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   Abstract 

Japanese encephalitis virus (JEV), a mosquito-borne Flavivirus, is a major cause of 

severe encephalitis in humans. Its ~11-kb positive-sense RNA genome encodes a single 

polyprotein that is cleaved into structural proteins (C, prM, E) forming the viral particle 

and seven non-structural proteins involved in replication, assembly, and immune 

evasion. JEV causes an estimated 69,000 infections annually, with mortality reaching 

30% and nearly half of survivors experiencing long-term neurological or psychiatric 

damage. Although vaccines such as JE-VAX, SA14-14-2, and Vero cell–derived 

formulations are widely used, about 80% of cases still occur in vaccinated regions, 

suggesting gaps in immunization strategies or vaccine limitations. No antiviral drug has 

shown clear clinical efficacy, though several candidates—including manidipine, 

ribavirin, interferon, bortezomib, and minocycline (MIN)—have demonstrated partial 

benefits in preclinical or limited clinical studies. Recently, combinations of MIN with 

Japanese Kampo medicines (KMs) have gained attention for antiviral potential. 

Ingredients in KMs such as Scutellariae Radix, Schizonepetae Spica, Forsythiae 

Fructus, and Rhei Rhizoma contain compounds (e.g., baicalein, luteolin, rosmarinic 

acid, kaempferol, aloe-emodin) with demonstrated anti-JEV or anti-inflammatory 

activity. Among the formulations examined, Bofu-tsusho-san (BTS) may offer 

particularly strong antiviral potential, though Keigai-rengyo-to (KRT) and Seijo-bofu-to 

(SBT) also contain relevant bioactive components. Further clinical trials are needed to 

evaluate the safety and efficacy of MIN–KM combination therapy. 
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 The Japanese encephalitis virus (JEV) is the primary pathogen responsible for severe 

encephalitis in humans. JEV belongs to the genus Flavivirus, which also includes other 

arboviruses such as dengue virus, West Nile virus, and Zika virus. JEV is a positive-

sense single-stranded RNA virus with a genome of approximately 11 kb that contains a 

single open reading frame (ORF). This ORF encodes a long polyprotein that is cleaved 

into three structural proteins—capsid (C), pre-membrane (prM), and envelope (E)—and 

seven non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5). The 

structural proteins constitute the infectious viral particle, whereas the non-structural 

proteins participate in multiple steps of the viral life cycle, including viral replication, 

virion assembly, and immune evasion. Since the first record of the virus in the late 

1800s, JEV has posed a significant threat to global health. It is estimated that 

approximately 69,000 cases of JEV infection occur annually. Over the past 30 years, the 

average mortality rate has reached up to 30%, and approximately 44% of survivors 

experience permanent neurological or psychiatric sequelae. With the expansion of its 

endemic regions, JEV now affects approximately 25 countries in Asia, and nearly 60% 

of the population in these areas lives at risk of infection. Currently, vaccination is the 

most effective method for preventing JEV infection. Common vaccines include the 

inactivated mouse brain–derived vaccine (JE-VAX), inactivated BHK-21 cell–derived 

vaccine, live-attenuated vaccine (SA14-14-2), inactivated Vero cell–derived vaccine, 
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and chimeric attenuated vaccine. However, approximately 80% of JEV cases occur in 

regions covered by vaccination programs, likely due to failures in immunization 

strategies or limitations of the vaccines themselves. 

Over the past three decades, several anti-JEV drug candidates—including 

manidipine, immunoglobulin, ribavirin, dexamethasone, acyclovir, and interferon—

have been evaluated in clinical trials, but none have demonstrated clear therapeutic 

efficacy [1]. Other candidates have shown promise in preclinical studies. For example, 

bortezomib treatment significantly alleviated histopathological and clinical symptoms in 

JEV-infected mice and reduced mortality by 30% compared with untreated controls [2]. 

Minocycline (MIN) provided complete protection in JEV-infected mice, markedly 

reducing neuronal apoptosis, microglial activation, caspase activity, proinflammatory 

mediators, and viral titers on day 9 post-infection [3]. In clinical settings, MIN 

improved the duration of major symptoms such as fever and unconsciousness, as well as 

the length of hospital stay; however, mortality rates and the prevalence of neurological 

and behavioral sequelae at 12 months remained unchanged [4]. 

Recently, a tetracycline antibiotic (MIN or doxycycline) combined with other 

agents have attracted attention as potential treatments for viral infections, including 

COVID-19. In Japan, a successful case of COVID-19 treated using MIN combined with 

Kampo medicine (KM), such as Saiko-keishi-to (SKT), has been reported [5]. 

Subsequently, combinations of MIN with various KMs—including Kakkon-to (KT), 

Sho-saiko-to (SST), Sho-saiko-to-ka-kikyo-sekko (SSTKS), SKT, and Keigai-rengyo-to 
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(KRT)—have been proposed as potential therapies for influenza, monkeypox, and 

dengue fever [6–8]. KMs are traditional Japanese formulations derived from the 

principles of traditional Chinese medicine. Approximately 150 types are commercially 

available in Japan, and they are routinely prescribed for conditions such as the common 

cold, pulmonary diseases, hepatic disorders, urological diseases, menopausal symptoms, 

skin eruptions, and dementia. For example, clinicians prescribe KRT for chronic 

rhinitis, sinusitis, and acne; Seijo-bofu-to (SBT) for acute-phase acne; and Bofu-tsusho-

san (BTS) for constipation, obesity, and hypertension-related symptoms such as 

palpitations and shoulder stiffness. KMs primarily consist of plant-derived ingredients, 

including Scutellariae Radix, Glycyrrhiza Radix, Ziziphus jujuba, and Panax ginseng. 

For instance, SKT contains Bupleurum Radix, Pinellia Tuber, Scutellariae Radix, 

Ziziphus jujuba, Panax ginseng, Glycyrrhiza Radix, Zingiberis Rhizoma, Cinnamomi 

Cortex, and Paeoniae Radix (Table 1). Several KM ingredients have demonstrated anti-

JEV activity. Scutellariae Radix, a component of SST, SSTKS, SKT, KRT, SBT, and 

BTS, contains baicalein, which exhibits potent antiviral activity in JEV-infected Vero 

cells. It displays potent direct virucidal and anti-adsorption effects [9]. Schizonepetae 

Spica, found in KRT, SBT, and BTS, contains apigenin, luteolin, and rosmarinic acid; 

luteolin inhibits JEV replication in vitro and shows extracellular virucidal activity [10]. 

Rosmarinic acid treatment has a significant effect on increasing the survival of JEV-

infected mice, reducing the mortality rate to 20%. In addition, rosmarinic acid abolishes 

the increased expression of pro-inflammatory mediators. Both antiviral and anti-

inflammatory effects may contribute to reduced disease severity [11]. Forsythiae 
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Fructus, present in KRT, SBT, and BTS, contains quercetin and kaempferol; 

kaempferol exhibits potent antiviral activity by binding to the JEV frameshift site RNA 

[12]. Rhei Rhizoma, a component of BTS, contains aloe-emodin, which shows antiviral 

potential against the JEV NS2B-NS3 protease in both in silico and in vitro assays [13].    

Collectively, these findings suggest that among the KMs examined, BTS may be 

particularly effective against JEV infection. However, KRT contains a higher amount of 

Schizonepetae Spica than SBT or BTS, and SBT contains more Scutellariae Radix and 

Forsythiae Fructus than KRT or BTS. Only BTS contains Rhei Rhizoma (Table 1). 

These qualitative and quantitative differences may influence their relative antiviral 

potential. 

Considering the potential synergistic effects of these agents, a combination of MIN 

and KM (KRT, SBT, or BTS) may offer substantial therapeutic benefit. However, 

clinical trials are required to determine optimal dosing, treatment duration, efficacy, and 

tolerability before such combination therapy 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 

-------------------------------------------------------------------------------------------------------------------------  

Saiko-keishi-to (Chai Hu Gui Zhi Tang )    JP Scutellariae Radix 2.0 g, 

JP Bupleurum Radix 5.0 g, JP Pinellia Tuber 4.0 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 Schizonepetae Spica 1.5 g, 

                                     JP Forsythiae Fructus 1.5 g, 

                                     JP Coptidis Rhizoma 1.5 g, JP Platycodi Radix 1.5 g, 

                                     JP Aurantii Fructus Immaturus 1.5 g,  

JP Bupleurum Radix 1.5 g, JP Gardeniae Fructus 1.5 g, 

JP Rehmanniae Radix 1.5 g, JP Menthae Herba 1.5 g,  

JP Paeoniae Radix 1.5 g, JP Cnidii Rhizome 1.5 g, 



10 

 

JP Angelicae Acutilobase Radix 1.5 g,  

JP Angelicae Dahuricae Radix 1.5 g,  

JP Phellodendri Cortex 1.5 g, JP Glycyrrhiza Radix 1.0g 

JP Saposhinikoviae Radix 1.5g 

 

Seijo-bofu-to (Quing Shang Fang Feng Tang)  JP Scutellariae Radix 2.5 g,  

JP Schizonepetae Spica 1.0 g,  

                   JP Forsythiae Fructus 2.5 g, 

                                      JP Coptidis Rhizoma 1.0 g,  

JP Platycodi Radix 2.5 g, 

                                      JP Aurantii Fructus Immaturus 1.0 g,  

JP Gardeniae Fructus 2.5 g,  

JP Cnidii Rhizome 2.5 g, 

JP Menthae Herba 1.0 g,  

JP Saposhinikoviae Radix 2.5 g,  

JP Glycyrrhiza Radix 1.0 g 

 

Bofu-tsusho-san (Fangfeng Tong Sheng San)  JP Scutellariae Radix 2.0 g,                                      

                                      JP Schizonepetae Spica 1.2 g,  

                                      JP Forsythiae Fructus 1.2 g, 

                                      JP Rhei Rhizoma 1.5 g, 
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                                      JP Talcum 3.0 g, JP Gypsum 2.0 g, 

                                      JP Atractylodes 2.0 g, JP Natrii sulfas 0.7 g,           

JP Ephedra sinica 1.2 g, JP Platycodi Radix 2.0 g, 

   JP Zingiber officinale 0.3 g, JP Paeoniae Radix 1.2 g, 

 JP Gardeniae Fructus 1.2 g, JP Cnidii Rhizome 1.2 g, 

                                      JP Angelicae Acutilobase Radix 1.2 g,  

JP Menthae Herba 1.2 g, JP Saposhinikoviae Radix1.2g,  

JP Glycyrrhiza Radix 2.0g 

----------------------- --------------------------------------------------------------------------------------------------                        

                                     Table 1 

 

 


