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Abstract

Dengue virus (DENV) infection starts through female anopheles mosquito vector. This virus belongs to flaviviridae family.
If a carrier mosquito (Aedes gypti) attacks a human, the virus is transmitted. There are four serotypes such as DENV-1,
DENV-2, DENV-3, and DENV-4 of the virus. The infection affects the 50-100 million people worldwide. No specific
dengue antiviral medicament has been produced yet to combat dengue; The only Dengvaxia vaccine was authorized to
fight DENV. It has recently become a global health worry and threat. After 2-3 weeks of infection, severe signs such as
an elevated fever, nausea, pain in the body, inflammation of the skin, discomfort, and head motion occur. The present
review updates the synthetic and natural medicines which can control the dengue fever.
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INTRODUCTION

Dengue is a viral disease caused by Aedes aegypti. Dengue is an endemic disease. It is caused by dengue virus
from the genus Flavivirus. It produces dengue fever that has become among the biggest risks to public health
in hot and humid areas of the world [1]. Nearly 400 million people are attacked by the virus each year, with
over 96 million people exhibiting sickness that is medically noticeable [2,3]. DENV exists in four distinct but
closely related DENV-1 to DENV-4 subtype, as well as infection with single variants confers long-term defense
mechanism only against the particular variants, leaving individuals vulnerable to subsequent infections by
alternatives [4]. This characteristic increases the risk of severe manifestations, For example, a condition called
dengue shock syndrome (DSS) and dengue hemorrhagic fever (DHF) may develop into significant morbidity
and mortality if not promptly managed [1,5]. The principal vector for dengue transmission is the female Aedes
aegypti mosquito, although Aedes albopictus can also serve as a competent carrier [6]. With a strong affinity for
human hosts and the ability to develop in damp conditions, these mosquitoes flourish in metropolitan
settings. If an infected mosquito strikes a person, the virus is disseminated initiating the replication chain
within the human host that targets immune cells and disseminates rapidly [7]. Once in circulation, DENV
can compromise vascular integrity, trigger immune over activation, and severe bleeding, leaks of plasma, and
in extreme situations, multiple organ malfunction [7,8].

Globally, dengue imposes a substantial health burden. According to figures from the World Health
Organization's (WHO), over fifty percent of the world's population currently lives in regions where dengue is
a threat. Morbidity rates are highest in densely populated and poorly resourced urban areas of Parts of the
Americas, the Western Pacific, and South-east Asia, where recurring outbreaks overwhelm healthcare systems
[9]. Although the overall case fatality rate for dengue remains below 1% with proper clinical management, it
can rise dramatically up to 20% or more in severe cases without timely intervention [10]. The disease
disproportionately impacts children in endemic regions, where repeated exposure to different serotypes is
common. Currently there is no particular antiviral properties drug approved regarding viral treatment. The
mainstay of healthcare measures is rehabilitation, which includes hydration replenishment and keeping an
eye out for any indications of a serious illness [3].Although one licensed vaccine (CYD-TDV, Dengvaxia®) is
available, its use is restricted to individuals with prior DENV exposure due to safety concerns in seronegative
recipients [11,12]. These limitations highlight the urgent need for effective, targeted antiviral therapies that
can inhibit viral replication and reduce disease severity. Two critical enzymes in the DENV life cycle
methyltransferase and RNA-dependent RNA polymerase have emerged as promising drug targets [13]. MTase
is essential in capping contagious RNA, RdRp is in charge of viral RNA production, while it ensures its
stability and avoidance of host immunological responses [14]. Structural studies of these enzymes, including
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co-crystallization with small-molecule ligands, provide valuable insights into their active sites, substrate
specificity, and conformational dynamics [15]. Structure-based drug design leveraging co-crystallized inhibitors
offers a rational approach to developing potent molecules that can block these enzymatic functions, thereby
halting viral replication.In this context, exploring the structure-guided design of inhibitors against DENV
MTase and RdRp represents a promising strategy to address the unmet need for specific antiviral agents,
possibly lowering the burden of dengue disease morbidity and mortality worldwide

a) Life Cycle of DENV

The mosquito-borne flavivirus known as dengue virus has a complicated stage of life that affects both human
hosts and Aedes mosquitoes that transmit it [3]. Following these bite of an infected mosquito, the virus uses
receptors to allow it to enter human cells. This virus is transmitted by the help of infected female Aedes
mosquito.at first the mosquito transfers the viral genome into a normal human by the biting. Then this virus
assembles into the infected cell and divides to form the colony. Releasing the infected cell into the
extracellular matrix, then the viruses attach to the host cell surface and penetrate the host cell, then uncoated
the viral genome into the host cell and uncoated viral genome attach to the host cell and attach to the nucleus
of the host cell n where the replicate themselves. The positive-sense single-stranded RNA genome is released
into the cytoplasm once the viral envelope and endosomal membrane fuse together within [16]. The NS5
protein's methyltransferase (MTase) and RNA-dependent RNA polymerase (RdRp) domains are among the
structural and nonstructural proteins that are produced when the entire genome is translated into only one
polyprotein. MTase caps these viral RNA to protect it from host degradation and ensure efficient translation,
while RdRp catalyzes RNA genome replication. Newly synthesized viral RNA is packaged with structural
proteins to form immature virions in the endoplasmic reticulum. These virions undergo maturation in the
Golgi and are released from the host cell via exocytosis [17]. In mosquitoes; ingestion of viremic blood initiates
a similar replication cycle, enabling further transmission [18].

SYNTHETIC MEDICINES AVAILABLE AGAINST DENGUE

Currently, there isn’t fully accepted, specific virus-inhibiting drug for dengue infection. Management
primarily relies founded on rehydration and supportive therapy, fever control, and keeping an eye out for
warning signs of harsh disease. The antipyretic paracetamol is given along with fluid administration.
Doxycycline is a broad spectrum tetracycline derivative having potent NS2B-NS3 DENV protease inhibitory
activity. DENV can attack the host platelet and sudden reduction may cause death of the patient. The
thrombopoietin receptor agonist eltrombopag has been shown to increase the platelet count significantly.
However, several antiviral strategies are under investigation to target key viral enzymes such as the NS1, NS5,
methyltransferase (MTase) and RNA-dependent RNA polymerase (RARp). The neuraminidase inhibitor
Zanamivir was shown as potent DENV NS1 inhibitor. The antiparasitic drug ivermectin has been shown as
potent DENV NS5 inhibitory action [19].

Nucleoside analogues, such as sofosbuvir and favipiravir, have shown promising in vitro inhibition of DENV
RdRp by joining the viral RNA chain and resulting in an early termination. Non-nucleoside inhibitors (NNIs)
are also being designed to bind allosteric pockets of RdRp [20], disrupting polymerase function without
competing with natural nucleotides. For MTase, S-adenosylmethionine (SAM) analogues and small molecules
mimicking the cap structure have been explored to block methylation of the viral RNA cap, thus impairing
immune evasion [21]. Structure-based drug design, supported by crystallographic data of co-crystallized
enzyme-inhibitor complexes, allows precise optimization of molecular interactions within the active site. This
approach has accelerated the discovery of lead compounds with high specificity and reduced host toxicity.
Several such inhibitors are in pre-clinical or early clinical stages, with some broad-spectrum antivirals
demonstrating cross-reactivity against other flaviviruses like Zika and West Nile virus [22, 23]. While vaccines,
such as Dengvaxia, offer partial protection, targeted antiviral drugs remain crucial for effective dengue
therapy, especially in acute infections [11,24]. Continued research into structure-based design of MTase and
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RdRp inhibitors holds significant possibility of creating effective, safe, and targeted anti-dengue medications
(19, 25].

VACCINATION AGAINST DENGUE

In tropical and subtropical areas, dengue fever, which is brought on by the dengue virus (DENV), continues
to pose a serious threat to public health. Vaccination offers a proactive approach to prevent infection, but its
effectiveness is limited by the presence of four antigenic distinct serotypes, the danger of antibody-dependent
enhancement (ADE) and variants (DENV-1 to DENV-4). Current vaccines, such as CYD-TDV (Dengvaxia®),
provide partial protection and are recommended selectively, underscoring the need for complementary
therapeutic strategies.

Dengvaxia is a tetravalent dengue vaccine developed by Sanofi Pasteur. It was approved in 2019 for the
prevention of dengue fever caused by serotypes 1-4 in people ages nine through 16 who have laboratory-
confirmed previous dengue infection and who live in endemic areas [26]. Dengvaxia is a chimeric
vaccine formulated by recombinant DNA technology by replacing the PrM (pre-membrane) and E (envelope)
structural genes of the yellow fever attenuated 17D strain vaccine with those from the four dengue serotypes
(27].

Thus, while vaccination remains a cornerstone in dengue prevention, the rational design of MTase and RdRp
inhibitors represents a crucial parallel strategy in achieving comprehensive dengue control and reducing the
global disease burden.

NATURAL TREATMENT TO COMBAT DENGUE

Even though medical science has conducted a great deal of research and development, no effective anti-
dengue viral medication has been discovered to date. As a result, people are becoming more probable to use
natural remedies in conjunction with general but non-specific or unconventional medicine to help dengue
patients survive. Natural medications are recognized to be less harmful and to have fewer resistance problems,
which strengthens patients' immune systems [28]. Mother Nature has many medicinal properties. Andrographis
paniculata (Kalmegh), Euphorbia hirta, Cissampelos pareira (velvet leaf), Carica papaya (Papaya), Azadirachta
indica (Neem), and goat milk are among the ancient Indian treatments used to fight the terrible dengue virus
onslaught [29]. In recent years, natural compounds have emerged as promising candidates in the structure-
based design of inhibitors against viral enzymes such as Dengue virus (DENV) [30,31]. Many plant-derived
phytochemicals, alkaloids, flavonoids, terpenoids, and polyphenols exhibit strong antiviral activity by
targeting essential viral replication proteins [32]. Through structure-based drug design, these bioactive
molecules can be optimized to fit into the active sites of MTase and RdRp, potentially disrupting their catalytic
functions [30]. Co-crystallization studies allow researchers to visualize the precise binding interactions
between natural compounds and target proteins, enabling rational modification for improved potency,
selectivity, and stability. For instance, flavonoids like quercetin and catechins have shown inhibitory effects
on viral polymerases, while certain alkaloids exhibit MTase suppression. Natural treatment approaches also
offer advantages such as reduced toxicity, biocompatibility, and diverse structural scaffolds for drug
development [33]. By integrating computational modeling, crystallography, and biochemical assays,
researchers can develop co-crystallized natural inhibitors with high efficacy against DENV replication
machinery. This strategy bridges traditional medicinal knowledge with modern molecular design, paving the
way for safer, plant-based antiviral therapeutics that may complement or replace synthetic drugs in dengue
treatment.

CONCLUSION

There is no specific antiviral drug developed to combat dengue. The symptom management treatments are
given by synthetic medicines such as paracetamol, zanamivir, invermectin, doxycycline, and multi vitamins
and minerals to combat dengue. Several remedies found in Mother Nature are given along with synthetic
drugs. Ancient Indian remedies such as the plant Andrographis paniculata (Kalmegh), Euphorbia hirta,
Cissampelos pareira (velvet leaf), Carica papaya (Papaya), Azadirachta indica (Neem), and goat milk have been
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used to treat dengue fever and increase the immunity. Further, design of anti dengue drugs taking small
molecule co-crystal ligand which are co-crystallized at the active site of various DENV targets such as structural
proteins of Capsid(C), Envelope (E), and pre-membrane/membrane (prM/M) and the non-structural proteins
are NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5 utilizing ligand and structure based design tools provides a

viable approach to the creation of efficient antiviral therapeutics.

REFERENCES

1. World Health Organization. (2024). Dengue and severe dengue. https://www.who.int/news-room/fact-sheets/detail/dengue-and-
severe-dengue

2. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, Drake JM, Brownstein ]S, Hoen AG, Sankoh O, Myers MF,
George DB, Jaenisch T, Wint GR, Simmons CP, Scott TW, Farrar J], Hay SI. The global distribution and burden of dengue. Nature.
2013 ; 496(7446):504-507. doi: 10.1038/nature12060.

3.Guzman MG, Harris E. Dengue. Lancet. 2015;385(9966):453-465. doi: 10.1016,/S0140-6736(14)60572-9.

4. Guzman MG, Gubler D], Izquierdo A, Martinez E, Halstead SB. Dengue infection. Nat Rev Dis Primers. 2016 ; 2: 16055. doi:
10.1038/nrdp.2016.55

5. Abualamah WA, Banni HS, Almasmoum HA, Allohibi YA, Samarin HM, Bafail MA. Determining risk factors for dengue fever
severity in Jeddah City, a case-control study (2017). Polish journal of microbiology. 2020; 69(3):331.

6. Brady O], Hay SI. The Global Expansion of Dengue: How Aedes aegypti Mosquitoes Enabled the First Pandemic Arbovirus. Annu
Rev Entomol. 2020; 65:191-208. doi: 10.1146/annurev-ento-011019-024918.

7. Rothman AL. Immunity to dengue virus: a tale of original antigenic sin and tropical cytokine storms. Nat Rev Immunol. 2011;
11(8):532-543. doi: 10.1038/nri3014.

8. Sasaki T, Morita R, Aoyama I, Baba T, Goto T, Kubota-Koketsu R, Samune Y, Nakayama EE, Shioda T, Shirano M. Dengue virus
type 3 infection in a traveler returning from Costa Rica to Japan in 2023. Tropical Medicine and Health. 2024; 52(1):50.

9. Simmons CP, Farrar JJ, Nguyen vV, Wills B. Dengue. N Engl ] Med. 2012; 366(15):1423-1432. doi: 10.1056/NEJMral110265.
PMID: 22494122.

10. Hadinegoro SR, Arredondo-Garcia JL, Capeding MR, Deseda C, Chotpitayasunondh T, Dietze R, Muhammad Ismail HI,
Reynales H, Limkittikul K, Rivera-Medina DM, Tran HN, Bouckenooghe A, Chansinghakul D, Cortés M, Fanouillere K, Forrat R,
Frago C, Gailhardou S, Jackson N, Noriega F, Plennevaux E, Wartel TA, Zambrano B, Saville M; CYD-TDV Dengue Vaccine
Working Group. Efficacy and Long-Term Safety of a Dengue Vaccine in Regions of Endemic Disease. N Engl ] Med. 2015;
373(13):1195-1206. doi: 10.1056/NEJMoa1506223..

11. World Health Organization. Dengue vaccine: WHO position paper-September 2018. Wkly Epidemiol Rec. 2018; 93(36):457-
476.

12. Jia H, Zhong Y, Peng C, Gong P. Crystal structures of flavivirus NS5 guanylyltransferase reveal a GMP-arginine adduct. Journal
of virology. 2022; 96(14):e00418-22.

13. Dong H, Zhang B, Shi PY. Flavivirus methyltransferase: a novel antiviral target. Antiviral research. 2008; 80(1):1-0.

14. Zhao Y, Soh TS, Zheng ], Chan KW, Phoo WW, Lee CC, Tay MY, Swaminathan K, Cornvik TC, Lim SP, Shi PY, Lescar ],
Vasudevan SG, Luo D. A crystal structure of the Dengue virus NS5 protein reveals a novel inter-domain interface essential for protein
flexibility and virus replication. PLoS Pathog. 2015; 11(3):e1004682. doi: 10.1371/journal.ppat.1004682.

15. Modis Y, Ogata S, Clements D, Harrison SC. Structure of the dengue virus envelope protein after membrane fusion. Nature.
2004; 427(6972):313-319. doi: 10.1038/nature02165. PMID: 14737159.

16. Pierson TC, Diamond MS. The continued threat of emerging flaviviruses. Nat Microbiol. 2020; 5(6):796-812. doi:
10.1038/s41564-020-0714-0.

17. Kuno G, Chang GJ. Biological transmission of arboviruses: reexamination of and new insights into components, mechanisms,
and unique traits as well as their evolutionary trends. Clin Microbiol Rev. 2005; 18(4):608-37. doi: 10.1128/CMR.18.4.608-637.2005.
18. Lim SP, Noble CG, Shi PY. The dengue virus NS5 protein as a target for drug discovery. Antiviral Res. 2015 ;119:57-67. doi:
10.1016/j.antiviral.2015.04.010.

19. Sagar, A., Agari, M., Nandi, S. (2024). Natural Drugs to Combat Dengue Fever. In: Saxena, A.K., Nandi, S. (eds) Global Trends
in Health, Technology and Management. GTHTM 2024. Springer, Cham. https://doi.org/10.1007/978-3-031-754579 12

20. Benmansour F, Trist I, Coutard B, Decroly E, Querat G, Brancale A, Barral K. Discovery of novel dengue virus NS5
methyltransferase non-nucleoside inhibitors by fragmentbased drug design. Eur ] Med Chem. 2017; 125:865-880. doi:
10.1016/j.ejmech.2016.10.007.

21. Xu HT, Hassounah SA, Colby-Germinario SP, Oliveira M, Fogarty C, Quan Y, Han Y, Golubkov O, Ibanescu I, Brenner B,
Stranix BR, Wainberg MA. Purification of Zika virus RNA-dependent RNA polymerase and its use to identify small-molecule Zika
inhibitors. ] Antimicrob Chemother. 2017; 72(3):727-734. doi: 10.1093/jac/dkw514.

22. De Burghgraeve T, Kaptein SJ, Ayala-Nunez NV, Mondotte JA, Pastorino B, Printsevskaya SS, de Lamballerie X, Jacobs M,
Preobrazhenskaya M, Gamarnik AV, Smit JM. An analogue of the antibiotic teicoplanin prevents flavivirus entry in vitro. PloS one.

2012 57(5):e37244.

4098


https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://doi.org/10.1007/978-3-031-75457-9_12

International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 22s, 2025
https://www.theaspd.com/ijes.php

23. Wilder-Smith A, Ooi EE, Horstick O, Wills B. Dengue. Lancet. 2019 ; 393(10169):350-363. doi: 10.1016,/S0140-6736(18)32560-
1. PMID: 30696575.

24. Yap TL, Xu T, Chen YL, Malet H, Egloff MP, Canard B, Vasudevan SG, Lescar ]. Crystal structure of the dengue virus RNA-
dependent RNA polymerase catalytic domain at 1.85-angstrom resolution. ] Virol. 2007 ;81(9):4753-4765. doi: 10.1128/JV1.02283-
06.

25. Yap LJ, Luo D, Chung KY, Lim SP, Bodenreider C, Noble C, Shi PY, Lescar J. Crystal structure of the dengue virus
methyltransferase bound to a 5'-capped octameric RNA. PloS one. 2010;5(9):e12836.

26. World Health Organization. Dengue vaccine: WHO position paper. Weekly Epidemiological Record. 2018; 93 (36): 457-76
27. Yauch, L.E., Shresta, S.,Dengue virus vaccine development. Advances in Virus Research. 2014; 88: 315-372.

28. Saleh MSM, Kamisah Y. Potential Medicinal Plants for the Treatment of Dengue Fever and Severe Acute Respiratory Syndrome-
Coronavirus. Biomolecules. 2020;11(1):42. doi: 10.3390/biom11010042

29. Lim SP, Noble CG, Shi PY. The dengue virus NS5 protein as a target for drug discovery. Antiviral Res. 2015 ; 119: 57-
67. doi: 10.1016/j.antiviral.2015.04.010.

30. Imran M, Abida, Alotaibi NM, Thabet HK, Alruwaili JA, Eltaib L, Alshehri A, Kamal M. Investigation of natural compounds as
methyltransferase  inhibitors against dengue virus: an in silico approach. Journal of Biomolecular Structure and Dynamics. 2025;
43(11):5577-5592.

31. Jassim N, AlLAdhami A, & Al-Jaberi F. Antiviral potential of quercetin against RNA viruses: Molecular docking and review of
literature. The Pharmaceutical and Chemical Jowrnal.2024; 11(2): 45-55.

32. Ramalingam K, Balasubramanian A, Muniappan S, Rajagopal K, Andiappan N. Novel inhibitors of dengue virus
methyltransferase: discovery by in vitro-driven virtual screening of fucoidan analogues, its synthesis, characterization, and potential
in-vitro anti-dengue activity. Discover Applied Sciences. 2025; 7(5]:370.

33. Badshah SL, Faisal S, Muhammad A, Poulson BG, Emwas AH, Jaremko M. Antiviral activities of flavonoids. Biomed
Pharmacother. 2021; 140:111596. doi: 10.1016/j.biopha.2021.111596.

4099



