, 57, 1076-1080. [CrossRef] [PubMed]

Rao, V.B.; Yeturu, K. Possible Anti-viral effects of Neem (Azadirachta indica) on Dengue virus. Proc. Natl. Acad. Sci. USA
2020, 069567.

Samal, A. IMPPAT: Indian Medicinal Plants, Phytochemistry and Therapeutics; The Institute of Mathematical Science: Tamil Nadu,
India, 2018.

Sarker, M.M.R.; Khan, F; Mohamed, I.N. Dengue Fever: Therapeutic Potential of Carica papaya L. Leaves. Front. Pharmacol. 2021,
12,610912. [CrossRef] [PubMed]


https://www.takeda.com/newsroom/newsreleases/2022/takedas-qdenga-dengue-tetravalent-vaccine-live-attenuated-approved-in-indonesia-for-use-regardless-of-prior-dengue-exposure/
https://www.takeda.com/newsroom/newsreleases/2022/takedas-qdenga-dengue-tetravalent-vaccine-live-attenuated-approved-in-indonesia-for-use-regardless-of-prior-dengue-exposure/
https://doi.org/10.1177/20499361231167274
https://www.ncbi.nlm.nih.gov/pubmed/37114191
https://doi.org/10.1038/s41467-021-21384-0
https://doi.org/10.1016/S1473-3099(20)30023-2
https://doi.org/10.2174/157340708786847870
https://doi.org/10.1126/science.1168243
https://doi.org/10.3390/foods9111653
https://doi.org/10.4103/2231-4040.104709
https://www.ncbi.nlm.nih.gov/pubmed/23378939
https://doi.org/10.4038/cjs.v46i4.7473
https://doi.org/10.2741/s532
https://www.ncbi.nlm.nih.gov/pubmed/30844742
https://doi.org/10.4103/0973-7847.95849
https://www.ncbi.nlm.nih.gov/pubmed/22654398
https://doi.org/10.3390/biom11010042
https://www.ncbi.nlm.nih.gov/pubmed/33396926
https://doi.org/10.22271/flora.2020.v8.i6a.706
http://www.theplantlist.org/
https://dh-web.org/place.names/sinhala2bot.html
https://dh-web.org/place.names/sinhala2bot.html
https://doi.org/10.1055/s-0033-1336523
http://www.instituteofayurveda.org/english/index.htm
http://www.instituteofayurveda.org/plants/copyright.htm
https://doi.org/10.1177/02611929231158243
https://doi.org/10.3389/fphar.2021.590201
https://doi.org/10.1248/cpb.57.1076
https://www.ncbi.nlm.nih.gov/pubmed/19801861
https://doi.org/10.3389/fphar.2021.610912
https://www.ncbi.nlm.nih.gov/pubmed/33981215

Microbiol. Res. 2024, 15 487

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Karanpriya, V.; Rani, V.; Singh, A. Antimicrobial Properties of Curcuma longa L. and Their Bioactive Compounds. Biopharmacological
Activities of Medicinal Plants; Nova Science Publisher: Lucknow, India, 2021.

Flasche, S.; Wilder-Smith, A.; Hombach, J.; Smith, P.G. Estimating the proportion of vaccine-induced hospitalized dengue cases
among Dengvaxia vaccinees in the Philippines. Wellcome Open Res. 2019, 4, 165. [CrossRef] [PubMed]

Wachtel-Galor, S.; Yuen, J.; Buswell, J.A.; Benzie, I.EF. Ganoderma lucidum (Reishi or Ling Zhi); A Medicinal Mushroom. In Herbal
Medicine: Biomolecular and Clinical Aspects, 2nd ed.; CRC Press: Boca Raton, FL, USA, 2005.

Kim, L.S,; Silwal, P; Jo, E.K. Peroxisome Proliferator-Activated Receptor-Targeted Therapies: Challenges upon Infectious Diseases.
Cells 2023, 12, 650. [CrossRef] [PubMed]

Samaranada, V.A.; Wijekumar, PJ.; Nirmani, D.; Samarakoon, A.W.; Perera, PX. The phytochemical constituents and pharmaco-
logical properties of Munronia pinnata: A review. Int. |. Herb. Med. 2021, 9, 85-91.

Lusweti, A.; Wabuyele, E.; Ssegawa, P.; Mauremootoo, ]. Azadirachta indica (Neem). BioNET-EAFRINET. 2011. Available online:
https:/ /keys.lucidcentral.org/keys/v3/eafrinet/weeds/key /weeds/Media/Html/Azadirachta_indica_(Neem).htm (accessed
on 23 March 2023).

Atawodi, S.E.; Atawodi, ].C. Azadirachta indica (neem): A plant of multiple biological and pharmacological activities. Phytochem.
Rev. 2009, 8, 601-620. [CrossRef]

Singh, PK.; Rawat, P. Evolving herbal formulations in management of dengue fever. J. Ayurveda Integr. Med. 2017, 8, 207-210.
[CrossRef]

Parida, M.M.; Upadhay, C.; Pandya, G.; Jana, A.M. Inhibitory potential of neem (Azadirachta indica Juss) leaves on. |. Ethnopharma-
col. 2002, 79, 273-278. [CrossRef] [PubMed]

Imrana, I.; Altafb, I.; Ashrafa, M.; Javeeda, A.; Munirc, N.; Bashir, R. In vitro evaluation of antiviral activity of leaf extracts of
Azadirachta indica, Moringa oleifera, and Morus alba against the foot and mouth disease virus on BHK-21 cell line. Sci. Asia 2016, 42,
392-396. [CrossRef]

Rathnayake, K. Diyamiththa-Cissampelos Pareira. Herbal plants Sri Lanka 2013. Available online: https://herbalplantslanka.
blogspot.com/2013/11/ (accessed on 15 January 2024).

Haider, M.; Dholakia, D.; Panwar, A.; Garg, P.; Gheware, A.; Singh, D.; Singhal, K.; Burse, S.A.; Kumari, S.; Sharma, A.; et al.
Transcriptome analysis and connectivity mapping of Cissampelos pareira L. provides molecular links of ESR1 modulation to viral
inhibition. Sci. Rep. 2021, 11, 20095. [CrossRef] [PubMed]

Sood, R.; Raut, R;; Tyagi, P; Pareek, PK.; Barman, T.K; Singhal, S.; Shirumalla, R.K; Kanoje, V.; Subbarayan, R.; Rajerethinam,
R.; et al. Cissampelos pareira Linn: Natural Source of Potent Antiviral Activity against All Four Dengue Virus Serotypes. PLoS
Neglected Trop. Dis. 2015, 9, e0004255. [CrossRef] [PubMed]

Kanna, S.U.; Krishnakumar, N. Anti-dengue medicinal plants: A mini review. J. Pharmacogn. Phytochem. 2019, 8, 4245-4249.
Njeru, S.N.; Obonyo, M.A.; Nyambati, S.; Ngari, S.M. Bioactivity of Cissampelos pareira medicinal plant. J. Pharmacol. Phytochem.
2015, 3, 167-173.

Zunjat, V.; Dash, R.P; Jivrajani, M.; Trivedi, B.; Nivsarkar, M. Antithrombocytopenic activity of carpaine and alkaloidal extract of
Carica papaya Linn. leaves in busulfan induced thrombocytopenic Wistar rats. J. Ethnopharmacol. 2016, 181, 20-25. [CrossRef]
[PubMed]

Ranasinghe, P.; Ranasinghe, P.; Abeysekera, W.P.; Premakumara, G.A.; Perera, Y.S.; Gurugama, P.; Gunatilake, S.B. In vitro
erythrocyte membrane stabilization properties of Carica papaya L. leaf extracts. Pharmacogn. Res. 2012, 4, 196-202. [CrossRef]
Shetty, D.; Manoj, A.; Jain, D.; Narayane, M.; Rudrakar, A. The Effectiveness of Carica Papaya Leaf Extract in Children with Dengue
Fever. Eur. |. Biomed. Pharm. Sci. 2019, 6, 380-383.

Gadhwal, A K.; Ankit, B.S.; Chahar, C.; Tantia, P; Sirohi, P.; Agrawal, R.P. Effect of Carica papaya Leaf Extract Capsule on Platelet
Count in Patients of Dengue Fever with Thrombocytopenia. J. Assoc. Physicians India 2016, 64, 22-26.

Plants of the World Online. Zingiber officinale, Royal Botanical Gardens Kew. Available online: https://powo.science kew.org/
taxon/urn:lsid:ipni.org:names:798372-1/ (accessed on 30 August 2023).

Moghaddasi, S.M.; Kashani, H.H. Ginger (Zingiber officinale): A review. |. Med. Plants Res. 2012, 6, 4255-4258.

Sharma, B.K,; Klinzing, D.C.; Ramos, ].D. Zingiber officinale Roscoe aqueous extract modulates Matrixmetalloproteinases and tissue
inhibitors of Metalloproteinases expressions in Dengue virus-infected cells: Implications for prevention of vascular permeability.
Trop. J. Pharm. Res. 2015, 14, 1371. [CrossRef]

Kaushik, S.; Jangra, G.; Kundu, V.; Yadav, ].P; Kaushik, S. Anti-viral activity of Zingiber officinale (Ginger) ingredients. Virus Dis.
2020, 31, 270-276. [CrossRef] [PubMed]

Padilla, S.L.; Rodriguez, A.; Gonzales, M.M.; Gallego, G.J.C.; Castafio, O.].C. Inhibitory effects of curcumin on dengue virus type
2-infected cells in vitro. Arch. Virol. 2014, 159, 573-579. [CrossRef] [PubMed]

Verma, R.K.; Kumari, P; Maurya, RK.; Kumar, V.; Verma, R.B.; Singh, R.K. Medicinal properties of turmeric (Curcuma longa L.): A
review. Int. J. Chem. Stud. 2018, 6, 1354-1357.

Ichsyani, M.; Ridhanya, A.; Risanti, M.; Desti, H.; Ceria, R.; Putri, D.H.; Sudiro, T.M.; Dewi, B.E. Antiviral effect of Curcuma longa
L. against dengue virus in vitro and in vivo. Earth Environ. Sci. 2017, 101, 012005. [CrossRef]

Roshdy, W.H.; Rashed, H.A.; Kandeil, A.; Mostafa, A.; Moatasim, Y.; Kutkat, O.; Abo Shama, N.M.; Gomaa, M.R; El-Sayed, I.H,;
El Guindy, N.M.; et al. EGYVIR: An immunomodulatory herbal extract with potent antiviral activity against SARS-CoV-2. PLoS
ONE 2020, 15, €0241739. [CrossRef] [PubMed]


https://doi.org/10.12688/wellcomeopenres.15507.1
https://www.ncbi.nlm.nih.gov/pubmed/31815190
https://doi.org/10.3390/cells12040650
https://www.ncbi.nlm.nih.gov/pubmed/36831317
https://keys.lucidcentral.org/keys/v3/eafrinet/weeds/key/weeds/Media/Html/Azadirachta_indica_(Neem).htm
https://doi.org/10.1007/s11101-009-9144-6
https://doi.org/10.1016/j.jaim.2017.06.005
https://doi.org/10.1016/S0378-8741(01)00395-6
https://www.ncbi.nlm.nih.gov/pubmed/11801392
https://doi.org/10.2306/scienceasia1513-1874.2016.42.392
https://herbalplantslanka.blogspot.com/2013/11/
https://herbalplantslanka.blogspot.com/2013/11/
https://doi.org/10.1038/s41598-021-99444-0
https://www.ncbi.nlm.nih.gov/pubmed/34635729
https://doi.org/10.1371/journal.pntd.0004255
https://www.ncbi.nlm.nih.gov/pubmed/26709822
https://doi.org/10.1016/j.jep.2016.01.035
https://www.ncbi.nlm.nih.gov/pubmed/26812680
https://doi.org/10.4103/0974-8490.102261
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:798372-1/
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:798372-1/
https://doi.org/10.4314/tjpr.v14i8.8
https://doi.org/10.1007/s13337-020-00584-0
https://www.ncbi.nlm.nih.gov/pubmed/32420412
https://doi.org/10.1007/s00705-013-1849-6
https://www.ncbi.nlm.nih.gov/pubmed/24081825
https://doi.org/10.1088/1755-1315/101/1/012005
https://doi.org/10.1371/journal.pone.0241739
https://www.ncbi.nlm.nih.gov/pubmed/33206688

Microbiol. Res. 2024, 15 488

88.

89.

90.

91.

92.

93.

94.

95.

96.

Flowers of India. Common Bamboo. 2016. Available online: http://www.flowersofindia.net/catalog/slides/Bamboo.html
(accessed on 15 January 2024).

Guinness World Records Limited. Fastest Growing Plant; Guinness World Records Limited: London, UK, 2022.

Kumarasinghe, N.; Perera, PK.; Lankeshwara, L.K.; Subasinghe, H.G.; Aberathne, W. A Sri Lankan Traditional Medicine (Bamboo
swarasa) to Control Dengue Symptoms and Signs—A Preliminary Observation. In Proceedings of the 2nd International Conference
on Ayurveda, Unani, Siddha and Traditional Medicine and Ayu Expo—2014, Colombo, Sri Lanka, 16-18 December 2014.

Ojo, O.0,; Oluyege, ].O.; Famurewa, O. Antiviral properties of two Nigerian plants. Afr. J. Plant Sci. 2009, 3, 157-159.

Petrera, E.; Nittolo, A.G.; Alche, L.E. Antiviral action of synthetic stigmasterol derivatives on herpes simplex virus replication in
nervous cells in vitro. BioMed Res. Int. 2014, 2014, 947560. [CrossRef]

Liu, B.; Guo, Z.Y,; Bussmann, R.; Li, EF; Li, ].Q.; Hong, L.Y.; Long, C.L. Ethnobotanical approaches of traditional medicine studies
in Southwest China: A literature review. J. Ethnopharmacol. 2016, 186, 343-350. [CrossRef]

WHO. WHO Traditional Medicine Strategy: 2014-2023; WHO: Geneva, Switzerland, 2013.

Atanasov, A.G.; Waltenberger, B.; Pferschy-Wenzig, E.M.; Linder, T.; Wawrosch, C.; Uhrin, P.; Temml, V.; Wang, L.; Schwaiger, S.;
Heiss, E.H.; et al. Discovery and Resupply of Pharmacologically Active Plant Derived Natural Products: A Review. Biotechnol
Adv. 2015, 33, 1582-1614. [CrossRef]

Ekor, M. The growing use of herbal medicines: Issues relating to adverse reactions and challenges in monitoring safety. Front.
Pharmacol. 2014, 4, 177. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://www.flowersofindia.net/catalog/slides/Bamboo.html
https://doi.org/10.1155/2014/947560
https://doi.org/10.1016/j.jep.2016.02.040
https://doi.org/10.1016/j.biotechadv.2015.08.001
https://doi.org/10.3389/fphar.2013.00177

	Introduction 
	Dengue 
	Clinical Presentation of Dengue 
	Dengue Burden in Sri Lanka 
	Unveiling Current Treatment Options and Vaccine Prospects for Dengue 

	Methodology 
	Use of Medicinal Plants for the Treatment of Dengue Fever 
	Munronia pinnata 
	Azadirachta indica 
	Cissampelos pareira L. 
	Carica papaya 
	Zingiber officinale 
	Curcuma longa 
	Bambusa vulgaris 

	Conclusions and Recommendations 
	References

