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Literature Review

ABSTRACT

Infections caused by the dengue virus (DENV) exhibit a wide range of clinical manifestations, from
asymptomatic cases to severe, and sometimes life-threatening, conditions. Therefore, identifying effective
antivirals and anti-inflammatory agents is a promising strategy to reduce the impact of these infections.
Indonesia, with its rich biodiversity, particularly in medicinal plants, offers potential sources for such
treatments. Most research on DENV antivirals in Indonesia has been conducted in vitro and has
predominantly focused on DENV serotype 2 (DENV-2). However, in vivo research on medicinal plants, as
well as studies on their anti-inflammatory properties, remains limited in Indonesia.Extracts that have been
investigated in both in vivo and in vitro settings are limited to Cassia alata and Curcuma longa. Plants
possessing antiviral properties originate from diverse botanical families, with leaves being the most
utilized plant component. Flavonoids are found in most medicinal plants that have antiviral properties.
Indonesia is known to have other natural compounds, including quercetin, isobutyl gallate, curcumin, and
6-gingerol, which have antiviral properties. Curcumin and 6-gingerol are the only natural compounds that
have been subjected to testing against all four serotypes of dengue. This article provides a comprehensive
review of medicinal plants in Indonesia, focusing specifically on their therapeutic potential against the
dengue virus.

INTRODUCTION

The dengue virus is a primary causative agent responsible for the occurrence of dengue
fever (DF) and Dengue Haemorrhagic Fever (DHF). According to data provided by World Health
Organization (WHO), the annual incidence of dengue fever ranges from 50 to 100 million cases,
with an additional 500,000 occurrences of DHF.! The dengue virus is recognized as having
endemicity in over 100 countries globally, affecting up to 40% of the global human population,
including the Caribbean, America, Africa, Eastern Mediterranean, Pacific, and Asia (around 70%
of the global disease burden).}2 Infections of DENV are correlated with a broad and varied
spectrum of clinical symptoms, spanning from a condition of mild intensity that typically resolves
on its own identified as DF to severe and potentially fatal complications characterized by vascular
leakage and bleeding, known as either DHF or dengue shock syndrome (DSS).3 There are four
globally circulating serotypes of the DENV, known as DENV-1, DENV-2, DENV-3, and DENV-4
(differences in the viral envelope protein of 25% to 40%).3

Dengue severity, strongly influenced by the occurrence of cytokine storms, can cause
heightened capillary permeability, leading to plasma leakage and ultimately ending in death.*
Considering the important role of pro-inflammatory cytokines in the severity of the dengue
infections,* antiviral therapy that is both highly effective at inhibiting virion production and
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cytokine storm occurrence is the most effective approach. Utilization of therapeutic herbs has
been feasible since ancient times as the earliest recorded evidence of civilizations. In Indonesia,
pharmaceutical products from natural sources are commonly referred as traditional or herbal
medicines.5 As a country that has high biodiversity, Indonesia has various kinds of medicinal
plants that can be developed into antiviral® and anti-inflammatory agents.> Hence, several
research activities have been conducted to investigate the prospective utilization of regional
Indonesian medicinal flora. This literature review aims to provide a broader perspective on the
advancement of research towards the development of therapeutic medications for dengue
infections by discussing several studies in Indonesia that investigate the potential of local plants
using various methodologies and a range of active chemicals.

METHODS
From April to October 2023, the authors conducted searches across databases housing
scientific articles and research findings, such as PubMed, Science Direct, and Google Scholar. The

» o«

search keywords used in this instance encompassed “dengue virus infection”, “medicinal plants”,
“antivirus”, “anti-inflammation”, or “natural compounds”. Included studies had to fulfil these
criteria: research with quantitative methodologies, experimental study design, in vitro or in vivo
studies, research conducted in Indonesia, and research published at least in 2014. Meanwhile, its
excluded criteria were research with qualitative methodology, observational study design,

and/or systematic reviews.

Dengue virus pathogenesis

Dengue virus is a type of RNA virus that possesses a positive-stranded RNA genome. It is
classified within the Flavivirus genus (member of the Flaviviridae family). The DENV have some
characteristics such as an enveloped virus with genome encased by a structure called capsid.” The
Flavivirus genome, which is approximately 11 kilobases in size, contains untranslated regions
(UTRs), positioned adjacent to the open reading frame (ORF).8 The ORF encodes three structural
proteins (C, prM, and E) and seven non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B,
and NS5) of the DENV. Protein C is a component of nucleocapsids, and membrane protein (M) is
synthesised inside the cells as a precursor protein (prM). The prM is subsequently cleaved by the
enzyme furin to create a mature M protein. The protein envelope (E) plays a pivotal role as a
structural protein in both its attachment to receptors on the cell membrane and fusing process
with infected cells.?

The NS1 protein is involved in the process of RNA replication and is released from cells that
have been infected. The NS2A plays an important role in the viral assembly and the recruitment
of RNA to genome replication complexes. Additionally, NS2A functions as an interferon
antagonist. The function of NS2B is as a cofactor for the protease activity of NS3, involved in the
cleavage of protein C and all non-structural proteins except NS1.79 The NS2B may inhibit the
activation of the IFN-[3 promoter generated by RIG-1/MAVS.10 The NS3 protein exhibits a distinct
domain that serves as an RNA helicase. While the precise functions of two other non-structural
proteins, namely NS4A and NS4B, which relate to the cell membrane, have yet to be definitively
determined, both can inhibit type I interferon (IFN) signalling. The NS5 protein plays a crucial
function in various biological processes. Notably, this versatile protein encompasses the core
subunit of RNA-dependent RNA polymerase (Rdrp), with methyltransferases that are involved in
the process of capping viral RNA.7.9

Dengue virus is transmitted to humans through female mosquito, especially from the Aedes
aegypti species. Other mosquito species that play a role in transmitting the dengue virus,
including Aedes albopictus, Aedes polynesiensis, and Aedes scutellaris.8 Many species of mosquitoes
that can be vectors are main factors contributing to the extensive global dissemination of the
dengue virus. Replication of DENV starts from the mosquito's salivary glands, and then virions
are released into the saliva which will be carried into human cells when the mosquito bites the
human host. Numerous cell types have been found to be vulnerable to the DENV, encompassing
fibroblasts, macrophages, epithelial cells, T cells, endothelial cells, dendritic cells, monocytes, B
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cells, and hepatocytes.8

The process of DENV infections within cells starts with the attachment of the virus to the
specific receptors located on the surface of the cell. Multiple receptor types have a role in
facilitating the cellular entrance of DENV, including mannose receptors (MR), heparan sulphate,
lipopolysaccharide complex (LPS)-CD14, dendritic cell-intercellular adhesion molecule 3-
grabbing nonintegrin (DC-SIGN), phosphatidylserine (PS), T-cell Ig mucin (TIM).81t The DENV has
the ability to enter cells with the assistance of antibodies via the Fc receptor, known as Antibody
Dependent Enhancement (ADE).8

Further internalization of the Dengue virus is facilitated through clathrin-mediated
endocytosis. Once inside the host cell, the virus undergoes a series of endosomal processing
stages, starting with early endosome formation and progressing to late endosome maturation.
These steps are critical for the virus's successful entry into the cytoplasm, where it can initiate
replication and infection. Furthermore, the phenomenon of uncoating or the liberation of the viral
genome into the cytoplasm, along with the viral RNA that is characterized by a positive strand
RNA, can be immediately utilized for protein translation and serve as a template for genetic
material replication.t Next is the assembly process, which ultimately leads to the development of
an immature viral particle. The maturation process occurring within the trans-Golgi network
(TGN) is enhanced by the furin enzyme, resulting in the conversion of immature viral particles.8

During the initial phases of infection, resident immune cells in tissues become the main
target of infection, including macrophage cells that are resident in the skin and dendritic cells.
These infected cells will then go to the lymph nodes.8 When the lymph nodes are infected, the
infection is strengthened, and the virus is disseminated through the lymphatic system.12 Viremia
occurs when the virus has spread widely through the blood vessels and lymph nodes, so that
infection can be observed in several organs such as the spleen, kidney, lung and liver through
infected dendritic cells, monocytes and macrophages.¢ Infections of DENV exhibit a diverse array
of clinical manifestations, spanning from instances with no apparent symptoms (which are
prevalent) to a wide range of clinical manifestations, including a mild influenza-like illness known
as DF, as well as the most severe manifestation of the disease.!3

Vascular leakage is a significant characteristic of severe dengue, resulting from the
compromised functionality of endothelial cells. A study shows that the mechanism of
pathogenesis of DENV infection is quite complicated as well as the occurrence of vascular leakage
which is influenced by several factors such as cytokines (e.g. TNF-q, has elevated levels during
the crucial phase of dengue fever); NS1 protein (disrupts the endothelial glycocalyx);
inflammatory mediators (platelet activating factor (PAF) and leukotrienes).14 Multiple studies
have shown that the DENV virus's non-structural protein NS1 plays an important role in the
development and severity of the infection.!5-17 The activation of NS1 has the ability to activate the
complement system and increase vascular permeability, resulting in vascular leakage.18

Indonesian medicinal plants and natural compound potential

Plant-based drugs are a popular substitute nowadays. According to WHO estimates, a
significant proportion, about 80% of the population residing in developing countries, get their
primary health care (PHC) from their traditional medicine.1® Plants and their derivative products
possess a number of advantages. They are not dangerous; these substances exhibit a higher
degree of absorption and metabolic efficiency within the human body, making the treatment
process more effective; they have minimal side effects; and they are abundant in nature.2021

In terms of medicinal plants, Indonesia holds the fourth position globally as a prominent
producer of medicinal plants, while also being recognized as the 19t largest exporter in the world,
with a total of 6,000 of medicinal plants.2223 Indonesian people’s ancestors utilized plants for
treating numerous illnesses, although written evidence and related studies have been limited;
everyday experience provides insights into the use of plants as medicine.2* Syzygium polyanthum,
also known as salam, is the plant most widely used to treat hypercholesterolemia in Kalimantan,
Indonesia.25 Several studies show that plants originating and widely used in Indonesia such as
mangosteen, cinnamon and curcumin exhibit significant potential in the treatment of metabolic
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syndrome including obesity, diabetes, hypertension, and hyperlipidemia.26

Nowadays, dengue treatment is mostly symptomatic and supportive, focusing on plasma
fluid loss caused by increased capillary permeability and bleeding. Patients with DF can seek
outpatient therapy, but patients with plasma leakage must be hospitalized in a standard
treatment room, and instances of DHF need intensive care.?? As a result, drugs discoveries to treat
dengue infections are required to reduce case fatality rate. Medicinal plants consist of various
chemical substances with biological activities, one of which suppresses viral multiplication.
However, there is no approved medicine (antiviral) that targets the DENV currently.2127

A comprehensive investigation has been conducted on numerous medicinal plant extracts
and natural compounds found in Indonesia to explore the therapeutic attributes of indigenous
medicinal plants. In vitro experiments (Table 1) and in vivo experiments (Table 2) have been
conducted to study the potential of these plants in formulating pharmaceutical interventions for
controlling infections caused by the DENV. Some of the plants that have been studied include the
ethanolic extract from Jatropha multifida L (jarak tintir), Psidium guajava (jambu biji), Carica
papaya (pepaya), Cassia alata (ketepeng Cina), Annona squamosa (srikaya), Allium sativum L.
(bawang putih), and Pterocarpus indicus Willd (sono kembang). In addition, other plant species
exhibiting antiviral properties have been effectively extracted by utilizing methanol as a solvent
such as Cymbopogon citratus (serai), Myristica fatua (pala hutan), Acorus calamus (dlingo), and
Mangifera foetida L. (mangga bacang), Curcuma longa (kunyit). The other medical plants are, such
as, Piper betle (sirih), Pinus merkusii (pinus), Cosmos caudatus (kenikir), Ceiba pentandra (kapuk
randu), Eugenia uniflora (ceremai Belanda), and Calophyllum nodosum (bintangur/nyamplung)
(Table 1).

Several studies conducted in Indonesia have shown significant progress in this field of
research, namely around in vitro investigations utilizing cell lines (Table 1). Commonly utilized
cell lines in research include Vero cells and Huh-7 it-1 cells, whereas the extensively investigated
virus is DENV serotype 2. Additional research is necessary to examine the effectiveness of
medicinal plants or natural compounds in treating all four dengue serotypes, with the goal of
identifying the most promising botanical candidates. Flavonoids are commonly found in most
medicinal plants that have been studied for their potential in DENV antiviral research in
Indonesia (Table 1 and Table 2). Numerous phytochemicals are yielded through extraction using
diverse solvents. Nevertheless, flavonoids and their derivatives stand out as commonly occurring
phytochemicals in extracts with antiviral properties. Flavonoids have been extensively studied in
various regions worldwide, revealing their potential as antiviral drugs capable of combating a
wide range of viruses such as Japanese encephalitis virus, DENV, Chikungunya, hepatitis C virus
(HCV), human immunodeficiency virus-1 (HIV-1), influenza, hepatitis B virus (HBV), enterovirus,
poliovirus, and severe acute respiratory syndrome coronavirus 2 (SARS-Cov 2).28

Furthermore, various in vitro and/or molecular studies have investigated the effectiveness
of specific chemical compounds obtained from plants as potential antiviral drugs for dengue
infections. These compounds include quercetin, isobutyl gallate, curcumin, and 6-gingerol (Table
3). Curcumin and 6-gingerol have been extensively studied in scientific research for their
potential antiviral properties against all serotypes of the DENV virus.29

Role of anti-inflammatory compounds in dengue infection

The severity of DF and the mechanism by which the DENV causes sickness are both
significantly impacted by the inflammatory response that occurs within the host’s body. Several
inflammatory mediators, including prostaglandin E2 (PGE2), Tumor Necrosis Factor-a (TNF-a),
interferon-y (IFN-y),interleukin-6 (IL-6), and IL-8 have been discovered to be more prevalent in
severe dengue infection.30-31 Furthermore, TNF-a levels exhibit positive correlations with
disease’s severity and known as the predominant cytokine responsible for inducing blood vessel
permeability. In vivo investigations have demonstrated that TNF-a can induce endothelial
dysfunction, characterized by elongation of endothelial cells and a decrease in their shape index.32
A combination of TNF-a and IFN-y also cause elongation of endothelial cells and the formation of
gaps between endothelial cells.33
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Table 1. In vitro studies Indonesia medicinal plants as antiviral against dengue virus infection

Scientific name (local Extract Assay/method Targeted DENV Study parameters Phytochemical
name)/part used/family used/active serotype and cell
constituents line used
Jatropha multifida L (jarak Ethanolic MTT assay DENV-2, Aedes - CCs0=651.8 pg/mL Flavonoid and terpenoid
tintir) /leaves/Euphorbiaceae3* RT-PCR albopictus C6/36 and - Reduce copy number
Vero cells RNA
Myristica fatua (pala Methanolic MTT Assay DENV-2 strain New - CC50=474.42 pg/mL Flavonoid; artesunic acid;
hutan)/Myristicaceae3® FAA Guinea C (NGC), - EC50=25.33 ug/mL  homoegonol; and myriticin
Molecular C6/36 and Huh-7it-1 - SI=18.73
docking cell line
Cymbopogon citratus Methanolic MTT Assay DENV-2 strain NGC, - CC50=183.74 ug/mL Terpenes; alcohols; ketones;
(serai)/Poaceae3s FAA C6/36 and Huh-7it-1 - EC50=29.37 uyg/mL  aldehyde; and esters; citral a; citral §;
Molecular cell line - SI=6.26 nerol geraniol; citronellal;
docking terpinolene; geranyl acetate;
myrecene; and terpinol
methylheptenone
Acorus calamus Methanolic MTT Assay DENV-2 strain NGC, - CCs0=424.93 ng/mL  [-asarone; acoric acid; and calamusin
(dlingo) /Acoraceae3> FAA C6/36 and Huh-7 it-1 D
Molecular cell line
docking
Psidium guajava (jambu Ethanolic MTT Assay DENV-2 strain NGC, - CC50=153.18 ug/mL Quercetin (derivate of flavonoid)
biji)/leaves/Myrtaceae3® FAA Huh7it-1 cell line - IC50=7.2 pg/mL
- SI=21.28
Carica papaya Ethanolic MTT Assay DENV-2 strain NGC, - CC50=244.76 ug/mL Flavonoid;  terpenoid;  alkaloid;
(pepaya)/leaves/Caricaceae3® FAA Huh7it-1 cell line - IC50 = 6.57 pg/mL carbohydrate; phenol; glycoside;
- SI=37.25 phytosterol; saponin; and tannin
Mangifera foetida L. (mangga Methanolic MTT Assay DENV-2, Vero - CCs0=133.78 ug/mL  Flavonoids (quercetin and catechins)
bacang) Batu varieties/stem Viral ToxGlo cells - IC50 =8.14 pg/mL and its derivative (mangiferin);
bark/Anacardiaceae3’ Assay - SI=16.43 polyphenolic compound (gallic acid)
Cassia alata (ketepeng Ethanolic MTT Assay DENV-2 strain NGC, - Early step inhibition: ~ 5,7,2',5'-tetrahydroxyflavone;
Cina)/leaves/Fabaceae38 (from plants Time-of- Huh-7-it-1 cell line 96.04 % daturametelin H; kaempferol-3,7
grow in addition test diglucoside; 5,5-tetramethoxy-trans-
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Annona squamosa
(srikaya)/leaves/Annonaceae3®

Piper betle
(sirih)/leaves/Piperaceae*?

Allium sativum L. (bawang
putih) /tuber/Amaryllidaceae*!

Pinus merkusii
(pinus)/cone/Pinaceae*?

Cosmos caudatus
(kenikir) /leaves/Asteraceae*3

Pterocarpus indicus Willd (sono

kembang/cendana
merah)/Leguminoceae**

Curcuma longa

Jakarta)

Ethanolic

Ethanolic

Crude Extract
(ethanolic),
hexane
fraction, and
ethyl acetate
fraction

CDs-13

MTT Assay
Viral ToxGlo
Assay

MTT Assay
FAA

MTT Assay
FAA

Viral ToxGlo™
Assay
CellTiter-Glo®
Luminescent
Cell Viability
Assay

MTT Assay
FAA

MTT Assay
FAA

MTT Assay

DENV-2, Vero
cells

DENV-2 strain NGC,
Huh?7it-1 cell line

DENV-2 strain NGC,
Vero cells

DENV-2 NCBI
accession number:
KT012509, Vero
cells

DENV-2 strain NGC,
Huh?7it-1 cell line
DENV-1IDS 11/10,

C6/36 cell line,
Huh?7it-1 cells

DENV-2 strain NGC,

374

Post infection
inhibition 99.16 %

IC50= 73.78 pg/mL
CC50= 331.54 pug/mL
SI= 4.49

IC50 =17.662 pg/mL
CC50 = 486.404
ng/mL

SI=243

% Cell viability >90%
Dose 40 pg/mL has
the highest inhibitory
potency of 46.4%
IC50 = 73.78 pg/mL
CC50 =249.5 pg/mL
SI=3.38

IC50 =12.2 ug/mL
CC50=187.1 pg/mL
SI=154

Crude Extract
CC50=174.31 pg/mL
IC50 = <0.125 pg/mL
SI=>1,392

Hexane

CC50 =35.67 pg/mL
IC50 = <0.125 pg/mL
SI=>285.36

Ethyl acetate

CC50 =21.07 pg/mL
IC50 = <0.125 pg/mL
SI=>168.56

CC50 =85.4 pg/mL

Kartika, et al. Indonesian medicinal plants'...

stilbene,25-dehydroxy-24-acetate
alisol; [3-sitosterol-3-0-3-D-
glucopyranoside; digitopurpon; 3,3’
deoxycholic acid.

flavonoids; alkaloids; phytosterols;

glycoside; saponins; phenolic
compounds; and tannins.

Piperbetol; chavicol;
hydroxychavicol; methylpiperbetol;

chavibetol; piperol A; and piperol

Allyl methyl thiossulfinate and allicin

Proanthocyanidins (oligomeric and
polymeric products from flavonoid
biosynthetic pathway) as the most
abundant; phenols; and terpenoids

Flavonoids

Curcumin
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(kunyit) /Zingiberaceae*>

Ceiba pentandra (kapuk
randu) /leaves/Malvaceae*®

Eugenia uniflora (ceremai

extract
processed
into methanol
fraction

Belanda) /leaves/Myrtaceae*®

Calophyllum nodosum

Butanol

(bintangur/nyamplung)/leaves fraction

/Clusiaceae*’

FAA

MTT Assay,
FAA

MTT Assay
FAA

MTT Assay
FAA

Kartika, et al. Indonesian medicinal plants'...

Huh?7it-1 cell line - IC50=17.91 pg/mL
- SI=48
DENV-2 strain NGC, - IC50 = 15.49 pg/mL Flavonoids
Huh?7it-1 cell line - CC50=81.1 pg/mL
- SI=5.23
DENV-2 strain NGC, - IC50 =19.83 pg/mL Flavonoids
Huh7it-1 cell line - CC50=134.42 pg/mL
- SI=6.78
DENV-2 strain NGC, - IC50=5.6 pg/mL Flavonoids; xanthones; coumarin;
Huh7it-1 cell line - CC50=1,181.1 pg/mL chalcone; benzofuran; and triterpene
- SI=210.9

DENV: Dengue Virus; MTT: 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide; IC50: 50% inhibition concentration; CC50: 50% cytotoxicity
concentrations; SI: selectivity index, FAA: focus forming assay; NGC: New Guinea C; CDs: carbon dots; RT-PCR: Reverse transcription polymerase chain reaction.

Table 2. In vivo studies Indonesia medicinal plants as antiviral against dengue virus infection

Scientific name (local Extract Assay/method Targeted DENV Study parameters/ Phytochemical
name)/part used/active serotype and animal  results

used/family constituents model used

Cassia alata (ketepeng Ethanolic extract FAA DENV-2, 2-day-old Decreasing of the DENV-2 Flavonoids and

Cina)/leaves/Fabaceae*?
Curcuma longa

(kunyit) /Zingiberaceae*®

Curcuma longa
(kunyit) /Zingiberaceae*s

CDs-13 extract
processed into
methanol
fraction
CDs-13 extract
processed into
methanol
fraction

Balb/C mice, Vero cell
(for titration)

ALT and liver histopathology DENV-2, 8-weeks old

examination

male BALB/c mice

- Yamanaka S and Konishi E DENV-2, Male and

method female mice strain ddY
- Serum analysis: SGPT, SGOT,  8-12 weeks old (and
ureum and creatinine male mice strain ddY
- FAA 2-4 weeks old

titter alkaloids

Reducing of the Curcumin
necroinflammatory activity

Antiviral effect at doses of Curcumin
0.147 mg/mL and reduce
viremia period

DENV: Dengue Virus; MTT: 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide; ICso: 50% inhibition concentration; CCso: 50% cytotoxicity
concentrations; SI: selectivity index, FAA: focus forming assay; NGC: New Guinea C; CDs: carbon dots; RT-PCR: Reverse transcription polymerase chain reaction.
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In addition to TNF-a, other cytokines IL-1 are also involved in the cause of vascular
disease.5 When dealing with a dengue infection, one method that can be implemented to prevent
severe DF is to decrease the body's inflammatory response.

Certain naturally occurring compounds are known for their ability to function as
immunomodulators. The compounds mentioned, such as alkaloids, carbohydrates, lectins,
polyphenols, stilbenoids, and peptides, are all part of a group of medications called
immunomodulatory drugs.5! Phenolic compounds from plants can influence inflammation in the
body and stop the multiplication of viral particles. Some of these derivatives do this by inhibiting
the expression of NFkB (Nuclear factor kappa-light-chain-enhancer of activated B cells), while
others boost IFN-a and NK (Natural Killer) cell production. Geranin (which comes from plants
Geranium thunbergii and Dimocarpus longan), chebulagic acid and punicalagin (which come from
the Genus Geranium and Euphorbia), and Curcumin (which comes from the plant Curcuma longa
L.) are some of the phenolic compounds found in plants that have been discovered to have
antiviral or anti-inflammatory effects.52 Numerous active compounds that affect inflammation
have been explored, but their molecular mechanisms are still uncertain. Mangosteen (Garcinia
mangostana Linn.) pericarp extract contains a-MG (alpha mangostin), which inhibits DENV
replication by targeting NS5 RdRp. Alpha mangostin inhibits the expression of cytokines and
chemokines like TNF-a, RANTES (Regulated upon activation, normal T cell expressed and
presumably secreted), IP-10 (interferon y-induced protein 10 kDa), and IL-6 via the NFxB
pathway by preventing NFkB translocation.*

Table 3. Indonesia natural compounds as antiviral against dengue virus infection

Compound Assay/method Targeted DENV serotype and Study parameters
name cell line used
Quercetin®3 MTT assay, RT- DENV-2 strain NGC; Huh7it-1 - IC50=1.1 pg/ml
PCR, molecular - CC50=38.8 pg/ml
docking - SI=38
Isobutyl MTT assay, DENV-2 strain New Guinea C - CC50=167.19 pg/mL
gallates4 FAA (NGC); Huh7 it-1 - 1C50=4.45 pg/mL
- SI=25.69
Curcumin?9 MTT assay, - Virus: DENV-1 strain JMB-034; - IC50
plaque assay DENV-2 strain SUB-011; = DENV-1: 20.60 uM
DENV-3 strain SUB-006; and = DENV-2:13.95 uyM
DENV-4 strain SUB-007 = DENV-3: 25.54 uyM
- Cell line: alveolar epithelial = DENV-4: 12.35 uM
carcinoma A549; fibroblast - CC50=108 uM
BHK-21
6-gingerol?? MTT assay, - Virus: DENV-1 strain J]MB-034; - IC50
plaque assay DENV-2 strain SUB-011; = DENV-1: 14.70 uM
DENV-3 strain SUB-006; and = DENV-2: 14.17 uyM
DENV-4 strain SUB-007 = DENV-3: 78.76 uM
- Cell line: alveolar epithelial = DENV-4:112.84 uM
carcinoma A549; fibroblast - CC50=210 uM
BHK-21

DENV: Dengue Virus; MTT: 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide; 1Cso: 50%
inhibition concentration; CCso: 50% cytotoxicity concentrations; SI: selectivity index, FAA: focus forming
assay; NGC: New Guinea C; RT-PCR: reverse transcription polymerase chain reaction.

Research on the anti-inflammatory effects of medicinal plants against dengue virus (DENV)
in Indonesia is limited. Although the severity of dengue infection is influenced by both viral load
and the host's inflammatory response, there has been a lack of studies on the potential of natural
substances and plant extracts to mitigate this inflammation. Given the critical role inflammation
plays in dengue progression, it is important to thoroughly investigate the anti-inflammatory
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properties of individual compounds and plant extracts to better understand their therapeutic
potential against DENV infections.

CONCLUSION

Several medicinal plants and natural compounds in Indonesia have been empirically
demonstrated to have antiviral activity, and several are also anti-inflammatory. The occurrence
of flavonoids has been documented in a substantial proportion of medicinal plant species
originally from Indonesia, which have demonstrated antiviral properties against DENV. Curcumin
and 6-gingerol are the sole natural compounds that have undergone testing against all four
serotypes of dengue. Hence, it is imperative to conduct additional investigations on the anti-
inflammatory capabilities of Indonesian medicinal plants, encompassing both laboratory
experiments (in vitro) and studies on living organisms (in vivo), with the aim of targeting all
serotypes of the DENV. Hence, this leads to the development of the most potent antiviral and anti-
inflammatory agent for the dengue virus infection treatment.
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LIST OF ABBREVIATIONS

DENV: Dengue Virus; DF: dengue fever; DHF: dengue haemorrhagic fever; DSS: dengue shock
syndrome; CFR: case fatality rate; IR: incidence rate; IFN: Interferon; TNF-o: Tumour Necrosis Factor
Alpha; a-MG: alpha mangostin; Rdrp: RNA-dependent RNA polymerase; NS: non-structural proteins; C:
Capsid; prM: precursor membrane protein; E: Envelop protein; RNA: Riblonucleic acid; UTRs: untranslated
regions ; ORF: open reading frame; RIG-I: retinoic acid-inducible gene I; MAVS: mitochondrial antiviral-
signalling protein; LPS: lipopolysaccharide; DC-SIGN: Dendritic cell-intercellular adhesion molecule 3-
grabbing nonintegrin; PS: Phosphatidylserine; TIM: T cell Ig mucin; ADE: Antibody Dependent
Enhancement; TGN: Trans-Golgi Network; PGE2: prostaglandin E2; PHC: primary health care; NFkB:
Nuclear factor kappa-light-chain-enhancer of activated B cells; IP-10: interferon y-induced protein 10 kDa;
ALT: Alanine Transaminase; SGPT: Serum Glutamic Pyruvic Transaminase; SGOT: Serum Glutamic
Oxaloacetic Transaminase; RT-PCR: Reverse transcription polymerase chain reaction; MTT: 3-(4, 5-
dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide; IC50: 50% inhibition concentration; CC50:
50%cytotoxicity concentrations; SI: Selectivity Index, FAA: Focus Forming Assay; RANTES: Regulated upon
Activation, Normal T Cell Expressed and Presumably Secreted; HIV: Human Immunodeficiency Virus; SARS-
CoV-2: Severe acute respiratory syndrome coronavirus 2; PAF: Platelet activating factor; HCV: hepatitis C
virus; HBV: hepatitis B virus; NK: Natural Killer; NGC: New Guinea C; CDs: carbon dots.
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