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Abstract

Dengue virus causes approximately 390 million infections annually and presents
clinical symptoms ranging from mild dengue fever to severe, life-threatening
forms. Despite its global impact, no specific antiviral treatment is currently
available. Because developing new antiviral drugs is costly and time-consuming,
repurposing traditional herbal medicines and existing drugs offers a practical
alternative. Kampo medicines, including Kakkon-to, Sho-saiko-to, Saiko-keishi-to,
and Keigai-rengyo-to, contain plant-derived compounds with reported
anti-Dengue virus activity. Several ingredients found in Keigai-rengyo-to—such
as baicalin, glycyrrhizin, apigenin, luteolin, quercetin, berberine, and naringenin—
have demonstrated inhibitory effects on Dengue virus replication in vitro or in
silico. Keigai-rengyo-to is widely used in Japan for otolaryngeal and inflammatory
conditions and is inexpensive and accessible. Minocycline, an approved antibiotic,
also suppresses Dengue virus replication by reducing viral RNA synthesis,
envelope protein expression, and infectious virion production. Considering the
antiviral properties of both Keigai-rengyo-to and minocycline, their combined use
may offer enhanced therapeutic potential against Dengue virus infection.
However, clinical trials are necessary to determine optimal dosing, treatment
duration, efficacy, and safety before these therapies can be recommended for

broader clinical application.
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Dengue virus (DENV) is a mosquito-borne flavivirus comprising four
serotypes (DENV-1 to DENV-4). It is an enveloped virus belonging to the
Flaviviridae family. The viral genome is a positive-sense, single stranded RNA
with a size of 11 kb that contains one open reading frame. The viral genome
encodes one polyprotein that can be processed into three structural proteins—
capsid protein (C), membrane protein (M) and envelope protein (E)—and seven
nonstructural proteins—NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5. The
structural proteins are assembled into virions with the viral genome, and the
nonstructural proteins play important roles in viral RNA replication, virion
assembly and evasion of host immune response through their enzymatic
activities or protein—protein interactions [1]. Dengue fever (DF) represents a
major global health concern, with an estimated 390 million infections occurring
annually. Clinical manifestations range from mild DF to severe forms, such as
dengue hemorrhagic fever and dengue shock syndrome [1]. Despite its substantial
global impact, no specific antiviral therapy is currently available for DF [1].
Therefore, there is an urgent need to identify effective antiviral strategies,
particularly for severe cases. Because antiviral drug development is laborious,
time-consuming, and highly costly, repurposing traditional herbal medicines and

existing licensed drugs may offer an immediate alternative.

Kampo medicines (KMs), such as Kakkon-to (KT), Sho-saiko-to (SST), and

Saiko-keishi-to (SKT), are traditional Japanese formulations based on the



principles and therapeutic approaches of traditional Chinese medicine. KMs
primarily consist of organic plant-derived ingredients, including Scutellariae
Radix, Glycyrrhiza Radix, Ziziphus jujuba, and Bupleurum Radix. For example,
SST contains Bupleurum Radix, Pinelliae Tuber, Scutellariae Radix, Ziziphus
jujuba, Panax ginseng, Glycyrrhiza Radix, and Zingiberis Rhizoma (Table 1).
During the COVID-19 pandemic, KMs—including KT, SST, Sho-saiko-to-ka-
kikyo-sekko (SSTKS), SKT, and Keigai-rengyo-to (KRT)—have been
successfully used in clinical settings, with or without concomitant minocycline
(MIN) [2-5]. Furthermore, KT, SST, SSTKS, SKT, and MIN have been
proposed as potential treatments for influenza, monkeypox, severe fever with

thrombocytopenia syndrome, and Crimean—Congo hemorrhagic fever [6-9].

Several KM ingredients have demonstrated anti-DENV activity. Scutellariae
Radix, a component of SST, SSTKS, SKT and KRT, contains baicalin, which
inhibits DENV-2 replication in human umbilical vein endothelial cells by
inhibiting the PIBK/AKT signaling pathway [10]. Glycyrrhiza Radix, included in
KT, SST, SSTKS, SKT, and KRT, also exhibits anti-DENV activity in Vero cells
[11]. Ziziphus jujuba, a component of KT, SST, SSTKS, and SKT, contains
betulinic acid, which inhibits a post-entry stage of the DENV replication cycle,

viral RNA synthesis and protein production [12]. Schizonepetae Spica, a

component of KRT, contains apigenin and luteolin. Apigenin suppresses DENV

by counteracting immune-evasion activity of the viral NS5 protein and restoring


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/betulinic-acid
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STAT2-dependent antiviral signaling [13]. Luteolin blocks DENV replication by
inhibiting the host enzyme furin, which is needed for proper maturation of
dengue viral proteins [14]. Forsythiae Fructus, another KRT component,
contains quercetin, which acts as inhibitors of DENV NS2B-NS3 and NS5
protein in vitro and in silico [15]. Coptidis Rhizoma, also found in KRT, contains
berberine, which interferes with DENV and also affects host cell pathways,
resulting in suppression of DENV replication in vitro [16]. Aurantii Fructus
Immaturus, a component of KRT, contains naringenin known to inhibit DENV

replication in vitro [17].

Collectively, these findings suggest that among the Kampo medicines
examined, KRT may be particularly effective against DF. However, the amount
of Glycyrrhiza Radix is 2.0 g in SST, whereas it is 1.0 g in KRT. Similarly, the
amount of Scutellariae Radix is 3.0 g in SST, whereas itis 1.5 g in KRT (Table

1). These differences might influence their potential effectiveness in treating DF.

Approximately 150 types of KM formulations are commercially available in
Japan. They are inexpensive and routinely prescribed for various conditions,
including the common cold, pulmonary diseases, hepatic disorders, urological
diseases, menopausal symptoms, and dementia. In particular, KRT has long

been used to treat tonsillitis, rhinitis, sinusitis, and skin eruptions.



Regarding MIN for DENYV, this drug has been shown to reduce viral RNA
synthesis, intracellular envelope protein expression, and the production of
infectious virions in vitro. These findings indicate that MIN possesses antiviral

activity with potential clinical relevance for DF [18].

Considering the synergistic effects of the drugs, a combination of KM (KRT
or SST) and MIN may offer the greatest therapeutic potential against DENV.
Nevertheless, clinical trials are required to determine optimal dosing, treatment
duration, efficacy, and tolerability before these therapies can be recommended

for broader clinical use.
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Japanese names in roman characters ingredients and daily dosage

(Chinese name for Pinyin) (JP: The Japanese Pharmacopoeia)

Kakkon-to (Ge Gen Tang) JP Puerariae Radix 4.0 g, JP Ziziphus jujuba 3.0 g,

JP Ephedra Herba 3.0 g, JP Glycyrrhiza Radix 2.0 g,

JP Cinnamomi Cortex 2.0 g, JP Paeoniae Radix 2.0 g,

JP Zingiberis Rhizoma 2.0 g

Sho-saiko-to (Xiao Chai Hu Tang) JP Bupleurum Radix 7.0 g, JP Pinellia Tuber 5.0 g,

JP Scutellariae Radix 3.0, JP Ziziphus jujuba 3.0 g,

JP Panax ginseng 3.0 g, JP Glycyrrhiza Radix 2.0g,

JP Zingiberis Rhizoma 1.0 g

Sho-saiko-to-ka-kikyo-sekko (Xiao Chai Hu Tang Jia Jie Geng Shi Gao)

JP Bupleurum Radix 7.0 g, JP Pinellia Tuber 5.0 g,

JP Scutellariae Radix 3.0, JP Ziziphus jujuba 3.0 g,

JP Panax ginseng 3.0 g, JP Glycyrrhiza Radix 2.0g,



JP Zingiberis Rhizoma 1.0 g,

JP Gipsum Fibrosum 10.0 g,

JP Platycodion Radix 3.0 g

Saiko-keishi-to (Chai Hu Gui Zhi Tang ) JP Bupleurum Radix 5.0 g, JP Pinellia Tuber 4.0 g,

JP Scutellariae Radix 2.0 g, JP Ziziphus jujuba 2.0 g,

JP Panax ginseng 2.0 g, JP Glycyrrhiza Radix 2.0g,

JP Zingiberis Rhizoma 1.0 g, JP Cinnamomi Cortex 2.0 g

JP Paeoniae Radix 2.0 g

Keigai-rengyo-to (Jing Jie Lian Qiao Tang) JP Scutellariae Radix 1.5 g,
JP Phellodendri Cortex 1.5 g,
JP Coptidis Rhizoma 1.5 g, JP Platycodi Radix 1.5 g,
JP Aurantii Fructus Immaturus 1.5 g,
JP Schizonepetae 1.5 g, JP Bupleurum Radix 1.5 g,
JP Gardeniae Fructus 1.5 g,
JP Rehmanniae Radix 1.5 g,
JP Paeoniae Radix 1.5 g, JP Cnidii Rhizome 1.5 g,

JP Angelicae Acutilobase Radix 1.5 g,



JP Menthae Herba 1.5 g,

JP Angelicae Dahuricae Radix 1.5 g,

JP Saposhinikoviae Radix 1.5 g,

JP Forsythiae Fructus 1.5 g,

JP Glycyrrhiza Radix 1.0 g

Table 1



